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CHAPTER 1

INTRODUCTION

Within the past few years, several investigations have been made into
the implementation of  adaptive digital prediction algorithms on
microprocessor systems. The common goal of these projects has been to
determine whether or not a dedicated microcomputer can adequately perform
the task of real time signal processing of intrusion detection algorithms
in the field. Using algorithms developed by Ahmed {1,2}, this has been

accomplished with some degree of success by Nickel [3] and Hass [4].

Although these microprocessor implementations have been to a large
extent successful, they have not been placed into actual field use dﬁe to
practical limitations of one type or another. The Texas Instruments
SBP9900 16-bit IZL microprocessor [4], though fast and low in power
consumption, suffered from production problems at Texas Instruments and has
since been replaced by the improved SBP9989, The RCA ATMAC [3] was also a
very fast microprocessor and consumed very little power due to its CMOS S0S8
construction., Its complex Instruction Set and high cost have preacluded its
use in the signal processing arena and it has since been withdrawn from the
markatplace. The Zilog Z80 [3] proved to be a capable device for signal
processing, but its NMOS construction consumed too much power for the
requirements of the field application. Also a military specified version
of this processor does not exist. What is needed is a microprocessor that
is capable of high speed instruction execution, consumes little power, and

is available in quantity while meeting military use specifications.



The subject of the work dove by the author was the evaluation of a new
microprocessor which may satisfy the above requirements. This is the
National Semiconductor NSC800 microprocessor. Based om a new process
called double-polysilicon CMOS (P2CMOS), it is hoped that this processor
will realize the operational speed of NMOS microprocessor counterparts with
the low power consumption inherent in CMOS devices., This increased speed
is accomplished by applying proven NMOS processes 1in new ways. Further

details of this process can be found in the National reference [5].

The NSC800, as a microprocessor, is a result of the combination of two
popular NMOS devices; the Intel 8085 and the Zilog Z80. The bus structure
of the NSCE00 is essentially a copy of the 80857s. The lower 8 bits of the
address bus are multiplexed with the 8-bit data bus. The upper 8 bits of
address are not multiplexed. Several levels of hardware interrupt are
provided as well as liﬁes for bus status and control. Similar lines also
exist on the 8085. Not of the 8085 heritage are the dynamic memory refresh
control and power save limes. Refresh control is also used by the Z80,
while the power save feature is unique to the NSC800. A logic low om this
pin causes the CPU to go into a low power mode which uses power only for
the oscillator and the system clock. The instruction set of the NSC800 1is
identical to the 2807s. There is an internal write-only interrupt mask
register at I/0 location BB hex in the NSC800, which is the only difference
between thsse two processors in their internal makeup. Once again, more
information on the architecture of the NSC800 can be found in the WNational

reference.



Along with the NSC800, National Semiconductor has also released a line
of small and medium scale integration support devices. They are based on
the popular 74 series TTL/CMOS and 82 series NMOS products. Since they are
also constructed wusing chMDS, their gate delays are much shorter than
standard CMOS devices while consuming the same power. In fact, the gate
delays of P2CMOS devices are nearly identical to standard NMOS devices and
even approach that of TTL in some cases. Table 1.1 is a 1list of the
presently available P2CMOS devices and their NMOS, CMOS, and TTL

counterparts.

In Chapter II, we shall cover the design and construction of a single
board computer system utilizing the NSC800 CPU and various P2CMOS devices.
Chapter III discusses the evaluation of the hardware of this single board
computer, with emphasis on the NSC800 and its support devices. In Chapter
IV, the implementation of the Widrow LMS algorithm and the lattice
algorithm will be performed. Evaluation of the NSC800 as a signal
processor will then be done. Conclusions from these evaluvations will be

made in Chapter V.



Table 1.1: A List of Currently Available P2CMOS Logic Devices and
Their Pin-Compatible Counterparts in Qther Logie Farnilies

£~

P4CMOS Logic

Available Logic Versions

Device Description Devices TTL NMOS  Standard CMQS
Quad 2-input NAND Gates T4PCO0 741300 * 74C00
Quad 2-input NOR Gates 74PCD2 T4LS02 i T4C02
Hex Inverters TAPCO4 T4L504 . T4C04
Quad 2-[nput AND Gates T4PCO08 T4LS08 » 74C08
Quad 2-lnput OR Gatas T4PC32 T4L332 * T4C32
Duval D-Type Flip Flops T4PCT4 TELST4 * T4C74
3-to=-8 Line Deccder/Demux. 74PC123 7413138 8205 *
8-Bit Bidireetional Bus Driver 82PCC8 1N88208 8208 b
8-Bit Input/Cutput Port 82PC12 743412 8212 *

DP3212

*No Part Available



CHAPTER 1I

SINGLE BOARD COMPUTER DESIGN

The main purpose of this single board computer was the evaluation of
the National Semiconductor NSC800 microprocessor and its family of support
devices. This evaluation encompassed hardware and software performance in
signal processing applications. These applications are of a complex
nature, mathematicly speaking, therefore, the computer needed to be capable
of performing both data acquisition and rapid numerical operations on that

data.

After some thought, a block diagram of the single board computer was

developed. This block diagram appears in Figure 2.l1. From this block

diagram, a set of schematics were generated. These schematics appear in

Figures 2.2 through 2.8.

