F/8 9/2

AD-AL13 821 xVM. SURFACE WEAPONS CENTER SILVER SPRING WD

THMETIC PROCESSOR (AP) HICIMMAB FOR DASS. (U)
AUS 81 R W DAVIS, O M GREA
UNCLASSIFIED NSWC/TR-81-313 ux-»-rsoo 008




2 i

- W g

2

MICROCOPY RESQOLUTION TEST CHART




.ﬁﬁrﬂfoo obg

| C
NSWC TR 81-313

yoi
o\
)
o
=i
-
<t ARITHMETIC PROCESSOR (AP) MICROPROGRAMS FOR DASS
Q
<C
BY ROBERT H.DAVIS DOROTHY M. GREATHOUSE
UNDERWATER SYSTEMS DEPARTMENT !‘
4 AUGUST 1981

Agproved for public releass, distribution unlimited.

= NAVAL SURFACE WEAPONS CENTER
8 Dahlgren, Virginia 22448 e Silvor Spring, Maryiand 20910
u:j
| .
-
g §x Vs 2¢ 0U¢d
- e




s e ————— . -

UNCLASSIFIED

SECUNMTY CLASSIFICATION OF THIS PAGE /When Dara Entered)

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

1. REPQRT NUMBER T;Z, GOVT ACZESSION NO[ 3. RECIPIENT’S CATALGOG NUMBER
NSHC TR 81-313 BD-A113 51

4. TITLE (and Subdtitle)

ARITHMETIC PROCESSOR (AP) MICROPROGRAMS
FOR DASS

$. TYPE OF REPORT & PERIOD COVERED

Final - 1976-1979

6. PERFORMING ORG, REPORT NUMBER

7. AUTHOR(s)

Robert H. Davis
Dorothy M. Greathouse

8. CONTRACT OR GRANT NUMBER(s)

9. PERFORMING QRGANIZATION NAME AND AQDRESS
Naval Surface Weapons Center

White Oak
Silver Spring, Maryland 20910

10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

64261, 01102, A5495490/
004D/1W11020000, 1U34DF

19, CONTRO l?hG.O‘FgCE AME AED ADDRESS
aval Air Systems Comman

Department of the Navy
Washington, D. C. 20361

12. REPORT DATE

4 August 1981

13. NUMBER OF PAGES

130

14, MONITORING AGENCY NAME & ADDRESS(if different from Controlling Oftice)

15. SECURITY CLASS. {of thie report)

Unclassified

15a. DECL ASSIFICATION: DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thia Report)

Approved for publiic release, distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, If # "‘erent from Report) \ P ‘: C’\p
-

18. SUPPLEMENTARY NOTES

19. XEY WORDS (Continue on reverse stde |l necessary and icentify by block number)

Advanced Signal Processor (ASP)
Digital Acoustic Sensor Simulator (DASS)

Arithmetic Processor (AP) Digital Signal Processing
Microprogram (MACRO) Digital Signal Generation

20. ABSSTRACT (Continue on reverse side if necessary and identity by biack number)

Simulator (DASS) program.

This report describes the Arithmetic Processor microprograms developed
for the passive synthesis portion of the Digital Acoustic Sensor

DD , 887 1473 edimicw or 1oy 8813 cesoLETE UNCLASSIFIED

5N G102.L 50" 501

SECURITY CLASSIFICATION OF THIS BAGE (When Data Sntered)




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

SECURITY CLASSIFICATION QF THIS PAGE(When Data Entered)

UNCLASSIFIED




f{ NSWC TR 81-313

FOREWORD

This report describes the Arithmetic Processor (AP) microprograms (or MACROS)
developed for the passive synthesis portion of the Digital Acoustic Sensor
Simulator (DASS) program. These microprograms are written for the Arithmetic
Processor of the AN/UYS-1 Advanced Signal Processor (ASP) built by IBM, Inc.
Approximately half of these programs are highly specialized for the DASS applica-
tion and are of limited general use. The others have more general application and

y ! should be of interest to other ASP users.

The work described herein was sponsored by Naval Air Systems Command,
NAIR-370, under Airtask 5495490/004D/1W11020000.

) F. B. SANCHEZ™ %
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CHAPTER 1
INTRODUCTION

This report describes the Arithmetic Processor (AP) microprograms (or MACROS)
developed for the passive synthesis portion of the Digital Acoustic Sensor Simulator
(DASS) program. These microprograms are written for the Arithmetic Processor of the
AN/UYS-1 Advanced Signal Processor (ASP) built by IBM, Inc. Approximately half of
these programs are highly specialized for the DASS application and are of limited
general use. The others have more general application and should be of interest to
other ASP users. A brief description of each MACRO is given below. A complete
description of each MACRO is provided in its corresponding chapter. Chapter format,
for the most part, conforms to a previous IBM publication.! Each chapter contains
a functional description of the algorithm implemented by the microprogram, a
mathematical description giving the exact computations performed by the microcode,

a description of the microcode implementation from the viewpoint of sequencing and
control, and tabulation of register usage and program statistics. In addition,
each chapter contains detailed charts for:

a) Program coding and timing

b) Arithmetic Element Controller (AEC) and Arithmetic Element (AE)

register assignments

c) Working Store (WS) layout of input and output data

d) Scaling analysis of input, intermediate and output data.
The program coding charts are a fixed-format representation of the sequence of
micro-instructions for each microprogram. Each line on the chart represents the
events occurring during one 100 ns microstep. The register assignment charts
1ist the computational elements which are stored in each AE register during micro-
program execution. The Working Store layouts illustrate the WS data organization
used in DASS, although other eguivalent layouts could be used. The scaling analysis

xProteus AU Microprogram Design Document, Code Ident 6259764, I8M, Inc., 01 Aug 1976.
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charts 1ist each partial result of the computations and give its fixed-point

scaling in terms of the assumed position of the binary point. An Fx scaling .
indicates that the partial result is a 32-bit (fullword) number with the binary

point x bits to the left (x>0) or right (x<0) of the midpoint of the word (16 bits

from either end). An Hx scaling indicates a 16-bit (halfword) number with an

k assumed binary point x bits to the left (x>0) or right (x<0) of the right end

of the halfword.
Appendix A contains the source listings for each microprogram.

BBAMP (BROADBAND AMPLITUDE)

: BBAMP weights an array of complex spectral components by a set of spectral
amplitudes and convolves the result with the spectrum of a sine pulse. This MACRO
3 is peculiar to DASS and has limited application to other problems.

DSCLN (DISCRETE LINE SPECTRA GENERATION)

; DSCLN generates the appropriate spectral components for discrete line
components of arbitrary frequency, amplitude and phase and adds these spectral
components to the Broadband spectrum generated by BBAMP. This MACRO is also
peculiar to DASS and has limited application to other probiems.

SRFFT_(SINGLE REAL FFT)

SRFFT performs the additional pass or operation necessary, in addition to the
basic (complex to complex) FFT algorithm, to effect transforms between real (time)
arrays and single sided complex (frequency) arrays. This MACRO should be of
general interest and applicability.

SCLA2 (SCALE AND ADD TWO ARRAYS)

SCLA2 provides the combination of two arrays, X and Y, to produce an output
array Z. Provision is made for independent scaling of each of the two input
arrays. This MACRO is of general applicability.

ASSSS (ASYNCHRONOUS SAMPLE, SCALE AND SUM)

ASSSS resamples an input array at a rate which is non-integrally related to
the origin sample rate. Linear interpolation is performed to reduce aliasing.
Resampled data is then scaled and added to a second array. This MACRO is of some,
but not extensive, general usefulness.

1-2
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SCLA3 (SCALE AND ADD THREE ARRAYS)

SCLA3 provides the combination of three arrays X, Y, and Z to produce an
output array W. Provision is made for independent scaling of each of the three
input arrays. The MACRO is of general applicability.

F22S3 (FILTER TWO AND SUM THREE ARRAYS)

3
t
!
|
E
,l

F2253 is intended for filtering each of two inputs and adding the sum of the
filter outputs to a third input. Each of the two filters is a two-pole recursive
filter with independent parameters. This MACRO may be of use in other applications.

DEMON (DEMODULATED NOISE)

DEMON is used to generate two signal components, each consisting of a
broadband signal modulated by a periodic signal. The MACRO additionally combines
the two components with a third input to produce a composite output signal. This
MACRO is of some, but not extensive, general usefulness.
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CHAPTER 2
BROADBAND AMPLITUDE (BBAMP) MACRO

INTRODUCTION

The Broadband spectra generation algorithm is described in detail in a previous
pubh‘cation.2 Briefly, the broadband spectra is described by an array A of 860
: numbers representing the spectral ampliitude at 860 frequencies evenly spaced E
F ! across the band of interest. The 860 frequencies are given by:

3 = - .1_ . =
fn fc(n =)in=1,2, ..., 860

where fc is the DFT cell width. Each specific spectral array B is generated by
the following algorithm:

_L ;
BR; = 2 (ARRy - Ay yRRyyy) |
: -1 i
B, = L (ARI, - A RI,))
BR, = BI, = 0

A860 must be 0

BRi = BIi = 0 for i greater than 860

where BRi and BIi are the real and imaginary components of the ith cell of the
output spectral array B, i=0 to 1023, and RRi and RIi are independent sampies from
a Gaussian random process with zero mean and variance of %u

The DFT (single sided complex to real) of the B array produces a 2048
sample time waveform segment with a sine pulse weighting. Successive segments
generated in this manner are overlapped by 1024 samplez and combined to form the
output broadband time waveform. Since the segments are uncorrelated (all RR's,
RI's are independent) the overlapped segments add incoherently to yield a random
function having the desired average spectral behavior and stationary first order

DAVIS, R. H., "Synthesis of Steady-State Signal Components by an All-Digital
System”, NOLTR 74-215, Naval Ordnance Laboratory, (Now Naval Surface Weapons Center)

05 Dec 1974.
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statistics.

FUNCTIONAL DESCRIPTION

BBAMP MACRO consists of four steps to obtain the non-zerc broadband spectrum.
The first step is to generate a "variator" factor which is a continuous, piecewise
linear function defined over the non-zero amplitudes. This function is produced
by beginning at each breakpoint with the value of the function and adding an
increment (signed) for each successive value until the next breakpoint is reached.
The second step is to multiply the AMP element by the variator value generated
as described above to produce the amplitude for that spectral cell. This amplitude
is then used in the third step to scale the two components of the corresponding
RN (Random Number) array element to produce the "half cell" frequency components.
The final step is to form the output array element by linearly combining the 1th
half cell components with the previous ((i~1)5t) half cell components.

MATHEMATICAL DESCRIPTION

Phase 1: CAVi = CAVi_] + DAVJ
where CAV, ; is the variator function value at the last cell and DAVj is the
increment value for the (current) jth linear segment. If i corresponds to the
j+1St breakpoint,

CAVi = AVj+]

where AV is the initial value for the j+1 segment obtained from the VAR buffer.

Phase 2: VAi = CAVi * Ai
where Ai is the AMP value for the i

Phase 3: BHRi VAi * RRi

BHIi VAi * RI;

where RRi and RIi are the real and imaginary values, respectively, of the i
RN element, and BHRi and BHIi are the properly scaled components for the "half-
cel1” frequencies.

th cell, and VAi is the variated amplitude.

"

th

BIi = BHIi - BHIi_1
where BRf and BIi are the final output components of the ith element of the BB
array.
IMPLEMENTATION

BBAMP is implemented with a ten-instruction main loop which processes one

2-2
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pair of A's (amplitudes), R's (compiex random numbers) and B's (output broadband
spectral cells). An eighteen-instruction preamble loads the pipe such that two
valid B's are produced on each pass through the main loop. An eight-instruction
segment of code contained within the main loop s skipped except when a new set of
variator parameters is required for a new linear segment. The variator array is
stored as two 3Z-bit word pairs - the first word contains the initial variator
value for the ith corresponding linear segment in the high order 16 bits, and a
count parameter determining the number of pairs of amplitudes for which the segment
is to apply in the Tow order 16 bits. The second word contains the increment value
for the segment. The count parameter is interpreted as the number of amplitude
pairs - 1, and thus a count of zero produces a segment of length 2. The first
count parameter is interpreted by the preamble as number of pairs - 2; and there-
fore, the minimum length of the first segment is 4. The count is tested for zero
and decremented each pass through the main loop. The embedded variator function
change code is executed if the zero test is met.

The inside loop is controlled by BNZ8. An outside loop controlled by BNZ9
allows arrays of greater than 512 points to be processed. BBAMP is intended to be
combined with DSCLN in a SUPER MACRO, and returns to the SUPER MACRO Code via BR4
upon completion.

SCALING
See Table 2-1.
ARITHMETIC ELEMENT CONTROLLER (AEC) REGISTERS

See Table 2-2.
ADDRESS REGISTERS

"ARO - The increment code s initialized to 1. The address portion is
initialized to the address of the AMP buffer.

AR1 - The increment code is initialized to 1. The address portion is
initialized to the address of the VAR buffer.

ARZ - The increment code is initialized to 1. The address portion is
initialized to the address of the RN buffer.

AR3 - The increment cude is initialized to 1. The address portion is
initialized to the address of the output BB buffer. An initial
dummy read with a "subtract increment" directive effectively
initializes the address portion to BB-1.

2-3
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INCREMENT REGISTERS

INC 0, 1, 2, 3 - Wrap code must be 1024.
BRANCH REGISTERS

BR4 - Unconditional branch to return to SUPER MACRO at completicn of
BBAMP. If BBAMP and DSCLN are not combined by a SUPER MACRO,
BR4 shouid branch to STOP.

BCRO - Conditional branch over the variator change portion of the main
loop. Conditioned on the sign of the incremented count CT.

BNZ8 - Branch register controlling the number of times the inner loop is
executed.

BNZ9 - Branch register controlling the number of times the outer loop is
executed. Total number of data pairs processed is product of inner
times outer loop executions. BNZ9 allows processing of arrays
longer than 512 points.

SINE/COSINE DESTINATION REGISTERS

Not applicable. i

DECIMATE REGISTER

Not applicable.
SCALE FACTOR REGISTERS

SFOH - A11 True/Direct.
SFOL ~ Left, center, and right prescalers - True/Direct, postscaler -
True/Left 4.

ARITHMETIC ELEMENT REGISTER MAP

See Table 2-3.
WORKING STORE MAP

See Table 2-4.
PROGRAM CODING CHART |

See Table 2-5.
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TABLE 2.1 BBAMP AP MICROPROGRAM SCALING

LABEL ADDER IN MULTIPLIER IN QUTPYT
INPUTS :

AV H12

cT KO

DV F12
; A H12

R H12

INTERMEDIATE RESULTS:

B DAV Fi2
f CAV F12 H12
i VA Hi2

BHR. BHI F8
!
: OUTPUTS:
: BR, BI H12
s
3

|
25
SN “STRIEI i
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TABLE 2.2 BBAMP AEC REGISTER MAP

Incr Code Address Register WS Wrap Increment Register Memory Address Register
0 34 15 0 34 15
0
1 A(AMP) 0 BBAMP
V1 | am )
: Sin/Cos Destination Register
AEOQ AE1 AE2 AE
21 1 | ARN) ) T
L 0 it
311 A(BB) [ ! 1
2 . 4
v +
3 3 i '
i 4
Decimate Register
5 Count Reset
6
7 Comments
4 : N = number of spectral
BR/BCR Unconditional/ cells to process.
Cond{tional Branch BNZ Branch and Count Registers
Branch Address Count Reset Spare Branch Address
0 15 0 78 1516 21 22 31
ol 882 8 |z-1[R-1 881
1 9 1 1 B8B1
2 A
3 B
4 ( STOP ¢
5 D
6 £ <
7 F
2-6
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TABLE 2.3 BBAMP AE REGISTER MAP
MLR MRR
oH M1,CAVY CAV2 8 H | w1, Al A2 n
H VAT VA2 it M RR1 RI t
28 AV g 2L 2H RR2 RI2 2L
M DUMMY | READ 3 M 3L
ALIR ACIR
BH [R L eH | P, BHA2 1o
BH|I 1w ™ BH12 L
| cT 2L 2H | 2L
DV L 3H | I
ARIR AEOR
TEMP gH | gL
L BRI N LS
. 2H BR2 { BI2 2L
M. { k1
SCALE FACTOR REGISTERS
AEZ
2o 10le) e | | | | ; | o
Coboy b w1 1 P
ol g 2H b ! [ &
T B e
ACOR ARQR
] CAY ? DAY
1 cT i P
2 2
3 3 |
27
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CHAPTER 3
DISCRETE LINE SPECTRA GENERATION (DSCLN) MACRO

INTRODUCTION

The discrete line spectra generation algorithm is described in detail in a
previous publication.3 Briefly, for each discrete line to be added to the spectrum
of each 2048 sample time waveform generated, complex components are added to six
frequency cells - three on each side of the desired frequency. The magnitudes and
phases of the six complex components are computed from the desired frequency and
amplitude for the segment to be generated and from the frequency and phase of the
preceding segment.

: The exact amplitude weighting for the six components is given by the periodic
Hanning function.“ For DSCLN MACRO, a three-segment approximation is used based

on sine and cosine functions derived from the fractional part of the desired

: frequency. Figure 3-1 illustrates the use of quarter-cycle and half-cycle trig
functions to generate the desired weighting function. In Figure 3-2, for a desired
spectral line of amplitude A at C + D (C, the next Tower cell index and D, the :
fractional distance to the specified line position) the following computations are
performed to obtain the magnitudes for the six cell components.

For cell ¢ - 2:
M._p = A(.035%sin(xD)* cos (%))

= A(.07*sin(%¥)* cos? %?))

For cell ¢ - 1:

M._p = AC5 - .5*sin(32) + .026*sin(xD))
= A(.5 - .5*sin(%?) + .OSZ*sin(%?)*cos(%?))
t 3pAVIS, R. H., "Synthesis of Steady-State Signal Components by an All-Digital
' System", NOLTR 74-215, Naval Ordnance Laboratory (now Naval Surface Weapons
Center), 05 Dec 1974.
*1bid.
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For cell c:

. D
Mc = A(.5 + .5*cos(2 1)

For cell c + 1:

- .
Mc+1 = A(.5 + .5*s1n(2 1)
For cell ¢ + 2:
- )l . onD 7D
Mc+2 = A(.5 - .5cos(?r) + .052*s1n(7r)*cos(7r))

And for cell ¢ + 3:
= A(.035%sin(xD)*cos (%2))
= A(.07(sin2(Z2)*cos (3).
Given D, the sin(%?) and cos (%?) are computed and combined to form the above
functions. For a desired phase P, the component phases are set to -P, -P, P,
-p, P, P.
Figure 3-3 is a BASIC generated plot comparing the three-segment approximation
to the exact Hanning Function.

Mc+3

FUNCTIONAL DESCRIPTION

DSCLN MACRO consists of two phases of computation for each discrete line.
The first phase computes the center frequency, adds the FM perturbation to obtain
the instantaneous frequency, and computes the initial phase to be used for the next
iteration of DSCLN. The first phase also computes the modulated amplitude to be
used during the second phase computations of the current iteration. The second
phase computes the six complex spectral components for each line based on the
instantaneous frequency and phase stored in the Discrete Line Table (DLT) input
data on the amplitude just obtained during Phase 1. The six components are then
added to the appropriate cells of the spectrum being constructed.

