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INTERACTIVE DATA MANIPULATION PROGRAM 

FAWTEK 

USER GUIDE 

W. B. Bayer 
Sandia Laboratories, Albuquerque, New Mexico 87115 

ABSTRACT 

This report describes the interactive data acquisition and manipula

tion program FAWTEK. The program allows users of the electron beam data 

acquisition facility to control the R7912 digitizers and to perform a 

variety of mathematical operations on data arrays. Commands are entered 

in a high level language via a Tektronix UolO terminal console. Each 

command directive and associated parameters is described in detail. 
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1. INTRODUCTION 

The program FAWTEK allows users of the electron beam data acquisition 

facility to interactively manipulate the Tektronix R7912 Transient Digi

tizers and the data arrays produced by them. The program operates as a 

Foreground task and requires approximately 22 K words of core storage. 

It is divided into three different overlay segments. The first overlay 

handles commands that effect the R7912's including normalizing and cali

brating the digitized data. The second overlay performs e. variety of 

mathematical manipulations on data arrays. The third overlay handles 

data transfers to and from magnetic tape. Only one segment will be in 

core at any given time. The root program automatically loads or runs the 

proper overlay for each command. 

1.1 Activation 

The program may be activated from the console terminal by 

striking the console interrupt button and typing 

/FTK/ACT, 11, LMT. 

The program may be activated from either the console terminal 

or the user terminal by pressing the appropriate control interrupt and 

typing 

GO FAWTEK. 

When the program becomes active, it erases the proper terminal 

screen and prints the following messages: 

Machine name, Shot number 

Date 
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PROGRAM FAWTEK ACTIVE 

ARE MACHINE AND SHOT NUMBERS OK? 

When the computer is first turned on, there are no valid machine or 

shot numbers in core. The first line will tie 'blank if this is the case. 

If the user does not wish to change the machine or shot number, he should 

return a 'Y.' If he wishes to enter new parameters, he must return an 'N.' 

This will enable new numbers to be entered after the following line is 

printed: 

ENTER MACHINE AND SHOT NUMBERS 

A number must be entered to select the proper machine. Valid entries 

are shown below. 

ENTRY MACHINE 

0 Hydra 

1 Proto I 

2 Proto II 

3 Special 

The desired shot number should he entered on the same line as the machine 

number. If no entry is made, the program reads the last shot number 

used from the disc and increments it by one. This new number is not stored 

hack on the disc however. Only the data acquisition program EBD will do 

this. The operator must have the correct machine selected for proper 

disc communications. This is described in more detail in Section 2.7. 

After the machine and shot numbers have been set up, the program is ready 

to accept commands as described in Section 2. 

1.2 Data Arrays 

All data arrays are either put in or assumed to be in the standard 

format. That is, each array consists of 515 floating point numbers. The 

significance of each number is: 
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A(l) = N number of valid data points 

A(2) time step between data points 

A(3) 

A(2 + K) valid data points 

A(3 + S) 

A(5lU) vacant 

A(i>15) time at which first data point occurs. 

The root program contains four addressable arrays. They are A, 

5, C, and D. The RAlv data array may be addressed whenever the P.7912 seg

ment is loadPd. 

2. ilOOT TASK(rrK) 

The root task for program FAWTEK is catalogued under the name FTK. 

This program reads all commands from the U010 terminal and decides which 
overlpy to call to execute the commands. Commands are entered via the 

terminal keyboard. The format of a command is a directive word followed by 

up to three parameter entries. The program currently supports 51 different 

directives. The description of each directive is given in the section 

describing the appropriate overlay. Commands are typed in response to the 

message: 
READY 

Only the first three letters of the directive word are examined. Parameters 

may be alphanumeric strings, integers, or floating point numbers. Only the 

first two characters of alphanumeric parameters are examined. FOKTRAH '2' 

field numbers are interpreted as valid floating point numbers; such entries 



count as two parameters. Command parameters may be separated by blank, 
comma, slash or equal sign. If a canrand contains an error, the message 

COMMAND ERROR 
Is printed and the operator may try again. Commands processed by FTK 

Itself are described below. 
2.1 PRINT, array 

Tne array given in the second parameter will be printed out on 

the JtOlO screen. Valid 'array' names are A, B, C, and D. The array is 

printed in 'E' field format with six entries per line and up to 32 lines 

per page. The array elements axe pi-inted sequentially in rows starting 

with element 1 and ending with element 515. The time step and time zero, 

elements 2 and 515, are printed at the top of each page. The program holds 

at the end of each page. To continue the listing, a zero must be entered. 

