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GM1S Progress Roport:

Systems Progycamming Group

1. Introduction

‘This report "will detail our progress to date on the
systems programming and development effort relating to the
. IBM/MIT Joint Study. This systems effort has primarily
focused on the develofmwent of the Generalized Management
Information System (GMIS) and its many component software
facilities.

Appendix A provides a list of each VM/370 account heing
used in the GMIS systers development effort, and describes
how 2ach account is being used.

Our last GMIS Progress Report detailing our software
development efforts, dated August 22, 1975, is included with
this report as Appendix E. We will hegin this progress
report with work done subseguent +to the August 22, 1975
report.

Thare will be five majcr sections to this report:

1) A discussion cf progress made in each area of GMIS
software development. '

2) M description c¢f the computer technologies used in.
this software development effort.

3) A discussion cf the advantages of developing this
system in the sottware, hardware and administrative
environment provided by the IBM/MIT Joint Study.

4) Some sugqgesticns for t*echnological improvements
that would improve the developmrent process for GMIS, and
would improve the use of the systen.

5) A statement of what we have 1learned during our
system development efforts that would assist future design
and implementation efforts of a system like GMIS.

2. Progress in Software Development

This section descriltes software development efforts
that have taken place since the RAugqust 22, 1975 GMIS
Progress Report (Appendix A). e will assume that the
reader is familiar with the wotivation for GMIS, the uses of
GMIS ‘and the GMIS architecture. 0One document which provides
this information is "GMIS: An FExperimental System for Data
Management and Analysis", by John J. Donovan and Henry D.
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Jacoby (MIT Fnergy Lahoratory Working Paper MIT-EL-75-011up,
September, 1975).

2.1. SEQUEL

L.ast sumper, Release 2 of S3EQUEL from San Jose was
" tested extensively for performance characteristics. Our
findings were relayed tc Samn Jcse, which are outlined in
sections 3 and 5 of the discussion overview used there last
summer (Appendix C). Their cverall response was to use what
vwe learned about the use of SEQUEL in the development of
System R, but they were not enthusiastic about making
changes to SEQUFL Release 2 to improve performance,

Several changes have teen made to the SEQUEL, XRAM and
multi-seqment RAM code over the past year. These changes
include:

_ 1) The data type TEC (FIXFL DECIMAL) was added +to
SEQUEL to supplement the existing NUM and CHAR data types.

2) The SEQUEL rparser and transaction execution
routines were modified to accept the unary + and - operators
as prefixes to numeric literals.

3) A LoG facility was added to SEQUEL which, if
activated, sends the fcllcwing data items to the STATPRI
file:

the SEQUEL statement

the time when the transaction was entered

V-

the transaction type (IRANTYP)

- a 1list of all columns and tables referenced ih the
statement,

~B) Software "hooks" were installed in the SEQUEL
declaration macrcs tc allow security features to be
installed at the Multi User Interface (MUI) level.

5) An FXTERNAL array called LPAD was added to the
SFQURL Transaction Tnterface (TRANS) to inform UFI prograas
of the number of blanks added +to the 1left of columns in
SEQUEL output rows for formatting purposes.

6) Several SEQUFL and XRAM routines were modified to
handle a problem that developed when inversions were made on
certain columns containing numeric data.  When a column
contained a nupmeric value that was either nonpositive or
greater than the greatest value of a RAM ID {(2*%*21-1), the
inversion would apparently be successfully created, but
would respond errorecusly when used. The rost



-1-

straightforward technique to peevent this from occurring was
to install a checking mechanism that wonld permit inversions
to be created and manintained onlv on columns with data in
the range of 1 to 2*x*x21-1, Extensions to XRAM were made by
Ray Fessel to implement this wmechanism, and SEQUEL was
modified to- activate this inversion suppression when
necessary. The result of these wmodifications is that the
- performance benefits of SFQUEL/XPAM inversions of columns
cannot be used 1in columns with data that 1is out of a
relatively narrow numeric range.

7Y The SEQUFL arror messiges were revised to make then
easier to understand by users.

. B) Various SEQUPL, XRAM and RAM bugs were identified
and fixed. '

More detailed dccumentition on these changes is
included in the following documents: :

1) Loy of SFQUET Mcgdificitions (Appendix D)
2) Limitaticns of SEQUFL Release 3 {(Appendix E)

3) Transaction Interface DNescripticn - MIT/SFQUEL
Release 3 (Appendix F)

4y ‘XRAH Fxtensions (Arpendix ).

2.2. TRANSACT

A version of TRANSACT similar to that described in the
last GMIS Progress Repcrt was debugged and has Dbeen
operational since September, 1375, The following documents
detail +the TRANSACT syntax and explain the use of each
command: ' :

1) TRANSACT Commande (Appendix H)
2) FExplanation of TRANSACT Commands (Appendix I).

A number of extensions to TRANSACT have heen proposed,
including:

1) The implementation of a SET LOG command, to
activate the new SEQUFL I10G facility described in the
previous section cf this refport.

2) The TRANSACT FUN commanl macro processor. This
facility, similar to CMS EXFC, was designed and partially
implemented last summer, 7Tt is described in the document
"TRANSACT RUN Command Macro FProcessor User Guide® (Appendix
J) .



3) The ipmplementation of A TRANSACT tramsaction
editor. One propecsal fcr this ~ditor is included with this
report as Appendix K.

The GMTS Multi - TUser Interface 1is the routine that
permits the SEQUEL data lase machine to communicate with
other virtual machines containing applications programs.
‘The MUI is actually a SEQUEL User Friendly Interface (UFI)
residing on the GMIS account as the SEQ3 MODULE. Access
control features were added to the original MUI, SEQ2, which
can be invoked by specifying the option SECURE with the
START exec when activating the Transaction Virtual Kachine
(TVM) . ‘ '

- This part of the GMIS system 1s currently being
replaced under the new GMIS inter-machine communications
facility design. The new GMIS design is described in
.section 2.7.

2.4, SEQUEL Database Description and Backup Utilities

Several additional SEQUEL utility programs have been
written which permit users to retrieve a description of a
SEQUEL database and tc create <everal different types of
backup copies of all or part of a datahase. These otility
routines include:

1) DBDESCR - describes SEQUFL tables and prints SFQUFEL
catalog information cn the terminal or line printer
{Appendix 1).

