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REPORT OF THE CONFERENCE ON THE

DEVELOPMENT OF USER-ORIENTED soﬂwml o
L} - o \ . . ! .
-. 1 .
. INTRODUCTION

fhe-Conference on the Development of UserAOriented éoftware-was held at
Stouffer's National Center Hotel in Arlington, Virginia on November 8, 9 and
10, 1977. o . : : C d’

".' B '. ’ ' ’

' Background

- This ‘conference is part of a 3-year program conducted by the American :

'-Statistical Association (ASA) in cooperation with the Bureau of the Census,.

Vand supporZed by the National Science Foundation and the Burqﬁa\of the Census.
Its purpose is to explore ways of improving the national data baset thrOugh a
program of research at the forefront of statistical techniques applied ‘to the
social sciences, and by supplementing and sharing with- researchers in a. large

' data collection agenty the experience of senior social ascientists and the-
training of graduate students in statistics,‘economics, demography, computer
science and related, areas. The Conference on User-Oriented Software is one of
four projects being conducted under this.program._ The other projects are in

" the research areas of (1) seasonal adjustment of economic time series, (2) edit

research of computer output and (3) the development of new population pro-

jection methods fo‘”States and metropolitsa areas. '
Purpose ... L Lo L,

The conference sought the; ad%ice of experts outside the Census Bureau on
"the most important and fruitful research and development topics within the
user-oriented software domain. Five specific objectives were posed: _
v 1. To develop recomméidations onp mechanisms to improve access to .
and use of machine-readable Census Bureau dgta, especially
-through the development of user-accessible software." N
* 2, To identify software systems needed_to_assist the user community .

to more easily organize, tabulate and present Census data.

\

Lthe conference is supported by NSF grant #76-15271, _The views and
recommendations herein are solely those developed the. conference and
'not necessarily those of the NationaliScience.Found ifon.
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:v_3;f‘To review possible additional means for useﬂ access to Census’

;“h | “-Bureau data other than the three identified poftware areas ‘of
: data-base management systems, graphic systemg and.generalized-'
. L tabulating systems. R - ! N

; 4.' To identify and recommend specific research‘and development ' ..

>, :

activities that would lead to improvements and simplifications
in’ the access to and'utilization of Census Bureau data,

5\ To develop specific recommendations to the ASA for: proceeding
. with an expa‘ion of its prqg\am. . | ' .

e RO '
) ’ »

v

L]

Participants_“ o f L . L .
Conference participants vere: selected and invited jbintly by the ASA

and the Bureau (Appendix A) ; selection process balanced pb}ticipants by

,professional backgrounds as well as- by areas ‘of - application.  The final list-

T ———.

included statisticians, demographérs, computer scientists, sociologists,

\
geographers and others, theiraexperiences ranged through business, government,

.

‘academic and research apblications. Some 35 pe0ple attended from outside - the
: Bureau, with another 20 coming ‘from insiﬂe the organization.-‘ﬂ'é‘ '
1 . . ¢ -
. . ,? ) ¢ . ? L ) B ..
s Gonference‘Tormat L e T : S . :

d .

The format of the conference was organfzed éround a view- of generalized t\n.

software for the Census user in three, parts--data organization, data tabula-
o ]

tion and data presentation (Appendix B) . .Data organization er ompasses public-

use microdata files and summary files in terms of their prepa ation anG
_prganization for better access by 'the general user. Data t ulation is, of
- course, a large part of the special processing of Cepsus files. Data pre-
'-sentation is viewed as including microform output, graphics, mapping and all

types of publication-quality presentation forms.

)
L )

. The first day of the conference was devoted pr 'gily to the presentation
; » of invited papers. The second day, the-conference partioipants'divided into
-~ three groups under the headings given above of Data, Organization, Data
Tabulation and Data Presentation; each group separftely prepared recommendations "
to be made to and from the whole conferepce. The third day was,devoted to
the presentation, discussion and refinement of the recommendations.
Much of the original content planning for this conference was

accomplished by William Alsbrooks and Kam Tse of the Census Bureau; further

. . M K { B »
. & .
- . 2 i R .
d N . + . . ’ v
. ” R . . ’
I

planning also included Bruce 'Carmichael, Laerce Cornish_,.Jame,s Foley
. | ‘ . _ N . .
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'and Melroy Quasney. Michael Garland. Warren Glimpse and Paul Zeisset, SE the /
_Bureau s Data User' Services Division, also made substantial contributﬁgns.
‘Daniel Relles, of the Rand Corporation, and George Heller, of the Census
Bureau, served as co-chairmen of the conference and GEre involved at Jll

stages, including resp ibi1ity for this report. ' . i

AOrganization of Report , -

.

Following_this introductory section,'the-first day's seisfbn 1s summarized
in_section 1I. )It?was not the‘intent~o£ the conference:to'i“clu e a verbatim
- transcripg of 411 proceedings, a1though the formal papers and otSér materials
presented by the speakers the first day are reproduced or completely referenced
in Appendix c. Nevertheless, it is important that the reader be given some’
‘sense of the range and spirit of the sub-group discussions the second day and -
during the presentation of their recommendations to the p1enary T;ssion for AJ
review and perfécting the third day., o :
: Accordingly, section IV summarizes for each sub-grdup_highlights from its
day's discussion and formation and presgntation of its recommendations. Section
\' covers the digcussion and acceptance'of final recommendations on the third
. day. ' _ | o
Section II1I summarizes the final recommendations of all three groups and
relates the conference's findings to the objectives posed at the beginning.

) Appendix A 1ists the conference participants, providing appropriate
background and bibliographic material as well. Appendix B describes the
conference-agenda. Appendix C contains therpapers submitted by ‘all of the
speakers and some of the participants, Appendix D is a "Status Report on
Selected Census Bureau Activities," to provide the reader with a Census Bureau

”

- view of many of the activities discussed by the participants.

II ! .
L - OPENING OF CONFERENCE AND PRESENTATION OF PAPERS : .
Opening N
“"‘Tﬁe conference was opened and a welcome extended: by the Directors of the '

American Statistica Associatdon and the U.S, Bureau of the Census,
Fred Leone, Exqcutive Director of ASA, traced the historical effort to
improve the social gcience data_base, of which this conference of prime’movers
in that field is But one facet. The dua1 purposes of thelconference,.he
- explained, are directed toward develaping and perfecting sdftware to enhance .

the use of Census Bureau and other data by the socia1 sciences and to examine

-

, .
\ . L B
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J . future needs in terms of users' requirements and necegsary research.
Manuel Plotkin, Director of the U.S. Bureau of/the Census noted that among

the Bureau's top goals and priorities are (1) the uses and applications of

+

data and (2) the improvement of data-processing systems to enhance timeliness,
accessibility and 'relevancy of the data., He called: attention to the Bureau s
increasing\workload and corresponding pressures, preparation for the 1980
census is under way, the: 1977 Economic ‘Censuses are_about to be taken, there
will be a census of agriculture for 1978, the Current Population Survey is_
sbeing expanded, etc.  There have B!en software’ meetings in the past, but this

‘ .conference is the first one in which there has been & joint meeting among: data
‘users outside the "Bureau zﬁh data users and computer hardware and software
staffs from within the Bureau. All have different perspectives to contribute._
In the area of generalized: software, the Bureau hopes for some innovative

-

developments that will increase usefulness and productivity..

Presentation of Papers

.

Following the conferemce opening, ten speakers presented in full or in
summary, papers which had been prepared and distributed to the participants
and are reproduced in Appendix C. The first four papers were designed to glve
a general view of the stute of the arts, the need for, and availability of,
user.software as seen by the Census and‘theluses and peeds as seen by other
governments and in the private sector. _ o

; William.Alsbrooks, who is in charge: of the programming staff that develops

softuare for use within the Census Bureau, presented (in a paper written with_
James Foley) an overview of the three topics to be addressed hy‘the conference,
namely, data organization, tabulation and présentation,

Warren Glimpse,. Assistant Chief of Re Data- User Services Division,

‘Bureau of the Census, focused on the supply of, and demand for, software for

" timprovihg data use. He reviewed the availability of machine-readable resources
and existing software. He emphasized that, uhile there are some unmet needs
for user software, there are many related’requirements for effechveluse of
Census Bureau machine-readable products other than software.- Major prohlems

in using these products are not only software \but also the file structure,
docuﬁentation,.and archiving procedures folloued by the Bureau, or the absence

of them. . - !

.
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' Harold King, who directs computing services for the Urban Institute,

talked about the software needs of State aid local governments. He abserved

that.in 1969 meetings with the Census Bureau to request software support for

users had negative results, but the Bureau '8 Bosition has changed since ‘that ’

time. There are approximately 38 000- general-purpose governments in the

United Statesp rqughly 35 Ooaxof which are small municipalities and townships

that need data to meet Federal grant-application and other requirements. It

must,be assumed that many of ‘these governments have' litwle or’ no computer -

capabilities, a1though there is a rapid expansion 1n‘the use of mini-computers.

Users still will need guidance on how to apply census data to local prqblems.
Richard Ellis, a ‘marketing manager for the American Telephonejpnd

Telegraph- Company, emphasized in a review of his full paper ghe variety f

corporate uses of census data he had covered. These 'are %ood analogs fo

general business usage of research information.' - |
Tﬁ’ﬂlast six papers of the opening day provided opportunity to hear from

a representative of the user or technical software community and a Census

" "Bureau speaker on each of the three topics the individual sub-grOups would be'

working on the second day. The first twonspeakers had prepared papers on the

-

_organization of data. v - S O

~ time- ‘period of the: coﬂference

Mervin Muller, Director of the Computing'Activities Department of theé

World Bank, posed a number of questions about data organization and outlined:

research areas that would lead to fruitfu1 discussion ‘within and beyond the

Bruce Carmichael, leader of the Centrdl Pata Base Group at the Census

Bureau, discussed the importance of'pata organization and the need‘for more
sophisticated data schemdg and accessibility, and stressed the‘Bureau's.need
for users' help in this direction. ’

R .
~ ) - .
- Ll

During the remainder of the first day the next two speakers addressed
statistical tabu1ation and the final two speakersfstatiytical presentation.;

Hugh Brophy, Chief of the Systems Development and Programming Unit at

the United Nations Statistical Office, noted the magnitude of the processing
involved: in a national census. The resultant informatidn ‘'shoyld be regarded
as a va1uab1e national resour¢e. In_practice,‘there tends to be a loss of '

information in summarizing the statistics, difficulty-in 1inking with local' -

+ - . L]
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| J'pointed out that the”classical approa

4

<

ol

~(IBY), discussed a user-oriented systems approach for software and hardware :‘

-Geodata-Analysis*

' requested by users, and/the provision of servijces to a- requester, €.8.,

.~ -

data, and great expense when special tabulations are required Flexible
tabulgfio: systems are a partial solution. ,He then summarized his’ paper,

b dealing th generalized tabulation. systems. _ o . S

'Melroy Quasney, of the Census Bureau's Systems Software Division,

said that the Bureau, : in solving its own problems, hopes to supply users
,ﬁitﬂ tools thgt may* include a problem-oriented language. I
Robin, Williams, of the International Business Machines Corporation : _ ;ﬁ"'

developed in IBM's Research Division. He illustrated.with slides IBM's - '
nd Display System (GADS): it'builds and maintains files,

then analyzes and projects them in tabular or graphic

extracts data, 3

“form on. a col. ‘display. Topics suggested for further discussion were:

‘»graphic-terminal functions researsh‘vsoftware for interactive graphic-

terminal support, the fea#ibility of "supplying data in the format and form
%

on-line query facilities, plotting facilities, etc., for census data.

Lawrence Cornish/,of the Census Bureau's Systens Sof;ware Divisi

to data publication is to deliver

them in non—machine-readable form, ing materials from an internal Census .

‘Bureau study, he described the hardware now available for a wide variety of
alternative data delivery systems including graphiqg.

» .
r . IIX . |
.SUMMARY OF THE MAJOR RECOMMENDATIONS SR

' Before going on to the discussions and detailed recommendations of the

hree sub-groups of the conference, which are get out in section IV, it would
seem helpful to try to pull together and highlfght the mest important ‘of
those. fEcommendations. "The reader, of. course, is urged to consult section IV
for the' full effect. Particularly noticeable at the onset is the high level
of overlap and eoncurrence in the three sets of recommendations, the more 80 . ' .
in view of the separation of~the three groups when their recommendations were '
being draffed and the three. distinct software areas represented L
The recommendations of the Conference were far-ranging but certainly not

beYond the general guidelines set as objectives for the conference. In

" covering the Census Bureau's user soﬁtware, and the distribution of that

software, it was inevitable and natural to discuss the products and objects

! e
- .6 q .
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of that software-dthe data. ' At times also it was necessary to discuss and
cover the associated areas-of user documentation and user training. It could
not be expected that_all 6f the participants would be fully cognizant of all -
of the Bureau's efforts and plans in all 6f these areas.j While .an attempt L
was made in _some of the Bureau's first-day presentations to present some of ’
this bacﬁground all of the relevant aréas could not be anticipated So, in J'X
order to“give the reader of this record a brief overview.of these activities,
'Appendix D has been included This,appendix is not an answer to the cenference
recomméndations or a solution to the problems-raised, but is_background | "
material that could have been provided prior to the confefencef';f . .
As the general discussion of the third day'showed and as reflected in '
" the recomnfendations, there was a atrong sense of concern_by many agiendees
~ that the Bureau would not be adequately prepaFed to meet user demands in " the';
1980's. Many felt that an'examination of the entire data delivery system s
was necessary, not_ just the software development component , To thé extent
that these concerns are actual, the conference participants will await a C
Bureau response; to the extent thatthese c&fcerns represent a lack of
knowledge of the. Bureau s activities, thqbparticipants will ‘expect- a ‘bettér -
educ?tional effort by the Bureau. ' - e e o
. The recommendations fall into three types' institutional which involve
largely improved communications between users and the Census Bureau; technical
which deal with the actual software” development ‘and those particularly appro-
priate as further ASA/Census endeavors. - ) _ - 'gf S

~

Institutional Recommendations

| é’@engthening the Interface

Tt

The need to strengthen and broaden the interface between users of census

data and the Census Bureau suggests that:

* User needs should bé monitored.

-

* An_ongoing assessmedt of user needs for software.ahbuld be conducted.

T User comments and evaluations of" softwa:e/§h6uld be .compiled.

TTE————————

R A users . group on user ‘software should e formed.

* : :
/~ < User education and training must be,expanded : el

!
* Matertals and training courses for’ ‘user education should be developed.

* User-orientéd documentation and tralning(material on data and soft-

. al processing proficiency.
? - C ! 7

w;;e capabilities gshould be geared to various levels of technical ) .

° -~ ’ ‘v " \ )
. ) o , ’ 9



Serving the User Community | o A /(AQ L L

" To better serve the user community, it should be determined which of

the following should be considered° '.'-_ cer ] , _ .14" o'"
% A national census data center._il e ' [ER -
L ] . L] (PO . L. . .
* A consortium of users. - .3 BT : A .

% A national network . . ST e o I

Technical Recommendations_

Possible technical solutions to a wideé variety of user problems merit’

the examination of: o ‘ : : - - _ , o

0

Data Dictionaries

. MAchlne-readable data dictionaries must be'distributed for each distri- L

buted data file. TH@g\dictionaries must be accurate, up-to-date and machine-
portable. The dictionary should include definitions and common recodes and
‘nbrovide easy mapping to data elemknts. The Census Bureau needs to work with
existing .groups such as the Association of Publication Data Users -(APDU),
the Federal Statistiqal Usérs' Conference (FSUC), etc., that have already
' addresséd the subject of terminology, conventions and definitions, to ensure
that the data dictionaries are meaningful to users. The Census Bureau also
s should provide as detailed information as possible on its data dictionary
—plans to the user community as soon as’ possible. All softmare developged 7 L
'users—ought to access data via a fata dictionary to remove format dependencies

v “from programs associated with readingrgensus files. .~ T T,

Data Extraction _ o . ' ' ' D

Efficient mechanisms and’ procedures should be established to extract
data for users and to manageffhe response. to such requests. The Census Bureau -
'should support the development with ‘an_eye to subsequent portability, of . \
generalized extraction software that will automatically provide a modified
data dictionary. . | ) .
Software  should be developed and made available - by the Census Bureau N
_ for handling the most basic and simple types.of data retrieval and presentation..‘
T ‘Research should be condpcted to determine the special machine readable '

2 files . (extract files) and extraction programs that should be produced for

special program compliance . ' | . '. o,
_ _ : The extraction in machine-readable form oﬁ the full array of census .‘
‘ -4 4 ’ . * )
v ' I I._ e _ c ' . . : ¢ ‘ o ‘
' - / . I'.x’ L] - £ ‘- Yo, .
;€ | ! | |
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| ldhta a gregated accord:lng to user-dgfined geo¢graphic areaq "hould t;,orrespond

to the 'full rahge qf information now, availablé“‘t standard Census-defin,

’ N . DEES v -~
gcographic areas. 2 ‘ : o a LT ‘

Geogfaphic Bage. Flles<and Other Geographit: References ‘ “

-

User specificatidn{f ta%?ation areqs. in terms of. coordinates should be ’

\
(3

S
allowed. . This would require a niform high standp,rd for cootdinates in

A\

‘ —geographic base files (GBF' s), and GBF 9oordinates should be corrected topo- .

logically and cartographically. LA ‘ S S
: A mchine-readhb*l*e data base should be developed that defines. changes
equivalenéies in statistical areas.: _,. -" SR

The Census" Bureau should pro‘vide separate mabhine'-teadable files of

. areas. . . S ‘ e ) . '9 . e

., Generalized :I"abulatigl Systems o e

7’ -

* t.

The tabula-tion group made recommendatiops for re,search, development: and
.general support in the area of generalized tabulation‘Systems. While approving

the Census Bufeau s*effor s to elicit users' . needs for-this type -of software, .

tl\ey listed a’ number of' areds that would ¥equire research b.efore a system
could be pit in place. For examp‘le, a ger;eralized user syséem WOuld have to

interface with data dictionary systenis,. and t,hese dict)ionary sy»stems have

% . > -
not been defined for the C<nsus ugers. '° - - R

£

Data Base Methodology

As a vehicle for promoting research on advanced data base mana’g;nt.
technology, 1t was recommended that an efficient accesa: and transmission
systam for user requests concerning specific places; types of persons' and
characteristics be investigated A capability to flexibly combine .persons
into alternative social units, was.. described as highly desirable. and techno-
logically worthy of research. "

8 Time Series o o N ' .

v ' ¢

'S

'The "data organization gron recommended that the costs aﬁnd benefits of

"a time geries capability be explored / . - ,
7 - . , “
Hardware .- ' e

‘N The Census Bureau should investigate the pote'ntial b le: og”tninicomputers
,and microcomputers for data portability and for acgess and analysis of census

data by users with limited resources. e 7

‘ﬂ’,
s [

LN C \9' "O)f
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.f_spatial definitions (e. ges polygonal coordinates -or raster)‘ for all‘ statistical
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Posﬁible Ameas ﬁor Future ASA/Censusxeoopera;ion\\j

projects and feasibility tudtes in data orga‘nization @nd delivery systems.

:sub-groups. What 1s attempted in the fo ;%;lng pa is to give the reader a

Dﬂbcuséion.' | ¢ .
*

_findings-and recommendations.. Included in these were:

- All three groups recommended National s ience Foundation éNBport for a _
research fellow at the Cezijs Bureau, One proposal involved basic research o

ha )

Another recommendation was that NSF support research and development into

. efficient, effective and statistically useful techniqﬂ‘h for the generation of

statistical tables. _ . ~ _
) . y ) B l _
. ¢ IV - . )
SN " %GROUP_DISCUSSIONS AND mcommnmnons R
As noted in the Introduction, it is not intended to reproduce in this

conference report a verbatim account of the ppoceedings of each of the three -
A

~ . ¢

feeling of the matters each group address how tM covered them during

their discusqions and fina11y, in each group's own 1anguage, the recommenda-

:tions they agrepd to and‘how they presente® them to the full conference on the
v‘third day. - ‘e

-

-

N ﬁata Organizatidn Group

~

»

The data organization group began by pointing to certain areas that it

‘would like‘to cover and directions it might wish to take in developing its

-
! - .

* _More. flexibility in the organization of census data to :/

' ©  accommodate the broad spectrum of user needs.

* More detailed information and links between relevant gata A
‘at a person or block 1eve1 (base level). <

* Easier access and utilization of data; data'shouId be

N

made available more quickly to users who request it. Bg er . ) .
" documentation would reduce the amount of time spent interpreting ~—
.. census data. o ) o ' .

* Census data shouId be able to. accommodate and be accessible

.

to both gophisticated and-unsophisticated users, or large v ~ ’
small organizations. -

* Wwhat the current state of the art is and what advances can

be hade based on technology available today. ’

v
N

10 . ~ -




~and applications.
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. data that would be available in different formats And still

preserve confidentiality. The Bur’au might provigde detailed .
‘and specific fnformation tailored to particular eds without
violating disclosure rules. . - : v

* Requires data from demographic, housing and economic
areas, uses- the 1970 summary tapes and,would 1ike more sof@wﬁre .
for them," At present, much tape handling 18 rgqquired befor

| ¥

. getting informatidn, very ofteh has to regroup data. It-wo 11d

be helpful 1f the data contained different co-es for such
things as school districts and police precincts. Needs pub ic- .
use dat’provided faster than it is. SPSS i; satisfactory or much

of the #alysis. Is unfamiliar with new graphics developments

‘ . % Eﬂpressed concern for the unsophisticated users in Fmall

organizations or small branches in large organizations, that I

require a lot of assistance in utilizing census data. Ihere"

e

should be some way fon‘a user to produce some quick exploratory -

\ .
work in only a day or two of planning. Would like/hmch faster

: access to data; delivery is slow. Also would: like more\glexibility '

in data and, approves ‘of the notion of a small common-denominator.
Often needs different sub-populations and geographic boundaries
for different purposes and has a problem with Census's divisions.
Complained about having to alter the‘existing‘data too much to
meet his specific needs. ! \ ‘ ’

*° Would like to have the data available fas!er. Produces
cost estimates of legislation proposalsiand needs the best avail-

able data at the cuxrent time. Has a limited amount of time and

so has to focus quiokly. Perhaps an on-line system for non-

programmers with an easy access, to a big date base might be the

"answer, .Another problem. is trying to locatZLthe data., Suggested

some sort of data library, perhaps another ~1ine system which

_points to where the data could be found would be helpful Would

like the Censhs Bureau to/maintain its professional integrity,.
as well as treat its users.more equally. Recognized that units

of -analysis are always hanging and that constant updating is

. . . . .

T T
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* What can be. accomplished by the time of the 1980 or the

1990 census; what research tools exist and can be immedihtely

" utilized,

* “The Bureau should be more concerned with user needs.

* The group should think about goals far in the future. .

»

1* How to approach idealistic goals with‘finite resodrces.

-

T+ % What research should be done by Census, NSF or others; i

J—

' should currently fﬁﬁdable research projects be considered? ' p -
Following this general discussion, . {ndividual users in the group were

each given a brief time to explain their own interest in, needs.- -for, and

cOncenns about, data org&nizatidé. "Their responses can be summarized as

follows. . T : e e o

-
N
L

. $ - - /
\ * Wants -a ‘more detailed public-use sample at a smadlefi

Y,

geographic levelj but does not need afy more software. The/

Census Buteau’ should not get involved in selling sof tyffe; what

‘seems most important is getting results as quickly as possible. ’“]~;

Also, the available data are[getting farther and farther away
from what a’ city needs, ' _ ,
. % Involved ‘in planning for the 1980 census. Interest in.
data/organization suggestions,‘kow the Bureau can satisfy iai\u

" more lully and what its job should be in research, Would like

sers

ideas for. improvement of the census internally ‘as well as for

< .
services users need externally. : ’

K Works with population samples ranging anywhere from
2,000 to 1,500,000, in a planning capacity. WOuld like to see more

consistency -in data and .better documentation of census data and

(%

“how they; are organized.. Frustrated when determining the diffefence )

between census first and fourth counts due_to confgsing documénts.

- Would also like greater distinctions in race, such as black ve. .

brown. Interested in more detailed information at the census '
tract level. ¢ R _ . j’

§ . .
. *_q* There is a barrier when dealing with the smallest geo-

'graphic_common'dendminator; inter ted in county information but

that is not always the case., Called for a diversification of

A ' 11

-
-
® |




’reduifed;to keep ahreas$ of what 1is going on,

-

* Does not want the| Census Bureau to get into the software

-

business. Reorganization: andfgqpater’consistency of data. are-

. e
’ SR

-t

needed <

users. Some of .the Bure u's internal work might be useful to .

outsiders- in solving some of their problems. The Bureau has a

| numher of areas where improvement is needed éspecially in its o
.ibrelationship to outside users. | s N . ~

1S

E © Stk Interested'in-re,rganization of data. Has problems with
' .- public use and summary taoes of the nature discussed by other
- participants. - . _‘ ' I . _
* Data content is’ insufficient* Would liﬁéﬁto see the data
. edited and documented more effectively, apd”users besadvised promptly
' of data changes. Would also like more group data and tapes avail-" .
. able on more of different structures by different characteristics
B and areas, Has specific and varied interests, and structures-pre
always changing, Asks for more datﬂzand more flexibility in the'b
data available. . | | . : I
- % Has problems converting data from nSh-machine-readabPe to
machine-teadable form and ﬂould beMnterested in software that '
' could make this conversion. Sees the household as an important
: o ' unit of analysis; has a grek{ need‘for_nore household data at.ﬁany_
o . different levels of g'bgraphy. o ,,: ‘. | '
* Users need specialized information for specific areas (
produced by people qualified at manipulating‘gigantic data bapé/’
and flexibility tha} allows the aggregation of peop1e and .
. ¥ geographic units¢ There is a need for greater detail at smallef
. ateg levels,'plus the pbility to strip off specific thingsﬂof
//:}7.; ';1nterest from census dFta, al] as soon as .possible. It takes
) " too much time to wade through unwanted information td. extract

needed data,

. .

* There is a neefd for software research to provide flexi-

biiity oftdata; a data baseris an ;mmortant step for this} Data

&
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base ‘technology is very important in relation to user-defined
.o argas of analysis. The Canadian approach is data bases with links,
- although sequentyal files aré lacking.“Thererare microdata down to
household and person?levels, and normalized rectangular files are .
produceJ for users. . Some liﬁk keys are provided that users can
tie {nto. A ot of custﬂpized work can be ﬂone that 1ncludes
*data provided by users. - N . il
) % Much of the’ technology, e g?\ geographic base files,
. UNIMATCH, etc.,. already.exists to solve the problems discussed
P _The Census Bureau should avail ityblf of this techn logy in
1. .'solving many of its users' data problems. The time as come for /
the Gensus Bureau to: get'more involved.in distrlbuting speciali;;;
tha to its broad spectrum of outside users, There«is a need for
" data at the person-within-household level in which the pexson is
the basic unit.but has a link\to his household with some kind of
identif&cation of the type of household. The structure of the
1970 housing file is unsatisfactory, the person file and household
_file appear to have been done:by two completely differen groups,
.ice., more cohesion is needed. The Bureau should have a data
dictionary similar_ to one provided by’ the: NSF,

* Users need flexibility of data{ available quiﬁkly,
aggregated in a variety-of ways, and in small and. large groups.
;.Users want to be able to subﬁit a request to.the Census Bureau and
gt exactly what 1is orderedu Cross-tabulations are fine, but

availability and accessibility are the keys, There is a need for
rectdpgular files. Cross-case analysis would be a useful tool.
L The Census |Bureau must ge't into a data base gystem so‘ﬂt
can handle users;/éequests. In view of the significant time” lag
involved in this process, perhaps there could be a public-access
~data base system through which users could get directly at the
data without having‘to go through Census bureaucracy. 'The Bureau ,
cannotxpresume to guess the cross-tabulations that ueople need.
* A data base systemqshould be subjected to cosq/henefitu
analysis, and the state-ofJ:hé-art in datq base technology

VR c
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o should be examined. DathA-might be considered along'with data
' ) ' organization; What is the cost of multiple ‘structures. and adding
identifiere to data? Should the Census Bureau transmit raw

data or the results of processing? (There are_ ways to measure -

‘ .. this), 'Should data be given on a magpetic tape or perhaps over“ ‘ ? "
., a network such as’ telephone l$nes? Is mylar tape wanted and 'Z.' '
. . how would this. be decided? What about ‘modes of storage? In | e T

any case, "there are many things’ to consider before making any
significant changes, Better documentation is in order,.perhaps '
in the form of software, and data definitions for,processing CLe
should be incl'uded. '

o - . v L R

-

~ PreSentation of Recommendations ) A o
| In presenting their recommendations to the full conference £for. review
and genetal approval, members of the data organization group ﬁb!nted out that
the objectives set for discussion of software were flexibility, accessibflity,.
. tine dimension and modes of storage. The group did not specify long-term A
or short-term goals, nor apply these measyres to ‘any programs. xpense,
difficulty and serious technical constraints are involved in this" ‘area,
but there should also be an awareness of the research already repbrted in
the literature., Further, the conceptual differeLces among techniQues need
to be understood. There was a consensus that there should be more work in
the area of disclosure analysis tg/deterﬁine how more data can be released-

and still maintain acceptable legels of confidentiality.

Recommendations S Co. S - ‘

*

Bureau of the Census data are an invaluable national resource., Our
recommendations areAintended to achieve uwdern and.efficient use of this
resource, by'the broad.and varied spectrum of users deﬂﬂpdent upon it, . ‘

‘There is a real concern that,' fail%pg hggressive and well planned
changes in the Bureau s.perceived mission and procedures, there is a
significant risk that:if.will be unabl//to meet the bbligations placed on
it in the 1980's: The specific areas of concern include: v

. * Incomplete knowledge of;the/aéeds of present and
) ,

, !

r

future external usegs of census'dataf
‘,1, ‘ " S ‘

.
t .
' . o
¢ N .
. * ® *
: 15 : LS .
. . .
ot ' -
v .
. - .
» .
.
i




.

"Jc - . T . \-\'. '..

* Lack of forceful developmental efforts to ensure that LoD

state-of-the*art technology 1is- brought to bear on meeting defined
'-user needs. ) ' . ) '

S "% Lack of a systematic delivery systém geared to & diversity4T°
of users with a wide range of technical and professional cap bilities,
In.order to serve these users, we therefore make a set of ommendatidns

including a set of technical in;;vations which would lead the Buqeau of the

Census to take advantage of modern data organization techniques. We also

_recon;nend establishmnt of an equal‘ly fnnovative institutional setting which

below is toward greater usability of and access to the full complement of

Census Bureau materials. *Although we fully recognize that no data organiza-

will insure access to Bureau of the Census data by a11\segments of society

requiring such use, The thrust of 'the technical recommendations detailed

tion schemes, delivery systems, or presentation techniques can be allowed - ¢

"to violate individual confidentiality statutes, ‘we nevertheless believe that

. . . \(l ‘ .. d" R a 8
current access to microdata"can be greatly expanded while protecting this .. m a

confidentialitys . . S _
Further, we are aware that no existing security system is failsafe,
including the present one.’ However, careful security systems‘can be con-
structed,while nermitting greater access than is currently the case, to the
socially critical information contained in the data files within the Census
Bureau. . : T _ e '
The thrust of the {nstitutional’ reconnendations was essentially:
* Monitoring user needs,
* "Providing user training.
* Giying timely service. - o Co

* Pricing to support user access,

.
“"!

-

A ) @

Whether organized inside or outside the Census Bureau, the institutional

-
y ot

./\/.._‘ .\ﬁﬂ bo;'

setting might entail:

* A national census data center andfor . ;5 ..
* 'A consortium of users% andfor . ) e B '
* A nat twork. . ' o '
national networ ) 2 .y
Each of the above should be considered.and justified in tarms .of Cost and
o t . :
the best ways .to serve,xhe user community. y ‘W _ P
. . ‘\ ] i /
. . . . . , . J 4. .
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Technical Recommendations o ey

: implement techniques and software: to provide the fpllowing capabilitie8° d

~ ward-looking and a

k! )
The Census.Bureau should research a1ternatives 8o as taq develop and b
1. Flexible reconstitution of data about people into a variety of
significant social-units, 'such as families, households, dwelling units, etc.
p
This will*entail developing and retaining data that relate the penson to the"

designated,social units. ‘An example of one step in this direcbion is the -f ~

' recent Buregu of Labor Statistdics concept of a "person in a family.ﬂ

2, Extraction in machine-readable form of the full array of census'_ ‘-_*
]data aggregated according to user-defined geographic areas. This data- o

"extraction capability should correspond ta the full range of information now _S

availabhq for standard Census-defined geognaphic areas, -

?’ficient access t;oaand transmission of se1ected user requests @}

E'concernqhgz _ _
. ‘Specific places. - : A r
\ * Specific types )qf people. , : P )
K Specific characteristics. ST S

This will require that the Census Bureau aggressively pfomote research -

on advamced a-base management technology. . _ - "

ovision of user-oriented docd&@ntation and training material ‘on

developfng and mail aining a time-series .data capabi1ity on both a for-
ﬁhistorical basis. '

NSF/QB/ASA.Research Programe for Fellows -

— Individuals should be assigned to explore technical as well as cost
benefits and alternatives for. ' : ' / Q,,//

1. More advanced disclosure analysis techniques to allow larger volumes -

-'of detailed pub1ic-access data. . e )

2, Development of time-series data basc capabi1it1es. .
3. Gdthering and publishing information on. present and projected Cerisus

’ .
M S’ AY ’ ' § , ) ’
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data use in’ ofﬁhr to determine alternative data organization strategies and R
delivery -systems., , : o v

This work should review previous Bureau ‘data-use research, and recognize -

"that projected data use is ihfluenced by present data organization strategies.

€

- Data Tabulation Grogp o i_ ". - N
_Discgssion k - : ' * T :
‘ f_ peniAg the discussion the group recalled the general goa1s set for
.. all the groups and stated them as: . ; ' . o o ’ "_7*\

" Short-term: Role of the research fellow to visit he Bureau of the Census.

\’&

What would Fou have him do? : S 7u " . . f !

[ * 4
\ v

- erm: What ought the NSF to fund in o?dq; to promote, civilized -‘;
analysgs of Bur‘bu of the- Census data? Are there enpugh research projects- *

having n needs that general software deve lopment will pay off?

It was noted that the respJLses should be based on wh?t users’(rather-
than the Bureau) want to d6 but the Census Bureau would have fhput to the -

N

dialogue also, ' ' . , - .

r

Rudolph-MEndelssohn, Assistaht Commissioner of the Bureau of Labor i

* Statistics (BLS), discussed a paper he had prepared and which had been
) distributed’, on his agehcy's expertience with genefalized tabulating sysEEmS.

They use TPL (tab1e-producing language) it may be inefficient, but is widely

used in place of programmer resources, He felt that it is essential to

(1) identify the end use of the data, and (2) develop the necessary software,

The BLS writes the user manual first, then the language, then the routines,

_ Gary Hill,. Director of Information Systems fom CACI (Consolidated /) -
Analysis Centers, Inc.), who had also prepared a brief paper for the group 's
discussion, said that his firm has generalized informati n systems that empha--
size processing efficiency and has had favorable experi nce with data base -
. dictionaries and interrecord analysis, He noted’ﬁhe pPIr blems of statistical .

accuracy inherent infcorrelation ana1ysis, and suggested there be research
An correlating household and person variables. ' -
In the discussion that followed, it was felt that the problem lies in o
the basic statistical assumptions (interpretation of valueq), where the unit
1is the same for the observer, but differs at various hierarchical levels. )
Some statisticians are working in. this area now. Several data users reviewed . o

. their approaches to census data and how ed}ting and extraction,were'carried

W
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out tg arrive.at end products.. Among the needs andwindividual recommenda-

tions voiced were fhe following: “. T R o~
' *-_Photocomposition software. : o . . S
* Portahility of data between software syatemstd, .

* Hard copy available at.ﬁhe local level (fot small governments)

* Clear statements for the end usé&s regarding thefCensus Bureau 8

"~

allocation, imputation, and- suppression prdctices. o i x
* Indications of inherént prohlems in ‘the data or " the software
(users often lack hardvare(poftware compatibility) B
* Cross-tabulations wider than the Bureau's printed output.
/A . f' * Cross-tabulation in such a way that further. work with tha» '\
data is possible. N v '
.~ . % Attention to the microtechniques used in tabulation Zlgorithms
T time vs. space tradeoffs, . A
* " Make users aware of nonsampling error,
* Software packages “through which the tables come close to - ..L
tabular analysis and capture multiple-regression coefficients, -
' ‘ * Tools that involve use by nonCOmputer specialists.
0 x Focus on types of software, and dete ine ﬁhayodhn be done in . Ty
these five fields: | ,\.\ K . e " rrl
- Tabiulation™ froh basic records (use-the fe’sus' .

N ‘-

> . ol
. ‘-

‘Bureau's 'system 11t 15 Yquick dnd cheap).,

¢

- Proyide afgeneral tabulation §§atem&for/§he public-use
_ sample. P o * -
a = *#Make .the basic record-tapes available-fdr tabulation,

&!f - Compufer mapping and charting. - " o ’

| B .

- More fophisticated statisfical analysis, N
* Identify th\\user;and the‘software available to him.
* .Good, documented quality checks in software thab hes the & 'S
ability to ehec and inpute, - . : ' ("
"% A table, package ‘for generating machine-readable files: and dealing

’

with the missin data.ﬂ * ~ - . .

{ It was noted that tabulation definitions vary, and it was suggested that

it woyld be more appropriate to consider all fungtions in- processing, such as
maintaining the universe, sampling, response control, editing and screening |
. [ c . ) 19 . -~ . .
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j'returns,.crossatabulatin aﬁ£i951§;and presentation. This would allow .
'dealing with each more efficiently.' Perhaps uhat is needed is that the
Bureau 8 tabulation be done “in’ such a way that other - things can be’ done with '
the resulfs. . e , L : wo /.

> The need for software to handle hierarchical files and the time-series '
processing and analysis was noted, and it was also pointed out that, the
;/National Bureau of Economic Resear?h the,RAND Corporation and th Massa-i
" 7 chusetts Institute of Technq&ogy all ave.sdftwa{e for, (2). :,.
Users w‘re “dsked 'tg define wha\t 1s "acceptable" 'data and how '’ they )
shohld be presented, and do the same thing for software. Should the Bureau
work on existing packages available outgide and act as a clearing house for
them? Respongg; could be that the Bureau si ghould organize its data
in stich a way that they can be used with existing packages o Jthat thekkKOVn
. tabulation packages and their respective characteristtns be 1 sted, A 'f
-'visiting research fellow might try to. identify the commonali ies or unique-
nesses of usef‘needs 80 they could be ‘1inked. with package capabilities; he
'could he1p simplify the match, and decide what training (if any) would be_
needed so that the user would be best served. He also ,could identify what
the Bureau would need to do in providing the data. This could involve both
economic and demographic programming. o . S \

The discussion included the subject of installation and training needed

for systems, the costs involved and vhat haﬁxzns when the user‘somplains abo?t
a system in place. Questions were raised, es the discussion” imply that

the NSF should stimulate the supply or the demand? Are there too many systems
and too few users for-each? Should users be informed about the packages that
are available and their. problems with them be investigated? Discussion then
turned to the Bureau's generalized tabulation system proposal, in which it was
cautioned that the Bureau should allow.the system to-evolve locally, and to
what a visiting fellow might do at the Census Bureau. . _

The question of the Bureau developi.' a data base dictionary that is

readable by various systems was raised This dictionary would require'“
continual updating and the problem of how ‘to make this automdtic°c0uld be‘ '
'addressed in a research project. These t;}ngs are being done, but. recommenj -

tions are néeded on‘exactly how, One suggestion was to put the dictionary in .

. codebook format and make it available for reading through interface packages
. :‘\1 o 20 .io
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that uéérs might have without having'to use'codebooks themselves. .Vendors - .
).
will produce codebooks., - but the Census Bureau should -be motivated to enhance

the utility of its’ data, Should the Bureaq take on the task of making these e

1Y

data more usable or let the vendors do that, since the Bureau has its “own

needs as well? “f‘ ' B P - | . - .

~

L -

The group then-turned to formulation of its'recbunendations, foc sing - ’
on'(l) the areas for régearch and deVelopment needed to hetter satisf .':‘ B
" users' requirements, and- (2) tools or access td’toils Yor Eurther use of )
machine-readable data, either directly or through a distribution center. . ¢

It also was felt that it should be made possible for a user to designate a
submodel whery suppression occurs., There was ,a discussion of suppression, e
ranidom rounding andb"noise"{injection, and7there ‘was, sentiment in favor of Ty
research for alternatives to all of these. ‘It was felt that a system can be
devised that permits greater detail than is presghtly available and stiLl ‘
preserve confidentiafity. : ' o ' \

. There was general agreement that data shon‘flbe as portable as‘possible,'
and that there should be a machine-readable-dictionary in well documented
format (e.g., compatible with SPSS) and well tied to the data elements., A - !
subset of the digtionatry could be used for translation program§ and a formaf
statement. There'were'di/;erences of opinion- as to whether it should be S

L

possible to run this dictionary ‘3m all.kﬁiﬂs of computers. e
. *  There also was disagreement as to whethe¥ the Census Bureau should e
distribute generalized systems, because this might entail servicing them as
well, It was suggested, however, that the Bureau should create a system, S
implement it and then consider the problem aof distribution. If ‘the Bureau ' !
develops extraction software this should be made as portable as possible, ////
being written in ANSI COBOL or COBOL The group thought that the Bureau /
should develop a generalized extract program and a modified data dietio i’/’
with an eye to their subsequent portability. It also should be ‘able to ‘=
respond efficiently to demands for. extracts. There uas some}dialogue'over : _
| "‘the ‘cost of a tabulation program equipped to do extract work;.ﬁithlestimates ‘ L
running’from $300, 000 ta $600, 000 While this was deemed to be expensivs, | |
‘the alternative might be anywhere from 500 to ¥,000 Federal contracts'in ' -
varioii’parts of the country that would have to inglude funds for independent

softwaxe for this purpose. ¢

.




- It'was felt elsewhere that a Federal agency such as: the Censbs Bureau _
has an obligation to' take: its software known to the public, bqt that it - y .. .
should not be in the software dissemination business. On the other hand the "
" agency uses tax money to. build a system for itg own usey so the system ought ’_f
y * to be usable outsidé the agency for maximum cost benefit. There was .no \.
agreemeng'on this tqpic. One possibility ‘15’ that vendors should be stimulated
to produce their own interfaces with an agency, system. Stnewhere, however,
there should be aﬂleffort to bridge thé gap between a Census Bureau system .l,~ «,

and local users,/ . _ N : ;L . . e e

-

‘. A . ¢ ) ’ [

] This discyssion led to tentative recommendations that there .be an
investigation of the need for software tao~ transform data for use in a generalized
tabulation sys tem, and of the need for corresponding dictionaries. It also fi

" was suggested that the Bureau gentrate various recodes ‘the items in its 4 ) o
delivered tébes, this' would avo%ﬁ’fépetitive recodes that might be reflected-‘ e
in the dictfonary; The recodes and associated headi’gs and  stubs could be T

supplied in,the dictiOnary, togéther with a hierarchical key understandable .:

to the system. . This is partially available in the START system, but not in .

UNIVAC One melber recqmmended that the Bureau proceed to amke generalized . f} 5_

tabulation’ﬁoftware available to users, either in the form of access .o

[

pig\rams with support. A visiting fellow might be asked to assess " the demanﬁ _ Y
¢ _

called for documentation of this’ software so . that users could imp}ement it

r such software, or at least evaluate the potential Several participaﬁts

~without difficulty.“ There was some'disagreement as. to whether the Bureau
would be obligated to documeht beyond its own needs for- internal use., .

' Possibly i1f four or five heavy, knowledgeable users, af census data
- joiﬂtly advised the Bunégu on the development of usdble eitract and other’
[ » programs, the NSF might be interested in underwriting some of the ,8roup

.(‘f
costs.‘ There -were divergent opinions on this, but a consensus that someone e
should make this possible. ° : ! , _' C . i

‘(\ w - It was suggesfed that*generalized tabukation software 1in the Bureau

should be developed with an eye toward gt becoming pargxof the public domain,
- @ and the group was ‘told that this ‘is one ‘of the Bureau“s ‘objectives, given - , - "
" ' input/irom users as to the directionsosuZh software might take., There was a ‘ -_ .

. K
Il ’~

feeling that the Bureau shduld make a greater effort toward this end and -

i

. -
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that users should be assured that there are adequate resources for p?dviding

.\ the detail they . need once the software is available, e.g., output tables for

further analysis, additional computations (medians, drder statistics,«etc )s.,
and the capability -£o handle as. input recoQrds that require file manipulation.ﬁ
Vi“‘ There was a discussion of how all this could be brdught about, and it

was suggested that the NSF might take up the issue with an ongoing\organi-
zation ‘such as the Association of Public Data Users (APDU) . This.could be a -
vehicle for interAction with users concerning the tables requixed\fo mee&
their needs. It was suggested, on the other hand, that "the Bureau already
has channels for such dialogue. .One proposal was that the NSF- might make it
possible’for users to spend time at the Census Bureau so’ that they andy the
Bureau staff would have a better grasp of eagzﬁbther s operations.

Eooking toward 1980 . the initial invest

»

. t in generalized systems
would be véry greau~unless the files are made available in more usable forms
than they were “for 1970 vendors would hesitate/to £111 gaps between the
Census product and user capabilities. Might the NSF establish and support
an activity that would ensyre adequate planning and appropriate albocation
of funds to obviate these gaps? The activity might be lodged in thé APDU

to ensure wider involvement. There was a discussion of whether the APDU {s
. A

.

capable of such a function, -

s
i

(A possible general recommendation that would take into account exploding"

'technology,.and the need_for technology or minicomputers was discussed
B 4 . S ‘e . -

briefly. B o :

..
*

. Presentation of Recommendations

In presenting his group 's reoommendations to the conference, the group

chairman stated that uhey had rejected a comparative evaluation of tabulation.

-+ -gystems because the variables--bounds, environment objectives, equipment,

" etc.--are, too great.‘ It was felt that there is a residual gap between the

development of needs in the ma;ket and of services in the Census ‘Bureau; this
‘gap mErits “further invéstigation. It would be valuable for users to visit
the Bureau for short periods, and vice versa, to go through a i&riety of work

using census data; further, there should be intefchange involving such

o
»

organizations as the APDU tp try to solve data problems.

X -
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Recommendations

s - 4
.

