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©  Methods  and  apparatus  for  accessing  non-relational  data  files  using  relational  queries. 

©  A  relational  data  access  facility  allows  relation- 
type  queries  to  access  data  stored  in  non-relational 
data  files  by  converting  relational  queries  into  a  set 
of  common  commands  which  are  sent  to  data  dri- 
vers  to  obtain  the  data  specified  by  those  queries. 

The  facility  uses  metadata  which  describes  the  or- 
ganization  of  the  data  in  the  non-relational  files,  and 
examines  the  expressions  in  the  relational  queries  to 
formulate  an  access  plan  for  the  data.  The  plan  is 
formulated  to  reduce  cost  and  promote  efficiency. 
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I.  BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  generally  to  the 
field  of  accessing  non-relational  data  files,  and 
more  specifically  to  the  accessing  of  such  non- 
relational  data  files  using  relational-type  queries. 

Relational  databases  have  gained  a  great  deal 
of  popularity  as  a  means  of  representing  data  be- 
cause  relational  databases  allow  easy  and  flexible 
access  to  the  data  they  contain.  Relational 
databases  are  perceived  by  users  as  being  or- 
ganized  into  tables.  As  such,  they  permit  the  re- 
trieval  of  information  in  many  different  ways. 

Relational  database  management  systems 
have  been  developed  to  support  relational 
databases.  Relational  query  languages  are  used  to 
control  relational  database  management  systems 
and  to  provide  users  with  mechanisms  for  modify- 
ing  or  accessing  data  in  the  databases.  Relational 
query  languages  usually  provide  for  data  manipula- 
tion  operations  such  as  retrieval,  modification,  dele- 
tion,  and  insertion  into  a  database.  One  common 
relational  query  language  is  called  the  SQL  or 
structured  query  language. 

In  addition  to  relational  databases,  several  dif- 
ferent  types  of  non-relational  data  files  are  currently 
in  use,  many  of  which  were  developed  before  the 
advent  of  relational  databases.  Non-relational  data 
files  are  considered  to  be  just  a  series  of  records 
without  structure,  although  they  may  include  an 
index.  Data  is  retrieved  from  a  non-relational  data 
file  by  specifying  the  record  or  by  using  the  index. 
Non-relational  data  files  generally  do  not  allow  flexi- 
ble  data  access  by  means  of  tables. 

Because  of  the  power  and  flexibility  of  rela- 
tional  databases  and  the  query  languages  that  have 
been  designed  to  support  those  databases,  there  is 
a  general  desire  on  the  part  of  many  users  to 
transport  the  data  that  is  currently  in  a  non-rela- 
tional  data  file  into  a  relational  database.  Physical 
transportion  of  the  data  is  very  costly,  however, 
and  can  sometimes  be  very  difficult  for  large  or 
complex  data  files.  In  addition,  there  is  always  the 
possibility  of  error. 

Another  approach  has  been  to  translate 
relational-type  queries  such  as  SQL  commands, 
into  a  series  of  commands  understandable  by  the 
different  non-relational  data  files.  This  technique, 
which  has  been  referred  to  as  a  "gateway,"  re- 
quires  a  separate  interface  for  each  different 
database.  Although  gateways  have  been  used,  they 
suffer  from  certain  disadvantages.  One  is  that  a 
new  gateway  must  be  created  for  each  different 
non-relational  data  file.  In  addition,  the  time  and 
energy  of  skilled  programmers  is  required  to  build 
gateways,  which  can  add  a  great  deal  of  cost  to 
any  system. 

It  would  therefore  be  desirable  to  create  a 

system  which  provided  an  access  to  non-relational 
data  files  via  relational  queries  which  also  allowed 
additional  databases  and  additional  sources  of  the 
queries  to  be  added  without  a  great  deal  of  reprog- 

5  ramming. 
Another  desirable  feature  would  be  to  provide 

such  access  using  a  mechanism  which  optimizes 
the  data  accesses  to  the  non-relational  data  files  to 
reduce  the  cost  of  such  access  and  to  promote 

io  efficiency. 
It  would  also  be  desirable  to  construct  such  a 

system  which  took  advantage  of  capabilities  built 
into  drivers  for  non-relational  data  files. 

75  II.  SUMMARY  OF  THE  INVENTION 

In  order  to  achieve  the  desires  indicated  above, 
this  invention  provides  relational  data  access  to 
data  stored  in  non-relational  data  files  by  convert- 

20  ing  relational  queries  into  a  set  of  common  com- 
mands  which  are  sent  to  data  drivers  to  obtain  the 
data  specified  by  those  queries.  In  accomplishing 
this,  the  system  accesses  sources  of  metadata 
which  describe  the  organization  of  the  data  in  the 

25  non-relational  files. 
In  addition,  the  system  can  also  examine  the 

record  selection  expressions  in  the  relational  que- 
ries  to  formulate  a  plan  for  accessing  the  non- 
relational  data  files  to  reduce  cost  and  promote 

30  efficiency.  An  additional  feature  of  this  invention  is 
its  ability  to  adapt  to  different  data  drivers  which 
provide  an  interface  to  the  non-relational  data  files. 

More  specifically,  a  system  of  this  invention  for 
providing  relational  data  access  to  data  stored  in 

35  non-relational  data  files  in  response  to  relational- 
type  queries  comprises  dictionary  means  for  stor- 
ing  metadata  corresponding  to  each  of  the  non- 
relational  data  files;  data  engine  means  for  decod- 
ing  the  relational-type  queries  into  a  set  of  common 

40  data  file  commands;  and  database  driver  means, 
coupled  to  the  dictionary  means  and  data  engine 
means,  for  accessing  the  data  in  the  non-relational 
data  files  specified  by  each  of  the  data  retrieval 
commands  received  from  the  data  engine  means. 

45 
III.  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  accompanying  drawings,  which  are  incor- 
porated  in  and  constitute  a  part  of  this  specifica- 

50  tion,  illustrate  implementations  of  the  invention  and, 
together  with  the  description,  serve  to  explain  the 
objects,  advantages,  desires,  and  principles  of  the 
invention. 

Figure  1  is  a  block  diagram  of  the  computer 
55  network  which  contains  a  preferred  embodiment  of 

the  relational  data  access  facility  of  this  invention. 
Figure  2  shows  the  relational  data  access  fa- 

cility  of  Figure  1  in  greater  detail. 
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Figure  3  is  a  detailed  block  diagram  of  the 
elements  in  the  preferred  implementation  of  the 
relational  data  access  facility  of  this  invention. 

Figure  4  is  a  flow  chart  showing  the  major 
activities  taking  place  during  the  use  of  the  pre- 
ferred  implementation  of  the  relational  data  access 
facility  of  this  invention. 

Figure  5  is  an  example  of  an  internal  tree 
constructed  by  a  data  parser  and  tree  generator  in 
the  preferred  implementation  of  the  relational  data 
access  facility  of  this  invention. 

Figure  6(a)  is  a  diagram  an  RSE  tree. 
Figure  6(b)  is  a  diagram  of  a  CNF  tree  for  an 

RSE. 
Figure  7  is  a  diagram  of  an  UNCORRELATED 

OR  BRANCH. 
Figure  8  is  a  diagram  of  DBKEY  OR  BRANCH. 
Figure  9  is  a  diagram  of  SIMPLE  OR  BRANCH. 
Figure  10(a)  is  a  diagram  of  DELAYED  EXECU- 

TION  OR  BRANCH. 
Figure  10(b)  is  another  diagram  of  a  DELAYED 

EXECUTION  OR  BRANCH. 
Figure  1  1  is  a  flow  diagram  showing  the  steps 

for  a  tree  builder  algorithm  used  by  the  preferred 
implementation  of  the  relational  data  access  facility 
of  this  invention. 

Figure  12(a)  shows  an  example  of  an  RSE 
table  built  by  a  Query  Optimizer  Tree  Builder  in  the 
preferred  implementation  of  this  invention. 

Figure  12(b)  is  an  example  of  an  RSE  ID  and 
CVAR  table  built  by  the  Query  Optimizer  Access 
Plan  Generator  in  the  preferred  implementation  of 
this  invention. 

Figure  13  is  a  flow  diagram  showing  steps  for 
data  collection  in  a  Filling  State. 

Figure  14  is  a  flow  diagram  of  a  preferred 
procedure  for  activating  data  drivers  for  context 
variables. 

Figure  15  is  a  flow  diagram  of  a  preferred 
method  for  locating  OR  BRANCHES  that  have  two 
context  variables. 

Figure  16  is  a  flow  diagram  of  a  preferred 
procedure  used  by  a  Join  Optimizer  to  build  a  join 
graph. 

Figure  17  shows  a  table  of  preferred  selectivity 
factors  used  in  the  preferred  implementation  to 
estimate  cardinality  of  relations. 

Figure  18  is  a  table  showing  a  list  of  preferred 
cost  formulas  used  in  the  preferred  implementation 
of  this  invention. 

Figure  19  shows  a  preferred  form  of  an  inputs 
array  for  the  join  optimizer. 

Figure  20  shows  a  preferred  form  for  the  out- 
puts  array  for  the  join  optimizer. 

Figure  21  shows  a  diagram  for  a  preferred 
procedure  to  determine  a  minimum  cost  join  order. 

Figure  22  is  a  flow  diagram  for  a  preferred 
procedure  access  plan  generation  for  a  DCM  SE- 

LECT  OPERATION. 
Figure  23  shows  an  example  of  a  record  data 

vector  used  in  the  preferred  implementation  of  this 
invention. 

5  Figure  24  shows  an  example  of  a  field  data 
vector  used  in  a  preferred  implementation  of  this 
invention. 

Figure  25  is  a  flow  diagram  of  a  preferred 
implementation  for  an  M-WAY  JOIN. 

io  Figure  26  is  a  flow  diagram  for  a  preferred 
implementation  for  generating  an  Access  Plan  for  a 
SIMPLE  OR  BRANCH. 

Figure  27  is  a  flow  diagram  for  a  preferred 
implementation  for  generating  an  Access  Plan  for  a 

75  DELAYED  EXECUTION  OR  BRANCH. 
Figure  28  shows  an  example  of  an  Access  Plan 

generated  by  a  preferred  implementation  of  a  Que- 
ry  Optimizer  Access  Plan  Generator. 

Figure  29  shows  an  example  of  an  Access  Plan 
20  queue. 

Figure  30  shows  another  example  of  an  Access 
Plan  queue. 

Figure  31  is  a  flow  diagram  for  a  preferred 
implementation  of  access  plan  generation  of  the 

25  DRIVER  SELECT  specification. 
Figure  32  is  an  example  of  an  DRIVER  SE- 

LECT  specification  block. 
Figure  33  is  a  flow  diagram  of  a  preferred 

procedure  for  generating  an  access  plan  for  a 
30  PROJECT  expression. 

Figure  34  is  a  flow  diagram  of  a  preferred 
procedure  for  generating  an  access  plan  for  a 
SORT  expression. 

Figure  35  is  an  example  of  a  DCM  SELECT 
35  specification  block. 

Figure  36  is  a  flow  diagram  of  a  preferred 
procedure  for  generating  a  VIA  access  plan. 

Figure  37  shows  displays  of  metadata  in  a 
preferred  implementation  of  a  dictionary. 

40  Figure  38  is  a  conceptual  diagram  showing  the 
relationship  of  different  objects  used  in  the  rela- 
tional  data  access  facility  of  this  invention. 

Figure  39  is  an  example  of  a  function  vector  for 
a  dictionary  driver. 

45  Figure  40  is  an  example  of  a  function  vector  for 
a  data  driver. 

IV.  DETAILED  DESCRIPTION  OF  PREFERRED 
IMPLEMENTATIONS 

50 
Reference  will  now  be  made  in  detail  to  the 

construction  and  operation  of  a  preferred  imple- 
mentation  of  the  present  invention  which  are  illus- 
trated  in  the  accompanying  drawings.  In  those 

55  drawings,  like  elements  and  operations  are  des- 
ignated  with  the  same  reference  numbers. 

The  following  description  of  the  preferred  im- 
plementation  of  the  present  invention  is  only  exem- 

3 
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plary  of  the  invention.  The  present  invention  is  not 
limited  to  this  implementation,  but  may  be  realized 
by  other  implementations. 

A.  System  Operation 

Figure  1  shows  an  overview  of  a  computer 
network  100  containing  a  relational  data  access 
facility  in  accordance  with  the  present  invention. 
System  100  includes  several  clients,  110,  120,  and 
130,  each  of  which  can  generate  relational  queries. 
For  purposes  of  the  following  description,  such 
queries  will  be  SQL  queries.  The  present  invention, 
however,  is  not  limited  only  to  use  of  SQL  queries. 

The  SQL  queries  are  generated  using  the  DSRI 
format  in  the  preferred  embodiment.  The  DSRI 
(Digital  Standard  Relational  Interface)  format  is  an 
architecture  defining  how  local  and  remote  pro- 
grams  can  communicate  with  relational  database 
management  systems.  The  details  of  this  interface 
can  be  found  in  Digital  Database  Architecture 
Specifications  which  is  available  from  the  assignee 
of  this  invention,  Digital  Equipment  Corporation. 

An  important  concept  in  a  DSRI  request  is  the 
use  of  an  RSE  or  record  select  expression.  The 
RSE  refers  to  a  word  or  group  of  contiguous  words 
in  a  data  manipulation  language,  such  as  SQL,  that 
specifies  a  selection  criteria  to  be  used  by  a 
database  control  system  to  identify  specific 
database  records.  The  RSE  not  only  describes  the 
data  to  be  retrieved,  but  also  the  order  in  which  the 
data  must  be  returned  to  the  requestor. 

In  Figure  1,  all  of  the  sources  of  relational 
queries  from  clients  110,  120,  and  130  are  received 
by  a  dispatcher  150.  Dispatcher  150  is  preferably 
an  Rdb/Dispatch  product  provided  by  Digital  Equip- 
ment  Corporation.  Dispatcher  150  examines  the 
queries  and  routes  them  to  the  appropriate  destina- 
tions.  The  destinations  can  either  be  the  relational 
data  access  facility  160  or  other  relational  database 
products.  Examples  of  other  relational  database 
products  are  Rdb/VMS  product  170  made  available 
by  Digital  Equipment  Corporation,  and  the  VIDA 
product  180  with  databases  181  and  182.  The  VIDA 
product  is  also  made  available  by  Digital  Equip- 
ment  Corporation. 

Relational  data  access  facility  160  includes  a 
Non-SQL  Data  Server  (NSDS),  drivers  which  cou- 
ple  to  dictionaries,  such  as  dictionary  166,  and 
drivers  which  couple  to  non-relational  data  files 
such  as  RMS  file  167  or  file  168.  RMS  is  a  file 
system  suppled  by  Digital  Equipment  Corporation 
for  use  in  with  its  VMS  operating  system. 

Figure  2  shows  Rdb/Dispatch  150,  as  well  as 
the  destinations  of  the  SQL  queries,  in  greater 
detail.  In  Fig.  2,  Rdb/Dispatch  150  is  shown  as 
routing  SQL  queries  either  to  relational  data  access 
facility  160,  to  Rdb/VMS  product  170,  or  to  VIDA 

product  180.  Rdb/Dispatch  150  provides  a  trans- 
parent  interface  between  the  host  application  pro- 
grams  and  database  facilities.  It  also  allows  access 
of  data  on  remote  nodes.  When  SQL  commands 

5  are  issued,  either  individually  or  as  part  of  an 
applications  program,  that  instruction  implicitly  in- 
vokes  Rdb/Dispatch  150.  Rdb/Dispatch  150  selects 
the  database  facility  to  be  used  based  upon  a 
qualifier  in  a  DECLARE  SCHEMA  statement  which 

io  was  previously  sent  to  Rdb/Dispatch  150  to  con- 
nect  database  facilities. 

