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ible mapping operation for time series. As the name
implics, it has mathematical properties that are entirely
analogous to those of the Fourjer integral transform. In
particular, it defines a spectrum of a time series; multj-
plication of the transform of two time serics corre-
sponds to convolving the time series,

It digital analysis techniques are to be used for
analyzing a continuous waveform then it ig necessary
that the data be sampled (usually at equally spaced

INTRODUCTION intervals of time) in order (o produce a time series of
discrete samples which can be fed into a digital com-
puter. As is well known [6], such a time series com-
pletely represents the continuous waveform, provided
this  waveform s frequency  band-limited and the
samples are taken at a rate that is at least twice the
highest [requency present in the waveforin, When these
samples are equally spaced they are known as Nyquist
samples. It will be shown that the DFT of such a time
seriey is closely related to the Fourier transform of the
continuous waveform from which samples have been
taken to form the time series. This makes the DT
particularly useful for power spectrum analysis and
filter simulation on digital computers, _

The fast Fourier transform (FFT), then, is a highly
clficient procedure for computing the DFT of 4 (ime
series, It takes advantage of the fact that the calcula-
tion of the cocfficients of the DFT can be carried out
iteratively, which results in a considerable savings of
computation time. This manipulation is not intuitively
obvious, perhaps explaining why thjs approach was

overlooked for such a long time, Specifically, if the
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N ALGORITHAM for the computation of Fourier
coeflicients which requires much less computi-
tional effort than was required in the past was

reported by Cooley and Tukey [1]in 1965, This method

15 now widely known as (he “fast Fourier transform,”
and has produced major changes in computational tech-
niques used in digital spectral analysis, fAlter simulation,
and related fields. The technique has a long and in-
teresting history that has heen summarized by Cooley,
Lewis, and Welch in (his issue [2].

The fast Fourier transform (FEFT) s o method for
celiciently computing the discrete Fourier transform
(DIFT) of a time series (discrete data samples). The
efficiency of this method is such that solutions to many
problems can now he obtained substantially more cco-
nomically than in the past. This is the reason for the
very great current interest in (his technique,

The discrete Fourjer transform (DIT) is a transform
in its own right such as the Fourier integral transform
or the Fourier series transform. [ is a powerful revers-
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for the evaluation of all 8192 DEFT coefficients on an
IBN 7094 computer. Conventional procedures take on
the order of half an hour.

The known applications where a substantial reduction
in computation time has been achieved include: 1)
computation of the power spectra and autocorrelation
functions of sampled data [4]; 2) simulation of filters
[5]; 3) pattern recognition by using a two-dimensional
form of the DFT; 4) computation of bispectra, cross-
covariance functions, cepstra and related functions:
and §) decomposing of convolved functions,

Tue DISCRETE FOURIER TRANSFORM (D)
Definition of the DFT and its Inverse
Since the FFT is an cfficient method for computing
the DFT it is appropriate to begin by discussing the
DET and some of the properties that make it so useful
a transformation. The DIFT is defined hy!
N1

dr= 37 Xiexp (=2mjrk/N) 7 =0, - .

k=0

SN =1 )

where 4, is the rth coefficient of the DIT and X, de-
notes the kth sample of the time series which consists
of N samples and j=+/=1. The X.'s can be complex
numbers and the 4,’s are almost always complex. For
notational convenience (1) is often written as

N—1
A= D (X)W =0, -, N=1 (2

k=0

where

W = exp (—2mj/N). (3)

Since the X,'s are often values of a function at discrete
ime points, the index  is sometimes called the “fre-
quency” of the DET. The DIFT has also been called the
“discrete Fourier transform” or the “discrete time,
finite range Fourier transform.”

There exists the usual inverse of the DIT and, be-
cause the form is very similar to that of the DI, the
FIT may be used to compute it.

The inverse of (2) is

N~1
Ne=(/N) 2 AW I=0/1,--., N —1. (4)
r={)
This relationship is called the inverse discrete Fourier
transform (IDFT). Itis casy to show that this inversion
is valid by inserting (2) into (4)

N—1 N--1

Xi= 2 > (Xy/N)Wrt=n, (5)

re=0 kw0

nterchanging in (5) the order of summing over the
dices r and &, and using the orthogonality relation

! The definition of the DFT is not uniform in the literature, Some
authors use 4,/N as the DFT coefficients, others use A/ R, still

others use a positive exponent.
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N
E exp Cmjin — m)r/N) = N, if n = m mod \

0

= (), otherwise (0)

establishes that the right side of (5) s in fact equal
to X. :

It is useful to extend the range of definition of .1, (o
all integers (positive and negative). Within this def-
inition it follows that

A= ‘/l'\.“ == ‘,l‘_,‘\,” = ... ( 7)
Similarly,
_\'[ = ‘\"\4” = x':.\'+l = . . ., ((\')

Relationships between the DET and the Fourier 1rans-

Jorniof a Continnons Waveform

An important property that makes the DET o
eminently uscful is the relationship between the DET
of a sequence of Nyquist samples and the Fourier (rans.
form of a continuous waveform, that is represented by
the Nyquist samples. To recognize this relationship,
consider a frequency band-limited waveform () whose
Nyquist samples, X;, vanish outside the time interval
0<i<NT
X sin (n(t — BT/ T)

gy = X

woo (wlE— kD), T)

- X {(9)

where 77 is the time spacing between the samples. A
periodic repetition of g(f) can be constructed that has
identically the same Nvquist samples in the time in-
terval 0<t< N7

— . osin(x(t — kT — IV n:'T)
W) = £ T v — ‘
!

T (10)
k-0 (7!"(/ - k]‘ - L\'7‘)//7‘)

Let the Fourier transform of £(1) be GUf). As is well
known [6], this transform is exactly specified at dis-
crete {requencies by the complex Fourier series coel-
ficients of g,(2). From this it follows:

Gn/NT)
NT

"

g
/NT) j g(0)-exp (=2mjnt, NT)-di
0

N
= (1/NT) 22 Xy-exp (= 2mjnkT/N'T)

]

(1

where !n' SN/2 due 1o the spectral bandwidth limit..
tion implicitly assumed by the sampling theorem under-
lying the vadidity of Nyquist samples.

Comparing (11) and (1) it is scen that they are ex-
actly che same except for a factor of N7° and (r, n) are
both uhbounded. That is,

N-A,=D,for r=n and 7'=1 second. (12)

The bounds specified for » and » require a correspon-
dence which depends on (7)




G/ NT,
o ) = D, = \-
NT

for n = o1 .- ,q < N/2,

g > = N/2 (13)

G/ NT)

=D, =N-4,/2  forn = N 14
NT ' ()

Fquations (13) and (14) give a direct relationship be-
tween the DET coeflicients and the Fourier transform
at diserete frequencies for the wavelorm stipulated by
(9). A\ one-to-one correspondence could have been ob-
tained if the running variable 7 had been bounded by
V20 This, however, would have required distinguish-

2
[Gg(f)

{a)

ing between even and odd values of N, a distinction
avoided by keeping r positive.

A wavelorm of the type considered by (9) is shown
in Iig. 1(¢). 1t is usually obtained as an approximation
of a frequency band-limited source waveform [such as
the one sketched in Fig, 1(a) | by truncating the Nyquist
sample series of this waveform, and reconstructing the
continuous waveform corresponding to the truncated
Nyquist sample series [IFig. 1(b), (d), and (e)]. Not-
withstanding the identity of the Nyquist samples of this
reconstructed  waveform and  the frequency band-
limited source waveform, these waveforms differ in the
truncation interval [Fig. 1(¢) and (¢)]. The difference
is usually referred 1o as aliasing distortion; the mechan-
ics of this distortion is most apparent in the frequency
domain [Iig. 1(¢) (¢)]. Tt can be made negligibly small
by choosing o sufticiently large product of the [re-
quency bandwidth of the source waveform and the
duration of the truncation interval [6] (e.g., N is
greater than ten).

(Time)

le(nl%
{c)}

SERIES

1990000 ful
e NT

e 1/T .

A

(Frequency)

(b) )
R
Lt

(a) Frequency-band-limited source waveform.

(1) Nyquist samples of the frequency band-limited
source waveforn,

(¢) Truncated source waveform.

() Truncated series of Nyquist samples of the sonrce
waveform,

(¢) Frequency-band-limited waveform whose Nyquist
samples are identical to the truncated series of
Nyquist samples of the source waveform,

(Iy Periodic continuation
waveforn,

of the truncated source

(g) Periodic continuation of the truncated series of

Nyquist samples of the source wavelorm.

(h) DITT coeflicients interpreted as Fourier series co-
efhicients producing complex waveform.

Fig. 1. Related waveforms and their corresponding spec-
trivas delined by the Fourier transforms (integral trans-
forms for energy-limited waveforms; series transform
for periodic waveforms),
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These aliasing distortions are carried over directly to
the discrete spectra of the periodically repcated wave-
forms [Fig. 1(f) and (g)], and appear correspondingly
in the DFT of the truncated series of Nyquist samples
[Fig. 1(h)]. It may be of interest to observe that the
wavelorm corresponding to the DIT coefficients inter-
preted as Fourier serics coefficients is complex [Fig.
1(h].

Some Useful Properties of the DIFT°

Another property that makes the DFT eminently
useful is the convolution relationship. That is, the IDFT
of the product of two DI'Ts is the periodic mean convo-
lution of the two time series of the DFTs. This relation-
ship proves very useful when computing the filter out-
put as a result of an input waveform; it becomes
especially effective when computed by the FFT. A
derivation of this property is given in Appendix A.

Other properties of the DFT are in agrecment with
the corresponding properties of the Fourier integral
transform, perhaps with slight modifications. For ex-
ample, the DFT of a time series circularly shifted by kis
the DFT of the time series multiplied by W . Further-
more, the DFT of the sum of two functions is the sum of
the DFT of the two functions. These propertics are
readily derived using the definition of the DFT. These
and other properties have been compiled by Gentleman
and Sande [7].

THE FasT FOURIER TRANSFORM
General Description of the IFT

As mentioned in the Introduction, the FFT is an
algorithm that makes possible the computation of the
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DET of a time series more rapidly than do other algo-
rithms available. The possibility of computing the DET
by such a fast algorithm makes the DEFT technique
important. A comparison of the computational savings
that may be achieved through use of the FIT is summna-
rized in Table I for various computations that are fre-
quently performed. [t is important to add that the com-
putational efforts listed represent comparable upper
bounds; the actual efforts depend on the number V and
the programming ingenuity applied [7].

It may be useful to point out that the FFT not only
reduces the computation time; it also substantially
reduces round-off crrors associated with these computa-
tions. In fact, both computation time and round-off
error essentially are reduced by a factor of (loga N); N
where N is the number of data samples in the time
serics. FFor example, if N= 1024=2' then N-log,
V=10 240 [7], [9]. Conventional methods for compu-
ing (1) for N =1024 would require an effort proportional
to N?=1048 576, more than 50 times that required with
the FET,

The FIFT is a clever computational technique of se-
quentially combining progressively larger weighted
sums of data samples so as to produce the DET coeffi-
cients -as defined by (2). The technique can be inter-
preted in terms of combining the DEFTs of the individual
data samples such that the occurrence times of these
samples are taken into account sequentially and applied
to the DFTs of progressively larger mutually exclusive
subgroups of data samples, which are combined to ulti-
mately produce the DET of the complete series of data
samples. The explanation of the FFT algorithm adopted
in this paper is believed to be particularly descriptive for
programming purposcs.

TABLE 1

COMPARISON OF THE NUMBER OF

MULTIPLICATIONS REQUIRED USING “Dikgecr”

AND FIT' Mernons

Operation

Apprositnate Number of Multiplications
. (upper comparable bounds)
Formula

FET

Direct

N-1

Z Xy ImirkiN

k=0

Discrete Fourier Transform (DFT)

N-d
3 XV

ket

Filtering (Convolution)

N-1-¢

2 X

k-l

Autocorrelation Functions

u=01... N -1

re=12... N -1 N 2V log. .V

3N log. .V

re=0,1,-.- N —1 3N logs N

N N

Two-Dimensional'Fourier Transform (Pattern Analysis)
kw0 1m0

N-1IN -1

Two-Dimensional Filtering
ke( =0

Z Xi e ikt r/N) 7, qh 01,... N -1

3 XiaVeokaor

4N?log, ¥

gr=12... N—1 3N?%loga N




Conventional Forms of the FI'T'

Decimation in Time: The DET [as per (2)] and its
inverse [sce (4)] are of the same form so that a proce-
dure, machine, or sub-routine capable of computing one
can be used for computing the other by simply exchang-
ing the roles of X, and 4,, and making appropriate
scale-factor and sign changes. The two basic forms of
the FET, each with its several modifications, are there-
fore equivalent. However, it is worth distinguishing
between them and discussing them separately. Let us
lirst consider the form used by Cooley and Tukey [1]
which shall be called decimation in time. Reversing the
roles of 4, and X, gives the form called decimation m
frequency, which will be considered afterwards,

Suppose a time series having N samples [such as X,
shown in Fig. 2(a) | is divided into two functions, ¥, and
Zr, cach of which has only half as many points (N/2).
The function Vi is composed of the even-numbered
points (Xo, Xo, X4+ - ), and Z, is composed of the odd
numbered points (X, X3, Xy - - - ). These functions are
shown in Fig. 2(b) and (¢), and we may write them
formally as

YVi= Xy

r
/

E=0,1,2-.-,%— 1. (15
5 (15)

Ze = Xy +1

Since Y, and Z, are sequences of N/2 points cach, they
have discrete Fourier transforms defined by
(N /2)-1

B, = Vi exp (—dmjrk/N)
k=0

r:()’]’zj...’-tz__]_ (16)

(N/2)~1
Co= 22 Ziexp (—4mjrk/N)
k=0

The discrete Fourier transform that we want 18 A4,,
which we can write in terms of the odd- and even-
numbered points

(N/2)-1
dy= >0 {Yk exp (—4mjrk/.N)
k=0
2ujr
+Ach”)<-~ v[Zk—FlJ)}
r=0,1,2,---,N—1 (17)
or
(N/2)~—1
A= 32 Yiexp (—4mjrk/N) .
k=0
(Nj2)—1
+exp (=2mjr/N) 3 Ziexp (—dmjrk/N) (18)
, k=0

Lok ol

which, using (16), may be written in the following form:

A4, = B, + exp (= 2mjr/N)C, 0<r<N/2. (19)

For values of r greater than N/2, the discrete Fourier
transforms B, and C, repeat periodically the values
taken on when » <N/2. Therefore, substituting r+N/2
for » in (19), we obtain

A\Y
Avinp = B, + exp (—Zn-j[r + ~2—<]/N> C,

0<r< N2

= B, — exp (=2mjr/N)C, 0<r< N/2. (20

By using (3), (19) and (20) may be written as
A, = B, + W, 0L r<N/2 (21)
Ar+N/2 = B, — Wre, 0 S r < ‘\’/2. (22)

From (21) and (22), the first N/2 and last N/2 points of
the discrete Fourier transform of X (a sequence having
N samples) can be simply obtained from the DFT of Ve
and Z, both sequences of N/2 samples.

Assuming that we have a method which computes
discrete Fourier transforms in a time proportional to the
sqquare of the number of samples, we can use this algo-
rithm to compute the transforms of ¥, and Zy, requiring
a time proportional to 2(N/2)?, and use (21) and (22) to
find A, with additional N operations. This is illustrated
in the signal flow graph of Fig. 3. The points on the left
are the values of X, (i.e., V, and Z:), and the points on
the right are the points of the discrete Fourier trans-
form, A,. For simplicity, Fig. 3 is drawn for the case
where X is an eight-point function, and advantage is
taken of the fact that Wn= — Wn=Ni2 as per (3).

However, since Vi and Z, are to be transformed, and
since we have shown that the computation of the DFT
ol N samples can be reduced to computing the DFTs of
two sequences of N/2 sumples cach, the computation of
By (or Ci) can be reduced to the computation of se-
quences of N/4 samples. These reductions can be car-
ried out as long as each function has a number of sam-
ples that is divisible by 2. Thus, if N=2" we can make n
such reductions, applying (15), (21), and (22) first for
N, then for N/2, - - -, and finally for a two-point func-
tion. The discrete IFourier transform of a one-point
function is, of course, the sample itself. The successive
reduction of an cight-point discrete Fourier transform,
begun in Fig. 3, is continued in Figs. 4 and 5. In Fig. 5
the operation has been completely reduced to complex
multiplications and additions. From the signal flow
graph there are 8 by 3 terminal nodes and 2 by 8 by 3
arrows, corresponding to 24 additions and 48 multiplica-
tions. Half of the multiplications can be omitted since
the transmission indicated by the arrow is unity. Half of
the remaining multiplications are also easily eliminated,
as we shall see below. Thus, in general, N-logs N com-
plex additions and, at most, 3N -log: N complex multi-
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Fig. 3. Signal flow graph illustrating the reduction of endpoint

DITT to two DFTs of N/2 points cach, using decimation in time.
The signal flow graph may be unfamiliar 1o some readers. Basi
cally it _is composed of dots (or nodes) and arrows (transmis-
stons). Each node represents a variable, and the arrows terminate-
ing at that node originate at the nodes whose variables contribute
to the value of the variable at that node. The contribotions are
additive, and the weight of each contribution, if other than unity,
is indicated by the constant written close to the arrowhend of
the transmission, Thus, in this example, the quantity ., at the
bottom right node is equal to By+ VX Cs. Operations other than
addition and constant multiplication must be clearly indicated by

‘symbols other than « or ———,
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Fig. §. Signal flow graph illustrating the computation of the DI

when the operations mvolved are completely reduced (o multipli-
cations and additions,
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plications are required for computation of the discrete
Fourier transform of an N point sequence, where NV is a
power of 2.

When N ois not a power of 2, but has a factor P, the
development of equations analogous to (15) through
(22) is possible by forming p different ssequences,
Vi =X cach having N/p samples. Lach of these
sequences hasa DIFT 8,9 and the DIFT of the sequence
N can be computed from the p simpler”DFTs with pN
complex multiplications and additions. That is,

p1

Ly = 5 B s

[

m=0,1,2, .0 p— 1

N

7’:?()]1’2"",’“_]~ (2‘;)

The computation of the DFTs can be further simplified
it N has additional prime factors.

Iurther information about the fast Fourier transform
cian be extracted from I9¢. 5. For example, if the input
sequence Xy is stored in computer memory in the order

Yo, Xy Xy N, X0, Xy, Xy, X, (24)
as in Fig. 5, the computation of the discrete Fourier
transform may be done “in place,” that is, by writing all
intermediate results over the original data sequence, and
writing the final answer over the intermediate results.
Thus, no storage is needed beyond that required for the
To see this, suppose that
cach node corresponds to two memory registers (the
quantitics to be stored are complex). The cight nodes
farthest to the left in IYig. 5 then represent the registers
containing the shuffled order input data. The first step
in the computation is to compute the contents of the
registers represefited by the cight nodes just to the right

original N complex numbers,

of the input nodes. But each pair of input nodes affects
only the corresponding pair of nodes immediately to the
right, and if the computation deals with two nodes at a
. written
mto the registers from which (he input values were
taken, since the input values are no longer needed for
The second step, computation of

time, the newly computed quantities may be

Turther computation,
the quantities associated with the next vertical array of
nodes to the right, also involves piirs of nodes although
these pairs are now two locations apart instead of onc.
This fact does not change the property ol “in place”
computation, since cach pair of nodes affeets only the
pair of nodes immediately to the right. After a new pair
of results is computed, it may be stored in the registers
which held the old results that are no longer needed. In
the computation for the final array of nodes, corre-
sponding to the values of (he DIT, the computation
involves pairs of nodes separated by four locations, but
the “in place? property still holds.

LAV o ol

For this version of the algorithm, the initial shufling
of the data sequence, X,, was necessary for the “in
place” computation. This shuffling is due to the re-
peated movement of odd-numbered members of a se-
quence o the end of the sequence during each stage of
the reduction, as shown in Figs. 3, 4, and 5. This shuf-
fling has heen called bit reversal? because the samples are
stored in bit-reversed order; i.c., X=X, is stored
i position (0@1).=%,7cte. Note that the initial data
shuffling can also be done “in place.”

Variations of Decimation in Time: 1f one so desires,
the signal flow graph shown in Iig. 5 can be manipu-
lated to yield different forms of the decimation in lime
version of the algorithm, I one imagines that in
Fig. 5 all the nodes on the same horizontal level as
A are interchanged with all the nodes on the sanie
horizontal level as A4, and all the nodes on the level of
Ay are interchanged with the nodes on the level of A,
wilh the arrows carricd along with the nodes, then one
obtains a flow graph like that of Fig. 6.

For this rearrangement one need not shuffle the origi-
nal data into the bit-reversed order, but the resulting
spectrum needs 1o be unshufiied. An additional disad-
vantage might be that the powers of W needed in the
computation are in bit-reversed order. Cooley’s original
deseription of the algorithm [1] corresponds to the How
graph of Fig. 6.

A somewhat more complicated rearrangement of Fig.
S yields the signal low graph of Fig. 7. For this case
both the input data and the resulting spectrum are in
“natural” order, and the coefficients in the computation
are also used in a natural order. However, the computa-
tion may no longer be done “in place.” Therefore, at
least one other array of registers must be provided.
This signal flow graph, and a procedure corresponding
toit, are due to Stockham [8],

Decimation in Frequency: Let us now consider a
sccond, quite distinet, form of the fast Fourier trans-
form algorithm, decimation in Srequency, This form was
found independently by Sande [7], and Cooley and
Stockham ISJ Let the time series X, have a DFT 4 .
The series and the DIT both contain N terms. As
before, we divide X, into (wo sequences having N/2
points cach, llowever, the first sequence, 1, is now
composed of the first N/2 points in X, and the second,
Zi, is composed of the last N/2 points in X,. Formally,
then

)"/,- = .Y &

E=0,1,2 -+« =1 (5
5 (25)

Zr = Xepwne

* This is a special case of digit reversal where the radix of the
address is 2; more general digit reversals are available for transforms
with other radices.
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A Useful Computational Variation: [t may be worth
pointing out here how some programming simplicity is
realized when the factors p and ¢g=N/p are relatively
prime. As described by Cooley, Lewis, and Weleh, 12],
the “twiddle factor” W of (23) can be eliminated by
choosing subscquences of the Xi's that are different
than those used hefore. The DET computations are
then conveniently performed in two stages.

1) Compute the g-point transforms -

o -1 1: ()’ ]’ I —
B = Z AN ? (31)
] rf()_]’...y(j_]

of cach of the p sequences

[:()’1,...’/)._.1
)'A-(” = ‘\’p/ﬁwf (‘2)

F=0,1,-+,¢g—1.

2) Compute, then, the p-point transforms

p ol
Ay= D0 B [yraim (33)

1= )

of the ¢ sequences B, where

(mod V,0 < s < V) (34)

s=rplp)y 4 megly), !
and the notation (p), ! is meant to represent the re-
ciprocal of p, mod ¢, i.c., the solution of pPPYI>1
{mod ¢).

CONCLUSION

The integral transform method has been one of the
foundations of analysis for many vears because of the
case with which the transformed expressions may he
manipulated, particularly in such diverse areas as acous-
tic wave propagation. speech transmission, linear net-
work theory, transport phenomena, opties, and clectro-
magnetic theory. Many problems which are particularly
amenable to solution by integral transform methods
have not been attacked by this method in the past be-
causce of the high cost of obtaining numerical results this
way.

The fast Fourier transform has certainly modified the
cconomics of solution by transform methods. Some new
applications are presented in this special issue, and
further interesting and profitable applications probably
will he found during the next few years.

ArrENpix

As is well known, if the filter impulse response is fre-
quency-band-limited to 127 112 and is given by its
Nyvquist samples )y spaced 7 second apart, and further-
more, if the input wavelorm s also frequency-hand-
limited to 1/27" [z and given by its Nyquist samples Xy
spaced 7" sccond apart, then the filter output waveform

is also frequency-band-limited to 1/27 Hz and com-
pletely specitied by its Nyquist samples Z, spaced 7'
second apart

E]

Z,, = Z ,\,k' Y,,.,k = Z .\’,,._1' Y(.

k=0 2=

(335)

The convolution relationship facilitates computation of
this equation.

To prove the convolution relationship, let the DET of
the Xyi's be 4, and correspondingly the DEFT of the
Yi's be B, The IDFT of the product of 4,-B, then
becomes [see (4)]

1 N--1
(' v‘z) 2 A By

re(
N-1 N-1 N-|

Z Z Z ‘\'k I’,[/i/’(“w‘l—s)

1
N2 i 1o

N=1 N1 N1 ”/'r(/H'/—n)
- T T wrny
N vV
N pwo facn Feal) i
] 2 1 N-1
= X XiVeid — 3 XiVy
N =o IV kg

i

1
<;)/ -+ perturbation term. (36)

IT the first N/2 samples of each of the two time scries
(X:) and (V}) are assumed to be identically zero, then
the perturbation term of (36) is zero so that the IDFT of
the product of the two DIFTs multiplied by N is equal to
the convolution product Z, of (35). Since it is always
possible to select the time series to be convolved such
that hall of the samples are zero, the convolution rela-
tionship for the DET can be used to compute the con-
volution product [sce (35)] of two time series.

It is useful to point out that if 4,=8,, a periodic
autocorrelation function emerges.
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J.‘?-z;tv-- Stbhinitted:

The discrete transform (U7 of ¢

G - ) O
S UM Iw
« aeml
F P *v, € e
The luverse DY s
T A ] [ L2
E‘\f.a Y S )} -xf« (5 {é\m* B M;.
Tha fuctor (1/NU52) t3 not includad in this nrogresm.
Definitions;
NUM {3 tho numbor of sample pelnts, It muct ba an {nteger power of 2,

A iz the integer power of 2, Thus UMM = 24534,

Mathod:
Decimation in time. compatation in place, integer arithmetic, overflow test

by method 3 described by Welch, 1969, YEEE AU-17, p. 152,

ISR @ 163 ; 103 containe 5062 this listing.

<l~°Ls‘-‘zG > : F1L.AG = § for forward treneform, = l' for invearze.
<NUK > :  Amay longth {LEG 2000 octal, note 3}.

<M > ;  M=log; (NUM).

<laLPHA> ; Array storepe address (note 1.

< f“-’ﬂ‘) : Scaling constant {nots 2).

< RETURND; .




X}

| X P
NGLe s
EAL-ASTA XN

l.

-

Timing:

Array ordery Input and transforme.d cutput are stored in following
order starting at location ALFHA: Rl (0}, RL (1),....RI{NUM-)),

Im (D), ..., Im (HUM-1),

Scaling: During an array calculation the program tests and “scales”
(divides by two) the amray I necessary to prevent overflow. The
output must be multiplied by 2#%(SCNT-M) for the forward transform
and 2*%(SCNT) for the inversa,

Maximum lzngth: The input series s limited to 1024 (decimal)
compiex velues. A real series of deuble length can be transformed
‘for broad band zpectral purposes by treating it as @ complex series
of haii length.

Cosine array: locations 4400 through 5000 contain all the cosines
necessary to compute the sinusolidal factors of exp (2 ’/7'j*N*K/NUM).

They are In a format whareby 1.0 is represented by 4000)(octal).

Reguires apprxoximately 15 seconds on NOVA {no hardware multiply).



FAST POURIER TRANSFORM FOR THE NCVA

1) Qur program takes a tine series, treats it ags several series of
one point each, and then combines thelr tranzforms to produce the trans-
form of the original sertes. Let the Discrete Fourler Transform (DFT) of &
discrete time series, F(NT), be Mk /i) where S 2t the fre-

(NUMT

quency and T is the sampling interval time. All valuzs in this raport are

assumed to be complex integers. By definition,

(NUEV’E)“I .
FkOL )= _1 §(NT} exp (~2</2 kNT) (1)
(NUM)
N=0
Is the forward transform and
(NUM)-1
(LT = E F(k <V ) exp ( + ¢ U LkT) (2)

k=(

Is the inverse DIT, N, k, and j run from zero to NUMN-~1. The tnverse

DFT can be computed by changing a parameter in the célling sequence of

the progfam. The factor 1 is not included In the calculation by the
(NUM)

program,

2) The Fast Fourler Transform, FFT, {5 an algorithm for calculating
the DFT. There are two basic forms of the FFT; Decimation in Time and
Decimation In Frequency, see Gold and Rader, Chapter 6, Cur program s
based on Decimation in Iime. The number of sample points must be equal
to ZM where M is an Integer less than or equal to 10 (decimal). The

essence of the Decimation in Tims method follows: {For notational ease

f(NT) will bs denoted as f);0 etc, ).




Suppoce we have a scries fyy of (NUR} points wita lts transform F.
Let us breek up fN into two shorter ceries g, and hi’ with
A= 0.,..,.§_I§J_I7£M)_ ~1. In foct, we make g, .to be the even polnts of
fN and h,& ghe cdds. We have then, fp 5, = gp and fz,éﬂ =h,
Designating their transiorms by capitals, we have that the DFT's of 9z

and hj_ are,
gy W24k,

RUM/2-1
T 2y £k
Be= 2 Ry WREE
£=10
where W = exp (-1t T).

We can combine Gy and Hk to get F;, the desired transform,

NUM -1 (4)

~

¢ 2Lk (2 L+1)k,_ k - .
F = 3 (@gW* " +hpW )=G)*W" Hyyk=0,....,NUM-L.
£=0

Clearly Gy and I—Ik are periodic in NUM/2 points; therefore, (4) becomes
. wrk
2
F = k &)
+W" Hy -NUM, NUM

Gi - P
k-NUM 2 2 Sk\L\'UM.

¥e can continue this process of decomposing the series by chocsing the even

and odd points of both 9y and h.!f :i.e., if we had

&m = 92m = lame . Cn = hom = fam+1
snd

bm Fg2ml ¥ f4m+2 dm = h2m+l = f4m+3:




then [, would be broken vup iato the sum of four transforms, Ay, By, Cy
and Dy weighted by exponantialz and having e paricd of NUM/4.

Sinca NUM = 2M then we cen break down foy uniil it I3 # reordered
sequence of NUM series esch with one element. Since the DFT of a single
polnt 1s the value of that point we have reconstituted fN to get ). by
simple additions and multiplications. This requires o number of arithmetic
operations proportional to (NUM) x logy (NUM).

3) The prcgram uses an itsrative method derived from the flow chart
shown in figure 1. Each vertical array (coliection of nodal polnts) repre-
sents a collection of partial sums. The actual program ls chronoclogicaily
the reverse of what was stated in paragraph (2), l.e., the program first
treats the Input series as NUM separate series, It tekes the transform of these
and gets NUM one polnt transforme. The program then combines these transg~
forms In a fashion analogous to the decomposltion described to get the desired
transform, Fyy « The evaluation of the sinuscldal factor shown in Figure
is stmplified by recognlzing that waiN) - ~W9(N+NUM/2 I)*. This is true
since each sub-sequencs can be seen as discrete pcints on a circle where

2 T radians equals the period of the sub-sequence: therefore, NUM repre-
I -

4

sents an addltion of 7 to the angle identified with N of, in other words, a

ncgation of WI(N) |
4) During arithmetlc operations it is necessary to tast for overflow.

The test is made by a subroutine which alsc "scales” the current array if
* g(N) = N with tha last (M=I} binary digits representing N reversed,
The NUM_factor is callzd the "Node Run® in the anncteiion of our program.

21




AR, W

w &

%

Figure 1. Example for NUM=23, after Gold & Rader. The lines in the flow
chart indicate tha values to be added to determine the value of the node
point in the Ith array. If there is a factor printed along the arrow of the

lins (e.g. W°}, it is multiplied times the value from the {I-1)th array before
adding it {n the ith array. For example, the node (N=0, I=1) is equal to

Xo + WX, In the program, each successive array is computed before
anocther {s bsgun,

In program listing the symbol A indicatss the storage address of
the length of the Node Run.

The curly braca "A" indlcates a Node Run of lnegth NUM = 4 in the
flrst array. . o1




ovarflow would otherwise cceur, Thoe tast
inethod number 2), describad by Welch {1953),

The operation ¢f “ecaling” censisis of dividing 2!l members of the

array by 2, The number of times scaling has been carriad out is saved in

locstion jabclled SCNT. At the conclusion of o forward tianaform caleulstion

tha correct valuz of transform can be found from the arrav ontpur 4 cding to
SCNI-M
SCHNI-! (array) {6}

while the {nverse transformed vaiuas are

N, .
g SCNT {array). {7)

v
2t
~
s
.
=
“
re

§) The pregram is In the formn of a subioutine whoce startin
is stered in locatlon 103, Input data must be in the form of {two's complement)
signed Integers. Qutput will be in the same form.

a) Calling sequences:

ISR @ 103 ; 103 contains 5062 in this listing

< FLAG > ; FLAG=f for forward transfcim, 1 for inverse.

< NUM > : Number of complex data input

<M > M=logy (NUM)

(ALPHR} ; Lowest address of bugger for storage of input
and output arrays (see b).

<SCN‘1‘> ; Scoeling constant (sce helow)

< RETURN> ;

As presently assembled the subroutine can opevate o an array of

YA

1024 (210) complex values, The subroutineg itself reguires 1177 octal

locations of which six are [n page zaro. & block of 400 {octal) at the

-

n




Leoinning of the subroutine contains a table of ¢osinez, The cesines arc
stored in & form such that an integar 40,000 {octal) in storage would rep~
resent a cosine value of unity. This table must be changed in orcder to
cceoramodare on array of input date longer thaen 1024, Two cther routines
would need change alee, YPTRA, FFYCC. These reairange ihie order of
cosines If @ cshorter than maximum length array s to be transformed.

b) Upon cotry to the subroutine, the input dots array is contained

& buffer baginning at the arbitrary address ALPYHA, After return, the trans-

formed results will be found to hava replaced the input array. Let X; +1Yp
ba the Input dats expresced as real and Imaglnary parts, and Uy + 1 V) be

the complex resulte, (If this is a forward transform then

. & (2‘;(;NT) 13 (Uk - ‘ \:7
(HUM)
according to equations 1 and 6),
The arrays are stored in the following order:
INPUT: X,. X1+ oe- « XgyM-1- YO: Yie eoer Yyum-1-
Al Y, Y A 4 3
OUIPQ_A._. UG' Lll s e & JNU:A"’}_‘ vol vlt ceor VNUM~1'
6) This program tekees about 1S seconds to calculats the DFT of 2n
array of 1024 complex Input data. Time was measured on @ NOVA w:ithout

hardwate multiply option.

7) Suppose we have a series x ©Of length 2N, twice that permitted

in cur program. We can follow the method shown in equations 3-5 to arrive

st @ DFT of tha double length serles. Thus (modifying the notation of




3-5) if g/ and h 7 represent the even und odd peints of x 7 then
ol oo st

the DFT of x is eq. 5 or

Gk+er>:p(-'é’:Pk_) , 10 k <N

X k = X:'
Gk <+ fIk_—I\‘r exp ( - ?ft"lvk. ) ¢ i k (: qu.
N
Indeed, (f the double leagth series is purely real then we can com-

pute G and H simultaneously by censtructing a normal length complex
serles fj’ In which g g and h ¢ 3re the real and Imagloary parts respect-

ively. The DFT Fk of the complex series can be decomposed Into the

required quantities G

-1 .
RU(F) = 5~ [gg “°%@ZLy) +hy 7 2 k'z] ,
S Y N

. e
n and hn because

N-1
- —~, Sin R COS s
Im (Fy) zo [% @7Lx) +h, %2 lk)].

N N

From thase relations we find that
Gy = 1/2 Rl {(Fx +Fpx ) +

Hy =1/2 In (F, +F ;)

Often the DFT of a double length series is needed to calculate the
spectrum. In this case we need the absolute square of the DFT;
'xn 12 - le"Z + 'Hk ‘2 + Rl [Gk Hf exp (w“@r;—& )j .
The right hand term can be represented In terms of real and tmaginary parts
of Fp as follows:

(RUF Im Fy_x + RLF,, ImF.) cos (/li;k )

12 [(m F? - (m B )2 - (R 212 + (Im Fn,kﬂj sin (277 .
N




FFT PROGRAK ANLOTATIOHN

PART T THr IRITIALLIZING SUSACUTILES

o

Qe WA ®e Ag -
R I

"81“~Tnis subrsutine gets the furwarde-er~reverse-transfors
g, the nuaber of dats points in the ingul array, NUl, the
{ouse é) of LUM, ¥, and the initial locatien, ALrhHs, ef
data buffer, In addition, the roullne clears necessary

ativrns so that FrT is reentrant.

Pt OX3
ot

¢ 3
G 002

e LEA
STA
LUA
STA
bC/Zu
¥ OVZn @,
STaA
STA
LDA
STa
LTA
STA
LDA

ALD

STa
SUB
STA
STA
JEP

a

forward{={)-prereverse(=1)-trans-
u~flag and stere it.(See call, seq.).
nunber of data paints and store

-

ve NUM/U fer u in ®FFTCCH
uv/u = af noeded fer speciific

ft 2o gn Mo
"b cr (»
?

get leg (base 2) of KUK and

store it,

get tne initiel lecatien of the input
ate array and stere it,

-

=N
.(7

gct the lecatlen fer storing the valuve ol
the secxllng count. {Sce write up.}.
celear ACL.

B BC G4 e @3 €0 WA s WE M G0 BE Gs WS we WV ©2 we We

s ®FI'LCC"~This subreutine afranges the cesine table seo thav
sthe cosines needed (as deterained by the vale of NUM) are
;in suceszive erder starting at locatiocn 3zTA.

LDA 1,MM KM=13, It is desizned se that wnean

LDa ﬁ.M °i {8 subtracted fren M, the result
s= 7+ . minus tne nuncer #f tlues a bina
cunits diglt must ke shifted left teo
ierrive at the distance teiveen suces-
:81ve desired cesines in the eriginal
sarray.

SU30R# 7.1,SNR :Is any change necessary?

