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Searching the Nuclear Science Abstracts Data Blse by 
Use of the Berkeley Mass Storage Systenl 

GLORIA L. SMITH and J. JOANNE HERR 

Lawrence Radiation Laboratory, University of California 
Berkeley, California 94720 

May 1971 

The Berkeley Mass Storage System (MSS)is being 

used for information retrieval. The MSS has an on

line capacity equivalent to more than 100 IBM- 2321 

data cells. Advantages of the MSS for information 

retrieval other than its size are: high serial-read 

rate; archival data storage; and random-access capa

bility. By use of this device, the search cost in an 

SDI system based on the Nuclear Science Abstracts 

data base was reduced by 200/0. A retrospective 

search system based on NSA subject categories com

bines random-access and serial-read search tech-

. niques to markedly reduce costs. 

Since 1967, the Information Research Group (IRG) at the Lawrence 

Radiation Laboratory in Berkeley has been operating an SDI sy;stem 

based on the Nuclear Science Abstracts tapes. Although the system is 

operational and has 120 user s, it is not static. The IRG constantly en

deavors to reduce the costs and to improve the quality of the service. 

Many of the 4l'ost-reducing developments have been associated with the 

availability of random-access devices. The Berkeley Chipstore is one 

such device that has dramatically influenced the operation of the IRG's 

system . 

* .. . 
Th:is version presented before the Division of Chemical Literature, 

161st Meeting, ACS, Los Angeles, March 28, 1971. Preliminary ver
sion presented .at the Association of Scientific Information Dissemina
tion Centers (ASIDIC), Semiannual Meeting, Washington, D. C., Feb. 
23-25, 1971. 
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The Lawrence Radiation Laboratory (LRL) at Berkeley and Liver

more, California has as a part of its computing facilitie s two of the 

largest mass storage devices available to date. These are connected 

to the largest computers made by Control Data Corporation, the CDC-

7600 and CDC- 6600. The storage device, the IBM-1360 Photodigital 

Storage System (called the "Chipstore" at Berkeley), was developed 

under a special contract by the International Business Machines Cor

poration. The Livermore system has an on-line capacity of a trillion 

bits of data; the Berkeley unit is a third as large, and is used chiefly 

for the storage of particle-tracking data from the Laboratory's high

energy physics program. Detailed .discussions of the Mass Storage 

System (the MSS,consisti.n.g Ci)i the .Chipat0re, anEl; 41ifseciated softwa-r e 

and ,·~pment) have be.en giveu by Ren:h.y et al. , 1 Mei:c alf , 2.;and Kuehler 

.and. tK,er'by. 3 

Recent work by the IRG has shown that the Mass Storage System 

permits speedy and inexpensive information retrieval from 4.5 years 

of the Nuclear Science Abstracts data base. The properties of the 

Chipstore, particularly those relevant to its use for information re

trieval, are reviewed in this paper, and the IRG's use of the Chip

store for both SDI and retrospective searching is described. 

FILM CInPS, THE BASIC PHYSICAL UNIT 

The smallest physical unit of the system is a 35 X 70-mm chip of 

high-resolution photographic film. Nearly 5 million data bits can be 

packed onto a single chip. The chips are stored in plastic boxes (about 

the size of a cigarette pack); 32 chips fit into one box, which can con

tain up to 1. 5 X 10 8 bits . 

WRITING, READING, AND STORAGE UNITS 

Data from the CDC- 6600 conlputer are recorded on the silver ha

lide film chips by means of a beam of electrons. For data recording, 

an individual blank chip is positioned in a vacuum chamber, and infor

tion· is written by repeated sweeps of the electron beam acros s the chip 

• 
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surface in boustrophedonic fashion (from the Greek bous, ox, + strephein, 

to turn--the lines alternate in direction). Binary code is represented 

by patterns of dark and clear spots. Data are recorded at a rate of 

more than half a million bits per second; it takes about 18 seconds to 

write one chip. 

The automatic developing unit completes the processing of a chip 

within 2.5 minutes. Up to eight chips can be at various stages of devel

oping at one time; this overlapping permits the processing throughput 

to be comparable to the recording unit's throughput. After developing, 

the chips are checked for errors at a read station. If a chip wasn't 

properly recorded, it is discarded and the data are written onto a. new 

chip. 

