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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
should be of interest to other ASP users.

The work described herein was sponsored by Naval Air Systems Command,
NAIR-370, under Airtask 5495490/O04D/lWl1020000.

F.B.' SANCHEZ-
By direction
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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-l 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

list 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 equivalent layouts could be used. The scaling analysis

'Proteus AU Microprogram Design Document, Code Ident 6259764, IBM, Inc., 01 Aug 1976.

-,. .=.T , '•
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charts list 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>O) or right (x<O) of the midpoint of the word (16 bits

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

assumed binary point x bits to the left (x>O) or right (x<O) 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

is peculiar to DASS and has limited application to other problems.

DSCLN (DISCRETE LINE SPECTRA GENERATIJN)

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 problems.

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)

SCLAZ 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)

F22S3 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 ofa
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.

1-3/1-4
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CHAPTER 2

BROADBAND AMPLITUDE (BBAMP) MACRO

INTRODUCTION

The Broadband spectra generation algorithm is described in detail in a previous

publication.2 Briefly, the broadband spectra is described by an array A of 860

numbers representing the spectral amplitude at 860 frequencies evenly spaced
across the band of interest. The 860 frequencies are given by:

f = fc(n - ); n = 1, 2, ..., 860

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

the following algorithm:

BR=I (AiRR i  A)RBi  2 i - Ai+IRi+ l )
BI. = 1 (AiRI. - Ai~ RIi+ I )

1 2 1 1 ~ il

BR0 = BI0 = 0

A860 must be 0

BRi = Bli = 0 for i greater than 860

where BRi and B1i are the real and imaginary components of the ith cell of the

output spectral array B, i=O to 1023, and RRi and RIi are independent samples from

a Gaussian random process with zero mean and variance of 1.
2'

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 samples 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

2DAVIS, 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.(I 2-1
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statistics.

FUNCTIONAL DESCRIPTION

BBAMP MACRO consists of four steps to obtain the non-zero 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 i
th

half cell components with the previous ((i-l) st) half cell components.

MATHEMATICAL DESCRIPTION

Phase 1: CAV i 
= CAVi l + DAV.

where CAVi_ l is the variator function value at the last cell and DAV, is the

increment value for the (current) jth linear segment. If i corresponds to the

j+ls t breakpoint,

CAV i = AVj+l

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

Phase 2: VAi = CAV i * Ai

where Ai is the AMP value for the i cell, and VAi is the variated amplitude.
Phase 3: BHR i 

= VAi  RRi

BHI = VA * RI.

where RRi and RIi are the real and imaginary values, respectively, of the ith

RN element, and BHR i and BHI i are the properly scaled components for the "half-

cell" frequencies.

Phase 4: BRi = BHR i - BHR.

BIi = BHIi - BHIi

where BR1 and BIi are the final output components of the i 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 (complex 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 is skipped except when a new set of

variator parameters is required for a new linear segment. The variator array is

stored as two 32-bit word pairs - the first word contains the initial variator

value for the i th 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 low 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 is initialized to 1. The address portion is

initialized to the address of the AMP buffer.

AR - The increment code is initialized to 1. The address portion is

initialized to the address of the VAR buffer.

AR2 - 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-I.

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 completion of

BBAMP. If BBAMP and DSCLN are not combined by a SUPER MACRO,

BR4 should 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.

DECIMATE REGISTER

Not applicable.

SCALE FACTOR REGISTERS

SFOH - All 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.

2-4
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TABLE 2-1 BBAMP AP MICROPROGRAM SCALING

LABEL ADDER IN MULTIPLIER IN OUTPUT

INPUTS: __________I___________ _____________

AV H12 _____________

CT HO__________ __

Dv F12

R __________H12

INTERMEDIATERESULTS: __________

DAV F12

OUTPUTS:_____________________ ___

BR, BI __________H12

2-5
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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

1~ A(AMP) 0 BM

1 A(VF) 0 __________

_________________ _________________ Sin/Cos Destination Register

AE 0AE I AE 2AE 321 A(RN) 0 0

3 1 A(BB) 0 1

-. I -. ________________ Decimate Register

5 Count Reset

6 [ -1. w -

7 Comments

N= number of spectral

BR/BCR Unconditional / cells to process.

Conditional Branch BNZ Branch and Count Registers

Branch Address Count Reset Spare Branch Address

0 i5 0 78 1516 21 22 31
BB2 .8 7F TT - BBl

1 g9 1 >< BBl
2 A _ _ _ _

* ~4 STOP C____ ____ ____

5 D__ _ _

6 E _ _ _

7 F__ _ _ _

2-6
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TABLE 2-3 BBAMP AE REGISTER MAP

MLR MRR

0H MICAVI CAV2 OL OH Ml, Al A2 ;L

IH VAI VA2 IRR . I..I

2H AVi CTI 2L 2H RR2 R12 U

3HDUMMY READ 3X 3H 3X

ALIR ACIR

ON BHIRI OL 0H pI, B42 L

I H BH111 I L 1H 1 IL

2H AV ICT 2L 2H 2L

314 D IV 3L 3H 3X

ARIR AEOR

TEMP OH PL

I1 BR1 BIl IL

2 2H BR2 BI2 2L

3 331.

SCALE FACTOR REGISTERS
AE,

PH 0 0 1 0 0. 0 1H 9 1 3 OL ON O L

214 II 2L 2M4 _ _ 21.

3H 1 ( I I I 1 3L 3H I I -L

ALOR ACOP, AROP

0 I CAV 0 DAV

1 1CT 1 Pl

2 2

3 3 3

2-7
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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. 4 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 lower 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 c - 2:

Mc 2 : A(.035*sin(7D)* cos (iD))

: A(.O7*sin(ZD)* cos
2 (I)

(2-)
For cell c - 1:

M = A(.5 - .5*sin(I D ) + .026*sin(nD))

A(.5 - .5*sin(-7D ) + .05 2*sin(T)*cos(1D
= (. -72 2 )*cs())

3DAVIS, 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.

'Ibid.

3-11%,t-
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For cell c:

M : A(.5 + .5*cos(T))

For cell c + 1:

M = A(.5 + .5*sin(D))
c+l 2

For cell c + 2:

M = A(.5 - .5cos('D) + 0 5 2*sin(!-D)*cos(D))c+2 2D 2 2
And for cell c + 3:

Mc+3 = A(.035*sin(ffD)*cos( )

= A(.07(sin2(nD)*cos(11))•

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.

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 i th line during the j th iteration, the following computations are

performed:

Phase 1: CDO + CDOi l + SLi, j+2 1, j+l + i
where CDO. . is the center frequency for the j th iteration and SLi is the slewI, 3 th1
rate for the i " line. Note that this computation produces the center frequency

CDO i valid for the second following iteration

FSMi, j+l = FSi * FMi, j+l

3-4
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th

where FSMi, j+ is the appropriately scaled FM perturbation for the i line during

the (j+l)st iteration.

Pi, j+l LO(Pi . + 4CDi, j -CDi, j+l )

where CDi j is the instantaneous frequency for the jth iteration.

Ai j = Ai * AMi' j

where Ai is the unmodulated line amplitude for the i line, and AM. . is the

amplitude modulation factor for the ith line during the jth iteration.

CODPi, j+l = [CDOi, j+l + FSMi, j+l]

Integer part plus fraction part divided by 4 - where the integer part (H.O. 16 bits)

is the center cell number C and the fractional part (L.O. 16 bits) is used as an

angle argument D (in BAM) in computing the Hanning coefficients.

Phase 2:

Let A = A.

K = cos(27 * P)

Z = sin(21 * P)

C = cos(27 * 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

BPI (R,I) = Initial contents of cell C+l

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

Ml (R,I) = Modified contents of cell C-l

B (R,I) = Modified contents of cell C

Pl (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 = BM21 - 7CCSAZ

3-6

SIM M O S - - - m o s e m



NSWC TR 81-313

MIR = BMIR + I/2(ASK-AK) - 5SCAK

MII = BM1I + l/2(ASZ-AZ) - 5SCAZ

OR = BOR + I/2(AK+ACK)

01 = BOI + 1/2(AZ+ACZ)

PIR = BPlR - I/2(AK+ASK)

P11 = BPII - l/2(AZ+ASZ)
P2R = BP2R + 1/2(ACK-AK) + 5SCAK

P21 = BP21 + l/2(ACZ-AZ) + 5SCAZ

P3R = BP3R + 7CSSAK

P31 = BP31 + 7CSSAZ

IMPLEMENTATION

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, Ml and P1, 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

SUPER MACRO, SMI, a halt is executed after completion.

Since intermediate results COO, COOP and P are updated in Working Store by

DSCLN, this area of WS must be returned to Bulk Store upon completion of DSCLN.

SCALING

See Table 3-1.

ARITHMETIC ELEMENT CONTROLLER (AEC) REGISTERS

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.

ARl - The initial value is set to sin-1 (5) = 2809. During main loop

computations ARI contains the fraction 6D from which the coefficients

C and S are obtained.

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

access the MTR functions for FM values.

3-7
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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.

AR5 - The increment code is initialized to 1. The address portion is

initialized to the starting address of the FAMA, FSA data area.

AR6 - The increment code is initialized to 1. The address portion is

initialized to the starting address of the CODP data are3.

INCREMENT REGISTERS

INCRO - 1024 Wrap. The increment value is set to -5.

INCRI - 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.

INCR5 - 1024 Wrap.

INCR6 - 1024 Wrap.

BRANCH REGISTERS

BNZA - Branch and Count Register controlling the number of executions of

the main loop. Count and Reset fields are initialized to N-l,

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.

SCDI - Destine Cosine/Sine to AEO.

SCD2 - No-op (00).

SCD3 - Destine Cosine/Sine to AEO.

DECIMATE REGISTER

Not Applicable.

SCALE FACTOR REGISTERS

SFOH - All 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.

SFIL - All prescalers - True/Direct, postscaler - True/Left 4.

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

True/Direct, postscaler - True/Left 1.

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

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

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.

3-9
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TABLE 3-1 DSCLN AP MICROPROGRAM SCALING

LABEL ADDER IN MULTIPLIER IN OUTPUT

INPUTS: __________ ___________ _____________

CO/OP HO. H14 ___________ _____________

SL H16 (L.O.HW) ___________ _____________

P H16 (L.O.HW) ___________ _____________

A __________ 12

fAM H15

FS ___________H3

7 __________H1 7

5 Hi 8

WM2, 8M21 H12

BM1R, Still H12 _____________

BOR, B01 H12__ _ _ _ _ _ _ _ _ _ _______ _____

MPR, BPII H12____________ _____ ______

MPR, BP21 H12___________ _______ ______

MPR, BP31 H12 ____________ ______________

INTERMEDIATERESULTS:_________________ __________

S, C H14__________ ___

Z, K H14 _____________

7, 5 _ _ _ _ _ _H18

A __________H12 _____________

7C __________H16_____________

5S H16 _____________

Cs H14

110
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TABLE 3-1 (CONTINUED)

LABEL ADDER IN MULTIPLIER IN OUTPUT

CS H14

AK F1O H12

AZ FO H12

5SC H15

AKS F10

AZS F1O

AKC Filo__________ _____________

7CAK H 14

7CAZ HI4

5SCAK Fl l

5SCAZ Fl l

7CCSAK F12

7CCSAZ FI2

7SSCAK F12

7SSCAZ F12

Tli T2 Fll

T3. T4 Fll

FSM F4

D4 FO

SL FO

PP FO

NCD4/NCD FO

CDP4 FO

NC F-15

cc F-1
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TABLE 3-1 (CONTINUED)

LABEL ADDER IN MULTIPLIER IN OUTPUT

OUTPUTS: _ _ _ _ M21 H12

M2R, M21. H12

OR, 01 H12

PIR. Pl. H12

P2R, P21 H12

P3R. P31 H12

3-12
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TABLE 3-2 DSCLN AEC REGISTER MAP

Incr Code Address Register WS Wrap Increment Register Memory Address Register

0 3 4 15 0 3 4 15
0 27C8=Cos - 1,(7) 0 FFB=-5 DSCLN

1 2809=Sin (5 ) 0 FFE=-2

Sin/Cos Destination Register

2 AEOAEI AE2AE3
0 02 01 61 0

I

4 , 620=A(SL,P,CD) 0 002 Decimate Register

5 1 6E8=A(FAMA, FSA) 0 0 Count Reset

6 5C=(COP) 0 0

7 Comments

N = # of lines.

OR/BCR Unconditional/
Conditional Branch BNZ Branch and Count Registers

Branch Address Count Reset Spare Branch Address

o 15 0 78 1516 21 22 31

0 8 [ _ _ _ __ _

1 9 __

2 A N-i N-1 DSCLP

3 B 1E____4 c >< _

6 E H-_
7 F ____ _< _____

3-13
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TABLE 3-3 DSCLN AE REGISTER MAP

MLR MRR

OH FS A IIL 01H C,FM S,FM 0L

IH P1 5SC,NCD IL IH K,AM Z,AM IL

2H 7CAK,7C 7CAZ,5S ?L 2H AK,7 AZ,5 2L

3H 7,C,P 5,S,SL 3L 3H CS SS,PI 3L

ALIR ACIR
O1H BM2, 13P2, NC PL 0H 7CCSAK, Ct19, TEMP 0L

1H BM1 I BP3 IL IH 7CCSAZ, CDP, TEMP IL

2H B0 I FSM 2L 2H 5SCAK, 7S*CAK, TEMP 2L

3H BPI PP 3L 3H 5SCAZ, 7S*AZ, P 31

ARIR AEOR
ASK OH M2R,P2R M21,P21 0L

1 ASZ 1H M1R,P3R,C0 j MlI,P3I,DO IL

2 ACK 2H OR,C OI ,D4 2L

3 ACZ 3H P1R,SL PIi,p 31

SCALE FACTOR REGISTERSAEG AEQ

PH4 91 0 01 0 11 10 10 L PH __ _ I I 0

1H 31212 12 01 01 0 13 1L 11H I [ I I 1L

2H 110 1 011 01 10 12 2L 2H I I I I I 2L

3Hi 1 2 1121 2012 3L. 3H III IjI 31

ALOR ACOR AROR
0 CODP 0 AK,CD TI ,D4,Ml

1 P1 1 AZ 1 T2

2 7 2 5 2 T3,CD4

3 CDO 3 Pl ,LM 3 T4,CC
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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 single-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 + F Nn are derived from inputs Gn and GN-n*

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

Generator.

