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DECUS   Pro ram  Library Decus  #8-617

v.A.   pxs.-i    (MARK  I)   -  A  NEAR-REAL  TIME  GAs   cHROMAroGRApl]  DATA   sysTEM

Abstract

GC  separacion  and  integration  is  accomplished  by  an  assembly    `

language  program which makes  extensive  use  of  the  floating  point

ari€hrre€ic  interpreter.    The  real  time portion  of  the  program  samples

data  from  the  GC  detector  once  per  second.    This  data  is  smoothed  and

differentiated  using  a  weighted,  odd  integer  smoothing  routine.    When

the  derivative  exceeds  an  operator  selected  value,  a  "GC  peak"  is

provisionally  established.    If  the  peak  satisfies  the  selected minimum

width criterion,  the  location and  area  of  this  event are  either printed

out  immediately  on  the  teletypewriter  or  Stored  in memory  for  further

processing  if  there.  is  evidence  that  th.e  peak  is  incompletely resolved.

When  the  GC  data .returns  to  within  a  selectable  vicinity  c>f  the  baseline,

or  five  peaks  is  exc.eeded,  the  perpendicular  drop method  is  used  to

resolve  them  and  the results  are printed  out.

V.A.   PXS.~2    (MARIC   I)    -   A  NON-REAlj   TIME   GAS   CHROMATOGRAPH  DATA  MANIPULATOR

Abstract

Automatic  data .reduction  is  as  important  as  peak  area  integration.

Reduction  of  the  data  is  accomplished  using  the  same  equipment  in  an

off-line  mode.    This  segment  of  the  program.accepts  the  baper  tapes
I

generated  by  the  first  segment,  as  well  as  additional  information  from

the  keyboard.    This  program  also' uses  the  floating  point  interpreter.
I

The  interpreter  remains  resident` in  core  and  only  the  driving  segments
\

of  the  program  need  .be

'_



I.   V.A. pKs.-1    (tyHmK  .I)

A, Introduction

This  system  is  not  a  "turnkey"  systelt`.    In  other  words,  you

need  a  reasonable  amount  of  software  and  hardware  suPpo.rt  in  your

laboratory  in order  to  install and understand  this  sysben.    Altho

these  programs  were  designed  to  operate  on  a  "classic"  PDP/8,

modif ications  can  be  obtained  for  use  on  POP/8E  or  PDP/12  compute

These programs  are  the  result  of  a  learning process  on  the pirt

of  the parties  involved  and  therefore   they are not very clearly

organized.    Altthough  a  second  generation  prograp was  plarmed  to  r

logical  inadequacies  and program  structure problems,  this plan wa

never  acted  upon.    Despite  these  drawbacks,  the programs  are

operational  and  I.epresent  the most powerful  data  aquisition,  reduction,

and manipulation routines  available  for  GC  in  the price range  of

$3-7000.    A description  of  this  system  (that  should  be  read)   is  published

in  Anal tical  Chemistry,   45,1560   (1973).

a.0 eratin Instructicin§

A  reasonable  amount  of  knowledge  concerning  DEC  hardware  and  soft-

ware  is  assumed  in  the  following  discussions:

1.  Hardware

a.    These  programs  are  designed  for  use  with  a  4k.  ''classic"

IIDP/8  equipped  with  a. type  189  A/I),   either  a  RTO8,  or  R401+

8104  +  R302  +  ten  turn  pot.  +  100  ITD  capacitor  clock  assembly,

and  a  type  33  telefype   (£ty) .    DEC  will  advise  you  in  the

assembly  of  these  components.    Programs  are  available  for  pse

on  the  PDII/8E  through  DECUS.

2



b. The  GC  is. connected  to  the  computer  using  an  inexpensive
'\

'op-amp  filter  assembly  such  as  that  described  in  Appendix  I.

This  filter  can be  used  to  either  Shift  or  invert  the  GC

signal  so  that  it  is  cC>mpatible  with  the  A/D  input.    The  use

of  €hi.s  filter  is  desirable,  but  no.t vital..    The  software  is.
'
'

designed  to  handle  a  GC  output  of  0  to  +IOU.  that  has  been
J

shifted  to  -10  to  OV.  the  signal  is  then  converted  t.o
..I

0  to  -low.  by  software€     (An  approach  that  works  but would

have  been  corrected  in  a  Mark, 11  program) .

i.    Make  sure  that  there  a+e  no  ground  loops  and  that  the  line

voltage  is  stable.    These  are  important, points  to  cbeck.
I

2.     Software
I

Although  the  operation  of  the  prc)gram  is  straightforward,
I

the  understanding  of  its  application  to  complex  GC patterns

is  not.    This  writeup  Should  form  the  basis  for  such  an
),

understanding.
I

i.     Load  the  floating  point  package   (FPP) ,  DEC  #08-YQ2B-`PB,using

BIN  .loader,   then  load  VAPKS-1.

i. '   2000.,  Load  Add.,   Start,:  samples  GC  baseline  voltage  to  A/D.
I

Before  running  any  chrchatograms,  check  the  correspondence

p!en  position  and  your  computer-sensedbetween  your  recorder

baseline.    You E}±±± als[  know  the  A/D  full  scale  vs.  recorder

full  scale  relationship: at  different  GC  attenuation  settings;
I

1

otherwise,  you  might  in|ject  a  sample  that  the  recorder  can't
I

see,  but  the  computer  can,  or  the  reverse.    Be  sure  that  your

recorder  chart  speed  is  high  (2-6  cm/min)  during  the  checkout

procedure  so  that  you  can  see  the  actual  peak  shapes  and  separations.
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i.    Bit  10  (numbering  0-11,  left  to  right)  sets  baseline

Depending  on  your  input  polarity  bit  10  can  be  either

down  (after  subroutine  start)  in  order  to  display  the

voltage  in  the Accumulator.Bit  11  up  initiates  a  cont

tty.  printouc of A/D voltage x  5  (an arbitrary.multip

make  the  number  larger).    Low baseline  noise  is  essent

Push  Stop when  baseline  and  full  scale  characteristics

haoun ,

i.    Set  clock rate  to  i/see  (set automatically by program

clock present) .

i.    Set  the  filter  slew rate  so that  it is  approximately <

f  REO8

0€  the  expected  peak width.    This  will  filter  out  high !frequency
I

Gc  noise  without peak  shape  distortion.                                i

i.    Simple  samples  should  be  used  for  the  checkout  proceaure.    All

peaks  shou'1d  be  completely  out  of  the  GC  using  an  isoth!ermal

run within  5-15  minutes   (for  convenience) .    Start with  two

non-overlapping peaks  of  different  areas.    When  you  are  sure

that  integration  is  correcc,  proceed  to  a  sample  containing

two peaks  of  exactly  equal   (or  knoun)  areas  that  overlap  by

approximately  20-50%,  then  three  overlapping  equal  area  peaks,

then  three  overlapping  peaks  of  area  ratios  I:10:1  to  i:20:I.

All  peaks  should  be  >11  sees.  wide  for  accurate  integration.

g.    The  actual  operating  characteristics, of  the program are

outlined  in  the  Anal.  Chem. article referred to,  but  further

comments  are  included  here:     Location  25  c!ontains  N  of  2N+i

odd  integer  smoothingr  routine.     N  may  be  sec  between  1  and  128



and  should  be  between  i  and  3  for  peaks  15-40  secs.  wide.

I.arger  numbers  are  used  for  wider  peaks.

1600,  Iflad  Addu  Starti  initiates  program  and  asks  questions

that are  outlined  in  the  Anal. Chem.  articles.

i.    Mode  0  =  Peak  time  and  area  values

1  =  Mode  0  +  baseline  slope  values
I

2  =  Mode  0  +  repetitive  run

3  =  Mode  1  +  rebetitive  run

Modes  1  and  3  are  most  useful.    Modes  2  and  3  are  used  in

conjunction with  a`GC  equipped  with. an  autginjector.

2.    Delta  T  is  the  time .{elapsed  between  sample  injection  and

the  offscale  §.olvent peak.    This  must  be  entered  for  modes

2  and  3  only.

3.     The  minimum  solvcht  delay  allowed  is  27  seconds.

4.    All  questions   (except  Blend  Slope)   are  answered  in  integers.

Time  is  in  seconds.

5.    Figure  i  illustrates  the meanings  of  the  questions  asked
I

by  the  program.
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Peak  Width  tested  twice  for  each peak.

A  S  indicates  an  offscale peak; '   *  indicates  overlapped  peaks

Blend  slope  (BS)   is  in  Volts  x  5/sees.    In  envelope  3-6,  the  slope

of  the  line  from A  to  each valley  is  >Bsi  and  the  envelope  is  therefore
I

integrated  correctly.     If  Blend  Slope  (BS2)  had  been  used   (eivelope  7-|0) ,

the  slope  from  a  to  the  valley  between  peaks  9  and  10  is  <BS2,  and  the

envelope  is  therefore  integrated  incorrectly as  india:ted.
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11.   V.A.

i.    During  the  checkout  procedure,  first  run  each  sample  in  the

mode  just  described  and  then  rerun  in  either  the  diagnostic

(D).  or  full-diagnc7scic   (FD)  mexle.     In  these  modes  the  voltage,

derivative,  and  the peak  sensing  state,  respectively,  are

printed  out,  in  each

(once  per  second).     A

area,  and  blend  slope

location  0275  from  70

f  three  columns,  for  each A/D  sample

the  end  of  each peak,  the  peak  time,

e  typed.    Mode  D  can  be  used  by  changing
I

to  4756;   for  mode.FD  also  change  1701

from  5675  to  7000.    Replacing  the  original  values  will  return
11

you  to  the  normal  operating mode.    N6ver  fun  in  FD  mode  for

more  than  1400-1800  s

values  for  the  baseli

onds  at  one  time. lFD mode  prints  out

which  D  mode  does  not.

Sample  checkout  chrpmatograns  and  FD  pf intouts  Ere  provided
I

(Appendix  11) .    Although  the  quality  of  tJ

the  comments  may  not  b immediately  self-

will  be  useful  for  purSoses  of  comparison
J

results  that:  you  obtairi.    Note  t]articular

Xerox .is  poor  and

lanatory,  they

with  equivalent

y  the  size  of  the
smoothed  derivative varues.    The  larger  these  are  the more

I

ac.curate  the  integration will  be.

PKS'-2   (rm" 11)

A.    Introduction

This  program  accepts  either  the. .paper  tape  output  generated  by       `

v.A.  pks.-1,  or  direct  tty.  inpu,t.    Basically  therei are  two  sections  to

this  program,  with  two  options  per  section.    In  the  first  section,  the

optionean£'±5W.i€£#s..til`J8iJ..n¥';.i,.--`:°:i:;:a¥#:¥tr;;:t:::;r::s.is:Lil:;:£Jed;i.;i,t£=j\e
j

`      i+``.Jr`-Y^      -L`:    i"     .`--'   .    .-I      ^i`     .,,```..-



V.A.PKS.-I  output  as  well  as  to  set  up  a  methylene  unit  time  scale

''RE"  subrontine  is  used  to  calculate  and  average  GC detector

factors .

In  the  second  section,  the  options  are  "Mode  0"  or  "mcx]e  I".

IIn  the  '`Mcide  0"  subroutine  corrections  for  internal  standard  rdcovery
Ias  well  as  other  desired  factors  are  allowed.    ''Mode  I"  is  used; whenI

the  response  factors  and  recoveries  of  each  component analyzed  [areI

known,  and percent of  total  calculations  are  to  be performed,

Peaks  and Mode  0  subroutines  are  usually used  together  for

metabolic profile  applications.    The  use  of  these  subroutines

illustrated  in  outline  form  while  the  use  of  the  RE  and  Mode  I

routines  is  illustrated  by a  copy of  a  letter  sent  to  a  system

a.. eratin I.nstructions

i.     Load  VOA.pKs.-2  Fpp  neeg  no.tt.P,e.`,rfuo`ad`§,fri£I*Y.A¢rfeng.uifilxpxp8S

general

::s:::.ce:::'L==::.Ad::'„;fa:t:e::::::t:Squp::::o=.(mTOM-:::Tiqu;:"i:T:nor:`

subroutines  only)  and  zeroes  an  erroneous  reply. d   indicates

return " .

a® Subroutines „Peaks" and   "Mode  0"

I

"`barriage

(in  underlined  work  indicates  users  input;  a  .'SP''  indicates  space  bar) :

£±eE   `(Computer  printdut  in  caps).   `

i.     RF=0,   or  PEAKS=l  .?  I   "SP"

2.      NEWDATA?      1 „SP„  or  0  ,,sp,,

This  question  is  asked  on  any run  after  the  first pass  through

the  program.    Answer  I  if  new dat:  to  be  loaded,  0  if  data

from  last  run  to  be. reanalyz€d.
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3.    FrmY

I.oad  in  data  ffom  paper  tape  simply  by pushing  tape  "start"

lever  on  I.€y.    Data may|also  be  entered  directly  using  the

cty  keyboard.    only peak time   (LOG)   and  area  data  will  be

accepted  by  this prograp  (this  is  an  automatic  editing process;

letters,  *,  S,  and  th columns  of  data  will  be  ignored) .

If  data  is  entered  by  keyboard  enter  only peak  tine  "SP"

area.    Type  '?,  line  f

end  of  the  data.

4.     I.IST?     1   "SP"  or  0   "SP"

eed"  after  each entr,y,  and  0/  at the

Lists  data  with peak nuhaer  assigned.

5.      DELERE    (N)                                       i

Enter  Peak  #  "SP"    to  be  deleted.    This  is  useful  if  a  peak

area  is  grossly  wrong  and  must  be  changed.    Type  0+   if  none  to

be. deleted.    All  other  beak numbers  are  changed  to  take  into

accotmt  the  deleted  peak.