Figure 2.2 shows the NSC800 CPU and the accompanying addressing and
demultiplexing electronics. Addressing of the major blocks of the computer
memory map is accomplished through the 3-to-8-line decoder, U3, and the NOR
gate, U24, Each line of the decoder selects a 1K byte block of memory.
This results in partial address decoding for the multiply/divide, analog
interface, and parallel I/0 circuits. These devices can be addressed at
many locations within their respective blocks. Separation of wmemory
addressing from input/output addressing is done through selecting the
decoder with the I0O/M line. Demultiplexing of the lower 8 bits of the

address is done through the 82PCl2 8-bit I/0 lateh, U2. The address latch
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enable (ALE) signal of the CPU performs the strobe operation. Individual
device selection is then done through this latched address and appropriate
discrete logic. Pull-downs are on address and data lines to reduce noise
on the bus., Pull-ups are on some control lines so that proper logic levels

are maintained when they are not in use.

Figure 2.3 contains the gemeral control and support circuitry and the
bus connector layout. The swichable crystal network (X1, X2, and SW2)
allows the user the choice between 5 MHz and 8 MHz intermal oscillator
frequencies, i.e., 2.5 MHz and & MHz system clock frequencies respectively
[The user must be forewarned that the access time to the EPROMs 1is such
that the CPU must be running at the 2.5 MHz system clock frequency in order
to assure reliable data access from them]. The computer is provided with a
50-pin ribbon cable connector to allow access to the bus and power lines.

Table 2,1 cutlines the functions of the pins on this connector.

Two control latches, flip flops U25 with light~emitting diodes CR1-4,
are provided. One latch alerts the user to the operatioral state of the
CPU, i.e. running (R) or halted (H). The other latch is connected to the
bus through the I0/M and A7 lines. Upon reset of the system, the latch is
reset so that the "Down Load” LED is omn. The setting or resetting of the
flag can be controled through an I/0 instructiom. Any I/0 instruction
which is addressed to locations 80 to FF hex (hexadecimal) sets the latch.
An I/0 instruction to locations 00 to 7F hex.resets the latch. This lateh
can be used for general-purpose controlling or  signalling. The
fourteen-stage ripple counter, U28, provides the clock signal for the A/D

converter. Other divided frequencies are provided through the wire wrap



posts of J4, Precision voltage references (+5 and -10 volts) for the A/D
and D/A converters are provided through IC”s U34 and U35. A manual
reset/power-on reset 1is also provided with manual reset occuring when the

user pushes the momentary switch SWI1.

Figure 2.4 is the 1K EPROM and device selection circuitry. TFor the
memory, two Intersil IM6653AI 1Kx4 bit EPROMs were chosen. This was done
for several reasons. First and foremost, this was the largest CMOS EPROM
available at the time. This arrangement allowed for very simple device
selection and a reduction in parts count. Secondly, it became apparent
that this device was also the fastest CMOS EPROM available on the market
(300 nanoseconds access time). The 1Kx8 bit RAM circuit appears in Figure
2.5, It consists of eight Intersil IM6518A-1s 1Kx] bit CMOS RAMs., As with
the EPROMs above, the primary reasons for choosing this particular device
was its. CMOS construction and its brief access time (95 nsec maximum!).
This access time is far faster than that necessay, but it may be needed
when faster versions of the NSC800 become available. TFigure 2.6 shows the
hardware multiply and divide circuit. It is made up of two ERCA CDP1855s,
Ul4-15, which are cascaded to allow l6-bitxl6-bit unsigned multiplies and

32-bit/16-bit unsigned divides.

The analog interfaces of the NSC800 SBC can be found in Figure 2.7.
The analog input consists of a National Semiconductor ADC 1210 12-bit A/D
converter, UL6. This is a successive approximation A/D converter that has
been configured for bipolar signal input with complementary logic on the
output. The input range is -2.5 volts to +2.5 volts. The converter is

free running with the binary output latched into two 74C374 CMDS eight-bit



latches., Latching of the A/D converter output into the latches 1is
conditional wupon the reading of the latches by the CPU., The latches are
addressed in the memory map so as to take advantage of the low byte/high
byte orientation of the NSC800 instruction set”s addressing scheme. Note
that the addressing technique used results in a savings in compoment count
at a penalty of possible bus contention of the byte latches. Therefore,
one must be careful to guarantee that this will not occur. The analog
output electronics consists of an Analog Devices AD7524 8-bit Buffered
Multiplying D/A converter. It has been configured for bipolar operation
with offset binary code input. The user should note this type of data
scheme and a&just his data accordingly. BNC connectors are provided for

both analog input and output and are so labeled.

The final schematic, Figure 2.8, consists of two 8-bit parallel I/0
data ports. Each port is made up of two 74C373 CMOS B-bit data latches.
Both data latches are accessed by the same address code, but one is for
input only and the other is for output only. The port lines are available

through connector J2 and J3 for I/0 ports 1 and 2 respectively.

From the design of this single beoard computer, a wmemory map was
generated. This memory map is shown in Table 2.2 . Note that unused
address lines for the MDU, A/D and D/A converters, and I/0 ports are
treated as logic zeros. In fact, these devices can be accessed at many
locations in their corresponding decoder segments (refer to the discussion
of the 3~to~8 decoder above). In order to avoid confusion, the
above-mentioned convention is adopted in this text for programming

exercises., Note that there are spare select lines. When these are used
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Table 2.1 Ribbon Cable Comnector Pin Assignment

Pin Function Pin Function

1 Gnd 26 Gnd
2 -15 volts 27 +15 volts
3 Spare pin 28 Spare pin
4 A9 29 A8
5 BS 30 ALO
6 WAIT 31 All
7 SYSRES 32 Al2
8 BREQ 33 Al3
9 - BACK 34 Al4

