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AVERAGER 

T i t l e  : Online AVERAGER Program 

Manuscript Names: RESIDENT, FPSP4MOD, QAKBDTTY, SETUP, AVEDISP, CALIBRAT, 
AVESECT1, AVESECT2, AVEBOTHl, AVEBOTH2, AVEPLOT, AWCALL 

Binary Name: AVERAGER 

Program Language: W 6  

Computer : L I N C  

P rogramne r : 

Contrib. Organ.: Laboratory Computer F a c i l i t y  

Dennis J. Nichols 

University of Wisconsin 

1.0 

2.0 

2 .1  

2.2 

PURPOSE 

This program provides a means of computing the average response of some 

signal-generating device t o  a series of exc i ta t ions ,  s., the human evoked 

c o r t i c a l  response t o  a t r a i n  of l i g h t  f lashes .  

a latency histogram of a zero-or-one device, e.g., a discriminated neural  

f i r i n g .  

It is a l s o  possible  t o  generate 

The general  c a p a b i l i t i e s  of the program include: 

A. Simultaneous one-input averaging and la tency histogram. 

B. Simultaneous two-input averaging. 

C. F i l i ng  of completed averages. 

D. P lo t t i ng  of f i l e d  data. 

USAGE 

Program Implementation 

Mount the LINC tape containing LAP6 and the  binary program on u n i t  0. Mount 

a da ta  tape on unit 1. S e t  t he  Lef t  Switches t o  0701 and the  Right Switches 

t o  7300. L i f t  the DO lever .  When the  tape s tops ,  push the START 20 button. 

Call the  program with the  LAP6 Load meta-command as follows: 

+LO AVERAGER,O 

Space Required 

The binary requires  26 

on u n i t  0. During execution, AVERAGER uses a l l  8 quar te rs  of memory. 

blocks and may be f i l e d  anywhere i n  the LAP6 f i l e  8 
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' CHANNEL Z - SAM Z ? 
CHANNEL 2 - SAM Z ? 

NUMBER OF SWEEPS ? ? ?  
[ Z-999] 

2.3 Operational Procedure 

Upon entry t o  the  program, a 7-way option display i s  presented. 

w i l l  later be re fer red  t o  as the "main option display." 

t h a t  a l l  options re turn  when they are f inished.  

normally performed i n  order followed by option 

This display 

It is  t o  t h i s  display 

The f i r s t  three options are 

o r  5. 

DO ? 

1 SETUP 
2 DISPLAY 
3 CALIBRATE 
4 AVERAGE Z+lNITS 
5 AVERAGE 2 
b PLOT 
7 CALL PROGRAM 

~~ - 

To choose the desired option, s t r i k e  the  proper key (1 t o  z) followed by 
End Of Line (EOL). - 
the main option display and within each option, the words "key" and "Keyboard" 

may be in te rpre ted  as re fer r ing  t o  e i t h e r  t he  standard LINC keyboard o r  the 

Teletype keyboard. Both keyboards are throughout the  program and may 

be used interchangeably. 

The operation of each option is explained below. For 

2.3.1 SETUP 

The SETUP option allows the user t o  change parameters which are used by 

options DISPLAY, AVERAGE l+UNITS, and AVERAGE 2. The parameters entered i n  

t h i s  option are retained u n t i l  modified by subsequent use of t h i s  option o r  

u n t i l  updated by options AVERAGE lfUNITS o r  AVERAGE 2. 

A l l  questions,  i n  t h i s  option only, use the  convention t h a t  any question 

answered with a l l  blanks w i l l  cause the  previous answer t o  t h a t  question t o  
be retained. 

RUN NO. o r  BLOCK NO., then the modified r e s u l t  is retained. A question may 

be answered with a l l  blanks by simply s t r i k i n g  E p r i o r  t o  any other  key. 

The questions and t h e i r  explanations follow. 

I f  the  previous answer has been modified, as i n  the case of 
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The answer:, t o  t h e  f i r s t  two questions should be d i g i t s  from C o 6. 

answers determine which physical  analog inputs  (SAMs) w i l l  be unpled a n !  

averaged. FVERAGE 2 uses both CHANNEL 1 and 2, while AVERAGE -UNITS usc s 

only CHANNFI 1. The las t  question of t he  display determines t number I I f  

sweeps (responses) t o  be averaged. 

‘rh, se 

SWEEP TIME = I ?? x su MS [I-rn] 

Answer w i t h  the mul t ip l i e r  of 50 mill iseconds which gives  the es i red  time 

length f o r  the sweep width. 

SERIES IL IS ??????  

Any 6 alphabet ic  o r  numeric characters  may be used f o r  the  ser 3s i den t i f i ca -  

t i on  which is  s tored  with each da ta  run performed. 