The group had discussed the Census Bureau's plans ’'in the field of
generalised statistical tabulation. There was a strong feeling ‘among -
. users outside the Bureau that the situation with respect to availability
of. generalized ‘software and data (other than published tables) was likely to
be little better -than the most unsatisfactory situation which was obtained
in the past. Special méntion was made qf the need to improve services and
" produéts of the- 1980 Decennial Census compared to that of 1970.
In the short term (for the next 3-4 years), the group appeals to the

. Bureau to maximize its efforts to respond to user needs. with respect to

».

machine-readable data and appropriate tabulation software. Failure tq do -
this will lead to continued problems such as those that existed.aiterjthe 1970
census--namely, continued parallel and redundant efforts by man¥ users
o (often supported by Federa1 funds) to overcome deficiencies, loss of informa-
" tion, failure to use information, etc. | '
| Special mention was made of machine-readable data dictionaries, which
this group felt to be of fundamental importance, especially far the 1980
census. The group requests that the Bureau work with existing groups such
' > . as éhe Association of Public Data Users (APDU),?the Federal Statistical
Users Conference (FSUC), IASSIST, etc., that have already addressed the
subject of tlrminology, conventions and definitions, in order to ensureﬁthe
data dictionaries are meaningful ‘to users). The Bureau should also provide
as detailed information as possib1e oh its own data dictionary plans to the
. user community as soon as possible. ) B ’
For the longer term (1980 and beyond), the users among the group agreed
~to work through théir professional organizations ‘to bring the needs of the ’ |
user community,to the highest possib1e forum, It was. felt that _the u. S.
Congress must improve its perception of the va1ue of Census data. .
“‘The group recommends that the Bureau continue its efforts to close the‘
gap between supSﬁy and demand for €ensus products (other than published data)
'in order to agﬁ!d the problems outlined above.
This sub-group récommends that the NSF support an investigation into
) ensuring the adequacy of p1anning and a110cation of appropriate resourges to
. 'b meqt identified user needs. o .

.
-

- »~ i ~
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. Purther specific topics and conclusions of the sub-group are as follows.

Impact on Bureau of tLe Census Summary Tabulation Plans for

Proposals to Meet User Needs _ - S R

\ * Ensure that general tabulation software provides tabulations
needed i.e., no- information is lost in the treatment of suppressed
) data (privacy,versusnmaximizing information at detailed geographic ’
levels); all {nformation necessary for subsequent analysis, including-.
(a) output tables for further analysis (provided in useful formats),
- (b) qapability for additional computations developed whilertabulating
(medians, order statistics, etc.), and (c) capability to handle (as.

......

~«  *input) records that Iequire manipulation.

Data Portability

¢ - i * Produce a machine-readable data dictiOnary'that includes
refodes, definitions, etc., and provides ‘easy mapping to data
* elements. ‘ -
. ) * Ensure efficient and effective management of updates to the
: data dictionary and of its distribution to users. S
- . o *  Supfdrt the development, with an eye to subsequent porta-
‘bility, of generalized extraction.software that will provide auto-
T o ‘ matically a Jodified data dietionary.
- ' o Investigate the need for software to transform data and
create dictionaries to use generalized tabulation systems..
* The Bureau of the Census shouls generate various recodes
of items in delivered tapes to avoid repetitive retoding (needs
to be reflected in the diCtionary) : '
* Efficient mechanisms” and Jprocedures should be established
to extract data for users and to mnnage~the response to such requests.
* ° Minicomputer applications should be considered in planning

for data portability. _ o ¥

¢ . Modification of Generalized Tabulation Software Development

Toward Eventual Dissemination To and'Use In the Public Domain

* The group applauds C¢nsus Bureau plans to elicit informationh
on the needs for featur;es an‘ documenfation. to facilitate this, but
strongly confirms 1ts recommemdation that the NSF support an investi-
g gation inta elsuring the adequacy of planning and the allocation of
¢ appropriate resources to meet identified needs, '
. . N . 25 !
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,i - The Group Requests the NSF _to Support Research and Development

b

Into Efficient.and Effective Techniques for the Generation of
Statistical Tables

«»
. *_ Such research ought to consider wha statistics (e.g., cell

. mediats, quartiles, etc.) can be easily co uted along with the

tables to give a more complete description of the data's patterns.

. ’ Data Presentation Group
 ~

. There are two distinct areas of data presentation, the first dea1ing 3

-with machine-readable forms such as tapes and the second, the noncomputer-
readable final prodnctAsuch as mizrofiche, film and paper-copy graphic &
displays. There is a need

us on users' requireménts for census data oo
as well as on software t should be developed. It was determined. by the
group that software for data presentatidn.fa11s°into three categories:
routines that produce graphics, those which qrganize the data, and routines
that prepare data for.graphics. .Sophisticated'software already exists to~

——

produce graphics but is needed in the remaining categories.

Education and Communication in the. Area of Data Presentation

A lack of education and/or communication with respect\to the area of
data presentation is a major problem. In the discussion it was noted that
‘ ' data presentation is not a visual érocess alone, but that an understanding
of tht data needs to be included Footnotes and explanations that accompany
visual material tend to be shortcut. One hazard noted was that the printed
N report is an excellent means.of promoting an understanding of data, but |
that it is ignored when it -accompanies graphic.material. COmputeri;ed S ,
, documentation is a partial solution'to the problem, but often users will
. ignore a more detailed printed report in favor of condensed automated _f
documentation. In the absence of documentation users interpret graphic L
L output as they see it. °A well organized, readavle book might be sponsored,
showing a broad spectrum of Cénsus ‘data uses; perhaps a comic book and/or
film approach would be appropriate. Interaction and involvement were cited
" %ags good | vehicles for edueation, 'and perhaps the cbncept of the Tensys Bureau's
DIME workshops could apply to the Aarea of the use of " census data’ )
Various methods o computer-assisted education and coqmunication wer L
%/
|

discussed. Microfiche could be produced at a central facility and distri
. . 26 . s . .
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bility. The us
capability'as

of data machines with a CRT (cathode ray tube) and cassette

means of disseminating information was suggested., Thesef\

to the pvogram and the State then would be responsible for the distribution of

information to local users.. " ) . T

Data S¢lection and Requests for Dggz

, ’ .
‘The' areas of data selectign{/presentation and education are inseparable,

as s owm by two different\diféctions that the dat&anresentation process takes

as d result of a lack of knowledge. ~IQ was noted that the uneducated user

often-requests a "dump'" of all ‘available data in a rough form in qrder to
QDstet hés

been determined, the user then requests more sophisticated displays. The

determine which subset of the data upon which to focus. Once the

other extreme, is the user that Initially requests a small subset of data to
be presented, only to learn thrt more .1s available, resulting in further

requests, Education as to the availability ‘of ‘data and the means of presenta-

.tion would offer a partial solution ts the problem, ‘

Several methods were suggested, to’aid in the selection process of the
‘subset of data to be presented; one was that software should be developed to
select subsets of data, Problems with'this‘include hardware limitations of
some users and .the expengé involved in developing and implementing a software
solution. Microfiche was suggested by another participant as a possible
alternative in 1ight of theiexpansion of microfiche capabilities. Data from
summary tapes could behstored on microfiche, enabling a user to select from
the available data. A participant sqﬁgested that a regional processing
center could exist with the hardware and software necessary to provide data

to the community. )
27 |
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Yqualify for.

‘.det rd which would all?w users to aggregate Census data up to their

It vas observed that the selection process controls the levdl of’
presentation and also the analysis thattcan'be performed on the data. Data.
P ssibly should be presented without analysis, leaving that for the user to
do. _ : :

Another!problem seen is in the timing of requests for data, Following
some Federal announcements, many requests were received. Software could be
developed to. facilitate the handling of data requests, which would also
avoid duplication of effort in the case oi commonly used reports. An inter-
active system ‘could supply the requested data, ‘It was suggested than an

area of‘research.might include defining the classes of commonly used data

. and also the means of their presentation. o ) _ -

Another means of facilitating the processing of data requests might be

‘ ‘Sp sponsor a legislative analyst at the Census Bureau who would be responsible“‘

for surveying all legislation and guidelines pertaining to data requests by

T

users. He could also determine the Federal programs that tEf user might

) ’ o e : (""
Data Editing e : ' : 2 .

There were several complaints about the lack of software in the area of—\

data editing, i.e., getting the data in a format that is useful for their

purposes. A. relatiqﬁ?hﬁp needs to exist between graphic packages aﬁd a data
base management system, which would facilitate’the use of the existing graphic
sefﬁWare. One area f research could be the - problem of oxganizing large /
amounts of data fon graphic preséntations. '

'Different data areas by Census and the user are a major problem.- One

: lication thaf Vas mentioned was that of. forecasting future equipment and .
gpAnpower neeiiio d:v/?d fpr a product. This requires the ability to overlay .

1ensus and usar dat ahd’ the procedure is very difficult when the two data

areas overlap.f Perhaps a Smaller census data tabulation unit could be

3

,particulax da;\\area. It was noted however, that a trade-off must be made
between morh/data for large areasﬁhnd less ddta for smaller areas. The

smaller the area, the greater the occurrence of suppressions to avoid

N /
disclosure. e .

Ihe proﬁljm of differing data.areas is further compounded by the poor

-
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coordinate quality found in Census files. The user typically must convert
Census DIME files to user polygonal-arga files. Several participants com~
plained that the Boordinates found in the Census GBF/DIME files are very |,

inconsistent and that a good coordinate system is one of their functional

requiremehts. It was stated that the process with which ‘pordinates are

.edited at Census is too cumbersome to be practical, and that the .Bureau

lacks incentive in this area because coordinates are not'used in its- own
applications of DIME files. Research exists in this area; the Arithmicon
system,presently in the research gtage at the Census Buveau, provides an
interaftive capability for editing and maintaining DIME files,

. It was suggested that. research should bq conducted in the. area of
Census data presentation form. A different form might result in easier
conversion to user data areas._ Raster form was discussed as a possihle 4
alternative, as that field is rapidly expandiné. Valid areas of research
would be to investigate the level at which Census should distribute data in

. raster form, as well as raster vs. polygon vs, DIME forms for distributing

data, Data flles could exist at different levels, perhaps at as many as
five. It was mentioned that perhaps the Bureau should not get involved in

the area of providing data for areas other than an agreed;upon unit of issue.

Color and Graphics .

Traphics are the final end product for many data'requests and are a |
very popular means of presenting data, Although the ‘group agreed that P
soﬁhisticated software already exists to produce graphics, it was suggested
that research needs to be conducted in this area. One'participant suggested
research into the most frequently requested types of graphs and visual &
presentations, Another suggested research to determine which subsets of
data should be graphically presented. - - ..

The concept of color with respect to data presentation was discussed
and researth was suggested'inrthis area as well, -Research.might include
experimenting with color and making comparisons to determine what is most .
effective, Everyonf has 4 different concept of colo®; the same color can
imply different meaning to different people. Another noted that users often
state’exactly which colors they want in their presentations. It was pointed

‘out that quantitative scale mapping is not adapted to eolor. A participant

B . ) 29 . . t\/




felt that’the advertising field has already performedlmuch research in the

area of color, and perhaps what is needed'is_research of research,

User !ﬁterface and Service Organization

Many participants expressed desires for: an automated user . .interface to

- ease the process of presenting Census data. An interface is needed between
local State and;Eensus data. The need for development and marketing re~.

- gearch in the area of a common user interface whs discussed .Such an :

interface- would ease the problem of using Census data f:z the nonsophisticated

user. It.was suggepted that the existence of -an approp
ization vs. a ligit in flexibility should be investigated A user' interface.
with a query ctiwiility would provide facility between Census data in a raw
form, subsetting and 'aggregation routines, and graphic-analysis routines.
It was recommended that the development of user software should be keyed to
a data dictionary, which would enable it to be flexible in case of format ‘
changes. User software should be machine-iqdependent. R

The idea of a service organization to provide software services and a’
user interface _was discussed. The service organization would be responslble
for distributing data in various forms that wéuld facilitate matters for
users of Census data. Listings of software applicable td the use of - -Census
data could be maintained by the organization, in order to refer users to .
appropriate consultations. It was questioned as to whose reponsibility such
an organization would be--government or industry. Concern was-expressed
that - perhaps government might be interfering with private industry in this
area. There was some feeling that the Census Bureau's first obligation is

to provide'data and that software development-must be at least secondary.

.
- 3

Presentation of Recommendations o ' .

* The group asked that consideration be given to instructing locallusers
how to cope with Federal program appllbations that require census data for

small areas. If all software were to access data via simple dictionaries or .

‘more cOmplex data base management gystems, “there would be far-reaching
effects on software development. Also stréssed was the fact that ‘training
and education are major requirements for effective use of census data-and

for the development of useful, user-oriented software.

/
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Recommendations : a . , L }'

-

Needs of users and a1ternative modes of pre;25tation are both extremely /.
diverse. Some can be directly addressed by short"erm recommendations for
user-oriented software, while others require longer-term efforts in which
formation must be gathered before software rebommendations can be formulated
The Data .Presentation Group‘considered a broad range of possibilities, and
its recommendations reflect concerns shared by- the other two groups. " The

., .
overall theme is flexible and effective public -dccess to censys data., We

9

have identified two fiajor areas in which public access'can be f&cilitated -
user education and technological improvements. Under these major topics le
have listed a number of specific gaps or omissions to be dealt with. We also -
feel strongly that the technical program should be integrated with the
communication program, and that the integration of specific technical acti-
vities is essential to the objecjyve'of faci1itating public accessg.

) . | ) . .2 N

_User Education.

1. Materials (various multi-media forms) should be developed for the
purpose of educating/communicating the use of Census data, Training courses
shou1d be developed involving computer-assisted instruction, movies, video-
tape, programmed learning: texts and case studies, | !
' 2. We recommend that the research fellow be a trainer to develop a

specific training _program for census data use (technica1 and professional)

° "

See recommendation 3, _
o3, Investigation should be done on users' needs and desires for output
media, in ordzr to determine products (e.g., slides, paper maps) to be

produced. . - Ct

4: Research should be encouraged in display techniques (e.g., color)

for q ntitative information,

) Hardware
1. Research should be conducted on the potentlal of new processing
technology (e.g., terminal access and mini- and micro-computers) in the
an‘lysis of census data by users with limited resources, and the implica-

tions of that potentialcon prospective Census data-documentation techniques.

LY
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. availability and development of user software. Set,up a clearinghouse T

presentation.

F

..
.

. @ " Software

4’

1. All software developed for: usenslshould kccess dats via a data

dictionary to remove format dependencies from programs associated Q{th

reading census files. . .

2, ngtware should be developed and made available by the Census '
Bureau for handling the most basic and simple types .of data retrieval and

) &

3, Software should be developed to prepent data about change through
time. - (A data.base should be developed which defines changes and equiva-
lencies in sta istical areas) . ' .

-~ 4. The software developed-by the Census Bureau for its processing
shoul be documented, and also made portable and available where feasible. } R

5. Geographic base files should be developed to facilitate time-series~
anélysis of small-area data and to al‘dﬁfdirect aqkess to census data via |
independent geographic coordinates. . .

6. Research should be condUcted to/detlkmine the special machine- ’
readable files (extract files) and extraction programs ‘that should be _ .

produced- for special program compliance.

~Data Requirements (Geographic)

>

1. Higher standards are required for coprdinates in geographic base *
files (GBF's) in order to allow user specification of tabulation areas in ° -
terms of coordinates. " Specifically, GBF coordinates should be corrected )
topologically and cartographically. | ‘ | |

2. A machine-readable:data base should be developed which defines,
changes and equ{/alencies in statistical areas. . ‘. ' ‘ .

3. The Census Bureau should provide separate mac{fne-readable files
of spatial definitions (e.g., polygonal coordinates or raster) for all

statistical areas, c

Organization
1., Investigate the poss’i.bilit.‘y of a user clearf'\ouse(s) for the

L ]

for user software and’ investigate the possibility of developing and supporting

user software. . . .

v 3 4

‘ An ongoing assessment of user needs for software should be conducted

Compile user comments and evaluations of software) and form g,users group on
.32 '

| 2
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user software, - : .

>
K

2, We*sipport the concept of summary ''tape" data processing centers.
. R ] ' v

o ' | v T '
DISCUSSION AND ACCEPYANCE OF RECOMMENDATIONS BY THE CONFERENCE

¥

Submission of Preliminary Group Recommendations to the Conference '

3

The, third day of the conference began with the submission of the pre1i-‘

'minaryJ;roup recomméndations to the plenary sesg§1o) During the.opening ot

discussion concern wag“exprﬂssed that the Census reau still is using 1950's
techniques and needs modernization. Some portion of the members wanted to say
that the Census Bureau is "in trouble," and that the cost to catch up,,inythe’

face of political and s63ia1 needs, is increasing rapidly. These need& cannot
ch

be met with curre‘t te logy. ' : : ‘ e

t

There was a discussion of the respective responsibilities of users and
the Bureau with respect to filling the technological -gaps foreseen, The con-
sensus appedred to be ‘that the average user needs to- be trained to use the

tools at hand, and that the‘Bureau, as it develops techniques and software,

- should constantly recognize.users' needs and abilities to keep pace.

It was observed that the Bureau plans t;/replace its hardware completeiy
by 1982, and this hardware will be geared to/da

The Bureau would 1like usérs to°spell.out in detail what their data needs are

so that the Bureau s specifications can match. them.

ta base management systems,

- It was agreed that it would be hejpful to recommend the first explic%t
step(s) to ‘the NSF, and the groups returned to their individual sessions

for further considerations, Voo ¢ : ]

Acceptance of Final Group Recommendations by the Confere ?I L -
Upon completing the additional deliberations by individua1 groups, each

group's final recommendations were read and discussed by the conference as a

" whole. Some language was modified to ref1ect consensus positions, ‘and the

i
[l

approved texts appear above in Section IV. The deliberations in the final

individual group sessions. were not reported' only the plenary discussion whfch
follows-below.

-

"Comment was made that what users tend to do is limited by the technology
available, The h}story of ‘extensive analysis that led. to resecrch and

P




development in the Cerus Bureap'during%the 1960's and smilllconducted byf
. its Center for Census Use Studies was cited, -but note was taken that some . .
projects that should have been carried forward were not. i
There was a discussion as to whether the recommendations should be
time-oriented It was felt that ‘the conference may ‘have the 1980 Decennial
Census in mind whereas there are economic censuses, surveys and other -
statistical grams being carried out in other years. It was agreed that
"short- " might be {nterpreted as 3 to 4 years, but ‘with emphasis on 1980.-
Question was raised whethetr this conference or the presentation group
» might be the beginning of a user group to address in more detail the various '
items suggested Another\suggestion was the establishment of a s:earing--

" house to follow up on the/conference agenda items, noting that the Census

a

Bureau, its ovgrsight committee in: Congress,.and the Office of Management v

and Budget are on "of the "actors" involved _ Perhaps there might be

..(....

a follow-up conference in a year or two. The review process that has been
set up for the* ASA the Census Bureau, and the NSF s four joint projects
'resu1ts was mentioned and also that there wi11 be general meetings with the -
rreensus Advisory Committee of the ASA. It was noted that there will be efforts,
~ to formalize user support as much as possible and the’ report ‘of ithis* tonfer- \
ence will be given wide circulation.- An offer was made to m;onit:or’Q pro&ress a.

N year from now and report through a user journal. e S N
[ 4 K )

It was suggested that a good- .use\of the conference resources would be \

to look at the purpose, process and impact of the 1980 census datq,products

- and software on data processors. Training modules may be needeq for various
| user groups, tpgether with data and use guldes. . _ '. <
A question was raised as tb whether the ureau would feel the conference 8

attitudes. are unjustified or distorted and wh ther the Bureau is worried about

its software products and their distribution. reply it was stated that
discussion from all standpoints is being encouraged\\ ’he Bureau will recelve
the recommendations and be glad to state yhat is being br can be done to carry
them out. Another participant felt that the conferefice s supportive of
improvements. ° It would be helpful however, for the Bureau\to tell how it

will use the conference»information and what it is doing. <

3% - ‘-




The following resolution was - then passed: - .
"The con;erence expressed its desire that the Bureau of J

‘the Census be asked to advise participants through the _
American Statistical.Association;sf its. plans GL respond
.to the various recommendations contained in the report é S /

of the proceedings of the conference.“‘

¢
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. ; ,nAuna~4&nzxpxgzxgu§,_gggggfSEs AND BACKGROUND OF CONFERENCE PARTICIPANTS
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WILLIAM T ALSBROOKS Assistant “Division Chief, Systems Software Divi&ion u.s.
, ' Bureau of the Census Washington, D.C. 20233. M.S. (Computer Science), e
"~ Purdue University, 1970 Formerly Programming Branch Chief of Statistical '
Methods Divisjon of the Census' Bureau. | . -
MICHAEL J.. BATUTIS JR. Princip | Demographer, New York State Ecpnomic DeveIOp- Rd
, ment Board P.0O, Box 7027 quSOB Albany, New York 12225 M.,A., Duke ’
! Unlversity, l972 Has" served as demographer with New York State since'buke.
o~ .
PATRICIA C. BECKER, Head of Data Coordination Division, Planning Department City "y
. of Detroit, 801 City-County Building, Detroit, Michigan.48226. M.S.
(SocIOJOQY), University, of Wisconsin, 196k. Before going to\Detroit in 1968
did academic survey research at the universities of Michigan, Wisconsin and \

. . Callfornlg_lﬂﬁtkeley) . . _ «

'JOHN BERESFORD President, DUALabs, 1601 N. Kent Street Arlington Virginia 22209
Unlverslty of Michigan 1952. After ndlltary service he was with the
Bureau of the Census until founding DUALabs_in 1969. He is presently ' | .
Chairman of the Association of Pablic Data hsers Census Committee. .°*
WILLIAM M. BRELSFORD Supervnsor, Statistical Computing and Methodo logy Group,~ :
Bell Laboratories, Holmdel, New Jersey 07733 PhD_(Statistics), Johns TN
Hopkins Universnty, 1967 o : . .

. HUGH FRANCIS BROPHY Chief, Systems Development and PrOgrammung Unit United
~ Nations Statistical Office, Room 3114 United Nations Plaza, New York, New . 5
York 10017. B.Ec.. (Hons), Australia National University, 1965. Held S
Deputy Director of Computer Services and other posts’with Bureay of
Statistics, ralﬁq&qu was Project Manager of a computing research centre
in Czechoslo . .

LABRY CARBAUGH Data Users Service Division Roont 362’+ - FB #3 u.s. Bureau -of
the Census, Washindton, D. C 20233. B « Duke. University, 1964. .

BRUCE CARMICHAEL Group Leader, Central Data Base Group, U.S. Bureau of the. .

' Census, Room 1373 - FB #3, Washington, D.C. 20233. - PhD (Computer Science), -
University of Maryland, 1976. Consultant to General Electric Space Flight
Division, systems analyst at NIMH and technical stdff member at Bell
Te lephone Laboratories

WILLIAM S, CLEVELAND, Member Technical Staff, Bell Telephone Laboratories, 600
‘ Mountain Avenue, Murray Hill, New, Jersey 07974: . PhD (Statistics), Yale
University, 1969 Assistant Professor, Universnty of North Carolina ‘
(Chapel Hill) before jointng Bell Laboratories. _ "
LAWRENCE E. CORNISH, Chief, Graphics Software Branch, U. S. Bureau of the Census,
Room 1529 - FB #3, washington, D.C. .20233. Michigan 'and Michigan State
Universities., '
JACK DANGERMOND, Director, Environmental Systems Research Institute, 380 New York
4 $t., Redlands, California 92373. MLA, Harvard University, 1969. MA (Urban’
Design),. University of Minnesota. Was a teaching research associate at
“Universities of Minnesota and Harvard and served as projéct manager with
.+, Scientific Systems, Inc. and as director of thz Environmental Systems
) Research Institute. . - p
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- PETER DiCK|N§0N: Director, Data Processing, Center for Demography, University of

Universjty, gf Wisconsin 1975. Was programmer agalyst with the Center for ,
,* Demography .and phgﬁbgrammetricfsuigeyor:with the - U.S. Forest, Service.

"R|CHAR6\Q..ELLIS; Marketing Managpr,\lnformétion, Amer ican Telephone & Telegraph® -
- - €0,,,295 N. Maple Avenue Basking Ridge, New Jersey 07920. B.A., Hamilton
v« _ .College 1950. Hefd'otﬁéé‘marketing positiong with ATsT and was supervison, . -
NN . Corporate Staff, with - the New'YogR Téleghone Company. - .

> "

CARL f.'FERGUSON,‘JRL5‘Dp?éctor,"cénter'for Businéss and Economic Research, o

*-  Box Ak, University of Alabama, University, Alabama 35486. PhD, University
of ‘Missourj 1975.% B&éfore coming tq°Aldbama as Assistant Director of the
Center.was Assistant Director of the Public Affairs Information. Service,

1 " University of Missouri. - ) ) .

"'T"fgg_;w , - oL .

™. LAWRENCE FINNEGAN,

“ . of the Cepsus, Washthgton; D.C. 20233. i : R

- v

. . . . . Q > o . . v .
-/ JAMEQ‘FOLEY,'AssaciateJP#Bfessor of Electrical Engineering/g;;>Comp er Science,’
, *Georg xgshington Wniversity, Washington, D.C. 20052. PhD, Unfversity of
| . - Michj 196Qépayas assistant professor at University of North CaroT¥na,

K " and with, the Gedphics-Software Branch of the Census Bureau.

v, e

'WlLLIAMQﬁ:f%REUND, Leader, Systeas and Programming Group, Dath Services Center,
) .+ "ERS, 2,7.'ﬁénéntmeqf=of Agritulture, Room 456 GHI Buildiny; Washington, D.C.
~ 20250 .89 aiversity of North Carolina, 1963. fHas held a variety of @
poéitio&siin économic analysis and systems design wi®h -the Department of
\ Agriculture after®graduation from North Carolina. '
f‘,SHIBLEY-GILBERT,TConsuljant 4nd data analyst, Princeton-Rutgers Census Data
Project, Princeton-University, 87 Prospect Avenug; ngncéton, New Jersey
) 08540." M.A., University of Oregon, '1946.. Was an inStructor’in mathematics
at New Jersey—€o}Tege for«!gmén (Rutgers) and University of Oregon.”

L)

. "WARREN GLIMPS®, batg Users Service Division, Room 30&? - FB #3; U.S. Bureau of,(;

the Census, Washington, D.C. 20233. B.S., University of MissoUri; 1969.
.. . Was Director. of fiblic Affalrs and taught at Missourl. gonsultant to in-
.7, - dustry agd governmen¥ on software design and evaluation. '
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SEOTT B. GUTHERY, Principal-Software Engineer, Mathematica, P.0. Box 2392,
_ Pringeton, New Jersey -08540. PhD, Michigan State University 1969. Worked
previously In appliedn§tatisti?s and data base management system research

L2
»

‘with Bell Laboratories..” - -, : . D e

*

ROBERT DZ\Hg:Rls, Deputy'Assistant-Director,°Congressional Budget Office, 2nd and
D.Stredt, S.W., Washington, D,C. 20515, °B.S., Ohio State University 1960.

. “Prior to .joing the Congressional Budget Office was Chief of Information
. Serlices with-the 0ffice of Mahagement and Budget and held a’ number of posts
.. " In the Department of Agriculture. = . -~ S o

.

GEORGEVML HﬁLLER-(ébhference Co-dhairmén), Princlpai Researcher, Statistical
—~- Research Division, U:S. Bureau of the Census, Whshington, D.C. 20233. i/

. °  M/A., Columbia-University 1949, Has held.a variety of positions with the
o -\;Bd(eaﬁ’of the Census since cqm{ng-thereffrom CdlumbLa. '
¥ GARY"L.'HILL, Director, Jnformation Systems Department, CACI, Inc., 1815 N. Ft.

‘ *Myer Dnive, Ar!?ngtqn,‘Vinginla 22209. MBA, lndiapa University 1961. 'Has
. ‘been an offlcer of Data Use £ Access Laboratories,”Compyter Resources
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- \forporatién'and project manager ataéBM..
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Data Users Service Division, Room 3969,- FB #3, U.S. Bu:?éu"' <
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WOAGLIN Senior Analyst, Abt Associates, Inc( and Research Assoclate
in Statistics, Harvard. University, 55 Whee Street, Cambridge, Massachusdtts
, 02138. - PhD, Princeton University 1971. h}S\hgen on the faculty at Harvard
. since 1971 and also served as senior research associate at NBER Computer,
Center for Economics and Management Service. ’ '

-

HAROLD B, KINS, Director, Computing Services, The Urban Institute,.ZIOO M Street;
N.W., Washington, D.C. 20037. B.A. (Mathematics), San Jose State, Caldifornia

v 1959. Helped to establish the Association of Publlc Data Users: and was
) . wnth the interuniversity Communicatlons Counci 1. : :

FRED C. LEONE, Executive Director, American Statistical Association, 806 15th
Street, N.W., Washingtqn, D.C. 20005. PhD (mathematics and statistics),
Purdue Unlversity 1949. Taught at lowa, University of California (Berkeley)
.and Case Institute of Technology. Vlsiting professor at University of
Sao Paulo, Brazil and was.on Ford Foundation EdUCation Team in Mexjco.

RICHARD G. MAYNARD, Acting Manager, Policy Support and Speciai Studies Divi
House Information Systems:, 361 HOBA #2, Washington, D.C. 20512. M.A.
(Economics), University of Pennsylvania 1969. Whs with EDP Technology
Inc. and the Department of Defense.
MARK D. MENCHIK, The Rand Corppratlon, Santa Monica, Cailfornia 90406 PhD
(Regional Scuence), University of Pennsylvania 1970. Was with New York
City- Raqd Ipst.itute and taught in the geography department at the University
P of W|sconSIn o ) '
RUDOLPH C. MENDELSSOHN, ‘Assistant Commissioner, Bureau of Labor Statistics,
¢ ‘Room 2047, U441 G Street, N.W., Washington, D.C. 20212, A.B., University
- -of Chicago 1938. Prior to becoming Assistant Commissioner.in 1967 was in ’
charge of various®Bureau employment, hours and earnings statistics. Edited
the Bureau's journal in that ffeld.

JULES MERSEL, Senior Opérations Research Analyst Communlty Development “Depart-
ment, City of Los Angeies, 200 N.” Main Street,.Room 140k, Los Angeles,
_ Cailfornua 90012. (Physics), University of California (Berkeley)
v 21951, Was with the National Bureau of Standards and has had a broad range
'+ * of computer consuiting positions in private industry. :

PETER A MORRISON, Member, Senior Research Staffp The Rand Corporation, 1700
Main Stréet, Santa Monjca, CGalifornia 90406f' PhD, Brown University 1967.
© Formerly assistant professor at the University of Pennsylvania and a special
consultant to the National Commission on Populatlon Growth and the American

@ ] Future.

MERVIN E. MULLER, Director, Computing Activities Dgpartment, The World Bank,
1818 H Street, N.W., Washington, D.C. -20433. PhD (Mathematics), University
of California, Los Angeles 1954. Taught and was Director of the Computing
Genter at the University of Wisconsin. Managed Project WELD at IBM and has

L been on the faculty at Princeton, Corneﬁlenulthe University of Callfornia

DAVID M NELSON, Acting Program Direetor, Compliter Information Systems, 4]5 -
Coffay Hall University of Minnesota, St.: Paul, Minnesota 55414, PhD
(Economics and Statistics), Kansas State Univ rsity, 1968. Has been a
visiting professor at .Boise State University @d Hamline University.
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NORMAN H. NIE, President, SPSS, Inc., Suite 1236, 111 East Wacker Drive, Chicago,

1 1linoi’s 60601. Currently Senior Study Director, National Opinion Research

. Center and Professor.at ‘University of Chicago. Was Senior Fulbright Fellow,
University of lLeiden, The Netherlands and Woodrow Wilson Fellow, Stanford

University. Principal investigatqr for a number of gyjitical science projects.

-

MANUEL D. PLOTKIN, Director, U.S. Bureau of the Census, Washington, D.C. 20233.
M.B.A. (Statistics), Universidy of Chicago 1949. Came to his present
position from the corporate headquarters-of Sears, Roebuck and Company
where he was Associate Director, Corporate Planning and Research. Managed

athe Economic and Markét Research Department of Sears and also served as
Chief Economist. MWas earlier with the U.S..Bureau of Labor Statistics in
the Chicago and Washington offices and taught in the evening division of

several Chicago colleges.. .

JOE-W. PYLE, Director of Physical RTfanning and Development, Houston-Galveston
Area Council, 3701 W. Alabama,} Suite 200, Houston, Texas 77027. PhD,
Unjversity of Houston 1973. Previously held-positions with Boeing Company,
Philco-Ford Corporation and the University of Houston. .

'MELROY QUASNEY, Systems Software Bivision, Room 1061 - FB #3, U.S. Bureau of

' the Census, Washington, D.C. 20233.

LAWRE&LE C. RA#SKY, Statisticiah; Chase Manhattan Bank, 18th Floor, 1 Chase )
Minhattan Plaza, New York, N.Y. 10015. PhD (Statistics), Yale University
1974. Formerly at Bell Telephone Laboratories. -

DANIEL A. RELLES (Conference Co-Chairman), Statistician, Rand Corporation, 1700
" Main Street, Santa Monica, California 90406. PhD (Statistics), Yale
“Unjversity 1968. Was a member of the technical staff of Bell Telephone
Laboratories. .
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ALBERT H. ROSENTHAL, Rand:-Corporation, 1700 Main Street, Santa Monica,
California 90406. With Rand since 1953. Currently Senior Anhlyst.

ALFRED'J. TELLA, Special Adviser, Office of -the Director, U.S. Bureau of the
Census, Washington, D.C. 20233. M.B.A., New York University 1359. Has
been Research Professor of Econopics, Georgetown University and Director.,
Office of Labox Force Studies, The President's Commission on |ncome
Maintenance Programs. ’ :

ANJHONY G. TURNER, Mathematical Statistician and Census Coordinator for ASA/
Census Research Program, U.S. Bureau of the Census Washington, D.C. 20233.
B.S. and graduate work, University of North Carolina. Has been sampling
_consultant to FDA and Population Research Council and was with the _ .
Statistics Division of LEA. Served in Census previously as Chief of the
Special Surveys Branch. . : ’ '

_ MEL TURNER, Assistant Director, DBMS, Systems. Development Divisioﬁ: Statistics -

Canada, 12-P, R.H. Coats Building, Ottawa, Canada KIA 0T6. B.Sc. (Hoffs)
(Physics), Queen Mary College, University of London 1966. Has been in >
several programming posts with both Statistics Canada and I1BM (UK), Ltd.
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HARVEY WEINSTEIN, SP S,'Inc., Sutte 1236, 111 East Wacker .Qrive, Chicago,

I1inois 60601 ' ' -+ 7 S

FORREST B, NILLiAMS, Manager, Marketing and Information Systems Group, CACI,
Inc.,.1815 N! Fort Myer Drive, Arlington, Virginia 22209° PhD (Geography),
Ohio State University 1975. Has been a research analyst with the Census
Processing Center, Battelle-Columbus Laboratories and Special Projects
Manager for the Behagioral-Sciences Laboratory-at_Ohio State. o

ROBIN WILLIAMS, Manager, Display Systems Agchitecture. IBM, K 54 - 282, 5600
Cottle Road, San Jose, California 95193. PhD, New .York University 1971.
Worked in optical character gnd memory systems with Philips research
laboratories in England and Briarcliff Manor, New York. Taught at New
York University. y s ‘, '

PAUL T. ZEISSET, Chief, Data Accessfanq Use Staff,.Data User Services Division,
Room 3540 - FB #3, U.S. Bureau of the Census,.Washington,™~D.C. 20233,
M.A., University of Texas 1963. Has.been with the Datd Access and Use
'staff since college. o . ' '
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Management of the conference has been under the direction of thn_w.

* Lehman, ASA Confe;ences’DireétJr, with the assistante'of Barbara {.indell,,
Additional services have been provided b; the ASA ogfice. The conference

. . - \
was reported by Fred Bohme of the History Staff of the U.S, Bureau of the ’
Census, assisﬁed by Cynthia Agard and Pat;icia Gfiffin. Anthony Turner

served as Censuﬁ coordinator for the program.  ~
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‘ - o t APPENDIX B

. FINAL PROGRAM FOR CONFERENCE ON
. DEVELOPMENT OF USER ORIENTED SOFTWARE ,

Stouffer's National Center Hotel
Arlington, Virginis

November 8, 9, 10, 1977

TWESDAY NOVF.MBER ;971 ‘

) -
8:00 - 9:00 Registration
’9500 - 9:30 . Welcome and Introduction . (Potomac Room)

FRED C. LEONE, Executive Director,
Anmerican Statistical Association
MANUEL D. PLOTKIN,.Director,
U.S. Bureau of the Census
. . , )] ‘
9:30 - 10:15 - Overview of software state-of-the-ari in information
. ' ' delivery .
LLIAM ALSBROOKS, Systems Software Division,
U.S. Bureau of the Cegsus

’

10:15 - 10:30"  Break

10:30 - 11:15 Current plans and activities of Census Data Users Division
- WARREN GLIMPSE, Data Users Services Division‘
U.S. Bureau of the Census
, ~N
" 11:15 - 12:00 Needs of users from the viewpoint of loéal governments
o and other public agencies .
* _ HAROLD KING, Urban Institute
‘ . 12:00 = 1:15 Lunch . (Charleston Port Room)

1:15 - 2:00 iw-Neede_for users from the viewpoint of : (Potomac Room)
. economists, market researchers and
others in the private sector
RICHARD ELLIS, Market Research, American Telephone &
Telegraph Co.

oo o : | \
.Organizetion of Data . S
) . , L-3 N M
< 2:00 - 2:30 , Summary of user psper and questions _ .
, . MERVIN MULLER, World Bank ' .
8 . & - }
‘. 2:30 - 3:00 Summary of Census Bureau paper and questions
: . BRUCE CARMICHAFL, Systems Software Division,
b : N U.S. Bureau of the Census K L
. ( . .
"7 +3:00 - 3:15 Break

. R | - l{ )
-~ . . ' '
/// | ‘ 43.”453 )
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Tuesday, NovemberMGF'l977 - Continued .
. - ) Tabulation of Data , "
» , g .
3:15 - 3:45 Summayy of user paper and questions .
HUGH BROPHY,°U.N. Secretariat SR
3:45 - 4:15 _ Summary 6f. Census Bureeu paper and questions -
‘ 3  MELROY QUASNEY, Systems Software Division, .
" U.S. Bureau of the Censug ~ ° .
. : f{ e Iy
Presentation of Data
4115 - hihs Summary of user peper and quegtions
 ROBIN WILLIAMS, IBM Corporatign
b:45 - 5:15 ‘Sunmary of Census Bureau papex and questions . |
' . LAWRENCE CORNISH, Systems So e Division, ;
) U.S. Bureau of the Census i
6:00 - 7:0Q Reception ) R :  (Char1eé£on Port Room)
T:00 - 8:3 Dinner ; . E . ' (Charleston Port Room)
. WEDNESDAY, NOVEMBER 9, 1971 . ’

Simultaneous sessions by the Organization (Room 20L4), Tabulation (Room 110),
and presentation (Room 10L4), sub-grqups-accorqgng to the following schedule:

9:00 - 10:15 Opening statements without interruption , : .
' '10:15 -'10:30.  Break (

10:30 - 12:00 'biscussion'of invited papers &nd opening statements

12:00 - 1:30 - Lunch 5 o (Dewey I Room) .

1:30 - 3:00' | fProposing and discussion of recommendations

3:00 - 3:15 Break, | | | )
3:15 - 5:00 .Completing recommendations for_submissiép t0 ﬁhe

full Conference . \

\
A

THRUSDAY, NOVEMBER 10, 1977

R ! 1.
. - .+, (Resume full Conference) : . iy
9:00 ~ 9:30 Submission of Organization sub-greup ° (Potomac Room)
recommendations to full Conference - .
Discussion -, . . ) .

an,

' 9:30' = 10700 Submission of Td% ation éub-grqup"recommendaxlons
a \to full Conference. Discussion

10:00 - 10:30 Submission of Presentation qub~groﬁp recoomendations =,
Y to full Conference.  Discussion _

e 46




Ea Tt o
-
- )

. . »
Thrusday%/ﬂbvemﬁerwlo, 1977 -~ Continued ' . :?1§R% ;-
I 4 rl ’ )
C . _ : ¥
/ _ - ‘ . 2
10:39" - 10:45  Break
10:45 -.12:00  Individual sub-group meetings to review
[ N any proposed changes and prepare final
_/ recommendations * _ ,
12500 - 1:30 Lunch : . (Jemes Room)
1:;0 - 4:00 Acceptance of final recommendations (Pofomac Room) o
! from-sub-groups by Tull Conference Ty
N A ]
[ . Vo :
i ' .
| | |
L \ : _—

© # For this period the Tabuletion (Room 110) and Pregentation (Room 10k) ¥
© Bub-groups will meet in the same rooms they used on Wednesday. The
Organizatiop sub-group will stay at the front of the Potomac Room.

L]
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¥
-of the three components into a total system; and the delivery

. . . . ) apeENpIX €

- . "- N . v N . l . .. \
The Organization, Tabulation and Presentation qf Data
State of the Art: An Ovérview;' o

. : . . . ‘\
William T. Alsbrooks James D. Foley \
Bureau of the Census * George’Washington nive{sity?
Introduction _ / ' R

-

]
i
l L

The purpose. of thlS paper 1is to survey/the state of the

R

art,_ from both a hardware and software teehnology p01nt

~

-
-

of view, "of the techn1ca1 and dellvery capab111t1es for- -

o . I/. . ‘ : R \\

>~

- Data Q@rganization ; B <A

Data.Tabulation; ahd e - t\ A
.i . " "y

- Data Presentation., |

. ) - ’ . I - . o ’
These areas are central to improvi access to and use Y
) .

of machine readable Census Bureau dFta.. In the area of , f\'

data organization,'we'willﬁtaik about ghe state of the L %-
art in DataLBase Management Systems (DBMS); in the area\\\; e
4 - T

of data tabulation, we will talk about the state of the
art in Generallzed Table Generator Systems, and in the
area of data presentation, we w111 talk about the state

of the art in Photocomp051t10n and Computer Graphlcs.

iy p I e
. B Y
' - - :

The'sec}jﬁﬁa\that follow'examinq'funqtionai capabi}f{;es 'q

of each of the three individual components; the integration

of the %ystem,capabilities ‘to the enﬁ user. -

‘e A4
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. 2,0

2.1

\ .

LY

_ . (/\
Functional Capabiiities - | ’ |
Data Organization |

-

- 3 -
The term "dataqife" can be viewed from many different
vanéage points: 1Its access, purpose, description,

content and integration. But all definitions seem to *

contain three essential and practical characteristics -
Ai organized, integrated collection of data.

A

- A representation of the data which is natural
.and_conVénient for users, with few'gestrictions
or modifications imposed t¢ suit the computer.

.- Capable of use by all relevant applications

without duplicatioﬁ of data.

AY

‘A data base management system (DBMS) is simply the software

that éupports such a database. The purpose of a DBMS is to
allow uSers 'to deal directly wity data and relations of data ,’
rather than be concerned with sometimes complex storage

A -summafgged by (PALM_75), the facilities that a DBMS can be

tructures.

expected to proviae"are: N

+

1). The controlled integration of'data{to Avoid the

inefffcié&cy_aqd inconsistency of duplicgted data.
< 2) Thé,sepa}atian of physical data storage from the
application -logic using the.data toaid flexibility

' . ‘ . . . ,
~ and ease of change in a’dynamic environment.
+ « ’ M
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| "

! ’
L]
*

!

A single control of all data permitting

controlled concurrent use by a number'bf

\

independent on-line users. | )

Provision for complex file structures

and access paths such that relevant

. - ‘ » -
relationships between data units can be .

.. . ' . \‘
- readily expressed and data can be re-
. i ’

5) -

trieved most efficiently for a‘variet}-

of appliK:tio%s. o o -
Generalized facilities for'the rapid
storage, modification, reorganization,

analysis and retrieval of data so that

the use of a database system imposgs

- L ) .
" no restrictions upon the user.
ot .

6) -Security controls to prevent unauthorized

7)

8)

9)

access to specific units ofidatg: tyﬁes"
of da:l-ér combiﬁatioﬁs of data.

Iptegrity controls to prevent misuse or
cdrruption of sfbred d;ia, an&,iagilities"V

. :
to provide complete reconstruction in

' thé event of hardware or software failure.

Pérformance both in a yatch mode and 69;
1yne, that is consistent, measufable, and.
capable of béing optimizéd.‘i | |
Compatibility;with majbr programming
lanéuages, existing source prdérams, a

B
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_ Operations of retr1eva1

R . . . . ot . " - . fma
N v B T -~ . . o A
N . .

\ ‘
S . =
\‘Q . L . PR
g . ) o | T
. variety of hardware systems and operating .
¢ , N : 1 B
sydtems, and data external to the database.
. . . X . i - ' v »

Figuves 1,2, and 3 summarize the capabilitiesfof various

DBMS'So 4 ' \/-'\

The data base approach is moresthan merely'a different -

compu}er technlque 1nv01v1ng the storage of data and the

use of add1t10nal generalized software. It 1nv01ves a

new approach to ‘fslgnlng nd operating information systems

4
ts well beyond the data processing

and has far- reach1n
A}

activities. ta base is a phllosophy that regards data

as -a resource o-be.“anaged just as other resources of the

. . ' . - 4 ) :
organization are managed; :

Described in terms of the CODASYL model, this is:accomplished
by defining to the DBMS, through the facilities of a Data
Definitional Language (DDL), the structure and format ‘of
data ift. the data base, the names and desoriptions of the
data, relationships among units of data,,and_the methods

This defin;tion'of the data base is &

’

of access to.the data.

called the schema. ‘Data réquirements of *applications pro-

grams are also defined using the DDL " and are called sﬁbschema. ,

This can be'thought of as the user's view of the data base.
. . > 'S ’

modlflcatlon, storage ‘and deletlon

of data‘-are accompllshed through a Data Manlpulatlon Language
(_DML).-' S,
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The DBMS is d1rectly responsible for the phys1ca1 placement
of data on(the storage devices. A Device’Media Control

Language is used by the system programmer to determine:

~

1) choice of device by data type
2) physicalbb}ock size
3) record placement o o +

4) overflow strateygy.
- a )
Fundamentally there are only two ways of accessing data f;om

- | the mass storage deV1ce. Either the phy51ca1 address 1s

known so that it can be retrieved directly, or if not known,
¢ . .§

the relevant part of the data base must be searched. The

fundamentalbphysical structuring alternatives' are quite
_ . .. | o | ,
.limited, althoygh they ctan.be combined in a myriad of ways. .
k- s . - Vo
The most simple is sequential where the next record required

2

is the next record on -the.file; it is defined by its position,
ﬁnd its address is of no comsequence. Records can be .chained

( together, with the address of the next record in the current

) g [
b R \ :

record.

k;w;//rf Hashing and indexiné are both techniques which allow direct

// access to the de51red Kecord in some cases with just a

single access to the file.
/"' - -

L]

// \ The basic physical access methods ‘available to a database
”/ ' ; system are-limited and do not, of themselves, prov1de the ‘::b

/ .
~necessary complex, file strucvares. Instead these are.
' .