MATHEMATICAL DESCRIPTION

The input array is denoted by Gn , n=O, ..., N-l. The output array is denoted

by Fn , n=O, ..., N-l. The computations are broken into the following steps, where

GRi, GI., FRi, FIi, etc., denote the real and imaginary parts of G. + Fi,

respectively, and Ci and Si the real and imaginary parts of the complex exponential

exp (j2T .-- ):

CRi = (GRn- i - GRi)/2

CIi = (GIN-i - Gli)/2

SCRi= S * CR.

CCRi= Ci * CRi
CCIi= Ci * Cli

SCI.= S. * CI

ARi = (GRN i + GRi)/2
AIi  = (GI'N- i  Gli)/2

4-1
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FRi = (SCRi + CCI i + ARi/4)*4

F i = (SCIi - CCR i + Aii/4)*4

FRNi = (-SCRi - CCI i + ARi/4)*4

FIN-i = (SCI i - CCR i - Aii/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.IH 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 + GIO/2, and for an inverse transform is

FR0 = GRO, FI0 = 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

SFIH.

The main loop count control is based on BNZ8, with an outside loop counter

BNZ9 to permit operation on arrays larger than 512 points.

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 1. The address portion is initialized

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.

AR4 - The increment code is set to 1. The address portion is initialized

to the starting address of the Output Array.
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AR5 - The increment code is set to 1. The address portion is initialized

to the last address of the Output 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 controlling 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 I. The

Branch Address is SRFLP.

SINE/COSINE DESTINATION REGISTERS

SCDO - Destine Sine/Cosine to AEO and AEl.

DECIMATE REGISTERS

Not applicabli.

SCALE FACTOR REGISIERS

SFOH - All 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.
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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.
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TABLE 4-1 SRFFT AP MICROPROGRAM SCALING

LABEL ADDER IN MULTIPLIER IN OUTPUT

INPUTS :

GR. GI H12 H12

GRN, GIN H12 H12

C, S H14

INTERMEDIATE RESULTS:

MGRN, MGIN H12 (L.O.HW)

MGR, MGI H12 (L.O.HW)_

CR, Cl __H12 ....

AR, AI F12 .... . .

CCR, CCI F1O _

SCR., SC FIO

OUTPUTS:

FR, FI _.H12

FRN, FIN H12

4-5



NSWC TR 81-313

TABLE 4-2 SRFFT AEC REGISTER MAP

Incr Code Address Register WS Wrap Increment Register Memory Address Register

0 3 4 15 0 3 4 15

0 1

(00 _ 2N SRFFT

Sin/Cos Destination Register

2 AEOAE1 AE2AE3

1 A(INPUT) = 1 0 0 -1 !il_ n ,

1 A(EOI) = I+N-l 0 _' _ _ _

4 1 A(OUTPUT) = 0 0 j Decimate Register

j 1 A(EOO) = O+N-1 0 Count Reset

7 ] Comments

N : Number of Complex
Points

BR/BCR Unconditional /
Conditional Branch BNZ Branch and Count Registers EOI = End of Input

EO0 = End of Output
Branch Address Count Reset Spare Branch Address

0 15 0 78 1516 21 22 31

0 8 _ _ _

1 9__ _ _

2 A

3 B - SRFLP
4 C l 1 L SRFLP

5 0
6 E _ _

7 F J_

4-6
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TABLE 4-3 SRFFT AE REGISTER MAP

MLR MRR

IJ GR GI OL 04 c S L

7H CR C IL I H Ml IL

2H Ml 2L 2H GRN GIN 2L

3H DUMM" READ 3L 3H 3L

ALIR ACIR

OH GR GI L OH GRN I GIN OL

1H MGR IL IH MGRN 1 L

2H SC)q/MGI 2L 2H CCq/MGIN 2L

3H SC I I 3L V Co I 3X

ARIR AEOR
OH FR FIL

1 IX FRN FIN IL

2 2M4 2L

3 3H 31

SCALE FACTOR PEGISTERSA AE AE1

ON14 0 lI 0 1 Ii 1 1f j_ 01 9f ( 1 OL
IH 0 12 1 2 1ff 1 1140 12112 f IL

Forward T10 0 4 4 1 1 0 0 014 41
Inverse2H 414 01 0 0 4 21 214Hjj O 4 4 0 21

31H 1111ff 31314 I i 311 L

ALOR ACOR AROR
0 AR 0 GIO

1 1 Al 1

2 2 2

'3

4-7
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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,

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 arrays1 1
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 the main 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 loop 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.

5-1
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ADDRESS REGISTERS

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

ARI - 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-l, 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 SC2LP.

BNZ9 - Branch and Count register controlling the number of executions of

the outer loop. Reset and Count fields are initialized to M-1.

Branch Address is SC2LP.

SINE/COSINE DESTINATION REGISTERS

SCDO - Destine Cosine only to both AEO and AEl.

SCDl - Destine Cosine only to both AEO and AEl.

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.

( 5-2
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WORKING STORE MAP

See Table 5-4.

PROGRAM CODING CHART

See Table 5-5.
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TABLE 5-1 SCLA2 AP MICROPROGRAM SCALING

LABEL ADDER IN MULTIPLIER IN OUTPUT

INPUTS: ___________ _____________

A, B H14___________ ___

XH, XL H12__________ ____

YH, YL H12__________ ____

INTERMEDIATE RESULTS: __________

AXH, AXL F10____________ ______________

BYH, EYL F10

OUTPUTS:___________ _________ ___

ZH, ZL __________H12
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TABLE 5-2 SCLA2 AEC REGISTER MAP

Incr Code Address Register WS Wrap Increment Register Memory Address Register

0 34 15 0 34 15

00 000 0 SCLA2

1_0_00 0 __

Sin/Cos Destination Register

AEO AE AE2 AE3
1 A(X) 0 0 Fv1,0I

3 1 1 l o
I A(Y) 0 2

__A(Z) 0 Decimate Register

5 _ __Count Reset

_ZIE

Comments
N = # of data points to

be processed.
BR/BCR Unconditlonal/

Conditional Branch BNZ Branch and Count Registers

Branch Address Count Reset Spare Branch Address

0 15 0 78 1516 21 22 31
0 8 N/4-1  N /4-1 SC2LP

1 9 1 1 SC2LP

2A 

3 B

6E _
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TABLE 5-3 SCLA2 AE REGISTER MAP

MLR MRR

OH XH XL 0L OH A B 0L

1H YH YL 1L IH IL

2H DUMMY 2L 2H 2L

3H 3L 3H 3L

ALI R ACIR
OH AX IH 0L OH BXI H 01L

I AXIL IL 1H BX L IL

2H I 2L 2H 2L

3H I 3L 3H 3L

ARIR AEOR

0 OH ZH ZL 0L

I IH I 1L

2 2H I 2L

3 3H I 3K

SCALE FACTOR REGISTERS
AEN AEl

ON00002 11101. 0100 12 11

IN1.1 11 III I L1IL

2H 111111 2L 2H _____ _____ 2L

3H X1111131. 3H III 3L

ALOR ACOR AROR
I0

1 1 1

2 2 2

3 3
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CHAPTER 6

ASYNCHRONOUS SAMPLE, SCALE AND SUM (ASSSS) MACRO

FUNCTIONAL DESCRIPTION

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

each multipath arrival at the sensor. Linear interpolation is employed to provide

some protection against aliasing, and is equivalent to passing the signal through

a filter with a frequency response of:
~sin 2 -)

H(f) = 2(f2
fs

before resampling. The parameter fs is the sample rate of the input or source

signal. The resampled signal is multiplied by a gain parameter A and added to a

Sum array S. 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. The resampling may start at an arbitrary

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

Phase 1: Apply amplitude factor to source input samples

AH = A * DH

AL = A * DL

where A is the amplitude factor and DH and DL are the input samples in the high

and low halves of the Working Store (WS) word.

Phase 2: Form interpolation fractions for next pair of outputs.

Fl = F2 + D + OC

F3 = -F2 - D + IC

F2 = Fl + D + OC
F4 = -Fl - D + 1C

6-1
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where D is the resample rate parameter, Fl and F2 are the resample fractions, F3

and F4 are the complements of Fl and F2, respectively, with respect to unity, and

OC and IC are conditional "ones" that are used to constrain the F's to interval 0-1.

Phase 3: Formtheproducts of the scaled inputs with the interpolation

fractions.

IAH = Fl * AH

2AL = F2 * AL

3AL = F3 * AL

4AH = F4 * AH

Phase 4: Combine outputs of Phase 3 with sample values from Sum array to form

final results.

For tnphase loop:

OH = SH + 3AL + IAH

OL = SL + 4AH + 2AL

For Outphase loop:

OH = SH + 4AH + 2AL

OL = SL + 3AL + lAH

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 might 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 samples

are derived from the two samples in the input data word plus one contribution from

the following input data word.

6-2
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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 theI ASSSS MACRO is .41 ins.

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,*1 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 multiplied 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 F.i are formed, a test is made to

determine whether they have progressed out of the range 0 < F.i < 1. Depending on

which of the two fractions Fl 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.

PI001 In to Out On Fl, D positive

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

computed:

F1 =-1l+e F3= 1- e -2D
F2= e +D F4 =1 -e- D

where 0 is the amount the fraction F is incremented each sample, and e is 3 small

number between 0 and 0. The following two transition outputs are computed:

OH =SH e *AL + (l-e) * AH (AH from current input)
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and OL = SL + (e+D) * AH + (l-e-D) * AL (AH from next input)

which, using the fractional quantities already computed, become

OH = SH + Fl * AL - Fl * AH + AL

and OL = SL - F2 * AH - F4 * AL

Finally, the next interpolation fractions are computed

F2 = e + 2D F4 = l - e - 2D

and computation resumes in the Outphase loop at MOPL2.

PI002 In to Out On F2

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

computed:

F2 = -l + e F4 = -e

Fl = e + D F3 = l- e - D

The transitional outputs become

OL = SL + e * AH + (l-e) * AL (previous AL)

or OL = SL - F4 *AH - F2 * AL

and OH = SH + (e+D) * AL + (l-e-D) * AH (current AL)

or OH = SH + Fl * AL + F3 * AH

The adjusted interpolation fractions are:

F2=e + 2D F4 = 1 e - 2D

Computation resumes at MOPL1 in the Outphase loop.

POIOl Out to In On Fl

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

computed:

Fl = -l + e F3 = -e

F2 = e + D F4 = l - e- D

The transition output is

OL = SL + e * AL + (l-e) * AH

or OL = SL - F3 * AL - Fl * AH

and the adjusted interpolation fractions are

Fl = e + D F3 = I - e -D

Computation resumes at MIPLl in the Inphase loop.

PO02 Out to In On F2

Erroneously computed fractions are:

F2 = -1 + e F4 = l - e - 2D

Fl = e + 0 F3 = I - e - D

6-6
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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:

Fl = 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 involving "backing up"

the computations to obtain data which is no longer in the pipeline.

MIOl1 In to Out On Fl, D negative

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

computed:

Fl = -e -2 1 -e + D

F3 = -1 + e F4 e -D

The transition outputs are:

OH = SH - F3 * AL

= SH + (l-e) * AL

(OH = SH + (l-e) * AL + e * AH is exact)

and

OL = SL + F2 * AH

= SL + (l-e+D) * AH

(OL = SL + (l-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 MOPLI in the Outphase loop.

MI002 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 = I - e + D F3 = e -D

The transition output is:
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OL = SL - F4 * AH

= SL + (l-e) * AH

(OL = SL + (l-e) * AH + e * AL is exact).

The adjusted interpolation fractions are:

F2 = 1 - e + D F3 = e - 2D

Computation resumes at MOPLI in the Outphase loop.

MOIOI Out to In On Fl, 0 negative

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

computed:

Fl = -e F3 = -1 + e

F2 = l - e + D F4 = e - D

The transition output is:

OL = SL - F3 * AL

= SL + (l-e) * AL

(OL = SL + (l-e) * AL + e * AH is exact).

The adjusted interpolation fractions are:

F4 = e - 2D

Fl = 1 - e + D

Computation resumes at MIPLl in the Inphase loop.

M1002 Out to In On F2, D negative

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

computed:

F4 = -l + e F2 = -e

F3 = e - D Fl = 1 - e + D

F4 = e - 2D

The transition outputs are:

OH = SH - 4AH

= SH + (l-e) * AH

(OH = SH + (l-e) * AH + e *AL is exact)

and OL = SL + lAL

= SL + (l-e+D) * AL

(OL = SL + (l-e+D) * AL + (e-D) * AH is exact).

The adjusted interpolation fractions are:

Fl = 1 - e + 2D

F4 = e - 3D
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Computation resumes at MIPLI in the Inphase loop.

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.

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

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

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.

INCREMENT REGISTERS

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

BRANCH REGISTERS

BCRO - Conditional branch. For D positive, branch to PIO01 on Fl. For

0 negative, branch to MIO01 on Fl.

BCR1 - Conditional branch. For D positive, branch to P1002 on F2. For

D negative, branch to MI002 on F2.

BR2 - Unconditional branch to MIPL2.

BR3 - Unconditional branch to MOPL2.

BCR4 - Conditional branch. For D positive, branch to P0101 on Fl. For

D negative, branch to MOIOl on Fl.

BCR5 - Conditional branch. For D positive, branch to P0102 on F2. For
D negative, branch to MOI02 on F2.

BR6 - Unconditional branch to MIPLI.