Relational  data  access  facility  160  includes 
NSDS  205,  RMS  data  driver  210,  foreign  data 
driver  220,  CDD/Plus  dictionary  driver  230,  and 

is  foreign  dictionary  driver  240.  NSDS  205  is  a  data 
access  engine  which  provides  relational  data  capa- 
bilities  for  non-relational  files.  Non-relational  data 
file  drivers  210  and  220  provide  an  interface  be- 
tween  non-relational  files  and  NSDS  205.  Dictionary 

20  drivers  230  and  240  provide  an  interface  between 
NSDS  205  and  the  metadata  dictionaries  245  and 
260  which  define  the  non-relational  data. 

RMS  driver  210  is  coupled  to  RMS  files  215. 
RMS  driver  210  can  work  in  conjunction  with  a 

25  Data  Transfer  Facility  ("DTF")  driver  212  which  can 
be  coupled  to  VSAM  files,  which  are  non-relational 
data  files  maintained  by  a  product  supplied  by 
International  Business  Machines,  Corp.  Foreign 
data  driver  220  is  coupled  to  another  non-relational 

30  data  file  225. 
Relational  databases  can  be  accessed  by  rela- 

tions,  fields,  and  views.  A  field  generally  refers  to 
the  basic  unit  of  data  which  can  be  accessed.  A 
relation  is  a  composition  of  fields.  A  relation  can 

35  also  be  thought  of  as  a  table,  which  is  how  it 
appears  to  the  user  of  a  relational  database.  A  view 
is  a  composition  of  relations.  Views  do  not  gen- 
erally  exist  as  tables  in  a  database,  but  they  are 
visible  to  the  user  as  a  table  and  act  as  a  type  of 

40  virtual  table.  Thus,  a  view  is  a  table  that  can  be 
derived  in  some  manner  from  actual  tables. 

The  access  of  the  non-relational  files  by  rela- 
tional  data  access  facility  160  is  done  by  relations. 
Relational  data  access  facility  160  can  access  data 

45  from  multiple  disparate  sources.  Presently,  the  pre- 
ferred  implementation  of  the  data  access  facility 
does  not  support  data  having  an  undefined  record 
format,  although  other  implementations  can  support 
such  data. 

50  Figure  3  is  a  more  detailed  description  of  the 
components  of  the  preferred  implementation  of  the 
relational  data  access  facility  of  this  invention.  In 
Figure  3,  relational  data  access  facility  300  in- 
cludes  NSDS  305,  a  dictionary  driver  350,  and  a 

55  data  driver  360.  NSDS  305  includes  a  data  access 
coordinator  (DAC)  310,  a  data  parser  and  tree 
generator  (DRT)  320,  a  query  optimizer  (QO)  330, 
and  a  request  processing  system  340.  Query  opti- 

4 
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mizer  330  includes  a  query  optimizer  tree  builder 
(QO  TB)  332,  a  query  optimizer  access  plan  gener- 
ator  (QO  APG)  334,  and  an  expression  generator 
(DXR  GEN)  336.  QO  APG  includes  a  join  optimizer 
(JO)  335.  Request  processing  system  340  includes 
a  data  collection  manager  (DCM)  342,  a  work 
space  manager  (WSM)  344,  an  expression  evalua- 
tor  (DXR  EVL)  346,  and  a  join  evaluator  (JE)  348. 

Dictionary  driver  350  preferably  connects  to  a 
dictionary  380  via  a  CDD/Plus  driver  370.  Data 
driver  360  would  connect  to  a  non-relational  data 
file  which  is  not  shown  in  Figure  3. 

NSDS  305  emulates  relational  databases  and 
their  organization  into  fields,  relations,  and  views. 
NSDS  305  thus  makes  non-relational  data  files 
appear  to  the  clients  submitting  relational  queries 
as  a  single  image  of  a  relational  database.  To 
understand  the  detailed  elements  of  NSDS  305,  a 
description  will  first  be  provided  for  the  general 
functioning  of  relational  data  access  facility  300.  A 
more  detailed  understanding  of  the  precise  opera- 
tion  of  relational  data  access  facility  300  will  then 
become  apparent  from  a  description  of  the  pre- 
ferred  implementation  of  that  facility. 

Figure  4  shows  a  flowchart  400  of  the  major 
activities  which  take  place  during  the  use  of  the 
relational  data  access  facility  300.  In  the  preferred 
implementation,  relational  data  access  facility  300 
only  supports  read  transactions.  Consequently,  the 
first  SQL  statement  that  should  be  executed  must 
declare  an  explicit  READ  ONLY  transaction  (step 
410).  This  can  be  done  by  using  either  the  DE- 
CLARE  TRANSACTION  READ  ONLY  or  SET 
TRANSACTION  READ  ONLY  statements. 

Next,  the  appropriate  dictionaries  must  be  at- 
tached  (step  420).  This  is  preferably  done  by  DE- 
CLARE  SCHEMA  statements. 

Once  the  dictionaries  are  attached,  the 
metadata  can  be  viewed  if  desired  (step  430).  In 
the  preferred  implementation,  a  SHOW  command 
can  be  used  to  show  the  data. 

A  user  may  now  input  a  number  of  SQL  com- 
mands  to  query  the  data.  Each  query  is  then 
passed  and  placed  into  a  tree  structure  to  aid  in 
later  analysis  (step  440).  Examples  of  the  com- 
mands  and  queries  supported  in  the  preferred  im- 
plementation  are  discussed  below. 

NSDS  305  (Figure  3)  examines  the  queries  in 
the  tree  to  form  an  Access  Plan  to  indicate  an 
optimum  manner  of  retrieving  the  data  (Step  450). 
In  formulating  the  Access  Plan,  NSDS  305,  through 
QO  330,  determines  an  optimal  access  sequence 
based  on,  for  example,  I/O  and  CPU  costs  and 
features  of  the  query  elements. 

After  the  Access  Plan  is  formulated,  NSDS  305 
goes  to  the  appropriate  data  driver  to  retrieve  the 
desired  information  (Step  460).  The  retrieval  makes 
use  of  metadata  obtained  from  a  corresponding 

dictionary. 

B.  NSDS  Elements 

5  1  .  Data  Access  Coordinator  (DAC) 

DAC  310  provides  several  interfaces  and  con- 
trolling  functions  for  relational  data  access  facility 
300.  As  the  interface  to  Rdb/Dispatch  150,  DAC 

io  310  provides  an  entry  point  into  relational  data 
access  facility  300. 

DAC  310  also  is  the  main  controller  for  rela- 
tional  data  access  facility  300.  It  evaluates  com- 
mands,  dispatches  data  to  the  appropriate  element 

is  of  relational  data  access  facility  300,  and  coordi- 
nates  the  timing  and  operation  of  the  different 
elements. 

One  of  the  key  functions  of  DAC  310  is  to 
request  information  from  Rdb/Dispatch  150  and  the 

20  other  NSDS  305  elements.  That  information  may 
include  RSEs  which  specify  the  records  from  base 
relations  to  be  retrieved  by  relational  data  access 
facility  300.  The  records  are  presented  to  the  sour- 
ces  of  the  relational-type  queries.  RSEs  can  speci- 

25  fy  complex  sets  of  Boolean  and  value  expressions 
to  be  evaluated  on  the  data  tuples.  In  this  descrip- 
tion  of  the  invention,  tuples  refer  to  rows  in  rela- 
tions. 

RSEs  can  be  simple  or  nested.  Simple  RSEs 
30  consist  only  of  relational  operations  such  as  SE- 

LECT,  PROJECT,  JOIN,  or  SORT  on  the  base 
relations.  Nested  RSEs  are  RSEs  that  contain  other 
RSEs.  These  can  result,  for  example,  from  SQL 
column-select  expressions.  In  a  nested  RSE,  each 

35  of  the  RSEs  individually  results  in  relational  oper- 
ations  on  the  base  relations.  The  data  tuples  from 
inner  RSEs  are  used  to  evaluate  the  outer  RSEs, 
and  this  order  continues  until  the  entire  nested 
RSE  is  complete. 

40  There  are  generally  two  types  of  nested  RSEs. 
One  type,  the  correlated  nested  RSE,  has  a  Bool- 
ean  expression  in  an  inner  RSE  which  refers  to 
data  from  an  outer  RSE.  In  a  correlated  nested 
RSE,  the  data  from  the  inner  RSE  cannot  be  evalu- 

45  ated  completely.  The  evaluation  of  the  data  tuples 
in  the  outer  RSE  and  the  inner  RSE  are  correlated. 

The  other  type  of  nested  RSE,  an  uncorrelated 
nested  RSE,  the  Boolean  expression  in  the  inner 
RSE  does  not  refer  to  the  data  from  the  outer  RSE. 

50  In  an  uncorrelated  nested  RSE,  data  tuples  from 
the  inner  RSE  can  be  completely  evaluated  and 
stored  as  a  temporary  relation. 

2.  Data  Parser  and  Tree  Generator  (DRT) 
55 

DRT  320  obtains  the  binary  language  repre- 
sentation  of  each  RSE  from  the  Rdb/Dispatch  150 
via  DAC  310.  DRT  320  then  parses  the  binary 

5 
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language  representation,  verifies  the  syntax  of  the 
RSE,  and  stores  the  RSE  in  an  internal  tree  format. 
The  binary  language  representation  is  the  first  layer 
of  protocol  in  the  DSRI.  It  is  a  procedural  language 
that  stores  BLRs  (binary  language  requests)  in  a 
densely-packed  binary  format. 

Figure  5  shows  an  example  of  an  internal  tree 
500.  In  the  internal  tree,  each  of  the  nodes  is  a 
separate  RSE. 

3.  Query  Optimizer  ("QO") 

As  explained  above,  QO  330  has  three  ele- 
ments,  QO  TB  332,  QO  APG  334,  and  DXR  GEN 
336. 

a.  QO  TB 

QO  TB  332  accesses  the  information  in  the 
internal  tree  built  by  DRT  320  and  constructs  a 
temporary  QO  RSE  tree  which  is  used  while  the 
Access  Plan  is  being  generated  for  nested  RSEs. 
The  QO  RSE  tree  built  by  QO  TB  332  is  a  working 
data  structure  used  by  QO  APG  334. 

The  QO  RSE  tree  is  in  conjunctive  normal  form 
(CNF)  for  the  Boolean  expression  parts  of  each 
RSE.  In  the  conjunctive  normal  form,  the  root  re- 
presents  a  Boolean  AND  expression  in  each  of  the 
children  of  that  root  represent  Boolean  OR  expres- 
sions. 

The  QO  RSE  tree  captures  the  relationship 
between  the  RSEs  in  each  DSRI  request.  The  QO 
RSE  tree  also  classifies  each  OR  BRANCH  in  the 
CNF  trees.  The  SORT,  PROJECT,  GROUP  BY,  or 
MAP  operations  on  the  RSEs  are  also  children  in 
the  trees.  Furthermore,  the  QO  RSE  tree  captures 
any  other  information  needed  to  generate  the  Ac- 
cess  Plan,  such  as  context  variables.  Context  vari- 
ables  are  variables  in  an  RSE  which  identify  rela- 
tions. 

All  nested  RSEs  are  stored  in  a  temporary  m- 
way  DRT  tree  by  DRT  320.  QO  TB  332  constructs 
a  nested  RSE  tree  from  the  m-way  tree,  extracting 
the  information  needed  for  the  Access  Plan. 

The  RSEs  in  the  RSE  tree  are  classified  ac- 
cording  to  the  nesting  levels.  Figure  6(a)  shows  an 
RSE  tree  600  with  n  levels  of  nesting.  Nesting 
levels  refer  to  the  order  of  the  RSEs  in  DSRI 
requests.  A  given  DSRI  request  can  include  several 
RSEs  nested  inside  one  another. 

For  each  RSE  in  the  QO  RSE  tree,  there  is 
normally  a  Boolean  expression  to  be  evaluated  on 
the  data  tuples  from  that  RSE.  The  Boolean  ex- 
pression  is  transformed  by  QO  TB  332  into  a  CNF 
tree.  The  CNF  trees  are  nodes  of  the  QO  RSE  tree. 
An  example  of  a  CNF  tree  for  an  RSE  is  CNF  tree 
650  in  Figure  6(b). 

The  CNF  trees  can  have  up  to  four  levels.  The 

topmost  level  in  a  CNF  tree  is  an  AND  BRANCH 
shown  as  branch  610  in  Figure  6(b).  The  next  level 
in  the  CNF  tree  is  the  OR  level.  There  can  be  one 
or  more  OR  BRANCHES,  such  as  branches  620, 

5  630,  and  640  in  Figure  6(b),  for  each  AND 
BRANCH. 

The  third  level  in  the  tree  contains  OP 
(operator)  BRANCHES  nodes.  There  can  be  one  or 
more  OP  BRANCHES  for  each  OR  BRANCH.  For 

w  example  in  Figure  6(b),  OR  BRANCH  630  has 
OPERATOR  BRANCHES  650,  660,  670,  680  AND 
690.  Operators  are  used  for  data  comparisons. 
Examples  of  operators  are  relational  operators, 
such  as  GREATER  THAN,  LESS  THAN,  or  EQUAL 

is  TO,  string  comparisons,  such  as  CONTAINS  or 
MATCHES,  and  nesting  operators,  such  as  ANY, 
NOT  ANY,  UNIQUE,  or  NOT  UNIQUE. 

The  fourth  level  is  the  Value  Expression  level. 
This  level  includes  a  list  of  the  value  expressions, 

20  such  as  expressions  695  and  697  that  are  com- 
pared  with  the  operators  in  the  third  level  of  the 
tree.  There  are  usually  two  value  expressions  for 
each  operator,  but  there  could  be  three  value  ex- 
pressions  for  string  comparisons.  In  the  preferred 

25  embodiment,  these  value  expressions  include  VIA, 
FROM,  and  STATISTICAL  VALUE. 

Each  of  the  operators  in  the  CNF  tree  is  in  turn 
classified  into  a  nesting  level  based  on  the  value 
expressions  required  to  evaluate  the  operation. 

30  These  are  different  levels  from  those  in  the  CNF 
trees.  For  example,  operators  at  nesting  level  i  +  1 
are  limited  to  ANY,  NOT  ANY,  UNIQUE,  NOT 
UNIQUE,  VIA,  FROM,  and  STATISTICAL  VALUE. 
These  operators  are  evaluated  using  data  from  the 

35  inner  RSE  data  collection  that  is  below  the  current 
RSE  in  the  RSE  tree. 

The  nesting  level  i  operators  can  be  evaluated 
with  data  from  the  current  RSE  data  collections. 
The  nesting  level  i-1  through  nesting  level  1  oper- 

40  ators  can  be  evaluated  with  the  data  from  the  RSE 
collections  above  the  current  RSE  nesting  level  in 
the  tree.  This  situation  is  called  a  data  depen- 
dency. 

For  nested  RSEs,  the  entire  Boolean  expres- 
45  sion  in  an  RSE  at  any  level  in  the  tree  cannot  be 

completely  evaluated  using  data  tuples  from  the 
RSE.  For  example,  if  there  are  no  level  i  +  1  oper- 
ators  in  the  tree  shown  in  Figure  6(b),  only  the 
level  i  nesting  operators  can  be  evaluated.  The 

50  other  operators  must  be  evaluated  with  data  from 
RSEs  at  higher  levels  in  the  tree. 

Nesting  levels  are  used  to  classify  OR 
BRANCHES  in  a  CNF  tree.  In  the  preferred  em- 
bodiment,  there  are  four  kinds  of  OR  BRANCHES 

55  in  a  CNF  RSE  tree. 
One  kind  of  OR  BRANCH  is  an  UNCOR- 

RELATED  OR  BRANCH  710  of  tree  700  shown  in 
Figure  7.  In  an  UNCORRELATED  OR  BRANCH,  all 

6 
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of  the  operators  are  at  the  same  nesting  level  so 
the  entire  Boolean  expression  in  the  OR  BRANCH 
is  based  on  data  tuples  from  the  current  RSE  data 
relations. 

A  second  kind  of  OR  BRANCH,  DBKEY  OR 
BRANCH  810  of  tree  800,  is  shown  in  Figure  8. 
This  type  of  OR  BRANCH,  which  can  be  consid- 
ered  as  a  special  kind  of  UNCORRELATED  OR 
BRANCH,  contains  only  DBKEY  expressions. 
DBKEY  expressions  include  data  base  keys  which 
are  keys  having  values  assigned  by  a  data  base 
control  system  to  identify  a  record  uniquely  within 
the  data  base.  Data  base  keys  are  used  to  provide 
accelerated  access  to  data.  In  the  DBREY  OR 
BRANCH,  all  data  base  key  expressions  refer  to 
one  and  only  one  context  variable. 