1

‘data models supported‘%y various DBMS's-.

-

’

1mp1emented‘by the use of log1ca1 structures defined 1n N
the schema and interpreted by the system software in terms

of the basic structures. Logical data structures can flrst"'
be classified.as anyref the follow1ng. |

1) Simpfe:. All units of data are independent and‘ . .
r - - _ ; : . -

of Iogfcally equal significance. - They can be

either ordered or unordered.
2). Hierarchic: Units of data are dependefit and .
b@n pe logically arranged in a hierarchyiof
levels in which units have a single owner
- and/or‘own one- or more other units. A '. ' i .

hierarchical file -is always‘prdered; a
PR " [ -
. AN
3)  Network: Units of data ar€@-dependent, ut in y
a more complex structure than‘in a hierarchy,
in which units have more than one owner, as

. . ‘
well as own one or more other?unitig'

' ) . ' . \
A variety of file.organizations are supported by database - | .

managementwsysteﬁs for both simple and hierarchical structures.:-

Thesé can be thought of as secend;level, or logical structures,

i

since each corresponds to .combinations or extensions of the

]

undamental physical structures. Such organizations include
indexed, inverted, multilist, ring, tree, and network structures.

These logical data structures are then used to implement the

T
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;.A h1erarch1ca1 data model is a q?liectlon of trees. in whrth

. * ‘ . ‘ -
o ~the nodes are the record occurreﬁces ~= in.other words, a
* ’ . . S : . (S
y one-to-many relationship.™~ /[ - . = ' .
. This data model can be used in, two wa ;;. o e -_1'0-

'1) The selection criteria chn be specified as

-t | a. path'through-tﬁe tree. Some or all bf

L.

. the records along’ the path are the de51red

records. Example - IMS (IBM)

N

e » Z) The s%}ectlon cr1ter1a are spec1f1ed in-

{ 'dependeé%ly of the tree structure. The
tree is then*searched through the faci;i:“. .
ties of an inverted index éor'the'desired".

recorde. Biample - System 2000 (MRI). .
e, . . .

The pr;ecipalfdisadtantages of this type ot mode{:is_thet
. it is often inadequate'te'aecurately model the-dataf,ﬂAn

example of its weakness is its inability to model a‘geo¢

gtaphic lattice. - Also, the tree structure makes many

retrievals difficult: If, however, a hierarchy-is an

accurate data mod%l and if most accesses can be expressed

) . ) -0 -
as straightforward tree Searches, it can be very efficient.
' . .n. . .. LY

The network data model allows fox, many-to-many non-hie;~ 't\y

archlcal relatlonshlps " The best.known of the'network o
ha ,/
systems are those based on they COEXEYL (CODA 71) reports. '
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L, _SuperimpoSed on a vaz;eﬁy of phy51ca1 stornge struétures -,
' "_g | is;a logical structure cailed.a Set r1ng structnr wh1ch
T -~ , -links recdord occurrencea,\ An owner reqorg-canshave many o r .
S _members. A member record;éan.be;asgociated with many N )

. v owners in lﬁfferent sets. ‘The primary adrantage of the

R ' network is that a w1de var1ety of physical and .logical
s 1eat,

1 - 3 . . . . -'
_structures are @rqvided and they can model most collections
_ , . > -
~.

of data’very well. There are many choices to allow for

3 [} N - \
. . .

. optimizing performance. There are also disadvantages. For

-

‘with. all the a&ternatives, come the tomplications. A -
[N ' . -
network model is Very complex, and a user must know a great R

? v

:deaL abOut the*actual storage strncpu/e to program eff1c1ent1y .

’ - » - _ - ' e
a . Examples .- DMS 1100 (UNIVAC)' - - R

A}

L ~.IDS/II | (HONEYWELL) o
SRR e IDMS' o (CUILINANE) IR B 5

R Y

f%i!‘rl.f _;.'ﬁhe7r51at10na1 data model is an approach develoﬂed largely
'1};" __=ﬁ - ine the IBM Research Laborator1es at San Jose, California. :

The most 51gn1f1cant papers have "been by E. F Codd (CODD 705 :

. o .

The orlg;nal motlvatlon for thls approach was the need for

data\1ndependence and the need to 1dent1fy 1pcon51£tenc1es .

\M\‘ __ .

wlthln the database.~\8ut 1t 500n became apparent that the

PN . «./\

relatlonal modei hetause of 1ts_ba51C‘simp11c1ty, could -

A,

'1 .

~a;un1fyrhg structﬁre*for the de51gn of any

4"" n nf .

gafabase §Y$tem and'manlnudatiOn«%an%uage. The user is oo -

well prov1de

n

)L
Lo

presenteq Qith oniyﬂone roiiéal;structure W1th wh1ch to B

V3
'

"a,,f\" N

SO )
._"\' RJ

.- \-\., A -




TN . %‘.“o - : . | ) . | | | .
_ . . - . R
design a schema and need not be concerned with the -t
- . \ . °

complexity ofilihkagek,'network§, repeating groups and

The,;eiétional.model is almaihematical approach bwilt
. .

around two basic cbhcepts. Theklogicél,storage structure
' } 4 N

. aF .

indexes. !

-

used is a relation‘in third normal form, which is a type
- of relatisn wgth the optimal properties for use in a data-,

base.

AT1 data 7in the rélational model is viewed logically .as a

simple tab!e: This is easily understood by‘the layﬁan and

isésuited fogﬁhisplayxpn)terminals. ‘Mathematically ghése.

L]

L . * . ~ .
tables are: known as relatiens. A relation of .degree 'n" _
. i - . I e . . [. . ] © ;‘ . / . ., ® . . :
has' the following préperties:, . -+ N
. . b

_ . '

1) - contains 'n' columns (known as’ domains.);

‘Zj -all&eleménfs in a given domain are of '
P ~ the same;%ype;‘
3)_°éach'row repfegénts.an n-tuple of the - ‘
relation and tontains ‘'n' elemeﬁtgf. ' j#{
‘4). the gyderiné 6fhroys is immaterial;i_\ ‘ :
5) . all TOWS are dis%ingt (there are no .
duplicate tuplés); and ‘ iy
Y 6) columns (domains) are aSsigﬁed:distinbt _ ¢
names. ‘ ’ '
N 55 N
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o ’

‘need name only the felat1ons and domains and 1nd1cate the e

. \ ° . . P .
“its conciseness and clarity make it easy to amend. Programming

.
. 3,

In c://entional terms, a relation can best be equated to 2
a serial file conta1n1ng one recdrd type of fixed length
Thus,.a tugle is equlvalent to a record; a, domaln, to all

data- 1tems of a partlcular type in the file. . | v
. . - . \ £

Tuples.are identified by their keys, which are formed from

a combination of one or more elements. A tuple can contain
. " - z "
more than one, combination of elements that uniquely defines

it.” Each combination is termed a candidate key; the one

arbitrarily selected to -identify the tuple is its primary
oo ) ° - ) fl‘

key. ‘

. b

A relat10na1 model” subschema is very conc1sely deflned It

tae

primary keYs. The user; is+not concerned with ordering:, .

a

indexing,'or§hceess paths so they need_not be defined. In

<«

. ) : v
addition, such aspects of the physical data can be altered-

without impairing the applications using it.

From the.user!s point of view, gﬁd to a lesser éxtent the -
.— » . v "- / . * o . : -
implementor'y, the major édvantage of this approach\is-its
h \

. <

basic simplicity. It is not a system that has grown 51mp1y,

+ \

in an attempt to meet user requ1rements, but an approach

from first pr1nC1p1es,W1th a rigorous mathemat1ca1 bas;s in S

relational calculus.. e
v ‘ ’

: . . L .
The felationel calculus is powerful in its simplicity, and__
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! effort.is reduced particu?arly in updating, beceusew
ent\re relatlons can be processed with one relatlonal
Calgulus‘statementr It is well suited to query handllngQ

~but it is not concerned with. output formattlng. Because.

only relatlons and domains can b%,addreSSed access
5
control problems are reduced ghe relational calculus
w o '
is claimed to be better suited ‘to optimization and to

L

augmentation with improved facilities than prdcedural !

'1Aﬁguages oased on relational aIgebra:

By removing many'decision-making responsibilities from
the user, the relatjonal model'ﬁmooses.additional problems

upon the implementor.
i : ! . \

The user cannot define network or hierarchical structures.
o~ »

This does not mean that they cannot be used_by the system

if it ié the mos% efficient means:of'physical storage.
Relatlons in thlrd normal form could be stored as- serlal-
files. HoweWer, the number of extr;Leous f1e1ds would
produce a'greét deal of data duplication with possibly |
unacceptable storageiouerheeds.'.The prooiems of amendiné
such duplicated data have not been eliminafeQ- Unlike the

CODASYL set structures,. there is a, w1de choice of methods

of representing relations in physlcal storage. For exqmple,'

a relation.can be stored by tuples.or domains, or can exist

only as pointers from other relations. TRe ideal implemen-

»

‘tation should be 'sufficiently flexible to provide the .

4.




S 3 .

fructures best suited to'the partiCular data and its

sagey If it is not, the database adm1n1strator will

1

-Iheed control over the phys1cal storage structures used y

K4

E

l.
:%or each type of relation.

+

The disadvantages of the, relational model are not clear

oo at this ‘time since here is a lack of p.ractical experience |

rStems to draw upon, the notable except1on

being the Honeywell Multics Relat1onal_Data Store. Stat1st1cs

\

..Canada has developed a relational system in which ‘they are
qu1te pleased qalled RAPID, specifically "for p%ocessing

their 1976 census. INGRES is a relational DBMS that has
‘ [
been developed ‘at the Un1ver51ty of Cal1forn1a - Berkeley -

L]
¢

Why are we so interested in the relational_model? The answer
is s1mple, most DBMS's available today are des1gned to
opt1m1ze the retrieval of a large amount of 1Jformat1on

from a small number of records. In stat1st1cal data A

[ o ¢

o processing, most often what we need is a ‘small amount of -

informat1on from a very large number of records. ~ ..

«?

2.2 . Data Tabulation( | : .

»

Tabulation of data is an 1ntegral and - 1nev1table part of
1
any statist1gal task. Whether the tables ‘be created by
experienced programmers. for large~scale censuses or by

! : .

/ . _subject matter analysts for studies involving small samples,'

., this task is complicated, tedious and repetitive. In most
58 ' . L
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case;, a genefalized tabulating system simplifies the o - r\_

effort -and enhances the final prgduct. S

[N L
2
r L]

A generalized tabulating system ils a series of paraﬁetef
dfiven cofiputer programs Qesigned to select, to festructqré,
to cross-tabulate and fo display statistical dafa. Thé : | ;
7%? ‘system is highly user-oriented thiough the utilizition of -
a kéntecﬁnical, nonprocedgyal, compact, English-like commahd
language thét is, easy to learn énd:easx?to use. Usérs need
not have g}perience with_convgntiOnal:programming languages
"in order to produce a wide variety of tables with minimall T

-~

¢ : programming effort. .
The fou?_iﬁportanf,Epmponentsmih determining the success of, |
, RS A ,
a generalized tébulating §§stem are its .
“ 1) taﬂulating pgwer, . | .-
2) ease of use, o ' S : C .
3) ”éﬁv%}onméntal adaptability, and |

4)" acceptance. ¢ . " .

-

Tabulating power refers.to the ability of a system to produce °
tablles as reguested by its user. For example, the computa-

. ‘ tional and forﬁéttfng ability, ang the *1lucid and sz;hetic_

display capability are fundameptal to this’criterivfi. On

-

the other hand, the ciarity of the documentation and the

Al

design of "the user language are central issues concerning

T

the system's ease of use. Environmental adaptability may’

. AN .. .
alsq play an important rol? in" the decision of choosing




_ Othéf'functional features of a tabulating system $uch as '

a tabulating'system for installations which- do not possess

large scale computers. Transportabiiity;'memory require-
‘ments, and'pnocessing efficiency have effectively eliminated
many tabulating syétems from being considered for adoption<

. o
statistical capabilities, 'linkage to data base management

systems and,gJaphical display systems may -also, be critical.

) 4

Finaglly, a generg!!zed'tabuﬂating system'ean have the power,

be easy to use and be adap;able,toAthe'environment but tﬁeh
/it must be acceﬁiedjby its poeential users. In most cases,

thls means a change from.the- praceice of custom coding -

complete programs ﬁo the coding of simple parameters.

Statistical and economlc analysts like this because 1t

means that they cae produce fheir analyticai~tab1es indepen-_

dent of'programmers. Programmers and programming managers

seem not ‘to like .a GTS because it stiﬁles theirecreétivi%y

and pinimizes their independenee in.the statistical prodection

: - ,

process. But, in order for a GTS to be effective, it must

be used; therefore, it must be ﬁcc!’&ed.

What is. the state of the art in Data Tabulatlon systems?
‘Flgure 4 shows a.selected list of tabulatlon systems and
some of their characterlstlcs. Figure 5 shows a selected
115t of statistical packages wlth tabulatlon capabilities.

Much of this 1nformat10n comes from (FRAN '76). .

. . 60




Packages like SPSS, BMﬁP,'DATA~TEXT, and SAS are Léll

'accgpted and widely used. 'Thgy provide limited fébultion | o
'capabiliyiqs in the génsg‘of-the humber of cells that can

be tabulated in'oneﬁdata pass dnd in their data displgy

options. But, they do provide the analyst, with a b;bad

)
range of statistical routines.

-
d

- Also of concern 3§ the ability to tabulate large census
micro and mdfcro data f11es, and to format the tabulatlon

ready fof\publlcatlon

Several national statistiqal offices are active in the data -
tabulation'area. StatisticY Canada is using four generalized
tabulating packages. CASPER, STATABE, STATPAK and TPL.

gASPER was“developed in the 1;te 1960's‘and cauéht on slowly,

but it stdll has»limited"u;e: CASPER has been 1arge1f: ' , {
replaced by STATAPE with its_expénded capabilities and

improved user language. STATPAK §u£p1ements_STATAPE by

providing interface capabilities with Statistics Canada's

_ A‘;xf'_"
data base management system RAPID, mentioned in the preceeding
section ’ - | ) N
L it
Statistics Canada estimates that 70% of a;ﬁ’tables are ‘ .o
curféntly béing produced using generalized“tabulating systems.
This figure 1nc1udes the tabulatlons for their 1976, Census
of Populatlon and Hou51ng. o . \
~— 5 o _ _ o
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- The U S. Bureau of Labor Stat1st1cs released their Table

Prqducing Language (TPL) in 1974. Today, thls appears to

.be the most wldely used generallzed tabulating system in
.. ' the.world. It has been distributeg to over 150 installations.
Recently introduced at Statistits—Canada;'TPL is already |

gaining widespread usage.

‘ As do many such systems, TPL uses a codebook or data dictionary
to define data variables, the1r namés and their descr1pt10ns
This codebook is usually coded by a programmer famlllar with .
the data. It i's then ‘used by analysts or other programmers
for their tab1e preparatlon. Data is then referenced by
data name, just as with DBMS's. This is a very important.
feature for table generators,'because/it’allows,for data
inqependence and consistency between programs and programmers.:
Usage of TPL has increased to a ievelAwhere today there are
. o ovVer. 3000 references each month at the NIH computer center..

It is nfw normal practlce at BLS to perform a11 new tabulations

. ' with TPL. ‘
. * £ . v

! . ) . : , J
Sweden is using their ?AB68; France their system called LEDA;
,and Czechoslovahia, ISIS. 1In May,;192ﬂ, the Cghsus Bureau

releasedva«geﬂeralfied tabulating system galled GTSL.

Although these. table generators may be dlfferent in their

- epe—

, 1anguage, ‘the machines they run on, and their 1nterna1
des1gn, they possess one common thread - they are all working,

\. 62 . . -
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parameter driven generalized tgbulgfing‘sys%emgi\ | Ty .

- Data Presentdtion

\ . ~

y
Data Presentataon, ‘using the computer, ‘comes ‘in many forms -
charts, graphs, photocompos;tlon microform, and.publications.
The objective is the dlsplay of ‘data in graphical or p1ctorlal

~form to help users of the data discern relevant patterns,
trends and relationships. Very few people who have used

¥

~good charts and graphs would argue with the prop051t10n that .

A p1cture is worth a thousand data values." ,?,

y This paraphrasing of the old adage not 6n1y°re?eals thé‘bower L.
of graphics, but the problem with graphics: for graphics
technolqu to be useful, there must be data values to be

-

displayed. ,This.is best achleved by 1:;egrat1ng graphics

and DBMS's, goal which is much discussed and little-achieved.

This integration theme will be further pursued in this and

., the following section. O . _ @

Unaerstandiné the state of the art in graphics requires . .

recognition of the dichotomy between graphics for data
'analysis and gfaphics fof publication. 'The%e_aré substantial'
differe;Zes in quality, precision, and éesthet}cs.of the .

data preéentation. At the level of preparing graphical
output, publication—quality'graphics.is more expenSiVe énd
time-consuming than is data—analysiS‘graphics} Yet bot?,
sorts of gfaphi;s are relevant to tha use of Census Bureau

. .
. , .
. .
"
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, |
In data ana1y51s, the emphasas is on quick 1nteract1ve

spec1f1cation and production of scatter plots, empirical
N y ‘

and theoretical probability density functiens and cumu-
lative probability functions, regression fitsy, and time
. N ’

series. The purpose of the.analysis is to aid both
understanding of the data?s'statistical phenomenon (type

of distribution,'correlations) and the data s .significance
\

ing (demographic trends, relation between various

and mean;d
" social and economic indicators, etc.).

*

The aesthetics of the data presentation are not overly

important. What is important is the provision of easy to
use, uncomplicated systems whose use can be quickly mastered

by analysts w1th 11ttle or no computer programming eXperience.

so that any “and a11 data o%

Ease‘ of use 1nc1u/des 1ntegration of the system w1th a general

-~
A .

and powerful datﬁ base-system

interest can be easily accessed -

By

. A number of such systems exist. The success,of the systems
1s,much less'a‘function of the straightforward graphics
technology they use than of their integration of graphics
’ ~ A "

4
r

‘and,data.' .
; - ' ¢ . i . | .
In publication of statistical data, the aesthex{cs, quality
: ! T S .
and resolufion of computer-generated images become very
impongant, even critical. Crude plotsthich might satisfy
and be useful to an anaiyst are unsatisfactory,to many of

‘ ek -

i :
L
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the end users of Census Bureau data. . Decision-makers and
. . ‘ ‘ N . . -
policy-makers in the public ‘and private sectors who use

the data have neither time nor inclination to work with

; . anythiﬁg bot the best that .can be offered. .
Do . - ‘ _ ; Vo o I
\ The state of toe-art in data presentatlon is schlzophrenlc.. |

VI There is the data analysls - data publlcatlon d1chotomy
f ' In, addition, there is a broad gap between state of the:, -
( ,/ v art ahd.common oractiqet 'a.gap broader than in most . )
L technically evoI@ing areas. ' On the one hand, there are .
_ | _ _ numerous_examoles of magnificient computer~ge§§rated charts:
‘i/ o and graphics,‘many'of‘them in full color. -bn the other‘hand,
e there are-precious few oommercrally avliilable turn-key
 systems. As a consequence, state of the art work is done
in bot'a_few research labs, universities, and government B S
agenpies. | ' o ) ' S

»
s

There are .several reasons. Dolng graphlcs work requires the
1ntegrat10n of numerous hardware and software components =
more so than regular interactive Computlng Major investment ‘:\'

in time and equipment are usually’ necessary. As‘discussed\
: , > y .

. © in a 1ater segtion, most graphics software is‘ﬁot especially ;
- portable, so program sharing is difficult. Investm¥nt in )
‘ ' C o '
. graphics is often.treated as discretionary, so graphics ‘
| . development has lagged areas, such as DBMS, seen as more
\ central®*or crucial to many organizations' gqals. e )
: ' 65 ‘ _
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. Fdr these varlous reasons, the state of the art 1n\graph1cs

. B
) _1s rather d1ffuse, qu1te unlike the DBMS and tabulatlon

areas. The state of the art W11T%be descr1bed from the

fV1ewp01nts of hardware technology and software/system '

‘téchnology. _”'_. o . N

% -
©

Graphics Hardware

-

_Avallablé hardware for 1nteract1ve graph1 S (for data- analys1s

.- or preparation of . publlcatlons) ranges from the &40Q0 d1rect—-
' AN
view: stqrage tube to the $100, 000 h1gh performance llne\iraW1ng@

o or, color raster d1sp1ay system Whlle even ‘better price and

;\Q performance are desirable. and expected what we have is qulte

-~

3 . a ' L

L ugable for the tasks at hand.

.
o
~ \

- This is also true for" graph1cs plott1ng devices. ' Small,
1nexpéns1ve pen plotters and electrostat1c matrlx pr1nter/ -
iplotters produce very usable plots fon data analys1s and for
proof1ng of some types of pub11cation mater1a1 Costs are
often wellyunder'$10,000.‘ High-quality prooflng and final
output can be- had using precision plotters or COM_devicesygt
which cost from $150,000 to $300,000. It is possible, riom
the hardware vrewP01nt to produce complete camera~ready copy
-of pages 1nc1ud1ng charts, graphs, maps;, text and tables.

Color-separated negatives can also be.prodyced. o
. ')_ [ : -
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Gyaphics Software : o L - -

[l

Graphics software’ technology has two major focuses: general-

-

purppse graphics subroutine packages,'and the applications’ L
which are -built using the packages. The packages are of

.. !
X

two SOTrts; those whose exclusive or major emphas1s is
plottlng, such as DISSPLA (DISS) and CALCOMP (CALC),«and

those whose maJor ‘emphasis 1s interactive graphlcs, but‘

-st111 with the poss1b1}1ty of produc1ng hard- copy plots,‘

"such as GPGS (CARU 77) "and GCS (PUK 76). - The dlstlnctlon |
hetween these two types of packages has already begun to | ~

*1ur: most of the newer packages,€\while still.identifiable

+*

as 6ne type or the other, also provi some (perhaps 1imited)

. : - capabilities of the other sort These packages will cont1nue

0

to evolve, but they are already qu1te usable. The1r basic
-
purposes are f1rst1y to hide a11 details of the d1sp1ay

hardware from the programmer (much like a comp11er hides a.

computer s detalls), and secondly (1n most but not all cases)

’

to allow produCtlon of comp11cated charts such as t1meser1es,

o«

barcharts, and pie ‘charks with just a few subrout1ne cal}s
to the package «The packages allow programs to draw s1mp1e

plots to‘be wr1tten and tested in a few~hours or less. The

“r
u"packages also allow 51mp1e 1nteract1ve programs. to be prepared

; in days,or at most weeks. .
‘ . . _. IR

Unfortunatekyf*ifttle of the hardware and software technology . )

PR has been translated into ‘turn-key systems which can be
.’ - 67 | .
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purchased 1nstaJ,led.-“-' a(nd p’ut ulnto'}"use solva“ng real problems R
r\. /: : .. v 1 >~ \', N S \' o Y v 1 ‘ .. , '-“" d‘ﬁ.
‘wlthout flrst nequirlng non trlulal 1nvesbments 1n system S
vu Y .. @. «l .’)-“’.

_') - .' .
e

KI ! u : v
¥
which can «readl,],y be used for some types of dat? analysls-

¢" .

Costs are 1ow,-and there 1; a w1de user communlty General

Blectr1c s, Genlgraphlcs system can be.used 1nteract1ve1y to.*.- )

.

produce 1mpresslve color slldes for presentatlons, and could B
. " K . ) .
be modified to produce output sultable for publacatlons. It

is a spec1a11y programmed m{nlcomputer based” stand alone

T

system wh1ch would be dlfflcult to 1ntegrate 1nto an. overall
publication or- data ana1y51s system, and costs in excess of

- $300,000. * The;, flnal exception 1s in the draft}ng and deslgn ;

. . e 7

: area,\but such systems are not usable for analysls and publi-

scation of Census type data. ' o .
. ® . .. = : . . - , . . ‘.‘s_-

.o ° . . . >

Resources for Graphics

. . 1 . C-
- n

. Y . .

* A - . 4 " N

Slmple graphlcs can be done“w1th 11tt1e 1nvestment in peopie -

. or equlpment $15;000 for a Tektronlx term1naL and hard-copy
unit t1ed td a 1arge ‘time- shared computer, plus a programmer -51

to work with the people who have the problems to b& addressed

Qulte a bit of 1everage can be- had in a programmer r1ch 'L;\
. . Kl o P ¢ ) .
‘benvironment slmply by hav1ng the<$graph1cs programmer" tra1n : ‘

other programmers. But‘1f programmers are scarce oT, nonex1stenf *

\
.

11tt1e can- be dome w1th such eqﬂi%ment beyoﬂb the use of\_' e
' ST ' . s B

-

1ntegrat10n and apprlcatlon programmlng There are few SR e
o *, Lo o [l “ o i ) \;._..:

“L-'exceptlonSuU The flrst is Tektronlx h&rdware and soﬁtware, ol

[ . . . o
EET S

P
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3.0 . rnx'egraition"

requlresrslgnlfrgant people and equlpment resouraes.; Most

r

ma}or computer graphlcs 1nsta11at10ms have 5 to 10 staff

members, and equlpment valued from $250 000 to over $1 000 000.

A

There are naturally a, few exceptlons to: these stafflng needs:

\\ r

‘a few 1nsta11at10ns manageWW1th two or three exceedlngly

' Ll
FA iy
Uog” b l.' . ,,'\'

dedlcated and self dlsc1plined people. B

.
. A . . et . BN KJ
“ ¢ i oo - : . '.-, ° -

Reempha51Z1ng what has been stated eagller,.graphlcs is’ unllke
%
DBMS and Data Tabulatlon becaUse 1t requlres more 1ntegrat1on
w ‘
YVSystem components, such as. termhnal hardware, data commun1~w

: b P ) .l

o NS

T

L catlons, plotters, systems software, and appilcatlon programs. .

3

Thus 1t can be expen51ve and technologacaliy challenglng,

espeC1a11y when the graphlcs is further 1ntegrated wltg “a

-, data base,nas descrlbed in the fOIIOW1ng SeCt10n.:
: .'.._c_ A ..-“ ot _ ‘ . . . . ‘ . s

P . s

1. . ,,.' ., ) B .‘.1;‘ N '_‘. . 0 & - e

» : . e R - AN .
. ~ B - . 5 . . . N . . R
- L - - . . . . - e P

<

Data Base Manﬁgement Systems Data Tabulatlon Systems,'and 0"‘3
,; Data Presentatlon Systems are all useful in theIr own r1ght.'1
But to develop userhorlented software for: deallng W1th very

1arge stat15t1ca1 data bases Such as the Bureau of the Census,fj
o

.'" ,an fntegratlon of the systems is: absolutely essentlal . Flgure"

6 shows the general sort of 1ntegrat10n whlch is requlred

69




Data is eptered thraugh theleMS‘iﬁto“the data base Qhere{

it can bé edited and-imputed. The Data Tabulatioh System f‘
. . . accesses the data through the DBMS, and stores_the'reaulting
. tabufatibns back into‘the data base. The tabukation results

can of course be immediately printéd.as tables for examina-

> /"_

tion, and can-be us%p as input to the Data Presentation
System for the preparation of charts and statistical maps. “\\qq
The common user interface allows users of the total system to

vdeal with single, unlform sets of contepts, terminology, and

procedur* for carrying out data tabulation and data presen- .

L]
v

tationo" .
v o , / S o
Each component of the 1ntegrat109 is important. The DBMS -

)+

Data Tabulat1on 11nk allows.all data be1ng tabulated to be
represepted stored, and accessed in a uniform way. It is’

not necessary to write special conversion programs for data
to be ‘tabulated. The DBMS - Data Presentation }ink permits
serious graph1ca1 data ana1y51s and chart and map presentatlonﬁ
»to Be, dope. - Some such 11nk is. essentlal. because the volume
of datg involved can be quite high. For ihstance,xa county-
o 1eye1'tH6rpp1etp map contains in excess of:SOOO data'talues. .
‘A ten-year trend chart.of several monthly economic indicators
< contains 120 data values per trend-line. These data values

b »

canrfot realistically be manually entered into a dasa presen-

tation system. In an envirdhment wheére the emphaSis is ong

' ) .

ease of use and high volume use, it 'is unreasonable to .require

70
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. _or expect the writing of ope-time special-purpose programs

to convert data from a DBMS or acces§ method representation
d

a ) to that needed by a partlcular plot\Package. This 51mp1y

consumes too much programmer resource, and Juxtaposes a

]

psychological and f1nanc1a¥ barrler between the data analyst'

B Y

or publication producer and the computer data base. What
we need\is a system with which the data analyst, buﬁlication g
producer';. and perhaps in some contexts,lthé decision-maker

v can sit down at a terminal, specify any required ‘tabul tions,’ *
N , ’

. and then 1nteract1ve1y gxamine the data im tabular and B

graphical form, with sufficient flexibility to aliow experi-

mentation with the data presentation. _ . L A

Tne high-level model of Fésrre 6 can be further refined.in

two directions - one for data analysis, the other for data
. pubiication. Figure 7 ‘shows an expanded data analeia
system. Data can be.retrieved, tabulated,"analyzed, and
présented in various. ways. With the pésfiblé'excention of \H

. the daia retrieval. (which might be quite slow), all these.

steps would be carried OUt'gnteractivelyf Y

, , . . .
zrg For publication work, the 1ntegrat10n needs are actually ° =
more complex, as\shown in Figure 8. This flgure re1nfqrces -

" the centrallty of the data base, and shows that a number of ; o

subsystems (only some of which directly involve graphlcs) -are

.

needed for total computerlzatlon of the publlcatlon (that -is, -

, Data Presentation)-process. ‘ -

7" | |

-
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Existing Integrated Systems' ' NN .izw/ '
. A o 4 : ) Ce .
M c . ’ . K . - ) | ‘ -
;A ﬁhmber of partially-integrated systems have been developed, ‘
¢ _ , .

but we know of none that are#completely iniqgga@ed;_ In\tbe';

. data analysis domain, University of Californi; at Berkeleyf;_
'GEOQUEL/INGRES IBM'S GADS and Los Alamos babs‘-oil-lease . A
-system reprpsent varylng degrees of 1ntegrat10n. éEOQGEL
(BERM ‘7) (Figure 9)*, a geographlc information system is
built upon the relational data base system-INGRES (STON 76) , -‘A - 4

. Maps and data about geographlc areas defined by the maps are - o

e

~

4

stored 1n:d§§\{e1at10nal data base, and. can ea511y be dlsplayed

" If "mapofusa" is aistate-level map of the USA, then

MAP mapofusa ON pepu,lation- , ‘ P ' ? ’

causes the map-.to be d_isplail_ed with statg population figures.

4

A statistical map of the USA, using density of printed symbols' d

%o show population and car density, can be obtained with -

-8 . . .
| _SHADE mapofusa WITH“#persons'fS."x", #autos IS '"an

. N ‘ . E ] - h_ . ' 9 . . .' . \-? .
Thus rather complex presentatlons can be obta1ned quite simply.

In addition, "the underlying relat10na1 data base system allows
\ [
arbltrary retrieval and manlpulaﬁlon of data. ° L.

~ .
. . . .

The GADS system developed by Robin W1111ams (CARL 74 WILL 74)

. and colleagues at IBM's San Jose Research Lab 1ntegrates a

]

«?

*Shaded areas on the figures represent implemented capabilities. a '

-~

- - S ’ -
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_relational data bgfe'of small area cepsus and local data

with an-interactive color raster display (Figure 10).

.~

The ‘user gives data retrievél, processing, and digplay

commands,'and'quickly sees the results. The 'emphasis is

on geo-data, and on, information display -using maps.

\

Computer gene'rated data /can, if desired, be superimposed

with a local map on the* display console.
/ \ ’
Wotk at Los Alamos Sc1ent1f1c Labs (Figure 11} by Phillips,
~
Slebert, and others (PHIL 77) is used to maintain a data

&\\baee_(using the S2000 DBMSj of off-shore o0il leases in the J

l’

*
[4

Gulf of Mexico. Choropleth maps are created to show the
status of various lease plotg, A high-precisien film

necoﬂger is used to make color slides and prints.

\

"Statls¥1cs Canada has two partlally 1ntegrated systems._

..

The first one which produces worklng tables,'utlllzes RAPID,

the relatlonal data base systém discussed ear11er>\w1th

STATPAK,\the table generator system that works with the
data base. The sbcond system does their photocomp031t10n

¥

wi&hout beneflt ~of the data base, using the table generator
system CASPE# with §0me custom codihg to interface ‘'with a

Videocomp Qyped by a private contract firm. '
»

The Bureau gf Labor.Sfatistics' system uses CINCOM's network

.
-

data base™m nagement system TOTAL W1th BLS's own generallzed

tabulatlng %PL Phototomp031t10n is done using PCL, thelnj-
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PR
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ﬁrini control 1anguage-wiihin~TPL. The.re5u1tant\dutpuf L

is phofotypeset using‘the,Government Printing-Office'sg'\‘, E
Linotron: Graphics work at BLS gsnsis%i;ﬁ%imarily of the |
pmoduction-of trend-charts.using DISSPLA. BLS is working

b

. .. toward a completely integrated.Systeml 2
The Census Bureau has two partially-integrated systems ‘ {'
. g .
. (Figure 14). The graphics systems are oriented toward data

pﬁblication but usedhalsp.for‘some data gnalysis. There
are data presenta?ion’sysbems for dot, chorépleth, and T
statistical—maps (JONE 77), and for bar (FREE 76), pie
(JOHN 76) and t1me series or trend- 11ne (SPAI 76) charts.

. . ‘The time-series chart system is 1ntegrated with a spe01a1-

' purpose DBMS for ma1nta1n1ng the time series (BUSC 76). \
-~ , “'
The second syst&ﬁ GTS .(Generalizeld Tabulatlng System)
Sy

. (GENE 77) tabulates sequential files according to retrieval

P and Froceésing requests. There is a flexibie capa?ility

r ~ .

~

for specifying the details- of how the table is to be pre-

- sented with .a line printer.
>

It is interesting to observe  that ‘none of these systems )
[

‘comes close to achieving a full integration of data manage-

ﬁg;t, data tabulation, and data presenfation s&s$ems. ‘The

hlghest degrees of 1¥tegrat10n are for small 1imited-purpose .

’ - systems. ¥ There appear to be seueral reastns for this. *
. ! ,
. 74
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System Infegration Problems , : ' y

. ¢ -
. The most fundamental problem is the quandry presented by -

o,

the following, two statements: | ~

1) Itkis diffiqulf to intqgratp existing systems _ , i'

which were not initially designedoto be integrated,_‘

2) It is expensive to develop new systems.

.

. The.ne; is that exisf%ng,'already-devJIovéd subsystems are
.'génerallz'not directly usable in building aﬁ integrateq
total system. Adaptatign9’and modificationé may be feasible,
and are preferred, for economic reasons,-fb\starting completely
from scratch. In fact, however, the ease- of use objécfive is
. usually best met by Startigg‘a system deéign.ﬁroject withouf
a commitment to using'of.ad?ptyng existing software.. This

a116w§ the development;of afcoﬂ[eptual whole 'with an \ifégrity

of its own, unfettered by the need to compromise the désign's, .

L4

L

clarity (hence ease of use) for the sake of using existing

y
software.

t

System integration is also hampered b& portability an standards
problems. Just the right graphics system might be available

on computer "A", but unless the programs can be moved to )

computer '"B'", they are relatfvely'useless.

We belipve'that\it is possible to build an integrated system

3

v et : - : :
to use a large, statistical data base such as the Censls

v 75
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Bureaa's. The subsystems are understood, some integration

has already been achieved, and the hardware, software and

(‘z” Ll \..|

systems technology is unders&gdﬁ What’ls needed.ls the

f
commltment and resources. It ‘can be donel

- * - L3

4.0~ System Delivery

Once an’ integrated generalized information system has been
- developed, the next issue to be addressed is that of delivery
( L of the-system capabilities to the end user.
A ' : )

\

.

. There are all sorts of users of Census data: - large and
small, private and government, businéss and industry, academic
and commercial, with or without technical interest and with

or without computer and programmer resources. Therefore, we

. ' must consider a broad spectrum of delivery possibilities when
. ..we consider making our dat® available to end users. What are

\ .
ithe possibilities?

A } S
sirst, the data can be made available’ through human inter-

: . ,
mediaries. This can be done by having some data users'
y - .

service organization whereby t er's particular requests

for data can be satisfied.

The second possibility is the istribution of software with

the data for use within the requestor's data center. | N

The third and last possibility would be the establishment of

’ . . \ ' a o - .
publ}c-aéfess data centers, whereby, through data communication,
Y 76 )
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L¥]

g

- J -
.

facilities the users would have access to the data base

and the software tools to solve their data requirements.

¢

Bu there are factors affecting system de11very whatever
apprbach is chosen. Hardrare compatibility is the first -

problem and is affected by such things as,interpél formats,

word sizes, and peripheral and ancillary equipment. _
. - >

Another problem to be encountered is that of software

portability. Delivering software to operaté on different .

computer systems is -quite a cﬁallenge. But, we know that
this is possible.by tﬁe example of numerouq'successtI "
models, including SPSS, 'BMD,,$2000, MARK IV, IMSL, DISSPLA,
and "PLOT-10. These systems have been'successfmlly distri-
buted by overcoming two barriers: the tecHnological one of
achieving Cpu; lemguage, énd erraginé.system indebendence,
and the managerial one of providing a ‘disciplined system
for creating;‘updatimg,,and disseminating.system documentatiom,
fixes,. and upgrades. Neither barrier is trivial,‘althodghu1

G, .
technologists tend to dwell'on'the'former, leaving the latter

M 3
-to chance,*

’
B
\ R . ‘]
.
. ® , . . .

- The technologlcal problems are perhaps a bit more complex

than those addressed by the distributors of the above models

‘becauseswe are concerned with 1ntegrated systems which requlre

memory, various graphics devices. (‘\\

diverse computer resources: large file systems, large maﬁm\

77
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-~ (PUK 76) and GINO-F (GINO). None has ach1eved preemlnen .

Many problems. axe resolved by using a standard prograMming
language, such s’ ANSI FORTRAN IV or ANSI COBOL. But some
operating system interface matters, and word size/precision

problems, still remain. They are generally iesolvahble by
v ) l
programming’ so as to isolate the operating system or com-

puter dependencies to a few. subroutines which are recoded

4

for each new environment. : .

A
. I\ L |
If a program wh1ch is to be'delivered requires ‘a DBMS there

L

f

are two choices: de11ver the DBMS also, or 1nterface to.a

’

Ustandaﬁd"'DBMsl Unhapplly,there are no standards for PBMS's,
although'several commercial systems (such as MRI's SZOOOIand -
CINCOM's TOTAL) have been 1mp1emented -with d1¥ferent manu-
facturer's computer systems. " The CODASYL report (CODA 71)

has had a major 1mpact on DBMS's, and many DBMS's conform at,

4

1east to the spirit of the report S recommendatlons Thus
N "
there are a number of similar, but not equal, DBMS's in

existence. This is not enough_ for softWarelestrlbutlon, ' ’
. : i .

: N . . ' ’
just as having ten or so FORTRAN dialects is-not enough.
I : - » .

"For passive“output graphics, there are two dominant de facto -3
standards the "CALCOMP routines" (CALC), and DISSPLA (DISS)

For 1nteract1ve graphics, there are a number of widely- used .

l .
/-

dev1ce independent packages, such as GPGS . (CARU 77), G

There 1is also a proposed standard, deve10ped by ACM/SIGGRAPH

which may be officially adopted by ANSI (perhaps in mod1£1ed
. 78 J




_form) wiemin &ﬁe next few.years (GSPC 77)./, . L
s ‘ , . | . , \

.

- To summarize software portability, it is fair to say that_\l

-

_ standard FORTRAN or COBOﬁ programs which dd processimg
(;and 51mpLe I/0 can be "ported" to ‘new computers qulte_
ea51ly | Programs requ1r1ng the serv1ces of DBMS's or

graphics- paekages are not nearly so ea51ly moved

The third problem is that of data.portability. In sequentiaf
summary tape form, data {ortability is VeryidoFable since

 there are no real technologlcal problems W1th the existing -
»

standards for tape format, labelling and codlngP'QStandards

also exist for data communication, therefore, data transmission
poses no technological problems. : :

Data portebility,using DBMS structures is also'do-able with

a portable DBMS. Today, we know of none that are not-some-

. / . : R
what machine dependent. - ,

v .
¢

These portability problems largely disappear if the:public—
access multi-user service center approach is selected as

the delivery Vehicle. Statistids-Canada haS'an interesting,:-
&

unique approach to de11very of their economic time ser1es
data base through a system called CANSIM. Through a JOlnt

government/prlvate enterprlse venture, CANSIM is made avallable

*

“through commercial, time-sharing services throughout Canada,

the U.S. and even'Eurpope.' Statistics Canada maintains the '~
- © 79 ) K
A .lr ) .. B t ) |
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b

‘master data base'at a 'parent". time-sharing center in

Montreal. "Subscriber”‘time-sharing:services contract

s

~ with Statistics Canada_for $1500 a‘month for the right -
to market the time serie$ that they download each day .
from the'parent'eenter. Subscribers are contractuaIly

. obllgated to update data bases w1th1n twenty four hours
f

of an update of the master file in the "parent" center.

». .

LI . v
A . -

Each time-sharing service makes available CANSIM software

4

made available to them'by Statistics Canada, as well as,

. any software that they! have developed for their users.

'Statisiéie Canada.use&ian AMDAHL 470 yﬁﬁ computer which is
uplugfto}plug compatie}% Yith the'IBM 370;' Only software
".developed for their:madhid% is distribﬁtedu, Subscribers
“with machines outiidenthe IBM 370 family must assume the

%espensibility of converting the CANSIM software to their

<

environmernrt.

-

.This approach'to delivery of data appears to work very well.

- . 4 ) e A . ' .

It is but one of many possibilities$ involving a public-access .
. . . p

» I. . t ) ‘ i . [

N S system."

No matter ‘how end users access the computer, there must be
good 1nteract1ve acCess to the - 1ntegrated systems capab111t1e§

It is. cruc1a1 that these Capab111t1es be easy to use.. Other-

v
[} & ¢

,'w:ge, thfy may-not" be used at all!. We know that ease of use

. ..\
2
al . . o
- .
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]

ot

-

l concepﬁcal system model

~how tobdo'this (FOLE 74, CHER f69'but aur skills are-not

,;_‘_{'(/\,_:

Both the

.is easyrxaktalk ahout "but -hard to achJeVe.3

» . .
. which the. users must master,_o

ot &

as well as the details of the command 1anguage syntax,

error messagesﬁfand prompts must be carefully de51gned
- R

To.achieve systems that ar&.easy‘to use requires cg:eful

top,down'design and planning. We-are beginning to know
$ T . ‘o .

nearly'perfected'
)easy t?

We know that rede51gns of command 1anguages

What we do know is that, maklng systems
use is expen51ve of both JEOple an computer time.
‘ e sometlmds
necessary, and that use of gen%ral-purpose.tools can make
,the implementation and modification'masks faster and less

'expensive There is certa1n1y the p0551b111ty of an easy

to use .command language patterned after Engllsh but in a- |

'constralned'form‘ Such systems are 11ke1y to be common

-
v

19 the next decade

At the moment, only the’ m111tary, 1arge vendors/users, and

. 4

a few research labs séem. concerned about computer system

-

<

ease of use.,

study their systems, and 1earn the1r craft.

. ¢ .
n - - Ve

v
-
-

‘We must be prepared to 301n 1n/the1r concern,-

'.;"’.
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$ystems have been developed $or DBMS , GTS and Photocomp051t10n
’
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" ¢ w -
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, INTRODUCTION- .~ ° S
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~ A steadlly 1ncrea51ng volume of data produced by the Cens%s Bureau .

L}
e

is bemng made. ava11ab1e to the public*in machme rea&ble form The user .. . .t
e F L . - a
. demand for these prodhcts cont1nues to grow at an even faster pace, re~

- +

flectlng the h1gh 1eve1 of i terest in mlcrodata, more detai‘Ied swrmary ' v

’j.

and cross- riference and descrlptpr ~

type data beihg made ava11ab1'e in macﬁme readable form.” User’ Hemand ST .

is further helghtened by growing sophtsﬁcatlon of users }n usmg com: .
T TR

- o & PR

>

— ) puters to~ana1yze stat1st1ca1 d‘a/ta - _ .
. e w Ten years ago ‘both the supply of and- demand for Census«Bureau mac@
| readable products was qu1te 1m1ted w1th only a few reels of tape be1ng

dlstr,lbuted per year. _ Since: 1971 however .more ?han ZO 000 reels of tape
have been sold represent1ng more than $1.2 m11110n m standard tape product

-sales. It is estunated that the total magnltude of these tape products 1n

the user domain- acqulred through 1,ntermed1ar1esv, such as sunmary tape

' . prbcessmg centers is 8 to )0 times. thls yolu - as many as 100 000
S feels of. tape. Duri'ng the same perlod approx ately $3.5 million in * "
L ‘N N o . . S - I . . A

. 1/Prepared for the 1977 Joint Amerllan Statlstlcal Association/U.S, Bureau of ~
« the Census-Conference .orr Developmept of User Oriented Softwdre, sponsored by T
the National Science Feundation, } vembet 8, 1977 Washluton, D.C. .

e N ,

4 ) 2 . . ; . ’ . ' ) ' V '~ " . ' e Nor ’ ) t’
~ I ) . .o . o




spec!aiitabulatiOn projects:have been, undertaken for the 1Q70 décennial
census data alone. Most of these customlzed products have been delivered-

to the sponsor and other 1nterested users in machlne -geadable form.

