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DECUS Program Library Write-up Decus #8-617
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V.A. PKS.-1 (MARK I) = A NEAR-REAL TIME GAS CHROMATOGRAPH DATA SYSTEM

Abstract

GC separation and integration is accomplished by an assembly
language program which makes extensive use of the floatiﬁg point
arithmetic intexpreter. 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
processiﬁg if there is evidence that the peak is inéompletely resolved.
When the GC data returns to within a selectable vicinity of the baseline,
or five peaks is exceeded, the perpendicular drop method is used to

resolve them and the results are printed out.

V.A. PKS.~2 (MARK I) - A NON~-REAL TIME GAS CHROMATOGRAPH DATA MANIPULATOR

Abstract

v

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 paper tapes
generated by the'ﬁirst segment, as well as additional information from
the keyboard. This program also uses the floating point interpreter.
The interpreter remains resident?in core and only the ériving segments

k

of the program need be exchangedi.




T. V.A. PKS.-1 (MARK I)

A. Introduction

This system is not a “turnkey" system. In other words, you will
need a reasonable amount of software and hardware support in your |
laboratory in order to install and understand this system. Although
these programs were designed to operate on a "classic" PDP/8,
modifications can be obtained for use on PDP/SE or PDP/12 computers-

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

of the parties involved and therefore they are not very clearly

organized. Although a second generation program was planned to resolve

logical inadequacies and program structure problems, this plan wa%
never acted upon. Despite these drawbackg, the programs are full&
operational and represent 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 pﬁblished

in Analytical Chemistry, 45, 1560 (1973).

B. Operating Instructions

A reasonable amount of knowledge concerning DEC hardware and soft;
ware is assumed in the following discussions:

1. Hardware

ae Thése programs are designed for use with a 4k. "classic"
PDP/8 equiééed with a type 189 A/D, either a KWOS,AOr R401+
B104 + R302 + ten turn pot. + 100 MFD capacitor clock assembly,
and a type 33 teletype (tty). DEC will advise you in the
assembly of these components. Programs.are available for use

on the PDP/S8E through DECUS.

2 | -
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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

‘

signdl so that it is compatible with the A/D input. The use
of this filter is desi%able, but not vital. The software is
designed‘to handle a Gé output of 0 to +10V. that has been
shifted to‘-lo to OV. %he signal is tpenlconvefted to

0 to -10V. by softwareé (An approach that works but would
have been corrected in’a Mark II program).

Make sure that there are no ground loops and that the line

voltage is stable. These are important points to check.
I

Software §
! .

Although the operation of the program is straightforward,
t

the understanding of i?s application to complex GC patterns

is not. This writeup should form the basis for such an

understanding.

) N .
Load the floating point package (FPP), DEC #08-YQ2B-PB, using
BIN loader, then load VAPKS—l.

2000, Load Add., Start,, samples GC baseline voltage to A/D.
|

Before running any chromatograms, check the correspondence

between your recorder pen position and your computer-sensed

baseline. You must alsP know the A/D full scale vs. recorder

I
full scale relationship at different GC attenuation settings;
i

otherwise, you might inject a sample that the recorder can't

b

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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€. Bit 10 (numbering 0-11, left to right) sets baseline p%larity.

Depending on your input polarity bit 10 can be either &p or
down (after subroutine start) in order to display the A/D
voltage in the Accumulator.Bit 11 up initiates a continuous
tty. printouf of A/D voltage x 5 (an arbitrary‘multipller to
make the number larger). Low baseline noise is essential.
Push Stop when baseline and full scale characteristics lare
known.
Set clock rate to 1l/sec (set automatically by Program if KWO8
clock present).
Set the filter slew rate so that it is approximately <0.1

of the expected peak width. This will filter out high frequency
GC noise without peakvshape distortion.

Simple samples should be used for the checkout proceaurL. All

peaks should be completely out of the GC using an isothermal
run within 5-15 minutes (for convenience). Start with two
non-overlapping peaks of different areas. When you are sure
that integration is correct, proceed to a sample containing
two peaks of exactly equal (or known) areas that overlap by
approximately 20-50%, then three overlapping equal area peaks,
then three éverlapping peaks of area ratios 1:10:1 to 1:20:1.
All peaks should be >11 secs. widé for accurate integration.
The actual operating.characteristics,éf the érogram‘é;e
outlined in £he Anal. Chem. article referred to, but Ffurther
comments are included here: Location 25 contains N of 2N+1

odd integer smoothing routine. N may be set between 1 and 124

JE . S
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and should be between 1 and 3 for peaks 15-40 secs. wide.
Larger numbers are used for wider peaks.
h. 1600, Load Add., Start, initiates program and asks questions

that are outlined in the Anal. Chem. articles.

1l. Mode 0 = Peak time and area values
1 = Mode O + baseline slope values
2 = Mode 0 + repetitive run
3 = Mode 1 + repetitive run

Modes 1 and 3 are most useful. Modes 2 and 3 are used in
conjunction witﬂ a-GC equipped with an autoinjector.

2. Delta T is the time :elapsed between sample injection and
the offscale solvent peak. This must be entered for modes

+

2 and 3 only.

fw

The minimum solvent delay allowed is 27 seconds.

. All questions (except Blend Slope) are answered in integers.
Time is in seconds.

5. Figure 1 illustrate% the meanings of the questions asked

f
I
|
|
|

by the program.




Volts
XS

LVENT
s”béﬂJTf
AT

1 -
t .
A

1

i.

AT = Time from injection to solvent offscale. Used only for modes 2 and 3.

Fiqure 1. Example of integration of chromatogram. From left:

Solvent Delay must be >26 seconds. 1
Peak Width tested twice for each peak.

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

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

of the line from A to each valley is >BS; and the envelope is therefore '
integrated correctly. If Blend Slope (BS2) had been used (eﬁvelope ?—10),
the slope from B to the valley between peaks 9 and 10 is <BSz, and the

envelope is therefore integrated incorrectly as indicated.

U P
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II.

During the checkout procedure, first run each sample in the

mode just described and then rerun in either the diagnostic

(D) or full-diagnostic (FD) mode. In these modes the voltage,

derivative, and the peak sensing state, respec

tively, are
| A

printed out, in each éf three columns, for each A/D sample
|

" (once per second). At the end of each peak, the peak time,

area, and blend slope are typed. Mode D can be used by changing

location 0275 from 70%0 to 4756; for mode FD also change 1701

° |
from 5675 to 7000. Replacing the original values will return
F |
you to the normal operating mode. Néever run in FD mode for

¢ |
more than 1400-1800 se%onds at one time. |FD mode prints out

values for the baselin%, which D mode doe? not.

Sample checkout cheratograms and FD printouts are provided
!
(Appendix II). Although the quality of the Xerox is poor and
1

the comments may not bé immediately self-explanatory, they

¥

will be useful for purposes of comparison |with equivalent
F
results that you obtain. Note particularl

|
smoothed derivative vdlues. The larger tHese are the more

y the size of the

accurate the integration will be.

14
V.A. PKS.~2 (MARK II)

A. Introduction

This program accepts either thg.paper tape output generated by

V.A. PKS.-1, or direct tty. input. Basically there are two sections to

this program, with two options per section.

- - 15 "y&‘ -
il e e owFy Ot WOIAS KL YAG LD Didee . .
options a¥e’ "palign or "RF". ‘'"peaks" subroutine is used to edit the

In the first section, the
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1

V.A.PKS.-1 output as well as to set up a methylene unit time sc

ale.

"RF" subroutine is used to calculate andg average GC detector response

factors. . h

In the second section, the options are "Mode 0" or "Mode 1",
!

A

In the "Mdde 0" subroutine corrections for internal standard récovery

as well as other desired factors are allowed. "Mode 1" is used}when

the response factors and recoveries of each component analyzed

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

x

¥

fare

Peaks and Mode 0 subroutines are usually used together for general

metabolie profile applications. The use of these subroutines i

illustrated in outline form while the use of the RF and Mode 1

v

S .

sub-

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

B. Operating Instructions

1. ZLoad V.A.PKS.-2 FPP need not bexe,;oaded,»l‘ifk¥~A«P%<Swa%w%§yﬁr@mowﬂx

Yol

in use. 200, Load Add., Start, initiates bProgram. To all questions

answer 0=No, l=Yes., An "%, © restates a question (in Mode 0 or
subroutines only) and zeroeg an erroneous reply.‘?) indicates
return".

2. Subroutines "Peaks" and "Mode Q"

1

“carriage

o

»

(An underlined work indicates users input; a YSP" indicates space bar):

Step ‘(Computer printout in caps) .
l. RF=0, or PEAKS=1 7 1 "sp"

2. NEW DATA? 1 "SP" or 0 "sp"

This question is asked on any run after the first pass

through

the program. Answer 1 if new data to be loaded, 0 if data

from last run to be reanalyzed.