JEP ©GFF I se, centinue,

LDA = TA :Yes, cempute the distanced or

S1aA -“‘fnCIha FACICR®,

STA 3

SuB

- -
t

)mwﬁwqwamm

<
o)

Hub)u

-e wes We o

thiu "SFACINC FACTOR®.
iRearrange the eosire array in order
ito accenadate the input serles lengin.

o2
2y
-n
\2
x
<t
2

O
~




L.DA

aLh-("‘ ;
ST ﬂ sl :
ETA 2¢ﬁ,f g
DsZ bl g
JBP -6 :
Jor 37 1IN tGa te FRINC,

PART

$"CALC"-Tis subreutine takes the valu=s Tor N and A as
iPrevided by Frunl (see annclation for #-1LC) and retrleves
ithe proyer valves for CUS and S1N (via trlad)., and tic
sValues Tor the caermplex numxbers in the array z8 deoterimined
iby W oand A. THE reutine uses FFTRT and MULL to muloiply
tthe conplex nuzmber X eub (H+A) times (CC3 F 4Sin). In
;addi?ic“, 1t calis FrTa? to test fer everfleow and scale 4if
irecessary,

VALC:  SIA& R LETN ;S8ive retursn.
Loa 1,4 tPROCDE INDEXY.
JoR FFIAG ' ;deceraife pregsr value fer SIN & CLS.
LA 2,ALFna H
Lba LN H
&0 1,2 $AC2=uaddress of He(X sub N).
Lba t‘ [} E [) 2 H
STA 9, TENPL sterp, storage ef Re{X subdb ).
LDa 3,NUH ;
LBA 1.4 a”NODE RUNY {See ¥RFTHNC®H),
STA 2.3-&'1 HE
ADDY 7,3 .A03 address of Im{X sub N, ...
e B AT R e PP S
Mj"‘ . :
Sain ;.unvz H
ADD 1,? tAC2=addrecs of RelX sud {(N+4)).
STA 2,5AV3 ;
ADL 1,3, sAC3=address ef Im(X sun (N+A)),
STA 3,5AV4 :
LA 1,CCs islgned valdue ef the cesire
JSR FFTNT itest to see if nex If s0, inc ASF.
KOV 1,7 slheve abs., CCS to AT2.
LDA 1,&84V3 sget Re(X sub (liva)).
JSan FFINT :
JST MULT $ACE=Re (X suh N+i) times COS.
oTA ¥,eS54V1 $save tewgorariLy
LDA 1,81IN H iSlgned velue er tne sine, (FLAG=Z 4sire).
JSR FFTu7T
nwvii,2
LDA 1,¢0aVH sget In(X sud (N+4)).
JSE Fr1l
JSR MNULT $ACE=Ia(X sub K+A)). tixes SIN,
LDA 2,u3aV1
JER FFIaQ sget inte AC3/ACY

STA

3.63AV1

He (X sut ) +/-
iRe (X sud(N+A)) timss €03 + In(X
itines SI.

uwe Teor suc N).

o 1%
(s (,,",,

PENEW Val

sut (N



CCChT:

CEFDD:

TCONT.

A 1,E35AV3
Jora rFrlil
Jaig MUI'LT
LL‘A 2 . ‘uSAVLé
LA 3.e3aV2
STa 3.7EXNPL
JOR FRTAT
TEMPL
STA 3,434V2
STA 2,504
I.-W\ ¢,TeNP3
ST g.eSAV3

J. oennTh

;"FFTAT“-This subreutine 2dds values =ent
everflew has eccurred,

cetests

tu see i7
idate array if overflew neag cecurred,

ACE=In(X sub
tenp., Sterage,

*pr @3 oY ®r TO Me @4 we ve v

LI Y

’

sub
vh N) oint

wC% AC7 I
o (i~ »1)) t"“:&
uslu.

torc new value
[ * 1] £

8&rily irte the array.

as -n €S We Ms wWe OO W2 WP we wn @+ 38 ©OF

and "gea
{note

sroutine is towarda the end of the listing.)

nOV £,2
KOV 2,3
JINP waTlinT

D g,2

the fina
aCp,

:Sinece AC2=§,
tACZ2 & ACH =

.
1]

;opresite 83 no
1Is this 1st sun?

{N+4) tren

¢ 1t by

-SIN,

TEIPL

irto arra«y.

[}

values for

everfizw,

s
P2

rage for he{X suov (N+a)).

wCcaLce,
les®™ the
the gtart ef this

4=z

]

&

rel new value that was stered teszfor-

cer.l,

HOovZL 1,1,82C
JkP Chl2

LDa Z,6-1,3
SUBZH 1,1

ihe, go calcuiate firal va}uv».
iget valuve frer. "CALC" (me or In(N)}.
t€et bit-15 te indicete that the lst
icur 18 conp.ieted,

s1Is new op, neg?

1yes, set bit-g=1

irememter! we ~snt {X sub L)
;times (COS «i&INJ.

MOVZLz £,4.82C
INC 1,1
NEG 2,3,3MR

JHME AZ=R0
MWOVZix 2,2,52C :-

INC 1,1

MCOVZu#s 1,1,5MC
JhP 1&ake

!iDU Q’-Z

KOV 2,1

MOV 1,2

KOV 1,2

SusZr 1,1 :

ROVER 1,1 iBet bitr 15 & 14,
JEP TOARE _ ;

tAre Ac2 & ACE of the same siagn?
tY¥es, wdd and test feor eve:flew,
;hNeé, sum 3ince everilew 1upO;SICLEs
srearrange ACYs

(X suz (.-

se that we can sux & teontl.



i

FT2:

HT2:

SCLCP:

RCUND:

FrTAT:

TSLOP:

HOVR 2,2,.52C
INC 2,2

S8Ta 2,5T0K]
HOVL 1,1
MOVL £,1,8K0
JHF Fi2

»OV 3,8

JSR BSCL

JHP @ATH:T

ADD 3,8

JSH BRCL
LDa 2,5T0H2
JIP ¢ATRHRET

MoVZL 1,1i,82C
JMP @ATRET
ADD £,3

HOV 3,1

MOV 2,3
MOV 1,2
JMP GATRET

3

ETA 3,BACK
JSR HCUND
STA ,57TCRH2
LDA 2,aLPhHa
LDA 1, NUM
MCVZL 1,1
NEG 1,1

LD: g,9,2
JSR RCOUND
STA £.4.2
INC 2,2

IRC 1,121,828
JMP SCLCP
ISZ SCAT
JMP 8BACK

MCVZiy £,8.52C
MOVOR 8,4, SKP

"KCVZ3 9,9

MCV £,9,S52¢
INC §.8

- JHP P, 3

INC 3
STA 3

MOV 2. #,SKR
JHP CPDD
KOVZig 2,2,82C
ING X,1

KOVZE# 1,1,82C
JHP OPDD

tBhAILC ACZ riann ornd reund af f.
o s u. 1 b o
58V value Lenp,

$23 vhis the Znd er 3rd sun?
1Icfa Lhe Znd,

sg8et up the centents of ACH te
tROUKD of f tre centents of ACE & scale

idata arroy.

g2t 2ird sun Lu ACH,

:1Is the 3rd sum cempleted,.

i Yes,

;NG. g(:t ii.cc .

srearrange AC's fer preper intsarprete
saticn by “CALCH,

{gave return,
ireund off ACH,
:

sget Leginning lecatien ef cata array.

H

i2 tires NUMN = number of peintc to bz
:18caled.

sget data inte ACZ.

idivide by 2 & reund eff,

ireplace 14,

irepeat until voth the real & imasginary

sburfers are scaled,
tincreczent "SCALE CCULTY.

i1 the nurber pss; er neg?

i8hif¢ right placing 2 1 in bit-15,(neg.)

1pes.,
tinteregate carry in erder te reund ef:,

tetart rontine here, Set up t return
et JSR+2. cee

thandle special case Tor ep.=g.

b o IRy I 4 ]




HOVZ2iy 2,2
IHG 1.1
ROV 1.1,8KC

JEP OFDLAL

McVZip 1,.1,82C
JHP FTIL

MOVR 2.2,8ZC
ine 2.2

STA 2,5TORL
Lh4 §,4=-1.3
JSR BsCL

LD4 2,.8T0RL
LDA 86,5701
JSR TCONTI+L

den®t skKig,

$16 bitelg=l?

Yo,

tOverlfier I eps. arc pws, & bit-1n=~1
. are neg, & bit-15=g.

tor 4L sps

thic ist suum?

round eff rartial sun.

t1g0t Re er Im(n sub NJj.

:°¢~!E data array.

sreset AC's for sLiming. Overflcr could
jeccur agalin.,

ioent.

(HPPTAGT-This 48 & subreutine whlch cheoses the preper value
(fer SIN and CO3 given N.The cesines arc sitoered at the begirning
iof the preogram in seguential erder, SIN is arrived at by
susing trig. identities,(See alse “FFICC".)

PEFTAG: STA 3, NSAV
LDA ﬁ.I
Lbs 2.0
sus 2,3,SKNR
J !‘1 i'AI D
MLVZR 1,1
INC §,2,82R
Jle =2

¥ID: JOR FrUHV
LDA 92, ,NUkb
| A
SUBZ 1,9,52C
JMP .“?
ADD 2 O
LDa
ADU §
LDA
NuG
J P
Loa
ADD
LDA
a7 el ts

PO 1

¢ <

- (9]
N &3
-3

.

mmwwmwwomw%&anm

LDﬁ ‘:’u" o

jsave return., _
iget the value for I (See ®FFINC™).

sza (K1),
1last array. le snifting necessary.
sshift N rignt (M-I) times.

jreverse the las( M digits of N (shifred;.
s NUKG=NUH/G .

;Is N {reverscd & shifted) in lst guadreat?
;Yes. .

;ne, find its value via its supplexent.
t(get initiel addrees ef cosine table).
sfind 1ts supplenent.

jand negste it,

syes, get itz value end stere it in
$lecatiosn CGCS

H

iatore it in lacatien COS.

;sine (X)=cosine {X-7T/2).




FETRV:

FFiWT

MULT:

MLCCPF:

LIy 2,FLAG (FLAG 48 foarvardegrareves rEe Urunsfors
MGVZhy 2,2,070 iTlag, f-forwaerd & lerevercas

KYG ¥, 0

STa P.8IN

JHE eHEAv sreturn

(2=
hp]
(G}

the ot i

{2
(&)
wm

s "FFTRV"~this 3s & subreutine which rever:
ibinary digits of a word in ACL,

ILDA 2.1 182t N

KUV 1,6

SUB 1.3 iclear ACL,

keG 2,2 HEE A .

HCVZR 2,9 irove last dirit of nunber into Carry.
MOVL 1,1 imove Corry Lo last diglt er ACL.

INC 2,2.875 sde this b tines,

JIP -3

JNB #.3 ireturn

$“FFINTY-Thle 1S a subrowutin: that sets ACL = fo itz sorolute

§VAlLL anc Kecps track of ite Slgn.

MOVZLy 1,.1,8NC ipesitive?

JEF £,3 iyes, resturn

NEG 1,1 iNe, negste,

ISZ ASF iinc, sign flag,

Jre #£.3

i "NULT"<Inis 35 a sukroutine that rultiplies two unsigred

tnuabere and tnen g'ves thenm a Sign as irdicaied by tne stgn

iflag, ASE.

SUsC 2.¢ iclear ACS.

STA 3,1.54V 18ave return,

Lpa 3,v2¢ iget csurt (tells hew many bits in the
ilultirplicand=2p({ectal)). -

MIX/R 1.1 ,SNC isee tre NOVA wanual for a detallad

MCVR E£,8,8:2 ;explaration of huw tne KULT reutine

ALDZE 7, SWOrKs,

InC
JP
) R VA&

| i W)
t—-t-

A

ithe pultiplied nuuders are shifcec el

LR SR TR R
N
0

[ ; .
KovzL 1, ttwice te fit tne specizl for:at Llourne
NOVL A.¢ ' isire and ceosine teras, 1, e. LLO2y=1 (om-

¢for sine & cesine

this rart gn to the prcduct,

2
4]
7]
s
(=
=
&
g
14
pte

Lea t, F= : icheck trhe sign Tlaz %o see 18 ine.”
KOVZHF 1,1,.5NC ian even runtercof tizess

Jay ‘“;n” ihot nesute

STA 3,ASF. iClear ASF.

JME eMoal ireturn,



PART 111: Tak INDEX CONITHOL SUsndlUTINEG
S PRTROY-This 15 a subroubtine te control the ilndices thet
scentrs) Lir Feurler 1rsnsterm caloculasilonsg,
FFINC: LDa 1,M +Sei tLhe nurezr of arrays te be
Sia 1,.aCHT sealoulasei(=ACll) = I,
SURZL £.7 sInitiaitze I feo tran I=l).
SIA £.7 i1 4s Sthe npuster of tne srray teing
roalculated,
HCES:  sU3 1.1 Initiulizs o {sa tramt N=f).
STA 1,.N cH is tne “hoeDa LhDoXY.
tDeterzine the lengtnh ef a “hOub HUNY= /2 exp X,
AGels  LDA .1 . .
Lh4a 2, MUY
NEG 6.0
KOVYn 2.7 ;@ilvids NUM by & cxp I
INC E&,.¢,824
JRP L2
SVA 2.4 ;eave as the centenls ef isc, A.
STA 2, NCNT :Set “NOLE Cluill™ fer calec. purpoges,
walln JSR eGCiaAC icalc. & pair of nedes (2lus. ef the
jarray ), £ sub N & X sub N+A.
162 N !
LEZ LCRT ~dec*k.-nf node count & test §I7 Tirds:
1an array.,
JNP ROAD ;Net finisned, calc. next palr, . £
1 X sub {N+1) & X sub {H-A+i].
LDA 2.4 siinished, orip all tne & 3ud (hvi)
STA Z2,NChT sthat have alrewdy becn caloulated
Lia LN itest whsther tre antire array has
AUD 2,1 sbeen couplieted, '
SiA 1,.N i=(h-1) + A +1.
SUs 1,2,82R
Ji2 RCAD :ho, not finlshed witn the array. T=C:.
snext “HCDE RUL™.
isZ 1 :fintshed with ithe Ith arrey. Sev &
D&7 ACNT sFinished tne fransfora
JRe KO3 :Ne, calc, the (i+l)tn arrov
JNP CUT ;1Yes, rearrarge the transfers array
sthe cesine array.
PART 1V: Thi UNSCRANMBLING SUBRCUITIES
{F0UT"~Ikks L5 a subroutine which unscramdles the I=M array £o as te
inave tne Fourler Transfernz coefficients in thelr prorer eri=i,
Ul Los Y PHAS: RPHASLY is & cycling device,
STA 1.2¢
DA loalrHs
S1A 1,ALraD
uey €,7,508p

IS



SN

JEP GGPrRA 1Ge te "GFFRAY te resters the cosine aria..
SU2 1,1 seleayr K
o “ ?“'» . .
¥ \:‘.':\ SRS e M

LA ) RUM

ST4 L RONT

[}

CYCLE: Lii 3 .N tGet B {rancecs £,. .. ..,KUH=1}.
S8 Frihv ireverse the lact M digits of N.
LDA 2.ALPaB _ igel array starving lecutien
LBy 3.i
SUBZ7 1,3,82C il 3 N{rveversed).
JhP EQLAL ineg, the data 1s in its correct place.
AlD 2,3 iyes, got proeper lecation of A(N) (Qata 1.
sarrey. b, velated ¢to L),
&DD 1.2 sget lecatisn of Nreversed),
Loy 1.8.2 tawiteh thelr contente,
EDA Eogo:g ’
STA f.2,2
STA 1,8.3
Lo UALS. ISZ N
D3Z KCANT - ¢Threugh array?
JEP CXCLE iNe, continve te unccranble,
LDA 2,4LPHB iYes, get initinl lecatlion of imag. part:
: sarray.
LDA 1,NUM
ADD 1.2
STA 2,ALPHD
JRP w2d

PRASE: UT+23,

1"FFPRA"-This 48 o subroutine te restore the cesine erray to
iits oeriginal erder.

LbA Z,SCNT " 38¢et the number eof tines that "scaling® -

STA £,eGHEP ihas eccurred {n this transfera & store
ithe value in the calling Seq. at returr-i,

ISZ GM3p iSet lec, to return te.

Lba ¢9,SPF iget "SPACING FACICHY.

KOVZrF 9,5,SHR iTest to sse if cosine array unchanged,

JEP oGMAP sDone, return,

Lbs 2,BETA iget Initial lec, of cosine array,

Lba 3,HAXL iget flinal lecatien ef cosine array.

LDA 1,NUMG s&et nunber sf cosines in the srdered,

ialtered array.

4LDD 1,2 i=firal lec,-1 ef erderecd, altered array.,
INC 2,2

LDA 1,8PP .

STA 2,38 ¢Set up autedecreaenting lecations.

6TA 2,31 )

LDn f#,2.3 sget last unordered cesine.

IDa 2,232 186t last erdersd cesine.

STA g,631 iSwiteh their lucations,

STa 2,£,3

SUB 1,3 tcene dewn frin the tep to tne pnoxt

¢displaced cesine,
DSZ Nuns iContinue this precess NUM/L tipes,




[YR¥Y Y IRl .
JNP «GL3P : shed with the Meuxler Tra
™y e bhe weln progral.

PART V: THr S:inOL3 ANL TH:IR Usos

YNODz [ULN" length, CrDD s CEPTAL" sub.
=NUMN/AR exo » I). ouT idata &«IIXRY UNSCrambd. ...
"P {HAY ULT“..nitially M PSuUL.

HE A TG suorcutidu, Prask  jcycling device for
initial lec. of data array HoLTHe,
cy

A

ACHT
AGE
ALPEA
ALPLZ
ASE
ATRT
AZREYO
BKCK
BR3CL

cling device for "Jul“ HeZWN :return terp. lac.
gn flag. RC&D (¥ THCY sub.
turv loc, {(“Frial%}. ROURD  SFETATY suJl. to reun.
TAT® subroutine, coff & number in ACH.
lec. SAV1 tALPHASN.
““ subrautine te Suv2 AL PHA+NTNUL,
scal@ the data arvray. SAV3 ;ALcHA+NTA,
BETA: ] loc. of ces. arr. SAVL s ALCrEA+NTNUN+A .
C&MC : cnzputing sub, SCLO? ;“B5CL" sub.,
Chilz YRPFTADY suvp, SCnT i1scale count (=
cecs cosine storoge lec. sef times tre dzxta =T |
CyCL& “CoUul*t sub, . tWwas scaled curi: PR
ECUAL " H raf transforw, ‘
FrTAG sub. te find values of SIN jtenp, sterase
trig. functicns given K. STCH1 ;tenp, stoivw:e
FerlAl; :sut & overflow test sub. sTer2 ¢ "
FriCC ccosine array ordering sub, TCONL %ri¥AL" sub,
FIINC :indey contrel sub. ' Tedrl “CALC" teiv. lcc,
FETNT :6ien test sub, Trilb2 *
FripRA crestores erig. nature <f  1dii=
(cosine array. TSLCr
FFTRV ;reverses lst M digits ACl.
FFTST sdinitializing sub.
FLAG iforward-or-reverse trans,
:figg. P-forward, lereverse

bl o 7]
B %
’1

la X ¢
e}
"J

W8 po We mMe WI OO we ws TV e We T
-
-

"‘rInT" sud.
0

®s we We ®me wa ®

PUUR

FT1

F12 :

GCALC icdevice Lo get ferm
{YFEFTNC® te “CALCY.

GFFRA cdevice to get frem
:*0UT" te “FrTRA™.

GP¥ TN ;device te ge’ fron
:"FFTCCY te "rFFTINC™,

) ! rarray index.

K ;=.0f (base 2) .UM,

y2g sused in SHULT"=-2¢.

MAXG ;last lec, 1n cos, array.

FID 1 FrTAG subt,

pLCCP .precesslng leop e. “SMNULT".

Ml ;=12, Used in "Fz7CC",

KSAV ;teup. lec,

MULT ;multipling sub.

N trede index,

NCNT ,nod° count,

NCDS "rFeINCY sub,

RUM data arr“J iength.

KUNG =NUM /.




CO0LCO LOC 100
DO100 ©OUCLI NUX: ©
B6101 €J3Wi0 ALPHA: ©
PO1O2 DUUdLI i ©
£0103 CUSIE2 CFISTe FFTISTY
0104 VUUIU0 FLAG: ©
B010S £00LU0 NUM4s B

065001 LOC 50061
#5001 820567 FFTRA: LDA £aSCNT
95002 042503 STA C,0GHMEP
83003 010502 ISZ GNBP
5804 020424 LDA 0-SPF
£5005 101235 HMOVERS -, 5NR
05006 H22477 JHP @GHBP
85007 (39562 LA 2,3ETA
05010 §34417 LA 3-M2X4
@5011 024105 LDA 1,NUMA4
@sp0i2 1333CO ADD 1.2
85013 1514308 INC 2,2
P58i4 024414 LDA 1,5PF
0501{5 0S0J338 STA 2,30
85016 053031 STA 2,31
B5G17 021420 LDA 0,0,3
85020 ©Y32U30 LDA 25030
85021 042831 STA ©,e31
85022 851450 STA 2:0.3
85023 136402 SUB 1.3
85824 £14105 DSZ NUM4
05025 BPOTI2 JMP <=6
BSORS BLR45T JuiP GGHBP
85027 005030 MAX4: SCOD
95030 098390 SPF: ©
£5831 005453 GFFTN: FFTNC

85032 924426 FFTCC: LDA i,MM
85333 02012 LDA O,M

P5034 106655 SUBORS Bs51,SNR
- @5035 €02774 JiP eGrFTN
95935 034533 LDA 3,BETA
5037 £54320 STA 3,20
BSDA43 854521 STA 3,21
05241 122400 SUB 1:0

05942 126520 SUBZL 1,1
PS043 101494 INC BsLsSZER
05044 125121 ¢OVEL 151,SKP
05845 101031 MOV 8,90,SKP
85245 ©02775 JtiP «=2

P5SU47 P44761 STA 1sSPF
9S850 137000 ADD 1,3
@5051 021420 LDA D»0,3
g50952 032529 LDa 2,020
£5053 042021 STA 0,021
65054 051490 STA 2,5C.3
85055 014431 DSE BACK
05056 883772 JHMP <=6

85057 002752 JiiP @GFFTN




TE5060 0UGUOI3 MM: B3
ssoég 000004 FOUK: 4




62 021400 FIFTST: LDA 00,3
040104 STA D:FLAG
£5064 D2ia0l LDA D,5,3
P5LES CAd1vl STA GstidM
05966 101200 MOVER L0
B5067 101220 MOVER 9.0
OSUTD D4aVIVS STA UsMNUMA
PSO7Y 040415 STA 0-BACK
85072 021432 LDA 5253

05073 045102 STA Cata
¢5074 021403 LDA 0533
PSO7S Ua5101 STA C-ALPHA
25076 020763 LDA 0,FQUR
.@SCT7 1170602 ADD Y53
RSiB0 054455 STA 3sGisBP
NS191 126400 SU3 1,1
P5102 B44466 STA 1,SCNT
05163 044725 STA 1,SPF
05164 Q0DT726 JMP FFTICC
05105 QVIVCO GMBP: ©




(5308 COO0CUC BACK: ©
0 111000 AZEROT MOV ¥-2
§50U0 BHOV 6.3

425 GNP @ATRET

ps112 1150060 QFDDe ADD 6,2
05113 1253122 MNOVEL 1:1,S82C
BS1va 080445 JiF CHT2

65118 (23777 TCONT: LDA 0s6-153

B5116 126623 SUBZR 1:1i

1S117 101132 MOVELY 050,S2C
BS120 125430 INC 1a1

65121 154455 NEG 253, SNR
65122 BOB76S JP AZERO
£S123 151132 MOVEL# 2,2,SZC
05124 {25430 INC 1a!

BS125 125233 MOVERS 1s1s5NC
£Si2é ©0050%F JNP TSANE’
5127 113005 ADD 9.2

05130 143800 MOV 251

5131 371000 MOV 3.2

(5132 135000 MOV 153

065103 126520 SUBER a1
pcizs 1252240 NMOVOR 1sd
£5135 000472 JMP TSAMNME
@5i36 000000 ATRET: ©

£5137 BODOCD STORY: O

05140 DOOCDD STORZ: ©

os14) 151202 FTi: MOVR 2,2:SEC
£5142 §514C0 INC 252

55143 ¢50774 STA 2:570R1
95144 125160 MOVL 1,1
65145 125123 MOVEL 15123NC
£5146 C00406 JMiP FT2
25147 161020 MOV 3.0

65150 34422 J3R BSCL
65151 034767 LDA 3sSTORZ
85152 Y8755 LDA 255TOR}Y
B5153 902763 JiP €ATRET

95154 163000 FT2s ADD 3.0
" B5155 004415 JSR BSCL
¢5is6 830762 LDA 2:,STOR2
65157 624760 LDA 3,STORI
85168 DD2756 JMP EATRET

#5161 125122 CHT2: MOVEL 1,1.32C
05162 CR2754 JMP @ATRET ~
65163 117003 ADD 0.3

5164 165009 MOV 3,1

95{65 {55CC00 POV 2.3

03166 131000 MOV 1,2

65167 002747 JN® CATRET

05170 €CC300 SCHN1: O
95171 B24400 BEITA: 44
Bsi72 854714 BSCL: ST

)

U 2
D o
)
-
L4
pred
q]
P




5173

95174
95175
285176
0ns177
05200
05201
25202
25203
052014

- 85285

85206
05207
952}9

@s2it
85212
05213
05214
8s21s
@s2ié

ps217
95220

gsa2l
gs5222
05223
ps224
B5225
95226
- @see7
05230
95231
@52322
95233
05234

95235
05236

- 5237

85240
85241
5242
85243

85244
85245
85246

B04416
DALT44
I IVE A
czatee
125120
124406
£21000
804407
041000
S1420
1254049
Boo773
210761
002676

10i132
101241
101229
101002
101400
001400

175400

054716
K PR N :

101005

290679
151132
125400
{25232
003664
113622
125480
{51132
{25280
125233

2O06ST’

125132
€00703
1531202
151400
050676
023777
004727
P30673
p29673
20659

JER O HOUND
STA 0. STQR2
LDA 2. aLPHA
LA 3NN
HOVEL s
NEG 121
SCLOP: LDA G,r0B.2
JSR ROUND
STA D250.2
INC 2:2

INC 1,158ER
JiP SCL.OP
ISE SCNT
JMP 9BACK

ROUND: MOVELY 0:05SEC
MOVOR (0505 SKP

MOVER 650

MOV P,0,52C

INC 629

JiiP 853

FFTAT: INC 3-3
STA 3,ATRET

TSLOP: MOV 2:0.30NR
JMr GPDD

MOVZL# 2,2, 852C

INC 1»1

MOVERE 151,5£C

JHP OPLD

TSAME: ADDZ ©s2:88C
INC 1,1

MOVEL# 2,25,8ZC

INC 1,1

MOVER# "1515SNC

JMP OPDD+!

FAIL: MOVZL? 151,52C
JMP FTI1 S
MOVR 2:2,S8%C

INC 2,2

STA 2»5TOR1

LDA Ds2-1,3

JSR B3CL°

LDA 2,STOR1}

LDA ©,STOR2

JisP TCONT*!
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- o~
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fny
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-
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/
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500 ed =N «d ml sl =) w?

N LY LT
LIANAN I (CRHS BACE VI R &

e
053¢

¢
YD
AV

£5355
85305
95307
P5310
psafit
p5312
65313
©5314
85315
$5316
ps3i7
55320
05321
65352
75323
§5324
£n32s
Bs326
posey
$5330
65331
#5330
252333
852334
£$3335
$G5326
65337
550840
@sadal

054301
oAbl
19 /-‘ ’ ")
O3319

$2a514
133300
g2y
Bioa73
BIaAtUy
024540
8505463
19700Y
054452
133080
OHS0a6E
137200
V54440
024452
DC4531
121659
p256453
goases
8a4533
94:‘_}/}4(‘)
alaq44
vo4522
131008
G?.éhﬁ"}fi
£3a517
004524
032437
D24711
805351
0S6434

P3E441,

24430
804507
131000
626432
804554
045141
QL2427
f24422
124409
904477
131003
626421
g0a474
024501
32417
936f14
25441
GUfué4
cO535
“Sudlﬁ
252411
020413
2406
Roz407

Cntbl
l.DA
JSR
L.0A
LDA
ADD
LDA
STA
LoA
LDA
STA
ADD
STA
ADD
S5TA
ADD
STA
i.DA
JSR
OV
oA
JSR
JSR
STA
LDA
JSR
OV
LDA
JSR
JSR
1.DA
JSR

TEWMP

37A
STA
LDA
JSR
MoV
LDA
JSR
JSR
STA
i.DA
NEG
JSR
MoV
LDa
JSR
JSR
L.DA
LDA
STA

JSR

O:TRENPY
3, NUM
l’ll

2: (\VL
2:3
3,5AV2
122
2:5AV3
i3
3:5AV4
1»C05
FFTNT
1.2
1:85AY3
TETNT
MULT
brCSAVL
1,818
FETNT
1.2
1sO3SAV4
FFEFTNT
MULT
2:;05AV1
FETAT

3:65AYV1
2, TENMF3
1,C0S
FFTNT
1,2
1,05AV4
FETNT
HULT
0,05AV4
1-SIN
121
FFTNT
1,2
{,25AV3
FFTNT
MULT -
2:985AVA
3,05AvV2
3sTEMP

FETAT

"‘MD i

G.250V2
2,854V 2
G, TEMPG

A DaBLAVS

eRETN




65342 00UOUD COS: ©
9pS343 030OCH SIN: ©
05344 OUUOUY SAVE: @
05345 0JY0VS SAV2: 0
25346 00DULH SAV3: @
©5347 DVOOLY SAVA: ©
P5350 GCOONDD RETN: ©
05351 OBUGOHD TENMPl: O
£5352 000000 TENP3: O

B5353 054476 FFTAG: STA 3sMSAV
85354 020540 LDA 9,1

©535S P3&102 LDA 2,4

85356 142405 SUB 2,05 80R

85357 ©0UA0a JNP MID

95360 125228 MIOVER 1.1

g5361 1814024 INC ©,0,88R

95362 BR0T76 JiP -2

95363 804532 MID: JUSR FFTRV

05364 0208165 LDA 9,NUM4
25365 111005 MOV 0,2
85366 122422 SU3Z 1:0,SEC
BS367T 080407 JHP o7
#5370 143630 ADD 2,0
85371 032432 L.DA 2,8GETA
25372 113040 ADD €2
#5373 021002 LDA 850,2
05374 100400 NEG 050
85375 003404 JMP «+4
85376 032423 L.DA 2,0GETA
85377 133000 ADD 1,2
£5400 921000 LDA 0,0,2
85401 €40741 STA 0,C0S
25482 020105 LDA ©,NUM4
05403 122032 ADCZ# 1,0,S52ZC
P5404 122401 SUB 1205SKP
85425 106401 3UB Us1.SKP
85426 1850G0 MOV 0.1

PpS5437 ©832412 LDA 2,€GETA
85410 133000 ADD 152
5411 021020 LDA 0,08,2
P541{2 830104 LDA 2,FLAG
05413 151232 [MOVERF 2,22S2C-
85414 100499 NEG 0,0
PS415 643726 STA ©sSIN
85416 ©002433 JMP eMSAV
5417 020520 N: @

85420 B0¢322 A: 3

85421 005171 CGETA: BETA




IR R
05422 125133 FFTNT: MOVZL# 1,125N0C
0Sa23 601400 JNP 0,3 o
25424 124400 NEG is1
8542% ©10402 ISE ASF
©5426 £01400 JN2 0.3

05427 0DGO0D ASF: O

65430 102460 MULT: SUBC 2.0
05431 054420 3T6 3:MSAV
5432 ©34420 LDA 3,420
05432 125203 MLOOP: MOVR 121,SNC
P5434 101201 MOVR Q,0.SKP ™
5435 143220 ADDER 2,0
p5436 175404 INC 353sSER
65437 008774 JiiP MLOOP
05440 101160 MNOVCL 040

5441 125120 MOVEL 1s1

£5442 101100 KOVL 85,0

@5443 024764 i.DA 1sASF
85444 125233 MCVERE 1:15SNC
BSA445 9032404 JiiP OlSAV
05446 1004AZ0 NEG 0,0

85447 954760 STA 3,ASF
05450 062431 JMP CHSAV

B5451 GOOLOY MSAV: ©

5452 177760 FMR2O: =20




Tt
85453 024102 FFTNC: LDA isM
051454 041485 STA 1ACNT
B5455 102528 SU3ZL 0,0
85456 043436 STA ©»1

85457 126490 NODS: SUB 1s1
25460 044737 STA 1sN C

85461 020433 AGET: LDA 0,1
PsS462 P30100 LDA 2,NUM
.85463 100409 NEG 0,0
"P5464 151220 MNOVER 2,2
B5465 101434 INC 0,0,S2R
85466 003776 JMHP o=2

B5467 050731 STA 2,4

P5470 852422 STA 2,NCNT

DR6422 ROAD: JSR €GCALC
P12725 ISZ N
814417 DST NCNT
000775 JisP ROAD
030723 LDA 2,4
050414 STA 2sNCNT
@24720 LDA 1.N
147080 ADD 2s1
$44716 STA tsN
030102 LDA 2,NUM
132494 SUB 1s2,82R
003765 JiP ROAD
9104237 1SE 1
054403 DSZ ACNT
BCO753 JMP NODS
000416 JtP OUT

0E0909 ACNT: D
023232 NCNT: ©
025247 GCALC: CALC
PO2032 I: ©

P30192 FFTRV: LDA 2,M
121633 MOV 1,0 ’
126490 SUB 1,1
{50400 NEG 2,2
{91220 MOVER 2,0
25100 tOVL 151
151484 INC 2,2,S2R
883775 JiP <=3
PO1400 JMP 'U>3




05526
85527
£5520
65531
§5532
©5533
65534
65535
65536
85537

25540
554l

85542

- 05543

85544
95545
05546
@5547
85550
95551
25552
85553

(35554
85555
65556
85557
p55698
As561
35562
85563
95564

024437
©B44020
p24101
044433
161001
002433
126400
pHadao62
24100
0447353

024657
004754

papaze

0345654
136432
BCB4A07
157000
133000
PR25000
P214a0
841080
045450

010643
G14735
SOVTE2
P30495
p24100
133090
053492
en2u2d
“Yols1atals)

005521
905992

QUT: LDA 1sPHASE
STA 1,2C

LbAa 1-ALPHA

STA 1:ALPHB -

MOV D»CsSKP

JriP 8CGFFRA

SiB 1.1

STA 1sN

1LDA 1a2NUN

STA §:NCNT

CYCLE: LDA 1.N
JSR FFTRV

LDA 2,ALPHD

LDA 3.N

SUBZ2# 1,3»5%2C
JP EQUAL

ADD 2-3

ADD 1.2

I.bA 1,0.2

LDA 0,0.3

STA 0s0s2

STA 1,6,3

EQUAL: ISE N
DSZ NCNT

JiiP CYCLE
iLDa 2,ALPHB
L.DA 1NUM
ADD 1,2

STA 2,ALPHB
JiiP €20
ALPHB: ©

PHASE: OQUT+3
GFFRAs FFTRA




804420

064400
04401
04402
84433
04404
4405
BA4C6
Casi?
g441cC
gaatl
gaatl2
ga4ia
4414
04415
4416
21417
04420
04421
04422
4423
84424
94425
4426
ga427
P4430
04431
4422
04433
04434
24435
€4436
84437
84440

- B4441

04442
04443
84444
04445
04446
Ra447
04450

- 34451

04452
04453
04454
94455
04456
£4457
04469
94461
04462
4453
4454
04465
04466
04457
04470
04471

040002
042000
027777
6377175
¥37773
£37779
£57765
027761
C27754
037747
037741
¥37733
037724
B37714
0377u4
037673
£37661
037647
037634
037621
037695

“g3757¢

037553
£37535
837517
037560
03745J
£37440
C37417
037373
£37353
9373&¢
£37355
£372¢61
£37235
£37210
B37162
237124

037105

03705855
C37L25
03577
836743
346711
u36657
P36523
035570
£36533
830477
€36441
3356202
C3€344
635345
©33245
©3£295
p361a4a
8361¢2
836049

L.QC 4400
Oau00y
gavpoy
U37777
377175
037773
0377710
v37765
037761
037754
G277a7
S3TTM
371753
37724
037714
837754
B375673
037561
(37647
37634
B837¢21
37509
0371570
P37553
g37535
037517
C375090
237460
037440
u37417
237375
{37353
U3733230
©37325
£37261
837235
£37210
37152
237134
€37185
37055
2237u2s8
Q36774
836743
£36711
£365657
036523
036579
0356533
936477
036441
#36453
@3@3&4
0353353
836245
£3c¢295
036144
3612
936040




TgaaT2
£a473
paaia
paals
pa4Té
eaa77
645509
B45C!
g4ASn2
B4A5U3
0a824
94505
54506
04507
04510
gasii
gASI2
g4asiz
84514
84a5{5
ga5i6
gasi?
4520
B 4521
PASZ2
p 4523
p4s24
§4525
04526
(as27
g4as30
§A5321
04532
PAS33
BAS34
84535
PAS36
§4a537
64549
84541
54542
54543
pAS44
94545
04546
94547
BA550
#4551
84552
64553
84554
P 4555
P4556
94557
84540
84561
P4562
pA563
84564
PA4565

(9,

< Loa JLCo
LOS T % B 0% B AV FU S I OV
~

(SR N, ]
PR S
i ~3h Do -l

AU and

r C
Y

DO~

W
SRR
D)W

[N
5]
[ \PIRAN

VL W= gunnivy vy

Do O

035053
P35cda
034733
034669
0344604
234530
034453
834375
034317
034241
P34t 6l
naatng
032022
£33741
033660
p33576
033513
33430
033345
{33261
£331175
933110
033022
832734
032645
032556
032467
032377
632306
g32215
032123
032031
p317317
631643
P31559
©31454
031357
p2i262
e31164a
031066
930773
930671
§30571
35471
933371
530270
P30166
936064

aa]
[
W
-
(%)
—

$35%7S
£3sS722
8356066
035622
£25555
L355U7
Q35441
235372
$35323
8395293
pas2de
035131
350460
35096
©W34733
2346640
034604
34530
B34453
34375
34317
D342 41
034161
034102
034922
33741
933660
0833576
©33513
32439
RT3 A

033261
£33175
©33il0
p330c22
032734

B32£45

032556
g32467
0323177
032306
832215
p32123
@32231
031737
031643
831550
031454
931357
P31262
031164
031266
030778
p3V671
836571
030471
§30371
830270
039166
230064




T 0as6s

04567
ga570
0avvl
gas72
04573
64574
84575
84576
04577
04600
4601
24602
02603
84604
84505
84606
4607
846}9
8as1t
gasie
B4613
past 4
B4615
gasci 6
04617
PA620
4621
04622
4623
82624
84625
B1626
04627
84630
84631
04632
84633
84534
B4635

-B4636

04637
84640
Pas 41
24642
04643
p4a64Aa
B4645
04646
04647
84650
B2651
84652
04653
04654
P4655
84656
04657
84660

04561

ChTn
O:’}?!‘)S—’
00275049
U2 7Tl
G734
SN IRV
©27130
Q27525
C26717
D266{0
9255@1
626372
B2é26n
£2a152
026141
02573
£25617
025505
R8373
0252¢49
£25145
£2533%2
P24716
024601
£RA465
£24347
g2a232
024114
P2377¢
023657
£23543
623421
£23221
023161
0223047
022717

g22576

022454
gc2332
2221
g22085
g2t 742
p2i616
921473
021347
patz222
621075
022750
620623
020475

020347

ped221
€20972
017743
P17614
17484
017334
617204
017353
016723

TSI B X3V
E9 ST
CTS5a
Q8T G50
U2 7344
U 7en7
027132
O270xs
926717
Caceio
026501
626372
0262¢2
026152
U2e541
02573%
C25617
L23595
025373
£25260
025145
£25uy32
p24716
6245601
24465
024347
24232
024184
0227176
£23657
823540
023421
023341
§23161
223C49
c22717
©v22576
022454
022332
g22212
22665
v21742
021616
£21473
021347
£21222
921375
P2W 753
020623
g2pa71s
020247
20221
920872
017743
017614
017464
017334
217204
917353
Gl16723




BH6E2
BAG6
PAS6A
GA6LS
0A6EG
04667
BASTO
84671
04672
54673
Ba674
BA6TS
84676
84577
04709
p4101
paToe
pAa703
ea704
pAT0S
8476
p4a7o7
04710
paTl
04712
pAaT13
p4a7i4
BA71S
P4TLIE
24717
8AT20
B4721
ga722
p4723
04724
84725
84726
eA727
64730
64731
p4a732
pA733
£4734
84735
84736
BA737
DATAD
gatal
84742
24743
04744
0474S
0A746
04747
04750
pa7s!
© GAT52
84753
847154
84755