BR7 - Unconditional branch to MOPL1.
BNZ8 - Branch and Count register controlling the number of executions of

6-9
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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 Outphase processing loop. The Branch Address is MOPLP.

BNZA - Unconditional branch to MIPLO.

BNZB - Unconditional branch to MOPLO.

BNZC - Unconditional branch to STOP.

SINE/COSINE DESTINATION REGISTERS

Not applicable.

DECIMATE REGISTER

Not applicable.

SCALE FACTOR REGISTERS

SFOH - All True/Direct.

SFOL - All 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.

6
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TABLE 6-1 ASSSS AP MICROPROGRAM SCALING

LABEL ADDER IN MULTIPLIER IN OUTPUT

INPUTS:___________ ____________ ____________ ___

F F15 ___________ _____________

DH, DL __________H12_____________

SH, SL H12 ___________ _____________

INTERMEDIATE RESULTS: __________

AH, AL F8 H12

Fl, F2 F15 H15

F3, F4 F15 H15

IAH, 2AL Fil______ _____

3AH, 4AL Fll ____________

OT F12__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

lAL, 2AH F'll ___________ _____________

OUTPUTS:_____________ ____________ ___

jOH, OL H12
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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

0 MLPO or
I A(A) 0.MLPo

I 1I A(F,D) 0

Sin/Cos Destination Register

2 J1 sapl W* AEC AEl AEZ AE 3

1 A 0 Input 0I

1 A (Sum Input) 0 2

4 1 A (Output) 0 Decimate Register

5 Count Reset

7 Comments
For Out Phase start,
MAR = MLPO

For In Phase start,BR/BCR Uncondtional/ MAR = MLPI
Conditional Branch BNZ Branch and Count Registers

For D Positive,
Branch Address Count Reset Spare Branch Address BRO = PI001

0 is 0 78 1516 21 22 31 BR1 = PI002
0 (1001) 8 CI CI '>< MIPLP BR4 = P0101

1 (1002) g CO CO MOPLP BR5 = P0102

2 MIPL2 A X'FF' X'FF' MIPLO For D Negative

3 MOPL2 B X'FF' X'FF' MOPLO BRO = MIOO1

4 (0101) C X'FF' X'FF' > STOP BRI = MI002I ... BR4 = M01~

5 (0102) 0 B!R5 = M0102

6 MIPLI E

7 MOPLI F

6-12
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TABLE 6-3 ASSSS AE REGISTER MAP

MLR MRR
H DH DL OL PH AH AL OL

IH Fl F3 IL IH A _ _ IL

2H F2 F4 2L 2H 2L

3H DAL 3L 3H 3L

ALI R ACIR
0PH OH j DL L PH [L

114 SH SL IL i 2A. L

2H F I 2L 2H A ! -1 2L

3H D 3 3H IAH 3L

ARI R AEOR

0 3AL/IAL PH OH OL OL

1 4AH/2AH 1H IL

21 AH 2H 2L

3 AL/FAL 31 3L

SCALE FACTOR REGISTERSAEN A Jl

0H 0 10 0 0 01010 31 OL H o0 o00 0 0 0 0 31

2H 2 L 2)H 2 L ( 3

ALOR ACOR AROR
OT Fl 0 F

I F2 - ONE

2 J2 F3 2 ONE

3 3 F4 30
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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 output array W. X, Y, Z, and W must be of tne

same number of elements N.

SCLA3 is intended to provide arbitrary linear 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

Wi = 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 pair of W's in the output

array. The main loop is controlled by BNZ9.

SCALING

See Table 7-1.
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ARITHMETIC ELEMENT CONTROLLER (AEC) REGISTERS

See Table 7-2.

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.

ARI - 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.
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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 OUTPUT

INPUTS:___________ ____________ ____________ ___

A, B, C _______ ___H12______________

X, Y, Z H_________ 12______________

INTERMEDIATE RESULTS: ___________ _____________ _______________

AX F8 ___________ _____________

BY F8 _______________

OUTPUTS:_________ ___

w __________ ___________H12
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TABLE 7-2 SCLA3 AEC REGISTER MAP

Incr Code Address Register WS Wrap Increment Register Memory Address Register

0 3 4 15 0 3 4 15

1 000 A,B,C SC LA3

1 1 100 A(X)

Sin/Cos Destination Register

2 1 AE0 AE1 AE2 AE3S 1 200 A(Y) 0______________

1 300 A(Z) 2

4 OUTPUT
1 100 A(W) Decimate Register

5 Count Reset

7 Comments
N =#of samples

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
0 8 N_

1 9 N2-1  N Nl2-1 X SC3LP

2 A ____ -- 4_____

3 B

4 C _ _ _

5 D __

6 E__ _ _ _ _ _

7 F _

7.5
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TABLE 7-3 SCLA3 AE REGISTER MAP

_MLR MRR

oH Xl X2 O1L OH A B 0L

7H Yl Y2 IL I H C IL

2H Zl Z2 2L 2H 2L

3H 3 3H 31

ALI R ACIR
OH AXII 0L OH BYl 1 0L

IN AXj2 1L IH BYI2 IL

2H DUMMY 2L 2H 2L

3H I 31 3H 3

ARIR AEOR
0 CZi H W1 I W2 OL

1 CZ2 H lL

2 2H 2L

3 3H 31

SCALE FACTOR REGISTERS
AEr A

OH 01 (3 I I 0 OH 1 0 1 I 3O 0L

I ( ( .(1 , iN iII II IN 1L

2H ,__.__ 2L 2H i j iii 2L

3H 3L 3H X 1l 3

ALOR ACOR AROR

'1 1 1

2 2 2

3 3 3
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CHAPTER 8

FILTER TWO AND SUM THREE ARRAYS (F22S3) MACRO

FUNCTIONAL DESCRIPTION

F22S3 MACRO 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 locations 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 IL, with a "0101, 0010"

giving no zero and a "0111, 0111" enabling the filter.

MATHEMATICAL DESCRIPTION

The two filtering operations are:
Fi  U* Xi + A* F + B* F i = 1, .. N

1 1i l  i-2;
and

Gi  V * Yi + C * i-l + D * i.2; i 1, ... , N

Fo, GO, F_1, and G.I are initialized by the preamble.

The sunming operation is:
Si  = Si  + Fi  + Gi; i = l, ... , N.

Xi' Yi. and Si are the ith elements of the X, Y, and S arrays respectively, and F.

and Gi are partial results resident only in the AE registers. FNl, GNl , FN 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 ARI, 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.

ARI - 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.
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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.

AR5 - 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.

SFlH - Left and center prescalers - True/Direct, Right prescaler -

True/Right I 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.

ARITHMETIC ELEMENT REGISTER MAP

See Table 8-3.

WORKING STORE MAP

See Table 8-4.

PROGRAM CODING CHART

See Table 8-5.

8-3
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TABLE 8-1 F22S3 AP MICROPROGRAM SCALING

LABEL ADDER IN MULTIPLIER IN OUTPUT

INPUTS:

FH, FL H12

GH, GL H12

U, V H12

A, C Hi4

B, D H14

XH, XL H12

YH, YL H12

SH, SL H12

SSH, SSL H12

INTERMEDIATE RESULTS:

UXH, UXL F8

VYH, VYL F8

AFH, AFL FIO

BFH, BFL FlO

CGH, CGL FlO

DGH, DGL F10

FH, FL F8 HI2

GH, GL F8 H12

SSH, SSL F8

OUTPUTS:

FHO, FLO H12

GHO, GLO H12

SHO, SLO HI2
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TABLE 8-2 F22S3 AEC REGISTER MAP

Incr Code Address Register WS Wrap Increment Register Memory Address Register

0 34 15 0 34 15

1 S's (Input) . F22S3

IZZBDI
1 Parameter iD

___Sin/Cos Cestination Register

2 
0 AEOAE1 AE2AE3

1 X's 0 ' ,

jI S's (
3

4 1 S's (Output) Decimate Register

1 States kssn. Count Reset

7 Comments

...__ _ N = 4 of Data Samples

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

0 8 N/2 1  N/2-1 _ F22LP

1 9__
2 A _

3 B _

4 C _ __ _ _

7 F I. ___

8-5
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TABLE 8-3 F22S3 AE REGISTER MAP

MLR MRR
OH XH XL 0L OH U v 0L

SH YH YL 1L 1H IL

2H A c 2L 2H FH FL 2L

3H B D 3L 3H GH GL 3L

ALl R ACI RON SH $ L OL PH DumyOf Dummny

IN SSH SSL UL IH 1 L

2H Ul x 2L 2H A IF [2L

3H V 1 Y 3X 3H C XG 3

ARIR AEOR
0O SHO SLO 0L

1 1K'40 FLO 1L

2 BF 2H GHO f GLO 2L

3 DG 3H 1 SSL 3L

SCALE FACTOR REGISTERSA~- -AE,

OH 31 0 1 23 21213 OL 3PH13 1 I213 OL

IK 0 10 >3113 11. N 1K 11114 3 0_tL-10131IL
2H II I II 2L 2H I I I lii 2L

3H III 3 3H 1 1 1 31.

ALOR ACOR AROR
0 0SSH 0 SSL

1 FH 1 GH

2 2 FL 2 GL

3 3 3

8-6
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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 (AEO):

S li COS(ARO) ARO = ARO + INCO

For the first channel (AEl):

Sli = COS(AR2) AR2 = AR2 + INC2

where i is the time index.

The sinusoid is scaled by K

KSli = Kl * Sli

and then offset by L1 - T, (Level - Threshold) to form a test parameter Pli"

The modulating function value for the i th sample is then given by

DM Tl; P li i 0

KSli + Li Pli > 0

9-1
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Similarly, for the second DEMON channel (AEO) and the second channel (AEl)

S2i = COS(AR1) ARI = ARI + INCI

S2i = COS(AR3) AR3 = AR3 + INC3

KS2i = K2 * S2i

DM2  I T2 ; P2i - 0

KS2i + L2; P2i > 0

Phase 2

For the first channel, the input white noise samples are passed through a

two-pole recursive filter

Yli A1 * Xli + B * Yl(i-l) + C * Yl(i-2)

where A1 is a gain coefficient, B is equal to the TWOR filter coefficient and C

is equal to the MRSQ coefficient. Similarly, for the second channel

Y 2i -A 2 * X2i + B * 2(i-1) + C Y2(i-2)"

Phase 3

The filtered noise channels are multiplied by the modulating functions

Dli = DMli * Yli

D2i = DM2i * Y2i

and combined with the composite channel to form the final output

TGi = TGi + Dli + D2 .

IMPLEMENTATION

DEMON is implemented with a 20-instruction main lo, a 30-instruction preamble,

and a 6-instruction clean-up. The preamble loads thE :!ters and filter states

from Working Store (WS) via Address Registers AR6 and AR7, generates the first two

points of each periodic modulating signal via Address Registers ARO through AR3,

loads the first pair of channel inputs via Address Register AR4, and loads the

first pair of target data via Address Register AR5. Since the target output

overwrites the target input, a dummy read of -l on AR5 is executed. Each pass

through the main loop produces two pairs of filtered Y's which are multiplied by

the corresponding modified modulating 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

9-2
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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).

ARI - Phase address for second DEMON channel (AEO).

AR2 - Phase address for first DEMON channel (AEl).

AR3 - Phase address for second DEMON channel (AEl).

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

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 (AEO).

INCI - Frequency increment for the second DEMON channel (AEO).

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

I4C3 - Frequency increment for the second DEMON channel (AEl).

INC4, 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

SCO01 - Destine Cosine only to AEO.

SCD23 - Destine Cosine only to AEI.

9-3
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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 and center prescalers - True/Right 2, right prescaler -

True/Direct, postscaler - True/Left 4.

SFlH - Left and center prescalers - True/Right 2, right prescaler -

True/Direct, postscaler - True/Left 2.

SFlL - All - True/Direct.

ARITHMETIC ELEMENT REGISTER MAP

See Table 9-3.

WORKING STORE MAP

See Table 9-4.

PROGRAM CODING CHART

See Table 9-5.