The  third  type  of  OR  BRANCH  is  called  a 
SIMPLE  OR  BRANCH,  examples  of  which  are 
branches  910,  920  and  930  of  tree  900  in  Figure  9. 
In  the  SIMPLE  OR  BRANCHES,  all  of  the  operators 
of  the  same  nesting  level  are  under  an  OR 
BRANCH  in  the  tree.  In  such  a  case,  the  entire 
Boolean  tree  can  be  cleanly  partitioned  for  evalu- 
ation  under  the  AND  node  in  the  tree,  and  each  OR 
BRANCH  refers  to  data  tuples  from  only  two  adja- 
cent  RSEs.  Thus  each  OR  BRANCH  can  be  con- 
sidered  in  its  entirety  independent  of  other  OR 
BRANCHES.  In  Figure  9,  tree  900  may  be  par- 
titioned  such  that  each  OR  BRANCH  can  be  evalu- 
ated  by  using  data  from  the  RSE  at  level  i  and 
RSEs  at  the  immediate  higher  or  lower  levels  in  the 
RSE  tree. 

The  fourth  kind  of  OR  BRANCH  is  the  DE- 
LAYED  EXECUTION  OR  BRANCH.  Examples  of  a 
DELAYED  EXECUTION  OR  BRANCH  are  OR 
BRANCH  1010  of  tree  1000  in  Figure  10(a)  and  OR 
BRANCH  1040  of  tree  1030  in  Figure  10(b).  If  an 
OR  BRANCH  cannot  be  classified  into  one  of  the 
other  four  kinds,  then  it  is  termed  a  DELAYED 
EXECUTION  OR  BRANCH.  These  OR  BRANCHES 
are  very  difficult  to  evaluate  because  they  cannot 
be  partitioned  at  the  operator  level  because  each 
operator  refers  to  tuples  for  more  than  two  RSEs. 

In  the  preferred  embodiment,  QO  TB  includes 
a  tree  builder  work  routine  which  builds  the  QO 
RSE  tree  and  an  RSE  ID  and  CVAR  (context  vari- 
able)  table  described  below.  Figure  11  shows  a 
flow  diagram  1100  for  a  tree  builder  work  routine 
that  is  implemented  by  QO  TB  332. 

Initially,  QO  TB  332  calls  DRT  320  to  factor  out 
SORTs  PROJECTS,  and  AGGREGATES  so  that  QO 
TB  332  can  build  the  appropriate  special  nodes  or 
QO  trees  (Step  1105). 

Next,  QO  TB  332  calls  DRT  320  to  transform 
the  Boolean  portions  of  the  request  into  the  CNF 
format  (Step  1110).  Algorithms  for  making  such 
transformations  are  known  to  persons  skilled  in  the 
art,  and  therefore  will  not  be  described. 

Next,  QO  TB  332  calls  DRT  320  to  factor  out 
the  AND  from  the  CNF,  and  QO  TB  332  builds  an 
AND  BRANCH  of  the  CNF  tree  (Step  1115). 

The  CNF  tree  is  then  traversed  in  a  top-down 
5  first  walk  (Step  1  120).  DRT  320  is  called  by  QO  TB 

332  to  factor  out  the  ORs,  and  QO  TB  332  then 
builds  the  OR  BRANCHES  (Step  1125). 

Then,  for  each  operator  in  the  corresponding 
OR  BRANCH,  DRT  320  is  called  by  QO  TB  332  to 

io  factor  out  each  operator  so  QO  TB  332  can  build 
corresponding  operator  nodes  (Step  1130).  For 
nesting  operators,  such  as  ANY  or  UNIQUE,  or  for 
VALUE  expressions,  such  as  FROM,  VIA,  or  STAT- 
ISTICS,  the  node  is  marked  as  a  level  i  +  1  node, 

is  and  a  recursive  call  is  made  to  add  to  the  QO  tree 
is  built  (Step  1135).  As  part  of  this  operation,  the 
pointer  can  be  back  filled  to  the  node  just  created. 

Next,  a  determination  is  made  whether  all  oper- 
ators  have  been  processed  (Step  1140).  If  so,  then 

20  the  remaining  operators  are  located  (step  1130,  et. 
seg.).  If  not,  a  determination  is  made  whether  any 
OR-  BRANCHES  remain  (Step  1145).  If  so,  the  CNF 
tree  is  traversed  again  and  the  next  OR  is  located 
(Steps  1120,  et. 

25  If  no  additional  OR  nodes  remain,  then  the 
nesting  levels  are  computed  (Step  1150).  The  nest- 
ing  level  then  becomes  a  cell  in  the  operator  node. 

Finally,  the  CNF  tree  is  classified  (Step  1155). 
This  classification  involves  determining  whether 

30  each  OR  BRANCH  in  the  CNF  TREE  for  each  RSE 
is  either  UNCORRELATED,  DBKEY,  SIMPLE,  or 
DELAYED  EXECUTION. 

The  tree  builder  work  routine  in  Figure  1  1  calls 
itself  recursively  for  each  new  RSE  found  in  a  top- 

35  down  depth  first  walk  of  the  DRT  tree.  A  QO  RSE 
tree  node  is  produced  for  each  RSE  in  the  DRT 
tree,  and  the  builder  work  routine  adds  a  new  entry 
to  an  RSE  table  for  each  CVAR  defined. 

Figure  12(a)  shows  an  example  of  a  RSE  table 
40  1200  built  by  QO  TB  332.  Table  1200,  contains  an 

RSE  ID  No.  field  1210,  and  a  Nesting  Level  field 
1220  indicating  the  nesting  level  of  the  correspond- 
ing  RSE. 

The  remaining  field  is  the  DCT  REL  ID  field 
45  1230.  This  field  identifies  the  relation  correspond- 

ing  to  the  RSE. 
In  generating  the  Access  Plan,  QO  APG  334 

traverses  the  QO  RSE  tree  to  generate  an  access 
plan  for  each  Boolean  CNF  tree,  or  RSE,  in  the  QO 

50  RSE  tree.  QO  APG  334  then  combines  the  access 
plans  generated  for  each  Boolean  CNF  trees  to 
form  an  Access  Plan  for  the  entire  RSE  tree. 

The  Access  Plan  is  a  queue  of  instructions  to 
DCM  342  to  execute  the  request.  DCM  342  starts 

55  processing  sequentially  from  the  first  instruction  to 
the  last  instruction  in  the  queue.  QO  APG  334 
generates  an  optimized,  or  least  expensive  Access 
Plan  based  on  an  examination  of  I/O  costs,  CPU 

7 



13 EP  0  490  465  A2 14 

costs,  and  network  costs. 
The  Access  Plan  also  uses  set-oriented  oper- 

ations  so  that  elements  of  request  processing  sys- 
tem  340,  such  as  DCM  342,  operate  on  the  entire 
data  relation  instead  of  on  single  tuples. 

The  data  collections,  or  access  plans,  estab- 
lished  for  the  RSEs  are  called  SUBQUERY  collec- 
tions.  The  combined  set  of  SUBQUERY  collections 
established  for  a  given  DSRI  request  is  called  the 
QUERY  collection.  The  data  collection  in  a  SUB- 
QUERY  can  pass  through  four  states  in  the  pro- 
cess  of  its  execution; 

1  .  Filling  State 
2.  Refining  State 
3.  Propagation  State 
4.  Deletion  State. 
All  of  the  SUBQUERY  collections  pass  through 

the  Filling  State.  The  other  states  are  only  for 
SUBQUERY  collections  established  for  inner  RSEs 
in  nested  RSEs  and  a  given  DSRI  requests. 

A  SUBQUERY  collection  goes  through  the  Fill- 
ing  State  when  the  data  collections  for  the  context 
variables  defined  in  the  RSE  are  being  established. 

A  SUBQUERY  collection  goes  through  the  Re- 
fining  State  after  the  Filling  State  when  any  of  the 
data  collections  are  being  further  refined  by  nested 
Boolean  expressions,  such  as  ANY  or  UNIQUE,  or 
by  nesting  value  expressions,  such  as  VIA,  FROM, 
or  STATISTICS. 

In  the  Propagation  State,  data  tuples  are  com- 
puted  from  the  SUBQUERY  collection  tuples  and 
propagated  to  the  outer  RSE  SUBQUERY  collec- 
tions.  For  example,  when  the  nesting  value  expres- 
sion  VIA  is  being  processed  between  two  SUB- 
QUERY  collections,  the  inner  RSE  SUBQUERY  col- 
lection  is  in  a  Propagation  State. 

When  the  data  collection  established  for  a 
SUBQUERY  collection  is  no  longer  needed  to  pro- 
cess  the  remainder  of  the  DSRI  request,  then  the 
SUBQUERY  collection  is  in  the  Deletion  State. 

As  explained  above,  the  complete  Access  Plan 
generated  for  an  QO  RSE  tree  can  be  considered 
as  a  queue.  As  each  access  plan  is  generated  by 
traversing  the  QO  RSE  tree,  that  plan  is  appended 
to  the  queue.  The  QO  APG  preferably  traverses  the 
RSE  tree  using  a  bottom-up,  recursive  tree  tra- 
versal  algorithm.  For  each  RSE,  QO  APG  334 
generates  the  portion  of  the  Access  Plan  which 
insures  that  the  SUBQUERY  collection  reaches  the 
Filling  State. 

A  flow  diagram  1300  in  Figure  13  shows  steps 
for  the  data  collection  in  the  Filling  State.  Flow 
diagram  1300  insures  that  the  data  collections  for 
CVARs  defined  in  the  RSE  are  established.  Flow 
diagram  1300  also  makes  use  of  a  Join  Optimizer 
(JO)  335  (Figure  3)  to  evaluate  the  join  order  for 
the  data  relations.  JO  335  is  preferably  a  software 
procedure  executed  by  QO  APG  334  to  determine 

the  optimal  join  order. 
In  the  Filling  State  access  plan  generation  flow 

diagram  1300,  a  list  of  CVARs  defined  in  an  RSE  is 
formed  from  the  QO  RSE  tree  (Step  1305).  This  is 

5  a  RSE  ID  and  CVAR  table,  such  as  table  1250  in 
Figure  12(b). 

RSE  ID  and  CVAR  table  1250,  which  is  prefer- 
ably  the  first  block  of  any  Access  Plan  formed  QO 
APG  334,  contains  the  list  of  RSE  IDs  in  the  DSRI 

io  request  and  a  list  of  context  variables  (CVARS) 
used  in  each  RSE.  As  table  1250  shows,  the  RSE 
ID  and  CVAR  table  preferably  contains  four  fields. 
RSE  ID  field  1260  contains  a  unique  identifier  for 
the  particular  RSE.  CVAR  field  1270  contains  a 

is  unique  identifier  for  a  context  variable  for  the  cor- 
responding  RSE. 

The  DATA  SOURCE  field  1280  indicates  the 
source  of  the  data.  In  the  preferred  embodiment, 
there  are  six  values  that  can  be  used  for  DATA 

20  SOURCE  field  1280.  These  values  indicate  whether 
the  data  tuples  are  from  the  non-relational  data  file, 
whether  data  tuples  are  formed  on  the  fly  during  a 
VIA  operation,  whether  the  data  tuples  are  formed 
on  the  fly  during  a  FROM  operation,  whether  the 

25  data  tuples  are  GROUP  BY  keys  formed  on  the  fly, 
whether  the  data  tuples  are  the  results  of  comput- 
ing  STATISTICAL  values,  or  whether  the  data  tu- 
ples  are  the  results  of  processing  a  MAP  state- 
ment. 

30  The  remaining  field  is  the  DCT  REL  ID  field 
1290.  This  field  identifies  the  dictionary  in  which 
the  relation  metadata  is  stored  for  the  correspond- 
ing  context  variable. 

RSE  ID  and  CVAR  table  1250  is  used  by  QO 
35  APG  334  and  by  DCM  342  to  obtain  the  metadata 

for  each  of  the  relations  referred  to  by  the  cor- 
responding  context  variable. 

If  any  of  the  CVARs  is  an  AGGREGATE  (Step 
1310),  then  the  access  plan  is  generated  to  pro- 

40  cess  the  aggregate  (Step  1312).  An  AGGREGATE 
includes  the  SUM,  MIN,  MAX,  COUNT  and  AVER- 
AGE  operators. 

Next,  a  linked  list  is  formed  of  all  the  OR 
BRANCHES  in  the  CNF  tree  which  have  nesting 

45  level  i  operators  or  which  are  uncorrelated  (Step 
1315). 

The  data  drivers  are  then  activated  for  all  of  the 
CVARs  in  RSE  ID  CVAR  table  1250  for  the  Access 
Plan  (Step  1320).  Figure  14  shows  a  flow  diagram 

50  1400  containing  a  preferred  procedure  for  activat- 
ing  the  data  drivers  for  the  CVARs. 

First,  the  data  drivers  are  requested  to  open 
the  data  relations  (Step  1410).  The  specific  method 
for  accomplishing  this  step  is  described  in  detail 

55  below  in  the  discussion  of  data  drivers. 
Next,  the  appropriate  dictionary  is  accessed  to 

make  a  copy  of  the  metadata  information  for  the 
needed  data  drivers  (Step  1420).  The  storage  char- 
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acteristics  for  each  of  the  data  drivers  are  then 
retrieved  (Step  1430). 

A  determination  is  then  made  whether  there 
are  any  DBKEY  OR  BRANCHES  for  the  corre- 
sponding  CVAR  (Step  1440).  This  is  also  done  by 
accessing  the  tree.  If  so,  the  DBKEY  information  is 
appended  to  the  DRIVER  SELECT  specification.  A 
DRIVER  SELECT  specification  is  then  generated 
for  that  CVAR  (Step  1460). 

Next,  a  determination  is  made  whether  any 
CVARs  remain  (Step  1470).  If  so,  the  process  is 
repeated.  Otherwise,  the  procedure  is  complete. 

Returning  to  flow  diagram  1300  in  Figure  13, 
the  next  step  is  to  locate  and  prepare  all  of  the  OR 
BRANCHES  that  have  two  CVARs  (Step  1325).  The 
preferred  method  of  preparing  such  OR 
BRANCHES  is  flow  diagram  1500  shown  in  Figure 
15. 

In  flow  diagram  1500,  an  input  for  all  pairs  of 
CVARs  are  formed  for  JO  335  (Step  1510).  The 
pairs  of  CVARs  are  then  given  as  an  input  to  JO 
335  (Step  1520).  JO  335  then  outputs  an  optimal 
join  order  (Step  1530).  Next,  Binary  Join  Access 
Plans  are  generated  (Step  1540).  All  of  the  OR 
BRANCHES  used  in  the  join  order  are  then  marked 
as  evaluated  (Step  1550).  Finally,  all  the  CVARs  in 
the  join  order  are  deleted  from  the  CVARs  list 
(Step  1560). 

The  join  order  is  determined  by  JO  335  in  QO 
APG  334  using  cost  analysis.  Figure  16  shows  a 
flow  diagram  1600  of  a  procedure  used  by  JO  335 
to  build  a  join  graph  for  use  in  determining  the 
least-cost  join  order.  First,  QO  APG  334  determines 
the  cost  of  the  join  from  the  base  relation  car- 
dinality  (i.e.,  the  number  of  tuples),  the  tuple  length, 
selectivity  factors,  and  the  cost  formulas  (Step 
1610).  The  cost  factors  considered  by  QO  APG 
334  include  cost  of  reading  the  relation  tuples,  the 
cardinalities  of  the  relations  involved,  and  the  cost 
of  performing  the  join  operation  between  two  rela- 
tions. 

A  selectivity  factor  is  a  fraction  of  the  original 
relation  cardinality  after  a  selection  is  applied  on  a 
relation.  Figure  17  includes  a  table  1700  indicating 
preferred  selectivity  factors  used  in  the  preferred 
implementation  to  estimate  the  cardinality  of  rela- 
tions  after  a  SELECT  operation. 

