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e Mewaaaay Konad and Dagnostic Systen for the
Natot Fowon Teat Yoty fMETE) hag been geslpned as an
erent e stem, To this end we have deslgned a Jdata
Dade ntiration fatilty in which & task can reguest that it
e 230 303 stared mhenerver an element in the data base
L5 changed Sepond some user delined raige. Owr inltial
impeentation o the notify facility extubited marginal
repdse fimes nhenever a data base tadle with a large
cumber of cutsianding notilies was written inta. In this
paper we discuss the sources of the slow resmponse and
describe in cetail 3 new structure for the list of notifies
ahich minimizes search time resulting in cignificantly
taster response.

*%'ork performed untder the auspices of the U.S. Department
of Energy by the Lawrence Livermore National Laboratory
under contract number W-7405-ENG-43."

The Supervisory Control and Diagnostics System (SCDS), in
order to monijtor, control, and collect data from the Mirror
Fusion Test Facility (MFTF, musz be able to recognize and
respond to a variety of externally generated events. One
class of such events is a change in the value of an element
in the data base. We have designed and implemented a data
base notification facility (described in some detail
previously{1])) that permits tasks that are interested in
specific elements in the data base to be notified whenever
the values of those elements change. Tasks can request to
be informed only when the change is larger than some
preset value, or upon any updating of that element. This

approach has significant advantages. over some more

traditional monitoring technigues. [irst the notification
facility provides for decoupiing betwcen the tasks that
write new values into the data base and those that need to
know about that value for display or control purposes. The
value of this independence can be shown in a simple
example: consider the activity involved in monitoring a set
of gas pressures. The task that actually measures the gas
pressure need only write the current value into the data

base; all the other tasks that need to know the value of the -

pressure (e.g. a status display or emergency pump system)
simply request that they be notified whenever that
parameter is updated. None of the tasks need to know
about each other. Secondly any task watching a specific
element in the data base can avoid constant and costly
polling of the data base to see if the element has changed.

Description of System

5CDS implements the notification process by attaching to
the data base table containing the parameter to be
watched, a record (referred to in SCDS as a "notify")
indicating the parameter of interest and a reference to the
task making the request. We will again use the example of
the gas pressure display to briefly review the user and data
base views of the notification process. Wnen an operator
requests a gas pressure display, the display module, the task
that creates and updates the user display, first starts
notifies on the corresponding entries in the appropriate data
bar ¢ table or tables. The data base itself creates these new
notifies and adds them to the end of the linked list of
notifies attached to the relevant table. Whenever any task
updates any part of the table, the linked list of notifies for

that table v searched to locate any ootilies that ate
watching the parameter that was updated. 1§ a notidy is
triggered, 3 MR is sent Lo the interested tash. Since
the notilication messsge does aot contyin the cewly written
value, the 1ask must then read the data base for the new
value, Al3o In most cases, the notily i temporarily
deactivated after a notification is sent and the user task
must also recctivale or contlnue the notily; this again
requires searching the notify list. This protncol is necessary
to prevent rapid and gratuitous updates which would be
barely visible to the operator, and also ensures that the
most recent value it In fact displayed. Ewentually the
operator cancels the display; the display module then issues
astop notify command which causes the data base to
permanently deactivate that notify cnd remove it from the
linke1 list.

Perfcrmance Issues

Qur initial experience with the notification system
indicated that it performed as designed, but that the
response time {defined here as the time between the writing
of a new valy= into the data base and the updating of the
corresponding display) deteriorated under conditions of
heavy data base usage. Since each notify list has to be
searched completely (the list is in no particular order other
than order of arrival) following every update of the table,
and searched once again by every task that has been
notified, the length of the list and hence the time required
to search that list was a major factor contributing to the
observed delays.

Since neither the Perkin-Elmer computers used in SCDS nor
their 0532 operating system supports virtual memory, and
since the tables are too large to be always memory resident,
the data base itself is designed as a software implemented
'virtual memory’ system in which data of interest is 'paged'
in from the disk when required. A least-recently-used
algorithm is used to pick the page currently in memory that
will be overwritten with the new data. The data base
currently provides for 50 pages each containing 256 bytes {(a
disk sector). Paging is a time consuming operation;
approximately 4 msec are required to locate an address on a
page of data that is already in memory, while an extra 25
msec are required if the page must be read in from the disk.

Each notify is 42 bytes long; hence a total of 6 notifies can
be stored on a data base page. Searching long lists of
notifies (>100 notifies, which is not uncommon for tables
with 100 rows and I or 2 notifies per row) can be very time
consuming even if all the pages are memory resident.
Under conditions of heavy data base usage the search time
will increase because of the high probability that the notify
pages will no longer be in memory. For sufficiently long
lists (=300 notifies) the list cannot be totally memory
resident, and the phenomenon of page thrashing is observed.
In this case searching the end of the list forces the pages
with the notifies at the head of the fist out of memory; the
next task must then page each notify back into memory
before it can proceed.

Desigp Improvements

We restructured the notify lists to reduce the time required
to search for a notify. The major change involved grouping
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Figure i(a). Original structure of notify list in which all
notifies on a given table are arranged in a
single list.
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Figure 1(b). New structure in which notifies are grouped by
row number and attached to individual rows of
the table.
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* Measuraments mada in quiescent system and do not
include time required to send notification message.

We {irst asked whether it was possible to order the notifies
so that only notifies of interest (i.e. those that must be
wriggered) would appear first in the list. It is possible to so
order the list for a specific range of bytes written into, but
there appears to be no general solution valid for all possible
ranges of bytes written into. We next asked whether we
can order the notifies so that all of the notifies to be
triggered were located in the first part of the list,
eliminating the need ta search the whole list. This can in
fact be accomplished by ordering the notifies in order of
increasing beg _byte watched and then in order of increasing
end byte watched for constant beg_byte watched. In this
case we need only search the list until we find the first
notify for which beg byte watched >la-t byte written, at
which point we terminate the search (see Figure 2).The
reduction of search time will of course be bajancci to some
extent by increases in the time required to add or delete
notifies from the list. Since we expected the new fist of
notifies to be short, and in many cases to be completely
contained on a single data base page, we decided not to
implement this ordering. However such ordering ought to
be valuable for much longer lists of notifies, and will be
inplemented if the need arises.
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Figure 2, An ordered list of notifies in which the pair of
digits indicate the range of bytes watched, and
the break indicates where we can stap searching
the list if we write into bytes 5. . 8,
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United States Government or any agency thereof.




