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THE Q-MEMORY RM2D2Nr EISTOOMtMINC SYSTEM*

Mehmel A. Oothoudt+, Jmmes F. Ammrm+~rd A. ?20p&W
~ames p. ~~iBtWl+, ●nd ThOmA&Xozlowaki+

Abetract

The LAKPF Data-Acquisition Sy8tem Q %neludas ●

subsystem co ●now “theuser to trcete, ddac, ●nter
data l~and retrieve data from histogremm ttorgd in
memory. T’h swtcm is Lmrtlemmnted on PDP-11 computers
under-RSX-llU Vi.0”a8 ●n 1)0 driver with
●ubroutinea interfacing to the driver.
●n identical user interface will soon be
VAX computers under W V3.2.

Introduction

u8er-ccllable
A systcm with
●vaihble On

On-line storage ●nd display of &t* is vital for
monitoring ●nd eoocrolling real-time data &cquisition.
h ● part of tht Q data ●cquisition system (1) ●t the
Clinton P. Mderson Mefion Physicm F8cilitY (MfPF), ●

hiatoaraming 8ystem has been devaloped to meintain
hi$tograw in PDP-11 memory under X3X-ID! V4.O. (A
#y#tern with an identicel umer interface but different
incerntl implementation 18 being developed for US
computorc under V!tS V3.2.)

The histogramlng subsyetcm is intended for uoc
vith the Q system, but 18 independent of it. It mey ha
used in any ●pplication where hietograw would bm
useful, ●,g. Monte Cerlo calculations.

Methodology

A aoftw8re methodology developed by
R, C. Tau8vorche (2) Vas used. The methodology
rtquires thorough documtiMLttAon of the softwaro for
development ●nd later maintenance. A requirement~
document iB first written and revieved by all project
proera=er8 and interested ueer8, Then A desigo
documw ●nd pseudo code ●re wrizten and reviewed to
determine the code logic neceseaty to ●eti8f7 tbe
requirements. The sctual code ie then written,
debugged, ●nd revieved. Finally ● ●oftware
mpecificetion docvment is written, deseribint the
●ctual code for future meintemanc@ ●nd modlficetion;
m important section of thi8 document gives ● decision
10S, describing why ●ltarnetive ●pproechw wmo not
taken.

The coding waB done ueina structured progratina
preprocessors FLECS (3) had AL2cs (4). Tht
preprocessor AUOV writing code in a $tructured
lancuc~e coatainin~ ctatemonts similkr to XS-TiiCN-ELSE,
CASE, DO~IU, etc. ~he code lo then ●ubmittod to tbe
preprocessor which converts it to ● stendard lantuase
(FORTRAN-II for FLSCS snd MCRO for ALSCg). Th* full
capabilities of the “hoot” leaguete ●rc avalhbl~ tlonL
vith tht structured constructs.

ReQuiremcnt8

The hicto~rmmint systemves Jeveloped from ● cot
of rtquircmants obtained by poliing tht LAKPF ubcr
communit:. The first levti of requirements mintained

●h’ork suppot~ by the IJ. S, Department of Maergy.

+Lo- A2emos Natiomel Leboretory, Los AIAWS, ~ 07545.

#Presantly ●t Uoivercity of Rochttter, Rochostar, NY
14627.

compatibility Vizh the previous RSX-llD Q histogra~ag
●ye ten:

o

G

o

0

0

0

0

0

0

Ability to define ●t least 125 simultanww
histograms.

Meve ●t lemst 65536 .bime per histogram.

U1OW both 1 ●nd 2 peraxeter hi8togram8.

Ability to handle more then 65536 counts ptir
bin for at leaot 128 bins.

Ability to use the syctem outside of the Q
●nvironment.

Subroutine ●ccee8 from FORT’MN to ●ll basic
hi8togrehng function,.

Speed of histogram ●ntry ●hould be com;ersble
with tbe old ●yetem.

Keep tbe user Znterfsce similar to the llD
system.

Ulow multiple independent users of the
histogra~ng system.