The  cost  of  reading  the  relation  tuples  depends 
upon  the  I/O  costs,  network  costs,  tuple  length,  and 
data  driver  efficiency.  The  relations'  cardinalities 
involve  selectivity  factors  in  base  relation  cardinal- 
ity.  The  cost  of  performing  join  operations  depends 
upon  whether  the  join  is  an  EQUII  join,  a  nested 
looped  join,  or  a  CARTESIAN  product. 

The  cost  of  performing  a  join  depends  upon 
relation  cardinalities,  relation  tuple  length,  and  data 
location  of  relations,  such  as  whether  the  data  is 
stored  at  a  local  or  remote  location.  The  relation 

cardinalities  are  estimated  from  the  base  relation 
cardinalities  and  the  SELECTIONS  applied  on  base 
relations. 

Figure  18  is  a  table  1800  showing  a  list  of  the 
5  preferred  cost  formulas  for  data  retrieval,  join  pro- 

cessing,  data  aggregation,  and  data  sorting.  Prefer- 
ably  JO  335  uses  such  a  list  for  its  evaluations. 

Returning  to  flow  diagram  1600  in  Figure  16, 
the  OR  BRANCHES  that  are  uncorrelated  and  refer 

io  to  only  two  context  variables  are  selected  from  the 
CNF  tree  for  the  RSE  for  optimizing  the  join  order 
(Step  1620).  The  inputs  to  and  output  from  the  JO 
are  shown  in  Figures  19  and  20. 

In  Figure  19,  inputs  array  1900  includes  CVAR 
15  1  1905  and  CVAR  2  1910  which  identify  the  con- 

text  variables  which  are  inputs.  Card  1  1915  and 
card  2  1920  are  the  cardinalities  of  the  context 
variable  inputs.  I/O  cost  per  tuple  1  1925  and  I/O 
cost  per  tuple  2  1930  are  the  I/O  costs  of  the 

20  context  variable  inputs.  Nested  Loop/Hash  1940 
describes  the  type  of  joins.  Join  Selectivity  1950 
identifies  the  join  selectivity  determined,  for  exam- 
ple,  from  table  1700.  OR  BRANCH  ID  in  CNF  1960 
is  used  to  identify  the  corresponding  OR  BRANCH. 

25  In  Figure  20,  the  outputs  array  2000  includes 
Inner  Rel  CVAR  2010  and  Outer  Rel  CVAR  2020 
which  specify  the  join  order  of  the  context  variable 
inputs.  Nested  Loop/Hash  2030  identifies  the  type 
of  join.  OR  BRANCH  ID  in  CNF  2040  identifies  the 

30  OR  BRANCH. 
Initially,  JO  constructs  a  join  graph  to  deter- 

mine  the  minimum-cost  join  order  for  all  the  rela- 
tions  in  the  RSE  (Step  1630  in  Figure  16).  The  join 
graph  contains  all  the  base  relations  in  the  RSE 

35  represented  as  vertices  and  the  join  conditions 
represented  as  edges. 

In  building  the  join  graph,  JO  335  requests 
from  DRT  320  the  list  of  base  relations  (Step 
1640).  For  each  of  the  base  relations,  JO  forms  a 

40  vertex  in  the  join  graph  (Step  1650).  JO  335  then 
requests  DRT  320  to  supply  the  join  conditions 
between  any  two  vertices  (Step  1660). 

For  each  of  those  join  conditions,  JO  335  forms 
two  directional  edges  to  connect  the  vertices  (Step 

45  1670).  The  direction  of  the  edge  indicates  the  inner 
and  outer  relations  of  the  join  operation.  The  inner 
and  outer  relations  indicate  the  order  of  the  join 
operations.  The  starting  vertex  for  the  edges  is  the 
inner  relation  and  the  other  vertex  is  the  outer 

50  relation.  A  join  condition  between  two  relations  can 
be  evaluated  by  taking  either  of  the  vertices  as  the 
inner  relationship. 

The  join  graph  has  four  basic  characteristics. 
First,  all  of  the  edges  in  the  graph  are  directional. 

55  Second,  there  could  be  more  than  one  edge  con- 
necting  two  vertices  in  the  join  graph.  For  each  of 
the  join  conditions  to  be  evaluated  between  base 
relationships,  there  are  two  edges  connecting  the 
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vertices,  one  in  each  direction. 
Third,  there  are  three  pieces  of  information 

associated  with  each  edge  of  the  join  graph.  One  is 
the  algorithm  for  evaluating  the  join  condition.  That 
join  condition  could  be,  for  example,  Hash  Join  or 
Nested  Loop  Join.  A  second  piece  of  information  is 
the  selectivity  of  the  join,  which  is  determined  by 
JO  335  using  selectivity  factors  such  as  those  in 
table  1700  of  Figure  17.  The  third  piece  of  informa- 
tion  is  the  cost  of  performing  the  join.  This  cost  is 
determined  from  the  cardinalities  of  the  previous 
join  operations. 

The  fourth  characteristic  is  that  two  pieces  of 
information  are  associated  with  vertex  of  the  join 
graph.  The  first  is  the  base  relation  cardinality  after 
selection  (if  any)  is  performed.  This  cardinality  can 
be  determined  from  the  selectivity  factor  and  the 
relation  cardinality  obtained  from  the  data  driver. 
The  second  piece  of  information  associated  with 
each  vertex  is  whether  the  data  location  is  local  or 
remote. 

Figure  21  shows  a  flow  diagram  2100  for  a 
preferred  procedure  to  determine  the  minimum 
cost  join  order.  The  procedure  in  flow  diagram 
2100  is  performed  by  JO  335  for  each  vertex  in  the 
join  graph. 

First,  a  cost  variable  for  the  vertex  is  initialized 
to  zero  (Step  2110).  Next,  a  new  vertex  set  N  is 
formed  (Step  2115).  Initially,  set  N  contains  only 
the  vertex  under  examination. 

A  loop  begins  starting  with  a  determination  of  a 
minimum  cost  edge  joining  the  vertices  between 
the  vertex  set  N  and  the  remaining  vertices.  This 
involves  first  computing  the  cost  of  all  the  edges  to 
and  from  the  vertices  in  vertex  set  N  to  all  of  the 
other  vertices  (Step  2120).  If  there  is  a  Hash  Join 
between  two  vertices  Vn  and  Vm,  then  the  cost  of 
the  edge  is 

(Cardinality  (Vn)  x  (I/O  cost  per  (Vn)  tuple))  + 
(Cardinality  (Vm)  x  (I/O  cost  per  (Vm)  tuple)) 

If  there  was  a  Nested  Loop  Join  between  those  two 
vertices,  then  the  cost  of  the  edge  is  equal  to 

(Cardinality  (Vn)  x  ({I/O  cost  per  (Vn)  tuple}  + 
({Cardinality  (Vm)}  x  (I/O  cost  per  (Vm)  tuple})). 

Next,  the  minimum  cost  edge,  Exy,  is  found 
(step  2125).  Edge  E  ̂ is  then  added  to  the  new  join 
order  (Step  2130). 

A  new  vertex  is  then  added  to  the  vertex  set  N 
(Step  2135),  and  the  cardinality  of  the  vertex  set  N 
is  computed  dynamically  after  the  join  is  performed 
(Step  2140).  The  cardinality  of  all  of  the  vertices  in 
the  vertex  set  N  equals  the  product  of  the  join 
selectivity,  the  cardinality  of  vertex  Vn  and  the 
cardinality  of  vertex  Vm. 

The  minimum  cost  variable  for  the  vertex  Vj  is 
then  set  to  the  previous  value  plus  the  cost  of  the 
edge  E  ̂ (Step  2145). 

If  all  the  vertices  have  been  added  to  set  N 
5  (Step  2150),  the  next  vertex  is  examined,  and  con- 

trol  returns  to  Step  2110.  Otherwise,  the  minimum 
cost  edge  joining  the  vertices  between  those  in  set 
N  and  the  other  vertices  is  found  by  returning  to 
Step  2120. 

io  JO  335  preferably  builds  a  table  listing  the 
minimum  cost  for  each  starting  vertex  and  identify- 
ing  the  corresponding  join  order  for  that  minimum 
cost.  The  minimum  cost  join  order  for  the  entire 
procedure  is  the  one  which  is  the  minimum  in  the 

is  table,  and  the  corresponding  join  order  is  the  one 
chosen  by  the  procedure. 

As  an  added  note,  the  procedure  described 
above  in  association  with  Figure  21  actually  has  an 
inner  loop  which  binds  the  minimum  cost  spanning 

20  tree  using  each  vertex  of  the  join  graph  as  a  root. 
This  inner  loop  preferably  uses  the  Kruskal  Al- 
gorithm  for  selecting  the  minimum  cost  spanning 
tree. 

Control  is  then  returned  back  to  procedure 
25  1300.  All  the  OR  BRANCHES  that  remain  un- 

evaluated  after  the  use  of  JO  335  are  the  evalu- 
ated.  This  involves  generating  a  DCM  SELECT 
specification  for  each  of  the  OR  BRANCHES. 

Figure  22  shows  a  flow  diagram  2200  for  a 
30  preferred  access  plan  generation  for  the  DCM  SE- 

LECT  operation.  First,  QO  APG  334  obtains  a  list  of 
context  variable  data  tuples  required  to  be  evalu- 
ated  in  the  OR  BRANCH  or  the  OP  BRANCH  in  the 
CNF  tree  (Step  2210).  Next,  a  record  data  vector  is 

35  formed  to  read  the  data  tuples  from  the  data  col- 
lections  for  the  DXR  identification  (Step  2220). 
DCM  342  (Figure  3)  uses  a  record  data  vector  to 
exchange  data  with  DXR  EVAL  36. 

Figure  23  shows  an  example  of  Record  Data 
40  Vector  (RDV)  2300  which  is  preferably  a  linked  list. 

As  shown  in  Figure  23,  Record  Data  Vector  2300 
includes  an  DCT  REL  ID  field  2310,  a  Context 
Variable  field  2320,  a  field  data  vector  (FDV)  field 
2330,  a  data  pointer  field  2340,  a  DBKEY  value 

45  pointer  field  2350,  and  a  next  entry  field  2360. 
The  DCT  REL  ID  field  2310  is  an  identifier  to 

the  relation  metadata  stored  by  the  corresponding 
dictionary.  Context  Variable  field  2320  uniquely 
identifies  the  context  variable  in  the  RSE.  FDV  field 

50  2330  identifies  a  field  data  vector.  Data  pointer  field 
2340  points  to  the  data  location  of  the  record  tuple. 
DBKEY  value  pointer  field  2350  points  to  the 
DBKEY.  NXT  ENTRY  field  2360  is  used  to  imple- 
ment  the  linked  list.  This  field  is  null  for  the  last 

55  entry  in  Record  Data  Vector  2300. 
The  purpose  of  the  field  data  vector  is  to 

indicate  the  information  stored  through  to  the  data 
tuples  in  the  data  collection  maintained  by  DCM 
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342.  Because  not  all  of  the  fields  in  the  data  tuple 
are  used  in  query  execution,  the  fields  in  the  field 
data  vector  indicates  only  the  fields  which  are  used 
in  query  execution.  Those  fields  are  called  active 
fields,  and  the  data  for  the  fields  in  a  relation  tuple 
stored  in  data  collection,  are  shown  in  Figure  24  in 
a  Field  Data  Vector  (FDV)  2400.  Preferably,  Field 
Data  Vector  2400  is  a  linked  list. 

In  Figure  24,  Field  Data  Vector  2400  includes 
three  fields.  DCT  Field  ID  2410  identifies  the  field 
metadata  information  in  the  dictionary.  Field  offset 
field  2420  is  the  offset  of  the  field  data  in  the 
relation  tuple  stored  in  DCM  342,  and  is  computed 
by  QO  APG  334.  NXT  ENTRY  field  2430  points  to 
the  next  field  entry  to  implement  the  linked  list. 
This  entry  is  null  for  the  last  entry  in  Field  Data 
Vector  2400. 

Next,  the  DXR  ID  for  each  OR  BRANCH  or  OP 
BRANCH  in  the  CNF  tree  is  obtained  (Step  2230). 
DXR  ID  is  a  location  of  a  procedure  which  DXR 
EVAL  346  uses  to  evaluate  the  corresponding  OR 
BRANCH. 

Then,  a  determination  is  made  to  see  whether 
the  DCM  SELECT  is  being  used  in  the  FILLING 
STATE  or  in  the  REFINING  STATE  process  (Step 
2240).  Finally,  a  DCM  SELECT  specification  is 
formed  (Step  2250). 

Returning  to  flow  diagram  1300  in  Figure  13,  if 
the  CVAR  list  is  empty  (Step  1335),  then  the  pro- 
cedure  is  complete.  Otherwise,  M-WAY  JOINS  are 
implemented  (Step  1340).  A  flow  diagram  2500  for 
implementing  an  M-WAY  JOIN  can  be  seen  in 
Figure  25. 

In  flow  diagram  2500,  each  OR  BRANCH  is 
located  that  has  a  single  CVAR  in  the  list  and  the 
remainder  of  the  CVARs  not  in  the  list  (Step  2510). 
For  each  of  those  clauses,  an  M-WAY  JOIN  speci- 
fication  is  generated  and  the  clause  is  marked  as 
evaluated  (Step  2520).  That  CVAR  is  then  deleted 
from  the  CVAR  list  (Step  2530).  This  procedure 
continues  for  each  OR  BRANCH  located  in  Step 
2510  (Step  2540). 

Returning  to  Figure  13,  if  the  CVARs  list  is 
empty  (Step  1345)  the  procedure  is  complete.  Oth- 
erwise,  a  CARTESIAN  product  is  generated  for  the 
remaining  CVARs  (Step  1350).  For  all  of  the  OR 
BRANCHES  that  are  not  evaluated,  a  DCM  SE- 
LECT  is  generated  (Step  1355). 

All  of  the  uncorrelated  OR  BRANCHES  will  be 
evaluated  in  the  Filling  State.  The  other  OR 
BRANCHES  will  be  evaluated  in  the  other  states. 

In  generating  the  Access  Plan  for  the  QO  RSE 
trees,  QO  APG  334  evaluates  the  OR  BRANCHES 
in  the  CNF  trees.  The  evaluation  is  necessary 
because  the  individual  RSE  access  plans  depend 
upon  the  type  of  branches.  Figure  26  shows  a 
preferred  flow  diagram  2600  for  the  generation  of 
an  access  plan  for  a  SIMPLE  OR  BRANCH. 

The  first  step  in  flow  diagram  2600  is  a  com- 
parison  of  the  level  of  the  OR  BRANCH  (i.e.  the 
operators  in  that  OR  BRANCH)  and  the  current 
level  (Step  2610).  If  all  of  the  operations  in  the  CNF 

5  tree  for  an  OR  BRANCH  have  the  parent  RSE 
level,  then  this  OR  BRANCH  is  not  evaluated  be- 
cause  it  will  be  evaluated  during  the  evaluation  of 
the  parent  RSE  (Step  2620) 

If  all  of  the  operations  in  the  RSE  are  at  the 
io  current  level  of  the  RSE  plus  one,  then  for  each  of 

the  operations  in  that  OR  BRANCH,  an  access  plan 
is  generated  for  a  nesting  operator  (Step  2630). 

At  the  end  of  flow  diagram  2600,  the  OR 
BRANCH  is  marked  as  evaluated  (Step  2640). 

is  Figure  27  shows  a  flow  diagram  2700  for  a 
preferred  process  of  generating  an  access  plan  for 
a  DELAYED  EXECUTION  OR  BRANCH.  A  Delayed 
Execution  Start  is  generated  to  delimit  flow  dia- 
gram  2700.  This  ensures  that  the  steps  in  flow 

20  diagram  2700  are  repeated  for  each  tuple  in  the 
RSE  collection. 