2) LTPB - the standard G4MIS bulk loader (Appendix M).

, 3) SEQDUMP - the first SEQUFL backup utility. An
entire SEQUFL database is dump=d to CMS files in bulk loader
(LTDB) format (Appendix N).

3) SFOBACK and SFCREST - utilize the CMS DDF command
to create and relcad a tape copy of the disks containing the
database. These routines are faster than SFQDUMP, but are
less flexible in their use (Appendix 0).

4) DBSAVE and DBSCAN - use SEQBACK and SEQREST to
create multiple backup copies of SEQUEL databases on a
single tape, and creates an identifying label for each saved
database on the tape (Appendix D).

5) SELDUMP - a selective backup facility, which
creates bulk loader CMS files for tables specified by the
user (Appendix Q).



2.5. BRAM Utilizaticn Worksgace

Ray Fessel has ‘trcught up an APL workspace that
contains functions which measure the utilization of pages in
a RAM (used by SEQURL) databace. Instructions for its use
are in Appendix R,

2.6, Applications Packages

Several applicaticns packages have been brought up
under VM/37C +this past year for use in GMIS. Each one of
these systems can communicate with the GMIS database through
~the use of punched CMS files and the VM spooling facility.
Specialized communicaticns interfaces for each package will
be built under the new GMIS design (Section 2.7).

The following applicaticns packages and systems have
teen made operaticnal:

1)  TROLL

2) TSP

3)  BMD

4)  EPLAN

5) DYNAMC

6) STATPAC 1T
7)  MPSX

The packages will ke bricfly described and referenced
in the forthcoming GMIS Uscr Guide,

2.7. New GMIS Design

Beginning in June, we launchad an effort to redesign
the GMIS system to utilize some new VM inter-machine
communications software, and to apply what we have learned
trom the GMIS prototype system +to an improved design. 1In
this sectionr, a hrief descripticn of the new GMIS will be
presented. More detailed system level and user level
descriptions of the system are currently being written.

~

2.7.1. gxplanation of New GMIS Configuration

Figure 1 presents an cverview of the new GMIS. There

are five types of virtual machines defined for this
configuration, which allcws any available user application
packages to communicate with any available database

systems. Note that the new GMIS allows for more than one
database machine,.
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Under this scheme, a user virtnal machine (UVM) wishing
to send a query to a particnlar database virtual machine
(DAVM) must first signal the Manager Virtual Machine (MGR).
The MGR 1is always logged in, and 1is activated by signals
from UVM's, After the MGR hacs heen signalled, it looks in
its GMIS directory (A CMS file) for the ID of Communications
Virtual Machine tkat is asscciated with the signalling UVM.
When it finds the ID, the MAR nuses the VM/370 Release 3
AUTOLOG facility to log in the appropriate CVM,.

Assuming that there are n different types of UVM (e.g.
TRANSACT, TROLL, APL), and m different types of DBVM (e.q.
SEQUEL, QBX, 1IMS), then there arc¢ (n x m) possible ways a
UVM's can communicate with a DPRVH, For example, a TROLL
user may want to guery an IMNS dataibase, or an APL user may
want to gquery a SFQUEL database,. Fach ot these
user/database combinations regquires a communications
interface, which will fcreat user queries for the particular
database system, signal the DBVM, format the reply from the
DBVYM for the UVM, and signal the VM that the gquery has been
processed. These functions ware previously handled by the
GMIS Multi-User Interface (MUI). Now, a separate interface
program for each TUVM/DPVM combination will be written that
resides in the CVM. The UVM's and DBVM's will each have
standard interfaces, and all query and reply formatting and
intermachine conmmunicaticns will be handled by the CVHM,
(Although there could be as many as (n x m) interface
programs, many of the interfaces wnnder consideration will be
the same). A UVM need cnly activate its CVM through the MGR
with the appropriate 1irterfac» program, and any time a UVM
has a query to send, it simply signals its CVM, which does
the rest of the wcrk.

2.7.2. Inter-machine Corrupications Mechanism

Much of the spooled virtual card read/punch mechanism
that was used for the inter-machine communications facility
of the GMIS prototype will be replaced with the new SPY
memory-to-memory inter-machine communications software (frcm
IBM Yorktown). The SPY rcutines send messages uwmuch faster
than the spooling mechanism.

2.7.3. GMIS Usage Monitcr

A Usage Monitor VM (UMVM) will be installed that
collects data fror DBVM's (e.g. queries processed, execution
statistics) and NVM's (e.g. descriptions of applications
work being done cn the CVN), It will generate a 1log file
that can be retrieved later for performance and usage
analysis.



-9 -

2.7.4. Current Progress on Ieplementation of New Qﬂ;g

At this time, the new GMIS system has been partially
implemented and  is teinqg tested in a simulated VM
environment, which runs under the  production VM/37C
operating system at the Cambridge Scientific Center. The
Manger Virtual Machine can AUTOLCG a communications Virtunal
Machine after teing sigralled by a User Virtual Machine, and
the TRANSACT/SFEQUFL interface for the CVM is almost ready
for testing. Scme of the additional CVM interfaces planned
. for the near future include TROLL/SEQUEL, APL/SEQUYXL, and

APL/GIS, -

2.7.5. Query By Example Enphancements

WHe are investigating the possibility of rebuilding the
front end of the Query By Fxample (QBX) database system to
generate a less cryptic CCL/D#L that can take advantage of
the efficient relational operators that have been built into
QBX., This front end could make use of a TRANSACT-like user
interface. ' :

3. Computer Technclogies Used in the GMIS Effort
In devéloping'GMIs; we have made extensive use of many
software and hardware facilities made available through the
- IBM Cambridge . Scientific Center. The software facilities
used include:. ' -
1) lLanguage pProcesscrs
- AsSémbly Lahguage
- PL/I'thimizing Compiler
- FORTRAN
- APLSV
- SCRIPT (for documentation).
2). ¥YM/370 system software

C- ‘Mddification of VM ASCII translate tables for
adaptation of ASCIT terminals to VM

- Use of many I1/C and communications routines that
call the CMS modules directly through BAL interfaces.

