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ABSTRACT MASTIR 
k corc:;iercial database software package has been used to create several 

databases and tools that a s s i s t and enhance the a b i l i t y of experimental 

pnysieis ts to analyze data from the Tandem Mirror Experiment-Upgrade (TMX-U) 

experiment. This software runs on a DEC-20 computer in M-Division's User 

Service Center at Lawrence Livermore National Laboratory (LLNL), where data 

can be analyzed off l ine from the main TMX-U acquis i t ion computers. When 

combined with in terac t ive data analysis programs, these tools provide the 

capabi l i ty to do batch-s ty le processing or in t e rac t ive data .analysis on the 

computers in the USC or the supercomputers of the National Magnetic Kusion 

Energy Computer Center (NMFECC) in addition to the normal processing done by 

the TMX-U acquisi t ion system. One database tool provides highly reduced data 

for searching and corre la t ion analysis of several diagnostic s ignals within a 

single shot or over many shots . A second database tool provides r e t r i eva l and 

storage of unreduced data for use in detai led analysis of one or more 

diagnostic s igna l s . We will show how these database tools form the core of an 

evolving off l ine data analysis environment on the USC computers. 
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I . INTRODUCTION 

Data acquired from the T.̂ X-U experiment at LLHL i s processed and analyzed 

on s i x HP-1CM computers that comprise the main data a c o u i s i t i o n and ana lys is 

system fo r the experiment. These computers form a stand-alone system fo r 

a c q u i r i n g , processing, and analyzing data from numerous d iagnost ics and 

sensors used to measure plasms proper t ies and ether condi t ions w i th in t h i s 

experimental fus ion device. Phys ic is ts analyse data using a combination of 

one or more custom programs and v isua l inspect ion of the p l o t t e d da ta . 

::e:ause of the vol .;me cf data and the desi re to maximize the experiment 

r e p e t i ' i c n r a t e , t h i s system accommodates only a l i m i t e d amount of i n t e r a c t i v e 

;.urif;K the past !c months, we have been woiv ing to create an i n t e r a c t i v e 

hata a r . 3 l y s i s envirorvnent f c r TMX-U which conplevents the normal i n te rsec t 

h i tch ; ; ty lo of data ana lys i s . This environment i s a mixture of databases a.vi 

: . ' . te r ic . i v soi'tw...-'-..- ;o ls (programs) on a D£C-.iO computer and provioos :.r.-..-

-/xpe:*;:---':: -.1 ;': ;y.-. ci .:,• s ^f " C l . ' i s i o i i w i th a n ighty i n t e r a c t i v e , o f f im-v 

environment f j r d tta ana lys i s . Other bene f i t s inc lude the c a p a b i l i t y t . 

perform batch s t y l e data ana lys i s , access to experimental data fo r 

M-Div is ion 's t heo re t i ca l p h y s i c i s t s , and iccess to the NMFiiCC, wher^ -he 

compute power of several 'Zray supereomputers cr.n bo used to more c osely model 

TtfX-U processes. 

I n t h i s paper, we give an overview of the databases and too l s that have 

been assembled to form t h i s environment. We w i l l b r i e f l y discuss the features 

and uses of the databases and then we w i l l present the major features of the 

data ana lys i s t o o l s . F i n a l l y , we w i l l o u t l i n e some f u t u r e d i r e c t i o n s f o r the 

p r o j e c t . 
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II. DATABASES 

The most important feature of this environment is the capability to store 

a reasonable amount of experimental data with the limited disk resources of 

the User Service Center's DEC-20 computer system. This is accomplisaed using 

two separate databases with very different approaches. One database, known as 

the full resolution database, is used to retrieve anc store t i ~ r? aeries data 

from a given diagnostic at its full temporal resolution. The second database, 

known r.s the journal database, holds a highly reduced set of averaged data 

which generally represents most interesting features of a £iven shot. 

Figure 1 illustrates the role of these databases in giving users access to 

T"X-i: data and making that data accessible to various data analysis tools, 

coth aitqbases ire managed using a commercial database management package from 

national Information Systems, Inc. known as Accent R. 

Accnt R (Ref. 2) is actually a database management system combined with 

a hign level programming l̂ n̂ u:ige (commonly ^nsv as a fourth ger.erat ion 

language) with options ror both compiled and interpreted modes. Each database 

consists of several data sets (or files), a utility program (written in the 

Accent R language) that provides the user interface to tne database, and one 

or more Pascal/Fortran programs used by the database manager for moving data 

into and out of the database. In addition, there are high-level Fortran 

libraries that allow user Fortran programs to access any or all of the stored 

data. 

The full resolution database gives users the capability to retrieve 

specific diagnostic data and store it online for a finite amount of time. 

Using the database utility, a user may request data retrieval. When a request 

is made, a batch job is executed that reads the complete shot database from an 



archive tape generated on the TMX-U a c q u i s i t i o n computers. The requested data 

i s located and r e t r i e v e d from t h i s database, which i s subsequently de le ted . 