MATHEMATICAL DESCRIPTION

For the ith line during the jth iteration, the following computations are
performed:
where CDOi j is the center frequency for the jth iteration and SLi is the slew
> Y th

rate for the i~ line. Note that this computation produces the center frequency
CDOi valid for the second following iteration

FSM = FS; * FM

i, J+

i, j+
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where FSMi. +1 is the appropriately scaled FM perturbation for the 1th 1ine during

the (j+1)St iteration.
- 3 1
Py, j#1 = LO(Py 5 + 70Dy 5 = 7005 5yy)
where CDi . is the instantaneous frequency for the jth iteration.
= .* - >
A=A Ty h
where Ai is the unmodulated line amplitude for the i

amplitude modulation factor for the 1th Tine during the j

= [CDOi’

Tine, and AM, . is the

Ty J
th iteration.

+ FSM.

CODP i+ Ry

i, j+1
Integer part plus fraction part divided by 4 - where the integer part (H.0. 16 bits)
is the center cell number C and the fractional part (L.0. 16 bits) is used as an
angle argument ¢D (in BAM) in computing the Hanning coefficients.

Phase 2:

let A = Ai, j
K = cos(2n * P)
Z=sin(2r * P)
C = cos(2n * ¢D)
S = sin{2r * ¢D)
7=.07
5= .052

BM2 (R,I) = Initial contents of cell C-2
BM1 (R,I) = Initial contents of cell C-1

BO (R,I} = Initial contents of cell C
BP1 (R,I) = Initial contents of cell C+]
BP2 (R,I) = Initial contents of cell C+2
BP3 (R,I) = Initial contents of cell C+3
M2 (R,I) = Modified contents of cell C-2
M1 (R,I) = Modified contents of cell C-1
B (R,I) = Modified contents of cell C
P1 (R,I) = Modified contents of cell C+l
P2 (R,I) = Modified contents of cell C+2
P3 (R,I) = Modified contents of cell C+3

The following computations are performed:
M2R = BM2R - 7CCSAK
M21 = BM2I - 7CCSAZ
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MIR = BMIR + 1/2{(ASK-AK) - 5SCAK
MII = BMII + 1/2(ASZ-AZ) - 5SCAZ
OR = BOR + 1/2(AK+ACK)

0I = BOI + 1/2(AZ+ACZ)

PIR = BPIR - 1/2(AK+ASK)

P11 = BP1I - 1/2(AZ+ASZ)

P2R = BP2R + 1/2(ACK-AK) + 5SCAK
P21 = BP2I + 1/2(ACZ-AZ) + 5SCAZ
P3R = BP3R + 7CSSAK

P31 = BP3I + 7CSSAZ

[MPLEMENTATION

SCALING

DSCLN is implemented with a 48-instruction main loop which processes one set
of Minor Frame (MNF) computations for one line. An eighteen-instruction preamble
generates the parameters 7 and 5 and two auxilaries, M1 and Pi, used in the main
loop, and initializes the pipe for the computations for the first line. The loop
count is controlled by BNZ.A, which should be set to the number of lines to be
processed minus one. Since DSCLN is the last AP program to be executed under the
11 SUPER MACRO, SM1, a halt is executed after completion.

' Since intermediate results CDO, CODP and P are updated in Working Store by
DSCLN, this area of WS must be returned to Bulk Store upon completion of DSCLN.

ARITHMETIC ELEMENT CONTROLLER (AEC) REGISTERS

i
|

;j See Table 3-1.
l

See Table 3-2.
ADDRESS REGISTERS

ARO - The initial value is set to cos™ (7) = 27C8. During main loop
computations ARO contains the spectral cell addresses C-2, ..., C+3.

AR1 - The initial value is set to sin'1(5) = 2809. During main loop
computations AR1 contains the fraction ¢D from which the coefficients
C and S are obtained.

AR2 - During main loop computations ARZ2 is loaded with FMA and used to

access the MTR functions for FM values.
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AR3 - During main loop computations AR3 is loaded with AMA and used to
access the MTR functions for AM values.
AR4 - The increment code is initialized to 1. The address portion is
initialized to the starting address of the SLP, CDO data area.
ARS - The increment code is initialized to 1. The address portion is
initialized to the starting address of the FAMA, FSA data area.
x AR6 - The increment code is initialized to 1. The address portion is
f initialized to the starting address of the CODP data area.
INCREMENT REGISTERS
INCRO - 1024 Wrap. The increment value is set to -5.
INCR1 - 1024 Wrap. The increment value is set to -2.
, INCR2 - 1024 Wrap. The increment value is set to +2.
| INCR3 - 1024 Wrap.
INCR4 - 1024 Wrap. The increment value is set to +2.
3 INCRS - 1024 Wrap.
INCR6 - 1024 Wrap.
f BRANCH REGISTERS
é BNZA - Branch and Count Register controlling the number of executions of
5 the main loop. Count and Reset fields are initialized to N-1,
; ! where N is the number of lines to be processed. The Branch Address
is DSCLP.
SINE/COSINE DESTINATION REGISTERS
SCDO - Destine Cosine only to AEO.
SCD1 - Destine Cosine/Sine to AEOD.
SCD2 ~ No-op (00).
SCD3 - Destine Cosine/Sine to AEQ.
DECIMATE REGISTER
Not Applicable.

SCALE_FACTO

R REGISTERS

SFOH -

A1l True-Direct.

SFOL - Left and center prescalers - True/Right 1, right prescaler and

postscaler ~ True/Direct.
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SFIH - Left prescaler - True/Right 4, center and right prescalers -
True/Right 2, postscaler True/Left 2.

SF1L - A1l prescalers - True/Direct, postscaler - True/lLeft 4.

SF2H - Left prescaler - True/Right 1, center and right prescalers -
True/Direct, postscaler - True/Left 1.

SF2L - A1l prescalers - True/Direct, postscaler - True/Left 2.

SF3H - Left prescaler - True/Right 2, center prescaler - True/Direct,

j | right prescaler - True/Right 1, postscaler - True/Left 1.

' SF3L - Left and center prescalers - True/Right 2, right prescaler -
True/Direct, postscaler - True/Left 2.

ARITHMETIC ELEMENT REGISTER MAP

See Table 3-3.
WORKING STORE MAP

See Table 2-4. (BBAMP and DSCLN are combined.)
PROGRAM CODING CHART

See Table 3-4.
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TABLE 31 DSCLN AP MICROPROGRAM SCALING
2 _LABEL ADDER IN MULTIPLIER IN QUTPUT
! INPUTS :
CO/DP HO, H14
E €00 FO
; ! SL H16 (L.0.HW)
' p H16 (L.0.Hn)
A 412
% M H12
AM K15
] { FS H3
i 7 W17
5 H18
BMZR, BM2I H12
BMIR, BM)] H12
7 BOR, BOI H12
§ BPIR, BPII H12
BP2R, BP2I H12
BP3R, BP3I H12
INTERMEDIATE RESULTS:
s, C H14
Z, K H14
7, 5 H18
A H12
7C H16
55 H16
cs H14
310
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‘ TABLE3-1 (CONTINUED)
LABEL ADDER IN MULTIPLIER IN OUTPUT
% cs H14
4 AK F10 H12
r AZ F10 HI2
= 5S¢ H15
? | AKS F10
AZS F10
! AKC £10
] ! AZC F10
g 7CAK H14
! ‘ 7CAZ H14
' 5SCAK F1
5SCAZ Fl
7CCSAK F12
7CCSAZ F12
i 7SSCAK F12
& 7SSCAZ F12
11, 12 Fll |
13, T4 2k
FSM Fa |
D4 FO J
SL FO l
PP FO
NCD4/NCD FO '
CDP4 F0
! NC F-15
5 cc F-1

31
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TABLE 3-1 (CONTINUED}
LABEL ADDER IN MULTIPLIER IN QUTPUT
_ESM4 fo
QUTPUTS:
M2R, M21 H12
MIR, M11 H12
ORrR, 01 H12
PI1R, P11 H12
P2R, P21 H12
P3R, P31 H12
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TABLE 3-2 DSCLN AEC REGISTER MAP

Incr Code Address Register WS Wrap Increment Register Memory Address Register
0 34 15 0 34 15
0 -1 c
27C8=Cos ' (7) 9 FFB=-5 DSCLN
. 1 2899=5in" ' (5) 9 | FrE=-2
! Sin/Cos Destination Register
3 2 AEQ AET1 AE2 AE3
g 292 0 16 ab ;ﬁ i
3 L. 0? et
3 ) lep L
[}
| 4 (¢
] ~ 1 | 620=A(SL,P.C0M) p | w2 Decimate Register
S1 1 | 6E8=A(FAMA,FSA) 2 |9 Count Reset
8( 1 |sBc=a{cgor) "By
7 Comments

N = # of lines.

8R/BCR Unconditional/

Conditional Branch BNZ Branch and Count Registers
Branch Address Count Reset Spare Branch Address
0 15 0 78 1516 21 22 31
0 8
1 9
2 A | N4 N-1 DSCLP
3 8
4 ¢
5 D
6 13
7 F
5
313
3
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‘, TABLE 3-3 DSCLN AE REGISTER MAP
i
‘ MLR MRR
; oH Fs A L PH | .M S,FM
! H Pl 55C,NCD LIS I T Z,AM
h
q 2H | 7CAK,7C 7CAZ,58 2L M| AT AZ,5 2L
1 3H 7.C,P 5,5,SL 3L 3H cs SS,P1 3L
A ALIR ACIR
)» pH BM2. P2, NC L OH 7CCSAK, Clg, TEMP o
!
; ™ M1 | BP3 LI H 7CCSAZ, CAop, TEMP L
b 24 B0 | FsM 2L 24 5SCAK, 7SSCAK, TEMP 2L
!; 3H gp1 | pp ki H 5SCAZ, 7SSKAZ, P 3L
;
f ARIR AEOR
- # | ask PH | M2R,P2R | M21,p21 oL
} 1 ASZ TH | MIR,P3R,CQ | MII,P31,DP L
E 2 ACK 2H | R,C | p1,D4 2L
3 ACZ 3H | PIR,SL | P11,P 3L
9 SCALE FACTOR REGISTERS
AEZ A
1
1 pr i ofplolefr ] ipleje pH [ 1 | pL
W 3l2j2]2yp]elp[3[L A I | L
' 2H T1ejej1]ejalej2]|a 2H 1| 1 2L
Ml 2|01 1|2 12]012 ) 3H bl o 3
ALOR ACOR AROR
g ceop 9 AK,CD P {T11,04,M
1 P1 1 AZ 1 T2
] 2 7 2| s 2 | 713,C04
P1,LM 3 |Ta,cc
314
e . '.6J. i ! “' L]
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CHAPTER 4
SINGLE REAL FFT (SRFFT) MACRO

FUNCTIONAL DESCRIPTION

The SRFFT MACRO performs the complex multiplications required to allow the
FFT to effect the transformation from real time series to single-sided spectra.
SRFFT is implemented as a separate pass which must be executed on a single-sided
spectrum before bit reversal, or as a last step after a forward transform and bit
reversal to produce a singie~sided spectrum. For N = 1024, 2048 time samples
are produced from 1024 spectral samples or vice-versa, and the six passes (1 SRFFT,
5 FFT4) require 2.46 ms.

The computation involves pairs of complex samples from symmetrical locations
in the data array, i. e., outputs Fn + FN-n are derived from inputs Gn and GN-n'

The computation requires the exponential e dern , which is generated by the Sin/Cos
2N

Generator.

MATHEMATICAL DESCRIPTION

The input array is denoted by Gn’ n=0, ..., N-1. The output array is denoted
by Fn’ n=0, ..., N-1. The computations are broken into the following steps, where
GRi’ GI., FRi, FIi’ etc., denote the real and imaginary parts of Gi +F,,

i
respectivg1y, and Ci and Si the real and imaginary parts of the compiex exponential

exp (j2n fﬁ)l

CR; = (GR . - GR.)/2

CIi = (GIN-i - GIi)/Z
= *

SCRi Si CRi

CCR= C; * CR,
CCle= C, * CI4
SCI.= S, * CI,
AR = (GRy . + GR;)/2
ALy = (Gl ; * GI;)/2

4-1
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FR; = (SCR, + CCI, + AR./4)*4
FI, = (SCI; - CCR, + AL./4)*4
FRy; = (-SCRy - CCI, + AR,/4)*4

- - *
FIy.; = (SCI; - CCR, - Al./4)*4
IMPLEMENTATION

The SRFFT MACRO consists of a sixteen-instruction prologue and an eight-
instruction main loop. During the prologue, two minus-one's are created and placed
in MLR.2H and MRR.1H to allow data to be recycled through the multiplier with only
a sign change. The (N-i) output address counter AR.5 is artificially incremented by
one to allow the first output to be effected in the main loop with a decrement
associated with it. Also unique to the prologue is the computation for Fo, which
for a forward transform is FRO = GRO/2 + GI0/2, and for an inverse transform is
FR, = GRO, FIO = GRO. These are selectable by SF2H and SF2L.

Scaling is applied in the computation of AR, AI, CR, and CI (SFOL) to effect
the overall factor of 1/2 that is required from input to output. ‘In addition,

SFIH is used to compensate for the effective scaling index difference of two that is
introduced when CR and CI are multiplied by C and S. If an additional net scaling
is desired, it may be effected by reducing the number of postscaler shifts in

SF1H.

The main Toop count control is based on BNZ8, with an outside loop counter
BNZ9 to permit operation on arrays larger than 512 points.

0

SCALING
See Table 4-1.
ARITHMETIC ELEMENT CONTROLLER {AEC) REGISTERS

See Table 4-2.
ADDRESS REGISTERS

ARO - The initial value is set to zero, including increment code.

AR2 - The increment code is set to |. The address portion is initialized i
to the starting address of the Input Array.

AR3 - The increment code is set to 1. The address portion is initialized

to the last address of the Input Array.
The increment code is set to 1. The address portion is initialized
to the starting address of the Output Array.

4-2
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ARS ~ The increment code is set to 1. The address portion is initialized
to the last address of the Qutput Array.

INCREMENT REGISTERS

INCO - Set to 1/2N as BAM angle increment.
INC2, 3, 4, 5 - Wrap code must be set to 1024.

BRANCH REGISTERS .

BNZB - Branch and Count Register controlliing the number of executions of
the inner loop. Count and Reset fields are initialized to N/4-2
and N/4-1, respectively, where N is the array size. The Branch
Address is SRFLP.

BNZC - Branch and Count Register controlling the number of executions of
the outer loop. Count and Reset fields are initialized to 1. The
Branch Address is SRFLP.

SINE/COSINE DESTINATION REGISTERS

SCDO - Destine Sine/Cosine to AED and AE1.
DECIMATE REGISTERS

Not applicabl>.
SCALE FACTOR REGISTLCRS

SFOH - A1l True/Direct.

SFOL - Left, center and right prescalers - True/Right 1, postscaler -
True/Direct.

SFIH - Left prescaler - True/Direct, center prescaler - True/Right 2,
right prescaler - True/Direct, postscaler - True/Left 2.

SF2H - Forward Transform: Left and center prescalers - True/Right 1,
right prescaler and postscaler - True/Direct.
Inverse Transform: Left and center prescalers - Inhibit, right
prescaler and postscaler - True/Direct.

SF2L - Forward Transform: Left prescaler - True/Direct, center and right
prescalers - Inhibit, postscaler - True/Direct.
Inverse Transform: Left prescaler - True/Direct, center and right
prescalers - Inhibit, postscaler - True/Direct.

4-3
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ARITHMETIC ELEMENT REGISTER MAP

See Table 4-3.
= WORKING STORE MAP

See Table 4-4.
PROGRAM CODING CHART

See Table 4-5.

4-4
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TABLE 4-1 SRFFT AP MICROPROGRAM SCALING

LABEL ADDER IN MULTIPLIER IN QUTPUT
INPUTS :
GR, GI H12 H12
GRN, GIN H12 Hi2
c, S H14
INTERMEDIATE RESULTS:
MGRN, MGIN H12 (L.0.HwW)
MGR, MGI H12_(L.0.Hw)
(R, CI H12
AR, Al F12
CCR, CCI F10
SCR, SCI F10
QUTPUTS:
FR, FI Hi2
FRN, FIN H12
y
b 45
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TABLE 4-2

Incr Code Address Register
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SRFFT AEC REGISTER MAP

WS Wrap Increment Register

Memory Address Register

0 34 15 0 34 15
1
ki 2 SRFFT
Sin/Cos Destination Register
AEO AEY AE2 AE3
ACINPUT) = 1 ) o [ halval
T pRIgR) .
A(EOL) = [+N-1 ¢ 2 N I
3 ) L
A(QUTPUT) = 0 9 Decimate Register
A(EOD) = O#N-] ) Count Reset »
Comments

B8R/BCR Unconditional/
Conditional Branch

Branch Address

BNZ Branch and Count Registers

Count

Reset Spare Branch Address

0 15 0 78151621 22 2
8
9
A
B x-2 | N-1 SRFLP
¢ 1 1| ><] SRFLP
0
3
F
46
. "‘.C’J‘ o o

N = Number of Complex

Points

£01

= End of Input
EO0 = End of Qutput
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TABLE 43 SRFFT AE REGISTER MAP
MLR MRR
GR Gl o M c s
CR cl o M1
M1 2L 2H GRN GIN
oum} READ 3L 3H )
ALIR ACIR
GR | Gl pL PH GRN | GIN
MGR ! L H MGRN }
SCR/MGI 2L 2H CCR/MGIN
scl1 k[ H ¢d 1
ARIR AEOR
PH FR | Fl
1 FRN ; FIN
24 1
34 ;
SCALE FACTOR REGISTERS
_ AEZ AEL
ﬂlolalﬂrlhhwﬂ Plp (plgloglatytqlg|
pl2 1ol 2 P Jw wmlglalgls Pl
MHH IR T N H I
oo R M 1 Pl
ALOR ACOR AROR
P AR 9 GIp
1 Al i
2 2
3 3
47
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é CHAPTER 5
SCALE AND ADD TWO ARRAYS (SCLA2) MACRO

FUNCTIONAL DESCRIPTION

SCLA2 scales an array X by a constant A, scales an array Y by a constant B,

N and combines the two scaled arrays on an element-by-element basis to form an output
array Z. X, Y, and Z must be of the same number of elements N. The scaling
coefficients A and B are obtained via the Sin/Cos Generator in order to avoid the
requirement for two words of Working Store (WS). These must therefore be loaded
from the corresponding CFCB as the ARCCOS (A) and the ARCCOS (B), respectively.

MATHEMATICAL DESCRIPTION

Zi = A * Xi + B * Yi; i=1,2, ..., N
where A and B are two scalers, and Xi’ Yi and Zi are the ith elements of arrays

X, Y and Z, respectively.