6.     I.IST?     See  step  4.

7.      ADD  AT  NO    (N,I,A)

Enter eak  #"SP"  time  "SP"  area This  is  used  to  correctly

enter  a previously deleted peak,  or  enter  a  peak  that was

missed  for  :ny reason.    Enter ±+ if  no  peaks  are  to  be  added

or  at  end  of  additions.    Peak  numbers  are  automatically re-

adjusted.

8.     LIST?     See  step  4.



9.      T  SCELE   (N,I,N,T)

This  is  useful  to  establish a  methylene  unit  (for  temperature

progrErmed  GC)   tine  scale.    two  peaks  of  known  methyl6ne  unit

values  are used  as  reference points  for  the  scale  whith  is  set

up by linear interpolation and extrapolation.    Enter ts

::::=:::::I::a:E±±±ieiE=i:ap*,,L    _J=    ^    __         ,         Iunit of
10.     MODE  =  0,   or  I

Enter  1.

11;      CORR   (N,A)

Enter ¥ if no  scale  is needed.   i

Thisstepisusedtonormalizeallpeaksto100%recoviryofI

internal  standard  (IS) :  Normalized  Peak  Area  =  Peak jtr6a  X

area of IS for  loos Recover
Actual  Area  of  IS                                                                               I

\

First  enter ±s±!L±  (N)  of  IS  peak,  then =isE|.    A  "?"  Will  be

printed  which  will  allow the  calculation of  the  area  o±  the  IS

if  there  was  100%  recovery.     (See  appendix  Ill  -A.for  an

example  of  the  actual  calculation).    Place  an  X  between  each

nLdeer  to  be  multiplied  and  a i between  the  numerator  and  the

denominator.   .Do not use  a H except at  the  end of a calculation.

An  '':I.=  ainsw6r"    with  four  digits  each  to  the  left  and  right  of

the  decinal point  will  be printed  out and  normalized peak  areas

(EN)  will. be  calculated  and  stored  in memory  foi  later  use.

Remember  */  reintiates  the  calculation.

12.      SCALE    (X,Y)

This  allows  the  multiplication  of  the  AN  column  separately ky
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factor  X   {to  give  the  stored  column  AX)   and  by  factor  Y   (AY) .

After  the  "?"  perform  the  calctilation  of  X,,  then  of  Y  after  the

Second  '`?`',   .ih  the  s:ame  way  a§  in  Step  11.     An  example  of

fm;a::n:°:::n::? :::a=|E;i::?S±:1::S::L±:1::S#ni: :¥[=BT9
13.      IND  PK   `(N,Z)

In order  to perform  a  s

type  peak  #  "SP"  and  pe

The  factor  calculated  w

by  AN  of  the  Specified

On  button  if  permanent

corrections,  or  at  end

14.    After gr above,  the

ecific  correction  on an  individual peak,

form  the  calculation after  the  "?".

11 be  printed  out and  then ,multiplied

eak  and  stored.    Push paper  tape  punch

ape record desired.    Type gr if  no

f  corrections.

r,esult matrix will  be printed.    The  heading  is:
I

N,T,CT,A,AN,AX,AY,AZ,   w,here  N  =  peak  #,   T  =  peak  time   (sees.) ,
I

CI  =  corrected  time   (meFhylene  units,  step  9) ,  A  =  area
I

(volts  X  sees  X  5) ,   AN. \LF  normalized  area   (step  11) ,   AX  =  AN  X  factor   "X"

(step  12), AY  =  AN  X  factor  ''Y"   (step  12),   AZ  =  AN,X  factor  ''Z"

for  each peak  (if  no  fattor  Z;  then  AN printed;  step  13) .

b.   Subroutines  ''RE"  and  "Mode  1".

This  section  is  presented  as  an  excerpt  from  a  letter  describing

its uses

Enclosed  is  a  copy  of  one  of  my  serum bile  acid  runs  and  an

explanation  of  the  RF  a;nd  MODE  0  sections  of  VAPKS-2.

I  use  an  internal  standard  (peak  4)  Eo  correct  for  procedural

losses  and  calculate  response  factors  (RF)  daily  for  all  bile

acids  measured.



RE- (Range  x Attenuation* )    (sam 1e  volume-ml) (Peak  area\)
(mg  solute) (injection volume-ul)

The  amount   (mg)   of  Salute  in  a  biological  sample  is  calculated

mg= (Range  x  ACcenuation* volume-ml)    (Peak  are

similarly

(RE)    (injection volume-ul)

i     The  RF  Section  of  the  program  is  entered  by  typing  zero   (0)(  on  the
Itty.    On  the  enclosed  example  A,  peak  #1,   I  entered  the  followi,ng:

attenuation  =  1,  area  =  3301,  injection volule  =  i.79 ul,  mg  salute/ml  =

0.2425.    This  routine  is  exited  by  typing  0,  RE"EN.    The  mean  |is  printed

by  tty.    Its  only value  to  lne  is  as  a  general  indication  of  GC

sensitivity  on  any  given  day.    The  RF  values  are  not  stored  in

and  must  be  typed  in  by  the  operator  in  MODE  0.

I  have  included  2  examples  of  the  RF'  section  and  only  the  a

were  used  in  MODE  0.     Due  to  severe  spiking,   the  computer

areas   (A}.  were  not  reliable  and  I  calculated  the peak  areas
i

he  computer

values

planimeter   (8) .    I  included  A  to  give  you  an  example  of  how  it  hormally

corks.    The  £36x4xl.7l  in  a  is  the  planimeter  area   (sq.in.)  tim!s  the

appropriate  factor. to  convert  the  area  to  computer  area. units

sees.   x  5).
iolts x

I

To  enter  the  data  reduction  section  of  the  program,  press  CONT

(on  computer)   and  type  i.    MODE  0  general  information  follows.

GIVE  INT  DATA       ?       The  number(s)   following  the  ?  can  be  of  the  form

AXBXCX .... /MXNxox ...,  with  no  Spaces  between  nunders  or  operations

(x  ar  /).**  A  space  terminates  the  factor.    In ny  example,  I've  entered

range  =  10,   sample  volume  =  0.I  ml,  value  to  convert  da.ta  to  ug  =  1000,

and  injection  volume  =  i.79  ul.

*When  computer  calculated  areas  are  used,  the  a.tten.uatiori  is  dropped,

as  it  does  not  affec,t  the  computer  area.
**1  think  +  or  -can  also  be  used,  but  as  I've  never  used  them  I'm  not  Sure.
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GIVE  Alil]  RES                   Enter  the  RE'  values  calculated  previously,   following

each values  by  a  space  or  return.

PRINT***                           If  the  peak  number  of  any  component  is  typed  at  this

point,  the  tty will  print  the  amornt of  the  component and  its  RF' value.  I

have  to  print  the. amount  of  inter'nal  standard   (peak  4)  pfeseht.

DEI,ETE   (N) ***                I  delete  thei,  internal  standard  peak  at  this  point  so

it  won't be present  in  the weigne per  cent calculations.    If  the  specified

peak  is  successfully deleted,  the  tty will  type  DONE.    If  not,  the  program

is  not able  to  locate  the  specified  peak.    This  the.operator  has  typed  the

wrong  peak  number,  or  the peaks  are  not  numbered  the  way  the  operator  thinks

they are.    To  check  the  peak  nulhbers,  restart  the  program,  type  0  after
I

NEW  DATA?   and  IjlsT.

GIVE  m¢F                 ?           This  factor  is  of  the  form inxcx .... /MXNxox .....

I  use  it  to  correct  to  loos  recovery of  the  internal  standard  and  to  adjust

the  data  €o  weight/ml  of`  biological  fluid.

The  abbreviated  headings  for  the matrix  are:

peak nuter
retention  time  in  se
corrected retention
area  in  whatever  uni!i;ou use
response  factor
amount  of  component  present  in  sample   (mg  or  ug  in  my  case)
concentration  of  component  (mg/ml  or  ug/ml  in my  case)
a  of  total   {weight  S)

***Exit  this  routine  by  typing  0,  space  or  0,  return.

13



RT=0,   OR  PEAKS=1?   BA  RE'S   (7-10-73)    (6-4-`73)
0
#1

#2

#3

#4

#5

#6

?lx330l/i.79X.2425

?lx3419/I . 79X . 2750

?lx3 048/i . 7 9X . 2450

?1X3004/i.79X.2370

? lx2843/i . 7 9X . 22 64

?0

rmN=    7ilg.38o

=  7604.6700

=   6945.6600

=   6950.1800

=  7081.0600

=  7015.3200

RE=O     OR  PEAKS=l?  BA  RE'S     7-10-73    (ALL  FROM.PIAN"ETER)
0
#     I                   ?436X4Xl.7l/I.79X.2425

#     2                    ?4X436Xl.73/i.79X.2750

a)#3
#4

?4X436X1.49/I.79X.2450

?4X43 6Xl . 52/I . 7 9X . 237 0

?4X436Xl.46/1.79X.2264

?0

MEN=     6291.330

=   6870.3300

=   6129.2400

=   5925.3500

=  6248.6800

=   6283.0400

14



Qty

RE=O   OR  PEAKS=l?
i
NEW  DATA?l

READY

9604

1490  4

1855  483

2082   484

2644  187

0

"L±SP?
I

I,IST?
0

ADD  AT   NO    (N,I,A)
0

LIST?
0.

I  SCELE   (N,T,N,I)
i     1060  5  2715

MODE=O   OR   1      .0

GIVE  IN.  DATA     ?lox.IXIOOO/i.79     =     558.6590

GIVE  AIL  RES

6870   6129   5925   6249   6283

PRINT   :    4   MG=        43.269     RT=        6249:COO

15



4.00
4.00

483 . 00
484 . 00
187 . 00

DELETE    (N)
0

LIST?
0

ADD  AI  NO    (N,T,A)
0

LIST?
0

T   SCAI.E    (N,I,N,T)
1   1060  5   2715

MODE=0,   OR   1.  0

GIVE  INJ  DATA       ?lox.1Xlooo/i.79       =       558.659.0

GIVE  AII.  RES

6870   6129   5925   6249   6283

I)RINT
PRINT

DEI'ETE
4   DONE

(N.)

DELE"   (N)
0

43.269     RF=        6249.000

ant.  internal  std.  added
//          fvol.  of  serum used  (in ml)

GlvE  Mrm'       ?43.7/43.3xl       =       I.0092

N , T , CT , A , RT , MG , MM , %T

i             960          1060. 0000               4. 0000          6870.0000
2          1490          1580.8700               4. 0000          6129.0000
3           1855           1939.5800          483.0000          5925.0000
4          2644          2715. 0000          187. 0000          6283. 0000

PASTING   SERUM   #1.      F.M.         GC   ON   7-10-73   STUDY   I
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.3252

.3646
45.5413
16.6273

.3282

.3679
45 . 96.20
16.7809

. 0051

. 0058

.724'5

.2645



Appendix  I:

S"PLE  INEXPENSIVE  GAS CHROMATOGRAPH-COMPUTER  NOISE   FII.TER

A  simple  inexpensive  filter  for  the  reduction  of detector  noise  in  gas

chrorna€ogr..aphy   (a.C. )  has  been  applied  to  a  coupled  G.C.-computer  system  (i) .
J

.A decrease  in  noise  due  to  detector  high  frequency,  high  amplitude  spiking,

as  well  as  that  due  to  low  amplitude  baseline  noise,  was  Observed.    No  peak

shape  distortion  or  area  change  was  observed  for  chromatographic  peaks

having  a  half-height  width  of  >12  seconds   (2) .    The  G.C.-computer  system

consists  of  a  Hewlett-Packard  7620  G.C.  equipped  with  a  flame  ioriization

detector  which  is  interfaced  to  a  Digital  Equipment  Corp.  PDP-8  computer

by  the  circuit described  here.    In  th.is  installation  the  analog  to  digital

converter  (A/D)  is  not  buffered  or  input protected  thus  necessitating  the

inclusion  of  these  features  in  the  device described.,    Thi.s  circuit accepts

an  input  voltage  range  of  0  to  +  10v   and  delivers  an  output  of  0  to  -10v

to  the  A/D  converter.    The  time  constant  is  variable  from  0.1  see  to  5  sea.

making  it  able  to  pass  peaks  whose  half  width  exceeds  frc}m  i  to  50  seconds

respectively.

The  device  is  constructed  from  three  inexpensive  operacional  a][`plifier

integrated  circuits   (I.C.)   (3).    ICL  forms  a  differential  receiver  which

prevents  lasses  due  to  the  ground  loop  in  the  cabling  to  the  G.C.    IC2  is

a  field  effect  transistor.input operational  amplifier  and  is  needed  to

prevent  adjustment  of  R5  from affecting  the  circuit  gain.    The  output at

point  A  is  that required  if  the  A/D  is  suitably buffered  and protected.

If  not,  it  is  wise  to  buffer  it With another  IC  having  good  short  circuit

protection,   such  as  IC3,  clamp  its  output  (D])  and  load  it  as  close  as

possible  to  the A/D  itself .    Offset    trim  of  the  operational  amplifiers

17



&J;

is  not  required  since  this  is  provided  by  trimming  the  G.C.  output

amplif ier".    The  remaining  errors  are  less  than  the  2mv. resolution  of  the
i

A/D  converter.                                                                                                           I

The power  and  signal  connections  to  the  Computer  are  constr

twisted  pairs  of  wires  terminating  in  the  R7  and  C2  load  on  a aI:e:no:he
computer.    The  remainder  of  the  circuit  is  placed  close  to .the  comptitar,

such  thac  R5  and  SW]  are  within  inches  of  ICL  and  IC2..   A  Shielded  Pair

with  the  shield  connected  to  equipment  ground  at .one  end  only  is  then  used

for  the  long  connection  to  the  G.C.

