Research | THE GAMMA-0 n-ARY RELATIONAL
DATA BASE INTERFACE SPECIFICATIONS
OF OBJECTS AND OPERATIONS

D. Bjgrner/E. F. Codd/K. L. Deckert/
. L. Traiger

April 11, 1973

RJ 1200

* Yorktown Heigh-ts, New York

San Jose, California

Zurich, Switzerland







THE GAMMA-0 n-ARY RELATIONAL DATA BASE INTERFACE
SPECIFICATIONS of OBJECTS and OPERATIONS

by

D. Bjgrner

E.F. Codd

K.L. Deckert (*)
I.L. Traiger

IBM Research Laboratory
San Jose, California

ABSTRACT: GAMMA-0 is a low-level, single-user interface
for the manipulation of collections of relations of
assorted degrees. It is intended to be used as a base for
implementing well-regulated sharing of data amongst many
users, and higher-level interfaces such as the
"relational algebra”, the "data sublanguage ALPHA" and
others.

RJ 1200 (#19229)
April 11, 1973
Computer Sciences

(*) Work done while Dr. Deckert was on assignment from IBM
General Products Division



BLANK PAGE



=

w i
v

o ’ﬂjy.{‘ I )

SUMMARY :

This report presents the preliminary specifications
for an n-ary relational data base interface system,
referred to as GAMMA-0., This interface presents to
the wuser a collection of relations of assorted
degrees. Each relation consists of a gontrol tuple
followed by zero, one or more data tuples. The
ordering of data tuples is determined by the users
who populates the relation. Each tuple is composed
of n items, one for each of the domains of the
relation. A relation 1is categorized as either a
regular- or a class relation, an jnversion or the
unique master relation. The master relation holds
certain specifications for all relations; class
relat ons are all wunary relations; Inversions are
all binary relations providing low-level indexing to
a domain of some parent relation. Inversions are
maintained dynamically by the system. With the
excep;ion of class items, which are variable-length
byte strings, all relation items are 32-bit

quantities.

A number of system generated 32-bit jidentifiers are
defined. Relation identifiers, rids, which are

unique to every relation; tuple identifiers, tids,



which are unique to every tuple in a given relation;
domain identifiers, dids, which identify each domain
in a given relation; scan ldentif!ers, sids, which
denote the state of the sequential scan of
relations. Fourteen commands are defined: for the
creation and dropping of relations; for the
insertion and deletion of fup!es: for the generation
and dropping of inversions; for the greation-,
control and dropping of scans and the gutput of
subtuples according to scan control conditions; for
the update and reading of subtuples, and for the
reordering of tuples and retrieval of tuple

identifiers.
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1. LANGUAGE

GAMMA-0 is a 'partial' 1language which ‘together with a
(suitable) 'host' language, H, forms . a 'complete'

language, L.

(2222222222222

*
*
*

*

FIG.01 = See page 120.

*

L 2222222222 X224

GAMMA-0 1Is one of a series of relational data base
interface 'systems'. It is, we believe, a lowest level
interface which - supports n-ary relations in an
"implementation independent" manner, based on single user
traffic, and avoids redundant machinery. We further
believe that GAMMA-0 Is a natural stepping stone to a
(tlightly) higher level interface, GAMMA-1, which
supports multiple concurrent ysers. Members of the
GAMMA-series of interfaces will be designed so that they
readily allow the realization of such languages as
DSL-glpha, the RELATIONAL CALCULUS and the RELATIONAL
ALGEBRA <Refs. 5,3,3>. The GAMMA-0 operators are intended
to support the Implementation, at some higher 1level, of
catalog support, search optimlzation, authorization,
interlocking, journaling, audit, version maintenance and

accounting. We have, however, tried to avoid the
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provision of objects and operators excluysively for these

services.

The operators of GAMMA-0 are of a ‘'non-propagating'
variety, i.e. execution of operator &G does not trigger
the execution of any other (GAMMA-~0): operator, nor a
second execution of G itself. The GAMMA-0 interface is
intended to be implementable using already existing lower
level systems, like e.g. the Hursley Relational Prototype
and the Cambridge Relational Access Method. The GAMMA-0
system however makes no special concessions to either of

these, nor other, Iimplementation systems. The set of

GAMMA-0 operators is "lean" but not minimal.

At each interface in the GAMMA family the operators
provide the fullest detection of data errors and program
errors that Is feasible without adding any data objects

purely for error detection purposes, and wlthout
Iincurring a first-order performance penalty (that is, an
additional access to secondary storage). One may think of
the error detection capability at a given interface as
being consistent with the "consciousness" at that

interface.
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For security reasons tight control will be exercised over
the use of objects and operators at (GAMMA) level "J" and
below, by users at level "J+1", Not all of this control
can reside in the authorization machinery implemented in
terms of GAMMA-0. And on "integrity" this first statement
of Intention: at a high level interface 1in the GAMMA
family, the wuser will indicate his needs regarding the
integrity of the data he wishes to access. At a lower

level these needs are translated into constraints that

other users must comply with - |if they are to access any.

of the same data concurrently.

In these preliminary specifications we shall only cover
GAMMA-0. Essential aspects of GAMMA-1 has been considered
and were influential in certain GAMMA-0 design choices.

GAMMA-1 will (hopefully soon) be documented.

d.1 EORMAL LANGUAGE DEFINITION

The complete language L is definable in three parts: it
has a universe of discourse, U, a set, T, of terms and a
mapping, M, from terms, t, in T, into subsets, u, in U.
One can view each of these three components as pairs of
elements, one from each of the two complementing

sublanguages: H and GAMMA-0:
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L = <KTh,Tg>,<Mh,Mg>,<Uh,Ug>>

where Um and Ug may overlap. 1In the following we shall

only define aspects of Lg:

Lg = <Tg,Mg,Ug>

LA 2 R X222 XX L

*
*
*

*

FIG.02 * See page 121.

*

LA 222222222 X 22

Tg Is the set of GAMMA-0 commands; in this document 14 of
these will be described. A subsequent document, <Ref. 1>,
will cover an additional 5 commands. Mg will primarily be
defined only with respect to each individual command of
GAMMA-0. In certain parts, however, we shall have to
explain the effect, i.e. the meaning, of certain
allowable compositions of GAMMA-0 commands. Ug is the set
of objects of GAMMA-0. In this document only three
categories of objects will be described: (1) data
structures, (2) identifiers and (3) 'scans. Ref., 1 will

then detail on the (4) scope- and (5) lock objects.

In the following we shall very briefly cover some of the
aspects of GAMMA-0. Further and full details then follows

in sections 2-9,.
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i.1.1, DATA STRUCTURES

The data structure part of the universe of discourse

contains the following (basic) structures:

1. Relations
2. Tuples

3. ltems

(1) The GAMMA-0 system supports 4 distinct sets of
relations: (1) the solitary set of the
'catalog-of-relations' relation MR (also referred to as
the 'master relation'); (2) the initially empty set, R,
of 'regular relations' of assorted degrees; (3) the set,
C, of 'classes', also Initially empty, and (4) the set,

1l, of ‘'inversions', likewise Initially, as far as the

user is concerned, an empty set.

(2222222222222

*
*
®*

*

FIG.03 * See page 122,

*

tA 22 X222 R X2 R 1]

(2) The GAMMA-0 system similarly supports two distinct
sets of tuples: (1) the set, I, of 'tuples' and (2) the
set, B, of 'byte-string l-tuples'. The set of 'tuples’

has two subsets, (1.1) the set, D, of ‘relation

A
a8
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descriptor 7-tuples', and (1.2) the set, N, of ‘regular
n-tuples'. A relation consists of zero, one or more,
ordered tuples.That is: tuples are members of relations.
A tuple consists of an ordered sequence of one or more

{tems.

(3) lItems either denote themselves or are identifliers.
Distinct objects of the environment being modelled are
represented as distinct data items or other objects of
the data base. The set, Jt, of items properly contains
the set, 1d, of identifiers and the set of byte string
1-tuples, B.

1.1.2 IDENTIFIERS

Relations, tuples and scan are ldentifiable through 32
bit encoded Jidentifiers. A relation identifier, rid,
denotes a relation and all relétions are uniquely
identified. If a vrelation has been identified (i.e.
selected) =-- through its rid -- then a tuple identifier,
tid, (known to that relation) denotes a tuple (of that
relation). Tuple identifiers are unique only within a
relation. Two tﬁples from distinct relations may have the
same tid Insofar as thelr encoded 32 bit value |Is
concerned. A scan identifier, sid, denotes (the state of)

a particular scan of a particular relation. Several scans
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may exist on the same relation. All scans, whether on one
particular relation, or across all relations currently
being scannned or for which scans once existed, are
unique. A given 32 bit encoding may either represent an
rid, a tid or an sid. The system will know from the
'context' in which this 32 bit encoding 1is Issued which
unique Interpretation is to be followed. For more on

identifiers, see section 3..

1.1.3 SCANS

A scan of a relation is a certain kind of an ordered
reading of some or all of its tuples, subject to certain
contraints and user controllable ambiguities. Such scans
are objects of the GAMMA-0 system in the sense that the

scan can be partially controlled by the user.

l.1.4% GAMMA-0 COMMANDS

In the next paragraph we list the ynderlined names of all
the GAMMA-0 commands as well as explaining briefly some

of their functions.

The user speciflies the (1) creation of regular- and class
relations; the (2 and 14) dropping of all but the master
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felatlon, and the (13) generation of inversions, Tuples
can be (3) Inserted into-, and (4) deleted from regular-
and class relations. The user can further specify where
among the ordered tuples already positioned in the
relation a new tuple is to be inserted. Tuples of a
relation can then be reordered through the use of the
move tuple command. Already existling tuples of a relation
can be (6) updated, but only partially =-- the primary key
portions cannot be updated. Tuples can also be partially
or completely read, through a get command. Reading and
updating assumes knowledge on the part of the user of the
tuple identifier of the desired tuple. If this tid is not
known then the(r value can be retrieved through the tuple
1d from subtuple command, where the subtuple may specify
that only the tid of tuples having certain partial values
are desired. Tuple identifiers can also be retrieved
through a scan (9, 10, 11 and 12). A scan in addition
reads a user contrlled part of the tuples scanned. A scan
is greated (9),’ cﬁntrolled through (10) set scan and
tuple identifiers and tuples read out through the use of

next (11) commands. A scan Is finally dropped (12).

1.2 PERFORMANCE ORJIENTED FEATURES

There are roughly speaking four identifiable aspects to

the manner In which we have considered the performance
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oriented features of GAMMA-0. (1) Above the GAMMA-0
interface we envision that (1.1) the system provided, 32
bit, tuple identifiers, (1.2) the ordering of tuples and
(1.3) the availability of user generated inversions will
enhénce effective use of the Interface language. (2)
Below the interface the system maintained scans should
provide efficiency over user controlled scans. (3) The
user will want to investigate only items properly within

tuples, and the system will in many Implementations deal

individually with Items of tuples, we have therefore made

avallable to the interface user commands that deal
directly with such components of tuples. Thus we deal
with item level operations both gboye and below the
interface. Finally }h) the space-conserving features
provided by the compact, 32 bit, representation of item-
and tuple identifiers should also be taken as a
performance oriented feature. This latter feature enables

the user to deal with flixed formatted relation whose

‘items do not denote themselves. These items need not be

of variable field 1length, but identify such variable
field length items In addition to identifying tuples of

other relations.

1.3 REPRESENTATIONS and DENOTATIONS

ENCODED VALUES versus DENOTED VALUES
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GAMMA-0 identifiers are represented as 32 bit words. By
their encoded value we mean the particular 32 bit
bit-pattern; and by their denoted value: "that which they
denote" -- which may be either a relation (rid), a tuple
(tid) of a relation (whose rid is also known, and
assumed), or a scan (sid). GAMMA-0 items may either be of
the fixed 32 bit word format varlety <-- in which case
they are either identifiers or denote themselves, l.e.
their meaning is known only outside the GAMMA-0 data base
-=- or the Iitems are of the variable field length byte
string variety, in which case they always denote

themselves.
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2 RELATIONS and JUPLES

For a general motivation of a data base founded on the
relational view we refer to <Refs. 2-3-4-5-6>. In this
section we shall first cover the various categories of
relations and then (within relations, their) tuples.
Given the motivation we still have left to fully motivate
our particular choice/selection of the four (and no more)
categories of relations and tuples, and their imposed
properties,

The two main categories of relations are, insofar as most
users are concerned, the category of regular- and 'the

category of class=- relations.