IMPLEMENTATION

SCLA2 is implemented with a six-instruction main loop which processes one
pair of X's and one pair of Y's to form one pair of Z's. A twelve-instruction
preamble obtains the coefficients A and B via the Sin/Cos Generator and loads
the pipe with the first pairs of X's and Y's. Each pass through themain loop
then stores one pair of Z's in the output array. Since the maximum count is 255,
or 256 passes through the loop, an outside Toop is required to permit array sizes
N greater than 512 elements. The inside loop is controlled by BNZ8 and the
outside loop is controlled by BNZ9.

SCALING
See Table 5-1.
ARITHMETIC ELEMENT CONTROLLER (AEC) REGISTERS

See Table 5-2.
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ADDRESS REGISTERS

ARO - ARCCOS(A), i. e., ARD is set to an angle o such that cos(a) = A.

AR1 - ARCCOS(B).

AR2 - The increment code is initialized to one. The address is in-
itialized to the first address of the X array.

AR3 - The increment code is initialized to one. The address is in-
itialized to the first address of the Y array.

AR4 - The increment code is initialized to one. The address is in-
itialized to the first address of the Z array.

INCREMENT REGISTERS

Not applicable. Wrap codes must be 1024 for INC 2, 3, 4.
BRANCH REGISTERS

BNZ8 - Branch and Count register controlling the inner loop. Reset and
Count fields are initialized to N/M-1, where N is the number of
elements in each of the arrays, and M is the number of times the
outside loop is executed. Branch Address is SC2ZLP.

BNZ9 - Branch and Count register controlling the number of executions of
the outer Toop. Reset and Count fields are initialized to M-1.
Branch Address is SC2LP.

SINE/COSINE DESTINATION REGISTERS

SCDO - Destine Cosine only to both AEQ and AEl.
SCD1 - Destine Cosine only to both AEQ and AE1l.

DECIMATE REGISTER

Not applicable.
SCALE FACTOR REGISTERS

SFOH - Left, center and right prescalers - True/Direct. Postscaler -
True/Left 2.

ARITHMETIC ELEMENT REGISTER MAP

See Table 5-3.
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WORKING STORE MAP

See Table 5-4.
PROGRAM CODING CHART

See Table 5-5.

5-3
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TABLES1 SCLA2 AP MICROPROGRAM SCALING

ADDER IN MULTIPLIER IN OLTPUT

INPUTS:

A, B H14

XH, XL H12

YH, YL H12

INTERMEDIATE RESULTS:

AXH, AXL F10
b BYH, BYL F10

OUTPUTS:

hic)

ZH, 7L H12

54
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p TABLE 5-2 SCLAZ2 AEC REGISTER MAP

- Incr Code Address Register WS Wrap Increment Register Memory Address Register
}
4
b 0 34 15 0 34 15
®i o | o00 p SCLAZ
] , 11 0 900 9
: Sin/Cos Destinatfon Regfster
H 2 AEQ AE1 AE2 AE3
t 1| AL ) o [ioligl . I
; i , 1 lTO ].rO S
{ 1| A(Y) ) 2 .
X 3 ia .
i 4
! A2) 9 Decimate Register
5 Count Reset
6
7 Comments

N = 4 of data points to
be processed.

BR/BCR Unconditional/

Conditional Branch BNZ Branch and Count Registers

Branch Address Count Reset Spare Branch Address

0 15 ] 78 1516 21 22 3
0 8 (Vg1 [Na-gy scaLP
1 9 1 1 SC2LP
2 A
3 B
4 ¢
5 0
6 E
7 F
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TABLE 5-3 SCLA2 AE REGISTER MAP
MLR
PH XH XL oL pH A
,i 1H YH YL 1L 1H
; 24 DUMMY 2L 20
] 3 3L 3H
-
i ALIR
1 ‘ PH Ax I O
a M Ax L L H
‘ 2H | &L M
! 3 | 3L H
ARIR AEOR
pH ZH l L L
TH | 1
2H | 2L
3H | 3L
SCALE FACTOR REGISTERS
AEQ AELl
9| 2 | 1 | e pHiplelel 2f | | | |0
[l ] 1 P
| L1 Ja 2 L] L oge
L L = 3 [ b qs
ACOR AROR :
2
1 1
2 2
2 3
56
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CHAPTER 6

ASYNCHRONOUS SAMPLE, SCALE AND SUM (ASSSS) MACRO

FUNCTIONAL DESCRIPTION

each multipath

Sum array S.

arrival at the sensor. Linear interpolation is employed to provide

sinz(
H(f) =
ot

fs

Phase 1:

AH =

AL =

where A is the
and low halves
Phase 2:

F1

F3

F2
F4

Apply amplitude factor to source input samples

A * DH
A * DL

amplitude factor and DH and DL are the input samples in the high

of the Working Store (WS) word.

Form interpolation fractions for next pair of outputs.

F2 + D+ OC
-F2 - D+ 1C
F1 + D+ 0C
-F1 -D+1C
6-1
P

The ASSSS MACRO performs the dopplered resampling of the input signal D for

some protection against aliasing, and is equivalent to passing the signal through
a filter with a frequency response of:

nf
)
fS

before resampling. The parameter fs is the sample rate of the input or source
signal. The resampied signal is multiplied by a gain parameter A and added to a
Since there is not a one~to-one correspondence between the samples
of the input signal D and the output, to add N new samples to the Sum array may
require more or less than N samples of D.
phase (or fractional position F, 0 < F < 1) with respect to the input samples, but
the MACRO is intended for application only where the resample rate is relatively
close to the original rate, say + 10% maximum.

MATHEMATICAL DESCRIPTION

The resampling may start at an arbitrary
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where D is the resample rate parameter, F1 and F2 are the resample fractions, F3
and F4 are the complements of F1 and F2, respectively, with respect to unity, and
0C and 1C are conditional "ones" that are used to constrain the F's to interval 0-1.

Phase 3: Formthe products of the scaled inputs with the interpolation
fractions.

1AH = F1 * AH
2AL = F2 * AL
3AL = F3 * AL
4AH = F4 * AH

Phase 4: (ombine outputs of Phase 3 with sample values from Sum array to form
final results.

For Inphase loop:
OH = SH + 3AL + 1AH
OL = SL + 4AH + 2AL

For Outphase loop:
OH = SH + 4AH + 2AL
OL = SL + 3AL + 1AH

IMPLEMENTATION

The ASSSS MACRO consists of two main loops, each eight instructions long,
eight transition sequences for the eight possible ways that transitions between
the two major loops can occur, plus some initialization and finalization code.

If the block size is 1024 samples (512 words), both the input array and the output
array may exceed 512 words, and the MACRO must operate from one half of Working
Store to the other half. Smaller block sizes may be handled within one side of WS.

The two main loops are designated the "Inphase" loop and the “Outphase" loop,
depending on how the input array and output array are related. Actually, a more
reasonable nomenclature mighy be "leading" and "lagging" loops, since for the
"inphase" or "leading" loop, the two samples in an output data word are derived
from the two samples in the input data word plus one contribution from the previous
input data word. For the "outphase" or “"lagging" loop, the output data sampies
are derived from the two samples in the input data word plus one contribution from
the following input data word.

6-2




Bl L B S A .y
o

R 3

NSWC TR 81-313

Since the transitions will occur at rates less than one in twenty or more
times through the main loops, the timing is nominally determined by the eight steps
per word for each of the main loops. For nominally 512 executions of one or the
other of the main loops (1024 samples), the approximate execution time for the
ASSSS MACRO is .41 ms,

The operation of the two main loops is illustrated in Figures 6-1 and 6-2.
Each figure follows the two samples in one input word through the pipeline to the
three output samples that they affect. Since the outputs contain terms that involve
triple products of an interpolation fraction, an amplitude and the input data sample,
two full trips through the pipeline are required, beginning with a read of the
input word in the first trip through the loop and ending with the write of the last
affected output in the fourth following pass through the loop. On the first pass
through the pipeline, the input data samples are mulitiplied by the amplitude factor.
Approximately concurrent with these first products being passed through the adder,
the four appropriate interpolation fractions are generated and passed to the
multiplier. On the second pass through the pipeline, the scaled samples are
multiplied by the interpolation fractions and these triple products are combined
with the corresponding Sum array samples to form the final composite output.

At the time the interpolation fractions Fi are formed, a test is made to
determine whether they have progressed out of the range 0 < Fi < 1. Depending on
which of the two fractions F1 or F2 have exceeded the valid range, and whether the
increment D is positive or negative, the program deviates through one of eight
transition routines to resume operation in the alternate (inphase or outphase) loop.
These transition routines re-adjust the appropriate interpolation fractions to the
valid range and compute the one or two output values that do not conform to the
procedures in the main loops. The following gives a brief description of each of
the transition sequences.

PIO0T  In to Out On F1, D positive

At the time the branch is taken, the following quantities have been erroneously
computed:

F1 =<1 +e F3=1-e~-2D

F2=e+D FA=1-e-D
where D is the amount the fracticn F is incremented each sample, and e is 2 small
number between 0 and D. The following two transition outputs are computed:

OH = SH = e * AL + {1-e) * AH (AH from current input)

6-3
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and OL = SL + (e+D) * AH + (1-e-D) * AL

(AH from next input)

which, using the fractional quantities already computed, become

SH + F1 * AL - F1 * AH + AL
SL - F2 * AH - F4 * AL

OH
and OL

]

Finally, the next interpolation fractions are computed

F2 = e+ 2D Fa=1-e

- 2D

and computation resumes in the Qutphase loop at MOPL2.

PI002 In to Qut On F2
At the time the branch is taken, the following
computed:

L]

F2 = -1 +e F4 = -e
F1 =e+ D F3
The transitional outputs become
OL = SL+e*AH + {1-e) * AL
or OL=SL-F4 *AH - F2 * AL
and OH = SH + (e+D) * AL + (1-e-D) * AH
or OH=SH+F1 *AL + F3 * AH
The adjusted interpolation fractions are:
F2 =2+ 2D FA=1-c¢e
Computation resumes at MOPL1 in the Qutphase loop.
POIO1 Out to In On F1
At the time the branch is taken, the following
computed:
F1 =-1+e F3
F2=e+D F4
The transition output is
OL =SL+e*AL + (1-e) * AH
or OL=SL-F3*AL -F1 *AH
and the adjusted interpolation fractions are
Fl=e+D F3=1-e
Computation resumes at MIPL1 in the Inphase loop.
POIO2 Out to In On F2
Erroneousiy computed fractions are:
F2 = -1 +e Fa=1-¢e
F1=e+ 1D F3=1-c¢

1-e

i
]

i
]
(1]

1-e

[}

quantities have been erroneously

-D

(previous AL)

(current AL)

- 2D

quantities have been erroneously
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The transition output is:
OH = SH - e * AH + (1-e) * AL (AL from previous input)

or OH=SH + F2 * AH + AH - F2 * AL
The adjusted interpolation fractions are:

Fi=e+ 2D F3=1-e-2D
Computations resume at MIPL2 in the Inphase loop.

The four transition sequences for negative fraction increment D all produce
transition outputs which are not exact. Each of the outputs is in error by a term
involving a fraction factor that has a magnitude of (-2D) or less. Since by
definition D is much less than unity, this term can safely be ignored. The
alternative would have required long transition sequences invoiving "backing up"
the computations to obtain data which is no longer in the pipeline.

MIOO! In to Out On F1, D negative

At the time the branch is taken, the following quantities have been erroneously
computed:

F1 = -e r2
F3=-1+e F4
The transition outputs are:
OH = SH - F3 * AL
= SH + (1-e) * AL
(OH = SH + (1-e) * AL + e * AH is exact)

1-e+D
e-0D

1)

and

OL =SL+F2~*AH
= SL + (1-e+D) * AH

(OL = SL + (1-e+D) * AH + (e-D) * AL is exact).
The adjusted interpolation fractions are:

F4 =e - 2D F3 =e - 3D

F2=1-e+2D
Computation resumes at MOPL1 in the Qutphase loop.

MIO02 In to Out On F2, D negative

At the time the branch is taken, the following quantities have been erroneously

computed:
F2 = -e F4 = -1 +e
Fl=1-e+0D F3=e-0D
The transition output is:
6-7
PR d
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SL - F4 * AH
SL + (1-e) * AH
SL + (1-e) * AH + e * AL is exact).

The adjusted interpolation fractions are:

F2 =

1-e+D F3=e-2D

Computation resumes at MOPL1 in the Qutphase loop.
MOIO1T Out to In On F1, D negative
At the time the branch is taken the following quantities have been erroneously

computed:
F1 =
F2
The transition
oL =

(oL

-e F3=-1+e
1-e+D FA=e-D
output is:

SL - F3 * AL

SL + (1-e) * AL
SL + (1-e) * AL + e * AH is exact).

The adjusted interpolation fractions are:

Fa
F1

e - 2D
1-e+D

Computation resumes at MIPL1 in the Inphase loop.
MI002 Out to In On F2, D negative
At the time the branch is taken the following quantities have been erroneously

computed:
F4 =
F3 =
F4 =
The transition
OH =

(OH =
and OL

(oL =

-1 +e F2 = -¢

e-D Fl=1-e+0D
e~ 2D

outputs are:

SH - 4AH

SH + (1-e) * AH

SH + (1-e) * AH + e * AL is exact)

SL + 1AL

SL + (1-e+D) * AL

SL + (1-e+D) * AL + (e-D) * AH is exact).

The adjusted interpoiation fractions are:
1-e+2D
e - 3D

F1 =
F4 =
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Computation resumes at MIPL1 in the Inphase Tloop.

SCALING
See Table 6-1.
ARITHMETIC ELEMENT CONTROLLER (AEC) REGISTERS

See Table 6-2.
ADDRESS REGISTERS

ARO - The increment code is set to one. The address field is initialized
to the location of the gain parameter A.

AR1 - The increment code is set to one. The address field is initialized

fj to the location of the F and D parameters.

| AR2 - The increment code is set to one. The address field is initialized
to the location of the resampled input.

AR3 - The increment code is set to one. The address field is initialized

4 to the location of the sum input.

AR4 - The increment code is set to one. The address field is initialized

to the location of the resampled output.

E ! INCREMENT REGISTERS
| Not applicable. MWrap codes must be 1024 for INC 2, 3, 4.

BRANCH REGISTERS

BCRO - Conditional branch. For D positive, branch to PI00! on F1. For
D negative, branch to MIOO1 on F1.

BCR1 - Conditional branch. For D positive, branch to PI002 on F2. For
D negative, branch to MI00Z on F2.

BR2 - Unconditional branch to MIPL2.

BR3 - Unconditional branch to MOPLZ2.

BCR4 - Conditional branch. For D positive, branch to POIO1 on F1. For
D negative, branch to MOIO1 on FI.

BCR5 - Conditional branch. For D positive, branch to P0I0O2 on F2. For
D negative, branch to MOIO2 on F2.

BR6 - Unconditional branch to MIPLI.

BR7 - Unconditional branch to MOPL1.

BNZ8 - Branch and Count register controlling the number of executions of

TRRTER - Ty TR TR T
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the Inphase processing loop. The Branch Address is MIPLP.
BNZ9 - Branch and Count register controlling the number of executions of
the OQutphase processing loop. The Branch Address is MOPLP.
: BNZA - Unconditional branch to MIPLO.
i' BNZB - Unconditional branch to MOPLO.
|

BNZC - Unconditional branch to STOP.
SINE/COSINE DESTINATION REGISTERS

Not applicable.
DECIMATE REGISTER

Not applicable.
SCALE FACTOR REGISTERS

SFOH - A11 True/Direct.

o SFOL - A1l prescalers - True/Direct. Postscaler - True/Left 1.

SFIH - Left prescaler - True/Right 4; center and right prescalers -
True/Direct; postscaler - True/Left 4.

ARITHMETIC ELEMENT REGISTER MAP

See Table 6-3.
WORKING STORE MAP

See Table 6-4.
PROGRAM CODING CHART

See Table 6-5.
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TABLE 6-1  ASSSS AP MICROPROGRAM SCALING

LABEL ADDER IN MULTIPLIER IN QUTPUT

INPUTS:

A H12

F Fi5

D F15

DH, DL Hlz

SH, SL H12
INTERMEDIATE RESULTS:

AH, AL F8 H12

F1, F2 F15 H15

F3, F4 F15 H15

1AH, 2AL F11

3AH, 4AL F11

T F12

1AL, 2AH F1
QUTPUTS:

OH, OL H12

6-11
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TABLE 6-2  ASSSS AEC REGISTER MAP

Incr Code Address Register WS Wrap Increment Register Memory Address Register
0 34 15 0 34 15
¢ MLPO or
1 A(A) ) MLPI
| 111 | A(RD) )
Sin/Cos Destination Register
b 2 Resample AEQ AET AEZ AE3
, 1 A\ Input @ 0 ) f R
) | 3 1 1
* ) A (Sum Input) 9 2 . 1
) 3 R N !
411 A
(Output) ? Decimate Register
5 Count Reset
6
7 Comments
For Out Phase start,
MAR = MLPO
; .
r BR/BCR Unconditional/ hor 1N phase start,
f Conditional Branch BNZ Branch and Count Registers -
For D Positive, !
Branch Address Count Reset Spare Branch Address BRY = PI0O0}
0 15 0 78 1516 21 22 31 BR1 = PI002 ‘
0 ] 8 | I Cl MIPLP BR4 = POIO] :
(1001) BRS = POI02
11 (1002) 9 o o MOPLP
2| MIPL2 A IX'FF'IX'FF MIPLD For D Negative |
3| MoPL2 g (X'FF' IX'FF! MOPLP BR@ = MIOOI
41 (0101) € |X'FF* {X'FF' STOP BRI = Mi002 ‘
B8R4 = MDIOL
51 (0102) D 3RS = MOI102
6| MIPLI E
7 |_MoPL1 F
i
i
6-12
4 o ' ’ 1
- t’i‘ ! oy .
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TABLE 6-3  ASSSS AE REGISTER MAP
MLR MRR
oH OH DL L M AH AL "
1H F1 F3 1L 1H A -] 1L
: | 2H F2 F4 2L M 2L
~' M DAL L 3H 3L
| |
8 ALIR ACIR
i oH OH [ o oL pH 1AH gL
" " SH | st L M A I
L 24 F ] 2L 2H A | -1 2L
! M D | L M 1AM 3L
f ARIR AEOR
: 3AL/TAL oH OH [ oL oL
F i 4AH/2AH H | I
2 AH 2H i 2L
3 AL/FAL 3 i 3L
SCALE FACTOR REGISTERS
AEZ AE1
ph | pipiptolololol sl o loglololololalegl 3|0t
W 3ie|0]3 Lo e wlslaelels Rt
2H 1 | 11 Jau  2H | I | 11 ja
M P I T - - . I R
__ALOR ACOR ARQR
9 at p F1 ? )
1 L F2 ! ONE
2 2 F3 2 ONE
L 3 3 Fa 3 0
; 613
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CHAPTER 7
SCALE AND ADD THREE ARRAYS (SCLA3) MACRO

FUNCTIONAL DESCRIPTION

SCLA3 MACRO scales an array X by a constant A, scales an array Y by a constant
B, scales an array Z by a constant C, and combines the three scaled arrays on an
element-by-element basis to form an ocutput array W. X, Y, Z, and W must be of tre
same number of elements N.