Any other number will enable the program to accept a new command. Approx

imately 2-1/2 pages are required to print an entire array. 

2.2 GO, destination, (AH) 

This command causes the computer to terminate the program FTK 

and activate another program if one is selected. Valid entries for 'des

tination' are: 

START EBD initialization1 

TV EBD baseline and knob check 

READ EBD read 7912 data 

DIODE DIODE Program 

TRACE Print digiter program 

USER USER PROGRAM 

CAL AUTCAL calibration program 

EXIT no new program activated 
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The parameter 'AH' is optional. If prese.it, it directs the prograas 

DIODE and USER to use th^ alternate output header rather than the normal one 

for the current machine number. This alternate header will normally be 

placed on disc when an old shot is read froc an archiv tape as described 

in Section 5.1. 

2.3 CHANGE, array, element 

This command allows the operator to modify the valae of any element 

in any array. Valid 'array' entries are A, b, C, or D. Valid 'element' 

entries are 1, 2 ... 515. When the command has been interpreted as valid, 

the computer issues a carriage return/line feed, and the operator nay type 

in the new val-je. If the new entry cannot be interpreted as a number, a 

COMMAND ERROF is printed out. 

2.U CURSOR 

This command allows the operator to select and print out a (x, y) 

pair of points anywhere on an existing plot. The terminal crosshair cursor 

is automatically turned on. The operator positions the crosshairs to the 

desired point on the screen. He then strikes any character followed by 

RETURN. The x and y values of the crosshair intersection will be printed 

on the screen. 

2.5 PLOT, array, (KOGRATICULE) 

This command plots an array on a U.5" x U.5" grid. If the array 

has nonzero time shift information in element 515, it will be reflected in 

the plot. The array is plotted vs. time using the time step in element 2. 

The operator may overlay one or more curves on an existirt? plox by use of the 

NOGRATICUI£ optic... Data points which lie outside the existing grid will 

not bo plotted. Arrays plotted with the NOGRATICULE option are drawn with 

II 
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dots at individual data points to distinguish them from the solid l.'.ne plot 
of the first curve. Valid 'array' entries are A, B, C, and D. 

2.6 PLOT, A, array 
This command plots array A vs. a second array. The data In 'A' will 

be plotted as the ordinate axis, end the data in 'array' will be plotted 
as the abscissa axis. The two arrays are tine shifted to zero and placed 
on a common time interval as described in U.7 befo-" plotting. Valid 
entries for 'array' are A, B, C, D. The RAW array is used as a temporary 
storage area. Thus, previous contents of RAW will be lost. 

2.7 Disc Communication 

The operator may read or write data arrays to or from the disc. 
The primary file used is file 23. This file contains 320 records. Each 
data array occupies one record. Each machine has 80 records dedicated 
to it. The program automatically adds in the proper offset for the 
machine the operator has selected. There is also a secondary disc file 
available, file 22. This file contains *t-0 records. It may be addressed 
regardless of which machine has been selected. The format of the disc 
read and write commands is desc~ "^ed below. 

2.8 DWRr'E, array, recc ••-: ~> 

This command write- .. 515 element array to the disc. The 
array is written to the specified record number. Normally this command 
refers to disc direct access file 23- However, if the 22 option is 
selected, file 22 will be used. Valid 'array' entries are A, B, C, E. 
Valid 'record' entries axe 1-1(0 for file 22 and 1-80 for file 23. 