2.1 RELATIONS

A relation, R, is (fike) a table. R always has a fixed
number, nR, of domains (columns); nR is referred to as
the degree of R. Domains of any relation are identified
by wunsigned Iinteger valued domain identifiers, did,
starting with 1 and ending with n, The number,
cardinalitv(R), of tuples of (any) R is variable. Each

relation has assocliated with it a unique relation

».
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identifier, rid; these identifliers are generated by the

system upon creation of each new relation.

t 222222222 X224
* *
* FIG.04 * See page 123.
* *
(T2 X2 X132 ZXXX X3

2.1.1 MASTER RELATION

The system comes equipped with a master relation, ﬁﬁ, of

degree 7 and (initial) cardinality 1. mrid is

corresponding master relation identifier. have

the
the

GAMMA-0 imposed defined meaning: 'type'!, ‘'degree',

'primary key mask’, 'control tuple identifier"',

'‘inversion parent relation identifier', 'inverted domain

did' and 'relation identiflier'. The primary key of the

relation, MR, itself is domain did=7.

(2 X 22X 2222223
* *
* F1G.05 * See page 124,
* *
(X332 22332 22222

The master relation contains tuples describing

all

relations, Including itself. The relations are described

within MR as to their (1) type, (2) degree, (3) primary

key(s), (&) control tuple tid, (5) Iinversion parent rid,

(6) inverted domain did and (7) relation Identifier
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(rrid, crid or irid). Only a subset of these apply to any
given relation. Thus you may think of the master relation
as the (level 0) 'root' of a tree of height 1, all of
whose leaves (at level 1) are the remaining relations of

the data base.

[Z2 XXX Z XXX R RS
* *
* FIG.06 * See page 125.
* *

AR R ERE AL N

2,1.2 REGULAR RELATIONS

The degree of a regular relation may range anywhere from
1 to some implementation defined (finite) limit (say:
2+%32-1), With each relation is associated a fixed
primary key which 1is a non-empty subset of the first 32
domains of that relation. If the relation has fewer than
32 domains then primary key is of course within those
(fewer) domains. The specification of the primary key is

found in MR; domain 3.

(2222222222222
* *

* FI1G.07 * See Page 126.
* *
123222222222 2 J
Regular relations are malnly used to ‘'compactly' store

(structured) data base information; i.e. the ‘'actual'

data 'values' are seldomly contained In regular relations
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but usually 1In class- relations; instead the items of
tuples of regular relations may, and will typically,
refer to tuples of regular- and to items, i.e. tuples, of
class relations. Thus the user can specify for each
domain of a regular relation whether its items refer to
values (contained elsewhere) or depnote values themselves.
This specification 1is found in a control tuple
permanently associated with each relation. The value of
the control tuple of regular relations is defined by the
user. ltems of tuples of a regular relation are all of

fixed 'size', we propose a 32 bit word.

2.1.3 CLASS RELATIONS

The degree of a class (relation) is always 1. Its items
(=tuples) always denote themselves; in fact they are
permitted to be variable field length byte strings. The

primary key Is, of course, domain 1.

(222222222222 R ]

*
*
*

*

FIG.08 * See Page 127.

*

(223222222 2R3

2.1.4 INVERSIONS

Inversions are always binary relations. Items of their
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first domain are items of some domain of some parent-,
either: master-, regular-, or class-, -relation. ltems of
their second domain are the corresponding tuple
identifiers of the parent relation -- such that domain
did=1 items correspond in value to the domain item values
of the denoted tuple. Thus the inversion of a relation is
with respect to one domain only -- but the same
relation may have one inversion for each of its domains.
Tuples of the inversion of course have their own tuple
identifiers, not to be confused with those of Its domain
2 items. The primary key of an inversion 1is, of course,

domain did=2.

2.2 JUPLES

A relation, R, has cardinality(R) tuples. If this value
is 0 we say that the relation is empty. The control tuple
of a relation does‘not count in the computation of the
cardinality. Every vrelation is described by a tuple in
MR. Each distinct tuple of any relation has associated

with it (in a manner defined and maintained by the

‘system) a unique tuple-identifier, tid. Each tuple has

exactly nR components, l.e. items.
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(22X 2 XX 2222222

*
*
*

*

F1G.09 * See Page 128.

*

(X232 X222 22 X2 2

The system provides the user with tuple identifiers, i.e.
the user can retrieve this identifier, but cannot update

it.

2.2.1 REGULAR N-TUPLES

Each item of an regular tuple 1is user-defined with
respect to its 'meaning', but is always a 32 bit 'word'.
An item of a tuple of any regular relation (other than
MR) either (1) denotes, l.e. refer to, some user-defined
‘item' bit-string of 1length 32, or (2) denotes some
item-, tuple- or relation- 'identifier' or (3) denotes
some ‘rubbish' (l.e. the user Interpretation is
algorithmically erroneous; and of course, the GAMMA-0

system cannot catch such errors).

2.2.2 CONTROL TUPLES

Each relation has -- from its creation, by the user --
assoclated with it a control tuple. The control tuple
identifier, ctidR, for relation R, can be found 1In the

corresponding relation descriptor 7~tuple (domain did=4).
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The user specifles the control tuple item values when the
relation is created. The idea behind the presence of this
control tuple 1is that it serve as a ‘'codifier' for the
corresponding domains, i.e. the domain items (in tuples),
of the given relation. All <class relations has a l-tuple
control, coded:<pyll>. The Master relation, MR, has the
control 7-tuple: <pull, null, null, pull, pull, null,
null>. The control tuple cannot be updated; but it can be

read.

See FI1G.07 Page 126.

Thus the intended denotation of tuple items may be

indicated by the corresponding control tuple items for

~the given relation. If some control tuple item has value:

null, then the regular tuple items are said to denote
themselves, Il.e. they are user defined; otherwise the
value of the control tuple item is taken to denote some
relation identifier, rid. In that case, the corresponding
tuple items are regular felatlon tuple- (tid) or class
relation item- (iid) identifiers, denoting respectively
some regular n-tuple, or some classifled N-byte string
l-tuple 'In the relation denoted by the corresponding
control tuple Iitem. We presently take the view that if
stored Item values actually represent relation- or scan
identiflers then the corresponding control tuple item is

coded pull. An example of this will be given in the very

.

-
-, .

. o

g4

.r
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next section.

2.2.2 RELATION DESCRIPTOR 7-TUPLES

The items of the relation descriptor 7-tuples are the
only items that the system (1) checks for validity, and
(2) let determine various system actions. The 'meaning'
of the tuple Items are, however, GAMMA-0 system imposed

as follows: (See FIG.05 Page 124,)
dl: 'type’':

(1) master relation, only the tuple designating MR
has this type. The system checks that no other
relation descriptor tuple entered by the user

speciflies this type. Domain 5 and 6 both specifies

null.

(2) regular relation, the relation described has
the degree specified by d2 and primary key mask as

specified by d3; each domain item of the described
relation is a 32 bit word (; the GAMMA-0 system
does not Inspect the 'values' of ftems of the

deslignated domains). Domains 5 and 6 both

specifies null.



(3) ¢class relation, the relation 1is a unary

relation whose items (tuples) ‘'stores' n-byte bit
strings, d3 specifies a 'l' in position 1, all
other positions specifying '0's; i.e. domain 1 of
the specified class 1is, of course, the primary

key.

(4) inversion, the relation is a binary relation,
whose parent relation is specified by d5; d6 the
domain on which the parent relation is inverted.
All domains of inversion descriptor tuples apply,

i.e. are coded with descriptive information.

d2: 'degree’

(1) if dl=master relation, then this field is 7.

(2) if dl=regular relation, then this field

specifies the degree of the described relation.

(3) if dl=class relation, then this field

specifies 1, class relations always being unary.

(4) if dl=inversion, then this field specifies 2.

d3: 'primary key mask'

.
.-



-
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(1) for dl=master relation, this 32 bIit mask
(presently) specifies a 'l' in position 7, all

other bits are '0's.

(2) for dl=regular relation, any, except the
all-zero, bit mask 1is allowed; its 32 bit
restriction therefore imposes the system
restriction that the primary keys of any such
relation must be within the first 32 domains. If
d2 specifies some n less than 32, then 'l's in the

d3 field beyond bit n can never occur]

No component of a primary key of a tuple in any

. relation is permitted to have value pyll.

' db:

(3) for dl=class relation, this field has a '1' in
position 1 and all other bits '0'; the primary key

of the class relation is always domain 1.

(4) for dl=inversion, this field has a '1' in

position 2, '0' elsewhere.

'control tuple identifier'

(1-4) For all relations this field contains the
tuple identifier, ctidR, of the control tuple in

the relation, R, defined by this relation
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d5:

d6:

d7:

descriptor 7-tuple, i.e. as denoted by d7.

'parent relation identifler'

(4) Applies to inversions only. This item denotes
the relation Iidentifier, rrid, of a (parent)
relation of which this (described) relation is an
inversion; the domain id on which the inversion

took place is found in dé6.

'inverted domain'

(4) (applies only if dl specifies inversion). This
field contains the did of the domain of the d5
specified parent relation on which this
(described) Inversion was inverted.

'relation identifier’

(1) specifies mrid.

(2) specifies some rrid, the relation ldentifier

of the described regular relation.

(3) specifies some crid, the relation identifier

of the described class relation.
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(4) specifies some Irid, the relation identifier

of the described inversion.

2.2,4 N-BYTE-STRING 1-TUPLES

Tuples of classes are just one component tuples. They may
often be referred to as either: ‘'items' or ‘'strings'.
These strings are user-defined, and of bit length Omod8
(i.e. they are byte-strings). 'BOSTON', 'Washington' and
'01234567"' are examples of items. Items always belong to
classes, thus e.g. 'BOSTON' may belong to class Rgities,
'Washington' maybe then to classes: Rpames, Rstates and
Rgities. Each item 1Is made known to the system by
entering the item into a class selected by the user. In

return the system computes a unique Item identifier, lid.

See FIG.08 Page 127.
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3. IDENTIFIERS
.
All GAMMA-0 ldentifiers are encoded as 32-bit words. The .
”
system maintains three basic categories of 'identifiers': Ry
'relation-', 'tuple-' and 'item-' and 'scan-identifiers'. .
(1) mrid, rrid, crid, irid )
(2) tid, ctid
(2) 1id
(3) sid
12 22X 2 X2 XXX 2 X
* *
* FI1G.10 * See Page 129.
* *
(X2 222X X2 2 XX ]
mrid denotes the (only) master relation identifier; rrid
some regular relation Identifler; crid some class
relation identifier and Irid some Inversion identifier,
tid denotes some tuple identifler; ctid some control tid;
iid some item identifler, and sid some scan identiflier. .
The generic term: rid, is used as a sign for elther of i

the four identifiers: mrid, rrid, crid and irid. Given a
32 bit word, 1l.e. its encoded value, and told that this
is, l.e. represents, an rid, we have specified no direct

way in which we can tell which of the four types It is.
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(One can find out e.g. by looking up this rid in the MR

and check domain 1 of the corresponding tuple).

The system 1in addition maintains a set of domain
identifiers for each relation. Their denoted values range
from 1 through n, where n is the degree of the relation

in question. lItems of this set will be denoted by did's.

In the lifetime of the nR/D/B == relations will come and
go, but twc such relations, whether co-existing or
existing in disjoint time intervals, shall never receive

identically coded rids.

Similarly, in the lifetime of any relation within the
nR/D/B == tuples come and go, but two such tuples,
whether co-existing or existing in disjoint time
intervals, shall never receive Identically coded tids.
Uniqueness of these tids is only to within the relation,
thus two tuples, belonging to distinct relations may have

jdentically coded tids.

Finally, scans on relations come and go, but two scan
identifiers, whether co-existing (on the same or distinct
relations) or existing in disjoint time intervals, shall

never receive identical bit encodings.

Two special identifier encoded values must be provided
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for: pull and '+'. For their use and meaning, see

chapters 5 and 8.