In ●ddition ● number of nev feeturec Vera requested:

o

0

9

0

0

0

a

Use the ssrn or lees physical memory for
histogram 8tora~o ●nd code.

Uee minimel virtual ●ddress space in the
user’s tasks.

Allow hi8togratin8 ●ny lb-bit ?,ateger on the
rant. -32768 through +32767. ‘

Pro+.de k. means to conttol ●ntry into
hititograme with A tut peclqe.

Auov “incremntatioa” of hicto#ramo
iatccerc gruter than or cquel to one.

AIJOW ●ntry tato #roups of histograms vie
Iiaclc subroutine Al (block tntry modt),

Ulow many ●ntriac to ● histogram with
o:ngle subroutine call (muitiplo ●ntry mode).

fil requi~ementa listed ●bove wrt ●ot. 8ovaral
other rcquirments such ●s hictogrmming 32-bit real
aumbars were deferrad due co leek of time ●nd low uear

r.

intereete

Functionality

The syctem mipplies s complate set of functions
for hiotosratins. The uacr’o intcrfoco to tht
functiono is throuth ● oet of cubroutin~c that uv bm
celled from umr tsetts. In additioa most of tha
fmctiont ●rt ●vailsbic throuth Q-cupplitd
Nistogremming S~~port ta~ks; ●g, NW SUOWS thc~::
to crcetc, dcleta ●nd deer hiotosremc,
function. my bm used concurrently by otvota) tttk~, BO
thet, for ●mmpla, ● dlsphy protrtn MY rotriovc data
for plotting while cn ●ntry tack is ●ddins data to th.



higtogram. Th ●vailable functions ●?.
below .

dfaocribed

-

Task WE initializat the systsm for ● user. Ilgero
are discinguishod by thetr MX-llM User Identification
Code (UIC). The current htstograting system ●llmws up
to four 8imultaneou8 indapandant users; ● larger
number of unera can ●asily be ●ccommodated ‘by the coda,
although lack of -mory for histogram atosa:e might
than be ● vroblem. .

HBE allocates CLOragC ●pace for histograw ●nd
-kes the usar known ta the histograting ●yatcm. Tba
user may choose to ●llocate ●s much space as ho dwiras
for histogram storage, subject to available memory on
the computer. On PDP 11/45 computers ● typlccl
●xperiment uses 64 K bytes of storag~.

Shucdoum

Running tack HOF declaran that tha uear is no
longar intarastod in doing histogra=ing ●nd raturrm
histogram storagk back to the operatias systam for use
for other purpooos,

Peak

Ta;’x NPK ●llows dlrc:t incpaction of the hiatcsraa
storagt. This is primarily ● dabugging function. Ths
loc~tions of hic~ograms and unusci storqe (bolts) can
be listed. in ●ddition ● r.omplata dump of th~ ctoragt
can b- done.

&sE!U

Subroutlnt tlSTSU craacct hlocogramti. The usar
supplias ● pa:amacar array dafinln~ tho histogram
limits and data to bc histogrammad in histograms of one
or two independent varlable~, Histograms may be
defined &t eny time ●fter program ME has been run,
Tht user may define ●s meny hictograw AS he chootet,
cubject to ●vailable e:orase @pace raearved by HBE,

The totel numbar of bln8 pcr hiecogram io limitad
to 65536, For ●ach histogram, the beer may also define
up to 2048 “overfiou” bins to handle caece where ●

hi~togrun bin increment beyond 0S536. For bino with
r.n overflow bin ~tsociated, the maximum count is 2**32,
In ●ddition eech hieto:ram has t eat of 32-bit ep,cial
ceut.ers aernocieted with it, Tht epecial counters
tally encriec the: went out-of-ranse (la, outside tho
hi~to~ram iimlto), ontrias that were loot due to lack
of epace in the ovtrflov table, ●nd ●ntrlae that ware
not made due to tect fa>lure (eeo belw),

Delete

Subroutines HSTDEH, BSTDEBend HSTDEA “undefine”
or dtl~ce hlctogrsmso Alter being dainged ● hltto~ram
cen no Icngar b~ ●ccemted and itm ocore~e spice it
retur~led to th~ himtogramming cyetem for ue~ in ●atup
of new h:scograms.