0160171

0164400
P16309
016154
01622
015670
G15335
015402
p15247
015113
014757
014623
014457
014333
p1a176
D404l

013704
P13546
gi3atl

613253
p13114
012756
giz2e2s

gl1east

greae2
012163
p12v22
011664
p11524
¥4il364
prie2a
piigea
gi6722
RiNs553
pipaze
Pip251
gioi120
837756
BOT615
037453
po7312
ee7150
037036
BG6644
226531
806337
026174
gue032
025667
005524
095361
23s216
P05653
P3A707
834544
cC4401
234235
824271

013726
P93562

Lteuil
QiéAaad
M16305
16154
glouzd
G1567Y
015535
g1s5ac2
015247
015113
014757
U14623
014447
814333
0141176
014041
013704
B13546
g13411
213253
©13114
£ie756
P12620
012461
812522
012163
¢i2923
011664
211524
211364
p1i224
pLig6a
919723
010563
pinaz2
012263
10120
2871756
207615
007453 °
£07312
GO7150
007656
026644
056531
226337
006174
006032
625667
V05524
035361
005216
VO3053
£ua197
PZ4aS44
894401
894235
004071
023723
203562




64756
€a757
PATED
2a761
04762
84763
04764
BA765
0A766
84767
04770
04771
ea772
84773
4774
84775
04776
04777
05200

BO341 6
003252
Cu3ius
82742
Bu2576
002432
L0269
02121
£CJ1755
001810
O\.' 1 -1‘)(4
001305
pol133
pCu767
c00s22
800456
8I0311
050145
pOCyRo

CJ3414
w3252
Bo3tue
Do2742
0C257¢
DD2432
LL226s
gg212]
001755
L1630
01424
P01320
21133
CU0787
ST HP)
L3456
0006311}
0Col 45
936 oIstoc)
oEND




2%
ACNT
AGET
ALPHA
OHLEPHS
ARET
ASF
ATRET
EACK
BETA
BSCL
CALC
CFTST
CHT2
oS
CcYCLE
EQUAL
Falu
FFTAG
FFTAT
FFTCC
FFTNC
FFTNT
FFTRA
FFTRV
FFTST
FLAG
FOUR
FT
F12
GCALC
CETA
GFFRA
CFFTN
GMBP
I

4

M2
MAX A4
MID
KLOCP
B
MSAV
MULT
N
NCNT
KRODS
Ut

- NuUM4
oPDE
ouT
PHASE
RETN
ROAD
ROUND
sAV!
3AV2
SAVY
SAV4

PUSARY
005511
£05461
PUVIvL
805544
PUS16V
8905427
pvS136
pusiv?
a5136
6USIT1
005172
P05247
00o103
06S161
035342
005540
095554
205235
295353
Hd5217
005032
305453
Go5422
805601
PO5515
8E5062
ppa104
DOSV6
go5141
£05154
00551
pes5421
PE556%6
505031
035105
025514
go0102
905452
005627
205363
£35433
RO5263
B05451
25430
805417
ggssiz
€es5457
800100
200105
posii2
005526
005565
205359
pa5471
295211
205344
805325
pa5346
835347




SCLOP
SCNT
SIN
SPF
siont
STOR2
TCO:!
TEHPL
TeEMr3
TSANXE
TSLOR

005201
PUSL TV
005343
005030
Vw5137
005143
SEYRE
PUS351
005352
onse27
@ns221







DANMARKS INGENIGRAXADEMI
ELEKTROAFDELINGEN
TELETE RN ‘
TELEFON (08) 16 05 22

BADEHUSVEJ 1 A ”S‘F(___‘R_) GLone LIRRAY V2
8000 AALBORG ROCES 3 BEAP —~ ENTTO P S5 Y

AT ) D?'J SULJITTED:  July 23, 1@
ROBERD! C. RASKIN
[ wreeeww B B A P weww

EHITQR-/AS_QEMBL{:Q PRhGR;‘;M

(MIN 4K & TTY)

PROGRAMMED S RNEERT €, BASKIN
DATA GENERAL EQRR

DATE SIiRMITTENR: DFC, 300, 1270

- ve W wa wp

PPRAGRAM ENARILES FDTITING AND ASSEMBLING FROM
ITHE CONTENTS OF A MEMGRY BUFFER, THUS, 1/0
ITIME IS QENUFED TO SOURCF PROGRAM INPYT
PCTAPE NR KEYRDARDY AND QRJECT TAPE QUYRUT

ISTART/RESTART = 22377 (BIIFFER RETAINFDY

$COMMANDS (DONIY FNLLOW WITH CARRIAGE RETIHRNY

Y MYANK'" TEYT FROM THE TTY READER OR KEYBNARD
UP TO AND INCLUDING A FORM FEED,
P WPUNCHM (TYPE) THE CANTENTS NF THE BUFFER,

PROGRAM HALTS BEFNRE AND AFTER AUTPIT TO
ALLOw THE PUNCH TN RE TURNED ON OR OFF IF
OFSIRFD, PRESS CNNTINUE,

F PUNCH §7 TNCHES OF NULL TAPF, PROGRAM HALTS
BEFORE AND AFTER PUNCHING TO ALILOW PUNCH TO
BE TURNED ON ANN NFF, PRESS CONTINUE,

Y FOLLOWED RY NUMAER(NECIMAL) AND CR, "TYPESH
THE DFSTRED LINF,

FALLOWED BY NUMRER(DECIMAL) AND ER,
"NELETES" THE DESTRFD LINE, SUCCEFDING LINE
NIIMRERS ARE DECREMENTED,

1 FALLOWEN RY NIIMBER(NECIMAL) AND CPR,
"INSERTS" A LINE REFORE THE DESIRED LINE,
SIICCEEDING LINE NUMRERS ARE INCREMENTED,
"ASSEMBI ES" PROGRAM IN BUFFFR FMR ERANRS,
ARSEMRLES PROGRAM IN RUFFER FOR "LISTING",
ASSEMRLES PROGRAM IN BUFFER FNR "OBJECTY
TAPE,

PRINTS USFR "SYMAOL" TABLE,

WS U NS TE WS UN W VO NE YW We TE WS WA W W tp W A ww we we
DT e 2

wm

JCONTROL ™AY RE RFTURNED TN BEAP AT ANY TIME BY
] RESTARTING REAP(RESET + START AT 377).

PIN THE EVENT OF & COMMAND LINE TYPING ERROR,
! TYPE A FORM FEED CHARACTER,




A BraP

PO

tREAR ERRNN CrRLFS?

PN

} F

H &
L

! 0

| BT
FMAYTM M
!

H

!

H
JHINTR

.S we N e W ws wa wa

QISPLACFMENY FRAGR
FAR“AT FRRO®

MALTIPIE NEFINEN SyMyOL
MO ENP STATEMENT
RIFFER PVFREL Ay
UMGERINFD SYHAQL

AUFEFE STZFS:
286 LTNFS
3712 CHARAFRTERS
114 USER SYMBNOLS(LOLDFRS RETAINFDY
149 HSER SYMROLS (MAX)

WRTITE A%D OFRBING PRNARRAMS TN LOCATYIONS
7] THRIL 77 AND
7120 THRIL 769
THESE ILNCATTINNS NN NOT EFFECT BEAP,
BINAEY, DR BNOTSTRAP LOADERS, BFEAP
BUFFER TS KRETAINED,
THENM REIACATE NEBIGHREN PROGRAMI RY
unnscyunLy.




FPASSEMBLER FORMATS
H LABFLE INSTRUDTION 2COMHLNT

JLABEL: P YO 3 LFTTERS FALLOKED BY
H A COLON,
FCOMMENT S £ STRING AF CHARAETERS REYHEEM
H A SFHTWIOLUN eND A Cn, w0
ARBFMALFDY,
INETRUCTTINNS: MAY BF ANY OF THE FOLLOWINGS
LARFLaNIMRER
NIUIMRE R
eNI[“BER
LABFL
LL.OC NIMRER
JLOF ENIIMRER
. FANDN
LENN  NUMRER
JENI  LABFL
peenpr NPEQANDS
POESIBLE OPCADES AND QRERANDOS?E
M21 wITHOIT AR
4 4, X =,V LABEL
LAMF &z LABFLe#
W E o
MRTI wITw AC
AC, (ANY DF AB0VE NFFRLNDSY
170 wITROUIT AC
a LABFIL
I70 vITH &C
AC , » AC,LAREL

e wa e we w» we

ALI
AC, AC AC,AC,SKIP
SCINDIRECTY NR wENN LOANY SYMRBOL MAY OCCHUHR
BFEFNRF NR AFTFR THWE JPCODE, OR
RFFORF ANY NPER&NN,
NPFRANDS M!IIST RE SFPARATFQ FROM FalH NTHFR
BY AT LFAST OME CNMM4a,
OPCONE MIST KE SEPARATFED FROM OPERANDS BY
AT LEBST NNF SPACE,

H
i
i
’
H
H
H
!
!
I
;
}
i
H
}
!
}
H
!
!
!
!
H
i
!
!

o FOT







w)

EPPOGREM 7  DIS-ASSEMRLER

:>Tﬂ_-‘ﬁ AT 2 1 3 USERS GROUD ILTERARY

o

40201 ?2 ‘; “;,;; ‘ ;? g”f 1 I:)/:\.Z[‘E sy;:ﬂ_ i?".r',r_,: D: ﬁF"i':‘ BRUARY, 1971
COEED GoPRDA JNP ea SH1 ANTONIO COLLEGE
CECOS BHseh4 JME G4
CODGA4 GBEALE 400

GCCo50 oLOC 0
ROARSO CGGIBTEY «PRTYT: PRTXT
BCOS1 QPERRE EC: 0 3PSEUDC PROGEAM COUNTER
gousSe en1s43 «CR: Ck

GRR53 BRISGL «OCTAL: CCTAL

eoRsa QBIECT »AF\‘I'I‘W; ARITH

PEES5S5S REP63S <LONG:  LONG

Coe56 GRI36E «PRINT: PRINT ’

COas7 @eoead INSTF: @ 3THE CURRENT INSTRUCTION
o6l GR1353 «SHIFT: SHIFT '
EAG61 eRI653 OTBUF: OTBY

Ceeel 701625 INBUF:  INEF

CoR63 aCeece IBUF: 0 sCHARACTER COUNT

EBO64 BROLAC ee JMAK COUNY

CoeesS 0@1675 AREA1 SINPT PTR-VERY NEXT CHAFR
Cepes Q1675 AREA] S OTFT FPTR-VLERY NEXT CHAK
eveeT 01675 AREA1  3PRESET PTF

ceR70 PRITLS AREAI+20 SRESET TEST ' )
0eeT1 oreceo 4 SACTIVE FLAG = TTI
BOo72 CCeoee ORUF: 1

OeRT3 PeRH2E 20

ene74 221715 AREA2

eaeTs PRLITILS AREAZ

Goe76 €G1715 AREN?

¢eoBT7 BE1735 AREA2+20

ze10e PeGoEo (4

0101 01432 -ADR2: ADR2+]
@102 PE1437 +ADR3:  ADR3+1
£G1E3 Q01444 <ADR4: ADR4+1
60104 0601447 <ADRS: ADRS+]

£e185 6e1735 HDR: HDE 1

PRg4aeo +LOC 400
02402 060277 START: INTDS
G401 B6PETT I0RST
o402 ORI NIOS TTI
00493 10240¢ SUB 9.9
0404 4CC63 STA ©.,1BUF
CR405 042072 STA ©.0BUF
00406 040100 STA 0,0BUF+¢
RB4A07T 20067 LDA 0@, 1BUF+4
00416 040265 STA @,1BUF+2
Ca411 B4RR66 STA 0,1IBUF+3
eR412 B20076 LDA @,05UF+4
00413 Q40074 STA @,;0BUF=+2
20414 @Q4€0T7S ~ STA 0,0BUF+3
2G41S 10z00@ ADC 2,0
@416 ©4CET1 STA @,1BUF+6
20417 Q601777 INTEN
80426 036105 LDA 2,HDR
BB421 peoesce JSR @.PRTXT
CB422 Q4416 RFT: JSk READ
ge423 101065 MOV B,0sSNR-

0424 COGETT6 JIP -2




RG425 @24502 ' LDA 1.,MSKE

COA26 187404 AND Gs1s8FR

0E427 BOO442 " JMP DATA ITS A DATA BLOCK
GC430 126520 SUREL 151

P0431 106405 SUB 0s15SNR

CG432 PRRS2T JMF END 3ITS THE END BLOCK
$2433 0BBS20 JP ERROR 3ITS AN ERROR BLOCK
P0434 OODGET 7

63435 PCORCE o

Or436 EOORCE @

Gaal3l CeAGEr 7

FR440 054777 READ: STA 3s.-1

86441 6S0775 STA 2sREpAD-2

OR4s2 QL4773 STA 1sREAD-3

0e443 022671 LDA 0»IBUF+¢  3GET TTI ACTIVE FLAG
CCa44 121604 MOV Gs0sSER

FB445 COR4LLE JMF RD. ¢

CO446 Q20063 . LDA @sIBUF 3CHAR COUNT

G447 024765 LDA 1,RSTC 3RESTAKT CORSTANT
QG4A56C 166512 SUEL# @51,8%C

LE4AS1 GRR4AR4 JbF EDe€  3DONT START TTI
CPASE Cer 110 NIOS TT1

€C453 102000 ADC 0,0

CEaS4 GaBETl STr @s1BUF+¢ 3SET FLAG ON
CLas5s5 Ce277 Debt 1nTDS

PR4SE CEEEG] JSK GOTHUF

GOLST COrEES 1LUF

GC46Y L Caks JIF e +5 GEMFTY!

CRac] (24754 LLE 1,READ-3

CEL6E (20754 LhA #shEAD-2

CELcl (177 INTE

Clabs LEPTS2 JMP eRE -]

Ceaes grevyy INTY

CRAGE NG040 JMF e+l 3GIVE TItE § .. ipTERFVIPT
BL467 BOOACI JINF e 41

Cea7e COR765 JMF RDe6

CR471 150 © bRIP: MOVS Gl

PCAT2 CO4T46 el BEAD

(G473 10730¢ ADDS 651

fvaTa (ab4a51 STA 1,COUNT 3THE wORD CoinT
0e475 peerse JSE @.CFK

GCate (5 6052 JEE €..Ck

POATT OGaa4( JSK KD2

GESER 04051 STA GsiC 3FSELDU FROGEANM COUNTER
BCSO1 CR4436 JSF FDZ2 31GMCEFE CHECK SUM
GESO2 ¢ 4435 JSKk kL% 36U GET INSTRUCTLUwn
EUSE3 BaReST STA @LINSTE AN STURE 1T
CES504 ¢2eesi LDA €,FC

tESES 126400 SUE 1»1 ;SUPFFESS LEAD FEFROS
EE506 NREES3 JSK €+0CTAL 3AS CORKE LOCN FRINTS
COSET €G4423 JSK bLKS LEAVE TwO SFACES
NAS1A Q2REST LDA €,INSTE

BeS11 126C0HE ADC 151

rOES12 006653 JSK G.0CTAL 3FRINT THE INSTR IN OCTAL
BeS513 004417 JSk ELKS

G0S14 @2ues7 LDA s INSTHR

GeS1S 161113 MOVL# 0204 SNC

COS16 CLOaCT JMF XXX2 30DUT AN ALC TYFE
FCS517 CUEDS4 JSK @«ARITH 3IT 1S AN ALC
eOS20 BE60S2 XXX JSK e.CFk




00521 618651 IS PC 3BUMP FROZRAM COUNT

POS22 GiGA4AR3 IS# COUNT :DUNP WCRD COUNT
PBS523 G757 JtiP LOOP :BLOGK NOT FINISHED

80524 05LB676 JMP O RPT 3G0O FifdD NEXT BLOCK

PB525 006355 XXXo: JSR C.LONC G0 PROCESS NON ALC TYPC
00526 prpTIR JUP MNXK :
0BS27 GUURAR Ca0: 40

POS30 GUO20M MSKE: 200

PO531 ALY 5}

BB532 054777 BLKS: STA 3»se~1

P0S33 20774 LDA §,C40

PR534 CD6RSE JSK 2¢PRINT

PO535 LE6H5S6 JSR @<PRINT

@536 DG2773 JMP eBLKS-1

PP537 054772 RD2: STA 3-BLKS-1 ;SUBRTN 70 READ TWO INPUTS
Q0S40 GUATEE JSR READ JFROM TTI AND BUILD INSTR WORD
BOS41 105390 MOVS @, 1

BOS542 0B4a6T76 JSR READ

P@543 122300 ADDS 10

POS44 GC2765 JMP @BLKS-1

V0545 (ABECOD COUNT: @

00546 0002C0 TEIRF: 0

BO547 C0AS50 ADX3: o+ 1
BO550 051105 «TXT *ER
06551 B47522 RO

Q0552 @rpe122 R*

BB553 049773 ERROR: STA @>TEMF 3SUERTN TO PROCESS AN

00554 0B6GS2 JSR ©.CF SERFOR BLOCK
00555 VB6E52 JSR 0.CFK

00556 ©30771 LDA 2,ADX3

PR557 C06250 JSR @.PRTXT

PR56C GO6ES52 JSR €.CR

00561 020765 LDA 0sTEMP

00562 V6056 JSR €.PRINT

00563 004655 JSR READ

00564 101004 MOV 005SER

00565 0OOTTS JMP o3

00566 06ES2 JSR @.CR

PP567 BPENS2 JSR €.CR

6B570 000632 JVMP RPT -

90571 006052 END: JSR @.CR ;SUBKTN TO PROCESS END BLOCKS
00572 0E652 JSR €.CK 3AND HALT THE PROGRAM
00573 0630423 LDA 2,ADR.5

00574 006050 JSR @.PRTXT

e0575 004643 JSR READ

PRST6 BB4T41 JSR RD2

00577 101112 MOVL# 0»0sSEC

PV 600 000412 JMP END3

00601 04745 STA 0,TEMP

0R662 030421 LDA 2,ADR.6

00603 06050 JSR ©.PRTXT

PO6B4 020742 LDA @, TEMP

G605 126400 SUB 1,1

00606 PO6053 JSK @.0CTAL

BO607 004730 JSR RD2

CO610 B63077 ~ALT - fee coevecdisn
00611 GCRTTT JMP 1

00612 P3D416 END3: LDA 2,4DR7
00613 006050 JSR @.PRTXT




PR614 B630TT wk o™ See  ecovvecd Viaug
PRG6IS CERTTT JMP e =1

PO616 DOREIT ADRS:  o+1

CO61T B4TI05 «TXT *EN

GO620 G2G164 D

PR621 G2BC40

PRE22 BRLLER *

PRER3 QG624 ADR.6: o1
D624 047587 «TXT %GO
PO625 52040 T

apec26 pe@il7 0

OL6LT LEBR4A0 %

GOE30 BOBE31 ADRT: e+ 1
PCE3L L4PS1C «TXT *HA
Pe632 052114 LT

GLO33 CeOL4e  *

(G634 001035 10 L
¢R635 PS4566 LONG:  STA 3,RET 3SURKTN TO FROCESS NON ALC TYPES .
G636 CR6CAE JSFE BLSHIFT §

00637 CEGCCO QGG

PEE4AC OCEG1S 15

Ce641 101065 MOV @505 SNR

CO64D GHEEADD JVMP JUNME 3MENM FEF W/0 AC TYFE

G643 161226 MOVER (s (s SEZ

COCas CRPTTE JVMP OLONG=1 ITS AN 10 TYFE

UE64S P3ES43 LDA 2,ADF 2

PO646 103000 ADD @50

GEE4T 113606 ALL €2

CPESE GCEHSC JSE @ PRTXT

CECS1 PRC545 LDA (s LLARK

CEEHE GEERSE JSh UeFNINT

(LES53 CLEP 60 JSF @.SHIFT

CE6S4 C14RQG 140¢0

Q655 CCCE13 13

(COS€ 624541 LDA 1,C&0 . .

BEEST 12300 ADD 1,6 : B
COE6D CLEGSE JSR €« FRINT s
0V661 020537 LDA @,COMMA 2
00662 PR62SE JSR @.PKINT

CCeE63 000412 JME PT2

(C6E64 CREP6C JUMF:  JSF @.SHIFT

Qr665 Q14000 1400¢

CC666 GLER13 13

Pa66T 103000 ALD @s0

GEETC 30567 LDA 2,ADK.1

PC6T1 113060 ALD €2

PCET? CROBSE JSF ©«FRTXT

COET3 GER523 LDA €sELANK

CRETA CLEESE JSR O.FRINT

CGETS COECER FT2: JSF C.SKHIF1

(CeT6 CCPCEE oL e

CEETT CEEE12 19

CCTOEE 101065 MOV €5 (s SMR

CETET CURAGR JME opD :

CeTCe 26517 LLA ¢5AT )
PETER (CENSE JSF @«PRINT -
CETCL GUECER N2 JSk € eSHIKF1




GeTES GO1400 1400

BeT06 BOBOI0 16

pRTOT 101005 MOV Bs0:5NR

POT16 (00439 JMP PAGED

PP7T11 126520 " SUBZL 1ist

POT12 106414 SUBY B:1sSER . _
eR713 6EHS5108 JMP OINDEX 3INDEX 1S AC 2 OR 3
POT14 020596 LDA 0,DOT 3INDEX IS PC
OBT15 GB6E56 JSR GoPRINT

PB716 Co4a4]. JSR FIX

PR717 620477 ' LDA ©sBLANK

PET720 L6056 JSR G.PRINT

GO721 CBC4A0G3 JMP TAGS

PR722 EER1TT XMSK: 177

00723 0GO200 XMSKI: 200

PRT124 G27057 TAGS: LDA GsINSTR

PR725 ©24775 LDA 1.s%XWMSK

PO726 G3RTTS LDA 2,XMSK1

PC727 113404 AND 0,2,S2R

PR730 BB4416 " JSR T8.1

PRT31 107400C AND €s1

00732 020051 LDA 0,PC

00733 123000 ADD 1:0

POT734 126400 SUB 1-1

0e735 PE6DS2 JSR €.0CTAL

PR736 022457 JMP ERET

@R737 GOO377 377

POT40 B20057 LDA @-INSTR

PB741 024776 LDA 1sPAGER~1

POT 42 123400 AND 1,0

PO743 126400 SUB 151

00744 ODEBS3 JSR 8.0CTAL

POT45 0D2450 - JMP @RET

P07 46 100400 T8«1: NEG 050

PB747 107400 AND 8,1

PO750 124400 NEG 151

PB751 001401 JMP 1,3

PB752 GEEPS53 PLUS: . "+

PA753 PEER5S MINUS: -

PO754 POO177 DMSK: 177

PP755 ROC200 SMSK: 200

PR756 POV %]

00757 054777 FIX: STA 3s+-1 3SUBKRTN TO PRINT DISPLACEMENT
PR760 P2RTT2 LDA ©.,PLUS 3ASSUME PLUS
PR761 030057 ' LDA 2, INSTR

PP762 24773 LDA 1,SMSK 3GET SIGN MASK
PR763 133414 AND# 1,2,SZR 3AND TEST SIGN
RO7T64 BD4410 JSR F.2 3DISPL IS NEGATIVE!
PB7 65 PO6BS6 JSR @.PRINT

PR766 141000 MOV 2,0

PP767 024765 LDA 1.,DMSK

BR770 123400 AND 1,0

POT7T1 126400 SUB 1.1

PR772 086853 JSR €.0CTAL

PO773 0R2763 JMP eFIX-1 3RETURN

PBT74 150400 F.2: NEG 2,2

PO775 B20756 LDA ©,MINUS

PB776 001400 - JVMP 0,3

PR777 P01000 ADRe.1l: o+1

P1000 046512 «+TXT *JM




01001

D10g2
01003

01004
P10685

01006
01297

110
01011
010612

1213
R1014

21015
1616
1617
elp2o
01021
gipee
(1023
01024
B1O25
Bl1e26
f1e27
1030
01231
e10632
£10633
1034
21035
‘81636
1037
01640
01041
pre42
21043
01644
1045
21046
01047
C105¢
P1051
B1G52
P1053
61e54
21€55
1656
e1657
nleee
Cle61l
glouee
21€63
1064
165
0n1066

2op120

B5is512
gogiee

£51511
Go@132

B51504
gepl13e

go1ei
Ba2i14
paoiel

ps521823
nepIel

Jdoleloty
Oeenae
COEE60
BEGES4
gecien
(CeBS6
GGAaT7134
020774
GOE656
BRE6D6D
Ce1400
GEee10
P24766
123000
CE66S6
Ge2761
00 66 60
003400
ee0o1C
636476
163000
113000
66665
0666 60
Qe3400
CCCo1e
£24520
106415
GOB410
GEER 6L
Peo3¢0
PEEOC 6
e30474
113600
PO6CSE
CCC416
006060
eoe3ae
CeCeN6
£ 30472
103C0¢€
113000

P*

e THAT #JS
R*

«TXT *1IS

Tk

«TXT #*DS
Z*

ADR.2:  o41
«TXT %LD
A%

«TXT *ST
Ax

RET: o
BLANK 49
C60: 60
COMtA e 'Yy
AT: H@
DOT: e
INDEX: JSF

FIX

I10:

105:

LDA GsCOMMA
JSR @.FRINT
JSR @.SHIFT
1420

10

LDA 1,C60@
ADD 1,0

JER @ PRINT
JMP ORET

JSR @.SHIFT 31ITS AN 10 TYPE

3400

10

LDA 2,ADR1@
ADD @,0@

ADD ©,2

JSR @+PRTXT
JSR @.SHIFT
3400

10

LDA 1,C7
SUB# €,1,8NFR
JivF 105

JSK @.SHIFT
36e

6

LDA 25ADKI11
ADD €52

JER @.FKRTX1
JVP 1012
JSK @.SHIFT
36w

6

LA ¢srhkl2
ADD Gt

ADD Gs2




B166T COLOS0 JSR @ PRTXT
GLOTR C20726 s LDA 9.BLAKK
1071 CI 056 JSR ©PRINT
GI872 6 60 JSR ©eSHIFT
B1073 P14:00 14006
21674 OCHH13 13
Ri0TS 126400 SUB 151
P1676 GC6ES2 JSR 8.0CTAL
01877 Beo721 LDA BsCOMMA
1100 BRL056 JSR @.PRINT
1101 BRGGED JSR €.SHIFT
" P1102 86077 77
91103 PEEEOO o
01184 824776 LDA tse=2 .
01185 830477 LDA 2s,ADR16
01106 166415 SUB# @, 1.SNR
61167 00417 JMP XCPU
G1110 024460 LDA 1.C10
1111 §3p462 , LDA 25;ADR15
1112 B34457 LDA 3,C4
01113 054457 STA 3-CT4
G1114 122415 SUB# 1:BsSNR
21115 O0B411 JVP XCPU
01116 125400 INC 151
1117 151400 INC 252
01120 151460 INC 2,2
G1121 @14451 DSZ CT4
01122 0ROT72 JMP IOLP
01123 126400 SUB 1s1
01124 PE6953 JSR €.0CTAL
01125 0p2670 JMP @RET
1126 BR6B50 XCPU:  JSR @.PRTXT
61127 PO2666 JMP @RET
01130 001131 ADR1G: «+1
01131 844516 «TXT *NI
01132 008117 O%

01133 044504 TXT *DI
¥1134 2CO1Q1 Ax

81135 047504 «TXT *DO
01136 VUP1O1 Ax

B1137 044504 «TXT *DI
01140 900102 B*

01141 P47504 «TXT *DO
V1142 000102 B*

P1143 044504 «TXT *DI
01144 900103 Cx

P1145 B47504 «TXT *DO
01146 P@C103 Cx*

D1147 045523 «TXT *SK
01150 000120 F*

1151 ©01152 ADR11: «+1.
£1152 000000 0




01153 012! "y a '
1154 020103 “e

B1155 Qo120 vp

01156 @01157 ADRI: .+1

G1157 G47T102 «TXT *BN

C1168 GOCLED *

B1161 B5S5102 +TXT *B#
21162 02ROR0 *

01163 B47104 «TXT *DN
G164 QOEOOD *

f1165 055104 «TXT *DZ
P1i66 BBOORY *

01167 QBEOBT C7T3 7
21170 POBGIC C1G: 10

21171 ©EORC4 Cas 4 )
P1172 OBECAEC CT4a: 7] B
#1173 BO1174 ADRIS: o+1.

Gl1174 852124 «TXT *TT fE
G1175 ©00111 I

G1176 052124 «TXT *TT
@1177 0OG117 O%

21200 852120 «TXT *PT
01221 pOR1I22 R*

1262 252120 «TXT *PT
21203 20RI2C Fx*

01204 @P1205 ADR16:  «+1
21265 ©561C3 «TXT *CP
1266 QOR125 Usx

01267 ©54467 ARITH: STA 3,5V3 SUBKRTN TO FROCESS ALC TYPES

P1210 Q04543 JSR SHIFT ' )
B1211 PR3400 3420

1212 oEEC10 10 E}
01213 1630060 ADD £,0 i
P1214 236574 LDA 2,ADRI

21215 113006 ADD 0,2

P1216 PB4554 JSRF PRTXT

1217 BR4534 JSK SHIFT

1220 @gOC60 60

21221 QPRCR4 4

7p1222 230101 LDA 2, «ADR2

1223 113¢€0 ADD Ps2

21224 ©04546 JSR PRTXT

1225 ©LB4526 JSR SHIFT

61226 PEO3GCE 300

B1227 C2eeeoo 6

61230 @312 LDA 2, +ADK3

1231 113000 ADD ©,2

21232 004540 JSR PRTXT

#1233 (14520 JSKk SHIFT ) )
01234 €CCRO10 10

01235 0OEEO3 3

|




©1332
01333
01334
21335
21336
01337
£1340
61341
21342
01343

60177
Quetar
D617
BECA01L
COGA9 1
G627
CEUT 63
AR A
Ceee15
geer1

01344 954405

51345
1346
61347
01350
1351
01352
P1353
1354
31355
01356
01357
01360
01361
p136¢2
£1363
G1364
01365
(1366
©1367
71370
1371
21372
1373
21374
£1375
01376
01377
1aco
01401
el462
P1403
01404
01405
(1406
21407
01410
Bt4al1l
01412

01413
Pial4

©1415
R1416

01417
01420

21421

PO4TSE
2e1?3
PB4T34
Q2491
BORVOG
alajalatols)
Gaa71d
20057
PE5400
123400
P25401
124405
P44
16122¢
125404
EReT76
224765
Ge1la6e
177400
PBBRRG
Cosene
044776
054776
L24773
gelege
101005
o407
rQ4703
1237065
PCo4C 4
PR4T700
151400
neeTIe
24762
Pe2762
Bol4all
47503
o115

042516
pee107

047515
pee126

247111
pBR163

42101

INTEN
JMP BPRINT-1

INTE
JMP
JMP
INTD

JMP P36 3GO TRY

12
15

N
D!
R |
S

STA 3,5v32

SV32:

SHIFT:

PMSKe:
PSVIie
PSV3:
PRTXT:

PLOOP:

F30:

ADR1:
+TXT *CO
Mi*

«TXT
G*

*NE

«TXT *MO

V*
«TXT =*IN
Cx*

«TXT

JSK
LDA
JSE
JIP
4]

7]
STA
LDA
LLDA
AND
LDA
NEG
JMP
MOVZ2
INC
JMP

PRINT
psCi2
PRINT
esvie

1s5e-1

1,053
1.0
11,3
1,15SNR
et 4

kR @s0
151+SER
«~2

sGIVE TIME

FOR INTERRUPT

O

LDA ©0-C1S 3SUBRTN TO DO A CR LF

3JSR SHIFT
P2 INSTR 3AND tMNASK

SANMOUNT
SRETURN

LDA 1sSHIFT-1

JMF

25,3

177400

0

(9]
STA
STA
LDA
LDA
MOV
JMP
JSR
ANDS
JMP
JSR
INC
JMP
LDA
JMP
o+

1,PSV1
3:P5V3
1,FMSKe.
B,0,2
Bs,0sSNR
F30
PRINT
1,05 SN
P30
PRINT
2,2
PLOOP
1,PSV1
epPsv3

JSUBRTN

TO RIGHT SHIFT RESULT

TO PRINT A

STEXT STRING WHOSE
5 ADDRESS IS IN AC2

R




01236 B33163 - LDA 2, ADNA

B12GT 133800 ALD G2
P1240 BRPAS3E JSR PRTXT
B1241 £28A34 LDA 8, 8PACE
01242 0Qaaat JSR PRINT
81243 0450 JSR OSHIFT
B1244 G6GCRS 66300

B1245 GOBGLS 15

01246 330164 LDA 2, .ADRS
B1247 113609 ADD @.2
P1250 PGAS22 JSR PRTXT
B1251 028423 LDA @,CHMNMA
P1252 PE4431 JSR PRINT
21253 004500 JSR SHIFT
01254 ©14000 14660

01255 ¢REe13 13 N
01256 ¥38570 LDA 2,ADRS
P1257 113000 ADD 0,2
P1260 GRAS12 JSR PRTXT
G1261 Q04472 JSR SHIFT
01262 Q00227 7

21263 BREOOG 1) A
01264 103005 ADD 0s@sSNR
01265 200406 JMP END2
R1266 Q30565 LDA 25;ADR6
01267 113000 ADD 0.2
P1270 020424 LDA @,CMMA
01271 04412 JSR PRINT.
01272 04500 JSR PRTXT

81273 002403 END2: JhiP esv3a
01274 COOOS4 CMMA: s
01275 00VB40 SPACE: 40

81276 QOBOOO SV3: o

21277 0OBCOO 2

21300 0BOCOO )

01301 8GO0V )

01302 000D )

01303 ©54777 PRINT: STA 35.-1

01304 040773 STA ©sPRINT-4

01305 044773 STA 1,PRINT-3

@1306 850773 STA 2,PRINT=-2

@1307 101005 MOV @,8,SNR

21310 001400 JMP @,3

01311 860277 INTDS

01312 024100 LDA 1,0BUF+6 3TTO ACTIVE FLAG
©  B1313 125004 MOV 1,1,S2R

01314 000407 JMP P.30 .

@1315 061111 DOAS ©,TTO

01316 126000 ADC 1,1

01317 844100 STA 1,0BUF+6 3SET FLAG ON

01320 024760 LDA 1,PRINT-3

01321 60177 INTEN

01322 002760 JVMP @PRINT-1

01323 grépé2 P.38:  JSK @INBUF

01324 002072 OBUF

81325 000407 JVMP P.35 3FULL!

01326 0CO4R1 JMP «+1 3BECANME FULL

01327 820750 LDA @sPRINT-4

@1330 @24750 LDA 1,PRINT-3

B1331 030750 LDA 2,PRINT-2




p1422

gi1a22
pla2aq

P1-
o1

01427
p1430

61431
21432
01433
@1434
01435
01436
21437
01440
g1441
@1442
01443
P1444
G1445
01446
81447
01450
01451
21452
©1453
01454
61455
21456
@1457

01460
01461

p1462
21463

B1464
"P1465

B1466
B1467

21470
01471

p1472
01473

P1474
B1475
P1-476
1477
21500
P1501

oaz2101

GLG104

047101
(AR RIL]

BeGLYT
£nYio3

Bo14A37T -

00006
Cu0114
ppei22
Gep123
BO1444
GooRee
POGB43
001447
COe0en
2H0061
peepe2
DRreB63
01454
aulu1olel)
GReIaNaraly]
045523
o120

P55123
PP21O3

247123
20162

@s5123
goelee

Pa7123
geni122

P42523
ppB132

041123

fal

O

o THT =S)

B

«TRT =AD

Dx:

o THT
D:

ADR2:s

ADR4:

ADRS:

poB116 !