9-4



NSWC TR 81-313

TABLE 9-1 DEMON AP MICROPROGRAM SCALING

LABEL ADDER IN MULTIPLIER IN OUTPUT

INPUTS:_______ ___

Al. A2 _ _ _ _ _ _ __H12 
_ _ _ _ _ _ _ _ _ _ _

KI - K2 H12__ _ _ _ _ _ _ _ _ _ _ _

Vii. Y12 H12

Y21, Y22 H12 _____________

Xli. X12 H13

X21, X22 H13

__ _ _ _ _ _ __ _ _ _ _ _ 
H14 _ _ _ _ _ _ _ _ _ _ _ _ _

B. C 
H14__ _ _ _ _ _ _ _

TG1. TG2 H7__ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

LI. Ti H12__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

L2, T2 H12 ___________ ____________

INTERMEDIATE RESULTS: ________________________ 
_______________

AX1. AX2 F9_____________ _________ _____

CYl"., CY211 F10____________ ______________

KS Fl10 ____________

Yii, Y12 
_ _ _ _ _ _ _ _ _ _ Hi2

Y21 , Y22 
H12

TGi. TG2 __________ 
H7
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TABLE 9-2 DEMON AEC REGISTER MAP

Incr Code Address Register WS Wrap Increment Register Memory Address Register

0 3 4 15 0 3 4 15

ANGLE 01 FREQ 01 DEMON

ANGLE 02 FREQ 02

Sin/Cos Destination Register

2 1 11 AEOAEI AE 2 AE3
ANGLE 11 FREQ 11 0 b, o

ANGLE 12 FREQ12 11

3 0, 0 s ,

1 X1, X2 _ Decimate Register

I T 0 +2 Count Reset

6 1 Parameters Z
7 1 States 0 Comments

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
0 8__ _ _

1 9 _

2 A _ _ _

3 B

4 C _

6 E _

7 F FF FF DMNLP

9-6
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TABLE 9-3 DEMON AE REGISTER MAP

MLR MRR
OH K1 Al OL PH S DML

7fH K2 A2 IL IH B c IL
2H Yll Y12 2L 2H Xl i X12 2L

3H Y21 Y22 31 3H X21 X22 3L

ALIR ACIR
PH B Y' OL PH C I YI" L

iH TG I TG2 IL IH I Y2" IL

2H L2 Ti 2L 2H D 11  2L
3H L2 T2 3 3H DUy 31

ARIR AEOR
0 AXI H Y I Y12L

I AX2 1H Y21 Y22 I

2 KS 2H TGI TG2 2L

3 D2 3H 3

SCALE FACTOR REGISTERS
AEG AEl

PH 31 010 3 2 210 13 OL H 3 i 10 13 2 [2 l 13 0L
H 2 j 210 f 2 0 0 o I IL 1 H 2 12 0 I 2 0 10 I10-0 1L

: 2H " 2L 2H 2L
! 3H X II 3 3H I 3L

ALOR ACOR AROR
Yll 0 TI 0 p

Y21 1 T2 1 0
Z Y12 2 2

3 Y22 3 3

9-7
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APPENDIX A

AP MICROPROGRAM SOURCE LISTINGS
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~ B~58Mt HebM~i A MM BBBBBB38

HP HS UM HR HA~ tiB 8 B8B RP 8F b
P BH F48 PH HR HH HB us 8H AR SM

P8HbdhMb 1bMHBHMb BAs f.b 86 tiM 86 SP4888BOBB
RR88MMbHM HbbeAR88H sobbbHi HMB 88 BPBSRB8BM

RR R8 t3M kM HBBRbbB'*5 RR ad b8
RR M 8B 88 s3 e 814 AS SB 8
pRawadmoaB HaSHH8H888 as s 88 88 88SB A
RBMMBABs BHOHR8886 HR AM Bb tis 88

*COMDECK 88AMP
885 GENERATION 12/05/75 H

* 18 STEP PREAMBLE
RHAA9P AEC~v LOGzo MI NOT 0 A

AECW2 RDWA=MLR.2*ALIR.?OAR.19 READ AVi, COUNTI *
TOMLQ*0H MI

AECW LOGi=fllzNO
AECW2 RDW8=ALIH..3.AH.IAARo READ DVI *

TOt4RPOH ml
AECW' SF.'3M NOR 2
AECWv2 RDWR=MWR*0.AR.09 REAi) £I.A? *3

MLR.o14,MRR.OH PI x M4lomI
AECW ALIR.3.SF.OH OAV 2DVI

AECW2 TOACTR.09TOAROP.0 P1, OAV
AECW MLR.?H.MRR.QII, VAI a AVI*AI *6

ALZ9.2",AROR.OSF.O0f CAV2 = AV)] # DAy
AECW2 RDWF=MLW.3oAR.39SAk* SACK UP" AR3 *7

ACIQ.OL.SF*OM, P1 z LOW PART
TOACOR.09TOMLR.OL CAV?

AECW ALIP.2LC,SF.OH, CT = -COUNT *8
TOAR!R.0, VAI
TOAROR.1,ROUND Pill RUUND CAV?

AECW2 ROWB=MRlAR., READ RI *9
MLR.nLgMRR.OL9 VA?zCAV2.A2
TOACOR.19 CT
ARIR.0,SF.OL PASS VAI

AECW TOMLP*1M VAI 10
AECW2 ROWP=MRR*2,AR.?9AAR, READ R2 oll

TOARIH,09kOUND VA2oROUN) VAI
AECW MLR.IHMRlH, BHRIxVAI.RR101

ARIP.09SF.OL. PASS VA2
AECW2 ROWqwMRR*09AR*0*AARf READ A39A4 *13

MLP.3P4.WRR.ILo BHIl=VAl.Rll
ACOP.0.AROR*095F.OM. CAV3=CAV2*UAV
TOMLR.1L VA2

AECW TOALIR., 8"QI #14.
TOACOH.0.TOMLW.OHROUN) CAVl*ROUJND VA?

AECW2 MLR.lLoMRP.2H, HHR2=VA2.RR2 *IS
TOAL~k.1.ROUNUq 6HI1,ROuND CAV3
AC0R,0,AROP.0*5F.0H CAV4zCAV3*OAV

AECW MLP.otIMRR.OH, VA3zCAV3.A3 *16
ToAcnR.o*TOMLPOL CAV4

AECW2 MPL.IL*MRP.2L. BH12=VA2.PI2 *17
TOACTR.0qTOAE0R*I*HOUND BHPMRBla0ROLJMD CAV4
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* 10 INSTRUCTION MAIN LOOP WITH UMSEDDEP
R INSTPJCTION-VARIATOR FUNCTIUN CHANGF~

ps1 AECWJ mLR.oL,mP.OL, vA'.=CAv'..A'. OIA
TOApIP.0 9 VA3
ACOP.1,AWOP.1,SF.OH, CY=CT*Pl
TOAFOR.IL,POUND 8119 ROUND RRI

AECW2 RDWR=MRR.1.AR.29AAR, READ R3 *19
TOACIR.19ROUNU* BH"12,ROUNO 811
ARIP.0,SFOOL9 PASS VA3
TOACOR.1.SETCS CT,SFT STATUS6

AECW TOARPR.0. VA'.'
ACIp.09ALIR.OC9SF .OL* P=HHR
TOMLPIH VAJ

AECW2 PDW~zMRRe2qAR*2,AAR, kEAD R4 021
ARIp.0,SF.OLs PASS VA'.
TOAEOP.2m-,kOUND. HR?,ROUJNO VA3

8CR~nBRANCH ON ST6
AECW tLR.iHNIPR.IH, 8Hk3=VA3.PR3 *22

TOMLR.1LROUNU* VA4.,ROUND BR2
ALIR.1,ACIP.1C,SF.OL B12uRHIl-bHI2

AECW2 PDWR=P4R*OoAR.0,AAR* READ AS.A6 *23
MLR.1IH.MRP.IL, SH13*VA3.R13
TOAF0R,2L*ROUNDv 812,POUND VA'.

ACOP'.09AROP.O.SF.OH CAV5ZCAV'..DAV

* VARIATOR FUNCTION CHANGE
* EXECUTES ONLYf WHEN CT =0

AECWv SF.oHqQOuND NOR9ROUND R12 ?4

AECW2 RDWR=ALIR*.%Ak.l*AAR READ AV,COUNT 2
AECW SF.O)H NOP 26
AECW2 R0WA=ALIH.3,AR.1.AAR READ DV 27
AECW SF.ti NOP P8
AECW2 ALIP.2LC*SF.OH CT -COUNT 29
AECW MLR.IH,MPP.IHp BHR3=VA3*PP3 *30

ALIP.3,SF.OH. DAy OV
TOACOR.1 CT

AECW2 MLP.IH,MRP.1L. OH13=VAI*R13 *31
ALIR.2HSF.0H. CAV = AV
TOAROR.0 oV

* CONTINUATION OF MAIN LOOP
F182 AECW TOALIR.09ROUNU. SRI,3 ROUND 812 '32

TOACOR.0,TOMLk.OH CAVS
AECW2 MLR.1 LIMWR.2H* BHR4:VA4.RR4 '33

TOALIR.1,ROUNL, SH13,ROUND CAV5
ACOP.0,ARUk.0.SF.0H, CAV6=CAvS*DAV
WPM=AEOR~lqAR.3*AAR, WRITE di

ANZ~q S TO 481
AECW MLR.oHMRR.OH* VA5zCAVS.A5 *34.

TOACOP.09TOMLR.OLv CAV6

.1ALIR.0.ACIR.OC9SF .OL BR3z6H83-AH02
AECW2 PLR.1LoMRR.2L. BMI42VA4.PI4 '35

TOAFOP.1M.ROUNb. OR3.ROUNU CAV6
ALIQ.1CACIR. I SF.flL, H13=eHIP-HI
TOAC1R.09 HQ
WRMUAEORQ4,AR.3*AAR WRITE d?

OUTSIDE LOOP FOR SIZE GREATEP THAN 5I?
AECW TOAFOR.1L.ROLINO 8139ROOND 803 36

AECW2 BNZ.q.ROUNU HR TO A'61,MOUNO 813 37
AECw MLR.VIHMRP.OH VA5=CAviS.AS 39
AECW2 -LP.1L.M.kP.2Lq H4VA4.RI4 #39

ALIP.1C*ACIP.1 .SF.nL HI3=tHI?-.*4I3

AECW SF.()" NOR
AECW? 10,.4 BRANCH TO SMil
hECV SF.flH NOP

AECW2 SF.nH NOP CONTINUE
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DDOODUDDO UOiDDODUD VVL)0L)DL0 00 0) O
lO~~DDOODOL) DDODDDDDDO UoODbuoDVD DO 000 00

nn 00 DO u DV V 00 00 0 DO
DO 00 DO nn DO DO DO 00
on DO) uUDDDOD) DC 0() 00 00 DO
n 00 ODODDODU Of) 00 DO DO 00
no DE) DL DE) 00 D DO DO
on 00 0 D0 D0 U DO 00 D UD
nDooDuoo DOODDDD DODODDUDD DODDOOODDO) DO DOD
DOOO00 UUDODDOD ODDODU!j DDOUDDODDO Or) DO

OCONIDECK DSCLN
0SCLN AECW SF.n4 NOP -2

AECW2 LOG=09 CRIEATE M4INUS 1 I
RUWRzAH.2,AR.59 REAL) FAM4A
SCP4R.2I=AP.1 GET (5( PARAME.TER~

AECW L0G=OTOMRH.OM.TOAROR.0 DES MlJ 0

AECW SF.pH NOP 2
AECWv2 RDWEzAMLk.0.AR.bSA# READ COUP *3

TMLR.IHMRO DES 1Ml

AECW2 ALIP.OL*SF.0O1,T0ALOR.O.p PI=LO(Pl). DES CD'. *7

AECW ALIP.OLSF.lI~4TOMLR.1H*T0AC0P.3 Pl=LO(Pl),DES PI
AECW2 TOALOR.1,TC*9Rk.3L, DES P!, PI *9

ACc~p.3,AWOH.O,SF.3L. LM=41+P1(R2)
RDWP=ACIR.O.ARs.,AAR READ COO

AECw MLR.1N.,44R.2I4, 7?*Pj *
TOACOR,3 DEtS LM

AECW2 MLR.i$.MNR.2Lo 5xS*Pl O9
AL0P.O.ACOk,3*LOG=N D'.=CODP AND LM

AECW T0ACIR,2#T0AR0.l. DES 7.fDES D4 *
MLR~H*MR.OHOFSM=FS*F4

ACIQ.OSF.OH PASS COO
AECW? MLR*~3HoMRR.3L*TOACIR.3, SL=Pl*SL9 OES 5 .0

ACIP.2L9SF.pH-4T0ALOR*39 7=LOf7)*P.OES COO
40WR=MRR*1,AR.3 REAO AmI

AECW TOALIP.?v DES FSM O
ACIP.3L*SF.ONITOAL0R.2 S=LOcSi, nES 7

AECw? T0ACTR.?,TOACUR.2* VES SL. 5 OF
ALIP.?*SF.IH F'SM4=FS9(P.)

AFCW T0AQnR.I DES FSM. 6
AECW2 MLP.'2L.IR*~3L9 pPPPP ON4

ACIP.O*AROR.1.SF.Ii NCU4z(CD.VS$'.) R?)
OSCLP AECW TOAPOR.2,TOMLP.1L, ULS NC04.NCO *1O

ALOO.3*ACIR*2#SF#Oh CDO=COSL
AECW;) TOAFOR.19 DES COO OlI

AC1Q.lI1,AIOR*O*SF*3L* CnP4=H(CnDP.D'.
4OWqzAlR.O*AR,6%T0ALIQ.3 READ CD, DES PP

AECW ACOQ.3#AR.Z.L00zNq OO=CD AND L4 *12
TOACnR.oo DES COP.
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MLR.lL.PMtW.3L NCPI.NCD
AECW2 ALIR.3.AC(J.CqAR0R.0C,sF.0L. CC=PP-CP4-D. '13

TOAFOR.?. DES OD
WRMZAEOR.I.A.. WRITE CO

AECW AROR.I.ACIR.O.SF.OH, C=CDO*FSM. *14
TOALIR.O*TOACIH.1 DES NC, CC

AECW2 ALIiQ.OL9AC0R.1 .AROP.2oSF.3H. PZL (NC) /?.CC*NCD. '15
RDWR=AR.2qAR.4iSAR9 REA0 SL, P
SCMQ.OH=Ak.1,T0AE0R.?H CUSsSIN (U), DES C

AECW ACIP.2L9SF.oHoT0AE0R.3 SL=LO(SL). DES P 16
AECW2 ALOR.2,SF.PMT0AEON.3Hs PASS 79 DES SL *17

WPM=AEOR.2,AR.6 ORITE CDIAC0R.2sSF.0NvT0ML:.3: PASS S, DES 7
AECw? TOMLR.3L. DIES 5 *19

WRMzAEOR*3.AR.4a wRITE SL, P

IACIR.o9SFdIL4 PASS AR0WqALIR.0,Ak.OAlR0 READ ESM2

AEW MLR.plMRW.OLoTOACIR.0. S=PI*S. DES 7C *IC
AC MLR.3LMR.0LT0AC1R.I. S*S, DES C 01D

ACIQ.OAaSF.OHqR0UND, PASS 7C, RND A
QDWq=ALI.I9Ak.0AAR READ HM41

AECW. ILQ.qL,mRP.lM.TOACIR.0, A*K. DES S 'IE
4CIR.LLA#SF.MTmLR.2H. CRLOCC). DES 7C

AECW? ACIP.OLA.SF.OM.ROUNp. S=LU(S), RND 7C *IF
TO-4LR.3HTOACIR.I, DES C. 5S
RDWA=ALIk.2.Ak.0*AAR READ B~o

AECW PLRDL*MRR.1L*TOACIR. A*Z, DES AK *21
ACIQ.IA.SF.OHTOMLR.,L PASS 5S, DES S

AECW? ACIR.0.SF.2LTOMLR.2L. PASS AK. DES 5S 1
RDWp=ALIk.3.AP.o.AAR REAU HP1

AECW MLR.3H,MPP.0L9T0ACIP.0, COS* DES AZ*?
T0ACOn.0.TRk..2II.PUND DES AK, RND)5t)

AECW2 MLR.?L,MRR.ONROlJND. SS*C. ROUND AK '23
ACIp.OSF.2L, PASS AZ

Rn~pAR,,ARSA)4tREAD FP4At AMA
AEC*, MLR.PH*MRR.2H*TOACIR.O. 7COAK, DES CS '24.

