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Abstract 

‘l‘wo f~ta..jor cnhance~~~~~t,s t,o the SIX Ilist.ory Dat,a F’acil- 
it?; [I] artf dwcritd separately. First, t,tie intjerrial ttcsign 
3114 procrdurrs nsrtl for saving and using long krrrl his- 
kiry tlat a. Sccoticl tmhc user int,rrfn.ce, facitit,ics and applica- 
tioir of r,ht: IIisLory I>at,a Comparisons sub-systctrt, which is 
Ilsc~tl for ilIld;vZillg alltt rorrfTlat,ing t#Wo or 1110rC accr~tr~rat~cit 
tlcvicc. liistorics. 

Overview and Rat ionale 

‘l’ttt, llkt,ory ttnt,;t facility of t,tic St;lrlfcirtt I,inryar Ck>llitter 
(S I,( ‘) rcwrtls tlevice and fwdl);lck loop pararn~~t (lr valr~cs. 
1\‘r 11sr t,tif, t rrnl ‘device t,o ~nfwi my mailiill~ unit,, slich 
as ;I rlionitnring instruiiietit, n~agnc,t,, power sut)ply, ct,c. A 
‘paranlf~lr~r’ of a clcvice I~tii~ri, is the cllrrrnt va111<, of onf' of 
its t)rot)~~rt,iw. Rlost, devices rqort mori’ t.tinn 03163 Ixlram+ 
t txr. A t,ypic.nl rbsatllplc would t)c a ‘t’oroitt tltxvicc, for wllicli 
211 iiiiport~;lilt parnnietxr is it.s dct,cctc,tl twatti clirwnt,. 

I.;st~c~lisivc~ soft warf’ lias l)wn d~vc~lopt~il for clisplayirrg 
rr’ror~llYl !list~oly <1nt,a. hIucli call I>(> Icnrirf~l frolic Iook- 
illg ilb l.llC IOCUs Of ally ollf: Illil(.llill? ]l;lr;llllc~tc~r ovf’i’ i,irilta, 

s11~.11 as i>ffwts pwtlictctt 1)~ ttiurilal vari:ll~ioil. or t IIP cni’rc 

rj)c)nttcriw of :I tlrsvict, with a particiilar. nccc~ti~r;ilar colrfig- 
~lration. ‘I‘trc colliparkon of t#wo or inow parani(~t.ws (‘ail 
1~. 1iwt1 for f:iitliw ctiagi1ohis, macliiiir~ t,llning, c~stwriilir~ii- 
talion ;1ni1 t II<‘ tikcx. 

‘l‘lits paracllrtr~rs of any tlr)vic,cT \vlii(.Ii is tlt’firit,tl ill f,lrc$ 
(‘Gilt rO1 SySt I’ll1 tl;lt~i?l1GWC niay I)(’ SiLVi'tt. (‘liI.r(\lli 1.V Xv<‘ ;\rt’ 
rw r)r(iing ov(‘r L,S.OOO ctiffr,wllr tft>vicc p:lr;\~i~(~1~~iw al 2 tyIi- 
iCil1 illt(‘rViIl Of (j iilirllitc~s. Xl \C tt~‘\.c~l(,J’~lli~rlt~ IO Sl~[ll”~t 

Iliht~oric:ll corrr~l;lt,ioils ;rlbcl IOllg Ii’rtlL ~Illilj.S(‘S is pr~w~~~lr~cl. 

Oilr ol~,if~ct,ivi~ is to prottlci(c> tlltx 11% 0l’ lli~t~orif~;11 (Ii11 ;I ilr 

;lllill~~l~l~~ ItlF\(’ 1111~‘ ~~fl~l~il~tt~~l~t i4.s I for itlc.rc~;ibill~ I~t~afii III- 

IIIincwity. 

‘L\‘4,rli Lill,~,>~ll~(f’ll hy tirr, Ih~~VL’(,II~~,1~ <,i’ I~.lr~~I-&!., 1.4>lll,‘i,l 1 lib- 
,\i’ll I-;f,sl~oll5l.~ 

Long Term Histories 

As orlt~lincd in a prccccding paper [l], a &da collcct~ion 
t’rowss saves ttnt,a in a ring buffers - the ‘Daily t1at.a files. 
I’:nch time that process is csrcutcd it reads ant1 snvcs t,lic 
values for a wt, of device parameters. File nctivit,y is mini- 
lnix+ect by scqucntiatly saving dab in a siiigtc hllffer. Dat,a 
in t,hcsr filw COVCTS a period of one day. 