The above statements amount to the definition of certain -7
axiomatic properties of the identifier space. j
[4
%
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L, JHE GAMMA-0Q DATA BASE INITIALIZATION

When an n-ary relational data base, such as the one whose
properties we are now detailing, 1Is initialized, i.e.
made ready to receive e.g. the data base administrator's
and other users' GAMMA-0 commands (as to its future

structure and content) its:

1. relatlion space contains just one relation, R,

which itself has just two tuples: the all-pull
encoded control tuple, and the relation descriptor
tuptle for MR itself. MR has the relation
identifler mrid. The initial tuple has the tuple

identifier tid0. And the:

2. identifier space contains the five identifiers:
mrid, tidQ, ctidMR (the control tuple identifier

of the master relation), pull and '+',
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5. OPERATIONS - A MORE DETAILED SURVEY
5.1 GEMERAL

Henceforth we shall use the following terminology:
strings refer to N-byte string l-tuples; items to the
components of a regular relation n-tuple and tuple s

used in order to refer to regular n-tuples.

Relations are 'created' and tuples 'inserted'. Tuples can
be 'read', 'scanned', 'updated' ‘and 'deleted'. Relations
can be 'dropped'; scanning tuples is done by scanning a

relation ~-- or pérts thereof.

Strings and tuples are formed by operations in the host
language and inserted into classes, respectively regular
relations through the proper use of GAMMA-0 commands. It
is the responsibility of the host language user to set up
the tuple in the format expected by the GAMMA-0 interface
and according to the degree of the recelving class,
respectively regular relation. |If it is a regular
relation and Its degree is n, then you may, e.g., think
of the host language user setting up a named 'vector' or

'structure' of (at most) n 32-bit words. A proper

insertion of this named vector (i.e. tuple) Into a



37

specified relation causes the system to compute and
return to the user a distinct tid. This tid 1Is unique
within the relation, and over the entire lifespan of the
relation. In these specifications we shall always name
the host language vector which is 1later to become a

tuple: tuple.

5.2 THE CREATION OF CLASSES and

THE INSERTION OF BYTE STRING ITEMS

The user specifies the establishment of new classes, and
the system fO(mats such classes, identifies them and
Inserts a class relation descriptor tuple in MR. The user
specifies such an insertion by providing the system with
a partial 'descriptor' tuple for the class, C, to be
created. The system finalizes the class relation
descriptor tuple it is inserting In MR with the relation
jdentifier, crid, for the <class relation created; 1in
addition the system sets up the proper template for a new
class, i.e. the class identified by the crid is initially
empty; 1its control tuple must always have the user

‘'specified encoded value: <pull>.

Strings are named, uniquely classified and identified by
the yser lnsertion of a 1-tuple in some class C. The user

provides the system with the string itself, some variable
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field length byte string, and a class identifier. The
system responds by inserting the string In the designated
class, computing a unique Ild for this string, the ild is
then returned to the user. Uniqueness of the Iid 1Is to
within tﬁe class, and over the entlre lifespan of the
class. Let such a string (e.g. In the HOST language) be

denoted as: 'Washington'. The user can then insert this

same string in several classes, one at a time, each time
providing the same string, but @ new (distinct) class
Identifier. In return, the user will receive as many (as
far as the system, and thus also the user, is concerned)
distinct Iids, one per class. fhe user shall view this
multiple insertion as effecting multiple copies of the
string in the nR/D/B -- although, of course, at most one
per class (relation)., It may be that some of the encoded
iild values for the multiple instances of e.g.
'Wlashington' are ldentical, then that 1Is purely

colnclidental.

5.3 THE CREATION OF REGULAR RELATIONS

The user requests the establishment of any regular
relation. The request specifles part of the regular
relatlion descriptor tuple, and all of the control tuple,
for the new relation. The Input descriptor contains the

specification of the ‘'degree', nR, of the relation, R, to
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be created , and the 32-bit so-called 'primary key mask'.
The system honors the request by (1) setting up a new,
initially empty regular relation of the desired degree;
(2) inserting the relation descriptor tuple in MR; (3)
computing a unique tid for that tuple in MR; (&)

computing a unique rid (=rrid) for the newly created

=

regular relation, (5) 1inserting this rrid in the M

regular relation descriptor tuple, domain 7; and (6)
returning this rrid to the user. The system (7) also set
relation descriptor tuple items of domains 5 and 6 to
nuyll. Finally (8) the system accepts the user defined
control tuple, and inserts this in the created relation
as its control tuple; returning (9) the control tuple
identifier, ctid, to the user and (10) also inserting
this identifier in the relation descriptor tuple, domain

L.

5.4 TUPLE OPERATIONS AND THEIR RAMIFICATIONS

Thus tuptes can be inserted. We can also delete entire
tuples, and scan all or parts of tuples and ypdate parts
of tuples. We can finally get (=read) subtuples, and get
the tuyple id (only) of tuples, given the value of
subtuples of these.

Insertion of any tuple Is always specified to be



immediately after some other (already inserted) tuple.
This latter tuple is specified through 1Its known tid.
Thus tuples of relations are gordered with respect to

their so-called insertion order, see section 5.6,

For the system to delete a tuple in MR corresponds to the
droppipg of a whole, possibly, non-empty relation -- i.e.

is the "dual" of creating an initially empty relation as

accomplished through the system insertion of a tuple in
LR,
Rewriting a tuple in the master relation is not

permitted.

If the ¢tid of a tuple, including the control tuple, in
some given relation rid is known, then parts or all of

the associated tuple can be read through a get.

No component of a primary key may have the encoded pull
value. Thus insertion of such a tuple |Is prevented, and
update of parts or all of the primary key Is always

prevented.

Updating, at the GAMMA-0 level, is "in place', regardless
of the manner in which update is implemented at a lower

level. (Here the reader should take note of the
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distinction between the "Hursley-" and the "Cambridge-"
implementations of respectively the HP (binary relational

data base~) and the RAM systems).

Al inversions assoclated with a relation are
automatically updated to reflect insertions, deletions

and possible updates.

2.2 SCANS

There are two kinds of scans possible, one aided by the
system through the user issued special scan commands, the
other 'simulated' and maintained by the user through a

sequence of alternating commands.

2:2.1 SYSTEM MONITORED SCANS

If the tids of tuples in some known relation rid are not
known (but exist), then one can scan the relation. A scan
can also be used to read all tuples in a given relation
" as of a given span of time. A scan is a sequence of pext
commands enclosed In a pair of opening g¢create- and set-
scan commands and a closing drop scan command. A next
operation is much 1like a get, one difference being that

the system provides a system defined, but to the user
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apparently unknown, tid. A sequence of pexts causes the
system to supply tuples having distinct tids. The scan
sequence of tuples follows that of theilr insertion order,
see sec. 5.6. A scan can be specified to commence after
any tuple, provided this tuple's tid is known. Any create
scan request causes the return to the user of the control
tuple identifier; this allow the setting of a scap to
commence with the top tuple of the relation and Is useful
also If no tuple identifiers are known. The set scan
command further allows the user to specify that only
tuples, portions of which satisfy certain item encoded
'filter' values, are retrived; for more on this, see
below: Filtered Search. Once the last tuple of a relation
have been scanned the system instead of returning some

tuple returns an appropriate end-of-scan completion code.

1A 222222222222 ]

*
L
*

*
FIG.11 * See page 130.

*
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Several scans can co-exist on the same relation. The
order in which matching create- and drop-scans are Issued
Is at the user's discretion, they need not be 'nested’,
but may partially overlap. Assuming single user traffic,
then two scans on the same relation -- beginning with the
same tuple and with no other commands inserting, updating
or deleting tuples therein -- will produce exactly the

same sequence of tuples from that relation.
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FIG.12 * See Page 131.
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222.2 USER MONITORED SCANS

Unknown tuple identifiers of partially known tuples can
be retrieved through the use of a command, tuple id f;gm
subtuple, which specifies the 'filter' (i.e. the
subtuple) item values. The tid returned is that of the
first tuple whose domain values equals those of the input
subtuple. The system ‘search' for this tuple (id)
commences with the tuple following one whose tid the user
can specify. If the user specifles the control tuple tid
the search commences with the top tuple. |If the user
specifies tid value pull, then 1likewise. The search ends
in either of two ways, either with the first tuple having
a subtuple satisfying the equality criterion, or after
the last, the bottom, tuple if no tuples were found which

could satisfy equality.

Given the tid, the user can then get the suple denoted.
And following this, the user can get the tid of the next
tuple after this, satisfying the same (or changed) filter
values. Thus, by alternating between (first) ‘'get tuple

id from subtuple' and 'get subtuple (from tid)*', with the
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user properly furnishing the values of successive tids,

the user can set up the so-called user-controlled scan.

Whenever in this document we refer to a scan, we shall

mean a system monitored scan.

5.,5,3 FILTERED SEARCH

The 'get tuple 1id from subtuple' and the 'set scan'
commands both permit the user to specify that only
certain tuples be retrived, namely those for which
portions (i.e. subtuples) 'satisfy' the input subtuple
(i.e. the 'filter') item va}ues. This filter is provided
by these commands and effect the outcome of the 'tuple id
from subtuple' command directly, and the 'next' commands
controlled by the 'set scan' command. The ‘'satisfaction'
criteria are as follows: ((0) |If the input subtuple, the
'filter', in some domain specifies the encoded item
value: pnull, then the tuple to be selected must have the
very same item value: pull in this domain.) (1) |If the
filter specifies '*' for some domain, then the selected
tuple may have any value (including null and '+#'_ in this
domain. (2) if the filter' specifies other than (null or)
'#', the selected tuple must have an encoded item value
in the corresponding domain equalling exactly taht of the

filter. (Criterion (0) is properly included In criterion
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(2))‘

" Specifying a filter with only '*' encoded item values
* . will bring out the tuple (id) immediately following that
of the wuser specified starting tid. Specifying nothing
-5, but '*' encoded values may thus be redundant, in that
3N just one suffices, and that one may be associated with

any domain.

5,6 TUPLE ORDERING

Tuples within any relation are ordered. Ordering of
regular- and <class- relations 1Is accomplished, 1l.e. is
(partially) defined, through the use of the ‘'insert
tuple' command, and the meaning of ordering is (then
completely) defined with respect to the scan of two or
more tuples of a given relation. The next two sections
will then deal with this insertion- and scan- .order.
- Thereafter we shall cover the ordering of tuples of the

master relation, and of all inversions.

2:6.1 INSERT and MOVE ORDER

Let Til, Ti2, ..., Tig be all the tuples of some
relation, Ri, as of a given instance of time. The control

tuple is not included in this list. Let these tuples be
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ordered in the sequence just listed. Let the tuple
identifier of Tl be tidl, where we make no assumption as
to the 'ordering' of the tuple identifiers when viewed as

' ' tuple, Tk, may be

32-bit unsigned integers. Now a 'new
inserted in either of three ‘'places' in relation Ri; (1)
'In front' of Til, also called 'at the, or on top' of Ri;
(2) 'at the bottom®' of Ri, 1I.e. ‘'after' the 'last' tuple
(Tig); or (3) 'in between' adjacent tuples, say Tiji and
Ti(i+l). To insert a tuple in front of Til will be viewed
as inserting it 'after' the control tuple associated with
Ri; this control tuple has the tuple Iidentifier: ctidj.
The three cases of insertion can therefore be
accomplished if the insertion command always specifies
which tuple the new tuple is to be inserted after, and
this already existing tuple can be referred to by its
tuple identifier, tid'; which for the three cases above

becomes: ctidj, tidliji and tidig (the 1latter also by:
pull, (default)).

If a tuple, Tk, was inserted after Tii, and Tii is
subsequently deleted, before elther of Tj(j-1) and Tk are
deleted, then Tk will now ‘'follow' Ti(i-1), i.e. had Tij
been deleted before Tk was inserted, inserting Tk after
Tlii;llt would have left the same effect =-- provided
'everything else' is unchanged| If j=1 then Ti(i-1) is

the control tuple.
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The updating of a tuple, Tij, does not change its tid and
shall not change its Insert order with respect to

(previously) adjacent tuples, l.e. 'update' is always "in

place",

A string of lInsertions of tuples: Tkl, Tk2, ..., Tkm --
and in that order, all directed to be after the same,
already inserted, tuple, Tli, results in the following

(reversed) ordering of Tkn, for n=1,2,...,m: ..., Tii,

Tkm, Tk(m-1), ..., Tk2, Tkl, ....