2.9 BREAD, array, record, (22) 
Read an array from disc. Parameters have same meaning as above. 
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"•his proBxar, i s r iutomitical ly loaded by FTK whenever c e r t a i n commands 

ore entered, i t s raain f u n c t ^ n s are t o communicate with le 7912' s and to 

c a l i b r a t e the ant a produced by them, y.any 7912 commands axe i d e n t i c a l 

to those in the Tektronix 72';'. BASIC language. The commands handled by t h i s 

overlay ore described below. 

3.1 SEIxC:, unit 

This command initiates comniunication with i given 7912. All further 

7 »12 instructions will be directed to the selected unit. Another SL'LECT 

command must be entered to communicate with a different unit The last 

-unit number addressed wil. lost whenever another ovevlay progrpm seg

ment besides F79 is loaded. Valid 'unic' entries are any 7912 unit number 

on-line. Currently they are O-llj. 

3.2 rarriAj.EE 
The 7912 previously selected will be initialized. The functions 

actually performed sre: 

1. select TV mode 

2. inhibit dot graticule 

3. unlock memory 

h. inhibit remote channel control 

5. enable ASCII readout converter. 

3.3 LOCK 

LOCK prevents new data from being written into the seltc jed 7912 

internal memory. 

3.^ UNLOCK 

UNLOCK er/ables nw data to be written if the memory was previously 

locked. 



3.5 DGT 

The selected 7912 is placed in digital mode. This takes about 
3 seconds to accomplish if the unit was previously in TV mode. 

3.6 TV 

The selected 7912 is placed in TV mode. 

3.7 DCI 
The dot graticule in tie selected 7yl2 is enabled. 

3.8 NODOT 

r>ot graticule is disabled. 

3.9 REMOTE 

The remote channel s e l e c t option i s enabled in the se lec ted 7912. 

For t h i s cor .and and t he channel s e l e c t commands t o be usefu l , a dual t r a c e 

p lug- in must be used; and the DISPLAY MODE switch must be in the 1LT p o s i t i o n . 

3.10 UNREMOTE 

Remote channel select option is inhibited. 

3.11 CHI 

The signal input to channel 1 on a dual trace amplifier will be 

digitized when the next digitize command is received. This command is 

valid only when the conditions described in 3.9 are met. 

3.12 CH2 

The signal input to channel 2 will be digitized if the conditions 

in 3-9 are met, 

3.13 DIGITIZE 

This command causes a signal to be digitized and stored in the 

selected 7912 internal memory. The program first disables the dot graticule 

aiil then interrogates the 7912 status. If the unit is in TV mode, it is 

placsd in digital mode. If the time base is in single sweep mode, the 



sweep will tie armed. The trace produced by the next time "base trigger 

will be digitized. If the unit's memory is locked when this command is 

given, the 7912 handler will abort the program FTK with a LOK error. The 

program must be reactivated via operator communications directive. 

3.1U ACQUIRE ( ^ m E ) 

ACQUIRE causes the data in ti;? selected 7912 internal memory 
h to be transferreC. to a special buffer in the computer called RAW. 'xue 

RAW data is put in order of increasing scan numbers. Scan numbers are 

flagged by adding 102U to the actual scan number. The unit Knobs data is 

converted from Tektronix format to one with k computer words per Knob entry 

and two characters per word. Each Knobs entry is also converted to a 

floating point number. If the ZERO option is entered, a baseline value is 

computed and stored for the unit. The baseline value is also printed out 

on the screen. The value is computed by normalizing the RAW data (3.15) 

and averaging the resultant signal. The D array is used for this, so any 

data previously in D will be destroyed. The OVERRIDE option is used to 

inhibit the 7912 handler from producing a 'No Data1 status error. This 

option must be used to read data whenever a master eleax has been issued 

to a unit following a digitize operation. The program F79 issues a master 

clear whenever it is loaded. 

