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I
S E C T I O N  I

INTRODUCTION

Th is  report  d i scusses the Data Base Management System (DBMS) which has
- - 

- - 
been developed as a component program for a systems anal ysis program to be

used in the vulnerability assessmen t of weapons systems to nuclear radiation

e f f e c t s .  The DBMS has been developed along very  genera l l i nes  so tha t i t  is
‘Jo t oriented in any way towards the sys tems anal y s i s  app l i c a t i o n .  The DBMS
is organized as a hierarchical data base and supports ordered sets and linked

l i s t s  Severa l  k inds  of data types are supported and in format ion  may be
ret rieved t o  core storage , system files , and output devices.

The DBMS i s able to operate as a stand alone p rogram , or , wi th a su i tab le

exec utive controller , in concert with other programs . Input to the DBMS nay

be provided in a user language which specifies basic DBMS operations , or
th ’ough a li s t  of bit-packed computer words. The bit-packed words are

available for inter-pro gram communication and accomp l i s h  the sa me op er a t io n s
as the commands in the user language.

Since the DBMS operates  on bas ic  commands it is conve n ien t to  have a

hig her level user languag e throug h which the user can issue macro commands

t r ~ t he .- DBMS. These macro commands are composed of other more primitive

mac ro commands and basic DBMS commands. A ppendix E discusses the concept  of

a ~ ata Base Macro Processor (DBMP) which would imp lement such a feature.

Fi gure 1 i l l u s t r a t e s  the data and cor nd communication paths which are

u,~-d by the DBMS and the proposed DBMP .

The DBM S performs the bookkeeping function in a data base. TheUe book-

keep ing functions are divided into four categories: functions which perform

~‘n era l u t i l i t y  tasks , func tions which creat e and mai n t a i n  the hierarch y of
a Jata ba ,e , functions which contro l the fine structura l detail of a data

base as we l l  as en t er and re tr ieve da t a f r o m t he da ta base , and f u n c t i ons
which control the operation of the DBMS . Section I I  d e s c r i b e s  a l l  of t he

DBMS commands in each of the four categories. Section II also describes the

qener al structur e of a data base as created by DBMS . The de ta i l s  of how

7
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the information is stored in the data base and the forma t of commands

to DBMS are discussed in Section I I I .  The prim ary al gorithms used in

the DBMS are presented in Section IV .

Sections II , II I , and IV are organized as structure levels , each
success ve structure level pr esenting a more det ailed discussion of the
DBMS. Therefore , the reader is advised to read as many structur e levels
as necessary to understand , in sufficien t detail , how to accomp 1~ sh his
current goals.

Inde p endent
Progra m

DBMS
Commands

~ DBMS

DBMS
Commands

DBMP

Fi gure 1 . Comand Communication Paths for DBMS.

8

- - - - --



SECTION II

BAS I C DATA BASE STRUCTURE

STRUCTURE LEVEL 1.0:  OV E RV IEW OF DBMS

The basic structure of the DBMS wil l  support multiple data bases. Each

data base wil l  support an unlimited numbe r of data cells ordered in a t ree

of any level. Although the cells of any leve l need not contain the same

type of data , all the cells on any level are arranged into groups of like

s t ruc ture  (same t fpc and number of data f i e l ds  ca l l ed  a t t r i b u t e s ) .  Figure 2

is a generalized p icture of a data base demonstrating the tree structure and

DATA BASE I

I 
-

~

Group 1 Group 2 1
7~~~~~ 7

ooo 
_ _ _ _

_ _  

H0H I H°°H _ __ _  _ _

_ _  _ _  I I 1 I I L ~~i L i 1 I [ I
I~

000_1

______ H 000 —H
_ _ _  I L I
1

ooo
~~

0oo
~ 1 I

\~ 1 1  1 \
LJ _ _ ~~~ J

r 
~~~~~~~~~~~~~~~~~~~~~~ r ————j

I $ I I
I I I I II I I I I

L.. __....._ .J L_ ___ J
Data Base 1 Data Base 2 Data Base 14

Figure 2. Gener alized View of a Data Base
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the generality obtainable with DBMS. Data may be stored at any level in the

data base in the form of attribute va l ues. An attribute consists of a name

and a va l ue which define a state of an entity. The attribute name may be

from 1 to 9 cha racters and the attribute va l ues may be stored as sing le

variables , as simple arrays or as ragged tables (see Structure Level 1.2).

A variable may be stored as any of the following:

A l pha s t r i ng  of from I to 649 charac ters
Rea l

Integer

Complex

Double precision

A bi t string of arbitrar y lengt h

Descr i ption of another data base

Ragged tab le

The total data base is desi gned to be self archiving through the use of

cycle numbers. Each cycle corresponds to a date and time the cycle was

‘froze n ’ . The generation of a new cycle is controlled by the DBMP or a

us e r . Besides cycle numbers , all the nodes in the data base are tagged to

fu r ther  the sys tem s a n i t y  a t  a l l  t imes , in p a r t i c u l a r  d u r i n g  a sys tem

failure. This tagged architecture also leads to easy portabi l t i  of data

bases.

The nodes may be placed into predetermined sets t b  order of ~- ih ich

depends on attribute va l ues of the members. Any node may ha.e  a s s o c i a t e d

with it , one or more ordered sets. Set m m b t r , b i p is rc st ric ’ ef in t h i t

the member s of a set associated with a node A must be a subset of all

the nodes in the subtree with rou t node A.

The commands t o  the DBMS are of f o u r  t y r t s  and in two ~~~~~ The f ou r

types of commands are :

1) U t i l i t  y ( i n i t i a l  ii t ion , co py i r q ,  c y c l e  n t  N I , e t c .

2) Structur e (generate and co nt r i the o v e r a l l  stru c~~ure/shape

—~~~ of  a d a t a  base )

3) Data (enter datd int o dat a ba~~ )

4) DBMS Contro l

I 0

— - 4__ ___ _______ _ _ 
- - - - - _ _ _ _ _ _ _



The two modes consi st of pure al pharu ro n c  commands for huma n use and short

command s f o r  use by i n t s r p r o g r a m  commun i c a t i o n s .

A dat i base s intended for primary storage on a rando m access device

during creation , modificat i on and referencing. The data base is readil y

stored on tape and may be e a s i l y transferred from tape to a random access

J C V I L C  of  i different brand co r p L it e r .  During modification , t he  DBMS r e fe rences

the data base throug h a pa gin g al gorithm .

Structure level 1 discusses t h e  basic structure of the data base as a tree

and the gene ration and contro l of a data base. In p a r t icular , t h e comma n d s  a nd

t heir usage are discussed a long with the data base tree and group ing of data i t e r ~~,

into ets and inverted linked lists. This discussion is int ended as an intr u duc ’ ion.

The ca sual u c r  of DBMS ma y, howeve r , find r h i s  introduc ’ ion a tuq uat -

f~~U C T U P [  LEVEL 1 . 1 :  BASIC COMMANDS TO THE DBMS

tHe conr:ands to the DBMS a~ e of four types: u ’ i l i ty , data base

s t r u c t u r i ng ,  data entr y /retrieval , and DBMS control . A general description

& te e  c en- rand s and their e f f e c t s  are discussed here. ~uL c ? g u e n t  s t r u c t u r e

l e v e l s  c o n J a i n  more d e t a i l s , and A pper i d i~ A c o n t a i n s  command • y n t a x  ( n r t c -

commands are l i s ted m a  lo gica l o r d e r  hi - re , but a r e  l isted a l p h a b e t i c a l l y

by type in o o e n d i - ~ A ) .

I)  U t i l i t y  Fun c t i o n s :

A) !~~ T I L  i~~e a data t - - a e - p e  r ’ erms f i l e  opening and establishes
the ba sic st uc • a r ’  ~. d a t a  bass• -

B) p f f a ~~E j 1 in r - x i s t i r q  d a t a  base — val id - i t -s ~erm i ssio n keys to
p rev e -~ t acc i e n ’  1 W • - ~~ r u  tion of an e .  1st  i nq data base.

C) ~ c r f ’ y  a l a t i  ba- ’~ f rom r u- d o n  e C€ J e S  fe ~ ice  to random access u - v i c e
or to ta p . A lso  ii lo~-i’~ d. l , - t  ion o ’ super t l uous c y c l e s  of a
d a ta base.

~) ~~~~~~ a d a ta  ba •e  f rom ta~~- ~o ranlo’ -~~~ ‘ s .  The tape may
C - ’  i - ’ -~~at on a f i f , re n t  brand 0 1 r ’ e r J t , - r  w i t h

c o m p t i b I~- tape t ’ , ’~- po r’ s .

E) LIST ou t d a te  jni 
.
1 ’ ”  o a l l  cyc ’es c u r r e n t l y arc hi ved in ‘he

f i t )



F) DISPLAY structure and/o r attribute values of all or part of
the current or previous cycles of a data base.

G) COMPRESS a data base on a random access device by removing wasted
space caused by fragmentation.

H) Increment the curren t CYCLE number by one , thus archiving a copy
of the data base.

2) Structure Functions:

A ) Add a STRUCTURE group to the current data base. Th is  command is
used to describe the characteristics of a group (e.g. Group I
of Fi gure 2). The information requ i red is; the groups of
nodes which are siblings; the groups of nodes which may belong
to sets of this group; and the attributes of the members of this
group.

B) LINK/UNLINK a group of nodes into an ordered list.

3) Data insertion , modification and retrieva l functions:

A) CREATE a new data node

B) ENTER a data node into a set.

C ) DELETE and/or RETURN a data node and i ts  a t t r i b u t e s .

D) STORE an attribute value of a DBE.

E) FIND a data node.

4) DBMS Control

A ) END of DATA

B ) Change MODE of input

Upon examining function s of Type 2 (structure functions) and Type 3
(data functions) it can be seen tha t the data base is intuitive l y divided

into two sections. One half contains general structure information and

the second half contains stored data in a compacted form and specific details

of structure , namely set membership and ordering within sets and lists.

Both sets and lists will be discussed in subsequent structure levels , but

the following comparison of the two wil l be useful now. Both sets and lists

12
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have data nodes as members , and bo th may be ordered accord i ng to a queueing

discip line or by ranking cf attribute va l ues. A set contains only data nodes

which have been entered thru an ENTER funct ion.  An ordered l i s t  conta ins a l l
data nodes on a subtree which satisf y a specific attribute relational expression .

This distinction is important , since both concepts are very useful , as wi l l

become evident in subsequent structure levels.

STRUCTURE LEVEL 1.2; DATA BASE STRUCTURE

For every group of data nodes (e.g., Group 1 , Figure 2) there corresponds

one and onl y one structure node (SN), hence SN will  be used henceforth in

place of group. The structure nodes form a tree from which the data base

derives its hierarchical structure. Each structure node is given an al pha-

numeric name consisting of from one to ten characters starting with any

letter. The root of the SN tree is always named ‘SYS ’ . Th e SN ca l l e d  ‘SYS ’
is primaril y generated and manipulated by the DBMS and the 0BHP (see leve l 3,

Data Base Maintenance). There is onl y one restriction on the name of a SN:

the names of SNs within a structure set and within the siblings of any node

must be uni que. The meaning of the term ‘ structure set ’ w i l l  be defined

be l ow ; for now a structure set can be considered as a user defined subset

of SNs on any subtree of the data base tree . Duplications are allowed any-

where else . Any SN can be uni quely defined by its generic name (the names

of all its ancestors separated by periods). In Figure 3a the leftmost bottom

node is ‘S Y S . A . B ’  and the right most bottom node is ‘ SYS.A.A.B’ . Nodes

‘S YS .A ’ and ‘ S Y S . A . A ’  cannot be in the same structure set since their names

are both ‘A’ . Similarly the nodes ‘SYS.A.B’ and ‘SYS.A.A.B’ cannot be in

the same structure set since they are both named ‘B’ . Figure 3b shows

anothe r naming error , in particular SN’A’ has two siblings named ‘B’ . The

naming of SNs in Figure 3c avoids the problems of Figure 3a and 3b. Note

tha t the naming of SNs in Figure 3a wil l  not cause problems as long as the

structure sets are properly chosen.

With each SN there can be associated zero or more data base entries

(DBE). It is the data base entries which contain the attri bute va l ues.

134
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Fj~~ure 3a. Structure N-o ~e

Fi gure 3b. I i  l e , - l S t r u c t u r e  N I’ s

Fi gur e 3c. St r (Jr u n -  N des

14

I’



[aLh SN acts as a template for its associated DBEs. F i gure 4 shows an ideal-

i / at ion of a da ti base limited to the structure previousl y discussed . Each

SN is shown i -  the left column of a block and the DBEs associated wit h  a SN

are attached as column s to the ri ght of the SN. The SN names are at the

top of a SN column and attribute name s are shown be l ow the SN name . The

at tribute va l ues are shown for each DBE (e.g. the first SN below ‘ S Y S ’  i s
‘ S I M S ’ which has two DBEs). The attribute va l ues indicate two simulations ,

‘S I M l ’  and ‘SIM2 ’ w h i c h  we re o r i g inated by o r g a n i z a t ions  ‘ A ’  and ‘B’

re spectively. The next level of SNs corresponds to the type of devices (tran-

sist ors and diodes) which are input to the simulations. Note tha t the two

si b l i n g s  of SN ‘SYS .SIM’ (named ‘XTORS’ and ‘DIODE’) have differe nt attri-

butes. All  of the tfan sistor models could be referenced by ‘S YS .S I M S .X T O R S ’ .

The a ttribute DOMCODE is assumed to be ‘I ’  for frequency doma i n and  ‘2 ’

for time domain. By l i s t i ng ou t (or searching throug h) all the attribute

va l ues f o r ‘ S Y S . S I M S .XTOR .MODELS ’ a user  ca n loca te an e x i s t i ng tr a n s i s to r

model which can be input to simulation ‘ S I M l ’  or ‘ S I M 2 ’ . Note that by

using the structure presented so far some information had to be duplicated

in the DBEs associated with SN ‘SYS.SIM. XTORS.MODELS’ . In particular the

attributes ‘ S I M S ’  and ‘ DOMCODE ’ con tain information corresponding to

SN ‘SYS .SlMS ’ and the a ttribute ‘DOMCODE ’ i n SN ‘SYS.SIMS.XTORS’ . Since

there would probabl y be many t r a n s i s to r m o d e l s  in  the da ta base , m uch spac e

would be needlessl y was ted . This dup l ication could have been avoided had

‘SIMl ‘ and ‘SIM2’ been SN’ s instead of ‘SIMS’ , and ‘ DOM I ‘ a nd ‘ 00 M2’ been
SNs just after SN ‘SYS.SIMS.XTORS ’ , but then the l istinq out of all the

transis tor models would have been more dif f i c u l t .  The problem is s i m p l i f i e d

with the concept of sets and lists. For example all  the transistor models

associated wi t h  SN ‘SYS.SIMS.XTORS’ can be entered into one of four sets

according to which simulation and domain is appropriate. Also the user

has the a b i l i t y  to define a transistor model and not have it considered as

in put to either simulation un t i l  he is satisfied with the model’ s acc uracy,

at which time he enters it in the appropriate set. The concept of sets w i l l

be pres ented next; the concept of li s t s  is discussed somewha t later .
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The level of any SN is the number of his ancestra l nodes. Considering

Figure 3b , the level of SN ‘SYS’ is 0, the level of SN ‘SYS .A ’ is 1 , the

level of SN ‘SYS.A .B’ is 2 , and the level of SN ‘SYS.A.B.C. ’ is 3. The

level of any DBE is the leve l of its associated SN. Considering Figure 4,

all the DBEs for transistor models are of l eve l 3.

Intu itive l y, a DBE set belongs to a DBE called the owner , and a DBE may

own at most one DBE set. The members of a DBE set are specified individually

by a user (see Type 3 function ENTER in structure leve l 1 . 1) and must consist

of DBEs having a l ower level than the DBE set owner. The DBE set members are

said to belong to the DBE set owner. A DBE may belong to more than one DBE

on h i gher levels , bu t must belong to no more than one DBE of a g i ve n l e v e l .

A structure set of SN ‘A’ consis ts of nodes on the structure subtrees with

the children of SN ‘A’ as roots. Similar to a DBE set , a SN may own at most

one structure set. Structure set members must be of a l ower level , a nd a SN
may belong to at most one SN of a g i ven level. The members of a structure

set are specified when the structure set owner or member is described (Type 2

func tion STRUCTURE). A structure set defines potential members of a DBE set.

DBE ‘ A l ’  w ith associated SN ‘A’ may onl y own DBEs whose associa ted SNs are in

the st ructure set of SN ‘A’ . A structure set differs from a DBE set in the

types of nodes which are members , and each SN own s all of i ts children by default.

F i gure 5 shows a group of SNs (squares) and DBEs (circles). Here SN ‘A’ may

own a structure set of (‘B’) or (‘B’ , ‘C’), or (‘B’ . ‘D’), or (‘B’ , ‘ C ’ , ‘D’) .

SYS 1~~~

E---- -G- -- - / -®-----®
/

~~~~~~~

- - - - -
~~~~~~~~~~~~~

- - - -- 

Figure 5. Data Base Entries
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SN ‘0’ nay not own a structure set. I f SN ‘A’ has a structure set of (‘B’ , ‘D ’),

then DBE ‘Al’ may own a DBE set but DBE ‘Cl’ may no t belong. DBE ‘Dl’ and/or ‘D2 ’

and /o r  ‘D3’ may belong to the DBE set owned by ‘ A l ’ , b ut if DBE ‘Dl’ belongs to

the DBE se t of ‘Al ’ then ‘ D l ’  may not belong to the DBE set of ‘A2 ’ or ‘A3 ’ . In

the future the phrase ‘ the DBE set be l ong i ng to the DBE A’ w i l l  be sho r tened to

‘ the set of A’ . The concept of set is in keep i n g  wi t h th e genera l da t a base

philosop hy of keep ing the DBEs small by p lacin g as much structure information

i nto SNs which then act as temp la tes for the DBEs. The members  of a se t may

be ordered by queueing discipline (FIFO or LIFO) and/or ranked by a numeric

attribute value ( i nc re as ing  or decreasing). As such , the set information (who

may be long  to whom , etc) is passed to the DBMS as a structure set definition

when a SN is defined (see Type 2 command STRUCTURE). The same i s  t rue fo r

linked li s t d e f i n i t i o n  which w i l l  be defined later.

Figure 6 is a copy of Fi gure 4 wi th set relations emphasized . For the

sake o f a rg umen t , assume SN ‘SYS’ own s SN ‘ S I M S ’  and ‘XTORS ’ , and furthe r

ass ume all  other SNs besides SN ‘SYS ’ onl y own their children . In Fi gure 6,

the SNs are to the left of the double line and their associated DBEs are

connec ted by a dashed line. Note that the SN ‘SYS’ has a corresponding DBE

which may own any DBE associa ted with SN ‘SIMS’ or SN ‘XTORS ’ . I n  F i gure 6

SN ‘ S I M S ’  own s SN ‘XTOR ’ and SN ‘DIODES ’ . The first DBE of SN ‘SIMS’

(Code = ‘S IM l ’ ) own s two DBEs of SN ‘XTOR’ . Now i t is very easy to locate

all transistor models or just those for simulation ‘ S I M l ’  i n the t ime doma i n.

Ano ther use of sets might be to si m p l i f y the bookkeep i n g  of p r o b l e m s

and correspond i ng solutions. In particular , a problem mig h t be d e f i n e d  a nd

p laced in to a set of unsolved problems . When a solution is found the solution

is f iled with the problem definition and the problem definition is moved to

the set of solved problems . Figure 7 shows this.
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I PRO~ j 
- 1

I SOLVED YES ~ NO]

L~~
SI 

‘def 1 ’ I ’def n ’ ~ ‘def n+l’] [~d:f

ISOLS I ________ _ _ _ _ _ _ _ _

IRESULTS ‘SOLUT ION l ’ I I ‘SOLUTIONn ’j

F igure 7. Anothe r Use of Sets

Cycle information is kept on al l  SNs and DBEs. As such previous states

of a data base may be recreated usin g the Type I func tion COPY. The Type I

function CYCLE causes a state of a data base to be saved . Both of these

functIon s are discussed in Appendix A.

Structure leve l 1 .3 discusses a mode of describing a specifi c data base

NODE which enhances the use of sets. Leve l 1.5 w i l l  return to discussing

lists and sets. It should be pointed out now tha t although lists are easier

to use they are somewha t limited in their usefulness and effici ency which is

why their definition was p laced at a later leve l tha n set definition .

STRUCTURE LEVEL 1. 3: SPECIFY I NG A SPECIFIC NODE

This section describes how a user can refer to a specific SN or DBE.

The reference to a SN or DBE is by name . As was mentioned in Structure Level

1.2 for SNs , one form of a SN name is the SN’ s ancestors separated by

periods (in the example given it was ‘SYS.A .B . ’). In genera l a node name

star ts with the SN ‘SYS ’ followed by motion phrase(s). A motion phrase

cons i s t s of a mo t ion symbo l ( ‘ $ ‘ , ‘ ‘. ‘ , ‘/ ‘ , or ‘ . ‘) followed by a motion

specifier. Since structure sets and sets are ordered we can move from any

20
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node to the first or last membe r of the node ’ s set , denoted ‘SF’ and ‘SL’

respectivel y. Also while in a DBE set or a STRUCTURE set we can move to

the preceding or succeeding node , denoted ‘$P’ and ‘SS ’ respectivel y.

A ttribute values may be used to specif y a particular member of a DBE set;

thi s is denoted by a dot followed by a r e l a t iona l exp re s s i o n .

In the DBMS a relationa l expression can have one of two forms. The

fi rst form consists of only the attribute name ; it has a va l ue of true if

and only if the attribute name is present in the DBE being considered .

The second form consists of a standard ANSI FORTRAN log ical expression .

The relational operators .EQ. , .NE., .GT. , .GE., .LT., and .LE. may be used ;

however , when non numeric attribute type s are involved onl y .EQ. and .NE .

are permitted , and all operators in the expression must be of the same

attribute va l ue type . Log i ca l expressions may utilize the lig ica l operators

.A ND ., .OR., and .NOT ., and parentheses may be used for grouping purposes.

The entire log i ca l expression must be enclosed by parentheses.

Anothe r motion is from a SN to its associated DBEs , which is denoted ‘~~~~‘

The symbo l ‘
~~~

‘ is followed by ‘SF’ , ‘$L’ , or ‘I’ . Whereas the ‘ . ‘ produced

motion into a set or list , the ‘I’ produces motion within a set or list

(if ‘ / ‘  follows ‘ ;‘ ‘  the motion is within all DBEs associated with the SN being

l eft). The symbol ‘SB’ moves from a SN to its paren t or from a DBE to its

associated SN. As a final note before the examples , the ordering of DBEs

was specified by their associated SNs (Type 2 function STRUCTURE which

created the SN). As such , the ordering of DBEs determine which DBE is used

when more than one DBE would satisf y an attribute relational speci fication.

The reader is referred to Figure 6 for the following examp les. The

following all specif y the SN for transistor models:

I) SYS.SIMS.XTORS .MODELS

2) SYS .SIMS.XTORSSF

3) SYS.SIMSSL$P .MODELS
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The following a l l  specif y the t ransistor model written b y ‘BOB SMITH’ for

sim ul a t i o n  ‘SIM I ’  (third f rom left):

1) SYS .SIMS .XT ORS .MODELS ~ /(PERSON .EQ ./BOB SMITH!)