The  power  supplies  of  the .computer  tend  to  be  noisy b.ut  the  rejection

of  the  IC's  is  adequaLte  so  that all  that  is  required  is  a  15tlf .capacitor

from  each  power  l`ine. to  ground  near  the  IC'.s.

Any    ±  15v  50  rna  power  supply  could  be  used  .and  RL  through  R4  Can  be

selected  to  provide  Other  gains.

S.P.  Levine,  J.G.  Naylor  and  J.B.  Pearce,   gas  chromatograph  -mini

computer  system:  design  and  application  to  biomedical  problems.    ANAlh

CHEMw   45i   1560    (1973).

M.  Dressier  and  M.  Deml,  Reduction  of  detector  noise  in  gas  chroma€ography

by  means  of  an  R.a.   filter,   J.   Chro]matc)gr.   56,   23   (1971).
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Appendix  11

Full-DIAGNOsTlc  MODE  pRINTOuT  AND  cHRcmAroGRAMs

_C:_PF_I_g_e_:     First  page,   run  I  printout  heading

from                       to
AVG.                           A/D  Voltage  Level  x  5

AAVG. /AT                    Smoothed  Derivative

20



_L__.___J
-:-I--::    -i   '      -i

-     I     .--

--             I.I

-__J

.---1+.-=---
..        T-,-:+
-i

0-------.-- I..    J..~            ...

r----.--.....--...--.--~`-.^.-...T------..-
.       `,1              (                                                --'                --..-      '---i'r-!;CJ`

:.::;._i-a'iLorLsfaJ.`~..i-:i::=6al{-;-i:1:.#irfe¥£ifef~F
i;,:..i?.;.."...:,:.L._i.-a-:-i,i?.

'.i

•.i-----......-..-:'--.-i..+:----2-_Ji,i`,
Li::,:-.  -i' ':  T-:.._-_.erfiz_

fio=:i:I;.f`Iii

::_.:'-i.':,:-:rf::i;,.,`;;'!l:rJL¥
L:iL'.--I.-'-'=?i'±---- : -.-- :  |r-.474

#iT,=|iifeT±=
'l,-f / 31

-Efi=F^,cE314Lr=-,fzr,a)
i.:;.,.,..J'.tti,i:'^'J,-.it-9-

-.it.-i+.-i.:`i
1~..I_-.

•       .        !1  .,-.,.       `               .i     '-

lil;:T:pr_.i.+-  -:

Licc..,.
I

j=;:Js?fiT=ii-,+I
\ ,,., _..  ._.__  _ --..   _`      _    1Jii.:i,::;:,i,:,-;i,1=_ffi--I:

i..±Lej£..=j:F=€.:#¥..:--`j-a-.i--i-i--.:---.:---1-:'=:i-:-
i

coilI,,i:1-..-.---:).I`''.--~-----,1_..i.._.._.__-,- u (-C'\..0l| i. |-qu-L-i---I-i,.Oj-:=irT--i==,T=,`F,q.---`--.--.--!-----..----`.::-:,``:I ''-, -.. -    '_  -'            ,

.                                             --.,

-
•,.:=-TT...  ..-.I:._            ..i.    ..-.     -.i      --     '   .--.....,    i--,,--.--.---:t.----.-----:I.--i---i-.:,•--------i

-,`..-.---:..:--.:Tit,
-,    ---,-.-.,--..  -i

•--------:---`'.--i     .,  ..--=-    I--..`'.-".-:~.-,--..:-.,--i----r-I-T__--~..-.i-,....----.-.'-.-1-_-.----I-.-..--J'.-'`.I-r•---i--.--''.-i'\-i.  I   -.  '-I-.- -  --  i----={
--..----.--.=+-

-+-.:  :-.--,+,--.-.-.. --:~.   ....    i:•,-::"-:-.--:'-ii-LL-+I -.   ----.i-.-..--.i

Io-i..--i;iL.i-=l-.-i__+i-.-.~~-;-..,.---.---`''-(--I-.-.'`.---_ii-.:.I:-:i_=T~

.  .--, ...
:`-.,     .-J.~.--.                .`'      -           -I

S'`C_i.

:i{--I:ir=-:----:-----:=j--:'l-t---.-:-:-:--:I-.::,
-  .;~           . -. -     J`.--:-i:.-:-..i.-!'.I

--:__-_-_=i-Ji

•        „!                  ..`...  -     .I:ii.---__..:.i..

i¥,Li---:-----II
i -:.i-.`i=l~_.-I+-T -.\L,~+~. . '1-__-.-.     --'-

i:-.-i-.-,,...:.,-.--:..-.,.I

I--------I.-.-.-i.•-------+n.-..'.`.-.------

`__._-A.-i-,T:--     I'J EEiiiiiiiiiiiiiil
-  ,-     _-I -

.--:.;.-:i-.i:   :.:-I     --    ..i,,-.-:+=i  +-i.-L!---,:-:-.i    ,.--.
~---.~... -

•-I.-.. ~.r        I---: -. .    -.-    . - --.--'  -.+
'\•...-..i-.---- --    -.   r-,        _

'
'r-.i-.-i=..:::._-..=f -:= 'i.----...---I--i-.-..--''''-_'1`

--:##,#•..I--..,.-I-. Blr:  . ...-- -I.:or\'-:--. .-i-.I

`1--_-:-_i

'  _   ~ --,I(_I:---~.i:..    -I
--,

C, !.__

(

-..    ----I---I--.
§.-i--i-:i;=.-i--._i-!'.(-i.--I.-.----Ii,-,,4

I-T- -.i----r-.r.-'...---+.-.--.-L--- '~...~-.i.`-,    I   ---:..  ---
J

--i----'-~-t-:::i- •t.-(.-.I ------1,. - I -+  ~             .'.-.~  ---.I.----'--'-;-'---'

I

I

'-,--A    --~._----..1--'I  -_ J.. --:.;I_.I_..-1
IIL

+

•-.'  `.-    ..-)      --      -.       ---tr-.  ..-..--"  --I._.:.:
i

Ii~-.-.--_- I----1-i------- ---i.---i.-..--.-+ -i.-irl I-'!`---I

i-:--f,=f-3;=f,_-±±---`--.'-1'-i--`_''trl--,+;.---.-i.---.-.-I!`
`- -=r_ I- I•--.i--+-,T.  .--r-.--I~..,.--T.--.(.-_

II.-..-I.-...,--in. `--- -+-     .+ -.   J ..--IJ._-L-.._''--I-i-i.--_._I_...-.I
1.J.._-

i:-:i-i-

L-,'
T_L_II

-.r-iI=Fj
I

__L__.L   ,-L.- -.I--i.--I-r---i-..-,---1---..---_-i --I  I  --

T=I-:=¥E.--,.---.`-.+.:I

-..  _`._..I-:-[i •__-t_Tit--.i--i-'.-----...`.-`i.-.-._I_-.-J+..--.-- ':±==r=-i-i:~-i
•+' t -1`-1

-I...--.-I--I--__i_-..-_

- •„'.,'-_:--_-

I

?r`'__._---
-.' rL-T~,-,,  -

I:~1.  -.i             -

I

. _-:_.i-:
I

1'I.-.I      --              . [t-:i` -'-'  '     . .---i     ::-.:
•L::      -,  -    ,   . .-:-   .-!_-..-,-,.IIINiil- I-----

I I-_,.I-- -.'    ..`   -'I

T::--::-:TTi-.i.i,.'-.--,---
•-     1       . .,     .     '      .-                    -       . ~   -`.      .IJ--..-.-.--.,     1.     .             .   . I1..--.

I      ~1..--i-,   tt-
I

I

:---.----......--'_-I
--.           -,          i.-i+-I                . - I._....'....

•J..-...--~ .-.      .-.-..      -.I       -        -.-.-.    ..:   -.       .  ..

---~--.-----,.c.--.~i-T-i.:-.-|- --.---r-._-•-:.--` .. •--+-i--(...      `       -. ---- I•  i      ...                ..                 -     .-

i..----'``
`.~       '-.           ~::,-+     `    -

i-.---, L..,.    -.-.I-i                    i      "            -               `-.---

•           -.'-'--.-.:.-'    -.i                      I           ,                     i:
..-,.-            -I             I~.   ,.-..     .i.i-,:--.=..ill.-,--.---.--.`.--.

--------+-----..-..`-.-.---.--..:----.- ------.--.i--``__-_-,           i    .   ,--      ..    -i I-:.

I-i-:kis*1 i-,,g%-ggrfe-::`-rl. i .         .     --                              .     ,     2 I   k..i    --.  ,       , ,     ,. .   .Ii      I                        .          ..`..        .'!1-.             .          --`,,?_._.....-.--.I-----.-...-''.--.------------------..-u'-.,--,,
ili:.?.R,  :,!l.Cl.1iGAti               .     L      CLi4.!t.i-lt!(I.  /,£t5-`i9                            irit:7:D   I:{   iJ.s.A.

---- `_--_ -'_--i------r..,
---..--.- 'r'...
----.-.-- Jr

-'.--i
.I"I   i



erto[isHF=:rfj^__-=~~
:-J\±!-_ _ ..-. _.=±.'i:I:

t,rune:1t  # ==--~~.-DTfi8-f.1.(.i-r-i-L=.=.:.Pl=1i-=
!.  !r}...',.    !:1t-,`.S..                                                '

;,":`,j``.i:I--i;.i..-==i.I.-i.-iI.:

----T'...n.T.:'l..ti`iT.I=`,.----.

i:.,-=T.--------i.1'\

i..i I

`. .    .     , , '-.  -i.-. +  ...-- •--.

•                                                      :i-i': I.\;

.'-.-`'..-,--i--...-,-,  ,

i.1:;^.:`'.-_-I-.-
- 1 •'.S

D.i                            +           '<    i.r.'.;
-          .--                 -.1.---:

.-         --'`-.,?-     .-.         -,.r=:'.`,.-..-h;ri..3ri!6~edi+i;`7!ri;,

''.          -'-      L
I

---,~--...j....`-..--.` a.rSS.-.±-i;2'r{,3=+b:v!S.,tT!-'~`

-.I
.,             ,          .-

- --I-!!:-HJ~_±I~±_
ap',-ff¥--=i_-'-'J:- -

-.!_i.:---'_.i..-(
-

-I-S#a,:*-

I
-`.r..-..--I,,,-•.-._'-i._-_-_--

-            I      .'1.-`-.i-'`

-'-!

ir---iIi.
•(.--.-.---.I..--.i

I-
iL'. iiii.iiiii

I

i-...---.--T--..--1`-..-..
___.-  L-i-.-..®..I.i-. __ _i._.I._         ___.I. ___

'

i--.-:-

•.                (.          ..:...                .+              .
!'1

i-
ii--'.. - I I-----I_`_`__-'.i:J

I

*
.i-. Ii

I

==.ii-_|E.:- - .---i---r=
I`.-...I_-''''~--                          J

L..-   ®.  ===,--•1-.---,-.I-
r_-i

-----.-         ut-..    .-.I.     I-.__ I         I    -----.,---.-.--I       -.-

Irf

a-5_- -I

•.--...   -.'      .I.:i-i-:.--i-
I -

G,.  `, -.   ` - /
I

'-I--'~-        I    --I

:---- 1:.-(
--'- -_-.-i

I

I I

L I

1
I

I
11

1'

I '
_-__I_-Ii.:'.-::..---.i?:i..:'i:i---.-'.-=i

-'      --      -.,      -~-`1     -..'.--.•..:.-.---.,-..-....i-
=1__, I--'-I

I

_ _`_'!      _

i..
I

''..--I
''1

-               :--i
'1.```.-'`',I

I - •-I.-J  .-       --    .   --.-       ,  -

r'u __.___`_~~T
_ .._.-...-~.~_   ---~        -`1..-.       .             _           '.--

-.  -:.-..-., ' -.-- r.:.            --1` --...,

.f'

--    lil----Th

--.-----.-fp
I

I-:.:.--...

•         -i   .--.-, -..--.. -.i-i
i.:---'_.i..-(I

-T-             i      .i-.  .        .  _-..I      .-_T

--.----:-r-I---i..--,-
I-.i

-            I      .'1.-`-.i-~..'`

I - 'Jl
-                 I       _        .            -              -     '  -

i.-..--...

i'' ®
-,              --1    ~-r.--... -
'1` __ _-_T_`-_- --.-.-... --.     _

i-I:-.-....
iL.   -`-I  .--.    :~  .

;ri-    , --~_-_`__-,i-'.:---~. ` I  -i--.`T •-`.,J

- L:`     ..I..t

•L.=_`-___`--`:_-`.

-__-•:-..:.1
-.  ..i--- ---i---r=_---`__-i-:I_ut-I-

_ -  .  -.i   --.i --. . -   -  --  .-  -   -  --

I

_I-
IrfI

-`.---=-----

I

I I

!!I-'--;.-,.-.---i-.--,...---i-'.I.---I-....--

1 I

•. . :       .       -. -     --.,  -..- ..     ..  i-'

1....----

.1i.

I--t-i---   -.I
I`.   .      `    I    .-               ```-      `_.` '.       .             .-i         '~'   :I      '!'

•.-'---..-.`-..- -                :--i         -...     --.-.,-I
---  -   i    r.-:  --     --.       --    \t5I

I

-                .-i-'-        ---i-'~1

..-<   ___._.-I._-__._--        _.-- *H'

i..   _-.i.    .'.....-..-.-.d=-:   1
-`           r       -.

:         -.-i--.---------.-i-.-:-

(

`       _              )--'                    --                          1'     .

I.__-I...r_:-~..T-'--.
I'I

)-

't

!'