TOAcM.IsTOMRk.?L DES AZ
AECW2 MLR.,L9MR.0LT0ACIQ.1, s*sw DES 55C *25AC[R.0AqSF.2LvkOUNV, PASS CS, RND A2

ROw8=mLk.oAR.5qAAR READ FS,
AECW hLR.?HqMRR.2L.TOACIP.o 7C*AZ, DES 7CAK '26

ACIR.1.SF.2HqT0MkR.3H PASS SSC, DES CS
AECvl2 MLR.3LMRR.2H.TOACIR.1, AKOS, DES SS '27

ACIP.O.S)F.2L.ROUN0. PASS 7CAK. QNU CS
TOMLP.1Ls DES 55C
RDW~sMRR.n.AR.2 READ FM

AECW "LR.3L9MR.2L9TACIP.O. AZ.Sv DES 7CAZ 2
AClP.1A.SF.L.TMLR.RH..RIJND PASS SSDES 7CAKoR SSC

AECW? MLR.3H9MQR.2HqTOAPIR.0, AK'C. DES ASK '29
ACIR.0qSF.PLsTUMRW.3LR0UN~o PAS 7CAZDES SSQ 7CAK*
R0WpzP4~H.I.AR.3 READ AM

AECW MLR.?Hm.MR.3H9TOARIR.l. 7CAK*CS. DES AS7 ?
ACOR.0CAR1R.oSF .2Hv4 Tl=(ASK-.AK)/2

A-5
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TOmLQ.2L.POUN) UES 7CAZ. RNO SS
AEC*2 'L.lH-RW.2L.TOARIR.?. AZ*Cq DES ACK

ACOp.IC.AR1P.1.SF .2H. 12=IASZ-AZ,#e
TOAPOW.OROUNP. UES Tit RNO 7CAZ
NR4LR.3,Ak.,,AI~RE 4WEAU SL, P

AECW PLR.?L.'4NR.31,TOACIP.O. 7CAZ.CS.OES 7CCSAR 02C
ACOP.O*ARIR.2CSF .2H9 73=(AK-ACK)/2
TOAqop.L DES T?

AECW2 ALI0.OHvACIR.OCSF.OH* M?P=BmR-7CCSAA2(
TOAPIR.3.TOARVW.29 DES ACZ. T3
RDW4RACIW.OAW,4,AAR WE94D Coo

AECW. MLR.lLtMRP.21.TC(C1e.I. 5SC*AIK.DES 7CCSAZ *2E
ACOP.19ARIP.3C*SF .2', T4=(A2-ACZ,/2
TOAFOR. Oi DES M2Q

AECW2 ALlQ*OL9ACP1,C#SF.ON, M21IeM21-7CCSAZ P
TOAPOR.39ROUNV. DES T4,RND 42k
RDW~uAClP.I9AI4.6,AAR IoEAD Co

AECW MLR.IL*MRP,2L#TOACIR.20 5SCOAZ, DES 5SCAK *30
ACIR.O,SF.OHTOAEOk.OL PASS CDO. DES M421

AECW2 ALIP.1ii.AClR.2CsAQP.O, M1R8HMIR-5SCAK*Tl *31
SF.p,...TUALOR.3.kO0ND, DES COO, RND '421
QOWR=ALIP.O.AW.O.AAP READ BP2

AECW ACIp.1,SF.OI4,TUACIR.3,TOAEO.IH PASS CD.DES SSCAZt4IR 3?
AECW2 4LIP.IL,ACIR.3C.AROP.I.SF,24, MlIEBMl1-SSCAZ+T2 *1-1

TOALOROROUND, DES CD49RND MIR
RDW~zALIP.19AR.O.AAR READ BP3

AECw ALIQ.2HsACOQ.0 ,ARIR.?9SF.ZH. 0=630R+AK/2*ACK/2 *34
TOAEOR.IL DES '411

AECW2 ALIP.2L9ACOR.1,APIw.I,SF.2H. OI=8OI*AZ/2*ACZ/2 *3S
TOAEnp.2I1,WOUNU, DES DR. RND MI!
WRM=AEOR.O,AR.O$AIRE WHITE M2

AECw ALIO.3H,ACOR.OC*APIQ.OC.SF.21, PlR:BP1R-AK/2-ASK/2 *36
TOAVOR.2L.ROUNU DES 01, QN0~ OR

AECw2 ALIP.3LACOR.1C.ARIR.1C.SF.2H. PII=PI1-AZ/2-ASZ/2 *37
TOAEOR,3H,ROUND9 DES Pik, RNO 01
WRM=AEOR.1,AR.O,AAR WRITE m4

AECw MLR.7mqMRR,3L* 7CAK*SS 3
hLIll.ACIR*2*AR0P.?.SF.Il, P2H=RP2R*SSCAK*T3
TOAFOR.3LROUND O&FS P119 PNI PIP

AECWv2 iLR.7L9t4PR.3L, 7CAZ*SS 039
ALlP.0L9AC1R.3,ARR.3SF.2-. P21z8P2I*S5SCAZ*T4
TOAEOR.OH*RQUNU* DES P24, RN0 VIl
WR4=AEOk.2qAR.O#AAP WRITE 0

AECW ALOP.1,S *OI1,TOAC1R.2. PASS Pit DES ISSCAK 03A
'LR.OM.'4RR.OH* FS'4=FS.Fm I
ToA!o'q.OL,ROUN0 DES P21, RND P2R

AECw2 ALIP.1IHACIP.2.SF.il. P342BP3R*7SSCAK 0313
TOACIR.39TOMRR.3L#4OUND* DES 75SCAZePIRND P21
WRMzAEOR.3,AR.O.AAk WRITE PI

AECW ALIR.1LACAP.3,SF.OM, P31=BP3i+7SSCAZ *3C
TOALIR.2*TOAEOP.1M D)ES FSM,P3W

AECw2 MLR.V4,MRPo3L, SL=P1*SL *30)
TOAFOR.IL*WOUND9 DES P31, RNO P3P
WPM=AEOR.09AR.0.AAR, WRITE P2
ALIP.2,SF.1IH*F4,FM(
BNZ.4 RR ON CT TO USCLP

£F.CW ALOP.0,AC0R.39LOGzNq D4=COD)P AND LM *03E
TOADOR.I,'4OUNU DES FSM4, RNU P31

AECv2 TOACTP.2.T0APR.O# DES SL. 04 03F
ACIQ.O*.AR0R.1,SF.IH, NCD4CoFS4
'4LR.lLvM4.3L. PPZPIOP
WRM=AEOrk.1.AR.0,AAQ WRITE P3

AECW2 STOPH NO 4
AECW2 STOP4NO
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%5sssssSS sssssssssS SSSSSSsSSS SSSSSSSS5S SSSSSSSSSS

SS 55S SS 55 r55Sc

%s555555 555555SSSSSS sss SSSSS SS
ssSSSSSSS SSSsssSSS SSssbS SSSS5S 55

Ss 5S 55 55 55 ss
S Sb 55 55 ss 55 55

~SSSSSSS SS 55 SS Ss 55 S

*COMDECK SRFFT
SQFFT AECW L0GO0 CRE:ATE ALL ONES0

AECW? TOMLR.21. MI=41NtS 1 *
ROWR=ALIR.19AP.2 mEAD GO

AECW LOG=O NE.Eu TwO Ml(S?
AECW2 TOMPP.IH9fl.0

RDWA=MLR.09ALIR.2,AR.2oAAW* READ Gi

SCPP.O=AR.OINC GET COSoSIN (INC)
AECw ALlQ.lN.SF.OH FRO=GPO 4
AECW2 ALIP.IHSF.OH9 FIO=GRO *5

R0W~zACIR.09AR.39 READ GNI
TOAFOR.OH FRn

AECW TOAFOR.OL Flo 6
AECW2 RDW~vMLR.3,AR.5qAAR DUMMY READ FOR FN 7
AFCW ALIP.2L9ACIR.OLSF.0L Cll=(GIN1.GI1'e/2 A

AECW2 TOMLP.ILs Cli *9

RDWArMLW.DALItR.O,AR.2sAAR READ G?~
AECw TOAcnR.OROUNU, Akio ROUND ClII*

ALIR.2HC*ACIR.ON.SF.OL CRI=IGRNI-GR1)/2
AECW? TOMLQ.P1. C'.i

tLR.IL,'4WRROH9 CCII=C.CIi
ALIp.?LCACIR.0L.SF.0L9 AIIl=(GINI-GI 1) /2
PD4A=MRR.2oACIW.0,AR.3*SAR QEAD GN2

AECw TOAcnR.iqROUNU9 All9 POUND CkI1*
MLR.IL.MRP.OL SCIl=S*CIl

AECW7 TOAPIR.3. CCRI *0

MLR.lMMNHR.OL9 SCRI=S*CRI
WRMzAEOR*09AR.49 wRITt FO
SCMQ.0zAk.oINC C0S.SIN (2*INC)

AECW TOALIR.3. SCli*
MLR.lM.MRR.oM. CCRI=C*CRI
ALIR.0HC.ACIR.OMSF.oL CRP (GRN2-GR~2)/2

AECW2 TOALI4.2.T0MLk.lH. SCRI.CHi *
ALIP*OL9ACIR.0L9SF.OL* CI?= cGIN2.-GI2)/?
MLR.Oi1,MWRO1H MGR2=Ml.GRP

SPFLP AECW TOAPIQ.2*TOMLR.lL,ROUNO. CCP.CI*ROUN) CR *10
MLR.2H.MRR.2H# MGRN=41*rRN
ALTR.2.ARIP.3*ACOR.OSF . i FR=SCP*CCI+Ak

AECW2 TOALIR.1,T0AEOR.OMROUND* MGR, FR, 90OUND C! *11
MLR'.PMMRR.2Lo mGIN=MI*GIN
ALIR.3*ARIQ.?C*ACOR.l .SF. jti. FI=SCI-CCR.Ai
RUWAz4Lk.O ,AL IR.O.AR.29AAR REA() G

AECW TOACTP.1.TOALQR.OLqROUND9 MURN,9 Flo ROUND FW *12
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ALIP.2C.AWI.1.9ACOQ.0sSF.IH FW=-C-C.AR
AECw2 TOACT6W.2.TuAE0.I.1MOUNO. MGIN, FPN, R~OUND) Fl *13

MLR~L.MR.0HoCCI=C.CI
ALIR.3,APIP.2C kO.lCoSF.I* j FIN=SC[.CCR-Al

AECW TOALIR.2.TOAEUk.ILqROUND, M6IFIN,POJN) FRN 1
t4LR.1LqF46RoOL, SCI=S*CI
ALIQ* ILCACIR.ILCSF.OL A=-G-GN/

AEC'u? TOAv!R.3.T0AC0R.O,.4OUND, CCI*AP.ROUNO FIN 1
MLR.p4.MS*R.OL9 SCW=S*CR
ALIP.2L.ACIR.?LC*SF.OL9 *1= (MGI.MCIN) /2'
WRMZAEOR.O*AP.49AAR# wRITF F
SCMp.O=AP.lINC,bNZ.A COSSINLOOP UN BNZtb

AECw TOALpR.3.TOACOk.le SCI*Al 016
tLR*IH.MRR.OH, CCR=C*Ck
ALIP.OMC9ACIR*o0l.SF.OL CPR (GRN-GP) /2

AECw2 TOAL!P.2vTOM4Lk.1M. sckCfk *17

ALIQ*OLACI.o0LqSF.0L# Cla(GIJN(rvl) I
WRM=AEOkol.AR.59SAW wRITE FN

AFCW SF.nm NOP 1

AF~w M~oIH.RP.OHCC'R=C*CR J

ALIR0L*CI~oLsS,0LCI:(GIN.GI )/?
AEW S.HNOP iC
AEW TPSTOP 11)

A-8
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VISSSSSS ~sSSSSSS Ss SSSSSSSS SSSSSSSS
SSSSSSS ~ SSSsSSS SSSSSSSSSS 55sssss~s sSsSsss

sC S SS s SS Ss SS S Ss
S5; ss SS s5 S5 SS
SSSSSss SS Ss 55 SS SS
ssssSsS 55 SS sssSss s

ss ss ss ssssssssss ss
1; ss SS s SS SS 55 SS
SSSSSSSSSS SSSSSSSSSS SSSSSSSsSS SS 55 SrSSSSSSSS
sSSsSSS SSSSSSSs SSsSSSSSSS SS SS SSSSSSSSSS

OCOMOECK SCLA2
SCLA2 AECW SF.flH NOP

AECW? R0WR=MLk.C9AR.2q READ) 1ST PAIR OF XIS *I
SCMR.OtAR.O GCNERATE PARAMETER A

AECW SF.Ah. NOP 2
AECvi2 ROW$3MLR.1.AR.3* READ 1ST PAIR OF '(IS 03

SCMQ.OL=AR.1 GENERATE PARAMETER 8
AECW SF.nH4 NOP
AEC'-? SF.OH NOR
AECw MLROI4,MRR.OH AXH=AOXH 4
AECW? MLRovL.MPR.OH, AXL=A.XL 0

