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DISCIPLINE INDEPENDENT ASPECTS OF 

DATA BANK ORGANIZATION* 

Robert J . Howerton 
Lawrence Livermore Laboratory, University of California 

Livermore, California 9H550 

Before discussing any character is t ics of data bank organization, 

I would l ike to es tab l i sh t he frame of reference with respect t o which 

I sha l l be directing these remarks. A data bank as I wi l l be referr ing 

t o i t w i l l usually be associated with the experimental numerical data 

of sane discipl ine together with an annotated bibliography frcm which 

the numerical data were extracted. I s h a l l assume tha t these data are 

re t r ievable from the bank according t o user specif icat ion. There w i l l 

be cer ta in variables and cer ta in parameters charac ter is t ic of the d i s -

c ip l ine such tha t a custcmer or user of the data bank can specify ranges 

of any of "these variables o r parameters and re t r i eve exactly the data 

he wishes t o have, arranged by an order he specif ies e i the r in hard copy 

or machineable form and including the per t inent bibliographic da ta . 

This definition of a data bank can be contrasted with simpler forms 

of col lect ions in which the data associated with a reference are stored 

together with the bibliographic information and the only possible form 

of r e t r i e v a l i s by data s e t arranged in an a p r i o r i defined format, or 

a data bank may be simply an annotated bibliography. S t i l l another form 

This work was performed under the auspices of t he U. S. Atonic Energy 
Commission. 
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i s a collection of evaluated data for which no explicit bibliography 

exists* 

One of the major uses of a bank of experimental data i s t o 

provide input information for the creation of evaluated data sets . For 

many scientific disciplines there are associated engineering disciplines 

that require sets of numerical data for computer calculations that are 

complete in the sense of spanning specified ranges for specific indepen

dent variables and also in the sense of including a prespecified set of 

properties of materials. If a l l such properties have been determined 

by measurement over the required range of the proper independent variables, 

a qualified scientist can then produce a set of evaluated data for the 

material being considered. Usually measurements have not been made for 

a l l properties in a l l ranges of the independent variable and the scientist 

performing the evaluation must choose between conflicting experiments, 

f i l l in gaps using established theory i f a theory exists and finally 

resort t o systematics and educated guessing. The end product of the 

evaluation activity, when collected together with other evaluations can 

be called an evaluated data bank. Once again, the organization of such 

a collection i s not the main subject of my discussion. The thrust of 

the remarks I will be making i s directed toward the organizaticn of banks 

of experimental data. I shall be delighted to discuss the methodology 

associated with evaluated data but time precludes making that discussion 

hew. I would only comment that , in general, the evaluated and experi

mental data should not be mixed together in a single collection. 
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There are certain camion factors in the process of organizing 

scientific information that are independent of the discipline or sub-

discipline with which the information i s associated. For the purpose 

of this discussion I shall define scientific information as being the 

total i ty of facts belonging to unambiguously defined categories and 

to which logical order can be assigned. The logical order may be any 

reproducible method which i s characterized by the absence of direct 

recourse to intuition. An example i s an arrangement by intrinsic 

numeric value associated with a hierarchical scheme. Another example 

in an arrangement in simple alphabetic order. 

The facts appropriate to experimental scientific information can 

be divided into two categories. First , i s the bibliographic informa

tion and second, the numeric data resulting from measurement. For ease 

in handling and efficiency of computer usage, these two facets of 

scientific information should be handled separately in a computer but 

linked by an appropriate identifier, usually a reference accession num

ber. With such a linkage the two files of information can not only be 

dealt with quite separately but can also be reccmbined at will in what

ever arrangement i s deemed desirable, either for further'computer 

manipulation or for producing hard copy displays. The reference acces

sion number can probably best be assigned to the bibliographic informa

tion in s t r i c t order of the integers. There i s a distinct advantage t o 

including the year of the reference. A combination of year and accession 

number, I shall refer to as the reference number. Fairly often, one 
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wishes to retrieve from the data f i le only measurements made since a 

specific year. While the bibliographic information contains the date 

of the reference, specification of the year with the data i s a desirable 

redundancy since the year measured then becomes just one of the fields 

for retrieval specification. 