2) SYS~-/SYS . (coDE.EQ ./sIM I/) . (DOMCODE.EQ .2)SL

3) SYS .SIMS.XT OR /’ (DOMAIN .EQ. !TIME !)SL

If just any 2N3638 time domain transistor models is desired then we can

use

S YS. S IM S. XTOR ~ /(DOMA IN .E Q. /T lMEI) . (NAME .EQ ./2N3638/)

A sho r t node n a m i n g  te ch n i que is also possible. Type 2 f un c t io ns can

specif y a SN name , and the DBMS remembers the current SN name . A SN name is

c o n s i d e r e d  cur ren t f o r  the T ype 2 command specif y ing it and all the commands

p rior to the next Type 2 command . Similarl y for all Type 3 commands except
CREATE , the DBMS keeps track of the current DBE. For the CREATE command

the DBE crea ted is considered the current DBE and the associated SN is con-

sHered the current SN. Thus the short form for specif y i n g  a SN f i e l d  o r

DBE f ield starts with a motion ph r a s e  and  may be followed by more m otion

p h rases as needed. As an examp le , i f  i n  Fi g u r e  3 the current  SN is ‘ S Y S . A ’ ,
then SN ‘SYS.A .A ’ may be ref e r en ced i n  sho r t fo rm by ‘ . A ’ .

A ppendix B gives the result of motion ph r a s e s  fo r SN s , DBEs , structure

setE , DBE sets and linked l i s t s .  At this time it suffices to mention tha t

m o t i o n  in a linked l i s t  is s i m i l a r  to motion in a set.

STRUCTURE LEVEL 1. 4: ATTR I BUTE VALUES

The form of storing an attri b u te val ue must be specified when the

attribute is defined (See Appendix A , Type 2 function STRUCTURE). However ,

a r r a y  di mensional information may also be defined (or redefined) when a

DBE is crea ted or altered.

The di mensiona l ity of a static (or simple or FORTRAN) array i s  d e f i n e d

dynamically (Type 3 function SET) by sta t in g the dimension(s). For array X ,

one could say x (- ,:’~) = 3, 4 which would set the attribute X in the DBE to a

three by four array.
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A ragged table is more versatile. First of a l l , the informat i - n stored

dot”~ not have to be of all  the same kind , and t he nu mb e r of co l um ns does no t

remain constant. F i gure 8 is an example of a two dimensiona l ragged table.

For more d imensions than three it is easier to show a ragged table as a tree ,

10 12 83 36 
~

4.8 5~J
72 

________________________

7. j 14.5 .15

17 
_____________

22 3 j 38 1
Fig ure 8. A Simple Ragged Table

as i n Figure 9. Note the leave s of a ragged table (tree ) do not need to

be of the same level or of the same type (integer , etc). Althoug h t he

number of nodes in a ragged table is flmited to about 20000 , the leaves

of a ragg ed table can be any type of attribute value including other ragged

t a b l e s .  Thus a ragged tab le , as seen by a user , is of u n l i m i t e d  s i z e .

x

2 3

A ,2 D ,1 H

B C

E ,2

F 6

Figure 9. A Ragged Table Shown as a Tree
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S i m i l a r l y, althoug h the maximum number of DBEs permitted in a data base is

about l0~ , the DBMP can use a ragged table of data bases to c reate a data

base of unlimited size.

Referring to Fi gures 8 and 9, some efficiency is gained if the leaves

of a ragged table are static arrays. The specif y ing of dimensions in a

ragged table is different from static arrays , in that the number of branches

at any node must be defined . Thus the required definitions for the dimensions

and attribute va l ue type of the leaves of Figure 9 are as follows :

x (~) = 3
x(l ,~ ) = 2
x( l , 1 , ;‘:) = A
x(1 , 2 , *) = 2
x(1 , 2, 1 , *) = B
x( l , 2, 2 , ~

‘- )  = C
x ( 2 , ~

) =

x(2, I , ~‘;) = D
x(3, :~) = 2
x(3, 1 , ~:) =

x(3, 1 , 1 , ~)) =
x( 3 , I , 1 , 1 , ~ = 2
x(3, I , 1 , 1 , 1 , ~

) = E
x(3, 1 , 1 , 1 , 2, *) = 2
x(3, 1 , 1 , 1 , 2, 1 , ~

) = F
x(3, 1 , 1 , 1 , 2, 2, *) = 6
x(3, 2 , -~) 

= 1-1

where A , B , C , D , E , F , 6 are attribute value descri ptors (see Appendix A ,

Type 2 f u n c t ion STRUCTURE). The dimensions of a static array or ragged

table are attribute va l ues of the array or table. The same is true for

the attribute va l ue description for the leaves of a ragged table. Thus a l l

three of the above may be set with the Type 3 function SET or the Type 2

function STRUCTURE. The variables are stored into an array in the FORTRAN

sense . If A is a sing le integer and B is a two by three array, A and B(l ,3)

could be set by the Type 3 function SET referenced as

x(l , 1) = 100

x( l , 2 , 1 , 1 , 3) = 1 0 1 .
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An a ttribute value entity of type al pha (or b i t )  s t r i n g  may be of any
l ength up to about 30000 characters (or bits).

The d imensions of a static array or ragged table may be referenced in

the relational expressions mentioned in Structure Level 1.3 .

An app l i c a t io n of ragged ta b l e s  i s  the s torage of sparse  m a t r i c e s .

STRUCTURE L E V E L  1 . 5 :  L I N K E D  L I S T S

Whereas a set is attached to (owned by) a DBE , a linked list (LL) is

attached to a SN. The membership is defined by attribute names being present

and/or attribute va l ue relational ph rases (See Structure Leve l 1 . 4). A l l

DBEs which I) mee t the attribute requirements on names and values , and 2)

which ar e associated with any SN which is a descendent of the linked l i s t ’ s

SN , are automaticall y members of the li st. The lis t  is ordered by numerica l

a ttribute va l ues and/or a queueing discipline. Fu rt her , l i s t m e m b e r s h i p  i s

inde pendent of when a DBE is c reated . Orderin g of a LL is specified by a

se ries of ordering phrases. The first phrase is used for primar y ordering.

Subsequent phrases are used to brea k ties. Unless a ‘LIFO’ discip l m e  is

s p e c i f i e d , the f i n a l  order ing phrase is assumed to be a ‘ F IFO ’ . I f  a ‘ L I F O ’
or ‘FIFO’ discip l m e  is used for DBEs p resent before the LL is created , the

queueing d i s c i p l ine  becomes cycle no., then level no., and then relative

time of ori gi nal association with a SN (See Appendix A , Type 2 func tion LIST

and Type 3 function CREATE). Note when a DBE is created its attribute va l ues

are f lagged as non ex is ten t  un t i l  a value is entered . Finall y, a SN may

have zero or more lists.

As an examp le , Fi gure 10 shows a data base with a LL. The LL is called

LI and contains DBEs ‘ B l  ‘ , ‘Cl ’ , ‘ C 2 ’ , ‘B3’ , and ‘B2’ . Fi g u r e  1 1 shows the

same LL after DBE ‘B3 ’ has been removed and DBE ‘E3’ has been added . Note

tha t ‘C3’ fits between ‘ C l ’  and ‘C2’ in the list ranking. Note tha t DBE ‘Al’

is not a candidate for LL ‘LI’ and that SN ‘SYS ’ may have LLs attached . Fi gure

12 shows the same data base with a second LL attached to SN ‘A’ . The second

LL is called ‘L2’ and its members are linked together with a squigg l y line .
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-

e
L l

B Bl B2 B3

C C I  C2

Fi q ure 10. Lin ked Lists

SY S

B 

A 

L l

B I  B2
C

C I  C2 C3

Fi gure II. Linked Lists After Modifications
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F iq ur , $2 . M u l t i ple Linked Li sts o n a  Stru cture
Nod

A Al

L14

C C l C2 C3

B L5

L6 Bl B2 B3

Fi gur e 13 . Linked Lists Whi ch W i l l  Never Occur
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Fi gure 13 demonstrates two LLs , ‘L4’ , and ‘L5’ , which cannot legally occur.

LL ‘L5’ is attached to SN ‘C’ and contains DBEs which are associated with

a SN tha t is not a descendent of SN ‘C’ (SN ‘B’ and SN ‘C’ are on different

branches). Similarly LL ‘L6’ contains a DBE of SN ‘A’ which is an ancestor

instead of a descendent of SN ‘B’ .

When to use a set and when to use a list is dependent on the specific

situation. The following guidelines should clarif y most situations.

I) Sets require more effort of the DBMP and/or the user , but lists

require more bookkeeping by the DBMS. Thus large lists should be avoided

when a set wi l l  do. Lists are also expensive with respect to computer

resource time when their range spans many SNs. It should be kept in mind

that the DBMS is not assumed to be ‘smart ’ , whereas the DBMP is.

2) Large lists are advisable (contrary to 1) when all the elements

would always be in one corresponding set (membership is static).

3) Small sets are advisable if membe r DBEs are frequentl y moved

from set to set (membership is very dynamic).

4) Sets are advisable when attribute values referenced in ordering

are frequently changed .

The cha racteristics of lists and 5ets may be summarized by:

lists sets

easy to use versatile

no limi t  to no. of lists efficient

static dynamic
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SECTION II I

INTERNAL DATA STRUCTURES USED BY DBMS

STRUCTURE LEVEL 2.0: DATA BASE b UILDING BLOCKS

Internall y the data base is a tagged architecture. In particular ,

any entity which can have a pointer to it has a header describing the contents

of the information contained in the entity. The header is called the tag

and the information is called the text. The text may contain other nested

entities which have tags and text. In the data base , the princi pal tagged

entities are called nodes. The nodes may contain entities called cells ,

some of which are tagged . Structure Leve l 2 describes the interna l repre-

sentation of nodes as stored in the data base.

STRUCTURE LEVEL 2.1: CELLS

The smallest module of information storage in the data base is a cell.

Table I lists the various cell types and formats for CDC 6600/7600 and

IBM 360/370. Note tha t except for Types 2 and 7, the cell size remains

cons tant from one machine to anothe r with onl y the internal representation

vary ing. This enhances the data base ’s por tability. The cells have been

defined primaril y for the CDC 6600/7600 with consideration given to the

IBM 360/370 and the UNIVAC 11 08/ 1110 .

STRUCTURE LEVEL 2.2: INTERNAL INPUT FORM

When the input mode is LONG the input formats are shown in Appendix A.

DBMS converts the LONG input to a SHORT interna l form . When the input mode

is SHORT , DBMS uses the interna l form without any conversion . The interna l

form consists of from one to seven arguments per DBMS command : command

identifier , up to five keyword descriptions , and , if the input device is core ,

a flag indicating an argument has tried to reference a nonexistent node or

nonexistent entry in a ragged table. The command identifier is a cell of
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tne f o l l o w i ng format:

I L~~~~~~~~~II - :
r : 

~ 
COMMAND il Cell T - ~~e 9

.L hei C

CHEC I ~ ~ - t I o or d, r c e  - ~r’ ot cc I I s or san y c ~‘ e c  ~ on I y

= 1 i ’ or argument re ’ rr .- - ( 0 - , - . i s ten t nh-h- or none~ isten ’
e r r !  r in ra qq~~- I a~ - I ’ -

the u - h e r  o! ~ -y~~) r ’ I  ie Id s  p r e — ~ent

C “‘• -  t dent i ic - i  ion nur ’rfi , r for t 1 n- ~- r-ir j id.
( Se e T~~b 1e 2).

N Li 1:.  ~- r C - n i -i nd N u-- ~. - r Command

I rIPRESS 1 1 - I NV
2 CflP Y $2 CP [ TE
3 C YCLE $ 3

DISPLAY l h

5 I N I T I A L  IS END DATA
6 L $ ST I(~ FIND
7 RESTOR E $ 7 STORE
8 R E T R I E V E  18 R E TUR N

LINK 1° DELETE
10 STRUCTURE 20 RE MOVE

21 UNFILE

Table 2. DBMS Command - -

The keyword dr - -~Lript i o n s  are tagged ccl I~ in the f e r n  of a~ a r r a y if  one

or more cel l s ca ll ed a keyword packet . The f 1 rs t cel 1 i s T ype 9 (See Table

I ) - i r id the i rs t c’~ 1 I ‘ s r i qh t most Ii,~ I ~f I~~n t i es which keyword phras e

the a rray represents. The interpret - i t ion of the remaining information depends

uq)n t he  keyword phra se. A l l  the keywords (and thu s keyword packets) fall

into one of -o ven classes. Before showing the forma t of each case , some

q e n e r i l  comments about the keyword packets -ire in order. Keyword packets

may be of  an in d ,f i n i t  len gth. They may be wr r, ten on a sequential FORTRAN

Ii blocked with MPARRAY cells per logical record. The first four classes
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of keyword pac ket-. (simple keywords , file definition , core definition , and

linkage saving) require a few cells at most. The last three classes of

keyword packets (expression , motion , and lists) are constructed of primary

cells. These cells are presented before the keyword packets. Then formats

of all seven keyword packets are presented , followed by a number of examp les.

There are three classes of primary cells. They are g iven be l ow , with

the pr imary ce l l  name l i s t e d  first followe d by the cell descr iption.

Class I Cells: Class I cells are s imple pr imary cells. There are four

types:

(I) N TNA ME (BCD) I Ce l l Type 6

(2) AN NAME (BCD) J Type Cell Type 6

#D I M S  Ce l l  Type 2

D l Ml

D I M N  Ce l l  Type 2

where Type = the attribute type (See Table 3)

or 0. If not of type bits , array,

or ragged t a b l e  on l y the f i r s t c e l l

is present.

~/D I M S  = number of dimensions

D IMi = the i~~ dimens i on (for attribute type

bits , 1st dimension is w idth)

(3) ACONST 01 #CeIIs 0 [ 1/Chars Cell Type ~
Chars Cell Type 2

where #Ce lls the number of cells required for

the al pha string plus 1.

#Chars = the number of characters in the

st r i ng.
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NUM BE R A T T R I B U T E  TYPE

0 I NTEGER

REAL

2 DOUBLE P R E C I S I O N

3 COMPLEX

4 ALP HA

5 BITS

6 DATA BASE DEFI N IT ION

7 RAGGED TABLE

Notes : I) Number +32 implies an array

2) 64 imp lies an attribute name

Table 3. Attribute Value Types
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Chars  = machine dep e ndent  c h a r a c t e r

s t r i n g  must he an ev~ r n i rihe r

of words for IBM 360/370 h r

Un ivac 110 8 /1 1 1 0.

(4 )  CONST [j~ex t Ce l l f-ipe 2

where Text = a numeric constant

Cl ass II C e l l s :  There are five Class II cells. They are compound primary

cells used in b u i l d i n g  keywo rd pack ets. They are:

( I )  V l  AN
C ON ST

(2) V2 I AN[ AN

( 3) V3 AN
A C O N S T  

-

(4 )  V 4 AN
LOC /

where LOC is a class 2 (file d e f i n i t i o n )  c r

class 3 (core definition) a t t r i b u t e  ~~ -y i -Jorr!

packe t  (See be l o w ) .

(5) V5 AN

~ 
D B D E S C

e- h e . e  1 h r E S C  i s  composed of 5 ACONS fi~~Id s (i n order h.-y

repr esent d a t i  base name , s y s t ~~e-i , r k ev , w~o- -~- , m l

-~~~ ~ y)

Class $ 1 1  CeI Is: There Ire  t wo  Class I I I  c e lls. These are complex pri rra ry

c ’ l l s  repr -st rl I i n g  a l i s t of v a r i a b l e s :

(1) VL up to 12 ~UB MODES 1/Cells/seq C e l l  Type 8

up to I? Cells of
Type V l , V2 , V 3, v4 or VS

3 14
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whe r e SIJBMODES I , 2 , 3 , 14 or 5 for VI , V2 , V3,

V14 or V5 respectivel y

dCel is/seq = numbe r o1 cel Is requ i red for r h i s

VL (not including header).

(2 )  AAN up to 12 ~,‘ JD t -1flI )1 ~ J :!Ce I is/seq Ce I 1 Type ~

up to 12 cell s o~ Type A N

ch r~r e SUBMODES = 1 , 2 , 3 or 4 for H IP .H , LAW , L l~~O ~in- i

F I FO

rE el ls/seg = number of ce l  Is requ i red  for t k i s

dA N (not i nc l u d i n g  Leader ) .

i f - re se v en classes of - - - - r d  p a c t~ ts (or  k e y - - m r - i  classes f o r  short) are :

(I) Sir r p l e Keywords (CARD , LLETE, L I S T S , LO N G , P R I N T , SETS and SH OPT).

I 0 0 J h E Y  k~ ] C e l l  T ype °

c- bhe r e KEY = the ident if ica t ion nu rrf -cr of thu de .s-- - -rd phrase

(See Table 14 below) .
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NUMBER KEYWORD NUMBER KEYWORD

ABOVE 33 VALUE
2 ALL 3L~ (NOT DEFINED)
3 ATTRIBUTE 35 (NoT DEFINED)
14 BELO W 36 (NOT DEFINED)
5 CARD 37 (Nor DEFINED )
6 C LASS 38 (NoT DEFINED)
7 CORE 39 (NOT DEFINED)
8 DBE 40 (NOT DEFINED)
9 DBN 41 (NOT DEFINED)

1 0 DELETE 42 (NoT DEFINED )
11 EXCLUDE 43 (NOT DEFINED)
1 2 FILE 414 AFTER
13 FROM 45 ALPHA
14 INCLUDE 46 BEFORE
15 KEY 147 BITS
1 6 LI N KS - -~ 48 CO M PLE X
17 LISTS 49 DOUBLE
1 8 LL 50 DB
19 LONG 51 DELETE
20 MEMBER 52 FIFO
21 NAMES 53 FIRST
22 ORDER 54 HIGH
23 OWN 55 I NTEGER
24 PRINT 56 LAST
25 RANK 57 LO W
26 SET 58 LI FO
27 SETS 59 RAGGED
28 SHORT 60 REAL
29 SN 61 SAVE
30 SYSKEY 62 SCORE
31 TAPE 63 $FILE
32 TO

Table 4. DBMS Keywords
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(2) Fil e  Defini tion (DBN , FILE , FROM , TAPE and TO):

//CELLS I CYCLE /I I 1/CHARS I KEY/I C ell Type 9
F I L E  NAME Cell Type 2

where 1/CELLS = the number of cells required for the file name + I

K E Y/ I  = the iden tification II for the keyword phrase
(See Table 14 )

CYCLE# = data base cycle number if specified (-1 is default)

I/CHARS = the number of character s in the file name

(3) Core Defi nition (CORE):

1 3 J 3 ~ 0 J KE Y Ce l l  Type 9
l ocation ] Cell Type 2

L length J Cell Type 2

where KEY/I = the identification number for the keyword phrase

(See Table 4 4 )

LOCATION = an integer specif y ing s tar t i n g  loca tion of commands

LENGTH = the number of cells in the command string.

(L +). Linkage Saving (LINKS) :

[ 1 LINKS 0 16 Ce l l  Type 9

where LINKS = 1 i f  link age is to be retained and 0 otherw i se

16 = the identificatio n numbe r for the keyword LINKS
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(5) Si - r q l e  e x p re s s  ion (CLASS and SYSKEY)

~C ELLS M PA R RA Y UNIT  J KEY h Cell Type 9

up to 2 SUBMOD [r ~/SUBCELL Cel l  T- ,-p 8

up to 12 AN . ACON ST or CONST Ce l l s

(Above two blo cks repeated
as many t o r u s  as necessary)

where ~;CELLS = the numbe r of cells required f o r  t r y  e x p r e s s i o n

M P A R R A Y  = f i l e  b l o c k i n g  for keyword array (also number of

wo r d s  in core  — 1)

UNIT = u n i t  numb er for FORTRAN binary f i l e  conta ining

th e rer - ii in rb r of the keyword packet.

= the iden t i f i c a t i o n  number for the keyword phr a~-e

(See Table 14)

S U B M O D E S  = 14 b i t  tags describing the expression (Sc -

Tab le 5) . Note t ire e x p r e s s  i or- r ( - p r4 ” - 4 n t e d

i n Po l i s h  r l ot dt io f l .

::SIJBC ELLS = total numbe r of AN , ACANSI or CONST ce l l s

(6) Sing le mo t ion (ABOVE , ALL , BELOW , DBE , CL , O R D E R , SET , and U N c

! rCELLS M P A R R A Y  UN IT  KEY ~ C e l l  T ype 9

up t o  12 SUBMODES •~SUBCELLS Cell Type 8

up to 12 N or EXP c e l l s

• (Above two blocks repeated
as many t hires as necessary)
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where ~CELLS = the number of cells required for the motion phrase

M P A R R A Y  = file blocking for keyword array (also number of

words in core - 1 ) .

UNIT = u n i t numbe r for FORTRAN binary file containing the

remainder of the keyword packet.

KEY~ = the i d e n t i f i c a t i o n  numbe r for the keyword phrase

(See Table L i)

SUBMODES = 1+ bit Tags describing the motion (See Table 6)

IISUBCELLS = Total numbe r of N or EXP cells (Note tha t EXP cells

are class 5 packets).

(7) L ists (ATTRIBUTE , E X CL UDE , I NCLUDE , KEY , MEMBER , NAMES , OWN , RANK

and VALUE).

:!CELLS MPARRAY UNIT KEY/I Cell Type 9

0 MODE 1/LI ST 0 Cell Type 9

L I S T  ELE M E NTS

where HCELLS = the total number of cells required by all *

the LIST ELEMENTS

MPARRAY = f ile blocking for keyword array (also number

of words in core - I).

U N IT  = un it n um ber for  FORTRAN b i n a r y  f i l e  con taining -

the remainder of the keyword packet.

KEY/I = the identification numbe r for the keyword phrase

(See Table 1~)

MODE = basic mode of the I st elements:

1 - AN
2 - ACONST
3 - M (sing le motion)
1+ - VL
5 - OAN
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:ILI5T = numbe r of elements in the l i s t

LIST ELEMENTS primary cells of Type N , VI or OAN ,

or class 6 packets for type 11.

A class 6 keyword packe t may contain many class 5 keyword packet s .

Si m i l a r l y a class 7 keyword packe t may contain many class 6 and/or class 5

keyword pac kets. As is the case for al l  packets , contained packets may

s p e c i f y a u ni t  (FORTRAN binary file) which contains the text of the pac f - . t .

Si nce the header of a packe t is easier to comp le te after the tex t is c0m

pleted , the unit specified for a contained packe t should be d i f f - r e - r  f rom

the j~ i of the parent packet. It is expected that up to rhree units rr. s

be required for a class 7 packe t (I for the class 7 packet t e x t , I f r  - i l l

the class 6 text s, and I f o r  a l l  the class 5 texts). Since k e y rcr rr f packets

a re not always specified by the user in the order DBMS USes the -- , t i t -  un i t s

required for different keyword packets must he - i i s t i n c t .  The Type 2 ‘ un ct on ,

S T R U C T U R E , requires the most uni t s ;  in particular , 10 units - a .  be r n - O i i r r - ~~

(2 uni t s f i r the keyword SN , I unit each f r r  the k. ywor:i ATTRIBUTE and ~A ’ J~
and 3 un i t s  each for the keywords  MEMBER a nd  AWN .
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ri - t 01 lo-~-i ing i-x urn p Ie’~ ~~ i 1 I i 1 I ust r.j te each of the spec i f ic constructs

(TA r octal codes in the ea r n -  I ieI d~ of  Type 6 ce l l s  ure  BCD c h a ra c t e r  repre-

~- ef l  t a t  i o n s ) .

F~~amp le I.

The keyword Packet for the keyword phra se

L I S T S

is:

I J 0 0 J 17 ] C e l l  T ype 9, Keyword C l a s s

E~ xa -rp t -

The L cyi-jo rd packet fu r  the keyword phrase

FROM = DOG

i s :

r 
2 f - l J 3 1 l3J Cell Type 9, Keywo rd Cl a ss 2

~ ~~ 07 (‘D0~i ’ )  
~ 

Ce ll Type 2

Exampl e 3.