These trends‘are expected to contlnue_due to 1ncreasing&§mounts of data
0 'S T

-+’ being made avatlahle from a larger mmber of statistical programs and a
'};growing number of users making use of machine~readab1e products. = -

.. . “There is little question that user accé\slble software plays an

~;;mportant ‘role in proce551$g these machlne reaQable products for admin-
1strat1ve plannlng, and dec151onmak1ng gurroses., ThlS paper prov1des N
‘an’ overv1ew and ; perspect1ve concernlng'the needs for and ava11ab111ty of,
"user acce551b1e software and related 1ssues:1nvolv1ng ways to 1mprove .
access to/and use, of Census Bureau mach1ne readaple products. In th1s

' consext,(users are def1ned to be those persons engaged in the process .
of acqu1rIng and proce551ng Census ‘Bureau machine-readable data. ‘While
in part thrs group 1nc1udes-some Census Bureau staff the larger universe
~of users are non-Census Bureau staff located in Federal agenc1es, State/

-

and local go(érnment agencies, colleges and unlver51t1es bu51nesses, '

and others. User accessible software includes computer programs which
. _ ‘ l

may be acquired by users for use on their own computer as well as

software which may be accessed through termlnals and time-sharing

Systems O M ’ o . . . e . 7

It is, however, important. to stréss that user software is only -

one of the essential ingredients necessary to achieve effective and

~

efficient use of machine-reidable products. Equally important issues,

~ » 5

- and professional and trade associations as well as individual researchers,

-l




/ \ ,

- . wh1¢h must be addressed concurrently,\lnclude the strufture of the f11es,

technlcal documentatlon, user,tralnlng, and manuals. Srpce the <"demand .

for user software_is derived from the need to process and analyze machine-

'
1 .
PR S

" readable files, a summary of Census Bureau statistical resources in
’ . S * T~ . .- .-
machine-reidable form accessible to users is first reviewed 1n.th1§'paper. -
: 14

*

This sumnary includes an assessment _of past trends and current 'plahs for -5
n .~ " developments involring production and dissemination of Census Bureau o ?

/ . f‘ machlne readable products - h : ‘ ) ’ - e _L

s

Secondly’, the need for user software, and related materials, td\

facilitate access to and use»of mach1ne~readab1e products.w111 be con-

sidered. A review of ex1st1ng Census Bureau software is presented

An analysis 6f the unmet needs for user software 1s then cons1dered .

i ‘t\ ¢t
| " This includes an assessment of the problems involved w1th access to and

/ v

sof

acce351ng and ut11121ng Census Bureau machlne readable stat1st1ca1 Te-

sourges are reviewed.
LY

‘II. ‘CENSUS BUREAU MACHINE-READABLE STATISTICAL RESOURCES. -~
* ] X /' ‘ I , / .
To set the stage for a discuséion of what types of user software
are needed;:existing and planned developments'for'Census Bureau statis-

~ tical resources in machine-readable form are first cdnsidered. The

LI reason for this is that software are developed to process available.
( o

#
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machme-/readable products. Pub11c1y 1str1butab1e products 1nc1ude those -

files whlch may be directly released 0 users outs:ﬁe the Census Bureau.

\

Examples of these files include the 1970 Census sumnary tapes and publio

use samples cotmty btjxsmess pattern files, mtercensal estimates f11es, _ .

geographlc base files, and m:tchme r/ja 1e techmcal docmnentat;xon | A'.‘ . 'f; ;
- more comprehenswe 11512 of “these products avallable‘ for sale is cont : 4
[fmAppendle - | '\/ o , |

Publicly distributable f11es :mclude summary statistic, mlcrodata, and
geographic and_other' reference f11es which are prepared./) for publlc d’1s~
" semination. To br}‘efly review, summary statistic files '.are those"files
contai_ning d;ita_ items which are agglregags or estimates ;? the numbe>g.

*)

of respondents with specified tharacteristics, measures of activity

levels, or the number of events;occ_orrin’g during a particular -period for /
.sgacific geographig areas. ,'The common feature of these r'iles -1s that of_‘ -
. the record conta1n1ng an aggregate stat1st1c for j var{aplle corresponding :

tocuruque geographic area. : ' -t E

Mlcxodata files' are, those files whlc\om:aln data 1tems corre- ¢ - d

sponding to characterlstlcs of an individual responden%r respondent

unit. Each record general(ly corresponds to an individual, household

or other type of basic survey unit. In some‘cases* these fjles contaln

ratid scale data (such as the neighborhood characterlstlcs 1970 ansus

&
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| public use sample) or fmmll aggv ates derived frdm person fecords (such
" ‘as the Current’ Populat1on Annual graphic'File). fhe geographlc T
-h‘rea’containlng the respon

-

» N

. 4 T 4 °

is¢identif'ed on each record/p v1ded the
. } -

arga is 250, 900 populatlon or larger., o ;

. Ve .,
! P ' -
..
,' , f & : . . ’

Geographlc reference 11es contalq descrlptlve da about selected

eographlc segments or areas. These files ragge in's »pe from the

U o
, @ computernzed representfation of a map with -

~ v
fecords corresponding to streqt and non- street segne ts, to the 1970

Geographlc Base File (GBF

Census MaSter Enumeration: Dlstrrct List, a h1erar hﬁcal listing éf geo-'

-graphIc areas ahd names for all geography larger; than blocks..

These publlcly dlstrlbutable files are to -e o trasted-from the . N

vqonfrdentlal,data files contalﬂﬁng basic recoxtds wi h 1nd1vrdua1 1den- . v

t1fy1ng characteristlcs. Ba51c record files jcannot be released to the s
! .
pub11c in accordance w1th”the title 13 prov 51ons/to 1nsure confldentlallxy )

of individual 1nformat10n. However, ba51c ecord files are ‘the source of _—

i e -
many quite véluable spec1a1 tabulatlons. \a.consequence, con51derat10n '
mst iven to software whlch can be usgd to prepare special tabulatlons
o

.\s'

on a tlmely and low cost basis. o .

- -
-

In review of the existing f11es ava 1ab1e to the publlc, two of the «
most slgnlflcant problems whlch are ba iers to efficient and effective. ot

,use are file structure and,technlcal dogcumentation. While thése Issues g

"

are dlscussed moTe extensrvely in a.later- section they should be

hed upon here for an-appraisal of .oftware needh
With regard to file structure, it is important to note that Few

structural and,archiving stapndards haye been set and.fol&owed from . O, .
' - .o, *
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‘-statistical program to program. SecOndly,-by the véry nature of
.Census Bureau statlstlcalvflles -- conta1n1ng exten51ve data corre--
sponding to hierarchical subJect matter and geography - log1cal
records become quite long and’ are typically nested in a hierarchical .
. fashigh As a result, user software deVelqped specifically for
machine readable products from any given\stgtlst1cal program is °

: generally not transferable to other statisticar~program prodycts

- In addltion, due to long records and hie;z;chlcal file strugtures,
Va

h of the conventionally de51gned software is difficult or extremely .

-

\expensive, to use without modification. An addltional complication to

-

' volume of data -- often precluding direct access methods and frequently

~the processing of many of the decermial filezgis-introduced due to the
'_nece551tat3pg complicated or time. consuming file extractions There'aré
a variety of other file structural problems that frequently prevent \
._convenient usage such as location of sample response weights, geocodes,
'record type codes, and others. | _ 4

In the past, 1nadequate technical documentation and archiving has-
also been a problem. Sometimes users have been unable to effectively
use or understand-technical documentatlon. There have frequently been
* many assumptions made about the user's-knowledge of the file contents.
An additlonal problem has been the absence of a systematlc approach‘to
the arch1v1ng procedures for existing files

Some of these problems are solvable, some _are not\\ Looking toward

' >
_the future, we envision a cont1nued 1ncrease in the amount of machine-

‘readable products that will be made available to accommodate,more

. L)

. *—.’:j
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effective analysis. We are now t;iing steps to better identlﬁy, doctment

and resolye those problems ‘that’ somethlng can be done about -- as W111 be

-

. summarized in Section IV. - What is 1mportant to note here is that ‘many
of the problems associated with processing and analy51s of Census Bureau
machlne readable products is not user software in-and-of-itself but a
number of factors which createckmmmds for’ spec1al types of software,

' 1 4
which in.a sense are artlficmal as well as’ d1ff1cult1es in understand;ng
B

how to use these f1les ' // _ ! - oo {2~ .
- A,\ N/ . .

117, REVIEW OF EXISTING AND NEEDED USER SOFTWARE

\' : —\

To the extent that the Census Bureau produces machlne readable

products the Bureau has. an‘”bl1gat1on to insure that users have an’

opportunity.to make effectlve use ,of the files. Consequently, certain .

types of highly transferable software will be;produced By the Bureau

where there are‘potentlal or exist 1nadequac1es i software otherwise
ing T\

t"u
available. In aﬁﬁttlon, as demands for.data continue to accelerate and
‘c. -
volumes of data,continue to increasexdthere\IE the need to provide for

the more timely dissemination of machine-readahle data and alEernative

. forms of access and manipulation. A partial answer to this.hay be a

computer based,\terminal oriented, public data jnformation-system which
: _ ' : ’ ' \ oy
will be discussed in Section IV. . \1 *

There has Been a great deal of e:Zha51s placed upon the development
of table generat1ng softwasﬁ both w1t n and Out51de the Bureau to

process summary statlstlc and microdata files. - In their most baSic form

_these software are oriented toward retrieval’aag'display. Most Census

. 4 , :
Buteau summary statistic files are prepared in a tabular_structu;e where"

106 )
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the cell\s correspondlng to the TOWS , and columns are sequent1ally l1sted

in the record Table 9r1ented retr1eva1 and d1splay programs w1th
\

- Cross- referenced data descr1ptor files containing English language.
o ’ idenitifiers have been in high demand. : Tabilar outpu from these pro- .

. grams may be generated for -user defined geographic area aggregates.
'I‘here are frequent requests, for these .types of - software to process f1les,‘ 0 _

-\ . _such as county bus1ness patterns, s1mply as a means of d1splay1ng spe-

\

: c1ally aggregated data m a meanlngful way..

. ) . ! ~
PR The t\m most notable examples of this type of software, as. appl1ed
: - ¥
Y to Census Buﬁeau 1970 decenmal products, are the DAUL1st program ser:Les

) prepared by the Census Bureau to prqcess. the 1970 Census s 'tapes o

~ .'." and the Data Use and Access Laborator1es (DUALabs)” ' 70 Ser1es Automated 3 \‘é |
- Census Analys1s System A varlety ofsother’ retr1eVal and d1sp1ay soft- ) h ‘mg _
ware are afailable that perform these funct1ons, such as the Bureau of |

Labor Stat1st1cs Table Producmg Language and Informat1c§ MARK IV SR
although they are not spec1f1cally des1gned for Census Bureau products

' . The Bureau has also developed COCENTS, a more general1zed table

generatmg .program, capable of d1splay1ng summary stat1st1c data and

’developmg estlmates from m1crodata f1les and d1splay1ng these data n{’ =

tabular form More recently, the Census Bureau has been develop1ng

Q

VoL
4 ' the General Tabulatmg System (GTS) in an attempt to’ further general1ze o
and extend COCEN'I‘S with the poss1b1l1ty of pub11c acftesg in mmd GTS
has been developed prmc1pally for 13ternal use to provyde- a general1zed

;software system for preparat1on of tabulatlons and /related analyses for
. - 4
" statistical reports and tape f1les While th1s system is.curreritly . '
1' . . . A S . ; .-. ."‘ i
107 ., L :
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in partiai op‘erat_ion' within the Bureau, it is not_-’yet ‘generaliz pu'bliciy_
~ accessible.\ o U | T ‘ Y
, _ . . -

There have: been very limited efforts by ch Bureau to develop more °

-

analytlcally-orlented software which include. functlons assocnated with -
modeling, parameter est:mates, stat1st1ca1 tests estmat@s and pro- - |
jections of varlables, etc. With respect ‘to convent10na1 stat:ustlcal
methods for the ana1y51s of relatlonshlps ‘among var1ab1es, such as o
analys1s of variance, correlatlon, regressmn, céntrngency table analsz1s,
factor ana1y51s, \qnd other types of mu1t1var1ate analysls there" is a .
large amount of software in \place'gto meet user needs. However \there
are some nee.c_{s‘ in ‘this area. For example, there are no generalized,
; transf_erable.'software ayailable ‘to 'prepare pOpu‘lation' e'lst'imat'es Using i
-  the i%atio~corre1ation; and Canponent Method II tecfmiques. employed by
| tWau. e | '
. An especlally 1mportant type of analyt1ca1 software. needed for
processing Census Burean products is that u§ed to develop estlmates and - .
__nultlvanate tabulatl'ons from m1crodata files. The reasons for the ., |
impprtance are many varymg types of h1erarchlca1 records from m1cro~

data f11e to f11e, var1 ions in the type of we1ght1ng scheme employed.

-/ to develop estimates o est1mates of their standard error, sheer

\\_—_ gmtude of many f11 S causmg nuch of the conventionally ava11ab1e > o

| softwa;'e to be too - mefflclent and costly, and others. Of the conmonly

’ ava11ab1e statistical packages probably the Statlst1cal Package fo* . /
the Socaal Sc1ences (SPSS) and ‘'Statistickl 1 Analysis System\(%S) are

used. .Fgre with these files than other ’packages. " Certainly, there¢ are |
) . * o 108 . . 'S . o . .
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other pachagég‘kVallable to the u$er, such as OSIRIS whlch .also support
the basic tabulatlng technlques. As a. result of the cost to use. general
S\\___pu;rp e analytlcal packages more spec1allzed.m1crodata file processlng

software have been developed‘ Two Of the most often used mlcrodata file

proce/slng programs are CENTSAID, developed by DUALabs, and COCENTS -

' _mentioned earlier.

. Important attrlbutes of analytlcal software for processlng summary

’ stat;stlc files 1nc1ude the capab111ty to develop aggregates ratio

soale tabulations, trends, and‘compute_standard errors (as applicable).
': The,structure of many decennial files amposes particular‘problems due to
their nopFrectangular strocture;;lhppression ihdicators, or the numer—

. ator;or'denominator for'ratio_scalesrloCated on_differeht sumary tape
counts. For some files;-sﬁch 95:thF annual population,estimates or
‘county business patterns, a tre d_analysis problem is.introduced as
annual fiies';re proouéed on a file separate‘baSis. While indeed, SPSS,

| SAS, EASYTRIEVE, and other software p;tﬂages}support the computational

_algorithms, they are very difficult to usé in many cases due to'Cehsus _ |
Bureau file configuratioq. | ‘ . -

The Census Bureau produces a great number of geographic related
.machfhe~readable products -- extensively geocoded or geographic |
reference files. Many applications inyolving these products have re-.
quired the development and.ose of a variety of geographié processing |
software. ' Several programs h%yé/been prepared to develop and maintain

Geographlc BasexFlles (GBF) Wthh are computerlzed representatlons of

P

§> metropolitan maps. These programs, for the most part, have been .
/ . . . ‘ ‘ . 109 .




de51gned to permlt the1r use outside’ the Bureau Thls ser1es of GEBF
programs does not mclude analytical software. 'I‘her;e have, however,
been efforts by the Bureau to develop software Wthh could make GBF's

»
. more useful to the user conlmmlty - 3

(v
Several dlstrlbutable .programs ha%e- been préparedl to permit rather
spec1allzed ycord-llnkage matchlng, a.nd mergmg appllcatmns CADMATCH -
¥ was the first distrikutable prograr& of this type orlgmally develaped |
| for use w1th the Address delng Gulde and the GBF to prov1a¢the
" capal 111ty of geocodmg .,computer readable records contalmng str\eet
"addresses UNIMATCH was subsequently developed to promde a-more
generahzed record- lmkage system by employmg afhser spec1f1ed /
: matching algorlthm. ZIPSTAN_was_-devel'oped as an auxiliary program -
~ to work with UNIMATCH to prepare standardized street addresses and

add match keys. These types of programs are of prmc1pal mportance

: (e . o~

‘ . A S -
can then be tabulated as a S ry, stat1 tic for the drea, or for. _
X L ) ;

an aggregated set. of areas A si 1f1cang used roblem wi theBe ‘~~« '

_in matchmg records to a spec1f1c geo aph1c segment jor,area, w'h'lcll

.
specifi ic programs 1s that the’)?‘ were programned 1nf M As /gﬂﬁl(er
4
T;d/;eographlc Related Informatlon Dlsplay System (GRIDS) was - )

} -

]

O A
restrlctmg their transferabillty E o~

-

" develof®d in the early 1970's by the Bureau\ u@ p¥0v1de a falrly
general computer mappmg Ca\ablllt)' to dlsplay data by geographlc _ -

~ area., Records processed by GRIDS contain. data values to be mapped

. and their correspon_dmg x, y ¢oordinate. GRIDS has been used
extensi\;ely_iqith GBF's. 0\

-A




. In an effort to br1ng these programs together into one system,

the Comprehenswe Manpower Planmng Informatlon System is bemg
e developed by the Bureau for ‘the Department of Health, qucatlon and
- Welf_are. This system incorporates the use of LIPSTAN, UNIMA'ICH a

ot
s .

“ ) Geographlc Base F1le, and 4n address-orlented data file to develop
“‘an address or1ented data f11e w}th geocodes and X, ¥ coordlnates T

' This flle }(s then a,ggregai:ed into a* stfmagy statlst1c flle using: -~ - #

L A\

COCENTS or may be processed by GRIDS to develop value and: densi!ty

iR - maps. - The. system also makes use of the DIME Area Centr01d System : _' | S
. Y ' b ,
(DACS) to develpp a boundary f11e from’ the GBF. mmdaw f11e can

‘then be used w1th the sunmary statlst1c file by another p)aogram (SCAbMAP)
™ to prepare value \and denslty maps cor‘respondlng to data on the summary
statlst1c file. |

L1ke those described above, most app11cat10ns of Census Bureau - L

i

machlne readable datd 1nvolve the use of other, non- -Census- Bureau K ' e

[4

machine-readable data. This process almost always mvolves the use of
: specially prepared programs to develop ihtegrated  files. In the most. - oot
typical application, parts or all of two or more files are merged to |

“develop. a file which is then used in some_type of ana.lys.is‘. This par-v. o
ticular process is frequently the most-l_:t:'tme consuminé and expensive |
phase. ' In more systematic approaches, data bases are .developed fr_om a

' variety of sources.- and maintairied :over 'time, such as a health planning
data base.  , S B ¢ T

During the past several years there has been rather conslderable

1nterest in developing computer based 1nformat10n systems wh'lch make

/
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use of Census Bureau data £11es, geographlc ref.erence f11es and non- -

Census data* to serve as a data base for contmumg -analysis of socig- -

V2l

economlc behavmr 1n a part1cu1ar area. These data system ha\/e been

. associated w1th computer software, usuafly of a unique nature, desighed

N

' to tabu1ate, display, and arg],yze trends. ’I'here are a great mxmber of
_such efforts that have been undertaken 1n the pr1vate(¢nﬁ pub11c ?sectors. :

The Census Bureau prov1des 11m1ted technical support role in a551st1ng

X

-Federal and State agencies to develop such systems where they can be

cost-effective and useful. = . I 7—/ L e

*

| Data base management systans have generally not been utilized to

support Census Byreau machine- readable products outside, the context

.. of computer based mformatlon systems The reasons for thlS are many,

L
but the main ones being that they cannot be applied by the average user
in a cost-effective. way and that these systems are oriented toward
'transaction processing which'does not nhormally apply to the typical -

e
uses of Census Bureau products. We ‘would not‘_a@lmpate a change 1n

- this 51t0at10n. However, a data base management system might be very

effectwely applied internally to thé Bureau s processmg which could .
greatly facilitate the user s ab111ty to access and use the data through
a, system such as an interactive pub11c data mformatlon system wh\;Lch 1s

dlscussed in the next section. - ot

of course many users have developed software to meet their own

1

3,needs;fo'r.._processing, and analyzing'Census Buredu and related files .

that may be of use to others. In the past the Bureau

to promote a clearinghouse for the exchange of info tion concerning
. 112 B
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“such softwax;e, and in some cases. supported the d15tr1but1on of the

- software 1tse1f One example of such software d15tr1buted by the ¢

’

iBureau is the chqropleth mapplng routine. (C-MAP) developed a.‘t the

l -

l,ln;wers1ty of‘ Idaho. Ih1s clearlnghouse funct{on has not been used

extenswely by users, however: 3o WE plan to contmue effo:’rts along these

\ . -
- . . » . N . AN
. . :

lmes. i . o ¢ * A .,. . » [
. . Y ..

In sumary, there are needs for spec1allzed user software for . V

3

processmg' anq?anaIyzmg. Census Bureab mach:me readable products. Most :

"'of the ex1st1ng user software now ava1lable to meet these needs has.

'been developed outside of the Census Bureau. . o ‘

IV. UNMET.NEEDS;, = -~

A maj or problem in assessing unmet needs for user software is the‘ '

-

absence -of obj ect1v€ data on this 1sSue. Qn' Jmpressmn of the needs

for sanare and problems mvolved 1n accessmg and usmg machme-e -

readalﬂe data is based upon extensive contact betWeen Bureau staff and

maJor réchme ‘readable data users, our_ own staff‘s exper1ence in

-processmg andl ana1y21ng these products, both w1th1n ‘and out51de the

Bureau, and limited feed_back from the more ge_neral’ user comnqmty. Too

™~

.

- often recommendations from this-latter source do -notepro_ve ‘useful, due to " 3

B Vs

frequendy of access, etc.

-

'I'h1s section. provfdes an appra1sal of unmet needs ‘for user software

and other user aids for processmg machine- readable products based upon

$ -

the mforyation we do have. It also outline$ current act1v1t1esﬁ_ and plans

" 113
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failure °to consider key problems such as volume, 'dominant types of use, .

o
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that are underway to address these needs. ' The unmet need for $oftware is"
) o . ; : . _ ) L "_ . . . . )
" of two dimensions: distributable software and: access to an interactive

t1me sharlng system. In addition, the apparently nnmet needs for con-

. venlent process1ng of méchlne readable products 1nclude 1mproved tech-

" n1cal documentatlon, file structure conventlon standards and practlces .
¢ ’ N . )
:for arch1v1ng, user or1entat1on and tra1n1ng, and other user reference\ ;g v
. . ] . _ _
RO and technical aids. R 7. Lo
" \ '. - — . , . . , . e
-Dlstrabutable.User Software ) R Sy

There are at least two types of 1s§ues to be dressed for distri-
B butable user sdftware -- transferablllty of the software from system to.
'*system and the type ‘of function served by tife software. Otber issues’

.. 'that mlght be addressed 1nclude user con enience, costs for acqulbrtlon

. : F N

and use, ease of mod1f1cat10n, etc. Clea ly, appllcatlon software de-'
scribed in this sectnxinught also be 1nteract1ve1y accessed dependlng

upon demand and cost- effectrveness - . ,f # °
4 ) .

Despite the conventlons for devéloplng software as set forth by ,

"t
N

the Federal Informatlon Processlng Standards (FIPS), softWare currently

available from the Bureau does not ent1rely conform w1th standards. As

- a result, some of the software is not as transferable from system to - . .
A S 4 .

system as mlght be p0551ble. .An example of thlS problem.is with UNIMMTCH

*

wh1ch was programm@d in IBM Assembler Thus, one unmet -need to be

* addrbssed as addltlonal software f% developed is to conform to standards

~

vw . for developlng and documentlng-software that promotes maximm trans-

< -

' ferab111ty In cases where this may .ngt be feasible, two ver51ons of

. a,partlcqlar program or'system could/BE/developed o | ' ,":f

14 ¢ R ' “ R 114 ' * . \ " ) » .
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Turning to the second issue, several ummet functional area needs
for distributable user software\can be 1dent1f1ed As we look toward
the 1980 decennial prqgram, ue are now con51der1ng the preparation of
basic'retrieval and display programs with increased capabilities.over s
those available for use with the 1970 decennial pwoducts Based-upon a
1976 survey of summary tape proces51ng centers, 78 of the 96 responding.
centers indicated that the Bureau should develop software for use with

the 1980 decennial files. Forty cen ers suggested that the software »
.-should have'nmproved capahilities over the 1970 DAUList programs One
major improvement might be the development of'more generalized table
generating software S0 that it could be used with any summary statistic
file produced by:the Census Bureau -- provided the appropriate machifie-
_ readahle data'descriptor file has been developed for' the particular data
1'file If we proceed ahead w1th the development of this system it will be
underway by early fiscal 1979 and may also be of use with the 1977 -eco-
nomic census products L o | | %
As described earlr?r, there is a great deal of software\:lready :
available for performing conventional\statistical analysis. The need
in this area is for specialized analytical techniques but generalized to
meet the needs of a variety of users - such as market analyses or proc- &
. esses for developing estimates and proJections -~ . ; T |
County ‘Business Patterns can be used to demonstrate this need The
County Business Patterns (CBP) "data are the only source of non-proprietary,
annual, countyjleVel data containingzemployment and payroll characteristics

of establishments at the 4-digit SIC level available on a nationwide basig.

o
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Business firms seek to determinQ geographic market concentrations, either y . &>'
"as inputs for their production processes or potential markets for their
output. Typrcelly these analyses involve aggregation.of employment,.

haa

.payroll, or value of products 'for one or more 3- or 4-digit- level in-"

A

dustries and the ranking of the top few counties, SMSA's, or special -
market areas comprising most of the market. As substantial variatgons
in product mixes might be analyzed by a giveri firm, manual analysis can
bécome, proh1b1t1ve1y expens1ve -~ partlcularly for smaller flrms In
.the pub11c seCtor, State and reglonal plannlng and economic development
- agencies analyze county-level economic activity, frequently requiring
detailed:industrial datar Applications‘involve deﬁe%gpmental planning
to.strengthen or expand the existing economic base of an‘area as well
ias to provide site location information to firms ‘'which might potentially v
locate within the State.i To meet these needs the developinent of an
-_industriaiﬁanalysis-progrém'is being considered; In its most basic ) ’
form, the program would repare a tabular and graphic display to
. analyze the top ranked areas (e g., counties) bygemployment as spe01f1ed
by the user or areas contgining user spec1f1ed percent éf market as
measured'by employmen for any comb1nat10n of SIC's
S1m1€'r "analytical software are needed for other machine-readable
products Another excellent application area would be the monthly con-
struction series C -40 housing bu11d1ng permlt/authorlzatlons datae.‘At '
- present, however, the problem with these files is more basic -- the
files«are not. properly structured, docymented, nor conveniently'available:
_In addition, some consideration if being given #o development of

: . " | 116. . £t ‘

i | 122 !

M . ~ .
\‘l‘ ) . -




general purpose estimation software, -Emphasis is now fécused. upon pop‘ula-
tion characteristics although the needs exist in a variety of other areas.

~ Severa opulation estlmation programs exist internally but are not as
13 o——

t eral le, generag.ized nor documented as the general user comuugity
) requires Some efforts are underway to make some of thé pop ation Asti—

mation software more available. ’ .
. ‘j, - - . '. . i ) . .‘ \
Y

Interactive Time-Sharing Systems .-

L 8

_ . ' \
Up to this point the focus of the paper has been on-publicly dis-

tributable software. Due both to the state-of-the-art of computer
hardware- software and to user needs which can best be served through

alternative methods® of data processmg, dissemlnation, and use the

A
“ - -

paper would be 1ncomplete without considering the possibilities of an

h

interactive time-sharing system. To this end, the Bureau will be under- -

G

LR

~ taking a study during the next year to determine the feasibility of
‘implementing a computer based, terminal-oriented, public data informa-

tion syst%n In rits fully developed state, this system would afford access
to all users to Census/ Bureau public use data through the1r own tennmals
The system, undergirded by extensive documentation, training courses, and

‘ related user assistance, would proyide a wide range of retrieval and
display,. analytical, modelmg, and other capab111t1'es to extend 'the .

" usefulness of‘both the data base and the systein.' Cost-effectiveness

and the improvementb shat can be made in exte%dling data disse;nination

o, : » and use of Census. Bureau products would be the key considerations in

h
‘determining ‘whether or not to mplement such a system.

i 117
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The system as envisioned would be in some respects similar to the’

.CANSIM Interactive Systen_deveioped by Statistics Canada. CANSIM is an :
interactive, on-line system which.may'be accessed by users of Statistics ’ |
Caneda data. However? there would be.réther conbidereble differenees ‘ ./
in hardware, software, operating characteristics, and the scope and
size of data base supported ) . .

Through an on- 11ne system users would be provided considerably

, 1mproved access speed and convenience and support of an .interactive

dialogue for problem solv1ng and ana1y51s They would also have
greatly enhanced abiiitles to perform comparatlve (geographical or

-dlstrlbutlonal) analyses or quicker and less costly 1nterpretat10n and

inference. Statistical timates could be quickly developed from micro-

data ‘Elesq The need foff some printed reports, or selegted sections of : .

/

tabulations, mlght even eiiminated

Addltlonally, 1ntbrac%1ve fa0111t1es would provide procedural "\u
problem-solv1ng, preprogrammed self- -help and tutorial a1ds, and other

user aids oriented toward inquiry-response such as subject content

]

indexing functions. A subject oont nt/geographic data indexing system

could be maintained to assist users in lotating required data. A com-

-~ .

prehensive bibliographic system could be maintained. A message system
might be established to keep users apprised‘of developments and'problems
‘regarding Bureau products. Iimough computer assisted instruction, users

could obta1n 1nstruct10ns to a551st them in accessing, interpreting, or

»

using the:data for a particular type problem, Thus, this system could

_provide not only iproved data delivery.ggf also a user education and

technical assistance function.

L4
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'\ k ;  Of course, 'there are presently i_n_teractive systems making ‘extensive
‘use of Census Bureau statistical resources. The most notable examples
+._ have been developed"by private service bureaus and universities. 'Ihese"
/_{iaystems are both §spec1a1 and general purpose. However for- the more -
generalized ones, ex1st1ng public and private efforts in this area \,

exhibit bath 1ncomp1eteness and user maccessibility The more gener-

. alized systems have not prov1ded sufficient revenues to adequately : -
support and expand them 1n the private sector. As a consequence, only
selected subsets of data are maintained and technical services are not
read.ﬁly available..' The profit incentive forces distortion in equal e

accessibility of such services- to all potential users even inq;}:si- '

/ﬁblm entities.. Experience W1th interagency funding projects has been
| less than satisfactory. Private: and Federal foundation support has -
// provided for some research. and development but in general has not estab- .
lished a basis for a continuing operation. .These conéiderations are #
. some of the 'reas‘ons leading the Census Bureau to consider the imple- -
' g

‘éntation of such a systén.

4 . . N

Technical Documentation and Archivmg ' .

. As outlin in\ Section I,.a major need relating to the usability

. 4

' of machine-readab{e pr " s is improved technical documentation and
| - standar d practices for archivmg these products. In the case of - :[\ :
. . technical ocwnentaﬂ\on, many files have been made available in the past
: w1th 1itt1e more than a record Iayout. This, of tourse, 1eaves many
unansvered questions for the use}' ranglng from precise definitions of .

subject content tq_,ulaﬂlons for spec1fic fields to methods of estimating

summary statlstics and their reliability from microdata files.
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Steps are now being taken 'to improve technical doaxmentation both

14

»

in terms of comprehensweness of the docmleptatlon - record layout,
file structure, defm1t1ons data file d1ct10nar1es, estimation pro- ‘\ y
cedures control count tallies, etc. -~ as well as sténdard1zailon of
: the formal technical documentatlon. We are movmg toward more systematlc
use of mach1ne~readab1e technical documentatlon wh1ch corresponds to R
standard conventions for naming and identifying fields, desc,rlbmg universe
edit processes, identifying and defining valid codes or ranges, etc. |
Duriug the past year inachine-readable technical -dbcwnentation has 'been}
prepared for several publlcly dlstr1butab1e products.
A second major problem has been the absence of standards and
@:tlces for arch1vmg machme~readab1e products. One result of th1s
‘has -been the lack of comprehens'ive inventory of machi freadable products
_ayailable. Files prepared as special tabulations for narrowly defined'
* “fises are frequently not documented nor archived for subsequent dis-
~ semlnatlm A more substantive problem has been the lack of a systematic
approach to verJ,fymg the accuracy of data file contents and then developmg>
a master backup copy. While this has been dope in part for many of the
_maJor files, such gs 1970 decenn1a1 sumary tapes and public use samples,
products in lesser demand have not been given the same attention. An" s

additional problem in this area has also been a lack of standaxds for file .

.

struc‘:ture ranging from( source of geocodes used to field within record arld
record within file conventions.
We are now taking steps to improve archiring stand#rds and practices.
. During fiscal 1978, we are developing a manual outlining conventions for

‘e
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' developing and.maintaining distributable'data files. °Procedures for

| developing machlne-readable flle documentatlon are being standardlzed

In add1t1‘n, a tape f11e/computer software 1nventory is now being
developed whlch will be frequently updated An 1nventory 1dent1fy1ng |
products prepared fr;m spec1a1 tabulatlons since 1970 has\been developed

and w111 soon be made ava11ab1e to the user commmity. .

User Reference Aids }. * : o ‘ /

Even when standards have been app11ed for developlng files so that
they are proce551b1e by convent10na1 software, and they are well desorlbed
in an jnventory process and technical documentation and readily acce351b1e,\,
‘many- users lack- the required knowledge to make effectlve, or even correct, |
usage of the files. Indeed, the lack of user reference aids which provide~

asic, or cookbook, approaches to the use of these.filee Creates a
barrier in some cases resulting in the user lacking a desire to acquire
‘the flleS or understand how they can be ut1112ed |

As a result, add1t10na1 user aids need to be developed targeted
toward specific usep groups or types of uses. These products may be

" as basic as describing how to.develop aggregates'or'ra}io scaies‘from
~ summary statistic files to methods of developing multivariate fre-

quencies from microdata files and analyzing cause and effect or other

types of relations betwpen variables. . . Y

User Training and Orientation

With the increasing number of machine-readable products becoming

o
available, new developments in software, and increased interest in
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these’ products by a larger mmber of users, -it is eviident that there

is also.a need for increased promotlon and marketmg of available
\ .9

products. In addition, more user training should be pronded to
famlllglze users not only with avallable files and thelr charac-

,teristics but also methods of makirg use of the £11es for amalysis.:

~

-

~Census Bureau have been reStricted to learning whaﬁt data products are’

/

available, how to acquire them, and how to locate spec1f1c data con»-
tained in them. More attentlon is,now being g1ven to how to use the
products. Conrses are now planned on assxstlng users spec1f1ca11y

with the use-of machine-readable products.

V. SUMMARY .

L

'I‘he matter of primary ~importance that should now be fﬂ'r('ther dis-
cussed and analyzed is the)general issue of how to improve the

-

acce551b111ty and usab111ty of Census Bureau machine-readable products.

To consider only the availability of and needs for-user software, while-,

a critically import’aint issue, focuses too narrowly on the largEr issue.
As stated earlier; most difficulties associated“with processing and
analysis of Census Bureau machine-readable products goes beyond uder

»

software tc‘mclude docunentatlon, file structure, user trainin
reference materials and other user aids. These factors create cgl;ands

for spec1a1 types of software -which in a sense are artificial. In
addltlop, the1r absence sometimes leads to incorrect use of the f;les.

More extensive user dlalogue' on these issues is neéded wh1ch can be

122 .

In the past, training oppor.tmltles for users provuled by the ®
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YA applied to make these files eash;er to use as well as more useful

) ¢
However, -some needs for user software can be 1dent1f1ed both&
‘. )

o tenns of dlstnbutable user software and a more. comprehenswe system

for accessmg Census Bureau stat15t1ca1 resources through an inter-,

b“ 4 L
~
active, terminal oriented, system.” "
R
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—_— L MAJOR CENSUS ‘BUREAU DIS'IRIBU'I‘ABLE .
. | MACHINE-READABLE PRODUCTS |

I. SUMMARY STATISTIC FILES -

E* N

1970 Census of Populatlon and\Housmg | : _
First Count =~ - - | o
= ; Second Count . '
: ¢ Third Count
Fourth Count . _ o
" Fifth Count _ , . : _ -
.. Sixth Count ' B : o ' o
PC(2) Subject Reports : e Y - -
S Population Centroids I
¢ -Adjusted County Data.
' -~ County Migration
Special Tabulations '
1972 Economic Census - = S : -
~ Manufacturers, o ' " '
Governments
Retail Trade . : ] , o
Wholesale Trade : , ' ' | /.,
Mineral .Industries ' o oy
Selected Services - | / . . -
Merchandise Line Sales : . ' -
1969vCensus of Agriculture o
‘1974 Census of Agriculture
. Revenue Sharing Population and Income Estimates
Y Federal-State Cooperative Program Estimates
' County and City Data Book . :
County Business Patterns )
' - > N
. ' L I1I. MICRODATA FILES S
; . )

. 1970 Census of Pppulatlon and Housmg - CoL .
'Public Use Samples . : .
Special Tabulations.

4
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Appendlx A (cont.) ' ‘ | s ;
- 1970 Census Bnpboyment Survey L L ‘i”‘; e v

. 1960 Census of Population and Housing : ot
: . Public Use Sample . o :
T Annual Housing.Survey
;»  Survey of Income and Education
. Current Population Survey - -
Annual Demographic File -
. Special Tabulations
Survey of Purchasers and Ownership
Survey of Scientists and Engineers
Survey of Government Employment
. Survey- of Government Finances = -
. 'I‘ruck Inv%\)ry and Use Survey (1967, 1972) ’

S

¢ IIP. GEOGRAPHIC AND OTHER REFERENCE FILES -

o

1370 Census of POpulatlon ‘and Housing
Master Enumeration District List
Address Coding Guide : . _ - .

' Urban Atlas-Tract Boundaries , ’ - " '

N o - ZIP-Tract Cross Reference File ‘ _ o
\ . Geographic Base Files - . B g

School District Geographic Reference File - _ B g
County Group Reference Filé SR o o
1972 Economc/Geographlc Reference File: o A '-"\
Area Measurement File ' S A
City Reference File \ L ’ .o
PICADAD
DIMECO

Spanish Slirnames F11e
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CENSUS SOFTWARE NEEDS OF STATE-“AND LOCAL .GOVERNMENTS
| " HAROLD B. KING 4> "yo)
THE URBAN INSTITUTE 7 S

- - 7
WASHINGTON, D.C. -*) |
. a. i * o L : ?
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' To address the software needs of st%te and local governments f
k/~\§ in using census data, 1t is necessary td 1n1t1a11y make some very
.broad generallzatlons._ The flrst’of these is that the computing_

capabllltles of these organlzatlons vary from very sophlstlcated
to non- ex1stent. The second is that if we address the needs of
these organlzatlons by foCu31ng.on the data they ‘will be- seeklng
from the Census, we will be able- to infer someth1ng about their
saof tware needs. The thlrdJ and broadest, generallzatlon,.ls
that all of these‘zrganizations have similar software needs and
dlffer only in their computing capablll\kes to drocess d&ta and

{

their levels of sophlstlcatlonzln ana1y21ng it.
5

The last statement suggests that the proper approach in
assess1ng ‘the needs of a governmental un:t mlght best be based
on size rather than type.‘ Studles have shown that there is a
very high correlatlon between the*slze of a governmental un1t'

its computing capability and its analytical s0phlst1cat10n.

N

COMPUTING CAPABILITY

A report by the International C1ty Management Association

d (ICMA) states, "Although ‘there has been conslderable growth in
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computing adoptions in cities, cdmputer éapaoity is not very

great~ekcept in the largest c1t1es (500 000 p0pulat10n .and
" over). - Ihe'overall'scale of. EDP usage, which can’ be assessed bY e
.l“ -’J‘%Xaminfng the total number of operatlonﬁl appllcatlons in )

cities, is directly related to clgy slz&. wl Based on the

1972 County and City Data Book, only 26 cities fell 1nto the

500 000 and over category. . o e DR .
A similar report oncourrties2 states that large scale: ' ]

computer fac111t1es normally:occur only in’ those countles w1th

-t
» : o
populations over 250, 000.,<In 1972 there ‘were 150 count1es w1th _ I
| populatlons greater than 250 000. : - \'." S I P
'_It would seem then that our major_target userlgroup.would' . &

be comprised of 50 state goyernments, 150 counties and 26-

—

.cities, or 226 governmental units. The 1972 Census of Govern-

ments3 indicates: that at that time there were 50 states, 3 044

Ta

- - .
N MR

_’\!u.

counties 'and 35, QOB mun1c1pa11t1es and townshlps. Based on ’ ..
% populatlon size alone, our major aud;ence would thus be comprlsed
of only 0.59 percent of the total., | S
Another way of looklng at the computer capab111t1es issue .
would be to examine the.types of EDP tasks performed by these
' ' govbrnmentaliunits. 'James Danziger, in "Computers, Local

Governments'and’the'Litany to EDP" 4 develops a typology of

A

EDP tasks wh1ch one mlght‘f{nd useful fh\fescrlblng the types of
| processLng performed by a local government. of 1ntérest for

this discussion are two of these types~ record re- structurlng

[ 9 . . . ~ ’ ) .
and sophisticated analytlcsa ,
AV E - _ ’
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L ‘1.. Record rd-stryaturing. This. type.of tagk is related to

. o S . LS I :

»‘* I thehre-structuring and recaggregating aof -recards. " It ’

¢

'.indicates a level 6& aophistication at a Jo%al govern;

LI £

ment EDP Operatlon, whlch guggests they would be ' .

A o capable of - re—format}ing census- tapes and’ performlng
a .. 4
' L 81mple descrlptlve statlstroé’/ﬁ the flle such as

: o e cnosstabs frequenc counts and aggre atlons.

L R o ’ q Y 99 g \‘\~i. |

' ) -T2, ~50ph13tlcated anmlxtlcs. ‘Danziger defines. Tﬁds as a / D
- ) - . ° Q .

'-type of act1v1b’ whlch 1ncludes simulation studles, 1

'.?w%" ':.regﬂbsplon moJEIS and geo- .coded data bases.7°In general
) }-{ , ;_these appllpatlons utlllze sophlstlcated mathematlcal '
.‘,X. ..,-..e._rmstnjds or. specngl techn1Q@1 capab111t1es of éﬁe
::'. . . compute& 1EEQXam1ne data. '~_' ‘ ?
. Y\ dn the above cited ICMA studies, cities of 50,000 or more )
AN 'respondlng to a survey 1nd1:ated that record re- structurlng‘ |

] " - - ¥ - “'
- -comprised only 6 p t of thelr total operatlonal appllcatlons,
HEEP - e
and sophastlcatgd analytlcs comprlsed only 5 pe%?ent The SRR K;
* - * .

results for countles o{ 100 000 and over Were 91m11ar. of those

. - . d . M
N K - v s W%

. countles respond&pg, record re- structurlng accounted for 7 per— .
b ’ »

cent of total-applicatlons and sophisticated- analytlcs accounted

. . Jo

B for 4 percent, . wa « ' L
? A ' . v e ' ' R
- These p\\jey results would suggest that the maJorlty of
.‘(‘ . . Y > . . . o
o ‘countles and other.}ocal governmehts have ne1ther the computer o]

. - .

. ) BN ﬁ‘ R A
. 'resources nor ‘the anaIytlcaJ cappbllltles to develop software to
[

access complex census data flles.' This conclus1on is further
BN

v ‘n\\:'

v sufpdhted by the results of a survey conducted by the Publlc
¢ v - : . , g . . 128 .‘.- T
- - . : -
. Loy . e, , : .
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_ Pollcy Reseaf h Organization (PPRO) and reported 1n<aation 8
¢ xarlon s

't&es;sn The survey showed that most chief exec ives felt v

-

-\the greatest problem associated with data proéeselng in

[d »

- their local.governments was that data they needed for the . .

anaiysis'of specific questidns was npt available to them. They-’
v felt that ‘the data they needed was be1ng collected rand stored ,'g
but that their computer systems were not 1ntegrated epough L.

to present summary data to top management. Most local governw* ;

. : . ‘ .- roYy

ment computer applications’ continue to serve only clerical‘and
4 e Vg . ’ ‘
information retrieval needs of individual departmentsfand' BRI .

-agencies. - hf" * ' .
. _ - ) . ' Lo
o The picture at the state level seems to be much~brighter!

13

The 1976 1977 Report OR Informatlon sttems Technology in .State

i

Government6 1dent1f1ed 603 computers in use at-the state level

»

in 1976. (Florida d1d not report in 1976 but had 20 machlnes

.

.o listed in(1975.) These machines raqged from some of. the largest

machines”commercially avaiiable to m1n1-computers, with almost . a

all -of theﬁmajor manufacturers represented Of tbe 49 state&
reporting tn 1976, twenty- three reported hav1ng ten ‘or mo;e

.- computers. :These varied from_a h1gh of 40*1n'New York state to.
L | i : |
.. _a low of one in Wyoming. ) T ){-.

'Computer appiications.were also varied. .Uses ranged from

..‘gzriver Licensing to Resource Management. éut, again, the
. ) \
ma jority. qf the computer applications tended to serve elerical »
‘ -
anﬂ'informatlon retrieval needs of stgte depfrtments and agdncies.-

what all this says is that there can be : ‘no one software oL

~
“- S~
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] oped a simple multiple crosstab program.7 Thia'program'waa

. "._. “ »—\
solutian to meet” the census data processing needs of states and

local governments. ¥ . ' :

. i 2 ' VA
Some units will have highly sophisticated pro?éaaing and

analytical capabilitieé,'and wi{; be capable of developing their

own aoftware. g ' ‘ . _ B

Uthera'will‘be mo;e?capahle,ofvuaing sophisticated software,
and would be more'than~happy to receive a fully tested and well._
documgnted software package erT the Census Bureau. '

At the other’ end of the. spdctrum will be local governmenta

which w1ll have no computing capab111t1ea or will requ%re -

extremely simple aoftware to generate descriptive statistics

.frOm small area dgta available from the Census.:

To meet this latter demand,'The-Urban Institute has devel-

-

created to help local governments analyze survey data which they
. t \ 4 .

. had collected in order to evaluate governmantal operationa.

™™

Although the package was well documented‘and the instructions

for using 1t wenﬁ simple, we found it neceaaary to supply
technical aaalatance to the users. The’ Institute's experience

‘

'auggeatagthat any Bensus program established to meet the demand

for this type of software .will hgve to be supported by a group

which will prouide technical assistance for the fhatallation and

[

use of such software..

Along aimilar lines, a conference was held'at The Urban

Yw

. Institute in 1971 titled, "Workshop.on Census and the Cities."

1fta'purpoae was to determine the type of -assistance needed by

’
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local governmeénts in procpsding the 1970 Census of Population

and Housing. In attendance Wefe representatives from both large
and small local governments, consulting organizations, and

/  'the U.S. Census BJreau.

)

The hypothesis aroung'which the conference was formed_was.
.o »
that there was a lot of useful data in the 1970 Census, and that

o a coordinﬁied effort by a few fou%dations and non-profit 6pgani-

}, v,

zations could result in software prodﬁcts which would make fhis'.
‘data readily available to local governments. Ihe'concepi was to

d'survey the data needs of local governments, and use the resulting’
J

information to determine how pest'to meet those needs.

