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'b The Berkeley Mass Storage System (MSS) is bemg
‘used for 1nformat1on retrieval. The MSS has an on-
line capacity equivalent to more than 100 IBM-2321
data cells. Advanfages of the MSS for information

retrieval other than its size are: high serial-read
rate, archival data storage; and random-access capa-
b111ty By use of thls device, the search cost in an

SDI systern based on the Nuclear Science Abstracts

data base was reduced by 20%. A retrospective
. search system based on NSA subject categories com- -
b1nes random-access and ser1a1 read search tech-

-'mques to markedly reduce costs.

S1nce 1967, the Information Research Group (H{G) at the Lawr ence
Radlatlon Laboratory in Berkeley has been operating an SDI system

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

operational and has 120 ﬁser s, it is not static. The IRG constahtly en-
‘deavors to reduce the costs and to improve the quality of the service.
ngny of the cost-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.

Thls version presented before the D1v1s1on of Chemical L1terature,

- 1618t Meeting, ACS, Los Angeles, March 28, 1974. Preliminary ver-
gsion presented at the Association of Scientific Information Dissemina-
tion Centers (ASIDIC), Sem1annua1 Meeting, Washington, D. C., Feb.
23- 25 1971. '



The Lawrence Radxatlon Laboratory (LR L) at Berkeley and Liver-
more, California has as a part of its computing facilities two of the
largest mass storage devices available to date. These are connected
to the ,IérgeSt computers made by Control Data Corpor_a'tion,'. the CDC-
7600 and CDC-6600. The storage device, the IBM-1360 Photodigital
Storage System (called the '""Chipstore' at Berkeley), was developed 4
under a_,- special contract by the International Business Machines Cor-
pofation.  The Livermore system hé.é an on-line capacity of a trillion
bits of data; the Berkeley unit is a third as large, and is used chiefly
for the st_erbag'e of partivclve-treckin:g data from the Laberatory's high-
energy physics program. Detailed discussions of the Mass Storage
System (the MSS, consisting of the Ghlputore, and -awsociated software
and : mupment) hawve been given by Penny et al. . L ‘Metcalf, 2;,.and: Kuehler
‘and Kerby. 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 pfoperties 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 CI—II‘PS THE BASIC PHYSICAL UNIT

The smallest physwal unit of the system is a 35)(70 -mm chxp of
high-resolution photographlc film. Nearly 5 m11110n data bits can be
packed onto a single chip. The chips are stored in plastic boxes (about
the 81ze of a clgarette pack); 32 chxps fit into one box, which can con-

- tain up to 1.5X 108 bits.

WRITING, READING, AND STORAGE UNITS

Data from the CDC- 6600 computer 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 across the chip



surface'bin boﬁstroohedonic faghion (from the Greek bous, ox, + strephein, »
_ to turn--the lmes 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 processmg of a chip
w1th1n 2.5 minutes. Up to eight chips can be at var1ous stages of devel-
op1ng -at one time; this overlapplng permits the processmg throughput
to be comparable to the recordlng unit's throughput. After developmg,
the chips are checked for errors at a read station. If a chip wasn't
.properly recorded, 1t is d1scarded and the data are written onto a new
- ch1p '
At a read1ng station, the requested ch1p is picked from its box and
_ read with a high-speed flylng spot scanner at a rate of 1.1X 106 bits/
‘secon‘d' i.t takes about 4 seconds to read a full chip. This is more than
tw1ce as fast as tapes are read and five times the read rate for an IBM-
232‘1 data cell. The data are read directly from the Chlpstore into the
user's program in the cbC -6600. The high serial read rate is one of
'the advantages of the Chlpstore for information retrieval.

Another advantage of the Chxpstore associated with reading is the
arehiv&l qualit:y 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 prﬁima-ri'ly'ebeca-us-e the data, once written, can't

: be changed- -either intentionally or accidentally.

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 p081t1on it for reading is 0.5 second ‘The maximum
time to fetch a box and pick a chip is 5 seconds. There is some queuing
of boxes to be read. Although the box access time may seem long for
random access applications (see below), consideration of the amounts of .
data accessed indicates that average access times should not be much

dlfferen_t from those for data cells.



¢
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 any one time, there can be up to 22 50 boxes on-line; this is equiv-

alent to 3 3>< flO11 data bits.

OTHER COMPONENTS OF THE MASS STORAGE SYSTEM

A small process control eomputer controls the details of hardware
'acti’oné (e. g., | the physical movement of boxes). A CDC 854 Disk Pack
holds all the tables and indexes to the data miaintained in the Ch1pstore
The Chlpstore is connected to a CDC- 6600 computer, Whlch is multi-
programmed to allow up to 64 JObS to reS1de in core memory at once -
and share the central processing unit. One of_the 10 peripheral pro-
cessing units associated with the 6600 controls a high-speed data link
‘between the Chips‘tore and the 6600.