READY

Load in data from paper tape simply by pushing tape "start"
lever on tty. Data maylalso be entered directly using the

tty keyboard. Only peaﬂ time (LOC) and area data will be
accepted by this program (this is an automatic editing process;
letﬁers, *, §, and thir? columns of data will be ignored).

If data is entered by kéyboard enter only peak time "SP"

area. Type " ), line feed" after each entry, and qe/ at the

eand of the data.

LIST? 1 "SP" or O "sp"

Lists data with peak number assigned.

DELETE (N) ; ' ‘

Enter peak # "SP" to bé deleted. This is useful if a peak
area is grossly wrong and must be changed. Type Qé) if none to

be- deleted. All other peak numbers are changed to take into

" account the deleted peak.

LIST? See step 4.
ADD AT NO (N,T,A)

Enter peak #"SP" time "SP" arege) . This is used to correctly

enter a previously deleted peak, or enter a peak that was
missed for any reason. Enter gzl__if no peaks are to be added
or at end of additions. Peak numbers are automatically re-
adjusted.

LIST? See step 4. -

v S
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v

lo0.

11.

12.

e
W

T SCALE (N,T,N,T)

This is useful to establish a methylene unit (for temperature
Programmed GC) time secale. Two peaks of known methylene unit
values are used as refefence points for the scale whi&h is set
up by linear interpolation and extrapolation. Enter peak

# "SP" methylene unit of peak "SP" 2ng peak # "sp» meﬁtylene

unit of 2 peak ! . Enter 0 | if no scale is needed.

MODE = 0, or 1
Enter ].
CORR (N,A)

This step is used to normalize all peaks to 100% recovery of

internal standard (1s): Normalized Peak Area = Peak Arba X

Area of IS for 100% Recovery |
Actual Area of IS )

.

First enter peak # (N) of IS peak, then Usp"., A wonw w111 be
printed which will allow the calculation of the area of the I

if there was 100% recovery. (See appendix III - a, for hn
example of the actual calculation). Place an X between each
number to be multiplied and a / between the numerator and the
denominator. Do not use angg:_except at the end of a calculation.
An "“-= answer" with four digits each to the left and right of
the decimal point wilil be printed out and normalized peak areas
(AN) will be calculated and stored in memory for later use.
Remember fQ} reintiates the calculation.

SCALE (X,Y)

This allows the multiplication of the AN column separately by

10




13.

14.

"b_.

factor X (to give the stored column AX) and by factor Y (AY).

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

second "?", in the same way as in step 11. An example of
AX = Ug component per ml. physiological fluid, and AY = ug
component per mg. creatﬁnine, is given in Appendix III-B.

IND PK (N,Z) !

In order to perform a specific correction on ag individual peak,
type peak # "SP" and perform the calculation afier the "?2".

The factor calculated wﬁll be p;inted out and then .multiplied
by AN of the specified ?eak and stored. Push paper tape punch
On button if permanent %ape record desired. Type %?L__if no

corrections, or at end Ef corrections.

»

c I
After O above, the result matrix will be printed. The heading is:
E?L- !

N,T,CT,A,AN,AX,AY,AZ, where N = peak #, T = peak time (secs.),
t

CT = corrected time (mekhylene units, step 9), A = area

I

" (volts X secs X 5), AN-% normalized area (step 1l1l), AX = AN X factor "X"

(step 12),AY = AN X fac%or "y" (step 12), AZ = AN.X factor "z"

for each peak (if no factor %; then AN printed; step 13).

Subroutines "RF" and "Mode 1".

This section is presented as an excerpt from a letter describing

[ [

its use:
Enclosed is.a copy of one of my serum bile acid runs and an
explanation of the RF and MODE 0 sections of VAPKS-2.

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

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

acids measured.

11
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|

R = (Range x Attenuation*) (Sample volume-ml) (Peak area)
(mg solute) (injection volume-ul)

|
The amount (mg) of solute in a biological sample is calculated Isimilarly.

ng = (Range x Attenuation*) (Sample volume-ml) (Peak areJ)
9 (RF) (injection volume—-ul) ?

The RF section of the program is entered by typing zero (0% on the

tty. On the enclosed example A, peak #1, I entered the following:
attenuation = 1, area = 3301, injection volume = 1.79 ul,'mg sélute/ml =
0.2425. This routine is exited by typing 0, RETURN. The meaniis printed
by tty. Its only value to me is as a general indication of GC i |
sensitivity on any given day. The RF values are not stored in %he computer
and must be typed in by the operator in MODE 0. I

I have included 2 examples of the RF section and only the BLvalues

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

|

areas (A) were not reliable and I calculated the peak areas with a

planimeter (B). I included A to give you an example of how it normally

~

: |
works. The 436x4x1.71 in B is the planimeter area (sg.in.) times the
|

appropriate factor to cénvert the area to computer area units (yolts X
¢ |
secs., x 5). [
To enter the data reduction section of‘the program, press CONT
(on computer) and type 1. MODE O general infprmation follows.,
GIVE INJ DATA ? The number (s) following the ? can be of the form
AxBxcx'.ﬂ/MxNxOx---n with ;; spaces between numbers or operations
(x or /).** A space terminates the factor. In my example, I've entered

range = 10, sample volume = 0.l ml, value to convert data to Hg = 1000,

and injection volume = 1.79 yjl.

*When computer calculated areas are uced, the attenuation is dropped,
as it does not affect the computer area.

**I think + or - can also be used, but as I've never used them I'm not sure.

12




GIVE ALL RFS Enter the RF values calculated previously, follewing

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 amount of the component and its RF value. I
have to print the amount of internal standard (peak 4) present.

DELETE (N) *¥** I delete the internal standard peak at this point so

it won't be present in the weight 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. Thus 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 numbers, restért the program, type O after

NEW DATA? and LIST.

GIVE MMF ? This factor is of the form AXBXCXe et/ NnOxe - .

I uce it to correct to 100% recovery of the internal standard and to adjust

the data to weight/ml of biological fluid.

The abbreviated headings for the matrix are:

N peak number

T retention time in sec.
CT corrxected retention %ime
A area in whatever units you use

RF response factor
MG amount of component present in sample (mg or Ug in my case)
MM, concentration of component (mg/ml or ug/ml in my case)

T % of total (weight %)

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

v
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0
#
#
#
#
#
#

MEAN=

RF=0 OR PEAKS=1? BA RF'S 7-10-73 (ALY

0
#

I G gk

MEAN=

1

2

3

1

2

?1X3301/1.79X.2425
?1X3419/1.79X. 2750
?1X3048/1.79X.2450
?1X3004/1.79X.2370
?1X2843/1.79X.2264

20

7119.380

?436X4X1.71/1.79X.2425
?4X436X1.73/1.79X.2750
?4X436X1.49/1.79%.2450
?4X436X1.52/1.79K.2370
?4X436X1.46/1.79%.2264

20

6291.330

]

7604,
6945,
6950,
7081,

7015.

14

RF=0, OR PEAKS=1? BA RF'S (7-10-73) (6-4-73)

6700
6600
1800
0600

3200

FROM PLANIMETER)

6870.3300
6129.2400
5925.3500
6248.6800

6283.0400




RF=0 OR PEAKS=1?
1

NEW DATA?1
READY
960 4
1490 4
1855 483
2082 484
2644 187
0
(LIST?
960 4.00
1490 4.00
1855 483.00

2082 484,00
2644 187.00

b W

DELETE (N)
0

LIST?
0

ADD AT NO (N,T,A)
0

LIST?
o -

T SCALE (N,T,N,T)
1 1060 5 2715

MODE=O OR 1 O

GIVE INJ DATA 210X.1X1000/1.79 = 558.6590

GIVE ALL RFS

6870 6129 5925 6249 6283

PRINT : 4 MG= 43.269 RF=

6249.000

15



LIST?

1
1 960 4.00
2 1490 4.00
3 1855 483.00
4 2082 484,00
5 2644 187.00

DELETE (N)

(o]

LIST?

0

ADD AT NO (N,T,A)

0

LIST?

0

T SCALE (N,T,N,T)
1l 1060 5 2715

MODE=0, OR 1 0

GIVE INJ DATA ?10X.1X1000/1.79 =
GIVE ALL RFS
6870 6129 5925 6249 6283
PRINT : 4 MG= 43.269 RF= 6249.000
PRINT : O
DELETE (N)
4 DONE
DELETE (N)
© amt. internal std. added
Vol. of serum

GIVE MMF ?243.7/43.3X1 = 1.0092
N,T,CT,A,RF,MG,MM, $T

1 960 1060.0000 4.0000

2 1490 1580.8700 4.0000

3 1855 1939.5800 483.0000

4 2644 2715.0000 187.0000

FASTING SERUM #1. F.M,

558.6590

used (in ml)

6870.0000
6129.0000
5925.0000
6283.0000

GC ON 7-10-~73 STUDY 1

16

.3252
.3646
45.5413
16.6273

.3282
.3679
45.9620
16.7809

.0051
.0058
«7245
.2645



Appendix I:

SIMPLE INEXPENSIVE GAS CHROMATOGRAPH-COMPUTER NOISE FILTER

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

chromatography (G.C.) has been applied to a coupled G.C.-computer system (1).

