


a  chamber  containing  liquid  hydrogen  under high pressure (bubble 
chamber) where the secondary particles  interact  with the hydrogen 
atoms, producing other  kinds of particles. In addition to partici- 
pating  in nuclear  events, the charged particles  in the chamber 
ionize the hydrogen atoms along their  trajectories.  Reducing the 
bubble  chamber pressure at  the proper  moment causes the liquid 
hydrogen to boil (i.e. produce  minute  bubbles)  in the vicinity of 
the ionized hydrogen  atoms along the  trajectories of the charged 
particles, which appear as visible tracks. At  the moment pressure 
is  reduced, the chamber is photographed from two or three differ- 
ent directions, thereby  making a permanent record of the tracks. 

The photographic  pairs  or  triads  are  scanned  either  by  humans 
or by  an  automatic scanning device such as the flying spot  scan- 
ner.  (Physicists call each  pair  or triad  an  “event.”)  Events of 
interest  are  then precisely measured, and coordinates of the 
tracks  in each view are recorded. Track coordinates are  inputs to a 
geometvy program whose function is to reconstruct the  event  in 
three dimensions from the two-dimensional data  extracted from 
the photographs. The  output of the geometry  program,  three- 
dimensional track coordinates,  are the  inputs  to a kinematics pro- 
gram that computes the  momenta of the particles leaving visible 
tracks  and assigns identities (i.e., masses) to  them as well as  to 
any uncharged particles that may  have  participated  in  the  event. 
In  general, the energy and  momentum  conservation laws allow a 
number of alternative mass assignments or hypotheses, and  the 
kinematics  program also computes goodness-of-fit to  the experi- 
mental  data for each hypothesis. 

The  output of the kinematics  program  is a data  sunamary  tape, 
which is a file containing one logical record for each event recorded 
in  the experiment. Each record contains the key variables of an 
event, such as track coordinates, and  particle  momenta, masses, 
and energies. The experimenter  is usually interested  in knowing 
the frequency of occurrence of certain types of events or the fre- 
quency of observation of particles  with  certain energies and direc- 
tions. Reliance on these frequencies requires large numbers of 
events. It is not unusual  for an experiment to  involve several 
hundreds of thousands of events,  with the record size for each 
event ranging from  a few dozen to several  thousand words. 

The operations performed by  the experimenter on a data sum- 
mary  tape  are  substantially independent of the  particular experi- 
ment. Because of this, it is possible to  provide for these  operations 
in a single generalized program known as SUMX. The  input  to 
SUMX is  a data  summary  tape  and a set of control cards. By means 
of control  cards, a sample  listing of which is given in Figure 1, the 
user specifies the operations to be carried out.  The  data  summary 
tape records normally consist of a  set of formatted fixed-length 
FORTRAN variables. The operations provided are principally the 
formation of one-dimensional frequency distributions of specified 
variables and  the presentation of these distributions  in the form of 
histograms (bar  charts), as shown in Figure 2. 

NOS. 3 & 4 . 1968 PHYSICS  DATA  ANALYSIS 

the 
SUMX 
program 

343 





Figure 2 Histogram printout 
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tabulation, and many  types of physical and biological experiments 
where large amounts of data -are processed to produce  frequency 
distributions. 

Although the SUMX programs allow the user to generate  a putting 
number of outputs  on a single run of the  input  tape,  the user fre- users 
quently does not know which outputs  to request. He often uses on-line 
the  output from one run  to suggest things to look for  in the next 1 run.  Therefore, many  runs  (and  many days) may be  required be- 
fore  meaningful conclusions can  be  drawn from the  data. 



Figure 3 Generating On-line 
SUMX outputs - 
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user be placed “on-line” to  the computer  in  order that he  may  make 
many  output  requests  during a single session. This  proposal is eco- 
nomically feasible because the computer would be  shared  by sev- 
eral users. The simplest  approach would be to provide  users with 
three basic  capabilities: 

Defining, through  keyboard  entries,  relevant  features of the 

Supplying  parameters  for  a  previously  programmed  input-file 

Applying the specified transformation to  the defined input file. 