\4’tx liow also have tikkory files which colit nin dat it for 
one vvwli. ‘I’licw ‘Weekly files arc orgaiii~rxl t,y df,vicc,. 
‘J‘tint iS> t,tlcrt.‘ is a scJIar;lk ring t~ilff~r for cncll dCViCC J>iI- 

rairic,ter. All ring buffers are of the same l(ingtti. ‘I’hcre is 
also a single ring bilffer containing t,he t,inic-st,a.mp’; of all 
t,hc: rccortlrtl dab. For any given time-stamp, t,hP value of 
each Juraillcit,er at, tShat, t,imc is located at t,hc same offwt 
wit,hili each data ring buffer. This forniat permits easy 
tl;tt#a rnnn~~gemcnt and efficient. data retrieval. 

Short#Iy after midnight each clay, the data in each Daily 
fib is t.ransl;tt~cd to Ihe Wectily forlnnt. ‘l’hus we have one 
process saving ilat~a every 2 to 6 Iliiriiibi and anot.licr mov- 
ing t,lrat, (Iata lo wwk loug ring l)ufTus once c~lch day. 

Archiving 

Since t,llr, M’(Y’litV tIat~;l. filw aw ring t)uffwcd, data older ” 
t Itan a week is lost. cwti rniduigtit~. ‘I‘0 provitlc long term 
ClilLkL saving tlwrc: is anot~hrr set. of fitr3 nanled ‘Archive’ 
(atsc colrllllonly Callet ‘YPilrty files), ‘l’llesc are of the sanlc’ 
intcrnnt format, as t,tie \!‘ecldy files. Once cac11 w-cck, or 
wlic~rlcwr nwd~‘d, a prowss makes a snapsliot. copy of cacli 
of t,lie current, Wectdy files. l~hcti of tmticw is given a II~IIIC~ 

which includes t.tic, tt;tt,e. To cowwrvc disk spacc~ t.tiis v(>r- 
sion is not it colllplete copy: rat,tier w\‘t\ prcwrvc~ oiity cwr1 
?Itti clzrt,a jwint, in ortlf,r t.0 actiic:vc a tlwirecl file size. Al- 
t Iio:~gli c,;\cti history file cor11d tw comt~rcssccl I)? ;I tlifferent 
r.al,io. all iw curwnt~ty coniprc~ss~d t)y 10: 1. ‘I’hr, prirrlary 
c,otisitl~~r~ltioti 1171s lw~l~ disk s~~acf~. 

11:: :1 COI~Sf’~~II~~I~C~’ Of Olll’ IJ0rlllill ttibli l~b:lCtill~) TO t,;lpf‘, 
t I l(‘X’ ‘Awlrivv filch arc I~rtwrvc~tl ill wcuw st.or;lgc\. At, 
501)1(’ poitlt \Yf’ ~0111~1 tl~~lc~ti~ olci*~r iilvh f‘r(ilI~ ttlr, ttih!i as Lvc 
FVii\lttl dill tl;l\.t’ tlIi\t, Cl;11 il OII til[)C‘. \2’f% 11;1VP IlOt !ct il~il)lt~- 
lIlt~tlt~‘fl ;I ~~~~c~~~~~dur~~ or w)flw;lrc’ for iI~~t.ollc,lli~.)ilsl~- r<st.riev- 
ilig il1ly tlillil frOlll tll? 1)~1Ct<ll[~. tlowv(~i-. 011~’ co~iltl list- 
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the standard syst,em file restore proceclurcs for any file, 
whereupon it would then be available automatically. 

Consequently, we always have the past, week’s history 
in ‘(fine structure” form (at most every 6 minutes) - used 
t,ypically for diagnosing current problems; and older data 
in “coarse st,ructure” (each hour) for looking at trends and 
past setpoint, values. 

Data Retrieval 

We have att,c>nlpted to minimize the t,otal disk accesses re- 
quired t,o retrieve all the parameter data for a given time 
span. E’irst, any dat.a available in the Weekly file is gath- 
crr:d. Then, if more recent data is also needed, it is ob- 
tained from the Daily file by a request to the history pro- 
cess. If older data is needed, the list of available Archive 
files is obtained. Since the names of these files includes 
the date of t,hc last* data point in each we can then se- 
quent,inlly retrieve data only from those files pertinent to 
the request4 time span. Also, by first using all available 
\Veekly dnt,a we insure the presentation of data with the 
greatest nulllber of values within the requested time pe- 
riod. As each request for new data is processed, any data 
alrcndy nvailahlc in memory from prior requests is utilized, 
again riiinimizing file accesses. 