At a reading station, the requested chip is picked from its box and 

read with a high- speed flying- spot scanner at a rate of 1.1 X 10
6 

bits/ 

second; it takes about 4. seconds to read a full chip. This is more than 

twice as fast as tapes are read and five times the read rate for an IB.M-

2321 data cell. The data are read directly from the Chipstore into the 

user's program in the CDC-6600. The high serial read rate is one of 

the advantages of the Chipstore for information retrieval. 

Another advantage of the Chipstore associated with reading is the 

~r~b:'¥i4 qu.ali,~, of the storage. Under actual operating conditions, the 

Chipstore's read-error rate is less than 1/60 that of magnetic tapes. 

The error rate is low pr.irnarily:bacause the data,,· onC:,e written, can't 

be ch.ang ed - - eithel'iDtenti@naU, eJ." ,.ac,ci4etrta.1l y . 

The boxes of chips are moved pneumatically between the writer, 

reader, and box- storage unit (the file). The average time to move a 

box from the file to the reader is 3 seconds; the time to pick a chip 

from the box and position it for reading is 0.5 second. The maximum 

time to fetch a box and pick a chip is 5 seconds. There is sonle queuing 

of boxes tb be read. Although the box access time may seem long for 

random- acce ss applications (see below), consideration of the amounts of 

data accessed indicates that average access tinles should not be much 

different from those for data cells. 
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Boxes of chips can be taken out and inserted into the file man

ually; this means that the total storage capacity is virtually unlimited. 

At anyone time, there can be up to 2250 boxes on-line; this is equiv

alent to 3.3X 10
11 

data bits. 

OTHER COMPONENTS OF THE MASS STORAGE SYSTEM 

A sUlall proce ss control computer controls the details of hardware 

actions (e. g., the physical movement of boxes). A CDC-854 Disk Pack 

holds all the tables and indexes to the data maintained in the Chipstor e. 

The Chipstore is connected to a CDC-6600 computer, which is multi

programmed to allow up to 64 jobs to reside in core memory at once 

and share the central proce ssing .unit. . One of the fO peripheral pro

ces sing units associated with the 6600 controls a high ... speed data link 

between the Chipstore and the 6600. 

The MSS software was designed to make interaction with the sys

tem easy for the user. A flexible read mechanism allows the user to 

read either from the Chipstore or from more conventional storage 

media such as magnetic tapes or disk. A user can labei his data with 

a two-level hierarchy of names for data sets and subsets. These 

names are stored in the tables on the disk pack, and the user can read

ily access his data through those tables. The sets and subsets corre-
, 

spond to rather large blocks of data. 

The Chipstore's random-access capability is important to its use 

for information retrieval. Although the system stores tables only for 

sets and subsets, the user may store more detailed information about 

his collection--and, with thos.e tables, directly access selected por

tions of his data. • 

• 
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STORAGE CAPACITY OF THE CIDPSTORE 

A major advantage of the Chipstore for information retrieval is 

its size. 

Capacity 
Unit (bits) 

Chip 1/6 NSA issue 
. . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Box 

Chipstore 

5 NSA is sues, 

1-1/3 full reels of tape 

2750 full reels of tape, 

110 data cells 

Its size relative to data cells is particularly important. Data cells 

are often used as the storage device s for on-line retrieval systems, 

and often the amount of material to be available on-line is limited to 

one or two data cells' worth simply because data eells are expensive. 

To give some per spective to this limitation- - a data cell would be 

filled by about 6 years' worth of the Nuclear Science Abstracts data 

base. 

The enormous capacity of the Chipstore changes the picture con

. siderably. Those same 6 years of NSA would take less than 10/0 of the 

Chipstore I S total on-line capacity. Thus, the Chipstore is naturally 

suited to storing multiple data bases on-line and to storing more in

formation--for instance. abstracts--about each item is those data 

bases. 

CffiPSTORE ADVANTAGES SUMMARIZED 
I 

To feview, the advantages of the Chipstore for information re-

trieval are: 
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( i ) high serial-read rate (> 2 X tape read rate), 

(ii) immutability of the stored data (read- error rate < 1/60 

that of tape), 

(iii) random-access capability, 

(iv) large storage capacity ( ::::< 110 data cells). 