If the direct order of Tkn is desired, then one should
direct insertion after tuple with identifier: tidi(n-1)
which for n=1 is tidli, and for all other n up to m is
the tid returned from the immediately preceeding

insertion:

COMMAND INPUT: OUTPUT:

1: insert Tkl after tidjij tidkl
2: Insert Tk2 after tidkl ' tidk2

3: insert ...

insert Tk{m=1) after tidk(m=-2) tidk(m-1)
m: insert Tkm after tidk(m-1) tidkm
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MOVE:

Through the use of the move tﬁple command, a tuple can be
moved to become positioned immediately after some other
tuple, specified through Its tuple 1id. Thus if before we
had the order: Tiji, Ti(i+1), ..., Tif(k=-1), Tik, Ti(k+1),
and if we specify the move of Tik to now follow Tij, then

we will hereafter have the order: Tij, Tik, Ti(i+1l), ...,
Ti(k=1), Ti(k+1), ....

2:.0.2 SCAN ORDER

Let Til, Ti2, ..., Tig (q=0,1,...,Q) be all the tuples of
relation Ri, not including the Ri control tuple, cTi. Let
the tuples of Ri be ordered as listed above, Til being
the 'first' tuple (on 'top') of Ri. A scan of Ri can be
specified to 'start after' any tuple, (including (after)
the control tuple. Let tidli be the tuple identifier for

Tiji, and ctidj the control tuple identifier,

Then beginning a scan after tidiji will 'in some sense!
initially set the associated scan Jdentifier (sid) to
'denote' Tj(i+1l),, where if tidli = ctidi, this tuple,
Ti(j+l) is Til, and if j=q, then there is (presently) no
such tuple, i.e. Tiii;ll is uyundefined. Now 1let the
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'create scan' command be followed by a sequence of pext
commands on (that relation gnd) that scan identifier;
such that no other GAMMA-0 commands intervene with the
next sequence of commands. The system will then produce a
sequence of tuples which starts with Ti(j+l1) and in
which, if Tik Is scanned, i.e. returned to the user, then
Ti(k=-1) was the immediately preceding scanned tuple (for

k = j+2, j+3, ..., Q).

We now 1ift the restriction that only next commands may
appear between a pair of enclosing ('sid'-corresponding)
create- and drop-scan commands. We do so 1in order to

point out some properties of the GAMMA-0 system.

If, while a scan identifier denotes Tik, i.e. Tik is the
tuple to be returned 1In response to a next command on
this sid, a tuple Tii is deleted, then three

possibilities exist.

(A) If Tlj precedes Tlik, the subsequent next commands
will not be affected, they will produce the same sequence

of tuples as if Tli had not been deleted.

(B) If Tii properly succeeds Tik, then a subsequent
series of next commands bringing the scan all the way
past Ti(i+1), will not produce Tii, as it otherwise would

have done had not Tlj been deleted.
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(C) If Tiji 1is Tik, then the Iimmediately subsequent next
command will not produce Tik (=Tjj) but instead, provided
Tik was not the 'last' tuple of Ri, Ti(k+1l) will be
produced. In the case Tik was the last tuple, no tuple
will be produced, but an end-of=-scan completion code will

be set.

It is thus we see that the scan identifier is immediately
effected only in the latter case (C). It is also for this
reason that the end-of-scan completion code is set (at
time t") only when (at that time) the first pext s
issued after a previous pext (at time, e.g. t') produced

the bottom tuple.

Similar case-studies can be made with respect to the
insertion and updating of tuples. (D) An insertion or the
updating of a tuple, Tiji, properly preceeding Tik, will
not affect the order, nor the value of subsequently
scanned tuples. (E) The insertion or the updating of a
tuple properly succeeding Tik will affect the scan, but
(provided everything else is unchanged) Tik will still be
the immediately next scanned tuple. (F) If we update Tik
before it 1is scanned, the scan will yield the updated
tuple. (G) If we insert a tuple, Tli, ‘'after' Ti(k-1),

then a subsequent scan shall still produce Tik, not Tiil
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The purpose of these example-experiments Is to lead up to
the statement that "a scan is only as good as the context
in which it is being pursued"”; and hence: "if one desires
a scan' of the tuples existing 2as of the very time
instance the ‘'create scan command was issued, then one
had better prevent (certain) Insertions and deletions in
the relation to be scanned". |If one further wishes not
just to get the tuples as of a given time, but also with
the values they had at that time, then one had better
also prevent certain updates. The adjective 'certain'
should indicate that as long as these commands take place
with respect to tuples already scanned, or more
precisely: properly preceeding the one tuple to be
scanned next, then the ongoing and subsequently

continuing scan will not be affected.

The 'preventions' alluded to above, will in a
multi-thread-user system, amount to some kind of sgope
control of- and Jock on parts or all of the given

relation(s).

2.6,3 MASTER RELATION QRDERING

Tuples of the master relation are Iinsert ordered with
respect only to the time ordered sequence in which the

corresponding relations (regular-, class- and inversions)
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were created. Through the use of the move command these

relation descriptor tuples can then be reordered.

5,6,4 INVERSION ORDERING

LI

Tuples of inversions are ordered with respect to their
immediate 32-bit Item encodings -- with ordering on

domain one as major, domain two as minor.

5,7 TUPLE DOMAIN SELECTION

We may up till now have given the reader the impression
that when tuples were scanned, read or their tid searched
for, that all items, 1i.e. the entire tuple, had to be
involved. We now repair this impression by describing the

concept of the partial selection of tuple items.

The insertion, update, reading (through get) and the
scanning of tuples are operations that need not involve
the entire n-tuple. The update tuple need not involve all :
of the non-primary key domains. In order therefore to
indicate to the GAMMA-0 system the domains of interest, -

the GAMMA-0 command is qualified by a 'domain identifier ,
selection list', dlist. |
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"Now It 1is possible to update only subparts of the

non=-primary key portion of a"tuple, leaving unspecified
parts unchanged (with respect to their past 'values') --
as long as we are not violating usual wupdate rules. And
it is likewise that we are not required to receive a
tuple involving all n items as a result of get's or
next's, but can narrow down our desire by properly

selecting the domains of interest.

2.8 STATES

We shall informally define three separate notions of

'states' of the GAMMA-0 system:
(1) DATA STRUCTURE STATE SPACE

At any one time the system supports a number of
relations, and within these a number of tuples. The

collection of all these relations, e.g. as described
in the master relation, and the values of all their

tuples, together form the composite 'data structure

state' of the GAMMA-0 universe of discourse.

Whenever a new relation is Created, or an old
dropped, or whenever tuples are inserted, updated or

deleted, this state changes, and only then.



(2) IDENTIFIER STATE SPACE

(See chapter 3.) Similarly: at any one time the
system maintains a space of identifiers. This
identifier space can be viewed two ways (1): the
denotation of an identifier is that for which it was
generated. Thus an rid denotes the whole,
content-wise dynamically changing, relation of which
it is an identifier, a tid (in conjunction with a
suitable rid) some n-tuple, an iid (together with a
suitable crid) a byte string item, and an sid the
scan of a relation. (2): The coding of an identiflier
" is a 32-bit word, its value does not change once
generated, but it will cease to exist with respect to
the GAMMA-0 system identifier space once its
denotation has been deleted, and as a 32-bit word of
some encoding It shall never again be re-generated.
When we speak of the state of the identifier space we
mean the structured collection of (1) all the
presently GAMMA-0 generated 32-bit quantities that
codes Identifiers; together with (2) now defunct, but

once existing, identifiers.

Whenever a new relation Is created or generated, or
an old dropped, or whenever tuples are Inserted or

deleted, this state changes. The state also changes
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whenever a new scan Is created, or whenever an

existing scan Is dropped; It does not change as a

. . result of ongoing scans, due to the scans themselves.,
€
. (3) SCAN STATE RELATION =-- RELATION USAGE STATE

At any one time a relation has associated with It,
. zero, one or more scans. With each scan is associated
a scan ldentifier. Each scan identifier, sid, denotes
the scan; and Its denotation involves, amongst other
matters, which tuple (tid) Is 'next', which selection
(dlist) of domains of this tuple Is to be affected,
and according to which 'filter' the scan iIs to be
pursued. The state of the usage of the relation is a
composition of all sids associated with that relation
and thelr denotation. We shall conceptually model
this concept of a state as a relation, the so-called
'scan state relation'. The actual content of the scan
state relatlion then specifies which present state the
aggregate scan Is now In. The actual content of the
scanned relation Is not part of this notion of state,

3 The relation usage state is always affected by the

create scan, the drop scan, the next, set scan and

"

the delete relation commands. It is never affected by
the create Telation, generate Inversion, drop
inversion, tuple Id from first tuple, tuple from

tuple Id and update tuple commands. It may be
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affected by the delete tuple and the insert tuple

commands.

In this and the next paragraph we assume familiarity
with the ‘'create-' and 'set scan' commands, see
sections 8.9 and 8.10., With each scannable relation
we can therefore assocliate an initially empty 'scan
state relation', ssr. If the degree of the scanned
relation is 'n' then the degree of the associated
scan state relation can be set to e.g. 2*n+l. Each
tuple of the ssr will denote one of the scans
currently enacted on the associated relation. Domain
1 of the ssr denotes tids; domain 2 through n+l
either pull's or dids; and domain n+2 through 2#n+l
32-bit encoded filter values. The ¢tid is that of
either the set scan command, or that of a tuple jusf
read in response to a next. The did values of the
tuple correspond to the did of the domain to which

they belong. If puyll they are ignored.

The create command inserts a tuple in the scan state
relation. The create scan command initializes values
of domains 2 through n+l and prepares those domains
of the range n+2 through 2#*n+1 which are to receive
(other than +) filter values. The set scan command
then finalizes the values of domains n+2 through

2*n+1 and domain 1. The command is thus an update
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type command with respect to the scan state relation.
The next command only updates the domain 1 value, and
only if the tid does not denote the bottom tuple of
the scanned vrelation. The drop scan command
corresponds to the deletion of a tuple in the scan

state relation.

Notice that the ssr is not a 'true and honest'
GAMMA-0 relatlion. It has e.g. no primary key, and it
may contain several identically coded tuples, however

with distinct sids.
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6. SINGLE-USER/MULTIPLE-THREAD-USER GAMMA INTERFACES

The present document explicates only those features of
the GAMMA series of n-ary relational data base interfaces
which are independent of whether a single-user (only) or
multiple-thread-user implementation is sought; and
independent of 'special' services being provided by the
GAMMA system for the user other than a rudimentary set of

operations.

This document has, however, already been checked against
our plans for multiple-thread-user support facilities;
and we rest somewhat assured that whenever such
facllities are introduced, say: as extensions within the
GAMMA-0 system, then they will not interfere with the
present GAMMA-0 notions of data structures, identifiers

and commands.

We shall therefore assume that the system below the
GAMMA-0 . interface 1is (1) 1logically a mono-processing
system, insofar as the GAMMA-0 user is concerned, and (2)
that if this system below GAMMA-0 is employing
multi=-tasking assists, then any such (invoked)
multi-processing will not alter the semantics, Mg, of the

GAMMA-0 interface.

.~—
>
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L. ON GAMMA-0 COMMANDS

o e
s P
‘

-y

ZL.1 GENERAL

“r

- The GAMMA-0 set of commands can be partitioned into three

sets:
(CAT1) Commands which create and drop relations,

(CAT2) commands which are provided for the insertion,
reading, scanning and updating of- and search for

tuple identifier of- tuples, and:

(CAT3) commands which are provided in order to
enhance that elusive notion: system performance (with
respect either to a set of related commands, as
Issued, say, by one user; or to all commands as seen
from the system side of the interface). These latter

: commands have to do with inversions.

7.2 COMMAND FORMAT

Each command definition in GAMMA-0 takes the form of a
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procedure. The operation denoted by an GAMMA-0 command is
therefore invoked by a ¢all to such a procedure. Each
procedure call (1) aggccepts a 1list of 1nput parameters,
i.e. input yalues, (2) effects certain operations on the
GAMMA-0 universe of discourse and (3) returns both (3.1)

a set of gutput result values and (3.2) one of several

possible completion codes.