With these  capabilities a t  his disposal, the user would typically 

input file-file location,  record  length,  record format,  etc. 

transformation. 

proceed as follows: 

1. Define an  input file. 
2. Define a  transformation,  such  as  a  histogram of variable x 

3. Apply the transformation to  the  input file. 
4. Observe the  output on the display device. 
5 .  Redefine the transformation, e.g., by changing dx. 
6. Repeat  steps 3, 4, and 5 as often  as necessary. 

between  limits xmin and xmax using an  interval dx. 

A potential  problem  with  this  approach lies in  step 3. The in- 
put file normally  contains  a  large  number of events,  and  the  time 
to apply the defined transformation to  the file may  be of the order 
of minutes  or  tens of minutes. Not only  ,does the transformation 
consume  computer  time, but also, more  importantly, it consumes 
user time-while the  input file is being processed, the user must 
wait. 

Several  ideas  suggest themselves. Provision could be  made  (as 
it is in the existing SUMX) for the user to define multiple  trans- 
formations  and  perform  them  on  the  input file during  a single 
pass. Thus,  the user would have  a  number of outputs  to compare. 
Another  idea  is to permit the user to  create  subsets of the original 
input file in  one  pass and use these  smaller files on  subsequent 
passes. (This  facility is provided  in the existing SUMX.) A third 
idea  is  to allow the user to  retain,  in a suitably  abstracted form, the 
results of a  pass, and  to  subsequently  manipulate  these  intermediate 
results. As an example, a histogram  can  be  retained at  the end of a 
pass in  the  form of a  matrix that can  be  printed,  displayed,  or used 
in arithmetic  operations  without  repeating the pass. This solu- 
tion  can be generalized by providing the user with  two  kinds of 
transformations: (1) input-file-to-intermediate-file, and ( 2 )  inter- 
mediate-file-to-output. In this  way,  a  number of transformations 
of the input-to-output  type  can be effectively provided  with  only 
a single pass of the  input file. The  third  method  is shown sche- 
matically in  Figure 3. 

While the foregoing ideas could help to minimize waiting  time, 
they  probably would not eliminate it. Delay seems to be an in- 



On-Line s u m  

To  test  the feasibility of putting  the SUMX user on-line, an On- 
Line SUMX program for SYSTEM/360 is being developed as part of a 
joint  project between IBM and  the  Stanford Linear Accelerator 
Center (sLAC). The  project is based on the CERN SUMX program,2 
because many physicists at SLAC are familiar with it  and because of 
the availability of the source program which is, being furnished 
through the courtesy of CERN. 

user evaluation in parallel with development. We  now describe 
the facilities and special implementation  features of the phase 1 
program, which is complete, and briefly mention the facilities 
planned for later phases. 

The On-Line SUMX user starts  by entering  control  cards  through 
the normal job stream, along with his data summary  tape.  At  an 
IBM 2250 display console, the user observes a “sign-on” display a t  
the appropriat#e  time  indicating that he  enter  a command. When 
the command  is  entered, the program responds by giving an ap- 
propriate notification that  the command  has been carried  out. If 
the program  is  unable to  carry  out  the command,  a reason is 
similarly given. In  either case, the program  awaits the next user 
command. The basic cycle of user command and program re- 
sponse is repeated  until the user enters  a command that termi- 
nates  the session. From  the user’s standpoint, the key feature of 
this procedure is that  the program does nothing except in response 
to his commands. 

Commands  may be entered  via two sources: the 2250 alpha- 
numeric  keyboard and cards  submitted  with  the job deck. Key- 
board entry provides the normal  interactive  method of program 
use, while card entry facilitates the  entry of common command 
sequences and  permits  the program to  be  run  unattended (i.e., 
in  the  batch mode). The  card reader is in control at  the  start of 
the program, and commands are read from cards and executed 
(without  pause)  until a QUIT or GO TO KB (keyboard) command 
is encountered. For GO TO KB, control is transferred to  the key- 
board  through which the user may  enter subsequent commands. 
Control  remains  in the keyboard  until the user enters  a QUIT 
command or a GO TO CR (card reader) command. In  the  latter 
case, control  reverts to  the  card reader  with  subsequent com- 
mands being taken from cards. 