SCLA3 is intended to provide arbitrary Tinear mixing of three inputs, and for
convenience, the coefficients A, B, and C are accessed by the AE from Working Store.
Separate address registers are used for the four arrays, and the output may over-
write any of the three inputs or the scaling parameters A, B, and C.

MATHEMATICAL DESCRIPTION

Ni = A* Xi + B * Yi +C* Zi; i=1,2, ..., N
where A, B, and C are scalers, and Xi’ Yi' Zi and wi are the ith elements of arrays
X, Y, Z and W, respectively.

IMPLEMENTATION

SCLA3 is implemented with an eight-instruction main loop which processes one
pair of X's, one pair of Y's and one pair of Z's to form one pair of W's. A
twelve-instruction preamble loads the three coefficients from Working Store using
Address Register ARO, and loads the pipe with the first pairs of inputs from the
three input arrays. In addition, the preamble decrements the output Address
Register AR4 by one to allow the first output to be written into the initial value
of AR4. Each pass through the main loop then stores one paiy of W's in the output
array. The main loop is controlled by BNZ9.

SCALING
See Table 7-1.

7-1
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ARITHMETIC ELEMENT CONTROLLER (AEC) REGISTERS

See Table 7-2.

j ADDRESS REGISTERS

ARO - The increment code is set to 1. The address field is initialized
to the location of the parameters A, B, and C.

' AR1 - The increment code is set to 1. The address field is initialized
to the first address of the X array.

' AR2 - The increment code is set to 1. The address field is initialized
to the first address of the Y array.

{ AR3 - The increment code is set to 1. The address field is initialized
to the first address of the Z array.

AR4 - The increment code is set to 1. The address field is initialized
to the first address of the W array.

INCREMENT REGISTERS

Not applicable. Wrap codes must be 1024 for INC 0 to 4.
BRANCH REGISTERS

BNZ9 - Branch and Count Register controlling the main loop. Reset and
Count fields are initialized to N/2-1, where N is the number of
elements in each of the arrays. Branch Address field is set to
SC3LP.

SINE/COSINE DESTINATION REGISTERS

Not applicable.
DECIMATE REGISTER

Not applicable.
SCALE FACTOR REGISTERS

-,

SFOL - Left, center and right prescalers - True/Direct. Postscaler -
True/Left 4,

ARITHMETIC ELEMENT REGISTER MAP

’{ See Table 7-3.

7-2




WORKING STORE MAP

See Table 7-4.
PROGRAM CODING CHART

See Table 7-5.
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TABLE 7-1  SCLA3 AP MICROPROGRAM SCALING
LABEL ADDER IN MULTIPLIER IN QUTPUT

INPUTS:

A, 8, C H12

X, ¥, 2 H12
INTERMEDIATE RESULTS:

AX F8

BY F8

£z F8
QUTPUTS:

W H12

7-4
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TABLE 7-2 SCLA3 AEC REGISTER MAP

[ ' Incr Code Address Register WS Wrap Increment Register Memory Address Register
F 0 34 15 0 34 15
1 0
F 1| e ABLC SCLAS
! 1
a8 1 119 AX)
Sin/Cos Destination Register
3 2 AEO AE1 AE2 AE3
1| 200 A(Y) 0 S
! et
F 3 1 > -t
. 1| 30 AZ) 3 N N
! 3 L !
4 OUTPUT
1 | 198 A(W) Decimate Register
% 5 Count Reset
6
7 Comments
N = # of samples

BR/BCR Unconditional/

Conditional Branch BNZ Branch and Count Registers
8ranch Address Count Reset Spare Branch Address
0 15 0 78 1516 21 22 AN
0 8
| 9 V2.1 V21 SC3LP
2 A
3 B
4 C
5 D
6 E
E [ I B
71
I
[
G
[ 75
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TABLE 7-3 SCLA3 AE REGISTER MAP

MLR MRR
oH X1 X2 o A 8 a
H " Y2 O c n
2H 21 72 2L 2H 2L
3 I 3 3L
ALIR ACIR
f gH A oL PH - BY| L
g 0 AX|2 W BY|2 1
2H DUMMY 2L 2H | 2L
» M | L H [ 3
ARIR AEOR
2 cZ1 gH Wi | W2 AL
1 cz2 H | L
2 2H | 2L
3 3 3H ] L
SCALE FACTOR REGISTERS
AEZ . AEL
pH | gl ol ol3 [ 1 | [s pH | 1 | I 1 1 e
H [ [ 1 | [ 1 L1
2H |1 I I L 11 L ja
Mo O - P | 1 jx
ALOR ACOR AROR
2 P p
1 1 1
2 2 2
3 3 3
76
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CHAPTER 8

FILTER TWO AND SUM THREE ARRAYS (F22S3) MACRO

FUNCTIONAL DESCRIPTION

F2253 MACRQO provides filtering of two input arrays X and Y to produce filter
outputs F and G, respectively, and then combines F and G with a third array S to
form a new output array S. The two filters for the X and Y inputs are two-pole
recursive with separately specifiable gain and pole position parameters. The
parameters and the initial states of the two filters are obtained from Working
Store. The final states of the filters are returned to the same lccations in
Working Store. Separate Address Registers are provided for each of the input
arrays and the output array. The output array may overwrite any of the input
arrays or the parameters, but not the filter states. All arrays must be of the
same number of elements N. The output S may be passed through a final filter
consisting of a single zero at Z = +1 (i. e., a zero at zero frequency). This
option is controlled by a Scale Factor Registers 1H and 1L, with a "0101, 0010"
giving no zero and a "0111, 0111" enabling the filter.

MATHEMATICAL DESCRIPTION

The two filtering operations are:

Fo=U* X +AXF, ;+B*F, o5 =1, ...,N
and
Ge =V*Y; +C*G ;+D*G, 55 T=1, ..., N
Fg» Bps F.ys and G_; are initialized by the preamble.

The summing operation is:
Si = Si + Fi + Gi‘ i=1, ..., N,
Xi, Yi’ and Si are the ith elements of the X, Y, and S arrays respectively, and Fi
and G; are partial results resident only in the AE registers. F, ,, Gy_ ;> Fy and

GN are returned to Working Store, overwriting the initial states.

8-1
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IMPLEMENTATION

F22S3 is implemented with a twelve-instruction main loop, a twenty-two
instruction preamble and a six-instruction clean-up sequence. The preamble loads
the parameters from Working Store via Address Register AR1, loads the initial
filter states via Address Register AR5, and loads the pipe with the first pairs of
X's, Y's and S's. Each pass through the main loop then produces a pair of filtered
F's, a pair of filtered G's, and combines these with a pair of input S's to produce
a pair of output S's. The clean-up sequence returns the final filter states to
Working Store and stops. The main loop is controlled by BNZ8.

SCALING
See Table 8-1.

The filter coefficients A, B, C and D are treated as H14 numbers. The gain
coefficients U and V are treated as H12 numbers. Assuming the inputs X and Y and
the filter states F and G to be HO, the partial results AF, BF, CG and DG then are
scaled F14, and the modified inputs UX and VY are scaled F12. SFOL is used in
forming new filter states and shifts the AF, BF, CG and DG terms right by two on
input. Outputs saved in ACOR and AROR do not pass through the postscaler, and,
therefore, are F12. Outputs passed back to the multiplier are shifted left by four
to regain a scaling of HO.

The summing operation uses SFOH which right shifts the S input four to agree
with the F and G inputs, and shifts the output left four to achieve a final output
scaling of HO. The filter states passed to the output to be saved for the next
execution of F22S3 are also shifted left four by SFOH.

ARITHMETIC ELEMENT CONTROLLER (AEC) REGISTERS

See Table 8-2.
ADDRESS REGISTERS
ARO - The increment code is set to 1. The address field is initialized
to the beginning of the input S array.

AR1 - The increment code is set to 1. The address field is initialized
to the beginning of the parameters block.

AR2 - The increment code is set to 1. The address field is initialized
to the beginning of the input X array.

AR3 - The increment code is set to 1. The address field is initialized
to the beginning of the input Y array.

8-2
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AR4 - The increment code is set to 1. The address field is initialized
to the beginning of the output S array.

ARS - The increment code is set to 1. The address field is initialized
to the beginning of the filter states block.

INCREMENT REGISTERS

INCO through 5 - The wrap field should be set to 1024.
BRANCH REGISTERS

BNZ8 - Branch and Count Register controlling the main loop. Count and
- Reset fields are initialized to N/2-1, where N is the number of
elements in each of the arrays. The Branch Address field is set
to F22LP.

SINE/COSINE DESTINATION REGISTERS

Not applicable.
DECIMATE REGISTER

Not applicable.
SCALE FACTOR REGISTERS

SFOH - Left prescaler - True/Right 4, Center and Right prescalers -
True/Direct, Postscaler - True/Left 4.

SFOL - Left prescaler - True/Direct, Center and Right prescalers -
True/Right 2, Postscaler - True/Left 4.

SF1H - Left and center prescalers - True/Direct, Right prescaler -
True/Right 1 or Inhibit, Postscaler - True/Left 4.

SFIL - Left prescaler - True/Direct, Center prescaler - True/Right 1
or Inhibit, Right prescaler - True/Direct, Postscaler - True/Left 4.

e

!

ARITHMETIC ELEMENT REGISTER MAP

See Table 8-3.
WORKING STORE MAP

See Table 8-4.
PROGRAM CODING CHART

See Table 8-5.
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LABEL ADDER IN MULTIPLIER IN QUTPUT
- INPUTS:
‘ FH, FL H12
GH, GL H12
U, v H12
A, C H14
| B, D H14
XH, XL H12
YH, YL H12
SH, SL H12
: i SSH, SSL H12
INTERMEDIATE RESULTS:
UXH, UXL F8
VYH, VYL F8
AFH, AFL F10
BFH, BFL F10
CGH, CGL F10
DGH, DGL F10
FH, FL F8 H12
GH, GL F8 H12
SSH, SSL F8
QUTPUTS :
FHO, FLO H12
: GHO, GLO H12
3 SHO, SLO H12

L ol )
" A._éil ol e
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Increment Register

TABLE 8-2 F22S3 AEC REGISTER MAP
WS Wrap
15 0 34

15

Memory Address Register

1 S's (Input)

F22s3

1 Parameter (

AC
BD
Y

Sin/Cos Cestination Register

AEO AEY AEZ AE3

1 | x's o {’ BN
1 e ——
1 Y's 2 .
3

1 S's (Output)

Decimate Register

BR/BCR Unconditional/
Conditional Branch

BNZ Branch and Count Registers

Branch Address Count Reset Spare Branch Address
0 15 0 78 1516 21 22 31
8 [N2.1 N2 F22LP
9
A
8
¢
b}
3
F
85
- il L ,
ity e S 1! L “4'

N

[d
GO .
1 States \ ssn Count Reset
Comments

= # of Data Samples
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TABLE 8-3  F22S3 AE REGISTER MAP

MLR MRR
PH XH XL L PH U v n
4 YH YL [ H 1 ;
2H A c 2L 2H FH FL 2L J
B 3H B D 3t 3H GH GL 3t
1
ALIR ACIR
PH SH | SL pL pH Durimy L
] H SSH [ ssL L TH | L
! 2 ul X 2L 2 A 2L
! ; H viy 3L 3H Ch 3L
ARIR AEOR
? gH SHO | SLO oL
1 H ~ug ! FLO i
2 BF 2H GHO I GLO 2L
3 DG 3H | SSL 3L

SCALE FACTOR REGISTERS
AED AEl |

pi{ 3lplplaig 2lsjoe PHi3lgplalslplatals|n
Wl ajo A4 3 g IAlor 31t wlplelld 3l Lqlols L
|
|

20| |1 | || | | || L1 =
R || O IR
ALOR ACOR AROR |
g g SSH 2 SSL :
1 1 FH 1 GH J
i 2 2 FL 2 6L “
| 3 3 3
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CHAPTER 9
DEMODULATED NOISE (DEMON) MACRO

FUNCTIONAL DESCRIPTION

The DEMON MACRO generates two channels of modulated broadband noise and adds
the two on a sample-by-sample basis to a composite channel. Two channels of white
noise are input to the MACRO which filters each with a two-pole recursive filter
to provide some spectral shaping of the broadband noise. The modulating function
for each channel is derived by truncating a sinusoid with arbitrary amplitude, mean
and frequency.

MATHEMATICAL DESCRIPTION

DEMON computations are conveniently grouped into three phases:
a) Generate Modulating Functions
b) Generate Filtered Noises
c) Form Composite Output Signal

Phase 1
For the first DEMON channel (AEQ):
S]i = COS(ARO) ARO = ARO + INCO
For the first channel (AEl):
Sh’ = COS(AR2) AR2 = AR2 + INC2
where i is the time index.
The sinusoid is scaled by K
K1 = Ky * Sy
and then offset by Ly - T] (Level - Threshold) to form a test parameter P]i'
The modulating function value for the ith sample is then given by
DM1i ) T]; P]i <0
K5 * L P13 > 0
9-1
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Similarly, for the second DEMON channel (AEO) and the second channel (AE1)

SZi = COS{AR1) AR1 = AR1 + INC1
SZ? = COS(AR3) AR3 = AR3 + INC3
KSpq = Ky * Sy;
DMZi =

Phase 2

For the first channel, the input white noise samples are passed through a
two-pole recursive filter
Y = A T X P B Yoy 0 Y
where A] is a gain coefficient, B is equal to the TWCOR filter coefficient and C
is equal to the MRSQ coefficient. Similarly, for the second channel

Yoi = Ay * Koy # B * Yori 1)y * C* Yoriiy:

Phase 3
The filtered noise channels are multiplied by the modulating functions
Dy = DMp; * Yy
Dpj = DMyy * Ypy
and combined with the composite channel to form the final output
TGi = TGi + D]i + 021'
IMPLEMENTATION

DEMON is implemented with a 20-instruction main *~or a 30-instruction preamble,
and a 6-instruction clean-up. The preamble loads the , aters and filter states
from Working Store (WS) via Address Registers AR6 and AR7, yenerates the first two
points of each periodic modulating signal via Address Registers ARQ through AR3,
loads the first pair of channel inputs via Address Register AR4, and loads the
first pair of target data via Address Register ARS5. Since the target output
overwrites the target input, a dummy read of -1 on AR5 is executed. Each pass
through the main Toop produces two pairs of filtered Y's which are multiplied by
the corresponding modified medulating signals. The products are then added to the
target signal to produce a composite output target signal. The cleanup sequence
returns the final filter states to Working Store and stops. The main loop is
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controlled by BNZF.
SCALING
See Table 9-1.
ARITHMETIC ELEMENT CONTROLLER (AEC) REGISTERS

See Table 9-2.
ADDRESS REGISTERS

ARO - Phase address for first DEMON channel (AEO).
AR1 - Phase address for second DEMON channel (AEQ).
AR2 - Phase address for first DEMON channel (AEl).
AR3 - Phase address for second DEMON channel (AE1).
AR4 - The increment code is set to 1. The address field is initialized

to the beginning of the input X array.

AR5 - The increment code is set to 1. The address field is initialized

1 to the beginning of the input TG array.

AR6 - The increment code is set to 1. The address field is initialized
to the beginning of the parameters array.

AR7 - The increment code is set to 1. The address field is initialized
to the beginning of the filter states array.

INCO - Frequency increment for the first DEMON channel (AEOQ).

INC1 - Frequency increment for the second DEMON channel (AEQ).

INC2 - Frequency increment for the first DEMON channel (AE1l).

INC3 - Frequency increment for the second DEMON channel (AEl).

IiC4, 6, 7 - Wrap code must be set to 1024.

INC5 - Wrap code - 1024, increment field - +2.

BRANCH REGISTERS

BNZF - Branch and Count register controlling the number of executions
of the main loop. Count and Reset fields are set to N/2-1,
where N is the number of elements in the target array. The Branch
Address is DMNLP.

| SINE/COSINE DESTINATION REGISTERS

[{ SCDO1 - Destine Cosine only to AEO.
f SCD23 - Destine Cosine only to AEl.




A5 kn I sy

e SRR e A

NSWC TR 81-313

DECIMATE REGISTER

Not applicable.
SCALE FACTOR REGISTERS

Left prescaler - True/Right 4, center and right prescalers -
True/Direct, postscaler - True/Left 4.
Left and center prescalers - True/Right 2, right prescaler -
True/Direct, postscaler - True/Left 4.

SFOH

SFOL

SFIH - Left and center prescalers - True/Right 2, right prescaler -
True/Direct, postscaler - True/Left 2.
SFIL - A1l - True/Direct.