)

‘A decrease in noise due to detector high frequency, high amplitude spiking,
ag 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 ioéization
detector which is interfaced to a Digital Equipment Corp. PDP-8 computer
by the circuit described here. In this igstallation the analog to digital
converter (A/D) is not buffered or input protected thus necessitating the
inclusion of these features in the device described. This circuit accepts
an input voltage range of 0 to + 10v and‘delivers an ;utput of 0 to -10v
to the A/D converter. The time constant is variable from 0.1 sec to 5 seé
making it able to pass peaks whose half width exceeds from 1 to 50 seconds
respectively.

The device is constructed from three inexpensive operational amplifier
integrated circuifs (I.C.) (3). Icl forms a differential receiver which
prevents losses due to the ground loop in the cabling to the G.C. IC,y is
a field effect transistor input operational amplifier and is needed to
prevent adjustment of Rg 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 ICS’ clamp its output (Dl) and load it as close as

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

17




is not required since this is provided by trimming the G.C. output
amplifief. The remaining errors are less than the 2mv resolution of the

|
A/D converter. !
[}
I}

The power and signal cornections to the computer are constructed of
twisted pairs of wires terminating in the R7 and C2 load on a card in the
computer. The remainder of the circuit is placed close to the computer,
such that R5 and Swi are within inches of ICl and IC2.' A shielded pair
with the shield connecﬁed 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 but the rejection
of the IC's is adequate so that all that is required is a 15uf‘éapacitor

from each power line to ground near the IC's.

Any £ 15v 50 ma power supply could be used and R, through R, can be

1 4

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. ANAL.

CHEM., 45, 1560 (1973).

M. Dressler and M. Deml, Reduction of detector noise in gas chromatography

by means of an R.C. filter, J. Chromatogr. 56, 23 (1971).
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Appendix II e

~

FULL-DIAGNOSTIC MODE PRINTOUT AND CHROMATOGRAMS

Change: First page, run I printout heading

from to
AVG. A/D Voltage Level x 5
Anve. /AT Smoothed Derivative

20
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Appendix III - V.A.PKS.-2 Calculations

Examples of calculations are presented

A. - Peak area normaliéétion {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 was 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 100% recovery
(BN). This correction will be applied automatically to all other peaks.

B. - Peak area scaling (AX, AY)

1l.The "X" calculated is the scallng factor applied to AN of each peak to
get the answer in, for example, mlcrograms 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.The "¥" calculated is the scaling factor applied to AN of each peak to

get the answer in, for example, g conponent Per mg creatinine:

Answer from B.l. above X volume physiological 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 AN value

for each peak.

Remember that an erroneous calculation can be reinitiated by typing t&j .
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THE B. F. STOLINSKY RESEARCH LABORATORIES

DEPARTMENT OF PEDIATRICS
UNIVERSITY OF COLORADO MEDICAL CENTER
4200 EAST NINTH AVENUE
DENVER, COLORADO 80220

February 20,

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-1l, to be called BFS-1, is for a PDP-8E wit
clock, a 10 bit ADSBEA converter with a floating
5 volt precision signal, and a teletypewriter.

x
¢
{
i

1974

7. This version of
h 4k. core, a DK8EA
input bucked with a

All operating instructions are identical to those for VAPKS-1.

Sincerely yours,

<:::%§- f57
e »U’C-r'Q . i

!

3

\""\Q_

Steven P. Levine,lPh.D.
|
V.A. Hospital/lSOP

SPL/dp
Encl: Listing
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/MARK 112723773 BFS PALE 1719774 PAGE 1

2p01
oe02
0B63
BB04
2005

Bo06
Bop7

PB1G
o1l
Go12
2613
oo14
ppLS
gpi1é6
POLT
2020
pE21
o222
pEes3
pbr24
@p25
VP26
027

5488

1a4a4

10261510]
1616101
1745

7200
5600

L4300
Broo
da1714]
80O
ujoloft)
Pe2O
2177
6141010]
DoBo
Voo
15101410
7762
ppR6ea
DBo3
2003
52a1511]

/MABK 1 12/723/73 BFS

XLIST
CLEI=6131
CLSK=6133
ADCL=6530
ADST=6532
ADRB=6533
ADSK=6534
BEND=5377
" /PAGE ZERO J B PEARCE 8/7/72
* 1 .
JMP I e+1 /INTERRUPT TRANSFER LOCATION
SERV /SERVIGE ROUTINE .
TP1s 2 7/ TEMPORARY LOCATIONS
PPB, o
ADSEP, ADSEA /JFK A/D CONVERTER ROUTINE
ADCVU=JMS 1 ADSBEP
FPO» 7200
. FPPI» 5660 . /INTERPRETER
FPT=JMS I FPPI
AX D> ARG /AUTO INDEX REGISTERS
AX 1 7]
AX2» 7]
AX 3s 72
8X 4, ? /NOT USED
AX5, @ /USED BY FLOATING POINT PACKAGE
AX 6 LAST-1 /PUSH DOWN.LIST OF BLENDS
AKX T , @
SOLVEs @
SECSs 5}
@

MCNT> STRTVU-BLEND-1
VECTA» STRTV-1

1D, 3
LPUs 3
DDOTs G}

40



/MARK I 12723773 BFS

0630
pE33
0834
6G35
636

pB37

D040
P44
26845
P46

0063
QO64
G065
2066
667
0870
071
0B72
B@T5
2160
p1o1

gioa
2183

g134
105
P1066
B167

0110
G111

112
2115
G120

p123 -

g126
gi27
2130
%133
©136
p141
Blra4a

B1atv
9150
0151
g1s52

I

6153
G154
#3155

*

ululold)
ulolols)
0600
154
alofaly;
2000

0Boo
LoRoY
40151
0008

20003
4101416]
19101615
BB0Y
ujutele]
2630
15362630
G19191%)
6E0o
ululolt]
2020

@603
pEoa

BBA5
PoB6
BG1LO
po13
2321
2177
jaJu}uls)

poon

3ulols)
BBoo
7716
7716
ualole]
6Ja1G19]
peoo
a1o1a10]
BOGO

DeaT
2436
5606
zo0e

peoe
2000
oeBo

DI Vs ZBLOCK 3
sSAacCs @
SL¥.» @
GET» GETVAL
TOLDBs 0
TOLVS ]
* L0 ’
. ZBLOCK 4
FAE> 10]
FAHs @
FAL S @
#6383
STRTV» 5]
STRTL> 1%
PEAKV» 4]
PEAKL s ]
‘ 0}
TAILY, 4]
TAILL.> 6]
PKAR> ZBLOECK 3
PSLPs ZBLOCK 3
EBLENDSs @
X G
P3s
PVs 3
P4
PL» 4 )
PS5, .
PLPO» 5
TVs 6
PAREAS 16
PSLPP, 13
BBEGs DFE
PDSs LAST=1
TOL 25 ZBLOCK 3
AREA ZELOCK 3
CLKCONs> ZBLOCK 3
DVINy ZBLOCK 3
M58Cs -62
M58 -62
¥Ti, ZBLOCK 3
FT2s ZEBELOCK 3
FT3» ZBLOCK 3
FT4s ZBLOCK 3
FTSs ZBLOCK 3
TL s
SKOW» 7
2436
5606
Ks G}
-P2s
SL.»
TWO: 2
2000
]

41

PALS

1719774

PAGE 1-1

/KEEP THESE TOGETHER-

/KEEP THESE TOGETHER *

|

/781.92 SCAl

LING CONSTANT




/MARK 1 12723773 BFS PALE 1719774

$ SVs
@156 @O0Al1 ONE: 1
157 2086 2000
ri6ed OBRO | g
#lel 2322 BBP» DPE+1

gle2 @OBB -PKNT.
163 OPBB TP2s
pl16a geOH TP3s
0165 @BED TP4s
@166 ©BBYG TOL3»s
@167 1723 TYPEs TTF

¢17¢ 00808 CLKK, ZBLOCK 8
173 2143 DOWNP> DOWN

SRR )

@174 0B16 BLP> 16
@175 1444 SERVP» SERV
PAGE

42 .