- Use  of simulated VH/370 undet production VM/376
to test new GHIS“and SPY code. .

3) IBM experimental code



= LUIPFOUFL/XPAF /EAM

- QBX

- SPY
The hardvare facilitics use| in  GM1S development, in
addition to the standard devices used (e.g. CPU, printers,
disks, tapes) include:

1) Terminals

TRM 2741

i

[

IBM 3270

1

Telctype

TTY - corpatiktle di=nlay devices (using 1light
pens) .

?2) Telecommunications [{acilities

- IBM 3794 pregrammed for 2741 lines, 11C and 300
band TTY lines

- MIT extensions connocted to VM/370 ports.

4. Advantages of IBM/MIT Joint Study Environment in GMIS

Thae technical and cperational environment provided
through th= IBM/MIT Joint Stuldy *3is made it possible for the
GMIS prototype to be made opeorational, and for the
development of the new GMIS to progress o rapidly. Some of
the reasons for this rarpid progress are due to the type of
technical environment wused; the YM/372 operating system is
an excellent facility fcr system development, combining the
advantages of interactive time sharing, availability of many
language processors, ability to support different operating
systems, a very flexible cpernting system command language
(CMS) and many other mcre subtle features,

Beside these advantages, which could bhe accessed
through many commercially available systems, were ceveral
opportunities unigue tc¢ cur r=2lationship to TIBM:

1) The opportunity to us» and modify IBM experimental
softwarns, including RAM, X%am, SWOIRL, FPLAR (before it was
announced by IBM) and SPY.

2}y The ability to use VM  in unconventional ways (e.q.
running VM under VM, acces=ing CMS recutines directly,
modifying VM for TROTL and for 5PY), with the help of CS5C
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personnel. Outside vendors mijht not permit us to try some
of these experiments, or cur iccess to the vendor's systems
people might be limited,

3) Our <close rapport with CSC personnel for the
solution of both technical (~.g9. fixing buys, systenms
design) and ‘administrative (o.y. setting up accounts,
obtaining manuals) problers.

: '4) The fact that we had direct access to the (SC
. Machine Room, =so0o we cculd pick up our output quickly and

make minor program changes iummediately at the 1local
terminals.

5. Suggestions for Technological Improvements

» After using the facilities at IBM for over two years,
there are some technical areaz whore improvements could he
nade, from our point of view, We will list three of those
areas which come tc mind here:

1) Interactive datatase management systems - After
investigating the availability of interactive database.
management systems within IB#, we vere disappointed to find
no acceptable offerings heyond SFOUEL and IMS. SEQUEL is
still very experimental, as we have pointed out many times.
- IMS is restricted to a hierarchial view of data and is not
currently compatitle with CMS. Much more product oriented
work needs to be done in this areca,

2) Better VM irter-machine communications - The
SIGNALESHARE and SPY software facilities are initial efforts
to improve communications and signalling ‘tetween VM's,
However, these facilities shculd he refined and incorporated
into thea VM/370 product, and ~vontually these intermachine
sigpalling and shared virtual memory segment  facilities
should be built into the TEM huardware.

1) Pemote printing and display terminals - We have
found a need for faster and more sophisticated terminals
that can be connected remotely to the computer through
ordinary telephone lines, Specific suggestions for
improvements in terminals that are possible today would he
to bnild an asynchronous IBM 3270 display terminal so it can
be used as a remote stand-alone terminal without a
controller, and a 30 tc £( character per second version of
-an IBNM 2741,
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Appendix A

Current Uses of IBM Accounts €or Systems Development

The

July 16, 1976

following is a list of each ID being used for

systems development, the name of the principal wuser of the
ID, and the nature of the work bheing done on the account:

N

2)

3)

4)

Account ID: NFEMISE
Principal users:

Bryan Mau, Ray Fescel
Purpose of account:

All of +the GMIS source code resides on the

" NEEMIS6 194 disk. The account is used to store thoe

code, and to make minor changes and enhancements to
the code.

Account ID: NEEMIS?
Principal users:

Clerical helg, Louis Gutentag
Purpose of account:

All systems related documentation is entered
on this account in SCRIPT, This account 1is also

‘used for exgerimental applications of the

relational database software, for possible uses in
the old and new GMIS,

Account ILC: NEFMISR
Principal users:

Bot Selinger
Purpose of account:

Systems frcgramming account, Bob is writing
several parts cf the new GMIS, and doeg much of his
work cn this acccunt,

Account ID: GMIS

Principal users:
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Nons (Louis Gut ntig responsible)
Purporse of acccunt:

This acccunt contains all of the executable
GMIS modules apd EYEC files for users to access.
It also containe all of the TYXTLIB's and MACLIB's
necessary to create G¥IS modunles and tc compile
GM1S proyrams, but doos not contain the GMIS source
code. Finished SCRIPT files are also placed on
this acccunt %o wake $MTS documentation available
to users., All GPIS users link to the GMIS account
{v/0) before tley run any GMIS progranms.

5= Account ITl: GMTSY, GMISZ2, GMIS3

Principal users:

Chat Lam, Bob Sclinger, Tony Smith
Purpose of accounts:

The new GMIS 15 being developed and tested
under these acccunts. GMIS2 ruans the simulated VM
under VM for testing of the Manager Virtual Machine
and the 5PY c¢ccde. The other accounts are used to

develop the GMIS communications handlers, interface
routines, etc,
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Arpendix B
Project GMIS Progress Report

.August 22, 1975

This document will summarize the progress made on GMIS
software develcpment to date.

SEQUEL

After receiving the code for SEQUEL, Release 1 from San
Jose, we brought wup the system using their 3270 User
- Friendly Interface (UFI70). Since then, we have written a
number of our own UFI's, as described later in this paper.
We refrained from making changes to the actual SEQUFEL code
until we received and brcught up Release 2 of SEQUEL. Our
changes to SEQUEL are detailed in the SEQLOG SEQUEL file on
NEEMISH, but they fall into the following general
categories:

1) Added DTYPE array to Transaction Interface to pass
data types of transaction replies back to the UFI.