Data runs w i l l  be numbered sequ tn t i a l ly  s t a r t i n g  with the decin 31 number 

supplied bv the answer t o  t h i s  question. 

program, following 99 w i l l  be 00, 01, etc. 
The run numbers, generated by the 

BLOCK ??? ON WIT 2 
[E774 OCTAL] 

This answer w i l l  spec i fy  where on the  da t a  tape t h e  next da ta  run w i l l  be 

s tored.  

the block number w i l l  automatically be incremented by 4 so t h a t  t h e  next 

d a t a  run w i l l  be s t o r e d  in sequence. 

The block spec i f i ed  must be a mult iple  of 4. After  each da ta  run 

2 . 3 . 2  DISPLAY 

The DISPLAY option causes t h e  LINC t o  simulate a dual-beam osci l loscope,  

each beam displaying one analog input.  

se lec ted  i n  trie SETUP option, the  upper beam is CHANNEL 1 and the  lower is 

The inputs  displayed a r e  those 
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2.3.3 

CHANNEL 2. 

f i r s t  display determines the sweep mode. 

The sweep speed i s  a l s o  determined by the SETUP option. The 

SWEEP ? 

0 FREE RUNNING 
1 SYNC TO STIMULUS I 

The analog display w i l l  occur a f t e r  E is s t ruck.  

terminate t h i s  option. 

S t r i k e  any key t o  

CALIBRATE 

AVERAGER requires  t h a t  the input  t o  the LINC be ca l ibra ted  so tha t  the  f i n a l  

averages may be represented as the average vol tage occuring a t  the source. 

In  order t o  accomplish such a ca l ib ra t ion ,  the  user  should connect an osc i l -  

l a t o r  with known peak-to-peak amplitude t o  the input  of h i s  f i r s t  amplifier.  

The output of the last  amplif ier  then becomes the input  t o  the LINC (such items 
as a magnetic tape o r  transmission l i n e  may be used between the f i r s t  and last 

amplifier) .  

of CALIBRATE, t h i s  input  m u s t  have a voltage swing g rea t e r  than 5 . 1 0  v o l t s  

and a frequency between 25 and 250 her tz .  The f i r s t  display i n  t h i s  option is: 

The input t o  the  LINC m u s t  not exceed - +1.0 vo l t s .  For the purpose 

0 N E W  CALI BRATI ON 
Z CHANGE BY A FACTOR 

SAM Z ? 

The answer t o  the second question above determines which analog input  ( S A J ~ )  

is t o  be used. I f  a NEW CALIBRATION is  desired,  the user m u s t  provide the 

o s c i l l a t i n g  s i g n a l  mentioned above. In  t h i s  case, the next question w i l l  be: 

? ? ?  VV PEAK-TO-PEAK 

Answer with the amplitude of the o s c i l l a t o r .  

po ten t i a l s  usually d i c t a t e  t h a t  the  answer w i l l  be i n  micro-volts. 

may adopt any consis tent  system. 

e igh t  sweeps with a sweep width of 50 mill iseconds.  

The vol tage leve ls  of evoked 
The u s e r  

After - EOL is s t ruck ,  CALIBRATE w i l l  average 

The t r igge r  f o r  the 
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sweep is a positive-going threshold crossing ( H . 0 6 ~  at  the  LINC input)  

of the s igna l  t o  be averaged. 

amplitude and computes a ca l ib ra t ion  value f o r  the desired channel. 

the 7 channels may have t h e i r  awn ca l ib ra t ion  values. 

sweeps w i l l  be displayed. 

The program measures the peak-to-peak average 

Each of 

The average of e igh t  

Terminate by s t r i k i n g  any key. 

The CHANGE BY A FACTOR allows the user  t o  change the  previous ca l ib ra t ion  

value on SA34 lX by an in t ege r  fac tor .  This is usefu l  when amplif ier  gain 

is changed by a ca l ibra ted  s t e p  switch. I f  t h i s  option is chosen, the next 

display w i l l  be: 

AFPL I F I CAT1 011 
INCREASED BY ? ?  
DECREASED BY ?? 

Answer the proper question above with the  f ac to r  by which the amplif icat ion 

w a s  changed. Answer the o ther  question by s t r i k i n g  only - EOL, 

blank o r  non-zero answer w i l l  be used and the other  one ignored. 

ca lcu la t ion  is made, the  main option display w i l l  reappear. 

The f i r s t  non- 

After  the 

2.3.4 AVERAGE l+UNITS 

This option averages one analog input  while forming a la tency histogram 

(post-stimulus t i m e  histogram). 

i n  SETUP. 
connected t o  ex terna l  l i n e  1 (XL 1, see sec t ion  2.12). The input  f o r  the  

histogram is a -3 v o l t  level on ex terna l  l i n e  2 (XL 2 ,  see sec t ion  2.12). 
program samples 250 poin ts  t o  produce one sweep. Thus, i f  a sweep width of 

50 mill iseconds is used, a sample is taken every 200 vseconds. 

The analog input  is CHANNEL 1 as assigned 

The synchronizing o r  st imulus input  is a -3 v o l t  pulse t o  be 

The 

Before s t a r t i n g  sampling the following display is presented: 

rn POINT ?? 