PAGE 1-2

-—



*® ®

/MARK I-2 BFS

i

0200
peo!

p202
0263
B204
9265
0206
0207
6210
p21l
@212
p213
p2i4
@215
0216
3217
0220
p221

pa22
6223
poos
@225

‘p226

g2a7
p230
231
6232
0233
ge34
235
6236
237
Gean
paal
gaa2
G243
@Boal
poas

‘@246

peat
@250
@251
pos52
0253
poss
@255
3256
3257
@60
G261
Z262
0263
G264
2265

/MARK 1-2 EFS
4777 GASCHR, JMS GETCON

11187
3010

1825
1376
77508

5211

1375
3025

1625 BYYs
7840
3165
3003

2003

1003
2165
5215
7104
7104
4714"
Luap1”
6773
apona
1372
3165

1111

3616

1371
3083 "
4435  SUP»
2003
5235
4770"
2530
4767"
a4767" -
3115
3116
3117
1102
3p26
7001
3152
4435
1766"
11637
7440
5270
7346
1026
7650
5267
TO40
3766

MAINL,

TAD BBEG
DCA AXG
TAD 1D
TAD (-14
SPa sSNA CLA
JMP BYY
TAD (14
DCA ID
TAD 1D
cMAa

DCA TP4
pca TP1
I18Z TP1
TAD TP1
152 TpP4
JMP «=3
CLL RAL
CLL BRAL
JMs FLOAT
FPT

FPUT .KSCAL
FEXT

TAD (=5
Dca TP4
TAD PDS
DCA AX6
TAD (-31
DCA TP1
JMS 1 GET
1sZz TP1
JMP -2
JMS TXT
HEAD

JMS CRLF
JMS CRLF
DCA AREA
DCA AREA+1]
DCA AREA+2
TAD P3
pcA LPV
IAC

DCA K

JMs I GET
TAD DPM+1
TAD P4
SZA

JMP MLOK
LWiM3

TAD LPV
sNa CLA
JMP MLOK=1
cMA

DCA DPM+1

PALS

1719774

/OBTAIN RUN PARAMETERS

PAGE 2

 JCHECK 1D FOR CCRE

./CALCULATE NORMALIZATION.

43

/5 15

/MAXIMUM BLEND NUMBER

/DATA POINTER

/-25010)

/CONVERT AND STORE

/PUT HEADING ON OUTPUT

/INITIALIZE AREA

FACTOR

JINITIALIZE DISPATCH VECTOR

/INITIALIZE PEAK NUMBER

/7MAIN LOOP

/M1 DDLE -VALUE

/FOR 18 BIT CONVERTERS ONLY

/DID CONVERTER TOP OUT?

/NOPE: S'0K

'VARE WE INTEGRATING?

/NOPEs JIST MOSYING ALONG

JYES: CHANGE IT TO FULL SCALE



/MARK I-2 BFS

P266 2100 157 BLEND
G267 1766° TAD DDM+1
P76 4765" MLOK, Jis FLOAU
9eTl  44B7 FPT

p272 1115 FADD AKEA
273 6115 FFUT AREA
G274 VOOE FEXT

ge75 4764' BY» JMS .DSUB
P276 108’ NOP

@277 4573 J1MS I DOVWNP
G36G 4763° JiMS SEARCH
@301 5306 JMP MLEND
5302 1160 TAD BLEND
303" 7710 SPA CLA
P304 53182 JMpP PUSD
@3PS 4762°¢ PNY.» JMS DECONV
g3B6 210817 MLEND, 1I5Z X

2367 5253 J¥P MAINL
@310 4761" JMS OCPS
@311 52537 JMP MAINL
@312 2165 PUSDs 1SZ2 TP4
313 5317 JMP e+ 4
p314 7240 CL& CMA
@315 3165 DCA TP4
p316 5385 JMP PNY
2317 1923 TAD MCNT
9320 3163 DCA TP2
@321 1924 TAD VEGTA
3322 3817 - DCA £X7
@323 1417 PUSHLs, TAD I AX7
@324 3416 DCA I AX6
325 2163 1Sz TP2
p326 5323 JMP PUSHL
@327 5306 JMP MLEND
P33 BEEBG UPCLOs &

3331 2g21 187 SECS
@332 7410 SKP

B 333 2322 I1S5Z SECS+1
@334 T410 SKP

@335 4761° JMS 00PS
P336 L4uBT FPT

@337 51208 "FGET CLKCON
G340 2156 FSUB ONE
@341 6120 FPUT CLXCOWN
@342 OOYOD FEXT

P343 1045 TAD FAH
@344 77606 Siia CLA
¢345 5730 JiiP I UPCLO
346 4762 JMiS DECONV
@347 1353 TAD RYMODE
@359 7650 SNA CLaA
@351 5200 JMP GASCHER
@352 57606" JMP RESTR
0353 GeE0° RMODE, - 8

G354 PG SOLVTs ZBLOCK 3

44

PALS

1719774 PAGE 2-1

/MABK IT SATURATED

/CALCULATE DERIVATIVE
/REPLACE WITH 'JMS I DIAGP®
/CHECK IF RESOLUTION NEEDED

FOR TEST

/NOTHING EXCITING HAPPENED

/BLEND?

/YEP

/NOPE: HOW ABOUT BEFORE?
/UPDATE LOCATION COUNTER
/BACK WE GO

/A LOOOONG ONE

/PUSH ONTO LIST
/FIX UP COUNTER

/FORCED FINISH
/DIMENSION OF VECTOR

/ADDRESS OF PRESENT PEAX VECTOR

/PUSH
/ DOUWN
/ EVERYBODY

/UPDATE THE CLOCK ROUTINE

/CLEAN UP LOOSE ENDS
/AUTOC RESTART?

/G0 ASK THE QUESTIONS
/YES: REINITIALIZE

/AUTO~RESTART MODE SWITCH



R
3

®

i

/MAFK 1-2 BFS

#357 1675 DIAGP» DIAG

G360 2131

G361 B4gl

362 1233

p363 G660

@364 @431

@365 0586

©366 2305

367 1732

¢378. 1137

©371 7747

@372 7773

373 6502

0374 @517

G375 DBol4

376 T764

377 1600

! PAGE

Q4pe ©D0B TS, 0

p4apl 9000 GOPSs g

guB2 T260 cLA
pap3 4777 JMS CRLF
Guaps 1376° TAD (-4
Q4ps 3200 DCA TS
gpap6 1375 TAD (“E
QupT 4567 JMS 1 TYPE
Ga1B 1840 cMA

o411 1201 TAD OOPS
Gal1e 7164 CLL RAL
@413 T866 L RTL

Bars 7004 RAL

P4a15 3164 DCcA TP3
p4a16 1164 TAD TP3
@B4a17 @l74 AND (7
g4a2@ 1373 TAD (260
p4a21 4567 JMS I TYPE
gua22 7200 CLA

pua23 1164 TAD TP3
gacs 2200 1SZ TS
gu2s5 52183 JMP L
gu26 T200 cLA

a7 L4777 JMS CRLF
@430 5601 JMP I OOPS
G431 0GOB DSUB, B

G432 7200 CLA

@433 3130 DCA FT1
Ga34 3131 DCA FTi+1
p435 3132 . DCA FTi+2
G436 1p25 TAD ID
Gua37. 7041 ‘cIlA

gasp 3200 DCA TS
gaa1l 1200 TAD TS
Paag 1372 TAD (DpPM
G443 3913 DCA AX3
Qa4 1925 TAD ID

45

PALSE

1/19/774

PAGE 2-2



/MARK 1I-2 BFS pPALg  1/19/74 PAGE 2-3
gass 17001 I1AC0

puua6 7164 CLL RAL
paa7 7041 CIA

p4as@ 1001 1AC

gpast 3365 DCa MBL2
gase 1413 INLPE» TAD I AX3
B4u53 4306 JMS FLOAU
‘gasy  LaBT FPT

G455 6133 FPUT FT2
pase Boeo FEX T

@457 1200 TAD TS
puel 22006 "1SZ TS
L6l T060 . NOP

Pa6e 1450 S

p4a63 5272 JMP ZEBY
‘paca 4317 JMS FLOAT
gLa6s5 4407 FPT

a6 3133 FMUL FT2
G467 1130 FADD FT1
a7 6130 FPUT FT?
a7l B9 FEXT

pLaTe 2305 ZBY. 157 ¥MB12
pu73 5252 /  JMP INLFZ
Qats L4407 FPT

Ba7s 4362 FDIV KSCAL
paT6 OO0 FEXT

par7  4771* JMS FIX
G5pe 3027 - DCA DDOT
p561 5631 JMP I DSUB )
¢s5@2 0Oe@ KSCaLs ZBLOCK 3 /DERIVATIVE SCALE FACTOR (ID DEPENDE

pSP5 0QBB MBles @
G506 ©0BR FLOAU. O

ps@T7 711@ CLL EAR /UNSIGNED NUMBERS
0510 3045 DCA FaH
G511 1306 TAD FLOAU
ps12 3317 DCA FLOAT
3513 17010 RAR

514 3046 DCA FAL
g515 T001 IAC

@516 53822 JMP FLOAT+3
517 @@BO FLOAT, O

G528 3045 DCA FaH
@521 3046 DCA FAL
ps22 1370 TAD (13
p523 30644 DCA FAE
p524 4487 FPT

p525 7060 FNOR

3526 (GOO FEXT

ps27 STL17 JMP 1 FLOAT
$530 404G HEADs TEXT 7 LOC AREQ/
@531 4a@4ai

p532 4pl4

533 1763

pu34 4040

P535 4046

46

o T ¥

o 4 aam s Aeweds Ve d e

2



/MARK

B536
§537
BS540
@541
p542
@543
p544
@545
B546
B 547

" @550

6551
0552
@553
@554
G555
6556
0557
p560
6561

2562
6563
p564
0565
2579
0571

P572
@573
@574
@575
G576,
0577

gla2
8501
preo
2225
1640
1405
1627
2419
7700
1511
1640
PaBs
2211
2601
2411
2605
7700
gela
p516
Q446
2314
1726
8577
2000
313
1200
23064