2) Added . return COLE of 1 for DISPLAY ASSERTION
command, :

3) Modified SEQUEI/XFAM to handle problem of creating
inversions on columns with numeric values greater than
2*%%21., These inversions will now be suppressed.

4) Fixed assorted XRMF and RAM bugs.

"5) Extended SEQUFL implementation restrictions on
maximum degree of a table, maximum length of an identifier,
and maximum size of a character string constant. Output
formatting of rows in TRANS and QUERY were. rewritten for
generality (for any "magic numbers"),

Currently, we are mcdifying SEQUEL to accept the unary
+ and - operators as prefixes to numeric literals, and to
handle unscaled FIXFD TECIMAL constants. After unscaled
PIXED DECIMAL is cperational, we will extend this feature to
include scaled decimal numbers.

The current documertation on these changes is included
in these documents:

Log of SEQUEL Modificatiocans
Limitations of SEQUEL Releasc 3
Transaction Interface Description - MIT/SEQUEL Rel. 3
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TRANSAC?

e N - =

TRANSACT is a UFI designed to give users a facility to
enter transactions and receive replies from any terminal
device supported by VM/370. A description of the current
features of TRANSACT are included in the documents:

TRANSACT Conmmards
Fxplanation c¢f TRANSACT Ccmmands

We are currently almost finished debugging a new
version of TRANSACT that will support the followiny new
features:

1) A DISPLAY opticr which, when set ON, will display
the +transaction which TRANSACT was processing before
displaying the reply tc that trarsaction. The DISPLAY is
sent to the current OUTPUT device,

2) A RUN command macro procesasor has been writtern which
will allow a user to write “YFPC-like ¢€iles containing
TRANSACT and SEQUFL cowmrands. Teaplemented features dinclude
variable substitution, locping, ard conditional execution of
command lines. A draft version of a document describiny
this facility is availatle (RUN Command Guide).

3y If a PROFILE TRRNSACT “ile i3 on +the TRANSACT user's
A-disk, it will bhe FRUN bcfore oxecution of the first
TRANSACT command.

We have also prepared a proposal for a TPRANSACT
interactive transaction «editor, which will allow TRANSACT
users tc modify transactions after they have Leen entered
(e.g. to correct errors). A selective dumping facility is
also planned for TRANSH(T. This facility will permit users
to put the result of any guorv into a CMS file in  bhulk

"loader format. Using this facility, any selected portion of
a database may be saved, deleted from tiue current databaseo,
and restored to the datakase at any future time.

Multi-User Interface (AUI)

A UFI ramed S5FQ? has been implementad which prrmits
external virtual machines to send transactions to a comman
Transaction Virtual Machine (TVHE) with i1 SEQUFL database.
Communications facilities are provided through the use ot
shared multi-write CM3 transaction and reply tiles, and
interprocessor signallirg by means of virtual card readers
and punches. This facility is descrihbed fully in Iouis
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Gutentag's Master's Thesis, Section 4.2,

There is some room for improvement in performance using
this MUI implementaticr. However, we plan to bring up a
mrodified version of San Jose's SIGNALESHARE to replace our
slow systen.

A procedure called TRIFUFI has been writtenm to simulate
the SFQUEL Transaction 1Interface for the MUI. This means,
for example, that a call tc SFEQUFL using TRIFUFI instead ot
TRANS will actually write CSTRING into a transaction file,
signal the TVM to process the transaction, and wait for the
TVM to signal that it has written the reply file,

This procedure permits us to use our existing UFI's
(e.g. TRANSACT) in a multi-user environment without
modifying their scurce ccde. An EXEC called REMGEN on GMIS
191 performs the same function as CRTMOD, but uses TRIFUFI,
so resulting modules will run only with +he MUI instead of
running on a machine with its own database,

APL Interface

A series of assembhly ccde roatines and APL functions have
been written to allow SECUFL transactions to te passed to a
TVM through the Multi-User Interface. Transactions are
passed to the SEQUFL machine (TVM) +through the use of the
following APL statement:

Z - QI'FRY '<SEQUET transaction>!

where 2 1s the return code from SEQUFL. The results of the
transaction are stored as vectors or matrices in APIL
variables, which are named after the columns that they
represent.

A subset of TRANSACT has h2en implemented as an APL
furction to allow users in the APL environment to display
the results of gucries in a tabular format without having to
leave APL, Complete documentation on  the APL Interface and
on APL TRANSACT must still he written.
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 Bulk lcaders

The original LSDB bulk lcader received from San Jose
has gone through several passes of revisions. First, the
loader was enhanced to permit rows that spanned more than
one B0 byte record to be 1loaded. This bulk loader was
called LTDB.

The next series of changes to LTDR were designed to
make it compatible with our new version of SEQUEL that
- permits identifiers cf up to 16 characters. For generality,
LTCB was extended in the fcllcwing ways:

1} Free format control cards.

2) Multiple <card primary key descriptions. A ZENDKFY
control card was added to permit this extension.,
Previously, the S$PFRIKFY card nnly supported primary keys of
seven columns or less.

SEQUEL Release 2 1includes a facility for making
integrity asserticns on tatles in the database, LTNDR calls
XEAM directly, and bypasses this integrity facility, which
is implemented at the SFQUFI level. Therefore, we generated
two new bulk loaders tc¢ replace LTDB. TLTDBA is the same as
LTDB and <calls XRAM directly. LTDBR 1is functionally
equivalent to LTDPRA, but is really a SEQUEL 0OFI which bulk
loads rows into tables bty means of INSFRT commands. The
tradeoff between using the two loaders 1is this: LTDBA is
fast and 1ignores inteqrity assertions, and LTDBB is very
slow and checks ecach 1inserted row against the stored
inteqrity assertions, The document "Bulkloading of a
Database" Adescribes the use of the current bulk loaders in
greater detail.

There are currently two methods to create backup coples
of SEQURL dJdatabases: using the SEQDUMP stand-alone utility
program or the CMS utility CDU.