ARITHMETIC ELEMENT REGISTER MAP

See Table 9-3.
WORKING STORE MAP

See Table 9-4.
PROGRAM CODING CHART

<L)

See Table 9-5.
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TABLE 9.1 DEMON AP MICROPROGRAM SCALING
LABEL ADDER IN MULTIPLIER IN oUTPUT
INPUTS:
Al, A2 H12
Kl. K2 H12
Y11, Y12 H12
Y21, Y22 H12
X11, X12 H13
X21, %22 H13 :
S H14
B, C H14
161, 162 H7
11, Tl H12
L2, 12 H12
; INTERMEDIATE RESULTS: P
AX1, AX2 F9
BY’ F10 !
cY1", cva" F10 j
D1, D2 F8
KS F10
y H12
oM H12
P F12
QUTPUTS:
Y11, Y12 H12
Y21, Y22 H12
161, TG2 H7
9-5
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TABLE9-2 DEMON AEC REGISTER MAP

Incr Code Address Register WS Wrap Increment Register

Memory Address Register

0 34 15 0 34 15
ANGLE 1 FREG M DEMON
ANGLE 92 FREQ 92
Sin/Cos Destination Register
AEO AET1 AE2 AE3
ANGLE 11 FREQ 11 o gjge| |,
1 holoal |,
ANGLE 12 FREG T2 T 7 v
: 2 pohol T,
s pghol |,
1 X1, x2 @ Decimate Register
1 1t 9 2 J' Count Reset
1 Parameters 0
1 States 9 Comments
BR/BCR Unconditional/
Conditional Branch BNZ Branch and Count Registers
Branch Address Count Reset Spare Branch Address
0 15 ) 78 1516 21 22 31
8
9
A
B
c ~
D
£
F FF FF DMNLP

96
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TABLE9-3 DEMON AE REGISTER MAP
MLR MRR
L oM
L M

2L 2H

3L 3H

H TGl | TG2 1L TH civen L
‘ 2H L1 | N 2L 2H D |1 2L

3H - L2 | T2 3L 3H DUpMY 3L
r ARIR AEOR

] AX1 pH m L v oL

1 AX2 H Y21 | ¥22 L

2 KS 2H 161 | 762 2L

3 D2 34 | L

SCALE FACTOR REGISTERS

AE1
phl3folg | 3| 212l |3|m BH 13 iplol3f212]p|3la

Wieizejziogelojeln w2 l2ipl2|e(sle]eln
H | ] I - L ja
Ml ] L - O I A

AROR
? p
L 9
2
3
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APPENDIX A

AP MICROPROGRAM SOURCE LISTINGS

A-1
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- RRBRKHBRY RBrBBHBHY HodBhHEN HA BB  BBBRRABAYB
& RRHABRHERHY bReBBbHEBE BBBEBEHAEH HBHE BHdb ABBBRARBAKRBY
¥ | RR B8 BH BR bk 68 HA BRBR 8B AR B
; RR . B8 B8R RH HA MR 88 ©BH B84 HR 818
RPURBBELY hoBRBARKAE HR kb B8 BB BB RAXBBRBABE
RABBOBHHY BERARHBHE BrEBBbHBHA His o8 BRABRRBEY
AR 88 8 T3] BBBRABLBHEB RA aa &8
RB 68 BR 88 8e 88 (a]-] BB 88
/RRBHBEBBBB  HABRABHE8S B8 8B B8 88 H#R
RRBBBBRBA BHBRAUBEY AB B 86 CT:) 88
eCOMDECK BHAMP
L] B8 GENERATION 12/705/7S KHD
A »
» 18 STEP PREAMBLE
RRAMP AECW LOG=0 M)l = NOT 0 A
AECw? RDOWAzMLR.2+ALIR.2+AR, 1, READ Av), COUNT] )
TOMLR,OH M1
AECwW LOG=n M1 = NOT o n
AECW? ROWR=ALIR,3.AR.]14AAR, READ Dv1 ]
TOMRR , 0H M1
AECW SF.nM NOP 2
AECW? ROWR=MKR,0¢AR. 0y REAL A],A2 )
MLR,O0HsMRR, OH Pl = M]lem)
AECW ALIR,3.SF,0H 0AV = Dvil “
AECW2 TOACTIR.0+TOAROR, 0 Ple DAV S
AECW MLR,PHMRR,OH, VA] = AV]eA] .6
ALIR 2HyAROR, 04 SF . OH CAV2 = AV] « Day
AECW2 ROWR=MLR . 34AR,3+SAN, BACK UP AR3 .7
ACIR,0L«SF,0Hs Pl = LOW PART .
TOACOR.0+TOMLR,.OL CAV?
AECW ALIR,2LC+SF . 0H, CT = =COUNT *8
TOARIR.O» VAl .
TOAROR . 1 s ROUND Ple ROUND CAV2
AECwW2 ROWB=MRR,]1+AR .2y READ R} .9
MLR, 0L MRR,OL ¥ VAP=CAV2,A2 *
TOACOR. 1 [ § -
ARIR,04SF,0L PASS VA)
AECW TOMLP,1H VAl 10
) AECW2 ROWR=MRR .2 vAR 2+ AAR, READ R? 1]
. TOARIR . 09 ROUND VA2 ROUND VAL
{ AECW MLR,1HJMRR,1H, BHR1=VAl,RR] 12
] ARIR,045F . 0L PASS vA2
¢ AECW? ROWQEMRR , 0 4 AR, 0 s AAR READ A3,A4 *13
3 MLP,)HoMRR 1L o BHI1=VAl.RI1 .
1 ACOR,0+AROR,0¢SF,0M, CAvV3I=CAav2esDAY L)
3 TOMLR, IL VA2
i AECW TOALIR.0 8HR] *le
% TOACNR 40+ TOMLR . OH ,ROUND CAVILRQUND vA?
AECwW? MLR, 1L «MRR ,2H, HBHR2=VA2 ,RR?2 *1S
7 TOALIK.1 oKOUND o EHI1,ROUND CAV3 L
i ACOR,0.AROR ,0¢5F 4 OH CAV4=CAvV3eDAV
3 AECW MLR,0HeMRR ,OH VA3=CAV3I, A3 *l6
TOACNHR, 0+ TOMLR,OL CAVa
AECW?2 MLR, 1L oMRP, 2L, grl2=zvaz,Rl2 17
TOACIR .09 TOAEOR, ] s ROUND BHK2,B8120,ROUND CAVa

A-2

A qi: h .
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10 INSTRUCTINN MAIN LUOP wITH EMBEDDED
9 INSTRUCTION- VARIATOR FUNCTIUN CHANGE

AECHW MLR, 0L «MPR,OL » vAuzCAvas, A4 *18
TOARI# .0« VA3 .
ACOR, 1 +AROR, 145F ,0H, CT=CT+P) .
TOAFOR . 1L ,ROUND Blls ROUND RR}

AECW? ROWR=zMRR (] s AR, 2¢BAR, READ R3 #19
TOACIR.1sROUND, BHI2,ROUND BI1 .
ARIR,04SF, 0L PASS va3l .
TOACOR.1+SETCS CTLSET STATUSSH

AECW TOARIR.Os VAg 20
ACIR,0sALTIR.0CySF.OL BR2zHHR2 -BHR ] L
TOMLR, IH VA3

AECW? RDWBEMRR(2+AR,24+AAR, KEAD R4 21
ARIR,04SF, 0L PASS VA4 .
TOAENR, 2N KOUND o HR24ROUND VA3 .
HBCR,n BRANCH ON ST6

AECW MLR, 1HoMRR, 1 H, BHR3I=VA3I RR3 .22
TOMLR 4 1L+ ROUNU ¢ VA4 o ROUND BR2 .
ALIR,14ACIR,1C,SF,. 0L BI2=RH] ] =BH]2

AECW2 RDWR=MRR .0 ¢AR,0+AAR, READ AS,A6 23
MLR,1HeMRR, 1L BMI3I=zVA3 RI3 Lot
TOAENR, 2L ¢ ROUND B124ROUND VA4 .
ACOR, 04AROR,0+SF, OH CAVS=CAV4 DAV

VARIATOR FUNCTION CHANGE

EXECUTES ONLY WHEN CT = ¢

AECW SF , 0H« ROUND NOPLROUND RB12 24

AECW2  RDWR=zALIR,2.AR.1AAR READ AV ,COUNT 25

AECW SF, oM NOP 26

AECW? ROWA=AL IR ,34AR,1¢AAR READ DV 27

AECW SF.0H NOP 28

AECW?2 ALIR,2LCaSF,O0H CT = «COUNT 29

AECW MLR, {HoMRK,1H, BHR3=VAJ®*PR)] *3p
ALIP,3,5F ,0H, DAV = Dv L
TOACOR. 1 <7

AECW2 MLR,TH¢MRR, 1L, BHI3=VAI#RI3 *3]
ALIR,2HsSF,0H. CAV = AV »
TOAROR.O Dv

CONTINUATION OF MAIN LUOP

AECW TOALTIR.04ROUND, BHR3, ROUND BIl2 *32
TOACOR, 04 TOMLR ., 0OH CAVS

AECW2 MLR 1L ¢MRR, 2H ¢ BHR&4=VA4 ,RRG *33
TOALIR.1+ROUNG BHI3,ROUND CAVS .
‘COQ.Oo‘QUk.OQSF.OHg CAVv6=CAVS DAV -
WRM=AEOR, 1 4AR, 3+ AAR, WRITE g} .
ANZ .8 BR TO HBI]

AECW MLR,OHeMRR,0H o VAS=CAVS A5 *36
TOACOR.0yTOMLR,OL o Cavhe -
ALIR,04ACIR,0C,S5F,0L BRI=BHR I=-ARHR2

AECW2 MLR,1L\MRR, 2L, BHIazvAs,RIG *35
TOAEQR 1M ROUND BR3ILROUND CAVS .
ALIQ 1CsACIR.1+SF, 0L, HI3=RH]12=nH]] -
TOACIR .0 HHRG -
WRM=zAEOR,24AR,3.AAR wRITE g2

OUTSIDE LOOP FOR SIZE GREATER ThAN 512

AECW TOAFNR, 1L «ROUND 813,ROUND BRI 36

AECW2 BNZ,9+ROUND BP TO RA1,KOUND BI3 37

AECwW MLR ,AH,MRR, 0N VAS=CAVS,AS 38

AECWZ2  MLR, 1L Mk, 2L, tHlezvA4,RG *39
ALIR, 1CeACIR,1+SF 0L BlizeMIp=8g4]7

AECW SF.oH NUP

AECW2 BR 4 BRANCH TO SM11

AECW SF.nH NOP

AECW? SF.nH NOP CONTINUE

A3
s A - V
» :
hr 4 { 2! .‘ q




‘ #COMDECK DSCLN
3 NSCLN  AECW
AECwW2

3 AECW
i AECW?2

AECW
AECwWZ

AECW
AECwW?
AECW
AECW?2

AECW
AECW2

} AECW

AECu2
AECW

AECW?

| seca
AECW?

AECW
AECw2
0SsCLP AECW

AECw?

AECW
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nnDNDLDODD 0ODODDODLD
nnHDDOGDNY 0LODODODOD
nn 0D Do v
0D bo 31y}
oo oo wuoDNDODD
nn 00 DODOODOOL
no V0] DD
on N0 D Do
PNOOLLOO00D DHLDODODOD
nooDLLONO HUOD0000

SF . OH

LOG=O.

RUNR=zAR,Z23AR S,

SCMR, 2H=AR, ]

ROWB=MLF, 0. AR S4AAR,
TOMLR . IH

SF . OH

ROWR=ACIN,14AK,6)

SCMR 2H=AR 0

MR, 1HsMRR ,OH

SF.oM

ROWA=zMLR43.AR 4 TOALIR,D
ACIR,1+SF,0HM

ALIR, OL+SF,0H,TOALOR, 0«
ROWR=MRR N AR, 2

ALIRP, 0L oSF,OH,TOMLR,1HTOACOR, 3

TOALOR. 1+« TOMRK 3Ly

ACOR ,3¢yAROR,04SF ,3L .
RDVP=ACIQ00.AR.“'AAR
MLR,tH«MRR 2H,

TOACOR,.3

MLR, [HoMKR 2L o
ALOR,0+ACOK,34L06G=N
TOACINR,2+s TOAROR, 01

MLR ,NHeMRR, 0o
ACIR,0+S5F ,0OM
MLR,3MMRR,3L+TOACIR,3,
ACIR,2LSF PHsTOALOR, 3,
ROWBR=MRR .} AR, 3
TOALTR.2»

ACIP 3L 5F . 0Hs TOALOR,?2
TOACIR.2+TOACOR. 2.
ALIR,24SF (IH

TOARNR, ]

MLR, W oMRR,3L
ACIR,0+AROR,14SF, 1N
TOAROR 2+ TOMLR 1L o
ALOR,3¢ACIR,24SF , 0N
TOAFOR. 1

ACIQ, IHsAROR,04SF 43L
ROWBzAR,0e2R 654 TOALIR,3
ACOP.).AROR.Z.LOG:N.
TOACNOR, 0

LOLOLODLD Do
nopoLLOLOON ]
np 0 00
on (/1))
np on
Do 00
Db 00
00 5} 00
DNOODODLDD 0DDDODDDDD
0DODLLON 00LDLNDDDDD
NOP
CREATE MINUS )
READ FaMA
GET (S{ PARAMETER
OFS M)
KEAD FS,A
DES ™)
NOP
READ CoOP
GET (7] PARAMETER
Pl=M]em]
NOP
READ SL,P,DES P1
PASS CoOP
Pl=LO(Pl). OES CDa&
READ FM
P1=LO(P1),DES P}
DES Pl, Pl
LMzMY P} (R2)
READ Cbo
7=7#P]
OtS (M
S=S5ep])

D4=Co0P ANO LM
NES 7.DES D4
fSM=FSeFM

PASS CDo
SL=P1eSL, OES S
72L0(7)#2.,0€S CDO
READ &M

DES FSM
§=LG(S3, NES 7
VES StLe S
FSMezF SM (R4)
DES FSMa
PP=zPep)

NCD4u= (CDOFSMs) (R2)
DES NCD4 «NCO
CDO=CDOeSL

DES Covo
CNP4=M(CNDP) «Ds
READ CD« DES PP
0D=CD AND LM
DES (DPa

Do
000
0D N
oD 0
(o]
00
DD
0o
DD
vn

e L
° ~o e

«B

sC

D

of
of

(],
*]0

11

.12

Do

00

Do

0 ]y
00 00
0D 0D
DD DD
D 0D
DOD

DD
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MLR 1L eMRrR, L
ALIR,3+ACUK.OC,AROR,0C,SF, 0L
TOAFOR.2»
WRM=zAEOR.] AR, 4
AROR."ACIRQOOSFQOHQ
TOALIR.0+TOACUR. ]
ALIR,OLsACOR,1+AROR,24SF o 3H,
RD'Q=AR.2'ARC“OSAR'
SCMR ,Oh=AK, ]+ TOAEQR, 2H
ACIR,2L+SF ,0H,TOAEOR .3
ALOR,2¢SF .nH4TOAEOR, 3H,
WRMzAEOR,2,AR .6
MLR_ QL eMRR,1H,
ACOR,2+SF ( OHo TOMLR , 3H
TO"LR.3L-
WRMzAEQR,3,AR 44

SCMp  lH=AaR,3
MLR,3IHMRR,0M, TOACIR,0
MLR,)HsMRR,0H,
ACIQ,0+SF 1L
ROwWA=ALIR,.04AK,04AIRO
MLR, 1HsMRK, 0L, TOACIR, 0,
YoM R, 0L

MLR, 3L MRR, 0L+ TOACIR, 1,
ACIR, QA «SF ,0MsROUND,
ROWR=ALIR,14AR,04AAR
MLR QL WMRR,1HTOACIR,0,
ACIQ,1LA,SF . 0M, TOMLR, 2H
AClD.OLA.SF.Oh.ROUND-
TOMLR,3H,TOACIR, 1,
RDOwWR=ALIR,2.AR,04AAR
MLR,OL+MRR,1L+TOACIR.OD,
ACIQ.IA.SF.OH. TOMLR, W
‘CIR.‘,QSF.ZL'TOMLR.ZL.
ROWA=ALIR®,34AR,04AAR
MLR, 3HsMRR, 0L+ TOACIR, 0,
TOACNR . 09 TOMRK , 2H o ROUND
MLR 2L 4MRR ,O0H+ROUND
ACIR,0+S5F. 2L,
RDUR=AR,2,AR S Al RE

MLR ,PHsMRR,2H 4 TOACIR, 0,
TOACOR .1+ TOMRR, 2L
MLR,IL«MRI, 0L TOACIR, Y,
ACIR,0A45F , 2L « ROUND
ADWA=MLR,.0,AR,S,84R

MLR ,2H«MRR 2L+ TOACIR, 0,
ACIR,1+SF ,2Hy TOUMRR, 3H
MLR, 3L WMRR,2H,TOACIR, 1,
ACIR,04SF ,2L+ROUND
TOMLR. 1L
ROWR=MRR .0 (AR, 2

MLR. -’L’MRHQZL’TOACIROOO
ACIR,144SF 2L« TOMLR, 2H,ROUND
“LQ;BNOMQRQEH'TOARIR¢OO
ACIR,0¢SF ,2L s TUMRR . 3L «ROUND o
ROWRzMRR .1 4AR,3

MLR ,PHeMRR,IHsTOARIR, 1,
ACOR,0C+ARIR,04SF ,2H,

A-5

NC=P ) #NCD

CC=PP=CDP4=D4 #13
DES oD .
WRITE CDO

C=CDO+FSMa ®la
DES NC, CC

P=L (NC)/2+CCeNCDs .15
READ SL. P -
COSSIN (D), DES C
SL=LO(SL), DES P 16
PASS 7, DES SL 17
WRITE CD

AzpA®pAM *18
PASS S, DES 7

ots 5 *19
WRITE SL, P L]
COS+SIN (P)

7#Ce DES A 1A
P1#C=C .18
PASS A -
READ BM2

S=pP1e#S, DES 7C e1C
DES A

5#S, DES C *10
PASS 7C, RND A -
READ HM]}

Ak, DES S *)E
C=L0(C)y DES 7C

S=L0(S)s RND 7C - F
DES C, SS -
READ Bp

As2, DES AK €20
PASS 55, DES S

PASS AK, DES SS «21
REAL BP}

C#S, DES AZ .22
DES AK, RND 5%

5S#Ce ROUND AK .23
PASS A7 .
READ FMA, AMA

7C»aK, DES CS 224
DES AZ

S%S. DES SSC *25
PASS CSs RND A2 -
READ FS, &

7C»AZ, DES 7CAK a6
PASS %SC, DES CS

AKe®S, DES SS 27
PASS 7CAK, ®WNU CS L]
DES sSC L]
READ Fm

AZ#S, DES 7CAZ «28
PASS SS.NDES 7TCAK,R 5S5C
AKeC, DES aSK .29

PAS 7CAZ,DES SSeR 7CAK»
READ AM

7CAK#CS, DES AS? #24
Tl=(ASK=AK) /2 .




AECw?2

AECW

AECwW2

AECHW

AECW2

AECW
AECW2

AECW
AECW?2

AECW
AECW2

AECH
AECw2

AECwW

AECw2

AECW

AECWwW2

AECwW
AECW2

R TR,

AFCw

AECw?