Let us new consider the bibliographic aspects of a data f i le . 

I t i s probably a sine qua non of the bibliography that i t be annotated 

in a free form. That i s , the scientist who enters a reference as part 

of the bibliography associated with a data bank wishes to enter certain 

comments about the experiment reported in that reference. We have 

experimented with complete formalization of bibliographic entry by 

encoding journals or report series, method used, institution, e tc . Our 

experience has been that a much lesser degree of formalization i s more 

useful in the long run. The reason i s that the encoding i s more sus

ceptible to clerical error than i s the straightforward entry of accepted 

journal designation in the case journal entry. Within our exper

ience we have found that , while formalization of methods, standards and 

institutions i s attractive intellectually, we have never had a request 

for retrieval of "a l l experiments using method A" or "al l reports of 

work from Argonne National Laboratory." In addition to the straight

forward method of entering the bibliographic data in the form one would 

find i t in a journal reference, free text comments and see-also refer

ences both properly flagged can be entered with a mirtunum of effort on 

the part of the scient is t . The flags we use are extremely simple: 1 

i s for the bibliographic information; 2 i s for free text comments; and, 
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3 i s for see-also references. Aside from considerations of possible 

clerical errors, e t c . , the method I have just described has the dis

t inc t advantage of being completely discipline independent. An early 

wrsicn of our code for producing an annotated bibliography has been 

implemented at three different institutions and for, at least , five 

different disciplines. This has saved a considerable amount of pro-

granming time. Our current codes can update our bibliography of 4187 

primary and secondary references and produce three l ist ings, one by 

accession number, one by reference and an author index in about 30 

seconds of computer time en a CDC 7600. Lst me hasten to add that the 

more highly structured annotated bibliography can Hkem.ee be converted 

from one discipline to another by simple re-assignment of the meaning 

of the encoding system. Thus, the f i rs t two cacnon aspects of data 

bank organization are the production of an annotated bibliography and 

the linking of the bibliography to the data by a reference number. 

One of the other papers to be given at th is symposium deals with 

hierarchical systems for classifying and storing numerical data. I t 

i s certainly a caiman aspect of numerical data bank organization that 

some type of hierarchical system should be developed for the discipline 

being considered and I wil l only make the point that most disciplines 

are self-organizing to a greater or lesser extent. I shall say nothing 

about how data should be organized for any specific field nor anything 

about the methods of extraction of data from the references in which 

they appear. Let us jus t assume that for the data appropriate to seme 

http://Hkem.ee
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field, a method of organization exists and that these data have found 

their way into the bowels of a computer. Likewise let us assume that 

the properly encoded information about the reference i s available in 

mechanized form. The main question which arises i s what should be 

done with these data once they are available. Much and perhaps too 

much has been written about "real time" or "on-line" availability of 

such information. Obviously, in those cases in which a computer i s 

used to control other activities such as the re-entry of a space vehicle, 

there i s need for ''real tire" response. I t i s clear however that the 

popularization of the "real time" concept has lead to over-extrapolation 

of i t s virtues. 

Father than talking about the data or- references of a specific 

field of science, please allow me to illustrate my point with sets of 

data associated with consnon expedience. Probably the best existing 

data retrieval system in the United States i s that of the telephone 

system. Within about ere minute one can obtain the telephone number of 

any individual in the country. This i s not done by the interrogation 

of a computer, but rather by consulting, through a formalized process, 

an appropriate person who has a l i s t of telephone numbers for specific 

geographic area. This leads then to the next principle of data bank 

organization. Specialized l i s t s or graphical displays organized in 

accordance with the immediate or anticipated needs of the requestor 

should be made available. For brevity, I shall refer to this aspect 

as the "Telephone Book'1 .method. This principle i s efficient for an 

information analysis center because al l the input is generated at the 
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center. This is to be contrasted with the on-line interaction needs 
of an airlines reservation system because the input for such a system 
cones from many stations. 1 can, hcwever, think of a situation in the 
peo-physical area in which on-line warning, if not interrogation, 
would be desired. This is for early warning cf an impending Tsunami 
wave following an earthquake. Such a situation is, however, not really 
in the subject matter of this symposium. 