10 A0 35 AlS

11 Al 36 10/M

12 A2 37 SYSCLK

13 A3 38 RD

14 Ad 39 WR

15 AS 40 ALE

16 A6 41 $0

17 A7 42 ADO

18 51 43 AD1

19 INTA bty AD2

20 INTR 45 AD3

21 RSTC 46 AD4

22 RSTB 47 ADS

23 RSTA 48 AD6

24 I 49 AD7

25 +5 volts 50 +3 volts



Table 2.2. Memory Map of the NSC800 SBC

START END DEVICE OPERATION

ADDRS ADDRS READ WRITE

0000H O3FFH EPROM [no operation]
0400H O7FFH RAM RAM

0800H OBFFH [sparel [spare]

0COOH  OFFFH [spare] [sparel

1000H - MDU - X register MDU - X register
1001H i MDU - Z register MDU - Z register
10028 - MDU - Y register MDU - Y register
10031 = MDU - status register MDU - control register
140080 - ADC -~ no operation DAC - latch (8-bit)
1401H - ADC - MSB (8 bits) "

14020 - ADC - LSB (4 bits) =

14038 - illeagal address "

180010 - Input port 1 Qutput port 1
1cQoH - Input port 2 OQutput port 2

18
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(or if any modification to the memory map is made) it should be promptly

noted so that possible bus contentions can be avoided.

Once the single board computer was designed, a printed circuit board
was created. First, the components were arranged, over several trials, to
obtain a reasonable package layout. This resu}ted in the board haviag
segregated areas for CPU/control functioms, memory, digital I/0, analog
I1/0, and hardware multiply/divide electronics. The component layout 1is
illustrated in Figure 2.9. After this was accomplished, the master printed
circuit artwork was made using Bishop Graphics 2X printed circuit layout
materials. The package layout made a central bus structure possible. All
the electronics sections could then be easily reached from the bus. A
copious  amount  of test points were also added to ease circuilt
troubleshooting. The master was composed of three 2x masks. One was
composed of all component and through board comnectioms which were common
to both sides of the board. The other two comsisted of the wiring traces
for the circuit side of the board or c¢ircuit traces and designator
lettering for the component side of the board. To make one complete
component side or circuit side mask, it was necessary to photograph the
proper side mask with the common mask layered om it. This assured positive
alignment between the pads on both sides of the PC board. From the lx
photoreduction, a plated-through PC board was made with satisfactory
results. Figures 2.10a and b show the two sides of the finished PC board.
A list of the components used in the computer is given in Table 2.3.

Directions for assembling the single board computer are given below:
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Table 2.3: Component List for the NSC800 SBC
Integrated Circuits
Ul - NSC800 microprocessor
U2 - 82PCl12 8&-bit Input/Output Port
U3 - 74PC138 3-Line to 8-Line Decoder/Demultiplexer
U4, U5 - Intersil IM6653AI 1024x4 bit CMOS EPROM
U6 = Ul3 - Intersil IM6518A-1 1024x]1 bit CMOS RAM
Ul4, U15 -~ RCA CDP1855 Multiply/Divide Unit
Ul6 - National Semiconductor AD1210HD 12-Bit CMOS A/D Converter
Ul7, U18 - 74C374 Octal D-Type Flip-Flop
U19 -~ Analog Devices AD7524 B-Bit Buffered Multiplying D/A Converter
U20 - U023 -74C373 Octal D-Type Latch
U24 - 74PC02 Quad 2-Input NOR Gate
U25 - 74PC74 Dual D Flip-Flop
U26, U31 - 74PC04 Hex Inverter
U27 - 74PC08 Quad 2-Input AND Gate
U28 - Motorola MC14020 l4~Stage Ripple Carry Binary Counter
U29 - 74PC32 Quad 2-Input OR Gate
U30 — 74PC0O0 Quad 2-Input NAND Gate

U32, U33 - Texas Instruments TL061 Low-Power JFET-~Input Cperatiomal
Amplifier

U34 - Analog Devices AD584 Pin Programmable Precision Voltage Reference

U35 -~ Analog Devices ADS581 High Precision 10 Volt IC Reference
Dicdes
CR1 - CR4 - Light Emitting Diodes, Red

CR5, CR6 - Hewlitt Packard HP5082-2811 Schottky Diode

23
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Table 2.3: Components List (continued)
Capacitors
Cl - 100 picofarad disc ceramic
C2, C3, €32 - €35 = 10 picofarad disc ceramic
C4 - C31 - 0.1 microfarad disc ceramic
C36 = 0.0l microfarad disc ceramic
C37 = 0.22 microfarad
Resistors
Rl, R2 - 10 Kohm 15-Resistor DIP, common node at pin 16, (Bourns 16-2-103)
R3 - 10 Rohm 7-Resistor SIP, common node at pin 1, (Bourms 08-1-103)
R4, R19 - 10 Kohm, 1/4 watt resistor
R5 - R8 — 300 ohm, l/4 watt resistor
R9, R10, R15 - 1 Mohm, 1/4 watt resistor
R11 - 2.4 Rohm + 5%, l/4 watt resistor
R12, R18 - 1 Kohm, 1l/4 watt resistor
R13, Rl4 - 5 Kohm, l/4 watt resistor (must match 0.17 or better)

R16 - 100 Kohm, 1/4 watt resistor

R17 - 200 RKohm, 1/4 watt resistor

R20 - 30 Kohm, 1/4 watt resistor

R21 - R23 =~ 10 Kohm trimpot (Bourns 3006P-1-103)
R24 - 2 Rohm trimpot (Bourms 3006P-1-202)