3.15 NORMALIZE, array, (maxsep) 

The current contents of the RAW array are converted from trace 

position addresses to center of trace floating point numbers. The normal

ized data is placed in the destination array specified by the 'array' 

parameter. Estimation techniques are used to produce trace center values 

in regions of excess or insufficient RAW data. The method? used are similar 

to those developed by Tektronix. However, there are somt- differences. 
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The F79 program does not extrapolate to fill in blank scans at the beginning 

or end of the trace. Such scans are ignored, and the normalized array is 

left justified if there were leading blank scans. The F79 normalize 

routine attempts to detect if a trace goes off scale. If this condition is 

detected, the following error message is printed: 

ERROR *OFFS, CLUE = value, UNIT = n 

The parameter 'value' is the extrapolation of a region of good data into a 

region of no data. It will either be greater than 500 or less than 1; it 

tells whether the trace went off Bcale high or low. Only one message will 

be given for a normalization. 

Other errors which may occur are signified by the error message: 

ERROR *RAW, CLUE = error, UNIT = n. 

'Error' numbers have the following meanings; 

1 no data (intensity too low 

or trace offscreen) 

2 too much data (intensity too 

high or hardware malfunction), 

3 RAW array data invalid. 

The normalize process produces an array nearly in standard format 

(1.3). The number of scans actually converted will be placed in the 

'array' element 1. The value placed in element 2 is computed by dividing 

the time base time per division by the nominal calibration factor of 51.2 

points per division. The unit baseline is placed in element 51^. This is 

the only deviation from standard format. Element 515 is set to zero. 

The parameter 'maxsep' is used to specify the maximum separation 

between verticals allowable for a valid trace. This option may be used to 

make the normalize subroutine ignore extraneous data points near the desired 
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trace. Valid 'maxsep' entries are 5-511. If the parameter is omitted, 

'maxsep' defaults to 60. 

3.l6 CALIBRATE, array, (BDMARKER) 

This command does a full nonlinear calibration process on a data 

array produced "by a 7912. The CALIBRATE command should be entered a-fter 

a NORMALIZE command. The calibration routine searches the disc files of 

time base and vertical amplifier cal curves for one corresponding to the 

current unit number and Knobs data. If either curve is not there, the 

following message is printed: 

ERROR *NCAL, CLUE = teal, UNIT n . 

'Teal' is the record number of the time base cal curve. If no cal curve 

was found 'teal' is -1. Thus, the clue gives some indication as to which 

cal curve could not be located. No computations are made if either cal 

curve cannot be found. Valid 'array' entries are A, B, C, D. 

3.16.1 Tin? Calibration 

The time base cal curve is used to generate a 512 point 

array of times at which the sampled data points actually occurred. This 

array is used to transform the data array to one with evenly spaced sample 

points. Linear interpolation is used. The new time step is placed in 

'array* element 2. 

3.16.2 Fiducial Marker 

If the parameter NOKA-'XER is omitted, the program will 

search the data for a fiducial marker in the first 50 data points. The 

criteria for finding the location of the marker signal are: 

1. maximum absolute value of the signal, 

2. value is at least 10 addresses greater than zero, 

3. location is not at either end point of the 50 point window. 



If a valid marker is found, it is removed and the data points nre shifted 

in time so that they start 5 ns after the peak of the marker. A new number 

of data points is placed in 'array' element 1. If no marker is found, no 

shifting is done. If the parameter NOMARKER is present, no fiducial search 

is made. 

3.16.3 Amplitude Calibration 

The program assumes that array element 51I+ contains the 

signal baseline value. If the baseline has not been placed in the array 

by a normalization, It must be placed there manually by a CHANGE command 

(2.3). The baseline value is subtracted from the data values in the array. 

The vertical amplifier calibration is read from the disc and is then used 

to scale the data from trace addresses to volts. The selected array is now 

calibrated with respect to the unit time base and vertical amplifier 

characteristics. 

3.17 ENHANCE 

This command allows the operator to add or delete points fron 

the RAW array. The RAW array is plotted, and the program types the 

message 

READY • 
# 

Enhancement commands are entered like ar-y other command. The valid comaands 
are described below. 