The explication therefore of the next many commands will

be templated according to the following format:

COMMAND NAME
SYNTACTIC FORM
BASIC COMMAND DESCRIPTION
INPUT PARAMETER/VALUE SET
OUTPUT PARAMETER/VALUE SET
EFFECT OF COMMAND INVOCATION
GENERAL
DATA STRUCTURE STATE CHANGE
IDENTIFIER SPACE STATE CHANGE
COMPLETION CODES
REMARKS

The 'remarks' section comments on the possible spectrum

of uses of the given command.



61

1.3 PARAMETER PASSING

In calling procedures, basically three rules of 'passing
parameters' are possible: these are classically referred
to as:

(1) call by valuye

(2) call by reference

(3) call by name

in section 8. we shall not assume any particular scheme
whereby parameters are passed. The subject will however

be dealt with In depth in a subsequent report.

L.4 LIST QOF GAMMA-0 COMMANDS

Before proceeding into the detailing of individual
commands we now present the list of CAT1, CATZ and CAT3

commands:
GENERAL ABSTRACT SYNTACTIC COMMAND FORMAT:
OP <inputs)> <outputs)> <completion code>

where the latter will be understood, thus always omitted.
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Command Names:

CAT1:

1. create relation

2. drop relation
CAT2:

3. insert tuple

L. delete tuple

5. move tuple

6. update subtuple

7. tuple id from next tuple
8. subtuple from tuple id
9. create scan

10. set scan

11, next subtuple

12. drop scan
CAT3:

13, generate inversion

14, drop inversion

Inputs: Qutputs: e
{d-tuple,c=tuple> {rid,ctid>
Lrid> <O
<rid,tidl, tuple> <tid2>
<rid, tid> <
<rid, tidl,tid2> <

<rid, tid,dlist,subtuple> <>
{rid,tidl,dlist,subtuple> <tid2>

<rid, tid,dlist> <subtuple>

<rid,dlistl,dlist2> {sid,ctid> -

{sid,tid,subtuple> <

<sid> : {tid,subtuple> &

<sid> O -
b

{ridl,did> {rid2,ctid>

<rid> <
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1.5 COMMAND CASE STUDIES

As seen from the above list of commands there are the

following input parameters:

rid, ridl, rid2
tid, tidl, tid2
tuple, subtuple
c-tuple

d-tuple

dlistl, dlist2
sid

did

For each command a subset of these are required. Thelr
values must conform to what the command procedure expects
to receive =-- but because of the late 'binding' of these
procedure calls, the called procedures are set up to
check themselves that proper formatting of the indivicual
parameters Is the case. |If -- what the GAMMA-0 wuser
believes to be =-- a GAMMA-0 command does not even meet
the syntactical formatting of the commands, they are
rejected before even passed on to the Individual
procedures; this rejection corresponds to the completion
code '"syntax check". Once they have entered the
approprlate procedure it will check the actual formatting

of the individual parameters and in many cases also their
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values, It expects to find these within @ narrow set of
possibilities, but must be prepared for all kind of
'rubbish'. In our exposition of the individual commands
we shall therefore have to detail all these cases,
correct as well as erroneous. We hope that our 'case'
numbering will be found somewhat consistently applied

throughout.



8. GAMMA-Q COMMAND SPECIFICATIONS

8,1 CREATE RELATION
CR <d-tuple,c~-tuple> <rid,ctid> <ccec>

65

This command is used to establish either regular- or
class- relations. The type, degree and primary key
mask of this relation Is specified in d-tuple, and all
of the control tuple of the new relation is specified
by c-tuple; both of which are furnished by the user.
The system how establishes the desired relation
conditionally upon the wvalidity of d-tuple and
c-tuple. In return the user 1is provided with the
relation identifier, rid, of the new relation and the

control tuple identifier, ctid, of its control tuple.

INPUTS:

d-tuple

Must be of degree 3, otherwise error case (6)
arises. Iltem 1 denote the type of the relation
to be scannned; the user specifies either:

"REGULAR" (2) or "CLASS" (3), otherwise error
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case (7) arlses. |Iltem 2 the degree, an integer
valued positive number, of the relation; if the
type specifies 'class', then degree must specify
degree=1, otherwise error case (8) arises. For
'‘regular' relations, degree must be at least 1,
otherwise the same error case (8) is In effect.
Item 3 denotes the primary key mask for the
relation to be created. |If the degree of the
relation is N, and N is less than 32, then there
can be no '"1's beyond bit position N, otherwise
error case (9) arises; regardless of relation
type, the primary key mask must specify at least
one '1' bit in some valid position, otherwsie
error case (10) arises; if the relation is of
type 'class', then the primary key mask must
speclfy a '1' only In position one, all other
positions specifying '0's, otherwise error case

(11) occurs.

Q':UQIQ

Must be of degree N, as specified by the second
.d-tuple [tem, otherwise error case (12) occurs.
Its item values must all be specified by the
user, and must be either a relation identifier,
athe rglatlon type code RID, or be pull. Only

these types of entries are allowed in the
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c-tuple of any regular relation; otherwise error
case (13) occurs. |If the relation to be formed
is a class relation, then the only c~-tuple item
must have the encoded value: pull; otherwise

error case (13') arises.

OUTPUTS:

rid

If cases (2) or (3) still prevail, then this
output parameter will come to specify the rid of
the newly created relation, otherwise its

encoded value will be pull.

ctid

If cases (2) or (3) still prevail, then this
output parameter wlill specify the system
generated control tuple Identifier for the
c-tuple now part of the newly established

relation, otherwise 1its encoded value will be

null.

EFFECTS:

The system establishes an Initially empty relation
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of the desired degree and class, and with the
specified primary key mask =-- only if cases (2) or
(3) still prevail; in all other cases only the
completion code is a meaningfull return value. The
system linserts the specified control tuple in
connection with the relation and generates a ctid
for this tuple, as well as generating an rid for
the (entire, empty) relation. Both these two latter
ldentifiers are entered together with the three
jtems of the d-tuple in respective domains as a
relation descriptor 7-tuple in the master relation,

and by the system,

I 22222222 222
Lt 4 *

* FIG.13 * See Page 132,

* *
(2222222222222

COMPLETION CODES:

(a) degree of d=-tuple not 3, (6)

(b) type not 'class' or 'regular', (7)

(c) degree of class relation not 1, (8)

(d) degree of regular relation must be larger than

0, (8")
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(e) '1' bits beyond bit position N, degree of

relation less than 32, (9)
(f) all zero primary key mask not permitted, (10)

(g) class relation must specify a '1' bit in

position one only, (11)

(h) degree of c-tuple incompatible with degree of

relation, (12)

(1) item values of control tuple not of correct

type, (13)

(j) item value of control tuple must be npnyll for

class relations, (13')
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8.2 DROP RELATION
DR <rid> <> <cccd>

This command is used to drop a regular- or a
class-relation, rjd. If this relation is the parent of

a number of Inversions, then all these are also

dropped.

INPUTS:

rid

rid must specify the identifier of either a

class (3) or a regular (2) relation, otherwise

error case (5) arises; this command cannot be

used to drop inversions, nor can anyone drop the

master relation.

OUTPUTS:

N/A

EFFECTS:

If cases (2) or (3) prevail, then the system will

]
e
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unconditionally drop the entire relation, delete
its descriptor tuple In the master relation -- and
if this dropped relation has any inversions on it,
then all these will also be dropped together with
their descriptor tuples in the master relation., Any
inversions on the master relation will be updated
to reflect the deleted tuples of the master

relation.,

12222 X2 X222 XER ]

*

FIG.1l * See Page 133,

*

(A 222222222222

COMPLET!ION CODES:

(a) No dropping of other than regular- or

class-relations, (5)
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8.3 INSERT TUPLE
IT <rid, tidl,tuple> <tid2> <ccc>

This command is used to populate a relation
tuples. rid denote such a relation; tidl the

after which the insertion is to take place,

with
tuple

iluple

denote all of the eventually inserted tuple; tid2 is

the system generated identifier of the inserted tuple.

If rid denotes a class relation, then tid2 is an iid.

Insertions are only permitted into class- and regular-

relations.

INPUTS:

There are five cases: (1) rid = mrid, (2) rid

(=rrid) .denotes a regular relation, (3)

(=crid) denotes a class relation, (&)

(=irid) denotes an Inversion and (5) rid is

rid
rid

not

known to the system at all. No tuples can be

Inserted into the master-, nor any inversions;

thus cases (1), (4) and (5) are all erroneous.
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Two cases are possible. Either tid Is known by
the system as a tuple lIdentifier for the

Y- , relation denoted by rid, or it Is not, in which

v

case situation (6) arises. All tuples of a
Y, relation, including 1its control tuple, have
: unique tuple identifiers which are (said to be)

known to the system,

tuple

For cases (2) and (3) the degree of tuple must
conform to the degree of the receiving relation,
f.e. must be n respectively 1, where n is the
degree of the receiving regular- or class-
relation; If not we have case (7), otherwise the

above cases prevalil,

QUTPUTS:

tid2

For the successful completion of cases (2)
tid=tid2 and (3) iid=tid2 will be returned with
a meaningful value, otherwise it is set to pnull.
R In the satisfactory cases It will elther (2)

denote the tuple 1identifler of the tuple



inserted in the regular relation rrid; or (3)
the item identifier of the 1Item inserted in the

class relatlion crid.

EFFECTS:

The systems now examines the tuple, If the
receiving regular relation already has a tuple
whose primary key values match those of the
input tuple, then no insertion takes place, tid'
denotes the tuple identifier of the already
existing tuple, a sultable completion code s
set and case (8) 1Is in effect; otherwise the
tuple is inserted and the system computes a new
tid (=t1d2) which Is returned. The system also
checks that no component of the supplied primary
key has the pnull value, if there 1Is a pull
value, case (9) arises, and no lInsertion takes
place. If the recelving relation Is the parent
of some inversions,. then these are updated

according to the input tuple values.



(3) The tuple i

s unconditionally

non-pull N-byte string 1-tuple.

e already a member of the

inserted, else

qr

o then takes place,

of the already

we get case (8'),

entered item.

(3) still prevalling, a new

75

taken as a

If 1t Is not

recelving class it Is

no insertion

but the iid returned 1Is that
In the former case,

fid is computed and

returned, and the item Is properly inserted.

Both the data structure- and the identifier- states

are affected, 1i.e. changed, for

In cases (2) and

proper insertions

(3); In all other

changes take place.

22X 2T XS
* 4
* FIG,15.1 = See Page
* *
= FIG.15.2 =» See Page
* *
* FIG,15.3 = See Page
* , *
I XXX 2XXXX1 2 2]

N ' COMPLETION CODES:
N ' (a) no insertions
(b) no Insertions

(c) rid not known,

134,
135,
136.

In master relation,

in Inversions,

(5)

(4)

cases no state

(1)
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(d) tidl not known, (6)

(e)

degree

of

tuple incompatible

recelving relation, (7)

with

that

(f) ordinary tuple already in relation, (8)

(g) byte string item already fn class,

(h)

primary Kkey

insertion,

(9)

component

value

Is

(8")

null,

of

no
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8.4 DELETE JUPLE
DT <rid,tid> <> <ccec>

This command serves the purpose of deleting a tuple
from a relation, rjd denotes the relation in question,
tid some tuple In that relation. No deletion of tuples

in elther the master- or any Inversion is allowed.

INPUTS:
rid

There are five cases: (1) rid=mrid, the master
relation; (2) rid (=rrid) denotes a known
regular relation; (3) rid (=crid) denotes a
known class, (4) rid (=irid) denotes an
Inversion, or (5) rid is not known to the system

as an rid.
tid

There are two subcases: either tid Is a tuple
identifler known to the system as belonging to
the indicated relation for cases (2) and (3), or

(6) it is not.
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OUTPUTS:
N/A
EFFECTS:

Two cases will affect the state of the GAMMA-0

universe of discourse:

(2) and (3): The specified tuple, which 1is either
an ordinary tuple, or a byte string l-tuple, is
unconditionally éeleted from (both) the
specified (rid) relation and from possible

inversions associated with this rid relation.

Both the states of the data structure- and the
identifier- part of the GAMMA-0 universe of
discourse will be affected -- but only in the above
two cases. The changes amount to some 'trimming' of
the number of relatlions and/or tuples and similar

"trimming' of the affected identifier spaces.

In all other cases the system effects no actions on
these states, but return with an appropriate

completion code.