Miscellaneous Parts

J1 - 50-pin male ribbon cable connector with wire wrap pins (3M No. 3433)
J2, J3 - l6-pin wire wrap sccket

J4 - twelve double—ended wire wrap pins {(Vector No. T46)

J5 - eight wire wrap socket pins (Vector No. R32)

J6, J7 - double-ended wire wrap pin (Vector No. T46) and
a Female BNC socket (74868UG-1094/UG)



Table 2.3: Component List (continued)
SW1 — SPST momentary push-button switch (C & K 8121)
SW2 — DPDT three—position toggle switch (C & K 7203)
X1l - 5 MHz crystal
X2 - 8 MHz crystal (alternate, 1 MHz crystal)
One l4-pin wire wrap socket (for U27).
Four wire wrap Socket pins for the crystal sockets (Vector No. R32)
One 40-pin solder tab socket
Two 28~pin solder tab sockets
Four 24-pin solder tab sockets
Six ﬁO—pin solder tab sockets
Eight 18-pin solder tab sockets
Four l6-pin solder tab sockets
Five l4-pin solder tab sockets

Two 3-pin solder tab sockets (Augat No.8058~1G23)
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NSC800 SBC Construction:

Printed Circuit Board Correctioms (part 1):

1) Cut trace between pin 4 of U24 and pin 4 of U3, Cut trace between pin 6
of U3 and Al3 of the SBC bus,

2) Cut trace between pin 3 of U34 and R24.

3) Cut trace between pin 16 of Rl and Vcc.

4) Cut trace between pin 3 of U30 and pin 1 of Ul8. Cut trace between pin
8 of U30 and pin 1 of Ul7.

5) Cut trace between pin 11 of U30 and the SC test point.

6) Cut trace between pin 1 and pin 13 of U30. Cut trace between pin 13 and
pin 9 of U30. Cut trace between pin 12 of U30 and A2 of the SBC bus.

7) Cut traces between pins 2, 3, 4, and 5 of U3l.

8) Cut the trace between the ADCCLK test point and the seventh jumper pad
of J4 (left side of U28).

9) Cut all traces connecting together every pin 1 and pin 17 of U6 - Ul3,
Component Placement:

‘1) Solder éll sockets and jumper pins into the designated positiomns on the
component side of the printed circut board (the side with the designator
lettering). TFor convenience, place the sockets with their pin 1
designators over the dots on the circuit board. These designate pin 1
also.

2) Solder in discrete components. Note that CR5 and CR6 are placed with
the banded ends over the plus signs printed on the circuit board. ﬁote
that the LEDs are placed with the cathodes towards the bottom of the board

(when the the designators are read normally).



27

3) Solder wire wrap pins into the twelve holes of J4 (eight on the left and
four on the right of U28), Solder wire wrap pins into the holes near the
BNC connectors. One goes to pin 6 of U32 while the other goes to pin 19 of
Ulé.

4) Solder in the switches, taking care to also solder the mounting tabs to
the bogrd. This insures gooed mechanical connection of the switches to the
board.

5) Solder a l4-pin wire wrap socket into the lower section of the kludge
space. This will hold U27,

Printed Circuit Board Corrections (part 2):

(30 gauge Kynar wire works fine here!)

1) Wire pin 24 of U4 to the Vee pin of C6. Wire pin 14 of U30 to the Vecc
pin of C28.

2) Wire pin & of U24 to pin 6 of U3. Wire pin 4 of U3 to pin 11 of Rl (Al3
of the SBC bus).

3) Wire pin 16 of Rl to ground.

4) Wire pin 2 of U34 to Vref pin of R24.

5) Wire pin 3 of U30 to pin 1 of Ul7. Wire pin 8 of U30 to pin 1l of UlS8.
6) Wire pin 13 of Ui6 to pin 14 of Ul6,

7) Wire pin 2 of U3l to pin 12 of U30. Wire pin 9 of U30 to pin 3 of U31l.
Wire pin 4 of U31 to pin 13 of U30. Wire pin 11 of U30 to pin 5 of U31.

8) Wire ADCCLK test point to the fifth jumper pad of J4.

9) Wire together all pin 1“s of U6 - UL3 to RAMCE. Wire together all pin
17°8 of U6 — Ul3 to pin 3 of U27.

10) Wire pin 1 of U27 to pin 39 (RD) of J1 and pin 2 of U27 to pin 40 (WR)

of J1. Wire pins &, 5, 9, 10, 12, and 13 of U27 to pin 7 (ground) of U27.
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1) Cut trace between pin 23 and pin 24 of U2,
2) Wire pin 23 of U2 to pin 12 of U2 (ground).

Completion of the Assembly:

1) Insert the integrated circuits into their designated sockets carefully.
Remember to place the I.C.s with their onumber one pins placed in the
corfesponding holes of the sockets. They are designated by the dot on the
circuit board.

2) Solder together pin 1 and pin 2 of U34, leaving enough length in pin 2
to insert it into the socket. Imsert the I.C. into the socket with pin 4
to pin 1 of the socket (ground), pin 2 to pin 2 of the socket (Vref), and
pin 8 to pin 3 of the socket (+Vs). All other pins of U34 are unconnected.
3) Insert the crystals into their proper sockets.

4) Insert jumper wires into the pin sockets of J5 to enable lighting LEDs.