Regardless of their source, commands  have the form of alpha- 
numeric  strings  typically consisting of a verb  in  the imperative 
mood followed by one or  more  parameters.  Keyboard  commands 
are displayed as they  are entered, and completion of command 
entry is signaled by  the END key. Neither the function  keyboard 
nor the light  pen is used in the phase 1 program  primarily to obviate 
the development af separate procedures for command entry from 
the 2250 console and from the card  reader. 

The user of On-Line SUMX is concerned with the creation  and 

On-Line SUMX is being written  in phases in order to obtain phase 1 
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manipulation of objects of three  types: 

0 

e 

Event $files contain  experimental data with one record for each 
nuclear  event. In  the phase 1 program, the user is limited to 
one event file,  which must  have the format’ prescribed by the 
CERN SUMX program. 
A r r a y s  are  frequency  distributions that are  constructed  by 
counting  numbers of event file records (events)  having  variable 
values lying in certain  discrete  intervals. In  the phase 1 program, 
distributions of one and two  variables  are provided. 
Text  sets are  sets of 72-character  alphanumeric  strings. In  the 
phase 1 program,  text  sets  are used primarily for entering the 
parameters  required  by SUMX functions. A 2250 text-set display 
is shown in Figure 4. 

Objects  are  created  and  manipulated in  an  abstraction called 
the ‘Laccumulator.” For example, the command READ causes a 
text  set  to be read from cards into  the accumulator, and  the first 
of possibly many pages of the  text  set is displayed. The  contents 
of the accumulator  are continuously indicated on the screen by 
displaying:  object type, i.e., event file, array, or text  set; object 
name,  a  four-character  string assigned by  the user; and  the object 
remarks,  a  twenty-character  annotation  string assigned by the user. 

A name  and  a  set of remarks  are assigned to a new object 
through  the command PUT (name).  This command causes the 
name specified in the command to  be attached to  the object in 
the accumulator and  the object  and its remarks to be  filed in direct- 
access storage. If an object  with  this  name  already exists in the 
file, the command is rejected. The same  name  may be used to 
designate different objects successively by issuing the command 
CLEAR (name)  prior to  the PUT command. The command MAP 
may be used to display the name, type,  and remarks of each  object 
currently in  the file. 

The command GET (name) causes the named  object to be 
placed in  the accumulator and a  picture of the object to  be dis- 
played. Figure 4 shows a  text  set, while Figures 5 and 6 illustrate 
one- and two-dimensional arrays. In general, the picture of an 
object  extends over sevcral pages, and  the GET command displays 
only the first page. To sec a  particular page of an object, the 
command PAGE (number)  may be used. Similarly, the commands 
NEXT and PREV may be used to  turn pages forward and back. 
Objects  in the file are  arranged in t)he order in which they  are filed 
by the PUT command and  may be retrieved in  this order  with 
the GETNEXT command. The resulting  display is identical to  that 
produced by the GET command. Objects in  the accumulator  may 
be printed  by  the line printer using t.he command PRINT. 

Arrays  are  created  with the command DO (text-set  name). 
This  command performs a SUMX pass on the user event file, using 
the  named  text  set as parameters.  The  format of these  parameters 
is the same as that of the control  cards for the  batch CERN SUMX 

program.  This was done for two reasons: (1) to simplify the use 
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Figure 6 Two-dimensional  display 

Text, sets  are  created  by reading them  into  the  accumulator 
by the READ command. A text  set  in  the  accumulator  may  be 
edited  by using the COPY, INTO, and DELETE commands. The 
command COPY (line number) causes t'he  designated line of text 
to  be copied into a working area  on  the display screen, where it 
may  be modified by  means of the 2250 alphanumeric  keyboard. 
The working area line is placed back in the  text  by  the command 
INTO (line number). If the line number  in  the INTO command 
exists in  the  text,  the new line replaces the existing  one; otherwise, 
the new line is inserted  in the  text  in numerical sequence. The 
command DELETE (line number) causes the designated line to be 
deleted  from the  text. 

