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1.0 DEFINITIONS

1.1 The considerations which follow deal with the structure of a very high speed automatic di
computing system, and in particular with its logical control. Before going into specific details, s
general explanatory remarks regarding these concepts may be appropriate.

1.2 An automatic computing system is a (usually highly composite) device, which can carry
instructions to perform calculations of a considerable order of complexity—e.g. to solve a non-li
partial differential equation in 2 or 3 independent variables numerically.

The instructions which govern this operation must be given to the device in absolutely exh
tive detail. They include all numerical information which is required to solve the problem u
consideration: Initial and boundary values of the dependent variables, values of fixed parame
(constants), tables of fixed functions which occur in the statement of the problem. These inst
tions must be given in some form which the device can sense: Punched into a system of punchc
or on teletype tape, magnetically impressed on steel tape or wire, photographically impressec
motion picture film, wired into one or more fixed or exchangeable plughoards—this list being b
means necessa,rlly camplete All these pmcedures require the use of some code to express the 105
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ognize the most ifrequent malfunctions automatically, indicate their presence and location by
ernally visible signs, and then stop. Under certain conditions it might even carry out the necessary
rection automatically and continue (cf. {3.3}).

2.0 MAIN SUBDIVISIONS OF THE SYSTEM

- In analyzing the functioning of the contemplated device, certain classificatory distinctions sug-
t themselves immediately.

- First: Since the device is primarily a computer, it will have to perform the elementary opera-
1s of arithmetics most frequently. These are addition, subtraction, multiplication and division:
—, X, +. It is therefore reasonable that it should contain specialized organs for just these opera-
1S.

It must be observed, however, that while this principle as such is probably sound, the specific
y in which it is realized requires close scrutiny. Even the above list of operations: +, —, X, =+, is
“beyond doubt. It may be extended to include such operation as Vo Y sgn, ||, also log,,,
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IBM Stretch (1955Bf%8)

Aggressive Uniprocessor Parallelism

Gene Amdahl, John Backus
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Sidebar:

Stretch/7030 Customers

M:acr:i:e Built Customer Delivery
X-1 Poughkeepsie Los Alamos Scientific Lab (LASL) 1961
K-1 Kingston Livermore Radiation Lab (LRL) [now LLNL] 1961
K—9 Kingston Atomic WeaponsEz:c::q;csiolins’tst};lishment (AWRE), 1962
K-3 Kingston US Weather Bureau [now NWS] 1962
K-4 Kingston Naval Weapons Lab (Dahlgren) 1962
K-5 Kingston MITRE Corporation 1962
K-6 Kingston Commissariat a I'Energie Atomique (CEA), France 1963
7930 Poughkeepsie National Security Agency (NSA) 1962

(Harvest)
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Charles Bachman(1924-)
Edgar F. Codd(1923 - 2003)
Jim Gray (1944 —2007)
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Computer Progress at General Electric
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DATA STRUCTURE DIAGRAMS

By Charles W. Bachman

Successful communication of ideas has been and will con-
tinue to be a limiting factor in man’s endeavors to survive
and to better his life. The invention of algebra, essentially
a graphic technigue for communicating truths with respect
to classes of arithmetic statements, broke the bond that
slowed the development of mathematics.

Whereas “12+13=25" and "“3+7=10" and ""14+(-2}=12"
are arithmetic statements, “a+b=c’’ is an algebraic state-
ment. In particular, it is an algebraic statement controlling
an entire class of arithmetic statements such as those listed.

Data Structure Diagrams

The Data Structure Diagram is also a graphic technique.
It is based on a type of notation dealing with classes—spe-
cifically, with classes of entities and the classes of sets that
relate them. For example, individual people and automo-
biles are entities. When they are taken collectively, they
make two ouite different classes of entities. On the other

1964 Data Structure Diagram

entity grouping—one that associates a group of entities
of one entity class with one entity of a different entity class
in a subordinate relationship. The concepts of entity class
and entity set are independent of each other and can be
thought of as being at right angles or orthogonal. Figure 1
illustrates this point.

entity set entity class

90°

entity
Figure 1

The term set class will be used in the text to mean an
entire group of entity sets which are sufficiently similar, in
terms of the attributes that describe them, to be considered
collectively. Specifically, it is limited to those groups of sets
in which the same entity-to-entity subordinate relationship
exists. Figure 2 expands on Figure 1 to put all four of these



Data Structure Diagram



The most important motivation for the research work
that resulted in the relational model was the objective

of providing a sharp and clear boundary between the
logical and physical aspects of database management.