RDWBi'4LR.29AR.4.SAR bACK UiP 7 POINTER
AECW TOALIR.0, AXH *6

MLRpiH.MRk.OL IFYH=B*YHl
AECW2 TOALIR.10 AXL *7

tLR.iL,MRP.OL, bYL=B*YL
R0WR=MLR.O#AR.29AAR READ NEXT PAIR OF X(S

AECW TOACIR.0 BYtlA
AECW2 RDWR=MLR.1,AR.3,AAR, READ NEXT PAIR OF '(LX *9

TOACIR.1 BYL
AECW MLR.nHeMkk.OH* AAHMA*XH *A

ALIQ.O,ACIR.O,SF.OM ZH=AXH*BYH
AECW2 #LR*)LqMHR.O0I, AXL=AOXL OB

ALIP.lACIR.1,SF.0Hq ZL=AXL#BYL
TOAEORO1 Zt1

SC2LP AECW 'LR.jH*MRRfOL9 I3Yt=B.YH 'C
TOAEOR*OLTOALIk.O ZL, AXH

AECW2 ROWR=MLR.O.AR.2,AAR, READ NEXT PAIR OF X(S *0
PLP.jL.MRR.0L. tYL=R*YL
TOALTR.1 AXL

AECw TOACIR.O BYH E
AECW2 RDWR=MLR.19AR.39AAR. READ NEKT PAIR OF '(IS OF

TOACIR.1,BNZ,8 HYL, ,jRANCII TO SC2LP
AECW MLR.OHMRR.OH, AK=A*X't *10

ALIQ'.OH*ACIR.0H.SF.0H ZHMAX1.8'(9
AECW2 WRMmAEOH.O.AR.4vAAR, wRITE A PAIR OF U(S Oil

NLR~fLMR.ON, AXL=A'XL
ALIR,1,ACIk.1.SF.II. ZL=AXL.S'(L
TOAEnR.OH ZH

AECw SF.On NOR 1
AECWP BNZ.9 OUTSIOE LOOP 13
AECW MLR.OHMfRR.OM AXH=A*XI 14
AECW2 MLR~nL*MRR.OH. AXLMA*XL *15

ALIP.1.ACIR.l,SF.OH ZL=AXL*BYL
AECW SF.pm NU.P 16

AECw? STOP STOP 1
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IAAAA AAAA AAAA AAAA AAAA
AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAALAAAA

AA AA AA A AA A AA A AA A

AA AA AL AA AA AL
AA AA AAAAAAAAA AAAAAAAAA LAAAAAAAA AAAA
AAAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAL
AAAAAAAAAA AA LA LA AA
LA AA A AL A AL A LA A AA
AA LA AAAAAAAAAA AAAAAAAAAA AAAAAAAALA AAAAAAAAAA
AA AA AAAAAAAA AAAAAAAA AAAAAAAA LALAAA

*COMDECK ASSSS
* PLPTH MULTIPATH RESAMPLE,SCALE AND ADD

* RH') 01/26/76
* IN PHASE START SEUUENCL

MLPI AECw SF.om NOP 0
AECW2 ROWA=MRR.,#ACIRelAR*0 REAO As -1 1
LECW SF.qm NOP 2
AECW2 RDWR=ALIR.2,AR.1 READ F 3
AECW TOALOR.0,SF.0H 0 -INHIBIT 4
AECW? RDWA=MLR.0.ALIR*0,AR.2* READ OHOL (1) *5

TOApOR*0,SF.OH- 0 TO OC

AECWe TOARORo3s 0 TO IC '
ALOP.OCAROR.OC#ACIR.1LC9SF.OH ONE=-1 -EPS

AECW2 ROWA=MLR.09ALIRa0qAP.?9AAP, READ DH01 (2) *

TOAROR.I. ONE TO OC
ALOR.OC.AROR,0C9ACIR.ILCSF.nH ONE-1 -EPS

AECw MLR.nLoMRR,1H. AL =A*DL '
TOAROR.2 ONE TO IC

*IAECW2 ROW mALIW.3,AR.1,AAR READ 0
AECW MLR.oHtMR.Ho AM a A*DH *10

TOAPR*39 AL
ALJR.2CAROR.I*SFOH F3 aONE-F

AECW2 ARIR,3,SF.OL# PASS AL *11
TOACOR.2,TOMLR.IL F3

LECw TOAPIR.29TOMRR.OL, AHqAL '12
ALIP.2,SF.OH F1 c F

AECW2 RDWRqLLIR.19AR.3, READ SHSL(fl *13
ARIR,2vSF.OLvROUNO, PASS AH,ROUND AL
TOACDR.OoTOMLR.1MSETCS FI9SET STATUS 6

AECW tLR.nLvMRR.1Mt AL=A*DL 014
ALIR.3C9ACOR,0q9AW0R*2TSSF.0H, F4=-F1-D*1C
TO#4RR.Oti AH

AECw? RDWA:14LR.09ALIH.09AR#29AAR. READ DHDL(3) *15
MLR.lLtMRR.OL94OUND* 3AL*F:3*AL.ROUND AM
TOACOR.3oTOMLP.2L F4,

AECW MLR.1H,MF4P.Oh, 1AM=Fl*AH '16
TOARIR.30 AL
ALIP.39ACOR,09SFoON F2zF140

AECW2 R0W8=MLR&3,ARq49SAR, OURMtY REAn 017
TOAPIR.09 3AL
AR1R.3,SF.OL,SLTCS, PASS AL,SET STATUS
TOACnR.1.TOMLko29 F2
RINZ.L BRANCH TO MIPLO

AECW MLR.OHMRR.IH. AH=A*DA *18
TOACIR.0.TOMRR.OL* 1AH9AL

10
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ALIP.3C,ACOR.1CAROR.2TS*SFOH F3=-F2-O.LC
AECW2 MLR.PLmRR.OH. 4AH3V4.Ah *1q

ALIP. lH.ACIRl.0.APIP.o.SF. 3M, OHMSH.1AM*3AL
TOACoR.2.TOMLR.jLR0UND, F3,ROUNDU AL

t4CR.1 BR~ANCH T01002 ON F2

* OUT PHASE START SEQUENCE
t4LPO AECW SF.o.' NOP 20

AECw2 A0W.4=HRR.19AC1H.1.AR.0, READ As -1 '21

TOALOR.o*SF.oH OzINHIRIT

AECW SF.oH.TOAWOR.0 010 OC 22

AECw2 ROWA=MLR.0#AL1~k.O.AR.29 READ DMOLII #73

TOARoR.3 0 TO IC

AECW ALOP.OC.APOk.OC,ACIR.ILCSF.OH ONE=-I -EPS 2'

AECW2 POWR=ALIR.P9AR.1v READ F 7

ALOR.OC*AROR.OCtACIR.1LC*SF.OH, ONEZ-1 -EPS

TOApOR.I ONE TO KC

AECW ALR.cH.MkR. 3M, AM=A*OH '26

TOAPoR.2 ONE TO IC

AECW2 ROWq=ALIW.39AFk.I9AAR READ D 27

AECW ALR~nLMRP.1H* AL=A*DL 2

TOARIR.29 AM

ALIR.2CAROR.l.SF.oH F4=ONE-F

AECW2 RDWAsMLR.0,ALIR.O,AR.?,AAR, READ Dt4DL(2) *29

ARIR.2,SF.OL, PASS AM
TOACOR.3,TOMLR.2L F4

AECw TOAPIR.3,TOMRR.OH, AL,AH '30

ALIc.29SF.OH F2=F
AfCWZ RDIWBACR.39AR.49SAP1 DUMMY READ *31

ARIp.3*SF*OL.ROUND. PASS AL,ROUND AM

TOACOR. 1 TOMLR,2HSETCS F2

AECW NLR,pH.MRH.1H. AH=A'OM '12

ALIP.3CoACOR.1CAROR.2,SF.OH* F32-F2-D*ONE
TOMPR.OL AL

AECW2 RDWs3ALIR.IAR.39 READ SHSL(1) *33

MLR.2LMRR.0H,k0UNOq 4AH=F4*AH,ROUNO AL

TOACOR,2*TOMLR.IL ~ F3

AECW MLR.?,MtROL, 2AL=F2'AL *34
TOAR!R.29 Am
ALlR.3vACOR.loSF*OM FluF2*0

AECw2 ROWo=MLR.0,ALIR.0,AP.2,AAR, READ Dt4DL(3) '35
TOAPIR.19 IsAM

ARIR.2.SF.OL, PASS AM
TOACOR.O*TOMLR.1H*SETCS* FI

ONZ.8 BRANCH TO t4OPLO

AECW ALR.OL.MRR.IH* ALzA*DL '36
TOAC!R.19 2AL
ALIP.3C,ACOR.OC.AROR.2TS,SF.OH* F4=-D-F1.lC
TOP4QR.oh AM

AECW2 MLR.iL*MRR.OL, 3AL=F3*AL *37

ALIR.IH#ACIRI*ARIR.I*SF.1H, OHMUSH*2AL#4AM
TOMLP.2L*TOACOR.39R0UNO. F4,ROUNO

8CR *4 BRANCH TO 0101 ON FI

* INPHASE PROCESSING LOOP
MIPLP AECW MLP~oHMRR. 3M, AM=A'DH 3

TOACIR.O, JAM

A-11
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'PO AECW? AL~LMW.H 4ApiF4L *019

T0AOAQP.2,TOMJND U, 4AMOUNO AL1
WAQ2,S.09RL A. WRASS AUPUNHO
TOC.1 bRAT0M UN F2STOC1002

MPO AECW. MLR.pLMRR.1M. 2ALAF*L 040
TOACIR.1, AL

ALIQ.3CACO.OCARO.TSSF.OH. F4=D*F1 *CiiTOAF.OH A)M
AECW2 ROWAMLlP.0ALI..A.qAAP RE.AD SML *43

TOLQR.1ok~ROL.HONv. 3ALF3.ALPOHN A
ALIQ.ILACI.0 .PR.,*.M PASS.AL.A
TOACOR.3,TOMLR.2LECSF

MIPLI AECW MLR.ON.MIR.0M, AMBFAM *44
TOACRP.3 ?AL
ALIP.3C*ACO..AROR.TSSF.Om, F4=.0.FIC
TOAFR.oLH 0N

AECW? TOWRAiLR.,AR3AQ 3EA H *43

ARR*.SFOR*LqOI.N. PASS JALROUNO 01

TOACOP,3oTOMLk.2LSECS F4
BCR.1 BRPANCHi ON CT TO 1001P

MPI AECw SF.ti kROK NOPFA 046

STO AECW SP .OL OP
AECW2 TOPRR0 STP *45

r* OU PAE PQOCESING LOOPNqPASARU

TOACIR.1.OL,2qES F2

TOMR.OM BANC NF U10
AECW2 ML.ILm ROLOU. 3A=O *LPON A 46

AC2 WRM=AEOR.OAP.4qAAH. WRITE LAOUTPUT *4

8ZcR HR MANCH TO 0S01ONP

MOPLO AECW MLR.nMMRR,OM, AIAF*AM
TOACP.3. 2AL
ALIQ.3C.ACOP.,AO.0.SSFOH* F2a-FlO.C
TOAEOR.OI OM

AECW2 TOR~iQ.0.*OROUN 3A1,POUNL.OU N *53
ALIp*.SF9AI.19R,F~H PA=S AL+A
TOACOR.! .TOMLW.2MSTC Flo

MOPLO AEC~W MLRPjflm.0HM IAMxFA.DN
TOACIR.0, AiL
ALID.3CACO.1CAOP..SSF.ON, F2F-F?.1C

TOAEO ~ A- 12
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TOmQQ.OL AL
AECW? RDWr9sALIR.lqAbk.3#AAPv READ SHSL S

MLR.7L9MkP.0HvkOUNO, 4AHzF4*AH.ROUND AL *
ALIQ.1L,ACIR.0,ARIP.0,SF. jM. OL=SL#1AH#3AL

TOACnR.29TOMLR.1L* F3
MOPi ACW BN7.9 BRANCH ON CT TO M4OPLP
MOL EW MLR*PMMRR.OL* 2ALzF2*AL *56

TOAPIR.2. AM
ALIR.39ACOk.I.AROR.0TSvSFO01. Fl=F2#0,OC

TOAFoR*0L OL
AECW2 RDWAMLR.O.ALIR.0,AP.2#AAQ* READ) 091L *537

TOAR!R.1.ROU.NO9 4AHROUNOit OL
ARIR.2vSF.OL. PASS AM
TOACOR*0qT0MLP.1M.SETCS, F1
HCR*c; BRANCH TO 0102 ON F?

