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Abstract .

: eneral. software package was built to access individual data
records stored on an I8M-1360 photo-digital mass stcrage dev.ce mith
current on-line capacity of 50 billion characters (bytes) and an
infinitel extensigle off-iine capacity. An existing data tase
.anagelenl system was used to maintain the pointers to the data 2n the
mass storage device and to store the cantrols for the data driven
interactive ccde. Existing data dicticnaries used for se uentiallf
processing the data bases mere stored in the DBMS and uvsed to display
individual data items mithin the retrieved records.

Data retrieved froe the mass storage device is displayed inter-
actively or sent for further processing to various report generation
and sta‘istics packages. The system provides dial-up tere’nal
retrieval capability for exceedingly rarge socio-econamic and
de-oaraghic data bases used b nagional and regional planning agencies
of the Ffederal government. It mas developed mith three wan-sanths of
effort.
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1. INTRODUCTION

The data access system described in this paper was built mith the
folloeing constraints placed upen its construction.

1. It had to be built in a relatively short time frame,K i.e.,
three months. o

2. It had to access extre-elz'large socio-econo-ic~deiogrgphic
data bases (whose potential size exceeded a single disk
pack). : o )

3. The access requf?ed'-as not totally determinable, f“e.,the
users could not predict the data requests they would make.

4. It had to -have an interactive capability mith a language
designed for the casual (non-programmer) cosputer yser.

These goals mere met by utilizing the hardmare aviailabdle at
Lasrence Berkeley Laboratory and by managing that hardware using 2
general data base mana elen‘ system. The groject pas staffed by 2
single programmer @ho had no previous knowledge of the OBMS sofz-are
he Gtilized. With the DBMS and the ability to modify jsob contrecl
streams on the laboratory’s CDC computers, a softmare systes mas put
ig;o operation on February 1, 1975 after three months al programeing
effort. : '

The data base management system used mas an i

built to handle another 'large on-going project. I

“€1) an acronys for storage file, "and is essential

callable routines to provide index sequential and
to files stored on disk. :

n-house produc?

t is cal?ed STOF 1
ly a set of FORTRAN
hierarchical access

The data to be accessed was stored a3 several files cn an on-line
hoto-digital mass storaae device (chipstore) (2) (3], [4) capable of
andling fifty billion characters of data. The chipstore hardmare

alloms data transfers of a minimum size of 20 CDC - 60-bit words. With
this hardware capability and the STQFI systee, a directory of.
chipstore addresses was built in a STOFI type file. Keys mere
selected froe the data record and sultiple access paths wmere
incecrporated into the directory file. : ’
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The system currently accesses data from the U.S. Census of
Agriculture (84 million characters), the City-County Data Book time
series (20 million characters), the BEA Income time series (20 million
characters), the 1960 U.S. Census of Population (40 milfion
characters) and the series C and E GBERg Projections of the U. §.
Water Resources Council (40 million characters). Plans are to extend
the system to cover files now on chipstore and in our tape library
that exceed 1 billion characters.

~ _The first part of this paper describes in detail the environment
under which the system was built. Section 2 explains the BKY
operating system and the mass storage device. ection 3 lists the
features of the software borrowed to implement the project.

~Section 4 describes the access system and details the structure
and information characteristics of the data bases being accessed, and
sections 5 through 7 list the project’s operational characteristics
including costs, “speed, drambacks, and future plans. A summary at the
end describes the general nature of the data access systes.

2. HARDMARE AND OPERATING SYSTEM ENVIRONRENT
' THE LBL COMPUTER BMETWORK

The hardware environsent of the Lawmrence Berkeley Laborator
co-:uter facility consists of 2 netmork of 3 computers, a CDC 6600
mith 132K words of central sesory, one CDC 6400 mith 65K of central
memory and one CDC 7600 mith 64K of central mesmory and 512K of Jarge
core memory. [Figure 1) v

Both the 6000 series machines serve as feeders to the CDC 7600.
In addition, the CDC 6000 series machines operate under a locall
built batch multiprogramming system (BKY) [5), [6) mhich alloss ‘or an
interactive interface via a PD;~8 system called RECC (for Remote
Equipment Control Computer). At present 160 consoles are handled
under this systes. Both 6000 sachines can sulti-process up to 64 jobs
(control points) at anz one time. Only the 6600 machine has an access
channel built to the photo-digital storage device but data can be
staged to the other cosputers’ ‘

All data sanipulation done by individual user prograss is carried
out on random access disk files. Files are staged to these disks from
persanent storage and saved after progras operation at the discretion
of the user. Available permanent storage consists of 4 [BM-2321 data
cells, a 40,000 reel tape litrary,6 and ghe IBM-1360 photo-digital
storage device. . .