Peoe0D
0oCo06
POOB6D
002000
0O0O90
054777

P15@2 044775

OCTAL:

= AN

e+l
L]

L ez
"o

2

6

60

4]

7]

STA 3,.-1 3A SUBRTN TO PRINT ACO
STA 1,0CTAL-2 IN OCTAL; SUPPRESS LEAD ZEROS




01503
01564
1505
81506
21507
@151
21511
@1512
01513
B1514
G1515
@1516
21517
61520
01521
G5y
61523
01524
01525
61526
61527
61530
21531
21532
¢1533
01534
61535
G1536
61537
01540
61541
61542
01543
¢1544
€1545
61546
61547
€1550
01551
61552
€1553
61554
21555
81556
01557
61560
61561
21562
21563
61564
21565

P1573
P1574
£1575
01576
61577
01600
p16C1
©1602

024772
Naa776
105008
102400
T00406
C L2400
125120
191160
125120

101100

125120
o 1108
PR441 4
30756
143000
(56755
BCECSHE
P14750
BEOT763
20756
v24750
125605
COeeS56
L2746
B3CT744
151004
01460
CeRTE6
B4c427
Ga4a427
£5C427
054427
161100
40426
D61477
063710
peCc 425
263711
000436
024421
123000
C4G401
cooRoo
C2C414
1212¢06
204G &
C24406
030466
034406
CeR1TT
CE20060
CeCOOS
ger200
060610
126400
44071
coepe2
poO063
06377
PeP7S4

CLPe1:

OLP.2:

INTRT:

DISMS:

SvaC:
FAKR:
SVTTI:

LLDA 1,0CTAL~4
STA 1,0CTAL-5
MOV @a1

SUB 050

JMP OLP.2

SUB 0,0

MOVZL 1,1
MOVL .,
MOVZEL 1,1
MOVL (st
MOVZEL 1.1
MOVL Us0s SNR
JSF 0C.5

LDA 2,UCTAL~-3
ADD 2.0

STA 250CTAL=-2
JSR @«PRINT
1iS2 OCTAL=-5
JNMF OLF .1

LDA 0,0CTAL-3
LDA 1,0CTAL-2
MOV 1.15SNR
JSR @.PRINT
JVMF 00CTAL-1
LDA ¢, OCTAL-2
MOV 2525 S7R
JVNP 353

JMP 0C.2

STA 0,SVAC
STA 1,SVAC+1
STA 2,SVAC+2
STA 3,SVAC+3
MOVL 0,
STA B,SVAC+4
INTA

SKFDZ TTI

JWP SVTTI
SKPDZ TTO

JMP SVTTO

LDA 1,FAKR
ADD 1,0

STA s e+l

o]

LDA G,SVAC+4
MOVRK ©,0

LDA GsSVAC
LDA 1,SVAC+1
LDA 2,SVAC+2
LDA 3,SVAC+3
INTEN

JNMP ep

«BLK S

NIOC ©

DIAC ©,TTI
SUB 1,1

STA 1,IBUF+¢
JSKE @INBUF
IBUF

HALT

JIF AC1=D

JVMP DISMS 3BECAME FULL




01735
21736
@i137
G1740
@iTal
Di1742
61743
1744
G117 45
D17 46
1747
1750
P1751

21752

P1753
61754
1755
01756
721757
61760
1761
01762
1763
B1764
01765
Q1766
01767
G177G
G1771
1772
21773
P1774
21775
01776
1777
eeaen
O2ont
pe2wpe
G20¢3
gee4
02005
Gecee
22067
210
pzelt
gecie
¢2r13
C2¢14
£2¢15
CeE1é
©Hert17
s pepece
paezt
G2pe?
ceeed
ra2ca24
Peces

Ges015
La0523
G2p116
G47101
G47524
44516
20117
U47503
46114
435065
2105
046105
6415¢5
©51124
Ca47117
41511
pee123
Pa2504
40520
pgs2iee
B42515
B5211¢€
guse1s
043523
£20116
BaT101
B4a7524
Ua4516
e6117
G52¢40
£541€5
051501
peepap
234067
P3rae?2
Goe4¢e2
pesel1e
644504
26523
A515¢C1
22523
c41115
Pa2st 4
Garaq
Cec1l1e
F411¢1
047523
€52514
40524
Calea
(is7111
PS1101
£2¢131
40524
g4252¢
£nsSe1s
pCeoGe

eeeCes

HDR1 ¢ e THT #<15><i2>x
Sa
N
AN
TO
NI
0]
CO
LL
EG
E
L
EC
Tk
ON
I1C
S
DE
PA
RT
ME
NT
<{5H><12>
SA
N
AN
TO
NI
0.,
T
EX

AS

78
21
2<15>
<12><12>
bl
S...
AS
SE
VB
LE
A
X
AP
SO
Lu
TE
B
IN
AF
Y
TA
PE
<1S5><12>
*

«END 2




B1603
Bl1604
B1665
B1606
21657
01610
Bi6it
greie
21613
1614
@1615
P1616
B1617
p1620
prezt
pie2z
01623
P1624
91625
p1626
B1627
p1630
01631
01632
01633
01634
1635

B1636

721637
1640
B1641
B1642
01643
R1644
P1645S
P1646
01647
81650
B1651
p1652
P1653

B1654

B1655
01656
01657
01660
B1661
Ar1662
P1663
Pl1664

. P1665

B1666
81667
1670
p1671
p1672
21673
P1674

(60119
FORDGO
UAG3T
LoaT50
Ga6réel SVTTO:
Guza7e
50407
1E1565
OOOF7TA4
061111
162094
840160
BenT3T
162400
B43100
Bep2id
GEB733
eopeeo
B54777 INBF:
635400
010775
B254¢0
P31401
132415
pe2771
010779
125400
045400
132414
018764
B43402
g11402
625482
$31405
132414
ge2756
P25424
P45402
PE2753
gpoooe
054777 OTBF:
835400
B1775
021400
101005
gezr72
R16771
011403
831403
B213717
215420
PoD4A01
225405
132414
ge2761
025404
P45403
QB2756
pooR20 AREAL:
0oeO2B AREA2:

NIOS TTIX

ADC Ca0

STA G:IBUF+6
JMP DISHS
JSR COTRBUF
OBUF

JHP o7 SEHMPTY
MOV B-0585NR
JMP SVTTO

DOAS G»TTO

ADC 2.0

STA 0s0BUF+8
JMP DISHMS

SUB G0

- STA @sCBUF+6

NIOC TTO
JMP DISMS
%]

_STA 3s5.-1

LDA 3:0,3

ISZ INBF-1

LDA 1,053 :GET CHAR COUNT
LDA 2,1,3 3AND MAX CT

SUB# 1s25SNR

JMP RINBF=-1 3BUFFER IS FULL!
IS2 INBF-1

INC 1,1

STA 1,0,3 3UPDATE CHAR CT
SUB# 1,25,SZR $WILL BFR BECOME FULL?
ISZ INBF-1 fNO

STA 0,€2,3 3PUT CHAR IN BUFFER
ISR 2.3 3UPDATE CHAR POINTER
LDA 1,253 3;AND GRAB IT

LDA 2:5,3 3ALSO RESET TEST
SUB# 1,2,SZR 3AND TEST

JMP @INBF~1 2ALL OK

LDA 1,453 3GET RESET POINTER
STA 1,2,3

JMP @INBF=-1

7}

STA 3se-1

LDA 3:06,3

I1SZ 0OTBF=-1

LDA 0,0,3 3GET CHAR CT

MOV ©@,0,SNR

JMP @OTBF-1 Z3EMPTY =~ RETURN
I1SZ2 OTBF-1

1Sz 3,3 .

LDA 2,353 30UTPUT CHAR POINTER
LDA 9,-1,2 ;PULL FROM BUFFER
DSZ §»3 3ADJUST CHAR COUNT
JMP «+1 3NO TEST

LDA 1»,553 3RESET TEST

SUB# 1,2,S8ZR

JMP e0TBF=-1 ;NORNMAL RETURN
LDA 1,453 ;RESET POINTER

STA 1,353 30UTPUT POINTER
JMP €0TBF-1

«BLK 2@

«BLK 2@




LOOP REES02 - -
MINUS  @0(3753

MSKS JEE530
OBUF 0oes7Te
0CTAL PO1503
0C.2 0pe1524
Ce5 @r1533

OLP.1 6o1510
OLP.2 BEI515

OTBF P21653 .
OTBUF peou61
P30 go1406 .
, PAGED BOCT4Q
+ PC POOES1
- PLOOP P@1275
PLUS PRE752

PMSK. Q01367
PRINT 01303
PRTXT 01372 : .
PSVI C6137C 3

PSV3 001371

PT2 BOR6TS , - ' : 0
Fe30 GE1323 "
P35 001334

RD2 00537

RD. 6 BRE455

READ 0RB440

RET en1015

RET 08422

RSTC 0CR434

SHIFT 001353

SMSK 0e0e755

SPACE - pg1275
START 000400
SV3 BO1276
sv3e PO1351
SVAC PC1566
SVTTI PP1574
SVTTO PC1607

N

T8 1 PPCT46 -
TAGS oeRT24 ‘ o
TEMP A00eS46
XCPU 201126
XMSK ponTLe
%XMSK1 0e0723
XXX PP0R520
XXX2 PE0525
A2 P007C4

«ADFR2 200101
«ADR3 PUR102

«ADR4 2eR103

«ADRS PoB104 -

«ARIT PRNBS 4

«CR pORES2

-« LONG eeBESS

+OCTA eeCNS3

+FPRIN PBOBS6

« PRTX Ceoose’ . )
+SHIF 0PC060 -




- -

ADR1Y
ADRIG
ADR11
ADRi2
£DR15
ADR16
ADR2
ADR3
ADR4
ADRS
ADR6
ADR7
ADR- 1
ADR.2
ADFR«5
ADR.6
ADX3
AREA}
AREAR2

ARITH

AT
BLANK
BLKS
Cio
cile
Cis
C4
C40
Ceo
C7
CMMA
COMMA
COUNT
CR
CT4
DATA
DISWMS
DMSK
DOT
END
END2
END3
ERROR
FAKFE
FIX
Fe2
HDR
HDR1
IBUF
INBF
INBUF
INDEX
INSTR
INTRT
I0
1012
105
I0OLP
JUMP
LONG

RGEAYD
GoLiao
BUT151
B31156
6e1173
grer2oa
081431
Po1236

© 201443

©R1446
001453
GeR639
eeaTT?
01010
0ups6i6
2OOE23
GResS47
BB1675
201715
201207
0ei1v21
Po1ID16
Reps532
no1170
bP1341
201342
pR1171
pepsa7
eo1017
801167
001274
B01020
PE@S545
P01343
gp1172
POB471
001556
BOBTS4
pol1p22
pRES71
vB1273
pevel12
Beessa
21573
0ev157
2e774
000105
BO1735
PoeB63
PR1625
popoeR
or1023
0oBoes57
PP1537
vO1235
o170
pR1061
201114
PRBE64
POB635




MODE: 1

MODE: 3

P ,jf 3
é{f@%£%§°
peEo1es «LOC 106 -

O1IDG 620100 LDA ©@-.CBUF+6 $WAIT FOR 10 TO EARD
PB107T 101024 MOV ©s0sS2ZR
00110 GUG106 JMP =P
B211t 063077 ' HALT - ' ! {i C}
20112 oeoREe ‘ Jvp 2 . [ SN
006610 .LOC 610 G eluiad L
PB6IO PRO1D6 JMP 106 £ [
PCN614 «LOC 614 & ey bng“_
00614 0BRICG JMP 196
@eBR72 OBUF=72
+END

- -

OBUF oewoTe

o w -

MODE




~ow

BoCo |
2oge?
teeesd
£opv4

eAns50
6evs1
gpuse
BoRS3
eeesS4
Geus5S
peese
cens7
AN
eRe61l
enpee
G6ere3
6RC64
eores
o6 6
ereeT
eoRTO
BeeT 1
eaere
2ee73
@ene7 4
epeT7s
CeeT6
eeeT7
aR1G0
2e101
0102
ge1es
00104
#0105

00400
2o apt
co4ae2
00403
P0404
0405
Ro4P6
20407
PR410@
o411
412
BR413
@414
PG415
ee416
00417
00420
0421
gp422
Bo423
ko424

CoO400
JAUIRYS,
(1372
rrastuls)
GH13843
IS0l
BoHOi2ec7
Lere3s
L1363
eroeap
01353
CP1653
201625
peegnee
PLoR2o
P@B1675
21675

0e1675

PR171S
199
ceeooe
0eer2o
21715
nR1715
Pe1715
e1735
Peeoro
nR1432
Ve1437
201444
601447
be1735
PRC400
ea2T77
062677
eeelie
102400
P40C 63
242072
040100
220067
040265
4cR66
p2eeTé
Q40074
Q4@0875
102000
g4ace71
060177
036165
pe6vse
oe4416
101085
eue716

e PRTHTS
FC:
+CR:
«OCTAL:
sARITHS
«LONG ¢
«PRINT:
INSTF«
«SHIFT:
OTBUF @
INBUF &
IBUF

OBUF ¢

«ADK2:
«ADFR3:
«ADR4:
+ADRS:
HDR:

START:

RFT:

USERS GROUD I, TBRARY
LOC 1 PRCGRAM #7  DIS-ASSEMBLER
(NTRT DATE SUBMITTED: FEBRUARY
T SAN ANTONTIO COLLEGE
JEF e4
400
.LOC 5@

Ty
Pt on

# 3PSEUDC PROGRAM COUNTLER
CFk

CCTAL

ARITH

LONG

FRINT

¢ 3 THE CURRENT INSTRUCTION
SHIFT

OTBF

INBF

4 sCHARACTER COUNT
eg stAX COUNT

AREA1 INPT PTR-VERY NEXT CHAR
AREA1 O0TPT PTR-VERY NEXT CHAK
AREA1 3RESET PTF
AREA1+20 RESET TEST ‘ '
2 3ACTIVE FLAG - TTI
0

20

AREA2

AREA?2

AREA2

AREA2+20

@

ADR2+1

ADR3+1

ADK4+1

ADRS+1

HDR1

+LOC 4e0

INTDS

IORST

NIOS TTI

SUB @50

STA 0,I1BUF

STA ©@sO0BUF

STA 0,0BUF+¢

LDA 0, IBUF+4

STA @, IBUF+2

STA @, I1BUF+3

LDA ©,0BUF+4

STA @5 0RUF+2

STA @s0OBUF +3

ADC 2,0

STA @>1BUF+¢

INTEN

LDA 2,HDR

JSR @.PKTXT

JSK READ

MOV 0,BsSNER

JVMP =2

1971




21425
GEa2 6
©eea27
ZCal30
0431
eE432
6433
o434
@435
g04a36
Bual37
440
gp4aal
Praa?
QG443
CCL44
0445
C44a6
C( 447
Qease
6451
452
€453
a5 4
¢ asb5s
Pease
G457
G446
(a6t
(L6t
CELCD
Chrasa
(v a6sS
VLG F
Be 467
o
ee4a71
re472
6473
LA 4
(1475
G4t e
rO4aT7
eesee
eesnd
6502
b3
Cce5¢4
tiSeS
GES06E
eeseT
opsS1a
¥BeS11
¢re512

24502
127404
peO442
126520
106415
PRBS3T
Pees20
veonecT
peeeew
Idddaus
eQeLeo
DSa7Tt
©LS0775
Q44773
20671
1¢160a
CeO41e
P2Ce63
24765
106512
Ceeaca
e 110
1e2cec
a7l
cegels
(A TINY!
CULLeEd
Leans
c4a754
(20754
PR O N v
L7 52
C’/f‘!',".
Aee401
o4t
(U765
1. 00

O4T46
1073C¢
(44451
peeese
(v 0052
Da446
Caeest
CQa436
{4435
A S57
¢©2eest
126400
peeesS3
CCa423
QemesT
126CG0
Q6653

BES13 0@4s417

0514
6E515
@516
eCs517
€ensee

e2ees?
161113
bLbact
COEDS4
Qe 6052

LRpTA:

XXX

Lba
AND
JMP

1,08KE
Gs1sSFR
DATA 31718 A DATA BLOCK

SURFL 121

?2s1,SNR

END :ITS THE END BLOCK
ERROR ITS AN ERROK BLOCK

Sub
JMF
Jlnk
7

0

@

()

STA
STA
STA
LDA
OV
JMF
LDA
LDA

3s.-1

2sREAD-?

1> KREAD-3

PsIBUF+¢  3CET TTI ACTIVE
rbsSTER

RDe C

¢s IBUF sCHAR COUNT
15KRSTC SRESTAKRT CONSTANT

SUEL# €s51,5%C

JMF

NIOS

ADC
STA

kD« € 3DONT START TTI
TTI
0,0
GoIBUF+¢ 3SET FLAG ON

InTLS

JSk

IEUF

JIF
LU#A
LA

COTBUF

«*5 FEMFTY!
1,READ-3
¢cshEAD-Z

INTE.

JP'P

@r: -

18T

Jif
JVF
JF

e+l 3GIVE TI1NMb
o+

kD« 6

MOVS Gsd

'
.,

FeAD

ADDS 651

STA
JSk
JEEK
JSFk
STA
JSF
JSk
STA
LDA
SUE
JSF
JSk
LDA
ADC
JEK

1,COUNT 3THE wORL CoinT

@.CF

e.Ck

KD2

Gsoi U 3FSEUDU FROGFRANM COUNTEFR
D2 3 1GMNOGRE CHECK St

kD 36U CGET INSTRUCTIUWN
CrINSTE 56NL STOURE IT

CsFC

1>1 ;SUPFFESS LEAD TEFOS
€+0CTAL 3AS CORE LOCN FRINIS
ELKS SLEAVE TwO SFACES
CsINSTE

151

@«0CTAL 3FRINT THE INSTR IN OCTAL

JSk BLKS

LDp

s INSTR

MOVL#E @505 SMNC

JIF
JSK
JSK

XXX2 300T AN ALC TYFE
@.ARITH IT IS AN ALC
@.Ck




00521 61065 ISE PC 1BUMP PROZRAM COUNT

PB5S22 ¢.16423 IS2 COUNT 1BUNMP WCRD COURT

POS23 GAGT57 JMP LOGPR 3BLOOK NOT FINISHED

G0S24 GER67A JMP KPT 36O FIND NEXT BLOCK

PB525 BHAE55 XXXe: JSR C-LONG G0 PFROCESS NON ALC TYPC
00526 g20770 JHP WY

00527 ¢ULURAD C40s 49

PR530 nUe20N MSKE: 2o

P@531 04000 %]

P0532 ©54777 BLKS: STA 3se-1

POS33 020774 LDA 2,C490

PB534 PIERSE JSR 2 PRINT

PPS3S V0656 JGR @«PRINT

BO536 0E2773 JMP eBLKS~1

P@S37 054772 RD2: STA 3-BLKS-1 ;SUBRTN TO READ TWO INFUTS
20540 POATEE JSK READ 3FROM TTI AND BUILD INSTR WORD
GOS41 105390 MOVS P,

B0542 QracT6 JSK READ

22543 122300 ADDS 1,9

PO5S44 22765 JMP eBLKS-1

V0545 0CEOOR COUNT: @
00546 GOCCOC TEIP: 9]
00547 0BVS550 ADX3: ot 1
BO0550 051105 «TXT *ER
0@551 047522 RO

BB552 QrP122 R*

00553 049773 ERROR: STA 0,TEMF sSUERTN TO PROCESS AN

B0554 Q06052 JSR @.CK 3ERROR BLOCK
08555 QPRS2 JSR 6.CRK

00556 630771 LDA 2,ADX3

00557 26252 JSR @.PRTXT

00560 QL6052 JSR @.CR

PP561 ©20765 LDA ,TEMP

00562 B6DSE JSR @.PRINT

00563 BC4655 JSR READ

00564 101004 MOV 0,05SER

00565 020775 JMP o -3

00566 0O6R52 JSR ©.CR

PP567 BRERS2 JSR @.CR

BESTO 0OE632 JMP RPT .

02571 BP6052 END: JSR €.CR ;SUBKTN TO PROCESS END BLOCKS
00572 PR6RS2 JSR @.CR  AND HALT THE PROGRAM
00573 030423 LDA 2,ADR.5

P0S74 PR60S JSR € .PRTXT

20575 QR4643 JSR READ

00576 804741 JSF RD2

80577 101112 MOVL# 0s0sSEC

00600 000412 JMF END3

BR601 Q40745 STA 0sTEMP

00602 030421 LDA 2,ADR.6

‘'P0EO3 2O6RSO JSR @ .PRTXT

00604 P20742 LDA 0,TEMP

00605 126400 SUB 1,1

PBE06 PR6053 JSK @.0CTAL

00607 PCAT30 JSR RD2

C0610 063077 AT — -S:M- comg.!-uk,,
00611 000777 JMP o -1

00612 P30416 END3: LDA 2,4DR7
PO613 ¢R6RSY JSR @+PRTXT




P64 GE3DTT bl fer G See  covvced Y
PC61IS CCOTIT JMP e-1

PR616 DBR61T ADRSs  o+1

PB61T B4T10S «TXT *EN

PR628 ©20104 D

GR621 BPBC40

POE22 BOLRBO *

0P E23 PUR624 ADR.6: «+1
pee24 047507 «TXT *GO
POE2S VoS24 T

ppe2e gegii7 O

Pr 62T LeR4aw  *

GEE30 LOLE31
QPeel3t Caps1e
BEe632 852114
L6633 eePean

(634 CIE35 10

Ce635 54560 LONG: STA 3>RET 3SURRTN TO FROCESS NON ALC TYFPES
E6e36 GRACAE JSF @ SHIFT
637 (CEOECO 60000

PGeAE preGLS 15

Cesal 161005 MOV Ga@s SNR
PR642 (G422 JVMFP JUNMF 3NMENM KREF W/0 AC TYPE
G643 101226 MOVER (s »SE?Z
Coeaa 2770 JMP @LONG-1 3ITS AN 10 TYFE
(645 (P3(:543 LDA 2sADFK 2
646 103000 ADD (s
GLea7 1130600 AbLL €»2
CreSE CCerSC JSK @PFTXT
CeeS1 20545 LDA (CsbLANK
G eHe LLEerSe JEh eFRINT
G653 LR EC JSR @ SHIFT
(654 014000 1400

CCESS PeCe13 13

(C65¢ (24541 LDA 1,Cé&0
PL65T 12300 ADD 1.,G
CCE6D LLECSE JSR @FRINT
cue6l 20537 LDA @,CONMMA
QU662 BREDSE JSR @+FKRINT
CCe6ld re4l12 JMF PT2
ne6es QR6Q6E JUME: JSF @.SHIFT
Pre6s5 814200 1400¢

Ces66 LLEE13 13

o667 10300¢ ALD 0,C
eeeETC 235 LDE 2s5ADK 1
fee671 113260 AL €2
CCET2 QLEDSE JSR €«FRTXT
CRET3 ReR523 LDA ¢sBLANK
PCET4 LLELSE JSRk Q0.FFRINT
PRETS CCECER JEF C«SHIFT
(CeT6 eerCl erere

CeeT? ereelz e

CCTEE 10106S MOV a5 SENE
ee7¢Y COCatl JNMF S AD
ce7ee reeS17 LDA ¢sAT
CETER (CEMSE JSF @ FRINT
GLT L BEECED «NE2 JSK 0@ «SHIF1




BETES
oB706
Po197
PO7 L@
o711
peTie
6713
BO714
20715

BE1ACD
20UE18
{01635
HOG4A3E
106520
ifngal s
GeHsS10
Z2E596

2@71¢6

o717
per2¢
ger2t
gorT22
P73
PR724
8e725
PR726
ger27
0e730
o731
6e732
00733
20734
20735
202736
2e737
00740
20741
eeT 42
Po743
007 44
Q0745
PR746
20747
PB750
pe7TS1
20752
0a753
PRTS4
PP755
2@756
PR757

DeeR56
RoL463
BzZelTT
RG0S
G2r057
B24775
Bp3BT75S
113404
024416
197400
020051
123000
126400
PP6AsS3
0R2457
360377
220057
P24776
123400
126400
PP6MS3
@R2459
190420
1074060
124400
001401
2Qeus53
2PBBS5
000177
Roe20e
200000
0547717

PR760 V20772

PO761
00e762
008763
P07 64
008765
P07 66
BO767
BR770
0e771
po772
Pe773
BR774
PO775
Po776
o777
91000

P30057
N24773
133414
PB4410
PR6@56
141000
B2 4765

123400

1264060
P26€53
PR2763
152400
g20756

AMSK:
AMEKT e

THAGE:

PLUS: .
MINUS:
DNMSK:
SMSK:

FIX:

Fel2:

001400
081020 ADR.1:

046512

oTXT *JM

1460
16
MoV
JMP
sSuBz
SuBE
JEP
LDA
JSR
JSR
LDA
JSR
JMF
177
2060
LDA
LDA
LDA
AND
JSR
AND
LDA
ADD
SUB
JSR
JMP
377
LDA
LDA
AND
SUB
JSR
JVP
NEG
AND
NEG

JMP
"+

177
200
2

STA

LDA
LDA
AND#
JSR
JSR
MOV
LDA
AND
SuB
JSR
JMP
NEG
LDA
JMP
et

(H=0.-00NR
PACED
oo1sd
G.31:52R ,
THNDEX sINDEX I3 AC 2 OR
G007 31INDEX IS PC
G FPRINT
FIX
Us BLANK
EoPRINT
TAGE

s INSTR
1,XMSK
2 XM5K1
Bs2,52k
T8« 1
Zas1
B.PC
1.9

121

€ .0CTAL
eRET

Q-INSTR
1.PAGED~
1,0

1,51
€.0CTAL
eRET

Ds0

Bs1

1,1

1,3

35+-1 3SUBKRTN TO PRINT DISPLACEMENT
LDA @,PLUS 5ASSUME PLUS

2, INSTR

1,SMSK 3GET SIGN MASK
1,2,SZR 3AND TEST SIGN

Fe.2 3DISPL IS NEGATIVE!

@-PRINT

2,0

1, DMSK

1,0

1,1

e-0CTAL

eFIX-1 3;RETURN

2,2

PsMINUS

6,3




01681

o1ee2
21023

21004
21005

0ieeé
P1627

e1e19
BlEtl
o1e12

01213 0

21014

21e15
B1616
N1617
C1620
01021
g1o22
1023
01024
01825
p1o26
21027
L1030
21631
P1632
1633
€¢1034
21035
01636
210837
P14
1041
w1042
21643
1644
£1045
21046
01047
2105¢
01051
G165¢
01653
G1654
@1€55
81056
©1657
pl1cee
ele6l
¢luese
21263
1064
p1R6S
01066

£oD120

B51512
g2oiz2

51511
20e132

B51504
gep132

go1eit
Gac114
geo1et

123
1601

14

50
b I.od
163510/

1atalorsy
PeR4E
AAAAY)
0054
oeCico
Peeese6
CLa734
20774
CRews56
CO6R60
2e1400
ereo10
24766
123200
GL66se6
Ge2761
CG6w 6D
¢e3400Q
Geoo1C
30470
103000
11300¢
Ge6BSE
0C 60 60
003400
eceo1e
£24520
106415
woR410
COER6C
PCw36C
Poeeee
230474
11360e
RPRECSE
eee4sl1e
pe6N 6L
een3ee
eReene
L0472
10306¢
11300¢

Px

«TXT
R*

£JS

e TXT %

Z

15

«TXT
2%

*
)
9]

ADR«2:
«TXT =*LD
A%

«TXT %ST
Ax

FET:
BLANK
C60:
COMMA e
AT:
DOT:
INDEX:

105:

o+1‘

JSFk
LDA
JSR
JSR
1420
10
LDA
ADD
JEFR
JMP
JSR
3400
10
LDA
ADD
ADD
JSR
JER
3400
1¢
LDA 1,C7
SUE# €515SNF
J¢F I0S

JSF @«SHIFT
366
6
LDA
ADD
JSK
JMP
JSEK
I %
6
LA
ADD
ADD

FIX

%> COMMA
@FRINT
€«SHIFT

1,C606
1,0

@ .PRINT
ORET
@.SHIFT

2,ADR 1@
G0
G2
€ «PRTXT
@.SHIFT

2:ADK11
C,2
@.FETXI
1012
@+SHIFT

A AT I I
st
G2

3ITS AN I0 TYPRE




B1a67
g1e70
61071
pig7re
81073
B1e74
81075
81076
177
01100
B1idl
p1t1e2
©1103
01104
21105
vi1pé
21107
1116
pri1i
p1112
01113
81114
81115
R1116
1117
1120
g1121
g1i122
01123
01124
21125
01126
01127
01130
21131
01132

01133
61134

71135
21136

21137
01140

01141
B1142

P1143
21144

01145
21146

Di147
21150

21151
g1152

GRESIEToTY)
L0013
126409
PeeEsa
BzaTed
HeeCH6
Beonag
BOCeT7
PCCoR0
24776
g30477
166415
DoV417
P24460
30462
D34457
054457
122415
BRo41 1
12549¢
151400
151400
014451
pooT72
126400
PP6D53
PR2670
2C6pS0
PO2666
201131
044516
goe117

44504
Peo1I01

047504
BeP1G1

044504
voo102

047504
peo1p2

D44504
PPC103

047504
PBo103

045523
0Pe120

¢e1152
ulalal o]

I0LP:

XCPU:

ADR10:
«TXT *NI
Ox%
«TXT %*DI
Ax

«TXT
A%

*DO

«TXT *DI

Bx*
«TXT *DO
B*
«TXT *DI
Cx*
«TXT %*DO
Cx

«TXT *SK
Fx*

ADR11:

A

O RTXT
woBLARK
B PRINT
CeUHITT

e

eam

R g

&

e O LT L,
WLttt wn

SuUbB
JSR
LDA
JSR
JSR
77
%]
LDA 15 -2
LLDA 2,ADR16
SUB# ©,1,5NK
JMP XCPRU

LDA 1,Ci2
LDA 2:4DR1S
LDA 3,C4

STA 3,CT4
SUB# 1:0:SNR
JMP XCPU

INC 151

INC 2,2

INC 2,2

DS# CT4

JMP IOLP

SUB 1.1

JSR 2.0CTAL
JMP @RET

JSR @ <PRTXT
JMP @RET

o1

is1

Z.CCTAL
0. COMA
e PRINT
€eSHEIFT

o+ 1




01153 8ELi123 "S
@ri54 Q801063 C
#1155 @ee12g P
©1156 ©21157 ADRI2: .+1
P31157 047192 «TXT *BN
61160 ©OLLEL *

1161 B55102 «TXT *B¥
1162 POOORD =*

01163 047104 «TXT
Piio4 ODEOED *

P1165 ©551C4 «TXT
Riice PROOCY *

01167 egeor7? C7: 7
21170 povote ClE: 10
1171 vepeea Ca:

1172 ooeene CT4a:

01173 01174 ADR1S5: e+1.
G1174 052124 «TKT *TT
G1175 O@11Y1 I

B117€6 052124 «TXT *TT
1177 92117 Ox

21200 052120 «TXT *PT
P12¢1 PORIZ22 K*

g12¢2 52120 «TXT *PT
21203 @GpE12¢ Fx*

p12¢4 CO1205 ADRI16S o+ 1
21265 850163 «TXT *CP
g1266 Q0R125 Ux*

01207 ©54467 ARITH: STA 3,5V3 3SUBRTN TO FKROCESS ALC TYPES
P1216 0A4543 JSR SHIFT
P1211 BR3460 3460

91212 0eee1e@ 10

p1213 1030080 ADD ©.0
P1214 B36574 LDA 2,ADRI1
21215 113000 ADD ©,2
D1216 DB4554 JSk PRTXT
B1217 04534 JSKR SHIFT
£1220 @ERR60D 60

1221 00BEA4 4

1222 ©30101 LDA 2, .ADR2
61223 113CC0 ADD 9,2
01224 ©04546 JSR PRTXT
p1225 ©WP4526 JSR SHIFT
01226 PRO3CO 300

P1227 CCeLCeo 6

61230 0306102 LDA 2, «ADK3
@1231 113000 ADD 0,2
©1232 004540 JSR PRTXT
@1233 Gr4520 JSK SHIFT
f1234 0E20210 10

01235 POGLOE3 3




€123¢ 039163 LD

2s o ADRA

D

G1207T 113065 ADD GaP
BI040 GOaN3e JSE PRTHT
Bi24% OREa3L LEA 253PACE
01242 Cpaaai JSR PRINT
81243 904518 JSR SHIFT
B1244 C6GEOT 60300

P1245 @OCELS 15

01246 @3016G4 LDA 25 .ADRS
1247 113693 ADD Q.2
P1250 BG4522 JSR PRTXT
01251 ©22423 LDA GsCMMA
P1252 ©R4431 JSR PRINT
@1253 ©o4500 JSR SHIFT
1254 314000 140060

Pi255 ¥REZ13 13 )
01256 ©B308570 LDA 2,ADRS
P1257 1130060 ADD 9,2
21260 904512 JSR PRTXT
01261 PR4472 JSR SHIFT
01262 QP22Q7T 7

01263 QROROO 0 4
V1264 1p300S ADD ©sBsSNR
01265 200405 JMP END2
Q1266 036565 LDA 25;ADR6
@1267 113000 ADD 0.2
01270 020424 LDA 0,CMMA
01271 004412 JSR PRINT .
P1272 GR4500 JSR PRTXT

01273 002423 END2:  JMP eSV3
01274 GOBES4 CMMA: ',

01275 002048 SPACE: 4@

P1276 QOCOCO SV3: 7

21277 000C00 0

21300 0BCO00 0

01301 0G0000 0

01302 2000DO o

01303 054777 PRINT: STA 3s.-1

P1304 040773 STA @sPRINT-4

01305 844773 STA 1,PRINT=-3

B1306 050773 STA 2,PRINT=-2

01307 101005 MOV 0@,0,SNR

01310 001420 JMP 8,3

01311 Q6ée277 INTDS

01312 P24100 LDA 1,0BUF+6 3TTO ACTIVE FLAG
‘ 91313 125004 MOV 1,1,S52R

01314 0PO407 JMP P.30 -

V1315 @61111 DOAS 0,TTO

P1316 126000 ADC 1,1

01317 044100 STA 1,0BUF+6 3SET FLAG ON

01320 024760 LDA 1,PRINT-3

01321 066177 INTEN

01322 002760 JMP @PRINT-1

01323 2REDS6S P.30: JSR @INBUF

01324 pogo72 OBUF

01325 @ER497 JMP P«35 3FULL!

1326 00421 JMP «+1 3BECAME FULL

01327 020750 LDA BsPKINT-4

21330 224750 LDA 1sPRINT-3

01331 830750 LDA 2,PRINT-2




L3 W

W ww
AW N

L) W

Pt d peh et et
© o

D
.
[S N N)
&N W W

> W

Pi341
01342
#1343

662177
ne2T47
eI
geest
paG491
geeeTy
QCo7T 63
vere1e
PBLAO1S
e20777

Q1344 B544¢5

B1345
21346
01347
01350
71351
$1352
B1353
1354
61355
1356
21357
(1360
01361
01362
61363
01364
01365
G13¢66
©1367
D137¢
1371
1372
B1373
21374
©1375
D1376
61377
N14C0
21401
C1452
01403
21404
014035
P14B6
21407
21410
01411
plrate

01413
01414

B1415
21416

1417
01420

1421

BBLT3E

3
PB4T3 4
Pocaot
BReoOs
PPEoER
Ba4777
G20057
0eS400
123400
p25401
124405
pLeacy
10122¢
125404
0ee776
024765
001462
177400
peeee
oLt
44776
054776
B24773
212006
191005
peO4LT
tp4a703
1237065
PeOAC4
PR4700
151400
pRBTIE
024762
Pe2762
o141
247503
PEO115

g42516
Pee1v7

247515
prel2é

247111
poR1OG3

42101

INTEN
JMF @PRINT~1
INTEN

JMP
Jiap

e+l 3GI
et 1

INTDS

JVP
12
15
LbaA

Fe30 3G

@:C15 3

STA 3,5V32

PMSKet
PSVi:
PSV3:
PRTXT:

PLOOF:

F306:
ADR1:
«TXT *CO

Mk

«TXT
G*

« TXT
V*

«TXT
Cx*

«TXT

JSK
LDA
JSK
JIP
o

@

STA
L.DA
LDA
AND
LDA
NEG
JMP

PRINT
0,012
PRINT
esv3e

1}0"1
Ga INSTK
15053
120
11,3
1515s5SNR
ot 4

“OVZR @.0

INC
JMP
LDA
JMP

1:145#R
-2
1sSHIFT
2,3

177400

&

)

STA
STA
LDA
LDA
MOV
JMP
JSR

1,P5V1
3,PSV3
1,FMSKe.
Ps0s2
@->0sSNR
F30
PRINT

VE TIME FOR INTERRUPT

C TRY NOW

SUBFTN TO DO A CR LF

3JSR SHIFT

SAND tMASK

$ANMOUNT TO RIGHT SHIFT RESULT
sRETURN

-1

3SUBRTN TO PRINT A
STEXT STRING WHOSE
3 ADDRESS IS IN AC2

ANDS 1,0@5SNR

JMP
JSR
INC
JMP
LDA
JMP
o+

P30
PRINT
2,2
PLOOP
1,PSV1
epsv3




Q1423 phz2s22
21424 GEOIO2 8w

01425 042181 «TXT #AD
21426 ©LBIV4 D*

C1427 G47501 +TXT #AN
V1430 Golio4a D=

1431 DEC1432 ADR2: s

91432 BE2CHED U]

81433 grgise “E
01434 BGCLLT "0
01435 BPEOIO3 C
@1436 BH1437 ADR3: 41
£1437 @LOC0G 14

01440 €920114 "L
01441 0BB1I22 "R
01442 000123 "S
01443 001444 ADR4: et 1
P1444 0QOR00 %)

£1445 2220643 i
@1446 POY44T7 ADRS: o+l
P1447 0POO6ED "9
P1450 000061 "1
Q1451 pEEB62 Te
1452 0ROBO63 "3
$1453 601454 ADRG: o+
1454 002200 0

G1455 600000 2

@1456 045523 +TXT *%SK
01457 0092120 P*

P1460 855123 +TXT *SZ
01461 0PR103 Cx*

P1462 047123 «TAT *5SN
P1463 2001023 C*

P1464 955123 «TXT *SZ
P1465 0RG122 R*

P1466 047123 «TXT *SN
P1467 €00122 Rx

01470 P42523 «TXT *SE
B1471 000132 Z*

01472 041123 «TXT #SB
01473 000116 N*

21474 900000 %]
P147S 0OCO06 6
P1476 200060 60
01477 @O200LG /)
01500 0029920 7]
P1501 054777 OCTAL: STA 3».-1 3sA SUBRTN TO PRINT ACH

P15@2 44775 STA 1,0CTAL-2 3IN OCTAL; SUPPRESS LEAD EZEROS




Giso3
1504
1505
g1504
21507
B15i¢
G1511%
visie
B1513
G151 4
1515
BisSié
01517
01520
01521
(i1ole
21523
1524
01525
1526
w1527
15306
1531
21532
1533
B1534
1535
p1536
1537
01540
051541
B1542
01543
1544
1545
01546
61547
2iss0
1551
61552
21553
1554
P1555
Pi1556
1557
01560
61561
1562
1563
G1564
21565

91573
P1574
©1575
01576
©1577
P16060
01661
1602

p24772
B44773
105062
162400
Q406
2400
£:0120
t11ee
125120
1e110c
1275120
11148
P04414
30756
143000
56755
CCECSE
D1475C
PeRT763
2750
V24750
1250065
0OER56
Ce2T746
B3C744
151004
01460
FeRTE6
G40 427
B44427
£5C427
054427
121106
40426
61477
06371¢
e 425
063711
CPR436
24421
123000
4401
ceoone
2414
1012606
20 40¢E
C24406
230466
034406
Cee177
02000
Eeecoes
peg2ce
D6R610
126400
C44071
0o 6p 62
POO063
C63077
PORTS4

OLP«1:

OLP.2¢

QC.2¢

0C«5:

INTRET:

DISMS:

SVAC:
FAKR:
SVTTI:

LDA
STA
MOV
SuB
JWP QOLP.2

SUB @.0

MOVZL 151
MOVL 6,0
MOVZL 1,1
MOVL ¢
MOVZEL 1,1
MOVL 0,0s SNR
JSiz OC .S

LDA 2,UCTAL=-3
ADD 2,0

STA 2,0CTAL-2
JSR @PRINT
S7 OCTAL-S
JNMF OLF.]

LDA B>0CTAL~3
LDA 1,0CTAL-2
MOV 15 155NR
JSK ©.PRINT
JMF e0CTAL-1
LDA ¢, 0CTAL-2
MOV 222557 h
JMP 823

JMP OC.2

STA @GsSVAC
STA 1,S8SVAC+1
STA 2sSVAC+2
STA 3s,SVAC+3
MOVL 0,6

STA @s»SVAC+4
INTA @

SKFDz TTI

JWP SVTTI
SKPDZ TTO

JMP SVTTO

LDA 1,FAKFR
ADD 1,0

STA (s «+]

©

LDA €sSVAC+4
MOVK ©.0

LDA GsSVAC
LDA 1,SVAC+]
LDA 2sSVAC+2
LDA 35SVAC+3
INTEN

JMP éep

«BLK §

NIOC ©

DIAC ©@sTTI
SuUB 1,1

STA 1,1BUF+¢
JSKk @INBUF
IBUF

HALT

JVMP DISMS

1s OCTAL.~4
1.0CTAL-5
G213
gs@

FIF ACL=0

sBECAME FULL




NIOS TT1

B1603 G6GILG

G1604 190060 ADC Caf g

B1665 543971 STA ¢.IRUF+5

P1606 56 JMP DIgkS

21627 9ocGé: SVYTTO:  JSR SGTRUF

G1618 gasnTse NBUF

01611 Bowany JMP o7 SEMPTY!

1612 G555 MOV BrtsSHNR

21613 74 JMP SVTTO

21614 DGILLY DOAS GsTTO

21615 102090 ADC 8.

P1616 840169 STA @;0BUF+6

C1617 BOBT37T JMP DISM5

G1620 1624060 SUB @:0

01621 042100 © STA §s0BUF+6

21622 P6021 NIOC TTO

21623 @673z . JMP DISMS

01624 QROORY 7

01625 54777 INBF: STA 35 .~1

01626 35400 LDA 3.0,3

01627 9016775 ISZ INBF~-1

01630 025400 LDA 1s0,3 3GET CHAR COUNT

01631 231401 LDA 251,3 3AND MAX CT

01632 132415 SUB# 1,2, SNR

01633 002771 JMP @INBF=-1 3BUFFER IS FULL!