AECW SF.nH NOP 5
AECW2 wRm=AEOR.oAR.4,AAR# WRITE LAST OUTPUT 5

8NZC BR~*ANCH TO STOP
AECW SF.oH NOP 6
AECW2 STOP STOP 61

* IN TO OUT TRANITIONS, U POSITIVE
P1001 AECW MLR.lH.MRR.OL. IAL=F1.AL*6

TOAPIR.2. AM
ALIR.lHvARlR.3,SF.IH OT=SH#AL

AECW2 RDWh:mLR.0vALWk.O.AP.2,AAR9 READ OMI)L *A)
ARIR.?sSF.0L9 PASS AH
TOALA)R.0 OT

AECW t4LR.noMRR.1M, AL=4*DL *64
TOAPIP.09 JAL
ACOo.2,SF.0H. F4=F3
TOmRQ.om1 AM

AECw? #LR.?LoMRR.OLROUND. 3ALzF4*ALgROUNO AM *65
ALOR.O.ACIR.OC.,IRIR.n.SF. IM. OH=OT-lAH. lAL
TOACOR.3*TOMLRo?Lq 1
SR.i BRANCH TO P4OPL2

AECW MLR.7H9MRP*OH lAHF?*AH *66
TOARJR.39 AL
ALIR.39ACOR,1.SF.OH# F2=F2.O
TOAFnR.OH OH

AECW2 TOAQIR.0, 3AL 7
ARIR.3,SF.OL9ROUND9 PASS AL,ROUND OH
TOACOR.19 TOMLR.?H F2

P1002 AECW MLR fLoMRR.IMo AL=A*DL *1
TOAC1I'R.1, 2AL
TOMRQ.O0 AH

AECW2 ACO0*2.SF.OM.ROUND F4=F3* ROUND AM 6
AECw MLR.VLoMPOH. 4AM=F4*Ah *7n

TOAPIR.3vTOACORo3,TOMLR*2L* AL. F4
ACOQ*OSF.O4 F2=F1

AECW2 ARIQ.3oSF'.OL. PASS AL *T1
TOACOR.1.TOMLR.2H* F2

t~p.7BWANCH TO MOPI~L
AECW MLR.nHPP.IH, AHMA*bH 7M

TOAPIR.10 4AH
ALIQ.3CACORlC.ANOR.1,SF,0H, F3=-D-F?,ONE
TOMtPQ.OL AL

A. 13
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AECWi2 ROWR=ALI,4.1.Ak.3.AAR, PfA0 SHSL
MLR.2LMRR.OH.Ie0UND9 4AH'=F4*Ap.ROUNO AL
ALIP. IL.ACIR.ICqARIP.1CSF.lH, OL=SL-2AL-4AH
TOAcnw.2,TOMLR.ILo .
dNZ.9 HRANCM4 ON CT TU MOPLP

* OUT TO IN TPANSITIONS. D POSITIVE
P0101 AECW mLR.nH,MRR.1M, AH=A*DH *74

TOACIR.o. 1A'H
TOMR.OL AL

AECW2 ACOP.3,SF.Og4,QUUND F3=F4,kO0NO AL 7
AECW MLR.jLqMRP.OLs 3AL=F3*AL *76

TOARIR.?# AH
TOACnR.2*TOMLR.lLo F3
ACORl,SF.OH Fl=F2

AECW? RDWA=MLW.OALIk.O.AR.2vAAR, READ O,40L *77
ARIP.2.SF.0Lq PASS Ati
TOACOR.0,TOMLR.1M, F1

AECW, PLR.OL.MR.lN, AL=A*OL 07I3
T0APIR.09 3AL
ALIP.3CACOR.OC*AROR.I.SF.OM, F4=-D-FI*ONE

TOmpp.j AH
AECW2 R048=ALIk.lAR.39AAR, READ SHSL *79

MLR.IL*MRR.OL,ROUND. 3AL=F3*AL.ROUNn AH
ALIP. 1LACIR.OCARIP.0CSF. lH-, OL=SL-IAH-3AL
TOACOR.39TOMLR.2L9 F4
8NZ.8 bRANCH ON CT TO MIPLP

Polo? AECW PLR.pH.MPP.nH. 2AH=F2*AH *80
TOARIR*3# AL
ALIP.1I4,ARIR.2,Sf .lH OT=SH*Ai

AECW2 TOALOR.0, OT *1
ARIP.3,SF.0L PASS AL

AECw MLR.nHMRP.IH. Am=A*Dt *82
TOAPIR.10 ?AM
TOMQR.OL, AL
1COP.39SF.OI1 F3=F4

AECW2 MLR.lLMPR.OH.ROUN09 4AHF3AH*lROUND AL 083
ALOR.O.ACIR.IC*AkIQ.j9SF.IMq UH=OT-2Ai..2AH
TOACflR.2eTOMLW.1Lo F3

dk.;xbRANCH TO MIPL2
AECW MLR.lMMRR.OL, ?!-L4z1*AL *84

TOAPTR.2. M
ALIP.3.ACOP.0.SF.0H. F 1=FI .0
TOAEOR*OH OH1

AECW2 R0AmmLR.0*ALIW.O.AR.2*AAk. WEAl) DNOL *
ARIR.2,SF.oL9ROUND* ROUND 0OH. PASS AH
TOAPIR.19TOACOR.0.TOMLR.IH Fl

* IN TO OUT TPANSITIONS. 1) NEGATIVE

r.MIOO1 AECw ALIP.194,AAIR.OCSF.1M O=SH-IAL R
AECWI2 TOAEOR.OH, Om *87

ALIP..3C,ACOR.lC.AROR.1,SF.OH 4MDF.
AECw ALIP.3*ACOIR.I.SF.OH* F?=O.F2 A

M4LQ.PMMRW.0H. lAtIZFPOAH
TOMLP.2LROUND 149ROUND OH

A- 14
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AECW2 ALIP.3.ACOR.1.S1.OH9 F2=O.F2 *b99
TOACOR.1, F2
t3R.7 IbRANCH TO M4GPLI

AECW MLR.nH*MRH,. Im, AH=A*DH *90
ALIQ.3CACOR.lC9AROP.JSF.OH. F3=-D-F2.ONE
TOACIR.09 IAH
TOMLP.?m F2

AECUP RUWR=ALIR.1.AR.3,AARq READ SHSL *91
ML.LmkD94AH=F4*AH

ALIR.lLqACIR.oqSF *jH, OL=SL*1AH
TOACOR.2.TOMLR.1L. F3
F*JZ.Q BRANCH ON CT TO MOPLP

M1002 AECW SF.r'i NOP 9?
AECW2 RDws=4LR.0qALIk.0,AR.2.SAR BACKUP OHOL AR.? 9
AECW ACOR.o,SF.OH F2=Fl 94.IAECW2 TOAC0R.1.TOMLk.2Hv F2 *95

RR.7 BRANCH TO NIOPLI
AECW *LR.O?1.MWR.lHv AH=A*D1 *96

ALIP.3CACOR.0C.AROR.I1 SF.0H F3=-O-F1.ONE
AECW2 PDWR.ALIR.19AR.39AAR9 READ SHSL *97

MLR.IL.MRR.OH, 4Ari=F3*AH
ALIp.1L.ARIR. IC9SF. INI OL=SL-4AH
TOACOR.29TOMLk.lL* F3
BN7.9 BRANCH ON CT TO MOPLP

* OUT TO IN TRANSITIONS. D NEGATIVE
MOIOl AECW SF.n4 NOOP 9

AECW2 ARIR.3C,SF.0L L)LT=-AL 99
AECW TOMLP.3H DLT ion
AECI.2 ACOR.1,SF.OH, Fl=F2 0101

4P.6HFANCH TO '4IPLI
AECiw MLR.3r4,MR~R.IL9 AL=-I*ULT *0

ALIP.3C*ACOR.3,SF.OH9 F4=F4-D
TOACOR.0,TOMLR.1H Fl

AECW? MLR*pL.MRR.flL* 3AL:F'..AL *C
ALIR.lL.ACIR. IARIR.oC.SF.1H, OL=SL*2AL-3AL
TOACORe3qT0MLR.2L9 F4
PDWP=4LIR.l.AR.3*AAR, READ SHSL
BNZ.g BRANCH ON COUNT MIPLP

M0102 AECW TOARIR.39 AL 0
ALJR. IHACIR.0#ARIR. 1C#SF.lH OHZSH.1AH-4AH

AFCW2 ARIR.3CSF.0L9 OLTz-AL *Ins5
TOAFOR.OH Om

AECw MLR.1H,?*tR.OLt IAL=Fl*AL *106
ALIR.39ACOR.O.SF.0O F l=Fl#O
TO'4LP.3ri,ROUND ULTROLJN0 OH

AECW2 TOACOR.0,TOMLR.lHo Fl *107
8R.* BRANCH TO m'IPLi

AECw PLR.IH*MRR.1L* AL=DLTe- 00(

TUAPIR.09 JAL
ALIP.3C.ACOR.3,SF.OH FbF-

AECW2 POWR=ALIR.1,ARe3qAARe READ SHSL *109
MLR.PL9MNR.0L. 3AL=Fe..AL
ALIR.1L#ACIR.0,AkI.lSF.lp.' OL=SL*1AH*1AL
TOACOR.3,T0MLN.?L9 F4.

8NZ.A HRANC~l ON CT TO MIPLP

A-15
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qSsssssss sss SSSSS S ssssSs sSSSSSSSSS
sqSSSSSSSS SsSSSSSSs SS ssssssssss SSSSSSSSS
ss S ss S SS ss ss ss

ZSSSS s ss SS 5

;SS5ssssss Ss SS 55 5S SSS
SSSSbsSSS 5 SS ss sssssSS5 SSS

SS Ss 55 SSS~sSSSSS ss
SS Ss SS ss S5 S SS

SSSSSSs~sS SSSSSSSSS5 ssssssssss SS SS 555555555
ssssbsss ssssssss ssssssssss SS SS SSSSSSS

*COm0~ECK SCLA3
SCLA3 AECW SF.0'H NOP 0

AECW? PO~wb~mkP.o.AR.0 kEAU A.8 ~ I
AECW r.mNOP 2

AECW2 PDW6=MPR.l.AP.0,AAR REMr) C 3
AECW 5V.OH hop 4.

AECW? p~wH=mLR.0*AR.l PEAD XI.A2 Cs
AECw !;F.nmr NOP 6

AECW2 RDW=ML.I.Ak.2 WEAl) Y1,Y2 7

AECW MLk.OH.mRk.OH AXI=A*Xl
AECw? PI)w1=MLR.2,AR.3, RLA Zl.Z2 *9

MLP.OL.'4RR.0IIX=AX
AECW MLRIH*M.Oe4LOALlP.0 dYI=H*YU* DES AXI A
AECI.? PDWHALIR.2*AR.4s5AR9 DUMMY READ OH

mLR.1L.MRW.AL,TOALIR.1 bY2=H*Y2. DES AX?
SC3LP AFCI* MLR2HMRk.ItI*TOAClk.0 CZI=C*zi, DES BYI C

AECW2 PDW=MLR.0.AP.1.AAR* READ X3-XL4
MLR.2L.MRR.1M.TOACIR.1 CZP=C*Z2. DES BY2

AE.CW TOAPIR.0 UES CZl E
AECW2 PDWd=MLR.19AH*29AAko WE4A) Y3.Y4 O

TOARN~.19S.H.1 DES CZ?*1aLIR.fl.ACIW.0*AR!R.0 WI=AXlICll1
AECW MLR.0H*MR.0ht.TOAEORAH9 AX3=A'x3. DES Wl '10

ALIR. 1 AC1.4.lARIP.1.SF.lN weAx?+4Y2*CZ2
ALW? Q0WMLP.2oAk*39AAR,R0IJNU. REAIJ j3,4*ROUND WI Oil

MLR*OLqtMWR.0M, Ax4mA*X4
5 .0l.TOALU6R.0L.8N7.9 DES W2, LOOP

AE-CW MLb.lt1MRk%0L*TOALIR.flt hy3t-H*Y3o DES AX3 1
ROUNO ROuND W2

AtCW2 WRMAkOR.flARq4,AAWq WRITF ql.w2 '13
MLR.IL.4RN.flL*TOALIR.l bY4L-H'Y4, DES AX4

AECW SF.or4 NOP 1"
AECW2 rTOP STOP I

A- 16
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FFFFFFF#F FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFFFF

FFF FFFFF FFFFFFFFF FFFFFFFFFF FPFFFFFFFF FFFFFFFFF

FF F FF F FF FF F FF

FF F-F FT FF F-F

FFpFFFF F-FF FFFFFFFFF F-FF

F-F-F FF F- -F FF-FF FFFF FFF

F-F FT F-F F-F F-F

FT F-F F-F F FT F FT

FT FFFF-FFFFFF F-FFF-FFFFFF F-FFFFF-FF-Fi F-F-FFFTFFF

FF FFF'F-FFFFFF F-FFFFFFFFF FF-F-FF-FFF FF-FFF-FF

*COMDECK F-22S3 lo
F22S3 AECW SF.nI4

AECW? RDwg=mRR.2.AR.5 READ FH.FL I

AECW SF-.nH 3O

AECW? R04j=MR.3AR.5#AAR RLAD GH.GL

AECW SF.oI4 NOP

AECw2 RDWP=MLP.?,AR.1 REAL) A,C 5

AECw SF-.nH 7O
AECW? RDW9=MLP.3.AR.1,AAR 

REAL) FD

AECW MLR*.'H.MR-W.2L AFL=A*FL8

AECbe2 ROWq=MRiR.o,AR.1,AAk9 READ U.V *9

MLR.PL.mRR.3L CGL=C*GJL

AECW MLP.I.Mkk.2H.TOACIR.? HVHZH*FH. DES AFL A

AECW2 ROWA=MLR.O.AR.2. READ) XNXL

#LR.lLmRR.3HTUAClR.3 OrGMD*GH. DES CGL

AECW TOAPIR.2 DESf YHFM CD
AECW2 QDWPMLR.1.AR.3. DEA D YY

Tf)AqIR.3 DES~t*X EG
AECW 1LR.fmH,MRR.OH F1~iX
AECw2 POWR=ALlR.1qAR.5*AAR READ SSH*SSL F

AECW MLQ.lm,MRH.OLTOALlP.2 vyHi~v*YH. OES UXH Inl

AECW? RDWq=ALlR.0.AP.O, READ SH*SL *11

ALlP.2.ACIR.2,ARlR.p,SF.OL Fm=ljxH.AFL+B3Ei

AECW tLR.I.MRR.2L9TOALIR.3, fHFL*F-L. DES VYH i 1

ALIR*IL.SF.OH9 PASS SSL

TOACOR.1,TOMRH.2H O)E, FM

AECW2 iQDWRsAClR.OAR.4oSAR, DUMMY READ ON OUTPUT *13

MLP.IL.MRR.3L9 UUL=D*GL

TOAPOP.O.RUUND AES SSL, RNO FM

AECWi MLR.oL,MR~i..OH.TUAWIP.29 UXL=U*XL. DES 8FL *14

ALIP.3,ACIR.39ARIP.3.SF.OL, GM=vYH.CGL.i)GH

ROUNID ROUND SSL*I
AECW2 RDWR=MLR.c0.AR.2,AARq READ XH,XL

MLP.lL,MRR.OL.TOARIW.3, VYL=VOYL, DES DGL

ACOQ.i.SF.0"* FOzFH

TOAP0fl.I,TOMHIk.3H DES GH

F22LP AECW MLP.p?$,MPR.2m*T0ALlP.2* AFH=A*F4. DES UXL I

ALID.OM.ACOR.I1 APOR., .SF.OHq SSH=Sm*FH#GH

TOAEOR.1mokOUND DES F-HO. kNO GH

AFCW? RDW8=MLR.1.AQ.3.AAR, REAL) YH*YL 017

MLR.?L.mRR.3H*TOALIR.39 CGeI=C*GH. DES VYL

ApOP.1,SF.lM, (HO=GH

TOACnR.0,ROUND DES SSF4, %ND FHiO

AFCW MLP.1I.MPWI.2H*IOACIW.2* V5FHtiMeFH, DES AFH o1

ACOP.O.AROP.oC.SF.194. SHO-SSr4(-SSL)