/ 
3.17.1 NEW 

The crosshair curso-.- is activated and the operator posi

tions the crosshairs where he wishes to add a new point. The cursor posi

tion is transmitted by striking any alphanumeric key followed by RETURN. 

A new point will be placed in the SAW array at the intersection of the 

crosshairs; and the ENHANCE program will accept further commands. 
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3.17.2 DELETE, QUADRANT, n 

The crosshair cursor is activated. When the cursor 

position is returned, all the data points in quadrant 'n' will "be deleted. 

Quadrant numbers are 1, 2, 3, h and refer to the upper right, upper left, 

lower left, and lower right quadrants, respectively. 

3.17.3 DELETE, AKEA, (n) 

The data points within a box with sides 'n'/10 square 

inches around the returned crosshair cursor position will bP deleted. If 

'n' is omitted, a value 'n' = 1 is used. 

3.17 A H/CT 

The current RAW array will be plotted. 

3.17.5 GO 

This command terminates the enhancement process. The 

program FTK will be re-entered and the operator may enter another FTK 

command. 

3.18 STATUS 

The status of the selected R7912 will be interrogated. The 

status word is printed out as the message 

STATUS = n. 

This message is also printed after every F79 command that 

communicates with a 7912. The status word is in hexadecimal format. 

Each character represents a unique pattern of k bits of the 16 bit status 

word. The characters used are 0-9 and A-F. The bit pattern to character 

correspondence is straight binary with the charactex-s A-F corresponding to 

numbers 10-15, respectively. The meaning of the various bits being set is 

described below. 
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0 1 2 3 It 5 6 7 8 9 10 1 1 12 13 l i t 15 

ER OFF BTi MOD M?E 3D MF 0 0 BSY SS SSA 0 0 EB UB 

1st 
Oh 

Hex 
i r 

2nd Hex 
Char 

3rd Hex 
Char 

ktii Hex 
Char 

Bit 

0 
L ame 

ER 

Meaning 

1 OFF 

2 BTL 

3 MOD 

MEE 

ND 

6 MF 

9 BSY 

10 SSS 

1 1 SSA 

1U BB 

15 UB 

Some error exists as indicated in bits 

1-6. 

Unit is offline. 

Unit stayed busy too long. 

Unit is in w.'ong mode i.e., normal or 

single sweep. 

Memory parity error detected during 

last acquire operation. 

Ho data i.e., unit has not triggered 

since last digitize or master clear. 

Unit local memory failure. 

Unit is busy i.e., switching from TV to 

digital mode or digitizing. 

Single sweep mode selected. 

Single sweep armed. 

Buffer busy. 

UFT busy. 

3.19 CLEAR 

A hardware master clear is sent to all units. This causes 

each unit to go to the following states; not armed, no data available, 

memory unlocked. 
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3.20 PRINT, RAW, (scan 1, scan 2) 

This command causes the RAW array to be printed. If the 2 

scan parameters are omitted, the entire RAW array will be printed. The RAW 

array consists of a scan number followed the verticals for the scan for 

every scan. Scan numbers have 1021+ added to th&n to distinguish then from 

verticals. The elements will be printed in integer format 10 entries per 

line and 30 lines per page. Usually six pages will be required to print 

the entire array. The operator must strike the RETURN key to advance 

pages. If any number other than zero is returned, printing will cease; 

and a new command may be entered. 

If the 'scan' parameters are included only the scans between 

and including 'scan 1' and 'scan 2' will be printed. The format is one 

scan per line and up to 70 lines per page. Scan numbers are printed with 

the 1021+ bias removed. 'Scan 1' must be between 0 and 511. 'Scan 2' must 

be between 'scan 1' and 511. 

3.21 PRINT, KNOBS 

The current contents of both the ASCII Knobs and real Knobs 

arrays will be printed. The ASCII Knobs will be printed on four lines. 

The four lines correspond to the vertical amplifier channel 1 sensitivity, 

channel 2 sensitivity, time base delaying sweep speed, and time base sweep 

speed, respectively. For 7B53A time bases lines three and four are reversed. 