.                 .,                                                                            '        'I

I

-!.-...

J____„-``l

C:`)-..-.-.-..:

•.i

3apF=-:---

=!==:_Ti.''T---.-:
--!'-...-.

iTdi

_            ,      _    .               -

....-    !~

-_-`'-.  ,
I-'=--i_  J

i.::~-' ::=..:'--: :.-.    +i_--i-.-i

il•.`.---_...-.~..T---

:=:-i:I
_:_,= , -:::r.:-_--i:.   .
-....   ::'-r---+.Tj-'_--:   --. '...

+----~
•-,.- i  .-.- T`'   : ------.

::--.i.I:--`,...-:--i,:.I-,-.--.--.`

------i-

I   .-.   :-_.
I

•.i

22
`rl.7`T}t   c.\?i` .,.,-,. ``hi  l'                                 iil.-.i{|i.   rl.    r;,   ;i='ci|{.   I,,  ii..{i|-.L\:

•'..      .a         ...

C,i'.ii.,-;.€0.I.:i.i-i='                            I.`  '`1t.J   :       `   .



Sh

¥( I  1  .. i .,.,    i

r-.,c..J      l.,.i-..I,}T.,.i?   12t,'',i
•.,I I  „      I. i. i, I  \ +\'r .I  .`; i: ?   I
-I,.J!-,    I,,I-+.iv-?  I     <

i.1I:.j       ..,','  I   I,.'I`.I?J

.;Ji. .:r I.-, i ,     .SL lj P i. ?  .  C'  1

SIJ L-1  j` , J ,[` I-) I i. .4Y ?

f} H + A

I 5 f: '1 - P. (.i 5

\  5!,)C'-                 f!G)6
i Jtw  I  -                  9.I.7)2

I..3t,I,A-                   193

I.jl`-J-                 181
l!`Jl-                lob
i',!/3-                   14.}!

1';.113-                      131
c)b9-                 115
•-,,, i  -                  i",)

*'39-                *6
\ t?J}\-                      711-

i, A, ;1 -

``.,' P,  i -

i f.) 2 i
'/ * ,i -

/ ,/ . 3 -
/57-
743-
-'. .£ ,I., i
`'  i .7 -

/ rJ 4! -
\,1 J  I -
t; ./ '7 -
F' C',.3 -

` .,.- ' :} -

1` :J ..`-`, -

c, :, £t -
' ,. tl (`l .-

bl.'.Cl-
(? `1 I,,.-

t=.::).`l  -

I:., :3 3 -

c` ,.? t? -
6 :, 5 -
6 ,. 7 -
(.)  i  ,'/! -

|.j (,'` :.J, -

t! i.J 2 -
b,...,,€-
5.,-:`-

z-Nap:D2sNe+r!;#:`£t02fu:it€{j--ds
'.4€ r dr.` .

¥:f;:fi-¢,:-Toff-¢lttc



`.`, `:., `.:' -

`,.,  ;.:.,,,.-

:',€ ,:; -

S)'.I.i  --

t' !=: 'j -

`,.., 1?   i   ..

:....i:'-

•iJ i..i. ,,1 -

1.` (`,  `'3 -.

`` i! ::3 -

'=,   `.``   `...,   ~.

.;  ..``  `,`t  -

'! .,.  `. ,  -

11  ,   `  -

`L' (, a -

463
454
/11'..`1

441
433
424
{J I 9 -
4 ,.1 9 -

I  /112-

:3 1, 2 -
;3t+./ -

3 `Gi 4 -
3 t; 1 -
3.7 7 -
i-i 7 ./ -
3b9-
369-
I1 6 ¢.i -
356-
3 b C) -
353-
353

P?r,i
£#g;.ff,
'r I 'J' E

352
3t,3
3b6
3bM
365
372
378
:3 # 9'
4 ,4 2 .
419
4`?.9
445
458
401
£'! 6 8

L1`' I  'l

zJ `3  i

4 :,) i -

?94
3'44
394
434
4t;                     .4
524
64
54
44' ------.- `,              i.          rfeck2

(.I 6 '3

B i ts€LiAV'f=    Sccr``,a.E
¢fp<-. ST3RT TD  eEv¢b )



I

.I `/ 9 -
•'! `'/ 3 -

I i C,` 4 -

` ; `|J f) -
.£ [1,7  -

435-
423-
4  I  I -'

J '/I (i -
I,J tf 3 -
..L] './ 3 -

3 b`/ -
•,? 5 b -
`.J /i ,? -
:3 :) 8 -
:! :.I  I -
:^! ,J. i). -

::i  I ./  -

` -i  ,,1 () -
' I ',',  t  -

C, `. ;, ,. ) -

'`:! , i ..i -

i.i `.;  ::`.-

`.,  h.!   I   -

1`. / t, -
1:).. i  lf .,--

t-, o -
.? i:, 3 -

(.) ( ,) -

', .,i, -
'<. `L, a -

.L' `f:. -
', :) i3 -

.<` / i 9 -

?.i `i c, -

>.I 4 5 -
`) `.! `.-J -

.2 `J I -

:'2 3 `:) -
* 3 =, -
:, :3 4 -
f` 3 ..2 -.
?. :....: ? -

`L-, I.? ,'=., -

? 2 i.` -
2' :? 3
`', ,`.i .'3

9 I?. 3
`J. `J  I

I, `*  I

:.? 2  i

±` 2 1'
`J 3 '.)

i-I 4 2
E: :; !.i
'?- £'  I

::3 ii c)

3 £1 {?



! ,:j' 2
£1b4

bt'5
t) ,?'  i

a A ,. ,i
'7  I)  I

* :i 'J
t.) 2  i

\.) i)  I

I  !.i 5 6

1113

110,7

I   1  '-) 4

1  .2   I  `,

I   ;-!  :3   I

i  'c3 L± 4

1  i? ,;f? a -
1197-
1177-
i   !  £1 ,.:1 -

i  ,7, ,) ,5 -

1 ,1 5 ,i -
i  (,I, fJ :3 -

C^) F`  5 -

•? 3 J -
•;.  I  5-

r.,. /  ,.-J-
•,,, '~-' `, .-

'' ./   i  --

•1.,-,±-

um-
t.,,,,I-
.(*`.`!  I  -

-01.1=
``f I a -

t' 5 3 -
`+ `, ! £'1 -

b ';? / -
517-
511-
511

5lo
r-' 2 7
541
t' C; t'
5()4
€'P_|!

()69
/13
''/  5c)

.q i.1 2

I:!A-8
.995
938
9rl5

99



¢&

i ,a 3 ,2
14i 5„
i  !¢ c'9
i 'J ft 5
i '4,? 4
I,19 9 -
i,i,) 3 -
I  l`i.7  3-

1  ,;i 57 -

i  (,i F! ,/ -

I  r3 I 7 -
993-
J .7 3 -
9 1J-.-` I  -

Qll-
j3 .3 9 -

Sb3-
-* 3 5 -
I q r3 -
I  o r&. -

. /  .3 I  -

/11-

t, .:; 9 -
a 5 r`., -

p`.±'/ -.
c` ( , 8 -
5*7-
505-
544-
`+ 2 5 -
5 ( i `+ -
`! 8 7 -
4 r)9 -
`! 5 I -
i, i 5 -
41*-
`,i ',i `1 -

• !  ..`  >`;  -

:,;.,   3-.-

ii 5 i,, -
351-
:3 `]  I  -

:, 2 9 .-
:i .':? l,i -

:3  I  \r.i -

:3 ,`' 5 -
.2-9 ' I -

C,  I  -

`2 h..'' -

2 i, 2 -
!1 ,i i
-3wl''1

35?-
2 '-/ 8
278
2f3l
I.±.I+'1

(

EE

4L

4
Jt

4'
I

4
`'1

4
4
/I

4
4
4
£!

4
4

'!b8*
•  '1 (,I 5 *`t\ 5TArfT   TO .E7uD

-T2j;#=#cey`f:^:spgr3sH:,t^yst,
J.                 _      -                                                    ,1    r'                    ,.i=   ,u   V  C>  V\,  .   _     '  `=L;Vdi-e_Vvi;=±dr   <  ooc   .  IT   rtyi+s     .-c.I

S`TAf:T     TT)    PK.a  givD.

27



Z2 -)  5

3 f,i 5
3lr/
333
3 5 (;I

'-I  0`2

`./ 9 3

819
83'7
f'! 4 5
*61
t; €' C'
ri (J 4
'r!''1  4

8 8 i -.
t'! '7 t' -
9.7 3-
`t.i 6 :3 -

t! `1 H -

832-
..i  i !'' -

7 ,.?.7 -
./ 7 5-

7 5 .2 -
i q. ,9 -

I  .~^. I.) -
6' I ../  -
652-
033-
( ' (,, 5 -
5 5 ,j' -
5 5.7 -
541-
5 I € --
:.,,.;;J '<:I -

tq,.,-
/ i a `;` -

ii/-`!)-

4 # 6--
£J '`1 9 -

3 C, 4 -
3 f! 1 -
:`3 b 3.-
•`J `.,' ,J -_=_-.=--



t' 3 a -
3 P, fl -
`1 (i =.) -

:.2 1) 3 -
i? * 5 -
`t-`l t'-
', ® ,`! -

;i 59 -
' 5 3 -
•+ ` ` 4 -
'~ 3 5 -

(2 ? / -
.J `?- 3 -

:? I 7 -
P- ,.;i 9 -
2,..,4-
I lj t; -
192-
189-
185-
i., 8-
\77-
17 (;i-

167-
102-
I b¢)-
157-
L53-
I `±8 -
I 4 6 .-
144-
i. 4 6 -
I :38-
131-

I 2 i.f -
128-
131-
131-

i ?- !j -
I ,a Y -
125-
1*b-
I P- 5 -
I  f2 P. -

i .,  i -
12,:-
I 'd i -
I ,i  1`-
i  12  i -

117-

111-

i,7 6-
i r,, 6 -
l t,j7 -
I (:i7 -



I  `-';7 -
i ,,i .i -
I..,,9-
1   '4'7

<'!  ':?  ,-!

I   i,I  ()

i f;,5-
1,4£! -

i !..14 -

24
24: <iJ---£1

fl`//i-                 .  (..,I,/

€rJD   Dc:*)\,V :
`.`  ,ni±.r\K   e-rv.b

-/



•!.,I(J I; i, ?  ,i

ti'J,\!     lJ  I.i`.jc`T!t?  I  LP-,.., (,,`

i.vi|i..j     i.iffii  v.AT.I  vr.7  I
`1.I-\1  J--.       )J1.,F3I  V?   i

i,'111 ,.,,.  1' I  IJT!f ?  3

EL il.`j 1}    SLOPE.?  .  ¢,`f.}4

SuLVEl`lT    DELAY?2ltl

LOG                Arr}EA    .

1323-
1312-
127 4-
124 5-
1242-
1221 -
1213-
1197-
i  I .' 8 -
1171-

1163-
1   15:3-

1  i 33-
i  i 2 ?- -
I  i  1 ,/ -
11   i3-

1   I,..).'/  -

I £,,, 9 -
i  ,, ``i '<3 -

1  ,,:1 $ 7 -

I  ,;7 4-
I  (,i o 5-
I  (,1 5 c, -.

I tr, 4 9 -
i  ',I 5 0'

1  (?]49

I i.,i 4 5
I  fi49
i (;i 5 6
i (* 6 5
I f,' '1 5
i  I r) 1,

i  i ,'3 5
I   I  t)'5

I  f! .(i 5
I  ; i 3 .,i

I  i,''/  FJ

i  ,'3 .;,) 5

I :.,, :„
I . .3  iJjJ  7

i i 5i)
i  `1 £` c` -

1 3 3 Ci -

I  3 a f,1 -

1  3 ,.-ri ,,i -

I (.;, ,, 9 -



i :2 i.-, 2 -
I 2 ,.i 3 -
1192-

11  a:i?-

11 `j4-
I '`, 8 5 -
I 'f, /-I 4 -
I  Gl (.I 5-

9 ./ 6 -
9 a ,/ -
946-
9 I /I -
895-
•i t.i i -
t; C, 4 -
:3 ,i 7 -

825-
i .!  I 3 -.

8 f`-, 7 -
799-
778-
767-
765-
'./ 5'/ -

' 4 7 -
7 `! 2 -
7 I?.9 -
7 2 £1 -
' ./ `2 ¢ -

712-
b`3  I -
C,|i9-
6 }3 3 -
677-
rJ 7 2 -
t)'/ 4 -
a i) 9 -
€' 6 5-
6 `,I 'i -
b i,I fl -
6 £, (.1 -

639-
63*-
c> 3 7 -
c,. 3 3 -
03.3
23t'
b3'J
625
f, :2 3

I,`,,i
634
b43
65:3



1¢

6'71

rD `3 9
`-/   I  a

'7  ti'r..i

7  ::i `.I

i .+ i,
i:.!, 6 b
(Jll
'.3  ri., I:/)

i   ,:,3 ,:I.I   i

I  ,I, /.i P-
i  ',.; 8 5
I     i    'L  ~/.

