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THE Q-MEMORY RESIDENT HISTOGRAMMING SYSTEM*

L Michael A. Oothoudt+, James F. Asann+,Richard A. FloydH
Janes F. Harrisor+, and Thomas Xozlowski+

Abstract

The LAMPF Data-Acquisition System Q includes a
subsystez to allow ‘the user to ~rsate, delete, enter
dats in,and retrieve data from histograms stored in
memory. The system is implemented on PDP-1]1 computers
under RSX=11M V4.0 'as an 1/0 driver with user-calladle
subroutines interfacing to the driver. A systen with
an identical user interface will soon be available on
VAX computers under VMS V3.2.

Introducticon

On-line storage and display of datas is vital for
wonitoring and controlling real=time data acquisition.
As a part of the Q data acquisition system (1) at the
Clinton P. Anderson Meron Physics Facility (LAMPF), »
histogramming system has beean developed to wmaintain
histograms in PDP-l] memory under RSX-11M V4.0. (A
system with an identical user interface but different
internal implementation is bdeing developed for VAX
computers under VS V3.2.)

The histogramming subsystem is intended for
vith the Q system, but is independent of it.
used in any application where
useful, e.g.

use
It may he
histograms would be
Monte Carlo calculations.

Methodology

A software methodology developed by
Re C. Tousworthe (2) was wused. The methodology
requires thorough documeuirtion of the software for

developmant and later maintenance. A requirements
document 1s first written and reviewad by all project
programmers and interested users. Then & design
document and pseudo code are wrizten and reviewed o
detearmine the code logic necessary to satisty the
requirements. The actual code is then written,
dedugged, and revieved. Finally & software
specification docwment 45 written, desecribing the
sctual code for future maintenance and wmodification;
au important section of this documant gives a decision
log, describing why asltarnative approsches vere not
taken.

The coding wae done using structured programming
preprocessors FLECS (3) ané ALECS (4). The
preprocessors allow writing code 4in & structured
language containing statenents similur to IF-THEN-ELSE,
CASE, DOWHILE, etc. The code is then submitted to the
preprocessor which convarts it to a standard language
(FORTRAN-11 for FLECS and MACRO for ALECS). The £full
capabilities of the "host" language are availadble along
with the structured coastructs.

Reguirements

The histogrsmming systep vas Jeveloped from s set
of regquiremants obttained by poliing the LAMPF user
compunit:. The first level of requiraments maintained
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compatibility with the previous RSX-11D Q histogramming
system:

0 Ability to define at least 125 sipultaneous
histograms.

¢ Have at least 65536 .bins per histogram.

© Allow both ] and 2 parameter histograms.

© Ability to handle more than 65536 counts per
bie for at least 128 bins.
"o Ability to use the systen outside of the Q

enviroomant.

o Subroutine access from FORTRAN to all basic
histogramming functions.

o Speed of histogram entry should be cosperabdls
vith the cld system.

¢ Keep the user interface similar to the 11D
system.
o Allov wmultiple dindependont users of the

histogramming system.

In addition a number of new features vers requested:

o Use the same or Jless physical wmemoery for
histogram storage and cods.

© Use wminimal virtual address space 4in the
user’'s tasks.

© Allov histogramming amy lé=bit integer oo the
range -32768 through +32767.

o Provide & wmeans to control entry into
histogremws with a test packags.

© Mlovw “incrementation" of hiscograms by

integers greater than or equal to one.

© Allov entry imto groups of histograms via s
single subroutine call (block «ntTy mode).

© Allov many antries to a histograw wvith
s.ingle subroutine call (multiple entry mode).

All requizements listed above vere met. Sevearal
other requiremeants such as histogramming 32-bit real
pupbers vere deferred due to lack of time and lov user
interest.

Functionality

The system ruppliss a complete set of functions
for histogramming. The user’s interface to tha
functions 48 through & set of subroutines that wmay bde
called from user tasks. In addition most of the
functions are availadble through Q=supplied
Histogramaing Sy port tasks; ag. HSU allows the user
to creats, dslete and clear  histograms. These
functions may be used concurrently by saversl tasks, so
that, for example, & display program may retrieve data
for plotting while an entry tesk is adding dats to the



histogran. ' The available functions are
balow.

describad
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Task HBE initializes the system for a user. Users
are distinguished by their RSX-11M User ldentification
Code (UIC). The curremt histogramming system allows up
to four simultaneous independent users; a larger
vunber of users can sasily be accodmodated ‘by the code,
although lack of wmemory £for histogram storage might
then be a vroblen. '

HEE allocates storage space for histograms and
makas the user known to the histogramming system. The
user may choose to allocate as much space ‘a8 he desires
for histogram storage, subject to available memory on
the computer. On PDP 11/45 computers a typical
experiment uses 64 K bytes of storaga.