Clear

Subrout
histogram,
bu: ail hint
ost to 8cro.

M

nca HSTCLll, liSTCl,B find HSTCLA cisar a
After clearinfi, a hletosrem ctiil ●xieto

ovgrf~ou bins, end 8ptiCit] Counterc ate

Subroutine HSTDLKetitcrs data into hietotramt vie
a “block entry” modo~ Blocks of hiotograml ueualiy

correspond to Iogictily ralated d.ta, For ●xamplol in

\“ -
● two ●m coincidence ●xperiment thrse separate blocke
might be umd: one for sach ●rm’s sin~loc data ●nd @e
for the coincidence @p@etra. The uccr’s cods computcc
a numbar of variablce to be histocrarnd cnd ctorss ‘
them itI an ●rray. When KSTBLKis called, the user
spaciflee which Croup (block) of hleto~rame the a~ey
correepondm to. For ●ach Mstosram in the block, the
hlstogra~ng eyatem ●xtracte the data from the ●rray
●nd calculate$ the eorrempondlng bin in the hietogrem,
It then ●dds ● ueer-auppiied integer (usually one, but
●ny intetsr 1 through 32767 ie ●llowed) to the bin,
Note that with this block ●ntry mode, the ua~r can
define new hiato~ramc for ● block ●t ●ny time ●nd, if ~
the data to hiatouram i$ ●lready in Lhe ●rray, tha ueer
need mot modify hie cede.

The ●ntry function le the only histogrammims
function thet naed be done on ● ●vsat-by-event beelc,
●nd thus it tc the only time critictl function in the
histogramming eyatem. Timinq te8tc on a PDP-11145 mhov
that the ●ntry speed (in milliseconds) ie ●pproxlmataiy

T - 1.64 + 0.125*N

whert N is the number of hiatoxrmoc in the block. The .
constant ten Is primtrily due to the operatin& eyctem
QIO ovurhead while the linear tem ie primarily due to
the the needed to find the hietogram paramatere,
Iconvert the user’s data into ● histogram bin number,
and make ●n ●ntry h the bin. ,

MTBLK ●lso ●llowe c ‘kultiple entry” mode in
~hich mcmy ●atrios to ● eingle hieto;ram may be made
with ● eingle eubroutlne call. This 1s useful, for
inctanca, in monitoring wire chambare where ● einsie
avent may cauee many wiree to be hit. Multiple ●ntry
may also be .~eed for high epeed hietogrammln:! Data
mey be ●ccumulated in iocal tack memory until the
buffer fills or thare ie ● baam-off period; the data
mey then be paeeed to the hietogramins eystem. The
●peed for this mode ie eomewhat faeter eince the
histogram parameters need be found only once for
eevaral ●ntsiee:

T m 1,69+ 9,075*M

where H iq the number of ●ntriee into the histogram.
With thic techaique hletotra~ng ●ntriet mey be made
in ●xceee of 10000 per second on a PDP-11/45.

~ Znitiallzation

Subroutine liSTINI muet be”callod by ●ny tack which
will call subroutine liSTBLK. lMTINI initialize s
local date baee ueed by HSTBLR to improve entry epeed,

EXUEMU

The hiotosra~ns eyetem allows the ueer to
dynaMcaiiy dete=ine whether data ehouid be ●ntered
into the hietotram~ ArJ ●rray of iosicai variablet is
used to control ●ntry. At histogram eetup time, one of
the hletogram definition parameter is the number of
the ●rray ●iemant to be used to control the hlttogram.
At entry tiue, that ●rrey elemeut is checked, and if
itt value is ioglcai trve, the hlstosram entry it
carried out. The Q teet paebse (1) mey be vsed cr ●ny
usar teetin~ eyetrm that Seneratec a losical ceet
result ●rrey may be ueed,

Retrieval

Subroutine tlSTOh’Nallows the ucer to retrieve e
*tot of ueers of the histosrammins eyetemt

Subroutine llSTHPB allows the ueer to retrieve the
definition paremeterc for any currently defined
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. .
iia~gram.