The database u t i l i t y a l lows the user t o examine the contents of the 

database to any l e v e l of d e t a i l . At the highest l e v e l , the user can determine 

which d iagnost ics are ava i l ab l e fo r a given shot o r , conversely, given a 

d iagnos t i c , the user can see which shots are cu r ren t l y a v a i l a b l e . At the 

lowest l e v e l , the user can see data values at s p e c i f i c (nonsequent ia l ) t imes. 

The user can also p l o t , ex t rac t or delete the data fo r any d i . ignost ic i n the 

Jatabase. Data c--n be ex t rac ted in to an ASCII f i l e or moved c i r e e t l y i n to the 

S1Z s igna l analysis code discussed below. L imi ted dis^c space ma^es ar. 

a'-t V i l l c r ^ o v a l f a c i l i t y necessary. Cu r ren t l y , a Diagnost ic i s 

'-tut o."Mt i'~-3ll y renoved from the database a f t e r H5 days i f the apace is needed 

for ne-Jiv requested c^ ta . 

Tn-- ;oumal database g i v-es users the a b i l i t y t o compare data and study 

j o r r - ' l a t i ons e i ther ^Ltwoen many d iagnost ics w i t h i n a shot , or between 

d: ";r-".jGti _T- .^V-J:' i'.,;ny -: :" : 'vrcnt shots . Csing h igh ly reduceo data, shots can 

io storn. : i i j ••- c o . l e c t i o n of s p e c i f i c d iagnost ic s igna ls and other in format ion 

that represent the most import i.nt features of the shot . Cu r ren t l y , the 

j ou rna l database holds in the neighborhood of 600 shots i n t h i s form. With 

t h i s many shots stored on l ine at one t ime, co r re l a t i ons between shots become 

r.uch easier to f i n d and anazyze. 

T.ach shot in the j ou rna l database i s represented by var ious kinds of 

data. Keywords describe various binary ( i . e . , o n / o f f ) c h a r a c t e r i s t i c s of a 

sho t . A t y p i c a l keyword i s "ECRH". I f t h i s keyword iias been set fo r a given 

sho t , i t imp l ies t ha t ECRH heat ing was present f o r t h i s sho t . Parameters 

describe var ious scalar c h a r a c t e r i s t i c s of a sho t . An example i s the 

fre-. jency of a p a r t i c u l a r ICHH antenna. Vectors are provided to describe 
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miscellaneous characteristics that can be grouped together such as steady-

state magnet currents or the frequencies of an array of ICRH antennas. 

The largest amount of data is made up of time series signals that 

describe various diagnostic results. To provide the data reduction and allow 

correlations between various diagnostics to be detected, all time signals are 

resampled to the same fixed frequency and range through a process of averaging 

and interpolation. The current time base is defined to be 1 kHz from 0 to 80 

ms and results in a reduction of 25:1 for most current diagnostics. At this 

time, approximately cb cifferent diagnostics are used in the journal database 

to describe a shot. Sach diagnostic is typically made up of several channels 

resulting in an average of about 325 channels per shot. 

r;.jally, the database also provides space for user comments. Comments 

can be er.terec by a user at any tine and can be att̂ er.ed to any data element 

except keywords. Thus a diagnostic's faulty signal can be flagged as part of 

the signal data or a particularly noteworthy shot can be indicated by a 

comment attaened to the entire shot. 

The journal database utility is much more flexible and complex than tne 

full resolution database as is necessary for a larger database, but also 

because its intended function is much different. In addition to the features 

available in the full resolution database utility, the journal database-

utility is characterized by a special search mode. The simplest types of 

searches involve dates, shot numbers, or a specific keyword. For instance, 

searching for the keyword "ICRH" would immediately select all shots for which 

ICSH heating was used. Normally, searches act on the results of the previous 

search, resulting in an ANDing of all of the search criteria to form a subset 

of shots. 
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More complex searches can be made as well. Parameters, vectors, and time 

signals can be used singly or in combination as long as the criteria can Be 

made into a relational expression. As an example, the relational expression 

3.5 * A / X < \-[a](t) , 

w.nere A is a parameter, X and Y are d iagnost ic names, a i s a channel na:-c , and 

t i s a s p e c i f i c t i n * , i s a v a l i d search c r i t e r i a . I f d iagnost ic X s a t i s f i e s 

t h i s r e l a t i o n fo r any channel and any time ( look ing at only one t i-ne and one 

c'-.r.nnoi for- d iagnost ic i') , the shot i s f lagged as s a t i s f y i n g the search 

" ; ' i t ^ : ' i : i . Sr.*jts for which t h i s r e l a t i o n cannot be comoutec ( e . g . , shots Czr 

which i w :s r.at acqu i red) , are put i n to a spec ia l ho ld ing se t . " l in ts i n t h i s 

s-.-t r r . c; mov^j i n t o the selected subset s i ng l y or as a set (cr.iy as long .is 

a sjbse ;u^nt search has not been made). More cor.piex expressions can be b u i l t 

us in, ; .-j tan da re Fortran funct ions such as S i ' i , EXP, uCG, ar.c AriS. Add: tier..'-: 

f - no t i ons jn j ludc- SLOPE, INT ( i n t e g r a l ) and PIFF ( d i f 1' e"^n,:- .• . 