(E. F. Codd)

izquotes.com




1970 Relational DB

A Relational Model of Data for
Large Shared Data Banks

E. F. Copp
IBM Research Laboratory, San Jose, California

Future users of large data banks must be protected from
having to know how the data is organized in the machine (the
internal representation). A prompting service which supplies
such information is not a satisfactory solution. Activities of users
at terminals and most application programs should remain
unaffected when the internal representation of data is changed
and even when some aspects of the external representation
are changed. Changes in data representation will often be
needed as a result of changes in query, update, and report
traffic and natural arowth in the tvbes of stored information.

The relational view (or model) of data d
Section 1 appears to be superior in several resy
graph or network model [3, 4] presently in vog
inferential systems. It provides a means of desc
with its natural structure only—that is, witho
posing any additional structure for machine rep
purposes. Accordingly, it provides a basis for ¢
data language which will yield maximal indept
tween programs on the one hand and machine
tion and organization of data on the other.

A further advantage of the relational view
forms a sound basis for treating derivability, r
and consistency of relations—these are discusse
2. The network model, on the other hand, has
number of confusions, not the least of which i
the derivation of connections for the derivati
tions (see remarks in Section 2 on the “conneci

Finally, the relational view permits a clearer

nf tha onnrne and larmoal hmitatinne nt mrooord
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System R is an experimental database
management system based on the relational
model of data which has been under develop-
ment at the IBM San Jose Research Laborato-

ry since 1975 <1>, The softuare was
developed as a research vehicle in rela-
tional database, and is not generally
available outside the IBM Research Divi-
sion.

This paper assumes familiarity with
relational data model terminology as
described in Codd <7> and Date <8>. The
user interface in System R is the unified
query, data definition, and manipulation
language SQL <5>. Statements in SQL can be
issued both from an on-line casual-user-or-
iented terminal interface and from program-
ming languages such as PL/I and COBOL.



1976 FJORDBMSO T AR AT

System R: Relational Approach to Database
Management

M. M. ASTRAHAN, M. W. BLASGEN, D. D. CHAMBERLIN,

K. P. ESWARAN, J. N. GRAY, P. P. GRIFFITHS,

W. F. KING, R. A. LORIE, P. R, MCJONES, J. W. MEHL,

G. R. PUTZOLU, I. L. TRAIGER, B. W. WADE, AND V. WATSON

IBM Research Laboratory

System R is a database management system which provides a high level relational data interface.
The system provides a high level of data independence by isolating the end user as much as
possible from underlying storage structures. The system permits definition of a variety of relational
views on common underlying data. Data control features are provided, including authorization,
integrity assertions, triggered transactions, a logging and recovery subsystem, and facilities for
maintaining data consistency in a shared-update environment.



1977 Software Development Laboratories (SDL)
1979 Relational Software, Inc. (RSI)

Ed Oates, Bruce Scott, Bob Miner
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Michael Ralph Stonebraker (1943-)

Five Techies Who Could Fix
Government's Business Intelligence Chasm

Mike Stonebraker

Who knows more about the
nitty-gritty of databases than
Ellison? Who is comfortable
jousting with academic ivory-
tower types as well as fast-
charging entrepreneurs? That
would be Mike Stonebraker.
The list of his students who
have gone on to create com-
panies such as VMWare and
Sybase makes Stonebraker a
natural choice for smartening
up the feds.
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* 1976 System R

* 1976 Ingress N THILZ_F RK/IN\—IL—#
* 1979 Oracle

* 1981 SQL/DS (IBM DOS/VSEhR)

« 1983 DB2 (IBM MVShRR)
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Codd’s Relational Model - Version 2 (1990)