I   i  419

i    '!,':,-i

I `2 ',' I

12W9

1213
1213-
I `.J.,,.', 3 -
I  I fJIJ 9 -
1177-
1154-'`

1134-
I  1  ¢,  i -

i  ,I.:` 7 3 -

I ,,i, `, 9 -
1 f, .2 3 -

1~, 9 I/ -

97 .8-
9 () `2
i)53
948
95'7
9'77

i  (,I  I  8

I f39 3
1197

1331
1 5 (i I
1733
1989
2 3 ,:7, S -
P. o EJ I -
3 ,i, a 3 -
35#4-
3 9 8 'S -
`,i. fi 9 5 -
4 (.1 9 5 -
4 ,19 5-
`t (4 9 5 -

•,± !,., 9 5 -

4 r', 9 5 -
`1 ',1 9 5 -
4 fl9 5-

42
14#
2 3 fj'
311

381

Nv°ffesfl/fr¢JutcNG;F*r±sD*f#rf

33



I i ,.,I 9 5 -

4 (`, 9 5 -
i! ri 9 5 -
-,I ,`.J' 9 5 -

4 t,, 9 5 -
4 (.,J `., 5 -
4 (`1 9 5 -
£1 ,: 1 9 5 -

` , ,`1 9 5 -
4 rc' 9 5 -
4! `i t, 5 -
4.:i,i.5.-
`1 C., 13 5 -

4 ` ) 9 `C=, -

/ i ,..... i |J 5 -

'' ,,,.,/ L, i, -

4 ,::.) '=-,  5 -

`!! !,,i ,) `q -

:.3 ',? ,`.,,..: -

:i i, .:3 7  ...

I_i .`.'J  i  7  -

`'.3  \  c, .? -

f:,-,,..i1-

fi `5  I  ;.i -

f2 6 6 6 -
2511-
`2 3 7  1 -
'2 `2 2 9 -

2¢93-
1984-
i  ,i; ,3 f, -
I ./ 9 .7 -
17,-..,,,-

1621 -
1 5 5 ,2 -
I 4 r:j 5 -
1 4 `2 i -
1362-
I 3 I.fi 5-
1241-
1194-
I  I 4 5-
i  i fi I -
I rJ 6 9 -
I 13 3 9 -
I  t# 14 9 -

9 13 I -
957-
9 3 14 -
9 £' 1) -
899-
# 6 i.i -
tl b..`, -
8 4 ,) -
832-
829-

819
819
819
ii  I  c)

i319

t<  I  I?

1319

i ( I |J

819
t319

bl:I1
5til7
397
317
iJ. b j
23±1
;.3 2 £!

2 3 ,'i
!.!'/ 2

:3 ,.'j :i

3 ';i ' )

C3 `'J I )

.'3 5 i?

:I \:) o

362
349`
3 .2 4 .
299
275
253
235
2 i ';)
'?,(,j3

188
174
I  b '-.4

14:i
138



8 ?. 5 -
8'25
6  l  f.I
i-i I 7
i327

939
95P-
86.8
955
CJ fi 3

9!21

945
965
|) f.5 5

992
i ''i I 4
1W37

i („ 5 3
I „'-'  I
i  !i '3  1

I (.j87
I ,:i.9 4
I !'9 9
I  fi 9 13 -
i fi ,:) P -
i 'f.i tj 5 -
i  ,.)  /   ,;`,-

i  ,`,S i) ,.j -

!  ''.,i .+ ,.;,; -

i ,i , `,3 ,/ -

I  (,.i:?  I -

i  (4 ':.1 `-) -
1) 1, D -
1, '/  t:J -

i? 5'7 -
93#-
911-
<q H 6 -
f! 6 I -
t- ; 3 ?J -
? f, 4 -
7 ti 8 -
•.I.-I  .3-

7 5r, -
~/ 4 tJ -

723-
7 ,' 4 -
b85-
(, (` 9 -
J|, 5 `. 3 -

634-
62¢-
6 fi 5-
591-
573-
559-

•/



546-
537-
5 2 £1 -
516-
4 CJ 9 -
A. I 9 ¢ -

4 ,5 4 -
4b9-
463-
451-
445-
433-
429-
423-
419-
411-
`.I 1J, 4 -

4 (3 ,' -
• `,3 9 9 -

392-
:3 8 8 -
386-
383-
377-
3 7 ,' -
371-
367-
364-
30fy..,-
357-
355-
3 /--I 9 -I

346-
:3 4 '(1 --

`?` :,` `1 -

:3  :3 .,.?. --

1! 3. ( , -

3 ::2 1 -
3£2-
`1 f.i ;3 -
( 3 8 I, ; -

t't ,± (-. i -

3 a ,) -
319-
319-
3]7-
3]3-
313-

• 3 ,.:, 5 -

3 (;I 5 -
3 ,j :3 -
3 ,,? 5-
3 ,i., :2 -
3 i.i, 3 -
.£` ....i 9 -
•E ..} 11. -

+.  3 :-i -



?j-. 9 6 -
?,9;3-
..2 9 3 -
2 9 ,2j -
'288-
287-
2.82-
275-
?74-
2:i '`, -
276-
9` ,7 2 -
264-
271-
'2 7  i -

271-
•2 7 2 -
`2 6 9 -
271-
271-
269-
2b5-
' ,j a :s -
C2 5Q -

i: 6 ,'i -
2 €, I -
2. 5 9 -
:,. 5 5-
256-
.i'.Sr, -
`2 5 3 -

249-
?- Zl i, -
`J 4 i) -

2 `.I ;, -
9 4 1.) -
£53-
:,. 4 :, -
i) 4 C,

:SIS

.;.i.  1'; .,)

433
i: 4 :3
2 4 t, -

L±

4
4
4
4'
4
4
41

/.I

I/i

'`J

/I

i  '.,'9 >,:

-ENDp€rd`lv.A_r_:`:.I,PR\<f:^:„rDK;IE=#;'LpO€.c'+`;;±ivj.iein,us+ioLtLDHfty.L~

.6Emr  `2  oi.  -3  .

q.

(.fuDtcRTt==    PK` crfu v'EIep'E

rK ® c€+-rHrT  -trD   PK@ ttw D

~€€3ir`+:~.i-Lor€pK`©t>`TAID`TTonpK©END
3

37

: '.') .I g .:` . `--f£ C`|,`(-

AV ) i.c' 4TtT5
0F:F:SC.ALE



endix  Ill  -V.A.PKS.-2 Calculations

Examples  of  calculations  are  presented

A.  -  Peak  area nomaliza€ion (AN)

The  terms  that  are  entered  on  the  keyboard  after  the  "?"  are:

Peak  area  average  of  external  standard   (ES)  x  GC  Range   (ES)  x  Concentration
of  internal  standard   (IS)   in  sample  if  recovery  wa.a  100%  x  Injected  volume
of  sample   (S)/Injected .volume   (ES)   x  Range   (S)  x  Concentration   (ES).

Then  type  ''SP"  for  the  area of  the  internal  standard  peak at loos  recovery
(E).    This  correction will be applied automatically to all  other peaks.

a.  -  Peak  area  scalin (AX'AY)

I.The  ''X"  calculated  is  the  scaling  factor  applied  to AN  of.  e.ach peak  to

get  the  answer  in,  for.  example,  microgralns  component per  milliliter  of
physiological  fluid:

1000  X  concentration  of  internal  standard  in  sample  if. recovery' was
100%  X  volume  of  final  sample  in  ml./answer  from  A  above  X  volume  of

physiological  fluid  in ml.   (Type  "SP"  for  answer).

2.nhe  ''Y"  calculated  is  t.he  scaling  factor  applied  to AN  of  each peak  to

get  the  answer  in,  for  example,  ug  component  per  mg. creatinine:

Answer  fran !± above  X volume ptrysiological  fluid  in ml./mg.  creatinine
in  sample   (Type  ''SP"  for  answer) .

3.Although  only  the  "X"  and  "Y"  scaling  factors  are  printed  for  each  of
the  above  calculation,  they are  automatically  applied  to  the  EN value
for  each peak.
Remember  that  an  erroneous  calc!ulation  can  be  reinitiate.a  by  typing  *d   .
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THE   a.   F.   STOLINSKY   RESEARCH   LABORATORIES

DEPARTMENT   OF   PEDIATRICS

UNIVERSITY   OF   COLORADC)   MEDICAL   CENTER

4200   EAST   NINTH   AVENUE

DENVER.   COLORADO   80220

February  20, 19.74

Digital  Equipment  Corp.
DECUS  Librarian
Maynard,  Massachusetts

Re:     DECUS   08-617  Addendum

Dear  Sir:

Enclosed  is  a.copy  of  an  addendum  to  DECUS  #8-61
VAPKS-i,   to  be  called  BFS-i,   is  for  a  PDP-8E  wit
clock,   a  10  bit  ADBEA  converter  with  a  floating
5  volt  precision  signal,  and  a  teletypewriter.

.    This  version  of
4k.   core,   a  DKBEA

nput  bucked  with  a

All  operating  instructions  are  identical  to  thos{b  for  VAPKS-i.

i
Sincerely  yours,  ,

i-ap_=edc----i
Steven  P.   Levine,i  Ph.D.

S;J!rfu/a:rp

Encl:  I,isting

V.A.  Hospital/15
1055  Clermon€  St:get
Denver,   Colorado  i80220

I
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@¢72       ®®©©       PKARS            ZBLOGi{    3
®®75       ©®®®       PSLP.           ZBLOCK    3
®1®®        ®@®®        BLEND.         ©
81®1        ®88®

'

®1®2        @®®3

©1®3        ®@©4

©1®4       ®r,©5
©1©5       ®®©6
©1@6        ®®1®

©167
@11®

813
321

811.1         21`77
®112        ®®©©

©115'       ®©®®

®12®        ®®©©

®123r   .   ®©®®
®126       7716
©127       7716
©132)        ®©©®

X,®
P3,
PV,3
P4,
PL,4
P5,
PLPO,
TVJ
PAP.EA.,
PSLPP,        13
BBEG.           DPE
PDS.            LAST-i
TOL 2,           ZBLOCK
AREA.          Z BLO CK
CLKCON.    ZBLOCK
DVI N+           ZELOCK
M5®C,          -62
M5@,                -62`
FT1.              .ZBLOCK

©i33       @®@ei       FT2,               zBLOcK
®136       ®®0©       FT3.              ZBLOC£{
®.141         @©®®
®144        ©@©©

FT4.             ZELOCK
FT5.              ZBLOCK
TL,
SKON,           7

2436
56®6

PAL81/19/74        PAGE   i-1

/-KEEP   THESE   TOGETHER-

/I{EEP   THESE   TOGETHER   t

/81,92   SC ING    CONSTANT

4T



/MARE   I    12/23/73   BFS

`.                                S V,

©156       ®®©1       0NE'                I
©157       2808                                   2®®Z!
©16®        ©®©©                               '       8
®161       2322     .BBP.              DPE+1
®i62        ®@®@      -PKNT,            '@
©163       ®®®®       TP2'               ®
®164.      8®®®       TP3.               ©
®165       ¢®®®       TP4,              a
®i66       ®aj®©       TOL3j           8
8167       1723      TYPE.           TTF`
®i7©      ©888       CLr{K,          zBLocK    3
2}173        2143        DO-wTNP>         D0b}N
8174      ®816      BLpj              16
®175       1444      SEBVP,       SERV

PAGE

PAL81/19/74        PAGE   1-2
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i=S-

/MAEn{   I-2  BFs

I                          /MARK   I-2   BFS
®2®®       4777`   GASCHE.    JrYis   GETCON

o2:-33,:|ueTAiTRlT

©253      4435     MAINL.       Jllls   I    GET

!Z!2!6;g  ;3}§6{6                §D{;i3;:ip::i.[t

PAI.81/19/74         PAGE2

/OBTAIN   RUN   PARAMETERS

/CHECK    ID   FOR   CORE

•/CALCULATE   N0fMELIZ.ATI0N  . FAG.TOR

/5IS
;MexlMiim   BLEND  NUMBER

/DATA  POINTER
/-25( 10)

/CONVERT   fIND   STORE

/PUT  HEADING   ON   OUTPUT

/INITIALIZE   AREA

/INITIALIZE   DISPATCH   `JECTOB

/INITIAL`IZE   .PEAK   NUMBER
/MAIN   LOOP
/MI DDLE .VALUE
zFofa   i®   BIT   cONv.ERTEF.s   ONLy
/DID   CON`.7ERTER   TOP    OUT?
/NOPE=     S,OK'/ARE   -VJE   INTEGRATING?

/NOPE3    JIST   MOSYIENG   ALONG
/YES:    CHANGE   IT.   T0   FULL    SCALE

43



/MABK   I-2   BFS

®266       21©©
©267       1766'
©27®      4.765'   itlLOX.
£') 271       44.®7
©272       1115
®273       6115
©274      ¢®©©
Zj275      4'764'    8¥>
®276      '7©®@'
©277      4573
®3®®      4763,
©3©1         53¢-)6-
©3®2        11®©
©3®3-771©
®304      5312
®385      4762'   P!iY.
r53@6       2i®i..    ivlLEND,
9387      5253
931®       4761,
®311        5253..
®312       2165      PUSD>
©313       5317
®314      7248
®315       3165
©316       53@5
8317      1823
©32®       3163
®321        1!324
®32?       381.7
@323       1417
®324      3416
®325      2163
®326      5323
©327       53©6
®33©        ®®©®
®331        2©21
©332      741®
®333       2@22
®334-      7418
®335      4761'
®336      4407
9337       512®
f]348      2156
9341        612G}
©342       ®©8©
®343       1®45
®34.4      778®
@345      .5738
@346      4762'
©34.7       1353
©35©       765©
8351        52©©
©352      576fJ'
®353       ©8©©J
®354       ®®®®

I

PUSHL,

UPCLO,

BMO DE,
SOLVT,

ISZ    BLEND
1`AD    DP}.`4+ 1
Ji`€S    FLOAU
FPT
FADD't-.-PUT

FEXT
JMS   .DSUB
NOP
Uivils    I     DotiINP
JMS.   SEA.BCLi
j%p   priLEND
TAB   BLEND
SPA-    CLA
JMP   PUSD
JMS    DECONV
ISZX
JMP   M-AINL
JMS   OOPS
JMP   MAINL
ISZ    TP4
J}1P    ,+4
CLP,    CMA
DCA-    TP4
Jiuf p   PNY
TA_D   MCN-T
DCA    TP2

TP2
PUSHL
rtsL EN D

SECS

ISZ    SECS+1
SKP
JMS   OOPS
FPT
FGET   CLKCON
FSUB   ONE
FPUT   CLKCorlr
FEXT
TAB   Fffl
S[{A    CLA
Jl,IP   I    UPCL0
JMS    DECONV-
TAD   H{40DE
SNA    CLA
j[`€P    G.A.SCHF,
•MP    HE-ST13
®

ZBLOCK    3

PAL81/19/74         PACIE   2-1

/MAex   IT   sATufiATEI)

/C_AicuLA_TE   DEB.I VA.TI VE
/REPLACE   ti.JITH    .Ui¢S   I    I)IAGP.    FOP.   .TEST
/CHECK   IF   RESOLUTION   NEEDED

/NO"ING    EXCI TING   HAPPE:!¢ED

/ EL EN D?
/YEP
/NOPE:    HOW   A.BOUT   BEFOBE?
/UPDATE   LOCATION    COUNTER
/BAG.K    WE   GO
/A  L0000NG   ONE

/PLISH   ONTO   LIST
/FIX    UP   COUNTER

;For!cED   FINI s!H
/DIMENSION   0F   VECTOR

/f}.DDRF,SS   0F   PRESENT   PE.4if   VECTOR

/PUSH
/    DO\,JN
/       EVERYBO DY

/UPDATE   THE   CLOCK   ROUTINE

/CLEAN   UP   LOOSE   ENDS
/AUTO    EESTAP.T?