5) Solder lengths of wire wrap wire to the center terminals of the BNC
connectors., Wrap the wire connected to the Analog Input BNC to the wire
wrap post which is soldered to the trace going to pin 19 of Ulé. Wrap the
wire connected to the Analog Output BNC to the wire wrap post soldered to
the trace going to pin 6 of U332,

Test Software for the NSC800 SBC:

In order assure proper operation of the computer, several test
programs have been written. These should be rum to test the computer
before proceeding with any other software development. These test programs
are:

1) SYSTST -~ A general test of the major subsystems of the computer. With



29

this program, correct operation of the CPU, EPROM, RAM, D/A converter, and
I1/0 ports can be determined. This is a go/no go test and must be passed
successfully Dbefore any further tests are attempted. The routine
initializes a counter and a pointer to RAM. Next, the counter value is
stored out to RAM and then read back from the same location. The CPU then
writes out to the multiply/divide units (which are not inserted in their
sockets) and the D/A converter. To test the parallel I/O ports, the
counter value is written out to I/O Port 1. The output lines have been
wired to the input lines with corfﬁsponding bits paired together, This
"allows the CPU to read the counter value back in through the input port of
I/0 Port 1. The same operation is repeated with I/0 Port 2. Finally, the
counter value and the RAM pointer are incremented, with the pointer
conditioned ' to always point at the RAM space. If the program is executing
correctly, then a saw~tooth waveform will appear on the output of the D/A
converter. |

2) ANATST - This routine tests the A/D converter for proper operatiomn. It
also allows for adjusting the A/D and D/A converter circuits for zere
offset. During execution, the CPU initializes a delay counter and then
enters a delay loop. After the delay is completed, the CPU reads the high
byte of the A/D latches and immediately writes the wvalue to the D/A
converter. The program continues in a endless loop.

3) MULTST - This routine tests the RCA CDP1855 Multiply/Divide Unit (MDU)
for correct multiply operation. The MDU is initialized and a dummy
multiplicand (FFFF hexidecimal) loaded into the internal registers of the
NSC800, Next, a 16=bit multiplier is read in from the parallel I/0 ports.

The high byte is from I/0 Port 2 and the low byte is from I/0 Port 1. Both
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operands are loaded into the MDUs and the multiply operation started.
After a short wait, a 32-bit product 1is read from the MDUs 1into the
registers of the CPU. The routine then enters an endless loop which reads
the to input ports, checking for all bits “high” or “low”. If they are all
“high”, the most significant word of the product is writtem out to the
output ports. If the bits are all “low”, the 1least significant word is
output. The multiply test is started by pressing the reset button.

4) DIVTST ~ This routine tests the divide operation of the MDU, Its
execution format is nearly identical to the MULTST routine. Instead, of a
16-bit dummy value, a 32-bit dummy dividend (10000000 hexidecimal) is
created. After loading the dividend and the l6-bit divisor (again from the
I/0 ports), a divide operation is performed. The quotient and remainder
are output to the I/0 ports when the input port bits are all low or high
respectively. The divide test is again started by pressing the reset
button,

5) TIMTIST - This routine was developed in order to test the access timing
of the multiply/divide units. There was some question as to whether they
were cperating correctly or not. The program initializes a counter and a
pointer to the MDUs, The value ur the counter is written to one of the
bytes of ome of the MDU registers and the counter incremented. The MDU
sequence counter is reset and the values read from the register with each
value also writtem to the D/A converter. The MDU pointer 1is then
incremented and checked to see if it is still pointing to the X, Y, or Z
register of the MDU, If not, the low byte of the pointer is reset to zero.
This routine operates in an endless loop and correct operation is

recognized if a “stepped” saw-tooth waveform appears on the output of the
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D/A converter.

The assembly language listings of theses programs are given below:

PARZZ DOME
3D IYETEMS Z80 RISEMBLER PRAGE 0001
RDDR CODE STMT ZOURCE STRTEMENT

nogl SZYSTET (SYSTEM TEST) IS R THORT PROGRAM TR "EXERCISE-
o2 FALL THE NSC80M IBC ITUBSYSTEMS., IT I3 THE FIRST PROGRAM
NuN3 37O BE RUM TO DETERMINE IF THE COMFUTER 13 FUNCTIONIMG
N4 IPROFERLY.

nons i

S0000 NG ORG Qn0nH :

cA00n 210004 Q007 IYSTST LD HL, 0400M SPOINT TO ZTRART OF RAM.

QN3 0800 RIS LD Bs00H SIMNITIALIZE THE COUNTER.

Q038 7o ans Loor LD tHL:»B 3 ZTORE REGIZTER B IN FAM.

‘a0s FE nnta LD Rs (HL> SGET BRCXK DATA FRAOM RAM.

“o0N7 320010 N1l LD clonoMr»s/ 3STORE QUT TO mDU ZPRCE.

TN0R 20014 qnie LD (1400H) s/ SZTCORE QUT TO TRE IRC.

“opnND 3IEnnls o113 LD <1900H) «R” SEZTORE OUT TG I-0 PORT 1!.

‘na1o 2RND1LY nit4 LD A= <1300Hx RERD FROM 1.0 FORT 1.

“an12 2&anic nays LD ClCOaH» »/ sETORE QUT TO 1~-0 PORT 2.

‘nA1s 2RO01C niaise LD As c1C00HY SREAD FRCM I.-Q PORT 2.

ANl 47 an1z LD BsA 3PUT REZIULT ERCK IN RERISTER B AMD

“00iA 04 0013 INC B s IMCREMENT. IF ALL SO0EZ WELLs THIS ZHGULD
no1s 3 BE THE NEXT SEQUENTIRL MUMEER. CLCFRECT
20 s CPERATICN ALZO HAS A ZAWMTOOTH WAYEFJRM ON
nag21 & QN THE CQUTPUT JF THE DAC.