A. 17
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TOAEOR.?H,POUN) DES GHO, RNOJ SSH
AECW? MLR.1LgMRR.Vl.TOACIR.3* DGY=006H4 DES CGH *19

AL1R.2.ACIR.2,AkIR.2,SF.0L. FL=UXL#AFMHFL
TOAFORoO'1.ROUND DES SHO, RNU (iMO

AECW MLk.A.MRRo0HTAhak.?. UX"=UOXH, DES 'qFM *IA
ALIP.3,ACIR. 3,ARIk.3qSF*0o bLVYL#CGH#ObL
TOArnk.2*TOMRR.2LoROUNU UES FL, RNO 5110

AECW2 PLR.IH,MIkR.OL,T0ARIR.3- VYM=VOYl4. DES DGH *1b
ACOP.2,5S'*OH, FLO=FL
TUAROR.29TOMRR.3LvROUND DES GL, RNO FL

AECW MLR.?HMMP.?L.TOALIR.2o AFL=A*FL, DES UXH 01C
ALlp.0LvACOR.2#AROQ.?*SF.oM. SSL:SL*FL*GL
TCOAFOH.lLqPOUNU DES FLO* RND GL

£ECW? RVWPRALIR.0oAk.09AAR, REAL) SHSL *ID
MLR.?L*Mk~R,31,TOALIR.3% L(,L=C*GL. DES VYtI
AROp.?oSF.OH4 GLO=GL
TOAPOR.O*ROUND DES SSL, RNO FLO

AECW MLP*IH*MPR.2L.TOACIR,. HFL=ROFL, DES AFL OkE
AR0P.OACOR.OC.SF.IL, bLO=SSL(-SSH)
TOAFOR.2LoROUNU DES GLI, RNU SSL

AFCW2 ROWR=MLk.0oAR.?,AAR, IkEAD XH.XL *IF
mLR.IL,MIRR.3L,TOACIP.3. DGL=L,.GL, DES CGL
ALjR.?eAC!R*2oAkIQ.2,SF.oL. FH=OXH*AFL*9FH
TOAF0R.0LsROUNURNZ.9 DES SLO. RNn GLO, HR

AECW MLR.nLvMRk.0H*T0ARIR.?q UXL=U*XL. DES RFL *20
ALlP.3.ACIR.3oAWIk.3.SF.0L, GH=VYM.CGL#DGM
TfACoR.IqToMRk.211,ROUN0 UES EN, RNO SLO

AFCw2 WRP=AEOk.0,hR.4#AAR* WITE 5'1O.SLU *21
MLR.lLoMRR.OLoTOARIR.3% VL=V*YL. DES OGL
ACOP.1.SF.OH, FHO=FM
TOA~o.I.1TrMRk.3t4,i0UNU DES GM, RNO FM

AECW AROP.0*SF.OM PASS SSL 2?
AECW2 TOAEnQ.3L DES SSL 23
AECW SF.flM NOP ?
AECW2 WRMsAEUW.39AR.5 viRITk SSO 2
AECh SF.nH NUP 2
AECw? WR=AE0R.?oAR.5oSAk ~ WRITE GO 27
AECW SF.flm NOP 2
AECW? WR'=AtOR.1,AR.5,SAR WRITE FO 29
AECW SF,0i-e NOP 2A
AECW? STOP STOP 2

A- 18
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f000uDD OUDDDOUD DDO r UOUDDOD DO Ut)
nn~u0D0UOU UDDOODUDOD 00DD DODD uUuUDDDvOD 000 DO

nn D DO D O DOD DO P DO) D OD 0 DD)
no on OUO O 00 nU) o DO. DO DO DO
DDl DD) 000000 DO ODL 00 0 00 DO DO OD
n DO Ut)DO 00 DO DL ) 00 DD DO DD
on00 D O DO bD 01) DOIo o 00 OD

noDDDDDDO DODDODDDD DO LA) )oDUDOU DO DIUD
flOO.)uDDUu UDODDDDDD 00 Du 00000000 D OD 0

*COMDECK DEMON
DEMON AECw SF.OH NOP 0

AECW2 PDWR=ALIR.2.AW.b READ) LI.TI 1
AECiv SF.n.4 NOP 2
AECW2 RDWR=MLR.O,AR.6*AAR READ 9KjqAj 3
AECW ALIP.2LSF*IL PASS TI4
AECW? RDWR=MPQ.19AR.6*AART0ACOR.0 READ H1,C. DES Ti 5
AECW SF.nH NOR 6
AEC~I2 RUWP=ALIR.3*Ak.6,AAP READ) L2*T2 7
AFCw SF.OiH NOP 8
AECW2 R0WR=MRP.2eAR.., READ) xll.X12 *

SCMP.OH=AR.n COS (Sll) AEO
AECW ALIP.3L*SF.IL PASS T2 A
AECW2 RDWBRMLR.2,AR.7,TOACOR.1, READ Yi1.Y1p. DES T? *8

SCMP.OH=AR.2 COS (ill) AEl
AECW SF. 9.! NOR C
AECW2 POWS=MLk.1.AR~bAAR REAl) K2,A? 0
AECW SF.OH NOR F
AECwo2 ROWAIMR.3,AR.49AAR* READ PA219X22 *F

SCMP.OM=AR.I. COS (S?1) AEO
MLR.nLmRR.2H AXIIAI(l1

AECW MLR.pH,MRR.1L CVIC'V11 10
AECw? RDWS=MLR.39AR.7oAAP* READ V2l.V2? #11

SCMP.OH=AR.39 COS tS21) AEI
mLR.PL*Mk.*.tIH.TOARIR.0 HY12=ROY129 CLS A1II

AECW MLQ.n~1,Mkk.OH*TOACIR.O DS1zISll. DES CYl! 12
AECW? TOALIR.0 UES PY!? 13
AECW TDAPIR.2 DES KS11 14
AECW2 PDWP=ALIR.I.AR.5. READ TrlI,TlG? *15

SCMQOH=AR.OINC, COS fS12) AEO'IMLR 3H-MPROIL CY?1=C*Y21
AECW MLR.jHMRP.4H9 PS21=K2*S21 '16

ALIP.2HqACOW.0CqARIP.2.SF.1M P11=LI-T1.KSJI
AECW2 ROW zACl4.3qAIk.59SAR UIJMMY READ ON OUTPUT *17

SCMP.OH=AR.2ltJC, COS (S12) hEl
MLR.3L.MIkP.1M,T0ACIQ.j* IbV27zM*Y?P* DES CY21
ALIP.0qACIR.0.ARIW.09SF.0L, VII RY12*CY1 1*AX1II
TOAPOR.O.SETCS OES P11

AECW mLQ.lLqMWR.3HvTOARIP.2, AA2lzA2OXpI. DES K521 0llH
ACOR.O.AROQ,4TS*SF.lLv OMI1=Tlo(PIIIL
TOALoP*0,TUMLR.2M DtS VII

AECW2 SCMP.OH:AP.IINC, COS 1S?2) Af.0 019
1LR.?L.MRP.IL*TOALIR.l, CY12=C*Y12* 0tS BY22
TOM~P.OL*POUND De.5 OM11, ONO) VI

AECW MLR.IL9MkP.lL9TUAw1Q.j. CV??2C*V2?- DES AX21 *IA

A-19
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ALIP.3H.ACOP. 1C,AkIR.2.SF . IH P2l=L2-T2*KS21

AECWe2 SCMHA.1NC, LOS (S221) AEI

mLR*7r4.N04.0LvT0AC1P.o,l o)1]~o)M11.'r!1,ES CY12

ALIp.o.ACIP.I.AQ~IR.1.SF.OL. Y21=BY2?#CV21*AX21 *

TOAPOW.O.SLTCS UfS IJPI

AECW #MLkN.tMkk.oH,TOACIR.I, KS1?=K1*S1?. tiES CY22 *IC

hCOp.1,APC~e.oTS.SF.1Lv V)MP?1T2. CP21)C

Tc)ALOR.1.T0MLk.3H DES Y~

AECW? PL6.HMkkIH,T0ACIR.29 FHVi1=4*Vll. DES DII *10

ALOR.O.SF.OH, PAS Yli

T0M~P.oLgROUN) DES OM?!. RN) Y'21

OMNLP AECW MLR.flLMRH.2L.TOAQIR.2. AXI?=AiO12 , DES K~S12 *IF

T0AEnROH DES Yii

AECW2 RDWRuP4PR.2qA~o4,AARq QLAfl 9ii.XI? *IF

SCtMP.OH=Ak.OINCt CUS (SiI) AEO
MLR.VlM&kR.OLqT0ALIR.0. OP?10Ml*V2iUES )BVII

ALlP.2H.ACOP.0LsARIQ.2,SF.IH Pi2zL1-Tl.KS12

AECW MLR.lI1.MPP.0H,TDAwIP.O# KS2?=?*S?2, DES AX12 020l

ALOR.1.SF.04,T(AR0R.fl,SkTCS PASS Y~1, DES P12

AECW2 SCMPOHA.21NC9 COS (SI!) AEI *21

MLR.l$,MRIMHT0ARIP.3. PY?lIt4.V~i, DES 0?!

ALlp.O,ACIP.0,ARIR.0,SF.0Ls yi2?Vi I .CyiZ.AXJ?

TOAFOR.IH DF~S V?i

AECW MLR.1L*Mkw.3L,TOARLP.2. AX??=A2*X22. DES KS22 022

AC0p.oAROR.0TS9SF.IL9 DMi?zTlo(Pi2)C

T0ALflR.2,TOU4LR.?L DES V12

AECW2 SCMQ.OI4AR.IINC9 COS (S21) AED 2

ML)R.?H4MWt-IL.T0ALIP.09 Cyll=C*ViI. DES dY2i

ALjp.3H.ACOR. IC,A64P.?,sF. IH-' P2?zL2-T?*K522

TOMO0.0L.P4OUNU DES VM~ RNL) Y12

AECvp MLR.V1.MRR.IL,TUAqIP.1. Cypl=Coy.l. DES AX?2 *?4

TOAROR.O.SETCS USF~ Is??

AECW2 SCMP.ON:AP.31NC* CUS (S21) AEI
MLR.?L.MRR.0L,TOACIP.0. D12=0Ml?*YI,L)ES CVII

ALIR.0.AClIR1ARIP.1.SF.OL* Y22=fHVZI.CV2AX22

1OAFnR.2m DES TGI

AECW MLR.nH-IMRR-OMTOACIRoI9 KSIl2Ki*Sll. DES CY21 0?6

AC00.I.AIW0R.fTSo5F.1L, DP2?=T24.(P22)C

TOALOR.3.TflmLko3L.)R0UNO UES Y??. RN'J TGI

AECW? 4L.LmpI.U~~~ kY12=H*YI2, DES 012 *27

AL()P.2.SF.O1, PASS Y12

TOMPR.OL*ROUND DES UM22, RNO Y22

AECW MLR.oL,MIQP.2t4.TOARIR.2q AX11=A1*Xil, DES KISIi 0?%

TOAEnR.OL DES Y12?
AECWi2 ROW~v4RR.39AR.4qAA~, kEA( Xt .A?? Q

SC4p.oH=AQ.0INC, COS (S)?)) AEO

MLQ -4LsMQR.OLq7OALlQ.09 U??=DM22*YP2.UES HY12

ALIP.2H.ACOR.oCARIR.2,SF. iH P1iILl-Ti*KrSiII
AECW MLR.jm.MWR.ot4#TOA(RIR.O. KS21:IK2*S21, DES AXII *?A

ALOQ.3.SF.On.TOAR~0R.n.SfTCS W-ASS Y22, ')ES PH

AECiv2 SC(p*DnmAkf4?JC. COS (S12) AEI 2

MLR.lLMRR.Im,TOAR1P63o Hyp?vA*yp2. DES 022

F ALIQ.OAClP.OAHIP.0,SF.OLs yi iHyi?*CylliAX~I
TOAFnRPiL DES VZ

AECW MLP.IL.Mkk.3H.TOAPIR*29 AA2lzA2*X21, DES K~S21 *?C

AC0Q.0.AP0P.ftTSoSF.iL9 DMII-Ti.(PlI)C
TOA.OR.0sT(IML.W.2H OS Vii
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AECW2 POwR=ALIR.1,AR.5*AIRU. REAiJ TG1,YG;?*?
SC'4P.OH=AR.IINC, COS IS22) AEO
tLR.PL94R.1L*FOALjp,

0, CY12=C*Yl?, DES BY22

ALIR.3H,ACR.,AI.,SF.I.* TG1=LT2Ol.21

T~mPP.OL*POUNUDES DM11. NY1

AEW mLR.iHmNW.IH,TOACIP.
2, CY222C*Y22. DES AX2 *2

ALIP.OSFCI.2sWF.. PASS Y*D2*U2
TOMQP.OoUNUC IJS P21,~U 2

Aw SCM.OH R31C NCOS(2) P
WRA.*R.L*TARI.0 WIlamITE ll STATE YLY12o

TOAu*R.O2.1.AR., Dk wITG STAT DMNL 3
STOP ML."MRO*OCR1 S2v* DSTO C2 30IC o IAO .T *F I ,D ~ *2 (2 )

TOAORITML.3HROJN DE Y1, NOT0

AE w Lz L R 2 A . 9S R R T G , G 3
MLR~H~mk .IHOACI.2,ByllH*Ylt D- D,
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