SEQDUMP is a SEQUEI UFI which dumps a complete copy of

the database to (M5 files in bulk loader format. This
permits users to add that data to their database at any
time, asing the hulk lcader. The DDR program dumps a

"snapshot" of the disks containing the database, and can be
used only to restore the database to its state of integrity
at the time 1t was dumped. The tradeoff here is that
SFODUMP creates a more flexible backup, but is slow when
dumping because it has to 1ssue many SPQUEL transactions to
perform the dump. NTR, on the other hand, dumps the
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database quickly, but any existing database is replaced at
restoration time by the version that was dumped by ©DD-.

- SEQDUMP is described in the paper "Creating Backup Dumps of

SEQUEL Databases", and information on the use of DDR can he
obtained from Ray Fessel cr Bryan Mamn,

RAM Utilization Wcrksp

: - Ray Fessel has written an APV workspace that plots the
- amounts of disk srace being wutilized by a multi-segment RAM
database (used fcr SFQUEI) at any given time. See Ray
Fessel for further information. '

© 3
In
1o

- A version c¢f the Time Series Processor statistics
package 1is currently teing brought wup under CMS by Tony
Smith and Kai Wong. This is the version that is being used
at the MIT Information TIrncessing Center, After our CMS
version of TSP is debugced, we will explore methods to make
it an interactive system, and to add an interface +to our
GMIS Multi-User Interface.

—— - —

We are also in the process of hringing up a ccpy of the
TROLL econometric modeling system under the VM/37( system at
the Cambridge Scientific Center. There are several problems
vhich are causing delays in cur progress on this project.
FPirst, the VM versicn of TROLL fronm NBER requires
modifications to the VM/370 operating system to support
their shared memory segmert and inter-processor signalling
functions., These modifications must be made compatible with
other existing versiors <¢f =shared memory and sigralling
(e.g. San Jose, Yorktewn, CSU). Also, TROLL is invoked
under VM/370 as a named system (like CMS), and uses its owun
unique file systen. This makes tha process of building an
efficient interface hatween TROLL and the GMIS Multi-User
Interface a formidable tacsk. However, as always, we can
provide interim solutions ty bringing up TROLL on a VM under
" YM, and we <can use virtuval card readers and punckes to
communicate with GMIS.
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Arpeniix C
Visif to IBM 5an Jose Rcsearch Latoratory
Auguet 27-29, 1975
Touis M. Gutentag
Overview of Topics for Discussion and Presentation
1. -Proqress update cn  IBA/MIT  Joint Study softwar«:
development,
2. Prosentation of Prcject NEFMIS appliéations.
3. ‘berformance analysis of SEQUFEL, Release 2.
Identification of areas where performance is especially

"weak, and could be improved in current release:

3.1 SFQUFL level (chiective in most cases is to reduco -
calls to XRAM).

3.1.1. Absence ct GROUP BY operator.

3.1.2. Inefficient handling of joins through
nested queries.

3.1.3. Tnefficient resolution ~ of complex
praedicates {(too many calls to TSTNODE).

3.1.4. Creaticr (or non-creation) of tewmporary
inversions on N#M and CHAR domains in SFQUFL
predicates does not fully nutilize inversion
facility. '

31.1.5. Techrnique used to generate SEQUELE
projecticns causes excessive time to he spent
in ¥YRAM (really an XRAM design problem).

3.2, XPRN level

3.2.1. Optimizaticn of page fetches vs. memory
resident page scarches,

3.2.2. Cptimization of code in specific XRAM and
rulti-segment RAM routines,

u, Discussion of short and 1long term <goals of San Jose
Data Base Groeup.

4,1, Applications crientation vSs. research
orientation.,
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Nevaloprent cf wecer interfaces,

Time frame for resolution of performance iussues,
Exploration «of  alternate approaches to systen
developrent «c¢r inccryoration of existing IBM

products (e.:q7. IMN5).

Plan for release of systems (c.g. System R) *to
wider user andience for testing and feedback.

Analysis of System F as 1 system to meet future needs
of IBM/MIT Jcint Study.

5.1

Performance analysis of System R,
5.1.1. Apply what we have learned from SEQUFKL.
5.1.2. Handling cf jairs.

5.1.3. Reduction and onrtimization of trausactions
to some ncrral form  {i.2. make DML truly
non-procedural). Datahase accessing
techniques.

5.1. 4. Nata <clustering and qgarbage collectiorn,
other space utilization issyss,

5.1.%. Antomatic (usoer-transparent) reorganization
of database strunctures basad on types of usecr
transacticons appliel to database over tire,

5.1.6. Optimization and minimirzation ot wuse of
virtual stcrage in VM,

Feature analysis of Systom P,

5.2.1 Compatibility of SEOUFL  vs, Svystem R
Transacticn Interfaces for transter of
existing UFT's and replacement of  XRAM with
RSI (how much dobuqying will RST need?).

5.2.2. Data types supported (PIX"D DECIMAL, FIXTD
BINARY, FLCAT BIN2®Y, CHARACTFRY),

5.2.3. Handling of NVLL values, especially for
returned values of astatistical functions.

5.2.4, Extensibility of DML, especially for
addition ct statistical functions and
possihbla macro definitions. General
extensior of Systenm R computational

capabilities to reduce dependence on RPL and
UFI's for numeric +ransformations.



5.2.5, Possible impl-mentation restrictions (e.q.
"magic nuekers™ prcohlem in SFQUPL, maximum ¥
of rows in tabl~., maximum # of pages/segment,
running cut of ID's).

- 5.2.6. User views and accessing of system tabhles.

5.2.7. NDependencies on SIGNAL&SHARF modifications
to vM,

5.2.7.1. Fxrlcre prohlems relating to
acceptance ot aodifications by IBN or at
customer installations.

5.2.7.2. Discuss NBRR moditications to VM for
TROIL - compatibility and efficiency
issues. Need to agree on standard
interface for different implementations
of SIGNALESHAPYH,

6. Discussion of documentaticn problems,
6.1. SEQUEL Langunacge Referenc» Manual.

6.2.. Improved documentation of code and algorithrs
used.
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Arpendix D

Log of SECUFL #wodifications

4/30/75 L. Gutentag

Modified UFIDCL to include array called DTYPE which contains
the data types of output ~olumns, declared DTYPE
{MAX_DFEGREF) BIN FIXFED ¥XT.