@266 -

0067
0365
7774
1732

PALE 1719774

RUNL > TEXT /RUN LENGTH?/

TTOLDBs TEXT /MIN DERIVATIVE?/

TSLOPE, TEXT /BLEND SLOPLE?/

¢

PAGE

PAGE 2-4




/7MARK I-3 BFS

. /MARK 1-3 BFS
X 1530]

0OB® SEARCHs @

G601 7209 " CLA ,
pgepe 1826 ] TAD LPV
p6e@3 17717" TAD DISTA

. Bépas 32197 . DCA T
peps 1610 - TADI T
B6B6 ‘3210 Dca T
6607 5610 CCJMP I OT

9610 0000 T» 0
611 1036 NEG, TAD TOL DB
gel2 1827 TAD DDOT
8613 1760 | SMA CLA
g6la 5680 JMP 1 SEARCH
@615 1103 ‘“TAD P4
P616 3026 . DCA LPV
#8617 5Se0p JMP 1 SEARCH
P62 1927 PEAK, TAD DDOT
621 TTO0 SMA CLA
p622 5600 JMP I SEARCH
@623 10864 TAD STRTL
n624 1037 TAD TOLW
625 TG41 . cia
o626 1101 TAD X
9627 1790 sMA CLA
P630 5234 JMP STRPK
P631 1162 XIiT2s TAD P3
B632 3026 DCA LPV
8633 5680 ) JMP I SEARCH
P634: 1776' STRPK> TAD DPM+1
P635 3065 DCA PEAKV
636 1021 , TAD SECS
#637 3066 DCA PEAKL
gesy 1022 - TAD SECS+1.
641 3067 DCA PEAKL+1
o642 7801 XITls 14A06
643 3026 DCA LPV .
p644 5S600 JMP I SEARCH
p645 1936 POSs TAD TOLDB
ge4s6 7641 Cia
pe4a7 1027 . TAD DDOT
p6esy 7110 SPA CLA
651 5600 JMP I SEARCH
652 3115 DCA AREA
653 3116 ] DCA AREA+1
@654 3117 : DCA AREA+2
#655 10094 TAD PPB
2656 1700 sMA CLA
657 3101 DcA X
G660 3160 . DCA BLEND
661 1776 TAD DPM+1
8662 30637 DCA STRTV
0663 1101 TAD X
p66L BR64 DCA STRTL
6665 7326 ‘Lue

i

‘ 48

PALS

1719774 PAGE 3

/CALCULATE DLSPATCH ADDRESS

/ DI SPATCH

/ TEMPORARY

/SLOPE MORE NEGATIVE
/ THAN TOLERANCE?

/N0

/YES

/ DERIVATI VE NEGATIVE?
/NO

/VWAS START FAR
/ ENOUGH BACK?

/YES: STORE PEAK
/NO L. - :
/LOOK FOR POSITIVE SLOPE NEXT

/FOUND ONE!
/SAVE THE INFO

/LOOK FOR DOWN SLOPE NEXT

/DERIVATIVE MORE POSITIVE
/ THAN TOLERANCE? '

/N0 .
/YES: START ANEVW

/ZERO COUNTER IF NEV

/START FRESH

/SAVE VALUE AND LOCATION




/MARK 1-3 BFS

Nnee6od
p66T

D676
G671

P67T2
B6T73
674
G675
2676
o677
B700
@701
6702
B783
B704
D735
B766
P77
P710
@711

3712

@713
714

B715
@716
B7L7
G720
B721
p722
0723
0724
@725
2726
&727
0730
@731
@732
2733
G734
?735
2736
0737
@740
o741
@742
0743
D744
0745
0746
0747
%750
p751
0752
@753
PT54

.3826
5600

1827 TAlL>

1166
7710
5600
1064
1837
1637
7041
1101
771@
5242
1776°
3070
1161
3871
1181
4775°
4407
6B30
5115
6p72
5161030]
1004
7709
53283
1774°
T416°
1063
4775"
a44ai7
6130
eeee .
1776°"
4775"*
4407
2130
4330
4147
6975
2lle
5161515
1645
7710
5351
7330
1100
3100
7040
3084
2152 IH»
7410
4713°
2200

DCA LPV
Jvp 1 SEARCH

TAD DDOT
TAD TOL3
SpPa CLA

JMp 1 SEARCH

TAD STRTL
TAD TOLWV
TAD TOLWV
CiAa

"TAD X

SsrA CLA
JMp XITI
TAD DPM+1
DCA TAILV
TAD X

DCA TAILL

.TAD X
.JMS FLOAU

¥PT

FPUT DIV
FGET AREA
FPUT PKAR
FELT

TAD PPB
sMa CLA
JMP %3 .
TAD LAST
SKP

TAD STRTV
JMS FLOAU
FPT

FPUT FTI1
FEXT

TAD DPM+1
JMS FLOAU
FPT

FSUB FTI
FDIV DIV
FDI UV SKON
FPUT PSLP
FSUB TOLZ2
FEXT

TAD FaH
SPA CLA
JMP IK
LwaK

TAD BLEND
DCA BLEND

. CMA

DCA PPB
158 K
SKP

JMS OOPS

1SZ SEARCH

PAL8 1719774

PAGE 3-~1
/FIND PEAK NEXT

/DERI VATI VE GREATER THAN
/ TOLERANCE?

/N0
/FAR ENOUGH FROM START?
JNO WAIT UNTIL IT BLOWS OVER

/YES
/SAVE LOCATON AND VALUE

/PREVIQUS PEAK

/UERY FIRST STARTING VALUE

/AND DELTA BASELINE

/CALIBRATE IN VOLTS/S5ECe
/SAVE’ THE SLOPE )

"/MARK END



/MAEK 1-3 BFS

B755
8756

@B757.

D760
@761
p762
B763
764
@765
B773
0774
B775
BT76
B777

5231
2317
1426
B516

‘2440

G405
14061
3171
BRoe
papl
22p0
B506
2385
1642

TSOLV»

PALS 1/19/74 PAGE

JMP K1T2
TEXT /SOLVENT DELAY?/

PAGE

50 °



/ MAFRK

1600
1001
1602
1603
1064
1P65
1006
18087
1818
1011
1912
1913
1814
1815
1616
1017
10206
1921
1¢282
1323
1024
1625
1026
1027
1083@
1331
1832
1333
1034
1035
1636
10837
1240
1g41
1042
1043
1844
1645
1046
1047
1050
1951
1052
1053
1654
1855
1@56
1657

- 1060

1061
1pe2
1663
1064

®

1-4 BFS

/MARK I=-4 BFS

/ROUTINE TO SET UP
peo@ GETCON, 0

602 10F

3656 DCA 56
1147 TAD TL
3062 DCA 62
4797 J¥S NSTRT
T040 - CMA

356 pca 56
4776" JMS CRLF
4337 CKs JMS TKT
p541 RUNL

4407 FPT

no03 INFUT
6170 . FPUT CLXX
afofe]s) FEXT

1045 TAD F&H
7750 SPA SWA CL2&
5211 - JMP CK
4337 DBs JMS TXT
#5547 TTOL DB
4467 FPT

zGe3 INPUT
Yool FEXT
4775"* JMS FIX
336" DCA TOLDB
‘1045 TAD FAH
775@ SPA SNA CLA
5222 JMP DB
4337 ES» JMS TXT
1556 EDRV

aap7 FPT

Gen3 INPUT
(a]5151%] FEXT
4775 JMS FIX
3166" DCA TOLR
1166 TAD TOL3
7716 sSPA CLA
5234 JMP ES
4337 LW JMS TXT
1433 TTOLW
4407 FPT

2003 INPUT
11614] FEXT
4775" JMS FIX
3037 DCA TOLW
1045 TAD FAH
7750 SPA SWNA CL&
5246 . JHP LW
4337 PE»s JMs TXT
587 TSLOPE
L4407 - FPT

BRG3 INPUT
6112 FPUT TOLZ2

2

PALS

1719774 PAGE 4

THE INITIAL VARIAELES J B PEARCE 8/7/72

,NO LINE FEED AFTER USER TYPES CR

/F FORMAT

/LINE FEED AFTER USER TYPES CR

/TYPE INITIAL MESSAGE
/RUN LENGTH .

/DERIVATIVE TOLERANCE

/ENDING DERIVATIVE VALUE

/W1 DTH

JBASELINE SLOPE TOLERANCE




1
i
!