/G0    ASZ{    THE   QUESTIONS
/YES:    EEINITIALIZE
/AUTO-RESTART   MODE   S{.JI TCH

44



I

/MAH{   I-2   BFS

8363
® 3 6 4-
®365
8366
@367
9378
®371
©372
9373
©374
©375
0376
qJ 37 7

'

75      DIAGP,        DIAG

®4®®       ©©®®        TS'
©4®1        ®©©®'     oops,
@4®2       72@©
®4®3       47771
©4®4       1376-
84®5       32®©
2}4®6       1375
®4®7       4.567
®41®        7Z!4©
®411         1291
®412      7194
®413       7©86      L>
©414      7®©4
©415       3164
®416       1164
©417       G374
©42©       1373
¢421      4567
©422       72©©
©423       1164
©4-24       22®®
®425      5213
®426       72©®
®4Z7      A.]77.
®.43©       5601
@4.31       88©®       DSUB.
©432      72®8
®433       313®
Zi4.34       3131
©435      3132
©436       1@25
@437,    7®41
©44-®       328©
0441        12®©
®442       1372
®443       3®13
©4.44       1©25

C E!L F
I    OOPS

PALS       1/19/74        PAGE   2-2
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/iviiAF+i   I-2   BFS PAI81/19/74        PAGE   2-3

$445       7©®1
©446       71©4
©447       7®41
©450       7©®1
®451        33®5
©452       1413
.8453      43©6
¢4.54      44©7
8455      6133
2)4-56       0®©©
©457       120®
e)468       22®®
©461       7©88
®462      74.58
@463      5272•©464.      4317

®4.65       44.®7
©466      3133
6467       113¢
®47®        613@
©471        ®®¢®
®472      23@5
©473      5252
a)414      411E)7
®475      43FJ2
®476       ®©®®
®A.77      477r
©5®©       3®27
8581       5631
®582       8©®©
®5®5        ®¢©©
®5.®6        ©8®@

®5®7        711@
©510       3©45
¢511        1386
®512       3317
®513        7®1©
@514-       3@46
®515        7®@1
8516      5322
9517       ®©8©
8528      3®45
®521       3©46
E522       137©
®523       3©44
®524      4497
©525       7®@0
®526        ®@®®
®527       5717
®53©        4-@4®

0531        4-®4©
8532      4©14
8533       17®3
®534      484®
©535       4©4®

IAC
CLL   Brfu
CIA
IAC
DCP.   M812

INLP2.       TA^D   I    f#3
JMS    FLOAU
FPT
FPUT   FT2
FEXT
TAD   TS•I'SZ    TS

Nap
SNA
JMP   ZEry
JMS    F`I.OAT
FPT
FiMUL    F1`2
F4.DD   FTI
FPUT   FT1.
FmT

ZBY, ISZ    i.1812
JMP   INLP2
FPT
FDIV   KSCEL
FE{T
JI,!S   FIX

•   DCA    DDOT

JMP    I    DSUB
KSCAL'.       ZBLOCK    3
M812,            ZI
FLOAU,        @

CLL    F..A.ft
DCA   F.AH
TA.D   FLOAU
DCA   FL04.T
EAR
DCA    PAL
I I)-a
divjTLP    FLOAT+3

FLOAT,        ®
DCA   FfH
DCA.   FAL
Tf)-D    (  13
DCA    FAB
FPT
FNOR
FE{T
J1.`jp    I     F`LOAT

HEAD.           TFX1`   /

/DERIVA.TIVE   SCALE   FP.CTOR   (ID   I)E.PENDE

/UNSI GNED   .N'UMBEF.S

LO C            AfiEA./

46



;Mf>_ex   I.-2   BFs

®536       ®122
®537       ®5©1
©54©        ©'®8®
®541       2225
8542      164.©
®543       14.©5
®544       16®7
®545       241®
®546       77®©
0547       1511
®55®        16A-a
®55.1        ®485
®5.52       2211
@553       26®1
®554      2411
©555      26®5
®556      77®8
©557      ®214
®560       ®516
d561       ©44®
©562      2314
®5.63       172©
©564      ®577
a.565       ©®®®
@57®       ®813
®571        12®8
@572      23®4
®573      ®268
®574.       ©©©7
©575
®576
®577

I

`

PALS       1/19./74        PAGE   2-4

RUNLj           TEXT   /RU;V   LENGTH?/

TTOLDB.    TEXT   /KIN   DEB.IV.ATIVE?/

TSLOPE.    TEXT   /BLEND   SLOPE?/

PAGE
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/Mf}.EK   I-3   BFS

®6®®        ®®@®

®6®1        72®©
®6©2       1®26
86®3      1777`
®6®4       321®
©685       1619
86®6      `321`®
®6®7       561®
©61®        ®B©Z'
®611        1®36
2}612       1027
©613       77©©
8614       56Z}8
¢615       1193
8616      3®26
©617       56®®
®62¢       1®27
©621        77.®@

/iviAB!{   I-3   BFS
SEARCH.    a

CLA
TAD  LPV
TAD   DISTA
DCA

T,
MEG, TOLDB

DD0T
CLA
I    SEA.RGli
P4
LPV
I    SRARCH

PEAK.           .T4.D   DDOT
SMA    CLA

2i622       56®©
®623       1®64
®624      1837
8625     .7941
G626        11@1
®627      77¢®
®63®      5234
®631        11©2    .XIT2.`
®632      3©26
®633       56©©

JMP    I    SEABC-H
TAB   STF.TL
TAD    TOLW
CIA
TADX
SMA    CLA
JMP   STRPK
T4-D   P3
DCA  LPV
JMP   I    SEARCH

©634'    1776'   STRPK.       TAB   DPM+1
®635      3®65
®636        1Z121
©637      3866
®648.      1@22
®641`     3©67
864'2.    7@©1      XIT1.,
©643      3@26
®644      56®®
©645      1836      POS.
©646      7©41
®647      1®27
®65®`        771@
®651        56®®
®652      3115
©653       3116
®654`     3117
®655'`      1©©4
¢656      77@©
®657       31®1
©66®       318©
®.66.1        1776'
@662       3©6`3~.
®663        11®1
®664      3©64
@665      7326

PALE       1/19/74        PAGE   3

/CALCULATE   DI.SPA.TCH   ADDRESS

/ DI SPATCH
/TEMPORARY
/SLOPE  tt.6BE  .NEGATIVE
/   THAN   TOL.ERAltcE?

/NO

/YES

/ DEBI VATI VE  NEGATI UE?

/NO
/WAS   START   FAR
/    ENOUGH   BACK?

DCA  pEexv
TAD   SECS
DCA   PEAKL
TA.D   .SECS+ i.
D,CA   PEAj{L+ 1
IAC
DCA   LPV
Jttp   I    SEARCH
TAD   TOLDB
C.IA

.   TAD   DDOT
SPA   CLA
tJMP    I    SEA.RCH
DCA   AREA
DCA   AREA+ 1
DCA   AP!EA+2
TA-D   PPB
S.r\.lA    CLA
DCAX

.    DCA   BLEND
TAB   DPM+1
DCA   STRTU
TADX
DCA   STBTL

-L1.j2

48

"ES=    STORE  PEAI<
NO

;LOOK   Fofa   boslTlvE   sLOpE  NEXT

/FOUND  0NE!
/SA.VE . "E  INFO

/LOOK    FOB   COWN    SLOPE   NEXT

/DERIVATIVE  MORE  POSI TI`JE
/   THAN   TOLEEANCE?

/NO
/YES:    START   ANEW

;zEEro   CouNTEB   IF   NET.I

/START   FP.ESH

/SAVE   VALUE   AND   LOCATION



/MARK   I-3   BFS

0666    .3®26
©667       56©®
®67©       1®27 TA. I L ,
8671        1166
©672      7718
@673        56@©
®674      .1©64
®675       1©37
@676       1®37
@6i7     7aJii
©7®©         11©1.

87®1        771©
87@2      5242
®783       1776'     I
©7¢4       32)7@
®7¢5        11¢1
®7©6       3871
©7©7         11®1
®71.a      4775.
®711        44®7
¢712       6®3©
®713,.      5115
®714      6®72
©715       ©0®©
©716        1©®4
t37\7       T7bq}
972@      5323
©721       1774'
®722      741®.'
972.3       1®63
®724      4775`
®725      44rH
8726      613©
©727        ©©©©
©73©       1776'
8731       4775'
®732      44©7
9733      2138
¢734      4®3©
©735      4147
®736      6®75
2)737      aii2
®74¢J       ©8®®
®`741       1945
@74.2      7718
®743       5351
®744      733®
©745        11©®
®74.C`        31CAS
qn4:]      7®A~fb
®75®       3®®4
9751       2152
©752       741®
@753      4773'
fl754      22®%

11{,

PAI.8       i/19/74    `.    PAGE   3-1

DCA  LPV
jivlp   I    SRARCH
TAD    DDOT
ie-D   TOL3
SPA-   CLA
Jl¢P   I    SEARCH     j
TAB   STP^TL     .
TAB   TOLW
TA.
CI

TOLl,I

TADX
SPA   CLA
JMP  XITI
TAD   DPM+1
DCA.   TAILV
TADX
DCA   TA.ILL
TADX
J}4S    FLOAU
FPT
FPUT   D.IV
FGET   AREA
FPUT   PKAP-
FEX T.
TAD   PPB
SMf}    CLA.
JMP   '+3  .
TAB  LA.ST
Srlp
TAB   STRTU
JM.S    FLOAU-
FPT
FPUT   FTI
FEXT
TAB   DPM+1
JMS    FLOAU
FPT
FSUB   FTI
FDIU   DIV
FDIV   SXON
FPUT   PSLP
FSUB   TOL2
TEXT
TAD   Fail
SPA   CLA
JMP   IK
L\w`'4.K
TP.D   BLE"D
DCA   BLEND
CMf\
DCA   PPB
I  S7.    K
SKP
JMS   OOPS
ISZ    SEARCH

/FIND   PEAK   NE{T

/DERIVATIVE   GREATER   THAN
/    TOLERANCE?

/NO

/FAR   ENOUGH   FROH   .STA+RT?

/NO   `IJAIT   UNTIL    IT   BLO`17S   OVER
/YES
/SAVE  LOCATON   AND   VALUE

/PREVIOUS   PEAI{

/VERY   FIRST   STf}.F.TING   i/-A1.UE

/AND   DELTA   BASELINE

/CALIBRATE   IN`   U01,TS/SEC.
/SAVE.  THE   SLOPE

/MA.Fit   END

49



/y:iArac   I-3  BFs

®755
©756
Q1 ~1 51 ..

®768
®761
8762
@763
®764
©765
@773
a) 7 7 4
®775
@776
2) 7 7 7

PAL81/19/74         PA.GE   3-2

JiNIP   XI T2
TSOLV.        TEX1`   /SOLVENT   DELAY?/

50.a

PAGE



/hiA.H{   I-4   BFS PAL81/19/74_        PAGE   4

/MiAR<   I-4  BFS
/ROUTlsoE   TO    SET   UP   TEIE   INITIAL   VARIABLES   J   8   PEfiF.CE  8/7/72

1£)®©        ®®®®        GETCON.      ®
1©©1        6®8.2

1©®2       3©56
1®©3        1147
1©®4       3@62
1Z)©5       4777`.
1®®6       7©4®
1®®7        3®56
181®      4776'
loll      4337
1©12       ®541
•1©13       4.4©7

1©14       ®®®3
1®15        617©`
1816        ®©®©
1®17        1®45
1  ®28   -.775®
18215211.
1¢i.22      4337
1®23      8547
1®24      44®7
1®25        @®@3
1®26       ®®®®
1©27.      4.775.
1®3®       3®36-
ira3i      .i®45
1®32       775©

Iop
I)CA    56
TAD    TL                     J
DCA    62
J.rls   NSTRT

•    Ci¢A

DCA    56
JMS    CE§LF

CKj                 JMS   TXT
RUNL
FPT

•       INPUT

FPUT   CLKK
FEXT
TAB   FAli
SPA   SNA   CL.4
JMP    CK

DB~                  JMS    TXT
TTOL DB

1Lzj33       5222
1®34      4337      ES'
1©35       155®
1®36      44®7
1®37        ©®©3
1®4-®        ©®©©

1©41       4775'
1®42      3166-
1943       i.166
1®44      771©
1945      5234
1®46      4337      LW.
1®47       1433
1©5®       44®7
-1©51         ®®®3

1052        ®or'@©
1®53      4775.
1@54       3®37.
1®55       1®45
1®56       775®
1®57      5246
1@6®       4337
1®61       95S7
1®62      44®7
1®63       ®8¢3
1064      6112

PE,

FPT
INPUT
FexT
JMS   FIX            `
DCA    TOLDB
TAD   FAH
SPA    Si\1A    CLf}.
JMP   DB
JMS  "T
EDfiv
FPT
IhTPUT
FFXT
Jl,!S   FI,X
DCA    TOL3
TAD   TOL3
SPA   CIJA
Jivi'P   ES
JMS    TXT
TTOLW
FPT
INPUT
FEXT
JMS   FIX  .
DCA   Toll,J
TAD   FAH
SPA    SNA   CL.4.
J[4P  .L\,J
JMS    TXT
TSLOPE
FPT

/N0   LINE   FEED  AFTER   USER   TYPES   CR

/F   F011b4AT

/LINE   FEED  AFTER   USEF.   TYPES   CE

/TYPE   INITIAL   MESSAGE
/RUN   LENG"  .