XX is the decimal sequence number of t h i s  run. 

option, the run number w i l l  be incremented by 1. The user  may answer with 

A t  the  completion of t h i s  
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any two alphanumeric characters  t o  fu r the r  i den t i fy  t h i s  run. 

is s t ruck ,  the program w i l l  pause f o r  t he  synchronizing input  and then 

start sampling. 

analog-to-digital converter. 

When - EOL 

Each sample is  compared t o  the upper and lower l i m i t  of the 

I f  the input ever reaches o r  exceeds these l i m i t s  (kl.0 v o l t s ) ,  the  current 

sweep w i l l  be re jec ted  and not  averaged. 

is counted and la te r  re fer red  t o  as "skips." 

number of acceptable sweeps equals the  number of sweeps requested i n  SETUP. 

Each acceptable sweep is momentarily displayed before pausing f o r  the  next 

sync s ignal .  Between sweeps the accumulator w i l l  display,  i n  oc t a l ,  the  

number of remaining sweeps t o  be averaged. 

the da ta  w i l l  be averaged, wr i t ten  onto the da ta  tape,  and displayed on the  

L I N C  oscil loscope as shown i n  sec t ion  2.4.1. 

the average waveform display and presents  the user  with the  following options: 

The number of such re jec ted  sweeps 

Sampling continues u n t i l  the  

When sweep count is s a t i s f i e d ,  

S t r ik ing  any key in t e r rup t s  

Do? 
0 NEW SCALE 
Z EXPAND DISPLAY 
2 COMPRESS DISPLAY 
3 EXIT  

If option 0 is chosen, the user w i l l  be asked f o r  a new vertical scale: 

SCALE ? ? ?  [35%01 

The user  should answer with a decimal number i n  the  indicated range and 

s t r i k e  - EOL t o  re turn  t o  the average waveform display. 

The EXPAND and COMPRESS options r e f e r  t o  the  hor izonta l  t i m e  base. 

choosing EXPAND, the display w i l l  be enlarged t o  show only the l e f t  ha l f  of 

the  display. COMPRESS w i l l  r e turn  t h e  display t o  normal. 

have no e f f e c t  when the  display is already i n  t h a t  state. 

o r  simply h i t t i n g  E, control  w i l l  r e tu rn  t o  the  main option display. 

t h i s  run r e su l t ed  i n  f i l l i n g  the da t a  tape, then that tape is rewound and the 

following display precedes the  r e tu rn  t o  the main option display. 

By 

These two options 

By choosing EXIT, 

If  

MOUNT NEW DATA TAPE 
BEFORE NEXT RUU 



2.3.5 AVERAGE 2 

AVERAGE 2 averages two analog inputs  simultaneously. 

are those assigned i n  SETUP. 

t o  be connected t o  external l i n e  1 (XL 1, see sec t ion  2.12). 

samples 250 poin ts  on each input  t o  produce one sweep. 

mill isecond sweep is  used, a sample i s  taken on each input  every 200 

The analog inputs  

The synchronizing input  is a -3 v o l t  pulse  

The program 

Thus, if a 50 

pseconds. 

Before s t a r t i n g  sampling, t he  following display is presented: 

POINT Z ? ?  
POINT 2 ?? 

XX is the  decimal sequence number of t h i s  run. A t  the  completion of t h i s  

option, t he  run number w i l l  be incremented by 1. The user  may type any 

alphanumeric characters  t o  f u r t h e r  i den t i fy  t h i s  run (POINT 1 i s  associated 

with CPANNEL 1, POINT 2 with CHANNEL 2 ) .  

t he  program w i l l  pause f o r  the synchronizing input  and then s tar t  sampling. 

Each sample is compared t o  the  upper and lower l i m i t  of t h e  analog-to- 

d i g i t a l  converter. If t he  input  ever reaches o r  exceeds these l i m i t s  

(+l .O - v o l t s ) ,  t he  cur ren t  sweep (both channels) w i l l  be re jec ted  and not  

averaged. The nunher of such r e j ec t ed  sweeps is counted and la ter  re fer red  

t o  as "skJ.ps." 

equals t he  number of sweeps requested i n  SETUP. 

the sync s i g n a l  occurs, t he  accumulator w i l l  d isplay,  i n  o c t a l ,  t he  nunher 

of remaining sweeps t o  be averaged. When the  sweep count is s a t i s f i e d ,  

the da ta  will be averaged, wr i t t en  onto the  da t a  tape,  and displayed on 
the L I N C  oscilloscope as shown in s e c t i o n  2 .4 .2 .  Ptriking any key i n t e r r u p t s  

the average waveform display and presents  the  user  with the  following 

options : 

When the  second - EOL is s t ruck ,  

Sampling continues u n t i l  t h e  number of acceptable sweeps 

During the pause before 
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D o ?  
0 NEW SCALE 
Z EXPAND DISPLAY 
2 COMPRESS DISPLAY 
3 EXIT  

v 

The user should answer with a decimal number i n  the  indicated range 

and s t r i k e  - EOL t o  re turn  t o  the average waveform display. 