“NU1B 23 nnz2 INC HL SsPOINT TO MEXT LOCATICON IM =AM.

STR01C 3EO7 023 LD A»07H 3MASK OFF LOW THREE EITS OF THE

“DN1E A4 D24 AND H #H RPESIZTER. HL MULIT ALWRYS POIMT AT FAM.

“NN1F 24902 nnes JRONZ PNTROK S IF REILULT MOT ZERQ, FOINTER [Z Ox.

“0R21 3E04 nna2e LD HAenaHd 3REINITIALIZE FOINTER IF IT I3 ZERO.

TONE23 87 0Na7 PNTRCOK LD HsA IPLACE PEZULT IM H RESIZTEF.

Satz4  C30sSan Jee 4P LOOP SsFEFERT THE CPERRTION.
noae END

ERRCRES=0001



RDDF

‘nang
nang
Q003
b=y
Dl
“aNic

Jolalyl=2

COlE

ez
0ns
czoaon”
SRI214
220014
c3unng”

ERRORS=00100

ETMT

Jjo01
ans2
003
jo0n4
00Ns
a0ue
nany
naons
none
Nty
ngll
got2
na13

1o
i~

3D SYSTEMS IB0 RSIZEMBELER PRGE 1001

ZOURCE STATEMENT

§THIS IS THE AMARLOG HARDWARE TEST ROUTINE CANATST>. IT

$1Z

DEZIGNED TO DETERMINE [F THE mA-D COMVERYER I1Z wOFKING

sPROPERLY. THIS ROUTINE CAN ALSO BE USED TO BRALANCE THE

iR-D

AMD D-ft CONMYERTERS BY FEEDIMS THE QUTPUT OF THE D-R

s INTO THE IMPUT OF THE A-D.

AMATST LD B»20H # INITIALIZE COUNTER.

WRIT

DEC B iCOUNT DOWN

JP NZ WARIT 3DOME WITH COUMT YET?

LD As (14DaH) SRERD HIGH BEYTE OF AR-D COMYERTER.
LD <i400H» »/ 3OUTPUT TO DsR COMYERTER.

JP ANRTST SREPERT IT AGRIM.

END



PASS 1

AUDR

»0000
70000
Tano2
“Nans
TS

“n0an
1o

“0013
‘no14
o017
70018

“0Q1B
“001E
“NoE1

‘0024

“NNas
T RNES
=t
“NOAB
CHN2t
02D
“DORE
7 R02F
Q030
“DU3t
T an34
TOL37
7 O3R
“NE3D
“DO3ZF
THoae
“no4s
Q46
N4>
- NG
U04D
7 QD4E
“ 0051
052

DONE

CGDE

3IEFF
320014

DD210010
DD36 0365

11FFFF
SRONLIC
67
RN0ig
aF
opFaon
DD7300
IDV401
)1 g 1154
DD3603s1

oo

3

[

oo

b}

a0

]

nn

an
DDe& N>
DDeEDZ
DDSe N1
IDSEQL
3EO0N
280014
3A0013
47
3R001C
AR
CRSCOQ~
3C
CR4200
7C
32001C

STMT

0901

goo2
0003
3004
N00S

000s

oaon7
nons
onos
ooLo

noit

noiz.
Not3
8014
01s
oole
no17
nn1sg

Ba1e
onan
0321

o222
mna3

nne4
onzs

n26
a7
no2e
nnze
Q03N
031

13032
0033

0034
n03s
a036
on37
033
PRDE)
3134)
no41

no4z
1043
44
0045
46
47
1043
nN42
nasn
005t

nosa
nns3
nus4
nnss
10S6

INS7
1438

33

3D SYSTEMS ZB0 ASSEMBLER PRGEE Nuiol
SOURCE STRTEMENT
¥ THIS PROGRAM TESTS THE MULTIPLY OFPERATICM OF THE

sCDP1835 mDU OM

THE NEC3ud

EBC. A 16 BIT OPERATOR SIYEN

#BY THE USER AT IMNPUT PORTS 1 & 2 IZ MULTIPLIED BY R

16 BIT OPERAMD PROYIDED IM THE FROGRAM.

THE 32 BIT

JRESULT IS PROYIDED THROUGH THE OUTPUT PORTS 1 & 2

3TO THE USER It 16 BIT BLOCKS.

FIF ALL THE BITS OF THE
$THE LOW WORD IS QUTPUT
SPORTS ARE LOW <OO00H) .
3 THE OPERATOR MUST
PROGRAM RS THE PROGRRAM

PMULTIPLICATION IS FIMISHEDs

THE HIGH WORD IS QUTPUT
INPUT PORTS RRE HIGH (FFFFH .
IF RLL THE BITZ OF THE IMPUT
ALL OTHERE RRE 1GNORED.

BE ZET BEFORE STRRTIMNG THE
SUPPLIES NO PROMPTS. WHEM THE
THE PROGRAM WILL OUTPUT

A O0H TO THE DRC (IT WAS FIRST INITIALIZED TO FFHZ.
i THE PROGRAM EMTERS AN INFIMITE LOOP WHILE QUTRPUTTING
FTHE HIGH OR LOW WORD ON REQUEST.

»

ORG QUM

LD AsO0FFH SINITIALIZE THE DRAC 7O FFH.

C1400H R

I, 1000K 3SET UP POINTER TO MIU X RE®.

CIX+3HY »85H FINITIALIZE mMDU TO Twd UNITI. MO
OFERARTICMy RESET ZERUENCE COUMTER
AND ¥ REGISTER.

DE» OFFFFH SOPERRND IS SUPPLIED BY PROGRAM.