IRG USE OF THE CHIPSTORE 

since 1967, the IRG has been operating an SDI system based on 

the Nuclear Science Abstracts tapes. NSA publishes more than 50000 

abstracts each year to give thorough coverage of the nuclear science 

literature.
4 

The NSA tapes, issued twice monthly, give the descrip

tive cataloging, subject category, and controlled-vocabulary descrip

tor indexing for each of the items. 

In the SDI system, which has been described in detail by.Smith 
5 

et al., 120 use]s receive twice-monthly printouts. The profiles 

average 40 terms each, but the number of terms per profile is essen

tially unlimited-:-there is one profile with 1080 terms. The Boolean 

operators AND, OR, and NOT are used in the searches, and subject 

categories, corporate authors, journal, country of origin of an item, 

and language. as well as descriptors, can be used as search elements. 

Although the system is optimized for SDI searching, the tapes are ac

cumulated for retrospective searching. 

SDI PRO CE SSING 

In the first processing step (Figure 1) the data base is reformatted 

for more efficient searching and stored on the Chipstore. By-products 

of this processing are cumulative author and report-number indexes, a 

printout of the items on the tape for use by the library and the IRG. and 

a cumulative listing of descriptor frequencies. This last is a very use

ful tool for profile formulation. 

• 
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In the processing of the SDI profiles (Figure 2). all the profiles 

are read into the computer. and the index terms of each item are 

compared with the terms in each of the profiles. The Chipstore ad

dress of each item that satisfies any of the profiles is stored along 

with the information about the profiles for which it is a hit. After all 

the data base has been scanned. the addresses of the hits are sorted' 

to make a table of hit addr.esses for each pr,ofile. I Then. the hits are 

directly acce s sed frorn the Chipstore master file and the individual

ized announcement lists are printed. 

In our previous SDI search program, the data base was read from 

tape and the hits were written onto disk and the disk addresses stored. 

After the tape s.can was completed, the disk addresses were sorted by 

profile and the individual printouts were prepared by directly access

ing the hits from disk. Because the major cost in this program was 

in the comparison of terms to determine hits, it was expected that 

using the Chipstore would not make a large difference in the cost. It 

was found, however, that the Chipstore's random-access capability 

reduced the computer cost of an average SDI search by 20%, ,from 38 

to 30 cents per profile. 6 

RETROSPECTIVE SEARCHING 

For retrospective s.earches more dramatic savings were expected. 

since the costs of these searches are due in large part to the process 

of reading the data base. Comparative tests have demonstrated that 

large cost reductions can be made by use of the Chipstore. A search 

of 4 years of NSA. carried out in part with tapes and in part with the 

Chipstore, illustrates the magnitude of the effect. There were 18 

terms in the search, and it retrieved about 7 hits per issue. The av

erage cost per issue for the tape searches was $ 3.53, whereas the 

average for the Chipstore was $0.90, or about a quarter of the cost of 

the tape searches . 

. Retrospective searches can be saved to be run with the multipro

file program- -that is, the program used for SDI runs. In this way, 
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the cost of reading the data base is shared among several searches. 

But we have found that, because most retrospective searches are c<?n

fined to narrow subject fields, the random-access capability of the 

Chipstore can be used in a very simplE' way based on NSA subject cat

egories. 

FILE INVERSION BY NSA CATEGORIES 

The NSA indexer s as sign not only indexing terms, but also sub

ject categories to the items in NSA. We have inverted the file on the 

77 NSA subsections (subject categories) .Thi s is a rather easy file 

inver sion because there is only one category per item on the tape. the 

number of· categories is smaIl, and the items in anyone subsection in 

a single issue are contiguous (as the subsections are used to arrange 

the material for the printed NSA). To invert the file (Figure 3), the 

Chip'store address range for each subsection for each issue is ex

tracted during a scan of theChipstor e master file. Thi s inverted file 

is similar to a table of contents. To do a retrospective search (Fig

ure 4), the subse~tions are specified and the linear search is carried 

out on only the specified part of the data base. 