The EXPAND and COMPRESS options r e f e r  t o  the hor izonta l  t i m e  base. 

By choosing EXPAND, the  display w i l l  be enlarged t o  show only the l e f t  

ha l f  of the display. 

These two options have no e f f e c t  when the  display is already i n  t h a t  

state. By choosing EXIT, o r  simply h i t t i n g  E, cont ro l  w i l l  r e tu rn  

t o  the main option display. 

tape, then t h a t  tape is rewound and the following display precedes 

the  re turn  t o  the main option display. 

COMPRESS w i l l  r e tu rn  the  display t o  normal. 

I f  t h i s  run resu l ted  i n  f i l l i n g  the da ta  

I MOUVT NEW DATA TAPE I BEFORE NEXT Rwu 

2.3.6 PLOT - 
The PLOT option provides a means f o r  r e t r i ev ing  averaged da ta  which 

has been wr i t ten  on a da ta  tape. 

waveform on the scope face  and/or p l o t  i t  on the CalComp p l o t t e r .  

t he  p l o t t e r  is t o  be used, i t  should be ON previous t o  enter ing t h i s  

option. 

PLOT allows the  user  t o  display the  

I f  

PLOT begins by i n i t i a l i z i n g  the  pen pos i t ion  and requesting: 
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Enter the octal  number where the desired da ta  i s  s tored.  

spec i f ied  m u s t  be e i t h e r  zero o r  a mul t ip le  of 2,  i.e., an even number from 

0 t o  776. After - EOL is s t ruck ,  the program w i l l  read the  da ta  from u n i t  1. 

I f  the given blocks do not  contain averaged data ,  the program w i l l  go 

d i r e c t l y  t o  the option display shown below. I f  the  da t a  is present ,  i t  w i l l  

be scaled and the  waveform display shown i n  sec t ion  2.4.3 w i l l  be presented. 

S t r ik ing  any key i n t e r r u p t s  the waveform display and presents  the following 

The block number 

options : 

DO ? 
0 SCALE 
Z FORWARD 
2 SKIP FORWARD 
3 BACK 
4 NEW BLOCK 
5 PLOT 
b CONT PLOT 
7 EXIT 

The SCALE option allows the user t o  e n t e r  a new vertical scale v i a  the  

following display : 

After  enter ing the new scale and s t r i k i n g  E, the waveform display is 
again presented. 

Options 1 through 4 change the  block number of t he  da t a  t o  be displayed. 

BLOCK re turns  t o  the  f i r s t  quest ion i n  this section t o  obtain a new block 

number. 

table .  

NEW 

The o ther  options modify the block number as shown i n  the  following 

OPTION 
NUMBER 

1 
2 
3 

NAME INCREMENT 
FORWARD +2 
SKIP FORWARD +4 
BACK -2 
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The SKIP FORWARD option is  used f o r  going forward thru  da ta  produced by 

AVERAGE l+UNITS. 

and backward thru data  produced by AVERAGE 2. 

4 lead back t o  the waveform display unless: 

The FORWARD and BACK options are used f o r  going forward 

In  any case, options 1 th ru  

a) the blocks referenced do not  contain averaged data ,  i n  which 

case the option display reappears ; 

or  b)  i n  the case of FORWARD o r  SKIP FORWARD, the end of tape fs 
reached, i n  which case END TAPE w i l l  be displayed. By s t r ik ing  

-' EOL the p lo t  option w i l l  terminate and the  main option display 

w i l l  reappear. 

Option 5 w i l l  p lo t  the waveform j u s t  displayed. 

automatically spaced 5 p lo t s  per  page. 

up. 
p l o t t e r  output. After p lo t t i ng ,  the above option display reappears. 

The p l o t t e r  output is 
The waveform is  p lo t ted  negative 

A waveform scaled properly f o r  viewing on the scoge gives good 

Option 6,  CONTinuous PLOT, allows the  user t o  p lo t  a series of waveforms 

which are s tored  successively on the  da t a  tape. 

ask f o r  the  information necessary t o  do the p lo t t ing :  

The following displays 

PLOT ??? DEC WITH 

Answer the f i r s t  question with the decimal number of p l o t s  desired.  

the second question with 4 i f  da ta  from AVERAGE l+UNITS is t o  be p lo t ted  

( the  increment r e fe r s  t o  the  spacing of da ta  on the  da ta  tape).  

p lo t t i ng  da ta  from AVERAGE 2 use an increment of 2 t o  p l o t  two averages 

per  run o r  an increment of 4 t o  p l o t  one average of each run. 
s t r i k i n g  the second E, the  user  w i l l  be asked f o r  the block ntnnber of 

the f i r s t  waveform t o  be plot ted.  

Answer 

I f  

After 
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Answer with an even number i n  the range 0-776. 