Subrout?.na RSTRETallows the
lata ●nd special countors fo? ●y

set, update

Subroutine IISTUPD mlloue thm

.

uaar to retrieve the
histogram.

user to ●dd ●n array

of data t~ ● Metogram, vith ●ach ●rray clement bcinc
Idthd to ● eir@.e” bin of the histogram. The eubrouttnrn
111w8 the uoer te ●ither Set tho bin to the ●rrey
uslue (by zeroing the-bin before ●dding) or Update the
bin by ●dding the ●rray value to th4 current conten’ts.

Thie option ie ueaful for reetoring archival date
to memory. It may ●leo be ueed for Sigh ●peed
hictogramming if the ueer ●ccumulates a “hietogram”
trray in hia tack and then paeese it on to the
hi$:ogrammiag syetsm in baam-ff periods.

!2!US ‘mtI~*Wnt~tioa

A dtasram of the functional structure ●nd date
flows of the hiscotr-~ $yctem is ●hwn in ?igure 1.
Functions insida daehcd >orders -re ●eparate tsckc;
functionm inside dotted borderg ●re subroutines that
may be called by Q t~eks or user tasks. Dat8 flow8 are
thovm by daehed liner (1OV cpesd) or double daehed
lines (hish ●pead requifed). Diroetion of data flow ie
ahova by ●rrws. Error rctun &ad parameter paeeing
paths SN not shovn. Cosmunicetiont with the 10 driver
w: is via QIOS axcept for Bl:’e direct eonnect~on to
khe memory meaasemcnt ragion.

The three tsoko ●nd 13 eubroutirm discueeed ●bove
●re the user’s basic interfac~ to the int~raals of tha
system. (Another eet of optional Hictogramming Support
tasks ●ra described balov). For tha vaet majcrity of
●pplicatiana, the user need know nothing ●bout the
iattratlscructuro of the oyeten.

The core of the hiatogramming eyctem is the XO
drivtir SM: and the memory marqem~nt rasion which
contains the hietosram$. Xl’l: controls and
cyachronizes ●ll ●cceet to hi8t08ram deta. An 1/0
driver was chosen for the PDP-11 histogram oyetem to
aliow tacks ●asy ●ec@Bs to more hiotogram etorase then
lo ●vailable to ● oincie tesk. Other impicmeatioas
could have bmeo chosen, but ●n 110 driver takoo
●dvantage of a standard opcratia~ system interface to
privilc#ed code. furthermore ● driver by its nature
provides eynchroai&atitm betwean hictogramain~
operatiorm in difftrent tacks ●nd 10 raaeoaably fast,
m: rcceivoe tll histograming requcotc, proceetec
thcm, modifies the M region as n~cosswy ●nd returns
reque6ted information ●nd ●rror atatufi. The UO drive?
is approximetaly 4 K bytcc lung and approximatdy 250
bytes of cad~ ●re requlrd in the uttr teBk for
histosram antry. Further epact requiked for histosram
taorase is tliocatod by the uoer’c running RM*

Hicto#rem* are etored in an RSX-lU! - thrnory
~nascmcnt resion. Each ecparato uocr (WC) hec ●

stparcte resion, User taake ●ccoes tho ro~ioo throush
tht driver only ●nd thue need know nothln~ of tha
dscalh of mtmory mana8emmnt 0: dbta ctora~e
architecture, A etandard memory manescmant resion was
u~ed .n cpite of itc ●vkvard interfacm to prevent
conflict- with tha oparctins 9yBtam’@ ●mory
allocation. Tht rocion conaisto of ● linked iict of
holao for unused mamory and a list of hictotramo, For
each hi1t08r&m a set of b.iotosram de!%nitlon
paramataro, an overflow tebie, and the hlatotram bin
date ●re kspt,

The oyotamsccccoeo a hiotogrem throuth s ooriw
of tabiat, Tht Ovn@r Tabla 16 a list of uotrt (UICC)
who have run W. For aach ovmcr in the table, a