;

The survey was never performed because the general consensus

of the meeting attendees was that most local governments wQul%

»

find it difficult -to specify their data needs as they related to
‘census data. -Instead, it was felt that a massive training

prqgram would have to be mounted to inform potential local.

g
L J

gbvernment users, about whatvhas_aVailable and how it could be

used to answer questiéns and solve problems related to their own

i

-~

-Qovernmentss
The atfendees agreed that Quch a program would be extremely
'costiy and would probqbiy"need a-large government subsidy. _To -
phé best of my khowlédge, nothing further was done along fhese R

lines in assisting iogal governments directly.

e

As a résult, small local governments which attempted to use
--\@achine readable census data found the going rough. Mest of the

! avéilable'fqundqtjon money was used to support softwéné develop-

.ment to meet the needs of universities, research organizations,
{ 131 L
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and large governmental units. Little Qas done to develop
capability al'the~local level outside of regional presentations

by the Census Bureau.

Since the Instityte meeting, some work has been accomplished

in attempting to determine the data processing capabilities of

L

local governments. - The ICMA and PPRO surveys mentioned earlier'

have been part of thiS.Lg
l

A general conclusion which can be -made, then, is that the -

ma jority of the local governments at this time are not able- to
make use, of census-developed softhare products. Even though

th1£L18 the case, sll of these gpvé—nments have a need for a

~

mechanlsm which w111 insure tlmely and easy access to {hls data.

, 'CENSUS DATA NEEDS

' ]
~ N S

One of the msjof reasons states and local governments'need ’

&

timely access to census data is so they may eVslsste it and
determlne its accuracy. Many programs which make monies avsil-

able-to these governmental units are based on head COunts and

housing unit counts. If these numbers do not appear accurate, -
the states and locst governments will be pressing~for-reeounts.

Aﬁother ma jor heed for data will be for‘redistrictfng.

purposes.. qug entrepreneurs had snticipsted“s heavy use pf,

computerizeﬂ redlstrlctlng software in the 1970's. This did: not

/] M
materlsllze becsuse of the extremely polltical nature of this

~
s

.pj'ocd'ss. The cost’ involved 1n‘the use of this software and its

related data bases also discouraged many from attempting it.

N
4
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A11‘!tates andfmany local governments will need social and

économic data to support applicstions for grants. Formula

+

grants in particular require the availability of acgurate census

data. The formu}as are based on such data as population, income

- —

levels, and heed, or a comhination of t;!Se‘factors.

The fiscal 1976 formula for Title of the Comprshsnsivs

-

Employment and Training Act (CETA) of 1973 is a good example.

A three part formula was used to dstsnmlns

4

the allocatlons. 50

percent was bsssd on last fiscal ysar's alLo%msnt; 37.5 percent
‘was based on unemployment; and 12.5 percent was based on the

- . N . .
‘number of adults in low-income families in each prime sponsor

area. ) - _ . .
) . ‘.ID

In addition, a local government must have ‘a populstion of

100,000 or more to be eligible for a grant. For governmental

units close to 100,000 population,.aqufate population statistics

\

will be most impoftant.(aséuming-thsy indicate aj population

greater than 100,080). , . ’ *
. ) ' ) " o .
There are a number of other grants besides CETA which use - ,

‘formulas for determining eligibility and allocations. Some of

these are:

\

1. Community Development Block Grants

2. General Revenue Sharing

3. Special Food Service Program for Children

B 4 *
S .

. 4., LEAA - Comprehensive Planning Grants

5. LEAA - Improv1ng and Strsngthsnlng Law. Enforcement and
Criminal Justlce

6. Industrial Development Grants
v
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- 7. Urbl Mas®s Tnansportation Capital and Operating
. . Forg§sa Grants ‘
- | 8. . Highway Research, Planning and l:istructign

9.f Low Income Housing Assistance Program
/ : ‘
Data is‘aIsovneeded by state and local governments for such
programs als 'urban tenewal, hausing codé enforcement, community

action, aﬁd_resourcé allocation. Resource allocation-includes
! : :
locﬂting'hchools, fire stations, police stations and community

y .
service ¢eq}ers.

R -,

N

Alchating educationdl resources requires information on
family ikcomes, sfatus,rchildren age grouBings, and adult
education levels. . .I ' I

:;In reviewing the nee&é'of states and locgl governments for

census aata,_a few issues stand out clearly. One of: these is

) , : | _
that much of the data produced by the Census Bureau is aggreaated

to a unit (i.e., tract, block, block group, etc.) which does not

relate to- local boundaries.

-

Local -planning units, on the other hand, need data avallabli\

1'
_ at such lqpal data analysis levels as school dlstrlcts, redeVel- ‘.'
1 ‘, . \.
opment arEas, congregsipnal districts and pfaffic areas. [lhe
availabilfty of geo-coding and address mayching schemes have

aided in the use of census data, but they are still expensive

methods for solvigg problems. '~\A
‘ A<more orgap’}zed approach to determ’lnlng data needs of' ‘~
_ - local governments might be arrived at by idéntifying:
) | 'l? ‘Departments which may be major statlstléal data )
¢ users

\d

Rl

. 1% )

L S ‘1‘4()

2. Functions'fpr which data are needed




hindicat;gn-of the broad areas of

many state and local governments

§

Utilities .

.-,..'
o

3. Data

analysis areee
‘4. Uses for data
5. Data types'

The following lists are not

-

Departments

sta

ave. T Y,

|

General Administration

- Personnel .~ - .

Planning &y : - f

Police

..Ingpections

Public Works ;*
Welf are

Manpower ' »

Functions

Industrial Development

“Health - , (

Public Safety

istical data needs which

P

Finance / ’
Budget 1 .
Housing and Réhabilitation
Education : T

- Fire
Zoning o :
Traffic and Transportation

Health . ! . }

/
Public Works-and /City
Engineerfing
Welfare

§ire Districts
Police Districts
Traffic Districts -
Wards - v
Streets

Street Segments

Employment Recreation
Education Transportation
Land Use Commercial Dev610pment
Urban Redevelopment Ugban Plannin
Migration Neighborhood 8eve10pment
. Housing
‘. Data Analysis Areas !
States Blocks '
Counties BlocK Sides
Municipalities Households
Townships Census Tracts ’
School Districts -, Regional Planning Dlstrlcts

Redevelopmenf Areas

- Standard Metropolitan

ptatistical Areas . -
Soil Conservation.Districts
Flood Control Districts
Census Enumeration Digtricts

i

exhaustive, but they are as good




L . it . . 4
. . R ] . .
. i /
’ 1]

Uses For - Data

Plan New Facilities Pollcy Evaluatlog‘ _
Plan New Programs ° Program and Project Evaluation
\ Estimate Size of Cllentele Support Project Proposals
Estimate Needs of Clientele Continuing Research
Antlclpate Staff Needs Support Grant Applications
. . ,‘ IR / :
éi// - : g - Data_Types ,
. Voting Records ' : Family Characteristics
- Welfare Records _ Land Use Data
Police Records ? Insurance Data
Marriage Records ‘ Popu{atlon Densities
Birth/Death Records : Population PrOJectlons
Individual Case Historigs _ ~‘Housing Characteristics
Union Records Utilities Data ?
| School ‘Census Data ' Tax Recprds .
. : Employment Statistics - Federal Reservi Data
, Income Statistics - City Engineering Records
_ . Hospital Records : .. ‘Land-Values -
b Jraffic Data , . Fire Records o ]K
Mlgratlon Data ’ Housing Market Data
- rStreet Locatlon/Numbyie . Air Pollution Data

Whether a govermmental unit uses any or all of these depends

somewhat on size and authority. For example, only about 14 of
the largest 43 cities 'in the United State#®operate welfare

1 2

departments, as this is predominantly a county funetion.
,( . . '

The Census Bureau,'in an attempt to clarify user needs, hele
a series of open public meetings. These_meetings were sponsored.
and organized at the local ‘level, anq\epnducted~with joint parti-
cipation of local pereons and Census Bureau staff membere. Held

between October 1974 and illy 1975, the meetlngs were congucted
LY

k]

in 73 01t1ee COVerlng all. 50 states and the District of Columbia, ~

with over 6,000 local pa?tlclpante. In a "Synthesis of Local

o

Public Meeti’ngs;,"8 the Bureau presented an eleven-page
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| Meétings. In a "State Agency Mee(}ngs Sy'nthesis,f'9 the Bureau-

!
¥ v
description of data items and their tabulations which were -
~ . ' :

'comR}led fpom'these'meetings. : : ‘ i\

©

The same type of meetings ware held with stéte_agencies.

There were 16 régional meetings_ofathis type, and all but two

‘states (Arkansas and Colorado) had representatives at these

[}
again compiled an eleven-page descript%on of data items and =~

tabulations suggested by the participants of these meetings.
The listings from both of'ﬁhese reports are too numerous to
be'duplicqted here, but they do support the hypothesis that the

L\

dafa needs of states and local,governments are similar.

COMPUTER SOFTWARE NEEDS

The discussion so far has pdinted out the wide r‘nge of
computing capability fram the largest state to ‘the smallest

local government. It has also presented an .abbreviated descrip-

o

tion of data needs. Wit\ these computing capabilities and data

needs in mind, we can now turh to computer software needs. ,

-

It is difficult to describe computer<software needs of
. - -(‘

‘states and local governments under the categories assigned to —

.this conferencez]ﬁDa}a Organizgﬁibn; Data Tabulation; and Data

Presentatioﬁ. In man;\shses an item could easily fall into two

o# three categories. There are also negds which do not fall

into any of these c}(pgories. With this caveht, an attempt will.

s . .
be made aR cateqorizing these overlapping needs. Itemr which

-

S;EN\Sot to fit any categdry:wi!l be* listed deer a category
titled "General". .

\
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Organization

-

One of the most 31gn1ficant needs of local\governments is

to have data organlzed by geographlcal and mollt’bal boundarles

) which are more meaningful to them. Thas could include frles

brganized by school'districty'ward,'traffic gistrict, congres-
sional district or any of'fhe'data ahdlys{gkgreas listed earlier.

A.special school -district file was:created from the 1970

r) 1
census .- More of this type of s8pecial tabulation should be made

. ’

available. \ .

. \ _
It would also.bg helpful if tapeg were made available by .

<

b
sub ject area such as econom »

.transportation, and health. A,
number of meetings were he\ld dgri g preparatiod for the 1970 -

census at which this idea was_pfoposéd. »Nothing was done‘about
it thén. ‘It is worth_reiteratiﬁg.

A

There is a need to supply more income data and have it
dlsaggregated 1nto various sub categories such as government
income transfer programs (i.e., how much of a famlly 8 income is

comprlsed of hou31ng sUpport payments, ald to families w1th

"dependent children and_food:stamps), : .

Aléhg this line, there is a need for finén category break-

. ! - l
downs in other areas. Some of these categories should also be
r- Fa
extended. A gqod example’is.age. The category "65 and over"
isn't very helpful for plaﬁners working on problqms of the aged.

Another uégful addition to census data files would be the.

-categorization of data on local gévernTents by size. "Many other

[ <
resource materials present local goverpiment dats by populafion
. o

sizes (i.e., 500,000 and over, 250,000 - 499,999, etc.). This
| " 138
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-Qnertype of'software which would be usefuiyté state agencies
and some local governmants would be a program which wqpld-gssist
thém in making inter-censal R?ojectionslusing census supplied

Vdataﬂor locélly géneréted data. The decennial cenéu data is
‘almost out of date when local éovernments get acceg to'iz.' As -
stated earlier, only a few of these governments havp the capa-
pi}ify to write their own estimation sof tware. ’Sbm ,.and.
perhaps most, aren;tleven akafe of the techniquesl vailable to

_ ¥, 4
perform these calcula'tions.

Another type of software which would be uséful -would be

-

Y

programs which would'assist'local/governments in studying
transdortation patterns and migratioﬁ patte;ns. This software
would be extremely helpful if it could produce maps and symbols

on printers which could b easily understood by local government'

personnel conderned with these problems. .- Vo
The local public meetings and state agency_meetingé.organi-
N :

}ed by the Census Bureau identified a number of special tabulﬁ-
/ ‘ o

tions which these governmental units would like to have‘prbduded.
> - v\ R . .

Most of these tabulabians could become aQailable at a reasonable

cost by a restrueturlng of the files. Alternatively.,, the federal

/

government mxght subsidize the méghlne costs which would result

-‘kom procé881ng the files as they Kere structured in 1970.
.Preseﬁfation“

e : ' ' _
/-1t is not clear thht additional software to support data

o

‘presentaﬁion would be useful for the majority of ‘state and local

L] ','

: . : \ :
governments if an output display device ogher than a ‘printer

146
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would aid those interested in comparing data from verious .

4 8
4

sources, - R o .

* ,0One item which would be most useful to small local govern-

\\ments would be the addition of means, mediané, and standard

deviations for mést major items by geo-political and census

»

areas. This would help those small local.governments that do
not'produce these simple statistics. This data, accompanied by

some descriptive documentation explaining the meaning and
. v " .

value of the'stgtistiCS-and some examples of their use, would_be
very helpful.

Another item to be considered is the development of tools
and techniqﬁes that would allow users to cdmparé data items over
4 - . : '
time for areas whose boundaries continue to change. In this
. AN '
L 2

jsame_category is the need to‘'have county groyps not cross state

-]

lines. This makes it extremely difficult to aggregate Bunty

group data to the state level in order to increase sample size

. ’

when working with public use sample tapes. -

14

Tabulation - B S .

»
"could learn of their existence. < .
| e 139

If the Census Bureau decides'ndt to pfepare files organized

by geonolitical bdundaries, and/or subject areas meaningful to

N

- local governments, then it should be preparéd'to supply special -~

tabulations to meet these needs. These special tabulations

'should be inexpeﬁsive to obtain and should be ‘available in a

timely manner. When these special tabulations are prepared,

there shauld be a mechanism available by which poténtial users




were . requiredQ The surveys identlfied in this paper indlcate

X 4

that few governmental un1ts have graphic termlnals or plotters.

There seems, to be sufflcient software. currently avallable to

€

produce tables dn printers in a varlety of formats.

As an example of the llmitatlona on graphlcsbcapablllty, of
ey .

the forty states reportlng on perlpherei equ1pment in the
*National Assoclatlon of_State Information Systems surVey,cited
-eartief, only three lieted the aéeilabiiity of graphics terminals.
Althoughjthirty-one listed plotters, the,majqrity.of-these wene
hloeated in highway or transportation departments. , | |
What might be usefﬁl.would be the availability to local
governments pfiprintouts ofhmeaningful data enhtheir erees..
This would not neeessithte the éevelopmentiof new software, hut.v
might requirenthe_establishmentdef a user service sub group at
the Censuszufeau to respond_to local gover.nment requests.. e
‘ As nentioned'earlier, the develohment of a“simpte nuttiple
.crosstab Pnogrem by The-Urben Institute was.useful to some local-.
governments: Thie?tYpe_of eoftyare,development, aineﬂ at the.
small local gqvernments that efe not-invelved_in sophisticated
analysis, could be ;ery usefnl. Most ot the tabulation software

S » : ?
currently available requires a level of expertise not available

L4

'in_these governments. . ' _ ' ¢
. i ) v.’ ’

General
-

_ The first thing that is obvions from the lnventoriee-of
. . ' .
state and local government computers is ﬁhe need to develop

4

software whlch is machine 1ndependent, If there ig' a desire to
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lp : ‘: 1y ¢«
[ . '2 \ y - 3‘\ \/ -
¢ . - '\ . . . - ‘ - '. s . x .
R . support the full size range of systems,’it will also bb necesbary T ;
. ‘ ) . I
" to develop aoftware which-can be run on & system w1th a small b
™ » ” A - "t
. amount of core and few per1pheral input and output dev1cesy
. ' Ihere also seems to be a trend;tdwards the use of mini--
cdmputers. .Many local goyernments thab'found EDP costs~to be a e
) limiting factor in their acquisition of a computer are now ' .

rethinking the issue. The‘National Association of State Informa-" >

- . tion Systems report shows an igcreasiga'trend on the part of. -

- state gavernments in acquiﬁiﬁg minicomputers. This is an.area
p : . ' ’ . . ) ' ’
that the Census Bureau should explore,as a means for,{ncreasing

access'to their machine readable'productsw\ ‘ _
k \‘ .' ' N

Since the Census Bureau is releasing more files with a

S

4 -
heirarchical structure (Current Populatlon»Survey, Decennial

-4

Publlc Use Sample, etc. ), they should develop software which
P would facilitate thﬁ use of these F1les. Abso, pr1mary records

‘onfthese'files should indicateAthexnumber of sub-records Fol—
>os . ' : ' - o ‘ V. ¢ '
‘lbwing when the }wmber of these sub-records is variable. ' .
Y, ~‘“ ‘ : : : . . ° * (Y N

EX TR Data }apes'should_bg cleaned and edited prior to their -

° > .
i ! . - ' . 1
b

1“elease.' ﬁDfrty" tapes could be relgased!mhen access to the

. datails needed before cleaning and ed1t1ng were completed.
D B Y ' L3

N These tapes should bqtreplaced when the clean versions Become

- "w

,
» A « - e

avallable; A program should be establlshed to alert all

,usersfto new errors as they are detected. Data.tapes should be.

% treated'as a planned product of the Gensuszureauirather than as'-
. & - : . »

' o

by-produ¢ts of other functions. . o
i : - : ‘
Any software prepared for use by states -and local govern-
ments'shoulo'be:available when the data ftapes become available.’
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L Anformation Systems Inter-Agency Committee's (USAC) experience.

‘adopted b9 other.munlclpalltles: Conversely, the GBF/DIME

\ - If thisuis not done, those.governmental Uhits wishing.to analyze'd

the data w1ll ~again develop thelr own software if they have the , = -

v s

‘ By (]
capablllty.b The other local governments w1ll have to find other

a9

LR ' L

means for solv1ng data problems.' ) i
. , o
F1nally, the Bureau Jlght conslder puttlng thelr data files

]

.- on-1line and charglng a reasonable fee for.access\\ Th1s ‘has been

- done by other organrzatlons (an ex mple ‘is the 1970 Decennlal
-

. - .
Pubdic Use Sample file on the ACCESS system at.‘the Massachusetts
Institote of fechnology). If the software supporting thése
> ' .
-

files made retreival and anal}sis simple for the unsophistiw‘

cated user, 1t would g% far towards solv1ng the data needs of

< | . _

states &nd local governmohts. ‘ y o -
R . . . . . . : "‘. S ~ . / .
. ' . K ).l‘ .. ES . ; ' /// . B
CONCLU&IQNS t.r . e qy‘ 7 < L.
Although most, states seem to be*capable of ing census *

developed software, it appears that the’ms,orlty'of local.:

governments do not have, the equ1pmepk/or personnel to avail
.themselves$ of these proposed ppoducts. ‘ . :

For those that do,

thére is always the problem ofstransfer- -~

10

~alfility. Dan21ger ates, in «reference to softwdre trangfer- - v
. ¢ . S . '

'=oiiity,‘that," striking finding when particular local ‘yovern:

-

hents are/eﬁamined'is that successfuk examples of technology\

.;iinsfer aretrare"."This view is'also supported by The Urban .
n

///fi'Ot the millions.of dollars of software deveIoped through the:

-

USAC program, ‘only & relatively few softWare packagegs were

143 - _ ~ ’
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package seems to have fomnd wide acceptance by those- local

-

governmenta capable of handling’ that: partiCular software package.
Although all atat‘a and most local governMenta have the !
need for more ready access to censua produced data, only a

"‘ - . ~
relatively small number w1ll be able or w1lh1ng to use census

produced software. [bfs may be largely’attributaole to the
1nsuff1cient knowledge at the local- government level about how
..to use'censUs'data'effectively.._A well planned training program
.;ajmed at these governments.might well raise the leveyfof know-' S

ledge, and help to create an environment.in which census produced' .

- goftware could be more effectively utilized.

~

“ » d
1
\‘ o
—
»
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BUSINESS USE OF CENSUS DATA

N Richard B. Ellis . .

Marketing Manager - Information

-

American Telephone & Telegraph éompany

APPLICATIONS o h

. ' P ‘ N
AMfhough the Bell System and its parent company, the American Telephone
! : .
& Telegraph Company, are only a small portion of the vast and complex .

American'busipess~commun1ty, their use oﬁ:Eensus data is' quite varied

and, hopefully, will covef a majority;of the applications generally used

. - .
in business today. The Bell System”s use of census gdata falls into. J

three broad categories: :
) L 2 . . ! v

. '1) Provision of Products and Services. Many of Béll’s basic

products and services are currently furnished under
regulated franchise which carries with it the obligation

to haVe available what the customer wants when he-wal

N

" {t at a reasonable cost'. Since relativelyllong lead

times are redutred to manufacture and install some of the
equipment to perﬁit this, detailed demographic.trends‘and
forecasts are required for the thousands of areas we -

serve to predict Jith as much accuracy as possible ‘

Frasd

future populations;and their communications needs. This

involves such elements as populatibn size and make-up,

migration trends,‘business development, household forma-

tions- and ceﬁstituencies, etce-

.

- Matketing and Corporate Manageﬁent. ’Fot discretionary

»

communication products and services, Bell is. in ‘direct

and_indirect competition Yith many other suppliers and

| : 146
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A

of -
£

often the'sq?rce of the basic data, extrapolation

-

thege findings into-generafized forecasts, predictions

-

:x,b \ fid strategies is heavily dependent on demographic data.

v .

' ' Typicél.applications include estimation of mgrket_potential

for individual products or market ;reas, media.selection
+ ’ < g R
for promotional activities, selection of areas for

Y ' P l

merchandizing effegts-and retail outlet site selection.

)

. Social and Labor Force Stpdies. As a major social and

3

employment force, the Bell System has a requirement to track.

and predic&_changes in tﬁe sociéty it serves and the work

3

force it employs, in order to assess the impact of not only

1ts own actions but various legislative and judicial mandates

’ - v

that may come into force. Typical-pfoblems.faced in this

N ¢

"area include the changing nature of the family/household
.. % ¢ . '

- A ]

. unit, ethnic balance of the employee group, the entry of

°

' . women into the labor market, and the availability and move-
, _ . |
ment of skilled craft workers. . g
- ’

—_
-

N <

It can be seen then that Bell’s need for census data 1s significant,

l\

quite varied, and subject to relatively rapid change over time.

~

There are three broad areas: of concern whié% trahscénd, to some extent,

the categories specified for this conference: -,

-

N -

-




DATA ACCESS

As in the case of many other business users, Bell has relied very heavily

on intermediate suppliers for the actual data used and has satisfied a

minority of its needs by direct access to the Bureau and the original /oy
t t

data. The comments and suggestions of these suppliers have been 1incor-
porated in this paper where:appropriate. Although this was, to some
extent, a planned condition for the 1970 Census and our experience has

been good, there is an open question asto whether this is the best way
s : ’

»

. ., ' .
— 3.to operate in the long rune. Ag’our needs and data volumes/increase, in-
A o ‘_.' e - Y ! ’

., house 6rocessing may become attractive. Should we obtain such data

~» 4

directly or indirectly? Could the Bureau organize to meet demands which,

4

in all probability would be sporadic and subject to heavy peak loads? "
There do not appear to be any facile answers,_but the problem-should_be

o

‘addressed .

\ ; TIMELINESS

i " An endemic problem for us and most other users we are aware of is the
;hkbf with which the data becomes physically available for use. A year’
\ds the customary minimum from completion of a survey to availability.
\ Graﬁted the volumes are huge in many cases, but data processing technology
today will s‘;ely permit a more timely response: x ' |

<

HOU§EHOLDS

\

-

In terms of product and service consumption, the household 1s a very

PRRURVF N P Y -

N 'l




- complex unit. In the case-of certain home related service& or consumer

L3
-

J

. du’gbles (eege, bfsid telephone ségvice, fufnitqre)‘the hbuseﬁo‘d itseif o
may bé cqnstrued to be the consume;.'l!n the case of more personal “
products .(e.g., toll cglls, clothing) the individual i;.ngrmally thought

_‘- | of as thelconsumer. In fact, the disﬁributiop ofopuréhase‘%Pd acqnisitién

. - de¢igions runs the gamut between these extremes, colored in many cases

~ < *

by different, value 3y8tgms and personal perceptions. The present household
y :
tabulations offered by the census do not adequately address this significant

diversity. ) C i .

. Specifically, the following items deserve attention. ' *

!
\ R . - . |

1. Below the national,levtl 1970 Census households income

distributions were usual%y byoken‘down into families and

. 4

unrelated individuals. - A more useful division would be

L)
% -

- : v, P i R
households with related individuals and those with only _ !
" {_ unrelated individuals. Since 1970 the proportion of
o . households in the ‘latter catégory has been increasing and

indichtions are thaf that trend will continued thru 1980. .

Jndieas H e bt

e 1f the-tabulation for unrelated individuélsﬁis retained, 9
® it ghodld at 1é;§t be-bquen dOWn.ingo single-person

i households and pérsons in (non~-institutional) group

quarfers. Fur;hermore, thié.informafion is of broad

enough interest to wa;rant making it readily access;ble

<

4 in published form. ' g S Y




2. 1970 Céﬁsgs households were typed according.to their "heads".

o0

This designation will be changed in 1980 to "the person (or
' one of thy’fersonsfin whose name the home is owned or rented".

;., © This suggests three classifications for eﬁcb of the two house-
hold categories above:*: (1) joint owners/renters; (2) male owner/
“ . i > *
' renter; and (3) female owner/renter.

,

3. The tabulations in the 1970 Summary gount did not include

breakdowns by the number of wage-earners in a household.

Particularly in the case of families, this information is én’/

. v
important determinant of socioeconomic needs and consumption

patterns+ With female participation in the labor force Qurrently

\ on the increase, it 1s important to mea;ure the contribution
made By working women to a family'g (household’s) income. Iﬁ "
will ﬁrobably be preferable . to base ;he bféakdown on full-gime
workers rather than all wage-earners; i.e., do nbt include part-?Mu .
A ' A \

L time workers.

-~

’
L

4. More researrh is also"ne ded into the best way(s)

.

'to_aggregaﬁe
“households and peraons. n terms of the relationships betweep
the.econqmic decisions they make and their socioeponomié
characteristics. For instance, which decisions in householgs

with multiplg wage earners are generally made gw‘lecttvely and
« * : E >

which are left to ihdividualsw

»

Over and above these three general items, other areas of ooncern include;




_ ORGANIZATION - o ‘ S
PR X . - ’

‘ l. Summary Tapes

”\

.After the 1970'Cengps an additional Fifth Count Summary Tape
t i v \ " .
. for block groups and enumeration districts (known as File C)

wascgfééessed.at the éXpense of 'one of the suppliers. This
B l '

) tape has been used extensively by organizatioas which reailocafe
' demograph;dfgata from census areas to user—defined areas. Thg/
1980 Census, includigg‘éample questiéns, should bé_designed under
the assumpt;on that a.similar tape will be madé avai1ab1e as
a standard.product. | /
' 2."Pub119 Use“Sample-Tapes ‘
a. 1970 PUS éapes had nonstandard labels (leading numéric
: ' pﬂéractefs rather than alphabetics):' Unlesg an iméortant .
rédsén for this exists, ;he_ease of tape usage would %e.
. improved by putting standard iabels on tH!'19éODPUS tapes.
¥ - : - (
’ b. Certain of the 1970 tapes contained information for multiple
states, presumab}y for reasons of storage gfficiex‘ Users
. "needing data on the last state of that tape had to read thru
the records for all preceding states. If.the-multirstate
. tapes were ofga;iZEd into éepérate files ‘or each state, the
o proc::;ing.time could be greatly reduced.

ce When cross;tabulations of particular census data items did

‘not appear in the 1970 Summary Tapes, programs were written ’

’ t
- : '
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L

. h‘;' ." d ¢
. - : . - |
. . - . ﬂ “
to compile the necessary data from the 1970 PUS tapes. ﬁ
Unfortunately, for neasons of confidentiality the smallj‘
ll ' N .

geographic units for which date'on the latter tapes is

specifically identified are individual counties of 250, 000
The 1980 PUS could be broken down to

or more within SMSA’s.
] N \
a lower geographic Tevel,’ e;g., census tracts or rural

2

counties, with a corresponding decrease in the number of data
4 . ) | #

categories, e.g., ipcome in $1000 rather than $100 intervals.

If disclosure problems still existed, the Census Bureau could

write a eneral-purpose program to p;oeuce the cros"tabulations
The - -

and check the output for confidentiality problems.
usefulness of this program would be maximized 1if it were

accessible interactively through the Summary Tape Processing

Centers or their equivalent.

e
| -
‘d
.
A

/

v

TABULATION | ,.
v o B o

l. Racial Classification
W
It is unnecessary to bélabo?gkhe point but the problem of racial
We are aware that the Bureau is working

classification remains.

to smeliorate this difficulty and it is hoped that they succeed.

b g

Accurate racial information is essential if work force targets
, -~
and other population inﬁluenced goals are to be determined on a

rational basis. ,
-l . .

t
-
N .

2. .Public'Use Sample
o 0% ‘ L, .
For many applications, the Public Use Sample is too small and

. ) ";, ~ l
in many cases, it is necessarqu§,§ombine several political and/

1
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’ communitygif is cross-tabulated by other se!ected character- ~—

' should be cross-tabulated with the demographic characteristics &\

‘renters, and number of wage earners. These cross-tabulations- * '

‘they compile.

\ . . _— .: . _— . . . p
I 2 |
I

¢ . . . . . ' . M
i

or economic areas to obtain ‘usable statisSics. .These then must

be imputed to the shaller areas within them which is a statistically

-questionable technique. A larger, .more detailed sample together

with the format suggestions liste,d under’ "ORGANIZATION" would.

produce a much more usable and credible products ' o

’;'; . 3 - S - e . ’ ) ‘. .
- ! . '
A

Households with Telephones

The heed for a survey of households with telep\\\es has been

s

documented ("Should 1980 Census Data Include Information on

Telephones?") Phil Welch, May 20, 1977) and acted upon with an

appropriately worded question in the recent Oakland pretest

questionnaire. This data will be most valuable,to the user = .

3 b

istics. ' In particular, households with and without telephones’. o

of the owner/renter of -the housing unit such as his/her age,

race. and sex. These households should also be cross-tabulated

"y

with total‘hougehold incbme, pnesence and age of children, and

the classifications mentioned "Households"; above, i.e., families.
' ’ N ."' ) C . ) »
vs. unrelated individuals, male vss female\vs. joint~ownet/

~

should not only fulfill the needs of the telephone industry

and related governmental agencies, but als® allow the many
public and private organizations which perform surveys by
telephone‘to more precisely estimate the bias in the results

e

.
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PREsmj‘ATIL -
| 1.' Auxiliary information = As census data users we are interesfed
.in examining demographic statistics fd?*u\eas defined by our’

Y
organiza!ions_rather than the cemsus areas. ' The most prac;ical

C L ) o -
.and time-efficient way to establish the necessarxy correspondence -
between thase areas 1s through the use of geographic or geodetic

. _ information provided by the Census Bureau for the census areas .

At least two such compilations were provided aft%r 1970: y

. . " ¢ . \ .
a. The Master Enumeration District List’ (MEDList) contains °

y
the geodetic coordinates of the population centroids of

“ .blockgroups and enumeration districts. The Census Bureau .

L}

\g 18 not sure whether they will proride this' information-for . |  i
g R . the 1980 Census. Because of irs imsortance and the urgency " ‘\

. of 1its release, the Census Bureau_shquld consider makiné

" - . "artangements to -have this ;ork AOne ;uickl§ and accurateiy. - d

',‘ - by an outside organization. _ » .

b. The mapsvpf census tracts and enumeracion‘districts-are

@

3 ; i essential companions to the MEDList - they are used to .

(%

verify the geographic"translation of user areas intd component

' census areas . While.ﬁhe 1970 census tract maps were made

availabie on a tiﬁely basis, the maps for the.nontracted

J ‘ - ' areas have been very difficult to obtain. Both setslof maps ' |

-~

should be re1eased.short1y af ter (if not slightly before)

the Census Day in- 1980. o .




. . -~ . ' . . ’
c.  The Urban Atlas contains geodetic definitions of census ‘,
tracts, The prepondetehee of errors in this source indicates

. B . .

that_the=va11dation;pbftion gf its creation procedufe was
| insdequete. yvEither this procedure qeeds.to be imsfbvedvbr
:Pthe.Census Bsreaﬁ could sgain consider contracting fo:’this .
;wsrk with an sutstee organiiation.l"w

. N o
2. AlternatiVe medium - The very nature of magnetic tapes leads

t S

B
to inefficiencies in terms of serial or sequential processing

PURR rather than random access. The Cepsus Bureau should seriously

-t

)

\\ed;L\ +  conslder supplying the 1980 data on another medium, e.gh,
' ) ( . .‘ !

'Qloppy disk," that could be processed more efficiently. )

SUMMARY : . _ S

To summarize ‘this statement of our wants, needs and concerns, we would e

s like to offer a brief description of the "ideal" census information

T,
-

system from the business user’s viewpoint: _. o . ) .

l. Statistics on all-éensus questionnsire respoﬂses from short and

long forms available to the blockgroup/enumeratiOQ,district
i : , ' )
(BG/ED) . 1evel; Lo §
,,i

. A ‘
“"2. Cross-tabulations among selected statistics which aregdefined by

-

: e ’ 4
the user;

iy .
‘ : R 14

A 4 .
. Iy - . ’
/ ’ . . Ve L o . v » (

3. Sufficient geographic information, e.g., geodetic references for

BG/ED, to allow;ffggggggation'offcensus data to user defi‘bﬁ

# ¢
~

areas; St e . ' ‘

' ,“_<155°
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SUMMARY | - '

Several questions are.raised in order to identify'the complexities
. .

~and challenges that are involved in trying to un5§rstand better what is
the problem of data organization. . These questions should help
the discussion to take place during these meetings by indicating areas

of research.anq development. Some of the questions have been made in
‘.order to ensure that they will be addressed. These questions‘jge not

»
necessarily new bit are ones' that must be faced by those currently

4 " 3

involved with statistical analyses using computers even though satis-

— s

sl
factory solutions may not be forthoeming at this time. _ S
® » ‘ .
INTRODUCTION . -
Under the terms of reference of this conference, this paper has E .

been prepared to stimulate xhinking p’r to the conference and during

the conferente in order that we can focus more effectively on what
. S :
' types of software ought to be developed to aid in the area of data .

-oqganization.> This problem must be viewed in a rather geperal context
* . . - ‘ * ‘\ o . N
in order to justify.the attention given to it at this conference.
e > S ' :

It 1is much laréer than one might first believe. It'is tempting'to

: J
assume that all we need to do is- select *from among the existing data
- A & e O 4. .
" base management systems and our problem will, ‘in fact, be solved. ©

< »

I hope this papeg will generate light, rather than heat: Having

stated this hope, I want to question whether we have an adequate .

nnderstanding of what we are trying to accomplish, even ‘though the

.
a -

.objectives sent to us prior to this meeting were clearly presented. I
. \
expect to raise several questions that are provocative and hopefgllﬁ.useful,

,atimulating the kind of thinking

the subjéct needs. I had considered

B‘ t S !

A 3

N . * 159




\ Lc.. . . . ) . — . ’ . N‘. g

and discarded several alternatives for 'tliis papgr; gsuch as: ] ’ N ,
. ‘ . . . ‘. ¢
1) -summarizing the history of the subject, 2) advocating a particular

( : “v -~

approachfor system, . 3) evaluating existing systems, or 4) emphasizing

d

~— . 4 ’ ) ’ ~ 5 .
" existing limitations. I hope through considering questioﬁa we can\\\\xA '

. _ i 3 ' .
develop proper respect for the problem.,and the importance of establishing

£ i

priorities for a meaningful and effective research and development.effort
in this ‘area. . , s - ' ™

3 - N

N ve

y o
‘ ' - . ' ) .
2. For What Purpose? ’

4

o

. } ) R -
{ -

S

The indicé?bd\purpose of(fhe conference 18 for "the developuené B
-and perfection of software ﬁﬁich will eénhance utiiity;bf data génerated
; { . - ] -
by the Bureau". The\conference will also "examine the need for software S

)
-

‘improvements from theé user's-standpoiqp and help determine the extent

< i - .
to which the development of software ig an appropriate topic for research
. . . {

support by the NSF/ASA.'" Although these statements are clear eno h,-I

+
°

believe that we need to make them more-'spécific in order to provide a ‘\

focus for what should be considered. I think it is important for the .
b, . “

conference attendees to discuss and refine fﬁe purpose of the vonference,

I hope the questions raised in this .paper will Hélp clarify the point,

A\ 3

"for what purpose?" as well as help to focus attention on subsequept:’

-

actions to-be taken based on the conference. .
’( ) + N ‘. N
r L]

3. Who are the users, what are their needs and what are their~priorities?

o

A4

. The term "user'" can mean different- things to different people.

- hd -

' Users could be those directly within.the'Bureau, or those within-other

- .. parts -of the Departméﬁt of Commerce, other parts of government, or those

T » external to government.' It is importéﬁt to know who the users are and
A et T _ . ' : ) ' ' .
3 C . . . 160 " - K . . ‘ «
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y vt .'-. 1?4 '-‘
R

what their backgrounds are expected to be: are they to be professional -
) ‘ . T .

statisticians, experts in computing, or subject matter specialists who

.

“will have the appropriate supporting_staff, equipment, -and software to

agsist them in the use of data? It is necessary to identify what their

\

needs are--particularly, what their data needs are, Can they.be sure

that they have useful data and. data/identification in the” senae of. the "

following: how will they cope with missing data? How will they be able

to pecognize questionable aéEuracy or quality? These questions will be
’!
deaIt with again in Sectidn'9 on Data Organization. Differernt people
° N \'

have different needs, and to develop appropriate software for data

organization(s), it is necessary to identify who are the users, and

what are their needs. Finally, what are the reiative priorities of
different user needs? It would be irresponsible to_ignore the.magier

of p%ioritiésx since users clearly have finite resources. FEven a govern-
ment agency md@t also face the reality that it has neither the time nor

the resources to meet all software or data needs of all users. Therefore,

- -

Eyﬂhen directing planning and development, attention must be given to he&

. J'ine would go about identifying user needs ‘apd eatablishing priorities
» ) : . *

-

:\ for whdt is to be done. P
4. What Time Horizon{
=

To have proper ' perspective for the discussion to follow, it is

t

S

. b . .
necessary to look at/least on two aspects of time: the time horizon

F-\ r} . .

of planning and deve opment; and the time span of the data thenselves.
R . v 3 - :

By focussing on thesﬁitwo aspects of‘7ine, I believe we can ask relevan;
. . : ’ !l . . Fd )
questions and see more clearly how to meet the objectives of this:

~ ° - .
[J [} )

. N \ -
~ conference. Conseqqentiy, both aspects of time age given attention

before‘proceeding to somgiof the other considératioms. For completeness,
. ‘ - . X *
a third aspect of-time 16 Also ment{oned,

-




te

’planning period R I )

4.1 For Planning and Development .

Whenever we look ahead there are at least tWwo pitfalls. first,

confining ourselves to the use of current technology and ‘knowledge we

*

possesSA%bout'how”xo use such-technology.to solve'today's problems; and
.second, restricting our thinking about the problems themselves due to
conservatism or recognition of the limitations of current technology.
When looking at the question of the development of user oriented software,
it 1s not at all clear whether we are talking about what can be done this

year, or three years hence at the time “of the 1980 census; or at “the time’

of the next decennial census in 1990; or 20 years “ahead in the year 2000.

The symbolic year 1984, indeed, falls‘in the early part of this broader

In looking forward we might a1so look back a similar time peried to

assess. progress made. .
' 2

ngntybyears ago.Fisher was still with us; computing was in its infancy.

How far have we come since then? The breadth of application of statistical

»

Atechniques ?as_beenigreatly influenced by the availability of statistical

" -

software on digital computers. With few exceptions, notably in graphics,

and some changes in emphasis notably towards iterative methods, the world

is much as Fisher knew it. We are still, in the main, equipped. analytically .

N A

to handle numerical data in rectangular form (u‘ivariate or multivariate)

variables by observations’
- ( -

Although we are no able to stote and retrieve non-numeric data, or

[

data in non-rectangular inter;glated structures, we lack analytical tools
3 : .

to support analysis dir&ctly using more qpmolex data structures.

Ls

+ It is important to be realistic as to what time horizon we are

addressing as we proceed in the subsequent discussion before weican'l )

162 -
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3 . ~ e . ’ ' ‘

Eeqlly be sure‘what.types of'pléhning and devélopmenq would be appropriate

o

for consideration. For examplé;'is.it meaningful te consider that signi-

. - -~

ficant technological or theoretical bréak—throughs may occur in time_t%
R’Be of benefit? Are we looking ahead to the possibility of a da;a networ#
wﬂera #he hardwhrefgnd/or data can bg cénsidered_distributed; géographically ’
and lgg%cally?: Cleérly;'if this ié a possibility, thenpéoré attention
. must be given to improved ease of access to the data in the presence of
\chtrols-which recqgnize privgcy,-conf}dentiality andffecurity, and this -
affects the se%ection of data organiqgtiona. According to the time horizon,

I can easi{y imagine that we will develop different.plans and approaches;

« 4.2 Span of Datd

[y

In iooking at questions of data organization, there are two questiors
- ! .
. regarding the time span of the data:. 1) are the data (actual-or predicted)
to be 6rganized and maintained only for current time periodsxgr current

" time periods plus historical periods? 29 aré the data for each time period
, . . .

to be maintainLd separately? The influence of these conéidegations on data

(4

organization also depends upon the extent of data and the‘fregpenqy-of.use.

3

The possibility of data ﬁigration from one hardwgme device to another is

also affected by wkether -the data must be_currene}y available or available .

#

. cd '
only for historical archival purposes. We will address this point in a'

later section.

4.3 +Data by Variable vs. Data by Time Periods

If we think of data organized as tim@?series, this type of organization .
is not the one naturallyremployed when gollecting social or{economic data, -

but it may be~ the desirable. type of data organization for-analysis or
, . Lo ¢
reporting purposes. Usyglly we obtain social or economic data for a given
O . - . ‘ - .
. time point or period for many variables. This is the natural way to collect
! - ' FU
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census data. However, for a giveo.variabie an analysis, even for data
consistency; may make it neceBsayy. to use,data by variable across time
T
_ periods. The time aspects of data for.:.@iweﬂ.;ariable raise many
interesting challenges and.questions with respect topdata_organization.*
When data -are stored on a direct access device there can be an erroneous
impression that it is immaterial how tﬁe data are organized and stored.
That is, to assemble a time series of the values '(Xi (t), for t =1, 2..,T}
for a given variable Xi , Wwhen the data are stored by time period and
variable, some people may assume that it is‘convenient and efficient to
.\\ \retrieve the desired data yslues b? searching for each time value of
each verisble. This assumption may be correct if for n dats points the
search effort can be done in less than Knlogn operations. However, re-

organizing the data to be a collection of time series by first sorting

" the data and then using it sequentially may be a more efficient and

effective approach.
. p A ’ .
. Even with such brief consideratiogs of this section,.I think you

V-
will agree that it is important for data organization to take into

i aceount\the many time aspects of dats} ‘ i
— -
5. Modes and Frequency of Use :
‘ . 5 . '
. It is negessary to consider the modes of

data organizatibn, which are considered {n more detail in Section 9.

1 find it useful to distinguish four categories of computer use, namely,

froduction mode,| diagnostic test mode, tutorial mode, and exploratory mode.

As noted in Muller (1969), one reason for eonsidering these four modes is

oy
to facilitatp se;\{ating the problems of using computers into understandable

. R
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and manageable parts, which may also heip clarify issues and close the
current gapé between hopes and achievements, in use of computefs.
Another’reaqu 1s to obtain better understanding of where to allbcate

research and development effort in programming and statistical techniques.

’ -» .

Some of us sfill suffer from the eprLfation that a given '"general program"

»

" can be all things to all péople. 0f the four modes of use, the one that

[}
4 .

most people think of is the production mode, i.e. the one the user employs(_
to accomplish a specific computing-job-whlch no ‘longer. requires testing
programs. It is assumed one knows what heiwants-done and how to do it

(even though the user may also need help of the diagnostic test ﬁode.)

’

NC .
The diagnostic mode 1s used to aid in testing whether or not a
. N [ A -

F/ . '

_ (] :
program or ‘Rackage can in fact be used for production purposes.

g

In a tutorial mode one may wanf help -from a specialized computer
program to learnm, for exampie, 1) how t6 use a proéram, 2) how to
undexstand and use available.dat;, 3) how to use the avaiiéble computer
facif}ties, or 4) what programs otr data are available. The ‘tutorial mode
is intended to'support the learning of a particular body.of knovledge. .

In the context of the current'conference, the tutorial mode might ‘enable °

<

users of Census Bureau data to explore vario&qadata bases and software

that can beﬁusgd, including &esctiptions_of_data structures that are

\ .

available, qnd data cdding conventions and the like which dre relevant

to using the data.

+

An alternative to the tutorial mode is to maintain and distribute

comparable information by more conventional means. The questions to be

L 4

t - , :
answered Here are those of costs and benefits of each approach.

The fo@fth mode, exploratory mode, allows the “user to explore

existing programs, computer languages, and operating systems so they

g
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'Lﬁgn understand what they~are doing. For example, what levels of precision

'
13

of calculatiohs are avgileﬁle? Is truncated;or rounded arithmetic-used

i, '

in the programs? e

S

3

_/ . 6. Recognition of Inertia l
/ =~ . o .

In spite of spectacular technological achievements in hardware, it

fis important to recognize that developmént of computing techniques for

‘improving the quality and usefulQess of data suffer from inertia, in
— v

pe/}icular progress in the software tha% wdﬁld be required to bring about
changes commensurate with the spectacular improvements in hardware.‘

If one now reviews the proceedings of the 1969 conference on statistical\

o

computing held in Wisconsin, it will be noted that most of the open
' \

research and development problems identified then are still with us ,

(See Milton and Nelder (1969)) There are few significant Rreak*throughs X

[ . Ty

in statistical techniques for data editing*\gfta analyseé for presentation,

. or'data organization; the work of Fellegi and Holt on data, editing, or the
- N -

work on intervention analysis by Box and Tiao 'or on data organization by

“Merten are exceptional cases. Thus the lead ;imes betweeﬂ identifyiqg;
- ' . . LU "
problemé and finding practical scTutions may be_very'long.s;One must.
T H . ¥ l : ’ , .
recagnize how difficult it can be to overcome inertia without a high .