- EOL is struck. 

any key on the  LINC keyboard. 

completed, o r  when p lo t t i ng  has been stopped, CONT PLOT w i l l  r e turn  t o  

the above option display. CONT PLOT w i l l  not p l o t  blocks which do not  

contain data.  

p l o t s  t o  be done. 

P lo t t i ng  begins a f t e r  

It may be stopped only a t  the  end of a p l o t  by s t r i k i n g  

After  a l l  requested p l o t s  have been 

However, such blocks are counted towards the number of 

w i l l  be displayed i f  the  end of the da t a  tape is reached. 

terminate the PLOT option and re turn  t o  the main option display. 

S t r ike  - EOL t o  

EXIT w i l l  r e turn  t o  the  main option display. 

p lo t t i ng  the histograms. 

There is no capabi l i ty  f o r  

2.3.7 CALL PROGRAM 

The CALL PROGRAM option allows the  user  t o  exit  from the  AVERAGER program 

and load a d i f f e r e n t  program i n  one s tep .  

may re turn  automatically t o  AVERAGER. 

on u n i t  0 .  This option starts with the display: 

The new program t o  be loaded 

The program t o  be loaded must be 

I C A U  ME PROGRAM I ???????? 

Type i n  the  name of t he  program desired and s t r i k e  - EOL. 

program is present,  i t  w i l l  be loaded and s t a r t ed .  

is found, then: 

I f  the requested 

I f  no such program 

w i l l  be displayed, S t r i k e  any key t o  r e tu rn  t o  the  main option display. 

The CALL PROGRAM w i l l  allow two o ther  operations.  

program name, the user can re turn t o  LAP6. 

t he  tape on u n i t  0 if t he  requested name is a l l  blanks. 

r e s t a r t e d  by pushing START 20. 

By typing LAP6 f o r  the 

AVERAGER w i l l  e x i t  and rewind 

AVERAGER may be 
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r I 

<sweeps>, <sk ips> ,  < i d e n t i f i c a t i o n >  

2 .4  Displays 

2 . 4 . 1  AVERAGE l+UNITS 

<sweeps>, <skips>,  < i d e n t i f i c a t i o n >  

ever t .  scale> <her. scale> 
1 + 1  I I I I I I I I I 

2 .4 .2  AVERAGE 2 

. * '. 0 . . ., .. '. I 

CHANNEL 1 

LATENCY 
HISTOGRAM 

CHANNEL 1 

CHANNEL 2 
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,<sweeps><skips><hor. sca le><ver t .  scale> 

2.4.3 PLOT - 

Widentification> I 

(negative up) 

2.5 Teletype Output 

During each da ta  run with AVERAGE l+UNITS and AVERAGE 2 ,  the  run number 

and block number are pr inted.  

2.6 Error  Stops 

There are no e r r o r  s tops.  

t he  program. 

None of t h e  console switches are read by 

2.7 Input and Output Tape Mountings 

The program must be f i l e d  on t h e  tape mounted on u n i t  0. 

must be mounted on u n i t  1. 

marked o r  remarked. 

The da ta  tape 

A new da ta  tape should be e i t h e r  f resh ly  
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2.8 Data Tape Format 

The averaged da ta  is s tored  on the LINC tape mounted on u n i t  1. The 

averages are expressed as "average w o l t s  a t  source" and represented i n  

a f loa t ing  point  format. Each run produces four  blocks of data.  The 

f i r s t  block is always s tored  i n  a block whose number is a mul t ip le  of 4. 
I f  AVERAGE l+UNITS produced the data ,  then the  tape has t h i s  s t ruc ture :  

- LOC. ( r e l a t i v e  t o  beginning of group) 

1st averaged point  0000 exponent 
0001 mantissa . 

exponent 250th ( l a s t )  averaged point  0762 
0763 mantissa 
0764 
0765 
0766 

0771 
0772 
0773 

0777 077; 1 
1000 . 

sweep speed mul t ip l i e r  (x50ms) 
number of sweeps 
number of sk ips  

series I D  

run number i n  KBD code 
poin t  number i n  KBD 

unused 

first b in  of latency histogram 

t h  1371 25010 ( l a s t )  bin of latency histogram 
1372 1 
176;J unused 

same as except (1773) = 7777 

1777 0777 

The da ta  s t ruc tu re  f o r  AVERAGE 2 is: 

F i r s t  channel information i n  same format as l+UNITS 

0777 

Second channel information, i n  same format as 0000-0777 

0°,1 

1777 
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AVERAGER 

The I D  f o r  the  f i r s t  channel is always the same as the  second except f o r  

point number. 

is  77778 thus dis t inguishing it from the average data.  

I n  AVERAGE l+UNITS the poin t  number f o r  the la tency histogram 

2.9 Timing 

Sample rate timing is exact. 

dividing the  sweep t i m e  by 25010. 

analog sample and the  histogram input  is 64 usee. 

between samples of t he  two analog inputs  is a l s o  64 wec. with CHANNEL 1 
sampled before CHANNEL 2. 