AECW
AECwW?2

:
b
E
E
|
?
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TOML R, 2L « ROUND

MLR IHeMRR 2L« TOARIR, 2
ACOR,1C«ARIR,] «SF ,2H,
TOARDR . 0 s ROUND o
ROWR=MLR,348R 4 ¢AIKRE
MLR  PLeMRR,3H,TOACIR, 0.
ACOR , N+ ARTR,2C+SF ,2H,
TOAROR. |

ALIR, OHWACIR,0C,SF,0H.
TOARIR3« TOARUN 2
RDWA=ACIH,0¢AR 44 AAR
MLR 1L eMRR 2N T( 8 IR, 1 o
ACOR,1+ARIR,3C4SF , 2,
TOAENR, 0N

ALIR OLsACIR,1C4SF ,0H,
TOAROR «3+ROUND »
RDOWRzACIR, 1 ¢AR,64AAR
MLR,1LsMRR 2L+ TOACIR,Z,
AClP.OQSF.OHoTOAEOR.OL
ALIR,JHJACIR,2CoAROR,. O,
SF ¢pH« TOALOR, 34 KOUND o
ROWAR=ALIR,0.AR.04AAR

ACIR,1+SF ,0HyTOACIR,34TOAEOR, I1H
ALIR,ILWACIR,3CAROR 1 oSF 21,

TOALOR.QyROUND
ROWRB=ALIR,1+4AR,04AAR

ALIR ,2HsACOR,0+ARIR,2+SF ,2H,

TOAEOR. 1L

ALIR,2L+ACOR 1 +ARIR,1¢SF . 2H,

TOAENR ,2H ¢ ROUND o
WRM=AEOR,0,AR, 0+ AIRE

ALIQ ,3H ACORLNCARIR,0C.SF,2H,

TOAF DR, 2L +ROUND

ALIR,IL+ACOR,JCoARIR.1CSF . 2H,

TOAEOR  IH«ROUND o
WRM=AEOR,) sAR,04AAR
MUR,2M4sMRR 3L o

ALIQ OH ACIR.2¢AR0OR,24SF 4 2H,

TOAFOR « 3L s ROUND
MR, 2L ¢MRR L IL,

ALIP,O0L+ACIR.3¢AROR,J¢SF 2N

TOAEQORLOHFOUND 4
WRM=AEOR.2+AR, 0 ¢AAR
ALOR,1+SF 0N TOACIR, 2.
MLR OHeMHR,OH,
TOAEOR . OL s ROUND

ALIR 1HWACIR,2¢5F ,0H,
TOACIR <3¢ TOMRR ¢ 3L ¢ ROUND o
WRM=AEOR,3+AR,0+AAK
ALIR.‘L.ACIPO3'SF.0H.
TOALIR,2+TOAEQR, 1H
MLR, Y4 eMRR, 3Ly
TOAFOR, 1L o ROUND
dp“!AEORQOOARQOOAAQO
ALIR,2+5F, 1M,

BNZ A
ALOR,0+ACOR,3.L0G=N,
TOARQOR .1 + ROUND

TOACTIR 2. TOARUR, O
ACIR,00AROF 1 4SF 4 1M,
MLR _ ILeMRR, 3L,
WRM=AEOR,]1+sAR,0,4AR
SF . nM

STOP

A-6

DES 7CAZs RND SS
aZeC, DES ACK
Y2=1ASZ2-A2)V /¢

UES Tie RNO 7CAZ
wEAD SL, P
7CAZeCS.0ES 7CCSAK
T3=(AK«ACK) /2

DES T2
MP2R=BM2R=TCLSAK
DES ACZ. T3

~EAD CDY
SSCeaK,DES 7CCSAZ
Te=(A2-4C2y /2

DES MzR
M212EMR2 ] -TCCSAZ
DES TwsRND M2R
wEAD CD

5SCea7, DES SSCAK
PASS CDne DES ™21l
Ml1R=HM]R=55CAR+T]
DES CDO, KND M21
READ BP2

PASS CD.DES SSCAZ,MIR

M] [=BM} [=5SCAZ+T2
DES CD4oRND MR
READ BP3
0R=80R+AK/2+ACK/2
DES MYl
0[=8B01+a2/24AC2/2
DES OR. RND M11
wRITE M2
P1R=BPR-AK/2=-A5K/2
CES 014 RND OR
P11=BP11~A2/2-AS2/2
DES FlR, RNO 01
whR1TE M)

TCAK®#SS
P2R=AP2R+SSCAK+TY
OES P11, RND PIPR
TCAZ*»SS
P21zRP2]+SSCAZ+Ta
DES P2R, RND P11
wRITE o

PASS Pl, DES 7SSCaK
FSM=F SafM

DES P21+ RND P2R
P3R=BP IR+ 7SSCAK

DES 7SSCAZP1+RND P21

wRITE P
P31=8P3[+755CAZ
DES FSMPIR
Sl.sPlesL

DES P3II, RND P3R
wiRITE P2

FSMazF SM(R&)

BR ON CT TO USCLP
Du=CODP AND LM
DES FSMa, RNUL P31

DES SL. D¢
NCD&=zCDQoF SMG
PPzP] ep

wiITE P3

NOP

.28
.

*2C
-
20
-
.2t
e*2F

*30
=31

3?2
*13

.36

*3S
.

*36

.37
038
L

*139

*3a
38
*3C

+30
-

*3E

a9F

@0
el
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SRFFT

SRFLP

AECW
AECWw?

AECw
AECw?

AECw
AECW2

AECW
AECW?
AECW
AECwW2

AECW

AECW?2

AECw

AECW?2

AECw

AECW?

AECW

AECwW?2

AECw
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65555585 5555855555
§555555555  $55555$SSS
ss S ss ss
ss $s ss
$55555555 5555555556

§55555555  $55555SSS

SS S5 SS
s ss  Ss sS
6555555555  SS Ss
§555555S s ss
LNG=0
TOMLR.2M+
ROWR=ALIR,1+AK,2
LOG=0
TOMRR, 1M

QDHAgMLNOO.ALxROBQAROZ.AAR.
SCMR,0=AR,0INC

ALIQ, 1H4SF ,0H

ALIR,1HySF ,0H,
ROWR=ACIR,0+AR, 3,
TOAENR, O

TOAFOR.OL
RD‘H=MLR030AR05'AAR
ALIR,2L+ACIR, 0L, SF,.OL
TOMLR, 1L

ALIR ,2HWACIR,0M«SF.OL,
QDHASMLR.()'ALIRQOOARQZ‘AAR
TOACNR,0+ROUND »
ALIR,2HC.ACIR,0H,SF, 0L
TOMLR,1H.

MLR, 1L eMRR,0H,

ALIR ,2LCoACIR,0LWSF 0L,
90HA=MRR-20ACIN.OvAP.3oSAR
TOACOR.‘ s ROUND,
MLR, 1L eMRR,OL

TOARIR, 3

MLR.]H.MRH.OLQ
WRM=AEOR,0¢AR G4

SCMQ, 0=AK,0INC

TOALIR,. 3

MLR,1HMRF,0H,
ALIR,OKRC.ACIR,OM,SF , 0L
TOALIR2+TCMLR,1H.
ALIP,OLACIR,OLSF.OL
MLR, 0HeMri, 1H
TOARPIR2¢ TOMLR, 1L 4ROUND
MLR.ZH.MRR.ZHQ
ALIR,244RIR.3,ACOR.04SF.1H
TOALIR. 1« TOAEOR,OHWROUND .
MLR, 2HeMRR 2L o
ALIR,3¢ARIR,2CeACOR,14SF, 1M
ROWA=MLK,N,ALIKR,04AR,2¢AAR
TOACIR.1 ¢ TOALUR,0L +ROUND o
MLR, NL oMK, 1M,

A7

[P o

§55555555S S$5555555SS
55555555S% 6555555555
SS SS

SS sS

$5555S $5SSSS
$55S5S $S8555S

SS SS

SS SS

SS SS

SS SS

*
‘ inlle. g ‘_AL.A, _oat

CREATE ALL ONES
Ml=MINUS 1

KEAD GO

NEEL TwO M1I(S
M]

READ G])

GET COS.SIN
FRO=GRO
F10=GRO
READ ON1
FRO

FIo

DumMMy READ FOR FN
CI1=(GIN1+GI1)/2

(INC)

ch
ARI = (GRN]1+GR1) /2
READ G2

AKles ROUND CI1

. CR1=(GRN1=GR)) s2

Ck]

CCI1=CeCI1}
AI1=(GINL=GI1)/2
READ GN2

Alls ROQUND Ck1
SCl1=S+Cl)

CCR1

SCR1=S#CR1

wiklTe FO

COS.SIN (2%INC)
SCIi

CCR1=CeCR]

CR?2= (GRNZ2=-GR2) /2
SCR1.CKr2
Cl2=(GIN2+GI2) /2
MGR2=M] #GR?
CCHGCI 4ROUND CR
MGRNz=M] #GRN
FR=SCR+CCleAR
MGRy FR, QOUND CI
MGIN=M]#GIN
FI=SCl=CCReAl
READ G

MURN, Fls ROUND FR
MGI=M]#G]

'H'r v

5555555555

5555555555
5SS
s
s
s
SS
ss
sS
s

0

.1

2

*3

L

&

5

L

6

7

8

*9

*

(]

*y

*

*

.C

)

L

L J

€

*

oF

*

*l0

o

“11

-

<

*12




A a

Wy g 5

AECWZ

AECW

AECwW?

AECW

AECw2

AECw
AECw?
AFCw
AECw2

AECwW
AECwW2

NSWC TR 81-313

ALIR,2CoANIR,3C4ACOR,0¢SF  1H
TOACIR 42« TOAEUR , 1H4ROUND,
MLR,ILeMRR NH,
ALIR,3+ARIR 2L ACUOR,1CoSF 1IN,
ROWAzMRK,2.ACIR,04AR,3+5AR
TOALIR2+TOAEURL 1L +ROUND,
MLR,ILsMRR,0L »
ALIR,ILC4ACIR,1ILC,SF, 0L
TOARIR 3+« TOACOR,0+HOUND o
MLR, (HeMkR,0L
ALIR,2LJACIR,2LC,SF,. 0L
WRMzAENR,0+AR,4 ¢ AAR,

SCMR, 0=AR . NINC.BNZ R
TOALIR.3,TOACOK, 1,
MLR,1H«MRR,0H,

ALIR, OMC,ACIR,UH4SF, 0L
TOALIR.2+TOMLK, 1M,

MLR, OHMRR 1 H,

ALIR 0L ACIR,OL,SF 0L,
WRM=AEOR, 1 +AR 5,4 5AKR

SF .0

8NZ,.C

MLR,1HeMRR,,0H
ML, Mo MR, 1H
ALIR,O0LJACIR,0L4SF,OL
SF.0H

STOP

A-8

FRN==SCR=CC] ¢AR
MG [N, FRN, ROUND FI
CCI=CeCl
FIN=SCi-(CCR-Al
READ ON

MOI oF INJROUND FRN
SCI=S#C]

AR (=MGR=-MGRN) /72
CClsARROUND FIN
SCR=S#CR
Al=(MGI=MGIN)/?
wRITF F
COS+SINGLOOP UN 8NZB
SCleal

CCR=C#CR
CR=(GRN=GR} /2
SCRLCR

MGR=m] 8GR
Cl=(GINeG]) /2
wRITE FN

NOP

QuTSIDE LOOP
CCR=CeCR

MOR=M] #GR
CI=(GINeGIY /2

NOP

STor

*13

*l4

*15

*16

.7

18
19
14
*18

1C
10




eCOMDECK SCLA2

SCLA2

scaLe

AECwW
AFECw?

AECwW
AECW2

AECW
AEC.2
AECW
AECW?
AECwW
AECW2
AECW
AECw2
AECW

AECw?2

AECW
AECw?2
AECW
AECw?
AECwW
AECW?

AECW
AECw?
AECW
AECw?

AECwW
AECw?

NSWC TR 81-313

85555S5S 555585SS
§S595555SS $5555555SS
se S SS S
ss $S

§55555555 $S
§555555SS SS

SS SS
S SS SS S
§8555555SS $SS55S55SSS
$SS5555S 55555588

SF «0H
ROWR=MLK,CsAR 2+
SCMR ,0H=AR,0

SF.oH
ROWB=MLR,] +AR, 3,
SCMR , 0L=AR, ]

SF o 04

SF.OH

MLR.OP‘.MRR.OH

MLR ,NL «MRR,0H,
RDWB=MLR ,2+AR .44 SAR
TOALIR.O,

MLR, |HoMRK, OL
TOALIR. 1+
MLR, JL +MRR,OL ,
ROWR=MLR .0 +AR,2+AAK
TOACIR.0O
RUWR=MLR,1¢AR.39AAR,
TOACIR.1
MLR,NHeMKR,0H,
ALIR,04ACIR.04+SF .OH
MLR DL o MRR , OH,
ALIR,14ACIRG1«SF,0H,
TOAENR,0h
MLR,1H«MRR, 0L
TOAEOR.OL o TOALIRLO
ROWR=MLK,0+AR,2+AAR,
MLR, 1L «MRR,OL «
TOALIR,1

TOACIR.O
ROWA=MLR,.1,AR,34AAR,
MLQ.QH.MRR.OH;
ALIR,OHWACIR,0H.SF,OH
hRM=AE0R00.AR.“.AAR.
MLR, AL +MRR, OH
AL!Q.I.ACIH.l.SF.OH.
TOAENR,OM

SF . NM

BNZ.9

MLR, OH«MRR, OH
MLR, 0L +MRR,0H,
ALIR,1+ACING145F,0H
SF.0M

STOP

SS SSS5555SS

SS §555555555S
SS SS SS
SS SS SS
SS SS SS
SS $5555585SS
SS $S555555SS
SS SS SS
$SSS555585 SS SS
$SS555554SS SS SS

NOP
READ 1ST PAlR 0OF X{S
GENERATE PARAMETER A
NOP
READ 1ST PAIR OF Y(S
GENERATE PARAMETER 8

NOP

NQP

AXH=A®XH

AxL=A#XL

BACK UP 7 POINTER
AXH

HYH=Ge®YH

AXL

BYL=BeYL

READ NEXT PAIR OF X(S
8yH

READ NEXT PAIR OF Y([X
BYL

AxH=A®XH

ZHz=AXHeBYH

AXL=A®XL

ZL=AXL +8BYL

rd, ]

BYH=R®YH

ZLe AXH

READ NEXT PAIrR OF XIS
BYL=ReYL

AXL

BYH

READ NEXT PAIr OF Y(S
RYLy BRANCH TO SC2LP
AXHz=A®XH

Zn=AXHeBRYH

wRITE A PAIR OF 2(S
AXL=A®XL
IL=AXL+BYL
ZH

NOP

QUTSINE LOOP
AXHzA®XH
AXL=zA®xL
ZL=AXL «BYL
NO®

STOP

§S5SS8SSSS
$85555855SS
S $S

SS
SS
SS
sS

SS
5$5555S8SSS
$55S555S5SS

*5
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#COMDECK ASSSS

AAAAAAAA
AMAAADAAAA
AA AA
Aa AA
AA AA
AAAAAAAAAA
AAAAAAAAAA
AA AA
AA AA
AA AA

NSWC TR 81-313

AAAAAAAA
AAAAAAAAAA
AA A
LY
AAAAAAAAA
AAAAAAAAL
Al
A AA
AAAAAAAAAL
AAAAAAAA

AAAAAAAL
AAAAAAAAAA
AA A
AA
AAAAAAAAA

(Y YYYYYY Y

AA
A AA
AAAAAAAAAA
AAAAAAQAA

MLPTH - MULTIPATH RESAMPLE .SCALE AND AQD

AAAAAAAA
AAAAAAAAAA
AR A
AA
AAAAAAAAA

ABMAAAAAAA

AA
A AA
AAAAAAAAAA
AAAAAAAA

IN PHASE START SEQUENCE

AECw
AECW2
AECH
AECw2
AECW
AECW?
AECwW

AECW?
AECW
AECW2
AECW

AECW?
AECW

AECW2

AECW

AECwW?

AECW

AECW2

AECW

SF.0N

ROHA:MRR.I.ACIR.I .ARQO

SF . 0M
RDHR=ALIRQ?'AR.I
TOALOR .0+ SF , 0H

ROWASMLR.0+ALIR,04AR, 20

TOAROR. 0 OSF . OH
TOAROR, 3

ALOR ,0C+AROR.0C4ACIR,I1LCoSF.0OH
ROWA=MLR.0+ALIR.0+,AR,.?+AAR,

TOAROR, 1+

ALOR,0CsAROR,0CACIR,ILCySF, 0N

MLR_NL+MRR.1H.
TOAROR.2

ROWA=ALIR.34AR.]1+AAR

MLR,OHMRR, 1My
TOARIR.3y

ALIR . 2C+AROR,1+5F ,0H

ARIR.3OSF.0L0
TOACORL2+TOMLKR, 1L
TOARIR,2+TOMRR, 0L
ALIR,2,SF.0H
RDWA=ALIR,1,AR.3,
ARIR,2¢SF ., 0L yROUND,

TOACOR 0+ TOMLR,1H4SETCS

MLR, DL «MRR,1H,

ALIR,3C4ACOR,0C+ARUR,2TSeSF ,0H,

TOMRR, 0N

ROWASMLR,0sALIR.05AR,2,AAR,
MLR, 1L ,MRR, 0L s ROUND ,

TOACOR.3.TOMLR,2L
MLR,1HMRR,0H,
TOARIR.3
ALIR,3+ACOR,04SF.0H

ROWB=MLR,3,AR,4+5AR,

TOARIR. 0,
ARIR,3+SF.OL,SETCS,
BNZ .4
MLR.OH."R“.IH.
TOACIR.0+TOMRR,OL «

RH) 01/26/76

NOP

READ AQ -l
NOP

READ F

0 =-INMIBIT
READ OHDL (1)
0 TO oC

0 YO 1IC
ONE=~] -EPS
READ DHOL (2}
ONE TO oC
ONE=z«]1 =EPS
AL = AeDL
ONE TO 1IC
READ O

AH = A#DM

AL

F3 = ONE=F
PASS AL

F3

Aty AL

Fl = ¢

READ SHsSL(1)
PASS AHLROUND AL
FI.SET STATUS 6
AL =A=DL
Fl‘=-F1—001c
AM

READ DOHMDL (3)
JAL=FI#AL (ROUND AKH
F4

1AM=F ) » A

At

F2=F 14D

DUMMY REAN

JAL

PASS ALGSET STaTuUS
Fe

HRANCH TO MIPLO
AM=AeDr
1AH AL

AAAAAAAA
AAAAAAAAAA
AA A
AA
AAAAAAAAA

AAAAAAAAA

AA
A AA
AAAAAAAAAA
AAAAAAAA

AH W= O

L&4
-8
*10
-

.11
)2
*13

LITA
-
1S
*16
-

.17
-

*18
L ]




MLPO

L ]
MIPLP

NSWC TR 81-313

ALIR,3C+ACOR,1C+AROR,2TSeSF ,0OH
MLR, 2L yMRR, 0H,
ALIp.lH.AClHQOQAPIPQOOSFOIH'
TOACOR2¢TOMLR, 1L 4ROUND»

BCR 1}

AECW?

OUT PHASE START SEQUENCE

AECW SF.oK

AECW2 ROWA=MRR.1+ACIK,19AR, 00
TOALOR.0+SF.ON

SF .oHe«TOAROR, 0
RD"SMLR.OQ‘LIRUOOARQQO
TOAROR,3
ALOR,0C+AROR,0C4ACIR,1LC,SF ,0H
ROWR=ALIR,2+AR. 1
ALOR,0C+AROR,0C,ACIR,1LC+SF 0N,
TOAROR. 1

“LR‘OH."RROIH.

TOAROR,2
ROWR=ALIR,39AK,]14AAR

MLR L +MRR,1H,

TOARIR,.2y
ALIR.ZC'AROR.I'SF.OH
ROWA=MLR,0sALIR,04AR,2+AAR,
ARIR,2+SF.OL,
TOACOR 3+ TOMLR, 2L
TOARIR 3+ TOMRR, Ott,

aLlo, 2.SF ,0H
RDUB:AC!R.JOAR.‘.SAPQ
ARIR,345SF (0L s ROUND»
TOACNHR.1«TOMLR,2H,SETCS
MLR;"H.MRR.IH'
ALIR.3CQACORQlCoARQp.ZQSF.OHQ
TOMPR,, 0L

ROWR=zALIR,14AR, 3y

MLR , 2L s MRR, OH 4 ROUND o
TOACOR. 2, TOMLR, 1L

MLR, HsMRR, 0L o

TOARIR,. 2y
ALIR,3+ACOR.1,SF,0H
RDH‘:MLR.OQALIR.O.APQZOAAP.
TOARIR.1,

ARIR,2¢SF.OL¢
TOACOR.0¢TOMLR,1HeSETCS
8NZ.8

MLR, 0L «MRR, 1H

TOACIR. 1
ALIR,3C+ACOR.0C+AROR 2TS¢SF ,0H,
TOMRR, Oh

MLR;jL.MRR.OLv

ALIR, 1HsACIR,1¢ARIR,1,SF,1H,
TOMLPOZLOYOACOR.39ROUNDO
BCR, 4

AgCw
AECW2

AECW
AECwW2
AECW
AECWZ
AECW

AECW?