(—~
f I ?UX @PK) ~< I
(~ L
( II
(~ I
( I STARTVP (IIfE) t->-; I

II
I

(~ II L
( II II
( t—~ I II
( I SXUTDOWN (Nor) t+! I II

~~ II II
cl II II
o ( ● ****2***********. IIJI In)

SSTUP/DEFINE +>—I I I IEI
: [ : . . . . . . . . . . . . . ...* 1s1 It!]
R( IT I 101
0 ( ● ..*.**.*.*...,*., 101 IRI. .
L i . DEUTE *>—I G

( ● *O,..,..** ● 0,...0 IR
I A

‘[ ● ..00....0.. ● **.,* IN
( ● CLEAR ~)-- I
( ● .*...*..,*● .,***. IM

1A
IN

—— 1A
( ~—-—~
( I u . . ..0.0.... I
( I S . kh7RY *=E >-.9

D ( I E , . . ..+...... I ‘
A(IR I I
T(: .

I
A(IT I I

( I A , . . ..+...... I

GI
El
RI

I
I

m: I
I

i
T(l S.IhZT ,1 II
R ( I R . . . . . . . . . . . . I II
A ( +—~ II
N( II
s ( ● .0.............0. II
? ( o RSTRIEVS ~<—1 1
E( .,0,,,.,0,.,,,..,, II
R[. II

● 0.,00.● ● ● * ● ● ,, ● , , !I

( . SET/UPDATE t->--l !
( ● **?.,*,.**.* ● ,.**
(_

Flwre 1 - Overvieu of Ristogranmins

pointer is kept eo a BLeck Table.

in]
IEl
IN I
IT I
II
IRI
IEI
ICI
111
101
IN I
II
II
II
II
II
II
II
II

Ahtlarlow

The Block Table
coot$inc ●n ●ttry for ●~ch htetogram block the uce: baa’
defined; the ●ntry is tba ●ddreee in Mmory ot tht
firct dtiined hi8togrm -n :he block. Each hiskosram
in turn Cooteina ● pointer to Lhe next h~8t08r&m in the
block .

Thus to aceect ● histogram, lD4! first detemineu
which ovner (UXC) has madm a request. From the Dvmr
Tcble, it can,then go to tnc Blo~k Tablet If ● block
number vas #iven in th~ requmt, KM: checkc each
hiSt08rtm in ths block for the requested onto If no

block numbar is sivan, *very histo~ram lb ●v~ry block
must be chcekod to find tht decired on?. This
aiti8Cith0 is # movhat inefficient, but moct
hiDtogtt-a8 fumctionc ●re not qmd WitiCal ●nOWh
or used frequently onoush fnr this to be ● problem,
Fer the block ●ntry function, thu c180ritha 10 wry
tood einca tho un~r mutt specify the biock number in
the call to USTBLX ●nd ovory histogram in tho block
viii be ●ccetsed in ●ny ecoc..

A!JU!SKQLUU

In principle ths cyttcm abovt 1* ●dcquata to
provida ●ll the user’o hi~ ocramdn~ noodo, In
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practice ● $upport system is needed to tak- mere of
co=on experimental needs ●uetf ●s archival ●tor~ge 0S
memory-rasident histograms. The Q Iiietogr’am “Support
Subsystem provides theee cervices through tseke which
call the histogramdag cubroutineo. The avaklable
tmsks ●re

‘o

o

0

0

0

HLI-Liets definitions for Mstogramc in
memo.y or srchival atorag~.

HPL-Plots oae- or tvo-parweeter hietograus on
Tektronix 4010 compatible display termiaals.

HPR-Prints hiatogrue contents.

KSU-Setc up hietograme from %nput given by
the user at the terminal keyboard or from ●

file. This allow the ucer to dynamically
change his histogram set. The tack alsc
allows deleting or clearing histograms fro?
che keyboard.

llSV--Saves memoxy-re~idest histogram data on
disk for ●rchival fitorage. -

Conclusions

Th; Q histogramming system is projscted to nacisfy
the needs of the user comunity for the ●xpected
lifetime of ~ur PDP-11 computers. Itc modular
construction should meke adding new features rehtivcly
easy.
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