S/1/75 L. Gutentag

Modified QUERY tc sat TDIYPE to the data types of output
cclumns. ’

5/13/75 R. Fessel (logged ty 1. fintsntag)

Modified TRANS so that all calls %o SEQUEL with FILESWH='1'3
will return through the interface, Previously, if
FILFESW='1'8 and CODF=l, the next statement in the file would
be read without a new call to S3FIIRT. by the UFI.

5/14/75 R. Fessel (logged ty L. r~utentag)

Modified DDASERT so that a DISPLAY ASSERTION commard will
return with CONE=1 instead of COTE=D,

5/29/75 R. Fessel (logged by L. Gutentaq)

Modified XPARSE sc¢ that the size of BUFFRER is declared és
CHAR (QSTRING_TENGTH#1) VAF.

6/24/75, R. Fessel

Modified XRAM routine XRINV so tha* it returns 9 in FCORE
when an attempt is made to create an inversion but one of
the domains contains nurhers outsid=a the range between 1 and
2**21, In this case, the inversion control tuple for the
relation must be tested tc see vhich donmains failed to have
.inversions created hecause for thnse domains where inversion
creation is possibhle, such invorsions are actually created.

6/25/75 P. Fessel

Modified CRTINV so +that it detectss a return code of 9 from
XRINV., In this case an error message is composed with a
return code of 99 and the name of the failed column(s) is
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appended to the message. Additionally +the type 9 relations
originally created for these invarsions are dropped. Any
inversions which succeed proceed normally.

6/30/75 R, Fessel

Modified GENINV so that if it jets an FCODE of 9 from XRINY
- when called to create a temporarv inversion, it returns a
- -special value in CODE tc FBASS3, namely 399,

7/1/75, R. Fessel

Modified XPARSF rtoutine sc thit i¥ the STATIST bit is on,
and the FILFSW bit is on, every time a record is read from
~the query file, it 1is alsc writ+sn out to the statistics
file. Thus the statistics ou*put will always contain the
query, even if it is input from A “ile.

. 1/8/75, R. Fessel

Modified IXFCLCK ASSFMEIF fil: =5 that virtual and total
times are now returred in nmrilliseconds rather than
microseconds. This prevents fixed overflows in statistics
package,

7/9/75 R, Fessél

Modified PASS3 routine in accordance with suggestion from
Mort Astrahan so that it propa:rlv handles a node which it
tries to create a temporary inversion for tut for which
_GENTINV returns a code c¢t §99, indicating that the column
contained invalid numeric data., In this case the node ir
question has to dc wmultigle scans of the relatiomn.

7/9/75 T, Pessel

Modified IXECLCK routine again 30 that times are returned in
units of 10 micrcseconds. This will still prevent fixed
overflows in statistics package vhile still retaining
adequate resoluticn.

7714775 R, Fessel

Modified XPAM routine YRINV 50 that ZGDEL internal
subroutine does &rct modify variahles used elsewhere. This
modification means that the tvpe 9 XRAM relations are now
correctly dropped when either YRPRRINV is invoked or when an
inversion relation is drogped int~ovnally because it contains
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numeric data outside the range betweon 1 and 2*%21,

7/15/775 R, Fessel

Modified XRAM routines XRFETCH and XRBFTCHT so that the paqge
pointed to by pointer 72 is now unlocked. This page contains
the XRAM relation used 1in the arguments to these 2 entry
points.

7/15/75 R, Fessel

Modified DRPINV sc that it does not call XRDROP to drop the
-type 9 relation associated with the inversion since XFAM now
drops this relaticn autcmatically. '

7/15/75 R. Fessel

Modified CRTINV so that it no lonjer does an explicit call
to XRDROP for the type 9 relaticon associated with an
inversion that failed to ke cr:ated,

7/15/75 R. Fessel

Modified GFNINV so that it nc lenaer does an explicit call
to XRDROP for the typc 9 relation associated with an
inversion that failed tc¢ lLc created.

7/17/75 R. Fessel

Fixed bug in RAM routine ZFELIP (in assembly ZGFTID) so that
control block is not clchhered when the last ID on a
relation page 1is freed and th~ third page in the cell has
not been allocated. Additionally, +the page which had its
last ID deleted was not Lkeing marked as empty and relation
pages were not being reused.

7/23/75 R.Fessel

Modified RAM routines ZCVFLNYW and 7 0INGF, Reinstalled
" changes to correct bugs fcr vory large relations which had
been put in about 18 months ago bhut had got lost in the San
Jose version.

7/24/75 L. Gutentag

Modified UFIDCL to include new "magic numbers”:
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MAX_DEGREE=32 (was 15)
MAX_NAME_LENGTH=15 (was B)
MAX_STRING_LENGTH =128 (wa: 64)
QSTRING_LENGTH=4200 (was 2((0)

Added new magic numbers for use in OCAT and UFI's:

SKIP_NAME=MAX_NAMF_LENGTH+1;
NAME_SPACE=MAX_NAME_LFNGTH-2;
DOMATN_FORMAT=MAX_NAMF_IFNGTH+17;
. TABLE_LENGTH=MAX_NAME_LFNG'IH+2;
DOMAIN_SPACE=MAX_NAME_LF¥NGTH-4;
TABLE_FORMAT=2%MAX_NAME_LENGIH+21;

1724775 L. Cutentag
Modified TRANDCI to include nevw "magic numbers™:

COLUMN_STIZF=40 (was 30)
DOMAIN_STIZE=40 (was 39)
NUMBERS_ST?E=256 (was 30)
STRINGS_SIZE=256 (was 3()

7728775 L. Gutentag

Modified all SEQUFL routines in which the Ypagic numbers®
appeared as constants, Tle :oorinct preprocessor variable
was substituted for each constint, They greatest occurrenceas
of these constants were in routiues ntilizing the shadow
catalogs and in QCAT,.

7/24/75 1. Gutentag

Modified TRANS starting on line 1469 to revise the techrnique
used in GETROWS tc format cutput rows in Q53TRING. Now, all
output columns will be center~d under their column titles,
This new code will not bhe affacted by a change in
MAX_NAME_LENGTH as was tte previcns code.