A special card-iwage file called CONTROL (for each cantrol pcint)
contains the job contrcl streas for escecuting systes cosmands. The
systes steps ghrough this file one command at 2 time. Changes to the
job flow occur if errors are detected or if the file is remritten mith
3 nes set of job control cards. The data access system being
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described uses this feature to fetch its permanent files from
chipstore once it has been determined via the interactive session shat
data is needed. .

THE MASS STORAGE DEVICE

The IBM-1360 photo-digital storage-system is a peripheral storage
device composed of a storage file containing 2250 boxes of silver
halide film chips, a chip recorder-developer, and a chip reader.
Figure 2 illustrates its general hardware arrangement and its
connection to the CDC 6600 computer. :

Each chip holds-4.7 million bits of data as well as error
correction and detection and addressing codes. Up to 32 chips are
stored in a single box. These chips are recorded with an electron:
beam and read via a photo-multiplier tube detection scheme. The total
system holds ur to 5 x 10##10 characters of data on-line. In
addition, off-line storage requiring manual retrieval extends the
storage capacity of this device inf:nitelE. It is possible to build a
data base in this system equivalent to 1000 reels of 9-track tape. .

3. EXISTING SOFTWARE PACKAGES
' THE RSS SYSTEM

A mass storage system (MSS) has been mritten at LBL to manage

chipstore. Typical access is by volume and data set reguests.
Homever, it is possible to retrieve data bl specifyin he chipstore
address of the data desired. Since each chip is encoded with

addressing information, it is possible to create 2 sequential file of

recerds in the non-procedural MSS contro!l language and read that sawe

sequential file in a2 lower level MS5 procedural lTanguage to obtain the
address Tocations for each record in the file. It is these addresses’
that are then stored as the file directory in the STOFI system.

" THE STOF1 PACKAGE

The STOFI package is a series of FORTRAN caflable subroutines
that alloes a user to multi-Key his data and build hierarchies of data
within his data base. The data access schesme consists of directories
and sub-directories mhich are interrogated mith a2 binary search
alqorithe. Directories and data are interleaved on the user’s file
an tpage buffering and 1/0 optimization are managed by the STQF]
systes.

Keys, records and data fields can all be of variable length, and
the dynamic work space used by STOFI is available to the user. A
STOFI feature used quite often is the ability to build directories .
(index files) mithin directories to an d!ptl. This feature and the
capability of multi-keying a record allow a user to build wmany logical
access paths to his data. . : :
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The STOFI system mas built to efficiently manage large disk-based
data bases. OSince a large directory was expected for the chipstore
data bases, this system was chosen over another in-house DBMS built
for smaller data bases. STOFI typically manages 20 million byte files
but is working effectively on 2 ‘80 million byte file. Ten basic
subroutine calls were needed to build the large scale data access
system around STOFI.

THE QHICK QWERY PACKAGE

QWICK QWERY [71 is a proprietary retrieval and report generation
system developed by C.A.C.1. Inc ‘t is batch oriented and works on
fixed length records and fiefds. It is gperational only on the
CDC-7600 computer and requires a user defined dictionary to access the
records it processes. Simple aggregations, statistics sorts and
boolean selections are available with the report for.a&ting. The
QWICK QWERY system operates by making a sequential pass over the
entire data base.

The QWICK QWERY system had been used to prepare reports from
several of the large data bases shich mere to be accessed
interactively with the system this paper describes. Since
dictionaries had been created which described the individual fields in
each record of these data bases, these same dictionaries mere stored
as data in the STOF] system. The individual data definitions mere
then used to display tle retrieved data during an interactive session,

- 4. DESCRIPTION OF THE SYSTEM

The system operates in three parts as illustrated in Figure 3.

Initially the file or files are stored 2s data sets on chipstore.
Once stored, they are read sequentially and a directory to the recerds
is built based on 2 preprogrammed hierarchy set up by the user. The
QWICK QWERY dictionary, the interactive help cosmands and the various

ob controf streams are also built into the directory file at this

ime. The third portion of the system is the interactive retrieval
program, called REAP (8]. REAP fetches entire records or groups of
records for the user and displays requested portions of thes on the
user’s console.