01634 010770 ISZ INBF-1

01635 125400 INC 151

01636 045400 STA 1,08,3 3UPDATE CHAR CT

#1637 132414 SUB# 1,2,SZR $WILL BFR BECOME FULL?

B1640 10764 ISZ INBF-1 :NO

P1641 43402 STA 05€2,3 $PUT CHAR IN BUFFER

B1642 11402 ISEZ 2,3 3UPDATE CHAR POINTER

01643 025402 LDA 1s2,3 3AND GRAB IT

P1644 031405 LDA 2,5,3 3ALSO RESET TEST

1645 132414 SUB# 1,2,SZR 3AND TEST

B1646 002756 JMP @INBF-1 3ALL OK

01647 P25494 LDA 1,4,3 3GET RESET POINTER

21650 045402 STA 1,2,3

61651 PP2753 JMP @INBF-1

91652 PPEVOQ 2

@1653 054777 OTBF: STA 35.-1

01654 035400 LDA 3,0,3

01655 010775 I1SZ OTBF-1

01656 021400 LDA 0,0,3 3GET CHAR CT

61657 101005 - MOV @50,SNR

21660 Q2772 JMP @0TBF=~-1 3EMPTY - RETURN

61661 010771 1S2 OTBF-1

01662 011403 1Sz 3,3

01663 031403 LDA 25353 30UTPUT CHAR POINTER

01664 021377 . LDA 9,-1,2 3PULL FROM BUFFER
. P1665 0154020 DSZ ©,3 3ADJUST CHAR COUNT

01666 P40 JMP «+1 3NO TEST

21667 825405 LDA 1,553 3RESET TEST

21670 132414 SUB# 152,SZR

91671 002761 JVMP @0TBF-1 ;NORMAL RETURN

21672 025404 LDA 1,453 3RESET POINTER

1673 245403 STA 1,353 30UTPUT POINTER

01674 002756 JMP @0TBF -1

PO0020 AREAl1: BLK 20
000020 AREA2: +BLK 20




1735
ni1736
17137
1740
Pit4al
B1742
G1743
1744
017 45
01746
@1747
Q1750
m1751
21752
B1753
1754
71755
U1756
21757
61760
1761
1762
1763
B1764
01765
1766
01767
61776
g1771
p1772
21773
1774
@1775
G1776¢
B1771
eeeRo
(P ULD
p2e0e
p2ee3
ceen4
neees
CECEe
r2ae7
ree1o
peetl
pecte
¢eria
214
€ecl1s
ceele
017
pepze
p2ez1
62022
Czceed
pec24
geees

»
s}
o}

vy

e L4

[ IR G e
NSNS
A owa (U e e (7

o] =
A DD &b

)

& A= I
D) e B D o 1D =
[ARES B N SN N S I3 11

=

46114
43565
Pe01Rs
045105
641505
eS1t24
2AETLAT
41511
pevie3
G42504
4520
ps2iee
P4a2515
B5211¢6
pusSe15
PD4523
020116
Da710}
047524
044516
Ce6117
052640
£541€5
051501
paegag
34067
G342
Beege2
pesele
©4450C4
eeese3
B515¢€1
402523
641115
Pa2s514
Gagraat
CeC116€
1101
047523
€52514
40524
C41cai
47111
051101
20131
gapsea
64252¢
£pse15
ooeoce

‘
“

vegeee

HDR1:
SA
N
AN
TG0
NI
0
CO
LL
EG
E
EL
EC
Tk
ON
1C
S
DE
PA
RT
ME
NT
<}5><i2>
SA
N
AN
TO
NI
0,
T
EX
AS

78
21
2<15>
<iP><12>
DI
g -
AS
SE
VB
LE
A
N
AR
SO
LU
TE
B
IN
AF
Y
TA
PE
<]15><12>
*

+END P




- -

ADR
ADRiG
ADRI11
ADR12
ADR1S
ADR14
ADRZ2
ADR3
ADR4
ADRS
ADR6
ADRY
ADR -1
ADR.2
ADF -5
ADR.« 6
ADX3
AREA1}
AREAD
ARITH
AT
BLANK
BLKS
cio
clz
Ci15
Ca
C40
Cea
C7
cmmMA
comMAa
COUNT
CR
CT4
DATA
DISMS
DMSK
DOT
END
END2
END3
ERROR
FAKE
FIX
F.2
HDR
HDR1
IBUF
INBF
INBUF
INDEX
INSTR
INTRT
10
1012
105
IoLpP
JUMP
LONG

PRI4Y0
PoL136
Bo1ibl
BB115¢
Ce1173
qorena
PB14ct
Y1435

" 381443

Vo144
221453
2eecl3ov
N AN
PP1010
090865 6
PBEe23
151215 %]
PO1675
01715
1207
poi1eet
Po1016
223532
ne1170
021341
0B1342
Pe1171
peosS27
ea1017
0a1167
PO1274
Pe1020
PEBS45
801343
ge117e
PG4TI
PR1556
PeR7S 4
poi1e22
000571
081273
pev612
gees553
@21573
00757
POBTT 4
PPO105
201735
0Pvv63
001625
goepe2
0c1823
000857
PB1537
01235
0o1078
pR1061
01114
PoB664
POB635




L.0OP
MINUS
MSK8
CBUF
0CTAL
0C«2
0C:5
OLF.1
OLP.2
OTBF
OTBUF
P30
PAGLE®
PC
PLOOP
PLUS
PMSKe.
PRINT
PRTXT
PSV1
PSV3
PT2
Fe30
P«35
RD2
RD« 6
KEAD
RET
RFT
RSTC
SHIFT
SMSK
SPACE
START
Sv3
sv32
SVAC
SVTTI
SVTTO
T8 1
TAGS
TEMP
XCPU
XMSK
XMSK1
XXX
XXX2
A2
«ADR2
«ADR3
«ADR4
«ADRS
«ARIT
+CR
«LONG
«0CTA
+PRIN
« PRTX
«SHIF

GOO502
2enTS3
OBrRs30
PonE7e
po150:
981524
P21533
621510
BR:{S15
001653
PooB61
201406 .
PROT 40
POODS51
eO1375
0RE752
PP 13567
v01303
PC1372
CU1370
901371
PeR675
0E1323
PP1334
PE0537
PBY455
POO440
001015
0oR422
PeRA4a34
001353
0ee755
PB1275
00e400
e01276
PB1351
PR1566
001574
0e1607
BOCT46
poPT24
700546
e01126
pepTL2
geR723
000520
PBB525
PRB7C4
peo1D1t
000102
0C0103
PeC104
PeOBS4
pEPESe
eo0BS5S
ROERS3
CORBS6
goopse’
000060




MODE s §

© 3%1‘
MODE ¢ 3 ??e g ﬁ@mtﬁga;éa
. wé’s‘au &“‘ «5 f
——— /j .y srel o
Pe0106 .LOC 106
LO106 G2R190 LDA ©-,0BUF+6 3WAIT FOR 10 TO END
PR10T 101024 MOV 0,2,SER
00110 020106 JMP =2
Go11t ©63077 HALT - / i Q
20112 ©oooE? JVP 2 ; Lo
000610 .LOC 619 elodas o
PP610 000106 JMP 106 { ] b
000614 LOC 614 LN Dyp—
PB614 CBR1I06 JMP 1106
PORAT72 OBUF=72
<END
OBUF ePoeT2

MODE ¢
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U ER5 GROUP PROGRAM #1
PIN LIS SVSTE]
DATE SUSMITTED JUNE, 13971

BOB WILIJaMg, °© W. WITT ASS50C.

G RN ERAL

GHE PIN LIST SYSTEM IS DESZICHNED TO ALLOW
IMPLEMENTATION OF LOSIC SYSTEd S WHICH ush l.J.N_

DONN E Cplu‘.n THE NAME AND LOCATION OF EACH PiN

OGN LINE INTO THE COMPUTER. A POPLE TAPE IS THEN M@DW
S2URCE LIST- THE SOURCE L.IST IS THEN READ INTC THE
D PAPER TAPES SORTED 3Y NAYE AND BY LOCATICON A E MPU/O

THEN A FINAL L.‘{C)‘J.WG UF THRISED SORTEDR TAFES IS MADE. THE
LOGIC CAN BE WIREWRAPPED LTILIZING THE LIST SORTED

AYD THE LLIST SORTED .)" LOCATION 18 ustD FOR SOURCE

CHEGRING AND It i CIRCUILT DEEUG FPHASE OF CHECLOUT.

THE SYSTEM RUNS 0ot oA NOVA COMPUTER WITH <X OF CORE.TWO
PROGREM S ARE UTILIZLED 1D PRERFOM THESE FILMNCTION S THE

LIST GENERATE AND FRI®NT HOUTINE IS USED FOKR ON LINE PIN

ENTTRY O AND IO PRINT OJT SORTED TAPES. THE PIN LIST Z0ORT AND
P CH RUUTINE ACGCERPTS TAPES MADE BY THE PIN LIST GENERATE AND
PRINT ROUTINE AND PICDUCES PAMER TAPLS S?R i, D( hA:L AvD BY
LOCATION WHICH C&N BE PRINTEDG BY 7Thr PILi¢ LIST E AND
PRINT ROUTINE, THE SYSTEM CeN ACCEPT UP 10 INDIV'WUAL
ROINTS WHICH CAN BE EXFANDED RY THE ADDITICN OF MORE CCORE

o
jw]

5 50
k)

5O

T M
o

f—J =T
1
w

™ X

oOF
79

-

LIST GENERATE AND PRINT

A SEAFLE LISTING AS SHOWN IN FIGURE 1 IS GENERATED BY THE
LIST GENERATE AND PRINT PROGEMI. WHEN THY PROGRAY IS
STARTED THE USER TYPEIS IN THE TITLE OF GTHE LIST.
THLIS TIMLE IS THEN AUMMATICALY PRINTED ON EACH NEW PAGE
OF THZ LISTING: &5 WELL AS THE PAGE NIMBER AND HEADING.
EACH LINE 1S FORMATTED WITH A LINE NUMBER ~AND SFACES AUTO-
MATICALL Y INSERTED BETWEEN THE FIELDS: SO THAT DATA CAN BE
ENTERED 'I”P_ BY KEYEOARD OK FROM SAPER TAPE. AFTER 50 LINES
ARE ENTEF ED ON A PAGE THE PROGRAM SPACES T0 THE TC2P OF THE NEXT
PAGE AND PRINTS THE TiTuEs PAGE MWBER AND HEADING.
THE NAMME FIPLD IS5 8 CHARASCTERS BUT IT IS SUGESSTED THAT NAMES
S8 LIMITED 10 7 CHARACTERS 0 THAT A LOGICAL NOT INDICATION
SUCk AS A = MAY BE APPENDED LATER 1F NECESSAKRY.
THE FIN LOCATION FIELD IS CUMFOSID GAF THREE & CHARACTER FIELDOS.
1> BD BOARD NIMBER
2) (/R COLWIN AND ROW
3) PIN CIRCULT PIN NU“BER

150 INPUT EDIT MODES ARE BUILT INTO THE PROGRAMs CiaR
;

ACTER
DEL. ETION AND [NE D 3D TH OPERATE ONLY UPGN THE
CURKRENT LINE DATA-

THE PREVIOUS CHARACTER ENTERED ON A LINE MAY BY DE.ETED BY
PUNCHING THE FRiim QUT KEY(RG). THE PROGRAM RESPONDS BY PRINTING
THE OILETED CHARACTER.

THE ENTIRE LINE MAY E;Z DELESED BY TYPING 7 (SLASHI. THE
PEOGRAYM RESPCHNDS BY #0OWVING 10 THE NEXT LINE ON THE PAGE

MDD REPRINTING TRE L,I-."S NUMEER AND WAITING FOR DATA ENTRY.




. UPON REACHING THEZ END OF THE LINE THE PROGRAM WAITS FOR
ONE OF THREE INPUTS.

13CR CARRIAGE RETURN=GO TO NEXT LINE

2)R0 DELETE L.AST CHARACTER

3/ DELETE THE ENTIRE LINE
WHEN THE LAST INPUT HAS BEEN MADE, THE ENTIRE STORED BUFFER CAN
5E PUNCHED OUT IN COMPACTED FORM(OMITTING LINE NWIBER AND
FIELD SEPARATING SPACES) BY PUNCHING THE ESCAPE(ESC) KEY:
THE PROGRAYM RESPONDS BY SPACING TO THE TOP OF THE NEXT
PAGE AND HAL TINGe THE USER THEN TURNS ON THE PAPER TAPE PUNCH
MND PRESSES CONTINUE ON THE NOVA. A 6 INCH LEADER IS5 THEN
PUNCHED FOLLOWED BY THE STORED DATAs FCOLLOWED BY A 6 INCH
TRAILER &ND THE PROGRAM HAL TS. THIS SOURCE TAPE MAY TREN
BE USED BY THE PIN LIST SORT AND PUNCH PROGRAM.

PIN LIST SORT AND PUNCH

A SOURCE LIST TAPE PUNCHED EY THE PIN LIST GENEKATE AND PRINT
PROGRAM IS THE INPUT TO THE PIN LIST SORT &ND PUNCH PROGRAM.
THE SOURCE TAPE IS READ INTO THE COMPUTER BY THE PROGRAM BUT
1S NOT PRINTED. ESC IS THEN PUNCHED AND THE PROGRAM HALTS.
PUNCH IS TURNED ON AND CONTINUE IS PRESSED. A 6 INCH LEADER
IS PUNCHED FOLLOWED BY THE DATA SORTED BY NAYME FOLLOWED BY A
6 INCH INCH TRAILER AND THE PROGRAM HALTS. THE TAPE IS TORN
OFF AND LABELED AND WITH THE PUNCH STILL ON CONTINUE IS
PRESSED AGAIN. A 6 INCH LEADER FOLLOWED BY THE DATA SORTED
GY LOCATION FOLLOWED BY A 6 INCH TRAILER IS PUNCHEDs AND

THE COMPUTER HALTS. THE TAPE IS TORN OFF AND L ABELED.

MAND THE PUNCHED IS TURNED OFF-. THE PROGRAYM MUST BE RESTARTED
0 SORT THE NEXT SOURCE TAPE.




PIN L
0 PERS

PIN LIST GENERATE AND PRINT

1) LOAD BINARY TAPR(PIN LIST GENERATE AvD PRINTIAT 7777

) SET DATA SWITCHES T0 000002 '

3 SET PAPER T0 TO0P OF A PAGE-

4) PRESS RESET THEN START ON THE NOVA

53 ENTER TITLE-NAVME: TYFEs &VD DATE. TTH.E INPUT IS
FREE FORY AND TERMINATED BY A CARRIAGE KETURN.

é6) ENTER DATA BY REYBEDARD OR BY PAPER TAPL.

) TERIINATE INPUT WITH AN ESC.

g TURN ON PUNCH AND PKRESS CONTINUE.

$) WHIN COMPUTER HALTE, TURN OFK PunvCHes TEAR OFF
AND L ABEL. THE TAPE WITH THE TI7LE INFQ.

102 10 GENERATE THE NEXT LIST, GO I0 STEP Z.

PIN LIST SORT AND PUNCH

17 LOAD BINARY TAPEC(PIN LIST 30RT AYD PUNCHI ATY7777.
SET DATA SWITCHES TG 0RU0UB40.
LOAD SOURCE TAPE IN READER AND SET READER 10 START.
PRESS RESET THEN START ON THE NOVA.
AFTESR TAPE HAS BEEN kEADs PUNCH AN ESC.
TURN 0N PUNCHe
PRESS CONTINUF T0 PUNCH THE SOKRT BY NAME TAPE-
WHER QIMPUTER HAL TS, TEAR OFF AND LABEL TAPR.
WITH PUVCH STILL ON, PRESS CONTINUE ON THE NIVA-
WHEN COMPUTER HAL TS, TEAR O AND LABEL TAPT.

3 (e
o

70 SORT NEXT TAPE: GO 10 S7

F
!")

5
B




LAAMPLE WIRBLIST

4INTA
AC?
DEVSEL
IOREADY
RGENDB
FNCTSBBSE
RST

T28

M SKO
CLEAR~
DEVSEL
ACC
DEVCOMP
RST-
START- 1A
START~
XT1

ACE
C.EAR-
RST

RST

M SKO
XT1
ROENB
RST-
DOA‘E-

SOURCE LISTING

D35D @3

12=-24-710




FNCTB
START=
4INTA
ACO
DEVSEL
JOREADY
RAQENDB
 FNCTB
RST

T2

M SKD
CLEAR-
DEVSEL
ACO
DEVCOMP
RST-
START-
XT1

L EAR-
RS5T

¥ SKO
XT1
RQENB
RST-
DONE~

1A3DL0OS
1A2BG3
1A3A01
1ASBG3
1A6RBE2
1A2C21
1A7003
1ASDGS
1A3B13
1A1C1S
1A3A10
1A2B@S
1A4C06
1A5CE1
1A7BO3
1A4C0 4
1A3CE1
1A1ET 1
1A3A4%G6
1A4CO3
1A7C13

TA4EL12

JA3C13
1A3C11
1A5AE06

FIGURE

~

r4




cAfGPLE WIRELIST SORTED BY NA&ME 12-24 70

PAGE 1

LINE NAME BD C/R PIN
1  4INTA 1A 3A 01
2 ACO 1A 5B 03
3 ACO 1A 5C ¢1
4 CLEAR- 1A 2B @5
S CLEAR-~ 1A 3 26
6 DEVCOMP 1A 7B 63
7 DEVSHEL 1A 4C 66
8 DEVSHL 1A 6B 82
9 DONE- 1A SA @6
18 FNCTB 1A 3D 63
i1 FNCTB 1A 5D @3
12  TOREADY iA 2C @i
13 M3XO 1A 3A 10
14 MSKO 1A 7C 13
15 RGEENB 1A 3C 13
16 RQENB 1A 7C @3
17 RST 1A 3B 13
18 RST 1A 4C 03
19 RST- 14 3C 11
26 RST- 1A 4C 04
21 START- 1A 2B 83
22 START- 1A 3C 01
23 T20 1A 1C 15
24 XTt 1A 1E 11
25 XTi 1A 42 12

26

T T U I 2 SR N BRI BERNR

FIGURE 3




EXAMFLE WIRA.ISY SORTEDL BY PIN 18n 2478

PAGE )

1 T20 1A iC 15
2 XTi A 1E 11
3 START- iA 2B 03
4 CLEAR- A 2B 85
S IOREADY 1A 20 g1
6 A4INTA 1A & @1
7 CLEAR- 1A 3A @6
8 MSO 1A 2 10
9 RST 1A 3B i3
180 START- 1A 3C @1
11 RST- 1A 3C 11t
12 RQENB 1A 3C i3
13 FNCTB iA 3D @3
14 RST 1A 4C 93
15 RST- 1A 4C 94
16 DEVSEL 1A "4C @6
17 XTi 1A 4E 12
18 DONE- 1A SA @6
19 ACO 1A 5B @3
20 ACO 1A 5C 01
21 FNCTB 1A 5D 03
22 DEVSEL 1A (B @2
23 DEVCOMP 1A 783 83
24 RQGENB 1A 7C @8
25 MO0 1A 7C 13

FIGURE 4




$oe02

BR310
02311

anaan
a4l
BB 42
NOHGA43
BBB44
03345
GGA46
60347
GUSG
337%51
G052
fRa53
(5354
386055
BI056
4557
AN 65
367961
30682

GOA63
30064

30763,

G0366
0667
50970
029771
Gaag12
BooI3
o074
£a075
pai16
62071
60169
26141
86192
77103
50104
AP135
gaLes
60197
16110
28111

pOAG9v2
pE2e14d

naAALa
Pon422
anB367

70940
q00349%
ABAORG
GOBEGH
ANBE2
AADAGH
105010161035]
5101010501%!
AG1556
AARGAn
61816171534 ]
01660210
G 151010 RS
aRea12
gana33
O3R347
A03657
ara1TT
QABB1I6
neBG16
ol516351:Y0]
QBG377
BO%556
2000M4
7arssS2
ABENS46
15361619590
@01436
001344
GRaaTy
5151017 B B2
177739
oluioteiel)
Yals191510)
o9e300
nfolulofels:
61516151619
A02200
303500
600609
@ae06oa
ofeielalsic)
pRCcAaad
708C00

START:
GCH

CcC
TCC
LN
LNM
LINE
PLEC
PAGE
SA
LA
ar
APM
CR
LF
ESC
Sp
SLLASH
0
Clg
Cié
C177=R0O
Cc377 ¢
LTBLA:
LuC
PTBLA:
PGA @
PUC ¢
TTBLA:
HTBLA:
HViC
L#C
LCNT
Ri
RrR2
R3
R4
R5
Ré6
R7
R&
R9
R19
R11
Ri2

e 86 40 4% 90 48 08 s o8 08 e ¢9 e OF

we @b 88 68 66 90 o5 40 3 a3 S5 o3 00 o o0

5PIN LIST GENERATE AND PRINT

.L.0C 2
Jmp @START 3 PROGRAM START ADDRESS

«L.OC 10
BEGIN 3BEGINNING OF PROGRAM
GNZCH A 3 ADDRESS OF GET NON=-NULL ROUTINE

«LOC 47

THL*2
7390%«2
15

12

33

4@

S7

177

169
16

377
LMSD

4

PMSD
CP

19
TIBL*2
HTBL*Z




po112
C2113
80114
03115
03116
no11y
%126
goi121
po122
80123
03124
p7125
fn3126
03127
03130
A73131
23132
70133
78134
00135
0oB136
00137
N3145
76141
Pa142
20143
ga1 44

BG2145
g0l 46
g3t 47
23156
2151
PpA152
%0153
23154

82155
03156
03157
po160

054145
350146
B50147
034153
020152
(131497
146422
161401
147001
006120
342147
B16147
175400
151234
096116
(34146
020152
024154
P31 400
142414
002145
B30151
B51400
175400
1254054
609134
202145

0200600
7066006
a02099
GOBASS
683040
GEB3649
D02155
177775

ponG12
801750
POO144
gec2i12
PooLa1

vo0010

BIDAS:

DLOOP:

IL.COP:

DiLZLP:

MINUS:
SPACE:
ZLERO ¢
ATTBL:
COUNT:

TTBLE:

STA
STA
Sia
L DA
L.OA
L DA
SUBZ
INC
ADD
JiP
STA
IS%Z
INC
MOVZR#
JMP
L DA
Lba
LDA
L DA
SuUB#
JMP
LDA
sSTA
INC
INC
JMP
JMP

55
40
60
TTBLE
-3

«RDX 10

1260
120
10

3s SAVES
25, TAD
2. TELAD
3. ATTHL
Oa ZERO
2s 63
2s 15 S2C
24 0s SKP
2s 1s SKP

s SAVE

RETURN

TABLE ADDRESS

TABL.E ADDRESS AGAIN
ADDRESS

3SAvVE
s SAVE
JGET TENS TABL K
FGET ASCII ZERUQ
5 GET TENS

iDOES POWER OF TEN GO IN?
JYES~-BUMP DIGIT
sNO~RESTORE REMAINDER

ILQoP 3CONTINUE SUBTRACTING

@» CTBLAD3 STORE DIGIT

TBL.AD INCREMENT TABLE ADDRESS
3,3 3BUMP TENS TABLE ADDRESS
2s 2, SZR 3TEST TO SEE IF 1 WAS DONE
DiLOOP 3NO-CONTINUE

3= TAD 3 GET TABLE ADDRESS

N, “ERO 3 GET ASCII ZERO

1» COUNT 5 GET =3

2: 0.3 3 GET DIGIT

22 0, SER

T @SAVES

2: SPACK
2+ 753
323

1. 1: SER
DLLZL P
@SAVES

3 10%%3
> 100%%2
310%%x1l
31 0%%0

3IS 1T A LLEADING ZERG?
3NO~RETURN

JYES-GET ASCIY SPACE
SREPLACE RAERO WITH SPACE
3 BUMP ADDRESS

;1S COUNT DOMNE?

sNO~TEST NEXT DIGIT

s PONE-RETURN




Ba1ol
0162
17163
93164
33165
09166
n0167
pa176
g1
09172
9173
A7174
9175
a9176
o177
G200
naeol
MmR20e

G293
Na2%54
a02g5
GH296
96257
50219
50211
a52182
37213
G214
GE215
49216
20217

G7220
G221
nogrea
H223
224
537225
GARRG6
a0227
q9230

U231
4232
gE233
30234
G0235
“aE36
Gan3T
G247
aa241
Br242

N0243

Ba244
6245
GARAS

LI(>/1 l

a354076
102460
400341
GA4267%
356G11
A24G53
122415
DAR2AN
004266
A30%71
024341
1333017
0A4231
716341
360165
B04260
734269
aR2076

454077
A24046
36066
gm4112
p3naET
ne4a016
04310
G34260
D342679
G38072
GE4a273
(’)04'3(_\1
03206

0954190
B24944
30064
094112
24065
A30064
Br43119
054253
3p2100

754101
151220

025090

(34063

101202
175391
17137260
167436
167300
G450
ga2101

TLOOP:

TDOME:

PHDG :

PLIN :

PBYTE:

STA
SUB
STA
JSR
JSR
LDA
SUB#
JMP
JSR
LDbA
LDA
ADD
JSR
1Sz
JMP
JSR
JSR
JMP

STA
LDA
LDA
JSR
LDA
1.DA
JSR
JSR
JSR
L DA
LDA
JSR
Jmpe

STA
LDA
L DA
JSR
L DA
L DA
JSR
JSR
JMP

STA
MOVZR
LDA
L DA
MOV
MOVS
MO VS
AND
ADD
STA
JMpP

MO VE]
LDA

MOV3
MOVS

3, R1
G50

Gs TCC
PCRLF
QGCH

1. CR

1» Js SNR
TDONE
PRTI1

2, TTBLA
1, TCC
1s 2
PBYTE
TCC
TLOQP
PCRLF
PCRLF
AR1

’3’ nc

1, PAG
2,PT BL.
BIDAS
2, PGA
1, PWC
PTTU
PCRLF
PCRLF
2, HTBLA
1, HUC
PTTP
eR2

35 R3

1, LINE
2:LTBLA
BIDAS
1,LVW
2,LTBLA
PTTU
P2SP
OR3

3-R4
2,2
1,7, 2
3,C377
@y Ds SZC
3» 35 SKP
s 0

3.1

Js 1

1, 0.2
R4

2:2

s 022
Ps G SZC
Bs 9

5 SAVE RETURN

»

3SET TITLE CHAR COUNT=0
5PRINT CR&LF

3 GET CHARACTER

3TEST FOR

H CARRAIGE RETURN
3YES=TITLE INPUT DONE
sNO=PRINT CHARACTER
3GET TITLE ADDRESS

3 GET CHARACTER COUNT
3ADD TO GET ADDRESS

3 STORE CHARACTER

5 TCC=TCC+1

3GET NEXT CHARACTER
5PRINT CR&LF

3 AND AGAIN

5 DONE-RETURN

5 SAVE RETURN

3GET PAGE COUNT

3GET PAGE TABLE ADDRESS

5CONVERT BINARY TO ASCII

3 GET PAGE P ADDRESS

3GET WORD COUNT

3PRINT PAGE &NUMBER

3PRINT 2

F CRELF'S

3 GET HEADING ADDRESS
5GET HEADING BYTE COUNT

sPRINT HEADING

3 DONE=RETURN

3 SAVE RETURN

SGET LINE NUMBER

3GET LINE TABLE ADDRESS
3CONVERT BINARY TO ASCII
3GET LINE WORD COUNT

3PRINT LINE NUMBER
5PRINT 2 SPACES
3 DONE~RZTURN

$SAVE RETURN

SORIENT WORD ADDPEob BP IN CARRY
3 GET WORD

3 GET BYTE MASK

JASSUME LEFT

JND SUAP MASK

3YES-SWAP BYTE

3MASK OLD BYTE

3ADD IN NEW BYTE

3 DONE-RETURN
5ORIENT WORD ADDRESS-BP IN CARRY
5 GET VIORD

JASSUME LEFT
SNO-RIGHT




00250
Ba251
ge252

PEES53
23254
992255
A%2s56
PB257

P3269
ABz61
U262
38263
B2264
28265

Na266
pGR6T
paz279
50271

pRa72
23273
BB274
A5275
82276
ne277
G23G9

B3391
29392
26303
PB394
BB3G5
@a306
02337

fa310
#0311
an312
nB313
PAa3t14
GA315
NA316
00317

Ne320
B0321
pE322
60323
30324
30325
PR326
pY327
- B339
#0331
@E332

Pa333
BA334

B36263
143439
BA1 400

54102
G20056
OB4266
4266
Ge2102

B541G3
v22Es3
B94266

220054

DB4266
2921035

763611
paneeées
B61111
@Al 470

0354104
N2nnsS4
124490
PD4266
125434
pOD2T5
B22194

N54105
24075
182400
DO4266
125404
ACB3C4
fo21@35

354106
124400
#2193060
D042606
125405
n32106
151464
Aoa31e

054107
124400
151222
aRA331
g21000
101300
A04266
125435
ga2107
P21203
04266
1254035
aGz107

PCRLF:

LDA
AND
JMP

STA
L DA
JSR
JSR

JMP

STA
LDA
JSR
L DA
JSR
JMP

SKPDN
JMP
DOAS
JMP

STA
L.DA
NEG
JSR
INC
JMp
JMP

STA
L DA
SUB
JSR
INC
JMP
JMP

STA
NEG
LDbA
JSR
INC
JMP
INC
JMP

STA
NEG
M0 VER
JMP
LDA
MOVS
JSR
INC
IMP
LDA
JSR
INC
JMP

2. C377 GET BYTE MASK
2,0 ;BITS 8~15 REMAIN
Bs 3 s DONE~RETURN

3, RS 3 SAVE RETURN
9. SP $GET SPACE
PRTI1 FPRINT 2
PRT1 i SPACES
@RS s DONE~RETURN

3: R6 3 SAVE RETURN

@, CR 3 GET CARRIAGE RETURN
PRT1 SJPRINT IT

@s LI SGET LINE FEED

PRT1 FPRINT IT

2R6 3 DONE~-RETURN

TTO 3SKIP IF TTO DONE
=1 sNOT DONE :
B TTO 5 PRINT

@, 3 5 DONE-RETURN

3s R7 3 SAVE RETURN

OsLF 5GET LINE FEED

is1 SNEGATE WORD COUNT
PRTI SPRINT LINE FEED
1> 1, SER :BUMP WORD COUNT
ML P SNOT DONE

eRrv 3 DONE-~RETURN

35 R8 3 SAVE RETURN
1.LCNT S GET LEADER COUNT
0,0 ;GET NULL

PRT1 3PRINT NULL

1,15 SZR 3 BUMP WORD COUNT
LLP 3NOT DONE

@Rrs 53 DONE-RETURN

32 R9 3 SAVE RETURN

1,1 SNEGATE WORD COUNT
0,02 5 GET WORD

PRT1 SPRINT IT

1,1, SNR BUMP WORD COUNT
@R9 3 DONE-RETURN

2,2 3 SUMP ADDRESS

PTLP 3GET NEXT WORD

3>R10 3 SAVE RETURN

151 SNEGATE BYTE COUNT
2.2, SZC 30RIENT ADDRESS-TEST BF
PRTRT 3PRINT RIGHT FIRST
s 05 2 3GET WORD

3s 6 3SUWAP TO PRINT LEFT
PRTI1 5PRINT LEFT

1515 SNR 3BUMP BYTE COUNT
BR14 > DONE~RETURN

Bs s 2 3 GET WORD

PRT1 3PRINT RIGHT

1» 1, SNR 3 BUYP CHAR COUNT
arR10 3 DONE~RETURN




73335,

90336

24337
A3 465
20341
6342
39343
B9344
G8345

15140304
000324

554110
B24341
233471
DB4320
GH4260
B304269
vBz11e

2,2

PLP

32 R11
1. TCC
2: TTBLA
PTTP
PCRLF
PCRLF
@R11

;BUMP WORD ADDRESS
5PRINT NEZXT

3 SAVE RETURN

5GET TITLE BYTE COUNT
5GET TITLE ADDRESS
SPRINT TITLE

3PRINT 2

H CRLF'S

3 DONE-RETURN




Tt?

B3346
Ba347
De359
BB351
36352
G%353
GB354
08355
79356
Be357

ne360
0361
20362
NA363
6364
Ba365
86366

60367
ne37e
HB311
nB372
83373
Ga374
pO375

PEIT76
DO37T7
BB4G0
IORIGR)
0432
@403
GB404
AF4A5
Gr406
204071
AB410
45411
ge4a12
B3413
03414
BB415
QB416
PR417
BB 420
PB4z

024043 DELCH3

125665
BOn467T
014040
0066353
$14351
036651
004244
604266
AB0460

G24045
232051
132409
nsN051
214044
B3 66
BoEs24

0635610
BIa367
p60510
024960
123485

Goa367
BE1400

54111
BEP43931
B14644
101001
BO4542
Gase47
342053
genns62
CaBE45
6300350
0a4244
B04266
216050
314045
Q173
G263
D14744
oPR766
4301
G221l

DELN

GN#CH

PRINT:

-
<

PLGOP:

LbA
FOV
JMp
DSz
Jw
D57
LDA
JER
JSR
JMP

LD
Lba
SUB
STA
D37

A
JdNP

JMP

SKPDN
uk/“—‘
DIAS
LDA
AND
JMP
JMP

oy

i nn

D

=

WU R v IS P

wn

DS#E
I.li\'l r’
JSR
JMF

1. CC 3GET LINE CHAR COGUNT

1, 12 38R :TEST FOR ZERO

GET FEZERO~-RETURN

cC PRECREMENT CC

0+l }

AP 3 DFECREMENT ADDRESE POINTER
2, AP ;GET POINTER

GBYTE JGET BYTE

FRT1 PRINT IT

GET yDONm*PEFURN

isCC sGET LINE CHAR COUNT

&s AR 3 GET ADDRESS POINTER

1.2 5 SUBTRACT LINE COUNT

2» AP 3STCORE MEW ADDRESS FOINTER
LINE .EDE(REMEDT LINE NUMBER

ol s

B STEST LNLETO

L

.S
TTI X 3SKIP IF INPUT DONE
o"l { ;NOT DO.\'E

3: TT1 DONE-READ CHARACTER

1,077  :GET MASK

1595 SNR 3BITS 9-15 LEFT-TEST FOR NLULL
GNZCH  sNULL-TRY AGAIN

@ 2 3 OK~RETURN
2. R12  :5AVE RETURN
LDR 5PUNCH LEADER
LINE sDECREMENT LINE

Ps G SKP 30K=LINE NGT ZERQ
ENDPR SLINE=¢=-G0O TC END HALT

@5 SA 3 GET START ADDRESS
D5LA 3SAVE FOR PRINT ROUTINE

UsC16 3USE Ci6
@, PLLBC 3 FOR LINE BYTE COUNT

ZsLA 3GET LINE ADDRESS

G3YTE 5 GET BYTE

PRTI SPRINT IT

LA JLA=L ALY

Fi.BC FDECREMENT LINE BYTE COUNT

LLLCOP SNOT END OF LINE
PCRL.F JEND OF LINE

LINE JDECREMENT LINE GOUNT
FLOOP SNOT DONE

LDR IDONE<-PUNTCH TRAILER
BR12 s DONE~RETURN




9422
90423
03424

A3 425
PO426
ana2l
00437
29431
B432
7433
02434
OH435
GH436
B 437
B3 440
B2441
51442
GEHA43
0444
BH445
NG 446
Ar447
G453
00451
5452
00453
BH4a54
3455
3456
GO45T
DOAED
r{1461
(35462
30463
06464
73465
NO466
G467
A04T0
03471
(4772
00413
GaaTa
9R4T5
ara16
o471

00500
AH531
NOSA2
09563
33554
20555
008566
3597
68510
66511
A9512

102470 BEGINS

m61111
N6E110

A 45040
G4AB42
191403
G4G044
B4D046
A260 47
(348051
004161
BO4293
N34220
BA4367
324055
122415
G99 471
GR40356
122433
g33772
G2 4067
122415
GOB346
HR4266
B24057
122415
B33 60
78350351
£4231
6198651
(325051
p24052
1964233
603450
310540
G2a040
024061
196032
AaGT 4T
131212
G967 45
Go4L062
122415
35403
(004253
ABBT 4G

034367 NLINE:

N24069
122415
(30346
24057
122415
037360
524953
122414
aaa767
Qo4a26a B

suB
DOAS
NIOS

5TA
STA
INC
STA
STA
LDA
STA
JSR
JSR

JSR

JSR

LDA
SuUBi#
JMP
LDA
suBz#
JMP
LDA
SuB#
JP
JSR
L DA
SUB#
JMP
L DA
JSR
1Sz
L DA
LDA

SUBZ#

JMP
IS%
LDA
LDA

ADCZ#

JMP

MOVR#

JUP
LDA
SuB#
JMP
JSR
JMP

JSR
LDA
SUB#
Jvp
LDA
SUB#
JMP
L DA
SuB#
Jwp
JSR

@, 0
9. TTO
TT1

s CC

@, LN
@9

G LINIE
0, PAGE
@s SA

7s AP
GETL
PHDG
PLIN
GNZCH
1, £ESC
15 @5 SNR
IDONE
1, SP

15 (3> SNC
GET
1RO

1> 3s SNR
DELCH
PRT!

1, SLASH
1, 0s SNR
DELN

25 AP
PBYTE
AP

Bs 4P

1, APM
@s» 1» SNC
IDONE
cC

7sCC
1-C10
M, 1: SZC
GET

s s SZC
GET
1-C16
1s 7 SNR
NL INE
P2SP

GET

CGNZCH
1+ RO
1» @s SNR

. DELCH

1> SLASH
15 7> SAR
DELN

1, CR

1. 65 SER
NLINE

PCRLEF

3CLEAR ACO

3 START T70

3START TTI
SINTTIALIZE-

3 LINE BYTE COUNT
3  PAGE LINZ COUNT
3JACCHY=1

3SET LINE =1

SAND PAGE=1

3SET

H ADDRESS POINTER=START ADDRES

s GET TITLE-C(KEYBOARD ENTRY
sPRINT PAGE AND HEADING
SPRINT LINE NUMBER

3 GET CHARACTER

3 TEST FOR

5 END OF INPUT
3YES~INPUT DONE
sNO~TEST» CHARACTER MUST
3 BE>=SPACE( 40)
3NO-TRY AGAIN

30K-TEST FOR RUBOUT

s DELETE CHARACTER?

3YES

3NO=PRINT IT

s TEST FOR

3DELETE LINE?

3YES

:NO-GET ADDRESS POINTER
3 STORE BYTE

sAP=AP+1

3GET AP

$SER IF END OF TABLE

H HAS BEEN REACHED
3YES-TERMINATE INPUT
sBUMP LINE CHAR. COUNT
3GET CC ’

3SEE IF END OF NAME

3 {AS BEEN REACHED
3NO=~GET NEXT

5YES-1IS CC EVEN?