/DEB.IVATIVE   TOLERANCE

/ENDING   DEBIVATI`JE   VALUE

/V'I DTh

i-::¥TTOL2                   /BASELINE   SLOPE   Tot.I.HdNCE
51
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/MARX   I-4  BFS

1  ©65        ®®®©
1866       1®45
1©67      775©
1®7©       526®
1@7:1        4337
1872      ®75.6
1©73      4487.
1©74       ®©®3
1®75        ©®@©
1©7.6     .4775'
1©77       1374-
11®®        755©
11©1        5271
11gt2      7841
11®3       3773.
11®4       3®21

LV,

FFXT
TAD   FAH
SPA   SNA   CL4.
JMP   PE
JMS   ixT
TSOLV

Pf}L8       i/19/74        PAGE   4-1

/SOLVENT   `DELAY

1`1®5        3f2}22

11®6-1773,
11®7        3©2®-'
111®        44217
lil.1        517®
1112      2772'
1113        612®-`
1114       8®®®
lil:5      6®32
1116      4776.
1117    .1127.
112®       3126
1121       6133
1122       5321
1123       2126
1124      5321
1125        1127
1126      3126
112.7      4771'
1138-2¢2©-
1131       5321
1132       1379
1133       3167
1134       6131
1135        6©®1
1136       56©®
1137       ©©®f,
114©       724©
1141        1737
1142       3©17
1143      2337
1144       1417
1145       3©©3
1146        1®®3
114.7       ®367
115©       745®
1151       5737
1152       7112
1153       7©12

FPT
INPUT
FEXT
JMS   Fix
TAD   (-.31
SPA   SNA
JMP   LV
CIA-
I)CA   SOLVT

EESTF_T.    DCA   SECS
DCA    SECS+1
TAD   SOLVT
I)CA    SOLVE
FPT
FGET   CLKk
FSUB   ADlsoN
FPUT   CLKCO,\I
FEXT
KCC

CLSK
JMP   ,-1
ISZ   M58C
JMP    ¢-3
TAD   M5®
DCA   M58C
JMS   UPCLO
ISZ,    SOLVE
Jlngp    .-1©
TAI)   ( TYP
DCA   rvpE
CLEI
ION
tJMP    I     GETCO}]

Th-T,              ®

TXL,

CLA    CMA
TAD   I     TXT
DCA.   4;X7
ISZ   "T
TAD   I    f}_X7
DCA-    TPI
TAD   TPI
AND    (77®@
SNA

52

/LESS   25(1®)    FOE   "E.  INITIAL    SETU-P   .

/PEAK   LOCATION    COENTER

;SET   im   DELAY

/CORRECT   FOE   REPEATS
/4_ND  F.UN  LENG"

/ZAP   FLAG

/.SET   UP   5®   CYCLE
/    CO-UNTEE     .
/WAIT.  FOR   TICK

/ONE   SECOND?
/NO

/BESET   TIMER
/SOFTWARE   CLOCK
/SOLVENT   I)ELAY    E}CPIEED?
/NO

/SET.  UP   FOP.   INTEBEUPT   OPERATION
/INITIALIZE   D-K8-EC   CLOCK

/P0IiN-TS   TO    TEXT

/MAS}{   OFF   FIEST   CHAP.A.CTF,a



I

/MARE.I-4  -BFS

1154       7®12
1155      4766'
1156       1®83
1157       ®365
116®       745®
1161       5737
1162      4766'
1163      534.4-
1-165       ®877..
1166       154.1
1167       77®®
1179       1441
1171        833©
1172       2123     .
1173       2j354
\\74    7747
1175        12®®
1176       1732
1177       2@43

12©`®        ¢8®®
12®1.        1©44
12¢2      754®
12®3       52®6
12®4       72©®
12@5        56®@
1`2®6       1377
i2©7.      745®
121©       522A.
i2ir       75©®
1212      4776'
1213       3®4.4.
1214       71©©
121'5       1®45
1216       7518
1217       7®2®
1.22®        7®1®
122.1        3©4.5
1222      2©44
12.2.3       5214.
1224      1©45
1225,     568©

BTR
JMS   0TT
TAD   TPI
AND    (®®77
SNA'JMP   I    TXT

JMS   0TT
JMP  "L

FIX,

GO,

D0 N E,

`..-:     ..;. : .... `..ijfli€!. `=`tt

p4L81/19/74        PAGE   4-2

/SHIFT   INTO   POSITION
/`DECODE'  ENI)   TYPE

`         "`..`.-r          .
.,

/COPIED   FROM   FLOATING   POINT   raANUAL

/AN   AHITHMETIC    SHIFT

53



tt

/MAFIf   I-5   BF.S

1226
1227
123®
1231       1564
1232      5626
1233       ®8®©
1234     4775'
1235       1971-
1236     4774'
1237      44®7~
12.4®       613.3
1241        ©®®®
1242       1©7®`
12243.     47T4`
1244     44©7
1245      213®
1246      4133
1247      6133
125®       ®8®©
125d        1162

I-5   BFS
@

TAD   TP4
•         DCA    TP3

TAD   I    TP3
J!4P   I    INX

DECON.`T,      ©
JMS    SUCB
TAB   TAILL
Jf:1S    FLOA.U
FPT.
FPUT   FT2
F-EX T
+AD   TA.ILV
JMS   FL0f}.U
FPT
FSUB   FTI
FDIV   FT2
FPUT   FT2
FEXT
TAB   PKNT

1252      765®
1253      5773'
1254        1111~
1255      3165      BACK.
1256       11®3.
1257     4226
126©      3®46
1261.11©4
1262     4226
i263      3®45
12641372  .
1265      3®44
1266      44®7
1267      7©©8
1278      2355
1£71        17711
1272      ®8@4-
1273        ®@@©

1274       1147
1275      4226
Lt276      I,.]r,4`
1t217      44®].
13®®       6136
13®1         @®®©

13®2       11®6
1383       1165
13©4      3353
13©5       1153
13®6      4226
13®7      47]A`
1319       44©7-
1311        6141
1312       1136
1313       4153

SNA    CLA
JMP    DIRC.T
TAB   PDS
DCA   TP4.
TA D , PL
JMS   INX•DCA   PAL

TAB   PLPO
JMS   INK
DCA   FALI
TAD   ( 27
DCA   FAB
FPT
FN-OF-
FSUB   Fl.3
RADD  ADhom
OuTPUT         -
FFXT
TAB   TL
JMS   INK
JMS   FLOAU
FPT
FPUT   FT3
F E'{ T

D   PAP-EA
DTP4
A    DTivjp

SL
INX
FLOAU

PAL81/19/74         PAGE   5

/SPEclfEL   PURPOSE   INDE>CING   F.OUTINE

/TO    FIX   .CORE   PROBLEM
;vEErf   LA.sT   LocATION

/TalLL

/SLOPE

/IX)UBLE   PRECISION   INTEGER

/DERIVATI VE  LA.G
/OFFSET   TIME   FOR   HEpmTED   HUNs
/PRINT  PEAK   LOCATION

/TAIL   LOCATION

/STARTING   LOCATION
{

/X-BAR
54



/MAf3i{   I-5   BFS

1314       3133
1315        1139
1316       614A.
1317       5136
132®       2141
1321       3144.
1322      6144
1323.    5753
1324      2144.
1325      4147
1326       ®©®4
1327       8®®@
133©       1174
1331       4226
1332       ©37®
1333      764©
1334       1-367
1335      4567
1336J      1354
1337      765¢
134.©       57.66'
1341        11®7
1342       1'165
1343      3353
1344      44®7
1345      5753
1346.     ®®®©
1347.     11®2
135.@       44©6
1351       5766'
1352      5633-
1353        ®®©®
1354      888®
1355      0®©4
1356       32©©
1357      88fl©
136©.   .  '1365
1361       3167
1362      5764'
1364        11©4'
1365      1723
1366        14@@
1367      ®244
137®       1777
1371       2123
1372       ®®27
1373      1422
1374       ®5®6
13'/5      1647
1376       ®4®1
\377     7765

JylpT,
I)T|\1P,
SLPSW,
F13,

J F-i-K ,

14©©        1®®4.       POVER..
14@1        7719
1402.1377

FMUL
FADD
FPUT
FGET
FSUB   FT4
FMUL    FT5
FPUT   FT5
FGET   I    DTMP
£`SUB   FT5
FDIV   SKON
01'TPUT
FEXT
TAD   ELF
JMS   IIJX
END   C  1711
SZA    CLA
TAD   (''S
JMS   I    TYPE
TAD   SLPS-ttJ
SNA    CLA
JMP   POVEB
TAD   PSLPP
TAB   TP4
DCA   DTMP
FPT
FGET   I    DTMP
FEXT
TAD   P3
JMS   I    FP0
JMP   POVER
JMP    I     DECONU

PAGE
.TAD   PPB   .

SPA-   OLA
TAB   (`'*              55

PALS       1/19/74        P4.GE   5-1

/ SL 0 P I
/Y-NAUGHT
/Y-BAR
/TAIL   LOCA.TI0N
/=DELTA  X-     /Y-BAR

/AREA   0F   TRAPEZOID        ,
/AREA
/ TRAPFZ0 I D

/DID   HIS   ONE   OVERFLOW?

/MARK   IT

/SLOPE   DIAGNOSTI C?

/NO

/CALCULATE   ADDRESS   OF   SLOPE

/BLENDED?



/thAHZ{   I-5   BFS

1493     .4567
L4®A.      4776`
|4.®5       1165
14&6      7©41
14-®7       1©24
141®      764¢
.1411       5224
14.12       1375
1413       3165     .
1414        11.11
1415       3®16
1416      7332
1417       31®8
142E      3©84
1421       5774'
1422       1©24..    DIHCT.
1423      5773'
1424      2162-AG4.IN.
1425      741®
1426      5222
1427       1823
143®       7©41
1431        1165
1432      5773.
1433       1511.      TTOLifo
1434.1648
1£135       2711      .
1436      ®424

•1437       1977
144®      08®8
1441       ©®f}©      "P,
1442      6®46
14Zj.13       524.3
144.4      6¢41
1445      5252
1446       6©©1
1447      6@42
145®       72©21
145.'1        5641
1452'      6133
1453      741®
1454      2126
1455      53©2
1456      3933
145.7       781®
146®       3®34
1.46.1        1127
1462      3]26
1463        `1®1@
1464      7®41
14.65       1372
1466       77@®
1467      5273
1A-7®        7®©®

SEEV,

CL 0 CKJ,

I

L_  ___

JMS   I    rvpE
Jlngs   CELF
TAB   TP4
C I 'A-

Tf}D   VECTA
SZA    CLA
JMP    .A-GA.IN
TAD   (-5
D'CA   TP4
TAB   PPS
DCP.   ex6
L i,.', 2X
DCA  .BLEND
DCA   PPF'
J!4P   JMPT
T4.D   VECTA
JMP   84.CK
ISZ    PKNT
S!{P
JMP    DIRCT
T4.D   &[CNT

PALS       1/19/74         P.AGE   5-2

/LAST   ONE?

/NO
/ FI N fLLY i
/SET   UP   FOB   NEXT   GO

/SE1`   tjp   FOP.  MOST   EECENT   PEAK

/DONE   i.JITH   PDL?
NO-/YEfH  '

/BUMP   POINTER
CIA
TAB   TP4
JMP    BACK
TEXT   /MEN   tJIDTH?/

JM CLOCK

( BEND
SMA.    CLA.
Jl,IP   QVRT
MOP
JMS   OOPS

56

/ CL 0 CI{ ?
OOPS

/N-OT  YET

/REELCIADREGISTEF.

/STIL-L    BOOM?

/AOK
/NEEDS   FIXING



/MA.F*X   I-5   BFS

1471
1472
1473
1474      341®
1475       6131       BTEiN>
1476      73fl¢
1477      1834.
15©®       78©4
152)1         1®33
15©2       6©©1       I.EXI.
1583       54©®
15®4        @@®®

TAD   BBEG
DCA    A-X©
ADCV
I)CA   I    ex®
CLEI
CLA
TAD
B4L
.TAD   SAC
ION
JMP   I    Z!