The MSS software was designed to make interaction with the Sys-
tem eas‘y for the user. A flexible read mechanism allows the user to
read elther from the Chlpstore or from more conventional storage
medla such as magnetic tapes or disk. A user can label his data with
. a two- level h1erarchy 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. -

"VI_‘h'e' Chipstore'svrandom access capability is important to its use
for informaiion retrieval. Although the system stores tables only for:
| sets and subsets, the user may store more detailed information about
his collection--and, with those tables, directly access selected por-

tions of his data.
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' STORAGE CAPACITY OF THE CHIPSTORE

- A major advantage of the Chipstore for information _retrie{ral is

its size.
. cCapacity :
Unit - (bits) . (other dimensions)
Chip " 4.7>k1'06 | 1/6 NSA issue
‘Box © 1.5x10% 5 NSA issues,
1-4/3 full reels of tape
o Chipstore © 3.3 ><'1011. -_2'7_50 full reels of tape,

110 data cells

: Its-éivz'e relative to data cells is particularly important. Data cells

are often used as the storage devices 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 cells are expensive.

To give sdme_ perspective to this limitation--a data cell would be

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

The eno'rrnousv capacity of the Chips_torevch’anges the picture con-

' ,éiderably'. " Those same 6 years of NSA would take less than 1% of the

Chipstore'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.

CHIPSTORE ADVANTAGES SUMMARIZED

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

. trieval are:



(i) h1gh sevx"ial-'-.read' rate (> 2)<ta1'pe read-réte)

v.(ii) 1mmutab111ty of the stored data (read- error rate < 1/60
that of tape),

(iii) random-access capab111ty,

(iv) large storage capacity (= 110 data cells)

IRG USE OF THE CHIPSTORE

S1nce 1967, the IRG has been operatmg an SDI system based on

th‘e'_ Nuclear Science Abstracts tapes. - NSA pubhshes more than 50 000
abstra(c_ts. each year to gitve thorough coeverage 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
et al., 5.‘ 120 users receive twice-monthly printouts. The profiles
a\/;er.age 40 terms each, but the number of terms per profile is essen-
tially unlimited--there is one prdfiie with 1080 terms. The Boolean
operatdrs AND, OR, _and.vNO_Tv are used in the searches, vandbsubj‘ect
categorigs, corpofate authors, journal, country of origin» of an item,
and language, as well as descriptors, can be used as search eleménts.
“Although the system is optimized for SDI searching, the tapes are ac-

cumulated for retrospective searching.

SDI PROCESSING

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

for more efficient search1ng and stored on the Ch1pstore By- products

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

pr1ntout of the items on the tape for use by the library and the IRG, and

a cumulative listing of descriptor frequencies. This lastis a very use-

ful tool for profile formulation.

<y



In the processmg of the SDI proflles (F1gure 2), all the prof1les

_are read into the computer, and the index terms of each item are

compared with the terms in each of the prOflleS The Chipstore ad-

dress of each item that sat1sf1es any of the pl‘OflleS is stored along

with the 1nformat1on about the proflles 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 a,ddressea for each prof11e *Then, the hits are
d1rect1y accessed from the Chlpstore master file and the 1nd1v1dua1—
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 scan 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 defermine hits, it was expected that

'.u‘sivng the Chipstore woold not make a. lerge difference in the cost. It.

was found, however, that the Chipstore's random-a;ecess capabilify

reduced the computer cost of an 'ave‘ra'ge SDI search by 20%, from 38

~ to . 30 cents per profile. 6

RETROSPECTIVE SEARCHING

For retrospective searches more dramatic savings were expected,

since the costs of these searches are due in large part to the proce‘ss

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 _wés $3.53, whereas the

~average for the:Ch'ipsfore was $0.90, or about a quarter of the cost of

the tape searches.
Retrospectlve searches can be saved to be run with the multipro-

file program—-that is, the program used for SDI runs. In this way,



the cost of feading the data base is shared among several searches..
But we have found that, because most retrospective searches are con- |
fined to narrow subject fielas, the raridom—vaccéss capability of the .
Chipstore can be used in a very simple way based on NSA subject cat-

egories..