Correlating Parameters over Time 

‘l’his sect,ion describes the History Data Comparisons sub- 
system of the History Data facility, used to plot and ana- 
lyze the recorded parameter values of two or more devices. 
The stlalyscs fall roughly into two classes; pualiintive - by- 
c’yc esnnlinations of the loci of some devices, and quanti- 
!c~tlr’c - corrclntion charts, statistics and expressions. 

This distinction is interesting when the user community 
of catch cla.ss and t,heir respective applications is considered. 
First w\‘c describe the interface and displays available to the 
lls(‘rs, and then consider the applications to which various 
usf7-s put, t,heni. 

User Input Interface 

‘I‘he interface t,o the History Data facility is via the SIX 
C:ontrol Program (SCY) - a large multi-image software 
suit,(, IK+XI t,o cont.rol most, of the system wide functions nec- 
c’ssary t.0 run t,ho SIX accelerator. Users navigate t,hrough 
t 11~ s11t)-syst,c,ms of this program via a hierarchical arrange- 
nl<‘tlt, of pusll-but,ton ‘panels’ [5][these proceedings]. There 
arc thirty or so panels in the SCP dealing with History 
I’lr)tsi, coach ori<,nted t,oward one facility in the accelerator. 
f~‘roIrl all of t,hcse, one can ent,er t,he History Buffer Com- 
pwisolls ]‘“““I, 

\Vit II 23,000 or so devices available for inspection, some’ 
lrc’ll) is giv<sii t,o I.lir‘ Ilser in select,ing t.lie device and pa- 
r;rlllfat (‘1’ t.ht>y ;Ir(’ intercstcd in This help makes use of the 
fact t Il:kt ~111 tli>vicm mid their pararnekrs are identified by 
l,ltc>ir tlaf ~Il)ilS~’ c$rlt,ry 11;1111c, which is motlcrat,ely formal. A 

device and each parameter under it, is uniquely identified 
by a tuple composed of four, or sometimes five, domains. 
Reading t,he tuple from left-to-right, each successive do- 
main identifies the device more closely. The help system 
attempt,s to satisfy a partially instantiated device name 
and displays all t,he possibilities for the most significant 
missing domain. The user may assign up to 3 devices to 
variable labels A, B and C. All plot,s are referred to as plots 
of these variables, either against each other, or vs. time. 

Default values for each domain are also maintained, cho- 
sen from consideration of the previous assignment of the 
variable, the assignment of the other variables, and any 
partial tuple already ent,ered. 

Users may also elect to assign to a variable label, a device 
they had examined when using one of the other History 
Data facilities. 

Device names, however assigned, are reflected on the 
panel screen. The time range for which History Data Com- 
parisons is to base its plots, is input from any of the panels 
dealing with the History Data facility as a whole. Once set, 
all plots for all devices are generated for that range, though 
the range can be changed at any time and the plot will be 
re-drawn. 

A11 plot,s can be scaled manually or aut,omatically. In 
general, when auto-scaling is selected, the entire range of 
data values gathered for the device will be charted and used 
in computing statistics. The function of manual-scaling is 
slightly different depending on whether a qualitative or 
quantitative plot is requested; see below. 

Qualitative Plots 

To compare devices over a common time range, their loci 
can be plotted either one-above-another (a ‘St,ripchart’) 
or superimposed (an ‘Overlay’). Manual-scaling for these 
plots refers simply to the upper and lower bounds of their 
ordinate axes. Major applications of qualitative plots have 
been in diagnosing errors and investigating unexpected 
machine behaviour, very much as an ad hoc problem solv- 
ing tool. 

Quantitative Plots 

Quantitative charts explicitly treat the parameter values 
of the devices over time as a data vector. Before the vec- 
tors are used in expressions and, more significantly, before 
stat,istics are calculated on them, we make them congru- 
ent. That is, we make sure they all have the same num- 
ber of data points, that they range over exactly the same 
t,ime and t,hat, all corresponding dat,a points refer to the 
same delta t,irne from the stamp of the first point. This 
is achieved by linear int,erpolation, which is always per- 
formed assuming device variable A is the independed, and 
t,hcrcfore H is “aligned” to it. 