80

8.0 UPDATE SUBTUPLE
US <rrid, tid,dlist,subtuple> <> <cce>

The idea behind this command 1is to update non=-primary
key components of an already existing tuple, tid, in a
given regular relation, rrid. Such an update preserves
the tid =-- which may be referred to In many places
(relations), thus ruling out the replacement of this
command with the pair: delete and then insert, for

which new tid's are always generated.
INPUTS:

rrid

rrid must (2) specify the rid of a regular
relation, known to the system, otherwise we have

case (1,3,4,5).

Lid

.tﬁd must specify a tuple identifler of a tuple

in the relation denotes by rrid, otherwlse case

(6)_arlses.

54,
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* FIG,16.1 = See Page 137.
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* FIG.16.2 * See Page 138,
* *
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COMPLETION CODES:

(a) no deletions in MR, (1)

(b) no deletions in inversions, (4)

(c) rid not known to system, (5)

(d) tid not known to specifled relation,

(6)

79
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subtyple

for «case (2) above, the system inspects the
tuple; otherwise It is rejected. The degree of
tuple must In ca#e (2) be 1less than or equal to
n, the degree of the receiving regular relation.

If not, case (7) arises.
dlist

The dlist Is Inspected only in case (2): it must
have the same degree as subtuple, or have degree
0 In which case dlist is taken to denote the
ordered 1list of domain identifiers from 1 to n
inclusive =- and 1in which case subtuple must
have degree n also., Otherwise case (8) arises.
The dlist, when not empty, but otherwise of
correct degree, has as Items domain identifiers;
their value must range in the interval 1 through
n Incluslive, if not, then we get case (9). Also,
there must be no multiple occurrences of the
same domain Identifier, If so, case (10) comes
about. None of the primary key domains must be
updated, thus they must not be referred to In

dlist, otherwise case (11) is in effect.

OUTPUTS:
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N/A
EFFECTS:

Only In case (2) may the system perform actions on
the GAMMA-0 data structures, thereby changing the
associated state. In no case does it alter the

'state' of the identifier space.

The system will now replace components selected by
dlist and of fhe tid specified tuple of rrid. The
new values will be taken from the Input tuple.
Notice, that 1in no case will the tid be changed.
The updating, when successful, will be
automatically propagated to any appropriate
Inversion(s) on the specified parent relation --
I.e. to those inversions which were inverted on the

domains selected by dlist.

2 X I XTI TR R T
* *
* FIG.18 * See Page 140.
* *
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COMPLETION CODES:

(a) no updating of tuples in MR , class relations



(b)

(c)

(d)

(e)

(f)

(g)

(h)
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or Inversions, (1), (3) and (&)

rid not an rrid known to the system, (5)

tid not known in regular relation rrid, (6)
Incorrect subtuple degree, (7)

dlist versus tuple degree incompatibility, (8)
did values outside range, (9)

dupli;ate did values, (10)

dids of the primary key, (11)
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8.9 CREATE SCAN
CS <rid,dlistl,dlist2> <sid,ctid> <ccc>

This command prepares for a reading of tuples of a
relation, The command does not Itself deliver any
tuple(s) to the wuser. Thus a proper scan is actually
the composition of this command with at least one 'set
scan' and one or more 'next' commands (following it)
and a terminating 'drop-scan' command. The GAMMA-0
system does not, however, - Impose this syntactic
context restriction. A glven lInstance of this command
sets up a specific !nsfénce of a scan. Several scans
may co-exlist on the same relation, the system
therefore returns an sid which the user uses to
indicate back to the system which scan is involved in
subsequent 'set scan', 'next' and 'drop-scan'
commands., dlist]l is a list of domain identiflers, fts
purpose is =-- during the scan =- to select only a
subset of the components of scanned tuples for
delivery to the user. dlist2 Is also a list of domain
identifiers; Its purpose 1{s to select that subset of

the relatlon tuple domains to which any subsequent

'set scan' "filter" subtuple is to apply.

INPUTS:
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rid

rid is (1) either the rid for MR, i.e. mrid; (2)
or rid (=rrid) denotes a regular relation; or
(3) rid (=crid) denotes a class relation; or (4)
rid (=irid) denotes an Inversion, or (5) rid is

not known to the system as some rid.

dlistl and dlist2

1f either or both of the dlists are empty, then
they denote the ordered list of domain
identifiers 1-n, where n is the degree of the
relation denoted by rid, cases (1), (2), (3) and
(L), If a dlist is not the empty list, then its
length must fall in the interval 1l-n, inclusive;
otherwise case (7) arises. |If cases (1), (2),
(3) or (4) prevail, then the domain identifiers
of dlist are checked for their value: there must
be no duplicates and all values must themselves
fall in the closed interval 1-n; otherwise cases
(8), respectively (9) comes about. For cases (1)
and (2) the dlist may be other than the entire
set of domain Identifiers for the referenced
relation, for case (3) It follows that dlist is

just the 1l-member 1list whose value must be
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did=1, for case (4) it may be elther pull,
did=1, did=2, did=(1,2) or did=(2,1).

For the meaning of dlistl and dlist2 see EFFECTS
below and the 'set scan' and ‘'next' commands.
Briefly: dlistl shall denote those components of
the scanned tuples that the user wishes to be
returned to him In response to a 'next' command,
dlist2 denotes those domains of the scanned
relation on which the search for matching
subtuples shall be done; the actual 'filter'
values shall be provided by the user through a
'set scan' command which thus must precede any

'next' command on this sid,

OUTPUTS:

sid

sid Is a scan~-identifler, it 1Is provided by the
system with then encoded value: NIL If a
non-satlisfactory command completion tode was
set, otherwise it 1Is set to pull. The sid is a
32-bit word whose bit encoding does not change
from the time 1t Is Issued by the system 1In
response to this command till the time Its

existence Is terminated by the user Issuing the

’ s,
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'drop-scan' command.

ctid
I
~ 2
: ctid 1is the control tuple Identifier of the
o relation selected by rid.

EFFECTS:

In cases (1), (2), (3) or (4) a new sid Is

generated.

w::h the selected relation the GAMMA-0 system then
assoclates/a triplet: the newly established sid,
the input dlistl and the Input dlist2. Any
subsequent 'set scan' and ‘'next' command referring
to this sid, will automatically also refer
(implicitly, that is) to the (previously Input)

dlists.

There are no change of state of the GAMMA-0 data
structure unlverse. The state of the GAMMA-O
identifler state Is changed by the introduction of

a new, system-wide unlique, sid.
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**************:

* *

* FIG.21 * See Page 143,
* *

kXA hkkhkkkkhhdk

COMPLETION CODES:

(a) rid not known to system, (5)

(c,d,e) dlistl or dlist2 or both of degree

incompatible with Identifled relation, (7.1 or

7.2 or 7.3)

(f,g,h) dlistl, or dlist2 or both, have did values

outside proper range, (8.1, 8.2 or 8.3)

(i1,i,k) duplicate dlist did values, (9.1, 9.2 or

903)

REMARKS:

At any one time several ‘'create scan' commands may be
outstanding on any given relation, and orlginating

with any given user. For each instance of the command

being executed a new and distinctly encoded sid

returned. It may also be distinct with respect to its

denotatlion, 1Ii.e. whatever tuple It polnts to.

denotation of an sid Is Independent of any other sids,

-
. r
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whether on the same or other relations. At a given
point in time severalrsuch sids on the same relation
may Jlocate the same tuple due to the sequence of
'next' commands. These 'next' commands must therefore
specify with which scan sid the ‘'next' is to be

assoclated.
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8,10 SET SCAN
SS <sid,tid,subtuple> <> <ccc>

With this command the user can specify ‘'after' which
tuple, denoted by 1its tid, the sid scan for next
subtuples 1Is to commence; and the wuser can also
specify that the search is to be performed on tuples
whose components, as selected by the dlist2 of the
opening 'create scan', matches those of the input

“filter" subtuple.

INPUTS:

A

sid must be the scan lIdentifier for some
relation currently betng:scanned (1), (2, (3)

or (4); otherwise case (5) arlses.
tid

tid must the tuple identifier of some tuple,
Including the control tuple, of the relation
Iimplied by the sid, or (6) tid may be encoded as

‘null == in which case.- It denotes the tid of the
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bottom tuple of the relation --, otherwise case

(7) arises,.

subtyple

the degree of subtuple must match that of the
degree of the dlist2 1Issued by that opening
'create scan' command which returned this sid;
otherwise case (8) arises., The values of the
components of the subtuple may be any, including
nyll and '*', The system will now ‘'update' its
scan triplet: <sid,dlistl,dlist2> replacing the
last  parameter list with the pair:

{dlist2,subtuple>.

OUTPUTS:

N/A

EFFECTS:

If cases (1), (2), (3) or (4) still prevalils, then
the system will properly update the denotation of
the input sid, see section 5.6(3). All subsequent
'next subtuple' commands will be based on returning
subtuples of tuples whose components in the domains

selected by dlist2 matches those of the paired
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input subtuple of this command.

There are no state changes to the data structure-
nor to the Identifier- spaces; the relation usage
state, l.e. the scan state relation for the
relation implied by sid is properly updated. This
update may be 1In either of two ways. The previous
state may have specified that the part associated
with this sid had not yet been properly
Iinttialized, I.e. that only a 'create scan', but no
'set scan' had yet been executed -- or the state
may have specifled that, for this sid, there had
been a previous 'se; scan' successfully completed
~-- and therefore, In this latter case, that some
partial scan had already, probably, taken place,
but is belng ‘re-directed' by this new 'set scan'

command.

(122222222 X2 X2 X

* % % % %

FIG.22.1

See Page 144,

*
*
*
FIG.22,2 =+ See Page 145,
*
*

(22222222222 2]

COMPLETION CODES:

(a) sid not known to system, (5)

(b) tid not known to relation denoted by sid, (7)

"y
.

ol
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(c) degree of subtuple does not match that of the

dlist2 assoclated with this sid,

(d) tid specifies null, no scan possible, (6)
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8.11 NEXT SUBTUPLE
NS <sld> <tid,subtupled <ccc)

This command presumes (sld) that some ‘'create scan'
command has earller been executed, and successfully
completed on the relation Implied by the sid. It also
presumes that the denotation of this sjid has been
properly 'set' by a preceeding 'set scan' command. The
command uses the sid returned by that ‘'create scan’
command execution to Indicate which instance of a scan
on a ¢glven relation 1Is desired. The effect of a
successful execution of this command 1Is that the user
Is given some sybtuple and Its identifier tid back. A
sequence of 'next' commands on the same scan will then
give distinct tuple as answers, until the relation has
been completely scanned =- or until the wuser himself
terminates the scan, whichever comes flirst. The
sequence of tuples returned Is that of the insertion
ordering, see section 5.5. The actual suybtuple
deivered will have components from the tuple denoted
by tid only from those domains selected by the dlistl
of the matching (sld) ‘create scan' command. And the
tuples denoted by the tid will have values In the
domains selected by the matching 'create scan' command

dlist2 equal to those of the most recently issued, and
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successfully completed, 'set scan' subtuple input.

INPUTS:

sid
sid either specifies a wvalid, 1i.e, by the
GALLA=-0 system currently maintalned, scan

identifier for the designated relation (1), (2),
(3) or (4), or the specified sid Is invalid with

respect to the designated relation, (G).

OUTPUTS:

(ad
e
Q.

If any of the cases (1), (2), (3) or (4)
prevails, and iIf the sid does denote some tuple
In the specified relation then tid 1is the
identifier of this tuple. |If instead cases (5),
(6), (7) or (8) are in effect, then the returned
tid Is meaningless (it may then be set to NULL),

(For cases (7) and (8), see below).

subtuple

As for tid above, 1in cases: (1), (2), (3) or
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(4), the tuple returned Is a sub-tuple of the
tuple located by the scan. The system forms this
subtuple as, directed by the dlistl
system=associated with each sid, and uscr
specified through the 'create scan' command

which generated this sid.

EFFECTS:

If (7) the relation denoted by the input sid is
empty, or (8) if the sid points to the
'next-after-last’ tuple, then an appropriate
completion code: end-of-scap Is set, and no action
is performed on neither the denotation of the sid
nor the data structure, i.e. no meaningful tid nor
subtuple is returned. If Instead the sid does point
to a tuple of the designated relatlon, then the tid
and the proper sub-tuple of the tuple denoted by
tid 1Is returned to the user. The sub-tuple 1Is
assembled by the system according to the dlist,
i.e, only those domains Identifled 1In this 1ist

will have items in the returned tuple.