FILE INVERSION BY NSA CA_TEGORIES ‘

The NSA 1ndexers assign not only 1ndex1ng terms, but also sub-
Ject categories to the items in NSA. We have inverted the file on the
77 NSA subsections (subJect categor1es). ‘This is a rather easy file
inversion because there ié only one eategory per item on the tape, the
number ‘of;c':ategofies is small, and the items in any one subsection in
a sivngle issue are contiguous (as the subsections are used to arrange
the material for the printed NSA). To invert the file (Figure 3), the
Chipstore addr‘efss range for each subsection for each issue is ex-
tfacted during a:'sca.n of .the Chipstore master file. This inverted file
is s.imilar to a table of contents. To do a retrospective search (f‘ig—
ure 4), the. subse.c‘tions are specified and the linear search is carried
out on only the spec1f1ed part of the data base. o |

" Tablel shows the d1str1but10n of the data- base records among the
NSA sections; the largest section occupies only 21% of the total data |
base. A closer examination of this large section, Table II, g1ves the
distribution at the next level of specificity--the subsecfion——that is
available for limi'ting.the refrOSpective_searches. The amount of
méterial scanned can be restricted by section or by subsection, ‘and
both are useful for retrospective searches.

A recent search illustrates the cost savmgs effected by limiting
a search by subject category. It was a 41-term search that was 11mf
ited to ,vthe Nuclear Ph)'rsicsv section, which occupies 9.4% of the data
base. It was carried out on 18 issueé and yielded 136 hite. The cost
forvthis search, had it been sav_ed and run with four others on the
multiprofile program, would have been $8.30. The category restric-

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



Table'I.. Distribution of Data Base Among NSA Subject Categories
' (Sections); Volume 24, Issues 1-24--64355 Records.

» _ | Section Narhe ‘Number of Percent of
' a "Records __Total
Chemistry 9528 14.8
Farth Sciences_ " ' 1161 - 1.8
Fngineering 2 747 4.2
Instrumentation | 2812 4.4
Life Sciences. 8405 - 13.1
Metals, Céramics, and a 7212 11.2
v Other_Matériéls | ’ ' ' '
G'erieral Phy.sics _ | : 13442 | 20.9 »
High Energy Physics | 6299 . 9.8
Nucléér Physics | ‘ 6064 . 9.4 .
Reactor Technology o 6563 10.2
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Table II. Distribﬁtion,of Data Base Among NSA Subject Categc;ries;
Detail of the General Physics Section. »
Volume 24, Issues 1-24--64 355 Records for all of NSA;
' 13442 Records for General Physics (20.9% of total)

 Subsection Name Number of Percent of
' ' ' Records Total
General T ' - 238 0.4
Agtrophysics ' - 3158 4.9
Atomic and Molecular Physics | 2108 3.3
Cosmic Radiation v ‘ - 264 0.4
Direct Fnergy Conversion S 216 0.3
' Fluid Physics T 196 0.3
Geophysics =~ ‘ 1182 1.8
Low-Temperature Physics 1079 1.7
Plasma and Thermdnﬁclear | - 2686 4.2
Physics | )
Shielding - ' 273 0.4
Solid-State Physics . 1694 6

Theoretical Physics S 348
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, irhin'ediately (w1thout holding it to conxblne with other s), and 1t re-

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

For a long_tlme, the NSA categories have .b_een used at LRL to
restrict both SDI and retrospective searches. Before .the Chipstore
was us.‘e’d," this kind of restriction did not 'influence the cost--but it
was a very powerfﬁl"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 -

method must be applied with care, but we have found few subject
seepehe‘s that could not be limited 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 ene issue by‘categofies

alone is $ 0.78.

SUMMARY AND FUTURE POSSIBILITIES -

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

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

about 20%, and to produce a very-low-cost retrospective-search
program simply and without doing a full file inversion. Now there
are two routes we could take. We could extend the category gimmick
fo the_SDI' service, or we could go immediateiy to a fully inverted
fiie " Since we now have'enough SDI users to recover the cost of a -
complete file inversion, we are 1nvest1gat1ng techniques of accom-
p11sh1ng it. With a fully inverted file, retrospective searches will be

even less expensive than with the category-restricted 1inear search,

. and the I‘PStI‘lCthn will once again be only a device for improving

' the quality of the output. Mor eover, with an 1nverted file we will be

in a position to begin working on an on-line search capability.
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FIGURE CAPTIONS

Figure 1. The NSA tapes are T ef.ox.-lnatted and copied ;)nto thé
Chipstore. | |

Figure 2. The SDI program dé;es a linear search for up to 200 -
profiies.at a time. | H |

Figuré 3. The file is inverted on NSA sﬁbje.c-t ‘categories.
Figure 4. Th‘e NVSA categories are usea to- select porﬁons of the‘

master file for sequential scanning in retrospective searches.
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