The keyword pac~ n - t f o r  the  - - y - m r d  phrase

[ RAM - C A TS (6 )

is:

2 6 14 13 Cell Type 9, Keyword Cl ass 2

L03 01 214 23 (‘cAry ) Cell Type 2

Example 14 .

The keyword packe t fur the ~t -y - -Ir rd phr ise

CORE = l 2Cl (15)

is:

Li 1 2 1 1 i Cell Typ e 3 , ~eyr nn rd  Cla ss 3
126 1 Cell Type 2
2~ Ce ll Type 2

L4 3
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Examp le 5.

The keyword packe t for the keyword phrase

LINKS = SAVE

is:

1 1 0 16 J Cell Type 9, Keyword Class L4

Ex.’mp l e 6.

The keyword packe t for the keyword phrase

CLASS (LNGTH .GT.IOO •AND. .NOT. WDTH .EQ. 1O )

i s :

6 1 S 1 0 6 Cel l Type 9, Keyword Class 5
4] 2 1 9  1 1 4 F 2 1  7 1 1 3 1 1 2 1  O--0 14 Ce ll Type 8
14 16 07 214 10 (‘LNGTH’) 1 0 Cell Type 6

100 Cell lype 2
27 O~4 24 10 (‘WDTH’) 1 0 Cell Type 6

10 Cel l  Type 2

Example 7.

The keyword packe t for the keyword phrase

SYSKEY = /TK=120396854//ID=GOOD/

i s :

5 F ‘~ 1 0 30 Cell Type ~1 10 0 3 — Cell Type 8
0 1 2 1 0 20 — 

Cell Type 9
24 13 54 34 35 33 36 44 41 43 (‘TK 1203968’) Cell Type 2
40 37 50 11 01+ 51+ 07 17 17 04 (’54/ID = GOOD’) Cell Type 2
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Example 8.

The keyword packe t for the keyword phrase

DBE = SYS .TOWN.HOUSEir/SM I TH .(FIRST.EQ./SALLY/)$F $S$S

is:

_____ 12 1 Il I o 1 8 Ce l l  Type 9 Keyword Class 6
l O171lO~7t l 0 1 8 l9I IO l 7 jl1 I l 1 L + 1 1 Cell Type 8
2~ ~l 23 (‘SYS’) _O Cell Type 6
2/+ 7 27 16 (‘TOWN’) 0 Cell Type 6
10 17 25 2~ 05 (‘HOUSE’) 0 Cell Type 6
23 15 11 24 10 (‘SM I TH’) 0 Cell Type 6

5 1 1+ 0 
- 

8 Cell Type 9 Subclass 5
1+ 1 1 7 1 0 0 3 Ce ll Type 8
06 11 22 23 24 (‘FIRST’) 0 Cell Type 6

0 1 0 5 Ce ll Type 9
23 01 1 / + 14 31 (‘SALLY’) Cell Type 2
4 0 0 0 Cell Type 8

Examp le 9.

The keyword packe t for the keyword phrase

ORDER = BEFORE SYS .~ /SYS . (COLOR .EQ./GREEN/)

is:

~ 
7 0 F 22 Cell Type 9 Keyword Class 6

•
1 14- 1101718 1 9 1 1 0 1 7  11 1 0—--- 0 7 C ell Type 8

23 31 23 (‘SYS’) 0 Cell Type 6
5 Li 0 22 Cell Type 9 Subclass 5

4 1 1 17 10 0 2 Cell Type 8
03 17 l~+ 17 22 (‘COLOR’) 0 Cell Type 6

0 I 1 1 0 5 Cell Type 9
07 22 05 05 16 (‘GREEN’) Cell Type 2
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)r p le 10.

TA, - k, ’y . - i ,, n f pac~~~- t  r t In , - keyn-:erd phrase

-\ T T RI B IJ T [ = (ALPHA (DOCI , CAT), INTEGER HOUSE , R E A L  P R I C [ ( 1 4 ,5)) I
9 0 3 Ce l l  T ype 9 Keyword Cla s s 7
o I 14 0 Ce l l  Type 9

014 17 07 (‘DOG’) 4 
— Ce l l  T ype 6

03 01 24 (‘CAT’) 
— C e l l  Type 6

1 0 17 25 73 ~~~~ (‘HOUSE ’) 0 Cell Type 6
20 22 11 03 05 (‘PRICE’) 33 C e l l  T ype 6

2 — Ce l l  Type 2
14 Cell Type 2
5 Cell Type 2

I I .

i r e  key- -i r r:l packi - for the k i - - y - - i r  rd p hrase

= ( S Y S . S T A T E . C I r Y , . D IS T ,. SCH OO L ,S B . H O S P I T A L )

i s :

16 15 0 23 Cell Type 9 K e v u rr d C l a s s  7
3 1; 1) C e l l  T ype 9

5 14 0 2~ C e l l  Tyt i ” 9 S u b c l a s s  6
1017 1 10 1 7 [lO t O 0 I 3 C e l l  T ype 8
2 3 31 23 ( ‘ S Y S ’ )  0 C e l l  T ype 6
2 3 2 14 01 24 05 ( ‘ S T A T E ’ )  0 C e l l  T ype 6
03 II 21+ 3 1 

— 

( ‘ C I T Y ’ )  0 C e l l  T ype 6
3 2 L~ 

0 1’ 23 C e l l  T y pe 0 S u b c l a s s  6
7 10 0 0 1 C c l i  T ype 8
014 II 23 2 14 (‘01ST’ ) 0 C e l l  T ype 6

6 5 1 0 23~ C e l l  T ype 9 S u b c l - s s  6
7 10 0 0 1 I C e l l  T ype 8
23 03 10 17 17 14 ( ‘ S C H O O L ’ )  0 C e l l  T ype 6
3 3 2 3 C e l l  ivp~- 9
T 1 1 0 1 0  I Cell iype 8

10 17 23 20 II 2 14 01 114 ( ‘ H O O P  I TAL * 
) 

0 C e l l  T ype 6
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Example 12 .

The keyword packe t for the keyword phrase

RANK = (HIGH OHMS (10 ,12) LOW WATTS LIFO)

is:

8 7 0 25 Cell Type 9 Keyword Class 7
0 5 2 0 Cell Type 9

I I 2 3 J 0 0 5 Cell Type 8
17 10 15 23 (‘OHMS’) 32 Cell Type 6

2 Cell Type 2
10 C e l l  T ype 2
12 Cell Type 2

27 01 24 214 23 (‘WATTS’) 0 Cell Type 6

Exa mple 13 .

Th e keyword  packe t f o r  the keyword p h r a s e

KEY = DOGS/ /CAT

is:

7 6 0 15 Cell Type 9 Keyword Class 7
O 2 3 0 Cell Type 9
0 0 

— 
4 C ell Type 9

014 17 07 23 (-DOGS’) Cell Type 2
0 0 0 Cell Type 9

0 1 0 3 Ce l l  Type 9
03 01 2~+ 

— 
(‘CAT’) Cell Type 2

/~7 



Example 1~i .

* The keyword packe t for the keyword phrase

VALUE = (CAT = 13 .5 , CAR(~) = 3, CAR(2) = MAKE)

is:

13 12 0 13 — Cell Type 9 Keyword Class 7
3 Ce l l Type 9

1 I 1 1 2 I 0 0 11 Ce l l  Type 8
03 01 214 (‘CAT’) 1 Cell Type 9

— Cell Type 2
03 01 22 (‘CAR’) I 32 Cell Type 9

Cell Type 2
________________________________ Ce l l  Type 2

3 Ce l l  Type 2
03 01 22 (‘CAR’) 32 Cell Type 9

__________________________________ Cell Type 2
2 C e l l  T ype 2

15 01 13 05 (‘MAKE ’) I 0 Cell Type 9

Example 15.

The keyword packet for the keyword phra se

VALUE = ( D B I  = SYS I ’r $READ//ALTER)

is:

12 
~ 

II 0 33 Cel l Type 9 Keyword Class 7
0 1 4 I 0 Cell Type 9

5101 0 ----- 0 1 8 C e l l  Type 8
04 02 34 ‘DBl ‘ 1 6 Cell Type 6

- 0 1 1 
~ 

0 1 14 Cell Type 9
23 31 23 34 ‘ SYS 1’ C ell Type 2
0 1 1 0 I 4 Cell fype 9

22 05 01 04 ‘READ’ Cell Type 2
0 0 0 0 C e l l T ype~~
0 I I 5 Cell Type 9

01 14 24- 05 22 ‘ALTER’ Cell Type 2
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When the input med i um is core , the flag indicating an illegal node

reference is a sing le cell of Type 1+ con ta i n i ng a p o i n t e r  to the beg i n n i n g

of the offending motion descri ption (Keyword Class 6 array) and the numbe r

- Of successful motion phrases. S i m i l a r l y, if an illega l ragged table index

i s  de tec ted , the flag w i l l  be a single Ty pe 4 ce l l  po in t ing  to the beg in n i n g

of the offending attribute reference and the number of the index which

caused the fault.

As men tioned a command may be subm i tted to DBMS in a long or short

mode f rom cards , from a file or from a core array. The forma t used in

conjunction with the long mode from cards is detailed in Appendix A. The

forma t used in conjunction with the long mode from a fi l e  or core array

i s  s imp ly 80 co l umn card images. It is assumed the tape was created with

a formatted FORTRAN write which Creates a machine dependent tape (the forma t

is 7AIO , A2 for  CDC , l8A 1+ for IBM , and l2A6 for UNIVAC or e q u i v a l e n t ) .

The forma t of the short mode strong l y resembles the internal form

just discussed but is dependent upon the input med i um . When the input

m edi um i s  a core a rr ay t he command iden t i f i e r , all five keyword packe ts

(a header of zero is a nul l  keyword) and the i l l e g a l node f l a g  are located

sequen t i a l l y in core. The user is required to set proper values into the

fields MPARRAY and UNIT. Thus the examples I , 2 and 6 of keyword packets

ji st prese nted would have octal representation in CDC core as:

Examp le l a :

0000 1 00000000000002 1

Examp le 2a:

00003000020000000015
00000777770000300000
014 1 70755555555555555
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Examp le 6a :

0000600005 0000000006
2051 201+ 76700000000014
00037076131023306635
00000000000000000I44
00072 31+ 72 6552 3 3 06635
0000000000000000001 2

When the input med i um is cards or a file , the comma nd i d e nt i f i e r and a l l

f i v e  keywo rd packe ts ap pear  se quent i a l l y  as in the case fo r core , but

porti ons of l a r g e  keyword packe t s can no t re s i d e  on a u x i l a r y  f i l e s . For

card input or f i l e  input , the keyword packe ts must be complete and DBMS

may p lace portions of large arrays onto fli es and Set MPARRA Y and UNIT in

the tag of the keyword packe t to appropriate values. I f a fi l e  is the

input medium , i t is assumed to be a FORTRAN binary f i l e  blocked wi th 63

c e l l s  to a log ical reco rd. If~ cards are the input med i um , i t i s  ass um ed

to be base 32 (0 represented by A , 25 represen ted by 2 and 31 represented

by 5) with 6 cells on each card in co lumns 1 - 72. The key word packets

in Examples 1 , 2 and 6 would appea r on cards as:

Example lb:

AABAA AAAAAAR -

Examp le  2 b :

AA DAACAAA AANAAA 555AADAAACO YLi I NWI NW IN

Examp le 6b :

AAGAAFAAAAAG I KKCPXAAAAAEAA 5D2LEE I DM3MAAAAAAAADEABOØØ WWA 1 DM3AAAAAAAAAAAK

STRUCTURE LEVEL 2.3: SN CONSTRUCTION DETAILS

All SNs are tagged en t i t ies , and as me nt io ned befo re , the SNs forn-n th -~

skeleton of the data base g iving the data base a hierarch y and acting as a

template for associated DBEs. Fi gure l~+ presents a model of SN ‘SYS.SIMS.XTORS’

of Fi g u r e  6. In Fi gure 114 the symbo l ‘ ‘  i s i n te r p r e ted as ‘ a pointer to ’ .
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Frequently a ‘~~~~~‘ is followed by a qualifier such as ‘B;, ‘ F ’ , ‘ L ’ , ‘P or

‘5 ’  which have the same connotation as in Structure Level 1. 3 . The qua l  i f i e r s

have a pe r i o d  sepa rat i n g  t hem f rom t he p o i n t er n am e. Thus  i n c e l l  1 of F i gure
114 , the p r -inter -B. STRUCT is a pointer to the parent of the current SN

(i .e. SN ‘SYS .SIMS ‘) . The firs t cell (cell no. 0) of a SN is typ i ca l of nodes
w h i c h  a r e  re ta i n e d  b y c y c l e  numbers . The f i r s t c e l l  con ta i n s t he nod e ty pe

(3 fo r a current SN , 35 for an old cycle of a SN), the number of cells required

to store this node (10 in this example), the cycle this node was created (in

t h i s  example , CYC = 0) , and a poin ter to the next cycle or to the ori g i n a l
cycle of this node (in this case cCYC LINK points to itse l f since this is