Three aspects of the implementJation of phase 1 On-Line SUMX 

special are  worthy of special note: (1) a  large  contribution  from the CERN 

features SUMX program to implement the SUMX functions of phase 1, ( 2 )  
the use of the direct-access file facility of FORTRAN IV to implement 
the object file, and (3) the use of a  table-driven  command syntax 
interpreter. 

The SUMX functions of phase 1 of On-Line SUMX, i.e., the op- 
erations  carried  out  in response to  the DO command, have been 
implemented using selected routines  from the existing CERN SUMX 

program. Not only was this  an efficient way to implement the 
on-line functions, but  it also gives the On-Line SUMX user access 
to  the same  functions  available to  the  batch SUMX user. Some 150 
routines were extracted  from a specific version of CERN SUMX. 

Minor modifications were required to  do  the following: 

Make  the SUMX main  program  a closed routine. 
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Figure 7 File structure for phase 1 On-line SUMX 
FILE 

A A 
USER OBJECTS FREE SPACE 

OBJECT 1 OBJECT 2 . . ’ OBJECT n EXTENT 1 EXTENT 2 . . . EXTENT n 

Store the SUMX outputs, such as  arrays,  in direct-access storage 
instead of printing  them directly. 

Communicate SUMX control  card syntax errors and  other user 
errors  via the display console rather  than  the  printer. 

(Since implementing  phase 1 of On-Line SUMX, an  updated version 
of CERN SUMX has become available, and plans call for using the 
latter  in  subsequent On-Line SUMX development.) 

On-Line SUMX was not implemented  simply  by combining the 
2250 console with an existing batch-suntx  program.  The  batch pro- 
gram  has  the wrong structure for on-line use and lacks facilities 
(e.g., text editing) that  the on-line user requires and  the  batch 
user does not. On-Line SUMX has  an entirely new structure, de- 
signed specifically for on-line use, in which significant portions of 
an existing batch  program  are imbedded. 

In  the phase 1 program, the user  object file is maintained  in 
direct-access storage. A single data set is used to hold all objects. 
By means of the DEFINE FILE statement  in FORTRAN IV, the  data 
set  is  partitioned  into blocks of fixed length,  and  each  object oc- 
cupies an integral  number of blocks. Objects are  read from and 
written  into  the  data  set using the direct-access form of the 
FORTRAN READ and WRITE statements. A directory  is  maintained 
in  main  storage  containing the name  and  starting block of each 
object. In  addition,  each  directory  entry  contains sufficient pointers 
to  enable  the file to be structured  as a  tree. The general tree form 
of the file structure for  phase 1 On-Line SUMX is indicated  in 
Figure 7. 

It is  expected that  the command  language will be  expanded as 
a  result of physicists’ using and  evaluating  the  system. In  order 
to facilitate  this expansion,  two  techniques are included that allow 

I the command interpreter  to be  driven by  an  arbitrary command 
language. The first technique is to read the command  language 
from  cards  in  Backus  Normal  Form (BNF) and  create  tables.  The 
second technique uses a generalized ‘‘parser,ll which searches the 
tables to detect  syntax errors in commands  as they  are  entered 
and  to  transform valid  commands into simple parameter  lists for 
the command  interpreter. The command  interpreter is merely a 
collection of routines, one for each  command  in the language, 



to augment the language, it is necessary only to change the  syntax 
cards and  to  add  an  appropriate  routine  to  the command  inter- 
preter. The  syntax of the phase 1 command  language, given in 
Table 1, is simple and involves no recursive definitions. However, 
such  definitions  can be accommodated by  the existing table-build- 
ing  and command-parsing  routines. 

Planned extensions 
One of the first extensions planned for On-Line SUMX is the facility 
for creating and storing  a  number of event files. This  facility would 
permit the user to  create  subsets of his principal input file and, 
hence, reduce the  time required to process variables and  events of 
interest. The facility for creating  event files is already  present  in 
the CERN SUMX program;  incorporating it in On-Line SUMX re- 
quires only the development of techniques for storing  event files 
in direct-access storage  (and possibly also in  main  storage). 