. priority emphasis and critizal investment of people's time. Although we
. [} _ " '

3

. have on-line and interactive computing capabilities; we are far from the
1 < . v situation qf being able to perform on-line, interactive statistical analysi

8.
This conference and the:subsequent commitment of considerable resourced/

- may provide the critical mass needed to overcome the current intertia;'if.

there is adequate follow-up. This inertia is‘reinforced by the present

. - . o » ;
\ . o {

concern over privacy and fears of invasicn of privacy, as well as by broader

issues of confidentiglity, including unintentional disclosure.
‘ 166 | iy
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/ Another type o% inertia is the failure to recognize how little
“ o

progress has Heen made on standards for data 1dentification and control.;. o
'Until there is such progress, the ohstacles to portability of sof tware
‘ .
’and data (see e.g. Muller (1975)) will inhibit. slow down, or precludeu: .

effective general use of available data. - I ‘If

AY
[ - .V . o e
. A . “

0

7. A Necessary Pre-requisite. Data Identification ' o .

For those who were practicing statisticians before the wide use of '
'" computers, data code books were a familiar part of a well-designed data o

collection and analysis-process. '‘Cod "’is used here to include any type

»

| of data identification. A few computer-based systems haVe computer~readable
/éode books, some people refer to them as_ "data dictionaries" or, as X prefer,

"data glossaries" (to indicate a capability richer than just a code book or

1

. dictionary,'see Muller (1963)). 1 seriously question how data can be easily

a\i

portable without a clear indication that codes’ can have different meaningd./
¢ S
at different times, or that at a given time multiple codes may have the i

)
. .

same meaning. It is unrealistic to expect that’this problem can be overcome

[ o

" “by universal atandarda. Instead, I would-urge that a necesaary pre-requisite

]

to improving the use of data is to create data-base directories which will

[ B )
~enable the user to recognize and cope with different interpretations of

aQ

-data identification. Such dgta directories often must include the identifi-

»

‘cation of the quality, source, and timeliness of the data. The& maymalso

tﬁclude the identification of the various data structures used. ’

o

. . r.-.-.
8. Current Data Basé Management Systems: ''There is still no free 1unch"
_ ~ : _
There are many aspects to’ the current 1iterature on data base management.
[ L]

There is the schema of total data base management where one looks for a way

. ~

of-describing.the logical properties of'the enterprise, or agency, the use

g‘of data,:and the logical.organization of the data to be used. There .are

-
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‘some impressive capabilities such as data definition'langnages. N
:

R Unfortunately, many of the important stochaatic considerations that

" )

ianuencc how to design and effectively use such data bases either are

- -

‘not handled in existing data management systems or are ignored. The A

data base systems are usually designed as if to be used in a totally
deterministic manner. ’ - - ,_-' " )
».

We seldom get apything free. Data base systems Yequire an investment

' ]

. -

* of resources to acquire or build the systein aa' well-as the, cost of maintain-

) _ . : . »
ing it, converting to it, and training people in how to use it.  In some.

. respects those advocating or using data base management systems dre justify-

)

ing them on-the ground oﬁ'increase!in programmer productivity, with arguments
\

similar to those employed to justify higher Ievel programming languages as

.replacements to mac ine code or assemblers. There is clearly a need to

_ _ ; ' -
[ -
" _increase programming productivity.?;ln this senge, seme data base management

systems can provide programming tools to facilitate the input, output, and

< ~

,transfer\of data'across physical storage devices. . L o “

N

Associated with these tools is the expectation that there will be .-

greater data and program independence as’a result of having 'the appropriate.

- . \ - S

data base‘management systed". Another expectation is;that the system is
extensible to changing user data needs. Althoughisome.ofdthese'systems'

. “ LV -, > ~ . \' !o- .- _n PN 'ﬂ
have been around for a long time, I have.not seen case histories documenting

: how’suchvsystems have édontribited to improved statistical analyses or better\f

portability of data. Unless one is clear abqut ‘the time horizon and the
needed research and development for organization of data, great opportunities

for the- ’di‘stribution of data bases by‘ d&ta networks.will be missed'or delayed
<, S 8 , L v '

because data base management capabilities.(techniques and'qoftware) are not .

adeqqgtento take advantage of the hardware and telecpmmunications enhancements.

_ - 168 o ‘




To face these emerging°problems by mean% of newly-designed ""data base
’ T ——— . ] - .
management systems" which do not yet'exist will take timé’and»could be-

-costly As statisticians, we should be interested in- the collection and

’

analyses of data to evaluate how to design, .use, or modify such systeps

. »
of data base management recognizing that pre-packaged systems are not
' ’ . _
likely to solve all of the important ptoblems. RN ;

9} Data Organization and Avoidance of Fallacies

L ) : . _'...
»  The Yiterature is full of papers on how "best' -to organize data,

as 1f there were some set of criteria of optimum data organization.

_by‘itself, such a factor as'frequency of use 1s an inadequate criterion;
for“deciding how.to organize the data. Even with additional information
there'hmy‘be no 6op€imum9ldata organization, see Merten and Muller (1972).
-For enclnsively batch processing, one might want a data organization that
'wonld minimize the average access time, whereas in an interactfve use of
. data one might need a form of data organization which would ensure stability

of response time-—for‘exa&ple, a minimum variance in the service access time

. *

to obtain the data. Unfortunately, there is'no single optimum data organi-.

red

A Y

iation.
Y . ' RN i

- Another fallacy is that there should be only a single data organization
for a given set of data.. This is'one of the limitations assgciated_with_

. 'N_‘ N , . . . ) * R . . - )
current data base systems,‘ As a minimum, one may want one type of data

d . 1 .o

organization for the effective and efficient maintenagce of” the data, s

but multiple forms of data organization for different types of use to -
bé made of the data--for example, a data organization by time period and

—— .

a data organization by v able to aid the.‘construction of time series. -,
The qliestion of what shoudd be "the" data organigation is—too general a -

. ) . 4 . I ' " * 4 -
. formulation to be of much concrete value. In many respects, organizing -

data forfeffective use resembles designing a-queneing system with the.’
' ' - 169 R A
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arrivans and possibly the service being stochastic procesﬁﬁs, In addition

w 1

to this. point, will the time horizon fif the reseag/h apd development
effont cover a sufficignt span to consider'distributed hardware and data
lbases? Is it necessz to ﬂmaintain historical data? Does the" frequency ‘ ..
~or.volum;~of use'warrant techniqses to allow for the migration of'data to

varLous physical devices? As a minimum, the data may be organized in such oL

LY

a way as to be. portable by~ having the identification of data and coding
. "\' \w . .
structures, and the data codes external to the data content. Current'data_ : ..

-
[\ 3

- base management systems sometimes inhibit portability ofidata, or make it

necesSary'for a potential user’of the data to make a.large investment to

¢

-
, acquire ‘the entire datasbase system in—brder to use a given set of data. ‘-

<

Furthermore, for some applications, control must be provided against
'unwarranted_access,, Such systems could be‘unacceptablefbecause of the
need to reprocess or even reorganize the data go that they‘can become

‘.-.

portable to multiple usérs with different access privileges. ‘/. ;- -

- As in the case of hardware, i}bis reasonable to look forward to. -

+
s 3

1arge economies of gcale through havin&\data bases maintained and

¢

q//K distributed from central data services. T{ 80, addingonal research by

¢ 3

statisticians will be needed to determiﬂe what-kind of data w‘%‘e:fhe

. [N

data should be located, and how it should be organized. Here, again, we. = .

will needrcriteria'tq indtsate gho the.users are, for what purposes they
. t

need the data, what are their modes and frequency of use,~ We also need

- . v . i

W -

" to keep current on the relative costs of transmission and prbcedbing of ° "R

data.: I hope I have not disappointed anybody by recommendfﬁg,a re1atiVe1y

P ‘ v
modesi approach to these problems; I do not believe that u.e field has ﬁad
_ : \ R
f\enough*research'or is matured enough to cope satisfactorily with the;- L ’

. \ o : - . 1 . TR

W o : . o : : : . _ .-
. complexity.of, the present situation, ,/ﬂ '
. ’ . f ' T . . o ’

.
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COnsidering data organization from'a'purely deterministic point ) : .
of - viewgmuch of the current 1iterature which follows the results bf

Ty -
A st

the CODASYL Committee is relevant. 'This. point of view treats data

» W . . ’ ’ . L4 .

organizationqin terms of logical and physical’descfiptidns to aid

computer programners, and several important issues of languages for data .

\

description~and data structure are addressed - For example data systems

| are described as network models, hierafchical models, or relational
- models,xto mention a few. If one looks closely at’ these” efforts, =~ .

~
- )
ll .

h0wever~ no criteria are being put forward in terms of how many levels ' ) #
~ 14 . . . . . }\?
of a hierarchy one should have‘or, in the relational model : o

: describes the data internally to achieve efficient use of the data.

. r

Much of this effort s aimed at allowing data independence 80 that

programs and data can\be changed without‘affecting the end—users. ) : -

N -

- . { M. . .
R4 Although such formal descriptions of data bases can be of great
s .

help» they neglect the questions of effectiveness and efficiency, and

I believe these issues are stochastic in nature. ALso neglected is the
matter ‘f indicating or organizing data according to source, quality, l
- vz !

or~timeliness. We . statisticians recognize that there are a wide~c 6
v ., " . - . . N

of/problems wher® stratifitation_can improve samplingfefficienc R
: , ' . - I - .
-~ Similar advantages can be gaihed through using stratification techni¥

‘with regard to the orgahizat&on and distribution of data bases. With«
J

§tratifiggtion it may be advantageous to establish one or more data or
' X

- °

access directories at various levels of a hieraéchy or nétwork Stratifi—

"o - N
A ’ e’

cation can also help t0 eliminatq conflicts‘on data access w}ﬁh d\the

‘ v

P ..' . . . . q “ N . . \" . ‘ ) . "'
. formance characteristics which one might want tb c¢gnsider. It is dot : o

Y
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- . »

« at all clear what performance criteria one ‘should use. One can formulate
o “ » .
Ty ¥ the peIormance problem as a mathematical programming model ‘and 1ook at
. "
o the question of optimization relative to some objﬁctive function, but to
o . o ‘. . & "‘ - " ¢ ' .

date I have not found this a very tseful description other than to

demonstrate the existence of a solution, see for example'Merten (1970).

l.’; ' In‘vieW”of‘the'sensitivity of "optima" -to assumptions about dd;h which - | !
.o '

themselves are subject to unknown changes,,g&ypﬂbn is required here.

" —

ﬂ? : Perhaps the views ‘0of those in attendance can help clarify the priority T
[ 4

to be given to optimization criteria.
o : Data organizabion includes the question of seeurity and control,
what types of user access will be allowed, and for what purpose.. o ¢

Furthermore, some parts of a recbrd.may'be considered sensitive and®’?

‘e

. therefore should have some'tyﬁe'oféencrybting or scrambling to protect
N o o _ xR : -

the sensitive parts-—another cqﬁE'where multiplg files using differEnt

"forms of organization may be appropriate: | ‘ ] ’

v

- ' " 6
10. Data Organization and Non-numeric Information’

e

In the future some types of data organization'should exist td handle

¢

non-numeric information; which I believe is necessary to consider, especiallz
. ’ iy . - R

e " #¢f the time_porizon of the research and development effort exceeds a Tew *
e ‘."Q to . : ! _ : . ) . ‘ _ .
. “‘ Rl ;

;Nl}wk"~ . years. 'brdinarily, one tends to_consider non-numeric information to be
BT ' - .- -t ' . N : ’
*»‘*g o synonymous -with text. Even this kind° of data offers unexploited oppor- S e

T _ tunities for_data analysis. Although some types of data orgahization.

f
* "l

- e, ‘ alreadywinclude‘the facility to handle text such as footnotes, report

titles, table headings) stubs, and user instructiOns, I believe. that we
Y
need to consider moreé complicated data organizatioas and storage facilities,

capable of handling digital representations of graphs, maps, and pictures.

With satellite capabilities to collect pictures and ' create maps!, and
. . ‘ 9 v .
x ' with the emergenee of satellite or fiber optics communications for digital

. . ' 172 . . . .-
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transmission, statiéticﬁans now need to plan how they can imbrove analysis
. . , - _ \ . . . y . L

L]

w“. | _ - and“oresentation of such 'results.’ Additional statistical teehniques may ? '

' ' v’ ' . '
dlsd be required to use this technology. The challenge of non—numeric‘

® ° I
information is here; are we prepared to acce)& it? ,' o
A}

. v
e

11. U8e.of Models to Analyze Data Organization® : S

v

. v Analytical models togdesgribe.gnd evaluate the performadte of data .
orgahizations or the aosociated softwarq can have a place in a r1£harch
and development effort if they provide useful reductions of the cdhplexities

of the real world. I believe that’ the models should have a stoctastic {'

‘ :I‘ .
orientation. Such models, to be .useful, must reflect qualitative as wel

as quantitative factors of relevance to the user, such as ease of learning

or ease of use. However; care must be taken not to lose sight of tﬁe end \
{ ‘ ' . g

‘ v

!objective of achieving effective data organization and software. Unless \\
one can collect real.data to validate the rehsonableness of a mddel, one -—

v 7 -y

should, in my opinion, suspect the conclusions or usefulness of modeling

b

efforts. : ' * ' N -

. . Ny - . _ .
* . ”
L[]

12, Prodedurnl vs. Problem Approaches

. o N ' .

-

yost of the highet;level languages_evailable_today are eftegtioe if _;*

-one is prepared to describe a problem using data (or\the organié.tion of; “
Y ‘- data) lﬁ-terms of procedures. The same‘godld be sald of most l;rgetscale .
* gtatistical pacﬁegee.that are now available to analyze-data. One of the

«¥ N
(3.4

.

attractiond 'of some data base systems is that they-have commands which

_ o R
are more problem-oriented than procedure-orientey,. 'The adyantage of such.
— | . a command structure depends on how important itmis to adoptéh problem -
’ ! ( yl'" w

approach rather than the procedural approach to therase‘of the data. .
. “ _ . o
’ The question is how much “resedrch and ddvelopmght effort is'heeded‘perea :

a3 ' -

-




s .o . ' \ R | - ’
e T p
. The answer ‘ill depend on identifying the usena, their needs, and the

time horizon.- If the users are e¥perts in programming and have been

“ .
e »

trained in ways that exist today, then it would;seem natural to use a
: . ] . . ’

procedural.approach. Howeyer,_in lbokinglahead it is not at all clear " .
| that ithis is what is desired if it is intended,to stimulate the use _ '

° .

of census data outside of the Bureau. | - : . _ -

With problem-oriented software one could describe the problem rather )

\

. -, than the procedures—-for example, identify the file,-the particular record '
' } ® e ‘;_

‘

'types of fields within the file that one would want-—and then the criteria
[r
.. for selectiop and analyses of data, rather/fhan the detailed procedures.

On the basis-of the problem specifications,kspecial compil\rs or translators -

“ * would anhlyze the problem specification, either to generate procedbral cab}s
Y D .
A0S for use by,conventional compilers orato translate*the\specifications ‘to \
A - - -‘\ ‘v . A S

. !
d

- .
procedures interpretatively. I beIieve this is apfr itful area of re arch, .ff ‘
. The problem approach ha£~9pbiguities, not S0 mujh in the syntax for
\ , ] . ’ ¢
: problem specification as in the semantics of determfning whether or not

the specification of the problem permits a correct, unique and unambiguous .

computer execution. Without tnying to prejudge what

of the study should be, I think it should start witﬁ straightforward and
M . / . * »

-practical problems followed by cases of greatqr complexity. Some of my - !

the future direction

colleagues and I have been lgoking at this\bhallené: for some time, and"
i " we believe it has relevance to situations involying the need to accompligh

multi-dimensional data array”manipulations and transformations. In this

area we feel we have been relatively successful, but it is an area'needir

" additional research and develdpment, see for example Muller (l977).
- LIS .’ ' /, ’ . . .
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13. Distributed Systems and Distributed UseM~ {/ g ,. | s

It is difficult to accept the views, held by ‘some” data base systems.

N RNY » -\‘. . P . . o ) . .'
¢ advocates-that current data base management systE; provide'ausolution

to the data organization problem. - Under theqbestsof conditions, such - .

‘ e

ystéhs may be solving some of today s problems, byt these are not o -

) N '\—~. ’

. necessarily the problems that - wi 1T be’ facing us for the next few years.
N oo

A sizable i“"£££ﬂ§9§7‘8 required to felect and install curreqt data base

\

- gystems. Such investment may divert resources from needed research and

7 BN
1 . . : .
_ ~development.- / ) . . _, ‘
A . . Ed ) * ,l .,:‘ - \ . . . . . ‘
As data files become larger, it seems ‘logical to”expect that thPre
: Yoo. will be an increasigg'need for data organization that alloys, the daya .

L to. be distributed,éeross ﬁierarchical storageldetices.‘ It 1is Ibgicai to
..expect toat,'depending upon the time horizoo~under considefation; the
.dats codid be distributed geographicallyf Depending on WEP the users
_are, and their objectives, it seems reasonsble to ihvestigste distfibuted
) data bases’as a loéicaf snd effective soproach. The'question then arises,

-

is Tt reasonable to assume that the users need distributed data? I believe

e

v

it is realistic to assume that the users will‘EB§<:stributed and want to

-use distributed data bases. Attention must be given'to access coﬁ\rol,

S e . * ’ . ' . >
: . . ¢ ?

security, -and the need for .tutorial moded’ of use .to enable users to

N .

understand and use data if they no longer go to a ten@kgi facility to
O - : . " v
. acquire the data. This raises problems of maintenance both of the data

.- “and of software. Conseqoently, the question I see here 1s, what criteria ,

’ -
should one comsider as statisticians in making decisions about distribution

\ . " +
. ) ‘

+ ..af hardgsre,.softwafe, and the users, and what ramifications'yill|this3hav$

.‘/

* on the usability of data? - - . e a5




L

As noted earlier, the question of diatribution of users is relatedi-'

to the .question of economies.o'~scale. Large generdl—purpose maﬁhines

L ]

have been popular because they offer economies of scale. Intelligent
‘terminals wdth local memory undoubtedly will generate additiqna&~uses

_of centralized large~scale general-purpose machines. I believe wé& can

4

expect to realize economies of scale for data bases in data networks :

3y

with smart terminals without necessarily having all the data in'one file. .

Yoy

One of the questions that needs clarification is how to achieve effective—'

allenges for Statisticians and Computer Scientists‘

It is a real challenge to bying together computer scientists and
statisticians t..identify who the ugers are,, and what their needs are.

\A second challenge is to recognize that the design and evaluation of"

\
' -

e 'A third is, the need“for evaluations of the performance of different data

-. : organizatiOns, the software using the data from such organizations, and--
the software for the statistical analysis using the given data organi—
zations. The evaluation, I believe, should be based on carefully designed

[} \ V

statistical experiments 80 that one can estimate the main effects and

v .

interaction effects of the various parameters’ one might have under control.
ch 4

I am using the term "interactdon effects" in the sense employed by a

- statistician who-has designed, say, a factorial experiment. I believe

this is a very fruitful and necessary drea to consider%\one well worth

neceiving an allocation of resources for future research, and I would
_that attention will be given to this area.. e
J . . " . ,

L e

o ' . '
systems to cope with data gaps involves a problem of statistical analysis. '

-/




".15-.;- Questions and Types of Software

s | -.; J 7.

15.1 Qpestions to be answered e« . L2 .- . - T

-

"The_typed of s'oftwar’e research and de'veiopment to be recomfnended“hy .

' this conference depend in part upon which questions we decide should be

-~

o pursued o . . '-.- U '.\‘,- .
‘ Tl'te‘ questions can-inc_l,ud'eN:~ | .‘”"“‘ o ‘
e .".i‘ilne"ho,rizon"/:' S T o > "
— . . 'planning' and )devel’opment for: 1978, 1980, 1984, 1990 ”,or' ?
. . - 'span_o! 'data.t current only, historical only, future,
. Co . -
- ** . . or some combinatiops " ’ .
) ! . ~ data hy v'atiable‘vs. data by time period T ' /
" * Data for-.what purposes’ ‘ ‘ ’
_ ® Who are the users, what are their ne,eds, what’ ar'e their .p\riorities?'
;ﬁ. What modes of use are to be supported: production, diagnost}c, '
f " tutorial, e'xplq,rator.y? . -t ) .
- v N "° how frequently are the data to be updated distributed used?' T
- °'What data identification will ‘be needed how will it be - |
G distributéd vand how will it be maintained?
j T ‘; Will data standards b& formulated and maintained?
" . o :
con T Will portable data direc‘to‘ries be established and required? . .
;_' . - * Types'(gf data baee systems: centralized,‘tﬁst‘ributed, decentraiizgd.
' . Ml . | : rﬁhere lshould the data l:e iocated? . L “ . 4
Who should cqntrql access to the.data or the data directori.es? - §
' L® Wﬁl non-nqmeric inform,ation be part of some of-the data bases?
o ' 2 .Will statistical t-echn‘igues be useq to gatﬂ;er data or perf_orm , " _
~. anal;'ses,to influence :i:ata forganization - b N
" . | PR : - \ .
Y . p '
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What software will be- developed that are acceptable to

different users for conversions of data from one typf ’
of data otganization to others? .o 'ﬁ‘ “ ”
®* Will -there be an aéency prepared to- provide'%oftwar7 to :
convert data? .
~ * What levels of data security and confidentiality'are required?
e 'what hack—up facilities.are required to‘ensure uninterrupted.
g user serVices?i‘ o - | o R
¢ VShould problem-oriented software be developed to access and
use the data_hasesf ' - .o e ' ‘ ,
2 ‘e

What extent of distributed systems and users are to be supported?
What financial and human resources can, be made available fox
various types of effort? )

All of these questions have political as well as technical aspectg,

especially thqpe involving security, privacy, confidentiality, the use

ofrdistributed data or neaworks, or use of the data'by commercial service .

bureaus. . _ ' . )

15.2 Types of Software ' ’ -

The types of software to be developed depend in part upon how the
selected questions are answered. In additi0n, the types of sof tware
to be developed should reflect the kinds of statistical @nalyses that
are expected to be needed and availablF. I am concerned that unless

¢ e

explicit attention is focussed on.statistical Questions; sof tware

.

development will be undertaken without an adequate underlying statistical.

-

basis. Take, for example, analyses allowing for.-missing data or techn ques

¢ .

to classify multivariate data as being suspect or-defective depending upon

how the datadare:to be presented“‘r used. ,ﬂp .., “(ﬂ.

e : ‘ L - " . BPZR R
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Regardless of' the types of software to be developed, there are

. ]

further qheqtién; nquing attention, possibly by others not attending -
thi;\bbnfe;eqce..'These questions include who will

a ‘. ® develop the software

t test the software

-7 - * distribute the software
. Ve o - N < '
‘ g * maintain.the software
’“ * administer requests to change the software;

! bélieve sqf&wafe 18 needed fo:

®* collect. and maintain data on the use of data bases (sueh data

» ’

can be-used for evaluation puquses.to influence data organi;

| : : _

zation as-weil aé/clarify whether thene'ié“sufficienp demanﬁ

for use of the data) . . )
PR . 14
control access for the creation, modification, removal, or

-
-

.o dlstribution of data, as well as determine when simultaneous B

-
v

use of the data can be permitted.

v - [

L)

”

maintain portable data directories far those who have different
) \

‘ - data organizatiops or equipment

restrict data to forms that are compatible with ‘the user's - . !
/ ' _ .l - g .
environment

' ¢

héndle.cpntralized'or decentralized data bases
_ .. N

monitor use of data so as to notify users when, subsequent

- ol .

to their accesséfo the data, errors are detected in the data,

-3

including audit trails' where needed..

.

store, retrieve, and use non-numeric statistical image infor-

mation such as graphs, maps, and pictures \

-

v ' o e ) . '
monitor usé of data to estimate what data to have, where, and

for whom . S |
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? develop 90ftware to allocate and reallocate*dvnamically the

Iocations of the data, the amount of main memory to’ he used
¢ . ' l

and the access routinbs to be used. ‘Zuch software may belong

3

to the operating controB.system of tife hardware netwbrk,zbut

! ’ it should be designed in such a way as to be portable for users.

(Y

® make possible uninterrupted service or error recovery with a*minimum

loss of informa(ion for ‘any users. accessing data bases by

o

means of a data network

'* provide problem—oriented‘softwarﬁ ag well as procedure-oriented

~

. software. : . r CLLE

" .. . . Y . »
. 1 . . . . )

G , I am assuming that software to enable use of distributed equipmentfwill be

(x4

avai1ab1e as we11 as necessary software to crea‘e audit trails making

podsible data recovery ‘due to environmental or equipment interruptions.

.
s . . nd . . ‘ L

16. Basic Questions,'Priorities, and Research Directiong . : .l

1 . /’

I have raised several quéstions which.I believe to ‘be basic, in order ' . A

to iden;ify and understand the cha11enge¢ that ought to be faced now and y ’

r'
. . in the next’ few years.- We must recognize that priorities are to be

-~ I

established and that resources are to be found and allocated Depending'
on the time hor}zon selécted, and ‘the resources that can be expected to be

available over the period it may be necessary to assign re1ativr priorities

‘ 'on the basis of likelihood of success, or-at the other rextreme, oR the-basis

-

) ‘ of likelihood that the projeqts are of such long duration and high risk ‘that

¢ - no other)group cquld be expected tq handle them. Therefore, the research

A5

directions could be the selection either of safe efforts with high likelihood ‘

o . e +

| of success or efforts that are the most riskg leaving the safer ones to e ]
1“>;' others who do not have large staff or other resourced. Sometime before
this gonference é%és 1 hope that we will stimulate interest in seeking " \
" v 180 o Lo
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- - ' 'ans@ers to the questions of who are the usefs, what_shouldpbe_done, and

: B ‘with what priorities. Some of these.duestions-canfbe resolved by the' .‘

1l ] " , I

use of cost/benefit analyses. These can be difficult s{nce'tﬁey sheuld -
© ' . v, . L
take'into‘sccount soclal and economic.costs and benefits as W81l -ad\.

.
. ! a2

financial. ‘. . : E N
_ * ' . ' T T
w. Reasons to be 0ptimistic

¢

{

t

b

i‘ ° ] :

i : . - ’

[l a\ . - M - : : .
f . w C e “

i

— . : In spite df the large number’ of q estions: that I have pr;oposed » -

Y

i . . I am- optimistic, because L believe that many of the significant enhance—"'

. v \

ments and developments that have taken placelin computing were developed

to meet -the needs of statisticians at the Bureau of Census."Therefore, - -

. I beiieve that if we concentrate on needs and the required statistical e

A -~ ' v . 4
tools, the developmerit of the appropriate software and hardware will

y '.follow. Today.it seems ess{er’to.consider hardware_development.

I believe that if we concentrate on the analytical‘statistical questions; SRR

* [}

§

the subsequent software development will take place. . '
T am optimistic because I bélteve that meaningful research can \\\\

M .

onT& result from\heving realeand:practical problems. Again, if ome

lzois/gack at the- influence of  the -Bureau of Census on development o{

’ A bdth statistics. and hardWare, ‘this was successful because it was related

e
e

to real needs and, real:problems. \\ ‘

:ﬂQ._ _"; ﬂ'smﬁalso optimistic-because we see.a‘joint effort between the
Bureau and ASA. fThis\iszgood} because many of the problems.reouigf

peopie-ﬁrom moge thsn one aiscipline;»especielly in tﬁe are; of-detefmininé

how to perform evaluations of software. In this sense, the existence of

"

AN the_ASA Section on, Statistical Computing is another reason for" optinism,

as are some .of the activities taking place outside the United States.

We are*incressingiy looking beyond our* shores.in the area of computing,

- : 181
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‘as'we have in the past with respect to the theory and application _
. C, . [ . K ; v . \

of'statistics. L . ‘ - ' - AN

-~

I am optimistic also becauSe of activities such as those planned

a \

: for the International Association for Stﬁtistical Computing.

- I am optimistic because I can see significant contributions . . - '

being made by groups outside the United S’ates that can easily influence
the kinds of activities that ought, to-be taking place within the United

States. Consider, for-example,.computerrbased dasa.editing, such as

a

‘that which 1s goirig on in the World Fertility Survey through CONCOR,” .

and in the efforts of Stat stics Canada. 7 .

o - ‘ -
3 . , sv L

Finally,”I'feel opt istic because of the'recognition of the need

!

to hold such a conference as this one, . composed of people prepared to

- ' .‘ meet in. working groups and devote time and effort to identify whath:eds :

-

_ to be done’ . . s . '
. , . e N '.’ . ; . ) .
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Organization’of Data for Census Users L _
By Bruce Carmichael, Warren Besore , and Kam Tse : .
Systems Software Division ‘ .
U:S. Buresu of the Census v "

. ' /, . . . )
Herman Hollerith | the inventor of the punch-card tabulating machine that

- . : ~' . - - L3
. was the forermner of modern computers, was a Cens oyee. His invention

\ had grown to the :extent that, current methods: were hard-pressed to complete the .

processing of one census before the next was ‘begun. -

4
.
’

The problem of data volume id still with the Census 'B'ureau and its users.
L )
In ‘the 1970 census, information was collected from some 65 million households.

Yo

- Twenty per cent of these households completed a long form of the .census question-

naire that prov1ded a comprehenswe v1ew of the1r 11festy1e. Today the ‘Bureau

L . Ay

is 1ook1ng 1ncreasmg1y to-sophisticated data’ orgamzatlon schemes and acce§s

methods ‘to manag_e this huge volume of data, : '

This conférence was convened to examine the problem of dis’cribution of

L4 : A )

o Census data: spec1f1ca11y whether the distribufion of software for accessmg

1}

y - and prodessmg Census data would make thlS data more eas11y acgesyible and

?1oser to the.needs of users. It is read11y ul}derstood that if data is dis-
. _ , Rilhe's _

tributed in a manner that requires extehsive processing to extracf information

“in a useable form, 1ts use is restrlctedr to ’those~whp possess the facilities
\ o

$Band the funds to affor_d the processmg 'I‘n;s paper looks at. some -of the new’

techniques in data organiiation that ;he Bureau 1s.u51‘ng , and some  of the

~

'3
- +

facilities available commbjcially,.to gee if the Bureau's data organization |

technology can be extended o service the needs of users.

-~ ' S AR

¢ . . ] .
)
L ] . .
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Perhaps a good plaoe to start is to look. at the way in whlch data dis-.
tr1buted by the Bureau is currently organlzed and the software ava11ab1e

for acceSslng it While the subJect of this discussion covers all types of

C e e~

,data d1str1buted by the. Bureau we will cover brlefly data derived from the
decenn1a1 census as an- 111ustrat10n of’the foarat 1n whlch data is or-

ganyzed for d1str1but10n

!

‘ [ 4
- ' \’

Raw data from a decenn1a1 census s stored on ma etic tape, grouped
by geographic area. Once the Taw data is ed1te2£and Vaildated a set of
‘Jb351C data tapes is. creased for use w1égan the rkau. These tapes -com-

pr1se the basic, or mlcyé data from whlch ary files and Spec1a1 tabu~ .

are prep red and d15clos re analysﬂs and data suppresslon are applled'on

L

these files. These f1 es are maj talned on tape for distribution to Census

i

/‘/ . !
. data ‘users. THe s

ry f11es re grouped into two categorles sunmary
" The ‘Sunmary counts -for the 1970 census occupy
, the subject reports about 400 reels and the

_public use sampl S another 260 reels . These_ tapes are ava11ab1e in 556, 800

of teography'

4 1ivin and eatning over, $15°000 t?;s 1nformatlon would be

A\l
P

located iﬁ 'FILE C" of the "Sth QOUNT" Maryland summary tapes Since four

v i | 185
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' employed.specialized staff for this work. ‘

v
.

‘tape reels are required to hold this file ‘the user would brobably have to read

’ ‘e ; v o) -
all four reels to locate the. desired information.

8 . \ <

» .
A set of extractlon programs called DUAList is available to a551st the

- user in locat1ng and dlsplaylng tables on the summary tapes For certain

cases the extractlon.programs even had 11m1ted aggregatlon capabilitles._‘

'More_exﬁinsive or detailed extractions had to be performed by custom programs.

Because of the.difficult;&of developing such programs, processing centers

S

b ‘ '
There are several improvements that could be made in the distrlbutlon of

-

data. Newer tape dr1ve5 perm1t higher record1ng den51tles requ1r1ng fewer

reels of tape “to hold the“flles. leferent_tape_formats can facilitate pro-

cessing the data. - A'larger varidty of ekt ctions can reduce the amount’of

/
7

processingzrequirfd of the users. SR .
. . ‘.X * . .

"On the whole though | seque [al file oréanization,'and sequential pro-.
cessing, of data, has reac 1ts limit. If we are to ever make anx_progress'
. ) / . ) . : . )
in reducing the cost o rocessing Census data, we must come up with a new way

¢

of organlzlng thislast volume of data ‘that will make it manageable. - This
~~

organlzatlon thod should include a common logical model of the data'and its
strUctur #“and a common method for acce551ng the data. Furlhermore this model

sh d be compatlble W1th the Bureau's 1nternal~structures. -Compatlblllty

Data could bé"more t1mely if user- acce551bl€>/

-

data would be updated in the same form as internal data rather than hav1ng

would be beneficial in two ways.

to be translated:,) Secondly 1t would require fewer resources to extend the

t »

Bureau's software systems than to go through the process of developing a new

system from scratch and then 1nterfac1ng it with the Bureau's.
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* 1. COMMERCIALLY AVAILABLE SOFTWARE , HARDWARE, AND SERVICES

«

A briéf survey of tommercially availdble computer products.and services

migiyt_ be appropriate' to identify items \;_Vhich could be utilized in distribtiti‘ng

[ 4

Census, data. = | ‘ " .

4

Software Packages - R
advertised as Data Base Management Systems® (DBMS) and the number is constantly :

" There are well over a.hundred commercially available packages that are

growing. Packages .conforminé to the report published in 1970 by the CODASYL

,'cdmmittee are available for the equipment produced by each major computer manu- |

-~ ' L 4

facturer. ‘ This report is)t? basis of an industry standard for a Data Manipu-

lation Langﬁage (DML) and ata Definition, Langl_lage (DDL) for data bases built -

on a network model. More reeently, with the einerging research by €odd and
] .

others, new DBMS are being developed and tested which present to the user a
. ‘ )

“

relational model of a data base.

Generally speaking, conmerci‘ally available packages can be-class.ified into
S _ -
the _following categories : \‘

. Data Retrieval Systems

File Management Systems

Complex File Systems SN
‘Data Base Mahagemenf Systems

R4 x
Special -Purpose Systems

Due to the volume. and- comﬁlexity of. Census Data, weiwill limi\t ouréelves “to

: sdrveying DBMS only. The fol_lowi'né table presents b;lsic information on 11 of
tﬁp more popular DBMS. Hoéf. ianguage‘ packages provide a DML that is embedded in.
a copventional high*ievel prog’rémning lm@age, usuallly COBOL , FORTRAN , or PL/1,
Tfans_létion of the DML 15, generally imp_lemenfed through an enhanced compiler -

w o
e
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Host Language CODASYL ’ S
Data Base Management Systems ,
. T - . . R . 7 .
' ) DMS 1100 IoMs: Honeywell ID8-I1, ¢
! ) " _ ) \‘ coe s -
CcPU 'UNIVAG 1100 . 1BM 370 “ ., Heoop -
, ,‘ N ot . . ° . . . 'l/' -
It Description COBOL Orientsd ‘T Host Language Like " - L. co’ou. Like
 LogioMl . Network  Network |  Network
. Phydlcsl : 1 pointrs, " polnters " pokntees
Acdess Methods Direct Direct ~ ..+ Dhsct, .-
) Heshed °, Hashed Hashed ’
ISAM - Network ISAM
Network - 'Nomk )
D.B. Creation ° o User Programs , User Programs Utility ’
— - -~ _
) Query Language ) Yes .+No ‘Yes
————— — -
Report Generstor Y No ° No Vo
Host Language COBOL " cosoL * COBOL
FORTRAN FORTRAN '
Multi-tresd Yo  Yes '  Yes
- - - — — T
Security Nons . Theu Subschema Password
Data Validation * None " None Yeos
Recovery FullScale FullScale « ' Full-Scale
Surveitance Log Tapevand None Yeos
Statistics ‘ o :
gt Collection . ,
- = : - ~ '
i, oy ‘e
N “ ) R ', b *
T  Figure 1 . .
L \
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Host Language Non-CODASYL - | ‘ |
Data Base Management Systems A _
T at Burroughs . Cincom 1BM MRI ° ~  Software AQ
: DMS I . TOTAL . IMS System 2000 ADABAS .
"o Burroughs IBM 370 ** IBM 370 1BM 370- IBM 370
| $700, 7700 CDC 6000 UNIVAC 1100
‘ * UNIVAC70 " |- coceooo
Itsm Description " Host Language Host Lenguege " Host Language Host Languege Host Language
D Like Like - Like | _ Like . Like .
Logloal Network : Multl-list I Hiersrchy Tree Structured Almost
1 - ~ \ . | Reational *
Physicd Pointer Polnter  Adjsconcy Adiscncy . | 'Pointers )
AconMethods | Direct.Himd $| Diecr -~ | 7 Direct Direct
J ISAM, Bit Vector, Sequential o ) - Sequentlsl Inverted : e
)| Network { Hashed . _ Inverted Indices Indices
D.B, Creation User Programs UserPrograms | User Utlity & : Utlity &
S . Programs User Programs User .
_ . . . Programs
. - — — = '
Query Lenguage Yes _ Yas N Yes Yes | Yes
ReportGenerstor ~ .| Yes , Yes \ Yes - Yos .l Yes:
Host Language ALGOL T Any lang. " coBOL COBOL ~ COBOL
k . LA ) with sub- PLA FORTRAN FORTRAN ‘
cosoL ’ routine calls Assembler : - PN _
_ . ‘Assembl@
' o » : . : ADASCRIPT -
Multi-thread Yes Yes . Yes ' v - Yos
Security : None ~ None Yes 1 Yes . Yes
Deta Velidation Some None None Some . Some
Recovery Full-scele Somer~. Yes '.' 1  Full-Scale '-*ull-mb
Survelliance ‘| Some None . L Some Lop Tepes * Log Tapes:
..d”: POP-11 - N / - ) o Y
Honeywsll 2000 . ' C , ’ ) .
IBM Systom/3 - S . . , .-
NCR Cuintury o . Pigure 2 .

Vatien V70 g : ' /
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SELF-CONTAINED _ R > o
Data Base Management Systems . ' N
.o - : Computer Corp. of America s Meade Technology TRW
s - Model 204 . Data/Contral : . GIMN
. N I3 . %. - . . ! . - / .
cPu * -4BM370 . - 1BM 370 . 1BM 370 B
. | R : UNIVAC’IO‘ .
. » P ¥
Item Description Charsctey sivlng o "* Cheracter String Charactsr oivlng,
o - - Numeric '
" Logical, - I C+ AlmostRelationsl Multi-list Almost Relationat
- % ’ I '
Physical - . * Polntery 1 " Adjacency ’ ‘ r‘(mm
. Agoess Methods ; ) STquonllnl Inverted Indices Inverted Indioes
3 e “Inverted Indices Sequential Hashad
2,8, Creation .o 7 Uity © Utility o Uty
Query Lenguege * M Yas - " Yas Yot \
A X
Report Generator No No . Yas
Host Linguage . COBOL, FORTRAN, Any lengusge with - . COBOL and Own' =
' PLA, Asserttbler whroutine csll BN '
[ - . . 1
ﬁulﬁ-ﬂmd . Yas . \C] Yos -
Security Yas Yas Yeos
Data Validstion . Yor No Yeos
_ i —
Recovery - Some. " Yes Yes .
MIIMQ _ v W Yo Yis - Some '
N L '
) ; N g ! Figure ‘3
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a pre- compller or subroutlne calls Many, DBMS also offer self- contalned Lt
uery 1anguages for on-llne 1nteract1ve retrleval and update. .
b L . .
) Hardwarg/gystems‘ , L ‘

- _ : L _ .
. . . . o "\ , s . H .. s . s
 In most prodiction:environments, DBMS is .treated like any other pro- » = -
gram sha;ing the resources of the host_computer: - Even in those installations

that dedicate a computer to data base applications,_the.hardware configuration

ahd"oberating system software are not modified. It is common, for big cor-

“porations or government agencies to employ a large- or medium-scale computer

“running a DBMS suoplied by a software firm or by the computer manufacturer. -

In these 1nsta11at10ns the data base res1des on mass- storage. Numerous |
1nteract1ve termJAals access the computer for on-line updates and 1nstant 7 <

1nformat10n retruevals. Jobs for batch updates and per10d1c report genera—'

| t10n are either run concurrently w1th on-line processlng or durlng off~sh1fts,.

node of the network would possess a mini to handle its local data base work,

'dependlng on the capacity of .the hardware o _ o

‘bases of various sizes, some of which are useful only to a particular branch.

With the recent prollferatlon of m1n1computers many firms have Tome to L e
possess one Or more .of them. There are two baslc methods of employlng minis

for data base app11cat10ns. One is a stand—alone system. Smaller companles

' may own or share only one mini wh1ch they use for all the1r comput1ng require- -

] ~

ments 1nc1ud1ng data base. BRPS ' S

A second method is a distributed network. Bigger corporatlons may own

several minis and possibly some large- .or med1um scale computers, in geo-

graphically dispersed locations. In additfon, they may have a numMer 'of data .

In this instance, a distributed data base network would be more ‘suitable. Each

) 1
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In addltlon to the tradltlonal approaches there has been active reséardh
A\

= toward &he 1mp1ementat1on of a so- called da'ta base machlne. Some researchers

S

_are considerlng a hybrid machlne in whlch special processors: are added to thq,_

- conventlonal general-purpose computers.' For example one. such attempt was to

add an Assoc1ated.F11e Proces§9r, 1mp1emented on a PDP-ll to perform assoc1at1ve’ g

(parallel) searchlng of a very large textual data base. Others have suj gested
‘ . A Y .
that- the architecture of the eonventional computer should be changed o acco- X

modate the functions provided by the DBMS espec1a11y those connected w1th the

relational model. | _ o t A - ﬁ)

"gomputev Service'Organizations.

"'\ < .
~In-the current marketplace 1t is’ unnecessary for an organlzatlon to own

\-
or rent a computer in order to have access to drver51f1ed computlng serV1ces
f; . S [}
" & 1nc1ud1ng data base packages. any companles are in the business of prov1d1ng

a computlng ut111ty, much 1n the way the phone- company provides a gommunlcatlons

-

utility. "One Such service is. General Electrlc s Mark IIT, which is * described
hére as an illustration of the kinds of services dvailable. This )is not meant

to imply that Mark I is either-the best or most {comprehensive of'such services.

Mark IIT has'thonsands-of customers on a world-wide network: Many of the

cus tomers have large vdlu@es of data stored -on Mark III. -Each customer cag
access his data base 1nteraCt1ve1y or in a batch,mode 'u51ng either his own pro~“

[

grams OT -a generalized software package furnished by G.E. -

Local phone numbers are_available in all major_U.S{ cities that. allow users
‘2" to comnect to-the'Mark ITI network, Twenty-four hour , toll-free service numbers

are, staffed by consultants who'will.assist a user,needing help or encountering
. ' * . . . * ' )
« problems. . - ' s "
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Generallzed software currently ava11ab1e on Mark IIT includes the1r ‘own data -

base<pac ge,DMS I wh1ch 1nterfaces with FORTRAN as we11 as w1th spec1a112ed

software packages such as plottlng rout1nes, report wrlters, and 1nteract1ve fAuery
/

programs ~.Non-programmers can perform their own stat1st1cal manlpulatlon of the

data such as row and colum sums, averages , percentages and.dev1at10ns.

.. "..v )
» 13 . .
. . - 2

0

Custom.Census Data*Processing Services_® SR _ s m ey

.

. If a user of Census data requires a more, customized form of”computer service ;

" he Q%n turn t:ﬁoﬂe of a number of outside. organlzatlons equ1pped.to perform

spec1a112ed P ce551ng of summaf? and sample data. ‘Some of these.organlza ‘fons

" “prqvide-a broad line of.serV1ces§~wh}1e others have concentrated on specialized

types of worka

¢

[

‘an 111ustrat10n and,dées not imply en rsement of any organlzatlon. gﬂlL Labs is

a non- prof1t corpdration offerlng a- ar1ety of services. They prov1de consulﬁlng

.

services and tra1n1ng as well as custom proce551ng of Census data.’ DUAL. Labs does.

not have its own. computer 1nsta11at10n but instead buys computlng serv1ces to

support thei rk. ‘A fair ameunt of generallzed software has been developed by .

dIctlonary and prov1des aggregatlon capab111ty, and software for making and docu~

ment1ng.vert1ca1 and horizontal cuts of publ;c use samples. .This software has
also been sold*to(hsers.' Some DUAL Labs cooperating. offices pfovide thefr soft~l _
- . i -

ware on a time- shar1ng bas1s to users. In fact DUAL Labs prov1des thé type of
. »
service that many countries offer through the1r national stat1st1ca1 offlces.-

» LA
- . .

. : _ e . , B
-Other organizations , such as National Planning Data, provide more spécialized
services , sugli as making ED data available on microfiche; digitizing tract bound-

ar}es, of providing population density or affirmativeAaction“information.

One such organization is DUAL Labs. Agaln thls descr1pt10n is intended as *

7

'DUAL'Labs' 1nc1ud1ng extractlon software for summary data that makes use of a data v

.




¢ III PLANNED DEVELOPMENI‘

' 'I’he Census Bureau is wqumg toward an 1ntegrated system for the collectlon
.

: processmg, and presentatlon of* Census data. The focal pomt of thls system w111

r

be a data base mahagement system that wﬂl prov1de the structure for and access.

.
N . s .. . .

- tothedata.- | e | .

LN

A data base for adnunlstratl\'de data is a1ready operatlonal under thlS syst'efrr_

. R .. ! . .

One’ area to wh1ch the Bureau is. app1y1ng new - data organlzatlon technology N

S is dlsclosure analysls and data suppressmn. A system for autOmated dlsclosure ok
: i . ’
' ,.-analysls 1s%e1ng developed for use in the 1977 Economlc Census. ThlS system
, o RN
uses a\hlghly structured and ea511y accesslble gquraphlc 1att1Ce to prov1de -

{ , Py
. conta.mment and’ mtersectlon 1nformat10n.

¢

( AR Another gurrent data base pI‘OJeCt is the Master Reference FiTe for the 1980
| demogrf&phlc census. ThlS f11e will be 11n;ked ¢o a geographlc 1att1ce. The da‘ta '

base W111 allow mtexgctlve reference and update for such pre- census act1V1ty as
“ — i

ma111ng counts and boundary and annexat-ion changes as we11 as controllmg the

act1v1t1es‘of enumerators across the country during, the census. Pre11m1nary f1e1d

counts willl be compared w1th pred1cted counts in- each geOgraph1c area to détermine

v whether they appear reasonable _ and. counts that are suspect w111 be flagged for

~
P

/ | re-count. . ' ¢ : e

- N ————

-From these current projects, the Bureau's aim is to develop .a good model for

geographic structure of its ‘data , and to develop an in-place geographic '1att_ice_

‘ . . , > ' : . o
: /T GTS-3, the third level of the Bureau's Generalized Tabulation System, will -

contain an interface for data base access. GTS-3will use the data base both for

1

. . . . '_ - . L] , . . .
source data and storage of intermediate results. Data base interfaces will alsqQ

L]

be built fo} graphitd and statistical analysis systems.