7/24/75 L. Gutentag

Modified OQUERY starting at 1lin~ 750 +to format coluan
headings in a general vway. The previous code was written
assuming MAX_NAME_LENGTE=€, Now, rrgardless of the value of
MAX_NAME_LENGTH, all column titlecs will be centered over the
column data formatted hy GETRCAS in TFANS,

7/24/75 L. Gutentag
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Deleted the declaration for REPAREA FENTRY in TRANS; included
that declaration in UTIIDCI,

7/30/75 R, Fessel

Fixed RAM routine ZTRIAL in accordance with insructions from
Raymond Lorie., Sclved trcblem with retrieval from relation
with a single B-ringq on an A page and several C-rings on C
pages. Symptom was that when NEXT was invoked until end of
relation was returned, every entrv was retrieved twice,

7/31/75 R. Fessel

Made 2 significant charges to SEQUEFL routine XPARSE. All
declarations generated bRy the parser generator are now
brought in with a %INCLOUDE statement from a library menmber

.called PARSDCI. Similarly, all the semantic routines in

subroutine SYNTHESIZE (part of XPARSE) are now brought in

"with an FINCLUDE statement from a 1library member called

SEMANTIC. The file PARSDCI COPY was generated from the
parser generator using as inpat the grammar deck received
from Jim Mehl which is the grammar for SEQUEL, Release 2.
The file SEMANTIC COPY was created by editing it out of the
0ld copy of XPARSE.

7731775 R. Fessel

The SEQUEL grammar was modified to include wunary + and -
operators prefixing numeric literals., This modified grammar
was then run through the parse table generating procedure to
produce a new versicr cf PARSDCL COPY, Also +the file
SEMANTIC COPY was modified to include semantic routines for
the new productions.

8/5/75 R. Fessel

GENCAT was modified +to put the string 'DEC' in the SYSCHAR
class relation., This ccpstant is necessary sc that various
SEQUEIL routines will te able to recognize decimal data

type.

8/6/75 R. Fessel

The variable CDECTID was added to the catalog declarations
in the file XRMDCL COPY. This variible will be initialized
to the TIh of the string 'YDFEC' in the SYSCHAR class
relation.



8/6/75 R. Fessel

The SEQUEL grammar was modified to make DEC a valid domain
type. The new grammar is in the file DECIMAL GRAMMAR. This
file was used to gcnerate a new version of PARSDCL COPY,
-also the file SEMANTIC CCPY was modified to include a
semantic routine for the new rproduction. These modified
files were then used to genncrate a new object deck for
" XPARSE., : '

8/6/75 R. Fessel

SEQUEL routines INITCAT, QCAT, DFFDOM, DFLDOM, and DEFTAR
were all modified to hardle dcmains with a data type of DEC.
The internal code for this data type was assiqgned as 3.

8/7/75 R, Fessel

Modified NUMDCL COPY file +c¢ include a preprocessor
declaration for DECTMALTYEF which is set to 3.

8/7/75 R. Fessel

Modified TRANDCL COPY file tc¢ in—:lude a declaration for a
DNUMBER array which hclds the Jecimal representation of
‘numbers in a SEQUEL statement,

8/7/75 R. Fessel

Modified SEMANTIC COPY file so +that all numeric literals in
a SEQUFL statement are put intc the DNUMBER array as well as
the NUMBERS array. The same index, NUMX, is used for both
arrays. This modified file was nsed to generate a new copy

of XPARSF TFIXT.

8/7/75 R. Fessel

Modified ASSERT routine so that no special processing 1is
done for a predicate with a BETWFEM ... AND clause. Instead,
" such predicates will ha handled bv SELECT, as are all other
predicates currently.

9/3/75, R. Fessel

Modified XRAM routine XGINV in accordance with directions
from Raymond Lorie, addirg loop to lock buffers containing
tuple id 1lists at top of main loop creating RAM relations
for the inversions. '
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10/8/75% R. Fessel

‘Modified UFIDCL CCPY, TFANS an:d VYPARSF ta implement the LOG
facility. Added to UFIDCL a new single bit variable in
static external called LCG. Modified TRANS and XPARSF so
that if L0G is on, thke SEQUEL statement is always sent to
the STATPRI file, along with a timestamp. Also sent to the
STATPRI file is the trarsaction tvpr (TRANTYP) and a list of
all columns and tables referenced in the statement.

R, Pessel 10/20/75

Modified RPAM routino ZBHASH so that it no longer returns a
hash value of 0 for data pages whose last 2 bex digits arc
X'7Ft or relation pages which 2nd in X'FF?Y,

R. Fessel 10,/21/7F%

Modified routine TSTNOLF 1in accordance with instructions
from Mort RAstrahan so that +uaple nrelicatas with multiple
columns are handlemd progerly.

‘R, Fessel 11/18/75

Corracted XKRAM routine 7GFTF so *+hat tho upper limit of tue
DO 1lnop for finding overflow cells Wwith emnty payes is now
. correct.

11,19/75% R. Fessel

Corrected SPOUEL routine TF¥ANS for =srrors introduced in the
output formatting when the pam= lengths wore increased to 16
characters,

11/28/75 R. Fessel

Modified GENCAT s0 that LL® of entries tor
RELNAME ,CNAME,COLNAME, ani COMNAM! in both SYSTAB and DOMCAT
are initialized tc 16 (MAX_NAME_TENGTH). This was done to
obviate necessity of updating thesa relations when domains,
columns, assertions, and tables are created either using
SFQUFIL or the bulk loader.