3NO

5YES-HAS LINE END

5 BEEN REACHED?
3YES=-NEW LINE

3NO-PRINT 2 SPACES

$GET NEXT CHARACTER

3 GET CHARACTER
3MUST BE A
3 RUBOUT
3YES-DELETE CHARACTER
OR A
SLASH
YES-DELETE LINE
QR A
CARRIANGE RETURN
ITS NONE OF £ ABOVE
ITS A CR

H




BBS13
203514
@Es1S
@6516
¥0o517
35529
po521
ans5z2
BB523
30524
3525
09526
03527
GB536
PpAS31
6@532

33533
39534
39535
2M536
02537
29540
76541

83542
A543
072544
73545

210042
20042
624043
106434
HBoa47
G44G42
024674
Ga4272
G13246
Ba4337
PR4EG3
B10344
BB4229
102400
(40040
goe7as

A24042
N20743
122490
n24374
107903
034212
BA260
63577
6134376
B63077
GeagTI

IDONE:

LN

Za LN
1, LNNM
s 1» SZR
A
1oL
1:LFC
MLF
PAGLE
PTTL
PHDG
LINE
PLIN
s 3
@>CC
GET

1, LN
@+ LN
1,0
1.LFC
0,1
ML F
PCRLF

PRINT

a."l

JLN=LN®]

3GET LN

3AND MAX LINES PER FAGE
$18 LN=LNM?

$NO

FYES-SET LN=0

3 GET LINE FEED COUNT
5 SPACC TO TOP COF PAGE
3BUMP PAGE NUMBER
JPRINT TITLE

sPRINT HEADING
JLINE=LINE+1

SPRINT LINE NUMBER

T CC=0
NEXT CHARACTER

LINE NUMBER
MAK LINE NUMBIR
LINES TG MaAX

LINE FEED COUNT
SPACE 70 T0P OF PAGE
PRINT CR&LF
TURN GN PUNCH
PRINT STORED LIST
END OF PROGRAM

CAN'T CONTINUE




e

e
na»u

Ha5416 (5320120
a0547 G91931
@553 632107
B9551 GBA1AS
a0552 939199 10%5:3=M0ST SIGN.DIG. PAGE NUMBER
Pa553 BAVORH 165%%2 ' '

PR5%4 227090 = HBROLE |

J0BS55 9009069 ‘ ' 510%%0

.

es oe SP» a8 o
e\

Ye ‘oo

AS56 0A5I0Y 510%%3=-MGST SIGN«DIG.LINE NUMBER
PASST 580330 - 3 10%%2 : ‘

FBS6G 060300 " 310%x1

P0561 AGOAD -~ 310%%0

10290731 «TXTM 1 3STORE TeXT LEFT/RICGHT
G562 B46111 « TXT"LI
07563 7471065
50564 020947
Au565 B29040
55566 M4T7191
BES6T D46555
FB573 B20340
05571 020040
5035572 041104
G573 214163
GsST4 3RTS52%
GgAsSTsS 0220120
Da576 M44516
GASTT 0796412 <15><12>
BRGRD F26455 <=
6091 226455
53602 026455
9693 026455
(604 B26455
PP69S DP26455
G616 N26455
aps637T B26455
9613 026455
O%5611 026455
BA612 026455
Bn613 A26455
G614 A26455 ==
5615 006412 <15><12>
3616 0GAKHT '

163619303330 «BLK 5@ 3 TITLE TEXT STORAGE

PoBeIo : ke 3 INFORMATICON STORAGE TABLE

«END




A

AP
APM
ATTBL
B
BEGIN
BIDAS
Cl0
Clé
C1717
C377
cA

cC

CE

CG
COUNT
ceP

CR
DELCH
DELN
DLGOP
DL¥LP
ENDPR
£sC
GBYTE
GCH
GET
GETL
GNZCH
HTEL
HTBLA
HUC
IDONE
ILOOP
LA
LCNT
LDR
L& .
LFC
LINE
LLOOP
LLP
LMSD
LN
LNM
LTBLA
LWC
MINUS
ML F
MLP
NLINE
P2SP
PAGE
PBYTE
. PCRLF
PGA
PHDG
PLBC
PLIN
PLOOP

230526
PABOS1
BoBAsSe
@3a153
ponsSi1e
087422
oog112
020561
0eza62
BOPB6D
0736363
poO2547
@aAN 49
P@B3551
pABS50
G903154
RBBS46
R2739253
PA0346
OBA3 69
203116
P23134
£oO544
GeaA55
80G244
pona311
673437
200161

900367
2908562
30672
Q6aGT3
P3GS33
403120
2290506
Aev27S
036301
000054
200074
BOHBB44
a03407
00304
PB0O556
BN 42
090043
0UNI64
GRBD65
P33155
3272
nBGB27T5
PO%SO
nEn253
BABY46
prRo231
pon260)
230367
0302033
202345
paG220
200405




LR
PSD
PRINT
PRT1
PRTRT
PTBLA
PTLP
PTTL
>TTP
PTTU
PuC
'
R14
11
w12
R2

113

4

RS

R6

RT

[ Vs

HER |
9
0
SA
SAVES
SILASH
5P
SIPACKE
CSTART
TAD
THL
"TBLAD
TCC
TDONE
TLOOP
TTEL
TTBLA
TTBLE
ZERO

Gun324
Honss2
GHG376
B9N266
(BAM331
OO0566
pen312
(Baa337
0ou329
gaA310
aIo1o1oNas)
BaEaa76
a1 7
BOH119
ool !
GaeHTT
3273100
GICIGRNAD!
AAHN102
893193
G0a104
A 195
BHH146
ORA60)
333047
DI 45

S AI557

DGAAS6
a03151
GEGEG10
540146
979667
03147
869541
a6a200
GA0165
@G3617
GaEN71
233155
2706152




Coasd 4

0GR 40 LOC 4p
BeG40 102400 BEC suB %5 G
POB4Y 246131 STA 0. IBC
POG42 D401 45 STA B, SF

3

3 SET IBC=0

?
50043 0292144 ' LDa 2, SA 3 MNND

3

H

SF =@

B0044 4p132 STA s AP

COB4S @0415¢ : JSR GNZECH

BOB46 024134 _ . DA 1, £5C

BOg47T 122415 SUB# 1s 05 SNE FOR ESCAFE

AC05S9 2601061 JMP IDONE SYES=INPUT DIONE

BGU51 p24135 L DA 1, CR JNQ-TEST

BOBL2 122415 Suzs 1, Gs SNR 3 FOR LINE

YOGS3 0ROR65S JMP ENTLN IYES

20054 03¢132 L DA 2s AP INO

AREesS5 904162 JSR PBYTE 3 STORE BYTE

6oB56 G10131 IS 1BC }BWMP INPUT LLINE BYTE COUNT
- BOBST BiB132 I 5% AP 3 BUMF ADDRESS POINTER

GRo6H 930132 L. DA 25 AP 3 CHECK TC SEE

BOB61 B24123 L DA 1» APM, 3 IF END OF TABRLE

PBGBE2 146433 SUBEZ # 25 15 NC : HAS BEEM REAGCHED

60063 GRG0 JMP IDONE }YES-SAME AS INPUT DONE

UROGC4 BCRE4S JMP GET . 3NO -~ CONTINUE

AP = SA

ET NON NW.L CAHRACTER

3 GET
TEST

D006S POAISE s+ JSR GNZ CH 5 GET CHARACTER
POD66 ©24136 1. DA 1,LF 3 TEST

00067 122414 SUB# 1 @ SER 3 FOR LINE FEED
BEOTO PO4i27 JSR ERR 3NO=ERROF

06071 P24131 ) L DA 11BC 3 TEST FOR

DOBT2 030146 L DA 2L BC PROPER LINE
PONT3 146414 ' SUB# 2s 1s SER BYTE COUNT
Qo074 GR4127 . JSR ERR 3NO=-ERROR

GCOTS 102450 © SUB Bs 0 30K~

00076 040131 STA @, IBC 3SET IBC = @

ROGTT 210145 IS8 SF 5 BUMP SORT FIELD COUNT
gO100 BOOE4S O JMP GET 3GET NEXT LINE

PO1CY1 @2014¢ L DA 2, LRC 3 SET
NO1G2 B4C147 STA @gs SFBC s SFBC=LBC

PO1Y3 020143 i. DA @, TEL 3 GET TAHLE ADDRESS

bO104 063077 HALT 3 TURN ON PUNCH

22105 PB6140G JSR eADRT 5 SORT

w166 204127 JSR ERR 5 SOKT ERROR

P0107 B40141 STA @ds SBA SAVE SORTED B.0CK ADDRESS
60110 126400 SuB 1,1 ADDRESS MODIFIER=D

PO111 O4177 J SR PRINT 3 PRINT BY NAME

DB112 V26144 L DA @s 548 # DEVELOP START ADDRESS
0113 024142 L DA i> BN 3 FOR SORT

60114 123000 ADD 1,0 : BY PIN

PB115 P4Cidsq STA @s SA ANPR STORE IT

22116 020137 L. DA 9: PBC GET PIN BYTE COWNT

BA11T Q40147 STA @, SFBC ¢ AND STCRE 17

AR129 Q20143 L DA @, TH. 5 GET TAHLE ADDRESS

pol21 063C77 HALT 5

OBD122 BL6140 J3R 8ASORT : SORT

00123 Q4127 JSER ERR $ SORT ERFOR

DR124 B40141 STA - SBA 3 SAVY ORTED H,004 ADDRESS
PB125 Q24142 L DA 1s BN PGRT OFFSET BYTE COWNT




Go131
46132
B 133
NE134
50135
pe136
50137
o140
50141
o142
Ga143
p0O144
Cui4sS
0146
a9 147

efolo)e1510!
1G161GISI0]
(14000
(E0033
BEOe1s
peaoie
pEaoRsé
PreoEad
DABAVEG
UIGISIONNO)
pu01 44
POns54
6161610101%]
PEau16
BoGLOEG

€s 66 €3 4% 68 e 46 A8 S eo se se 08 0 &

6000%2
33

15

12

6

60060
10

SA
TBL A% 2

16




tee [V O

OO151 0635610 S{PEN il IS O W o O S P OP VI
0152 920151 Jup s 1 NCGT DONE

Gp153 060618 D& o TTI s DONE~GET CHARACTER
0154 1013BS MOV s s SNR 3 TEST FOR NW.L

©Gi55 000150 JMP CNE CH 3NLL-TRY AGAIN

Be156 924161 i. DA 1, C177 3 GET MASY

0p157 123490 AND 1,0 JELIMINATE PARITY
Eolel vol4c0 NP P9 5 s DONK

@161 2621717 Ci177 @ 177

Bo162 054176 PIYTES ST 3: SAVEJ3 5 SAVE RETURN

$O163 151220 MO VER @, 2 3ORIENT WORD ADDRESS-RBP 1IN CARRY
00164 625000 L LA 150:2 :GET WORD

DR165 B34175 L DA 3: C377 3 GET BYTE MAIK

Gp166 161002 AORY O G5 SZC 3 ASSUSE LEFT

BO167 17539 MOVS 3 32 SKF NG~ SWAP MAXK

NO1TG 161300 MOVS s 0 Y ES-BWAP BYTE

00171 1867493 AND 3 1 sMASK OLD DY TE

BE1T2 107090 ADD s 1 s ADD [N NEW BYTk
GO173 045000 STA 1» 0. 2 5 STORE WORD

PB174 6RE2176 JMF @SAVES 3 RETURNM

0175 @MM377 C377 ¢ 377

PB176 Z0OYGL SAVE3: o=«

@O177 054265 PRINT: STA 3s SAVE 3 SAVE RETURN

G20 044260 STA 1 PEN 3 SAVE LINE GFFSET
P21 064237 J SR L DR 5 PRINT LEADER

Q262 B2EZ145 L DA gs SF SINITIALLZE

PPZO3 G40262 STA ©s PSF 3 NUIBER OF SORT FIsLDoS
peee4 220141 L DA 0s SBA H AND

Bo2ES 0406263 ST s PSBA 5 SORTED BLOCK ALDDRESS
po2G6 P2P146 FLOOP: LDA @>LEC H AND

00287 ©4D261 STA ¢s FLBC SLINE BYTE COWT

PE219 B32263 L DA 2, GPSBA 3 GET ADDRESS

G211 D24260 L DA 1s PEN JGET OFFSET

@n212 132400 SUB 1,2 5GET 10 LINE BEGINING
3213 050264 STA 2; FBA ; SAVE 1ST BYTZ ADDRESS
po214 030264 LLGOP: LDA 2, FBA 3 GET BYTC ADDRESS
pg21S ©04250 JSR GBYTE 3 GET BYTE

PE216 0VB4233 J SR PRT1 3PRINT IT

Be217 010264 152 PBA 3 BIMP BYTE ADDRESS
Qo229 14261 DSz FLBC 3 DECREMENT LINE BYTE COUNT
pp221 Leo2l4 JMP LLOOP 35NOT DONE

ep222 P20135 L DA @, CR s END OF LINE

Cpe23 Be4233 JSP PRT1 3 PRINT CARRIAGE RETURN
pe224 20136 1. DA @sLF 3

gre2sS ¢Y4233 J SR PRTi 3 PRINT LINE FEED

BO226 B12263 152 P5BA 3 BUMP FIELD ADDRESS
0E227 B14262 DSZ PSF 3 DECREMENT SORT FIELD COWNT
PC23p PPB2B6 JHP PLOOP sNOT DONE

0R231 024237 JSR LDk 5 PRINT TRAILER

prel32 Pw2265 JMF GSAV3 3 TONE

@e233 Petlll PRTI ¢ [DOAS gs TTO s PRINT RYTE

go234 863611 SKPDN TTO 3 SKIF IF TTO DONE
pe235> 20234 JMP e~ 1 3NOCT DONE

BR236 BU14C0 JMP s 3 ; DONE




el 24246 L DA 1o DU ] 3 ULl Ly v s o

02241 192400 sue @s 0 s CLEAR ACg FOR NULL
nees42 004233 LLP ¢ JSE PRT1 ~ 3PRINT NU.L

BP243 125404 INC 1> 1» SZR 3 BUMP NEG LEADRE COWT
DR244 GO0O242 JMP LLP sNOT DONE

no245 ¢cee247 JP 253 s DONE- RETURN

20246 177700 COWNT: =-160
pEe4T QOOOED S3 ot e

n0250 151220 GBYTE: MOVER 22 sORIENT WORD ADDRESS BF IN CARRY
poU251 021090 L DA 2: s 2 3 GET WORD

goes2 101302 MoVS 0, Os S2C 3 ASSUME LEFT BYTE

£0253 161300 MOVS 05 0 3NO~-RIGHT

presSa 8392357 L DA 2, 0377 3GET MAX

G255 143400 AND 2, ¢ sBITS &~ 15 LEFT

00256 001400 JMp 0» 3 s RETURN

Gu257 008377 X377 3717

00260 2002020 PBN 2 e
00261 906069 PLBC ¢ -

NER62 BORDI%O PSEF 5 e-oe

08263 GACOGE PSBA 1 e=e
GoR6s AGOEOR PBA 3 o=
GO265 COCO0EC SAV3 0 e=e
pR266 VOCOCH TELA 1 o=




AT
ASOKRT
BEGIN
BN
ci71
c3717
COUNT
CR

£N DLN
ERR
ESC
GBY TE
GET
GNZ CH
IEC
IDONE
LEBC

L DR
LF
LLOOP
LLP
PEA
PEC
PRy
PBY TE
PL.BC
FLOOP
PRINT
PRT1
PSBA
PSI
S3

A
SAV3
SAVE3
SBA
SF
SFBC
TH.
TBLA
K371

A/ B
%8133
G0 4G
PGCBAG
poBB142
02G161
pOOITS
00246
PaRL13s
aO3C6S
Qani127
00134
PNOYCSE
neoaAS
BoB1SYe
PEE 31
Cea1o1
Nt 46
00237
200136
9214
gog242
Gop2c4
BEH137
0RR260
00162
oRR261
Ber2256
ono1T7
GeR233
gOp263
Gorese6e2
pooeat
Peo 144
gee265S
o0e176
PCot4al
@RR145
o147
200143
OR0266
peees7




3 SORT

3 8RTS FIEBLDS OF PACKED 8 BIT

5 BY TES. THE FIELDS MAY BE Wi THIN

$AMAJOR FIE.D AND RTH THE SORT FIELD

3AND THE MAJOR FIKLD MAY BE OrF EVEN
5OR ODD NWBER OF BYTES. THE ROUTINE

5 RETURNS THE ADDRESS OF THE SORT TAELE

fWHICH CGONTAINS THE 1ST BYTE ADDRESS

3OF THE SORT FIELDS IN SORTED ORDER.
sCALLING SEQUENCE-

ACG~-ADDRESS OF THE ARGUMENT TARLE-T
T =ADDRESS OF 18T BY7TE, 1ST SORT FIG.D
T+ 1-NWBER OF FIRLDS TO SORT
T+2-NWMBER OF BYTES IN MAJOR FIELD
T+3-NUMBER OF BYTES IN SORT FIELD

we Vo

Vs o

RETUMN
CALL-ERROR RETURN
CALL+1-NGMAL RETURN
ACU~ ADDRESS OF SORT TARLL

Ve Me V4 Ve Ge e

Sre

ALL AC*®'S ARE LOST

STORAGE REQUIREMENTS
PROGRAM-(232)8 FLUS
SORT TABLE(NUWIBER OF FIE.DS TO SORT+
WUWIBER OF BYTES IN SORT FIELDIE
3 ERROR RETURN IF (MAX) IS EXCEEDED
3MAX SET AT (7140058 :
3 SORT SUBROUTINES INCL UDE
3  ADGEN,LOW, AND GEYTEs

.
2
.
L4
.
’
.
>
.
»
.
2

<EOT




LeZeY
BoBL 1
Bs002
Benna
Goud4
B60OCS
6006
B60e7
6012
PoPiIl
06212
gea1 3
B6ep14
B6o1s
P6V16
6017
n6ep2y
26p21
perzz
R6EES
G6We4
16025
o602

peER27
P6030
060631
06832
P6633
P6U34
G6035
260336
26337
G040

B6241
06GA2
26043
06044
5045
L6406
P6D 4T
26050
G651
g6052
B6053
06654
6055
P6056
Q6357
pepen
06061
a6p62
6063
06064
B6065
Qed66
penet
B6RTO

754513
115030
g2:a0t0
040511
PB2140G1
5403510
BG3i1402
B50507
(425493
22433
Bg2501
125065
2477
344502
14501
BRG421
P30S0
133006
GBS0 4T
058477
1430089
24476
106433
R2464
1024920
245473
42413
B20451
peas6i
B30461
A04501
PYeea8s
24455

30461
250464
@324505
834453
116414
o421
034453
13760¢
054451
B34453
137000
054451
101624
CR0420
024436
166655
002427
166400
44432
176400
B54440Q
DEDTS3
125235
vaaT s

SORT

}3

B

e

L 1]

or

.0

Tewe N v sd sy e

SiA
MGV
[ T
STA
L D{"\;
ST4A
L DA
STA
L. DA
SURZ #
JMP
MOV
STA
DSZE
JMP
L DA
ADD
STA
STA
ADD
L DA
SUEZ #
JMP
SURB
STA
STA
L DA
L DA
L DA
JSR
LDba

. LDA

L. DA
STA
JSR
L. DA
SUB¥
JMP
L DA
ADD
5TA
L. DA
ADD
STA
MoV
L’M P
L DA
SUBO R#
J¥p
SuUB
STA
SUB
STA
J¥P
MO VE R#
JMP

3: SAVED

8.8

GsG: 3
s SA

Gs 123
gs FC
252, 3
2:MFRC
1.3, 3
1,2, SNC
83AVES3
1> 15, SNR
2 SAVES3
1, SFBC
SFBC
.+1

2: XAPTB
i 2

2s SEAP
2s SRA
2; 0

1o MAX
Ps 1> SNC
eSAVES
@s O

s EN

g, SBC
@G: SA

is FC
2>MFBC
ADGEN
s BN
i»FC

2; SBA
2s SAP
LCW

3» SFBC
@s 3s SER
P

3, SBA

1» 3

3, SBA
3:; SBC

1 3

3, SBC
s O SZR
Q

1 FC

2s 1 SHR
EXIT

3s 1

1, FC

3: 3

3, SBC
MLP

1 15 SNR
R

3 SAVE RETURNM

JMOVE TARLE ADDRESS TO INDEX
3CET 18T BYTE ADDRESS

3 S10RE AT START ADDRESS
FGET FIELD COWNT

3STORE IT

3 GET MAJOR FIFLD BYTE COWNT
3 STORE IW

3GET SORT FIFLD BYTE COUNT
315 SFBC<=MFBC?

3NO-ERFOR

30K-1IS5 SFEC=0?

SYES=ERROR

3JNO-5TORE SFBC

3 THEN DECREMENT IT

31F SFBC WAS 1-NOW 9

s GET ADDRESS OF POINTER TABLE
3ADD 10 GET PERMAIENT

3 SORT ADDRESS TAELE 15T ADDRR
SINITIALIZE WORKING 3EBA

3 TO GET LAST TABLE ADDRESS
3 GET MAX ADDRESS

3MAKE SURE TABLES FIT
3NO=-T00 L ARGE

30K CLEAR ACY

SINITIALIZE BYTE NIMBER

3 AND SORTED BYTE COWNT
JGET 1ST BYTE ADRDRESS

SGET FIELD COWNT

3 GET MAJOR FIELDL BYTE COWNT
sJWMP TO ADGEN

}GET BYTE NUMBER

5GET FIELD COWT

3 GET FRESENT SBA

3 STCRE AT SORT ADDRESS POINTER
3FIND LOW BYTES&PUT TH®EM 18T
3 GET SFBC

3sDOES CURREMT BN= SFBC?

3NO

3YES-GET SBa

3 ADD SBA+CNT

3 STORE SWM AT S$BA

3 GET SBEC

3 ADD SBC+ONT

3AND STORE IT AT SBC

315 BN=g@?

3NO

JYES-GET FIKNLD COWNT

3185 FC~SBC<=1?
SYES-FINTISHED!

3NO~SET FC=FC~ 8BC

3 STORE REMAINING FYELD (OWNT

1 CLEAR

3 SORTED BYTE COWNT
3 GO ACAIN

IS5 ONT= i

3YES-SAME AS PN=SFBC




g 25”
.1

AR
7Bent
G66ET2
poeaT 4
D627
newi 6
GocT7
Q6107
N6171
06182
06183
06154
D61e5
GBH106
66107

o~

P6119
o1t
peiie

76113
G614
06115
26116
N6117
Nn6120
o612
pgoiz22
G6123
nei24
86125
PN6126
6127
061309
£6131
76132
G6133
76134
6135
6136

06137
p614%
Be1al
G142
L1443
Bo6144
06145
06146
56141

A
117639
001402
1214060
aonT 44
G3448

117802
G257
146404
125235
182401
B&o735
166990

PBCOBEC
GEACHD
ofetatalols)
afetololels
Infetalotels
06233
BeoeRe
elatefolols
PE7300
ealoletuls)
6EZ000
rYotzlofsls
ofelelaloly
lalatalolo
a3etatolols
@e2377
otelslotols)
ntsfelolnts
alotolalilo

01a3510306]

524770
2347061
124409
Za1 400
125465
CpeT 63
1430C¢E
175460
Bro7T73

o

..

EXIT ¢

SAVE3:
ShH :
FC :
MFBC ¢
SFBC =
XAPTE:
SBaP ¢
S5BA @
MAXK 2
BN :
sBc @
SAP @
RTIRN ¢
FCL H
CNT ¢
B1ASK:
aP :
LAP ¢
SCNT
S3 :
ADGEN:
LPA 2

L DA 3, YAPTH FNG=GET SAP TAILE ADDRYSSE

ADD ©, 3 3 ADD XAFTB+BN

STA 2,023 5 STORE SaP IN TABLE

INC s 0 $ INCRDMENT BN

JMP ML P 3 GO AGAIN

L DA 3, XAPTB 3 GET POINTER TARE ADDRESS
ADD Gis 3 3 ADD XAPTBTEN

L DA 1,~1,3 3 GET PREVICUS SAP

SUB 2: 1; S¥R 3 CNT=PREVICUS SAF- PRESENT SAP
MOVZR# 15 1o SNR 318 CNT== 17

NEG 0s 05 SKP 3YES- BMN=BEN-1 BY NEG/ COM

JUp ML P 3N0- G0 AGAIN

ooM 0, 0 : COMM.ETE NEG/CGOM

L DA 2,-1>3 $GET PREVIOUS SAP

JMP R 3 TRY AGAIN AT R

L DA Gs 3BAF 3 GET SORTED EYTE 4DDRESS TARLE
L. DA 25 SAVE3 3 GET RETURN

JMP 1. 3 SNORMAL RETURN AT CALLA1

s PROGRAM CONSTANTS&VARIAHBLES

TEHLAP
736G 7400

3 ADGEN

s ROUTINE TO PUT 1ST BYTE ADDRESS
3OF EACH SORT FIELD INY0O TAELE.
3 CALLING SEQUENCE- '
ACD- 157
35  ACI1-FIELD COWT

5 ACS~-MAJOR FIELD BYTE COWNT

e

STA 3, RTRN 3 SAVE RETURN

L DA 3, SBAP 3 GET TAELE ADDRESS

NEG 1,1 SNEGATE FIFLD COWNT
sTa s Qs 3 s STORE HBYTE ADDRESS
INC 1> 1> SNR 3 BUMP COUNT- 3KIP iF
JMP GRTRN 3 DONE- RETUIN

ADD 2,0 sNOT DOME-NEXT BYTE
INC 3» 3 s BLMP TAM.E ADDRESS
JMP LFA 3 GO AGAIN

51.0W

2YTE ADDRESS OF 15T FIBLD

NOT DONE

ADDRESS




- -

=z
t_.

S LOWEST ABSLUTE £ BIT VALUR
’1)W LRERESE TAF. £ 'I”H‘ct htb’B'“
TJHES FOLNDIONTY, MDD THE LLAST
RESS QF A FOWD LOW Vk-h..UL."
FOUTINE THEN WRHKS FROM THAT
A Y)RLKM ND SWAPS NJ')RE?L-
THE FIRST WTIL THE LOW vAaLUZ
DRL,LbES ARE ALL. AT nC F?Ra'f ¢
THE TABLE.

(‘ALM\)L; SEQUENCR-

ACL= L\J(?Y,.‘ NWIBER IN SORT rFIiLbs

ACI-FO(REMAINING FIELD COLNTY

ACE- SBACCURRINT LOWEST TABLE ADDRES

YT o
~
-
wy
[T

':)C/‘.'?M
=

DX e

Y e Mo s
2 U0 T3

=1 D> M.y
8
.:.....;

C",'

e We o

RETURN- ‘

ACO~- BN (UNCHANGED:
ACI= CNTNUMBER OF LOW BYTES)
ACZ2=- AP UL AST LOY ADDRESS PUINTERS

Ma G Ue Wr e Tor Y8 e Y

STA 2s RTRN

G6150 U54757 LOW 1 3 SBVE RETURN

£6151 044757 STA 1>FCL. 3 SAVE FIE.D COWNT

06152 126406 suz 1 1 5 SET ®
BC153 044756 STA LONT 5 @WTee

06154 324756 L DA 1, DMASK 2 GET MAX BYTE VAL UE

66155 B58756 5TA 24P STORS ADDRESS POLNTER

66156 G32755 4 ¢ LDA 2, GAF 3 GET BYTE 6DDRES

06157 113030 £DD 75 2 $ADD BN TO GET chQ:c* BY TE
0C160 204443 J SR GBYTE 3 GET BYTE

B6161 145450 SUBL# £ 15 SNC 515 ALE<=ASI?

€162 PERATT JNip X 5 MO

B6163 146023 ADCEY 25 15 SNC 3YES-1S ACR2ACI?

06164 BEOAD4 Jup Y $NO

56165 145060 MOV 2s 1 SVES~NEW LOW BYTE

06166 152489 SUB 2: o 3 RE-INTTIALIZE

06167 G507 42 STA 2, CNT s (NT TO FEFD

0617¢ 818741 Y  :  1S¥ o T 5ONT=ONT+ 1

G6171 630742 L DA 2, AP 3 UPDATE

86172 050742 STA 2 LAP LOY ADDRESS POINTER
06173 914735 X : DSE FOL SFOL=FQ.~1  SKIP IF IANE
06174 BEGAG2 Jup B SNOT DON P
86175 602403 JMPp DONE 3 DONE

06176 919735 B : 1S AP 5 AP= AP+ 1

06177 00757 JMP A 560 AGAIN

M620% ¢36731 [ONE : LDA 2+ CNT  3GET LOW BYTE COUNT

66501 056734 STA 2, SONT 3 STORE IT FOR SIRT LOOP

66282 0204C7 JHp z 5G0 SWAP 1ST ADDRESS

@6263 14731 DAP : DS Lap 5 DECREMENT L AP

96204 @32750 LOOP : L DA 2, GLAP 3 GET BYTE ADDRESS

862065 113034 ADD B 2 570 GET CORRECT BYTE

862056 004415 JSR GBYTE 3 GET BYTE

B6287 146433 SUBZS 2, 1. NC 3 1S ACRe=ACI?

26210 029773 JMp DAP 5NO

06211 P36715 2  : LDa 2, 85AP 3YES-GET LOWEST TAELE ADDRESS
g6212 P32722 L DA 2. CLAP 3 GET LAST LOV ADDRESS

06213 852713 STA 2, 6SAF 5 PUT LOUW ADDRESS IN LOW TAME
06214 0S6TEG STA 3 CLAF 3 COMPLETE ADDRESS SWAP

06215 G167 3 152 SAP s BWP LOWEST ADDRESS

ge216 014717 DSE SONT 3 SEE IF DONE

26217 08076 Ju e LOOP  3ROT DONE~CDNT1NUE

26220 B247 12 L DA 1s GNT SDONE-GET N T




pe223
6224
6225
H6226
e6227
CE23D
0622

26232

06233

23%T9HO
pR2705

254713 GBYTE:
151280
731063
151362
151300
B34702
173400
CR2T04

uloplolaps

L DA 2¢ SAP $ GET 3AP
JMP @RTRN 3 RETURN 10 MAIN LOOP
5 GBYTE
s ROUTINE TU GET AN 8 BIT BYTL
:GIVEN THE ADDRESS
3 IN BYTE POINTER FORMAT
5BITS B~ 14-=-~~"W0RD ADDRESS
3BIT > BYTE POINTER(BF)
WHERE BP=0@ POINTS TO0 LEFT BYTE
BP=1 POINTS T0 RIGHT BYTE

.
2
.
’
.
>
-
>

CALLING SEQUENCE-
ACZ-BYTE ADDRESS

RETURN=-

AC2-BYTE
ACOEACT UNDI STURBED
AC2&AC3 LOST

Ve e Ve Ve

5TA 35 S3 3 SAVE RETURN

MOVER 2,2 SORUENT VORD ADDRESS
LDA - 2,0:2 3GET WORD

MOVS 2, 25 S2C 5 ASSWME LLEFT BYTE
MOVS Zs 2 3N0- RIGHT BYTE

LDA 3, BMASK ;O0K-GET BYTE MAK
AND 32 5BITS 815 LEFT

JMP 053 5 RETURN







k) ABSTRACT:

ADDRESS
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USERTS srOUP
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DATE 3UBMITY
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LIBRARY
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THIS 18 4 PACKAGE OF TEN SUBROUTINES TO FatILITATE
1/0 OPERATIONS WwITH THE TELIYYPE, SUBRQUTINE
STARTING ADDARESSES A

NAME

IN

ouT
§P1
CRLF

PRT

ROTT

BRK

RDONUM

TABPR

BInly

RECEIVES Inp
THEN CaLLS 0

QUTPUTS CHAR
MAKES N SPAC
MAKES CARRIA

PRINTS A CHA
OR REMOTE ST

READS & CHAR
STORAGE,

READR NUMERA
ON BREAK CHA

REAUS A SIGN
CONVERTS FRO
DOUBLE PRECI]

PRINTS ON TT
WITWH CONTROL

CONVERTS RIN
GF. UNSIGNED,
CHARACTERS,

NO DESCRYPYICGNS ARE AS FOLLOWS,

DESCRIPTYON

UT CHARACTERS FROM THE TTY
ut,

ACTER TO TYY,
ES ON TTY,
GE=RETURN, LIME=FECH ON TTY,

RAECTER STRING ON YTY FROM LOCAL
CRAGE,

ACTER STRING FROM TTY INTO

L3 THROUGH RONUM aND BRANCHES
RACTER ENDING THE NUMERAL STRING,

ED NUMERAL STRING FROM TTY AND
M OCTAL AR DECIMaL, SINGLE OK
SION INTO BINARY,

Y (USING RINU) & TABLE OF NuUMBEnS
GF FORMAT,

ARY NUMBER IN ALy INTO SIGNED
DECIMAL OR OCTAL, 45011
PRINYS RESULT ON TTY.



B) DLSCRIPTIONS OF I/0C PKG
ACCEPTS A CHARACTER FROM T7Y INTO AC@ THEN CALLS OUY.

J8R IN
<RETURND> @

TRANSMITS BITS 9=iB IN ACO TO YTY, SETS BIT 8 YO ZERO,

JSR ourT
SRETURN»w

MAKES N SPACES ON TTY, ENTER «ITH N IN ACi, AC2 AND CARRY
UNCHANGED,

JSR SP1 pWITH N IN ACH

SRETURN>»

TRANSMITS CARRIAGE RETURN AND LINF FEED YO TTY BY USE

QF 0uUT,

JSR CRLF

¢RETURN»®

vACu, ACY, 4C2, AND CARRY ARE UNALTERED




BRK¢

THIS SUBROUTINE IR USED 70 INPUT MUMERICAL DATA TO THE COMPUTER
AND TO ERANCH THE PROGRAH ACCORDING YO A TVY CHARAGTIR ¢ THE
"SREAK CHARACTERY) WHICH TERMINATES THE INPUT DATA GTRING,

INPUT DIGITS FROM THE TTY ARE CONVERTED INTO EQUIVALENT BINLRY
BY SUBROUTINE RONUM (B,V,)a THEY CAN BE PREDEEDED BY £ PLUS OR
MINUS SIGN, THE FYFE OF COMVERSION IS CONTROLLED BY THE Twg BIY
CODE CONMTAINED IN ACZ UFCN ENTRY TO BRK, A8 FOLLOWSS

VALUE OF BIY BIT 14 BIT {5
2 SINGLE PRECISION NECIMAL
1 DOUBLE PRECISIONM 0CTAL

THE BREAK CHARACTER I8 COMPARED WITH & LIST OF POSSIRLE CHARACTERS
CONTAINED IN THE CALLING SEGUENCE, VHE LOCATION OF THE RETURN

FROM BRK I8 GOVERNED BY WHICH, IF ANY, OF THRE LISTED CHARACTERS

IS THE SAME A8 THE BREAK CHARACTER,

UPON EXIT THE NUMERICAL DATA I8 IN 4C2 (IF SINGLE PRECISION) OR
IN ACG(LOW CRDER) AND AC{(HMIGH ORDER) IF DOUHLE PRECISION, ACH
WILL BE 8AVED AND RESTORED IF CONVERSION IS SINGLE FRECTISTIAON,

CALL? JSR BRK INQTE
e TXT WANY LIST OF CHARACTERSG" FNOTE 2
SRETURN IF ALL COMPARISNNS ARE UNSUCCESSFUL»
«RETURN IF BREAK CHARACTER IS FIRST OF LIST»
]

H
L1

SRETURN IF BREAK CHARACTER IS LAST DOF LISTs JNOTE 3

NOTE t. CONVERSION TYPE IS CONTAINED IN AC2 ON ENTRY, SEE TABLE
ABOVE,

NOTE 2, THE COMPARISON CHAWRACTERS IN THE LI3T CAN BE ANY SEVEN
BIT ASCIl CHARACTERS EXCEPT THAT THREY MUST NOT BE ANY
OCTYAL OIGIT IF CONVERSION IS FROM OCTAL, OR ANY DECIMAL
DIGIT IF CONVERSION I8 FROM DECIMAL, THERE CAN BE ANY
NUMBER QF CHMARACTERS,

NOTE 3, AC! WILL BE RESTORED IF RESULT IS SINGLE PRECISION,
NUMERICAL DATA WILL BE AC@, OR AC® (LO) AND ACH (HId,
THE QUTPUT WILL BE SIGMED ACCORDHNG TOD INPUT DATA,




RONUME

THIS SUBROUTINE ACCERTS AKND ECMOES A SIGNED OR UNSIGNED STRING OF
DIGITS FROM THE TYY AND ZNTEHPRETS IT AS QECIMAL OR OCTAL,

SINGLE OR DOUBLE PRECISION, CONVERSION TO BINARY I8 UNDER THE COMNTROL
OF THE CONTENTS OF AC2 ON ENTRY {S8EE BRK), THE RESULTANT RINARY
NUMBER WILL BE EQUIVALENT TO THE TINPUT DIGITAL STRING MODULD
Jevi18a] (RINGLE PRECISION) OR 2eedici (DOURBLE PRECYISION),. EXIY

FROM THE SUBROQUTINE CQCCURS wHEN & BUCAY CHARACTER (SEE BRK) IE
TRANSMITTED FROM THE TTY, IF THE BREALX CHARACTER I8 A CeRMRTIAGE
RETURN (359 THE SUBROUTINE NOT DONLY ECHOES IV BUT ALSO TRANEMITS

A LINE FEED (15) TO THE TTY., UPON EXIT THE NUMERICAL RESULT WILL
BE IN AC#Z (SINGLE PRECISION) OR ACE AND ACYT (DOUBLE PRECISTON,

LOW ORDER IN ACPY, AND THE BREAK CHARACTER wILl BE IN aC2, ACY WILL
BE SAVED AND RESTORED IF CONVERSION IS SinNGLE PRECISION,

CalLLs JS8R BRK TCONVERSION TYPE IN AC2
GRETURND FRESULT IN ACD (SINGLE PRECISION)
$OR ACO AWD ACY (DOUSLE PRECISION,
JACY KESTORED IF SINGLE PRECISION,




ROTTS

READS 48CTI CHARACTERS FROM TYY AND STORE THEM (2 PER KORDY IN &
YEXT BUFFER IN MEMORY, FIRAT WORD GTORCS FIQST CHARACTER IN BIYS
Be{B, GECOND IM BITS 08¢ 7 AND 80 ON, THIZ I§ DRDER REGUIRED FOR PRT,
A NULL CRARACTER T& AUTCOHATICALLY INGERTED ﬁl TRE END OF THE TEXT
CHARACTLRS CAN BE RENDVED FROM THE BUFFER BY STRIKING THE RUBOUT
KEY On THE TTY, IF IT I8 STRUCK N TIMER, N CHARACTERS ARE REMOVED,
EACH CHARACTER IS PRINTED &Y TTY AS IT IS ERAZED,

MULTIPLE CHARACTERS CAN BE COMPACTLY ELBEDDED IN THME TEXY BUFFER IN
A WAY RECOGNIZABLE BY PRT, THE METHND IS TO STRIKE CONTROL AMD A
KEYS SIMULTANEQUSLY (aa) THEN STRIKE THE REPZATING CHARACTER FOR
THE REQUIRED NUMBER OF TIMES, THE INFORMATION IS CODED YWTN THE
TEXT BUFFER AS DESCRIBED IN PRT,

If THE NUMBER OF CHARACTERS TO BE STORED wWILL EXCEZD YHD AVAILAGLE
SPACE THE TTY HWILL PRINT "g" THEN MAKE 4 CR/LF AND WAIT FOR A NEM
TEXT SYRING,

RETURN FROM THE SUBROUTINE 18 FORCED BY S8TRIKING THE ESC KEY
ON THE TTY.