.' : . ."{\" -'194 N - i
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Data base technology serves 'two functions at the Bgrea ‘One function is I

r' 4
. (\to integrate data. It prov1des a structure for data ahd improves the eff1C1ency
'of data access ‘since needed 1tems may be acceSSed/w1thout'passxng the whole o

~file. It separates physical ‘storagq from app11c

@
*

" in storage.medium'and'allowing access §oftWare -o-be optlmlzed‘ It avoids dup11-“ -
/

_fcatlon of . data and provides a 51ng1e control Gf’all data a110w1ng rapid d15tr1~

1ons 1og1c, prov1d1ng~£1ex1b111ty

'

butlon and correctlon of data wh11e avoldlng the problems of con51stency encountered.

® 4 a
)

R * when data 1s'kept*1n many files. Data base technology also serves to integrate '
. _ _eoftware;hy providing a’Common'form for passing data'bétween processing subsystems. -
< ’ R . & . .
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_ become mcreasmgly 1mpo‘rtant to, develop,. a conmon logical model of Canst-ls‘r

_dAta both at the sumnary and micro levels that~ is compatlble W1th the . “._' cLSe

Bureau's data organlzatlon. A common model w11=l also allow the dlstrlbutlon. "-’,\ L,
of pre structured data on’ ney mass. storage nbdla such asQoneycomb cells or o
. " L l‘ Lo )

. -holograms

.ganlzatlon technology, suc.b as assoc1at1ve accessmg, mthout.,modlfymg user

w111 be posslble through the use of néw h!rdware and softw’a}'f technology. Access \
to t1me serles data allows the proj ectlon.bf trends and patt.ems but requlres

- massive amounts of on- llne @rage “and sophlstlcated re'trleval technlques. 'I‘he R

- .
small econ.omic data bases.

- come more d1ff1cult- Intersecting disclosure @roblems in a time- serles data base °
' - : T e . <.
have recelved almost no attentlon S0 far. f LT X L .
¢ \ . . ! . P . RS

'Shared Internal and External Data Use - - - - - 5‘

/ ' _— ’ “. '

Most of the data col'lected by the Census Bureau could be shared with data
users once the dlsclOSure ®nd stoi‘age technology problems haVe been solved If .
'é'(us is go1ng to, happen the Census Bureau and its users must, wof{k jomtly to. .
. , . . . 196 . : . . }WJ.-* "? "ﬂ

External Data Orgamzatlon anid Use ' ', - ~ o

As the technology of new hardware and software systems makes thp use SR

AL R
of more hlghly—structured data) poss1b111ty for Census data users 1t w‘lll »

It W1ll also make it possﬂale to take .badvantage‘pf new. data or- :

7 -

4 . : v . . : - )
. ) . : . £ 'Y
v * . : ¢ .- * N .

) ! K " . . N N
~ v . . . e
. . 'S .

d1men51on t Census data 1§ 'other 'innovat-ion'that
" AN

Pi‘:Ogl‘amS- wo

! The add1t10n of ati

1

.6.

B '_\

Census Bureau has d‘eveloped_ a simple t_1,me-ser;es data base system t is usod on,.‘ R
* . : . - :" ] ' ). ' . ] e .
Statistics Canada provides limited amountS of time- "

series data through 1ts CANSIM system In .theufuture ’ we Will'_probabf;y see heavy .

-

new development in thls area. | IR . . L
. L T #- T e . A

As the external user is prowded w1th larger misses of data sumarlzed in

‘ v

tlme ser1es form, the problems of«dlsclosure analy51s and data suppresslon be-

*




v - ’ " O r. \ \ ,
"cofhe -to anlagreement on the best log]ﬁ{mizl ‘of the data to be shared. The model

"should ‘be as snnple and, as free from "compu rese" as possible so that a statistician

or other subJect matter analyst can ork with it dirgctl.y .

formats nust beggxplored for the storage

At the same time new media

representation Of data. A strict se'paration must be maintained between the lOgical

J

K and physical models 5o that ne)v technology wrll be transparent to thq user. Formats

should be standardized so. that data is- easlly transpofted from one site to another
e S

Both- the f:Xmat and medium ¢f data exchange ﬁhould eff1c1ently support the common
. logical vi of the data & 1 ~ ' - . o

N

In addition ‘to format and medium , there should he a well-designed common logi"-
cal model supported by,a compatible ddta ‘?)rganization. .Changes /in’ the organization
- should be transparent to tite user, and transportability between machines should be
maintained. ‘Although tape is’ currently/the primary medium for'transporting data--
and hence sequential organization is predomlnant——in the future data may be trans- -
ported as, holograms , floppy disks  or bubhle fields making alternative dalt!*ﬁ~

organizatlons practical. ' ' e : /

- Shared Internal and Extemal Software
B3
,,"B*

Once a common logical model of Census data 1s achieved, formats are standardized,l

4 4 ° .

and transportable data organizatlons are developed , 1t will be poss‘lble to share

data»management software that has been specialized to handle Census data. This
shared soiftware will need to be transportable over a variety of c0mpixter hardware.
. N\ 4 : N
' Transportability may be achieved either, by producing and maintaining .'multipge
versi_ons of the software, each implemented for a particular machine' but having
identical user interface , or by.producing and maintaining a single.'version written

P4

“in a high-level language for which most machines have a standard compiler.

a0y




o o N ‘
-With shared use of data management software ¢eomes the, possibjlity of

- distributing Census data _in a pre loaded data base format This would elimi-

nate the dup11cat10n of the t1me consqmmg data stmctPring operations at

every site.’ In fact y more complex data structures could then be feasible o :

]

since Jthe work involved in producing \th structures is done 0nly once. At, the'
14

same t1me more complex data structures ‘could prOV1de the user with a faster and
- . Lo

- . more versatile retrieval capability.. With proper data structprmg micro data

.could easily replace sumary level data in- many instances since the cost of /

\ o ] .
producmg spe01a1 tabulati.ons should become very léw SN T
‘Shared Internal and, External Data Center Use e o ‘ -’
B Y B - ;v\“bﬁ * . U ’ . ) P v

-
O

Aneasier solution to the problem of sharing data _management software . and

[
Vv

structured data is ,éthrouglq the use of a shared data center. As mentioned 1n

.
.

Cection III fa0111t1es for multiple users ‘with’ d1versé problems re51d1ng over. '
¢ [ .

large geographic area, sharing a common computer fa0111‘ty is currently avail-

le. It should be pomted ﬁlt that any such fa0111ty could not house confiden-
ial data, and hence could not -co-exist with many normal Census Bureau functions.
could , however, ea51-1y be a normal part of the activity of some t1me~sbar1ng

» service. In fact some 1970 Census data is npw available on some commgrcial time-
.sllaring services. ' . |
Under current disclosure guidelines, it would be fully possible to have the
total 1980 Census suimary data files and public_use samples available through a
¢ . (]

time-sharing service to any’ and all interested users. ,More study would bq‘ re-

]

* quired to determine the feasibility of placing the entire micro data base|into a

: . : Lo v .
. time-sharing environment. In order to make such a concept useful , one would need

L]
<

to be able to do.special atibulations cheaply from the micro data and to ipsure the

non-disclosure of confidential data.

o | -
v . ’ v ot Y . ‘ : . ‘
o : 198 v - |
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jase pa;7ég S nnportant . At the same time , certain data users may prefer to"

. /data, perhaps even in time-series form,

: !S ftware configuration.’ It would allow ffor the e)cpansmn f)f ACensufi data dls--

il - \
/ gemination to include new ‘areas such as'‘current popula_tl/m\ gxrvey,e and economic
f

e/ | @ .
/ W1th zhe next tey( years hardware and software should be developed to

‘4

.a pomt fthazt the entire micro data file and many suxmlary tables could be mam-
[
‘talned: on 1i e, This will make the -,d_evelopment of stapdard statistical dataf ,/

ontinu

-
-

B » . .
t 1extract portions of.- the 1drfe data base and re-load those portjons,

1nto ot]‘\e data base packages. Th1 /‘total operation ‘could be performed within

.

sys}tem of generallzed software 1nterfaces to an up-to-date versio

ehsus data base. It solves the roblem of standardlzatlon
P

»
+

«

*




drious census

uay as tb

allow 1dent1f1Cat10n o£ thé 1nd1v1dua1s However, 1n certiain ases , data cmn-.

eummarles. For example 1f county A has one very smal pe

o very large one , then puBliCatloﬂ of data on peanut farmln /in County A'would .

v

necessarlly dlsclose much 1nformat10n on the big pe ut farm. -In Qrder.to :

_protect agalnst this kind of unwarranted disc}osUr the Census Bureal ‘spends

a largéiamount of time and effort in ed1t1ng the ta to'be!published. In' the

s on disciosure'examined the
et of prescr1bed rules. - More-
/. N

e7 for related geographlc 1eveIs

. Y

s past. this was done manually . Analysts and exp
- data 7aBle by table, editing 1t accord1ng to

over; it was necessary to sometimes mod1fy t

. to, protect agalnst dlsclosure,xhrough %nfe
In any shared data center, it is ‘ess tial not only to 1nsure that’dlsclosure

PN I

/

¢

' X
share .a data ‘base contalnlng confidential i fermatlon. ~The state of the art in

5 v . «

Accuracy of Data

One of the primary-concerns of/data users is. the accuracy.of'thelr data.
ThlS is a-parélcularly strong\aibe t of the shared data base enyironment. Because
~of the ease of correctlon 1n a da base as post- tabulatlon a011V1t1es reveal
errors in the data, 1mmed1ate corfection to the shared‘data base can take place.

“In the pa correctlon was- geneyally not perfbrmed due to the ,

‘308 J‘\ YA
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magmtude of the Job.. Instead,, errata sheets were publlshed warmng users

3

of Varlous dlscrepan(:1es whenever posslble. y

. AR ‘u
! : by

; ' 'I‘he avallablllty of a shared data‘?ase also makes it much easier to per-
S r ~' :
form mter- "and mtra table consmteﬁcy checks Not only would such a capa AR

bllnty help the Bureau locate and corre(:t problems but -would also help data

users convmce themselves of ‘the valldl"ty of the’ data

'T}meliness .of Data S , ' : . .

-

. N . . -
- . ~ . . s N

A user access1b1e data baSe of Census 1nformat10n can 1mprove the t1me11- -
N .

ness of data delivery in three maJor ways Dai;a could be loaded :mto the data

y - .
base as it is processed ellmnatlng the normal dlStI‘lbutil’Oll delay and maklng

r -
‘the data 1mmed1ate1y available. _ Secondly, as the need for correctn.on of summary..

1 -
data is dlscovered those/‘correctlohs can actually be mdde in the data base lyakmg

‘them 1nmed1ate1y ava_11ab1e to the users. 'Ihlrdl’y, as the original Census data

ages, new survey' information could-be made available-on a time-series basis to N
augment the original data.. This ‘could be extremely valugble to researchers in-
terested in short-term trends and proj ections.'_‘ o o

7’

. Cost of Data Delivery . S .

. . ' ' ' . i . : L} '
The ‘total cost to the .user ‘for delivery of his final data product should be .
e _ T . . . . L
greatly reduced in a DBMS environment This is primarily due to jthe fact that -

oniy the exact quantity and conteént of 1nformat10n needed to supply the request
‘!' "
» must be processed‘.. The data base eliminates repeated traversals of a large Vo (

A ~ - -

1 4

s.eduential_ file to extract a limited amount of information. It als\o eliminates
much of the programmer‘ Cost associated with writing and debugging custom programs’

for.\ Ssummary tai)e processing.' Finally , there should be a significant cost reduction

. S ' ] ‘ « [ s .
- ' ‘/l. Py ' ) | ] / .
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. . & . o : i . . T
- . 'simply because of the scale o; the operation and the fact that the processing )

-,

center focusés directly an the procéssing of Census data.

- . ) A

_EaseofU.se _ e ’ :

“ . !

, One of the most 1mportant 1mpacts of su‘ch a data ‘base would be the easy
ava11ab111ty of the vase amom‘ts of Census data- to users who are _not’ computer *
,Orxented . The user 1ew and mterface language of the data base systela could
be such that non-p oé'raxmne.rs would feel at ease in employmg it. In addltlon, |
1mmed1ate he1p fo such non—programners could be made avallable through both HELP 4
~ commands on the S)*stem and) hot-line service from the center. \ )
Adapt1b111ty u | - " L

It °wou1d be 1mpor ant to balance the data base carefully so that_,"good serv1ce

\_could be obtained by th the .small rquest. from a non -programmer and the large

réquest from a cUst_,m program.I In addition' the.data base must be -smoothly in- .
. , (
.terfaced to other 'tatlstlcal software packages tf provide aggregation’, dlsplay,

5
graphics presenta 1Qn and computatlon capab111t1es.

1.

R
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VI. CLOSING REMARKS

\

* The use of data base organlzatlon technlques fbr Censps user data is both
~

fea51b1e and cost effectlve. Several different approaches to the problem seem to -

be promising. At a most fundamental 1eve1 ,-data tapes that are dlsérubuted to

_users could be reorganlzed to proV1de a limited amount. of tape-prlented table

) P 3

1ndex1ng and'chalnlng.of data'based orthe structure of the internal data’ bases.

A more useful approach would be distribution of pre-loaded data base tapes for
. . N - )
'a select‘group'of the-most popular data base packages. If it were possible to

.. deflne a common set of data‘base software that was machlne 1ndependent or,

“ - M

ea511y transportable the. software and pre~1oaded\data bases could be dlstrlbuted

together. But the most vlable and potentlally useful approach seems to be the

+ wl

avallablllty of a Census user data base on a nat10na1 computer t1me sharlng
network Thls data base could be maintained by the Census Bureau and accessed

R, - .
by anyone wishing to mgke‘use of the data and able to pay the access cost.

-

If we are to pursue any of these possibilities,_we'need to make a decision

-
.

now. Future cooperative efforts will affect the Bureau's development strategy ,

as well as the strategy of users' development. It will also be necessary to 7

' ! .
- allocate resources to provide for future development. . s ) ’
. &
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 GENERALIZED STATISPICAL TABULATION | e, T

By Hugh F. Brophy, ‘U.N. Statistical omge, L y
New York N. Y. Ty : R \&
. . ‘l.r ¢
Introduction . . a fg

¢ .
- 'The general subject ot access to census data’ includea the regulor
programme of publication, the provision of sumary tapes and software
for using them and the production of ad hoc tabulations. In all ‘cases,
the task.of statistical tabulation is directly or indirectly *involved. .
Small wonder then that. it is a topie receiying special emphasis in this
. - Conference. ‘
As one who became involved in the implepentation of a generalised '
. statistical table generator in the midssixties, and who gonsidered proudly
- that the system produced then solved ‘all-the interesting problems, it is
sobering to be involved in a Conference in 1977 that is discussing the ;S
' teasibility of a préject aimed at the very sape software task. But, wiser -
. now, I recpgnize that‘uy eftprts and those of many others have fallef short -
~.of anything. approiching an fdeal system, and this discussion is thus highly
up ropriate. I note that the discussion takes.place in the framework of
improwing access to census data and I intend to treat that as an. overriding
consideration. E A \

o \ ' a _ T
T me'mask o o - %

-

\ The task of statistical tabulation is, on the face of it, a rather
mundane programming exercise - one which trainees solve fairly easily, it
- * least for: straightforward cases, early in their careers. What is involved
is essentially a mapping, normally many-to-one, from the records in the’
input file to those in the output file. The output file is generdally a
" gseries of n-dimension matrices with textual definitions and descriptors
attached. That sounds simple enough.- But, as those who have worked in
official statistics knowy the range of problemi involved in defining the
input, selecting appropriate records and items, and manipulating and for- .
. matting the output required for a nationel cens presents a formidable
task,

§

- »

During the sixties, many organizations independently undertook, vith\
varying degrg¢es of success, to produce a generalised solution to the prob-
-\\‘ _ + lem, The major difficulties. to overcome were those presented by:

. core restrictiohu _
. complexity .- - C .

' o the size of the iﬂput file ¢ 1
. the need%for machine efficiency

The solutions proliferated in natigral statistical offices and ;
other organiZ_}ions. In the case of the Census and Statistics Bureau
in_Austrglia 1/, a generalised table generator was first used in -~ °

)

i v ' .o , .
. _
” . . .

1/ "A Generalised Table Generator” L. Iom, Proceedin@ of the Fourth

. ... Auetralian Computer CO?ference, Adelaide, Australia, 0
: ‘ . 204 2] _
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aﬁging 1966 census results, but quickly was applied to many other
fields ‘of “statistics. It had a dramatic impsct on processing. Previously,
Lo% of CPU time was consumed by sorting. With the advent of the generator,
this dropped to less than 10%. Siinilar results were experienced by other '
national statistical offices. ~When the UK Statistical Office decided to
. launch yet another effort in the early seventies, they ‘began by taking an
Anventory of existing "generalised table generators . They stopped when
the number had passed 100. - .
- 4

Many of these systems, -as well as solving most of the problema above,

" met most of the desirable system obJectives, in that they involved a user-
- oriented language, they were capable of producing many tables in one ‘pass
of a large rile (which could be random-order) and they enabled the produc-

tion of tables in a limited time from date of specification. The problem
was solved many times over. :

-’

v

However, when one IOOks today . for a generalised table generator‘for
non- t‘vial tabulation task, one waild have reason to be disappointed
with the. systems available. With each system evaluated, one would find-
one or more of the follqring problems: '

Size Restrictions?{ ‘Many table generators are,incapable of producing in a
single pass more than,.say, 100,000 cells. Some produce two-dimensional
tables only, some have severe limitations imposed by page‘size, others
1limit any dimension o, .say, 100 values, and 8o on. Whilst these limi-
tations are acoeptable in many if not most commercial applications,
they are severely limiting in processing official census results.

3 . .
Complex Language° ' The claims for systems of an "English-1ike™ user /i
language are often ludicrous, the language being instead a cryptic

natural semantics.

Machine Inefficiencies: One of the objéztives of a generalised package
is that it should be at leasf as efficient in producing a given table
as a program developed in a compiler language such as Fortran or Cobol.
Unfortunately, some generalised systems fall short of this objective
by an order of magnitude. (It is _interesting to note, in fact, the .
incredible range of CPU times consumed in different systems doing the .
same Jjob on the same computer system.) )

h
lack. of Portability: Almost all table generators have been. designed
without regard to portability and are dependent on certain models

of central computer, specific operating systems or compilers,
_certain device types, etc. A potential user can thus face the h
impossibly difficult task of redeveloping for his own machine or
start looking for an alternative, .

’

” In addition to these problems, there is o variety of limitations that
may hamper the attempt to use. a generalised table generator in meeting the
tabulation needs of a project. There are -often restrictions on conditional

>~ > ~¢

-y

C

distorted algebra develobbd without regard to rigorous syntax or M




. . : A’.' | "_fo.e
manipulations, calculation of sub- totals, percentages, hancling of
floating péint, footnotes, treatment of negligible ‘cells, and’ nany

. % " other processes which are traditional in official statistical tahir- .
lations. _

The..result is that one is required to complement the use of one
or more generalised packages with ad hoc programSzfor pre-processing
data files, post-processing print filgs and sometimes even for per-'
forming‘the tabulatign task iteelf for some tableg :

4
; The purpose of this’ paper is to describe the'necessary and desirable
features of a "complete solution and to examine the feasibility of a;
. project aimed at an "ideal™ system. There will, of course, always.be-
some special tabulation requi ements lying outside the realm of possi-
- bilitieq of a generaliaed system, thus making words like complete" in-
/ appropriate, but at least the elimination or maJor redttictiona.listed
above should be a‘deaign obJective. . . _ v ’
. It 16 not my- intent to perform a comparative evaluation of existing
. . - systems. Such evaluations are fundamentally affected by the choiee of

(However, & fairly obJe ive and carefully circumscribed evaluation is
given by Francis. et al \ N~
/. An "Ideal" System o — AT

!

It has been stated by some people that‘it is impossible to implement ~'

.an ideal system that will meet all the desigm goals bneamight hdve for a
“» single generalised g neraton; £ statistlpal?:abulatgons. A éQPrt list of -
the major goals wonlﬂ be' "

b ; °

. machine efficiencyt ' //a /J//( .

. ease of use.

. applicabflity to a wide variety of tabulationi/; from‘simple to complex.
2 . } . . ’ \" !
< .. capable of running on ‘small confignrations but taking adva itage of bigger
‘_&!f resources if they are availablef : Y. '

. prodhcing'“camera-readt" printouts’with extensive'fOrmattiné options.
) extensive/data manipulation faciliti}p 3 i Y

. portability. 5 B % .. {

. N -
) ’ ¢
13
N v N -

4

g/ "Languaeges and Programs for Tabulating Data .from Surﬁeys Ivor Francis,-

4Stephen P.Shérmah and Richard M. Heiberger, Proceedings of Computer Science
- and Statistics: Ninth Annual Symposium on the Interface, 1976.
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yith the possible exception of portability, I am of the opinion that

X sufficient expertise and ¥nowledge of the necessary te@hniques exist for

the implementation of a single system meeting all these objectives., The .

: design of such a system-would have, inter alia, the following characteristics*_

. ' the TPL CODEBOOK “approa’ ) ,

. implementation in a high level proﬁ-amming language.

. a true compiler rather than,a table-driyen program, for the sake of .

flexibility and machine efficiency. . "

. three ma jor modules - generation of raw tables, manipulation of tables
and table print - but capable qf use as a single system.-, "

.

._separate definitfon of dat ~structure, content and descriptors (as in
» v | < '
R generation and processing of tagged cell datsa, rather than in-core tallying
. of sub-tables - both for generation -of raw cells and their manipulation -. 2
again for.the sake of machine efficiency. .

{

. 8 simple but powerful user language with rigorous syntax. By simplicity
_is meant that the language should be easily learned to a basic level,
easy to use and to extend one's comprehension. A’ special feature of
theé language should be its pgwér. By power, I mean the.amount of work
.oné can define in a given unit of the. language, not the sum of all work
one can define with the language.

It is worth reflecting hbere that machine efficiency must remain a
primary objective in ‘statistical tabulation. When we are dealing with
the scale of data files and size of tabulation involved in census data
processing, machine inefficiency can rendersnn otherwise useful package
impractical. ,

( N T ! . . ' -

’ Other Facilities

There are three additional facilities whieh would meke a generalised

statistical table generator even more useful, especially from the viewpoint
of improving-access to census results. These are:

. Capability to'produce photo-composable output.. The output destined for
the printer can be saved on. a file which could be input to a generalised
utility to produce & driver" ‘tape for the more commonly-available photo-
composition devices.  Relatively generalised software for this purpose
is being developed. in the UN Statistical Office.

3/ "Table Producing Language - Version 3, 5 - Users Guide July 1975, .
Bureau of Labor Statistics, Washifigton, D.C. |

- . ~
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e cupability to generate large multi-dimension ‘tables on dikk for
- scanning or prousing" through an on-line terminal. Such a system
was developed in the Australian Bureau of Statistics for Foreign
Trade. statistics. This. avoids the primting of spch large“tables;,
tor' which' the only purpose 1is availabiiity for such occasiOnal S
" browsing. - Ly ‘-
.-ability to 1link with other files. A common requirement ‘of the users .
< -of census dataﬁ}; to link with the users' own data for research and -
analysis. Most existing generators accept either(u>slngle file only St

/‘

or at best files with identical format content .
f‘Summnrg~ T L =
' /o ‘ oo
-Over the last decade, there has been considerable 1nvestment of :
. ,-time, mofiey and human ingenuity in evelopment of statistical table

generators. They have.had differing sets of design goals and varying ) .
degrees of. success im meeting them. For a typical proJect the user "
tends to receive rather different tables than he would prefer. - ' '
v,
There have-been some attempts.at 1nterﬁational cooperation in the - ~
‘field pf the design of software for processing’ official statistics. A
table generator.has always been a subject. Qf primary concern. In the -
" Working Group on EDP of the Conference of opean Statisticiads, such
discuss¥bns in the mid-sixties led to the.establishment of a UNDP pro-
ject in Bratisldva, Czechoslovakia in 1969. This extensive (seven-year).
project was very successful as a development project and for stimulating,
\ discussion and exchange, of ideas on the general subject of official - @ =
~ statistical 1nformat;pn systems, with computer processing as a major 2
element. The table generator develo in thig project was, howevery -~
no better than some developed.in nutfonal offices. Nevertheless, there
‘was a very telling demonstration of. portdbility.. The system was written
in PASCAL for the Congrol Data - 3300, At a meeting of the- above-mentioned
Working Group in Geneva in 1971& the, system was re-compiled on the TBM e
370{158 (a machfne with quite a:different architecture) and tested and . . -
demonstrated within a week. To ‘date, however, a PASCAL compiler exists <
for only a few machines -' but to a certain extent the feasibility of. o
portability of generalised software was establiahed. . RESATE L
The most likely way to develop generally-useful software, 1t ,hag
seemed to me for some time, would be to fund a project with infernatién 1
input, but located in a national statistical office of an advanced country.
v The objectives of this Conference are thus of great impotance. For the . ‘
task of statistical tabulatioen in particulary; I am confident that a téan ‘ X
+ of people experienced in statistichl data processing could in a matter of . )
a few years meet the needs’ for appropriate nser-oriented software.” Such.
software would greatly enhance the value of census data, thus mnltiplying
the returns to theﬂconsiderable investment/made in collecting the data. ~

L4
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‘ o CENERALIaED ’]ABULATING SYSTEMS AT THE U.o. CEI\'SUo BUREAU" . 4 . e o
. ' Y A

. ' -
‘ e ¥ -By Melrby Quasney, Chief, Generallzed Soi‘bware Development : -

" . ' Branchg Systems® Software Dlnsion U.S. Bureau of the Census r
- . ' -4 " ' - _

L I'Lstory of Computer Language Deve10pment o 5 v o .

. ; ’ ' -

. ) . i . . v
. - - M
{

‘ . . J |
The development- of generalized tabulation systems at the Census Bureau. ,

o has followed the normal develOpment patterns of ‘all problem or1e\,{1ted sd’ft-

Ce
. 4,.9

ware systems. It is necessary to/ reflect on the history of computer langu-

v 1+ s LJ

ages to set the stage to understand the technolog1ca1 advancements, that

perinitted the development of problem —or'i_ented software, o e BN
ro | | . |
Stated in s1mple terms, any new 1dea has to overcome two maJor problems .

¢

LI 0

. ) /
T 'if the 1dea is to be 1mplemented successfully One, the technology ,_Inust

- be developed tested andfproven poss1ble. . Two, the end produCt ‘tnust >

o

be accepted by. the 1ntended users Of the pz"oduct TheSe problems also | . - -~ '

apply to the development of. computer languages.

.
a w*

PR | o o
We began the computer revolut1dn w1th assembler language; it d:,d not take

EN v

long to real1ze that assembler languages were 1nhuman to the users pf the
computer. Than came Fortran. followed by COBOL and other h1gher level

langnages, all mak1ng the'computer easier to use to accomplish a given task. .
a . ¢ - » v ' ’ - L3
~ All of these advancement§ encountered the two probléms pre'viously men-

-
t1oned All of these advancements made the Jol) of computer professmnals

’eaS1er, even though the acceﬁtance of th1s« new technology took t1me. Other

support software systems were developed to assiét the computer, profes-- '

o L 4

+ .. sionals to .accomphsh the1r task; however,’ task~complex1ty also increased:

- e
* . a3 .
: R . - /\/'. . -
v 4 . . . .

»

X
We are now at the po1nt where the demand for bringing the computer to non-

A \

i computer profess1onals is. upon us,. Th1s demand is lead1ng to the develop-

ey
- ment of problem or1ented computer languages. These systems call for a L e
‘(‘; . '\ ] - ‘“.'q . 210 _ 2,‘) - . T N }‘l . a
EMC Cy _ ‘. . . . o ¢ . . :
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computer' language that addresses a given problem and permit the user

to commuﬂmate his request in h1s la.nguage. Probably the single b1ggest .
technological advancement that has permitted the demand for and.the deve-
lopment of problem Qriented systema_has been the access to the comnuter '
via telecommiinications. This has permitted the computer user to access
interactively with eqmputer software systems, or:submit work from remoteb.

stations and receive the results backat the remote site, G_eneral'ized Sta-

tistical Tabulation Systems were probably one of the first attempts to pro-

. \ . .
.. ,duce a problem-oriented software systems. Jystems like SPSS, CASPER,

- CEl\lTS/COC_ENTS. TPL, and others, all used as their main design objec-
tive to bring_ the computer closer to.the end user, All ef these systems
contributed to the advancement of the etate of the art for permitting non-
eomputer nrofessionals. as well as computer prot:essional‘s to use ‘the

computer to produce statistical tabulations.

/

r

History of 'bomputer Language Deve10pment' at the Census Bureau; v
. -‘ " ] .

The, Cenaus Bureau's uge of computer lan'guages‘ has paralleled the develop~-
ment and nSe of cc;mputer languages; sometimes' we have been up with the' .
tront ot‘“.the paclé. and other times we have been slow in taking adva.ntage of
. "the'latest techne'logy. We ulse very little assembler language in the process-
ing of our product1on data processmg requ1rement(\ Most product1on pro- -

pessmg is done using Fortran; however, Algol and COBOL are beginning to

be used for a"large amount of the production processi.ng.- A more favorable

point is that most of our generalized software ‘being-developed is usjng Algol
. . PR ) o K \
and COBOL., 4 . ' ‘. -

. - 211 -
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A prerequigite a'a'cceptq.nce for all of generalized software is to develop |
prohlem-oriented user languages that permit the users 40 state their |
" request in a language myost familiar to the users.

4

.Two projects that began fairly close together in time brought _the Bureau . - °
| into the world of generalized tabulatfng systems. One‘ system i{nown as |
GENERT0 which began in the-late sixties~ and still has some“limited use in
“the Bureau. The other project involved the Census Bureau produeing a _gene-~
. 'ral-ized tabulation system for the Department of State's Agency for Inter-

national Development'(AID) to be used by developing countries to tabulate

censuses and s'urveys. This project produc,'ed‘the CENTS/CQCENTS system.
. \A A . ’

oo 'The CENTS/COCENTS project produc.ed a product that has been installed in

over 43 countr1es, and in .over 68 computér mstallat1ons, and has trained peo- -

LIEN

. ple from 80 d1fferent countries. The system can operate on any IBM 360 /370

v

T machme. plus 12 other types of malnframe.m It has been used to tabulate major

censuses and surveys by c_omputer programrners and sub;]ect spemahsts. '

-

My reason for emphaslzmg the” exper1ence of the CENTS/ COCENTS pro;]ect
s to demonstrate our exper1ence in d1str1but1ng and support:mg software.

. ‘)Ve"kno1w the level of resources needed and the problems with using the

»

approach of distributing software.

-

L -




The mai‘ obJective of this project was to produce a product th?t could do
censules and surveys on small computers and be _programmed Ky bot

programmers and subject specialists. These objectives forced the -
creation of a sys/tem that was efficient but also produced a prpduct that

| rece1ved heavy criticism due to its user language being very primative. '

A Complete Generalized Statistical System:

A complete generahzed statistical system must be able to control the collec-

-

tion of data, perform editing and 1mputation of the data, bu11d a data base,
re

tabulate the data,” perform stat1st1ca1 analysis of the data, and finally -publls ‘ o

the data in various forms, . - A

L 4

Currently at the Census Bureau the Systems Software | Division is designirfg

b}

and begmning the 1mp1emer1tation of a complete generalized statistical system

s,

It is our obJective to produce a system that will service computer professionals

l -, and alsp put the power ‘of the computer into the hands of the subject specialists..

. .

The planned system consist of six m‘ajor components- 1) 'Edit/Imputation Sys-
tem 2) Data Bas% Management System, 3) Tabulation System, 4) Math /Stat -
System, 5) Graphics System apd 6) Photo- Cornposition System. We are
currently working on the Tabulation System, the Graphics Syste‘m, and the
Photo-Composition System; the Data Base System is being used for some

.. projects and will be connected with the other modules now being worked-

<

on during 1978, S y
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\ Other technical problems are the range of requlr,Ements the system must

AN

We still have cons1dera le technical problems to overcome before the

system is completed. The biggest problem is the detaﬂs of comm,unlpatmns

~ between the components. We are des1gn1ng the components to be mdependent

units, but when the data base is introduced 'it will be used as the primary

~ connection between the components. Aglditional control information will also
: U . !

A

have to-be passed between the individual systems.

Ay

v

sat1sfy, the various size of the data'files it must process, and the nnple- b
mentat1on of the latest hardware ‘technology to ptocess large f11es on-hne.

An ‘ideal stat1st1c 1 system at the Bureau must be all things to all people,
-

’

‘but simple to usge . : . . L ke

-

. : ¢
The second proplem is user a'cceptance; we need the user commuﬁnity ‘to
accept the 1nd1v1 ual comporjents and to squly add1t1ona1 Spec1f1cat1orgb. |

to insure that t system can sat1s(fy a11 of the demands of the user in its.
future releases. However, mtroduc1ng new technology is not easy. Changes
to the daily working environment of,a stat:f can he a hard thing to bring about;-

"

proving to a staff that a new product v\él do a job better takes time,

L/i—"‘/

»
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Census Bureau's Generalized Tabulating System (GTS):

-

~ The Systems Software Division of the’Bureau has completed the first version -

) . 14 ~
- LY

of a taliulating system known as ‘Generalized .Tabulation System (GTS). It is

~* " important that we explain. ""'why build another tabulation system?'’

-

Before making the decision to build'a tabulating system for the Bureau, we
' : !

. ‘ evaluated most exisfing systems‘;md tried to identify the pro and cons of

- each system., We then evaluated the minimum requirements for a first .

release for use by the Bureau. .-

. None of the ex1st1ng tabulat1on systerns evaluated could solve the W1de range of
the ureau'# tabulation requ1rement None, at the time, wer peratlonal_
~on Unwac equ1pment. But mosiOf ally test-showed that the basic tab(utation

7/' stra ‘egy of the. CENTS/COCENTS system was more eff1c:1ent It wa's\ﬂ\en
.- . '-b 5
) dec1ded to. build our own system using thesg proven eff1c1ent methods, but

N/
to also place major emphasis on producing a user language that is consistent

. with the termiﬂx)logy and method of operation used in the Bureau and is easy
for the computer professionals and subject specialists to specify their tabu-
lation requir‘emen‘ﬂto the system. _ )

RE AN A T

The L'é\qst ACbsz)n Denominator Apjrcach (LCD):

N B

L‘)é LCD appt‘oach p?'rmits the user to specify the smallest geographic level
, ° for \)vh1ch a table is to be.displayed. Severalutables can be tabulategi at the

: same ttme, 'eaol'i' Wlth ad1fferent level of LCD bémg spec1fied This approach

permlts the m:meu:m /amount of hardware resources to be allocated during

L4

\..r :
~ the long eomputer runs tha’c 1‘equ1re the examination of millions of deta11 data
215
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records, This approach also permits hundreds of tables to be produced

with one pass of ‘the detail data. . .
. . v . . )

After the largest part of the processing has.been completed, G;I‘S then . . '
-uses the LLCD blocks to build all higher levels required ﬁ:r _display.

. A cost cornparison was 'done'_.b.y DUAL Labs and dernonetrates the efficiencies
. of the LCD approach A f11e containing 17, 958 records was used to tabu-

"late a table containing 56 rows by 2 columns. DPS, Data-text Nurcros.

-’

SPSS and CENTS were the packages selecfed for the test. CENTS produced

14

the table in 18, 70 cpuhseconds at a cost of $3.92, The next closest system

was SPSS using 42, 94 Clel seconds at a cost !‘of $16.86. The moét expensive

system was Data-text at 'i07. 62 cpu seconds and cost $41, 96. D.UA‘i; then

took SPSS and CENTS for add1t1ona1 testmg. Two file s1zes were selected

for the test: 180. 047 and-1, 799,888, When tabulatlng 180, 047 records. SPSS

t | used 459, 46 cpi1 seconds and cost $89. 38; CENTS used 92. 36 cpu seconds

"andycost $19. 00, Based on this test, only CENTS was chosen to tabulate the .

file..with 1, 759. 888 records. It toek .815. 32 cpu s_Qconda_ and cost $15]§, 00

- for CENTS to do the requested task,

BLS 1791ng théir TPL system tabulated a file with 20, 196 detail recorﬂs‘and

produced the same table that was used in the DUAL test. It took TPL 40, 46

>

c;?u seconds as compared to CENTS tabulating 17,998 detail records and ‘
- ' ‘ - M ’ .
using 18.70 cpu seconds, |

This kind of-efficiency must not be igriored when bluilding a tabulation system . -

that will be used tQ tabulate millions and millions of detail records for the

Census Bureau, This method of process ig also compatible with getting t‘xe

v’

tally matrices under the control of a DBMS.
‘ - 216
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The Bureau also capitalized on utihzing i,ts available resources; it had

L]

the. staff who' built the CENTS/ COCENTS system available to work on build~

ing An efficient system for the Bureau. v
. The f1rst version of GTS has been completed and attached are some test

results to sho? that we have again built a system that is eff1c1ent to use, -

users of the system to produce these.tsbulatlons were, subject matter spe-

| A
cialists. The totml project was completed in one-fourth the time conven--
tional ,processing:methods would have taken-;

- . -

&

Overall GTS Design Requirements: |

Five major objectives were selected to act as a guiding force for the develop-

) ment of the GTS sys'tem.

~N .

1. Brldge the conflict between being easy to use and powerful.'
2. Fqnction in a conversational ag well as a batch mode, - |
3. Exploit the availability of large core storage on the UNIVAC 1100,
4. Maintain consistency in recoding of th-e.input 'dats... : |

5. Maintain flexibility without lost of mfchine efficigncy.

Evaluation of other table generator system vlras performed and some features
N . e .

-

of these systéms were incorperated into G’I_‘S; A continuing effort to keep

[

track of other systems will be done, \ - \
: pa . } \
o L]

Evaluatio.n,of data dictionary concepts has been done; the first versiOn of
" GTS uses a stand-alone data dictionary processor. The design of ‘the dic-

tionary language is allowing for the future connection into Univac's DMS-1100
data base management system. -
- 217
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GTS will be. implemente'd in phases of 'c'apabilities. 'GTS-1 is how con‘lplete

and GTS-2 is beginning the detail design phase.
' e Y '
. The GTS System: ", . e | s

l Attached is a'system overview of the GTS system. GTS is designed‘ to. con'- a

[N

gist of three maJor segments. They are: 1) the User Processors, 2) the -
: Execute Processors, and 3) the D1splay Processors.- The Uéer Procecjsor .
| is the only part of the system addressed by the users df the system. This
) provides us with the .flexipﬂity to design different user languages, and -as
long as these different languages follow the rules for 'passing control infor- _
mation to the Execute and the Display Proies'sors, several user views of
the system is poss1ble. The Execute and Display Processors are designed
w1th efficiency and slmplicity as the main design goals. Any de0151ons-

that can be made by the Language Processors are made by them,

GTS-1 Design Objectives and Status:
.The mainrcqritic‘ism of CENTS/'COCENTS.yvas that the user language was
too primaﬁve and resembled a form of assembler language. ‘When design- .
'« ing a table‘generator to run on a computer with 25K of .working core and a
CPU that is slow as molasses on a cold day, maJor emphasis was placed
on‘ffic iency of runnmg and on fl'éx1b111ty to produce pub ication output.
"The- pr1ce was in the user mterface. It should be obvious then that one of

" the main de81gn obJectlves of GTS-1 was to produce a good Census Bureau '

- compdtible user language.




The second objective was togpegin, and experiment with a data dictionary
" - to deSribe and control input to the system.. . * . E < '
A N _ o '~ . . '

It was decided to use a computer language that would be as portable as L

possible to p‘ermit the Bureau to change hardware and software with mmi-. o |

. mal impact on GTS A by product of th1s deciFion permits the first two

' versions of GTS to be usable by other comput%r installations with a mini-
mum of resourcks to adapt the gystem to a different environment Usmg

@

a hightlevel language also has advantages in the 1mp1ementation and

R \ K d?ﬁug .

warég features of the Umvac 1100 serwstems were purposelKnot used

g of this and future versiop\s of GTS. Umque hardware-and soft—

in the first version of GTS. We wanted to mai,ntam hardware/ gsoftware

1ndependence so.that converting GTS-I to other computer systems-would
7 ‘ ) S ) | o

be an easy task.

>

-

The technical specifications of the system were distributed to the entire
Bureau user community for comment, This was successful in that several .
c_ritical design changes were in.corporated'during' the implementation phase.

Test projects using the system also resulted in design cha.nges that were

incorporated in the first version of the system, — S

It was of course necessary to maintain,w or improve, tﬁe efficiency achieved -
with the CENTS/ COdENTS system. The system demonstrated that 'our

-~ basic design strategies were proven to be effiment during the 1974 Ag

P

,Census Volume II test pro,]ect, ' . '

*
L

The last-objective to be discussed is the requirement that GTS must be

S : 219
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4 capable of utilizmg a Checkpomt/Restart facility. The at‘chment showing




xamples of the cost of some runs 0'1 the 1974 Ag Census Volume II pro;]ect /\/
pomts out the reason for this to be mandatory to GTS, Thkse large produc-
t1on runs were on then computer system 6 027 wall clock hours. The Bureau.s
_ cdmputer systems sre only. sveraging,iZ hours meantime t)etween system

cr'sshes. In this environment GTS must perform restart recovery. . :

All of the above objectives have beenmet in GTS-1.. The first'level of -

the system was completed in May 1977, Enhancements and error correc-

..-

.

tions have been made and the final GTS-1 was compfeted in October 197 .
Final user docum?ltation was completed 4 Octobe} 1977; training work-

. shops will begin in December 1977,

.- GTS-2 Design Objectives and Status: - o

Major emphasis in GTS-2 will be placed on the data dictionary capabilities
of the system., The major objectives of this effort will try to address the '

. foilowing problems: .

‘A, Ability to store recode commands.

-

- .B. Ability to store headings ‘and rtubs connected to related
stored recode commands, . :
\ l\‘% .

. R .
C. Ability to store ca.lculations.

A ]

D. Add1t10na1 automatlc documentatlon of data in d1ct10nar})

E. Recode scale checkmg to. val1date recode commands.

F. Validation of a data file against the dictionary describing

L]

the data file, - . o

‘G Access to build and use dictionary from a conversational

-

- . 220 S «
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Other major desién enhanc.ements to GTS-2 wiIl include

A COnversatmnal capab111ty.
| B. Ab1l1ty to process overlappmg geographlc areas in one
. pass of data, - |
C. Expanded statlst1cal eapabll1t1es.
D. Improve method to process economic data when dlsplaying . .
data greater than four positions of the Standard Industry Code (SIC)
E. Random retrieval of geograp}uc and SIC stub descr1ptors. b
F. Dynamic allocation of core and I/O pagmg_ to accox\i.phsh - \
Eurrent task, ' R -
3 G, Provide linkage to user programmers,’
H. Gapture informatidh for Math/Stat ,pa'c'kage.'

" 1. Begin connec_ti_on‘to-Graphics and.Photo-Comp seftware._ y

\

»

The des1gn phase of GTS-2 began’in November, 1977 and wﬁl pb completed

_by January 1978. Implementatlon of GTS-2 is targeted for May. 1978

»
‘ . . ¢ . .

GT8-3 Design Goals:

=
L]

system, Th:is will require GTS to use the E)MS,' 8.data dictionary and

access data through the DBMS.




The CENTS/ COCENTS project has given thg Census Bureau cons1dgrab1e e

As prev1ous1y stated the CENTS/COCENTS system could run on any

. cessfully is to actually test-th_e softyare on the target system, This involyes T
.out the softwaré. If this is successful, the software must then be packaged

done on the'target systerﬁ.

'_puter profeSs1ona'l must be trained and made respons1b1e for supportlng the

. Bureau foundthat the best way of ‘accomplishing this process was to send

Distribution of Tabulstion _Sokftwar.e:-. . T A MO

. . ; T N . T : ]
* ; “ oy A /

P

exper1e'nce/tv1th the problems of d1str1butu§ tahle generator software.

ST

IB% '360/370 hardware and DOS. OS ~-MFT, MFT, and VS operatmg systems.

It could also run on 12 other types of hardware w1th their assoc1ated soft-

4
ware systems.,-

Exp_erience has taught us that the only vba{ty'software can be distributed .suc-

b(gying computer time and supporting a staff in the field to install and check~

» L I

to be as self-installing\gs possible.s This process also requ‘ires testing to be

.

e ) 4

E'xperience(also taught'us that two types of training are required. - A oom-

system at each installation where the system is 1nsta11ed The second type

of training involves trammg the mtended users of the software system. The

technicians to the installation to install the system and do.the necessary

i ’ - ‘ . —
. - v

training.

N
v

Another hig problem with distributing support software is the multi-types
of documentation, The basic documentation for using the system is the

same, However, additional support documentation was always necessary for
222
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IR 1.;-__ea'ch'unique_envir_onn}ent '_fo.r'.‘ which the syste‘m was s_up'ported.'
.- ) _ " I ; . . . . .\ -

The last problem was: testing new vex‘sions of the system m all of the s L
. .env1ronments for wh1ch it is supported Th1s requlres repeatmg the ‘ -
-process of testmg the system, in all’ of the env1ronments supported It T

4

also involves changlng all a.ffected documentatxon. The 1ast phase ofo

. this procesb requires the d1str1but1on of the new software and docurnens-v :
L
tation to all computer mstallatlons where the system was prev1bus1y _ S
| ‘mstalle'd In some cases this could mean that ref.rammg must ‘be dOne. . .
. . . o ""_4;" . ’_ﬁ | , ‘ o ., ot /
. \\ ’ ° ’ % S
.This total-effort requlres ‘tremeri’dous man-*povver and computer resources - ‘

4 hd N

a8
thls can pe translated to a great deal of money. These resources must be -
. allocated to the orgamzatlon where the software is bemg deve10ped and in
\ ;

each 1nsta11at10n where the system ‘is 1nsta11ed and pem g use d ER .J . \.'.- .
. . ) ' “ \‘ * ) . . '.k ) \. 4 ) .‘. -4,‘ . . n -, ' .'_ 1, . B

If the Bureau is to. consider distributing G'TS anng with Census Bux:eau %
data files the problem becorrres more comphcated when GTS -3 connects o o
* to. DMS 1100, Th1s forces the Bureau to keep a~subset of GTS that only

o processes flat data f11es. It may also have the impact of reducmg tabu-

-

lation capabilities of the GTS system that is being d1str1buted
- \ N g ! o
Th1s d1str1but10n problem becomes more d1fflcult because GTS 1s be1ng v

%

N ]
‘ deslgn_ed as_-a&a;;dr part of an mtegrated stat1st1ca1 system. :

JY . . . e
R . .
-

If the total stat1st1ca1 system is to become a flex1b1e and 1ntegrated one,
then it must use to full advantage the hardware/ software facilities in

.the environment in which it is to. function.
1 . . . ‘ o 4
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| Needﬁﬂor Degigion: _,'.. '

GTS-\J\ is techmcally very mobile. ‘howe‘ver. G'I‘S{and beyond will become R

_D

ﬁdifﬁcult At sOme point distmhutio r_nay not be, possible. Lo

“d
\. . i - ' '

Can the users of owr c?ata sgmefiow use.the s}fstem we are buildtng?
".'a : ' ] '_QT;A o - /. L . ".-— .o

Cfan we p;‘oduce an environ_ment that will permit ‘access to tﬁis data and

and _é.oftv‘vgfe ab a.re_é.sonable cost? , Ny | \ , -
SOUTT <o \ ., ‘(

Now 1s the t1me to deh.rmine 1f the total statistié;al system, or parts of

the sys}?rg} should be allovVed access by non-bureau pensonnel It it is

to be accessed by non-bureau personnel we must define how it should be

[N o~ L ] >
.