FAs (1CO0M» $HIGH BYTE IS IMN INPUT PORT 2.

Hs R

Fe C1S00H

(Y

(IX+0HY T

CLX+1H) » E

CIX+1H2 2t

CIX+1H s L

(IX+3H)161H FREIET SEQUENCE COUMTER»

H MULTIPLY QPERATIOM.

FWRIT FCR MULTIPLY TO END.

MULTST

s

LOwW BYTE IS IN INFUT PORT 1.
;LOAD OPERATOR INTO =< REG.
FLORD OPERATOR INTO I REG.

STRRT

NOP
NOR
NOP
LD
LD
LD
LD
LD
LD
LD

JPLACE MIB OF 22-BlT RESULT IMN M
imEB-1 IM L REG.

De (IX+1H>) iMEB-2 IN D REG.

E» (IX+IH) SLEB IN E REG.

ARs 00H $ZET DRAC TO D0H.

C1400H -7
s (1800H
LD BsR 3iSAVE

Hy (1X+2H)
Ls (I&+2H

PORTET +GET PORT 1 BYTE.

IM REGISTER B.

LD Asc1CO0H i6ET PART 2 BYTE.

ANMD B SRND THE TWQ BYTES TUOGETHER.

JFP 2 LOWBTE :QUTPUT LOW WORD TO PORTS 1 & 2.
INE A 3 INCREMENT. IF NOT ZERO ...

AP M2 PORTET #:DOM'T QUTFUT DRTHA.

LD mRyH FOUTPUT MSE BYTE TO PORT 2.

LD 1Coamr »#



ADDR

<0053
< 005%
” 0059
“00sC
- 305D
“i0ed
el
" Q064

COIE

7D
3anu18
C34z00”
7R
3a00tc
7B
320018
Caacnn”

ERRORE=0000

34

SD IYESTEME Z80 RITEMBLER PRGE Jn02

STMT SOURCE STRTEMENT

00se
N6
n0s1
foea
0063
ne4
NNes
les
0067

LOWBTE

(W]
(81
JP

RsL. FOUTPUT MmSB~1 BYTE TO PORT 1.
C1300H> » A

PORTST iCHECK FOR MEW wdRD TO QUTPUT.
Rs I 3OQUTPUT MSB-2 TO PORT 2.
CICO0H » A

A»E SOQUTPUT LEB TO PART 1.

C1S00H » /¥

PORTST :fCECK FOR MNEW WORD TO OQUTRUT.



PRSS 1 DONE

ADDR CODE
“a00Y  3EFF
Qon2 320014
‘0005 DD21i0nin
“N00os  DD3&N3RN
“Q00D 210010
‘0010 110000
“AN13 ZRO0C
“gnle 47
‘017 2R0018
“NOIR 4F
7N01B DOV402
“A01E [oese2
“oN21  DD7a0l
7002+ DD7301
7ANg7  DD7P0ON
‘a2 DDPLINN
“N028D DD3503se
7021 on
“an32 N
San33 a0
“ON34 00
Q035 0N
“NN36 A0
“NN37 40
‘no33 a0
7N03F a0
“NN3”  DDeedz2
‘D030 DDBEOR
‘9040 DDSANL
“0043  DOSEND
“N046  DDTPEDN3
‘049 CBOF
“04B 320014
“AN4E 3IANDIS
“NaS1 47
“0NsSa  2AN0LIC
“NNST RD
“NNSAe  CReanNn-
7ONSe 30
“NOSA  C24€E007
“Qnsr  FC

SCNOSE 320010

STMT

ol
nnna
pona
3004
anos
0006
1097
003
1009
aota
011

ant2

nnt3
nni4
amis
nnis
N1z
no1s
N9
no2a
noat
anz22
an23
nna<4
nnz%s
nnze
oy
nonza
nnae
Q030
no3t
nnzaa
N33
nu34
1035
036
nu3v
mzs
3
an40
N4l
N4
042
44
045
nn4s
nn47
an4ag
an4s
050
NSt
052
0053
NS4
055
05e
ANS?T
nnsa

35

3D SYSTEME IS0 ATZSEMEBLER PRGE J001

SOURCE STRTEMENT

§ THIS PROGRAM PERFOPMS A DIVIZIOM TEST OF THE
SCDP185S mDU ON THE NSCgy) TBC. A DIVYISOR PROVILDED
sTHE USER AT PORTS 1 & 2 I DIYIDED INTO A DIVIDEND
SPROVIDED BY THE PROGRAM. THE REMRINDER AMD QUOTIEMT ARE
SAVRILABLE FOR IMSPECTION RY THE CUTPUT PORTS 1 % 2.

FTHE QUAOTIENT IS OUTPUT IF ALL BITE OF THE IMFUT PORTI
FARE HIGH (FFFFMx. THE REMRIMDER IS OUTPUT IF RLL

FTHE BITS ARE LOW codooH» . ALL OTHER INFUTEZ RRE IGNORED.
H THE DIVISOR MUST BE ZET BEFURE RUNNIMG THE PROGRAM
$AS NO PROMPTE EXIST. IF THE DIVISIOMN IS ZLUCCESSFOLs THE
FDRC WILL 50 FROM HIGH TO LOW YOLTASE <FFW TO A0H> . IF
PAN OVERFLOW OCCURS, THE DARC JQUTPUT Wiki 30 T3 30d.

*
L

DIVTET LD

BY

A» OFFH : INITIARLIZE DRC TO FFH.