Figure 4 is a run-time scenario using REAP to access the
City-Count; NData Book files. Note that data is retrieved into a
temporary tile (cache) as displays are requested. The cache is
retained until a2 nem one is requested from the sass storage device.
Caches may be merged or subsets cf them used for varied displays.
Figure 5 iists the language cossands needed to operate the interactive
program. .

Each data base may have one or many logical structurings. These
way be built into a single STOFI tile or into many STOFI fi?es
depending upon the user’s needs. A ;ob control streasm is.set up and
executed from user requests to bring in the desired directory file.



The data access paths defined in a given file may bé changed as
needed. Controls are built mithin the interactive program to use the
file’s logical structure to monitor the user’s search such that the
access to the sequential. data base on chipstore can be modified at
will mith Tittle cost - to the user or gro rammer. Figure & shows the
file structure being used to access the Eity~County ata Book and
OBERS Projections by regional planners. The access paths are
geoaraphic in content because the data base’s current users »ish to
work mithin their geog-aphic area. Note that data describing the data
base’s contents is stored on the directory file. This data plus data
describing the structure of the file can ze displayed by using the
AHELP and AaLIST commands in the REAP language.

The cached data can be fetched via a batch or interactive request
and sent to a report generation or graphics display package.  This
larger volume work is routed to the CDC 7600 and then to remote users.
The  job control streams stored mithin the directory file may be used
to direct this routing. See Figure 7 for a sample report generated
from a cached. file built by serging several data sets of the U.5.
Census of Agriculture data base.

5. PROJECT COSTS

Development costs include nominal machine debug time and three
man-months of programmer effort. Costs mere kept 10w by employing
existing data management sof*mare and an existing data description
dictionary.

~ No significant rocessing time overhead resulted from addin
another softemare pac:a e on top of the MSS softsare. Considefab7e
savings mere achieved gy'not searching the entire sequential file for
display data. Figure 8 presents costs for tso samsple report runs:

Run' 1 entails displaying a small amount of data‘serected froe tmo
large chipstore data sefs. Run 2 presents access time only for a
large volume of data from a single chipstore dats set. The QWICK
OUEaV batch runs were carried out by staging the entire chipstore data
sets to the CDC 7600 for QWICK OUEF‘_pFOC!SSihg. .

: A sufficient amount of performance tests have not been carried
out for the cost comparison of both systems. There are ‘inherent
difficulties in this comparison because the interactive and batch
programs run on teo different machines which possess different
oﬁerating systems and 1/0 buffering characteristics. Thus a change in
the accounting algorithes could greatly change Fiaure 8. It is,
however, apparent that a ma,or saving in runnin EAP is gained froe.
the ease of access the user has to his large data bank. i .

6. DIAHIACKS OF THE KE"..U ACCESS SYSTEM
‘ The primary limitation of this data access systew is the

computing -enviranment at the Lamrence Berkeley Laboratary. Prograss,
to run interactively, wust be 15-20K in size. The REAP prograw



currently runs in 30K of small core memory. This causes it to reside
on disk ¥or more than a comfortable wait period until a siot of memory
becomes available. Cures in the form of segment linking and placing
more of REAP’s control data on the directory file are being
implemented.

Long maintenance periods (4-B hours per peek at prire run-time)
for the chipstore are 3 second drasback to running the interactive
access system. Programming is being done now to incorporate the tape
fibrary and the data cell ?nto this system so that data may be stored
and accessed from a variety of devices. Currently, fixed length
fields and records are required on the data base. This is historical
dating from the requirements of the QWICX QWERY package. The package
has no update capabilities. Data is eritten on chipstore in
sequential files. If the files require changing, t e‘ sust be
repritten. It is, however, possib?e to add data to the data base by
creating additional chipstore data sets and linking these to the
STOFI directory.

Finally, the user is required to have a basic knowledge of the
data in order to use the system. Although help options are sprinkled
liberally throughout the REAP prograe, 2 user stil! must have a basic
concept of the Togical structuring put on the data mith his directory
file. He also requires a printed dictionary of the data elements
before him mhen running since the dictionary is too large for
interactive listing ang no dictionary search softmare has been built.

8. FUTURE PLANS FOR THE SYSTER

The first programming planned for improving the system is the
generalization of zhe direcgory'build. Current? , @ one-shot program
is required to build the index file structure. nteractive editing of
the job control streams and the OWICK QWERY dictionary is already 2
reality, and plans to allom building and wodifying the data access
structure interactively are being wmade.