the onl y cycle of ‘XTORS’) . The second SN cell contains a backwards pointer

(to SN ‘SYS .SIMS ’) and a string of item present bits (IPB) . In our example ,

the number of bits is 2 and the IPB field is 
~~~~ 

since all of the possible

cell s  are present (Structure Level 3 w i l l  discuss generation and control of

abbrevia ted nodes).

Cell  No. Cell Type

0 3 ~~~3 
4’CELLS CYC 

~ ~CY C L I N K
I 7 AB .~ TRUCT I/BITS IPB
2 9 ~~~

ffATTR I BUTESI~
LLH 4’DBE ~/lNWAR D

3 6 XTORS I LEVELS
14 1 ~F .DBE 

I
~L DB E

5 1 @F.SUB ~L . S U B
6 1 ~F .LLH ~L .LLH
7 1 ~P.STRUCT 0 ~S . STRUCT 0
8 1 ~P .STRU C T 1 ~S .STRUCT 1
9 6 DOMAIN ( 4

10 6 DOMCODE 0

F i g u re i~+. SN ‘SYS .S I M S . X T O R S ’

In genera l the IPB field is interpreted from left to ri gh t with a one bit

i mplying a cell is present and a zero bit imp l y ing a cell is absen t. The

third cell contains the numbe r of attributes that the associated DBE contains ,

the number of linked lists attached to this run , the number of DBE s associated
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wi th th i s  SN , and the numbe r of po inters wh ich point to this SN (in this case

th i s c e l l  con ta i n s  the v a l u e s  2 , 0, 3, 5). The first four cells for m the

tag for SN ‘SYS.SIMS .XTORS ’ .

The nex t three cells (4 , 5 and 6) contain pointers to the first and

last DBEs associated with SN ‘SYS.SIMS.XT ORS’ , the first and last SN in the

str ucture set of SN ‘SYS.SIMS.XTORS’ , and the first and last LLH attached

to SN ‘SYS.SIMS.XTORS’ . I n particular the following is true :

~F .DBE points to the DBE with ‘ DOMCODE = 1’ under  ‘ S I M l ’  in Fi gure 6.
~L.DBE points to the DBE with ‘ DOMCODE = 2’ under ‘SIM2’ in Fi gure 6.
-~F .SUB poin ts to the SN ‘SYS.SIM S.XTORS .MODELS ’ .

~L . S U B  poin ts to the SN ‘SYS.SIMS.XTORS.MODELS ’ .
aIF . L L H  poin ts to an order defining node containing ‘FIFO ’ on l y.

-~L .LLH poi nts to an order defining node containing ‘F I F O ’ o n l y.

I t is worth notin g tha t the LLHs are chained together and the first entry

always contains the set ordering for DBEs associa ted with this SN only.

Cells numbered 7 and 8 in Fi gure 14 are the s t ruc tu re se t me m b e r s h i p poin ters.

There is one pointer cell (2 pointers) corresponding to each ancestor in

the SN tree (in this case SN ‘SYS ’ and SN ‘SYS .SIMS’). Thus for SN ‘SYS.SIMS

XTORS’ i n Figure 6, the subset pointers have the following values:

~P.STRUCT 0 poin ts to SN ‘SYS.SIMS’ .

~S.STRUCT 0 poin ts to SN ‘SYS ’ (i.e. end of chain).

~P .STRUCT 1 po in ts  to SN ‘ S Y S . S I M S ’  ( i .e .  beginning of chain.
&S.STRUCT 1 points to SN ‘SYS.SIMS.DIODES ’ .

The last two cells (9 and 10) are the attribute names and value types. In

par ticular one cell indicates an attribute name ‘ D O M A I N ’  which is stored

as an a l pha string (Type = 4), and the othe r cell indicates an attribute

named ‘ DOMCODE ’ which is stored as an integer (Type = 0).

The att r ibu t c definition cells are used directl y as a template for

interpreting attribute va l ues stored in the DBE. Thus the attribute

definition cells and the attribute value cells are always the same size

and in the same order. Because of this , descri ptor cells for attribute

Types 2 and 3 (double precision and comp lex) are followed by a v o i d  c e l l
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and descri ptor cells for arrays are Type 5 cells containing an attribute

type and a pointer to an ‘AN ’ primitive cell. The ‘AN ’ cell wil l  follow

all the attribute descri ptor cells. As an example , the integer array

attribute named ‘INT ’ , followed by the comp lex attribute ‘ CO M P ’  which is

itself followed by the rea l attribu te named ‘REAL ’ would have the followin g

attribute descri ptor cells:

Ce l l  Type

6 € I NT 32
6 COMP 3
6 0 0 0
6 REAL
6 INT 32
2 #DIMS
2 DIM 1

Fi gure 15 shows the genera l forma t of a SN.

Cell Type

3 3 or 35 ~‘CELLS CYC r~CY C LI NK
7 ~B.~~tRUC’r #BITS(8) I IPB
9 #AtTR I BUTES I #LLH #DBE J #lNWARDr ~6 NAME I LEVEL #

~F.DBE ~L.D~ E
~+F.SUB I~+L .SUB

~F.LLH @tL.LLH

~P.ST RUCT 0 €~S .STRUCT 0

6 ATTRIBUTE NAME TYPE

2 ARRA Y ATTRIBUTE DESCRIPTOR 
.

F igure 15. Genera l Structure Node Forma t

• 53

4 - -~~~~ _ _ _ _ _ _ _



- -

The a l go rithms required to create and use SNs can be found in Structure

Leve l 3. A node which is attached to a SN (an own node) wi l l  be discussed in

Structure Level 3.3, since i t onl y deals wi th construction of SNs.

__________________________ 
I

STRUCTURE LEVEL 2.14: LLH CONSTRUCTION DETAILS

The linked list headers (LLHs) are chained to a SN and they contain either

informa tion regarding the ordering of sets , or the m e m b e r s h i p and o r d e r i n g

of l in ked lists (LL) . The genera l form of a LLH is displayed in Figure 16.

The fi rst cell of a LLH is s i m i l a r  to the first cell of a SN (The node type

is 2 for a current cycle and 3/+ for an out of date cycle). The second cell

contains the LL name and the number of pointers which point to this LU-i .

The third cell of a LLH contains the predecessor and successor pointers for

LLHs attached to the same SN. The next two cells (3 and 4) poi nt to the

first and last DBE in the LL. The chain pointers within a LL are stored

wi th each linked DBE node. Since there can be many LL chains passing throug h

any DBE the fields FPTR# and LPTR# (relative location in list of LL chain

pointers in the first and last OBEs of the IL) are requ i red to identif y a

particular chain pointer (see Structure Leve l 2.6). Cell number 5

Cell No. Cell Type ________________________________
0 3 2 //CELLS I CYC I ~LCY C LINK
1 6 LLH NAME #INW AR D~2 1 ~S . S L I N K  @P .SLINK
3 5 I~F .SLINK FPTR#
4 5 €~L .SLINK LPTR#
5 9 //CLASS I# RANK ! YLISTI#DBE
6 KC l a s s  5 CLASS EXPRESSION

6+YCLASS KClass 7 RANK O R D E R I N G

5-f//CLASS-f//RANK .

Figure 16. Linked List Header Format
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con tains the numbe r of cells required to store the CLASS and RANK expressions ,

the numbe r of ranking phrases  i n  the RANK expression , and the number of DBEs

c u r ren t l y i n the LL. The LLH ends with two groups of cells. The forma t of

the first group of cells is keyword packet class 5 without the first two cells

and con tains the class list. The forma t of the second group of cells is key-

word packe t class 7 without the first two cells and contains the ranking

phrases . (Note the mode of the lis t  is always OAN). Appendix D contains an

examp l e of a LLH and Structure Level 3 contains the al g o r i t hms fo r crea t i n g
and ma i n ta i n i n g  linked l i s ts.

S T R U C T U R E  L E V E L  2.5: DBE CONSTRUC TION DETAILS

The OBEs are the working part of the data base since all user information

is stored in them.

The DBEs con tain very li ttle structure information in order to keep

them as small as possible. As such the DBEs have a complex tag , and the
associa ted SN must be referenced in order to interpret most of the infor-

ma t ion  con ta i n ed i n a g iven DBE . The genera l form of a DBE is presented

in Fi gure 17 . The first two cells of a DBE are similar to the first two

cells of a SN. Here the node type is 5 (37 for an outdated DBE). The

pointer ‘~~B.STRUCT’ points to the SN associated with this DBE. Cell

number 2 contains the siblin g ring pointe rs. In particular ‘~ P .DBE ’ points

Cell No. Cell Type

0 3 5 I/CELLS CYC I~tCYC LIN K
7 t/B .STRUCT //BITS J IPBs

2 1 1~P.DBE ~itS.DBE
3 4 #LLCHA INS @LLCHAIN
4 1 ~F .SUB ~L.SUB
5 1 ~P.SUB1 ~S.SUB1

14 + N 1 @P.SUBN 1~S.SUBN
A TTRIBUTE VALJES

4+N+#Attrjbut es I

Figu re 17 . Data Base Entry Nod e Fo rma t
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to the particular DBE associated to the same SN wh i ch was created just prior

to this OBE . Similarl y ‘~ S . D B E ’ points to the DBE created just after this

DBE which is associated with the same SN . Cell number 4 contains pointers

to the first and last DBE in the ordered set belong ing to this DBE. The fourth

cell of a DBE contains the numbe r of IL chain slots and a pointer (‘~ L1CHA IN ’)

to a node containing the LL chain pointers . The next N cells contain pointers

for each of the possible sets this DBE may belong to (N is the level of this

DeE). This association of nodes to sets has been discussed in Structure

Level 2.3.

Sing le attribute va l ues of type INTEGER or REAL are stored in Type 2

cells. Single DOUBLE PRECISION and COMPLEX va l ues each requ i re two Type 2

cell s. Al pha values are stored in the internal character code of the

machine on which the data base resides. If the string requ i res less than

52 bi ts , (6 or 8 cha racters) the string is stored along with the numbe r of

characters in a Type 6 cell. Otherw i se the number of characters and a

pointer to the character string are stored in a Type 5 cell. The alp ha
string is p l aced i n an al pha node as d i sp layed in Figure 18. The first

two cells are of a familiar format. Note the node types for curren t and

outdated alpha nodes are 9 and 141 respectively.

Ce l l Type

3 9 I/CELLS CYC I~CYC LINK

ALPHA STRING

(format is mach ir- ..
dependent)

Fi gure 18. Al pha Type Attribute Value Format
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A bit string is stored in the same fashion as an al pha string except i t  i s
not machine dependent. Any of the attrib ute value types mention ed so far
may be stored as arrays. For an array the following Type cell , c a l l ed an
array entry, is stored in the DBE node:

L ~ARRAY D E S C R I P T I O N 
~ ~)ARRAY VALUE S J

Here the ‘ARRAY DESCRIPT I ON ’ and ‘ARRAY VALUES ’ are nodes of the form shown

in Figures l9a and l9b respective l y. The first cell of both nodes is the

standard cycle descr ipti on . Note an array description node is Type 7 (and

39) . In Fi gure l9a the number of indi ces and the length of each dimension

are expressed as integers.

Ce l l  Type Cell Type

3 7 1 I/CELLS CYC ~ @CYC LINK 3 4- I/CELLS CYCI@CYC LIN 1~2 NUM BER OF INDI CES 2 Val ue 1
LENGTH I

Figure 19a . Array Description Figure l9b. Array Values

The va l ues for data base name attributes are stored as a singl y indexed

array of length 5. The five alpha strings represent the file name (i.e. DBN),

read key , wr i te key, alter key, and sys tem key. As an examp l e , if the data

base name i s ‘TEST ’ , the write key is ‘ D ONT’ , and the remaining keys are

unspecified . The attribute va l ue would be represented by Figure 20.

DBE ‘SYS’
5 [  I - I -

ii
1 7 1 3 1 — I — I : 4 1 6 ! — !  —

1 1 ‘TEST 4I. 51J o p p
‘DONT’ 4
O 0 0
0 p o

Figure 20. Data Base Name Attribute Va l ue Format
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The most comp lex attribute type is a ragged table. The method of

constructing a ragged table w i l l  not be discussed until Structure Level 3;
however , the general form of a ragged table w i l l  be discussed presently.

Similar to all attribute types , a sing le Type 1 cell is included in the

DBE node. This cell points to a Ragged Table Node (RTN). The RTN is a

con t i guous g roup of Type 9 ce lls. Considering the ragged table of Figure 9,
the RTN i s  i n tu i t i v e l y cons tructed as follows :

(1) Perform a p re-order traversal of the ragged table (tree)
writ i n g  down the number of outgoing branches. For our
examp le this results in the followin g sequence

3 2 0 2 0 0 1 0 2 1  1 2 0 2 0 0 0

(2) Scan the list of numbers from left to right and

(a) for a number greater than zero leave a slot

(b) for a zero put in the type of lea f and a pointer to the
leaf va l ue

Step 2 results in the follow i ng lists:

3 2 0 2 0 0 1 0 2 1 1 2 0 2 0 0 0 (copies from step 1)

#A I/B//C #D #E #F#G#H

where I/A represents both the attribute type and the pointer to
the attribute value of A.

(3) Scan the l i s t  of Step 2 f rom left  to right and for each empty slot

find the element in the list of Step 1 which caused the empty slot ,

calling this the starting point. Starting with the va l ue in  the

starting point and proceed i ng to the ri ght add each va l ue minus

one . Stop when thIs sum is zero and call the next element the

stopping point. Now in the list of Step 2 set the offset of the

stopping point into the empty slot corresponding to the starting

point. For example , the first blank slot in the list from Step 2
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cor responds to the 3 in the list of Step I . Summing each of

t he e l emen t s to t he r i gh t we obtain the following sequence:

3, 14 ,3,4,3,2,2 ,1 ,2 ,2,2,3,2,3,2 ,1 ,0.

Thus the stopp ing poin t is just past the end of the list (I/H),

and the li s t  of Step 2 become s :

I / A ::B //C //D

F i gure 21 shows the resulta nt l i s t .

1~A ~‘B.~C ~iD I / I  IIF~/CIL’H
2 ~~~~~T T  T

Fi gure 21. Examp le of Ragged Table Cons truction

When this l i s t  is stored into a table each slot corresponds to one subce l 1

(15 bi ts) of a Type 9 cell , and each leaf consists of one subcel l (15 bits)

fo r the attribute type followed by two consecutive subce ll s (30 bits total)

for a pointer to the attribute value. The resul tant table is shown in Fi gure

22. The first two cells of a RTN as shown in Fi gu re 22 form the header. The

fi r st cell contains type , size and cycle information which has been discussed

previousl y. Here the 8 imp lies a current RTN and a 40 would imply an out-of-

date cycle. The second cell w i l l  be discussed in detail i n S t ruc ture

Level 3, but for now it suffices to mention the second cell is used to

con tro l overhead during construction and alteration of a ragged table.

Subcell No. Cell Type

~ I #CFLLS CYC I ~CYC LI N K 3
ilSubce lls 

________ 

// 7IMax Subs 9
0 33 T2 ffA ~A(I/~T 9
4 •~A (2I2 ) 2 II B ~B(l7~T 9
8 ~~~~~~ I/C --C 9

1 2 16 I/fl ~D _______ 
9

16 33 30 30 iTO 
- 9

20 #E __________________________ 30 9
24 I/F -~F //G 9
28 — 

l-’)G ffH & I.f(l/ ~~{ 9
32 (~H (l/2)I I _______

Figure 22. Ragged Table Storage Format
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A tabular representation of Figure 21 is shown starting with the third cell.

The cells containing numbers correspond to the pointers of Fi gure 21 . HA is

the comp l ement of the attribute type of lea f A , and ~A (requiring two sub-

cells) is a pointer to the value cells of leaf ‘A’ . During construction

of a ragged table , subtree s are not always nested in the RTN; this occurrence

is flagged by an attribute type of 256 (complemented). Also if a ragged

table exceeds its allocated space , DBMS attaches new ragged tables to the

ori ginal t ree with an attribute type of 512.

Before continuing, it is necessary to examine the properties of the

RTN of Figure 22. Noti ce tha t each branch of the ragged table appears

sequentiall y. For examp le , the leftmost branch of the ragged table (with

leaves A , B and C) is contained in sub cells 1 through 1 1 and the branch

with leaves B and C is contained in subcel ls 5 throug h 11 . Also each

branch (excluding leaves) is preceded by a pointer to the first cell

of the next branch. In order to demonstrate this better , let us follow

the branches to lea f C. Starting at node 0 we find a pointer to subcell

33 (or ‘a pointer to 33’ for short). If we fol l ow this pointer we will  skip

over the entire ragged table (considered as one large branch) . Ignoring

the first pointer we go to subcel l 1 and find a pointer to 12. Following

this pointer would skip over the leftmost branch , but since C is on the

leftmost branch we also i gnore this pointer and move on. Subce ll 2 is

flagged as being a leaf , but we need to take the second branch so we ignore

the leaf and come to subcell 5. Here again is a pointer to skip over the

branch we want , so we ignore it and move on to subce ll 6. This is also a

leaf we don ’ t want (B), so ignoring it we come to subcell 9 which  is leaf C.

The following points are now apparent:

(1) Motion in the table is always down (increasing subcel l numbers).

(2) Motion in the tree is accomplished by finding the proper branch

and then moving down a level. Then repea t until the desired node

is reached .

(3) The pointers which are not taken provide a decreasing maximum

subcel l number. For example , when ‘C’ was found this maximum
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was 12; if we had tried to ski p ‘ C ’ , we would have been at sub-

cell 12 which is an error. Thus reques ting a non existent branch

is detectable.

(L,) Since leaves are distinct , an attempt to consider a leaf as a

branch node is detectable. This would correspond to moving

down a non-existent branch.

Branch and leaf nodes are referenced in the same forma t as simple arrays.

This notation can be converted to an intuitive notation consisting of com-

binations of the operators +1 (move down a level) and (ski p a branch)

by the following algorithm :

Move through indices from left to right and for each index

(a) Place a +1 at end of current expression and enclose the
result in pa rentheses .

(b) Place (index—l ) ~ ‘s in front of the current expression .

As an example the leaves of Fi gure 6 would be:

(1) leaf A with indices (1 ,1) becomes ((+l)+l)

(2) lea f B with indices (1 ,2,1) becomes (*((+l)+l)+l)

(3) leaf C with ind i ces (1 ,2,2) becomes ~(~ ((+l)+l)+l )

(4) leaf D with indices (2,1) becomes (;‘~(+l)+l)

(5) lea f E with indices (3,1 ,1 ,1 ,1) becomes ((((~‘~~(+l)+l)+l)+l)+1)

(6) leaf F with indices (3,1 ,1 ,1 ,2,l) becomes (~ ((((*+ (+l)+l)+l)+l )+l )+1)

(7) leaf C with indices (3,1 ,1 ,1 ,2,2) becomes ;
~( * ( ( ( ( ~ ;

~(+l)+l)+l)+))+l)+l)

(8) lea f H with indices (3,2) becomes ~(~*(+l)+l)

The motion produced by +1 and would be:

+1 current subce ll + I if the current subcel l is a pointer (not a leaf )
error if current subce ll is a leaf

* 
ind i rect address If current subcell is a pointer (not a leaf)
current subcell + 3 if current subcell is a leaf

Note tha t DBMS performs the above ragged table al gorithms in a much condensed
form.
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S T R U C T U R E  L E V E L  2.6: LINKED LIST CHAIN (LLC) NODES

Fi gure 17 contains the pointer ‘ ~L L C H A l N ’  wh i ch poi nts to a LLC node.

The general  forma t of a LLC node is d i sp layed in Figure 2 3. The f i r s t  t w

cells are standard and w i l l  not be discussed. The chain l i nks  requi re a
pointer to LLC node and a pointer numbe r (or offset). Thus if we have a

po in te r  to the LLC node of Fi gure 2 3 and an o f f se t  of 3 the next element in

the chain w i l l  be the LLC node pointed by ‘ LLC 3’ a nd the new o f f s e t w i f l

be ‘~ LLC 3 ’ . Each offset and pointer is considered a sing le item in a LLC

node .

Cell Type

3 6 I ~C E L L S I CYC I ~CY C LINK
7 -~B .DBE I/BITS I IPB
9 IILLC I ~LLC2 ÜLLC 3 L u LL C14
1 TT LLC 1 -~) LLC2

LLC 3 ~LLC 14
9 ffLLC5 ‘/LLC6 IILLC7 [-I/LLC8

ILLC 5 ~LLC 6
1 -~- L L C 7  ~LLC8

Fi gure 23. Linked List Chain Forma t

STRUCTURE LEVEL 2 .7: THE DATA BA SE NO DE

Ihe first three cells of a data base are always of the forma t repre-

sented in Fi gure 214. The first cell identified the file as a data base

generated on a CDC 6600/7600. The left hal f of the second cell contains

a pointer to SN ‘SYS ’ . The remaining fields are discussed in Structure

Level 3.

CELL TYPE

6 1 *DB~CDC~~ 0
F ~STRU CT-TABLE I

LI tI//TYPE 2 0

Figure 214. Data Base Node Forma t
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i e i~~ .ST~ U C T — T - ~f- F ~ 
- - - - PE 2 cel l s are incl uded to

in s~~rr :~~i i  - - t a  ~~~~~~ Ir,- ~~~~~~~ ~ ‘L !e w i t h  f u t u r e  ve~ s n s  o f ~~~~~
‘h , - - -~,-  tw- e l d s  ~~~ ‘t-ro s .
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SECTION IV

DB MS A L G O R I T H MS

STRUCTURE LEVEL 3.0: DBMS MAINTENANCE

Structure Level 3 contains the DBMS algorithms and functional

descri ptions of the main procedures used by DBMS. As such structure

leve l 3 can be used by a knowled geable systems programme r to perform

maintenance tasks on DBMS and associated data bases. Although DBMS

maintains a hig h leve l of system sanity within a data base , a data base

can nevertheless be partiall y destroyed by a hardware failure during a

disk write , to name onl y one examp le. Conceivabl y the sys t ems  prog rammer

can detect and correct the incorrect data and thus save a large data base.

Similarl y, i n a data base which has a large number of ‘bad areas ’ , a sys tem s

programmer can transfer valid information to a new data base . Also , as

wi l l  be seen , the knowledgeable systems programme r can determine which

pointers are saved in a data base (i.e. ‘@F.SUB’ mi ght be stored in a

DBE and ‘ -~L.SUB’ is not). Data bases remain compatible with DBMS regardless

of which pointers are saved in the data bases and which pointers are used

by DBMS .

STRUCTURE LEVEL 3 .1: LONG INPUT DECOMPOSITION

When the input mode is LONG , the card images are translated to the

interna l command form by a table driven LR(k) parser which calls a table

driven lexica l analyzer. The BNF gramma r for the DBMS is presented in

Table 7. The forma t of the translator output is presented in Structure

Leve l 2.2.

STRUCTURE LEVEL 3.2: UTILITY FUNCTIONS

The algorithms for the Type 1 (utility) functions are presented in

Tabl es 8 through 15 . Subtleties of the Type I functions are discussed

be l ow.

Pointers in the data base may point to an out of date cycle of a node ,

in which case the cycle link must then be followed until the current node
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i s  found . F i gure 25a shows severa l cycles of a node and an out of date

po in ter . F i gure 25b shows the same pointer after up dating. Before an out

of Jite node can be purged , the cycle links must be adjusted to bypass the

node and all inward pointers must be set to point at the current cycle of

the n- de. This restriction onl y affects the function COPY (Table 10) of

all the Type 1 functions. Because the data base is paged , the page containing

the tag of a node must be locked into core before any part of the node can

be referenced into core. Then if the node is out of date , the cycle link must

be followed . This is accomplished by determining the l ocation of the next

cycle by unlocking the page of the out of date node and locking the new page

into core. This process is repeated until the current node is located .

I t mi gh t then be necessary to lock an additional page to access the desired

part of a node.

STRUCTURE LEVEL 3.3: STRUCTURE FUNCTIONS

The al gorithms for the three Type 2 functions are presented in Tables

16 throug h 18. These functions dea l wi th the generation and contro l of

the structure tree and the generation and remova l of linked list headers

and initia l  chains.

A structure node may be redefined by the structure function. This

r .~~ lts in a new cycle of the SN. If all the attributes of the out of

date SN are present and in the same relative l ocation within the new

attribute list , the associated DBEs are retained as is. Otherwise , the

associated DBE are flagged for deletion . The resultant effect of flagging

DBEs for deletion is discussed furthe r in Structure Level 3.4.

For each structure command which contains an own keyword , there is

created an own node . This node is used during the construction of a structure

tree and as such was not mentioned in Structure Level 2. Figure 26 shows the

general format of an own node (ON). The node type is 1 for an ON.
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C t ?  I Type
9 I :~~[~ ( 5 J GOWNED J 0

CLASS 6 PACKETS

Figure 26. Own Node Forma t

A point e r to ~~~ ON i s  p l a c ed in  a SN as P .STRUCTN and -~S .STRtJCTN where N is

the level H~ t he SN (See Fi gu re 15).

As -w~is mentioned in Structure Level 2.3, no t a l l  p o i n ters  mus t he

incl uded in a g iven node. However , all of the chains rust be comp le te.

Thus i t  a SN has one or more DBE which do not have a aP.DBE , then a l l  the

DBE a s so ci - t ed w ith that SN must have ~S.DBE present. Fu rt her , i f  i n

spec i f y i n g  a n -de , i motion phrase requiring an absent chain pointer is

g Lien , t~ € - - DBMS w i l l  proceed in the reverse d i r e c t i o n  t i l l  the t roper node
L. found . — /h ich pointers are to be p laced in a node is specified in the

~~~~ DATA by s e t t i n g  log ica l va r i a b l e s . These var i a b l e s  a r e l oca ted u nde r

t - comment s :ating ‘ P O I N T E R  CONTROL ’ . When ch oosii ~ these pointers , it

-- -~l - ~ ~ t r - - ’ - I t - r r ! ) e r e d BMS pr ii -~i r i l y use s forward (or downward) poin t -r s w i t h

- c t -~~-. e p t  i n  t ’ - ~t SB is used frequentl y.

~ U C i~~~ - I L E V E L  - - — 
HA TA C O N T R O L  F U N C  T I

T he-  i l gori ‘hn~-~ fwr t he ei ght Type 3 functions ire pr L-sen t ed in T T h ? e s

0 ~ r- ~~ qh 2C I~
- - -~~ - fun ctions dea l w i t h the ~torage and retrieval ut

- .i~~t~ w i t h i n  the da ti ba~ e- plus the control of DBE sets. The creation o~ a

- -  da ta nude i s simpl y tying an empty node into the chai n of DBEs associ ated

w i t h  the - pt-c i f i e d  SN. Th is  new node has a l l  of the a t t r i b u t e  va lue  IPBs

t u  i of~ . Th.-~ e PBs w i l l  be turned on as needed by th e store fun c t ion .

A ~ irn i Hr ~c ion i s  pe r f o r m e d  f e r the set and 1 nk point e rs in t I i t  t he y are

i n i t i a l l y nu l l  and e t  as needed . Strw ture Level 3.5 w i l l  discuss

N~-n er 1 t ion of r i 1 ’ ; t -  I t able od :-s. rh~- other type of att r i b u t e  vat it -s .,re

cr- -~ite d in - i s t r t i g h t  fo rwar d  m-~nnc- r .
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STRUC TURE LEVEL 3 .5:  RAGGED TABLE NODE GE N E R A T I O N

The al gorithms for generating RTNs are presented in Tables 27 and 28.

During creation a RTN is stored in a scattered form which is compacted as

the RTN becomes unwield y or when all of the RTN leaves become defined . If

a RTN is archived by a cycle function before all the leaves have been defined

then tha t cycle is stored in the less efficient scattered form . When the

first node i s  d e f i n e d , presumabl y a b r a n c h , a comp le te tree is defined with

a leaf for each subtree defined . The attribute type of these tempo rary

leaves is an undefined continuation . As subsequent branches are defined

they are stored as complete and disjoint subtrees and the corresponding

undefined continuation is converted to a defined continuation pointing to

the new subtree . Note however , if the lea f being continued is the last

leaf of the last subtree in the RTN , then the new definition is appended

directl y to this last subtree . The number of defined continuations is

mon i tored there by giving a measure of the excess overhead in the RTN.

When the RTN overhead becomes too large , the RTN is compacted . When a lea f

of the RTN is defined , the corresponding undefined continuation is replaced

by the rea l leaf. Figure 27 shows the RTN as defined in Structure Level

1.4 just prior to compacting . Note tha t a lea f of type defined contin-

uation is indicated by three ce l ls , the first is an ~~ and the last two

- - 
Subce ll

O 10 8 0 l0 _
- - 4 

_______ 
0 21 

________

-
- 8 0 25 21 f/A
‘
, 12 Ii) A 21 I/B 
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_____  
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414 
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Figure 27. Scattere’d- Ragged Table Node
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contain a pointer to the subtree . The compaction algorithm performs a

preorder transversal of the scattered tree and generates a compacted tree

as shown in Figure 22. As indicated in Tables 27 and 28, the process

is complicated by the fact that a RTN is allocated storage l ocations in

increments. These increment s are treated as permanent subtrees and the

compaction algorithm only treats one of these trees at a time . The com-

p lications caused by the incremental storage allocation is one of book-

keep ing and is not discussed further here . The constants controlling the

generation of RTNs are located in the BLOCK DATA under the title ‘ RTN
DEFI N ITIONS ’ . These constants define the size of the incremental storage

used and the maximum overhead allowed.

69



cprog :~ corns L~F
corns := command
coms := coms command
c ~-i~,nd := funct iou [~~ I

func tion := COMPRESS
function := COMPRESS dt -n$ h-I d s
f u n c t io n := COPY ( i  H e ld - .
fu nction := CYCLE
funct ion :~ C Y C L E  ~hn f ie ld s
funct ion := DISPLAY
function :~ DISPLAY l i s f i e l d s
func tion := INITIAL
function := I N I T I A L  dbrfields
f unc t ion := LIST
function := LIST l i s f i e l d s
f u n c t io n := RESTORE
function :=  RESTORE re s fields
function := RETRIEVE
function := RETRIEVE dbnfie l ds
function := LINK l infi t -lds
function := STRUCTURE strfie lds
function := UNLINK , l l k ey
function := CREATE crefields
.funct ion := ENTER en tfields
function := FI ND , dbekey
f unction := STO R E
‘unction := STORE stofields
f unc t io n := r d r
f unc t ion := rd r rd r f i e l d s
rdr : RETURN
rdr := D E L E TE
rdr := RE MOVE
function := UNF ILE
function := UNF ILE unffie lds
function := END DATA
function := MODE
function := MODE mo dfie lds

cop fie l d s := copk
cop fields := cop fie lds cork
copk := , TO = filename
cop k := , LINKS = SAVE
copk := , L I N KS = DELETE
copk :~ , INCLUDE = sn l is t
cop k := , EXCLUDE = sr, list
copk := copkf ( cycleno )
copk := copkf
copkf := , FROM = filename
copk := , KEY = rwakey
copk := , SYSKEY = syskey key

Table 7. BNF for DBMS
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d i sHe lds := d i k
d i s H e l d — , := d i~~f i e l d s  d i - ~
disk := t b n f i e 1 d ’~
d i - ~t. := d i s s t a r t
d is i .  := out b c

: =  • L ISH
disk :~ , SETS

1 ss t-i ’ := , snkey
di s s ta rt := , BELOW = snnarn
di ss! := , ABOVE = snnam
d issr ~~r ’ := , ALL = snnam
J i s s t  a I : = , tIn -k  y
1 i s f i e l d s  = l i - k
l i s f i e l d s  := l i s k l i sk
H := dbnfi el ds
l i - k  := outloc
r e s t  ie lds := resk
r t -sfi ei d s : resk resk
re - i :=  dbnfie l ds
re s k  := , TAPE = filename

l i n t i .-l ds := I in~~e
Ii nf i Id : = 1 i n f ields
li nke := , li key
1 i nke := , CLASS = ( -

I n i e  :~ , r in ~ ev
s t r 1 i e I - ~-~- s t r ~
s t r f i e l d ’, := s t r f i e l d - , st r k
s t r ~ := ,

st rk := , ATT R I BUTE = i l i s t 1
a l  i s t  1 := ( al i~~ts)

~I i s t s  :~ a li sts , a l i s t e l r n
nl i st s := al i st t-I m
a l i — t e l m := aqua l an
d is t e l  m : a pec qua 1 isp~-~ n
al i st elm := aciua l ( al i st2)

~ l is t t -  I m := d S p t ( . ( I ( i 3 1 ( aspec 1 is t )
aqua ] = IN TERER
aqua l := REAL
aqudl := COMPLEX
aqu a l  : DOUBLE
aqua l := ALPHA
aqual := bitqu al
aq ua l  := b it q u a l  ( w i d t h
b i tqua l  := B I T S
aspecqual : DB
aspecqual := RAGGED
width := integer
strk := , MEMBER = sn l ist
strk := , OWN = snl i st

Table 7. BNF for DBMS (Continued)
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strk := , rankey
strk  := , DELETE

cre f ie lds  := crek
cre f ie lds  :—  crek crek
crek := , snkey
crek := , va l uekey
e ntf ie ld s  := entk
entfie lds := ent fie lds entk
en tk  := , dbekey
entk := , orderkey
e n t k  := , setkey
rdrfie lds := rdrk
rdrfields := rdrfie lds rdrk
rdrk :~ , dbekey
rdrk := , NAME = al i st2
rdrk :~ outloc
stof ie lds := s tok
stof ie lds := stok stok
stok := , dbekey
s tok := , va luekey
unff ields := unfk
unffie lds := unfk unfk
unfk := , orderkey
unfk := , setkey

modfie lds :— modk
modk := , m ode m
modfie lds := modk modk
modem := LONG
modem := SHORT
modk := modloc
mod loc := , CORE = location ( size )
modloc  := , F I L E  = f i l e n a m e
rnod loc := , CARD

dbekey := DBE — dbenam
dbn fie lds :— dbnk
dbnk :— , DBN — filename
dbnk :— , KEY = rwakey
dbnk :— , SYSKEY syskeykey
llkey := LL — llnam
Ilnam :— l i pr im $M
llnam :— l lprim $H nodename
Il prim := nodename
li pr im :— nodename samesides
llprim :— sames i des
l lpr im :— llpr Im ll prlmcomp lex
Ilprlmcomplex :— l ldbes lde SB
lldbes ide :— SH
l ldbeside :— SM nodename

Table 7. BNF for DBMS (Continued )
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lldbeside :=
orderkey := ORDER = FIRST
orde rkey := ORDER LAST
orderkey :— ORDER = BEFORE dbenarn
orderkey := ORDER = AFTER dbenam
outloc := , CORE = location ( s i ze )
outloc := , FILE = filename
outloc := , P R I N T
rankey := RAN K = ( ranks
ranks := ranks ranker
ranks := ranker
ranke r := HIGH an
ranke r := LOW an
ranker := FIFO
ran ker := L I FO
setkey := SET = dbenam
snkey := SN = snnam
va l uekey := VALUE = ( vpairs
vpa i rs  := an = const
vpairs := vpa i rs , an = const

l ocation :— integer
s ize  := integer
sn l i s t  := ( sns )
sns := snnam
sns := sns , snnam
cycleno := integer
cons t :— intege r
const : rea l
const :— complex
const : double
const : dbname
const : al pha
dbname := filename
dbname := filename ( dbarg l
dbname := filename ( dbarg l , dbarg2 )
dbarg l :— SYSKEY = syskey key
dbarg 2 :— KEY = rwarey
rwakey :— rkey wkey akey
rwakey := rkey wkey
rkey := nodename /
rkey :—  /
wkey : 1
wkey := nodename /
akey := nodename
syskeykey  :— a l pha
a l l s t 2  :— an
a l i s t 2 := a l i s t 2  , an
aspec l i s t  :— aspecn
aspecl l s t  :— aspec l i s t  , aspec n

Table 7. BNF for DBMS (Cont inued)
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snnam := construct name
snnam := const r uctname same~ :des
snnam := samesides
snnam : sncomplex
snnam : snnam sncomp lex
sncomp lex := dbes i de SB
sncomplex := dbeside samesides SB
dbenam := constructname
d b e n a m n : samesides
dbenam := constructn ame sames i des
dbenam := constructname sa rnesides dbeside
dbenam := dbecomplex
dbenam := dbenam dbecomp lex
dbecomp lex := SB dbeside
dbecomp lex := SB samesides dbe side
dbe s ide := l i s t e n t
dbeside :— l istent const ructnarne
listent := SH
dbe side
constructname := nodename
samesides := sameside
sameside s := samesides sameside
sameside := SF
sameside :=
sameside := SS
sameside :=
sarnesid e := preexp exp
prexp :=
prexp : /

exp := nodename
exp :r ( bol ean )
bo l ean  := b te rm
bo l ean := bolean .OR. bterm
bterrn := bfactor
bterrn := bterr ~ .AND. b f a c tor
bfactor  := rel
bfactor := ( bolean
bfactor := .NOT. b factor
rel := aexp re l op aexp
aexp := al ph
aexp := intege r
aexp := real
aexp : complex
aexp := double
aexp := filename
aexp := an
an := nodena rne
an := namenode ( d i m s
namenode := nodename
dims := integer

Table 7. BNF for DBMS (Continued)
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dims := d i m s  , integer
aspecn := nodename
relop := .LT .
relop := .LE.
re l o p  := .EQ.
r e l o p := .NE.
relop := .GT .
relo p := .GE .