•\t rr.y p o i n t , the current subset can be saved, i n c l j a . i i g annotat ions on 

the search sequence tha t produced tha t subset. The user can also back up to 

the previous subset (by "UND0"ing the previous search) or res to re a prev ious ly 

saved subset. The number of shots i n the subset i s always included i n the 

prompt. When i n search mode, many commands act only o"> the cu r ren t l y def ined 

subset. An added fea ture i s an "ensemble e x t r a c t " canmand which ex t rac ts a 

s i ng le value from each shot based on the same kind of r e l a t i o n a l expression 

as the basic search cor.mand. As an example, a user could ex t rac t the cen t ra l 

c e l l densi ty at the time when the ICRH antenna was turned o f f even though the 

ICRH was turned o f f at d i f f e r e n t times fo r d i f f e r e n t se lec ted sho ts . 
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The journal database and its utility program sit- Jr.e user the capability 

to search large bodies of data in a rapid yet precise way. Although complex 

searches on large sets of shots may take a few minutes, many times the same 

search using the manual methods previously available would be unthinkable. 

III. TOOLS 

The two most notable tools used in our environment are packages developed 

outside the MFE program for general , in te rac t ive data analys is . Both combine 

sophist icated data analysis techniques with online help to get users up the 

learning curve quickly. Both also offer graphics capab i l i t i e s to help the 

user quickly understand the r e s u l t s . 

The f i r s t package i s a signal analysis program known as S I" . Si'J was 

developed in the Engineering Research Division a t LLNL and provides f a c i l i t i e s 

for analyzing, f i l t e r i n g , and transforming time signal and frequency data . 

Also avai lable are commands to simulate various time s igna ls , do point by 

point signal ar i thmetic , and edi t time s igna l s . SIG is customizable through 

the use of a parameter f i l e and can be menu or command driven, i-'.er.u mode ac t s 

as a tutor by walking tiirough the commands necessary to perform a menu item. 

In addi t ion, ZIG offers i t s own internal database so that users can re ta in 

processed data over many separate sess ions . I t i s spec i f ica l ly designed to 

handle large amounts of data and th i s makes i t a very a t t r a c t i v e tool for 

analyzing the experimental data at i t s full resolut ion . 

The second package used extensively to analyze TMX-U data i s DATAPLOT, a 

graphical and s t a t i s t i c a l analysis program developed at the National Bureau of 

Standards. DATAPLOT's major feature i s i t s aDili ty to f i t data to nearly any 

algebraic model. The res iduals can then be studied to determine whether an 
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adequate model has been chosen. Techniques for studying the residuals are 

both statistical and graphical. The capabilities of DATAPLOT also include 

smoothing, spline fitting, and analysis of variance. Another useful feature 

of DATAPLOT is the ability to do algebraic manipulation: virtually any legal 

Fortran expression can be used to manipulate full or partial data sets. 

DATAl'LCT's powerful techniques are most useful in analyzing correlations 

between diagnostics within a given shot and differences in diagnostic signals 

over several different shots. This makes DATAPLOT most useful in analyzing 

d'lta rr'o.T] tii'̂  journ: database. 

: v . =-T""J!-;K .•.••:;-K';TIO:.,3 

:'::e :.:••••'. ': this project is to create a fully integrated environment 

uuir. : '.'. •/.•.:> -.-j:.:; .,r.'J vari.ns data analysis tools as shown in Fig. i . This will 

i ".'.••; :ve wcr,-: :- three p.ic-ic areas: First, the journal database with its 

.?-,':r"i-.i:..j ea: :bi'.:'.! *s has been an experimental effort to put better analysis 

cap ilii liti -:-s i r. ; -J::-' -lands cl" TMX-U physicists. Ve will eontinu>; to 

investigate ways to improve and augment the capabilities of this database tool 

including oth>T appropriate data analysis programs. Second, the data in the 

journal database is most useful when it is new. We are working on a local 

area network, MNKT, which will be able to move TMX-'J data to the User Service 

Center. Coupled with a more automated database manager, data will be 

available in tne journal database sooner than with the current method which is 

largely manual. Finally, we will be working to better integrate these tools 

into a unified environment with a single user interface and the ability to 

move data between the database and data analysis programs with greater ease. 
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FIGURE CAPTIONS 

Figure 1. Data f low between databases, t o o l s , and users i n the current 

envi roai ient . 

Figure 2. Data f low i n a f u tu re environment tha t c lose ly in tegra tes too ls and 

databases. 
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