Next,  a  determination  is  made  to  see  whether 
there  remain  any  of  the  operators  that  have  not 
been  evaluated  (Step  2710).  If  not,  then  an  inter- 

25  section  is  generated  of  all  the  prior  results  (Step 
2715)  and  the  OR  BRANCH  is  marked  as  evaluated 
(Step  2720).  A  Delayed  Execution  End  is  also 
generated  to  mark  the  end  of  flow  diagram  2700. 

If  there  are  operators  that  have  not  been  evalu- 
30  ated,  the  next  operator  is  evaluated  (Step  2730).  If 

there  are  no  nesting  operators  or  value  expres- 
sions,  then  the  DCM  SELECT  is  generated  (Step 
2740). 

If  the  operator  is  ANY  or  UNIQUE,  then  an 
35  access  plan  is  generated  for  ANY  or  UNIQUE, 

whichever  is  appropriate  (step  2750). 
If  the  operator  is  VIA,  STATS,  or  FROM,  then 

an  access  plan  is  generated  for  the  VIA,  STATS,  or 
FROM,  whichever  is  appropriate  (Step  2760),  and  a 

40  DCM  select  is  generated  (Step  2770). 
After  taking  these  actions,  the  determination  of 

whether  any  other  operators  remain  is  repeated 
(Step  2710). 

45  b.  Access  Plan 

As  explained  above,  QO  APG  334  forms  the 
Access  Plan  as  a  queue  of  instructions  for  all  the 
RSEs,  and  adds  entries  to  the  queue  as  the  access 

50  plan  is  being  generated.  QO  APG  334  groups  data 
collections  on  an  RSE  basis.  All  of  the  data  rela- 
tions  in  an  RSE  have  data  collections  grouped 
together.  There  is  thus  a  one-to-one  mapping  be- 
tween  data  tuples  in  each  data  collection  for  the 

55  RSE.  The  Access  Plan  instructions  operate  on  the 
data  collections  in  an  RSE  or  across  data  collec- 
tions  from  two  RSEs. 

Figure  28  shows  an  Access  Plan  2800  gen- 
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erated  by  QO  APG  334.  As  explained  above,  RSE 
ID  and  CVAR  table  2810  is  preferably  the  first 
entry  in  Access  Plan  2800  and  contains  a  list  of 
RSE  IDs  using  the  Access  Plan,  and  a  list  of  the 
context  variables  used  for  each  of  the  RSE  IDs  in 
the  list. 

After  RSE  ID  and  CVAR  table  2810  is  the 
instruction  portion  2820  for  the  operations  on  data 
collections.  These  instructions,  shown  as  instruc- 
tions  2822,  2824,  2826,  and  2828,  include  oper- 
ations  for  a  single  RSE  and  operations  between 
data  collections  for  two  RSEs. 

In  the  preferred  embodiment,  there  are  eleven 
operations  which  are  used  for  processing  simple 
RSEs.  DRIVER  SELECT  specifies  the  selection  that 
can  be  performed  by  the  data  driver  on  the  base 
relation  data  before  the  data  enters  the  data  collec- 
tion.  DCM  SELECT  specifies  a  selection  to  be 
performed  by  DCM  342  on  the  data  relations  within 
the  RSE.  PROJECT  specifies  the  PROJECT  opera- 
tion  to  be  done  on  the  data.  BINARY  JOIN  speci- 
fies  the  JOIN  operation  between  two  data  relations. 
M-WAY  JOIN  specifies  the  JOIN  operation  between 
more  than  two  data  relations.  SORT  specifies  the 
sorting  order  for  the  data  collections  in  DCM  342. 
GROUP  BY  specifies  the  GROUP  BY  operation  in 
the  storage  of  group  values  in  a  temporary  relation. 
The  temporary  relation  is  stored  as  data  collection 
among  the  RSE  collections. 

INTERSECTION  specifies  that  DCM  342  per- 
forms  an  intersection  set  operation  on  the  data 
collections.  DATA  OUTPUT  specifies  the  list  of 
relation  data  tuples  to  be  outputted  as  an  end 
result.  DELETE  RSE  causes  DCM  342  to  delete  all 
the  data  collections  established  for  the  RSE.  DE- 
LETE  COLLECTION  causes  DCM  342  to  delete 
one  data  collection  within  the  RSE. 

In  the  preferred  implementation,  there  are  sev- 
en  operations  between  data  collections  across  two 
RSEs.  VIA  computes  a  value  from  the  data  tuples 
in  the  inner  RSE  collection  and  stores  the  com- 
puted  value  in  the  outer  RSE  collections.  ANY 
selects  tuples  in  the  outer  RSE  data  collections 
based  on  the  inner  RSE  data  tuples.  UNIQUE  se- 
lects  some  tuple  in  the  outer  RSE  data  collections 
based  upon  the  inner  RSE  data  tuples.  FROM 
computes  a  value  from  the  data  tuples  in  the  inner 
RSE  collections  and  stores  the  computed  value  in 
the  outer  RSE  data  collections  (if  a  temporary 
value  cannot  be  computed,  an  error  is  reported). 
MAP  is  used  whenever  an  aggregate  value  is  com- 
puted  from  the  data  tuples  in  the  inner  RSE  data 
collections,  causing  the  values  to  be  stored  in  a 
temporary  data  collections  in  the  outer  RSE  data 
collections.  STATISTICAL  VALUE  specifies  the 
STATISTICAL  VALUE  to  be  computed  from  the 
data  tuples  in  the  Inner  RSE,  the  data  being  stored 
along  with  the  data  tuples  from  the  Outer  RSE. 

In  placing  the  operations  in  order  for  the  Ac- 
cess  Plan,  QO  APG  334  performs  certain  optimiz- 
ations.  For  simple  RSEs,  the  least  cost  join  order  is 
determined.  The  SELECTS  are  evaluated  by  the 

5  data  drivers,  not  by  NSDS  305.  Also  the  PROJECT 
and  SORT  are  delayed  in  the  execution  process  to 
reduce  the  number  of  tuples  that  DCM  342  needs 
to  operate  on. 

For  nested  RSEs,  the  data  collections  for  the 
io  lower  level  RSEs  are  deleted  as  soon  as  the  collec- 

tions  are  used  in  evaluating  the  data  for  RSEs  at 
higher  levels.  In  addition,  QO  APG  334  avoids 
performing  CARTESIAN  products  to  evaluate  the 
Boolean  expressions  in  each  RSE  to  the  extent 

is  possible. 
Figure  29  shows  an  access  plan  which  is  gen- 

erated  for  nested  RSEs  with  correlation.  The  query 
would  be  as  follows:  SELECT  college  name,  city, 
state 

20  FROM:  colleges  c 
WHERE  NOT  EXISTS  (SELECT  d.college_code) 
FROM  degrees_d 
WHERE  d.college  code  =  c.college  code 

The  access  plan  queue  shown  in  Figure  29  has 
25  five  instructions.  The  first  instruction  2910  is  an 

DRIVER  SELECT  with  RSE  1  as  degrees.  Instruc- 
tion  2920  is  an  DRIVER  SELECT  with  RSE  2  as 
colleges. 

Then,  a  NOT  ANY  instruction  is  inserted  for 
30  RSE  1  (i.e.,  degrees)  and  RSE  2  (i.e.,  colleges), 

and  d.college  code  =  c.college  code. 
The  next  instruction  2940  is  the  DELETE  RSE 

element  2940  for  RSE  1  .  Finally,  there  is  an  DATA 
OUTPUT  instruction  2950  for  RSE  2:colleges. 

35  Figure  30  shows  an  Access  Plan  queue  3000 
that  would  be  generated  in  the  preferred  implemen- 
tation  for  the  following  sample  SQL  query: 
Select  e.last  name,  e.first  name,  sh.salary  FROM 
employees, 

40  salary  history  sh.job  code  jc 
WHERE  e.employee  id  =  sh.employee  id.  AND 
e.employee  id  =  jc.employee  id  AND 
sh.salary  end 
is  null  AND  jc.job_code  =  "Manager" 

45 
Access  Plan  Queue  3000  shows  the  first  in- 

struction  3010  is  a  DRIVER  SELECT  command  for 
employees.  The  next  3020  instruction  is  a  DRIVER 
SELECT  command  for  salary  history  = 

50  salary  end  is  null.  The  third  instruction  3030  is  a 
DRIVER  SELECT  command  for  job_code  = 
"job_code  =  MANAGER." 

The  fourth  instruction  3040  is  a  JOIN  command 
of  e.employee  id  =  jc.employee  id.  The  fifth 

55  3040  instruction  is  a  JOIN  command  for 
e.employee  id  =  sh.employee  id.  The  next  in- 
struction  is  3050  a  DELETE  collection  for 
job  code.  The  last  instruction  is  a  DATA  OUTPUT 
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command  for  employee  and  salary  history. 
As  is  apparent,  QO  APG  334  must  obtain  from 

the  data  drivers  certain  information  such  as  relation 
cardinality  and  record  or  tuple  length,  data  location 
information,  such  as  whether  the  data  is  remote  or 
local,  and  indices  on  a  given  relation.  This  is  done 
by  way  of  a  DRIVER  SELECT  specification. 

Figure  31  shows  a  flow  diagram  3100  for  a 
preferred  procedure  for  access  plan  generation  of 
the  DRIVER  SELECT  specification.  When  QO  APG 
334  generates  DRIVER  SELECT  specifications,  it 
interacts  with  the  data  drivers  to  activate  the  dri- 
vers,  retrieve  the  storage  characteristics  of  the  data 
relation,  request  the  data  drivers  to  allocate  mem- 
ory  for  the  metadata  information,  pass  the 
metadata  information  to  the  data  drivers,  and  then 
generate  any  code  necessary  for  DBKEY  OR 
BRANCHES. 

The  DRIVER  SELECT  specification  is  gener- 
ated  so  the  data  driver  can  perform  date  selection 
the  driver  level.  If  not,  DCM  342  performs  the  data 
selection  on  the  data  tuples.  In  addition,  the  QO 
APG  334  advises  DCM  342  if  a  given  data  driver  is 
supplying  data  for  a  primary  data  collection  in  a 
SUB-QUERY  collection. 

In  flow  diagram  3100,  the  context  variable  and 
the  dictionary  id  for  the  basic  relation  is  obtained 
(Step  3110).  Next,  the  list  of  fields  in  the  base 
relation  referenced  in  the  RSE  is  obtained  (Step 
3120).  A  field  data  vector  is  formed  for  the  base 
relation  (Step  3130).  The  data  driver  is  then  ac- 
tivated  to  obtain  the  storage  characteristics  the 
data  driver  (Step  3140). 

Next,  the  data  driver  is  requested  to  allocate 
memory  for  metadata  information,  and  the  dic- 
tionary  is  requested  to  copy  the  metadata  informa- 
tion  and  pass  it  to  the  data  driver  (Step  3150). 

An  inquiry  is  then  made  as  to  the  presence  of 
any  DBKEY  OR  BRANCHES  to  be  used  (Step 
3155).  If  so,  the  DBKEY  information  is  appended  to 
the  specification  (Step  3160). 

The  next  question  is  whether  the  data  drivers 
can  accommodate  the  access  path,  if  one  is 
present  (Step  3165).  If  so,  access  the  path  bits  are 
set  for  the  DRIVER  SELECT  specification  (Step 
3170). 

QO  APQ  then  queries  the  data  driver  to  see 
whether  it  can  perform  the  data  selection  (Step 
3175).  If  not,  the  branch  is  not  marked  as  evaluated 
(Step  3180)  and  a  DCM  SELECT  specification  will 
be  generated  later.  If  so,  the  DRIVER  SELECT 
specification  is  completed  and  the  OR  BRANCH  is 
marked  as  evaluated  (Step  3185). 

An  example  of  a  DRIVER  SELECT  specifica- 
tion  block  or  instruction  3200  is  shown  in  Figure 
32.  DRIVER  SELECT  specification  access  plan 
block  3200  includes  a  DRIVER  SELECT  header 
3201  with  two  subfields.  On  subfield  identifies  the 

DRIVER  SELECT  specifications  as  a  DRIVER  SE- 
LECT  block,  and  the  other  subfield  contains  an 
address  of  the  next  Access  Plan  block.  The  blocks 
are  preferably  in  a  linked  list. 

5  Block  3200  also  includes  an  RSE  identifier 
3202  for  the  group  of  data  collections  established 
for  the  corresponding  RSE,  and  a  context  variable 
pointer  3204,  which  points  to  the  context  variable 
that  is  used  for  the  RSE.  The  Primary  Collection 

io  flag  3206  indicates  whether  the  data  relation  is  the 
primary  or  secondary  data  collection  for  the  SUB- 
QUERY  collection. 

The  Function  Vector  pointer  3208  is  used  by 
DCM  340  to  access  the  data.  Relation  handle  3210 

is  is  assigned  by  the  data  driver  to  refer  to  the 
corresponding  data  relation  for  this  specification. 

The  Field  Name  list  3215  is  an  address  to  a 
field  name  list  array  that  has  been  allocated  by  the 
data  drivers  for  metadata  information  for  the  cor- 

20  responding  relation.  The  Field  Length  list  3220  is 
an  address  to  a  field  length  list  array  that  has  also 
been  allocated  by  the  data  driver  for  metadata 
information.  The  Field  Datatype  list  3225  is  a  point- 
er  to  a  Datatype  List  Array  also  allocated  by  the 

25  data  drivers  for  metadata  information.  Field  Scale 
list  3230  is  a  pointer  to  a  Field  Scale  List  Array 
also  allocated  by  the  data  drivers  for  metadata 
information. 

The  Input  Field  Data  Vector  3235  gives  the 
30  fields  of  the  data  record  and  the  location  in  the 

record  buffer  obtained  from  the  data  driver.  The 
Output  Field  Data  Vector  3240  gives  the  list  of 
fields  in  any  given  relation  that  are  used  in  execut- 
ing  the  different  queries. 

35  The  Input  Tuple  Length  3245  is  the  actual 
length  in  bytes  of  each  data  tuple  or  record  ob- 
tained  from  the  corresponding  dictionary.  The  Out- 
put  Tuple  Length  3250  is  the  actual  length  in  bytes 
of  each  data  tuple  retained  by  DCM  340,  and  is 

40  described  by  the  Output  Field  Data  Vector. 
The  DBKEY  length  3255  is  the  length  in  bytes 

of  each  DBKEY  for  all  the  data  tuples.  The  Car- 
dinality  Value  3260  is  the  relation  cardinality  after 
selection  is  applied  by  the  data  driver.  The  DXR  ID 

45  3270  is  used  for  evaluating  the  DBKEY  selection. 
The  Message  Num  list  3275  is  a  list  of  message 
parameter  values. 

The  Driver  Select  Information  3280  identifies 
the  source  of  the  DRIVER  SELECT  specification. 

50  The  Driver  Access  Path  Information  3285  contains 
information  about  any  indexing. 

Finally,  a  note  is  made  in  the  appropriate  OR 
BRANCH  in  the  QO  RSE  tree  that  the  data  collec- 
tion  for  the  base  relation  is  FULL. 

55  Other  access  plans  will  be  described  as  exam- 
ples  to  explain  the  preferred  implementation  to  the 
ordinary  skilled  artisan.  From  these  examples,  the 
access  plans  for  other  operations  may  be  deter- 
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mined. 
Figure  33  shows  a  flow  diagram  3300  for  gen- 

erating  an  access  plan  for  the  PROJECT  expres- 
sion.  In  DRSI,  an  RSE  stream  can  be  projected  by 
a  set  of  computed  value  expressions,  so  QO  APG 
334  must  generate  access  plans  to  compute  all  of 
the  value  expressions  from  the  data  collection. 

First  the  list  of  context  variable  used  in  the 
PROJECT  expression  is  obtained  (Step  3310). 
Next,  a  record  data  vector  is  formed  to  read  data 
tuples  from  the  data  collections  (Step  3320).  DXR 
GEN  336  is  then  requested  to  generate  a  DXR  ID 
to  compute  the  project  keys  (Step  3330).  Next,  a 
sort  specification  generated  (Step  3340).  Finally,  a 
project  specification  generated. 