Notes:

• The field ‘ f i lenane ’ is del i ned in the general discuss ion of Type I furct ions
i n  A ppendix A.

2. The f iel d  ‘nodename ’ is defined in Structure Level 1 .2.

3. Th e field ‘integer ’ is defin ed in A ppendix A in the discuss on o~ th e Typ— - 3
fu ncti o n CREATE .

~+ . The fi eld ‘ real’ is any ANS1 FORTRAN real cons tant.

5. The fi el d ‘ comp l e x ’ i s any ANS 1 FORTRAN complex constant.

6. The field ‘double ’ s any ANS i FORTRAN doub le precision rc~~I c o n c t e t .

7. The field ‘alpha ’ is d e f i n e - I  in A ppendix A in the discus - ion of the Type 3
f unct ion CREATE.

8. The fi eld s ‘EOF ’ and ‘EOC ’ are automaticall y s upp l i e d  by DB M S , and must not
be code—I b y a user .

T a b l e  7. BNF fo r  DBMS (Conc l uded)
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SUBROUTINE INITIAL

—‘— IF THERE IS A CURRENT DATA BASE THEN CLEAN UP THE CURRENT DATA BASE

—~IF DATA BASE NAME IS PRESENT

*THEN

~A TTAC H DAT A BASE F ILE TO CURRENT RUN

* I F FI LE IS ALREAD Y A DATA BASE AND ALTER KEY DOE S NOT MATCH THE N ERR OR

* ELSE

*A TTACH A TEMPORARY DATA BASE CALLED DBN

*GENERATE DATA BASE HEADER NODE AND SY’SYS ’

*RETUR N

Table 8. DBMS Function Initial
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SU B R O U T I N E  R E T R I E V E

*IF THERE IS A CURRENT DATA BASE THEN CLEAN UP THE CURRENT DATA BASE

*IF DATA BASE NAME IS NOT PRESEN T THEN USE DEFAULT = DBN
*ATTACH DATA BASE FILE TO CURRENT RUN

~;IF THE FILE IS NOT A DATA BASE THEN ERROR

*COMPARE AND SET PERMISSION PARAMET ERS

* RETURN

Table 9. DBMS Function Retrieve
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SUBROUTINE COPY

- — I F  TH E CU Pc INT T A T A  BASE NA M E IS D I F F E R E N T  FROM THE NEW NA M E (KEYW ORD ‘ F R O M ’ )
THE N

PEP FO A R E T R I E V E  FUNCTIO N ~N NEW DATA BAS E
Fl I LL ) iS A DA T - - BASE -~~t~ T THE WI- lIE OR ALTER KEY DOES N (If MATCH ThEN ER P.OP

I I  NO C YC L E  ~~n 1 B E  SPEC IF I ED
TH E N

-SET C Y CL E = Cu~ PENr C Y C L E
‘ELSE

I. E . . IFY ~ LE C L - E N  IS IN JATA H~~SE
IF FP - i l Ii i,TA RA ’ -F ~;~~F IS N()1 THE S,’1ME AS THE ‘TO DATA BASE ~~~~
1 ‘F N

IF ‘TO FIELD IS TAPE TH~ N cHBSTITUTE TrMPH RA PY FILE FOR ‘TO ’ D~ A BASE ~~
.

1 BO TH l - .-:LUDE - - ND I ~CLUDE FIELDS A R E PRES ENt THEN ERROR
- - Pi —

~~ O~~’ 
P;~- E O k OER ‘ . - i N  OF STRUCTURE TREE AND FA R EACH SN

~n l F ( SN IS IN IN ~ L UTE LIST DR T-,N ANCESTOR OF AN INC LUDED CN ) -~- N~~ N I ’  - T

-‘-N E X C L U D E D  ND DE - 1k, 4 DE C CENDENT OF AN E XC ? .UDED NODE) OP i :No I r C L oE /E ~ ’ L iCE
LIST))
T H EN

Ci) PY S PE C I t lED CYCLE(S) OF ON eN L L H  I F  P R E S E NT U S I N G  S T P U C T I P ~ L I N E
FUNCTIONS

—~SCAN DBES A S S O C I A T E D  d I T H  CN
0COPY S P E C I F I E D  CY C LE (S) OF DBES IF PR E S E N t USING CREATE ThO ENTL P
FUN CTIONS

- - FL- C l ; ENTRY IN INCLUDE/E XCLL .- I LIST I F  NCtYND
P R I N T  NAME ~ r ALL - TN r NO T FOUND IN IN CLUDE/EXCLUDE L IST

~ IF ‘TO ’ FIELD IS A TAPE
T HE N

;‘It - EPUI RM COPY F U N C T I O N  FROM TE MP I - RAR i’ F I L E  TO TAPE
E L S E

SCAN STRUCTURE TREE.

~— l ~ 
t~f l J  EXCLUDED BY I NI.LUOE /EXCLUDE LIST

T H E  N
I’ S C A N  A S S O C I A T E D  DBE

*UPDATE ALL POI NT ERS TO PROPER CYCLE
DESIGNATE ALL UNWANTED CYCLES -CF NODES AS AVA I LABLE SPACE

ELS E
~°~Ci- N STRUCTURE SUBTREE WITH ROOT SPE CIFIED BY KEYWORD ‘SN ’

‘ F L A G  NODE AS DELETED
-‘SCAN ASSOCIATED DBE

~PERFORM DELETE FUNCTION

~:pERFORM COMPRESS OF DATA BASE
- — RETURN

T a b l e  10. DBMS Function Copy
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SUBROUTINE CYCLE

;
~IF CURRENT DATA BASE NAME IS DIFFERENT FROM NEW NAM E

nT HEN

;nPERFORM RETR I EVE FUNCTION ON NEW DATA BASE

IF ALTER KEY NOT PROPER THEN ERROR

‘-FIND CYCLE ATTRIBUTE ARRAY ON DBE ‘SYS’

;n I F CYCLE TABLE IS FULL

-‘THEN

—~SCAN DATA BASE

— UPDATE ALL PO I NTERS

—— I F  CYCLE IS LESS THAN NUMBER CYCLES TO LOSE

“THEN

FL AG AS AVA I LABLE

ELSE
OREDUCE CYCLE NUMBER BY NUMBER CYCLES TO LOSE

PRINT CYCLES TO BE PURGED

‘ ADJUST CYCLE TABLE TO SHOW CURRENTLY RETAINED CYCLES

- ‘-ENTER NEW CYCLE DATE AND T IME

- ‘ R E T URN

Table 11 . DBMS Functi on Cycle
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SUBROUT I NE RE STORE

*IF CURRENT DATA BASE NAME IS DIFFERENT FROM NEW NAME

-IT H EN

*PERFO RM RETR I EVE FUNCTION ON NEW DATA BASE

*IF ALTER KEY DOES NOT MATCH NEW THEN ERROR

*READ SHORT HEADER (DATA BASE NODE)

*IF SAME MACHINE (I.E. IBM or CDC)

*THEN

*COPY TAPE TO DATA BASE

* EL SE

*COPY TAPE TO TEMPORARY RANDOM ACCES S

*SCAN RANDOM ACCESS AND

—‘— RECREATE DATA BASE USI NG STRUCTURE , L I N K , CREA TE AND ENTER FUNCTI ONS

~RETUR N

Table 12. DBMS Function Restore
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SUB ROUT I NE L I S T

*IF CURRENT DATA BASE NAME IS DIFFERENT FROM NEW NAME

~T HEN
‘— PERFORM RETR I EVE FUNCTION ON NEW DATA BASE

*I F READ KEY DOES NOT MATCH THEN ERROR

*FI ND CYCLE ATTRIBUTE ARRAY FOR DBE ‘SYS ’

*PRINT TIME AND DAY OF LAST (SYSTEM SPECIFIED) CYCLES

—RE TURN

Table 13. DBMS Function List
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N
N

N

N

N
N

S U B R O U T I N E  D I S P L A Y
“— IF CURRENT DATA BASE NAME IS DIFFERENT FROM NEW NAME
“THEN

—‘— PERFORM RETRIEVE FUNCTION ON NEW DATA BASE
—~IF READ KEY DOES NOT MATCH THEN ERROR
‘— IF TWO OR MORE KEYWORDS FROM THE GROUP (SN , BELOW , ABOVE , ALL OR OBE) ARE

PRESENT THEN ERROR
*IF PRINT IS SPE CIFIED
—‘—THEN

‘~DO CASE FOR KEYWORD CHOSEN
—~CASE l  SN

— ‘FIND SN
‘— FOLLOW CYCLE PO I NTER TO OLDEST CYCLE
‘—SCAN ALL CYCLES

“—PRI NT THE ATTRIBUTE NAMES AND VALUE TYPE
-“PRINT THE NAMES OF THE SN’S CHILDREN
—~PR l NT THE NUMBER OF LINKED LISTS
n’I I F LISTS OPTION PRESENT

THE N
“PRINT CLASS FIELD
—~P R I NT RANK F I E L D

—‘— CASE2 BELOW
SCAN STRUCTURE TREE W I T H  ROOT S P E C I F I E D

“—PRINT NODE NAME AND LEVEL
f— PR I NT CURRENT ATTRIBUTE NAME AND VALUE TYPES
—~THE NUMBER OF L I N K E D  L I S T S

—‘— CASE3 ABOVE
*FIND SN
“SCAN BACKWARDS PO I NTERS UP TO BUT NOT INCLUDING NODE SYS

—‘—PR I NT CURRENT ATTR I BUTE NAMES AND VALUE TYPE
—~PR I NT NODE NAME
—“P RINT THE NUMBER OF LINKED LISTS AND DBE’S

*CASE4 ALL
—“ FIND SN
*P R I NT F I R S T  S I X  A T T R I B U T E  NAM ES AND VALUE TYPES
*SCAN ASSOC I ATED DBE

—‘— PRINT FIRST SIX ATTRIBUTE VALUES
—‘— CASE5 DBE

~‘A S S O C I A T E D  SN ’S GE N ER I C NAM E
“FOLLOW CYCLE PO I NTER TO OLDEST CYCLE
—“SCAN CY CLES

—‘PR INT CYCLE INFORMAT I ON

~‘ATTR IBUTE NAME AND VALUE
‘~IF VALUE PRINT IS SMALL THEN PRINT ATTRIBUTE VALUE

*IF ALL OPTIO N IS PRESENT
THE N
~‘SCA N DBE SET SPECIFIED

‘~PRINT FIRST SI X ATTRIBUTE NAM ES
— “ IF VALUE PR I NT IS SMALL THEN PRINT VALUE

* ELSE
~‘TRANSFER NODES TO SPECIFIED MEDIUM

~ IF CORE OVERFLOW THEN ERROR
Table 114. DBMS Function Display
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S U B R O U T I N E  C O M P R E S S

—‘—ATTACH TEMPORARY DATA BASE

‘PERFORM COPY FROM SPE CIFIED DATA BASE TO THE TEMPORARY DATA BASE

“—BINARY COPY FILE BAC K

‘—RETURN

Table 15 . DBMS Func tion Compress

N.
N.

N..

N.
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SUBROUT I N E L I NK

*I F THERE IS NOT A CURRENT DATA BASE
*TH EN

*PERFOR M RETRIEVE FUNCTION ON DEFAULT DBN
“IF DEFAULT DBN IS NON RETRIEVABLE
*TH EN

*PERFORM INITIAL I ZATION OF DEFAULT DBN
—“FI ND PARENT SN
*IF A LLH BY SAME NAME ALREADY PRESENT
f—THE N

f—CREATE NEW CYCLE OF LLH
*I F OLD CYCLE NUMBER IS SAME AS CURRENT AND NO I NWARD PO I N TERS
~—TH EN

*REM OVE OLD LLH FROM CHAINS
“— SET STATUS OF NODE TO AVA I LABLE

* EL S E
“CREATE NEW LLH ON THE END OF THE LLH CHA I N

*IF NO LLH NAME GIVEN THEN SET NAME TO DEFAULT
‘~PLACE NAME I N  N EW LLH NODE
*PLACE CLASS EXPA ESS ION I NTO LLH NODE
*SET LL CHAIN PO I NTERS TO THIS LLH
*PLACE RANK EXPRE S~.ION I NTO LLH NODE
*SCAN DESCENDANTS OF THE LLH’S PARENT SN

-COMPARE ATTR I~ ’JTL NAME PRESENT WITH THOSE REQUIRED FOR CLASS EXP
— “ I F REQUIRED NAMES ARE PRESENT
*T HE N

*SCA N ASSOCIATED DBE
*IF CLASS EXPRESSION MATCHES
*THEN

“— FIND START OF CHAIN
“USE RANK E X P R E S S I O N  TO LOCATE PO S I T I O N  I N  LL FOR TH I S DBE
~‘INSE RT DBE I NTO CHAIN

*PLACE NUMBER OF DBE I NTO LLH HEADER

Table 16. DBMS Function Link
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SUBROUT I NE STRUCTURE
*IF THERE IS NOT A CURRENT DBN
“'THEN

“—PERFORM RETRIEVE FUNCTION ON DEFAULT DBN
* I F DEFAULT DBN IS NON RETRIEVABLE
* THE N

‘— PER FORM INITIAL I ZATION OF DEFAULT DBN
*I F DELETE OPT I ON PRESE NT
“'THEN

*IF ATTR I BUTE , MEMBER , OWN OR RANK FIELD PRESENT THEN ERROR
“FIND SN
-‘—SCAN STRUCTURE TREE WITH THIS NODE~AS A C H I L D
*FLAG SN FOR DELETION
“—SCAN ASSOCIATED DBE

*PERFOR M DELETE FUNCTION
;ISCAN LINKED LISTS HEADER S

*PERFOR M UNLINK FUNCTION FOR THIS LLH
*IF THIS SN IS NOT SAVED BY PREVIOUS CYCLE AND NO INWARD POINTERS
“'THEN

“'REMOVE THIS SN FROM CHAINS
*CHANGE THIS SN TO AVA I LABLE STATUS

*ELSE
*FIND SN PARENT
‘~IF SN IS AL READY A CHILD
“'THEN

*CREATE NEW SN AS A NEW CYCLE
“-IF ATTRIBUTE NAMES DO NOT MATC H
*TH EN

*SET ~F.DBE AND @L.DBE TO NULL AND #DBE = #INWARDS = 0 IN NEW NODE
*SCAN DBES

~‘P ERFORM DELETE F U N C T I O N
*SET ~F.LLH AND @IL.LLH TO NULL AND #LLH = 0 IN NEW NODE
ICSCAN LLH NODES

*PERFORM UNLINK FUNCTION
* ELSE

*TRANSFER DBE AND LL FIELDS AND SET # I NWARDS TO #DBE +2 , 3 or
—“ELSE

*CREATE NEW SN AS A NEW CHILD

~‘I N IT IAL IZE  NEW SN HEADER EXCEPT # INWARDS , #LLH AND #DBE
“ 'INITIALIZE I~F.SUB AND @L .SUB AS NULL
INITIALIZE CURRENT POINTER TO SN’SYS ’

“LOOP #STRUCT 1 , LEVEL fi
*SCAN OWN NODE OF CURRENT SN FOR MATCH WITH NAME OF NEW SN
*SCAN NEW ME MBER LIST FOR MATCH WITH NAME OF CURRENT SN

“IF MATCH IS FOUND THEN PLAC E ENTRY I N ~P.STRUCTI (E~S .STRUCTI)
*IF OWN FIELD PRESENT
“—THEN

— “CREATE OWN NODE
“'SET #STRUCT = LEVEL#+ l
—“SET E~P.STRUCT (#STRUCT) AND ~IS.STRUCT(#STRUCT) TO OWN NODE

*INSERT ATTRIBUTE NAME LIST AND ARRAY DESCRIPTORS INTO NEW SN
“COMPLETE HEADER , (#CELLS)

Table 17. DBMS Function Structure
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SUBROUTINE UNLINK

“IF THERE IS NOT A CURRENT DATA BASE

— “THEN

-PERFORM R E T R I E V E  FUNCTION ON DEFAULT DBN

“ IF DEFAULT DBN IS NON R E T R I E V A B L E
—~ THEN

‘ PERFORM INITIALIZATION FUNCTION ON DEFAULT DBN

“FIND PARENT SN ( NEW CURRENT SN)
:‘FIN D LLH

—“FLAG LLH FOR DELETIO N

“ 'SCAN L INKED L IST  CHAIN  NODES

—‘—CREATE NEW CYCLE SHOWING LOSS OF LINKED LISTS

—‘— I F  NO I NWARD POINTERS TO OLD LLC AND IT IS  NOT SAVED BY PREV I OUS CYCLE

—‘—THEN

“— CHANGE STATUS OF OLD LLC NODE TO AVA I LABLE

~‘IF THIS LLH NOT SAVED BY PREVIOUS CYCLE AND NO I NWARD POINTERS

“—THEN

-REMOVE THIS LLH FROM CHAINS

—“ C HANGE STATUS OF THIS LLH TO AVA iLABLE

-
‘ Tab l e l~3. DBMS Function Unlink
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S U B R O U T I N E  C R E A T E

— “ IF THERE IS NOT A CURRENT DBN

-THEN

:.PERFORM RETRIEVE FUNCTION ON DEFAULT DBN

—‘— I F  DEFAULT DBN IS NON RETRIEVABLE

—“THEN

“— PERFOR M IN I T I A L  FUNCTION ON DEFAULT DBN

“FIND SN AND CALL IT THE CURRENT SN

] ALLOCATE A NEW DBE AND CALL IT THE CURRENT DBE

‘LINK THIS DBE ONTO CHAIN OF DBES ASSOCIATED TO THE CURRENT SN

-PERFORM STORE FUNCTION ON VALUE KEYWORD PACKET IF PRESENT

T a b le  1 9. DBMS Funct ion  Create
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SUBROUTI NE ENTER
“I F THERE (S NOT A CURRENT DBN

“—THEN

—‘— PERFO RM RETRIEVE FUNCTION ON DEFAULT DBN

*IF DEFAULT DBN IS NON RETRIEVABLE

—“THEN

—‘— PERFORM INITIAL FUNCTION ON DEFAULT DBN

— “ FIND DBE AND CALL IT CURRENT DBE

—‘—IF NO SET OWNER SPECIFIED (MISSING SET KEYWORD PHRASE)

*THE N

ERROR

*ELSE

“FIND DBE SET OWNER

*FIND LOCAT I ON I N DBE SET

‘C HAIN THIS DBE I NTO SET

Table 20 . DBM S Function Enter
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SUBROUTINE F I N D

‘~I F  THERE I S NOT A C U R R E N T  DB N

—“THEN

—‘—PERFOR M RETRIEVE FUNCTION ON DEFAULT DBN

— “ IF DEFAULT DBN IS NON RETRIEVABLE
“THEN

“'PERFORM INITIAL FUNCTION ON DEFAULT DBN

*FIND DBE AND CALL IT THE CURRENT DBE

Table 21 . DBMS Function Find
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S U B R O U T I N E  RETURN
*I F THERE IS NOT A CURRENT DBN
*1 HEN

*PERFORM RETRIEVE FUNCTION ON DEFAULT DBN
—“IF DEFAULT DBN IS NON RETRIEVABLE
—‘— THE N

—“PER FORM INITIAL FUNCTION ON DEFAULT DBN
“FIND DBE AND CALL IT THE CURRENT DBE
*I F ATTRIBUTE LIST PRESENT (NAMES KEYWORD)

~‘TH EN
“SCAN ATTRIBUTE LIST PRESENTED

—‘—FIND THIS ATTR I BUTE
— “ IF PRINT SPECIFIED
“'THEN

—“PRINT WITH FORMAT CONSISTENT WITH ATTRIBUTE VALUE TYPE
— “ IF CORE SPECIFIED

“—VERIFY ENOUGH CORE PROVIDED
—“TRANSFER ATTRIBUTE NAMES AND VALUES

— “ IF A FILE IS SPECIFIED
“'TRANSFER ATTRIBUTE NAMES AND VALUES

“'ELSE
“'SCAN LIST OF ATTRIBUTE ON SN ASSOC I ATED WITH THE CURRENT DBE

“FIND THIS ATTR I BUTE
—‘—OUTPUT AS ABOVE

Tabl e 22. DBMS Func tion Return
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SUBROUTINE DELETE

— “ IF THERE IS NOT A CURRENT DBN

“-‘THEN

“ PERFORM RETRIEVE FUNCTION ON D E F A U L T  D 3N

“ IF DEFAULT DBN IS NON RETRIEVABLE

“—TH EN

—“PERFORM INITIAL FUNC TION ON DEFAULT DBN

“FIND DBE AND CALL IT THE CURRENT DBE

“ FLAG DBE FOR DELETION

— “ IF THIS DBE DOES NOT NEED TO BE SAVED AS A PREV I OUS C Y C L E

— ‘—THEN

— “REMOVE THIS DBE FROM CHAINS AND ASSOC I ATED (SETS , L I N K S , DB E)
“CHANGE STATUS THIS DBE TO AVAILABLE

— “ELSE

—“LEAVE DBE AS ARCHIVED COPY

Table 23. DBMS Function Delete
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SUBROUTINE REMOVE