There are t,wo groups of quantitat,ive plots. Those plot- 
ting the locus of an arithmetic expression in the data vec- 
t,ors: vs time, nalned ‘expression’ plots: and one displaying 
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the scatter-plot of t,he data vectors, named ‘A vs B’. 
At the time of writing only two expressions are avail- 

able, being those request,ed by users to fulfil specific appli- 
cations, discussed below. They are: 

L[i] = A[i] + (T * B’[i]) (1) 

I$] = A[i]/(r + B’[i]) (2) 

where L is the resultant vector, r is a real value entered 
from one of the buttons, and i ranges from 1 to the number 
of original data point,s taken for A (before, if applicable, A 
was ‘bound’). For both expression plots and scatter plots, 
the user may elect to bind, or ‘cut’ the data value vectors 
before they’re used. This they do by by manually scaling 
the device they wish to limit. In this case, original data 
vector elements outside the range will be replaced by lin- 
ear interpolation between the previous and next elements 
whose values are inside the manual-scaling range. This is 
slightly different to the manual-scaling function when used 
for the Stripchart and Overlay plot,s. 

In addition, t,he plot of t,he result,ant locus of an expres- 
sion plot can be manually scaled. 

A significant portion of t.lie systerns analysis time was 
spent looking at anomalies arising from interpolations and 
their effect, on statist,ics in the data. For instance, there 
may be periods when little or no data is recorded for one of 
the devices while the other is recorded normally. The exact 
effect of this on the plot and on the correlation statistics 
is different depending on whether it was the independent, 
or dependent variable for which data was ‘missing ‘.We 
concluded that it was sufficient to draw attention to these 
effects in the help and documentat.ion rather than employ 
more sophist#icated data smoothing methods. 

Correlation Statistics 

The linear correlation coefficient (by Pearson) between A 
and B is displayed on the A vs B plot. 

Pearson’s T measures only the extent of correspondence 
between va.riables known to have a significant association. 
That is, it should not be used to decide whether two vari- 
ables have an association in t,he first place. It is not yet 
clear whether users of History Data Comparisons are using 
the facility informally, to ‘find’ correlations. 

Given some assumptions regarding T, for instance that 
ma.ny calculations of r, over a very long time frame, for the 
same variables, would yield a symmct,ric dist,ribution curve, 
t,hen we can for any one evaluation of r decide roughly how 
‘reliable’ it is. This is quantified by a corrected Compli- 
mentary Error Funct,ion. That figure is also given with 
every chart. 

Linear interpolaf~ion is used to bound t,he input data vec- 
t#ors on manual-scaling and “align” the vectors in prepa- 
ration for a plot (this changes the data values most when 
significarlt,lv more data point,s are t#aken for one device than 
the othcrj. All t,hese will make the correlation coefficient 
figurf, artificially high. 

Quantitative plots are used in machine tuning and ac- 
celerator physics experiments. For instance, the positron 
yield is a simple plot of the ratio of electrons onto the tar- 
get and resultant positrons, and can be plotted for any one 
of the current monitoring devices down beam of the target. 

Current Development 

The simple expressions currently available were those re- 
quested by control room operators with specific applica- 
tions in mind. We are now extending this function to plot 
‘arbitrarily’ complex expressions on two or more device 
vectors. To do this we are using the Free Software Founda- 
tion’s (GNU) ’ pl im ementations of two popular Unix’ pro- 
gram development’ tools, Lex and Yacc. The GNU versions 
are named ‘Flex’ and ‘Bison’ [3] respectively. Lex is a lexi- 
cal analyzer, which we use to pass the tokenized expression 
to a Yacc generated function which parses and evaluates 
the data. This is a recognized, virtually textbook applica- 
tion [2]. 

We are also studying the ut,ility of non-linear methods 
in the normalization of data for the quantitative plots and 
giving more sophisticated statistics. Opera.tors wishing to 
analyze the data in depth have the option to down-load 
the history data and look at it with their own t,ools. There 
has therefore been the argument t,hat t,he on-line control 
system should provide only a minimum, intuitive, package. 
We are collecting comment,s from users before implement- 
ing, for instance, polynomial interpolation. 

The History Data Facilit’y in general is a major software 
component of the Control System for the SLC. It, is con- 
tinually upgraded and extended to accommodate tracking 
and analysis for new sub-systems in the SIC. 
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