There are no state changes. The relatlon usage
state, or the (aggregate) scan state relatlon, see
section 5.6 (3), Is changed: The denotation of the

sid shall now reflect the fact that the search for

ot
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a 'next subtuple' 'shall commence with the tuple
presently following the one just returned, see
section 5.5. This 'next tuple may be the
next-after-the-last' tuple of the relation, Iin
which case a subsequent 'next' command will set the

'end-of-scan' completion code and return no tuple,

(1222222 222222 X ]

*
*
*

*

FI1G.23 * See Page 146,

*

kbbb h®

COMPLETION CODES:

(a) no such sid, (5), (6)

(b) end-of-scan, 'last' tuple already read, (8)

(c) empty relation, (7)
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8.12 DROP SCAN
DS <sid> <> <cce>

With this command a user can specify the proper
termination of a scan, either as a result of all
tuples having now been scanned, or (prematurely)
before all such tuples have been scanned. This command
s usually Issued only in connection with an earller
execution of the matching opening ‘create scan'
command corresponding to the user Input sid. Thus the
command -- with the Intentional wusage as here
described =~ actually 1Is part of a ‘'structured'

command:

create scan <rld,dlistl,dlist2> <sid,ctid>
set scan <sid,tld,subtuple> <>
next subtuple <{sid> <tid,subtuple>

next subtuple <{sid> <tid,subtuple>

o0

o o0

next subtuple <sld> <tid,subtuple>

drop scan <{sld> &

Note how the sid output parameter of the create scan

command becomes the Input parameter of all the
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subsequent commands.

INPUTS:
sid

sid either is a scan identifier for some relation,

(1), (2), (3) or (L), or (6) it is not.
OUTPUTS:
N/A
EFFECTS:

Only cases (1), (2), (3) and (4) are of interest:
the effect of the command is now to foreclose on
this sid, i.e. cease to make it available for
scanning purposes. Thus we may say that the scan
identifier space 1is decreased by exactly that
member. Note that we were here speaking
axlomatically, about thé properties of sid's. In

all other cases no state changes are effected.
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* *

* FIG.24 * See Page 147,
* *
(2222222228 23

COMPLETION CODES:

(a) sid not known to the system,

(6)
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8,7 TUPLE 1D FROM NEXT SUBTUPLE
TIFNS <rid,tidl,dlist,subtuple> <tid2> <ccc>

(X

Given the value of a (dlist) subtuple of some tuple
(believed to be) 1In some relation, rid, this command
can be used to get the corresponding identifler, tid2,
of the first (ful) tuple in the relatlon which matches
the supllied suybtuple on the domalns selected by the
domain identifier selection list, dllst. Knowing this
tid2 can then be used to 'get' the entire tuple -- but
In a separate operation. tidl specifies the tuple
'after' which the system is to 'search' for the next
subtuple. Through the judicious use of this command
the user can effect his own scan of a relation; where
in the system provided 'scan' commands, the system
maintains the 'scan-pointer' the user here has to do
this himself -- sultably by letting the subsequent
TIFNS command input as tidl the tid2 gotten from the

previous TIFNS command,
INPUTS:
rid

rid efther (1) 1is the mrid, or (2) an rrid, or
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(3) a crid, or (4) an irid, or (5) Is not known

to the system as an rid.

sybtuple

tuple must be of degree m, where m ranges
between 1 and n, with n belng the degree of the
relation denoted by rid; otherwise case (6)
arises. In case (3) tuple is a byte string item,
Components of the input tuple are said to
'belong' to the domains of the rid as selected
by dlist. Component values may be nuyll in which
case the search must look for a similar value in
the 'next' tuple, or may be: /*/, In which case
the search shall accept any value 1In the

corresponding domaln.

dlist

dlist Is a 1list of domain Identiflers. |Its
degree must match that of tuple, otherwise case
(7) arises. There must be no duplicate values of
.did's In the list, otherwise case (8) arises.
And all values of the did's must fall 1In the

Interval: 1l-n, otherwise case (9) arises.

tidl
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tidl must be the fdentifier of a tuple known to
the relation, this includes the ctid of the
control tuple; otherwlise case (10) arises.

OUTPUTS:

tid2

In the case of successfull command completion,
f.e. (1), (2), (3) or (4) still prevailing, tid2
is the tuple identifier of the 'next' tuple
after the one denoted by tidl in relation rid,
such that this tuple have values in the domains

denoted by dlist matching those of the input

subtuple.
EFFECTS:

The system now 'searches' the relation denoted by
rid. The search starts with the ‘next' tuple
identified by tidl, The search 1is for the next
tuple whose component values in the domains denoted
by> dlist matches those of the input subtuplele.
These values are the 32-bit word codings. ( I.e.
they are not of what the components denote). If an
Input tuple component value 1Is null then the

searched tuple must have the corresponding searched
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tuple component value must also be null. If instead
it is: '"+', then any corresponding item valuc of
that domain in the searched tuples |Is permlttéd,
null included. The search is sequenced according to
the insertion orderlng, I.e. behaves internally as
would a scan of the relation. The search may have
either of two outcomes, f.e. may end in elther of
two ways. Either a tuple 1is found satisfying the
search criteria, or none is found, in the latter
case the search stops when the last tuple of the

relation has been 'compared'.

No state changes will occur as a result of this

command being executed.

(22222222 R 2SR

*
*
*

*

FIG.19 * See Page 141,

*

RREREAER AT R RN

COMPLETION CODES:

(a) rid not known, (5)

(b) Incorrect degree of subtuple, (6)

(c) incompatible tuple/dlist degree, (7)

(d) did values of dlist outside range, (8)

-~



~e.

(e) duplicate did values in dlist,

(f) no such tuple found, (10)

(9)

105
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8.8 SUBTUPLE FROM TUPLE IDENTIFIER
SFTI <rid,tid,dlist> <{subtuple> <ccc> e

With this command the user can retrleve a suybtuple n
from a relation provided the system is supplied with
the proper relation and specific tuple identifler, rid
and tid. dlist selects components of the tuple denoted

by tid, and only these are returned to the user.

INPUTS:

rid

rid either (1) is the mrid, or (2) 1is an rrid,
or (3) is a crid, or (4) is an irid, or (5) Is

not known to the system as an rid.

Lid

tid Is either known as a tuple lIdentifier of a
tuple, Including the control tuple, of the

relation denoted by rid, or (6) it Is not.

dlist
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dlist is elther an empty list in which case it
denotes the ordered list of domain Identifiers
1-n, where n is the degree of the identifled
relatlion. Or dilst Is a@a 1list whose length falls
in the 1Interval 1-n, else <case (7) arises. If
dlist is of the proper length, then 1its values
are checked: they must all fall 1in the same
interval and there must be no duplicates,

otherwise cases (8), respectively (9) arises.

OUTPUTS:

subtuple

In cases (1), (2), (3) or (4) the system returns
a sub-tuple of the tuple Identified by the
rid,tid palr. The items of the sub-tuple arc
those selected from the (complete) n-tuple as
specifled by dlist. In all other cases the
system returns no meaningfull tuple but sets an

appropriate completion code.

EFFECTS:

In cases (1), (2), (3) or (4) the system does
return a meaningful subtuple -- as directed by the

Input dlist -- and no state changes are made to the
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relation- and tuple universe nor to the
identifliers. In all other cases only a

completion code is returned.

(22222222222 2]

* *
* FIG.20 * See Page 142.
* *
(2222222222 X2 X )

COMPLETION CODES:

(a) rid not known, (5)

(b) tid not known in relation, (6)

(c) degree of dlist is incorrect, (7)

(d) duplicate dlist values, (9)

(e) dlist values outside proper range, (8)

space of

sui table



109

8.13 GENERATE INVERSION
Gl <rid,did> <Cirid,ctid> <ccc>

The idea behind this command 1is, from a relation rid,
to let the system generate and automatically maintain
~an Inversion, Jrid; where the inversion takes place
with respects to one domain only. Thus the user
provides the identifier, rid, of the 'parent' relation
to be inverted, and the domain identifler, did, for
the domaln with respect to which inversion is to take
place; In return the wuser 1Is provided wlth the

relation ldeht!fier, irid, for the new relation.

INPUTS:

rid

rid elither (1) 1Is the mrid, or (2) 1is an rrid,
or (3) is a crid, or (4) is an irid, or (5) is

not known to the system as an rid.

did

Two, orthogonal, cases: did 1Is within the range

of domain identifliers for the specified
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reiatlon, or (6) it is not.

OUTPUTS:

irid

Only in cases (1), (2) and (3) may Irid make

sense, It then specifies the identifier for the

inversion. It may elther have been generated In
direct response to thls command instance, or
have been already generated by some earlier such
command, or the relation it now denotes may have
been generated (internally) by the system (for
reasons of 1Its own optimization needs) and now
made known to the (community of) wuser(s).
Whatever the case, Irid will be returned,

whether old or new.

EFFECTS:

Cases (1), (2) and (3) may now go through in elther
of two ways: |If the system already Is maintalining
an inversion on the given relatlion and domain, then
we get <cases (1.1), (2.1) and (3.1) respectively.
If Instead no such inversions exists then we get
cases (1.2), (2.2) and (3.2) respectively. In both

cases (.1) and (.2) the system returns the irld of

L3
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either (.1) the 'old', already existing inversion,
or (.2) the newly éstab]lshed inversion., A sulitable
completion code will distinguish the two
possibilities. In all other cases no inversion will
be created and the returned Irid 1is meaningless;

say it's value is set to pnull.

Inverted relations are all binary. Domain 1 (did=1)
consist of all the items of that domain (did) of
the parent relation on which the inversion took
place. There will be one entry for each tuple in
the parent relation, thus there may be duplicate
(valued) entries in this domain. Domain 2 (did=2)

of the corresponding tuple identifiers.

The ordering of the tuple of the inversion is with
respect to the 32-bit word encoding of first
(major) domain 1 entries, then (minor) domain 2

entries.

Three possibilities exist, (A), (B) and (C). Either
(A) the system maintains an (inversion on this
parent relation and the specified domain and this
inversion has not earlier been requested created;
in this case the system Inserts an fInversion
descriptor tuple in MR for the previously privately

maintained finversion, but now publicly known
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inversion. Thus, 1if the system does maintaln
inversions, but these have not (yet) been made

known, then they are not described by any tuple in

MR. Or (B) the system does not, privately or

publicly, maintain such an Inversion; in this case
the appropriate Inversion is set up, filled with
tuples extracted properly and inserted in the above
described order, whereupon the corresponding
Inversion descriptor tuple is inserted in MR, Or
(C) the system already publicly maintains such an
inversion; in this case the corresponding inversion

>

descriptor tuple already exists in HR.
In the first two cases, (A) and (B), the irid
returned Is new -- the Iidentifier space as well as
the data structure space is changed. In the last
case, (C), the irid returned is that of the already
existing relation. In case (A) the data structure
space s augmented by the entire inversion
previously privately maintained by the system, and
Is augmented by the inversion descrlptorr tuple
inserted in MR. The Identifier space 1is likewlse

augmented.

The futyre effect of a relation having possibly
many inversions as its children Is the following:

First any Insert, delete or update command must



113

work on the ‘'parent' relation, 1.e, specify its
rid, rather than some Irid. Then iIf any of thesec
commands are executed on rid, thelr effect on that
relation 1Is unconditionally ‘propagated' to all
currently maintained inverslons for the glven
parent relation. Propagation effectively preserves

ordering.

dkkdkkdkkkkkkkkk

*
*
*

*

FIG. 25 * See Page 148,

*

khkhkkkhkrkkhkkhkd

COMPLETION CODES:

(a) no such rid, (5)

(b) no inversion on inversions, (i)

(c) did oustide range of denoted relation, (6)
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8,14 DROP INVERSION
DI <irid> ¢ <ccecd

irid denotes the inversion to be dropped. i
INPUTS:
irid

irid either (1) is the mrid, or (2) Is an rrid,

or (3) Is a crid, or (4) is an irid, or Is not

known to the system as an rid, Only case (4)

will lead to successfull actions.