GETV-AL.     8
15®5       6®©1
1566       1®1®
15®7       7©41
151©         111®
1511        765©
1512       53©5
1513       6©®2
•1514        181®

1515      7841
1516        111®
1517      7458
152tz)       53@5
1521   '    13-/1
1522      3356
1523      137¢
1524.     3911
1525      1367
1526    '.3®12
1527       1412
153®       3411
1531       2356
.1532      5327
1533       7®4®
1534        12}1©
1  535       6e;©i
1536       3©1©
1537      4766'
154©      57©4-.
1541.   ®®®8       0TT.
15A.2       1365
1543       751©
1544      1364
1545      1363
1546     4567
1547      5741
155®       ®516
`1551

1552
1553
1554
1555
1556      a

EDBV,

1563       ©2 4©

ION
TAB   4ex@
CIA
TA.I)   BBEG
SN.4   CLA.
jfviLp   GETvfin+ 1
10F
TAD   ex©  .
CIA
`TAD   BBEG

SNA
JMP    GETVAl.+1
TAD   (-31
DCA    GKNT
TAD   ( DPBASE.
DCA-AXI
TAB   {  DPE.ASE+ 1
I)CA   ex2
TAB   I    AX2

IfxI
GKNT
•-3.

AX©

SPA
TAD    (  1®®

P.AL8       1/19/74         PAGE   5-3

/START   OVER    .

/STOP.I   NEW   VALUE   IN   QUEUE

/ANYTHING   0N   LIST?

/NOT  YET
.  /No   FAIR   ADDING   To.LlsT   rmlLE  ingov±NG

/AHA:    AT   LEAST   ONE

/PUSH    I)OWN`  THE   LIST

/BAc!{  up   "E  LlsT  polrvTEB
/ONE   INSTRUCTION    DELAY

/UPDATE   "E   0LOCX

/SPECIAI   CHX?

/NO
TAD   (  24©
Jl,]S   I    TYPE
JMP   I    0TT
TEXT   /END   DEBIU?/

57
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I

',

(

/i4AEt{   I-5   BFS

1564       ©1©®
1565      774©
1566      ®33©
1567      2271
157®       227©
t571     7747
1572      5377
1573       1255
1574       1352.
1575     7773
1576      1732
1577    .8252

PAGE

PAL8      1/ 19/ 4        PAGE   5-4.
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61                       i3i

/i'1Afiz{   I-6   BFS

16®®       42®2
16®1        5777.
16®2        ©®®®
16®3       73@©
16®4      4227
16®5      6547
16®6       74@9
16©7       655®
161®      7288
1611       7352
1612      4567
1613       7353
1614       7®8&
1615      7354
'1616       7®9®

1617      7333
162®       ®24©
1621       ../334
1622      ©815
1623       ®167
1624      1723
1625       ©8®®
1626      56©2
1627       ®®®©
163®.       1627
1631.     2227
1632      745®
1633      5627
1634. ..   324.1
1635      1627
1636      2227
1637      3641
164.0      5239
1641.     ®®®©
1642      1642
1643       ®611
1644      962©
1645     ©645
1646      867®
1647       ®©©8
165®        118©
1651       7®©4
1652       771®
1653      5776'
1654      iirJ4
1655       1165
1656      7©41
1657      3162
166©       1162
1661       7658
1662      1274
1663        1111

3165
7©®1

/MARK   I-6   BFS
JMS   MFPP
JMP    GASCHP.

MFPP,           ®
CLA    CLL
UMS    CMODS

6E)1+I'      74®8

655@
•7 2 ® ©

7352
JMS   I    TYPE
7353
iNIOP

7 3 5 4.
NOP
7333
24®
7334
15

`      TYPE

TTF
0
J[f`P   I   MFPP

Civio DS,          2i
TAD   I     Cr40DS
ISZ     CMODS
SNA
tJMP    I     C!y]ODS
DC4.    CMODT
TAD   I     CMODS
ISZ     CMODS
DCA    I     CiMLODT
u-!{P    Cill0DS+ i

CMODT,         8
DI S.TA,

SVCR;
BL EN D

PfEL8       1/19/74         PAGE   6

/FPP   FUNCTION   TABLE
/FPP   INPUT   ROUTINE

/OUTPUT

JrypE   BouTINE  MODs   ti97f5>    VEF.sloN

/N0   PLUS   SIGNS   PLEASE

/CORE   MODIFICATION    ROUTIN.E

/a   MArKS  LIST   END

/GET   CONTENTS

/D0   IT

/ALREADY   PPLINTED?

YES

/IS   Ttlls   A   ELEND?

/N-0
/SET   UP   FOR   FIRST   ONE

59
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!

/MARK   I-6   BFS

1666      4775'
L667      1[]74.
167®.      44©7
1671        613®
1672       2'®©®
1673      5647
1674      5663      BELT.
1675       @888       DIAG>
L676     1346
1677       1@26
17©©       765®
17©1'.        5675
1782      1773'
17Q}3-     4774`
LIE34     .A.4QT'
17©5       ®®©4
17®6       ®8©®
17®7'      1@27
171®       4772'
1711        44-®7
1712       fl®®4
1713        ®®®®
'17l:ZLiL         1 ®26

1715      4772.
1716      44.®7-
1717       8@84J
172®        ©8©®     .
1721      4332
1722      5675
1723       ®®®®       TTF.
1724_    .6®46
1725       72©®
1726       6®41
1727      5326
173®       6©42
1731       5723
1732      ®80©
1733
i  7 3 4-
1735
1736      4
1737,.      5
174©
1741
1 7.4 2
1743
1744
1745
1746
1747
1759
1751
175a
1753
1754

i

C EL F,

JMS   INX
JMS    FLOAU
FPT
FPUT   FTI
FexT
JMP   I    S\)CR
STBTV-LAST

-®

L I,'I.I 3
TAD  L.PV
SNA    CLA
J;lip   I .  DIAG
TA.D   DPM+1

..     JMS   FLOAU
FPT
OUTPUT
FEXT
TAB   DI)OT
JMS   FLOA.T
F`PT
0uTPUT
FEXT
TAD  LPV
JMS   FLOAT
FPT

•     OUTPUT

F E]X T
JMS   CELF.
JMP   I    DIAG
8
TLS
CLA
TSF
JMP   ,-1
TCF.
JMP   I   ,TTF
©
TA.D    (  21.5
JMS   I    TYPE
TAB   (212
UMS   I    ITPE
JMP   I    CELF
TEXT   /DELTA   I?/

AD3 EA.,        ®
ADCL
ADST

6534                            AI)S:i
535®                               JMP    ,-1
6533                              ADRB
1356                                   TAB   K1®®®
71¢6                               CLL    HTL

t
PALS       1/19/

/GET   STA.H

/Y( a)

/ADDpiESS

4         PAG`E   6-1

ING   VALUE

DI FFEF.EN TI EL
\

/1972   SCH    7~117
/ZAP   MULT]PLEXOR
/ST4.RT   CONVERTER

i.J A I T

/F_EAI)   CORTVERTEE
/.FIX   Aftl"METI C
/MULTIPLY   BY   4

60



;MArur   I-6   BFS

1755
1756
177©
1771
1772
1773
1 7 7 4-
1775
1776
1777

ji`4p   I    AceEA.
K1©©®,          1©©®

2®®®      4777'   LEITh>
2©®1         11®4
2@82      3@62
2@83      76©4
28©4      7©1®
2@®5      7629
2®®.6      522¢
28®7      4233
2819     4776'
2®11       44©7
2®12      4147
2©13       8®©8
22714       1153
2©15      463f3
2®16      4775'
2®17       52©3
2®2®        11®2
2`®2.1        7©4.1
2®22      3232
2®23     4233
2©24       2®®©
2©25      5224
2¢26     2232
2®27      5224

PA-GE
J[vls   MFPP
TAB   P5
DCA   62

I.I GHT.       LAS
FLA_a
SNL    CLA.
JiLIP    &UIET
Uiivls    CINU.T
JMS   FLOA.U

•FPT

FDIV    S'£ON
FEXT
TAD   P2
JMS   I    OUTP
JMS   CELF•      ut,]P   LIGHT

a.UIET.        Tf}.D   P3  '
CIA
DCA   L®.CNT
Jtls   CINVT
ISZ8
JMP    ®-1
I SZ    LQC.h]T
JMP   ,-3

2@3®       72®8      OUTP.
2®31       5283
2©32       ©®®©
2®33       ©©8©
2@.34      76@4
2835      ©153
2®36       7®12
2®37      44.©5
•2@4®       743©

2041       7®4®
2®42      5633
2®43,     ®©¢©
2Q]4A      4.I,t4.
2¢)45      2123
2©46       ®®®®
2.©47       2124
£®5®        ©®©©
2c35i      alas
2852       ¢@©®
2©53      8167

CLA
JP[P   LIGHT

LQCNT,        ®
CINUTJ,        a

LAS
END   P2
F-'rR
ADCV
SZL
CMA
Ji,tp   I    CINVT

NSTBT,        a
Jifs   Ci`ic)DS
ADDON
©
ADDON+ 1
8
ADDON+2
8
TYPE

PALS       1/19/74         PAGE   6-2

/5   SIC   FIGS

/SHCll)    ON.   FOR    TTY    0.UTPUT

/LIGHTS   ONLY       .
/INVERSION   S.UBP.OUTINE

/a   TO    5©   VOLTS

/2®   TIMES   PER   SEC   REFEESH   RATE

/ISN`T   "AT   CLEVER?

/SR(18)    UP   MEANS   INVERT

/START   CLIIAN

61



/MARK   I.-6  EPS

2®54      1723
•2955      ®188
2¢56       ®@®®
2®57       ®®®4
2©6®        ©@®©
2®6,i.     ®®©©
2®6£      6®32
2®63      4775.
t2®64     4]73.
2®65      2117~
2866      6®31
2@67      5266
2®7©       6©36
2®71       6®46
2®72      6®41
2©73      5272
2®74      ®372
2875.    3322
2©76      7326
2®77      ®322
21®®       3771,
21®1'        1771+

21®2`     765©
21©3       5313
21®4      4.775`
21©5      4773..
21®6        174`©
21©7      44©7
211®        ®®©3
2111       6326
2112       ®¢©@
2113       73®1
2114.     8322
2,115       377©,
21'16      5643
2117       1517
212®       2!4®5
21`21        77©Zj
2122       8®@8
2123       ©®©8
2126       ®©©©
2131       44©7
2132      5326
•2133`      6323

2134       ®®®Z'
2135       6©®2
2136      44.©5
2137       11®3
214®       764®
2141       5336
214_2      5767'
2143       ©%@®
2144        11®E5
2145       77®®
2146      5743

'

NOFi,

TTF
BL E`.N D
®

PPB
0
®

KCC
dMS   CELF
JMS    TXT
MMODE
'rf s F
JMP    a-1
KHB
Tis
TSF
JMP    I-1
AND   (3
DCA   MODE
i.V,'2
AND   prioDE
DCA   RMODE
TAD   .BMODE
SNA    CL4.
JMP   NOB.
JMS   CELF
Ji`..1S   "T     .
M4.DS
FPT
INPUT
FPUT   T814.S
F` EX T
CLA    CLL    14.€
AND   MODE
Dcf}    SLPS-ts7
Jfytp   I    i¢STET

MMODE,        TFX T   /=ngoDF2/

MODE,           a
ADDON,
TBI A S,
RESTB,

DOTv-N,

ZBLOCK    3
ZBLOCK.   3
FPT
FGET   TBIA.S
FPUT   ADcoi`}
FEXT
I0F
AI)CV
TAD   P4
SZA   CLA
JMP   ,-3
JMP   JF-*
©

TAD   BLEi``1D
SMA    CLA
tJ!4P     I      DO1'.?:.3

•PfL8       1/19/74        PAGE   6-3

/MODE   MESSAGE

REPEAT?

•;DELTA   T  reEssAGE

/FEINT   SLOPE   SWITCH

/-v7AIT   FOB    SATURATION

/ELENDED   PEAK?

62
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;MArur   I-6   BFs

2147       1766'.
215®        711©
2151        3®®3
2152       1765`
2153       711©
2154       7®A.1`
2155       1®83
2156      778®
2157      5743
216®       7©4®
21.61        1165
2162      3165
2163      5764'
2164.      ®3©5
2165       22®®

.2166       23Z!5
2167       136®
217®       1354
2171       ®353
2172        `©@©3

•2173       1137

2174      1627
2175      1732
2176      ©586
2177       16®2

TA`D   DPM+I
CLL-  BAH
DCA    TPI
TAD   LA.5T
CLL    BAR
.CIA
TAD   TPI
SMA    CLA
Ji4P    I    DO\.IN
CMA
tAD   TP4
DCA   TP4
JMP   PIW

PAGE
LAST= .
DPBASE=LAST-1+ 71
DPM= DPBASE+ 14
DPE= DPB.A5E+ 31
S

PAL81/19/74        PAGE   6-4

/PRESEJ'T   VALUE
/GET   EII)   OF   SIGN   PB0BLEN

/ST4.RT  0F   FIR.ST   PEAK
/ L I K EW- I S E

/HAS   VAI.UE   GONE   BELOW?

/BAor   up   pOINTEfi
/PRINT   IT   OUT

63
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FIE        E9

\'

/MALH   I-6  BFS

ADCL          653©
ADST         6532
AX8              8©1©
AX5               ®@15
BBP              ©161
BYY               @211
CLKK          817©
CELF         1732
DIAG          .1675
DONE          1224
DPM             23®4
ES    .            1®34
FLOAT      ©517
F.T1               ®13©
F13             1355
GKNT          1556
IK                 ®751
K                     ®152
L EI TZ        2®2i©.
LW                 1®46
MFPP         16¢2
M5©              ®127
ONE             ®156
PDS               ®111
PKA-R         9®72
POS            ®645
PUSD          @312

.P4                  ®1©3
EESTBT   11©4
SEARCH    ®6@8
SL                 ©153
STRPK      8634
SVCR          1647
TBIAS      2126
TOL3         9166
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