-
He published 12 rules In -
Computerworia about
what makes a DBMS
relational
e According to these rules
none of the products on
the market qualified as
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Jim Gray (1944 — 2007)
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Gamma (1984-1992

Paradise (1993-1997)
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Why have parallel database sys-
tems become more than a research
curiosity? One explanation is the
widespread adoption of the rela-
tional data model. In 1983 rela-
vonal darabase systems were just
appearing in the marketplace;
today they dominate it, Relational
queries are ideally suited to parallel

multiple processors and memaories,
an operator can often be sphit into
many independent operators each
working on a part of the data, This
partitioned data and  execution
gives partitioned parallelisn (Figure
1.

The dataflow appreach to data-
base system design needs a mes-

pipeline
parallelism

partitioned data allows partitioned

parallelism

' S e e .m-a--
£ Yol ¥ s
i

workstation, and workgroup soft-
ware., Those same client-server
mechanisms are an excellent basis
for distributed database technol-
{]g'!r'.

Mainframe designers have found
it difficult o build machines power-
tul encugh to meet the CPU and
A demands of relatonal data-

Figure 1.

The datafiow approach to relatlonal
operators gives both pipelined and
partitioned parallelism, Relational data
operators take relations {unifarm sets
of records) as input and produce rela-
tons as outputs. This allows them to
be composed in datafliow graphs that
allow pipeline parallelism (left) in which
the computation of one operator pro-
ceeds in parallel with another, and par-
titioned paralfelism in which operators
(sort and scan in the diagram at the
right! are replicated for each data

source, and the replicas executa in par-

allel.

Flgure 2.

Speedup and Scaleup. A spesdup de-
sign performs a one-hour job four
times faster when run on a four-times
larger system. A scaleup design rums a
ten-times higaer iob is done in the

tation, and workgroup soft-

Those same client-server
inisms are an excellent hasis
istributed database technol-

inframe designers have found
icult to build machines power-
wugh to meet the CPU and
lemands of relational data-

el

taflow approach to relatlonal
ors gives both plpelined and
aned parallelism, Relational data
ors take relations (uniform sets
ywrdsl as Input and produce rela-
5 outputs. This aliows them 1o
nposed in datafiow graphs that
aipeling paraliefism (lefth in which
mputation of one operator pro-
in parallel with another, and par-
o parallelism in which operators
nd scan in the diagram at the
are replicated for each data

1, and the replicas execute in par-

e 2

dp and Scaleup. A speedup de-

arforms a one-hour job four

Faster when run on a four-times

system. A scaleup design runs a
e w185 Blager job is done in the



In 1981, all T/16 CPUs were replaced by
the NonStop ||
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EMC Symmetrix 3430,3430,3330,3700

HPN0O Enterprise Parallel Server 22 dway X 16nodes

EMC Data Manager

Oracle

Oracle8 Release 8.0.2 (Beta)
- Parallel Server Option
- Parallel Query Option
Enterprise Manager 1.3(Beta)
- Recovery Manager

Test to Scale I1
~ 16node O &85
- Parallel Direct Load
- Parallel Index Creation
- Parallel Update (Oracle8)
- Parallel Create Table As
Select
- Partition Tables(Oracle8)
- Parallel Query
- Star-Schema Access
- Hash Join

EMC

Symmetrix 3700

- Disk: 23GB X 128 (2954GB)

- Cache: 4GB

- 32 FW.SCSI Channel
Symmetrix 3430 2Units

- Disk: 9GB X 96 (868GB)

- Cache: 2GB

- 16 FW-SCSI Channel
Symmetrix 3330

- Disk: 9GB X 32 (289GB)

- Cache: 1GB

- 16 FW-SCSI Channel
EMC Data Manager E110

- Sun SparcCenter20

- 10baseT configration
ATL Library 4/52

- DLT4000 X 52 Tapes

HP

HP2000
Enterprize Parallel Server 22
- 16node
- Fiber Channel Connect
- Fiber Channel Switcher
- 4CP1I (PA-8000 180MHz)
- 1GB(dnode), 2GB(12node)
- 2GB Disk X 2 on each node
- HP-UX 10.20 with DART32
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