EFFECTS:

If the system recognlizes the irid as the rid of

some Inversion, then this Inversion will be

dropped, its entry in the MR will be deleted.
The system may however declde ltself to maintaln
- (privately) this Inversion -- for reasons of its :.
'own' (?) optimization. To the user, however, It
wi1l henceforth logically appear as if there was

no inversion of the kind just dropped. .
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(222222 22X XX XX 3

* *

* FIG.26 * See Page 149,
* *

khhkhkhhkhkhhkhdd

COMPLETION CODES:

(a) irid not known as an irid, (1), (2), (3) and
(5)
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8,5 MOVE TUPLE
MV <rid, tidl,tld2> <> <cced

With this command the order of tuples of a relation,
rid, can be re-arranged without interfering with the
tuple value, nor Its identiflier, tidl, encoding.
future order will have the tuple identified by tidl

Immediately following that of the tuple identified by

rid2.

INPUTS:

rid

rid must denote either (1) the master-,

regular- or (3) a class relation; no reordering

can occur on tuples of inversions, (4).

is not known to the system as an rid, then error

case (5) arises.

tidl and tid2

Both these two identifliers must denote
known to the relation Identified by

otherwise case (6) arises; case (5)

RN
8
.
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precedence over case (6). If tidl and tid2 arc
identical, f.e. have the same encoded valucs,
then no action is performed; it is considered an
error case (7) in that no tuple can follow
itself. If the tuple denoted by tidl Immediately
follows that denoted by tid2, prior to the
execution of this command, then again no
'cahnge' occurs, but the command 1Is considered

correct.

tidl

This identifier must specify a tuple other
thaﬁ the control tuple of the relation
denoted by rild, otherwise case (8) arises., If
the encoded value of tidl is pyll its
denotation is that of the bottom tuple of the

relation.

tid2

This identifler may specify any tuple,
including the control tuple of the relation
denoted by rid. If the encoded value is puyll,

fts denotation is (agaln) that of the bottom
tuple.
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OUTPUTS:
N/A

EF#ECTS:
If cases (1), (2) or (3) prevails, then the tuple
denoted by tidl is 'moved' so that its future order

immediately follows that of the tuple denoted by

tid2.

thkkkhkhkkkkkkhkdk

* *
* FIG.17 * See Page 139,
. » .

Akt khkkhktkxk

COMPLETION CODES:

(a) no move of tuples of inversions, (&)

(b) rid not known to system, (5)

9¢c) tidl (tid2) not known to relation, (6) ((6'))

(d) tidl may not be the ctid, (8)

(e) tidl and tid2 are identical, (7)
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9. CONCLUSION

We have explained and defined the simple set of GAMMA-0
data structure- and identif%er objects and the lean, but
not minimal set of GAMMA-0 operations defined on these.
In a follow-on report we shall investigate some of the
properties of desirable parameter passing schemes as well
as proposing a GAMMA-0 identifier validation scheme. So
far only the single-user aspects have been reported;
subsequent reports will deal with the multi-user aspects
of the GAMMA family of interfaces, in particular with
GAMMA-1., We shall then report on schemes for the orderly,
highly wuser-controllable sharing of data as well as

aspects on temporary mutually-exclusive locking.



120

GAMMA-0

T: PROGRAMS

FIG. 1

U : UNIVERSE of DISCOURSE

L=<T,M,U>

.
19
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COMMANDS OBJECTS

Mg (t) =u

FIG. 2
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(1)

(2)

(3)

(4)

LR

TTTT77ry

A,

FIG. 3 RELATIONS

MASTER RELATION

MR

REGULAR

RELATIONS

CLASS
RELATIONS

INVERSIONS



rid P RELATION R

TUPLE

1l

I(|\ ITEM

WILL HENCEFORTH BE DIAGRAMMED THUS:

cardinality (R)
=3 (=% (R))
DOMAIN
degree (R)
=5 (=9J(R))

FIG. 4 EXAMPLE RELATION
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mrid 1 2 3 4 b 6 7

/]\LM relation identifier

integer

inverted domain did

Vid . .
inversion parent

relation rid

Uid

control tuple identifier

bitstring primary key mask

integer
J degree

TYPE
— type

TYPE = {I\/IASTER, REGULAR, CLASS, INVERSION

'=GAMMA-0

FIG. 5 MASTER RELATION, MR
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did
rridg v CONTROL TUPLE
null [ erid; [ rrid; | null | nul cridk//
tid: | i, | iy | g | iy | is | g
9D (R)=6
% (R) =5

i,, i4, i5 : denote: themselves,
i2 : items of CLASS RELATION cridi

i3 : tuples of REGULAR RELATION rridj
i6 : items of CLASS RELATION cridk

iy, ip,ig : areall GAMMA-O generated (system)
identifiers (I )

i,, i4, i5 : are all USER generated

FIG. 7 REGULAR RELATION
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cridi Class Ci

null (C) £
Z(C)=5

OXFORD

T 1

CAMBRIDGE

T T 17 17T 717 71T 11
KOBENHAVN
BERKELEY

I T T T 177 T

ANN ARBOR

cridk “ Class Ck

null a(c,)
% (Cy)

>

1
6

I

| L
HOUSTON

T Tr T1T7 I
PALO ALTO

v 71T 17T 17T 177
LOS ANGELES

rTr1v 1T 1T 17T 1T 1
CAMBRIDGE

PHILADELPHIA

T LI T

| L
PETERLEE

FIG. 8 CLASS RELATIONS
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dids:
rid 1 2 3 EMPTY RELATION
ctid 9 (R)=3
“““““ % (R)=0
dids:
rid 1 2 3 RELATION
ctid 9 (R)=3
tidg % (R) =5
-d 1
tldQ4 ™~ S ~
tid ™~ N
‘s ™~ . TUPLE tid
\,< / 2
// /
/
P 7 /
- - / /
~ // / /
-
~ P yd /
~ -
P /
ITEM ITEM ITEM
1 2 3

. p—

OF TUPLE tidg_
OF RELATION rid

FIG. 9 REGULAR RELATION TUPLES
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GAMMA-0 SYSTEM
(generated) IDENTIFIERS

FIG. 10
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SINGLE SCAN

ds ds

cs : create scan [rid, dlist1, dlist2] [sid, ctid]
ss : set scan [sid, tid,subtuple]
n : next [sid] [tid,subtuple]

ds: drop scan [sid]

cs
SS
n
n
n
ss
n
n
ds

example: SINGLE SCAN

FIG. 11 SCAN STATES

w



CONCURRENT

FIG. 12 SCAN STATES

el
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BEFORE: AFTER:
c-tuple d-tuple

e i ie] []4]m] ®
DEGONOOT R
Q 8’ ©
2o E

mrid mrid
[eee e e ool le.e.e e e 0]

vid

tid| r|4|mlaid] @@ [mia] ==~ < _
id ¥

®
If
>

=

FIG. 13 CREATE RELATION
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BEFORE: AFTER:
mrid]1r,.[ mrid1']11T
l@l@i@l@l@l@l@] [@L@I@I@I@I@I@J
t 4
tid I’l4lm|ctidl@l@Jrrid =~ t2
t2 \\\ *;3
t
3 \ 4
tid”’ il ' Ictid’lrridl3lirid ~< |
t, /\ /l
e /
-~ !
Q/l |
irid —— rridY
ctid’ Ll “ceid Laa iy ]
@ = null

FIG. 14 DROP RELATION (example shows relation with one inversion)
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BEFORE:

——

rrid

AFTER:

tid,

>tid,

/tidj

FIG. 15.1 INSERT TUPLE (no propagation/no inversions)

x|ylulv
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BEFORE:
mrid

|le @ @00 0, e, 0|
i___ i [2] -] - Jrid] 3o
I
: r{4[mf--[@]@]md
|
!
|
|

tuple

<[v]a]e]
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]

@

null

AFTER:
mrid
|le,e @ ee e e
s DEEETEE
|
|
| [Talm[-TeTelwl--~
| ]
| |
| |
i irid mdy
—_——> [ 7] i
tid,[x[ya]e
I
5 ,
tid" [[a ]

FIG. 15.2 INSERT TUPLE (propagation/inversion(s))
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tuple

|xlylu|v|
l
\\r_ric_i rrid

tid, =ctid [L_L__] tidy =ctid [T 1]

.._:"—____—b EQZ xly]uTv

v

(TOP):

rrid rrid

tid, = tid tid, = tid

(BOTTOM): = @2 xiylulv

rrid rrid

(tid) (tid)
\%1@15&“ (BOTTOM): ___.-———_——':-—___DtidQ x!y[ulv

BEFORE: AFTER:

FIG. 15.3 INSERT TUPLE (variations in insert order)
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rnd=  grroRe: AFTER:
rr—id' 1 1] i Ei—d- 1 I
{ ] |
\tid’ tid’
tid [x[vlel|v tid”
tid”’

FIG. 16.1 DELETE TUPLE (no inversion/no propagation)
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BEFORE:

mrid

le.e@ 00 00|

AFTER:

mrid

CHEHCHEHEHEHE)

r |4 [m]ad] @] @]rie =~ r|4|mlad@]@]wa =~
\ \
\ \
i [2] Jewo]rmia] 3 Jrio] ~< : i| 2] [etia]eria] 3 fiia \\’ |
/) / S /
// D_d..:—: // !
’~ L 4 ; v
iridv rrid irid Y rrid
RN
tid, tid
tid [x]y[a]e tidg
_ tidg
tid; tid’;
tid’ | o Jua tid’,
tid'}-

i

nul

@

FIG. 16.2 DELETE TUPLE (inversion D : propagation)
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FIG. 17

BEFORE:

rrid

tid
tid

j

tid,,
tidg
tid

MOVE TUPLE

AFTER:

rrid
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tid.

tidg
tid

tid,

tid,
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BEFORE: AFTER:
dlist subtuple

p]e]

rid = \ /

id |e l > = => tid @
tid |@[v]u]v o ply]ul

(pkm = [0, 1,0, 0])
@ = null

—

FIG. 18 UPDATE SUBTUPLE (no inversion D: no propagation)
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BEFORE: . AFTER:
dlist subtuple
| —]
—> md rrid
1 1 1
tid, [olw]- | oWl
_9 . |
tid) |\ &
Sllﬁl a]lﬁl
v v P
tid, [a]—Jw[- L tid [T
tidk af--jwy--- al-lwl--
tid; = tid, tid,
FIRST: THEN e.g.:

FIG. 19 TUPLE ID FROM NEXT SUBTUPLE
(filter on < o, w > in domains < 1, 3>)
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\ BEFORE:

rrid
C ]

\ti x|y Ju v

\su btuple

FIG. 20 SUBTUPLE FROM TUPLE ID

AFTER:

rrid
1

tid x|y fu]v

D: NO CHANGE!

-



BEFORE: dlist1 dlist2 AFTER:
[1713] [2]
rrid rrid
H 1 I i 1 1
ctid L-l—l—!—] ctid
SSr SSr
rrid, did | did | did dd| @ | @ | @ | @ rrid: did;did T o
‘ sid [e[ 1]e]3
| T T
@ =null ¥

FIG. 21 CREATE SCAN (previously no scan on this relation)
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BEFORE: subtuple AFTER:
—

i nune i
tid ——> tid <-——-
]
]
I
I
|
|
I
I
|
ssr ssr |
[rrid, dia Taid [dia (dd’ @, @ @, @ | i, dia dia did \dd, @ @, @, @ | :
\ |
sid[e[1]e[3]e [« [u[+] sid [w[1]e[3[e]~[v[+]+]-~

S H
@ =null

FIG. 22.1 SET SCAN (first “’set scan’’ on this scan instance)
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- - subtuple
N A LW_'
rrid rrid
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|
|
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! l
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i l i ‘ v :
sid i 1]@[3][@] *[v][*]*]——" sid [ie] 1]@[3]@]*[w[*[x]---
| Iy |
’ @ = nul
\".

FIG. 22.2 SET SCAN (asubsequent ‘‘set scan’’ on this scan instance)
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BEFORE: AFTER:
rrid rrid [
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subtuple Vv

@ = null

FIG. 23 NEXT SUBTUPLE
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BEFORE:

rrid
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SSr

LI P L) LIPS, | '
|rrid, did | dia laid (did, @, @ , @ , @]

y
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1[e]3]e|«Jw][*]=x

nul

FIG. 24 DROP SCAN
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BEFORE: AFTER:
mrid mrid
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®
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=
=

FIG. 25 GENERATE INVERSION
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