Figure  34  contains  a  flow  diagram  3400  for 
generating  an  access  plan  for  a  SORT  expression. 
In  DSRI,  an  RSE  stream  may  be  sorted  by  a  set  of 
computed  value  expressions,  so  QO  APG  334  must 
generate  an  access  plan  to  compute  all  the  value 
expressions  from  the  data  collections. 

First,  a  list  of  context  variables  used  in  the 
SORT  expressions  is  obtained  (Step  3410).  Next,  a 
record  vector  is  formed  to  read  the  data  tuples 
from  the  data  collections  (Step  3420).  DXR  GEN 
336  is  then  requested  to  generate  an  DXR  ID  from 
computing  the  SORT  keys  (Step  3430). 

The  DCT  Rel  ID  for  the  SORT  key  expressions 
in  the  access  plan  are  then  stored  (Step  3440). 
Finally,  the  SORT  specification  is  formed  in  the 
Access  Plan  (Step  3450). 

c.  DXR  GEN 

The  functions  of  the  DXR  GEN  336  have  al- 
ready  been  described  in  part  in  the  preceding 
discussion.  For  example,  DXR  GEN  336  executes 
the  procedures  indicated  by  the  DXR  IDs  to  evalu- 
ate  expression. 

DXR  GEN  336  also  generates  the  operation 
codes  for  the  Access  Plans  in  the  preferred  im- 
plementation.  In  this  sense,  DXR  GEN  336  acts  as 
a  compiler. 

4.  Request  Processing  System 

As  explained  above,  request  processing  sys- 
tem  340  includes  DCM  342,  WSM  344,  DXR  EVL 
346,  and  JE  348. 

a.  DCM 

DCM  342  executes  selects  from  QO  330  which 
are  not  sent  directly  to  a  data  driver.  This  is  done 
in  the  preferred  implementation  by  the  DCM  SE- 
LECT  specification.  Figure  35  shows  an  example  of 
a  DCM  SELECT  specification  3500. 

The  DCM  SELECT  specification  3500  includes 

a  header  3510,  an  RSE  ID  field  3520,  a  Record 
Data  Vector  3530,  a  DXR  ID  3540,  and  a  State  flag 
3550. 

Header  3510  includes  two  subfields.  One  is  an 
5  identification  of  the  block  type,  which  identifies  the 

DCM  SELECT  specification  3500  as  a  DCM  SE- 
LECT  access  plan  block.  The  other  is  preferably  a 
pointer  for  the  next  Access  Plan  block.  This  allows 
formation  of  the  Access  Plan  as  a  linked  list. 

70  RSE  ID  field  3520  indicates  the  selection  to  be 
applied  by  DCM  342  on  the  data  collection  estab- 
lished  for  the  RSE  specified  by  this  field. 

Record  Data  Vector  3530  identifies  the  address 
of  a  corresponding  record  data  vector  for  the  DCM 

75  SELECT  specification. 
DXR  ID  3540  is  an  ID  used  by  DXR  GEN  336 

for  evaluating  the  selection  on  the  data  collections. 
State  flag  3550  indicates  whether  a  selection  is 

being  performed  for  a  Filling  State  or  a  Refining 
20  State. 

The  DCM  342  thus  obtains  data  for  QO  APG 
334  which  cannot  be  obtained  solely  by  the  data 
drivers  due  to  limitations  in  those  data  drivers. 

In  obtaining  that  data,  DCM  342  makes  use  of 
25  WSM  344. 

b.  WSM 

WSM  344  is  used  to  generate  the  work  space 
30  needed  by  DCM  342  and  by  Request  Processing 

System  340.  The  work  space  is  used  to  control 
storage  of  data  collections  in  memory  so  that  vir- 
tual  address  space  is  not  exceeded.  WSM  344 
uses  conventional  techniques  to  allocate  the  need- 

35  ed  work  space. 

c.  DXR  EVL 

DXR  EVL  346  is  used  to  perform  the  math- 
40  ematical  operations  needed  by  DCM  342.  In  this 

way,  DXR  EVL  346  performs  many  of  the  same 
mathematical  and  Boolean  functions  for  DCM  342 
that  DXR  GEN  336  performs  for  QO  APG  344. 

45  d.  JE 

JE  348  is  used  by  DCM  342  to  perform  join 
operations.  Examples  of  the  use  of  join  operations 
can  be  seen  from  the  functions  that  are  performed 

50  for  nesting  operators.  Certain  nesting  value  expres- 
sions,  such  as  VIA,  FROM,  MAP,  STATISTICAL 
VALUES,  and  GROUP  BY,  require  temporary  data 
relations  to  be  formed. 

For  example,  in  the  case  of  VIA  and  FROM,  a 
55  new  value  is  computed  for  every  tuple  in  the  outer 

RSE,  which  is  stored  in  the  data  collection  along 
with  other  outer  RSE  data  tuples.  For  the  nesting 
value  expressions,  DRT  320  transforms  an  input 
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RSE  to  be  evaluated  on  the  temporary  relation 
data,  and  QO  APG  334  assigns  the  context  variable 
for  the  temporary  relation.  DXR  GEN  346  gen- 
erates  the  metadata  information  for  the  temporary 
relation. 

The  nesting  operators  in  the  preferred  embodi- 
ments  are  processed  by  JE  348.  For  example,  for 
the  VIA  operation,  JE  348  determines  a  result  value 
of  processing  VIA  between  two  RSEs  and  propa- 
gates  the  result  value  to  a  SUBQUERY  collections 
of  outer  RSEs.  Thus,  when  VIA  is  processed,  a 
data  collection  is  added  to  the  SUBQUERY  collec- 
tions  of  the  outer  RSE. 

Figure  36  includes  a  flow  diagram  3600  with  a 
preferred  procedure  for  generating  a  VIA  access 
plan.  In  flow  diagram  3600,  an  initial  check  is  made 
to  see  whether  the  RSE  Inner  SUBQUERY  collec- 
tions  are  in  the  Filling  State  (Step  3605).  If  not, 
then  an  error  is  noted  (Step  3610).  Next,  DRT  320 
is  requested  to  partition  the  RSE  Inner  CNF  tree 
expression  (Step  3615). 

A  list  of  context  variables  and  dictionary  IDs  is 
retrieved  (Step  3620).  This  list  is  used  to  form  the 
record  data  vector  which  will  have  context  variables 
from  both  the  inner  RSE  and  the  outer  RSE  SUB- 
QUERY  collections.  A  separate  record  data  vector 
is  formed  for  the  inner  RSE  and  the  outer  RSE 
SUBQUERY  collections  (Step  3630). 

A  DXR  ID  is  then  obtained  for  the  Boolean 
condition  to  be  evaluated  (Step  3635).  Next,  a  DXR 
ID  for  the  value  expressions  1  and  2  to  be  com- 
puted  from  the  RSE  inner  data  tuples  is  obtained 
(Step  3640).  The  DCT  IDs  for  the  value  expres- 
sions  1  and  2  are  also  obtained  (Step  3645). 

The  VIA  specifications  for  the  Access  Plan  are 
then  formed  (Step  3650).  A  note  is  then  made  in 
the  VIA  node  in  the  QO  RSE  tree  that  the  nesting 
operator  has  been  processed  (Step  3655). 

A  new  context  variable  is  then  assigned  for  the 
temporary  data  collection  (Step  3660).  A  new  con- 
text  variable  node  is  then  added  as  a  child  to  the 
RSE  outer  node  in  the  QO  RSE  tree  (Step  3665). 

JE  348  performs  similar  operations  for  other 
nesting  operators  such  as  FROM.  For  the  ANY 
nesting  operator,  JE  348  determines  whether  there 
is  at  least  one  tuple  in  the  inner  RSE  data  collec- 
tion  for  each  tuple  in  the  outer  RSE  data  collection, 
and  performs  the  same  function  for  the  UNIQUE 
operator.  For  the  STATISTICAL  VALUES  nesting 
operator,  JE  348  computes  all  the  statistical  values 
from  the  outer  RSE  data  collections.  JE  348  deter- 
mines  the  results  value  of  processing  these  statisti- 
cal  value  operations  between  two  RSEs  and  propa- 
gates  the  result  value  to  the  set  of  outer  RSE  data 
collections. 

C.  Dictionary  and  Drivers 

1.  Dictionary 

In  the  relational  data  access  facility  of  this 
invention,  dictionaries  serve  as  repositories  for 

5  metadata.  A  single  dictionary  can  provide  metadata 
definitions  for  many  non-relational  files.  Although 
the  following  description  of  dictionaries  will  focus 
on  dictionaries  built  using  the  CDD/Plus  facility,  the 
present  invention  is  not  limited  to  the  use  of  such 

io  dictionaries. 
The  CDD/Plus  facility  is  used  to  define 

metadata  for  the  data  being  placed  in  the  non- 
relational  data  file.  The  metadata  describes  the 
data  and  describes  how  that  data  is  used.  That 

is  metadata  includes  location,  type,  format,  size,  and 
usage  of  the  actual  data.  In  this  sense,  the  data  in 
the  non-relational  file  is  defined  by  the  combination 
of  the  data  plus  the  metadata. 

For  users  that  have  already  defined  their  data 
20  in  a  non-relational  file,  for  example,  RMS  users  who 

have  created  CDD/Plus  definitions  for  RMS  files, 
such  definitions  can  be  used  with  the  relational 
data  access  facility  of  this  invention.  Those  defini- 
tions  need  only  one  additional  attribute  which  is  the 

25  data  used  to  access  the  file. 
If  there  is  no  CDD/Plus  data  dictionary  already 

constructed,  then  a  Common  Dictionary  Operator 
(CDO)  utility  may  be  used  to  construct  a  dictionary. 

Preferably,  each  dictionary  definition  contains  a 
30  name  that  uniquely  identifies  it.  That  definition 

name  preferably  contains  the  dictionary  origin, 
which  is  the  root  of  the  dictionary,  and  the  path, 
which  consists  of  a  list  of  dictionary  directory 
names  reflecting  root  dictionary  hierarchy. 

35  Figure  37  shows  displays  of  metadata  in  a 
dictionary  created  using  the  CDO  facility.  Section 
3710  includes  a  list  of  the  metadata  elements  and 
their  identification.  Some  of  the  elements  are  fields, 
some  are  records  or  relations,  and  some  are 

40  databases.  The  dictionary  could  also  contain  views, 
although  none  are  shown. 

Section  3720  shows  the  composition  of  a 
record  Job  History  Record  along  with  the  fields 
which  it  contains.  Section  3730  shows  the  composi- 

45  tion  of  a  database  with  the  records  (relations)  and 
fields  which  it  contains. 

As  indicated  above,  metadata  functions  apply 
to  the  three  different  types  of  objects  used  in 
relational  data  access  facility  300:  views,  relations 

50  and  fields.  All  of  the  operations  of  the  relational 
data  access  facility  described  above  operate  on 
one  of  these  types  of  objects.  A  view  includes  one 
or  more  relation  definitions  (base  relations),  the  set 
of  fields  drawn  from  the  base  relations,  and  a  query 

55  defining  which  data  to  be  selected  for  the  view. 
Each  view,  and  its  constituent  relations  and  fields, 
must  be  defined  in  a  single  dictionary. 

A  relation  is  an  aggregate  of  fields  from  a 
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single  data  source  and  must  be  defined  in  a  single 
metadata  source.  A  field  is  a  data  item,  or  alter- 
natively  the  basic  unit  of  data.  A  field  definition 
must  be  contained  in  the  same  dictionary  as  a 
relation  definition. 

Figure  38  shows  an  inverted  hierarchy  to  ex- 
plain  the  relationships  of  the  objects  in  the  present 
invention.  The  dictionary  has  several  fields  3810. 
Some  of  the  fields  are  part  of  relations  3820,  3830, 
3840.  Some  of  the  relations  are  part  of  views,  3822, 
3824,  3842,  and  3844.  The  same  field  can  be  in 
more  than  two  relations,  and  some  relations  can  be 
in  more  than  one  view,  even  though  Figure  38  does 
not  show  such  a  construction. 

The  preferred  implementation  of  a  dictionary 
according  to  this  invention  requires  certain  at- 
tributes  for  each  object.  For  a  field  object,  the 
dictionary  must  contain  the  field  name,  the  data 
type,  the  scale  (to  indicate  an  order  of  magnitude 
for  the  data),  the  data  length,  a  query  name,  a 
query  header,  a  "based  on  name"  (to  identify  the 
name  of  another  field  on  which  the  present  field  is 
based),  and  a  description  field  (commentary  to 
describe  the  field).  Optional  attributes  are  an  edit 
string  attribute  for  display  formatting  of  a  field,  and 
a  "computed  by"  expression  attribute  which  de- 
fines  the  value  of  a  field  according  to  an  expres- 
sion. 

Relations  must  have  their  name,  the  data  driver 
name,  the  data  location  name,  a  relation  field  at- 
tribute  naming  the  fields  that  make  up  the  relation, 
a  Dbkey  length  field  identifying  the  length  of  the 
dbkeys  supplied  by  the  data  driver,  and  a  context 
variable  attribute  which  identifies  the  context  vari- 
able  of  the  relation  when  the  relation  takes  part  in 
the  view.  The  relation  should  also  have  a  descrip- 
tion  attribute  for  allowing  commentary  describing 
the  relation. 

The  view  entity  must  have  a  name,  an  RSE 
identifier  which  defines  the  composition  of  the  view, 
the  names  of  the  relations  in  the  view,  the  names 
of  fields  in  the  view,  and  a  description  attribute  for 
allowing  commentary  to  describe  the  view. 

2.  Dictionary  Driver 

The  dictionary  or  metadata  drivers  retrieve  data 
definitions  from  the  dictionary.  The  drivers  are  in 
essence  a  collection  of  functions.  They  provide  a 
single  entry  point  into  the  dictionary  in  the  pre- 
ferred  implementation.  In  the  preferred  implemen- 
tation,  the  metadata  driver  must  support  the  dic- 
tionary  attributes  identified  above. 

The  metadata  drivers  are  specified  using  a 
"DECLARE  SCHEMA"  command  to  identify  the 
metadata  driver  for  a  particular  non-relational  data 
file.  If  no  dictionary  driver  is  identified,  the  default 
is  to  the  CDD/Plus  in  the  preferred  implementation. 

In  the  preferred  implementation,  the  dictionary 
drivers  return  to  NSDS  305  a  function  vector  which 
indicates  the  functions  the  corresponding  drivers 
support.  The  function  vector  also  preferably  in- 

5  dicates  the  names  of  the  functions  and  address 
pointers.  NSDS  305  uses  the  function  vectors  to 
invoke  the  functions  directly.  Figure  39  includes  a 
function  vector  3900  listing  the  required  dictionary 
driver  functions  3910  and  their  associated  address- 

w  es  3920. 
The  ATTACH  DICTIONARY  function  estab- 

lishes  a  connection  between  NSDS  305  and  a 
dictionary  driver  in  order  to  retrieve  metadata  from 
the  dictionary.  This  function  must  be  called  before 

is  any  other  dictionary  function.  The  DETACH  DIC- 
TIONARY  function  disconnects  an  established  con- 
nection  between  NSDS  305  and  the  dictionary  driv- 
er.  This  disconnection  also  releases  all  resources 
used  in  accessing  a  corresponding  data  dictionary. 

20  The  INITIALIZE  function  requests  a  dictionary 
driver  to  return  to  NSDS  305  the  function  vector 
which  identifies  the  functions  in  the  vector  as  well 
as  the  addresses.  The  function  vector  is  also  used 
to  identify  to  NSDS  305  which  functions  the  dic- 

25  tionary  driver  have  implemented. 
The  FETCH  DICTIONARY  FIELDS  function  re- 

quests  a  dictionary  driver  to  fetch  from  a  given 
attached  dictionary  the  definition  of  every  field  de- 
fined  in  that  dictionary.  In  response  to  a  call  to 

30  FETCH  DICTIONARY  FIELDS  function,  metadata  is 
returned  one  field  at  a  time  using  the  FIELD  CALL- 
BACK  function  described  below.  The  FETCH  DIC- 
TIONARY  RELATIONS  functions  and  the  FETCH 
DICTIONARY  VIEWS  FUNCTION  operable  simi- 

35  larly  for  relations  and  views,  respectively. 
The  FETCH  FIELD  function  requests  a  dic- 

tionary  driver  to  fetch  from  an  attached  dictionary  a 
specific  field  as  well  as  its  field-specific  attributes. 
The  FETCH  RELATION  function  and  the  FETCH 

40  RELATION  FIELDS  function  operates  similarly  for 
relations  and  fields  respectively.  The  relations  may 
be  view  relations  or  base  relations. 