The t i m e  between samples can be calculated by 

I n  AVERAGE l+UNITS, the skew between the  

In  AVERAGE 2, the  skew 

After sampling the last  point ,  the  program checks the  da ta  f o r  l imi t ing  on 

the analog-to-digital converter. I f  no l imited da ta  is found, then the 

da t a  is added t o  the previous sweeps. 

is  about 90 mill iseconds i n  AVERAGE l+UNITS and 125 mill iseconds i n  

AVERAGE 2. 

The "dead t i m e "  due t o  t h i s  process 

2.11 Cautions t o  Users 

START 20 may be pushed at  any t i m e  i f  the user  f inds  tha t  he has proceeded 

i n t o  an option he does not  wish t o  complete. 

2.12 Equipment Configuration 

On LCF LINC I ce r t a in  ex te rna l  l i n e s  are "anded" with a "Mode" which can 

be se lec ted  under program control .  

appear when Mode 1 is selected.  

The XL inputs  t o  AVERAGER are assumed t o  

The program selects Mode 1 as follows: 

LDA i 
1 

OPR 4 

2.13 Software configuration 

In  executing the CALL PROGRAM option, AVERAGER functions much l i k e  the  

LAP6 U) meta-command. 

procedure: 

There are only two changes t o  the  LAP6 Loading 

a) after NO, cont ro l  r e tu rns  t o  AVERAGER; 
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b) locations 15 and 16 are modified a f t e r  quar te r  0 is loaded. 

They w i l l  contain 

00 15 RDC i 
00 16 0 INNN 

where NNN is the f i r s t  block number of AVERAGER. This allows the ca l led  

program t o  automatically re turn t o  AVERAGER. 

2.14 References 

1. Technical Report No. 2 (May 1, 19671, LAP6 HANDBOOK, CRL, Washington 

University. 

3.0 METHOD 

3.1 Averaging 

As each sample is  taken, i t  is  biased by 2008 thus making the  value i n  

the range O O O l g  - 03778. 

u n t i l  the 25OlO points  i n  one sweep are done. 

of the converter (0Ol8 o r  03778). I f  no l imi t ing  values are found, then 

t h i s  sweep w i l l  be added, i n  double precis ion f ixed point ar i thmetic ,  t o  

the previous t o t a l s .  After  the required number of sweeps have been added, 

sampling w i l l  s top.  

each of the 25OlO points  t o  remove the  bias .  

converted t o  f loa t ing  point,  divided by the  number of sweeps, and multiplied 

by the ca l ibra t ion  value which is expressed as uvol ts  pe r  count. 

resu l t ing  f loa t ing  point number is s tored  as the  f i n a l  value f o r  t ha t  point 

and has the  dimension of w o l t s  per  sweep. 

wr i t ten  onto the tape i n  f loa t ing  point  form. 

These values are s tored  i n  a temporary area 
They are checked f o r  l imit ing 

The t o t a l  value of the f i r s t  point is subtracted 

Each r e su l t i ng  value is  

The 

The array of such numbers is  

3.2 H i s  togram Formation 

The histogram cons is t s  of 250 bins ,  each representing 0.004 x n milliseconds 

where n is  the sweep width. 

u n t i l  a pulse is found. 

by one. 

The input  t o  XL 2 is checked with each sample 

Then proper b in  of the histogram is  incremented 

During the next sample, XL 2 w i l l  not be checked. Therefore, by 

17 



AVERAGER 

using a pulse which is 1.5 times t h e  inter-sample interval, every pulse  

w i l l  be counted once and only once. 

4.0 DESIGN SPECIFICATIONS 

AVERAGER cons i s t s  of 1210 separa te  manuscripts. 

separately.  

i n  the  f i l e .  

a l loca ted  area. 

They are a l l  assembled 

To produce the  binary f o r  AVERAGER, f i r s t  a l l o c a t e  26* blocks 

Begin assembling the  manuscripts and copying them i n t o  the  

Manuscript 
Name 

RESIDENT 
FPSP 4MOD 
QAKBDTTY 
SETUP 
AVEDISP 
CALIBRAT 
AVESECTl 
AVESECT2 
AVEBOTH2 
AVEBOTH2 
AVEPLOT 
AVECALL 

Relative 
Block 

0 
1 

2-3 
4 
5 
6 
7 

10-12 
13 

14-15 
*16-22 
2 3-25 

Assembled 
For Quarter 

0 
3 

2-3 
1 
1 
1 
1 

1-3 
1 

1-2 
0-4 
1- 3 

*When copying AVEPLOT, copy Q1 i n t o  block 16, QO i n t o  block 17, and 

42-4 i n t o  block 20-22. 

7.0 OTHER INFORMATION 

AVERAGER is  wr i t t en  t o  be used with the  standard configurat ion of LAP6, i.e., 

a LAP6 at  block 300 with an index a t  block 426. 

t o  be used, the  manuscript of AVECALL must be changed. 