Shutdown

Running task HOF declares that the user is no
longer interested in doing histogramming and returns
histogram storage back to the operating system for use
for othar purposes.

Peak
Tesx HPK allows direst inspection of the histcgram

storage. This is prisarily a debugging function. The
locations of hisrogrems and unuse. storage (holes) can

be listed. Iln sddition a complete dump of the storage
can be done.
Setup

Subroutine HSTSU crestes thistogramé. The user
supplies a paranmater array defining the histogram

limits and data to be histogrammed in histograms of one
or two {ndependent variadbles. Histograms may be
defined at sny time after prograz HBE has bean run.
The wuser wmay define as many histograms as he chooses,
subject to availadble siorage space reserved by MBE,

The totsl number of bins per histogram is limited
to 65536, TFor each histogram, the user may also define
up to 2048 "ovarflow" bins to handle cases vwvhere a
histogram bin 4ncrements beyond 95536. TFor bins with
en overflow bin ussociated, the maximum count is 2%*32,
lo addition each histogram has a set of 32=bit apecial
ccurn.ers associated with 4t. The special counters
tally sntries that went out-of-range (i.a. outside the
histograc limits), cotrias that ware lost due to lack
of space in the overflow tabdle, and entries that ware
not made due to test failure (see balow).

Delete

Subroutioes HSTDEH, BSTDED and HSTDEA '"undefine"
or delete histograms, After being delaved a hiatogran
can no lenger be accersed anid its otorsge spidce 1
returned to the histogramming system for usa {n setup
of new hlstograms.

Clear

Subroutines HSTCLH, hKSTCLE and MHSTCLA clear a
histogram. After clearing, a histograp still exists
but all bins, overflovw bins, and special counters are
sst to gero.

Entry

Subroutine HSTBLK enters dats into histogrant via
s "block entry" wmode. ¥locks of histograms usually
correspond to logically ralated duta. For exsmple, in

& two arm coincidence experiment three separate blocks
might be used: one for each arm’s singles dats and ote
for the coincidsnce spectra. The user’s code computes
a numbar of variables to be histogrammed and stores
thes 4n an array. When HSTBLK is called, the usar
specifies which group (block) of histograms the array
corresponds to. For each histograw in the block, the
histogramming system extracts the data from the array
and calculates the corresponding bin in the histogran,
It then adds s veer-supplied integer (usually one, but
any integar | thrtough 32767 is allowed) to the bin.
Note that with this dblock entry wmode, the user can
define new histogrsas for a block at any time and, 1f
the data to histogram is already in the array, the user
peed not modify his code.

The entry function 4is the only histogramming
fuoction that nead be done on an event-by-event basis,
and thus 4t is the only time critical funetion in the
histogranming system. Timing tests on a PDP-11/43 show
that the entry speed (in milliseconds) is approximately

T m 1.64 + 0.125%N

vhere N is the number of histograms in the block. The
constant term is primarily due to the operating systenm
Q10 overhead while the linear term is primarily due to
‘the time needed to £ind the histogran parapeters,
jconvert the user’s data into a histograr bdin nuamber,
and make ap antry in the bin.

HSTBLK also allows & ‘"multiple entry" mode in
w~hich wmuny entries to & single histosram may be made
with a single sudbroutine call. This 4s usaeful, for
instance, in monitoring wire chambars vhere a single
avent may cause many wires to be hit. Multiple entry
wmay 4also be used for high speed histogramming: Data
may be accumulated in local task wmemory until the

buffer £ills or thare is a beam=-0off period; the data
may then be passed to the histugramming system. The
speed for this wmode is somevhat <faster since the
histogram parameters peed bde found only nnce for

several entries:

T = 1,69 + 0,075"4
where M is the oumber of entries into the histogran.
With this techaique histogramming entries may be made
in axcess of 10000 per sacond on a PDP-11/45.
Entry Initialization

Subroutine HSTINI must e’ called by any task which

wil)l call subroutine HSTBLK., HSTINI dnitializes a
local dats base used by HSTBLXK to improve entry speed.
Entry JTesting

The histogramming syster allows the user to
dynamically determine whather data should be entered

into the historram. An array of logical wvariables is
used to control enmtry. At histogram setup time, one of
the histogram definition parameters is thas numbar of
the array alemant to be used to contivol the histogram.
At entry tiue, that arrsy elemaut is checked, and {f
its value i3 logical true, the histograe entry is
carried out, The Q test package (1) may be vesed ¢r any
user tasting oeystex that generates & logica. cest
result array may be used.

Retrieval

Subroutine HSTOWA allows the user to retrieve s

list of users of the histogramming systex.

Subroutine HSTHPB allows the user to retrieve the
definition parameters for any currently defined
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sgogram. : .
. Subrout’ne HSTRET allows the user to retrieve the
jata and special counters for any hil:ogrqn.