Table I shows the di stribution of the data- base records among the 

NSAsections; the largest section occupies only 21'70 of the total data 

base. A closer examination of this large section, Table II, gives the 

distribution at the next level of specificity- -the sub section- -that is 

available for limiting the retrospective searches. The amount of 

material scanned can be restricted by section or by subsection, and 

both are useful for retrospective searches. 

A recent search illustrates the cost savings effected by limiting 

a search by subject category. It was a 4f-term search that was lim

ited to the Nuclear Physics section, which occupies 9.40/0 of the data 

base. It was carried out on ~8 issues and yielded 136 hits. The cost 

for this search, had it been saved and run with four other s on the 

multiprofile program, would have been $ 8.30. The category r estrice. 

tion gave two big advantages: it permitted us to run the search 

• 
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Table 1.' Distribution of Data Base Among ~SA Subject Categories 

(Sections); Volume 24, Issues 1-24--64355 Records 

Section Name Number of Percent of 
Records Total 

Chemistry 9 528 14.8 , 
Farth Sciences' 1 161 1.8 

Fngineering 2717 4.2 

Instrumentation 2812 4.4 

Life Sciences 8405 .13.1 

Metals, Ceramic s, and 7212 11.2 

Other Materials 

General Physics 13442 20.9 

High Energy Physics 6299 9.8 

Nuclear Physics 6064 9.4 

Reactor Technology 6563 10.2 

. ..... 
• ,1. 
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Table II. Distribution of Data Base Among NSA Subject Categories; 

Detail of the General Physic s Section. 

Volume 24, Issues 1-24--64355 Record.s for all of NSA; 

13442 Records for General Physics (20.9% of total) 

Subsection Name· 

General 

Astrophysics 

Atomic and Molecular Physic s 

Cosmic Radiation 

Direct Energy Conversion 

Fluid Physics 

Geophysics 

Low-Temperature Physics 

Plasma and Thermonuclear 

Physics 

Shielding 

Solid-State Physic s 

Theoretical Physics 

Number of 
Records 

238 

3 1.58 

2 108 

264 

216 

196 

1 1. 82 

1079 

2 686 

273-

1. 694 

348 

Percent of 
Total 

0.4 

4.9 

3.3 

0.4 

0.3 

0.3 

1.8 

1.7 

4.2 

0.4 

2.6 

0.5 

• 

.. 
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immediately (without holding it to combine with others), and it re

duced the cost, by 75%, t6 $1.99. 

For a long time, the NSA categories have been used at LRL to 

restrict both SDI and retrospective searches. Before the Chipstore 

was used, .this kind of restriction did not influence the cost--but it 

was a very powerful technique for improving the quality of the output 

by definirig the subject area of interest. Now the technique can be 

used to strikingly decrease the cost of the searches. Of course, the 

m.ethod m.ust be applied with care, but we have found few subject 

searches that could not be limitf'd in a useful way by category. In 

this way, the Chipstore's random-access capability can be used to 

advantage, but without the large cost of inverting the file on the in

dexing terms. The average cost of inverting one issue by categories 

alone is $ 0.78. 

SUMMAR Y AND FUTURE POSSIBILITIES 

Thus far, we have used the faster reads and random-access 

capability of the Chipstore to reduce the cost of our SDI program by 

about 20%, and to produce a very-Iow-cost retrospective-search 

program simply and without doing a full file inversion. Now there 

ar e two routes we could take. We could extend the category gimmick 

to the SDI service, or we could go immediately to a fully inverted 

file. Since we now have enough SDI users to recover the cost of a 

complete file invf'r sion, we ar e investigating techniques of accom

plishing it. With a fully inverted file, retrospective searches will be 

even Ie s s expensive than with the category- restricted linear sear ch, 

and the restriction will once again be only a device for improving 

the quality of the output. Mor eOVf'r, with an inverted file we will be 

in a po sition to bf'gin working on an on-line search capability . 
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FIGURE CAPTIONS 

Figure 1. The NSA tapes arerefonnatted and copied onto the 

Chipstor e. 1...'(" 

Figure 2. The SDI program does a linear search for up to 200 

profiles at a time. 

Figure 3. The file is inverted on NSA subject categories. 

Figure 4. The NSA categories are used to select portions of the 

master file for sequential scanning in retrospective searches. 
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