If any o ther  configuration is 
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LATAMP 

T i t l e :  Latency and Amplitude Measurement 

Manuscript Name: LATAMP 

Binary Name: LATAMP 

Program Language: LAP6 

Computer: LINC 

Programmer : Dennis J. Nichols 

Contri. Organ.: Laboratory Computer F a c i l i t y  
University of Wisconsin 

1.0 PURPOSE 

LATAMP is a program intended f o r  use with da t a  produced by AVERAGER [I]. 

Data is re t r ieved  from LINC tape and displayed on the oscil loscope. 

cursor is used f o r  s e l ec t ion  of the  poin t  whose latency and amplitude is  

measured. 

Teletype. 

A 

These are continuously displayed and may be pr in ted  on the 

2.0 USAGE 

2.1 Program Implementation 

LATAMP can be s t a r t e d  e i t h e r  from LAP6 with the  LO meta-command o r  from 

AVERAGER with the  CALL PROGRAM option. 

2.2 Space Required 

During execution LATAMP uses a l l  e i g h t  quar te rs  of LINC memory. 

on tape occupies 5 blocks; the manuscript occupies 378 blocks. 

The binary 

2.3 Operational Procedure 

I f  any pr in t ing  is t o  be done, the Teletype should be turned t o  LINE before 

s t a r t i n g  LATAMP. The user  is f i r s t  

asked: 

A da ta  tape must be mounted on u n i t  1. 
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Any s i x  characters  may be supplied. Next t h e  user is asked f o r  the  block 

number of the desired data.  

The user  m u s t  type the  number i n  oc ta l .  Non-octal characters  w i l l  cause 

the program t o  give unpredictable r e s u l t s .  After  s t r i k i n g  E L ,  the  da t a  

display w i l l  appear. 

The da ta  display is control led i n  t h e  following way: 

B 
F 

Return t o  the  BLOCK display t o  obta in  a new da ta  block. 

Move forward two blocks t o  obta in  new da ta  (use only with 

da ta  produced by the  AVERAGE 2 option).  

P r i n t  the latency and amplitude as displayed on t h e  scope. P 

S Enter new vertical display scale. The following display appears: 

SCALE ? ? ?  (1-5lJJ DEC.) 

The scale r e f e r s  t o  2 cm on the  scope. 

x Exit .  Return t o  the ca l l i ng  program. 

KNOBS 1 and 3 cont ro l  t h e  ho r i zon ta l  posi t ioning of the  cursor. 

KNOBS 5 and 7 cont ro l  the vertical posi t ioning of t h e  trace. AVERAGER 
assmes the  f i r s t  po in t  sampled t o  be a t  0 amplitude. 

2.4 Displays 

I f  the requested block number does not  contain data ,  then the  user w i l l  be 

presented t h i s  display: 

S t r ik ing  EOL re turns  t o  the BLOCK display.  

follows : 

The main data' d isplay is as 
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wo fXXXX. xuv XXXX.XMS 

Where : 

NO is the  number of the point being measured (incremented only by 
pr in t ing)  

BLK is the number of the  block being displayed. 

IDENT is  the s i x  character  i d e n t i f i e r  which is ca r r i ed  along with 
the data. 

RN is the  da t a  run number. 

PT is the da ta  point number. 

2.5 Teletype Output 

An example of Teletype output is shown below. 

i n  2.4. 

The abbreviations are explained 

DATA 5 

NO AMPLITUDE LATENCY RN IDENT RN PT 

0 1  -.6uV .OMS 200 CE6708 17 31 
02 +5.0uV 8.0MS 
03 -10.6uV 14.8MS 

01  -2.3uV .OMS 204 CE6708 18 33 
02 +9.5uV 14.4MS 
03  +127.7uV 21.6MS 
04 -39.luV 53.2MS 

2.8 Input Tape Format 

The da ta  tape format is found i n  the  documentation f o r  AVERAGER [l]. 
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2.10 Accuracy 

The f igures  given f o r  latency or amplitude are accurate t o  +0.05% - or  an 

absolute  5.1, whichever is la rger .  

2.11 Caution t o  Users 

I f  s t r i k i n g  F causes the end of the  tape t o  be reached, then the da t a  

tape w i l l  be rewound and the  TAPE I D  question w i l l  appear. 

2.14 References 

1. AVERAGER, a LINC program by D.J .  Nichols. 

22 
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T i t l e :  L i s t  Average Data 

Manuscript Name: AVELIST 

Binary Name: AVELIST 

Program Language : LAP6 

Computer : LINC 

Programmer: Dennis J. Nichols 

Contrib. Organ.: Laboratory Computer F a c i l i t y  
University of Wisconsin 

1.0 

2.0 

2.1 

2.2 

2.3 

PURPOSE 

AVELIST produces a list of blocks containing da ta  from the  program 

AVERAGER [ l ] .  The iden t i f i ca t ion  of the data is pr inted with each 

block number. 