/MAFK 1-4 BFS

1065
1066
1067
1870
1674
1872
1873
1074
1875
1676
1977
1100
1181
1ig2
1103
1104
1105

1186

1107
1110
1111
1112
1113
1114
1115
1116
1117
1120
1121
1122
1123
1124
1125
1126
1127

1139

1131
1132
1133
1134
1135
1136
1137
1140
1141
1142
1143
1144
1145
1146
1147
1158
1151
1152
1153

5353010]
1845
7750
5260

4337 LU,

P756
4407.
o063
5161610

LATTS

1374
7550
5271
7041
3773°
3pe1”
322
1773°
3026
4497
5170
2772’

61207 .

0oeo
6832
4776°

- 11277

3126
6133
5321
2126
5321
1127
3126
4771
2020
5321
1370
3167
6131
6001
5600
apoo
1240
1737
3017
2337
1417
3203
16063
3367
T450
57317
7112
@212

RESTRTs

TXT»

TXL>

FEXT
TAD FAH

'SPA SNA CLa

JMP PE
JMS TXT
TSOLV

FPT

INPUT
FEXT
JMs Fix
TAD (-31
SPA SNA
JMP LV
cia

DCA SOLVUT
DCA SECS
DCA SECS+!1
TAD SOLVT
DCA SOLVE
FPT

FGET CLKK
FSUB ADDON
FPUT CLKCON
FEXT

KCC

JMS CRLF
TAD M50
DCA MS5BC
CL SK

JMP «-1
15% M50C
JMP «-~3
TAD M50
DCA M56C
JMS UPCLC
15z SOLVE
JMP «=10
TAD CTYP
DCA TYPE
CLEI

10N

JMP I GETCCN

] .
CLA CMA
TAD I TXT
DCaA AX7
IsZ TXT
TAD I £X7
DCA TP1
TAD TP1
AND (7700
SNA

"JMP I TXT

RTR CLL

RTR

PALE

52

1719774 PAGE 4-1

/SOLVENT DELAY

/LESS 25(18) FOR THE INITIAL SETUP -

/JPEAK LOCATION COUNTER

/SET UP DELAY

/CORRECT FOR REPEATS
/AND RUN LENGTH

/ZAP FLAG

/SET UP 58 CYCLE
/ COUNTER .
/YAIT FOR TICK

/0ONE SECOND?
/NO

/RESET TIMER

/SOFTWARE CLOCK
/SOLVENT DELAY EXPIRED?
/N0

/SET UP FOR INTERRUPT OPERATION
/INITIALIZE DKEB-EC CLOCK

/POINTS TO TEXT

/MASK OFF FIRST CHARACTER



/MARK 1-4 BFS ,PALE  1/19/74  PAGE 4-2
1154 17012 RTR /SHIFT INTO POSITION
1155 4766" JMs OTT /\DECODE AND TYPE
1156 10083 TAD TP1 o
1157 B365 AND CG@77
1166 7450 .. SNA
1161 5737 . "JMP I TKT
1162 4766" JMS OTT
1163 5344’ JMP TXL
1165 0877 o
1166 1541
1167 71700
1176 1441
1171 @330
1172 2123
1173 0354
1174 7747
1175 1208
1176 1732
1177 2043
‘ PAGE L e -
1200 ©OVD FIXs 8 JCOPIED FROM FLOATING POINT MANUAL
1201 1044 TAD FAE ' - o
122 17548 SMA SZA
1203 52086 JMP «+3
1204 7200 cLA
1265 56008 JMP I FIX
1206 1377 : TAD (=13
1207 7450 sNA
121p 5224 JMP DONE
121Y 7500 sMA
ig12 4776 JMS OOPS :
1213 3044’ DCA FAE ' ,
1214 7160 GO» CLL
1215 1045 TAD FAH
1216 17510 SPA /AN ARI THMETIC SHIFT
1217 17020 CL
resp 7610 RAR .
1221 3045 DCA FAH
1222 2044 1SZ FAE
1223 5214 JMP GO
1024 1045 DONE, TAD FAH
1225 5680 Jip I FIX '

53

A %L S NI
SRR ar




I-5 BFS

Bo00o
1165
3164
1564
5626
Bo00
4775
16717
4774
4407"
6133
wlalo]o)

1670 -
4774"

4407
2130
4133
6133
2880
1162
7650
5773
1111°
3165
1183-
4226
3046
1104
4226
3845

1372 .

3044
44pq
7000
2355
17711
ol
(u363a)]
1147
4226
4774
44B7
6136
BRoe
1106
1165
3353
1153
4226
4774
4407
6141
1136
4153

/MARK 1-5 BFS

INX»

DECONUs

BACK

@

TAD TP4
DCA TP3
T™8D I TP3
Jup I INX
@ .

JMS SUCR
TAD TAILL
JMs FLOAU
FPT .
FPUT FT2
FEX T :
TAD TAILV
JMS FLOAU
FPT

FSUB FT1
FDIV FTE&
FPUT FTE
FEXT

TAD PXNT
sSNA CLA
JMP DIRCT
TAD PDS
DCA TP4
TAD PL

. JMS INX

DCA FAL
TAD PLPO
JMS INX
DCA FaH
TAD €27
DCA FAE
FPT
FNOR

FSUB F13
F¥ADD ADDON
OUTPUT ~
FEXT

TAD TL
JMS INX
JMS FLOAU
FPT

FPUT FT3
FEX T

TAD PAREA
TAD TP4
DCA DTMP
TAD SL
JMS INX
JMS FLOAU
FPT

 FPUT FT4

FADD FT3
FDIV TUWO

54

PALS

1719774 PAGE 5

/SPECIAL PURPOSE INDEXING ROUTINE

/TO FIX CORE PROBLEM
/VERY LAST LOCATION

7/ TAlLL

/ SLOPE

/DOUBLE PRECISION INTEGER

/DERIVATIVE LAG

/O0FFSET TIME FOR REPEATED RUNS
/PRINT PEAK LOCATION

/TAIL LOCATION

/STARTING LOCATION

/X~-BAR



¥

7/ MARK

1314
1315
1316
1317
1320
1321
1382
1323
1324
1325
1326
1327
13309
1331
1332
1333
1334
1335
1336
1337
1340
1341
1342
1343
1344
1 345
1 346"
1347
13560
1351
1352
1353
1354
1355
1356
1357

13606

1361
1362
1364
1365
1366
1367
1370
1371
1372
1373

1374

1375
1376
1377

1400
1401
1402

£

I1-5 BFS

3133
1138
6144
5136
2141
3144.
6lan
5753
2144
4147
0004
6o0o
1174
4226
8370
7640
1367
4567
1354
7650
5766°
1187
1165
3353
44077
5753
oo
l1@2
4406
5766°
S633°
PCCD
Gooo
poo4
3200
js1ayale]

‘1365

3167
5764°
1104
1723
1400
peas
17797
2123
BOa27
1422
0506
1647
p4aB1
7765

1004
7710
1377

JMPT»
DTMP»
SLPSW»
F13s

JFH,

POVER>

FMUL
FADD
FPUT
FGET
FSUR
FMUL
FPUT
FGET
FSUB
FDIV

FT12
FT1
FT5
FT3
FT4
FT3
FTS

1 DTMP
FT5
SKON

QUTPUT

FEXT

TAD ELP

JMSs
AND
SzA
TAD
JME
TAD
SNA

INX
1777
CcLA
"3

I TYPE
SLPSW
CLA

JMP POVER
TAD PSLPP

TAD
DCA
FPT
FGET
FEXT

P4
DTMP

I DTMP

TAD P3
JMS I FPO
JMP POVER

JMP I DECONV

B
1]
4
3200
@

TAD (TTF
DCA TYPE
JMP RESTRT

PAGE

TAD PPB -
ShPA CLA
TAD ("%

PALB 1/19/74 PAGE 5-1

/ SLOPE

/Y-NAUGHT

/Y =BAR

/TAIL LOCATION
/=DELTA X )
/Y-BAR :
/BREA OF TRAPEZOID
/AREA

/ TRAPEZOI D

/DID THIS ONE OVERFLOW?
/MARK IT

/SLOPE DIAGNOSTIC?

/NO

/CALCULATE ADDRESS OF SLOPE

/BLENDED?




/MARK

1403
1404
1465
1466
1407

1410

1411
1412
1413
1414
1415
1416
1417
1426
1421
1422
1423
1424
1425
1426
1427
1430
1431

© . 1432
© 1433

1434
1435
1436

. 1437

1440
1441
1442
1443
1444
1445
1446
1447
1450
1 451
1452
1453
1454
1 455
1456
1457
1460
1461
1462
1463
1464
1465
1466
1467
1470

I-5 BFS

4567

4776°
1165
7041
ip24
7640

5224

13175
3165
1111
3016
7332
3100
3064
5774°
1624
5773"
2162°
7410
5202
1623
70941
1165
5773"
1511,
1640
2711
gusy
1877
0000
2000
6046
5243
6241
5252
6001
6042
7200
5641
6133
7410 "
2126
5302
3033
7010
3034
1127
3126
1010
7641
1372
7780
5273
7000

DIRCT>

AGAIN,

TTOLW»

TYPs

SERV»

CLOCK.