NOTESS IF THE OPERATOR 4ISHES TO ERASE A PACKED MULTIPLE

CHARACTER STRING HE MUSY USE ENOUGH UYRUBQUTSY TO REMOVE THE CHARACTER
BEFORE i, SUBROUTINE MAY nOT RECOGNIZE E8C 0P RUBOUY IF THEY ARE

THE FIRSY CHARACTERS AFTE® A PACKED REPEATED CHARACTER, IT MAY

BE NECESSARY 70 STRIKE ANOTHER ESC FOR RUROUT REFQORE THE ARE
RECOGHIZED,

ACS @=2 ARE SAVED AND RESTORED,

CALLE JSR ROTT
<ADDR> JLOWEST ADDRESS OF TEXY BUFFER
<L78>» JLENGTH OF TYEXT BUFFER, 2#LTB={ I8 THE
FHAXIMUM NUMBER QOF CHARALCTERS
@ FACTUAL NUMBER OF CHARACTERS WILL BE
FPLACED HERE,

SRETURNSY




FRTS

SUBROUTIME YO PRINT A TEXY STRING GF GEVEN BIT ARCYT CHARACTERS
ON THE TELETYPE, PRINTINF CONTINUEG UNTIL 4 NULL CHARACTER 18
REACMED, THEN CONTROL RETURNG TO THE CALLING PROGRAM,

IF «ACeray ON ENTRY, THE SUBROUTINE HILL INTERPAET THE CONTENTS
QF THE FIHST LOCATION BEYOHD THE JSi2  INSTRUCTION OF THE CALLING
SEQUENCE TO BE THE LOKEST ADDRESS OF THE TEXT AUFFER, IN THIS
REMOTE HODE THE TEXY CAN BE ANYWHERE IN MEMORY, RETURN HILL BE 7O
THE SECOND LOCAYION PAST THE JSR, IN THIS LOCAL NODE THE TEXT 1§
ORDINARILY ASSEMRLED HITH TME PROGRAM USING THE o TXY PREEUDO
INSTRUCTION, RETURN NOW OCCURE YO THE LOGATION FOLLOWING THE TEXT
BUFFER,

IF, AND OMLY IF, CARRY I8 ZERD ON ENTRY THE PROGRAM WILL MAKE &
CR/LF BEFORE PRINTING,

THERE I8 FROVISION FOR MAKING A SERIES OF N REPEAYED CAMARACTERS 0O
THE TTY WITHOUT HAVING ALL THE CHARACTERS SYORED IN THE TEXT BUFFER,
SUCH PACKING IS CODED INTO THE TEXT BUFFER BY THREE

SUCCES3IVE BYTESST 004, «N», <R>» (THE CHARACTER 091 CAN BE

GENERATED BY AA ON THE TTY), HERE <¢R» IS THE CHARACTER TO RE
REPEATED N TIMES,

ACS @=2 ARE SAVED AND RESTORED,

CALLS JSR PRT INGYES (,3
<ADDR OF REMOTE TEXT BUFFER OR ,TXT "aNY TEXT!s §NOTE 2
¢RETURNS®

NOTES: i, SET CARRYs@ FOR CR/LF
¢¢ ENTER WITH AC3EQ FOR REMOTE BUFFER PRINTING,
ENYER WITH AC@ NOT=EQUAL YO @ FOR LOCAL BUFFER PRINTING,
3, SEE RDTT FOR ORDER OF SYORAGE,




BINUE

PRINTS OUT ON TTY THE DECIMAL OR OCTAL EQUIVALENT OF THE CONTENTS
OF 4CL, INDEPENDENT CONTROL ARE AVAILADLE &0 A8 TO REGARD THE
CONTENTS CF ACL AS SIGNED (eidGuge® YO «77777) 0 UNZICGNED

(2 TO 1777777), TO SUPPRESS LEADING ZEROS OF THE PRINTOGUY

(BUT AT LEAST ONE NIGIYT witl PRINTY, AND TO VARY THE NUMBER OF
DIGITS PRINTED OVER fTHE RANGE § TO 68 IHRCLUSIVE., ASTERISHS ARE
PRINTED IF THE REGUIRED NUMBER OF CHARACTERS IS TUO LARGE, ACZ2

IS SAVED AND RESTORED,

CALL® JSR BINU pPHLITH NUMBER TO BE PRINTED IN ACH
<TYPED FNOTE |
<NUMBER OF DIGITE» PNOTE 2
<REYURN>

NOTE 1. BITS 13«15 CONTROL THE TYPE OF CONVERSION AS FOLLGWSS

VALUE OF BIY BIT 13 BIT 14 RIT 48
2 SIGNED LEADING ZERQS PRINTED DECIMAL
4 UNSIGNED BUPPRESEES LEADING ZERQOS OCTAL

NOTE 2, NUMBER QF YTY CHARACTERS WILL RBE INCREASED BY QWE 70O ALLOW
FOR MINUS SIGN, OR A SPACE, IF A SIGNED CONVERSION IS TO RE MADE,
1T WILlL BE DECREASCZD IF LEADING ZEROY ARE SUPPRESSED, ACCEPTABLE
VALUES FOR THE NUMBER OF DIGITS I8 i1=6 INCLUSIVE, ANY OTHER

VALLUE WiLL BE ALTERED TO o,




TAGRR G

PRINTS QUT OGN TTY £ TAGLE OF muMpEp FROM & BLOCH IH HMEMORY,
CORVERSIUN RAN BE Y0 DECIMAL OR OCTAL, SIGNED DR UNSIGHED, I¥
CARRY I8 ZERT ON ENTRY THE TTY MAKES A CRALF CEFORE PRINTING,
CONVEIRSICH TYPE AND FORMAY GF Yro PRINTING 18 CONTROLLED BY FOUR
CYTES IN THD CALLING OCZQUENCE: TYPE, NOIG, NG&P, Wrl, TYPE
CONTROL THl CONYERGION A8 BECDUTDED MORE FULLY FOR BINU, IH BRIEF,
IF TYPE eu THE CONVIRSION I8 SICHED DECIHAL AND HATINTS LEABING
LERQS, FOR UNSIGHED COMVERSION &gy TYPlud, FOR ONTAL CONVERGTON
SET TYPEeL, AMD TO SUPPRESS LLADING iCROS SEY TYREaR,

THESE OPTIONE CaN BE CONCATEMITED, ADSUMING THAT COLVERSION

IS GIGNED ZRD YHAY LEADING ZON0S ARE NOT SUPPRESSED THE PRINTED
FORMAT 18 AS FOLLOWSS

EDD,..0D 800ec DD S0D,.,,00

SIGN(S) TS5 EITMER = OR BPALE, NUMBER DIGIY3 ® NDIG, NUMBRER (F
SPACES BETWEEN WORDS 8 NEP, NUMRER OF WORDS PER LINE 8 uwpPL,

THE NUMBER OF CHARACTERS PER LINE IS (NSF & NDIG + {YeWPL =» NEP,

UNGIGNED CONVERSION f(ALSD WITHOUT BUPPRESEION OF LEADING ZEROSS
H&G THE FOLLAOWING FCRMATS

DD, .00 DD0Deo.DD DOD,,. 0D
NDIG N8P
HFL WERDS

THE NUMBER OF CHARACTERS PER LINE I8 NOW (NEPHNDIGYeHRLaNER
IF THE REQUIRED NUWBER OF CMARACTERS EXCEEDS NDIG, ASTERISKS wILL
BE PRINTED,

IF LEADING ZERQOS ARE TO BE SUFPRESSED THE WORDS MAY BE AHORTENED
IN LENGTH, HENCE THE NUMBER OF CHARACTERS PER LINE IS INDETERMINATE,

Calit JE8R TABPR PIF CRYR@, TTY MAKES CR/LF BEFORE FRINTING
STYPE, NDIGa» JTYPE X8 IN BITS @w?, NDIG IN BITS Buib
eNOGP; wPRL» JNOSP IS8 IN BITS Ae?, WPL IN BITS Bai5

<TOTAL NUMBER OF wORDS TO BE PRINTECS
<l.OWEST ADDRESS OF CORE BLOCK CONTAINING NUMBERS»
QRETURNSY

EXANBLE S
JEPR TABPR
483
.- 1002
ENHD
€ADDRy
<RETURND

WILL PRINT N4 WORDS IN OCTAL PROM THME BLOCK BEGINWNING AT ADDR,
YHE FORMAT WILlL BE THWO wORDS OF THREE DIGITS PLUS SIGN PER LINE
WITH TWO SPACES BETWEEN THE WORDS: 8000 800D




G485
BéaL6
p64AB7T
D6410
6411
B&ax2
P6413

26414
P6415
P64l 6
Beat 7
86426
p6azt
B6422

06423
B6424
26425
06426
66427
06430
06431
B6432
06433
06434

6435
B6436
06437
P6440
B6441
D6442

06443
P6444
B6445
B6446
06447
P6458
06451

RAE405
854436
176400
54435
254435
Guda441
B4V 436
Ba4436

p22427
195300
U 4405
121000
Beasg3
210422
pepT1I2

054424
B3 4422
163405
GRL4DT
B10415
142404
BP2416
p2r412
B40412
P02413

b2val1e
V3445
117096
020410
024410
001401

BPOLOd
30Yat6Rol0]
PEBBOY
vvB377
PYoBBY
315163510
VOBUBY

LOC 6425

BRK:STA 3.S5E33NTR W/ TYPE IN
SUB 3.3:0UTP IN ACB&I

STA 3:NB

STA 3sNB1

JSR KDNUM

STA 9,SUML

STA 1,SUMH3 TEMP STR AC1

NAXT:LDA @,eS8B3
MOVS B,

JSR COMPR

MOV 150

JSR COMPR

IS# SB3

JMP NXT

COMPR:STA 35SC3
LDA 35RY

AND 3:25SNR

JMP PAU

ISE NB

SUB 2,0552R

JMP @S5C3

LDA @5NB

STA BsNB1

JMP €eSC3

PAU:LDA GsNB1
LDA 3,5B3
ADD 0,3

I.DA @,SUML
LDA 1,SUMH
J¥P 1.3

SB3:9
NB: 0
NBl1:©
R8:377
SC3:0
SUML: O
SUMH: 0

AC2




LR )
26452 ©54525 RDNUM:STA 3,SS33NTR W/TYPE JN ACZ
P6453 162486 SUB 6,0
06454 042525 STA 6>51GN
06455 B40T774 STA 0, 5UMH
@6456 048772 STA ©,SUML
B6457 244521 STA 1,RDNI
p6460 PansSe2 STA 0,DBL
B6461 151202 MCVR 252-5ZC
G6a6s Q0B4G6 JMP OCTAL
B6463 020522 LDA B,JDEC;sDECIMAL
06464 040436 STA @5BR
B6465 V20523 LDA O,NINE
B6466 B4G51S STA 0,ULIM
06467 BLB4ARS JMP DSN

06470 820514 OCTAL:LDA 9.,JOCT
6471 040431 STA 05BR

PD6472 P20515 LDA 0»SEVEN
06473 B4BS1EG STA B,ULIM

G474 151202 DSN:MOVR 2,2, 5zC
C6475 Ow4430 JSR DOUBL

06476 PB4517 SN:JSR IN
6477 034512 LDA 3,MIN
P65L0Y 116495 SUB ©,3sSNR
P6561 Q0422 JMP MNUS
G652 634510 LDA 3,PLUS
P65S03 116484 SUB ©@s35S5ER
06504 0DD402 JMP <42

@6505 Y4510 DIGIT:JSR IN
06566 030500 LDA 2,ZEROC
06567 034474 LDA 3,ULIM
P6510 162833 ADCE# 3,85SNC
P6511 112032 ADCEZ# 0,2,5ZC
06512 9220433 JMP FIN

B6513 142435 SUB 2,0

@6514 B24735 LDA 1.SUNMH
06515 ©30733 LDA 2,5UML
@6516 151120 MOVZL 2,2
P6517 1251060 MOVL 1,1
06520 151120 MOVEL 2,2
06521 125100 MOVL 1,1

P6522 0VP400 BR:JIMP «+0
P6523 010456 MNUS:ISZ SIGN
66524 BVOT61 JmiP DIGIT

06525 102520 DOUBL:SUBEL 8.6 .
06526 040454 STA ©.DBL ¢
06527 201400 JMP 853 :

06538 151120 ADOC:MOVZL 2,2
P6531 125100 MOVL 1,1

06532 113022 ADDZ ©,2,5zC
06533 125420 INC 1,1

@6534 ©58714 STA 2,5UML
B6535 @44714 STA 15 SUNMH




" B6536 GOBT4AT SNiP DIGIT

B6337 B34711 ADECM:LDA 3, SUNML
86540 173022 ADDE 3:25SEC
06541 1854060 INC 1.1

B6542 834727 LDA 35SUMH

¥6543 167328 ADD 3.1

06544 BERT64 JMP ADOC

86545 111668 FIN:MOV @52
06546 D34446 LDA 3-CR
B6547 116465 SUB 3535SNR
06550 BRB424 JMP GLF

B6551 08208677 G:LDA ©,SUML
06552 824677 LDA 1,SUMH
06553 B14427 DSZ DBL
B6554 BPBAL1 JMP SINGL
P6555 125120 MOVEL 1513DOUBL PREC
B6556 125220 MOVZR 1.1
B6557 614422 DSE SIGN
B6560 (GB2417 JIMP €SS3
P&561 100484 NEG @5¢2SZR
26562 124281 COM 1,1.-5KP
B6563 124440 NEG 151
26564 002413 JMP 8583

06565 1061120 SINGL:MOVZL 8,0
P6566 101228 MOVEZR 2,0

B6567 024411 LDA 1,RDN1
B6370 ©14411 DSZ SIGN

#6571 002406 JMP €S53

086572 102400 NEG 9,9

86573 vB2404 JMP @5S3

06574 0208417 GLF:LDA @,LF
86575 804424 JSR OUT
65576 800753 JMP G

86377 000000 SS3:0
06608 230000 RDN1:0
86601 QOPOOD SIGN:@
66602 280000 DBL:Q
P6603 000000 ULIM:0
06624 800486 JOCT:JMP ADOC-BR, 1
66605 800415 JDEC:JMP ADECM-BR,1
06606 0POP6B ZERO:"0 S
P6667 0BOO6T SEVEN:"7
86610 036071 NINE:'9
06611 000955 MIN:*-
86612 QOGES3 PLUS: '+
B6613 600012 LF:12
66612 69EO15 CR:155BRK & RDNUM JULY 4 71




PEELS
66616
Gab6l7
6620

66621
66622
06623
06624
06625
06626
66627
06630

P6631
06632
©6633
p6634
B6635
P6636
26631

B6649
P6641
p6642
06643
06644
P6645
@s646
B6647
66659
P6651
06652
©66353
66654

86655
66656
86657
06660

06661
86662

06663

26664
B6665
P66€6
peseT
66670

N69110
63619
QueTIl
960410

863511
620777
661111
101300
101190
101229
181300
061400

054406
p2u762
VY4766
peT51
DU4ATE4
Doz 4ul
BY9000

048457
B44457
B50457
BS4457
010456
0246061
171000
121005
031 400
101903
vR4757
102520
GA4G 441

P35000
161620
123465
pgogazé

101235
URE414
063511
0e9777
06T1T1
B14427
080774
010425

IMINIOS TTE
SKPDN»TTI
JME e

DIA (sTTI

QUT:SKFEZ TTO
JMP e =1

DOAS ©.TTO
MOVS ©-0

MOVL G.0
MOVER 650
foOVS ©.0

JMF #s,3

CRLF:STA 3:TEM4
LDA ©,CR

JSR OUT
LDA ©sLF

Sr OUT

JvP @TEMA
TEMA4A: D

PRT: STA 0,TO@3PRT
STA 1,TO0+1
STA 2,TOu+2
STA 3sTOY+3
1SZ TOO+3
LDA 15R38
MOV 3.2

MOV Os0»SNR
1.LDA 25023
MOV 0225SNC
JSR CRLF
SUBZL ©:0
STA 9,SPCNT

LTC:LDA 3,0,2
MOVZ 3,0

AND 158,SNR
JMP RET

OTP:MOVZR# 0»0,SNR
JMP SPACE

SKPBZ TTO

JMP =1

DOAS 8,TTO

DSZ SPCONT

JMP OTP+2

I1SZ SPCNT
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26671
p6672
6673
G66T4
96675

p66776
B66T7
D670Y
26701
06702
P6703
N&T04
B6TVS

B6706
6787
86716
p6711
pe7ia
B6T13
B6714

P6715
BeETL6
Goe717
86120
Goial
peT722
B5723
06724

86725
06726
06727
66730
g6731
66732
66733
26734
@6735S
06736
86737
66740
26741

151166
158643
pop7LR
1612368
PBBT62

17563
151401
175301
V350060
161000
123400
CaB4ayy
PRBT64

pen4lt
ge4411
155600
B3v410
101005
DB2487
001401

820500
sinlalalelal
1193019157
gappng
BEEOOY
0Gov9s0
19J930143010]
PoBOTT

B48772
B44772
50772
854772
821401
046557
031400
1750Q33
BR46T74
126493
244756
120000
040754

NCHiMCOVL 252
INCR 2.2 SNC
JMPLTC

MGVS 3.0

JMP LTC+2

SPACE:MOVC 3s3,SNC
INC 2+:22:5KP

MOVS 3s3:SKP

LDA 3,052

MOV 3.0

AND 150

STA 0:5PCNT

JMP NCH

RET:LDA ¢-T00
LbA 1,TOOB+1
MOV 253

ILDA 2-T0B+2
MOV 0,85 SNR
JMP @TOu+3
JMP 1.3

SPCNT: @
CYS:0
TOD: 0

4]

4]

9

8
QUEST:"7?

RDTT:STA @,T0OQs36 21
STA 1,T00O+1
STA 2,TCG*2
STA 3,T00+3
RDT:LDA G,1,3
STA Gs4WCNT
LDA 2,0,3

MOV 3,35SNC
JSR CRLF

SUB 1,1

STA 15SPCNT
COM 1,0

STA @s»SPCNT

7




PN

B67742
BET4L3
PD6744
06145
D6T746
peT47
V6750
05751

B6752
06753
6754
G655

6756
67517

B6T16Y
061761
06762
36763
B6764
B6T65
B6T766
V6767
Bwei179

RGTT
po712
PWé6713
B&6114
P6TTS

P6776
61T
Q79ue
87031
07502
B7093
P804
BTa05
07006
aT0e7
7010
i1l
p7di12
P1013
B7014
B7015
B7816

07017
27020
97021
07922
87923
07624
27025

BD4653
P34547%
116485
BEYA431
W34536
116405
PpY447
125440
11235
PUu46S
125213
PB4A4353

G40 T45
PBBT63

175400
bs54527
p34741
121309
1630006
A1 BuUD
151400
414522
pu252y

020733
Boa627
BO4635
034726
©BuTI34

34633
125213
Vw407
151489
pauiel
034542
163409
41377
BR04I3
182489
D41090
p2D706
30707
834787
P4aS432
024703
831483

124430
1240060
125212
000404
220700
poeliEd
QUBTLS

GCH:JSR IN
LbA 3sESCP
SUB @5,35S5NR
JiPr CAR

LDA 3sRUB

SUB 923, SNR
JMP ERAS

INC 151
MOVZERE WsBsSNR
JriP NSP

MOVR#F 1,15,SNC
JSR STW

Q@:STA 0,TOU+4
JiP GCH

STW:INC 353
STA 3,5V3
LDA 3,TO@+4
MOVS 8.0
ADD 3,0

STA Os0s2
INC 2,2

DSz WONT
JMP eSV3

R:LDA @,QUEST
J3R QUT

JSR CRLF

LDA 3,T0U+3
JmP RDT

CAR:JSR CRLF
MOVRE 1515SHC
JL'IP 0+7

INC 252

LDA B,TOD+4
LDA 3sRR

AND 3,0

STA Bs-1,2
JMP «+3

SUB 8,09

STA 9,02
LDA 9,T00
LDA 2,T0Od+2
L.DA 3,TOU+3
STA 1,253
LDA 1,TOO+1
JMP 3,3

ERAS:NEG 151
COM 1,1

MOVR# 151,S2C
JMP LDV

I.DA 0,TOD+4
JSR ecouTtC
JmP GCH

6557




BrC26 1504203 LDWINEG 2,2
RIN2T 15000¢ €OM 2,2
WENEG BiGacl LSE WGNT
87631 & 0 LDA @.G.2
grana ¢ 1523 LDA 3s2RRE
GI(333 117409 AND 3,3
B7634 STA 3:T0o0+4
PYE3S Y@EI3060 MOVS .0
$7036 006545 JSR ecQouUTe
BTI657 898703 JMP GCH

BrAL PO6542 NEP:JSR €CING
BT041 019654 1SZ SPCNT

BTz 800423 JMP NFST

BT0A4A3 040440 STA O»RPTCH;REPEATED CHAR
g7¢44 2ODTT4 IMP NSP

87045 634436 NFST:LDA 3sRPTCH
27345 116405 5UB 953-SNR
87947 YOTI1 JMP NSP

B7852 040437 STA B,BKSTR
E7651 125468 INC 151

B7052 125400 INC 151

87653 125400 INC 1,1

67054 1252123 MOVR# 151s5NC
B7055 POB4AI3 SMF EVEN'
B7G56 102520 SUBEZL 0,9
B7657 084702 JSR STW+1
G760 B34635 i.DA 35, SPCNT
7061 054642 STA 3,TOZ+4
B7062 920421 LDA B,RPTCH
@7Y63 GC4676 JSR STUW+]
A7064 192000 ADC 2,0

87065 040630 STA @5 SPCNT
B7066 822421 LDA 3,BKSTR
87967 809667 JMP Q

B7679 176520 EVEN:SUBZL 3,3
@7CG71 ©54632 STA 3,T00+4
87072 020623 LDA 0sSPCNT
7073 0P4666 JSR STW+1
C7074 ©344%7 1.DA 3sRPTCH
67075 $54626 STA 3,T00+4
67076 B22411 LDA @,BKSTR
@7877 BO4662 ISR STW+1
97100 102086 ADC G,0
87101 ©40614 STA BsSPCNT
87102 002640 JMP GCH

07103 000000 RPTCH:0
87104 9020177 RUB:177

@7105 098377 RR8:377

87166 626631 CCRLF:CRLF

87107 200080 BKSTR:0

@7110 0BCUGY SV3:0

87111 000BYQY WCNT:0

07112 P20033 ESCP:333RDTT 6 22 71




@7113 B43454 STA .S533TARPR
C¥114 644454 STA 1,581

U715 0SC454 STh 2.802

87116 102000 ADC #9,0:5CY UNCH
87117 BAC454 STA 6,FLG

67129 224765 LDA 1-.RRE

37121 B54451 STA 3:5553

¥7122 021490 A:LDA ©.,0:3
C7i23 1113006 MOVS (.2
g7124 123439 AND 1,9
B7125 133408 AND 1.2
©Y126 175400 INC 3:3
47127 012444 ISE FLG
#7130 000204 JMP o+ 4
27131 Q4L42¢ STA O,NDIG
87132 650416 STA 25 TYPE
B7133 QBBTST JMP A

07134 040441 STA (s WPL
87135 050442 STA 2,N0OSP
£7136 ©2140C LDA €,0,3
B71137 V40441 STA ©>NW
B7140 331401 LDA 25153
£7141 101863 MOV B,0sSNC

Bil42 0056744 NEXL:JSR @CCRLF
Z7143 020432 LDA @, WPL
p7144 B40432 STA @,WPL1

07145 ©25093 NEXWILDA 1,9.,2
B7146 151400 INC 2,2
P47 984435 JSR BINU
07159 BRVBVBY TYPE:G
07151 B0GDO00 NDIG:Q
G7152 614426 DSZ NW
PTiS3 0DV4d6 JMP NEX
£7154 820413 LDA @,S5S03%
B7155 ¥24413 LDA 155851
87156 636413 LDA 2,552
07157 834413 LDA 3,5SS3
BT16C 001404 JMP 453

87161 9014415 NEX:DSZ WPL1
87162 GUB492 JMP +2
BT7163 00U757 IMP NEXL
B7164 024413 LDA 1,5NGSP
P1165 V06414 JSR eSPC
B7166 @AOT7ST JMP NEXW




o
2

P7147 GECROB
ATLTR BODLED
27171 0OLBOC
@7i72 VU000
P7173 LOLLLY
7174 OGONOU
GTLT5 GUEOY0 WPL:O
G7176 COOOGB2 WPLI:¢
G717 BUED00 NOSP:O
G209 C0R0EG NW:O
BI201 GO7335 SPC:SPl
N72p2 B06615 CING:IN
B7205 9656621 COUTC:0UT

o () ae o
D=
=

[ VI O IR ) ]

L0 = R

[SYR

s

[SSIRC IV I Vo IO IR I5}

@7204 050527 BINU:STA 2,S23BINU
PT205 0954527 STA 3553 )

B7206 £31401 LDA 251533N0.DIGITS/WORD

¢7207 020523 LDA 05C6

$7210 150557 NEGOL# 2,2,SBN3 IF NDIG<=0

G7211 11100% MOV @:2;0R >6, REPLACE BY 6
©7212 (43737 STA G2NDIG

@7213 142513 SUBL# 2,0:SNG

g7214 050735 STA 2:NDIG

B7215 102520 SUBEL 0,6

@7216 11100 MOVL 050

@7217 931400 LDA 2,053

P7220 1151¢0 MOVL ©,3

P7221 143600 ANDR 250

7222 040513 STA ©>SUPEF;FLG=1 SUPR LDNG 0'S
7223 157405 AND 25>3,SNRSSIGNED? }
87224 0006417 JMP SIGN1

P7225 034460 BO:L.DA 3>RADR:COMP ADR OF COPAR NTGRS&RADIX
27226 151202 MOVR 252,5ZC

07227 834457 LDA 3,RADR+1

67230 031776 LDA 2,-253

07231 050472 STA 2,RDX

07232 939717 LDA 2,NDIG

#7233 156400 SUB 2,3 ‘

P7234 BS54471 STA 3,BASAD3ADR OF CMPRSN NTGR

B 7235 034466 Bl:LDA 3,RDX

@7236 B54466 STA 3:MAX

P7237 034466 LDA 3,BASAD

p7240 231400 LDA 2,0,33GET CMPRSN NTGR

p7241 020470 Al:LDA 0,C60
B7242 000416 JMP A3

87243 125133 SIGN1:MOVEL# 1,1,SNC
7244 6BY48S JMP POS ’
B7245 020461 LDA €,MINUS

B7246 12440 NEG 1,1

07247 826734 B2:JSR €COUTC
97256 @BB755 JMP BO

27251 020457 POS:LDA 0,5°F°
B7252 PRBTTS JMP B2




p7253
g1254
B7255
97256
e7257

pI260
gr261
67262

87263
01264
Pi26s
P7266
7267
07270
12171
pr1272
07273
B1274
B7275
7276
v7277
©73906
87301

07302

07303
07304

B7385
%7306
07397

07310
27311
87312
67313
@7314

B7315
¥7316
@7317
Q7320
- 87321
07322
97323
07324
B7325
g7326
07327
87330
07331
67332

146420
121400
B14460
809401
@14445

146433
000402
BBa771

B34441
175005
Dega42
150615
120442
914445
ppeTLI2
P10443
pup401
10431
151224
peUaT37
B14436
ppoan2
PO6TV2

¥30431
¥34431
0o1402

PP1315
pB7323
177777
voeole
023420
Be1750
000144
(61530350 §2
BpoYo1
beRL1o
100000
p12008
02100
0oY100
VYUo10
610J0J0)7 ]
8000009
2p0000
povBOY
ORBOSS
pe2eEs2
002049
1019)5398<Y")
geopess

A2:S5UB 2.1
INC -0
DSZ SUPEF
JMP Q*‘I
DSZ MAX

AZ:SUBZ# 2-1:5NC
JMP O FFIN
JMP A2

FFIN:ILLDA 3,MAX

MOV 3-3,5NR

LDA 0:-ASTR

COM# 2225,SNR

LDA ©,C60

DSZ SUPZF

JSR @CoUuTC

ISZ2 SUPEF

JMP e +1

ISZ BASAD

MOVZR 2,2,SZR3CMPRSN NTGR=17?
JMP B13NOs»GET NEXT .
DSZ SUPZFSYES

JMP RETURSAT LEAST ONE LDNG 8 WILL B PRNTD
JSR eCouUTC

RETUR:LDA 2,52
LDA 3,S3
JMP 253

RADR:RDX10+2
RDXB8+2
177777
«RDX 10
10000
1000

190
RDX10:10
1

«RDX 8
1280000
10000
1000

100
RDX8:10
i

RDX:0
MAX:0
BASAD: 8
MINUS:" -
ASTR:"'%
SP: 40
Cé6Q:60
C6:6




LR}

137333
27334
97335

87336
D7337
B13406
87341
87342
G7343
61344
7345
67346

O0FEHS
990009
0OYBUT

124609
LEGTT!
9544066
125405
Bulav4
DE6402
CEBTTS
06621
GouBBG

sey

53:0

SUPEF 6

SP1:COM 1.15ENTER W/ NO OF SPACES IN ACH

LDA G SF

STA 3,553V

INC 1515SNR

JMF 553V

JSR @e0ouTi1

JMP -3

QuUT!1:QUT

SS3V:Bs; TABPR»BINU&SP1 JULY 3 71

EeD




AT ppT122
Al pa7241
A2 557253
£3 BET260
ADECM BU6537
ADOC (6530
ASTR pBI327
BOG poTZ25
B1 ¥ 7235
B2 QY7247
BASAD G@T7325
BINU o724
BRSSP 734F
BKSTR PP7167
BR pe6522
BRK PA6405
Cé BO73382
c69 B37331
CAR V6776
CCRLF Gu7106
CING pBT202
COMPR U423
g F—— T TEEN
courc PoT263
CR 06614
CRLF bp6631
CYS PR6T16
DBEL GB66Y2
DIGIT GU6565
PSP 557

DOUBL Lo 6525
DSN 6474
ENB {33435
ERPRR— 8-
POFR— 57583
ERAS BeT017
E&——0% 768
ES1 pE7528®
ESCP po7112
EVEN BOT079
FFIN pBT7263
FIN PR6S45
FLG 0YT7173
EWSR——B36.7365
G BO6551
GCH PR6742
GLF PB6574
GPIR—BB1I6
GRRI—E87485
IN 006615
JDEC PB6685
JOoCT goé604
054533
LDW puTL26
LF pP6613
LTC PP6E65SS
MAX 007324
MIN pP6611
MINUS gp7326
MNUS 096523

N3 25
NB Bu6444
NB1 PREA4AS
NCH BU667T1

BUTI51

go7161
pa7142
Ba7145
GO T406
voivas
69661@

PPTLI?
P T04a9
poT200
U641 4
PB6416
Pu6661
BR6621
PB1345
PBR— 0956,
PAU BB6435
p—837433
PHE——DUTSEd
PLUS goe612
pPOS 007251
P
PRT pO6649
Q 0B6156
QUEST 686724
R w6771
RS DR6446
RADR @o7395
RPMFR—FF 41
RDN1 006600
RDNUM po6452
RDT BB6731
RDTT go6725
RDX B 7323
RDX10 g@7313
RDX8 PP 7321
RET go6706
RETUR GE739v2
RPTCH poT103
RR8 BB7105
R
RUB PRT7104

se p07333
S3 pu7334
SB3 BB6443
SC3 go6447
SEVEN pO6607
SIGN CY6601
SIGN1 B 7243
SINGL  ©WE5S65
SN PB64T6
SP 987330
SP1 PB7336

- = - [}

SPACE PB66TE
SPC g i201
SPCNT ORETLS
SSY e TLET
SS1 poTLIT0
s§52 IR A
$53 G06571
553V PBTC46

583 poT1 /2
STW pReTen
S UiiH §86451
SumML p@6459
SUPZEF 4B71335
SV3 POTIIO
TEM4 PO6631T
TCO pY6TLT
TYPE gE715¢
UL I 206603
WCNT paTIL]
WPL PET17S
WPl PUT1L76
LT g‘[i\'l,gfulib
WRAHAB—B 87555
zERO PU66Y6
mes———-wﬁ*“v¥




MINTHUM BARDHARE REDUIREMENTSEE NOVA « &K MEHRORY

TOTAL WEMORY REQUIREWENTS 742 (0CTAL)Y LOCATIONS

NO OTHER SUBROUTINES ARE REQUIRED

I/0 PHG IS WNRITTIEN TN ASIEMBLY LANGUAGE IN LOCATIOME
640327366, IT CAN BE REAGSEMBLED INYO ANY OTHMER LOCAYION,
IT REQUIRES 742 LOCATIUNS,







Wire List Layout Progran
Program #C19
By: R. A. Farwell
Ottawa, Ontarioc, Canada
September 27, 1971
INTRODUCTICKN

ABSTRACT

The wire list g ion system is designed to allow the user

to quickly layout the wiring list for a group of printed circuit
cards that have wi rap interconnazcticns. The existing system
allows the wiring 1lis etght 86 pin cards tc be generated.
Each pin is described jx ASCII cliaracters. The program has
nine commands:

BLANKS Rlank the storage aiea

ENTER Enter data threugh the teletype

READ Read data from the high speed reader
CHANGE Change data from the teletype
DELETE Delete a card entry from the tzble
LIST List all card data on the teletype
LIST1 List one card data on the teletype
PUNCH Punch data on the high speed punch
WIRE Layout an optimized wiring diagram

This document describes the operation of a program referred to as
UWIRE". It explains how "WIRE" can be used to make up the required
wiring lists for any interconnections between 2 group of printed
circuit cards.

At present the program is configurated to handle eight double sided
printed circuit cards containing up to forty-three pins per side.

Pin designations are by number on one side and by letter oun the other.
The numbering is continuous from one to forty-three, inclusive, while
the lettering goes from A to YY omitting the following letters:- G,1,
0,Q,6G6,11,00, and Q.

SYSTEM GENERATION

The WIRE program is supplied to the user as a five source tapes and a
binary tape. It operates in 4096 words of core memovry using all
locations up to 7630(8).

As the program exists it is for use with a medel 35 teletype and a
high speed paper tape reader and punch unit. If onc or more of thessz
devices is not present the user will have to make modifications to
source tapes.

1f the model 35 teletype was not present the user would have to nedify
the ".TYPE" subroutine of tape 2 to maintain a line couater. This will
allow simulation of the form feed character that is typed out by sub-
routine ".TYP3". Similar modifications could be made to implement the
line printer as the listing device.

For a system without the high speed paper tape equipnent only mincr
2

%
modifications are necssszry. To use the paper tape punch on the teietype
the subroutine "PUN" on tape yive should be changed to




SXPBZ TTO
JMP -1
DOAS  §,TTO
aMP 6,3

To use the high speed reader the user need only leave data switch
zero in the OFF position when using the WIRE program READ ccommand.

PROGRAM OPERATION

The binary tape shculd be loaded into core memory using the Binary
Loader. This tape has a start block at the end so the program will
start immediately upon completion of the loading.

The program may be restarted at any time by setting all the console
data switches to zero, all off, and press RESET and then START. Stored
at location £ is a jump indirect through location 40 which centains

the starting address of the program.

COMMAND DECODER

At the start of the program and after each command is completed, a
branch is made to the Command Deccder. This routine will ask the user
to enter the next command by typing cut a carriage return, line feed,
and "CMND-". The user should then enter a command which can be up to
six characters in length. There are nine possible commands that can be
used ranging in length from four to six characters.

The command decoder will accept up to six characters but if only four or
five are required it may be terminated by typing a carriage return or by
cntering spaces for the remaining characters. The commands that are
acceptable and their usage is given below.

BLANK BLANK THE STORAGE AREA

ENTER ENTER DATA THROUGH THE TELETYPE

READ READ DATA FROM THE HIGH SPEED READER
CHANGE CHANGE DATA FROM TELETYPE

DELETE DELETE A CARD ENTRY FROM THE TAEBLE
LIST1 LIST ONE TABLE ON THE TELETYPE

LIST LIST DATA ON THE TELETYPE

PUNCH PUNCH DATA ON THE HIGH SPEED PUNCH
WIRE LAYOUT THE WIRING DIAGRAM

ENTER Command

This section of the program first checks to make sure there is room
for another card entry in the storage table. It should be remembered
that as the present system exists only eight card entries are
allowed. If these are all used at the time the ENTER command is
issued, an error message ''NO ROOM" will be tvped and the Decoder will
request a new command. At this time the user could use the DELETE
command to remove tables that are not being used.

After successfully finding a card entry table that is not used, the
program will request the user to enter the table title by typing a
carriage return, line feed, and "NAME-". A tweniy charecter title
is allowed for each card. Other sections of the WIRE program will
identify it by the first fcur characters but the ucer may want to




put a longer descripticn than what four characters allows. A
couple of exemples {ollow:

MDM MODEM DEC. 1i/76
CIMI OCTOBRER 25,1976

The only restriction on the title tc be entered is that the first
character must be alphabetic between A and Z. If this rule ig not
adhered to the program will request the name again. If the user
gives a name of less than four characters, spaces are substituted
for the remaining characters.

After the title is entcred a check 3is made to determine whether the
first four characters spell "DONE". If the answer is yes, a branch
is made immediately back to the Command Decoder.

When the title passes this check, the program reguests pin configu=~
ration data. There is no restriction to the order in which the pin
data is entered. A pin description can be changed by re-entering
the same pin designation and its corresponding data. The last piu
description entered is always the one that resides in the table so
that any mistake on entry can be corrected by rec-entry.

Pin data is requested by the program typing a carriage return, line
feed, and ":-". The user must then enter a two character pin name.
If the name is only one character in length like the numbers 1 - 9

s
s
or alphabetic characters A - Z, the user must also enter cither a

leading or trailing space character tc complete the name.

If it was not found to be a legal pin name the program will reply
with " PER-" and then re-issue the request for the pin name as
described above. If the pin name entered was two space characiers
or a carriage return the program will assume that the user has
completed the data entry for this table and it will branch back to
the Command Deccder.

After a legal pin name has been entered the program will type a

single space and then wait for the user to enter a single pin direction
character. This character can designate an input to the card (I) or

an output from the card (0).

Only one other character can legally be entered as the direction cha-
racter. This is a "D" which means that the nrevious description for
this pin is to be deleted completely. The pin avea in the tzble is
blanked out and the next pin description is requested.

If any other character other than an "I", "0", or "D" is entered, it
is diagnosed as an error and a message " DER-" is typed out and the
program waits for the user to input the pin direction again.

After the signal direction has been successfully entered, the program
will type a single space character and wait for the user to cuter a
six character signal name. The name can be terminated before all six
characters are inputted by the user typing a carriage return. Any




character string can be used as the signal name but it is desireable
that the name have printing characters only. If the name string is
terminated before the {full six characters are estered, blanks will
be substituted for the remaining characters.

The program then re-cycles back and requests further pin descriptions
to be entered. This cycle continues until the user terminates it by
the method mentioned abeve (double spaces or a carriage return).

An example of the form the data input would take is listed below.