The next common factor of data bank organization is the production 
of indexes both to the data and to the bibliographic information. I 
have discussed previously the three -types of indexes found to be useful 
for the bibliographic area. How many indexes should be produced for the 
measured data is strictly a function of the discipline and the adopted 
hierarchy for that discipline. In my own area there are 15 defined 
fields within the description of a datum. It would, therefore, be 
possible to create any number up to IS factorial permuted indexes to the 
data. We have found that four indexes with specified permutations of 
the data fields are completely adequate. I shall add that without these 
indexes in telephone bock form, I would not be able to answer about 70% 
of the telephone requests I receive; Another 20% are for specific 
numerical data for which I must consult my telephone book form of the 
data file and the final 10% are for specific retrievals where the re
trieval criteria can be for any range of values of the variables in 
the 15 fields I have mentioned. It is only for this latter 10% that 
we have need for recourse to a computer retrieval. 
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The next cannon aspect of data bank organization has to do with 
the delineation of the field for which the data are to be organized. 
One must, of course, define his method of encoding data to be appro
priate to the data he envisions to be stored in the bank. Quite often 
the field with which he starts is closely related to another field or 
fields. It is clearly a mistake to try to organize a hierarchical 
system to encanpass all knowledge. On the other hand, it can be equally 
disastrous to define an area or discipline such that other closely 
related areas cannot be joined to the area being considered. Thus one 
might say that the method of organization should be hospitable to ex
pansion. The practical point I would make is that the defrult option 
should never be used. I shall use, as an example a field with which 
I have sane familiarity. I apologize for particularizing to a field 
with which some of you are not familiar. The general field of experi
mental nuclear physics is canposed of two main parts: first is nuclear 
structure physics and second is nuclear reaction physics. Now, if a 
system is to be created for neutron reaction physics one might not 
assign a designation for the incident particle because it is always a 
neutron. If the system is to be extended for other incident particles, 
they can be assigned non-zero designations and all is still fine with 
an implicit zero designating an incident neutron. But if it later 
becomes desirable to include nuclear structure information for which 
there is no incident particle, a problem arises. The designer of the 
system should have provided a non-zero value (non-default option) for 
the incident neutron ab initio. 
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The final point I would make is one which needed to be made 10 
or 12 years ago but which probably does not need to be made new except 
in the sense of completeness of this discussion. There is quite 
obviously a great difference between the form of the information that 
is put into the computer and that which is produced by the computer 
for people to peruse. Most input is encoded using a numerical equiva
lent to the property being described. Because the user of the output 
is not, in general, familiar with the encoding system, the output must 
be couched in the terminology of the discipline whether in the form of 
printouts or graphical displays. In the latter case axes should be 
labelled in the appropriate language with the appropriate terms and 
with appropriate units. In short, output from the system should be 
designed for the convenience of the user, not the convenience of the 
computer. 

In surmary, I have tried to make the following points: 
1, Numerical data and bibliographic reference data should be 

linked by a reference accession number. 
2, Most disciplines are to a greater or lesser degree self-

organizing. 
3, telephone book types of listings or graphical displays 

should be produced routinely rather than resorting to 
on-line interaction. V-A 

H. Selected permuted indexes to both the bibliographic 
information and the numerical data files should be 
produced routinely. 
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5. Default options should be avoided when designing an 
encoding system. 

6. Output modes should be designed to be convenient to the 
user. 
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