JMS
JMS
TAD
Cia
TAD
SZA
JMP
TAD
DCA
TAD
DCa

PALS

1 TYPE
CRLF
P4

VECTA
CLA
AGAIN
(-5
P4
PDS
£X6

Lwex

DA
DCA
JMP
TAD
JMP
15z
SHP
JMP
TAD
Cia
TAD
JMP

‘ELEND
PPE
JMPT
VECTA
BACK
PKNT

DIRCT
MCNT

TP 4
BACK

1719774 PAGE

/LAST CONE?

/NO
/FINALLY ! .
/SET UP FOR NEXT GO -

/SET UP FOR MOST RECENT PEAK

/DONE WITH PEL?
/NO

/Y EAH

/BUMP POINTER

TEXT /MIN WIDTH?/

@
TLS
JMP
TSF
JMP
IoN
TCF
CLA
JMP
CLSK
SKP
152
JMP
bCA
RAR
DCA
TAD
DGA
TAD
Cla
TAD
sMa
JUP
NOP
JMS

CLOCK

I TYP

M50C
IEX1
sac

SLK
M58
M59C
8X0

(BEND
CLA
QVRT

OC0PS
56

/CLOCK?
/700PS

/NOT YET

/RELOAD REGISTER

/STILL ROOM?

/78 OK
/NEEDS FIXING



&
F?

/MAFK I-5 BFS PAL8 1/19/74 PAGE 5-3
1471 1119 TAD BEEG /START QVER

1472 3010 DCA AX(

1473 44GB5 QURTs ADCVY

1474 3410 DCAa I AXoe /STORE NEW VALUE IN QUEUE
1475 6131 RTRN» CLEI

1476 173008 CLA CLL

1477 10934 TAD SLK '

1560 17864 RAL

1591 1933 ' TAD SAC

1502 68B1 IEKIs 10N

1583 5400 JUYP 1 @

1504 @080 GETVAL: @

15065 6081 10N .

1566 1010 TAD AX0O /ANYTHING ON LIST? . :
1507 17841 cia .

15186 1110 TAD BBEG

1511 7650 sNAa CLa

1512 5305 : JMP GETVAL+1 /NOT YET '

1513 60802 . I0F . _/NO FAIR ADDING TO LIST WHILE MOVING
1514 1810 TAD AXD . : -
1515 7841 cia

1516 1110 " TAD BBEG

1517 7458 . SNA

1528 5385 JMP GETVAL+1

1521 1371 . TAD (~31 ,

1522 3356 DCA GKNT /0HA: AT LEAST ONE

1523 1370 TAD ( DPBASE.

1524. 3911 DCA AX1 , /PUSH DOWN. THE LIST

1525 1367 - TAD (DPBASE+1 : N
1526 -3012 " DCA AX2 .
1527 1412 TAD I AX2

153 3411 DCAa I AX1

1531 2356 I1SZ GKNT

1532 5327 JMP =3 .

1533 17046 MA

1534 1010 TAD AXO /BACK UP THE LIST POINTER
1535 6801 10N /ONE INSTRUCTION DELAY
1536 3p1@ " DCA BXO .

1537 4766" JMS UPCLO /UPDATE THE CLOCK

1548 57047 JMP I GETVAL

1541 - PGB OTT» B

1542 18365 TAD (-40 /SPECIAL CHX?

1543 7510 SPA ‘

1544 1364 TAD €160 /N0

1545 1363 TAD €240

1546 4567 JMS I TYPE

1547 5741 JvMP 1 OTT

15586 @516 EDRV TEXT /END DERIV?/

1551 G440

1552 @465

1553 2211

1554 2677

1555 @000

1556 @QB@ GKNT» o

1563 0240

57




1
1

1

/MARK

1564
1565
1566
1567
1578
1571
1572
1573
1574
1575
1576
1577

I-5 BFS

olaa
7749
p330
2271
2278
7747
5377
1255

1352

7773
1732

-g2ase

PAGE

PALS 1719/

58

74

PAGE 5-4

X



[

b

/MARK 1-6 BFS

1600
1601

1682
1683
1604
16065
1606
1667
1619
1611

1612
1613
1614
1615
1616
1617
1620
1621

1622
1623
1624
1625
1626
16827
16306

1631.

1632
1633

1634~

1635
1636
1637
1640

1641

1642
1643
1644
1645
1646
1647
1658
1651
1652
1653
1654
1655
1656
1657
1668
1661
1662
1663
1664
1665

4202
57717"°
L1630)%]
7300
4227
6547
1480
6550
72060
7352
4567
7353
78008
7354
7600
7333
pa4p
7334
o@1s
167
1723
5141610
5662
12151514
1627
2227
7450
5627
3241
1627
2227
3641
52306
5161015
1642
61l
6206
g6e4s5
0670@
peoo
1160
T004
7710
5776"
1104
1165
7041
3162
1162
1650
1274
1111
3165
7001

/MARK I-6 BFS

MFPP-»

Cii0ODS.

CMODTs
DI STA»

SUCRs

JMS MFPP
JMP GASCHR
19}

CLA CLL

JiMS CMODS
65417

7400

6558

7208

7352 :
Ji5 1 TYPE
7353

NOP

7354

NOP

7333

240

7334

15

TYPE

TTF

0

JViP 1 MFPP
]

TAD 1 CMODS
1SZ CMODS
SNA

JMP 1 CHODS
DCA CMODT
TAD I CMODS
1$Z CMODS
DCA I CMODT
JMP CMODS*1
8

NEG

PEAK

POS

TAIL

© B

TAD BLEND
RAL

SPA CLA
JMP JMPT
TAD PS5
TAD TP4
Cla

DCA PKNT
TAD PKNT
sNa CLa
TAD DELT
TAD PDS
DCA TP4
IAC

PALS

59

1/719/74 PAGE 6

/FPP FUNCTION TABLE
/FPP INPUT ROUTINE

/0UTPUT

/TYPE ROUTINE MODS (1978) VERSION

/N0 PLUS SIGNS PLEASE

/CORE MODIFICATION ROUTINE
/70 MARKS LIST END

/GET CONTENTS

/D0 IT

/ALREADY PRINTED?

/YES

/1S THIS A BLEND?

/NO
/SET UP FOR FIRST ONE




1

'/MARK 1-6 BFS

1666
1667
1670
1671

1672
1673
1674
1675
1676
1677
1700
1701
1762

1783

1704
1705
1786

1767

1718

1711
1712
1713
1714
1715
1716
1717
1720
1721
1722
1723
1724
1725
1726
17279
1730
1731
1732
1733
1734
1735
1736
1737
1746
1741
1742
1743
1744
1745
1746
1747
1758
1751
175a
1753
1754

477S5°
4774°
4467
6130
PO
5647
5663
BOEO
7346
1826
7650
5675
1773"
47747

aueT’

oen4
Beeo
1027
4772"
4407
BBB4
6oGD
1026
47782"
4407

clolorin

PO
4332
5675
ulofoTy

. 6846

7200
6041
5326
6042
53723
Bo0o
1371
4567
1376
4567
5732
P45
1424
glap
2477
2000
6000
6530
6532
6534
5358
6533
1356
7106

DEL Ts

DIAG, -

TTFs

CRLF,

MADS,

AD3EA,

o L L

JMS INX
JiiS FLOAU
FPT

FPUT FT1
FEXT

JMP I SVCR
STRTV-LAST
6]

L3

TAD LPV
SNA CLA
JMP I DIAG
TAD DPM+1
JMS FLOAU
FpT

OUTPUT
FEXT

TAD DDOT
JMS FLOAT
FPT

ocuTPUT
FEXT

TAD LPV
JMS FLOAT
FPT

ouTPUT
FEXT

JMS CGRLFEF
JMP I DIAG
@

TLS

CLAa

TSF

JMP «=]
TCF .
JMP I TTF
@

TAD (215
JMS I TYPE
TAD (212
JMS I TYPE
JMP I CHLF
TEXT /DELTA

]
ADCL
ADST

" ADSK

JMP .-1
ADRB
TAD K10608
CLL RTL

PaLS  1/719/74 PAGE 6~1

™/

/GET STARTING VALUE

7YCH)

/ADDRESS DI FFERENTI AL

L)

/1972 SCH 7-117
/ZAP MULTIPLEXOR
/START CONVERTER
/UALIT '