CMND--ENTER
NAME-MDM OCTOBER 25/70
:=1 I SV
-A I 5V
-28 1 GND
:~FF I GND
:-D 0 EOT/
:-6 0 MDMKEY
:-F O MDMKEY
=14 I 12v
=R I 12V
-L 0 CTS/

I EOT

.
.
3
.
.
.
.
.
.
.
.
.
.
-
3
.
.
-

CMND-LIST

CHANGE Command

The program first requests the name of the card whose pin configuration
data is to be changed. The user can enter up to a twenty character
name but only the first four will be used for determining if this card
is present in the storage table. If the card cannot be found the
program will type ocut "NAME?" and request the name to be entered again.

Once the name of a card description within the storage table is found
the program will operate the same as for the ENTER coummand.

When the user is finished making changes for the present card, he

exits by typing a carriage return or two spaces for the pin number simi-
lar to the ENTER command. The system will then request the name of the
next card to be changed. If no further modifications are necessary the
user can enter "DONE" to indicate the CHANGE operation has been com-
pleted.

DELETE Command

After successfully entering "DELETE" tc the Command Deccder the progrem
will request the name of the table to be deleted. If the name entered
does not correspoad to one of the table names, the error message 'NAME?"
is tyvped and the table name is requested again.




Once the name of an existing table has been entered, the table

jc deleted and the other tables are compressed. After the name

of the next table to be deleted. If that was the last table, tne user
should type '"DONE".

LIST1 Commana

This command causes the program to output a listing of a single

table onto the teletype. It first requests the name of the table

‘to be listed and checks whether the table is present. If it is

found to be present the program branches to the top cf a new page,
types out the card title, and then a listing of all pins used on that
card.

An example of the command string and the resulting listing is given
below:

CMND-LIST1
NAME-MDM

MDM OCTOBER 25/70
PIN DIR NAME PIN DIR NAME
I 5V

I CTS/
0  MDMKEY

I 5V

12v

A
E
F
L
R
5
T
U
\
Y
Z
AA
¥F

LIST Command

The list command is similar to the LIST1 command in the form cof
output produced but it lists the data for all existing card tables

in storage. Each card listing is started on a new page. A condensed
version of a typical listing follows.

TRM OCTOBER 25/70
PIN DIR NAME PIN DIR

1 5V I
5 PCE/

10 RE

11 PE

12 PED/

16

18

19
22
43




RO

TM OCTOBER 25/70

PIN DIR NAME PIN DIR NAME
1 I 5V A I 5V
3 0 EOT C
4 0 PE/ ) 0 EOT/
5 E 0 PE
7 0 TSS/ H
8 0 TS J
16 0 TMKEY T 0] TMKEY
17 1 PED/ U
18 \ 0 RSS/
2 X 0 PRS
22 0 TPS Z
28 I GND FF I GND - s
C
MDM OCTOBER 25/70
PIN DIR NAME PIN DIR NAME
1 I 5V A 1 5V
4 D 0 CTs/
5 1 CTS E
6 0 MDMKEY F 0 MDMKEY
14 I 12v R I 12v
15 - S 1 cTS/
16 0 TE T
17 I EOT U
21 Y I EOT
22 I SEND/ Z
23 1 CTS AA
28 I GND FF I GND

)

PUNCH Conmand

This ccmmand causes the program to output on the high speed paper
tape punch a binary tape corresponding to the table area currently
being used.

Upon entry to the PUNCH section of the program a check is made to
determine if there are any card tables defined. 1If there are no
tables defined, an error message "NO ENTRIES" is typed out and the
program branches back te the Command Decoder for the next user
request.

If active tables were found the program punches out 300(8) blanks

equivalent to about twenty inches of leader tape. The active data

tables are then punched out ignoring any space characters that might

be present. fter all the tabies have been punched the program

punches a done block giving as the starting address the start cf the

Command Decoder. Another 300(8) blanks or about twenty-five inches o
of trailer tape is then produced. The program branches back to the R
Command Decoder for the next request.




READ Command

The data tape produced by the PUNCH command can be read into the
program from the high speed paper tape reader by using the READ
command. Before entering "READ" to the Command Decoder, data
switch f on the console should be set ON (logical 1) and the paper
tape loaded into the reader.

Once the "READ" command is entered the program blanks out the complete
storage arca and then branches to the Binary Loader to read in the
data tape. The done block will cause the program to branch back to
the Command Decoder when the data tape has been completely read into
the table storage area.

WIRE Command

The operations performed when this function iz requested are the most
complex of all those performed by this program. t requires so much
CPU time that the program frequently becomes compute bound as opposed
to I/0 bound.

The program produces a wiring diagram or list showing all interconnec-
ting wires that should be placed on the mother becard containing the
printed circuit cards. The list can be used at equipment assembly time.

The first operation of this section cf the program is to ask for a list
of card tables that gives the order of wiring the cards together. This
list should correspond in order to the arrangement of the cards in the
physical equipment.

Since the program has been written so that up to eight different card
descriptions can be contained in core at any one time, the user can
specify that any number of cards up to eight can be wired together.
fewer than eight cards are to be wired together, the user must end
table name entry section by entering "GO". This instructs the program
to gc to the start of the wire diagram layout program and HALT. 1If
"DONE" is entered as the name of a card table, the program will branch
back to the Command Decoder for the next operation.

After the program has been given the go ahead (user entered "GO" for

a card table name or has entered eight card table names), it will
proceed to produce the wiring diagram. This produced wiring list is
in a form that can be conveniently used by the assembly line personnel
in wiring vp the back panel of the equipment being manufactured.

The progrem will first list all intcrconnections for the number One
card and then the interconnections between the number 1 and number 2
cards, the number 1 and number 3 cards, etc. After listing all inter-
connections for card number 1 the program will give a listing of any
pins that are unused. By defirition a pin i¢ said to be unused if
input pin does not have a signal tied to it. Unused output pins are
ignored as they can be provisicns for future use. After card number
one is completed, a similar list is mede for card number two giving
connections between card 2 and card 2, card 2 and card 3, etc.

A typical wiring list for a threec card assembly is given below. The




necessary input commands are first given. It should be noted that
for the timing card TM that all input signals were catisfied but for
the transmitter -~ receiver modulc TRM and the modulator - demodulator
module MDM there were a number of pins unused. These signals would
most likely come from an external power supply and/or additional
interface unit.

CMND-WIRE
NAME-TM
NAME-TRM
NAME~MDM
NAME~GO
™ OCTOBER 25/70
™ TO M

1 ) -TO- A 5V
28 -TO- GND

™ TO TRM

1
7
8

17

28 -TO-

E

\Y ~TO-

™ TO MDM

3 -TO- 17
INPUT PINS NOT USED

TRM OCTOBER 25/70

TRM TO TRM

1 -TO-
43 -TO-

TRM TO
1 -T0~-
19 -TO-
43 -TO~-
INPUT PINS NGOT
10 RE

M TL/
W START/




MDM

MDM

14
17
28

OCTORER 25-70

TO MDM

~TQO~
-T0O~
~TO-~
-TO-
-TO- F
-TO-

(R A=

INPUT PINS NOT USED

1 5V
14 12v
22 SEND/
23 CTS
28 GND

5V
CcTS/

12v
FOT
GND
CTS/
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Program #0Z1

i, OF PHYSICS
ETE URIVERZSITY OF KEW YORK/ABUFFLLC
FUALD, NEW YCHR 148146

RSTEUCTIONE FOR RESLD
KELCCATRABLE EXTENDSD SISGLE LSER BASICH

FIniyur CORNFIGURATION

FOVA LINE CORPLTER MALLFACTURED EBY DE&TA GENZBRLAL
TTh O STANDARD TELETYYPE TRIFEFLICT, T7 18 URGED THIT
*;KS HavE AT LeadT 1w (CCORE, REsLa 1§ ARCUY

ol T (4% (0CTAL) kBF ELCMG,

CFFNATIUR'

ESLE MaY BE LLOACED wYTH YrE RFLCC2TABLE LCACER AS

STANU ALONE PRCGRAM, LSER SUPPLIEL MACRINE LANGUAGE
RCGRAMS SHCOLLD BE RELOCATAELE ARC GENERALLY LCADED RFFCRE
ESLP IS LOACED,

) C T PRCGKOM I8 LCACED WITH THE RELCCATAEBLE

PLER, IT vy BE STARTEC RY FUSKINRG COATINLE CF ELEE

¥ ray FE STArRTED AT LCCATICR 22,

FTER STARTING BASIC A FEw GUESTICNS wILL BF PRINTED CN THE
FLETYPE, AFTER ANSWERING ALL CF THE OLESTICNE, THE
EECAPEY KEY FUSY BE PUSKEL,(CATFL SKHIFT K3 E&ﬁi: WILL

Ow TYPE "eakbADY", SKOLLD YCU WIEM 70 RESTAFY THE
OMEUTER, USE LOCATICN 2 4& YmE STARTING LCCATICN,

DG NCT WESTAKY AT 2¢)  EACE TTHME YCL RESTART,

USk THE M"EESCAPE" KEY,

5 A FKEE STANDING PROGKAN YCU MAY LSE THE TNSTRUCTICAHS
GR LATA GENERAL'YS TIME SkpRE RASIC, (IF THEY CID NCY
ENE YOL INSTRUCTIONE FCR YTIME SWARE BASIC, GET HELL

F YCUR SALEEMAN{)

hE TIME COWMAND wILL GIVE @ FCR A FREE STAMCING VERSICA
F KESUE

0 ANCT wCRRY ABOUT UNSATISFIFC EXTERMNALS WHEA

CING RESLB ALCNE, THEGE ARF slLl CMECKEC EY THE
wCE OMLY CCCE IN RESULB,

OCATIONS vei? ARE NCT LCACEC RY TWE LOADRER,

UT 2RE SET LP BY THWE CANCE CANLY CCDE, TKIS SKCULC
LI.Cw RESUB TC BE LCADEC LACER [CS,

F THE GUESTION ABOLY MASCW2RE MULTIFLY CYIVICE 318
NSWEREC "Y", THE HARDWARE MULTIFLY

KOLLD SFEELC UP THE FLOBTING FOINT MLLTIFLY RCUTINE,
(ORIGIMAL MCVA MULTIFLY CIVICE

AIT wWILL MCT BE COMPATABLED

o ASSEMBLY LANGUAGE PRCGRANMSI

VARIETY OF ASSEMBLY LARNGUAGE PRCGRAMS FAY RE USEKD
N CONJULNCTICK wiITH RESUR, THE SCLRCE TAPE (F 2 SAMFLE
ROGRAM IS SUPRLISD GIVING EXAPPLES, VARICLE CISCUSSICHS
ILL FOLLGOw AS TC THRE VARICLS PRCVIEICONS INCLLCED
0§ WELL AS SCWE CF THE CCMMERTS FRECM THE RESLB LTSTING,

FERAN M, WEILER Date Submitted:

13177



5 4, BACKGRCLAND PROGRANS

JYNE VARICUS BACKGROULND PRCGRAMS »TILL BE TRENTYFYER
yBY THE LCCATION TC WkICK RESUB WILL JUMF

PWHEN THME PRCGRAM IS CALLEC, THE RETLRAN 7O RESUP

}IS ALSO GIVEN, USE CF THESE PROGRAME I8

POPTICNAL, THE ONCE CMNLY CCCE JIN RESLE wILL

JCHECK ALL EXTERNALLS, IF THERE ARE MNC

JCORRESPLRDING USER SUPPLIED ENTRY

FRGINTS, A SLITABLE PATCK IS MADE, TRLS, YCL NEED OMLY
§wORRY ABCUT TWOSE FEATURES THAT YCU &RE GOING TC LSE,
JNG YDUMMY! ENTRIES NEED BE LSEN wiTk RESLE,

InOTES DC NCT USE LOCATION 2771

pwCC?t (DONCE CNLY CCORE) TKRIS IS A PROGRSEM
JTHAT IS LSEC CNLY AT THE IRTIAL STARTLF,
PRETLRN TC TRE AQDRESS IN ACT CF TC WCCR,

P3TKLFE (STARTLP)Y THIS COCE IS FYECLTEC E&CH TIVE
JTHE COMFLTER 18 STARKTED, A% TINITIAL STARTUF

FIT IS EXECLTELD A&FTER THE CMNCE DALY CCCE,

§YOL MUST RETURN TO BASIC wWITk & JMF €,TASK
INCTET  ,TASK IS INM PAGE ZEFRC CF KESLE

IBGNCFS (FACKGKOUND PRUGRAM)  THIS CCCE wILL BF EXECLTEC
JPENICOICALLY wMEN RESLB 18 MNCT LCOING CALCULATICHS,
PIT IS SUGGESTED THAT YCU CC MNCT MAKE THIS FRCEGRAFW

JCCASLME  MCRE THAN 100 VS,

PO0C NCT LEAVE ThE INTERKUFT SYSTEM CFF SC LCMNG Thay
FRESLE CANMCT KEEP UP wITH TRE TELETYFE,

FRETLRN 18 A& JMP &,TASK

$PBASEv: 1F OUNE SHCULD EVER FET TC THE ROTTCK CF THE
JINTERRUFT STACK,A JUMF TC FPLSE?” wILL BE MALE,

$00 MCT RETULRN TO BASIC,BLT KEEP ThE INTERRUFY Ct
JNOW AND THEN,




PTRE FOLLOWING IS SOME STLFF FADM THE LISTING
JTRAT SHCULD EBE WELFFLL
JBASIC INTERPRETER RELLCCATARLE EXTENCED SYSTEM
JREVISED VERZION OF TSBAS kWICK 1§
JCOPYRIGRT (C) 1874, LaTh GENERAL CORFCRATION
JTITL RESUB
JOEFINE SCME USEFUL FLNCTICH ENTRIES
FoENT oFIX, FLCT;.SUBF, ACCF, BIVF, MPYF
JJENT 2,0 ;PROVIDE ENTRIES FCR CEBUGGIN WITWOUT EYMBOLS
JDEFINE ENTKIES FGR IC SYSTEN
FI10 SYSTEM VUST BE LCADED BEFCRE THE BASIC SYETEM
JWENY C377,CFTH,INTR, INTEK, 177
S WEXTN OUTPT,RCINF,OVINY,INIT,CLOSE, JEYSK
§EXTC JOVUS, sPTP. PR, .CCH, oCTU
1.ENTE FILNG JLOCATICON CF 4 NIGIT BCD LIMF NUMBEK
. 3MAY BE LSEL FCR A FILE NUMPER WMEN LSING
JUSER SUPFLIEC 1,0, CRIVER FCLTINES

§ENT? KLUF JTO INCREMEMNT RUNTIME ACCUMULATCR USE YHE
JFOLLCKING CCCE  LDA 2 PRUP
; KOV 2 2 8SIF
? I87 =23 2
JTHIS SHOULFEE BE DCNE TEM TIFES & SECCKE
JIF TIME CCMNANR I€ TC WCRK

JLENTS JINTH JPAGE ZERC ACCRESS CF INTR

1 EXTN STRUF PY0 EXTERNAL START UF FRCGRAY

JEXTR BGNOP 1BACKGRCUNE FRCGRAVN

FENT ,ThSK JSTART UP AN BACKGRCLAND SHOLLE RETURM
jRITH JKF €,TASK

FoEXTN BASE® JBASE PRCGRAM AT BCTTCM CF STACK
FINTF IS TLRMEC CON REFCRE CTalLL

JeEXTA w(CC 170 THE STaRrY CF LEER SUFFLIFL

JONCE CNLY CCCE AY IMITIAL ETARTLP

' JAFTER BASIC IS FIRST LCACEC

JLENT WGCR JRETURN FRCM wCC RCUTINE
JTHE FCLLCWIMNG ARE USEFULL FCR SUBSTITLTIANR
JLINE PRINTER FGR VELETYPE, BASIC TAKES CARE CF
PNOKNMAL TELETYPE INTERRULPT CALL TC TELC
1 ENT TELC JTELETYPE FAACLING RCLTIMNE FRCKM INTERLUFT CHAIMN
1.ENT TELCH FADDRESS CF CCAS § TTC INSTELCTIEN

PCENT ICET JFOINTS TC 1CE

PINITIAL STAFTLP CF RESUB I& AY LCCATICHh 22,

PTHIS wILL EXECUTE THE CONCE CALY CCOE Thart

1PIS LATER DESTFOYED, WHEN COCNTRCL IS

JTRANSFERKED TC STRUF,YKE LSER STBRTLF RCUTINE,LCCATICA
$2¢@ CCNTAINS THE FFIRST LCCATICN IN PIGH CCRE MCT USEL BY
JRESLE ANC BASIC USER SPACE, LCOCAYICKRE 27,21,30 ARE

INCT LSED BY WESUBR WkEMN THE JMF TC STARLP T8 MiCE

FAFTER THE INIYIAL STARTUF,

JBASIC SKCULT BE BESTARTECD AT LCCATICN 2

JLOCATICNS ve7 ARE SEY UP BY THE CACE CANLY CCLE SO ThaAT
JTHREKE 18 HQFE THAT RESUB MaY BF L CAQEC UNDEF CCS

PIT WILL CF CCURSE wIFE CLTY SECTICME CF CC§ IM CCRE,

IFOLLCwIRG SLERGUTINES ARE L8EFLL FOR STRING FARIPULATICA
PLENT (JACEY PINDIRECT ACCRESS IM FAGE ZERC CF BSUEBRCLTINE
JUSED 70 aCCESE BYTYE FCINYED 10 PY A(Y




PRETUKN BYYE TI& IN 4Ce

FoENT STEY

DDRESS TC ETCRE BYYE IAN ACP USING FOINTER
|

S
§1




PTHIS PaGE I& ALSC FRCM TRE LISTING

JDEFINE EXTERKAL FOR SLBRCUYIMNE TABLE
FoEXThN SERTH, SBRTL PEERTL T8 ALCCRESRE 0F TRELE
JLSEC BY SLARCUTINES
§ OAVATLABLE FRCH THE CCAMSOLE
IT MAY CCINCIDE wITk SERTE IF DESIREL CR BE &
PCOMFLETELY SEFARATE TABLE,

JTRISE TARLE ALCAG WITH TKWE SLPROUTINEE MUST
SBE LCADEL REFCRE THE BASIC ESYSTEM

!

JSUBRCUTINE TABLE FORMATS

’ +ENT SBRTB

H AREL

H SBRTR: SUBRQOULYTINE MLMEEK (Pe32767,)

! ADDRESS CF SLRENLTINE

H VARIARLE CCMNTRCL WwCRL (SEF PELCR)
’ e cCco

} s

J LR sIN SLER MUMBER PCSTITICH
!

JFGRMAT CF VARTIABLE CChTIwCL wCKD?

H EACK EXPRESSICMN PRESENTEC YO TE CALL ESTATEMEMT
] (NOT CUULNTING THE SUBROUTIKRE NUMBEFR) (UP TC 4

pMAXINMUM CF 8 EXPRESSIONS) FAS ASSCCIATED WITH 1T &

12 BIT FIELD IN THE VAKIARLE CCANTRCL wCRC STARTING
JWITE BITS ¢v,1 FOR THE FIRST EXPRESSICK,

D] ¢v SIGNIFIES NC MLCWE VARTABLES

(Y ?1 CCRKESPONDING EXFRESSICN MUST BE & STRING

1 (2) 1. CCRRESFONDING EXFRESSICN MaY BE ANY VALIC EXPRESSICH
$ IN wkICH ALL CF TFE TERMS ARE CEFINEC

1(3) {1 CCRKESPONCIMNG EXFRFEESICMN MLST BE 4 SIMPLE

} OF CIMENSICMEC VAKJARLE (LSEC WkEM TkIS EXFRESSION

! 18 TC RECEIVE TrE RESULTS CF THRE SLRRQUTIMED

!

JFOKk EXAMPLE, IF A& SUBRUUTIME FRCNULCEC CANE VALLE TC PE
JSTORED INTC THE FIRST VARIAELE IN TEHE "CALL" LMD REGLIKEC

$3 ACCITICNAL ARGUMENTS, IT'S CatL «CLLD BE

H CALL SUBR&,RESULLT,INFLTYL,IRPLTEZ,INPLTR

JTHE vANRIABLE CONTROL wORL WCLLD BE AS FCLLCWS

b OLRLX 4

] 322287 1FIRSY VARIAELE ™UST RE SIMPLE CR CIFEMNEICNECL
JJRUX JRESTOKE CRIGINAL RACIX

JTHE BASIC wILL DETECT AS ERRCKS, THE FOLLCwIANG CALLE TC THIZ
JSUBRCUTINE .

! 'CALL AyGeB, Y, 2,v FIREY EXYPRESSICH

1 YUST RE SIMFLE

H CaLL 2,B,C,D4E./W 1TCC MANY BXPRESSIONE
/ CALL A,B,C IMNC ENCUGs EXFRESSIONE

${In THE ABCVE, A& COMTAINS ThE SUREGLTINE LUPEER)




73, CALLING ASSEMBLY LANGUEGE SUBRCUTIAES
PADDITIONAL NCTES

§TRE CALL MAS BEEN EXFANOEC E8C THAY STRINGS PAY
FBE CALLEC., weEN USED AS A KEYEOAKD CCWMAND

FTHE SUBRCUTINES TABLE 1& SETIRC,

JTHIS May AE TCENTICAL wITP EYETR IF SO CESIFECD,

JWHEN A SUBKRCUTINE IS CALLEC FROM BASIC

FTHE CALL 15 MADE BY

! JSR TG 8/R ENTRY

j ADUNESS OF FIRST PARAMETER(TKIS IS IN AC3)
ADCRESS QF 2nD

€ © ° ©

ADCRESS OF LASY PARAMETER(LP TC EIGHT)
RLTURN TO FERE FROM ASBEMELY LANGUAGE RCUTIMNE

NUMERIC DATA IS STCKEED Ik & TwC WCRD FLOATING

POINT FORMAT wHLCSE ADCRESSEE 4RE GIVEM AS SRCuWk ABCVE ..
A STHING VARTABLE IS8 4 EIT CIFFFRENT] -
INSTEAC OF RAVING A FARAMETER ADCKESS
THEFE IS & FCINTER TC THE FIRST wCRC CF & FCLK WORD

TABRLE ww0SE CONTENTS ARE 88 FOLLCWSS

FIRSTY RYTE

CIMENSTION

FIST SLR&CK]IFT=1 OR 2ERC

SECCND SURSCRIPT OR STRING CIMENEICH

1YOU MUST BE CAWEFUL whkEN SENCING STRIAGS TC EASIC

twk FAVE NQT LSEC THIS MUCR, YOUL. MaY GET. INTC

PTRULBLE 1F YCU SEND CHMARACTERE MCT LS8ED TN BASIC STRINGS
PA NLLL SEE~S TO BE ThE TERMIKATER, RE SULRE TC SET THE
$PARITY BIT 7C 1 IN TrE aSCII COCES,

JTHE CALL IS RESUB IS SIFILAR TC THE CALL IN
JBASIC ~I7TH CALL BY VMARTIN (ARES

JWE EXPANDEL THE CALL YO EE 8 CCONSCLE COMPANL
JWE ALSO MGRIFIED IT SC TwAT STRINCGS
JCOULTC KE PASSEC TO SLRBRROLTIMNES,

JTHE SURKCUTINE CALL wILL GIVE FRRCw HESSAGE

}37 LADEK THE FCLLOWING CCANCITIONSS

H 1., IF THE APPROFRIATE SULRRCUTINE TABLE IS
NOT LCACEC,

2, IF THE SUBRCLTINF KRLNMBEK I8 NCT IN
THE TAELE,

2, 1F THE SUBRCLTINE M{MBER 18 IN THE
TABLE ,BUT THE SUBKCLTINE ACPRESS
IS AR UNSEYISFIFD EXTERNAL,

JTHE CALL A~ILL ALSO CHECK FCH THE CCRRECT PARRVMETERS

JAND CTHER ERRORF MESSAGES C4N BE GENERATED,

. e ™ma W we wa we

} 6. IMTERRUFT STACKewTHE S§TACK MaAKES IT

JECSSINLE T0 MAVE NESTEC INTERRLPYS, THERE I8 SPALE
FALLCWED FOR v (DECIMAL) STACX FRAMEE,

5IT IS ALLOWED TC TURN CKN THE INTERRLUFT GVYSTEN
PAFTER &M IKTERRURTING

$DEVICE “aS REEM CLEAKEC, IF YCU wI&r T WAIY FCR
;AN IC ODEVICE 7O COMPLETE IT TAEK,YOL MAY

100 A JMF L, INTR wWERE LINTR T8 IN PAGE




18, LLADING &ND DUMPING PROGRAMS WRITTEN TN BASIC

JBASIC PRCGRAMS MAY BE DUFFEL ANC LORCED

JON SFECTAL IC DEVICES wlTk LSER SLPFLIKL ABEEFELY
JLANGLAGEL DRIVER ROUTINES. EXAMPLES (F FRCGERME FCR
JPTP AND FTk AKE GIVEN IN TkE §AVELE SUBROUTINES,

JEACP CHANNEL THPLEMEANTS MUST KAVE A CEVICE CCONTROL
JTABLE (DCT) vwUSE ACCRESS 18 IN L ZKEL,. THE

JOEVICE IN USE FLAG DISPLACFMFNT MLST BE CEFTAEC RY THE
JUSER AND DRCLAKED A& AN ERTFY PDIMT,

JINPLT CCMMANCDS LCT FOIMNTEKR
; TAPE JFTk
) Cakp . «CCK
JOUTFLT CUMMANES CCT FCIATER
' PUNCH LFTF
$ CUMP +CCF

JIF THE CWIVER IS8 NCT LCADEC,MAWE SURE THAT ThRE
JOCT FOINTEW IS ZERC,IF YCL CC wOT CDEFINE

JAND ENTFY FCINT, THE LODACEK WILL ASEIGN ITE
PADCRESS TC 277. (SC CO ACT ULSF LCCATIGN 3773
JTHE RELGCATABLE LOADER wILL SET 2377 YC ZERC
JUNLESS IT I8 ULSED FCR SCMETRINR IN (ZREL,ETC,

19, FUNCRING ABSCLUTE VERKSICNS PF RESLB1

JONCE A SET CF SURROUTINES KAVE REEN CEVELCFEC

FFOR LSE »ITH RESUB, IT IS CCAVENIENT TC HAVE

§AN 4BSULLTE TAPE OF THE SLFRCLTYINES ANC RESLE,

JLOAC THE PRCGKAMS IN THE FCLLCw1AE (KRDER

H 1., ALL USER SLFPLIEL ASSEMRLY LANGUAGE PORCGRANMS,
H 2. KESUSB :

} 2, CEBUG J

JNGTE TWRET LERLG 3 IS LUACEC AFTEK KESLE SIMCE IT wILL NCT BE
JPUNCIKED, :

JNGw CBTAIN & LOADER MBP FRCF THE FELCCATABLE LCADER

JAND STARY [REEULG 3(DC MCT ETART REELER)

JPUNCF GLT ALL LCCATICNS FRC* 2¢ LF TC DEBUC,

JCIN GENERAL YCU DO MCY BAVE TC FLMNCP ALL OF FACGE ZERC

JBUY IT 1S NCT wORTH WkILE TRYIMG TC EAVE 4

JFEwW wWORLE N THE OBJECTY TAFE,)

$1SEE THE NCTE ABQCLY LCCATICMN 377,




FB. LCADING AND DUMBPIKG PRCGRAME WRITTEN IN BAEIC

FRAEIC PROGRAMS MAY BE DUFFEC &40 LUACED

J0n SFECYAL IC DEVICES withk LIERM SULPPLIFEC ASSEMRILY
FLANGLAGE DRIVER ROQUTINES. EXAMPLES (F FECLREMS FCR
JETF AND FTR ARE GIVEN IN THE BAMPLE SUBROUTINES,

JEACKH CHANNEL IMPLEMENTS MLET HAVE & DEVICE CCNTROL
JTABLE (DCT) ww{SE ARCKEES TE IN (Z2KEL, TFE

JOEVICE It USE FLAG DJSPLACEMFRT MLST BE [CEFTMEC RY TRE
FUSER AND DRECLAKED AE AN ENTRY POINT,

PINFLT COMMANCS CCT FOINTER
: TAPE TR
; CARD CCK

JOUTPLT CLiMANES CCY FCINTER
i PUNCH PTF
5 CUkF oCCF

PIF THE CRIVER I8 NCT LCALED,M2WE SURE TRAT TRE
FOCY FOIMNTEW IS ZERC.IF YCL CC NOT DEFINE

FAND EnTFY FCINT, THE LOAGDCE& WILL ASSIGN ITE
FACORESS TO 377, (SC CO MCT LSF LCCATICN 377
FTRE FRELGCATABLE LOADER wlIL{ 8ET 377 YC Z2ERC
FUNLESS IT 18 USEDR FCKk SCMETMINR TN 2REL,ETC,

19, FLNCHING ABSCLUTE VERSICRKRS PF FESLBY

FONCE A SRT (CF SUBROUYINES RAVE BEEN LEVELCFEC

JFOR LSE wITH RESUBR, IT IS5 CCAVENIENT TC HAVE

SAN ABRSULLTE TAPE OF THE SLERCLTINFS AND RESLE,

PLGAC THE PRCGKAMS IN THE FCLLCWIMNG CRDER
o ALL USER SLFPLIEC ASSEMBRLY LANGUACGE FORCGRANMS,
s« KEEUB
« CEBUG 3

FNCTE THAT UEEULG 3 18 LGACEC AFTER RKESLB SINCE IT WILL NCT BE
JPUNCRED, e
INCw CBTLZIN & LUOADER MAP FRCM THE FELCCATABLE LCADER

JAND STAFRY "EBUG 3(DC MNCT START RESULE)

PPUNCK GLT ALL LGCATICHS FRCF 2¢ LF TC DEBUG, o
FOIN GEMERAL YCU DO NCT waVE TC FLMCF ALL OF FAGE Z2ERC
FBUT IT 18 MNCT wORTK WhILE TRYING YO SAVE A :

JFEw wWONLSE UM THE OBJECY TAPE,)

;SEE THE NOTE ABOLT LCCATICA 377,




JHEKE ARE THE ERRCR MESSAGES

fRESLE wILL CHECK FOR UMNSATISTFIED EXTERMNALES

PIN TrE SULRKCLTINE TAELHS, YCU BET ERRCR 37 iF EITHEFR
PTHE SUBRCUTINE IS NCT LOACEC CFR THE TABLE I8 MCT LCACEL

1 FCRMAT ERROK . E
HE'S! CannCT KECOGNIZE wCFKC E
H'y SYNTAX ERRQOR &
Jna ILLEGAL STRING GFERATICH ]
ped SYSTEM FAULT &
8 ILLEGAL STATENMENT NLFMRER £
108 TCO MANY VARIABLE NAMES E
je? CAn NCT EXECLTE FRCM IC DEVICE E
JC8 CEVICE DRIVER NCT LCACET E
1ee CeEVICE 1S BUSY E
jlu INCCRRECT SUESCRIPT CLCSUKRE E
14l INCOGRKECT PARERTHMESIE CLDSLKE €
112 CAN NCT EXECUTE FRCF KEYBCARE E
y12 NC SLCH LINE NLMEEK E, A
114 STUKAGE CVERFLCW wWhILE INPUTTING PRCOGRYM E
p18 Keal IS GUT CF CATA 4
116 ARITHFMETIC ERKRCK 8
117 AEFERENCE TC LAN=ASSICGRED VARIABLE A
118 GCSUES NESTEC TCO CEEP A
718 KETLURN WITHOLT GCSLE &
12 FCR'S NESTED TCC CEEF &
jel FCr aITHCUT NEXT A
§22 MEXT ITHCUT FCR , 4
R LLY CF STCRAGE wHILE ASSIGNING

H VakTABRLE SFPACE A
124 LNRAY TOC LARGE FCR SYSTEM(»172d4 ELEFMENTS
} Ck DIMVENSICN »256) s
128 ATTEMFT TC CIMENSICN SIMPLE VARIAELE 8
126 NAME NCT CIMENSICAAELE &
127 STRING VARTABLE CAN PAVE CMLY § CIMEANSICNS
12t ARKAY EXCEELS INITYI&L CIMENSICA ¢
129 EXFRESSION TCC CCMFLEX FCOR EVALUATICH A
;3¢ SYNTAX ERROR IN CEFINED FURCTICH 4
P31 SUBSCRIPT EXCEEDLS CIMENSTICA A
1 3¢ UNDEFINED USEF FUNCTICA g
P33 FUNCTICNS NESTEC TCC TEEP ‘A
P34 ILLEGAL SUBSCRIPT (MEGATIVE Ck TCO L4RCGE)A
§35 STRING DIMENSICM LARKGFR Thah STRING SI7ES
136 STFINGE TO BE FRINTEL EXCEECS FaGE 8SI2& 8
137 SLBRCLUTINE NCT IN CCKRE ("CALLM) b
138 STRING NOT CIMENSICHESL b
1% SAME MATRIY CAN NCT APFESR CN BOTH

i SIDES (MULTILPY OF TRAKRSPCEER) 8
24y MATRICES HAVE CIFFEREMNT CIVERSIONS §
P4y MATHIX HAS A ZERC CIFENSICH 8
jde CIMENSIONS NCT COMPATABLE (MLLYIFLY)E

143 MATKIXx 1S NOT SGULAKE (INVERT] s
F44 MATWRIX MAS A € ON MAJER DIAGCHAL, CAMN KCT
} FE INVERTED S
p a8 TLLeGAL FUNCTICN LSACGE S
146 TYPEP IANFUT DCESNIT METCH VINPLYY STATEMFENT
H [N SYATAX ERRCK Ih M"ILELTY STATRMERT 5

147 STRING DIMENSICNS CAN KCT KE CHANGELD §




FHEXE ARE THE ERRCR MESSAGES

FRESLE wTLL CHECK FOR UREATISTFIED EXTVERMA
FIN Tre SURKTULTINE TABLES, YCU GET ERECHE 3
PYHE SUBRCUTINE I8 NCT LCACEC CR THF TABLCE

LE
7 IF EITHER
I& WCT LCRCECD

e FCHIFAT ERRQR E
Féd CannC7 RECQOGMIZE WCFLC &
Y SYNTAY ERRQOR &
red ILLEGRAL STRING GFERATICM g
§e4 SYSTENM FRAULLT A
P25 ILLEGAL STATEVENT KLFREFR £
je6 1CO MARY VARIARLE NAMES E
je? Can ACT EXECLYE FRCM IC DEVICE 13
}2€ CEVICE ORIVER NCT LCADETR £
Jeg CEVICE IS BUSY E
1Y CINCCRRECT SUBECKHIPY CLLSUKE E
1l INCGRRECTY PARENTHESIS CLOSUKE 3
112 CAN AUT EXECUTE FWRCM KEYBCARD .
P13 MO OSLEH LINE RLUMBER Tt
iia STOHRAGE CVERFLCw WRILE INPUTTING FRCOGRM F
115 FEAC I& QLT CF CATS R A
RV ARITHFMETIC ERRCK 8
F17 REFERENCE TC LM=ASSIGMED VARIZBLE 4
118 GCSUES NESTEC TCQ CeEP A
1ig FETLURN wITKOLT GOSLE IS
jee FCr'S NESTED TCC CEEF A
129 FCR WITHCUT NEXT B A
1E2 REXT wWITHCUT FOR )
123 CLY CF STCRAGE vHILE ASSIGAING

H VarTAELE SPACE A
124 AnRAY TGO LARKGE FCR SYSTENM(>102d4 ELFFERTS
' Ch GIVMENSIOM »20€) s
ieh ATTEFET TC CIME+*SICAN SIMPLE VARTAELE 8
126 FAME NCT CIMENEICNAELF L]
ye7 STRING VASTABRLE CaAN FAVE CALY 1 CIMERSICANS
126 AFkAY EXCEECS INITIAL CIMENSICN g
§2¢ EXPRESSION TCL CCMFLEX FOR EVALUATICH A
§ 3¢ SYNTAX ERROR IN CEFINELC FUMRCTICA A
HID SUBSCKIPT EXCEEDS CIMENSICHK A
1 %8¢ UNDEFINED USEF FUMNCTICAM N
138 FULNCTICNS NESTEC TCC FEEP A
154 ILLECAL SUBSCKIPY (MNEGATIVE CR TCC LAERGEYA
335 STRING CIMENSICE LARGER ThHaAN STRIMG SI7FES
i 3E STRINE YO BE FRINTEN EXCEECS FAGE 8128 &
137 SLBSCLTINE NCT IN CCRE (VCALL™) A
138 STRING NOY CIFENSICMED A
HIY SAME MATRIY CAN NCT APFEAK CN BCTH

1 SIDES (MULTILFY PR TRANSPCEER) [
Y MATRICES WAVE DIFFERENT DIMENZICNS 8
141 MATRIX HAS A ZERC CIMEANSIOM 8
§42 CIMENSIONS NCT CCMFATABLE (MLLTIFLYYS

$43 FATFIXx I8 NOY SGUULARE (JINVERT) K
;44 FATRIX HAS A ¢ ON MAJCK DIAGENAL, CAN RCT
H BE INVERTED 8
F48 JLLEGAL FUNCTION L8AGE S
}ab TYPED INPUT DCESN!T MATCH YINFLY"™ STATENFNT
H Lk SYNTAX ERRCK In MIRFUTY STATENMFNT ]

§47 STRING DIMENRSICAS CAN NCT FE CRANGRED S




Ji2, FOW 10 MAKE &N ABESULLTE YAFE

PALTHLUGH RELCOATABLE TAREE ARE WUCKH FORE FLEXARLE TkAK
JABSCLUTE TAPES, VHERE CCHMEZ A TIME FCR EVERYRCDY WiHEN AN
PABSCLUYE TAFE CF DEBLGGEL FRCGRAME I8 ERSIFR TC MANELE,
JT0 MAKE AN ABSQLUTE VERSICK CF REEUE, CNE PLET

JFIRET LCAD THE LSER SUPFLIEL KELCTATABLE PRCGRAMS, TrEN
JLOAL KESUB, ANC FINALLY LCAC CEBLG 111, AFTER CBTAINIRG
3A LCADER MA&F, START CEMUG 111, C£C NCT START

JRESLE, LSE CEBUG III1 TC FUMCW MEMCRY BETHEER
FLCCATIUNS 20 AND DEBUGe=1, FLANCK AN END BLCCK WITk

jev CEPIRED A8 TKE STARTING LCCATICN,

J13 FCw TC AVCID GUESTICOWS

JTRIS IS FOR YYOU » IF YOU AkE

JTCC LAZY YO ARSwWER ALL OF TRE STAFTLE GUEETICOME,

JWE PAVE LISTED TRE GLESTICHRS Tx2T CAN BE ANSKERED RY A tyH
JOR AN "AM, IF YCU wISK TC SET THRE ANSVER TC MMM PLT 4
JIMF L,+4 INTC THE SPECIFIFL LCCATICH,

JUSE A JMF ,+& FCR A "y",_ ThRI§ MAY BE DCME REFCFE
JPUNCHING AN ABSCLULTE TAFE LETNG CEBLG IIT,

JLCCATION N IS GIVEN EY THE LCARER MAF,

PUSKHCLLD vy wCHDS AT EMD EE SAVEL™ N$14024

PYRARGCWARE MULLTIPLY DIVIDE INSTALLEODY M1 4P ET7

JU0GC YOU WISk TC DELETE MATRIX CPERAT,," hel1d107
JUD0 YCU WISE COMMAS TC BE 14 SPACES ,." hre1dl1d

JTHRE ABCVE PATCHRES WAVE NCT EEEN TFSYED YET, cCcece LLck,
o END