- done. . ..

(‘

*, 0%
.




. L
%ﬁ"TABLEGENERATOROVER;?gw ) _f;
- 4/;/y////- SYSTEM ;~_. | DATA | A
— ,;,<////f/j4;4" AN FILE |
USER DEMAND/BATCH CONTROL\Q::t:>* -
DICTIONARY | | USER DATA FOR CEXEQUTE | 0 N o
| PROCESSOR |~ | LANGUAGE 7"\ EXECUTE 'PROCESSOR | - [~
- ) PROCESSOR | |t\PROCESSOR \ * | | |
~ﬂ§\\ ,//’r outPuT. [
: ~ TALLY |
USER ENTRY
(:: A;:> o C\FIE 555\‘1L |
JISER PROCESSORS ‘. '; _ .55”’)' | e
- G . "I [PUBLICATION GRAPHI  [MATH/STAT ’
... .~ || PROEESSOR PROCESSOR ” [PACKAGES -
A K DISRLAY PROCESSQRS‘ L
o o3 e 7
- \'_. : * ".




R B . T VIEWGRAPH # 2 -
wo _ Yoo ' ' :
' uth\gnpub Tables | _
~ | .CPU, . 1/0 Wonds ' Cost
«  Total 22.7*HRS 721,000 300,000,000 % 5300.00
A. +Cost per table: § 5300 + 1535 a4 345 .
B. Cost per cefl: $ 5300 4 1,728 000 = $  0.031 o
». = C. Cost per Farm: $'53Q0 + 1981578 =4  0.0026 , .
D. Total §ile contained 1. ,9&1 ';78 5a)ums '
. E. Total Vall CLock- Time = 27 "howrs 12 mins 38 seconds
. '
4
: . 1974 Yolume 1T Tables
g : Group #3
L cPU 1/¢  Wonds  Cost’
Totak 6.4 HPS 473 037 -~ 292,949 768§ 2264.00 - .
Lot ' v ‘ .
A. Cost pey tahle : $ 2264 + 2930 R N N A :
. "B, Cost pen celf: § 2264 £ 24 =4 0,009
: C. Cost pern Fanm: § 2264 ¢ 1 81 578 =% 0.0011>
PN, Total fife contuned 1.,9¢1 578 5a/tmb - .
L. Total Wall CLock. Time =& onww 18 ming 58 seconds '
\ BN ,
| 7
/
\
* ~—
- L]
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Reference Materials Used by Speakers
- K at the Data Preséntation Group -r_\

- -

ROBIN’WILLIAMB, IBM, Research Division, San Jose, !hlifornia, in discussing

Interacting wi;h Data via Computer Géaphics *used the
‘ following three previous]y-published papers: -, \

1. P. E. Mantey, J. L. Bennett and E, D. Carlson.
~ « Information for Problem Solving: The development
' of an Interactive GeoEraphic Information System. .

- ' Proc. IEEE Internatiopigl Conference on Communica-
N _tions, June 11-13 3, Vol, II, Seattle, .
Washington. : Availgble from IEEE. . '

'I

. . !
2. D. Weller, R, Williams. Graphic and Relational * f/
Database support for problem solving. Proc.
' SIGGRAPH '76. Available from ACM, SIGGRAPH, rin
Computer Graphics, Vol. 10, No. 2, Summer '76
PP. 183-189, .

3. E. D. Carlson, G. M. Giddings and R. Williams,
Multiple colors and Image Mixing in Graphics
. . Terminals. Proc, IFIP Congress '77, Toronto,
l’ ¢ Canada, Published by Nor th Ho}land Pub. . Co.,
: .pp. 179-182,

LAWRENCE E. CORNISH,. U.S, Bureau of the Census, for his distussion used part
N . ! of an unpublished feasibility study by the "GRAPHICS AND
PUBLICATIONS" Subcommittee of the "EDP REQUIREMENTS''

\. ‘grouﬁ of the U,S. Bureau of the Census. The studyywas
concluded in August of 1977, e

,-
N
N

-~
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« - MATERIALS PREPARED.FOR SUB'GﬁOUP DISCUSSIONS

. Materials Prepared fdr the Data Presentdtion éroup

y o .
Shirley Gilbert,\Princeton/Rutgers

1 . Census Data Project, Princeton University .

~
-
T

The results of the survey.of Summary Tape Processing Centers conducted

, | by the Bureau of the-£ensus and reported in the July 1977 Data User News

. clearly ‘indicate a need. for software sypport for processing 1980, census data

"tages. How this need should be met in terms of specific program abilities
to retrieve data and provide flexible report formats is important. Equally
important, it seems to me, 1is consideration of how the production and distri-
bution of this software will be implemented. |

The Census Bureau's primary function in the area of user services should

be to provide clean, well-documented data as promptly as possible. 'Once the
data.are delivered the'function should be to inform data prockssors of
problems'infuse of the data as soon as these problems beétome known. To ask
the Bureau itself to write software compatible with' the hardware of the great

variety of' computers

ving Summary Tape Processing Centers is unreasonable.
This conference can very\bdbgefully address the problems of how and by whom
software can be produced any evaluated outside the Bureau in such a way that
the Bureau_can advise users|of the availability of software for any particular
system, '.
-As.a first step, I would like to see the members of thisiconference
designate a committea composed of. persons familiar with-oomputer sys tems used
by potential daja processing centers. .This committee could explore:
(a) How best to develop software_where none now erists. (The .
-~ . jmost efficient procedure may not be the same for each of

the several computer systems). .

4
(b) How to evaluate programs so that the Bureau can make .
‘ : recommendations to potential users. ' .7 |

*

. . -
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. THE BENERATIVE APPROACH TO SOFTWARE DEVELOPMENT "
' | * GaryL.Hil .~
Director, Information Systems, CACI, Inc. - Federal . n

| / ABSTRACT s

The National Institute of Child Health and Human Developmeﬁt
(NICHD/NIH) provided funding for the analysis of unique data processing
problems posed by large statistical dataffiles. One mechanism that resulted
fromithis activity was the CENTS-AID{II system, which reduces. the cost of

_accessing large data files by as much ak 80%. The generative programming

techniques designed into the syst&m are wesponsible for this significant cost

.reduction. CENTS-AID II is currently being used in over 50 computer sites

around the world including the Belgian Arghives, University of Heidelberg,
Prudential Insurance Company, Congressionpl Budget Office, Social Security
Administration, National Institute "of Heglth, and the New York State
Workmen's Compensation Board. The :sy IBM

m is operational on the
360/370 .under OS and DOS. . :

-

.

1. INTRODUCTION: The Problem

* b
v

Most generalized statistical access syste‘ used by totl’ay's' academic
community were designed using interpretive programming techniques. That
is, they were s}lesigned to scan researchers' commands and build extensive .
logic tables. Subsequently, as each record from the data file is processed,

the contents of the logic tables are scanned and interpreted to control the -

execution of specific preprogrammed functions which will yield the outputs-
requested. As the research community developed new statistical routines,
additional preprogrammed functions were integrated with .minimal
modifipeition’s‘ to the basic processing methodology \of the logic tables. As a
result, the most popular generalized systems include a variety of analytic,
capabilities and require more than 200,000 bytes of core storage to execute.
Even though logic tables are continuously scapned for each record on a file,
and large segments of core storage must be 'allocated for execution,
interpretive programming techniq‘e’s offer an efficient mechanism * for
analyzing a limited set of observations. The same interpretive techniques do
not -however, offer an efficieht mechanism for analyzing large statistical
data files. ' ' - '
4

Large data producers such as the federal government ﬁrovide a continuous
flow of computerized statistical data. Most of these .fii‘es contain tens-of-
thousands, hundreds-of-thousands, or millions of records. Further, mgny of

. these sequential files are organized in a hierarchical, or tree strécture’

format. This type of file organization provides for the definition of ofie or
more record formats describing-different units of analysis. For example, a
file may contain one record format to describe the characteristics of
households, Ianother to describe persons, and- a third to describe purchases.

*Material submitt:ad for 'the Sub-group on Tabulation. -
- T 229 - -»
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Additiorial valuable fata relationships are défined by arranging the records

. in a predetermined order (tree structure); purchase records immediately -

follow the person record responsible for the purchase, and person records
follow .the household record in which they reside. Such a file provides

characteristics of people, and the characteristics of households. Further,
the’
the/characteristics of people, the characteristics of purchases with those of
. hoyseholds, and the characteristics of purchases with those of people and

thdse of houséholds, et cetera, through all ¢combinations and permutations of

pu#chases, people, and household characteristics. '

The analytic potential afforded by this type of file structure far exceeds the
cﬁpacity of the punched card concept of file organization where each file
-has a single unit of analysis expressed in one record format. Unfortunately,
n'los;é‘ statistical ‘access systems utilizing mterpretive programlping
ology still reqlnre data to be organized as if they were in punched
cards. In order for researchers to access: the larger, more sophisticated
iles, data must first be reorganized to suit the unique specifications of the
oftware system being used. This process is not only" costly, but often
Hestroys valuable data relationships ‘defined by the original structure of the
file. Whereas the utilization of interpretive programming, techniques has
tended to promote the general use of computers by the research community,
it has also tended to limit access to large files. -

.
e

-.The National Institute of Child Health * and Human Developmeﬁt
(NICHD/NIH) became increasingly concerned that many valuable yata

'rese;fchers the opportunity to analyze the characteristics of purchases, the-

ile enables researchers to analyze the characteristics of purchases with

\.‘

resources were being under-utilized by .the research community. -

Consequently, funding was provided for the analysis of the unique data
processing problems posed by large statistical files. Onge of the mechanisms

that resulted from this' activity was the high-speed CENTS-AID II System,

heremafter referred to as, CENTS-AID.

2.. CENTS—AID ‘The Get\?ratwe Approach K

CENTS-AID (Release 3. 0) is specifically engineered to minimize the cost of
accessing large-data files through\the. use of generative programming
technology. In benchmark comparisons with another widely used system
degigned around interpretive programming techniques, CENTS-AID's
generative approach reduced computer costs Py over 80%. Based upon user
~prepared commands, CENTS-AID generates a tailored ANS-COBOL program
to process and analyze the data file.- Subsiequent ‘'system modules are used to

format and display cross-tabulations of up to eight dimensions, produce.

"'-subflle extracts complete ‘with self-documented computer-readable Data
Base Dictiohary (DBD), _generate and’ display " correlation and covariance
matrices, and create- an SPSS (Statistical Package for the Social Sciences)
Correlation Interface File upon request. :

¢
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- The: CENTS-AID system-is comprised of seven programmed modules, three’
standard utility sorts, and the ANS-COBOL c6mpilér -and loader. The
system's generative approach can best be explained by examining the *
schematic diagram displayed as Figure 1 on the follpwing page. The diagram
does not depict each of the system's.modules; instead it is‘intended, to

porti'ay)the system's generative'nature. - . . 4

~ 2.1 Fragment Generation: Describing an application in qua\sifxi lish

. Tanguage , commands, the. user interfaces solely ‘with the FEfagmient.
Generation module of the system. This module performs format #nd syntax -
checks on all commands, Huilding a variety of interna] tables, and organizi

__descriptive labels for subsequent report presentatioy’\. Once all command

" are validated, the module scans the internal {ables ONCE, building
fragments of a COBOL program. These fragments are then combihed with
information from the CENTS-AID Models File to ¢reate a complete ANS-

. COBOL program specifically tailored to the application request. '

“i\&‘ [ . L4 . .
When "'an\application ir'icludes a request to generate a subfile extract, the
Fragment, Generation module will automatically create and display a
computen‘_-\?eadab_ e Data Base Dictionary (DBD) containing all detailed
technical charadteristics of the newdata file, as)well as descriptive labels
for all vartablgs and values of variables. The -’computer—reagable DBD is
separate frogy/the new subfile extract itself and can be placed on any direct .
access storajjiilevice or altern‘tiwely, as a separate file on a magnetic tape.
The Application’ module~of CENTS-AID, to be described later, will actually
generate the subfile extract according to the technical characteristics
contained on the*DBD. Subsequently, should the user wish to .also analyze
the subfile extract through CENTS-AID, all gomput¢r-oriented technical
information and descriptive labels are automatically included through
reference to the subfile's Data Base Dictionary. Alternatively, users can
document .master data files through the facilities of the Lexicographer
component whose sgle function is to generate computer-readable Data Base
Dictionaries. This one-time documentation activity reduces'th.e amount of

* technical knowledge required of statistical data users, and minimizes the

amount of coding required to descFibe applicationsy

For user applications that require the generation of cr,oss<t/$bulations,f the
Fragafent Generation module is responsgjble ‘for creating COBOL fragments
that dimension all tabulatiom matrices tequested. .The facility of
dimensioning tailor-made matrices into the generated ANSMCOBOL program
contributes to the overall processing efficiency of the CENTS-AID system.
There is virtually no limit to the number .of tabulations that can be
requested in a single application. However, no single table may exceed 17
columns, or 999 rows, or 8008 matrix cells.”Matrix cells can be incremented
by a simple frequency.count (1) or by the value of an observation variable
such as income, expenditures, dge, or number of live births. In order for the
Fragment Generation module to dimension each table, the user mus} supply
the minimum and maximum numeric valpes of .each variable to be (ncluded
in the table, either through CENT$-AID ¢ommands or via the DBD. Simple

data transformation commands are available to manipulate varigbles
' ) -
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~ containing alphanumeric or noncontiguous coding structures. Since each .
" matrix shell is specifically tailored to accommodate the requirements of an .
. \ ° . application, CENTS-AID only reserves the amount of core storage actually '
needed to analyze the data file and perform the tabulations. In many
" computer billing algorithms, core™ storage costs ‘are significant so that by
reducing core requirements, compufer processing costs can be minimized
further. . y - _ ‘
CENTS-AID can also be requested to perform correlation analysis, generate ¥ ., /\
_ [' M variance/covariance matrices, and create a variety of other statistical '
- measures. In those instances, .the Fragment Generation module ‘is"
responsible for creating COBOL fragments that define working storage:areas : )
and logic routines for the 'ANS-COBOL iprogram to compute. intermediate s
statistics for pairs of X and Y variables/which will subsequently be processed
. by the Statistical "Generation module. The working storage areas and logic
routines are specifically designed to eliminate' statistical error caused by
accessing large data files. The intermediate’statistics include the number of
" observations, the number of missing values, the sum of X and Y variables the
sum of XY, and the sum of XY.” All computations are performed in double - :
.precision floating point. . e ) _ . -

»The COBOL fragments generated are then combined with instruction format
inforation from CENTS-AID's Models File, reference Figure 1, to create a o
complete 'ANS-COBOL program. In a matter of $econds, CENTS-AID )
_generates ‘a tailor-made ANS-COBOL program designed tp the specific ‘
requirements of the user. : o :

2.2 Application: Under the control of Job Control Language (JCL), the ; \
ANS-COBOL compiler and loader compiles and executes the Application
program created by the Fragment Generation .module. The resulting
program'is the only module within CENTS-AID' thdt analyzes the statistical .

data file. Since the|Application module is tailor-made to the specific
requirements of the user, processing logic is optimized and core storage

P . requirements are minimized. Because of the generative characteristics of

) CENTS-AID, most data files do not have to be reformatted in order to be
analyzed. The Application module will direcgly process simple and complex
sequential file structures whose records are fixed or variable length. Files

can have up to twenty-six different record formats and a hierarchical ~
structure of up to thirty levels, data can be recorded in binary, packed- 1 -
decimal, and EBCDIC/BCD formats. ' *, ' .

In additton ‘to the hasic .generagive characteristics of CENTS-AID, the- _
proc,essi'ﬁ'gmmethogolbgy integrated into the Application moduje to update, or e
r . increment, matrix cells for cross-tabulations is also a major -factor

. ‘ coptributing to\&h: efficiency of the system. Instead of continually scanning
« _——— matrix dimensions to determine the proper matrix cell to increment (a
technique -employed by most systems), CENTS-AID uses the actual code

va\lues of the data file to compute "pointers" into each matrix. Simplified,

\ the algorithm used to computg the "pointers" for a two-way .table isas

follows: : - ' V- ‘ . .

i

POINTER = (Code Value ~ Minimum Value) + 1
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_ To illustrate the techniqile, suppose a user has requested the generation of
a simple two-way tabulation (Sex by Marital Status); where Sex contains "«
two code valtes (0 and 1), and Marital Status contains five code values (3,
- ,74,5,6,and 7). A record containing a value of 1 for Sex and a value of 5 for
" Marltal Status immediately points to the matrix intersection of (2, 3)

: g ROW POINTER =(1-0)+1=
PR | / COLUMN POINTER = (5 3 +1= 1
_ . : coLumn ' .
p . . ' ' ) POINTER .- . -

e - ) I @
oNen v A

2._ . 3 4 5 6 A \ 'CODE
: iTAL STATUS VALUE

xXmn

9
. e

The processing logi& of the Application module functions according to the
specific requirements of 'thé user's application. If a subfile extract: is
requested, records are formatted and® written to an dutput file as the
statistical data file is being processed. After the data file has beéen
completely analyzed, the Application module then generates a Summary
Tally File containing data for all cross-tahulations requested, as well as an
Integmediate Statistical File.  These -smaller files are . subsequently
processed by the Table Formatting and Statistical Genetation modules. ,

2.3 Table Formatting: The Table Formatting module is invoked solely for
those applications réquesting tabular output. The module combines the
d@scriptivg labels organized by the Fragment Generation module with the
content of the Summary Tally File generated by the Application module.
The module also computes column and row totals, as well as any optional
descriptive' statistics ‘'requested. such as. percent, mean, median, variance,
and chi-square. The_‘table formatting capabilities of CENTS-AID are
extensive. @ Users can request simple frequency, counts of selected
variables, as well as more sophisticated cross-tabulatians of up to -eight
dimensions. The TABLE command is used to identify the variables to be
~ used in each tabulation. Variables named to the’left of the keyword BY
comprise row variables, whereas variables named to the right comprise
column. variables. The following TABLE command defined the _six-way
tabulation displayed as Figura. 2 on the next page. ’®

[ )

v

TABLE PLACE AND RACE AND INCGRP'BY EMPST AND AGEGRP AND SEX

i ¢« | -
F ) »
. ¥
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Table TOO7: PLACE OF RESIDENCE AND RACE AND INCOME GROUP BY EMPLOYED
AND AGE GROUP AND SEX | -

e eem e e e r S e ~
| EMPLOYED , . ~ o
P ves | -1 T T R

: e T e
’ ‘ 1 18 1C 33 l OVER 3% | 18 T0 35 I OVER 35 1
PLACE OF RESIDENCE. e T T T T e T T T e T T e

- - .- -

" MALIP |FEMALE | MALE  |FEMALE | MALE |FEMALE | MALE [|FEMALE itovaL
U, 3 -

: |
RACE "
INCOME GROUP {

- - - - C Y e — - - - -

URBAN
WHITE . ’ )
$0 40 34,999 IR 3 [ 549 402 656 . .9 264 [ 1V 539 1,774 ‘54469
. $5,000 10 $9,999 %10 208 676 3 24 16 L1 20 14823
$10,000 AND OVER 201 : 16 699 $3 6 2 20 _ 2 1,077
BLACK _ . -
30 T0 $4,99S B [ 86 T4 121 - 44 138 80 167 783
$5,000 10 39,999 63 - | 82 L) 'y R ] N L I - 290
. $10,000 AND OVER ] 1 20 3 - - - -, 0
OTHER : '
$0. T0 944995 14 6 [} : ] 9 14 2 15 16
$5,000 TO 39,999 'S 3 1 T 1 - - - - 23
$10,000 AND OVER . 2 - 4 - - . - - 'y
SUB TOTAL URBAN _ 19433, 906 1,980 1,221 354 987 687 1,901 T 94549
RURAL ' ’ - _ : .
WHITE |« - . ”~” '
$0 10 $4,996 - . o186 . 190 N7 3 (1) L 36 L. 207 N Tes 24499
$5,000 10 $9,999 ‘ 199 46 ' 298 89 . ‘1 4 " 10 .} 650
$10,000 AND OVER « 66 2 . 157 7 3 L, - 6 - 261
- BLACK . ‘ N : : . ,
$0 10 $4,99% : 26 16 3% 26 S § S 25 23 . o s9 222
$5,000 10 $9,999 6 LI | .9 1 1 N 1 - 19
$1C,000 AND OVER - - 2 1 - - - - B |
BTHER : . . v
$0 TO 34,999 / N 4 .3 4 ¢ 3 10 ] 9. A7
$5,000 10 $9,999 3 . ] 3 - o - e | S 14 ]
$10,000 AND OVEK 3 \ LT ] - - - - - . (]
SUB TOTAL RURAL - 493 261 £33 - AN 107 358 338 . 836 3,664
TOTAL, L 19926 l.\lm 2,013 1,66% . 461 1,362 - 1,022 2,017 - 13,219
, .~ . ) )
. Ve - \ i . A
e _ \ . : .
7 ’ N\ | |
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Descriptive labels were obtained from the computer-readable DBD. —The
Fragment Generation module analyzged thé minimum and maximum values
for allg\ix.variables referenced in the TABLE command. It then adjusted the
"pointer" algorithm to automatically ptrovide for the "nesting" of row and

column variables, as well as align all row and column labels for subsequent._

dlsplay. \

2.4 Statlstical Generation: The Statistical Generation module is executed

for applications requesting special statistical analysis such as Pearson®
Correlation. 'I‘he module processes the Intermediate Statistical File
generated by the Applloatlon module and produces a va,nety of optional
reports includjng correlation analysis with list-wise or pair-wiseé deletion,
and summary reports containing such statistics as means, standard

- deviations, sums of squares, sums of .cross-products, the mnumber of
observations, and the number of missing’ values. In addition, the module can
optionally generate an SPSS Correlation’ ﬁ)féﬁface File. This file is =

acceptable to SPSS (version 6.0) as original input' to its llbrary of statlstlcal
functlons which'manipulate correlation matrices.

3. PROCESSING EFFIGIENCY: A Comparison -

CENTS-AID is engmeered specifically to minimize computer processmg

" costs for accessmg Jarge statistical data files.. The generative techniques

employed in CENTS-AID do not necessarily, produce a cost effective
mechanism for processing small data files.® k series of benchmark tests
designed to demonstrate the effect of processiig increasingly larger volumes
of data ‘on CENTS-AID's generative approach and anqgher . system's
interpretive approach were conducted. Although we feel that it is
unrealistic to compare generalized systems that are designed for different
" purposes, we chose the Statistical Package for .the Social Sciences (SPSS) for

this comparison because it is so widely-.used. The benchmarks were ‘not

intended to be a comprehens1ve evaluation of the merits of the two systems.
Whereas CENTS-AID is specifically designed to access large data files, SPSS

offers a wide range of statistical analysis capabilities that far exceed the

current facilities of CENTS-AID. The benchmark tests were designed by an
ontside consultant to meet the following specifications: 1) the test must
request- statistics which both systems could generate; and 2) it must use
SPSS as efficiently as possible. The benchmark application used the

FASTABS option of SPSS (version 6.0). The 1970 Public Use Sample Files. ,
were processed. The results of the test are presented in the following table.

’




LT

N

v ° . o

' 3y ’ * BENCHMARK TEST (JBM 360 Model 68) - .
. TEST 1 ot TEST 2 . TEST 3
* $rSS | CENTS-AID $r5S ‘| CENTS-ALD SPSS CENTS-AID '
\d .00 6.0) . (6.0} :
’ - Number of Input Records | 27891 | 20891 | 203 | 2001 | inele aneMe | o
- Size of Universe 5442 | 5442 741 | 54741 537,687 - 537,687 o
' : Number of Varisbles ® ’ 9 9 9 '] ' ;

CPU* Time (Seconds) 1989 | 3229 nes17 | “1340§ | 1188000 1112.18 . .o

Core Storage . 214 1] 214 ™ o Ne ] ' : ‘

Dollar Cost $45.99 $10.78 $175.74 $24.48 $1543.04 $1m.0 '

- - a3 *
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The comparative statistics generated by the three benchmark tests show
‘that, as the volume of data increases, the computer. cost* of performing
tabulations with software systems using ’interpretive programming
techniques can become almost prohibitive. Subsequent to the execution of -

the formal benchmarks, further analysis of the processing efficiencies of the
two systems was undertaken, For example, each system generated multiple
tables using various combinations of user commands. Throughout these tests
the variation in relative processing efficiencies remained consistent, with , .
CENTS-AID apphcatlons costing ‘approximately 80% less than the SPSS runs. - : ’
During the testing process, an SPSS SYSTEMS FILE was’ created which R
substantially reduced SPSS tabulation costs. However, the cost of creating ‘
such a file can- rapldly become expensive, and valuable data relatlonshlps
may be destroyed in the process. : .

*

~




S cousxnnaarxous IN THE DESIGN OE UbER*ORIBNTED T
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D \ R "yiﬁ:j“f a0 Vi
Lo e TAB&LL?&NG SOFTWARE alTOUNS T et
S i . - . ) . ] k ’:. " * “_‘:‘.- » -" ‘ .. _,0 ) L .u
- . . ~ P ' . ¢ - R oot . . i . .
TN - Rudolph C. Mendelssohn o N R L
el L ‘ Bureau of ;abor StatlbthS’_ e . .
. o . ' U S Department .of Labor, Washington,, D.Q S
v ' : : _ : . .
\v‘.\ * Ny * . |
" e, o : . - e B I
..The desrgn of user- orlented s tware must begln wlth the -
; yldentlflcatlon of the users and, the problems thex wish to
" Solve, <hen, at the highest technlcal levels, the ' -
+ a o ._ Y “ N .
) »  requirements, are exclusrvely those of desxgnlng-a language - B
. . \" ' ‘ N . - .l.' " A R/
© - ~ . . - : N
.- that.will allow the" users to communicate their problems to - . ~ .
g‘_the’computer; This'lsxfollowed'bn the design of a- ) xS
" genéralizea computer system to provide the product’ specified
'by\the user. ) LS o ; J"" T oo L
. \“ ’ n . < . "“ . . a2 )
#ho afe \qur users and what'is their problem? oOur mission .~ v e
» X ’, ) ] .. . °\ aQ ",l\ o SN e
- says.-that the users are those-who want to do tahulations. ,
_ P o . . L LV
3“ b And because'the software is.to be‘user orienteﬁ I belleve"”f'_ .
' .} . ve are-to assume that the user must be- someone uho lacks : )
- t|.f’\‘ ’ > N \ Tl
— } tralnlng in the computer sc1ences, does not car@ to learnn \
. . " o .v% . : 2o “
_ either how computers work of the step- by step procedures
a;V *  that get the computer to solve problems. . o ‘."_’ 5 -
" i . . - [N . T
N - This may sound like a condemnatlon oq users generally. _ .
v ’ o) ‘ - b .
| . However, ;\\ntend 1t as an observation of our own fallure to' o
. see'the'compuxer as a tool to be“giveq to users to operate
~ - T - : : s ' . ' .
: L N . A\ t
. a ,
e *Materials prepared for the Sub-group cn Tabulation of Data.
: . . . , . .238 : |
e . _ . Bt ' : . : .
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"the language used by our_ecbnomists, statisticians, ‘o
. . A

fghouid'be'able to deal with the‘Fonmgter in their own -

T o ' M T ~ s . R ' . . ’ - S
dnethteirvown prefessional envirdnmegnt. The users:c should not -

-~

: : ; _ . _ . L
be required to learn another discipline. Rather, they

o
.technical -language. ' . .
- ’ “ . ) “
. y . . o ¢

‘ r

The most. flexible tool“that we can’of fer users would be a

natural language. Put, there are ambiguities present in
‘ . LN :
natural languages. , You and I can cgpe with these

A

I

. C s ' : .4 _
ambiguities through combinations of subtle nuances,

- : » . s )

assumptiohs, and prompting. Computers cannot_tqlerate'so

. o ¢ o ’
much freedom. A wser langquage to talk with computers must
‘-r . .‘\‘ . .‘- ) .
be structufed acdﬂrding to thle demands of computers. ’

LY. ‘ : ) —_— ~

T I e R I N

’ ) o | ’ T ' ‘e Y .
Knowing that computer riyidities Will be a constraint, bug
S nputer ; 4 D¢ -aint,

.

v

that the language should be as close to natural as pos;ible,,

v

we must _ask ourselves what language do users employ to I
. . \ . - .

/ 1 .
specify a table, ‘Ei%e years ago BLS undertook q_study'of
‘ : »

e .

speciffing tabulations.

L
. ° - ‘
» 3
. ) ) - ]
’

Determining theSe,langane éharacteristics was“not.a simple‘

P .
- . : ' . . !
mattel because of the range of tables BLS users specify. , *~

-

These tables: fall into three broad classes: Those published-

in.the Bureau's bulletins and reports; work tables used'in

- o A t
the production of ‘the published data, and a third class more

difficlt to observe.. The.BLSBSrofessional personnel’ is #
oo , - 2 .

BT A5 -




deeply anQIVed un research angd.. rely heavily on the Bureau's

v ] A

e mass1ve data flles.c?The form‘of thentabulatlons froh these

fllPS LS not p;edlctable bucaus*\the analyst typlcally

e i ( . SO .‘g‘

Y

oy '_v'engages xn an lnteractlve process. that 15, the study of one

A A _' -
.

&«

tabde leads to nemdquestxons uh;ch requlre dufferent tables

- o- b - PR

i whlch geherate new questlons, and so on untml”the analyst 1s”

o h

‘Batisfied. Sy L e "3'”1 g" Rl _,"lfﬁ .
. R . \ . g' oot . . S
» - N vy ooe - .

N Our study revealed one domlnantffact" Thete vas ndv Q '1’”:f'3:’-n;}

agreement w1th1n the Bureau on. how to deSCrlbe tabulatloﬁ f-iigf

" et g

methods: and table formats.' Incon81steﬁcy ptevarled.; Among

,,/ A I a . . O

. . B
* \F e

- - . . the computer systems stafi, economlsts, St&tlSﬁlCl&nS,r, @, : )

) ‘ CRE P AR
demographers. and other SOClal SClenthts throughout tbe oae
« ’ “ N S T N . .' .
‘Bureau; commonly accepted terms and ordrnaﬁw ways of T

L Y

expressan needs meant qulte dlfferent thlngs.; Terms llke '”," R

. . v - . ¢7 . R
_var;able; data element, data 1tem, and fleld often\were u'-.;' L _;"

R q S
- * . . L J‘"‘q" Y - v )

“intenghanqed dependlng on the context or the user S, 'l* " jjrf‘ T .
background. Slmple words like row, llne, column, table., ook {i_

“summary, and cross tabulation had varied interpretationsg_ \}.f - E
'” ) . J‘ - - - . .. X . ".. - PR c ". B
N Ry . ' o ' . o A~>";fa.' \

. - Nor did a look at othet tabuldation systems help. We S '

concluded, then, that it would be best to pyrsue .an approach
that included a standardized lajpguage based on the

nomenclature most commonly used in BLS, Thfs approach would
9, 0 ) ’ ; . . . B B - ..
’ improve communic?tion among BLS soctal scientists, computer . .

science professionals, ‘and the computer itselt.,

/ ¢ _-," ‘ 240 \ . .
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From an analysis of the.study findings, it became glear to
BLS. that in building .the standardized "language" the parts’

of the table had to be idenﬁified and named, and an

qnambiguops syhtax had to be dévised. This was done, and I

‘ refer you to the BLS document,. The" Develppment and Use of-

L]

‘Upon resolution of_the'lanéuage problem, the BLS staff

Table Producing Language, focoa discussion of the btructure,

*

of tables and the standardized language that evolved.

7

turned to the next step: the design of a generalized
computer system that would respond 'to user written '

specifications for tabulations.

Biiefly, the study, had four goals: ' _ )

" : . ’ | t

. - . . . . . .

1. The system should te able to produce most, if not all,

of the Bureau's statistical pablyé. . N

2. . 1t should be driven \y a Table Producing Language

3

that *did not require the user to be competent iﬁ'the .

-~

computer science discipline.
3. 1t should be flexible and adaptable to changing neer

for new tables and formats.

4, It should lead the way to compositron of tawnles for

. .o . ¢
publication. )
A

o 241
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- capable of doing stething useful. But tﬁe.féct remained

] . - ' . " \
first step in system,construction was to see what work

s

rst*ad done, patticularly other national statistical,

¢

_aqencies.k A United Nations questionaire, sent to national

'. . 3 -

statistical agencies in Europe, Australia, and North Ameriga

‘in 1972, dlsclosed nearly 50 systems that produced tables.

[ ]
ré -

~S0 much activity 1slcerth1nly a'demongtratlon that most '

«t

statistical offices regard some deqree of genéralization

desirable and possible. But two questions ace - raised;:

. \

»
14
.

1. Why so many different systems?

»

2. Why not use one of these in BLS rather thén deveiop
~a new one? A S ' . T

I ) .
)

Differences 1in cdmputers and data file structures create
~1ncompat1b¢llt1es that limit the use of soméone flse s"
programs, and much of the dupllcatlon of systems can be
explalned thlS way. Héwever, this does not explain why some
(prqanizations ha'vé three gr'four different)gystéﬁg and why
BLS found it usgful to deVelép its.own. The Bureau reviéwed
and analyzed all sisyems.tgéi coukd be found'to see 1f they

could meet its goals. Almost every system examined was

A

that no system met or even came close to meeting all the

Bureau's requirements, individudlly or collectiwvely. o




' | In building our own system we relied heavily on the
: knowledge gained in the.study of other| systems. . : T\

g
-

Particularly significant in this regarjl was the pioneering.

work dene hy tge Australian Bureau of SMatistics in the'

early and mid-1960's in the construction of their Report

-

-

G%pera¢or. Another important contributor was our own BLS
oo . . . .
Information System which to some extent paralleled the work
. . _

in Australia. , - é R §

Fo

4

’ . . )
+

. o R ' . :
The work-which combined :the results-of the twin studies of:

the user'lanquadé'and*generalized'tabulation program'

-

-1: culminated in the completion of the first publicly available

syster in 197“. It is ca}féd Table.Producihg Language (TPL)

~ 2

and is now at work in over 155.installations' worldwide.

' { - -
S Many users of TPL are in commercial enterprises throughout . .
* ) . - \' - .

the United States and Canada. These include banks, . ‘ o R

~insurance companies, computer time-sharing -services, heavy

industrial manufacturers, pharmaceutical houses, .and,

©

research and planning organizations. “‘But State and’
municipal agencies acréss the country,” and more than a dozen
Federal agencies (including both houses of Congress) are

- also users. Among educational institutions are over a dozen

«“

major universities.
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The count of TPL installations abrdad,shois fifteen nat}onai

~

statistical agencies, located mostly in Europe, but ranging

»

' geographically €from North Africa and the Mideast to

Australia and Thailand. United Nations installations in New
. . ° ( . H '
York and Geneva use the system and also distribute it to

member countries. !

- . . : N

The Table Producing Langhage was judged to be the best in
o @ . N

+*competition with eleven other 1eadingrcont§ﬁders by the

’~Commi£tee on the Ewalﬁét}on of Statistical Program Packages t
. ( ‘ ’ IS . )
of the American Statistical Association. The Committee

-~ studied two principal, characteristics: tabulating power and.

-

.simplicity of lanquage. " When integer scoring from one to’

| 3

five for nine different attributes:within these two
categories was used, all systems evaluated scored well above

the minimum fiqure. _ However, TPL scored the maximum

possibie, 45 while the runner-up scored 36.

L]
t

A}

A The lanqguage differs from the traQiti‘al computer -
“'Vanquages, such .as COBOL, PL/1 and FORTRAN, in important:

ways. The latter have general appfiqation in the sense that
.. ’

"they are used to solve a wide spectrum of problems in

’ ]

business and science--problems ranging from accounting,
. L4

‘inventory, and production to weather forecasting and getting

3
~
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: _ .
. evéryday common BLS language and nomenclature to.describe

the tableé; In short, TPL has reduced a burdén, speeded

'

.
men ta the moon. Bpl in doing so, the user muAt give the
computer step-by-step instructions on how .to sblVeVQhe

(]

rroblem being presented to 'it. That requires the user to

~
5

know how computers work.

. ° oo

The Table Producing Language HelongS’to an emerging class of
computer«langu%ges called very high level, probiem
oriepted—;very high level because they are disengaged from

the computer, and probiem oriented because they deal with

narrow needs. TPL has limited application--it can only.

prepare tables, nothing else. Oniihe other Mand, this

specific focus has allowdd the embodiment of several.

advantages over the better kqowthraditional but less

specifically directed languages«

v

The TPL systems already knows what a table is and how to
generéte one, It™only needs to be told the parficulars

about the one wanted.
table with 'the Table Produging-Language,,the user need not
’ 9

Thus, when describing the desired

go through the tedious and time-qonsumiﬁg effort of telling

the computer, step By step, how to make the calculations and

lay out the table ftameyorki/)ﬂoreoqer, it allows Bureau

+

- - 4 . ! -
social sciefftists who are not computer experts to use
. N . ‘

%

1!

wOfkg"and'increased'ﬁhe{ELS capacity to .respond.
‘245
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I. have mentioned some good things about TPL. Now, what is wrong

with it. Pirst and foremost, it will only run on medium to

s,
.

large-scale IBM m%chines, or their equivalent, such aé Ahmdahl

"~ and perhaps.Itel. We have had many reguests for a version

.

. K]
that would run on other machinmes. Unfortunately, from the

viewpoint of ‘these requestors, our mission.is to serve BLS- - ,
requicements. An effort to make TPL run on machines of

: )
trand names other than our IBM equipment would have been too

-

costly.

] - %
v

Secondly, the system is mcnolithic--the user gets all or
| A . |

. - [ W
none of it., It includes special features that are closely

allied with our needs. For example; then% islemphasié on
formatting tables for display in BLS publ{catiéns through
the use_of:electronic photo composers. This is useful to an .
aqehcynthiﬁ_publiShes most of. its ex}ensive produc£iog in

table form but likely to ke of little use in academic

research. f..the user has a small machine and small or

1

limited needs, he can not just take the bart thal will‘help
him. . ' o
Effibiencyfcould be improved. Users can WL unaware that a

chysen approach is much less efficient than -another that,

would give exactly the same result. For example, we find .
AY
%

‘users breaxing problems into smaller pieces*than they

should, résulting in extra costs at run time. We feel the

. 246
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system should pcotect them from these inefficierncies: An

important goal .of our project was to bring the cost of

to palatablé“fevels and ve
\ -
: \

costs significantly impressive amounts,

processing very large files down

have réduced these

:

compared to our alternatives. Byt the costs are still more

than we like.

. ’.\ ' - /
In summary, although TPL is the result of a pioneering

v

effort and embodies*imporiant advances, a neW effért should -

learn-from'its deficiencies as gell. "These include lack of
. , .
. portability across machines of different manufacturers, .

excessive size owing to the inclusion of spécial~pur§bse .
. facilities, and lack of adequate protection againsf
_ ; |

excessive anp unnecessary running costs.

247 - | : ‘
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Status Report on Selected Census Bureau Activities \ ‘.' 2

*

v
L3

The conferees focused attention on a number of important ongoing

° t.

\ _
and planned Census Bureau act1v1t1es that were not covered in the pre- s

~

pared papers Since these act1v1t1es were not only discussed at ]ength
but a]sb became the subject of severa] conference recommendat1ons, a ’
brief status report on_the1r.nature and prospects is provided in th1s‘I
appendix. Topics, described below jnclude'market researchi d!!a'de]fvery;

training, ‘consultation, and other user services; computer software; .

machine-readable data directories; computer tape files and microform.

) Market Research .

The 1dent1f1cat1on of users' needs is a]ways an ear]y and h1gh~
priority activity of Bureau program p]anners. Many d1fferent approaches

‘are used to determine 1nterests 1n data content tabu]at1ons, forms of .

data de]mvery, and data access a@g,use assistance such_as tra1n1ng and .- -

iy '

reference materials. For example, the, 1980 census pdanners he]d'"pub]ic

g

hear1ngs in 74 c1t1es and at seufra] nationa] conferences, and met with .

-7

Wea
representatives of State .governments to solicit rqcommendat1ons The

planners also participate in the Federal Council on the ]980 Census, and

'
ma1nta1n a mailing 1list of more than 7,000 1nterested persons to keep .
' .

thEm 1nformed through the 1980 Census Update, a news]etter that carr1es

art1c]es ask;ng for users’ suggest1ons on part1cu]ar_top1cs. “Two ;”
Mo - 4 . ' i . » . v

planning conferences were held late in 1977 for~representatjves of summary

-

tape processing centers and other tape Users, resulting. in more than 200 ;qu.

[3 [ v
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1récommendétions for 1980 census produoté and sqrvices., To-obtain input

- | A
~ko_their_programs, the Economic Census Staff sought suggestions concern-

%ng data content and tabulations for the_]977 Econbmic Censuses from

»

'y \/ o R ° . R . .
hundreds of trade associations and institutes. The Bureau also maintains.

(] ' ‘ '
mmittees. ; : C e
Co )

L &
-

nine standing advisory cz\

lData De}dvéry '- ' : - . :
h The Census Bureau is quite senéi?ive to the fact that effecti&e gnh
i widespread use of its products ié'dependgnt upon an effective data
delivéry system_which proﬁidés c%ﬁvenient access by novices and gdvanced'
o f USgrs alike.: To supblement established datd access points such as the
// / ~more than 1,000 Federal depository libraries and its own sales facility,
the Bureau“haSgexpanded its own census depository 1ibrary system, is
seeking tb improve. the Summary Tape Processing Center Program, and has .
initiated a State Data Center P%ogramf ,Thé'latter program ii.a'cooperé-_
. o« tive effort'Bétween,bérticipating States and the Bureau to improve the “ _’ \
>, abi]iti,of~5tate gqyernmentsr}o operate data dissemination and user
4 ' services‘féciiigiés for'the @enefit of usersﬁin\State and local agencies,.-

universities, and the private sector.

D | ;’Training&_Egysqugz?Eﬁ:>and Other Services \

". T'he' user services. function of the Bureau is made up of such activi- '\

4

ties as pfoduct promotion, inquiry handiing'and~user consultation,
. R . . . . ,
orientation and training, and provision of refegence materials and other ¥

)

. i - user aids. The user training,schédule for 1978 includes 28 course . f

. ) . . _: ] . . .‘ . .
: S o250
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oifertqgs, rangdng~from the papular 4-day_intergovernmenta1 and~1ibrarians' ’
semihars on-accessing Federal statistics to courses on using magltine-
rtadable data'fi]es and using census'data'tbwme?t Federal requiremehts,
and on makind'popuiation estimateS”and projectiohs A comprehensive
Jnventory of guides, directories, indexes, and other user a1ds is ava11-

able. The month]y Data User News. keeps users 1nformed apout new

products (also 11sted in.the Bureau of the Census Cata]og) training .

- opportunities, and other relevant top1cs. Further, tJP1n1ng and inquiry'
services have been enhanced through the p]acement of user services,
sbecialists in the Bureau's 12 regioha] offices. - .. -
. Computer_Software | - o \\\i\'

\\ The 1970 census might be remembered most for the large assortment

-

of mach1ne readable products it produced A comb1ned total of more than

3,000 summary, microdata, and. geographic reference tapes were_released
\from that'census._ In recognition of the'heed-by users for.computer
Lsoftware to process these¢tape'f11es; the Bureau developed and'distributed

data tabulation and display orograms'(DAUList 1-5 and.COCENTS); geocoding

software (ADMATCHvand UNIMATCH), and computer mapping.programs (C-MAP
"and GRIDS). | |

“A study is'currenttyiunderway to identify gaps in the sottware

genera]ly ava11ab1e from all sources that users need to process Census
Bureau data and- geograph1c reference f11es The study results w111 be

used to determ1ne whether the Bureau should deve]op additional software

" for distribution to users. * '

Al
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A short#Tived effort was made after the 1970 census to estab]ish,é
L)
software c]earinghouse to prov1de users w1th a cbmprehenSive listing e
- » :
" of avaiiabie pnograms for pcheSSing,census files The effort may be

rev1sed in assoc1ation with the 1980 census

" Machine-Readable Data Directoﬁies

"In-ocder“fo be further responsive to thé needs of users of compute:-
. N t- : L .
. oriented products, machine-readéb]e data dichtories have been_prepared_

>

~ for recent products<such as the 1974 Census of Agricu]t;re tapes, Annual

Housing‘Fiies, and Annual Demographic Fi]es. Similar directories will

. ) “be developed for all future public-use files. S =L L

o s S/ . - .
Cqmputer Tape Files and Microform : ST . .

While the needs of users of printed reports will continue to receive'-

a high pniorify, there.is'a~defihite, and deiiberate,,trend towards the

' . . : : . R
release of more and more data on computer tape. This is.in recognition

v

of the desire for ‘the "publication" of greater duantities'of'detailed E
data as weli.as the efficiencies of re]easihg data in this form. In T
addition to computer tape,,microform (fiche and f;]m) will. be more

- extenSive]y utilized as a data delivery medium The"cohbihation“of

A

computer tape.and microform make #t possible for the Bureau to be @'” -

responsive to the growing demand for additional  data without contributing

’.

¥
|

lto the_"paper'gxpiésionﬂ" ' -
in'summary,'the Cénsus Bureau reccgnizes-ihat‘if has..a responsibility
“ : .beyond just ch]ecting,’tabu]ating, and publishing data. .Its staff is | ‘ ;5
evare of }he large egg’glyerse data user_communicy and seeks in.a multi-
tude of ways, such as. those outlined above,” to be responsive to these

*

useré. ) . . .o .
o - ' 252 T e
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