Blanks will be printed on any line not used. In addition, the symbols ! and 

> are used to indicate that inverted or uncalibrated switches axe set for 

a given entry. The floating point numbers corresponding to the ASCII 

data are printed on the next lines. 

3.22 PLOT RAW 

The RAW array is plotted. Vertical scaling is in 7912 

vertical addresses. Horizontal scaling is in scan numbers. 
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h. OVERLAY fflDATA (FWD) 

The commands processed by this overlay segment perform various mathe

matical function^ on the four floating point arrays A, B, C, D. Many 

functions in this section use the RAW storage array as a temporary work 

area. Thus, any RAW data will usually he destroyed when this overlay is 

loaded. All commands have the directive followed by at least one array 

name. If the array does not contain valid data, a command error will 

result. 

U.l INTEGRATE, array 

The 'array' is mathematically integrated, and the result is placed 

hack in the original array. The method used is the trapezoidal rule. 

U.2 DIFFERENTIATE, array 

The 'array' is mathematically differentiated, and the result is 

placed back in the original array. The method used is a three point 

approximation. 

k.3 ADD, array, n 

The number 'n' is added to every data point in the 'array.' Valid 

entries for 'n' are integers, floating point, or 'E' field numbers. 

U.U SUBTRACT, array, n 

The number 'n' is subtracted from every point in the 'array.' 

U.5 MULTIPLY, array, n 

Every data element in the 'array' is multiplied by 'n.' 

1+.6 DIVIDE, array, n 

Every data element is divided by 'n.' 

l+.T ADD, A, array 2 

The data in array A is added to the data in 'array 2.' The result 

is kept in A. Before the addition is performed, both arrays are time 



shifted so that the first data point occurs at t = 0. The tWT arrays 

are then put on a common sampling interval. The sampling interval will 

be the smaller of the two. Lineer interpolation is used to transform the 

array with the larger initial time step. The number of points used will he 

the minimum of those in the two arrays. The first array parameter must be 

A. The second one may be A, B, C, D. 

U.8 SUBTRACT, A, array 2 

The data in 'array 2' is subtracted from array A. Time manipula

tions and valid entries are described in U.7. 

U.9 MULTIPLY, A, array 2 

The data elements in array A are multiplied by those in 'array 2.' 

Time manipulations and valid entries are described in 4.7, 

U.10 DIVIDE, A, array 2 

The data elements in array A are divided by those in 'array 2.' 

Ho checks are made to prevent division by zero. If it occurs, une operating 

system will abort FTK. Time manipulations and valid entries are described 

in U.7. 

It. 11 AVERAGE, array, (element 1, element 2) 

The average value of the 'array' is computed. If the 'element' 

arguments are omitted, the whole array is averaged. The average value is 

printed out beneath the command. If the 'element' parameters are present, 

only the portion of the array between and including 'element 1' and 'element 

2' will be averaged. Valid entries for 'element 1' are 1 to N where H is 

the number of data points in 'array.' Valid entries for 'element 2' are 

from 'element 1' to N. 
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U.L2 MAXIMUM, array, (element 1, elements) 

The maximum value of the 'array' is found and printed out. The 

'element' parameters have the same effect as described in U.ll except that 

the operation performed is locating the maximum. 

U.13 MINIMUM, array, (element 1, element 2) 

The minimum value of the 'array' is found and printed out. The 

'element' paraneters have the same effect as described in It. 11 except that 

the operation performed is locating the minimum. 
tafl 

U.11+ COMPARE, A, B,(£p 

A least sq.uf.i-es comparison is made of the arrays A and B. The 

program takes A as the known array and adjusts the amplitude and time shift 

oi 3 so that the total squared difference between the two is minimized. 