The  FETCH  VIEW  function  requests  a  dic- 
tionary  driver  to  fetch  a  view  and  its  view-specific 

45  attributes  from  an  attached  dictionary.  Views  may 
not  be  function  relations  in  the  preferred  implemen- 
tation.  The  FETCH  VIEW  FIELDS  function  and  the 
FETCH  VIEW  RELATIONS  function  operate  simi- 
larly  for  fields  and  relations,  respectively,  of  a  view. 

50  The  FIELD  CALLBACK  function  is  used  by  to 
communicate  field  metadata  back  to  NSDS  305. 
The  RELATION  CALLBACK  function  and  VIEW 
CALLBACK  function  operate  similarly  for  relations 
and  views,  respectively. 

55  Second,  because  the  dictionary  driver  has  a 
common  interface  with  the  NSDS,  that  interface 
being  defined  by  the  functions  which  the  dictionary 
driver  must  support,  existing  dictionary  drivers  may 
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be  easily  adapted  for  use  with  the  present  inven- 
tion.  All  that  is  required  is  to  implement  the  re- 
quired  functions,  and  any  optional  functions.  In  this 
way,  new  dictionaries  can  be  easily  added  to  the 
relational  data  access  facility  of  this  invention. 

D.  Data  Driver 

The  data  drivers  provide  intelligent  interfaces 
to  the  non-relational  data  files.  The  intelligence  in 
the  interface  involves  knowledge  of  how  to  use  the 
particular  data  file  as  well  as  the  knowledge  of  the 
particular  data  objects  being  operated  upon.  Much 
of  this  intelligence  is  provided  by  the  set  of 
metadata  that  is  provided  for  each  data  access.  For 
each  request,  the  data  driver  receives  formatted 
metadata  for  the  data  to  be  accessed.  For  exam- 
ple,  the  data  drivers  may  receive  the  columns  or 
fields  and  the  attributes  for  those  columns  or  fields. 

Each  of  the  data  drivers  can  support  more  than 
one  data  file  is  the  preferred  implementation. 
NSDS  305  can  also  support  several  different  data 
drivers. 

Each  of  the  tuples  or  data  records  in  a  data 
relation  or  file  must  be  uniquely  identified  by  a 
database  key  or  dbkey.  As  explained  above,  dbkey 
could  be  a  primary  key  of  the  tuple  or  the  record, 
or  it  could  be  a  unique  index  key,  such  as  the 
record  address  on  a  disk.  The  dbkey  must  be  valid 
for  the  period  that  the  relation  or  data  file  is  open, 
and  must  reliably  identify  one  and  only  one  data 
instance  from  the  data  source. 

Similar  to  the  dictionary  drivers,  the  data  dri- 
vers  provide  a  function  vector  for  use  by  NSDS 
305.  The  data  driver  function  vector  gives  the  ad- 
dress  within  the  driver  of  each  of  the  functions,  as 
well  as  the  names  of  the  functions.  Figure  40 
shows  an  example  of  a  function  vector  4000. 

In  the  preferred  implementation,  every  function 
vector  entry  must  have  a  value.  The  entry  for  an 
optional  driver  function  may  be  null  if  the  driver 
does  not  support  that  function. 

The  INITIALIZE  INTERFACE  function  requests 
a  data  driver  to  return  to  NSDS  305  a  function 
vector  which  identifies  the  data  driver  functions. 
The  function  addresses  found  in  this  function  are 
used  to  call  the  driver  functions  needed. 

NSDS  305  binds  to  a  data  driver  by  first  load- 
ing  the  driver.  In  the  preferred  implementation,  the 
data  driver  is  an  image  which  is  activated  by  the 
relational  data  access  facility. 

The  OPEN  DATA  RELATION  function  opens  a 
non-relational  data  relation  or  file.  This  must  be  the 
initial  function  which  is  sent  to  the  data  driver. 

An  ALLOCATE  METADATA  MEMORY  function 
causes  the  data  driver  to  allocate  memory  for 
metadata.  This  must  be  the  next  function  sent  to 
the  data  driver.  This  function  communicates  the 

number  of  columns  or  fields  in  a  given  relation  or 
file  to  the  data  driver.  The  driver  then  allocates 
memory  for  the  field  names,  the  data  types,  the 
scale,  and  field  length.  In  addition,  the  data  driver 

5  passes  the  pointers  to  all  the  character  arrays 
using  this  function. 

A  RECEIVE  METADATA  INFORMATION  func- 
tion  causes  the  data  driver  to  receive  the  metadata 
information. 

70  A  SHOW  RELATION  INFORMATION  function 
communicates  storage  information  about  an  iden- 
tified  relation  or  file  to  NSDS  305. 

A  START  TRANSACTION  function  will  cause 
the  data  driver  to  start  a  transaction  in  the  under- 

75  lying  file.  A  transaction  must  be  started  before  any 
operations  on  the  data.  A  transaction  handle  is 
assigned  by  the  data  driver  and  must  be  passed 
by  NSDS  305  in  all  subsequent  data  access  calls. 
Only  one  transaction  may  be  active  at  any  one 

20  time  for  each  open  data  file  or  relation  in  the 
preferred  implementation.  After  a  START  TRANS- 
ACTION  function,  however,  several  data  access 
calls  can  be  made. 

The  types  of  operations  the  transaction  may 
25  perform  depend  upon  the  access  mode  with  which 

the  relational  data  file  or  relation  is  open.  In  the 
preferred  implementation,  the  only  allowable  mode 
is  a  read-only  mode. 

The  SET  DATA  SELECTION  function  estab- 
30  lishes  a  set  of  qualifying  data  instances  from  an 

open  data  source.  The  data  driver  uses  the  SET 
DATA  SELECTION  function  to  communicate  a  DXR 
ID  which  selects  the  data  needed.  Any  subsequent 
fetches  from  the  data  source  obtain  data  from  a 

35  qualifying  set. 
The  SET  ACCESS  PATH  function  specifies  an 

index  or  hash  key  to  be  used  to  access  data.  The 
function  also  passes  information  about  the  pres- 
ence  of  any  condition  which  may  need  to  be  evalu- 

40  ated,  such  as  for  comparison. 
The  FIND  ALL  DATA  function  searches  the 

data  source  to  find  all  the  data  instances  which 
satisfy  the  current  data  selection.  That  selection 
must  have  been  set  by  a  prior  SET  DATA  SELEC- 

45  TION  function.  The  FIND  ALL  DATA  function  finds 
all  the  qualifying  data  instances  and  the  data 
source. 

If  the  RSE  given  on  a  prior  set  data  selection 
function  is  null,  then  the  FIND  ALL  DATA  function 

50  will  locate  the  data  instances  in  the  data  source, 
invoking  the  DATA  CALLBACK  function  for  each 
qualified  record.  If  no  data  instances  satisfy  a  DXR 
ID,  then  a  status  value  is  returned  indicating  the 
end  of  data. 

55  The  GET  ALL  DATA  function  returns  to  NSDS 
305,  by  means  of  the  DATA  CALLBACK  function, 
the  dbkeys  and  the  data  instance  specified  by  a 
prior  SET  DATA  SELECTION  function.  All  of  the 
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data  tuples  for  records  returned  must  comply  with 
the  metadata  definitions  received  by  the  data  driv- 
er. 

The  GET  DATA  BY  DBKEY  function  retrieves 
the  data  instance  itself  for  the  supplied  dbkey.  The 
dbkey  must  have  been  obtained  prior  to  using  this 
function  by  means  of  a  GET  ALL  DATA  function. 
The  tuple  or  records  retrieved  are  copied  into  the 
record  buffer  supplied  as  an  argument.  The  data 
tuple  or  record  returned  by  this  function  must  com- 
ply  with  the  metadata  definition  supplied  to  the 
data  driver. 

An  ACCESS  PATH  CALLBACK  function  is  not 
implemented  as  part  of  any  data  driver.  Instead  it 
exists  as  part  of  NSDS  305  and  is  used  by  the  data 
driver.  The  ACCESS  PATH  CALLBACK  function  is 
called  for  each  index  or  hash  key  in  the  identified 
file  which  the  data  driver  can  support. 

The  DATA  CALLBACK  function  is  also  not  im- 
plemented  as  part  of  any  particular  data  driver  but 
instead  exists  as  a  part  of  the  NSDS  305  for  use  by 
a  data  driver.  The  callback  functions  contain  buffers 
for  returning  the  data  or  the  dbkeys. 

The  CLOSE  DATA  RELATION  function  causes 
the  data  driver  to  close  the  data  relation  or  file.  The 
close  data  relation  function  detaches  a  relation  or 
data  file  and  releases  all  the  resources  allocated  to 
that  detached  data  file  or  relation.  This  is  the  final 
call  after  all  operations  are  made  on  the  data  and 
affects  a  shutdown  which  aborts  any  incomplete 
transactions. 

At  the  end  of  a  transaction,  either  the  COMMIT 
TRANSACTION  or  ROLLBACK  TRANSACTION 
function  must  be  invoked.  The  COMMIT  TRANS- 
ACTION  function  commits  a  transaction  in  the  un- 
derlying  data  source.  Any  further  operations  on  the 
relation  or  the  data  file  must  start  a  new  transac- 
tion.  The  ROLLBACK  TRANSACTION  function  un- 
does  all  of  the  changes  made  to  the  relation  or  file 
by  the  transaction.  In  read-only  environment,  a 
ROLLBACK  TRANSACTION  function  is  identical  to 
the  COMMIT  TRANSACTION  function  and  may 
only  be  invoked  after  a  transaction  has  begun. 

The  FREE  METADATA  MEMORY  function 
causes  the  data  driver  to  release  the  memory  for 
the  metadata.  The  FREE  METADATA  MEMORY 
function  tells  the  data  driver  that  it  may  no  longer 
allocate  the  memory  for  the  corresponding 
metadata. 

All  of  these  functions  except  the  ROLLBACK 
TRANSACTION  function  are  required  in  the  pre- 
ferred  implementation. 

Because  the  data  drivers,  like  the  dictionary 
drivers,  pass  a  function  vector  to  NSDS  305,  the 
relational  data  access  facility  of  this  invention  can 
adapt  easily  to  the  functionality  provided  by  the 
different  data  drivers.  For  example,  QO  APG  334 
will  generate  a  DCM  SELECT  specification  instead 

of  a  DRIVER  SELECT  specification. 
In  addition,  the  NSDS  presents  a  common  in- 

terface  to  all  of  the  data  drivers.  That  interface  is 
defined  by  the  functions  listed  above.  Thus,  exist- 

5  ing  data  drivers  can  be  easily  adapted  for  use  with 
the  relational  data  access  facility  of  this  invention 
merely  by  adding  an  interface  which  provides  the 
functions  identified  above. 

The  present  invention  also  supports  the  use  of 
io  a  data  transfer  facility  DTF  212  (Figure  2)  which 

provides  a  record  level  access  to  VSAM  access 
facilities.  DTF  212  provides  transparent  access  to 
the  data  sets  in  VSAM.  The  VSAM  data  may  be 
combined  with  CDD/Plus  data  definition  to  provide 

is  emulated  relational  access.  Such  access  can  be 
provided  easily  in  the  preferred  implementation  of 
the  present  invention  by  defining  the  location  of  the 
data  in  the  database  using  a  logical  name  that 
points  to  a  file  or  specification  that  references  DTF 

20  212  and  includes  a  valid  VSAM  file. 

V.  SUMMARY 

The  relational  data  access  facility  of  this  inven- 
25  tion  provides  the  desired  features  indicated  above. 

The  relational  data  access  facility  of  this  invention 
allows  an  easy  mechanism  for  non-relational  data 
files  to  be  accessed  by  relational  queries.  The 
interface  provided  to  the  non-relational  data  files  by 

30  way  of  the  data  drivers  can  be  a  common  interface 
which  can  be  added  to  existing  drivers.  Similarly,  a 
common  interface  is  provided  to  the  dictionary 
drivers  to  facilitate  defining  metadata. 

The  data  drivers  themselves,  by  means  of  the 
35  function  vector  in  the  preferred  implementation, 

and  generally  by  means  of  the  other  features  of  the 
invention,  allow  for  the  relational  data  access  fa- 
cility  to  adapt  its  functionality  and  its  power  to  the 
power  of  the  data  driver.  The  more  functions  that 

40  are  implemented  by  the  data  driver,  the  fewer 
which  need  to  be  implemented  by  the  relational 
data  access  facility  of  this  invention. 

Furthermore,  the  query  optimizer  of  this  facility 
minimizes  cost  and  increases  efficiency  of  the  data 

45  accesses  by  examining  the  queries  to  determine  a 
preferred  order  of  data  access. 

Persons  of  ordinary  skill  in  the  art  will  recog- 
nize  that  various  modifications  and  variations  may 
be  made  in  this  invention  without  departing  from 

50  the  spirit  and  scope  of  the  general  inventive  con- 
cept.  This  invention  in  its  broader  aspects  is  there- 
fore  not  limited  to  the  specific  details  or  repre- 
sentative  methods  shown  and  described. 

55  Claims 

1.  A  system  for  providing  relational  access  to 
data  stored  in  non-relational  data  files  in  re- 
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sponse  to  relational-type  queries  comprising: 
dictionary  means  for  maintaining  metadata 

corresponding  to  each  of  the  non-relational 
data  files,  the  metadata  defining  the  data  or- 
ganization  in  a  corresponding  non-relational 
data  file; 

data  engine  means,  coupled  to  the  dic- 
tionary  means,  for  accessing  the  metadata 
from  the  dictionary  means  and  for  decoding 
the  relational-type  queries  into  a  set  of  com- 
mon  data  access  commands;  and 

data  driver  means,  coupled  to  the  data 
engine  means,  for  accessing  the  data  in  the 
non-relational  data  files  specified  by  each  of 
the  data  access  commands  received  from  the 
data  engine  means  according  to  the  metadata. 

2.  The  system  of  claim  1  wherein  the  dictionary 
means  includes 

field  means  for  storing  field  definitions  for 
each  of  the  non-relational  data  files,  the  field 
definitions  specifying  the  basic  units  of  data  as 
fields  in  the  corresponding  non-relational  data 
file. 

3.  The  system  of  claim  2  wherein  the  dictionary 
means  includes 

relation  means  for  storing  relation  defini- 
tions  for  each  of  the  non-relational  data  files, 
the  relation  definitions  specifying  compositions 
of  fields  as  relations  in  the  corresponding  non- 
relational  data  file. 

4.  The  system  of  claim  3  wherein  the  dictionary 
means  includes 

view  means  for  storing  view  definitions  for 
each  of  the  non-relational  data  files,  the  view 
definitions  specifying  compositions  of  relations 
as  views  in  the  corresponding  non-relational 
data  file. 

5.  The  system  of  claim  1  wherein  the  dictionary 
means  includes 

a  dictionary  containing  metadata  for  at 
least  one  of  the  non-relational  data  files,  and 

a  dictionary  driver  associated  with  the  dic- 
tionary  and  used  for  accessing  the  metadata  in 
the  dictionary. 

6.  The  system  of  claim  5  wherein  the  dictionary 
driver  includes 

a  dictionary  function  vector  defining 
metadata  access  functions  supported  by  the 
dictionary  driver,  and  wherein  the  data  engine 
means  includes 

dictionary  function  vector  means  for  com- 
municating  with  the  dictionary  driver  to  obtain 
information  regarding  which  supported 

metadata  access  functions. 

7.  The  system  of  claim  1  wherein  the  data  engine 
means  includes 

5  parser  means  for  ensuring  the  correctness 
of  the  relational-type  queries  and  for  forming 
Boolean  expressions  from  the  relational-type 
queries. 

io  8.  The  system  of  claim  1  wherein  the  data  engine 
means  includes 

optimizing  means  for  placing  the  set  of 
commands  into  a  sequence  which  expedites 
the  access  of  the  desired  data. 