/EEAD CONVERTER
/FIX ARITHMETIC
/MULTIPLY BY 4

60

3




€9
el

/MARK 1-6 BFS PAL8 1/19/74  PAGE 6-2
1755 5745  JHMP I ADBEA
1756 1680 K1o00, 1000 .
L1770 @212
1771 6215
1772 ©517 .
1773 2365 ' . .
1774 0586
1775 1226
1776 1352
1777 0200
i PAGE
opee 4777 LEITZ>, JMS MFPP
20p1 1104 TAD PS :
2002 3062 DCA 62 /5 SIG FIGS
20B3 7604 LIGHTs LAS - _
oppn 7010 RAR /SEC11) ON FOR TTY OUTPUT
2065 7620 SNL CLA&- :
2086 5220 JMP GUIET /LIGHTS ONLY
opP7 4233 J¥MS CINVT /INVERSION SUBROUTINE
2010 4776° JMS FLOAU :
211 4407 - FPT .
2p12 4147 FDIV SKON /8 TO SB VOLTS
2013 003 . FEXT
2014 1153 TAD P2
2015 4638 JMS I OUTP
2p16 4775 JMS CRLF
2p17 5203 " JMP LIGHT
op2@ 112 QUIET, TAD P33
2p21 7041 cia
2¢g22 3232 DCA LQONT /20 TIMES PER SEC REFRESH RATE
2p23 4233 JMS CINVT
2024 2000 1SZ @
2p25 5224 JMP e-1
op06 2232 157 LQCNT
2p27 5284 JMP .~-3 _
2036 7200 OUTP» CLA . ZISN'T THAT CLEVER?
2031 5283 - JMP LIGHT ’

2032 ©60p0H LQACNT, 0
- 2033 0008 CINVUT> O

2034 7604 LAS ‘
2035 §153 " AND P2 /SRC1G8) UP MEANS INVERT
2636 o1& RETR

2037 4405 ADCV

2048 T430 SZL

2041 7040 CMA

2p42 5633 JMP I CINUT

2043+ GOGB NSTRT> 0O

2p44 4art4ar JiMS CMODS /7 START CL EAN
245 2123 ° ADDON

2046 00GO g

2047 2124 ADDON+ 1

2050 0668 ' B

2651 21285 ADDON+2

2352 2000 '@

2053 B167 TYPE

61




/ MARK

Lps54
2055
2056
2057
2660
2061 .
2p62
2063
2064
2065
2066
2067
2070
2071
2372
- 201783
2074
2075
2076
2677
2100
21971
2102
21063
2104
21095
21096
21017
2110
2111
2112
2113
2114.
2115
2116
2117
2120
2121
2122
2123
2126
2131
2132
21383
2134
2135
2136
2137
o140
2141
2142
2143
2144
2145
2146

I-6 BFS

1723
6100
ool
BO04
oo
olufafu
6032
4775°
4773*
2117
6031
5266
6036
6046
6041
5272
6372
3322
7326
3322
3771
1771°
7650
5313
4775?
4773"*
1740
4407
6003
6326
0oEae
7301
p322
3770"
5643
1517
2405
7700
000
0600
gy
4407
5326
6323
ol
6002
4405
1183
7640
5336
5767
2000
1100
7700
5743

NOR»

MMODE.

MODE>

ADDON»
TBIAS»
RESTR»

DOWN»

TTF

BLEND

2

PFE

0

0]

KCC

JMS CRLF
JMS TXT
MMODE

KSF

JMP -1
KRB

TLS

TSF

JMP «-1
AND (3

DCA MODE
Luw2

AND MODE
DCA RMODE
TAD RVMIODE
SNA CLA
JMP NOR
JMS CELF
JHMS TXT
MADS

FPT

INPUT
FPUT TBIAS
FEXT

CLA CLL IAC
AND MODE
DCA SLPSV¥
JMP I NSTRT
TEXT /MODEZ/

@

ZBLOCK 3
ZBLOCK. 3
FPT

FGET TBIAS
FPUT ADDON
FEXT

I0F

ADCV

TAD P4

SZA CLA
JMP -3
JMP JFY

a

TAD BLEND
SMA CLaA

MP I DOUN

14}
{

"PAL8 1719774 PAGE 6-3

/MODE MESSAGE

/REPEAT?

/NO

"/DELTA T MESSAGE

/PRINT SLOPE SWITCH

/WYAIT FOR SATURATION

/BLENDED PEAK?

— - et e



£

&

/MARK I-6 BFS

2147
2150
2151
2152
2153
0154
2155
2156
2157
2160
2161
2162
2163
2164
2165
2166
2167
0170
2171
2172
21783
2174
2175
2176
2177

1
i

1

1766"' " TAD DPM+1

7116 CLL" RAR
3003 DCA TPl
1765" . TAD LAST
7110 CLL RAR
7041 cia
1003 TAD TP1
7790 . sMA CLA
5743 JMF 1 DOWN
7040 cMA
1165 TAD TP4
3165 DCA TP4
5764" JMP PNY
P365°
2200
2305
1360
1354
@353
PB63
1137
1627
1732
@506
1682

PAGE

LAST=.

DPBASE=LAST-1+71
DPM=DPBASE+ 14
DPE=DPBASE+ 31

%

’

63

DAL 1/19/74

PAGE 6-4

/PRESENT VALUE

/GET BID OF SIGN PROBLEM

JSTART OF FIRST PEAK
/LIKEWI SE

/HAS VALUE GONE BELOW?

/BACK UP POINTER
/PRINT IT OUT




s T et e = —

ADCL
ADST
AX0
AX5
BBP
BYY
CLKK
CRLF
DIAG
DONE
DPM
ES .
FLOAT
FT1
F13
GKNT
IK

K

L EI TZ
LW
MFPP
M50
ONE
P DS
PKAR
POS
PUSD
P4

, RESTRT
. S EARCH
SL

S TRPK
SVCR
TBIAS
TOL 3
TS
TTOLW
TYP
XIT1

/MARK I~6 BFS

6530
6532
o110
BB15
©161
@211
8170
1732
1675
1224
2304
1834
@517
2130
1355
1556
2751

g152-
2000

1046
16682
9127
0156
CR ]
pa72
0645
g312
G103
11904
2660
#6153
2634
1647
2126
7166
0420
1433
1441
642

ADCY

ADBEA -
AX1
X6
BEND
CINVT
CLOCK
DB

DI AGP
DOWN
D5UB
FAE

" FLOAU

FT2
GASCHR
GO
INLPE -
KSCAL
LIGHT
MADS
ML END
M56C
00PS
PE
PKNT
POVER
PUSHL
F5
RMODE
SECS
SLK
STRTL
T

TL

TP1
TSLOPE
TV
TYPE
XIT2

44085
1745
2o11
o016
5377
2033
1452
1p22
6357
2143
G431
po4a4
0506
7133
3200
1214
0452
0502
2003
1740
G306
G126

24ap1.

1060
plez
1400
7323
2104
2353
o2l
pB34
Go64s
p61o
a14a7
BeE3

7557

@165
167

0631

PALE  1/19/74  PAGE 6-5
ADDON 2123 ADRB 6533
ADSEP. 0QG@5 AGAIN 1424
AX2 go12 Bx3 913
HXT 0017 BACK 1255
"BLEND @180 BLP @174

* CK 1011 CLEI 6131
CL SK 6133 CMODS 1627
DDOT BBe7 DECONV 1233

-DIRCT 1422 DISTA 1642
DOWNP @173 DPBASE 2278

. DTMP 1353 DVIN @123

FaH 0045 FaL @46
-FPO BB06 FPPI ooa7
FT3 $136 FT4 @141
GET B@35 GETCON 1800
HEAD @538 1D g@es
INX 1226 JFK 1360
K160p 1756 L p413
LPV G326 LOCNT 2832
MAINL @253 MB12 @505
MLOK 0270 MMODE 2117
NEG P611 NOR 2113
AOTT 1541 . OUTP 2032 .
PEAK 8620 PEAKL G066
PL ¢163 PLPO pl1o4

_FFB aea4 PSLP Be75
PV g1pe P2 %153
QUIET 2020 QURT 1473
RTRN 1475 RUNL g541
SERV 1444 SERVP @175
SLPSW 1354 SOLVE 00820
.STRTV @063 SUP 3235

LTAIL P670 TaILL 8671
_TOLDB 0836 TOLW Goa37
TP2 3163 TP3 pie4a
TSOLY @756 TTF 1723
TWO #153 TXL 1144
_UPCLO 8338 VECTA 024
ZBY Gga7e ;

i

1

i

}

. )
64

ADSK
AREA
AX 4
BEEG
BY
CLKCON
CMODT
DELT
DIV
DPE
EDRV
FIX
FPT
FT5
GETVAL
TEXI
JMPT
LAST
LV
MCNT
MODE
NSTRT
PAREA
PEAKV
PNY
FSLPP
P3
RESTR
SAC
SKON
SOLVT
sv
TAILV
TOL 2
TP4A
TTOL DB
TXT

X

@

6534
@115
o614
p110
Z2275
2120
1641

L1674

72030
2321

1559
1200
a4n@7

B144
1564
1582
1352
2200
1671

B@23
2122
2043
2106
BB65
385
2107

pio2
2131

2633
Z147

B354
§156
Be7T6
p1ia
0165
G547

1137

8101