The parameters 'BA' and 'BS' are optional. They effect the mode of the 

baseline shift in the comparison. If neither is entered, no baseline 

shifting will be performed on the two arrays. If 'BA' is entered, the B 

array will also have its baseline shifted by a constant amount to optimize 

the least squares fit. If 'BS' is entered, the B array will have both the 

amplitude and slope of the baseline adjusted to optimize the fit. This 

feature is most useful when B is an integrated input array. 

The two arrays are then plotted superimposed on the same grid 

with A drawn by a solid line and B drawn by dots. The final scale factor, 

time shift and baseline shift are printed out to the left of the graph. 

The standard deviation, normalized standard deviation, and the comparison 

status word are also printed out. The meaning of the status word is: 

S > 100 100 plus the number of iterations 

required for standard deviation 
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0 <: Z s 30 number of iterations required 

for fit; 

S = 0 no data overlap, no fit. 

The operator must return a number to enter another command. An entry of 

•̂ ero w^H cause a harrt copy to be made. 

k.15 XFR, uxray 1, array 2 

All 515 elements of 'array 1' are transferred to 'array 2.' 

U.l6 CABLE, array, compensator 

The 'array' is convolved with another array read from the disc 

file of cable compensation curves. The second array will be read from the 

record position given by the 'compensator' parameter. If the difference 

in time steps for the array and the compensator is greater than 10 percent 

of the compensator time step, the convolution will not be performed; and a 

command error will result. If the time steps are different, but the 

difference is within the 10 percent limit, the two arrays will he put on a 

common sampling interval. The interval chosen will be the smaller of the 

two. The actual convolution process requires approximately 8 seconds. 

U.17 FFT array, window 
7 

A discrete Fourier transform is made on the 'array.' . The mag
nitude of the transform is then placed in the 'array.' Only the first 
half of the magnitude of the transform is transferred since the second half 
is a mirror image of the first. The frequency step is placed in element 2. 
The 'window' parameter has the following meaning: 

Window 
0 no windowing, 
1 leading and t r a i l i n g edge windowed, 
2 t r a i l i n g edge windowed, 
3 leading edge windowed. 
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The windowing function is a shifted cosine function. The windowing equation 

is 

Array (I) = Array (I) * 0.5 * (1 ± cos (U^ 2T(I-1)/N)) 

where 

cuQ = 0, 1, 0.5, 0.5 depending on 'window,' 

N = number elements in the array. 

Windowing is necessary to assure that there is no abrupt jump in data 
7 values at either end of the data. 

U.18 TSHUT, array, (shift) 

If 'shift' is omitted, 'array' element 515 is examined. If it is 

zero, no operation is performed. If it is negative, the array is shifted 

left and points occurring before t = 0 are eliminated. If it is positive, 

the array is shifted right and data values equal to zero are placed in 

positions between t = zero, and the time at which the array originally 

occurred. If this would require that the number of data points exceed 

512, the trailing points greater than 512 are dropped. Array element 515 

is set to z*ro. The new number of points is placed in element 1. 

The parameter 'shift' is the time in seconds by which the array 

is to be shifted. The value 'shift' is added to array element 515. Thus, 

a positive 'shift' entry moves the array to the right, and a negative 

entry moves it left. 

U.19 LOG array 

The 'array' is transformed by 

Array (I) = AL0G10 (Array (I)), 

for all data points in the 'array.' Each array element is checked to insure 

that it ig positive. If a nonpositive value is detected, the operation 

ceases; and a command error is printed. 



li.20 3QK0CT array 

The square roo t of ' a r r a y i s taken: 

Array (I) = SQJiT (Ar ray! I )} . 

Each element i s checked to insure i t i s non-negat ive. If a rier cive value 

i s de tec ted , t he opera t ion ceases ; and a command e r ro r i s p r i n t e d . 

5. OVERLAY FVTAFE (FWT) 

This overlay segment processes commands t h a t r e f e r t o magnetic tape 

read or w r i t e ope ra t i ons . . c--<,— '._.*:" ' ••'•" , J , " » ™ n + t"*» "or-

ra&ts. The f i r s t type i s t h a t used for archiving e l ec t ron beam machine 

shot d a t a . J The second t j pe i s an ASCII f l o a t i n g poin t number format for 

stand.'xd da ta a r r a y s . And f i n a l l y , the t h i r d type i s an ASCII in tege r 

format fo r PAW da t a . The f i l e s used by FWT a re TAP and l o g i c a l u n i t k. 