Bet, Update

Subrrutine HSTUPD allows the user to add an array
of data tu & histogram, with sach array slement being
1dded to a single bin of the histogram. The subroutine
illows the wuwser to either Set the bin to the arrsey
value (by zeroivg the bin bdefore adding) or Update the
bin by adding the array value to thdé current contents.

This option is useful for restoring archival dats
to wmemory. It wmay also be used for ligh speed
histogramning if the user accumulates a "histograz"
array 4n his task and then passes it ov to the
histogramming system in beam—off periods.

Syster lmplementation

A diagrsm of the functional structure and data
flows of the histograaming system is shuwn in Pigure }.
Functions inside dashed bSorders are ssparate tacks;
functions inside dotted borders are subroutines that
may be called by Q tusks or user tasks. Data flows are
shown by dashed linat (low speesd) or double dashaed
1inas (high spead requized). Direction of data flow is
showvn by arrovs. Error return and parameter passing
paths ave not shown. Communications with the 10 driver
HM: 2¢ via QIOs except for HM:’s direct connection to
the memory management Tegion.

The three tasks and 13 subroutines discussed adbove
are the user’s basic interface to the internals of the
systen. (Another set of opticnal Histogramming Support
tasks are described below). For the vast majcrity of
spplications, the user nead know nothing abdbout the
internal structure of the systen.

The core of the histogramming system 1is the 10
drivcr HM:  and the nemory management rugion which
contains the Thistograms. HM: controls and
synchronizes all access to histograp data. An 1/0
driver was chosen for the PDP=1] histogram eystem to
allov tasks easy azcess to more histogram storage than

is available to & single task. Other implementions
could have bean chosen, but an 1/0 driver takes
sdvantage of a standaré operating systsr intarface to
privileged code. Furthermore a driver by its nature
provides synchronization between histogramaing
operations 4in different tasks and is raascnadbly fast.
MM: receives all histogramming requests, processes

then, modifies the MM region as necessary and returns
requested information and arror status. The 1/0 driver
{s approximately & K bytes long and spproximately 250
bvtes of ¢o5de are require’ in the user task for
histograz entry., Further space requiied for histogram
s.orage is allocated by the user’s ruoning HBE.

Histogram* are stored in an RSX=-11¥ ~ Mewory
Aanagenent region. Each separate user (UIC) has a
separste region. User tasks access the region through
the driver only and thus need knov nothing of the
details of  memory wmanagement o> data storage
architecture. A standard menory sanagemant region war
used _n spite of its avkward interfaca to prevant
conflicts with the opersting system’'s memery
allocation. The region comsists of a linked 1ist of
holes for unused memory and a list of histograms. For
each histograe a set of  histogram definition
parameters, an ovarflov table, and the histogram bin
data are kept.

The systen accesses a histogram through s wserias
of tables. The Owner Table is a list of users (ViCs)
vho have run HBE., For each ovner in the tadble,
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Figure 1| = Ovarviev of Risiogramming vata Flows

pointer s kept to a Bleoek Tadle. The Block Table
contsins ap ertry for each histogram dlock the use> has
dafined; the antry is the adéress in mamory of the

first derined histograw .o
in turn cootains & pointer
bloek.

the hloeck. Each hisitogran
to .he next histogram im the

Thus to access 8 hiscogran, HM: first determines
wvhich owner (UIC) has mada a2 request. From the Owner
Teble, it cap then go to thc Block Table. 1f & Dblock
punber was jpiven in tha request, MM: checke each
histograp in the block for the requasted one. If no
block number is given, avery histogram it every block

must be checked to find the desired one. This
alugeitha is ¢ pevhat inefficient, but most
histogramming fuvctions are not aneed ecritical enough

or used Zrequently enough for this to be a prodlem.
For the block entry function, thu slgoritha 1s very
good sincea the usar must specify the dloek number in
the call to HSTBLK and every histograr in the block
vwill be accessad in any cass.

Support Systems

In principle the
provids all the user’s

syetem above s
hi:. ograwaing needs.

adequate to
In
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practice s support systems 1is needed to take care of
comon experimental needs suck as archival storage of
memory-resident histograns. The Q Histogram ‘Support
Subsysten provides these services through tasks which
call the histogramming subrourines. The available
tasks are :

"o HLI—Lists definitions for histograms in
memory or archival storage.

o HPL—Plots one- or two-paraneter histograms on
Tektronix 4010 compatible display terminals.

o HPR—Prints histogram coatents.

o HSU—Sets up histograms from input given by
the user at the terminal kayboard or from 2
file. This allows the wuser to dyvamically
change his histogram set. The task alsc
allows deleting or clearing histograms £ror
the keyboard.

o HSV--Saves mewory-resident histogram data oo
disk for archival storage.

Conclusions

The Q histogramming system is projacted to satiafy
the needs of the user community for the expected
lifetime of o>ur PDP-ll computers. Its modular
construction should make adding new features relatively
easy.
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