12/1/75 R. Fessel

Modified RAM routine 25FIF to correct error introduced while
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making £ix noted ahove, Upper limit of DO loop for scan of
" overflew celis was off Ty 1,

- 1/12/7¢ B. Mau

Installed security features for SEQUEL database. Modified
"UFIDCL to include exterral bit (1) variable SECURTY-indicates
to SFQUEL whether or not to perform access rights checking.
rodified routine TABINIT--inserted a check just before final
return to test SECURTY and call the access checking routine
(SECCHK) 1f indicated., Modified routine XWTAPL to signal
condiation '"PLXXX' if errcr linking 349 or error accessing
it; signal should be picked up by the UFI (SEQ3); this is
to prevent error on part of calling machine from stopping
the UFT. Modified rcutine TRANSACT +0 set SECURTY to
'0*B-~default is no sccerity for single-user mode. Updated
routine SEQ2 to inmplement security design; new version
renamed SFQ3. SEQY to «call thrre new routines: FILECHK,
SECSIZE and SFCCHK. Insertud ON-block into SEQ3 for
condition 'PLXXX'--canses UFT +5 simply ignore present
request and return to XE1APIL. Allowed for ? new parameters
to SEQIF: 'NODISC' supprosses the disconnect command;
'SECURE' invokes tho security mechtanisw,

1/15/76 R, Pessel

Modified YRAM routiars Z7CFTP an-d 7ZGFETR to change algorithm
used to find whether a fpaqge or btleck which 1is requested is
already in a buffer, New algoritum 1is that, it it 1is not
the most recentlv requested page or block, the page or block
number is hashed and the corresponding hash table entry is
tested., If the high order hit ic oif, the page or block in
the huffer pointed to by the hashk table entry is tested. If
it is the right cne, the reqguestad paqge or block has been

found. Otherwise the chain of buffer control blocks is
scanned to find if +the right paie or block 1is in one of
thenm, This solves the problem which occurred when an

overflow pags was emptied and its buffer was freed. When
" this occurs, the hiqgh crder bit of its hash table entry is
turned an, If a subsecuent request was made for a page or
block whose hash value conflicts with the released page, it
wvould apper that that rage was not in a bhuffer becausce the
high ordler bit of its hash tabhle entry was on even though
that page might really te in a bnffer,

" 1/20/76 B. Mau

Modified UFIDCL +to 1include array LPAD (MAX_DEGREE)--to
contain for each colurn (cr rotnrn trom GETROWS) the number
of extra blanks Aadded to the left of the column's field in
QSTRING. Moditfied TRANS +t0 set TPAD in GETROWS. Modifiead
" SEQDUMP to use LEAD to gct the proper part of 9STRING into
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its osatput file in thcse casnse where the c¢clumn name 1is
longer than 8 charvacters or the L1 ® for the column,

2710774 B, HKau

Modified routine YPARSF., Alphabet extended to include
several heretofore invalid special characters (eq ?, %, #).
Also error messages revised.

2/10/76 B, Mau Modified routine GETROWS; replacd with new
algorithm for stuffing C(STRING, Also modified routine
"SEQUEL to set TRANTYP tc PARSNOTR®C if response from routine
PARSE indicates that it 4d4id nnt complete the parse
{preciously, TRANTY" repained unchanged through a call to
SEQUEL if the parser failed). Also modified macro NUMDCL to
include new transaction type PARSNOTREC (999).

2/19/76 B, Mau

Modified routine QUERRY to s»t LPAD external array.
Previonsly, TRANS did this.,

L}

2/12/776 R, Fessel

Modified RAM routine 7REFLAT so that it checks each entry in
a binary relation to makec sure that it is less than 2%*21,
Previously, entries were checkad and rejected only if they
vere zero or negative,

2712776 R. Fessel

Modified RAM routine RAMECMR 50 that it prints the RAMBOMB
code at the terminal whenever it is invoked,

2/18/76 R, Fessel

Modified XRAM routine XFIKV so that when it is scanning a
page for tuples in a rarticular relation, if it finds an
entity that is not a tuple in the relation, it does not
unlock that entity if it is the master control tuple for
that relation.

3/11/76 R. Fessel

Modified RAM routine ZS5FIRIK so that when the first bit map
. for free pages is filled, i.e. the first 2048 physical pages
are all in use, switching to th~ second bit wmap is handled
correctly.
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4,2/76 R. Fessel

Modified XRAM routine XFUFTLT so that when a control tuple is
heing updated, no entry is madc inp any inversions which may
exist on the domains being updatad, This is true for all
control tuples except fcr the 1inversicn ccentrol tuple which
cannot be updated by XERUELT.

4s76/76 R. Fessel

Modified XRAM file NRCFEN which contains entry points
XRCPEN,XRCLOSE, etc. with several modifications to bring
module up to date with resgect +to modifications made in San
Jose.

4/9/76 R. Fessel

Modified XRAM file XRAM which <contains centry points NROPEN,
XRDEF, XRMAKE, etc,  with several modifications to briny
module up to date with respect +o modifications made in San
Jose.

4/29/76 R. Fessel

Modified XRAM decks XRAM, NROPFN, and XRINV so that when a
call is made to either YEMAXFE or XRUPDRT and the new or
modified tuple wonld «cause an invalid value to be put into
any existing inversiorn, then an ¥*CODE of 9 1is returned and
the inversions(s) in gnesticn is automatically dropped. The
only way to find out which 1inversion(s) are dropped 1is to
examine the inversion ccntrcl tuple after the call to XRMAKE
or XRUPDT,
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Appendix F

Limitaticns cf SREQURT, Release 3

1. Maximum degree of relaticn = 32 (was 15 in SEQUEL Release
2) .

2, Maxinum'length of name of relation or column or domain =
16 characters (was 8 irn Rel. 2).

3. Maximum length of character string data item = 128 (was
6“) L ] ) -

4, Data types supported for database: integers (NUM) and
varying lenqgth character strinags (CHAR). '

‘5%, Constraints on Numeric Tata:
A) Only numbers in the €cllowing range can be entered
' intc numeric columns:

-2,147,483,648 to 2,147,483,647

B)- Inversions on numecric cclumns can only be created
when all data in the columns is in the following more
restrictive range:

1Tt n Y 2,397,181

6. Additional constraints on table, column and domain
names: :
A) The following are invalidld as table, column and
domain names:

ARD ~ A%® ASSERT AS5FRTION AVG
BETWEEN CHAER CCMPUTE COUNT CREATE
DELETE DFSCRIRE DISPLAY DOMAIN DOMAINS
DROP " EMPTY FROH IN INSERT
INTO INVERSIONS 1S KFY KEYS
LIST MAX MIN NTIM ON

OR : SVLFCT SET TABLF TABLES

TOT UNTCUE Op<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>