Data is retrieved into a disk file from MSS and discarded mhen 2
run is coneleted. It is often desirable to save a current cache for a
iven meek’s or month’s processing. This semi-permanent cache systes
I's expected to be put into the daza access scheme by job control
stream modifications.

The abifity to handle variable length records and fields mithin a
data set is also being planned. Report generation capabilities are
being expanded and a more general system involving modeling and
statistical softmare 2 Rlication to the cache retrieved from :higstore
are planned. Most of g ese additions will be implemented again by the
interfacing of already available softpare.

The final plan of the access system is to generalize the access
to magnetic tape and data cell data sets such that a request for data
will be transparent to the storage media. It is desireg that the
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access language will also work on a new, larger mass. storage device to

be purchased by LBL.
9. SUMMARY

An access packége was developed to content address a large
on-line mass storage device via an interactive session. The gesign at

this package involved interfacing tso existing softmare packages and
predefined dictionary files for the data bases. The project took
three man-months to complete. C

The salient features of the systes are

1. Data bases are stored in sequential oarder. The logical fite
structure is maintained independent of the actual data.

2. The logical structure is a hierarchy of keys taken from the
data element values mithin each record. Keys may be :
! specified either by name (taken from the data dictionary for
the file) by'posi{ion (location within the record) or by
user supplied values.

3. Data dictionaries are stored on the index file and used to
display individual fields in a record. :

“,‘The interactive code is data driven such that, help commands
and prosptings will depend on the structure of the user’s
file directory.. )

5. Help aids, user lists and job control streams are stored on
_the user’s directory file.

6. The data is archival in nature, i.e., the systes is a
retrieval not an update system.
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" , . —»| MSS

Part 1. Directory Creation

Qwick Qwery Dictionary
—

Program

User D irectiveS/'

]

~ Part l1l. Data Retrieval

User Input

Casual User

Y

‘ Reap Displays ’

Sequential Tape Files Stored As
Sequential Data Sets on Chipstore

\"\'6\ MSS
Data

STOFILE Directory Index

Reap
(6600)

Y

MSS

A

Di‘rectory File

Figure 3. Tripartite System Operation
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WELCOQE T0 THE LBE
S0C10- ECONONIC-ENV!RONMENTRL -DEMOGRAPHIC
INFORMATION SYSTEM RETRIEVAL PROGRAM
ENTER FILE NAME
ANELP

LIST OF AVAILABLE FILES

LBL-NAME QWICK QWERY NAME DESCRIPTION

CCDBMRG CCDB .MERGE CITY-COUNTY DATA BOOK (1952-1972)
CNAGR49 49 .AGR.SUB 1949 U. S. CENSUS OF AGRICUL TURE
CNAGR59 59.AGR.5UB 1959 U. S. CENSUS OF AGRICULTURE
CNAGR64 64 AGR.S5UB : 1964 U. S. CENSUS OF AGRICUL TURE )
CNAGR69 69.AG.CENCOM 196941964 U. S. CENSUS OF AGRICUL TURE
CTY60PC COUNTY .60.PC 1960 CENSUS OF POPULATION

INCOMER INCOME -REV REVISEO BEA INCOME TIME SERIES 1929- 1969
OBERS OBERS SERIES C OBERS PROJECTIONS 1970
O0BERSE OBERS-E SERIES € OBERS PROJECTIONS 1972

ENTER FILE NAME

CCOBMRG '

FILE=CCDBMRG-CCDB .MERGE CITY-COUNTY DATA BOOK (1952-1972)

ENTER CATEGORY NUMBER

1
DEFINE STUDY AREA
NEW OR OLD?

NEW
ENTER STUDY AREA NAME

GTEST _
ENTER AREA CODES

3!233&17°.3 17149;

STATE .ABBR,COUNTY .MARE 52.CCDBOAS,52.CCOB049,62.CCDBO51,72.CCDBOTT;
OUTPUT LINE LENGTH FUL(

RETRIEVING DATA FROM MSS, PLEASE BE PATIENT

"STATE COUNTY 1940 1950 1960 1970

ABBR NAME DWELL ING DWELLING HOUSING HOUSING
UNITS UNITS UNITS UNITS =
ILL CALHOUN - 2325 2340 2531 2302
1L JERSEY - 3939 4895 6003 6586 :
L PIKE 7822 7913 7928 1790 >
*TOTAL S+ e it i ‘
14086 15148 16462 16678

MORE QUERIES ON SAME STUDY AREA?
ASTOP
END-OF ~J0B

Figure 4. A REAP Scenario
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I REAP GLOBAL COMMAND - viable responses to all REAP queries

* HELP - provide help messages

* LIST - list user input to current task
% DISCARD - restart current task discarding previous input

* QUIT - stop current processing; begin again at start of prog.
*-STOP - end all processing (normal exit procedure)

+ ABORT - end all processing (abnormal exit procedure)

II REAP CONTROL LANGUAGE

et
I

ENTER FILE NAME - Enter chipstore data set name. If
unknown, ask for help.