AECW

AECW2

AECW

AECW2

AECW

AECW2

AECW

AECW2

INPHASE
AECW

PROCESSING LOOP
MLR,OHsMRR, 1H,
TOACIR.0«

A-11

F3=«F2=0+1C
LAHSFLeAH
OH=SHe 1 AMe3AL
F3.ROUND AL

BRANCH TQ1002 ON F2

NOP

READ A, =]
0=INHIRIT

070 oC

READ DHDL (])
0 70 1C
ONE==]1 =EPS
READ F

ONE3~] <EPS
ONE TO oC
AH=ASOH

ONE YO IC
READ D
AL=AwDL

AH

FasONE=F

READ DHDL (2)
PASS AH

Fa

AL ¢ AH

Fo=F

DUMMY READ
PASS AL,ROUND AH
fFe

AM=A®DH
F3==-F2=~D+ONE
AL

READ SHSL (1)
GAH=F4#AHROUND AL
F3

2AL=F 28AL

Ar

F1aF2+D

READ OMDL (3)
aprH

PASS AN

F1

BRANCH TO MOPLO
AL=A#DL

2AL
fFuz=D=F1e]C
AH

3AL=F3¢AL
OHzSHe 2AL e AN
f 4 4ROUND
BRANCH TO QI01 ON F}

AH=A®DH
1AM4

19

20
2]

22
.23

246
#25

€26




MIPLO

MIPL2?

MIPL]

STOP

B e T R N I

MOPLP

MOPLO

MOPL2

AECwW?

AECW

AECW?2

AECwW

AECW?

AECW

AECW?2

AECW
AECW?2

AECW
AECW2

NSWC TR 81-313

ALIR,3CeACOR,1C4AROR ,2TSSF . 0H,
TOMRR, OL

MLR, 2L «MRR . OH

ALIR IHJACIR.0yARIR,NeSF,1H.
TOACOR 2 ¢ TOMLR 4 1L o ROUND ¢
WRM=AEOR,04AR, L4 AAR

8CR,.1

MLR,PHoMRR 0L »

TOARIR.2»

ALIQ 3,ACOR.1+AROR,OTS4SF ,0H,
TOAENR,OH
ROWAzMLR,0+ALIR,0,AR,2,AAR,
TOAQIR,.]1,ROUND,

ARIR 24SF. 0L
TOACOR 0+ TOMLR,1H,SETCS

MLR, NL+MRR, 1H,

TOACIR.1»
ALIP,3C+ACOR,O0C4AROR,2TS4SF . OH,
TOMRR, OH
ROWA=ALLIR, ] sAR,3¢AAR,

MLR, JLeMRR,OL + ROUND »
ALIR.IL'ACIR.I‘AFIR'l.sF.lH.
TOACOR 3« TOMLR 2L o

BNZ R

MLR, IHs MR, OH,

TOARIR .3y

ALIR ,3¢ACOR.0.AROROTSeSF.0H,
TOAFOR,OL

TOARIR.O

ARIR,34SF 0L +ROUND,
TOACORG1 e TOMLR ,2HSETCS
BCR N

SF . 0H

wRM:AEOP.OoAQ.QoAAR.

BNZ,.C

SF.0M

STOP

OUT PHASE PROCESSING LOOP

AECW

AECw2

AECwW

AECwe

AECw

MLR,OLsMRR,1H,

TOACIR.1»
ALIR,3C.ACOR,0C+AROR,2TSySF,.0He
TOMPR . OH

MLR, 1L +MRR, 0L +ROUND
ALIQ,1H.ACIR,14ARIR,1,4SF.1H,
TOACOR.3.TOMLR, 2L,
WRM=zAEOR,04AR 4y AAR

RACR.4

MLR, 1HeMRR, OH

TOARIR, 3.
ALIR,3+ACOR.04AROR .0 . S¢SF ,O0H,
TOAEOR, O

TOARIR,0+ROUND o

ARIP,34SF,0L
TOACOR.1 + TOMLR ,2H,SETCS
MLR, AN MR, [ H,

TOACIR.O.

ALIR,3CsACOR, 1CeAROR2TSeSF 4 OHe

F32-D-F2+1}C

AL

GAr=F GeAH
OH=aSHe } AHe AL
F3.R0UND AL

whkITE QUTPUT OHOL
BRANCH ON F2 TO 1002
AL =F AL

AM

F1=D<F2+40C

(81, ]

READ DHDL
GAHLROUND OA

PASS AH

Fl

AL=AeDL

2AL

Faz=aDeF)e]1C

AM

KREAD SHSL
3AL=F3=AL sROUND AH
OL=SLe2aL+4AH

Fa

B8RANCH ON CT TO MIPLP
1AM=F 1 oAH

AL

F2=DeF1le0C

oL

3AL

PASS AL ROUNU OL
F2

BRANCH ON F} TO 100}
NOP

WRITE LAST OQUuTPUT
BRANCH TO STOPF

NOP

SToP

AL=A«DL

2AL

F4a-D=F1+1C

AM

3AL=F3#AL +ROUND AM
OH=SH+ 28L + AN

Fao

WRITE OuTPUT O
BRANCH TO 0101 ON F]
1AH=F ) #AH

AL

F22F1+DenC

OM

JAL +ROUND OH

PASS AL

F2

AH2A#DH

1an

F32-D=F2+]C

46
*7

48
49

*50

5]

*52
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.

54




MOPL ]

PICOL

P1002

AECw?

AECY

AECW2

AECW
AECW2

AECw
AECW2

IN TO
AECW
AECwW2

AECW

AECW?

AECwW

AECW?

AECW

AECW2
AECW

AECW2

AECW

NSWC TR 81-313

TOMRR, OL
ROWR=ALIR,1,A¥,34AAR,
MLR-?L'“"?-OH!ROUND’

ALIR, 1L ACIR,0,ARIR,04SF,.1H,
TOACNOR.2+TOMLR 1L o

BN2,9

MLR, 2H s MRR, 0L o

TOARIR.2»
ALIR,3+ACOR,1 ¢AROR, 0TS ,SF,0M,
TOAFOR, 0L
ROWAsMLR.Q0+ALIR, 048R, 2+AAR,
TOARIR.1+4ROUND,
ARIR,2+SF.0L»
TOACORL0s TOMLR, 1HeSETCS,
BCR.5

SF «0H

WRM=AEOR .04 AR 4o ALK,

BN2,C

STOP

OUT TRANITIONS, U POSITIVE

MLR,1H«MRR,0L
TOARIR .2
ALIR,]H'ARIQ03OSF.IH
ROWA=MLR 0 ,ALIN,04AR,24AAR,
ARIR,2¢S5F 000
TOALNR,.O

MLR DL yMRR,1H,
TOARIR.Oy

ACOR,245F ,0M,
TOMRR, Ort

MLR 2L ¢yMRR ,OL ¢ ROUND ¢
ALOR,0+ACIR,0CsARIR,ND¢SF,1H,
TOACNR.3I«TOMLR, 2L o
BR,.3

MLR,>HMRR,0H,
TOARIR. 3,
ALIR,3+ACOR, 1 «SF.0OH,
TOAFNR, QM

TOARIR.O,
ARIR,3+5F, 0L +ROUND
TOACOR'IOTOMLQozH

MLR, 0L sMRR, 1H,

TOACIR. ]

TOMRR , OH

ACOPR,24+SF ,0HeROUND
MLR, 2L e MkP, 0H,
TOAD‘R.3'T0‘COR.3QYOMLR.2LQ
ACOR, 04 SF ,OH

ARIR,_34S5F . 0L
TOACOR. 1« TOMLR,2H,

8R.7

MLR, AHsMRP, LH,y

TOARIR 1
ALIR,3CyACOR,1C+ANOR,14SF ,0H,
TOMRR . OL

A-13

AL

READ SHSL
GAHSF4eaAH,ROUND AL
OL=SLe)AHe3AL

F3

BRANCH ON CT TO MOPLP

CAL=FeAL

AH
F1=F2+De¢0C
gL

READ DHOL
GAHWROUND O
PASS AH

Fl

BRANCH TO 0102 ON F2

NOP

WRITE LAST QUTPUT
BRANCH TO STOP
NOP

STOoP

1AL=F ] eAL

ANH

OT=SHeAL

READ DHOL

PASS AH

(13}

AL=A#D(

1AL

F4=F3

At

JAL=F4nAL sROUND AH
ONn=0T=]AMHes 1AL
Fa

BRANCH TO MNOPL2
LAH=F 28 AH

AL

F2=F 2D

OoH

JAL

PASS AL 4ROUND OH
F2

AL=A«((

2AL

Art

Fa=F3, ROUND AH
GAH=F 4o AN

ALs Fo

F2=F}

PASS AL

F2

BKANCH TO MOPL1]
AM=AeDnH

GAH
F3zaDaF2+0NE

AL

*6S

*56

.57

*
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60
61
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63
*70




it

POIO1

POlIO2

MI1001

AECw2

NSWC TR 81-313

ROUQ=ALI".1-AR030AAR'

MLR 2L +MRR , OH s #OUND o
ALIP,JL+ACIR,IC,ARIR,1C(SF,1H,
TOACNR.2,TOMLR, 1L

dNZ.9

OUT TO IN TRANSITIONSs D POSITIVE

AECwW

AECW2

AECW

AECwW?

AECW

AECW?2

AECwW

AECW?

AECw

AECw2

AECW

AECW?2

IN TO
AECW
AECW2

AECw

MLR,NHsMRR,1H,

TOACTRW0.

TOMRR, OL

ACOR, 35 SF ,0H s ROUND

MLR, ILsMRR,OL

TOARIR. 2+

TOACOR.?.TOMLR. lL L]
ACOR,145F,0H
RDWA=MLR.04ALIR,0,AR,24AAR,
ARIR,2+SF . 0L
TOACOR. 0+ TOMLR. 1H,

BR.6

MLR, 0L ¢MRR, 1H,

TOARIR.O
ALIR,3C+ACOR.0C«AROR,1,SF ,NH,
TOMRR , H
ROWA=ALIK,1+AR434AAR,
MLR“L."RR.OLOROUND.
ALIR,IL,ACIR.0C4ARIR,0C,SF.1H,
TOACOR.3+TOMLR, 2L 4

BNZ, 8

MLR, PHsMPR, OH ,

TOARIR 3
ALIR,1H4ARIR 245t ,1H
TOALOR.O»

ARIR ,345SF , 0L

MLR, OH o MRR . 1H,

TOARPIR,. 1+

TOMRR, OL »

ACOR,34SF, 0N
MLQ.]L.MQR.OH“(OUNOQ
ALOR,0+ACIR,1CARIR, 1 ¢SF,1H,
TOACNR,2+TOMLI 1L o

BH.?

MLR,1HyMRR, 0L ¢

TOARIR, 2
ALIR,3+ACOR,045F ,0H,
TOAEOR, OH
RD“A:MLR.O'ALl“.o.AROZOAAR'
ARIR ,2+5F ., 0L +ROUND
TOARIR, 1+ TOACOR. 0« TOMLR, I M

OUT TRANSITIONS. D NEGATIVE

ALIP,1HARIR,QC+SF ,1H
TOAEQR,OH
ALIR_3C,ACOR,1C+AROR,1,SF ,0H
ALIR,34ACNR,1+SF . 0H
MLR, 5H o MRR , Oy
TOMLR, 2L s ROUND

A-14

PE AL SHSL
LAHEF 4% AHROUND AL
OL=SL=2AL=4AH

r3

BRANCH ON CT TU MOPLP

AH=Ae(lH

1AH

AL

F3=F44~QUND AL
3AL=F3eAL

(]

F3

Fl=sFe

READ DOHOL

PASS Ant

Fl

BRANCH TO MIFLL
AL=A®0L

3AL

Fo==D=F] «ONE

AM

READ SHSL
3AL=F 3%AL JROUND AH
OL=SL-14H-3AL
Fa

BRANCH ON CT TO MIPLP

2AR=F 28 AH

AL

OT=SHe+ANH

or

PASS AL

AH=A«DH

2Ar

AL

F3=Fq4
GAH=F 390AH ROUND AL
UH=0T=24L ¢ 2AH
F3

BRANCH TO MIPL2
2Ll <t 1eAL

READ DHOL
ROUND OH. PASS AH
Fl

OM=SH=JAL
or
FazeDaF2e})
F23NeF2
1An=F PeAH
t49sROUND OH

e73
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M1002

mM0ol101

MO102

AECW2

AECW

AECwW2

AECW
AECw?
AECW
AECW?

AECW

AECW?
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ALIR,34ACOR, 1Sk 0N,
TOACOR L

BR.7

MLR,OHeMRR . 1M,
ALIR,3C+ACOR,1CsARUR,1,SF . 0N,
TOACIR.O

TOMLR,.2H
RUOWR=ALIR,11AR,34AAR,
MLR,PLMRKROH,
ALIR,1LsACIRDeSF,1H,
TOACNOR .2+ TOMLR 1L,
BNZ .9

SF.nH
RDWR=MLR,0,ALIR,04AR,2+SAR
ACOR,0¢S5F . 0M
TOACNR, 1« TOML K 2H 4

BR,7

MLR,O0HeMRR,1H,
ALIR,3C4ACOR,0C+AROR,]1,4SF,0H
RUOWA=2ALIR.19AR,34AAR,
MLR,1L«MRR ,0H,

ALIR, 1L ARIR,1CeSF,1H,
TOACOR.2s TOMLK 1L o

BNZ .9

OUT TO IN TRANSITIONS. D NEGATIVE

AECW
AECw2
AECW
AECKW2

AECW

AECW2

AECW
AECw?2
AECW

AECW?2
AECw

AECW?

SF . 0H

ARIR,3C,SF,OL
TOMLR, M
ACOR,1¢SF.0H,

RBR,A

MLR, 3HeMRR, 1L o
ALIP,3CsACOR,3,SF . 0H,
TOACOR .04 TOMLR, 1H
MLR,PLeMRR, 0L ¢
ALIR,1LACIR,1+ARIR,0C4SF . 1h,
TOACOR 3+ TOMLR 2L s
ROWA=ALIR,1+AR34AAR,
BNZ,.8

TOARIRG 3

ALIR IHGACIR,04ARIKN,JC4SF,1H
ARIR.IC4SF 0L s

TOAFOR, 0H

MLR, 1 HoMKR 0Ly
ALIR,3+ACOR,045F . OM,
TOMLR, 3M o ROUND
TOACORQOO.‘OMLRQIH!

BR.A

MLR,3HeMRR, 1L«

TUOARIR,. 0
ALIR,3C+ACOR,3,SF,0H
RDWR=zALIR.,1+AR39AAR,

MLR DL «MRR, 0L
ALIR,ILIACIR,04ARIR,N4SF, 1M,
TOACOR e TOMLI 2L o

BNZ, A

A.15

F2=Ds+F2

F2

BRANCH TO MOPL])
AH=ASDH
F3z=D=F2+0ONE
144

F2

READ SHSL
GAHz=F4eAH
OL.=SL+1AH

F3

BRANCH ON CT TO MOPLP

NOP

BACKUP DMDL AR,2
fFe=F1

F2

BRANCH TO MOPFL]
anz=A#DnH
F3=2=D=F]+0ONE
READ SHSL

HAH=F JwAM
OL=SL~4AH

F3

BRANCH ON CT TO MOPLP

NOOP

DLT==AL

DLT

Fl=F2

ARANCH TO MIPL)
ALz=1#DLT
F4=F4eD

Fl

3AL=F oAl
OL=SLe2AL=3AL
Fa4

READ SHSL
BRANCH ON COUNT MIPLP

AL
OH=SH+ ] AH=4AH
OLT=-AL

oH

1AL=F1#aAL
Fl=sF1+D
OLT4ROUNG OH

F1

BRANCH TO MIPL)
AL=DL T}

1AL

Fa=Fau=D

KREAD SHSL
3AL=FueAL
OL=SLe]AHe 1AL
fFa

HRANCH ON CT YO MIPLP
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§$555SSS S5S55SSS SS 55555SSS $55555585S
§555555S8SS $8555555SS SS $S55555S85S §55585SSS
33 ) sS S SS SS SS SS
]S SS SS SS SS SS
§855555SS Ss Ss $S SS S$SS
§55555%SS SS SS $5555855S5 S$SS
SS SS SS §SS5555SSS SS
S SS Ss S SS SS ss S SS
§6555555SS $45585595SS 5§6555558SSS ) SS $55555SSS
§55558%S 355558SS S55555555S SS SS $SS5SSS
*«COMNECK SCLAZR
SCLA3 AECW SF o 0On NOP 0
AECwW? ROWB=MKR 0 «AR. 0 READ A8 1
AECW qF O NOP 2
AECW? ROWH=MRR .1 ¢ AR 0 4AAR READ C 3
AECW SF .OH NOP 4
AECwW? RDWEB=MLR,0,AR, } READ X)) o¢X2 S
AECwW oF . 0n NO® 6
AECwW? RUWH=MLR 1 +AR 2 READ Y].Y?2 7
AtCw MLH, OHMRK,OH AX)=A®X] R
AECW2 POWB=MLR,2+AR, 3, READ 21422 'Y}
MLF 0L «MRR, 0N AX2=Aex?
AECW MLAR . [HoMRK.GL«TOALIR.O oYl=keyle DES AX] A
AECw2 ROWH=ALIR.ZeAR,44SER DUMMY READ *H
MLR.ILeMRIR, 0L «TOALIR 1 BY2=Hey2, DES AX?
SC3LP AFCw MLR 2HoMRK, 1H TOACIR.O CZ1=C#21, DES BY] (o
AECW?2 RPOWN=MLR,0,AR 1 4AAR, READ X3JyeX& *D
MLR 2L «eMRR,1HTOACIR,1 CZ?=C#22, DES 8Y2
AECwW TOARIR,O UES CZ1 £
AECW2 PDWH=MLR,1 AR, 2, AAR. KEAL Y3.Ya oF
TOARIK,145F o Ob,y DES CZ? .
ALIR,N4ACIR,0,ARIK,0 wi=AX]+BY1+CZ1
AECW MLR,OHeMRK,OH, TOAEOR,NH, Ax3=pex3e DES W1 *10
. ALIR.1+ACIR.1,ARIR,1SF,0H we=AX2eRY2eCZ2
AECwe AOWR=MLR 2 1A, 3, AARVROUND « REA() 23924 ¢R0UUND Wi *1
MLR,OL «MRR, 0H, AxazpAexs *
SF UM TOALOR 0L «BN7.9 DES we, LOOP
AECW MLR . 1HeMRR,OLTOALIR, N by3ssey3, GES AX3 *)e2
RUUND ROUND w2
AtCw? WRMSAEOR N AR ;4 AAR, WRITE wlew2 *13
MLR . 1L «MRR,OLWTOALIR, ] bYasHevs, DES AXKG
AECwW SF . 0 NOP lée
AECW?2 STOP STOP 1s

A.-16




#COMDECK F22S3

AECW
AECW?
AECW
3 AECW?
1 AECW
AECwW?
AECwW
AECwW?2
AECW
| AECwW?2

F22s3

AECW
AECwW2

AECwW
AECW2

AECw
AECw2
AECW
AECW?