“'PERFORM RETURN FUNCTION WITH SPE CIFIED PARAMETERS

“PERFORM DELETE FUNCTION FOR THIS DBE

T a b l e  2 1+. DBMS Func tion Remove
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1

SUBROUTINE STORE

~I F  THERE IS  NOT A CURRENT DBN

~TH EN

*PERFOR M RETRIEVE FUNCTION ON DEFAULT DBN

*I F DEFAULT DBN IS NON RETRIEVABLE

~THE N

*PERFORM INITIAL FUNCTI ON ON DEFAULT DBN

*FIND DBE AND CALL IT THE CURRENT DBE

~GENERATE NEW CYCLE OF CURRENT DBE ALLOWING SPAC E FOR NEW VALE E N T R I E S

~DELETE PREV I OUS COPY IF  P O S S I B L E

~SCAN L I S T  OF ATTRIBUTE VALUE A S S I G N M E N T S  I F  PRESENT

~IF MULT I CELL VALUE

*TH EN

~GENERATE VALUE NODE
*L INK TO DBE DATA NODE

~ ELSE

‘~SET VALUE I N  DBE DATA NODE

~SCAN PARENT SN’S

~SCA N LLH T H I S  SN I F  PRESE NT ( I G N O R E  F I R S T  LLH)

~ I F  T H I S  DBE Q U A L I F I E S  (CLASS)
-THE N

*IF FIRST ENTRY IN LLC

~TH EN

*CREATE A NEW LLC

~LINK TO DBE

~F I N D LOCATION I N L I N K  L I S T  FOR THIS  DBE

~C H A I N  T H I S  DBE ONTO THE L I N K L I S T

Tabl e 25. DBMS Function Store
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SUBROUTINE UNFILE

~ I F THERE IS NOT A CURRE NT DB N

~TH EN

~PERFORM R E T R I E V E  FUNC T I ON ON DEFAULT DBN

~IF DEFAUL T DBN IS NON RETRIEVABLE

~THEN

~PER F OR M I N I T I A L  FUN CTI ON ON OEFAULT DBN

~F I ND DBE AND CALL IT THE CURRENT DBE ( ORDER KEYWORD )

~UNCHA IN THIS DBE FROM SET 1
Table 26. DBMS Function Unfi l e
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SUBROUTINE RAGGEN

~c IF RAGGED TABLE DOES NOT ALREADY EXIST
‘THEN

~ IF FIRST SPECIFICATION IS A LEAF
“THEN

PRINT WARNING (SINGLE LEAF RTNS ARE NOT EFFICIENT)
ALLOCATE INCREMENT OF RTN STORAGE
‘GENERA TE RTN OF ONE LEAF

ELSE
.\LLOCATE INCREMENT OF RTN STORAGE

~‘I N IT IAL I ZE RTN HEADER
“GENERATE (‘~BRANCHLET S ) CELLS OF UNDEFINED CONTINUATIONS (LEAVES)

ELSE

~‘IF CYCLE OF RIN = CURRENT CYCLE
“THEN

‘CREATE NEW CYCLE OF RTN

~‘FOLLOW TREE TO NEW NODE

~‘ IF NEW NODE IS TO BE A BRANCH

~‘THEN
“IF NODE ENTRY IS NOT UNDEFINED CONTINUAT I ON

T HEN
‘PRUNE OLD BRANCH (LEAF)WHILE INSERTING UNDEFINED CONTIN UATION NODE
IF OLD NODE WAS A BRANCH THEN COMPACT NEW RTN

“ IF NODE EN fRY IS NOT THE LAST SUBCELL OF THE RIM
I HEN

“IF NOT ENOUGH SPACE FOP. 3 “~ BRANCH LETS
THEN

“IF EFFICIENCY THIS CHUNK IS HIGH
T~1EN

ALLOCATE INCREMENT OF RTN STORAGE
“ IF NOT SEQUENTIAL PAGE THEN CHAIN AS PERM EXTENSION TO RIM

ELSE
‘ COMPACT

ELSE
CH/U N DEFINED TEMPORARY CONTINUATION

“PLACE IN (~ BRANCHLET S) CELLS OF UNDEFINED CONTINUATION
‘ELSE

“ I F  NOT ENOUGH SPACE FOR 3’ (I~BRANCHL ETS -1 )
“THEN

“ IF  E F F I C I E N C Y  THIS CHUNK IS HIGH
‘ THEN

-‘ALLOCATE INCREMENT OF RIM STORAGE
“IF NOT A SEQUENTIAL PAGE THEN CHAIN AS PERM EXTENSION TO RTN

ELS E
“COMPACT

“PLACE IN (~ BRANCHLE TS) CELLS OF UNDEF INED CONTINUATION
‘~ELSE (NODE ENTRY IS THE LAST SUBCELL OF THE RTN)

Tabh’ 27. DBMS Ragged Table Genera tion
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*IF NODE ENTRY IS NOT UNDEFINED CONTINUATION
‘~THE N

“PRUNE OLD BRANCH(LEAF) WHILE INSERT I NG UNDEFINED CONTINUATION
‘~IF OLD NODE WAS A BRANCH THEN COMPACT NODE

“ELSE

~‘INSERT NEW LEAF

~‘IF ~ U N D E F I N E D  C O N T I N U A T I O N S  IS  ZERO
‘~ THEN

~‘COMPACT RTN
* ELSE

‘~COMPUTE EFFICENCY AS (1 - 3 (#“ - I 1? )/ #Ce l ls )
*IF # OF DEFINED CONT I NUAT I ONS EXCEED MAXIMUM OR EFFICIENCY LESS THAN MINIMUM
*THEN

*COMPACT ALL RTN STORAGE INCREMENTS
*R E TURN

Table 27. DBMS Ragged Table Generation (Conc l uded)
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SUBROUTINE COMPACT RTN

*NOTE COMPACTS ONLY ONE INCREMENT OF STORAGE
“IF THERE ARE DEFINED CONTINUATIONS OR PERM CONTINUATIONS
*TH EN

“-ALLOCATE NEW INCREMENT ~F RTN STORAGE
*PREORDER SCAN RTN KEEPING LEVEL POINTERS

*IF DEFINED CONTINUATION
THEN

~‘FOLLOW LINK
“CALCULATE PTR OFFSET THIS LEVEL

“TRANSFER NODE AND BIAS PTRS
“IF PERM CONTINUAT I ON
THEN

‘REMEMBER FIRST TWO
*SCAN TABLE OF TWO PERM CONTINUATIONS (IF PRESENT)

“TRANSFER NODES UNTIL ORIGINAL STORAGE INCREMENT FULL AS DEFINED CONTINUAT I ON
RETURN

Table 28. DBMS Ragged Table Compac tion
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APPENDIX A

DBMS COMMANDS AND CARD FORMATS

This appendix discusses the DBMS commands and rard formats in detail.

Inpu t cards to DBMS are free form in structure. Punchin g on a card
may beg in in any arb itrary column for any command. The blank may be used
as an optional character which is ignored except when i t  occurs in an
al pha string or the text of a comment. Continuation f rom one card to the
nex t is accomplished whenever any of the cha racters +- ,/ *(= . or S appear as
the last non -blank cha racter on the card to be continued (this rule does
no t app l y to comment cards). Onl y the first 72 columns of the card may be
used for keypunching commands.

Each command mus t start on a new card. Commands are executed in the
orde r in which they are encountered in the input stream .

Commen t cards may be included in the input deck. They always start
w i th the S character and cannot be continued from one card to the next. As
r’~any comment cards as desired may be included in the deck and they may be
a r b i t r a r i l y  inserted (except they may not be inserted in the middle of a
sequence of card continuations). Imbedded blanks in comment cards are
pr eserved .

Al l  commands are of the form :

FUNCTION , PARAMETER LIST

The ~~~~~~~~~ are outlined in Structure Level 1 . A functiona l description
of each 4 unc tion is presented in Structure Leve l 3. The func t ional descri ption
is n tended for the interested reader and should not be considered a necessity
for using DBMS .

The parameter I 1st is in the form of a keyword followed b y necessary
pa rameters. Each keyword plus its parameters is called a field. If more
tha n one field is presen t they must be separated by commas. The orde r of
1 i e l d s  is i mmaterial except as mentioned in the case of protection keys and
.~t tr ibute values. Items which are optiona l are shown in brackets. I tems
in nes ted brackets may appear onl y if op tions in outer brackets are chosen .
Keywords are cap ital ized and default optional values are eithe r under l m e d
or mentioned in the f i l l o w i n g  text. If one word is to be chosen from a
group of words , the possible words are listed in a co l umn and enclosed in
p }r en theses . Field s and parts of fields w i l l  be enclosed by a single quote

~ ‘ )  when they ippear as part of the following text , exce pt whe re obvious .
When encoding a command all  lists must be enclosed by parentheses.
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I )  Type 1 Functions

Type 1 functions are all utilities. Besides the tasks mentioned be l ow
Type 1 functions identif y the name of the current data base. If a ‘DBN =

name ’ (or ‘FROM = name ’ on a COPY) field appears then the file called name
is the new data base . Note tha t the default data base name is DB. If
another data base is current prior to the application of a ut i l i t y  function ,
that data base is cleaned up and all DBMS internal references to the old
file are converted to the new file (e.g., see INITIAL) .

The file names used must satisf y the loca l restrictions on file naming
conventions. When DBMS is used under CDC Scope 3.4, a catalogued file which
is not currentl y attached will  be dynamically attached while it is required
for the DBMS and then returned to the system . In order to dynamically attach
a catalogued file the subfield SYSKEY must contain the required system infor-
rnation for the file. On many systems fewer cha racters are allowed for local
than for catalogued file names. The loca l file name used while dynamically
attaching a catalogued file will be the first n cha racters of the catalogued
file name , where n is the maximum number of characters allowed for a loca l file
name . If the name given is neither a loca l nor a catalogued file name , DBMS
will attempt to attach a temporary file with the name given as a loca l file
name . Note tha t a dynamicall y assigned catalogued file is returned after use
but a dynamically assigned temporary file is retained . Under all operating
systems a file may be assigned before DBMS is called .

As mentioned the SYSKEY field is an alpha string which defines the
necessary system information to dynamica ll y attach a catalogued file . To
encode an alpha string, choose a delimiter. The delimiter is placed i mme-
diatel y before and after the alp ha text. Anywhere in the text the delimiter
appears it must be replaced by two delimiters. Examples of alpha strings
are presented with the Type 3 function CREATE .

For each file referenced in a utility function , the DBMS determines if
the file device is tape or random access. If random access , the DBMS further
determines if the file is already a data base.

The parameters ‘ rkey ’ , ‘wkey ’ , and ‘akey ’ are order dependent and any
combination of the three may be present. If ‘ rkey ’ or ‘wkey ’ are absent ,
the delimiter ‘I’ must still be Included . The parameter ‘ rkey ’ represents
a request for permission to retrieve (read) data currently stored in the
data base. The parameter ‘wkey ’ represents a request for permission to
store new data into a data base . The para meter ‘akey ’ represents a request
to alter existing data in a data base . These keys are not intended to p ro-
vid e absolute security of data bases but rathe r reduce the poss i b i l i t y  of
accid ental destruction of a data base . These keys may be placed into the
da ta base only with the Type 1 function INITIAL . If the field ‘DBN = name ’
is absent , the pa rameters ‘ r key ’ , ‘wkey ’ , and ‘akey ’ are i gnored .
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The DBMS ut i l i t y  functions are:

A) COMPRESS a data base

COMPRESS (,DBN = name } {,KEY = rkey/wkey/akey} {,SYSKEY = syskey}

Following the procedure mentioned in the genera l discussion of Type I functions ,
the file ‘ name ’ is attached if necessary.

The result of a successful COMPRESS function is to remove unused space
in a data base . This unused space is the result of scratch areas used by
DBMS while building nodes. Although DBMS attempts to use this space , some
fragmentation does oc~’.ur (see also function CYCLE be l ow).

B) COPY a data base from one file to another

COPY dbn fields ,TO = name ~~LINKS = 
( TE))~(~~~~~~~) 

= (snl ist)~

where the dbn fields are

{,FROM = name ((cycle number)}}{,KEy = rkey/wkey/akey} {,SYSKEY = syskey}

The default parameter list for a COPY card is ~~ROM = current data base ,
TO = current data base , L I N KS = SAVE ’ . The parameters for tt~e FROM and TO
fields are the names of loca l or catalogued files. Following the p rocedure
mentioned in the genera l discussion of Type I functions , the files are
attached if necessary. The SYSKEY 3ubfie lds must be the same for both files
if they are dynamicall y attached .

The FROM file is verified to be a data base with matching ‘ rkey ’ field.
The ‘wkey ’ and ‘akey ’ are used to grant write and alter permissions of the
FROM data base. The DBMS determines if the TO file is tape or direct access.
If the TO file is a direct access and already a data base , the ‘wkey ’ and
‘akey ’ must match those given on the DBMS contro l card .

The result of a successful COPY function is to move all or part of a
data base from one file to another. If the TO file is a tape , then the
data ba se is written in a standard forma t allowing for easy portability
(see the Type I function RESTORE). If a cycle number is given for the FROM
data base , onl y tha t cycle is moved . If the FROM name subfield is the same as
the TO name subfield onl y the cycle number specified (default is the current
cycle) is saved and all others are discarded . If a cycle number s not
specified and the TO name subfield is different from the FROM name subfield ,
all cycles are copied.

If LINKS = SAVE is specified , the link list information is copied . If
the INCLUDE/EXCLUDE subfield is omitted all SNs and DBEs are copied . The
form of snlist is a list of SNs separated by conm~as and enclosed in paren-
theses. If an INCLUDE subfield is present , onl y those SNs mentioned and
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their ancestors arc copied . If an LXCLUDE subfield is present , the ~Ns
men t I oied and the i r decenderits w i l l  not he cop i ed. The onl y DBEs that vi i l l
be copie f are t h ’ ~e associated wit h  SNs that are copied .

C) I ncrement the CYCLE number of a data base (See structure level ?)

CYCLE { ,DBN = name } ,KEY rkey/wkey/akcy~ ,SYSKEY = sy sl .i y~

Following the proce ’Iure mentioned in the general li scussion ot Type 1
functions , the fi l e  ‘na me ’ is a tt ac he~ If necessary.

The res ult of a successful CYCLE function is to archive .i copy J
dat ha~,e. Any future alterations to the data base w i l l  re su lt in 1 c p,
of the affected nodes to be made and altera tions made to th e copies. The
old nodes retain their information intact and can be retrieved by r~~iue st in q Ithe proper cycle number. Where effic iency is of i mportance , it sh u l d be
noted that onl y two words in the data base are changed as a r es ul t of a
CYCLE fu n ct io n. When a node is altered (causing a neii cycle) a cop./ of th .

‘de is made , but al l  pointers to the node are left pointing to the old
C yC l e ef  the nod e. Whe n a reference is made to an out of d at: node t h r ’ou’~”
a poin ter , the pointer is up dated . As such the cycle information requ ire s
more f ile space , hut the othe r computer resources are kept to a c’l inim um .

I t is a d v isib le to copy a data base to tape and set the data base cycle
biLk to zero occasionally.

The maxir’:ur, cycle number is 1+ 096, at which time the oldest cycle is
lost . The number of cycles saved may be reduced during si te ini t ial i~’,it ion

f DBHS.

D) DISPLAY a segment of a data base

/SN = sn ,LISTS( BELOW = sn
DISPLAY dbn fields , ~ ABOVE = sn

DBE = dbe

~
jhere the dhn fields are:

,DBN = name } ,KEY = rkey/wkey/akey} ,SYSKEY = syskey,

The default pa rameter l i s t  for a display card is ‘DBN = current data
base , DBE = SYS’~SYS ’ . Following the procedure mentioned in the genera l
d i sc uss i on of Type I functions , the file ‘name ’ is attached ~~if necessary .
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The resul t of a successful DISPLAY function is to output information
describing a specified SN or DBE. Note that both SNs and DBEs may not
be specified on the same card . In either case , one node is spec i f i ed
(SN ‘sn or DBE ‘dbe ’).

A sing le SN can be selected with the op tion ‘SN = sn ’ or a group of
SNs can be selected with the options BELOW , ABOVE , or LISTS. The SNs on
the subtree i•~i t h root SN ‘sn ’ can he selec ted w i t h the op t ion ‘BELOW = sn
The ance stra l SNs of a sn can be selected with the option ‘ABOVE = sn ’ .
Per tinent information about the linked l i s t s  attached to SN ‘ Sn ’ can be
output with the option ‘SN = sn , LISTS’ .

The forma t of t he info rma t ion ou tp ut depends on the OUTPUT medi um
(CORE , FILE or PRINT) , the number of nodes selected , and t he ki n d ot nodes
selected .

I) If PRINT is specified the following information is printed for
each of t he op t ions lis ted belo w:

a) ‘SN = sn ’ :

i ) Each attribute name and va l ue type by retained cycle ,

ii )  The name s of the SN’ s child ren ,

i i i )  The numbe r of linked l i s t s  and OBEs for this SN ,

Iv) If the LISTS opt ion is chosen , the class attributes (which
DBE may belong to the list) and the order ranking definition
(See Type 2 function STRUCTURE).

b) ‘BELOW = sri ’ , or ‘ABOVE sn ’ , fo r each SN:

~) The a ttribute names and va l ue type for current cycle ,

ii )  SN name and SN tree leve l numbe r ,

i i i )  The number of link lists and DBEs for this SN.

c) ‘DBE = dbe ’ :

I)  Associated SN’ s gene ric name (i.e., SYS., etc)

i i )  Each attribute name and value by retained cycle number
(except va l ues in ragged tables , arrays and alp ha fields
containing more than 50 characters),

i i i )  Set ownership (yes or no),

iv ) Levels of DBEs which own this DBE .
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E) INITIALIZE a data base

I N I T I A L  {,DBN = name } {,KEY rkey/wkey/akey} {,SYSKEY = syskey}

The default parameter list for an INITIAL card is DBN = DB. The
pa rameter ‘name ’ is the loca l or catalogued name of the direct access file
on which the data base is to reside. Following the procedure mentioned in
the genera l discussion of Type 1 functions , the file is attached if necessary.
If the file was a data base prior to this ca ll , the va l ues of rkey, wkey, and
akey (read , write , and alter keys) on the contro l card must match the va l ues
stored in the data base. If a match fails the program executes an error
exit.

The result of a successful INITIAL function is to generate a data base
header (Structure Leve l 2.7), the SN ‘SYS ’ , the DBE ‘SYS’ , and then initialize
DBMS variables within DBE ‘SYS’ including rkey , wkey, and akey (See Structure
Levels 2.3 and 2.5).

F) LIST out the date and t ime of all cycles

LIST {,DBN = name } (,KEY = rkey/wkey/dkey} [,SYSKEY = syskey}

/CORE = locati on(si~ e)\,( FILE = fname
\PR I NT

The default parameter list for a LIST card is ‘DBN = current data base
name , PRINT ’ . Following the procedure mentioned in the general discussion of
Type I functions , the file ‘name ’ is attached if necessary.

The result of a successful LIST function is that the cycle date and time
information is transferred from the data base to the specified device. If
PRINT is specified , the information is printed . If ‘FILE = friame ’ is spec i-
fied , the file called ‘fname ’ is attached and the information written to it
sequentiall y (See TYPE 1 function DISPLAY for format) .

If ‘CORE = location(size) ’ is specified the information is transferred
to the core location given (See Type 1 function DISPLAY for format). The
options FILE and CORE are intended to be used with short commands for
interprogram communications (See Structure Leve l 1.0)

G) RESTORE a data base from tape to random access

RESTORE (,TAPE = name) {,DBN = name}{,KEY = rkey/wkey/akey}
{,SYSKEY = syskey )
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The default parameter list for a RESTORE card is ‘TAPE = TAPE , DBN = DB’ .
The pa rameters for the FROM and TO field s are the name s of loca l or catalogued
files. Following the procedure mentioned in the general discussio n of Type I
functions , the files are attached if necessary. The SYSKEY subfie lds must
be the same for both files if they are dynamicall y attached . The TAPE file
is verified to be a tape and the DBN file is verified to be a random access
file.

The result of a successful RESTORE function is to copy a data base from
a tape to a random access device. The tape must have been written by the
DBMS function COPY . Howeve r , the machine used during the DBMS copy operation
may be of a different brand .

H ) R E T R I E V E  an exis t ing da ta base

RETRIEVE (,DBN = name}{ ,KEY = rkey/wkey/akey}{ ,SYSKEY = syskey }

The default parameter list for a RETRIEVE card is ‘DBN = DB’ . The
parameter ‘name ’ is the local or catalogued name of the direct access file
on which the data base resides. Following the procedure mentioned in the
general discussion of Type 1 functions , the file ‘name ’ is attached if
necessary. The file must be a data base or the job is put into an error
mode. The va l ues of rkey, wkey, and akey are compared and the appropriate
permissions are granted . A permission violation (e.g. try ing to alter an
existing data base node when alter permission not granted) wil l  cause the
job to be put into an error mode.

The result of a successful retrieve function is to verif y that the data
base has at least a minimum structure. In particular the header , the SN ‘SYS’ ,
the DBE ‘SYS’ and the internal variables are checked.

I I )  Type 2 Functions

Type 2 functions dea l with the generation and control of a data base ’ s
structure. The data base is always the current data base name (See genera l
discussion of Type 1 function in this appendix) . The two types of nodes
affected are SNs and link lists (LLs) (See Structure Levels 1 .2 and 1.5) .
In each case a required parameter field is ‘SN = sri ’ or ‘LL = sn ’ where sn
is the full name of a SN (See Structure Leve l 1.3).

The DBMS structure node functions are :

A) LINK a group of DBEs into an ordered list

LINK ,LL = sn $MLn {,CLASS = (expr) } (,RANK = (orderl ist)}

LINK attaches a link list header (LLH) called Ln to SN ‘s n .  The names
of linked lists attached to a SN must be unique. Link lists are internall y
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numbered sequentially starting with 1 for the oldest , 2 for the n e x t to
oldest , etc. The LLH contains information describing which DBEs are in
the lis t  (CLASS) and what determines the o r d e r i n g  ( R A N K )  . (See Structu re
Lev el 1.5). The membership is defined by th e para meter ‘ expr . The ordering
al gorithm is defined by t he ‘orde rl ist ’ parameter and is interpreted as
for the TYPE 2 function STRUCTURE. The form of ‘expr ’ is the same is an
ANS I FORTRAN log i cal expression with the rela ti ona l expr essi on redefined .
The form of the DBMS relationa l expression is defined in Structu re L i d  1 . 3 .

The field orderlist specifies oo~ se ts owned by any DBE assoc i ated ~i i th
the SN beirg defined are ordered . The forma t of an order li st is a serie s oF
order e lem e nt s  separated by comma s and the list must be enclosed in paren-
theses. Pie form of an order element is:

((
~~

) a t t r i b u t e  name (dimension)

~ 
L IFO
Fl FO

w here  dimension is used to specif y an array or ragged table ele men t. The
order l i s t  is position dependen t and is inte rp reted as:

order by (order element 1) and settle ties by
(order elemen t 2) and settle remaining ties by
(order element 3) and so on

If a set member does not have an attribute required by an order ele rrcnt
i t is considered last for that order element. If a tie s t i l l  ~ i sts aitc i
all order elements have been considered , the tie is settled Lv FIFO orderin g .

Ibe de fau l ts for ‘CLASS = (expr) ‘ and ‘RANK = or i r l 1s t ‘ IS t or a l l  . he

e li g i t l e  DBEs to he linked into a FIFO queue (See Structure Level 1.5 ~~.