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

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

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

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

6 - DISPLAY - List the data elements desired for dlsplay A semi-
colon ends the entry process.

7 - MORE QUERIES ON THE SAME STUDY AREA - A 'YES' will allow additional

displays. A 'NO' will return to
step 1. ’

Figure 5. REAP interactive query language
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UPPER. MISSISSIPPI RIVER
SOCIO-ECONOMIC STUDY
MINNEAPOLIS-ST.PAUL. SMSA

U.S. CENSUS
OF AGRICULTURE
DATA FOR THE YEARS

LAWRENCE BERKELEY

LABORATORY

UNIV. OF CALIFORNIA

13 AUG 75

, *N B.

. IN THOUSANDS OF DOLLARS

Figure 7.

LOCK/DAM 26 IMPACT STUDY

THE DATA FOR '1969. APPLIES TO COMMERCIAL FARMS ONLY

1949,1959,1964 1969
1949 1959 1964
TOTAL NUMBER OF FARMS 21,474 17,042 15,170
" DECLINE DUE TO DEFINITION -NA- 452 0
TOTAL LAND AREA 3,307,520 3,307,520 3,307,520
ACRES IN FARMS 2,862,110 2,616,530 2,515,399
ACRES IN POULTRY FARMS ~NA- ~NA- 221
ACRES IN DAIRY FARMS ~NA- -NA- 7,156
VALUE OF FARM PRODUCTS SOLD **
ALL FARM PRODUCTS SOLD 104,898 129,649 130,801
ALL AGRICULTURAL PRODS. SOLD -NA- ~NA- 120,770
ALL CROPS SOLD" | 14,552 27,720 26,728
CROPS INCL. NURSERY PRODS + HAY -NA- NA- 26,064
FIELD CROPS '
EXCLUDING VEG. ,FRUITS,NUTS 9,523 20,858 19,835
VEGETABLES 2,011 2,296 2,270
FRULTS AND NUTS 464 452 398
FOREST+HORTICULTURAL PRODS. 2,647 4,114 4,222
FOREST PRODUCTS ~NA- ~NA- -NA-
LIVESTOCK+LIVESTOCK PRODUCTS 90, 254 101,929 103,899
POULTRY+POULTRY PRODUCTS 13,709 11,131 11,048
LIVESTOCK+POULTR¥THEIR PRODS NA- NA- 94,401
_ LAND IN FARMS BY USE (ACRES) .
ACRES IN COMMERCIAL FARMS -NA- -NA- 1,811,708
CROPLAND, HARVESTED - * 1,609,597 1,482,187 1,343,274
USED FOR PASTURE ONLY * 193,288 149,775 133,834
NOT HARVESTED OR PASTURED 72,113 111,455 234,832
IN COVER CROPS * NA- ~NA- -NA-
WOODLAND PASTURED * 377,418 286,314 249,635
WOODLAND NOT PASTURED ~  * 75,360 106,098 101,211
TOTAL WOODLAND - | ~-NA- -NA- 267,510
COMMERICAL FERTILIZER-ACRES * ~NA- -NA- ~NA-
COMMERICAL FERTILIZER-TONS * “NA-. ~NA- -NA-
USE OF LIME - ACRES *. NA- 44,634 36,779
USE OF LIME - TONS S -NA- 112,517

97,504

‘Sample Report From a Cache File

1969

11,728
-NA-"

2,973,440

1,860,341

-NA-

-NA-

-NA-

- 150,101
-NA-
31,364

-NA-
-NA-
-NA-
-NA
93

~NA-
-NA-
118 645

1,557,957
856,118
154,058

~-NA-
47,435
118,223
58,018
176,241
390,041
58,852
17,715
43,572
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Batch

Interactive _
Runs Reap Qwick Qwery -
1. Complex retrieval of a few A v
records from 2 MSS data sets $2.83 $16.71
2. A'ccess only of large cache : :
from single MSS data set $1.56 $ 2.10

Figure 8. Cost Comparison — Interactive |ndexed
versus Batch-Sequential -
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LEGAL NOTICE

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