AECW

AECWZ2

AECHW

AECW2

FaeLP AECW

AECw?

AECwW

FRFFFFFFFF
FFFFrFFFFF
FF

FF

FFFFFF
FFFFFF

FF

FF

FF

FF

NSWC TR 81-313

FFFFFFFF
FFFFFFFFFF

FF
FFEFFFFFFF
FFFFFFFFFF

FFFFFFFF

FEFFFFFFFF

F FF
FF
Ft

FF
FF

F¥

FFFFFFFFFF

FFEFFFFFFF

FFFFFFFF
FEFFFFFFFF
FF F
FF
FFFFFFFFF

FFHFFFFFF

FF
F FF
FFFFFFFFFF
FFFFFFFF

SF M

RDWQ=MRR,.2+AR.5

SF.oM
RDWA=MKH 34 AR S+ AAR
SF . 0H

RDOWR=MLR ,2+AR,1]

SF o nH
ROWR=MLF . 3+AR,14AAR
MLR, 2H o MHR 4 2L

ROWR=MRR ,0+AR. 1 +AAK,
MLR, PL eMRI (3L

MLR  AH(MRR,2H.TOACIR,2
ROWR=MLR,0¢AR, 2+

MLR, 1L «MRR,3H,TUACIR,3
TOARTIR,.2

QDHP=MLR. 1 AR, 3,
TNAQIR.3

MLR ,nHMRR,0H
ROWR=ALIR,1+AR,S+AAR
MLR,1H«MRR.OLsTOALIR,2
ROWA=ALIR,0+AP,00
ALIP.ZQ“CIR-ZQAR[R.Z.SF.OL
MLR, YHeMRR,2L s TOALIR.3»
ALIR,1L+SF,0H,
TOACOR .1+ TOMRK , 21
ROWA=ACIR,0¢AR,4«SAR,
MLR 2L «MRR,3L .
TOAROR o 0 s ROUND

MLR, L «MRK o OHe TUARIR (24
ALIQ.39“CI“.3QﬁRlﬁ.3~SF00L0
ROUND
RDOWRZMLR . Ce AR 24AAR,
MLR, 1L «MRR,OL+ TOARIR 3
ACOQ.I-SF.OHQ
TOARNR . 1+ TUMRK, 3H
”LP.?H.MPR.2H0 TOALIR.ZQ
ALID.OH-ACOR.loAPOR.lOSF.OH.
TOAEQOR. 11 HOUND
ROWB=MLR. 1 ¢8R, 34AAR
MLR, 2L +MRR,3H TOALIR 3y
AROP ,145F L OH,
TOACNR 4 0 s ROUND
“Lp‘?ﬂgﬁﬂb.aﬂ.1OAC]Q.2.
ACORP ,0eAROR,0C+SF o1

NOP

READ FH.FL

NOP

READ 0OH,GL

NOP

READ A,C

NOP

READ H,0

AFL=2eF

READ UV

CoL=CaGL
HFH=BeFH, DES AFL
READ XHoxXbL
DGH=D#GH, DES COL
DES BFH

READ YrH,YL

DES DGH

UXH=U#XH

READ SSH.SSL
vyHzveyH, NDES UXMH
READ SH,SL
FrzUXMHeAFL «+BFH
BFL=~eFL, DES VYH
PASS SSL

VES FH

CuMMY READ ON OUTPUT

LuL=0DeGL

DeS SSLe /ND FH
UxL=U*Xxie DES BFL
GH=YYHsCGL +1)GH
ROUND SSL

READ XH¢ XL
vYL=veYL, DES OGL
FHO=FH

DES OH

AFH=AsFr, DES LXL
SSM=SHeFHeOGH

DES FHO. WNO GH
READ YHoYL

CGH=CeGH, DES VYL
OHO=GH

DES S§SHe RND FHO
vFHzReFH, DES AFN
SHO=SSH(=SSL)

FFFFFFFFFF
FFFFFFFFF
FF
FF
FFF
FFF
FF
F FF
FFFFFFFFF
FFFFFFF
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AECw?

AECW

AECW?

AECW

LECW?

AECW

AECw?

AECw

AECwW?2

AECW
AECwW2
AECW
AECW2
- AECW
AECW?
AECw
AECw?
AECW
AECw?
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TOAEOR, 2H 4, ROUND

MLR _ ILsMRR,IHTOACIR, 3,
ALIR,2¢ACIR.24ARIR,24SF 0L,
TOAF QR , OH ¢ ROUND

MLR NHOMRR 0N, TOARLIR (2
ALIR,34ACIR. YILARIN,34SF 0L
TOACOR .24 TOMRR , 2L «ROUND
MLR,JHMRR, 0L+ TOARIR, 34
ACOR ,2+5F . 0H,

TOAROR .29 TOMRR , 3L 4 ROUND

MLR (DHoeMKRR 2L« TOAL IR, 2
ALIR ,OL+ACORL24AR0OR,2+SF,0H,
TOAFOR. 1L «ROUND
ROWA=ALIR,04AN,0¢AAR,

MLR PLeMRR,3L 4 TOAL IR, 34
AROR ,24SF ,0H 4
TOAROR 4 0 + ROUND

MLR,_ IH«MRR, 2L TOACIR, 2
AROR,0+ACOR.O0C.SF, 1L,
TOAFQR, 2L +ROUND
RUHR=MLR.OQAR.294490

MLR 3L eMRR,IL 4 TOACIR, 30
ALIR,2+ACIR2+ARIR,2,SF . 0L«
TOAFNR, 0L 4 ROUND +BNZ .8

MLR DL eMRK, 0N TOARIR, 2«
ALIR,34ACLIR,3,ARIN,3,5F, 0L,
TOACOR .1 s TOMRK ,2H 4 ROUND
WRMzAEOR,D+AR 4 ¢ AAR,
MLR,ILeMRR,OLTOARIR, 3.
ACOR, 1 eSF . 0M,

TOAROR . 1 » TOMRK 4 3 s ROUND
AROR, 04 5F ,0H

TOAENR, 3L

SF . AH

WRMzAEUR,3,AR,S

SF 0K

WRMzAEUR .24 AR .5 ¢ SAR

SF.O0M

WRM=AELOR , ] 4 AR .S ¢SAR

SF 4 oH

STOp

DES GHO, RND SSH
OGY=Dw3H, DES CGH
FL=UXLeAFHeRFL
DES SHOe RND OHWO
UXm=UexH, DES ®BFMH
OL=VYLeCOHeDOLL
UES FL, RND SHO
vYH=veyH, DES DGH
FLO=FL

DES GL, RND FL
AFL=A®FL, DES UXH
SSL=SL+FLeGL

DES FLOs RND 6L
READ SHSL
COL=CeGLs DES VYH
GLO=6L

DES SSLe RND FLO
HFL=ReFL, DES AFL
SLO=SSL (=SSH)

NES OGLOs RND SSL
KEAD XxMg XL
DGL=L*GL, NES CGL
FH=UKHeAFLeRFH
DES SLOe RND GLO, B8R
UxpL=uexL, DES RFL
OM=VYHeCOL e DUH
UES FH, RND SLO
WRITE SHO,SLUL
vYL=VeyL, DES DGL
FRO=FM

DES GH, RND Fh

PASS SSL
DES SSL
NOP

WRITE $S50
NOP

wrITE GO
NOP

WRITE FO
NOP

STOP

®19
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#COMDECK DEMON

DEMON

AECHW
AECW?
AECW
AECw?Z
AECW
AECW?
AECW
AECW?
AFECwW
AECW?

AECW
AECW2

AECW
AECW?2

AECW
AECw2

AECW
AECw2

AECW
AECW2
AECW
AECW?

AECW
AECwW?

AECW

AECw?

AECw
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nNLBVLVLDD DLODOODLOLOL
nnbLLONVDD pooNLOLNDD
nn DD ub
nn Do (0]6}
0o (o]0} LODNDD
nn no 0DODOD
nn 00 vo
on on 0o
nNNODODLOLOD pLOOOGOODD
nn0LLODLL uoNNNDONDDD
SF . 0M
RDWR=zALIR.24AK.6
SF . nM
ROWR=ZMLR, 04 AR, 6 ¢AAR
ALIR 2L oSF,IL
ROWA=MRR, 1 ,AR.6+AAR,TOACOR,0
SF . aH
RUOWARzALIR,3.AR,6,4AAR
SF.0H

RUOWR=MRR ,2+AR .4

SCMR ,0H=AR . 0
ALIR,3L+SF, 1L
ROWB=MLR.2:AR.7+TOACOR, ],
SCMR,0H=AR,2

SF.0H

ROWR=MLK,] +AR,6¢AAR

SF. 0N
RDHR=MRR¢3'ARI‘O’AARQ
SCMP ,0H=AR . 1
MLR,nLsMRR,2H
MLR,PHMRR. 1L
PDHE:MLR.30AR.70AAR.
SCMR [ 0H=AR 34

MLR, 2L +MrK, 11« TOARIR, 0
MLR, nHoMRR ,0H TOACIR, 0
TOALIR,0

TOAPIR,2

RDVPEALch l ‘ARQSO

SCMR  0H=AR,0INC,

MLR, 3HMRR, 1L
MLR,1HyMRR,O0H,

ALIR 2HyACORLOC,ARIR,24SF , 1H
RDWR=ACIR,3,AK,59S5AR,
SCMR ,0HzAR,2INC.

MLR, L« MKR, 1M TOACIR, ]
ALIP.O.ACIR.OGARlRQOOSF .OL'
TOAPNR,0+SETCS

MLR 1L eMRR,IHs TOARIR, 2,
ACOQ.OvhRO‘?.ﬂTSoSF olL'
TOALNR « 0o TUMLK , 2H

SCMR NH=AR )1 INC,

MLR 2L «MRP, 1L TOALIR, 0,
TOMRR, 0L « FOUND
MLR,ILoMRR 1L« TUAKIR, ] o

NOP

READ L1.T1
NOP

READ K144}
PASS T]
READ H,4C,
NQOP

READ L2.T2
NQOP

READ x1leX12
AEO

COS (Sip)
PASS T2

READ Y114Y120
AE1

€oS (S11)
NOP

REAN K2,42
NOP

READ x21ek22
AEOD

COs (s21)
Axll=AlsXx11
Cyll=Cavll

READ Y214Y22
(S21) AE]

cos
RY12=ReY12.

op DO 0NLDDDOD
DOUD DDOD  LLLDDDDUD
00 DCOD DD 0D i
OO DD DL OD nD
PO 0D DD DD 0D
0D oL LD oD
oL L Db no
00 b DD VD
0o DL LHLOUDDCDU
oV bu NBODDNDD

DES T}

DES T2

CtS Axll

KS11=x]eS11. DES CY1]

DES BY1?
DES KS11

PEAD T61,7Ge

COS {S12) AEO

Cy21=Cev21]
KS21=K2#S521

Pll=L1=T)eKS]1
VUMMY READ ON OUTPUT

€0S (Si121
BY223Rey22,

AE]

DES Cy21l

Y11=RY]2+CY]leaAX!]

vES P11}

AX2]1=A2%x2),

DES KS2}

OM11=T1«(P11)C

bes vil
COS 1S22)
CY12=CeyY]12,

AE0

VES B8Y22

DeS DM11, RND Y11

Cy22=Cey22.

DES ax2l

on
DDN
Do o
DD N
Do
p]0]
00
oD
(b))
no

L ]
T > VX NPITNPWNN—O

"Moo

*11

n
DD

bv
DD
DD
0D
bD
0D

on 00

0 0D
IsTY

00

r
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a7

DMNLP

AECw?

AECw

AECW2

AECW

AECW2

AECw

AECw?2

AECW

AECwW2

AECw

AECW2

AECw

AECW?

AECw

AECW?2

AECW

AECW?

AECW
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ALIQ.JHO“CORQlCOAHlRDEOsF-lH
SCMe 0H=AR TG,
MLR.?H'MHR.OL'IUAC!RIOO
ALIR, NeACIR,14ARIR, 1 ¢SF 0L,
TOARPNWR.0¢SETCS
MLR.OHOMRFQOH!TOACLR.l'
ACOQ.IQARO*.OTS'SF.IL'
TOALNRS1« TOMLR . 3H
MLQ.?H.MRR.]H.TOACKR.Z,
ALOR,0+SF ,0H,
TOMRR . OL + ROUND

MLR, DL +MRR 2L TOARIR .2,
TOAENR, OM
RDWRsMRR, 2+ AR, 4 4AAR,

SCMR , 0H=AK,0INC,
MLR.\HQMkR.OL'TOALIRoOO
ALIR,2HeACOR,0C+ARIR.2,SF . 1H
MLR.]H.MPP.OH.TOAHIP.O.
ALOR,J+SF,0HsTOAROR,0,SETCS
SCMP.0H=AR.21NCO
MLQ.jH'MHR.lH.TOARngao
ALIR,0+ACIR,0,ARIR.04SF 0L
TOAFOR.1H

MLR., 1L sMKW o 3L s TOARIR 24
ACOP,0+AROR.OTSsSF . 1L,
TOALNOR 2+ TOMLR, 2L

SCMR ,OH=AR .1 INC,
MLR.?HQMHH'ILOTOALX"’OOO
ALIR,3HeACOR,1C,ARIR.2¢SF . 1H,
TOMPEE , 0L « KOUND
MLR.?“.MRRQILQTUAQIQQIO
ALIR _1HACIR.24ARIR,3¢5F .2
TNARNR0+SETCS

SCMR, OM=AR . 3INC.

MLR 2L «MRR,OL+TOACIR, 0.
ALIR,0.ACIR,10ARIR.1eSF.OL
TOAFNR,2H
MLR,0HeMRR, 0N, TOACIR,. 1
ACOR, 1 +ARORNTSeSF 1L,
TOALOR .3+ TOMLR, 3L « FOUND
MLR, PL ¢MRR G THTOACIRL?
ALOR, 2 SF . OM,
TOMPR ., 0L ¢ ROUND
MLR.OL.MQR.ZH.?OAQIR.Z.
TOAENR,OL
ROWREUIR, JsAR L sAAR,

SCMR , 0H=AR ,NINC,

MLR, L sMRR,0LTOALIR, 0,
ALIQ.ZH.ACOQ'UCOARlQQZOSFQlH
"LR.]H.MRR.OHQTOARIR.O.
ALOQ.JQSF.OHQTQANOR.QQSEYCS
SCMR , ON=ARG2INC
“LR,‘IL.MRR.leTOARlp.:!o
ALIQ.OOACIP-OOARIP.OOSFooL!
TOAFNR, 1L

MLR, L s MRK,3H . TCARIR 2
‘COD.O.APOW.“’SOSF.ILQ
TOALOR .0+ TOMLK , 2N

A-20

P2l=L2=-T2+KS21]

COS 522) Atl
D)l=M)1ey]],DES CY12
¥21z8Y22+CY21¢AX21
LES P21

KS12=K]#S]12, UES CY22
bM21=T2+ (P21)C

DES Y21

BYll=deyll, UES D11}
PAS Y11

OES OM21, RND Y21
axie=ajexlz, DES KS12
DES Y11

READ X11eX12

CuS (S11) AEO
D21=0M21ev21.LES BYLL
Pl2=L]l=T1eKS)2
KS22=K2e522, DES AX12
PASS Y21. DES P12

COS (S11) AEl
RYZl=rHev2], OES 02l
Y12=HY])1eCY}2+AK12
DFES Y?1

AXP2=A2#x22, OES KS22
DM12=Tle(P12)C

DES Y12

COS (S21) AED
Cyl1=Ceyvll, DES 8v2]
P22 2=TPeKS22

DES OM124 RND Y12
Cy21=Cev2], OLS AX2?2
TG1=TGleN]]eL2]

DFS k22

Cus (S21) AEld
D12=DM])peyv]12,0ES CYI11
Y22=RY21+CY22+AX22
DES TG1

KS]l1=K]1#S11. DES CY21
DM22=T24+ (P22)C

VES Y22, RND TG|
ty]12=Havl2, DES D12
PASS Y12

DES LM22, RND v22
Axll=Alexll, UES KS11l
NES Y12

READ X2]eX22

COS (S172) AEO
LeP=uM2paY?2,.DES BY12
Pll=L1~T1+KS1]
KS21=2K2#521. DES AKX11
PASS Y224 NES P11

COS (S12) AEl
KY?2=Reyp2, DES D22
Y11=8Y]12+CYl1leAX]1
OES Y22

Ax2l=A2ex2]1, DES XS21}
DM} i=T]le(P11)C

DES Y11

“i‘.‘ .t 'J ! “' a
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AECW2

AECw

AECw?

AECW

AECw?

AECW
AECw?
AECwW
AECw?
AECw
AECw?
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ROWA=ALIR,1+AK.S¢AIRV,
SCMR,0H=AR, 1 INC,

MLR, ?L MHR, 1L OALIR,O,
ALlp.3N'ACOQO1C’AQxQQZOSF.lHO
TOMRR . 0L + ROUND

MLR, L yMRR, 1L, TOARIR, ]
ALIR,1L,ACIR,2,ARIR,3,SF . PH,
TOAROR ,0+SETCS

SCMR , OH=AFR ,JINC,

MLR ,2HyMRR,0L 4 TOACIR,.Q,
ALIR,0.ACIR 1 vARIR,1¢SF.OL
TOAFNR, 2L 4BNZ F

MLR, 01 MRR,0H,TOACIR,. ],
ACOD. l 'ARORIOIS.SFOIL.
TOALOR, 1+ TOMLK, 3H.ROUND

HRMSAtORcZO‘R.SOSAPO
MLR.?H'MRR. lH'IOACIRQZO
ALOR,04SF,0H,
TOMRP , 0L « ROUND
SF.oH
WRM=AEOR.N¢AR,7,SAR
SF.0H
WRMzAEOK,] s AR, 7 4 AAR
SF.0H
STOP

A-21

READ T61.762 *20
COS (S22) AE0 d
Cv12=C#yl2, DES By22
P21=L2=T2+KS21 L
DES OM11. RND Y11
CY22=Cev22, DES AX2] 2

TG2=TG2+D124022 b
DtS P2)
COS (S22) aE) *2F

U)1=0M]1eY])s DES CY]2#
Y21=BY22+CY214AX2] *
DFES 762, BR TO DMNLP
KS)2=Kr]eS$)2, DES CY22 '30
DM212T24 (P2]1)1C

DES Y21, RND TG2

WRITE TG1.7G2 *31
BY]1=Hey]]l, DES D]) *
PASS Y11 *
VES DM21. RND Y2}

NOP 32
WRITE STATES Y1l.Y12 k]
NOP 34
WRITE STATES Y21.Y22 35
NOP 36
sToOP a7
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