15 
9.  The  system  of  claim  8  wherein  the  optimizing 

means  includes 
means  for  organizing  the  Boolean  expres- 

sions  into  a  tree  structure  . 
20 

10.  The  system  of  claim  9  wherein  the  optimizing 
means  includes 

means  for  traversing  the  tree  structure  to 
form  an  access  plan  containing  the  sequence 

25  of  commands  to  access  the  desired  data. 

11.  The  system  of  claim  10  wherein  the  optimizing 
means  includes 

means  for  examining  the  amount  of  sys- 
30  tern  resources  used  by  different  sequences  of 

commands. 

12.  The  system  of  claim  8  wherein  the  data  engine 
means  includes 

35  request  processing  means  for  executing 
the  commands  in  the  access  plan. 

13.  The  system  of  claim  12  wherein  data  driver 
means  includes 

40  a  data  driver  function  vector  defining  data 
access  functions  supported  by  the  data  driver 
means,  and 
wherein  the  request  processing  means  in- 
cludes 

45  function  vector  means  for  communicating 
with  the  data  driver  means  to  obtain  informa- 
tion  regarding  the  supported  data  access  func- 
tions. 

50  14.  The  system  of  claim  13  wherein  the  request 
processing  means  includes 

means,  coupled  to  the  function  vector 
means,  for  executing  the  commands  for  in  the 
access  plan  based  on  information  obtained  re- 

55  garding  the  supported  data  access  functions. 

15.  The  system  of  claim  13  wherein  the  function 
vector  means  includes 

19 
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means  for  receiving  from  the  data  driver 
means  a  function  vector  identifying  each  of  the 
data  access  functions  supported  by  the  data 
driver  means  and  a  corresponding  address  for 
invoking  each  of  the  supported  data  access  5 
functions,  and 
wherein  the  request  processing  means  in- 
cludes 

means  for  causing  the  data  driver  means 
to  invoke  the  functions  supported  by  the  data  10 
driver  means  by  transferring  control  to  the 
corresponding  addresses  in  the  function  vec- 
tor.. 

16.  The  system  of  claim  1  wherein  the  data  driver  is 
means  includes 

means  for  sending  a  function  vector  to  the 
data  engine  means,  the  function  vector  iden- 
tifying  the  data  access  functions  supported  by 
the  data  driver  means  and  a  corresponding  20 
address  for  invoking  the  supported  functions. 

17.  The  system  of  claim  1  wherein  the  non-rela- 
tional  data  files  have  file  types,  and 
wherein  the  data  file  driver  means  includes  25 

a  plurality  of  drivers  each  corresponding  to 
a  different  non-relational  data  file  type. 

21.  The  method  of  claim  18  further  including  the 
step  of 

placing  the  set  of  commands  into  a  se- 
quence  which  expedites  the  access  of  the  de- 
sired  data. 

22.  The  method  of  claim  21  wherein  the  step  of 
placing  the  set  of  commands  into  a  sequence 
which  expedites  the  access  of  data  includes 
the  substep  of 

organizing  the  Boolean  expressions  into  a 
tree  structure. 

23.  The  method  of  claim  22  wherein  the  step  of 
placing  the  set  of  commands  into  a  sequence 
which  expedites  the  access  of  data  includes 
the  substep  of 

traversing  the  tree  structure  to  form  an 
access  plan  containing  the  sequence  of  com- 
mands  to  access  the  desired  data. 

24.  The  method  of  claim  23  wherein  the  step  of 
placing  the  set  of  commands  into  a  sequence 
which  expedites  the  access  of  data  includes 
the  substep  of 

examining  the  amount  of  system  resources 
used  by  different  sequences  of  commands. 

18.  A  method  for  providing  relational  access  to 
data  stored  in  non-relational  data  files  in  re- 
sponse  to  relational-type  queries  comprising- 
the  steps,  executed  by  a  data  processor,  of: 

maintaining  metadata  corresponding  to 
each  of  the  non-relational  data  files,  the 
metadata  defining  the  data  organization  in  a 
corresponding  non-relational  data  file; 

accessing  the  metadata  from  the  dictio- 
nary  means; 

decoding  the  relational-type  queries  into  a 
set  of  common  data  access  commands;  and 

accessing  the  data  in  the  non-relational 
data  files  specified  by  each  of  the  data  access 
commands  received  from  the  data  engine 
means  according  to  the  metadata. 

19.  The  method  of  claim  18  further  including  the 
step  of 

communicating  with  the  dictionary  driver  to 
obtain  information  regarding  which  supported 
metadata  access  functions. 

20.  The  method  of  claim  18  further  including  the 
steps  of 

ensuring  the  correctness  of  the  relational- 
type  queries;  and 

forming  Boolean  expressions  from  the 
relational-type  queries. 

25.  The  method  of  claim  21  wherein  the  step  of 
30  placing  the  set  of  commands  into  a  sequence 

which  expedites  the  access  of  data  includes 
the  substep  of 

executing  the  commands  in  the  access 
plan. 

35 
26.  For  use  in  a  system  requesting  data  from  a 

data  file,  a  data  driver  comprising: 
command  interface  means  for  receiving 

commands  from  the  system  for  accessing  data 
40  from  the  data  file  and  for  routing  those  com- 

mands  to  the  appropriate  locations  in  the  data 
driver; 

data  access  means,  responsive  to  the 
command  interface  means,  for  retrieving  data 

45  from  the  data  file,  the  data  access  means 
including  a  plurality  of  executable  functions  at 
corresponding  locations;  and 

function  vector  means  for  providing  to  the 
system  through  the  command  interface  means 

50  an  identifications  of  the  functions  performed  by 
the  data  access  means  and  an  identification  of 
the  corresponding  locations  for  each  of  the 
functions. 

55  27.  The  data  driver  of  claim  26  wherein  the  data 
access  means  includes 

means  for  performing  a  set  data  collection 
function  which  identifies  a  set  of  data  from  the 

20 
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data  file. 

28.  The  data  driver  of  claim  26  wherein  the  data 
access  means  includes 

means  for  allocating  metadata  memory  to  5 
store  formatting  information  for  the  data  in  the 
data  file. 

29.  The  data  driver  of  claim  26  wherein  the  data 
access  means  includes  10 

means  for  accessing  data  according  to  a 
data  key  which  uniquely  identifies  an  item  of 
data. 

30.  For  use  in  a  system  requesting  metadata  from  is 
a  dictionary,  a  dictionary  driver  comprising: 

command  interface  means  for  receiving 
commands  from  the  system  for  accessing 
metadata  from  the  dictionary  and  for  routing 
those  commands  to  the  appropriate  locations  20 
in  the  dictionary  driver; 

metadata  access  means,  responsive  to  the 
command  interface  means,  for  retrieving 
metadata  from  the  dictionary,  the  metadata 
access  means  including  a  plurality  of  execut-  25 
able  functions  at  corresponding  locations;  and 

function  vector  means  for  providing  to  the 
system  through  the  command  interface  means 
an  identifications  of  the  functions  performed  by 
the  metadata  access  means  and  an  identifica-  30 
tion  of  the  corresponding  locations  for  each  of 
the  functions. 

31.  The  dictionary  driver  of  claim  30  wherein  the 
metadata  access  means  includes  35 

means  for  performing  a  fetch  fields  func- 
tion  which  returns  from  the  dictionary  informa- 
tion  about  an  identified  field. 

32.  The  dictionary  driver  of  claim  30  wherein  the  40 
metadata  access  means  includes 

means  for  performing  a  fetch  relation  fields 
function  which  returns  from  the  dictionary  in- 
formation  about  fields  for  an  identified  relation. 

45 
33.  The  dictionary  driver  of  claim  30  wherein  the 

metadata  access  means  includes 
means  for  performing  a  fetch  view  rela- 

tions  function  which  returns  from  the  dictionary 
information  about  relations  for  an  identified  so 
view. 

34.  A  method  of  transforming  a  database  query 
having  a  plurality  of  record  select  expressions 
(RSEs)  into  a  sequence  of  data  access  com-  55 
mands,  the  RSEs  referring  to  an  element  or 
group  of  elements  in  the  query  that  specify  a 
selection  criteria  which  identifies  specific 

records  in  the  database,  and  the  method  com- 
prising  the  steps,  performed  by  a  data  proces- 
sor,  of 

examining  the  RSEs  in  a  prescribed  order 
determined  by  the  query;  and 

generating  an  access  plan  for  retrieving 
data  specified  by  the  query,  the  access  plan 
including  a  sequence  of  data  access  functions, 
the  generation  of  the  access  plan  including  the 
substep  of 

classifying  the  RSEs  according  to  ease  of 
data  retrieval, 

determining  amounts  of  system  resources 
required  for  retrieving  data  for  selected  ones  of 
the  RSEs,  and 

comparing  the  total  amounts  of  system 
resources  required  for  different  sequences  of 
data  access  functions  to  determine  a  preferred 
access  plan. 

35.  The  method  of  claim  34  wherein  the  step  of 
examining  the  RSEs  includes  the  substep  of 

organizing  the  RSEs  into  an  ordered  struc- 
ture. 

36.  The  method  of  claim  35  wherein  the  step  of 
organizing  the  RSEs  into  an  ordered  structure 
includes  the  substep  of 

placing  the  RSEs  into  a  tree. 

37.  The  method  of  claim  36  wherein  the  step  of 
placing  the  RSEs  into  a  tree  includes  the  sub- 
step  of 

forming  nodes  of  nested  expressions. 

38.  The  method  of  claim  36  wherein  the  RSEs 
contain  a  Boolean  expression,  and 
wherein  step  of  placing  the  RSEs  into  a  tree 
includes  the  substeps  of 

formulating  the  Boolean  expression  into 
the  conjunction  of  a  plurality  of  disjunctive 
Boolean  expressions,  and 

creating  the  tree  having  nodes  which  are 
the  disjunctive  Boolean  expressions  as  chil- 
dren  of  a  conjunction  parent. 

39.  The  method  of  claim  36  wherein  the  step  of 
generating  an  access  plan  includes  the  sub- 
steps  of 

traversing  the  tree  from  the  bottom  up  to 
obtain  a  sequence  of  the  RSEs, 

obtaining  the  data  required  for  each  of  the 
RSEs  in  the  sequence,  and 

evaluating  each  of  the  RSEs  in  the  se- 
quence. 

21 
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3710- 

r  

BIRTH  DATE;1  FIELD 
CDD$PROTOCOLS  DIRECTORY 
CITY;1  FIELD 
COLLEGES;  CDD$DATABASE 
COLLEGE_CODE;1  FIELD 
COLLEGE_NAME;1  FIELD 
COLLEGE_RECORD;1  RECORD 
COLLEGE_STORAGE;1  CDD$RMS_DATABASE 
DATE_REC;1  FIELD 
DEGREE;1  FIELD 
DEGREES;1  CDD$DATABASE 
DEGREE_FIELD;1  FIELD 
DEGREE_RECORD;1  RECORD 
DEGREE_STORAGE;1  CDD$RMS_DATABASE 
DEPARTMENTS;  1  CDD$DATABASE 
DEPARTMENT_CODE;1  FIELD 
DEPTS_RECORD;1  RECORD 
DEPTS_STORAGE;1  CDD$RMS_DATABASE 
DEPT_MGR_ID;1  FIELD 
DEPT_NAME;1  FIELD 
EMPLOYEES;1  CDD$DATABASE 
EMPLOYEE_ID;1  FIELD 
EMPLOYEE_RECORD;1  RECORD 
EMPLOYEE_STORAGE;1  CDD$RMS_DATABASE 
FIRST_NAME;1  FIELD 
FOO;1  RECORD 
FT_DICTIONARY  DIRECTORY 
JOBS;1  CDD$DATABASE 
JOBS_RECORD;1  RECORD 
JOBS_STORAGE;1  CDD$RMS_DATABASE 
JOB_CODE;1  FIELD 
JOB_END;1  FIELD 
JOB_HISTORY;1  CDD$DATABASE 
JOB_HISTORY_RECORD;1  RECORD 
IOB_HISTORY_STORAGE;1  CDD$RMS_DATABASE 
IOB_START;1  FIELD 
JOB_TITLE;1  FIELD 

fO  FIG  37(b) TO  FIG  37(b) 

Y7 
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FROM 
FIG  37(a) 

FROM 
FIG  37(a) 

LAST_NAME;1  FIELD 
L0NG_FILLER;1  FIELD 
MAX_SALARY;1  FIELD 
MIDDLE_INITIAL;1  FIELD 
MIN_SALARY;1  FIELD 
P0STAL_C0DE;1  FIELD 
SALARY_AM0UNT;1  FIELD 
SALHIST;1  CDD$DATABASE 
SALHIST_REC0RD;1  RECORD 
SALHIST_ST0RAGE;1  CDD$RMS_DATABASE 
SAL_END_DATE;1  FIELD 
S  A  L_STA  RT_D  ATE  ;  1  FIELD 
SEX;1  FIELD 
STATE  ;1  FIELD 
STATUS_C0DE;1  FIELD 
SUPERVIS0R_ID;1  FIELD 
S_EMPL0YEES;1  CDD$DATABASE 
TEST;1  CDD$DATABASE 
WAGE_CLASS;1  FIELD 

J  
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CONTAINS  FIELD  EMPLOYEEJD 
CONTAINS  FIELD  FILLER23 
CONTAINS  FIELD  JOB_CODE 
CONTAINS  FIELD  FILLER24 
CONTAINS  FIELD  JOB_START 
CONTAINS  FIELD  FILLER25 
CONTAINS  FIELD  JOB_END 
CONTAINS  FIELD  FILLER26 
CONTAINS  FIELD  DEPARTMENT_CODE 
CONTAINS  FIELD  FILLER27 
CONTAINS  FIELD  SUPERVISORJD 
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1  

definition  of  field  e m p l o y e e j d  
da ta type   t ex t   size  is  5  c h a r a c t e r s  

: d o >  
ddo>  show  d a t a b a s e / f u l l   s a l h i s t  
definition  of  da t abase   s a l h i s t  
|  da tabase   uses  rms  da t abase   s a l h i s t _ s t o r a g e  
|  |  da tabase   uses  r e c o r d   s a l h i s t _ r e c o r d  
|  i  |  c o n t a i n s   f i e l d  

i i i   da ta type   employee ,  
j  |  i  con t a in s   field  t ex t   : 

i i i   based  on  f i l l e r 2 0  
i i i   | |   da ta type   f i l l e r  
i  i  i  c o n t a i n s   field  t e  
|  j  j  |  DATATYPE  SALARY_A 
|  I  I  CONTAINS  FIELD  TEXTS 
j  j  j  I  BASED  ON  FILLER21 

I  |  DATATYPE  FILLER 

EMPLOYEEJD 
TEXT  SIZE  IS  5  CHARACTERS 

FILLER20 
FILLER 

TEXT  SIZE  IS  3  CHARACTERS 
SALARY_AMOUNT 

TEXT  SIZE  IS  5  CHARACTERS 
FILLER21 

FILLER 
TEXT  SIZE  IS  3  CHARACTERS 

CONTAINS  FIELD 
I  DATATYPE 
CONTAINS  FIELD 
I  BASED  ON 
I  I  DATATYPE 
CONTAINS  FIELD 
|  DATATYPE 

SAL_START_DATE 
TEXT  SIZE  IS  23  CHARACTERS 

FILLER22 
FILLER 

TEXT  SIZE  IS  3  CHARACTERS 
SAL_END_DATE 

TEXT  SIZE  IS  23  CHARACTERS 

I  FILE  DEFINITION 
I  I  FILE  ORGANIZATION  SEQUENTIAL 
I  I  FILE  RECORD  FORMAT  VARIABLE 
DATABASE  IN  FILE  DAF$DATABASE:SQL$SALHIST.DAT 
I  FULLY  QUALIFIED  FILE  $PROJ5:(DAF.CODE.DATABASE)  SQL$SALHIST.DAT; 

F I G .   3 7 ( d )  
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