USAGE - 
Program Implementation 

Mount the LINC tape containing LAP6 and the binary program on uni t  0. 

Se t  the switches t o  0701 and 7300. DO TOG and START 20. Call the program 

with the LAP6 Load meta-command. 

+LO AVELIST,O 

Alternatively,  AVELIST may be ca l led  from AVERAGER [l]. 

Space Required 

The binary program is 4 blocks long and should be f i l e d  on the  tape t o  be 

used on un i t  0. The manuscript requires  168 blocks i n  the  f i le .  

Operational Procedure 

To use t h i s  program, turn  the Teletype t o  LINE. 

the following display: 

The program begins with 

TAPE ID IS 
?????? 

START AT BLOCK 
? ? ?  
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Enter any s i x  characters  f o r  the  tape ID.  

a t  the  top of each page. 

t o  begin. The block number must be i n  o c t a l  and a mul t ip le  of 4. 
f i n a l  - EOL, the  program w i l l  begin reading the  da ta  tape (which must be on 

u n i t  1). 

are pr inted.  

o r  - EOL is  s t ruck  on t h e  LINC keyboard. 

tape w i l l  be rewound and cont ro l  w i l l  r e tu rn  t o  the  program from which i t  

w a s  cal led.  

These characters  w i l l  be  p r in t ed  

Enter t h e  number of the  block with which you wish 

Af te r  the 

After  each group of 4 blocks is read, t he  block number and da ta  I D  

Pr in t ing  w i l l  continue u n t i l  e i t h e r  t he  end of tape is reached 

When the  program f in i shes ,  the  da t a  

2.5 Teletype Output 

The Teletype output is formatted i n t o  pages. 

6.1. 
(P2) w i l l  be l i s t e d  as **. 

BN - Block Number, i n  o c t a l  

IDENT = 6 character  IDENTifier 

RUN = RUN number, i n  decimal 

A sample is shown i n  sec t ion  

I f  the da t a  was produced by t h e  AVERAGE l+UNITS option, then Point  2 
The legend is: 

P 1  = Point  1 ( f i r s t  2 blocks) 

P2 = Point  2 (second 2 blocks) 

SWP = Sweeps taken, i n  decimal 

SKP = sweeps SKipped, i n  decimal 

WIDTH = sweep WIDTH, i n  mill iseconds 

2.7 Input and Output Tape Mountings 

There must be a LAP6 tape on u n i t  0 and a da ta  tape on u n i t  1. 

2.8 Input Tape Format 

For the  format of the  input  da t a  tape see [l]. 

2.13 Software Configuration 

AVELIST is w r i t t e n  t o  be ca l l ed  by e i t h e r  AVERAGER o r  LAP6, both of which 

enter AVELIST a t  loca t ion  1. 

allow AVELIST t o  r e tu rn  t o  the  c a l l i n g  program. 

loca t ions  15 and 16 containing in s t ruc t ions  f o r  reading LAP6. 

are loaded unchanged when the  program is ca l l ed  with LAP6 Load meta-command. 

Return t o  LAP6 is accomplished by doing a JMP 15. 

The following convention is used i n  order  t o  

AVELIST is wr i t t en  with 

These loca t ions  

These locat ions are modified 
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(by AVERAGER) when AVELIST is  ca l l ed  from AVERAGER. 
so t ha t  the JMP 15 w i l l  read AVERAGER rather than W 6 .  

They are changed 

2.14 References 

1. AVERAGER, a LINC program by D.J. Nichols 

3.0 METHOD 

The data  tape is scanned, s t a r t i n g  a t  the  spec i f ied  block, f o r  blocks 

containing data. 

found. A set of blocks with no d a t a  is i d e n t i f i e d  as EMPTY. The c r i t e r i a  

f o r  es tab l i sh ing  t h a t  a set  of blocks ita empty: 

The i d e n t i f i c a t i o n  of each set of blocks is pr in ted  as 

a) i t  has 0011, 0022, i n  the f i r s t  2 loca t ions  (which is the  MARK pat te rn)  

b) o r  the f i r s t  two locations do not  contain zero o r  a normalized 

f loa t ing  point  number. 

I f  a set of blocks f a i l  t o  meet e i t h e r  of the  above, then i t  is asstrmed t o  

contain data. 

4.0 DESIGN SPECIFICATIONS 

The program is self-contained with a question and answer rout ine  which 

operates from both the  LINC keyboard and the  Teletype keyboard. 

ex i t i ng  procedures are deecribed i n  sec t ion  2.13 of t h i s  document and i n  [l]. 
The source program cons is t s  of a s i n g l e  manuscript and may be converted t o  

binary using CV and SB i n  the  usual fashion. 

Cal l ing and 

6.1 Sample Output 

25 




	FPSP 4MOD
	SETUP
	AVEDISP
	CALIBRAT
	AVESECTl
	AVEBOTH2