B) Add or modi fy th e da t a ba se s t r u c t u r e

STRUCTURE i , 5N = sn}

~here irqs Ire :

,ATTR I BLITE i l i t )  r ,rl[’-lL E R = (ni l i st) } { ,OWN = own l is ) F { ,PA N~ or i’ r l  1st F

Si n ‘: the STRUC TU c I f i n c t  ion deals with the heart of the data base orga-
n i i I ion , ‘ crc a i r  no i i  au 1 t s  + 1 Iooed . If the DELETE op tion is chosen
the SN ‘ sn ’ .i n i a l l  o~ it s  Jes end ent s p l us their associ ated DBEs ire fliqqed
as de l e t e d  a of t c curre nt ~~ 1+ .  Prey i i  c y c l e s  of t h i s  node can be
r e t r i e v e d  by copy m g t h u  par t  C ’ J l a r  c y c l e  of the cu r ren t  data  base t o  i new
d a t a  base (See C d l ’  f u n c t i o n ) .
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If the. DELETE option is not selected a new SN i s created (See Structure
Leve l 3.3). The pa rameter a l ist describes the names and va l ue type of attri-
butes of the DBE associated with SN ‘Sn ’ . The forma t of a li st is a series of
attribute definitions separated by commas (,). Note a l ist must be enclosed
in pa ren theses .

The form of an attribute definition is:

,“INTEGER name (d imens ions)
/ REAL name (dimensions)

f DOUBLE name (d imen s ions )
C OMPLEX name (d im ens ions )
A LPHA name (d imens ions )

\ B IT S ( w i d t h ) n a m e  (d imens ions)
DB name

~~~RAGGED name

ihere name is a s i n g l e  name or a l i s t  of names separa ted by commas and
enc losed in pa rentheses.  An a t t r i b u t e  name may be from 1 to 9 al phanumeric
c h a r a c t e r s  s t a r t ing w i t h  a l e t t e r .  W i d t h  is the number of b i t s  ker va lue
(d e f a u l t  is  52) and ‘dimensions ’ may be from one to three d imens ions , in
A NS I FORTRAN fo rmat .  If the d imension is (1 )  , (I , 1) or (1 , 1 , 1) i t is assumed
the d imens iona l i t y  w i l l  be s p e c i f i e d  by a T ype 3 f u n c t i o n .  In any case the
d i m e n s i o ” a l i t y  of an array may be altered by a Type 3 function (see Type 3
f unc t i ons  S ET arid CREATE) .

The member l i s t  ‘ m l i s t ’ and the own list ‘ownlist ’ contain SNs and
Jet m e  which DBEs may belong to a g iven s e t .  In p a r t i c u l a r  a DBE a s s o c i a t e d
w i t h  the SN being defined may belong to any set a t t a c h e d  to a DBE w h i c h  is
associated with any SN in the member l i s t .  Fur ther  a DBE a s s o c i a t e d  w i t h
tbe SN being defined may own as a set any OBE associated with a SN in rhe
own lis t. Thus , there are two ways to l e fin e set membership and either
or both may be used. The parent of the SN being defined is always in the
me mber l i s t  by d e f a u l t .  For d e t a i l s  of se t  membersh ip  see S t r u c t u r e  Level
1 .2 . The forma t fcr both ‘m l is t ‘ and ‘ own i i s t ‘ is a l is t  of dNs separated
by comma s ( , )  and the l i s t  must be enclosed in parentheses.

The meaning of or d e r l i s t  is e x p l a i ne d  in the d i s c u s s i o n  of the T ype 2
fur:c t ion L INK.

(C)  UNLINK a l inked l i s t  of O BEs

UN L I N K , LL = SNS H1 n

See Typ e 2 f u n c t i o n  L I N K  for the mea ning of ~N SH l n . The s p e c i f i e d  LL
is l a t c ue d for de letion. The link l i s t  w i l l  be a v a i l a b l e  an long as p rev ious
cyc l c are .
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I I I )  Type 3 Functions

Type 3 functions dea l with the generation and contro l of data entries
(DBE). Each Type 3 function except CREATE has an optiona l DBE name pa rameter
field. The data base maintains the identity of the most recentl y used DBE .
Thus the same DBE can be repeatedly accessed without specif ying its name
each time . Further the Type 3 function FIND does nothing more than set the
most recentl y used DBE pointer (current DBE) to a particular DBE. Thus except
for CREATE , the discussion below assumes the most recent DBE is being accessed
unless the ‘DBE = name ’ field appears.

The Type 3 functions are :

A ’) CREATE a DBE using a SN as a template

CREATE , SN = sn ,VALUE = (vpairs) }
The CREATE function uses the template information from SN ‘Sn ’ to create

a DBE. All the attributes , except those mentioned in the VALUE field , are
flagged as undefined . The forma t of the field vpairs is a series of attribute
name/va l ue pairs separated by commas and enclosed in pa rentheses. The
attribute name/va l ue pairs are of the form ‘attribute name = va l ue ’ . The
form of va l ue must agree with the attribute va l ue type (See Structure
Level 1.0) . The attribute value types are described be low :

1) Al pha string of length smaller than 649 cha racters.

To encode an alpha text into an alpha string, choose any
delimiter from the set ‘ ) ‘ , ‘~~~~‘ , ‘I’ , ‘ , ‘ , ‘ = ‘ . The de limter
is placed immediatel y before and after the alpha text string.
Anywhere in the text the delimiter appears t must be replaced
by t~~ delimiters. As an example the text ~DOG *CAT I can be
represented by any of the following:

/DOG* CAll

~DOG;~~CAT~

The following representations are in error:

DDD0G-~~CATD
CDOG*CCCATC

~ DOG ~CAT*
/ DO G~ CATS’

ii) Rea l constants are represented in the same fashion as ANSI
FORTRAN . Note when transferring from CDC 6600/6700 to IBM
360/370 or UNIVAC 11 08/1 110 all single precision variables
are converted to double.
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i i i )  Integer constants may be represented as bina ry , octal , hex or
decimal numbers by preceding the number with ‘SBIN ’ , ‘ SOd ’ ,
‘SHEX’ or ‘$DEC ’ respective l y. Thus the number 65 may be repre-
sented as:

$B IN 1000001
SOCT 1 01
SHEX 41
SDEC 65

65

Note tha t the default is ‘ $DEC ’ . Truncations caused by trans-
ferring a data base from one system to another wil l  he flagged .

iv ) COMPLEX constants are represented in the same fashion as ANSI
FORTRAN . Loss of precision caused by transferring a data base
from one system to another wil l  be flagged .

v) DOUBLE PRECISION constants are represented in the same fashion
as ANSI FORTRAN. Loss of precision caused by transferring a
data base from one system to another will be flagged .

v ii ) A BIT STRING constant may be represented in the sau”e fashion as
INTEGER cons tan ts.

vi ii ) Data base descriptors are in the form of

$Dname .{({syskey} {$rkey/wkey/akey})}

These fields are identica l to those mentioned in the Type 1
function INITIA L .

The form of va l ue may be a simp le constant described above or the words
$FILE(name ) or $CORE (location/length). These fields are the same as the
Type 1 function DISPLAY . The format must be in the form described in
Structure Level 2.2.

B) ENTER a DBE into a SET ( /FIRST
I (LAST

ENTER ‘~,DBE = dbe~ ‘~,O RDER ~~ BEFORE dbe l , SET = db2
\AF TER dbe l

The cu r rent DBE i s f i l e d  int o the se t owned by DBE ‘dbe2 ’ . The norma l
ordering for this set was defined in the Type 3 STRUCTURE function for the
SN associated with DBE ‘dbe2’ . This ordering can be overridden with the
ORDER pa rame te r f i e l d .  Here FIRST and LAST re fe r to the f ir s t and las t DBE
in the set , and BEFORE and AFTER refer  to DBE ‘dbe l ’ .
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C) FIND a speci fic OBE

FI ND ,DBE = dbe

T h is f u n c t i o n  is  prov ided as i conven ience and merel y se ts  t he i n t e rna l
po i n t e r  ‘ current  DBE ’ to DBE ‘dbe ’ (See general discussion of  T ype 3 fun ction.).

0) RETURN , DELETE , or REMOVE a da ta  node and/or any of i t s  a t t r i b u t e s

/ RET URN \ / CORE lo c a t i o n  ( s i z e )
I DELETE 1 ,DBE = dbe 1 1 ,Ni,?IES = (al  i s t ) ( ‘,f F ILE fname
\ P~ ’~oVE / I 

~ \ PRINT

R ETURN w i l l  re turn the va lues  of s p e c i f i c  a t t r i b u t e s , DELETE w i l l
delete the specified DBE and REMOVE w i l l  return the attribute value t ier
d e l e t e  t h e  OBE . The a t t r ibute names are l i s t e d  in  al 1s t  and are sepa ra t e d
by comas. They are sent to CORE , F I LE , or PRINT. If PRINT is cho~ e~ t hen

the navies of sing le elements and arrays are listed along with their val e .
Paq~~ J t~~~les are l i s t e d  in the forma t d i sp layed  in S t r u c t u r e  Level 1 . t i .

The t i e l d s  CORE and HLE have the same mea ning as for the T ype 1
t u n c t  i on  DISPLAY . The form of the returned a t t r i b u t e  va lues  s t a r t s  w i t h
1 ~l I if t ‘~~~ format:

L~
ATT RI B UTE ‘~AMLIVAL UE TYP_~J

wh I i s  ce l l  T ype ( in St ruct  ure Level  2 .  1 . This cell is fol lo~v~~F by a cop ’,

, f ‘ e i n In r ‘ci t i rn s t o r e d

E) SIO P f the v a l u e ( s ’l of an a t t r i b u te ( s )  i n  a

‘ TU PS { ,dR I 1h IF’ ,VALUE = vp a irs l

,‘i here v p a i r s  i s  d e fin od as for  t h e  Type 3 funct  ion C P EAT E .

F)  UNFILE a DBE fr ’ m a set

UNF ILE ( , DBE dbe } SET = dhe3

The DRE ment ioned in the DBE p a r a m e t e r  f i e l d  (cu r ren t  :~t~E) i s ‘n i’i”~~

f rom t he  set  owne d by OR E ‘dbe 3 ’  . I f  the cu r ren t  ORE is  riot ~a merjer i r ~ t he

set owned by OBE ‘dbe 3 ’  , an er ror  w i l l  r e s u l t  . The opt ions in t~ ‘ ORE
p a ra m e t e r  f i e l d  are the same as for the LIN K function .
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IV) Type Lê Funct ions

These two functions control the STATUS of the DBMS.

A ) E ND DB MS ’s mani pulation of a DATA base

END DATA

The function END DATA w i l l  clean up a data base and negate all internal
DBMS pointers to the data base. This is an op t iona l  func t ion  as the same
effect can be obtained w i th any Type 1 func t ion  ( t h i s  func t ion  a l s o  occurs
automat icall y when the last command has been processed).

B) Change the MODE of the DBMS

‘,~ 
,
~ 

( /CORE = location( size)
$ / LONG \ ~ 

FILE = fname
MODE 

‘ 
~~
, 

SHORT / ~ ‘\c±~.a

The r e s u l t  of a MODE func t ion  is to set the input forma t from alpha-
numeric to numeric short (See Structure Leve l 1.0). The input device for
the numeric short can be CORE , FILE or CARD. These parameters have the

a li e meani ng as for Type I funct ion DISPLAY , and indicate where future
commands w i l l  come from .

I I I



A P P E N D I X  B

NODE NAME AND MOT I ON PHRASE CONVENTIONS

This appendix is intended to be a quick reference for node naming
conventions. The following paragraph represents a condensation of
Structure Level 1.3 (with motion in links and ancestoria l SNs added).
It is followed by a table of the node naming conventions.

A full node name begins with ‘SYS ’ and is followed by motion phrases
(a motion oper4tor and required parameters). Each motion phrase is inter-
preted as moving from a starting node to a target node in the data base .
The motion phrases are interpreted from left to right . Thus ‘ SYS ’ i s the
starting node for the first motion phrase , and the target node of the first
motion phrase is the starting node for the second motion phrase. Table 29
and its footnotes define the target node given the motion phrase and the
type of starting node (SN or OBE). The footnotes in Table 29 contain
pertinent information regarding structure sets , DBE sets and link lists
(see Structure Leve l 1).

In the first col umn of Table 29 are the nine possible motion symbols.
The second col umn ind i cates which motion symbols require a parameter. The
parameters (if required) and resultant target nodes are dependent on the
type of starting node. Thus , for a SN as the starting node , the third and
fourth col umns indicate the type of parameter (if required) and the target
node respectivel y. The third column also presents one or more examp l es of
a llowable par ameters. SNs are named sn , snl , sn2 , ...; DBEs are named dbe ,
dbe l , dbe2 , ..., and LLs are name LL , LL 1 , LL2 The fifth and sixth
co l umns have the information for the case of a DBE as a starting node.

DBMS retains the most recen t parameters for the function keywords ‘SN ’
and ‘DBE ’ as the current SN and current OBE , respective l y. Thus when
specif y ing a SN or DBE , if no starting node is given the current SN or
current DBE is assumed . As an example , if in Figure 3 the curren t SN is
SN ‘SYS.A’ , then SN ‘SVS .A.A ~ may be referenced in short form by ‘ .A’ .
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APPENDIX C

DBMS EXAMPLES

1 . Examp le 1 .

$ E ” 4 E R A I I U ’ 4 Of ~ I U u - f  ~,

$‘o JTE, EXCE )-~T I~ ~~~Y ’- A  F I E L ( ~S r~L4~~cS A~~E iG~~UR ED ,
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ST CT4 -i~ E, S-~:SYS.bI- ’S,
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S JCT E,S5~z.MJ~)EL S. A T T R I ~~J t E  (4~..PiA ~~~~~ IN TE G E R L)UMCODE,
A L P H A  ‘-‘ E HSj’i. ~~~~~ 

R ’ ~i’~~ , 4 1 PH4 -
~~ j i iL)

C R E A T E ,  ~‘ A L f = ( *4 A s 1 E : * l I ,,3ô3tl * ,[)~~cc C ) ) ) E : 1,
PE1-~’SJo4 :*JU~ ~M1TI,*, , *S9S_ 1,~~~~~3I-h 1 * ,5*J ’)E L. *...*)

E~~T E R ,  S E T : Sv  S. 5 1 M 5 .  i i  J U E S * S F
CREATi ,S~*:S,S .SIAS .A T JR S.~~J)ELS,

V A L- ’E = (~~SA (E: *i~~~f. L* ,C(~MM F 4 T * ...*,”IAM E *2.3b3~ *,

P E i ~S _ i c4 *~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
EMTE R,SEl:S~ S.S1- T .i.A T i  *~~F ‘~S~~S
CYCLE
S
$ CVCLF 1 -~~)~ ‘ C-i ’~~A P F I 5 ’ jr ’ f , F~~r IRELY .
$

E I O D A 1  A
U.

2. Examp le 2.

$
$ 1115 EX4~~~LE USc.S T - E  ~~~TL t.5~ CPE A l E ~ ~~‘ EXA ”PLE 2,
S

RETR IEV E,L) ,
~-~:SJPF —

3
$ TME C ~~~E - T  S IhJ CTJ- ~F I .F -~~‘ ~ Ti’)- ’ F ‘t ),3 -~:S IPER 

~‘I LL ~f 
PR 1~-TE~j,

$

S

S

$
S S Y S T - ’-- C ~J T S j F f ~~ 1j T i J o .

S

C~ EA TC ,S~ =S0S .Sf S r E’ -,
VA L E t ( ’i A ” E  : *LJGIC Mc.JLILULF A23.5~”*)C,~E A T E  , 3i~:S ( S . S V S I E  - ,
vAL ~ E :(~~~A~~ E : *?‘,J TJ ~ S E R v U  S4~,, -r~*)

CRE ATE,S~ :SY S.S’V~~rE ’
P ,

V A L~ E (~~A’4r = *DUPPLEW FIL T E R a )
$

$
S b J Z  1)EFI~~I TJJN S .
$

C R E A TE , Sr.:, ,

V A L ’ j[ = ( ~A ’~ : * P(f4. Ef ~ ~(JPf’Ly*)
E’~TFR , T=Sy S.SY~~T E~~*SF
C R E A T E .

~AL uE =
E’dT _ R, 5 ( T = S r S . S Y S T E M * ,e f
C I ~E A T E ,

#A LUE = (r,AME :*LLJ (TCS*)
EPITER ,SET= Sv S ,SY STEM a~~
$
S
S C1~~C J i T  - )EFI \ II1JN S .
$
CRE ATE , SN~ ,CI RC~JI T,
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VA L E = (NAME = *~ c)AR () 1*)
E N T E R , S E T : 5 1 3 5 B * $ F
C R E A T E ,

VAL UE = (‘IAM E = *~~flARD 2 * )
ENTER,SE1 S ~I~~*~ F
CREAT E,
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$

S
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$
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$ PRESE- ,t , THIS “tJ~iLD CORRESPUM3 13 TIlE VA LUES NOT t~EI’JG KNU . N.
S T -~E Y CA~ ~E. SPE~~IF1ED LAT E P~ OR TIEI M I’~P1T NE VER ~E RE ’~iUI ’~ED ~ Y
$ THE uSER . IF T’IEY ARE REFERENCED THEIR ABSENCE W ILL ~E DET E CTED

S AMI ) FLA (GED 8Y DBHS . THE ME T RESULT IS THEM OEPEMDET’~T QN OBMP .
S

E ‘~ T E R , S E T  = ~ iJ i, t~ * 5 F ~ S
S -

$ T~ A VJ ID RE PE IIIIJi S , 11 ~S ASSU”EO T’iAT MA ”i Y ENTR IES ARE MA DE
S P*T i Iri F DATA IASE A~~i THE Y A ’~E ALL EN TERED I’~ THE SAME ‘lA ’~iN1R

$ AS T4Ar.5jST I~ 3~ 3’41~S U b L I V E .
S ‘ i~~TE 1-1 41 11E ~~MP C~)L’L L- SI’ 4~PL IFY TIE SET MA N IPU LA T IUN . IN
S PA~fl IC ULA R 3~~ P C:’~ LU ~cEEP TR AC ,c  31- ORIGI’iS FJR INSEHTI4 G OBES
$ ~~~~ ~F IS, A LSJ THE CRE~~T IUN OF )1IES CUiJ LI) 6E A U T O MA T E I )  W IT h  T H E
$ HELP ~rF 3~~ ’-.i p ,

$

EN U’ D A T A
I..
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3.  Examp le 3.
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APPEN DIX 1)

A SCHEMATIC DIAGRAM OF DBMS NODE STRUCT URES

U- D B# CDC . **  0

SN SYS’

~~~~~ na
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~j

_ _ _ _  
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lCe ilt cvc j ~ Cv C l i n k  SN -
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lAtt ribu te sltLLH 1 lO BE ] S I N W A R O ~
I I

~ F .DB E i PI.DBE —
F,SUB 

~L .SUB•~F IIH f P1-ILK

_

~~~~~~~~~~~~~~~~~~~~~~

paç

~~

D-2

~~

B

~

PP .STRuç4
_4~~~~ 

PS .STRUCTO —~~<I puc TI
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(TYPE
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PC yc 

__ _
~~~~~ __ .._,{

~~~~~ 
- . . I:i~iEJname I IINW A RD S

pP.IINK J PS L IN K —

~F.L IN K FPTRI

~L .LINK 
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IPIRI —

ICI.ssIIRankItLIstLlDIlE

to LI C -:

Class Ex p rets Ion 
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Ra nk Order Ing
s ImIl a r to one

120



c~7
I ’—  —‘ii~i~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

J
~~ [

_  

LiLEeDlIA
~

II’ S U B I ~S ¶ U B I

AJ IRI B IJIE VA i UIS

~~ eiis j~~4~c ycJi~~~ t I C

1 ( S i r i l a r  to one
RTN J tho -.n be low) 1

1lPCc l I~~~Cyc ~C yc l i nk  k ~C c i I ~ C c ~CV C L i nk
n.m i e r or I~~T C C S  Va Iue -

Leng th  1 I

Is C yc _ 1  I T y c  L H ~,
______________ ~ k . ( B (  t I i , t I J  l o t

F P T RI ~i[[c. 1 - - 

~iic~ 
—

~~ ( i L C 3  
-

__________ ~L C L ~~ ~u L (
A t L C S  e l i c

~~~~~~~~~~~~~~~~LC 7~~~~~~~~~~ I~~~8 

~

121



ru

A P P E N D I X  El

TH E DATA BASE MACRO PROCESSOR

Thi s appendix discusses the Data Base Macro Procesoor ([)BMP) concep ’ -

The e xisting DBMS software does not include the DBMP features which are
presented here. The fo llowing discussion presents the featur e-~ of the
DBMP which u-~~u l d provide the DBMS user wi t h  a more powerful , h i gher l u-- i - i
command cap a b i l i t y  for using the DBMS .

- THE MACRO CONCEPT

Frequentl y a sequence of DBMS con~sands are used repe a t u--Il y. To si np l i f y
the use of the DBMS , these commands may be grouped together. This group ~~
command s i -  g iven a uni que name and ca l led a macro . To f u r t 1u e r  s l o p 1 V y tb
use of DBMS , arguments  may be passed to the macro as is done in a FORT RAN
subrout ine. Macros are also s i m i l a r  to FORTRAN subroutines in tha t o n -  M i c r o
rni v call another. This is where the s i m i l a r i t y  between FORT RAN s ubrout  i - i -  -

- m d  data b-ise macros ends. Whereas FORTRAN subr outines reside in corr - in~
the commands ire execu ted  t h e- c  d i r e c t l y ,  macros res ide in -i da t - i  base and
onl y a copy of the macro is  mad e a v a i l a b l e  to the DBMP fur e x c - c u t  m g t r e

con tained commands. Al thoug h FORTRAN does allow subroutines to c~~l I oth er
subroutine - - thus creating a sequence of called subroutines , ~inv qi Jcrn suf~-
routine may hc in the sequence onl y once. This process of ‘nesting ’ sub-
routines is called recursion. Since cop ies of macros are used by th e ~~~~~~~~~~

the -na c ros may be used in a recursive fashion.

One fi nal d i s t i n c t i o n  be t-- ~e - n  m a c r o s  and FAPTPAN su b r o u t i n e s  i s c h i t
! n c- a r g u m e n t s  p a s s e d  t o  a macro must he numeric constants , alpha c- i n st a nts ,
nod - names , or at t r i b u t e  names.