Another  planned extension would display scatter plots, i.e., 
diagrams in which pairs of variables  are  represented by points  in 
a  plane. One method of accomplishing this is with  the command 
PLOT (x-variable, y-variable), Khich converts the event file in  the 
accumulator  into  a scatter  plot of the specified x-y pair from each 
record in the event file. 

An important  adjunct  to  the  scatter plot  facility is that for 
generating  contours or closed curves of special significance to  the 
physicist. The command CONTOUR (contour  parameter  list) would 
place in  the accumulator  a  picture of the contour specified by  the 

Table 1 Command language syntax for phase 1 On-line SUMX 

Dejinitions 

Universal delimiter The space  character. 

Word Any string of characters not containing the universal 
delimiter. 

Terminal set (READ GETN ENTER PRINT DO PREV NEXT QUIT 
GET  PUT  CLEAR  COPY  INTO  DELETE  PAGE GO MAP) 

Terminal  quantities (id  no] 
no Any word whose first  character is 0, 1, . . ., 9, +, or -. 

id All other words excepting the  terminal set. 

Such a quantity is interpreted as a real  number. 

Syntax 

(instr) :: = (vbO) I (vbl) (id) I (vb2) (no) I (vb3) 
(vbO) : : = READ I GETN I ENTER I PRINT I 

PREV I NEXT I QUIT I MAP 

(vbl) :: = GET I PUT 1 CLEAR I DO 

(vb2) :: = COPY I INTO I DELETE I PAGE 

(vb3) : : = GO (id) I GO (id) (id) 

352 MCGEE, PENAFIEL. AND HOWRY 1RM RVST .I 



supplied  parameters. The picture  can  be  saved  with  a PUT com- 
mand  and  later recalled and combined with  any one of a number 
of scatter plot  pictures. For example, the sequence 

PLOT x, y 
ADD K1 

would place in the accumulator  a  scatter  plot of variables z and 
y and superimpose the contour (or any  other picture)  named K1. 
Another  planned  picture-manipulation  operation  includes scaling 
and  translation  to  permit simultaneous viewing of two or more 
separately  produced  pictures. 

By  the end of a session, the user frequently will have  accumu- 
lated a set of objects that he wishes to retain  and use as  a  starting 
point for the next session. To permit  this,  it is planned to provide 
a DUMP command, which would save specified objects  on a se- 
lected output medium (e.g., magnetic tape)  in a  format  suitable 
for the reloading of direct-access storage at  the next session. 

The phase 1 program is heavily  oriented toward  the CERN SUMX 

user. To make the program  more accessible to  the general  user, 
two  additional  facilities  are  planned. The first would allow a user 
to introduce  his own data-computation  program  into the system 
and subsequently call it via the keyboard  with  a generalized DO 
command: DO (program  name,  parameter  set  name). In  this way, 
the user would not  be  restricted  to  the  functions provided  in the 
CERN SUMX program or to  any  other program that might  be sup- 
plied with  the system. 

The second facility for making the system more accessible for 
general use is to provide  keyboard  commands for performing cer- 
tain simple  data-reduction  operations  directly,  rather than  by a 
preprogrammed processor. Examples of operations that might  be 
provided  in this  manner  are:  making file subsets,  listing,  counting, 
constructing  frequency  distributions, finding extremals, and per- 
forming  arithmetic  operations on vectors and matrices. The lan- 
guage for doing this would be  an extension of the present language. 
For example, the command  sequence 

GET file A 
FOR (logical-expression) 
WRITE (variable  list) 
PUT file B 

would select from file A those records for which a  given “logical 
expression” is true,  transform those records into records containing 
variables specified in  the  variable  list,  and  store  the resulting 
records  as file B. 

Concluding remarks 

On-Line SUMX is  a SYSTEM/~BO program that enables the user to 
control the summarization  and display of any  data file via the 



physicists, the program should be useful to others who must sum- 
marize large amounts of data  in order to derive meaning from it. 
The program capitalizes on the unique  ability of a CRT display 
device to present data in forms and at speeds that cannot  be  at- 
tempted on conventional output devices, and  thus  it provides a 
useful interactive mode of computer use in  an inherently difficult 
application  area. 
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