TAP i s normally assigned t o MT1 and k t o KT2. TAP i s usee for the f i r s t 

type of format commands and U i s used for t he second and t h i r d t y p e s . 

5.1 TREAD, sho t , machine, (COMMENTS' 
HEADERS 

This command will read data from a shot archive tape for the re

quested 'shot' and 'machine' numbers. If the 3rd parameter is omitted, the 

entire shot will be read. The input and output headers will he read into 

core. The data arrays will be read and copied onto disc file 23 in the 

area corresponding to the machine selected. The input and output headers 

are copied to the header areas for machine 3 (Special). They will then 

be printed on the U010 screen on successive pages. The operator must 

return a number to continue the program. If a zero is entered, a hard 

copy will be made. The operator may make changes to the headers by going 

to EBD and entering machine number 3. If the program encounters a isaehine 

number on the tape other than that requested, the following message is 

printed: 
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TAPE MACHINE = n l , CALDER MACHINE = n2 

This message w i l l only be p r in t ed once per search. 

Inclusion of the t h i r d parameter in the command causes the tape read 

to he l i m i t e d . If a number ' n ' i s en te red , only ar ray ' n ' for the shot 

i-.:l_l be read . I t w i l l be placed in ar ray A. If the t h i r d parameter- i s 

••EAL.TRS, the input and output headers are read and p r in t ed on the screen 

h.--, described above. If 'COMMENTS' i s en te red , the comment line for the 

."•V.-t w i l l be read and p r i n t e d on the screen . 

V J id e n t r i e s for ' s h o t ' ere any shot number on the t a p e . Valid 

e.-;-.,:.i?"= for 'machine' are 0 , 1 , 2 , corresponding to Hydra, Proto I or 

I r e t o ", r e s p e c t i v e l y . Valid e n t r i e s for ' n ' are 1 through h ighes t number 

•'•ray .'or t he requested shot . After each command i s processed, the tape 

t.ca :.\^ -->rd i s p r in t ed ou t . The meanings of t h i s parameter are: 

Tape S ta tus 

0 operation successfully completed, 

2 'shot' not on tape, 

3 array number 'n' Invalid, 

1+ comments or input header not on tape. 

.<- .•.i-.pi: error message will also be printed if the status is not 0. 

~. .2 TRFAD, array, (REWIND) 

The program attempts to read a standard data array from logical 

vnii -t into 'array.' The record format used is 20E12.U. If the tape is 

positioned in front of an endfile mark, the mark is skipped; but no data 

wili ".« read. If the second parameter is REWIND, the tape will be rewound 

Ix.-fcre the read is attempted. Valid 'array' entries are A,B,C,D. 
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r . 3 TREAD, IV V, (REWIKD) 

Tlie program will attempt to read data into the RAW array from 

logical unit k. If the tape is positioned in front of an endfile mark, 

the nark will be skipped- bu4- no data will be read. The tape read contin

ues until either the RAW array is filled or an endfile mark is detected. 

The RAW data is read in record formats 2015. If the second parameter is 

REWIND, the tape will be rewound before the read is attempted, 

5.U TWRITE. array, (REWIND), (ENDFILE) 

The contents of 'array' axe written to logical unit •+. The 

record format is 20E12.lt. If the second parameter is REWIND, the tape will 

be rewound before the write is performed, if the third parameter is 

EI1DFILE, an endfixe mark will be written following the data array. Valid 

entries for 'array' are A,B,C,D. 

5.5 TWRITE, RAW, (REWIND) 

The RAW array will be written to logical unit h. The record format 

is 2015. The RAW data will be followed by an endfile mark. If the second 

parameter is REWIND, the tape will be rewound before the write is performed. 
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