2. TPE L A N G U A G E  P R I M I T I V E S

Tb1 - 12 25I-tP co num inds are l i s t  € 1  be low foil owed by a f1 -~ in i t ion of ei- : h
connind. N - t t  t h a t  the under l m e d  it ems are to he sup p i i f  b y the u - - r .

a .  IDENT name

T h i s  command al Iocat~~s (or retriev e~-) -1 sect ion ( I t  s l u r - i n ,-
in -i da ta  base - T h i s  storage sp 1C’ is used by t I, - t RI P to s ive
local or i g i n s  (see functions ~N fl R l G I N , )RF~ R I G l ’ I , a ncl O R I1 , l N
be l ow) , and mac ro s  dim f I ni- f by t h i s user - 

I F~ is  S t  r i nn ~u r L

r em i ins the proper ty  of -i sp .-~ i f  ic user in tha t - i n h  u -~er r i s

his ou-un s t o rage  spac e - Th o n e -  f i e l d  must be ¶ rom I t o

c h a r a c t e r s  s t i r t  i - -q w i t h  a l i t t e r  and is u t  to ident if y IN-
cu r ren t  user - T Ic nun - ‘ - B R is  r ese rved  ¶or the s t  ~- r  iq-

macros - - iN i ch a r t -  shared by ii 1 u sers -

1 2 2



b. MAC RO name (numbe r)

The MACRO command is used to identif y the beqinn inq of a macr o
defini tion . The number field contains an integer representin g
the number of arguments in the ma c ro c a l l .  The number f i t - I d
(and parentheses) are optional . The name fi e l d  sp e cifies t f ~-

name used to reference hi s m acro .

c. MEND

T he MEND command i n d i c a t e s  the end of a niw ro d e f i n i t  ion .

d . IF (log ica l) THEN (text)

This conditiona l execution command may on l -t appear wi t h i n  a
macro d e f i n i t i o n . When t h i s  command is e r r c o un t t - red , the next
commands are executed only i f  the log i ci l  express ion  is  t rue .
The log ica l expression is an ANS I FORTRAN logical expressi on
betw een a t t r i b u t c - va lues and c o n s t a n t s .  The t ex t  l i t Id I S

composed of DBMS and DBMP commands except IDEN T , MACRO and
MEND -

e IF (log i cal ) THEN (text l ) ELSE (text )

T h i s  c o n d i t i o n a l  execut ion command may appear onl y c.- i t h i n  a
macro de f i n t  ion . When t h i s  command is encountered , t he t e x t  I
comma nds are execu ted  i f  the log ica l e x p r e s s i o n  is true , othe r-

wise the text2 commands are executed. The f o rm of the log ica l
e x p r e s s i o n  ari d the two text field s  is ident ic-i l to the p r e v i - u

command -

f , WHILE  ( log i c a l )  DO ( t e x t )

The WHILE command pe r forms a sequence of commands as long as
the log ic al exp ressi or i is true. The forma t of the e x p r e s s i o n
and tex t  f i e l d s  is  the same a :  the cor responding f ’ 1 l-~ in tb-

c o nditional execution commands.

g. SNORI GI N name

T h i s  command saves the name of the c u r r e n t  s t r u c t u r e  node.
The name field nay be a n y  alphanumeric s tring and is the local
, I c i I -  of t he c u r r e n t  s t r u c t u r - nob . A l l  future references to

s t r u t  t u r n  clu cies mmci v be r e fe ru -nIe d 11 ‘he curr e nt struc ture nc ie
throug h t he u - i -  of ~he - - - - n i i n d  OR IG I ( - t - u -  hc~in --i i -

~ BEPB l A I N  n-c - c

1 h 1 5  command , r v  t h e  S i ’ -  pu r p o s e  h r  L i i - ~ h i se e n t r i e s
-~ °, t he L I n i i - f  r~~ op i I N cioi -~~ f~ r sI uc o r n u~ ’ -~ -
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i. O R I G I N  name

The ORIGIN command is used to establish a previousl y defined
structure node (data base entry) as the starting point for
future structure node (data base entry) references instead of
the structure node SYS. The ori gin specified by the name field
must have been defined by a SNOR IGIN or DBEOR IG IN command under
the same identifier as the curren t user.

j .  CALL name

The CALL command invokes a pr eviousl y def i ned mac ro . The macro
spec if ied by the name field must have been defined under the
same identifier as the current user. The argument field (args)
can be numeric constants , al pha constants , node names , or
attribute names. The argument fi eld is optional.

k .  DUP ident (ori g in) , name l, name2

The DUP command is used to dup licate another user ’ s structure
node da ta base entries. The other user ’ s iden t ity is g iven
by the ide nt field and the ori g in to be used to specif y the
data base entry is given by the orig in f i e ld .  Us ing the
ori gin as a starting point the data base entry specified
by name l is copied as the current user ’s data base entry
specified by name2. The ori gin used for name2 is the origin
which was current just prior to the DUP command. The DUP
command ‘ni 11 not copy link ed lists.

- EXTERNAL (
~~L9,~

)

The EXTERNAL command allows the serious systems programmer to
extend the capabilities of DBMP by allowing macros to readily
call FORTRAN subroutines. The user must suppl y a subroutine
called EXTERN. When DBMP executes this command , subroutine
EXTERN is called and the argument list passed to it.

In a d d i t i o n  to the above DBMP special commands , any of the DBMS commands
may be used. A cell called $0 always contains the status of the last DBMS
command executed . The onl y restriction on the use of DBMS commands is tha t
all references to a data base name within a macro must be the same as the
currentl y used data base (i e., the name of the data base being used cannot
be c hanged w i t h i n  a macro) .
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3. THE DBMP PROGRAM

The general form of a DBMP program consists of three sections. The
firs t sect-ion identifies the user and contains a DBMS RETRIEVE or INITIAL
function followed by a single IDENT command . The second section defines
the user macros (unless prev i ousl y defined in the data base). The third
sect ion of a DBMP program contains DBMP and DBMS commands. The onl y PBMP
commands allowed in the third section of a DBMP program are: SNORIGIN ,
OBEOR I GI N , ORIGIN , CALL , and DUP.

Althoug h the three sect ions of a DBMP program must be in order , not
all the sections are requ i red to be present in every DBMP program. The
first section is required onl y if the second section is present or if any
DBMP commands appear in the third section . The method of forming the three
sections into a DBMP program can be seen more clearl y from the following
BNF description of the gramma r for a DBMP program:

prog := Id macros main
p rog := id  m a i n
p rog id macros
prog := m a i n
id := retor in i IDENT name
main := texts
macros := macdef
macros macros macdef
macdef := MACRO name ( integer ) mactext MEND
mactext : text
mactext := IF ( logicalexpress ion ) THEN ( texts
mactext := IF (logicalexpression) THEN ( texts ) ELSE ( texts
mactext WHILE ( logicalexpression ) DO ( texts
mactext := EXTERNAL ( integer
mac text := EXTERNAL (integer , args
texts : text
texts := texts text
text := CALL name
text : CALL name (args
text := SNOR IGIN name
text := DBEORIG IN name
text := ORIGIN name
text := FILE name
tex t  := dbmscommand
args := arg
args := args , arg
args := args = arg
arg := number
arg : alpha
arg : name
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In t he above BNF d e s c r i p t i o n

I) the f i e l d s  ‘ i n teger ’ , ‘number ’ , and ‘ a lpha ’ are de f ined i~ Append ix  A
in the discussion of the Type 3 DBMS func t ion  CREATE ,

2) the field name ’ consists of I to 9 alphameric characters beginning
w i t h  a letter ,

3 ) the f i e l d  ‘ log i c a l e x p r e s s i o n ’ is any DBMS r e l a t i o n a l  ex c ) r u - ss Iun ,
1+) the f i e l d  ‘dbms command’ s a n y  DB MS comman d ,

and 5) the f i e l d  ‘ re to r in i  ‘ r e p r e s e n t s  the DBMS command R E T R I E V E  or l N t T I i d  -

Micros are defined in the second section of a DBMP progr am. T - -

~equence of comman ds to  be p laced  in the macro are pr oceeded by
> n m m n j  and f o l lowed  by a MEND command . The MA CRO comnrand c o r t a i n s  t l n

macro ’ s name and the numbe r of arguments to be passed to the ma cro .

TNe sequence of commands in the macr o is called the macrn text be
s i m l n ly t e x t ) .  W i t h i n  the t e x t  a passed parameter is referenc i l as

~ is in integer spec i f y ing w h i c h  pa ramete r  is bei ng referenced.
~~“ . t~~m~~ t of a macro may con t a i n  any  D8MP or 2BMN command except IDEN~~,M CRO , - m d  M END , and the name of  the d a t a  ho se be i n g us ed b y DI’I~ r iv o~
e c°i”ged .

Tne following example w i l l  help to c l a r i f - ,- the use of m acro - I t does
as - u- -c a knowledge of the data base construction and as such should n t  he
con si j ci too s t r o n g l y unt i l  the data  base s t r u c t u r e  is  u n d - r s t o o d . T I r e
‘ .x i :cl e is pre sented here for comp l eteness. In particular consi de r the

ba - c created in Examp le 1 of Appendix C. Assume tha t a person named
i esta h li- h , - d an o r ig i n  c a l l e d  TRAN at SN ‘SYS. SIMS .XTORS.MODEL SF I .

r I l o w i n g  m a crO - - i l l  find and pri n t  a l l  transistor models for a given
p ers o n  (in ‘his ca- - c Bob S m i t h ) :

~- E T P I EVE , DBN = F l G6 - -
IDE NT JO E f i r s t  s e c t io n

MACRO NAM ES ( 1 )
OR I G I N  - TRAN
W HILE ( 3 0 . E Q -  0

_
f DO second s e c t i o n

IF ( NA M E . E Q . S 1 )
THEN ( D I S P L A Y )
F I ND ,DBE = SS

MEND

CAL NAMES C/BOB SMITH !) t h i r d  s e c t i o n

Nolu th ’- u - i -- of the - DBMP f l a g  SO to t e s t  when a l l  the O BE s have been
e~~c i i ’ .i ( , nonex is ten t  OBE is r e q u e s t e d ) .
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I f  a t  a l i t er t ime Joe w i s h e s  to d i s p l a y  a l l  of J im Brown ’ s
ins i s  to r mode Is , t he fol l ou-u ng deck w )u I d he used

Retrieve , DBN = FIG 6
IDENT JOE f i r s t  s e c t i o n

no second sect ion

CALL NAMES ( : J I M  BROWN : ) t h i r d  sec t  ion

It is now apparent that when a new da ta  base i s  be ing used and seve ra l
gene rall y use ful macros have been defined in another data base , the DBMS may
be u- c d  to copy the mac ro- - f rom the old data base to the new d a r i  bas e .
Tbe o r i g ins  copied in t h is  f a shio n are no longer v a l i d  a nd shou ld be upda t ed
or d i s c i r d e d .

~~~. MACRO STORAG E AND EXEC UTION

The macr os are stored in DBMS short form as data base entries i ’ the

~urr en t data base . iThe data base entries containing the macros are
as socia t ed u-u i t h the s t r u c t u r e  node SY S.DBMP. ident .MACRO , where  i d e n t  1 5

H- curr ent user s id e n t i t y .  S i m i l a r l y the u- e r ’s ori g ins are saved in
da ta  bane en t r ies  a s s o c i a t e d  w i ’ h  s t r u c t u r e  no i t -  SYS . DBMP . il i - n t . O R I G I N S , 

ident s the current users i d e n t i t y .  Thus u-:Icen DBMP is being used ,
t b - s ~ two st m u - t u r t - node names are  re serv c-J .

When m macro is  ca l  led , a copy of the  mac ro is save -f . Inc luded in
to-: - w ;  is a return pointer to the c a l l i n g  macro or main program . A l s o ,
il l passed a r q u c - r m t ,  a re subst  i t u t e d  f u r  iu ’r- v a rguments  in the macro .

a macr o terminates , the copy of t h~ ma c ro is  destroyed and OBMP res u-- Ic s
- u t ing tb: c a l l i n g  macro or m a in  progr  a l t .

As a macro i s  be ing e x e c u t e d , DBMP passes DBMS commands directl y to
rJ c

~ t IA Wh en IF THEN and WHILE DO comma nds o r -  encountered , D BMS i s o l a t e s  rhe
e~~~r cssion and then evaluates it by retr i e v i n g  t he a t t r i b u t e  v a l u e s  from th e
- i o ta  base t-r i t h  DBMS commands. When a c o n d i t i o n  is  f a i  led , D BMP proceeds to

t i: next command to be executed .
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APPE ND I X  F

GLOSS ARY

Alpha - An alph a numeric string (also called a constant). To encode an alpha
text into an alpha string, choose any delimiter from the set ( ) + -: /

- or = . The delimiter is p laced immediatel y before and after the a l pha
text string . Anywhere in the text the delimiter appears it must be
replaced by two delimiters.

Ancestor - When referring to a node on a tree , the ancestors of the node are
the parent of the node p lus the parent of the parent node (also known as
the grandparent) , etc. The meaning of ancestor becomes clear when one
considers a famil y tree (a linea l chart).

ANS I FORTRAN - The standard FORTRAN language as approved March 7, 1 966 by toe

United States of America Standards Institute.

Array - An array (or a simp le array) is any FORTRAN array. See Structure
Leve l 1. 14 for an exp lic i t  definition.

Array Descri ption Cell - A node attached to a structure node or a data bus ’—
en try containing the dimensionality of an array.

Array Value Cell - A node attached to a data base entry containing the values
of an array .

Attribute - An attribute is composed of a name part and a value part. One or
more attributes define the state of an entity.

A ttribute Name - The name part of an attribu te. See also Attribute.

Attribute Value - The va l ue part of an attribute. See also Attribute.

Bit String - A se r ies  of bits with va l ues 0 and 1 , or the entire bit string
co n s idered as having one or more substrings (also called subfie lds)
which are in terpreted as integers , f l a g s , etc.

BNF - A b b r e v i a t i o n  for Backus-Naur Form , a con c i s e  n o t a t i o n  for d e s c r i b i r - ’
the manner of constructing the allowable sentences of a language.

Branch - Refers to a non-leaf node in a tree (in this document branch s t r i c t l y
refers to a ragged table subtree). See also Tree .

Branch lets - When considering a subtree of a tree the branch let s are the
immediate subtree s of the subtree being considered . When considering
a sub t ree w it h node A , the branch lets then are the subtrees of A (may
be a branch or a l e a f) .
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Cell - A d i s t i n c t  non -di sjoint , recogni ?able group ing of information . See
S t r u ~~tu r , - Level 2 for a complete definition of cell and the formats of

~ -l l s  use(1 in DBMS.

Cell T sp ,- - Re $ er~ to the forma t and type of information contained in a cell.
Set’ also Cell.

Cha in - See C O m m  of Nodes.

C c -m m of N- des - In a data base a group of si m i l a r  nodes are frequentl y
connected by pointers. The nodes and pointers form a chain. In
p a r t i c u la r , a L h - lI n has a starting and ending node and a ll the nodes
in - ‘ chain can be visited by follow i ng a specific pointer in each of the
nodi-s . A chain is owned by a node which has a pointer to the starting
node -o the chain; the ending node-of a chain normall y points to the
.h a i n  - .-uner . For example a SN owns a chain  of DBEs wh ich  are c a l l e d
the SN’ s associated DBEs.

Children - T hose nodes of a tr ee which are i mmediate descendents of a
particular node in the tree are called the children of that particular
node. See also Descendent be l ow.

Cl ass Descri ptor - Refers to the forma t and information contained in cells
used ~n store any of the seven classes of keyword packets (see Structure
Level 2.3).

C ycle - The inform ation in a data base is stored in nodes. The nodes may be
archived by cycle. A cycle then represents the state of a data base at
a - j - t - :  f t - f  m e d  instant of time . The date and time a cycle was created
pl u s the information saved in any cycle can be retrieved with DBMS
commands (see Appendix A Type 1 functions LIST and COPY).

Curren t Data Base - The name of the data base which DBMS (or DBMP) is currentl y
work ing w i t h .  See A ppendix A T ype I funct ions  for a d e f i n i t i o n  of current
data base.

Cu rrent SN - The structure node DBMS (or DBMP) is referencing (or most recentl y
referenced). See the general discus sion of Type 2 function in Appendix A
for a complete d e f i n i t ion and default va l ues.

Current DRE - The data base entry DBMS (or DBMP) is referencing (or most
recently referenced). See the genera l discussion of Type 3 func t ion s
in Appendix A for a complete definition and default va l ues.

Data Base Entry - The nodes in a data base which contain the attribute va l ues
(user information). Structure Level 1.2 defines a data base entry (DBE)
and 2.5 presents the forma t of a OBE .

DBE - See Data Base Entry.
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DBE se t  - A grouping ut DBEs . The set membership is de f ined  by entering
i n d i v i d u a l DBEs into the set . Structure Level 1 .7 d e f i n e s  DBE set
(also called set).

DBMP - Data Base Macro Processor , -m u s c - c  interf a ce wi th the DBMS.

DBMS - Pi ta Ba~ c Managemen t System , i p r o g r a m  f r  - ran a q in g  the s to rage  and
r t -t r eva l of  i n fo rma t ion .

Descendent s  - When ref erring to a node of a tree , the descendent- , r i ~ the
node are a l l  the children of the node p lus a l l  t he c h i l d ren ’ s chi l d r ,-n ,
etc. The meaning of descendents becomes clear when one c o n s i d e r s  a
4 m n i l y tree (a lineal chart ).

Defined Continuation - When DBMS c urrm- ,tructs a ragged table , special nodes
are attached as each branch is defined . The se special nodes - ic e c-i l I - r i
undefined continuation nodes and correspond to a branch or 11- ~~f --i t ’ i c h

has not been defined . If and uhen undefined cont inuati o n is fr- ’ r :i- t

(by the user)  to be a branch , the new branc h is g e n e r i t - f  as -i dis jnin ~
cont i n u a t i o n  of the t ree . The undef in ed  con t i nua t i on  is conver t ~~d to -m
d e f i n e d  cont i nua t i on . S t r u c t u r e  Li-ve l  3.5 g ives -i c o m p l e t e  d e s c r i p t i - ’ -
o f t h i s  process.

Del i m i t e r  - Any of the symbols +— ,/ Q = . or S (See Ap pend ix  A , see a lso Ip h i)

FIFO — First in , first out; refers to the order of r e t r i c v i n d  in~ or r :ut ‘n
f rom a queue. In general , a method of storing objects t en ti t i e s )  u-i m ler’-

the oldest object s always removed first.

Generic Name - A me t hod cf forrrinq a SN ’ s name where the name s of al l  th e
ancestors and the node are separated by periods . See S t ruc tuu e Leve l
1 .2 + or examp les of generic nanres .

bi rder - Refers to the beginning cell s  of a node which identif y whi t infor-
mat ion is cont mined in the node and the forma t of the informa t Hn.
Structu re Level 2 provides a d e f i n i t i o n  of the term header alonq with
sever a l examples.

Inter na l Form - ~e fc rs to the forma t into which DBMS translates commands
bef ore using them , which is the same forma t used for int e rprogr m m commu-
nic at . on between DBMP and DBMS. Structure Level 2..? d efines the inter n i l
form f o r  a ll  commands to DBMS.

I PB — I t e m  present  b i t s  , , group of b i t s  inc luded i rr mos t. f - i ta base r ruoh - s to
i n d i c a t e  wh i ch  i tems are p rese n t  in tIw node . The primary fun ction o4

1P Bs is  t o  a l l o w  s h o r t e r  nodes fr y not i n c l u d i r r u ;  pointer - wh ich w i l l  n i t
he used reque nt l y  one - i l s o  t -  pr - s e r v - f i t a  N 3 5 € ’  -~u n ity. Structure
L e v e l s  2 . 3  t h r o u t h  2 . f p r e - i - r r t • - x i r r p l e - ~ of IPBs.
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et vu -icr rd - A word used to identif y a fi eld of a DBMS commimrr ’f while in the
long mode. Appendix A gives a list  of the usage of the DBMS commands

u-~h ich  includes a l l  keywords.

Keyword Clas s — See Class Descri ptor.

Keyword Descri ption - See Class Descriptor.

Keyword Packe t - A cell used to store a keyword value in DBMN SHfl~ 1 fo re-i

(see als o Interna l Form) .

Key u-:cr rJ Phrase - A keyword and the va l ue of t h -  K e y - i  c f  s i’a r i t . -  - 1 - - a rc

equa l si gn (=).

Lc-,f - A te rm ina l node on a t ree . W hen r e f e r e n c i n g  a r - u q- -j.-d table I.- .~
- 

refers to an attribute type and an attribute value (or values).

Lev el - R efers to SNs or DBEs. The level of a structure node is the numc- . r
of it s  ancestors. The level of a DBE is the leve l of its associa ted
SN -

LIFO — Last in , first out; refers to the order of retrieving inform a tion t - io n
a queue. In genera l , a me t hod of storing objects (entities) where the
youngest object is always removed first.

Li nked Li s t - An inverted linked l i s t  of DBEs . Membership is determined N- ,
a t t r i b u t e va l ue (also relative position in the data base tree).
Structure Level 1.5 g ives a comple te d e f i n i t i o n  of Linked Lists (LL).

L ; r i I. e- d List Chain Node - A node attached to a DBE used to chain the DBE into
l inked l i s t s  (also referred to as LLC) . Structure Leve l 2 . 6  g i v e s  the
fo rma t for a LLC .

Li nked List Header Node - A node attached to a SN which cont ains the membershi p
requirement s and the ordering al go rithm (also cal led a LLH) - Structur e
Leve l 2im g ives the forma t for a LLH. See also Rank Ordering.

L ist — Net Linked L i s t .

LL - Nee Linked Li s t .

LLC - See- Linked L i s t  Cha in  Node.

LLH - See Linked List Header Node.

Long — See Long Mode.

Long Mode - The alp ha numeric form of DBMS commands as presented in Appendix A.

Mode - Sc-c L ung Mode and Internal Form.
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Muc t ion Phrase - A phrase included in the name of a node. The effect of a
motion ph rase is to move from one node to another related node.
Struc ture Leve l 1 .3 defines the term motion phrase and specifies
the results of various motion phrases. A ppendix B gives a tabular
form of all the motion phrases.

Node - The primary b u i l d i n g  blocks in a data base . Structure Leve l 1 .2
introduces two primary nodes , and Structure Levels 2.3 throug h 2.6
presen t the formats of the primary nodes. Structure level 3.3
presents the forma t of an own node which is used during data base
construct ion.

Parent - If one or more nodes are imediate descendents of a particular
node in a tree , tha t particular node is called the parent of the
descendent nodes.

Permission Parameter - A set of three keys stored in the data base. These
keys are intended for protection against accidental destruction of a
data base or part of a data base.

Pointer - An integer specif ying the location of a node within the data
base file.

Pr edecessor - considering a node in a chain of nodes (linked by poi nters),
the node containing a pointer to the considered node is the predecessor
in the chain.

Ragged Table - A method of storing data similar to arrays but differing
from arrays in tha t the number of entries in each row is not nece ssaril y
the same . A ragged table is best viewed as a tree where the leaves are
the ent -ies. Structure Level 1.4 defines a ragged table and Structure
Level 3.5 discusses the me t hod of creating and storing ragged tables.

Rank Ordering - Linked lists and sets are both ordered . The specification
of the ordering is called the rank ordering of the list or set.

Root - The specific node of a tree which does not have a parent , considered
the ori gin or base of a tree .

Set - See OBE set.

s i b l i n g s  - The children of a node in a tree are called siblings.

SN - See Structure Node.

Structure Node - One of the two primary nodes in a data base . The structure
nodes contain the hierarchica l structure of a data base and -act as a
t emplate to interpret the information kept in a DBE . Structure Leve l 1 .2
defines a structure node (SN) and 2.3 presents the forma t of a SN.
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Structure Set - A structure set is composed of a subset of the nodes on
a branch of the structure node tree . A structure tree is said to
be long to a s t r u c t u r e  node. T he ru l es  for forming s t r u c t u r e  se ts  are
presente d in S t ruc tu re  Level L2.

S t r u c t u r e  Tree - A t ree composed e n t i r e l y of structure nodes which re pr esen t s
the h i e r a r c h y of a data base. S t r u c t u r e  t rees  are defined in St ruc tu re
Leve l 1. 2 .

Successo r - Considering a node in a chain of nodes (linked by pointers), the
node pointed at by the considered node is the successor in the chain.

5(5 - The name of the SN which is the root of the structure tree . It is
also the name of the DBE associated with the SN called SYS . The attri-
butes of the DBE called SYS contain pertinent DBMS information such as
cycle information . Both of these nodes are automaticall y created by
DBMS -

Tag - See Header.

Tagged - Refers to any data structure whose modules of information are
preceded by tags.

Text - In a tagged architecture , the text of a node is all information
stored in the node exclusive of the header (see Structure Level 2).

Tree - A tree is a grouping of nodes such that:

1) There is one node which is called the root of the tree .

2) The remaining nodes form disjoint groups where each of the
groups is a tree . Each of the groups is referred to as a
subtree of the original tree .

Undefined Continuation - See Defined Continuation .
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