CL0DHDY » &

IX=1000K 3SET POIMTER TO MOU REG. =,

(IX+3Hr »80H SINITIARLIZE THE MO TO TWO UMITZ
FEZET SEGUENCE COUMTER. AND MO
OPERATION.

HL» 10008 SLORD HL WITH HIGH ORD OF DIVIDEMD.

DE»O0OOH 3LOAD DE WITH LOW WORD OF SIVIDEMD,.

A (1C0ONHY SSET HIGH BYTE OF DIVIZOR IM B REG.

Bs R

Fs (1800H)

[N R =3

C[¥eaHy v H

CIX+2HY s L

(IX+1H » O

C1N+1HY S E

LI¥+0H) s B

CIX+HD 2 1

CTH+3H) s 52H

‘gm am

*GET LOW BYTE OF DIVISOR IM © REG.

+LOARD MZW OF JPERARND IM Y REG.

PLORD LEW OF JPERRND IN Z REG.

LOAD 1e~BIT OPERATOR IN X REG.

IPESET IEQUENCE COUNTER AND ITRET
) THE DIVIDE

~MOP SWRIT FOP DIVIDE TO END.

NOP

~NOP

NOP

NaOP

~NOP

NOP

NOP

NOP

LD Hs (IX{+2H>
LD L ¢IX+ZH
LD Ds ¢IX+1HD
LD Es (IX+1HX
LD A (IX+03H» SGET STARATLS
RRC R iSET DRC TO 29K IF
LD ¢1400M 57
LD A (1800H

T

FPUT REMAINDER IM H % L FEGIITEFS.
SPUT RUOTIEMT IM D & E RESIZTERT.

BYTE
MO OVERFLOW. 20H IF OME.
FBET PORT ! BYTE.
LD Bs/ sZRAVE IN REGISTER B.
LD AeC1CNOHY $GET PORT 2 BYTE.
4D B $AND THRE TWO BYTES TOGETHER.
JP Z LOWBTE sOUTPUT LOW WORD TO PORTE
INC A FINCREMEMT. [F NOT ZERO ...
JP HZ PORTIT :iDOMNT GUTPUT DRTH.
LD fs+H iCUTPUT MSB BYTE T4 PORT 2.
LD C1ennMr A

PORTST

1 % 2.



RDDR

Nos1

. Unnea.

“00RS
“ones
“NNBS
“nn6C
106D
70070

CODE

70
32nmse
C34E007
7R
320n1C
7B
320018
C34E00"

ERRORE=000N

STMT

nnss
N0&D
no61

noe2

ane3
Nie4
I0es
nnes
noe?

ED SYSTEMS Z80 RSZEMBLER PRGE ANz

SOURCE STRTEMENT

LOWBTE

LD

AR:L 3QUTPUT MSB-1i BYTE TO PORT 1.
C13NNH> « A ‘
PORTST SCHEUX FOR MNEW WORD TO OUTPLIT.
R+ D 3QUTPUT MIB-2 TO PORT 2.
C(1CDOH) =R

F»E FOUTPUT LEB TO PORT 1.

C1300H « A

PORTST fCECX FOR NMEW WORD TO QUTPUT.



PRSS 1

RDDP

>Q000
7000
<0003
Q0SS
il lire
“NO0R
“N0NB
- Qonc
“ 30D
SAN0E
“0F
“Q010
“No11
‘N2
FaN1S
‘nN1e
“0N1e
001/
“RUlD
“NNIE
“pnN2il
“pna22
0023
“anze
- Qn28
0nRe
‘nnec
“0NCE

ERRORS=

DOME

Cane

210010
1800
3E6D
320319
n

D4

7

N4

ra

r
320014
FE
320014
2c

SE03

ED
c2os0n”
2EQD
c205607

0000

STMT

0001
o002
onoz
DILHES
9005
906
00907
o008
0009
N1 o
nati
anta
0013
0014
aoLs
0nls
0017
0018
0nN1s
noan
IF=SY
ngz2
no2z

‘onz4

0nas
026
nn27
0028
no2<e
030
0031
N3z
hlcie]
g034
ny235
3036
037
38

37

3D SYSTEMS Z80 RESEMBLER PRGE 001
SOURCE STRTEMENT

$THIS PROGRAM PERFORMS A TIMINMG TEST OF THE CDP135S MDU-’S.
3R COUNTER AND MDU POINTER ARE IMITIALIZED AMD COUNTER
SYRLUES ARE FIRST WRITTEM QUT TO AMD RERD FROM THE mMDU
SREGISTERS. THENMs THE VYALUES RRE WRITTEM OUT TO THE D-R
;CONYERTER AND THE POIMTER INCREMENTED. THE PROCESS IS

s REPERTED. CORPECT OPERATION IS OBSERYED IF # “STEPPED”

s SAW-TOOTH WAYEFORM I3 SEEM OM THE QUTPUT OF THE D-H

5 CONYERTER.

»
gre 0000H

TIMTST LD HLs1000H 3 IMITIALIZE THE MDU POINTER.
LD B>0nH SINITIALIZE THE COUNTER.

Logp LD As60H FINITIALIZE THE MDU, RESET THE SEQUENCE
LD <1003H> «A FCOUNTER.
LD ¢HL)+B ISTORE TO HIGH BYTE OF MDU REGISTER.
INC B } INCREMEMNT THE COUNTER.
LD (HL)sB ;STORE TO MEXT BYTE OF MDU REGISTER.
INC B 3 INCREMENT THE COUNTER.
LD <HL>sB FSTORE TO THIRD BYTE QF MDU REGISTER.
INC B i INCREMEMT THE COUNTER.
LD ¢HL>»B ISTORE TO LOW BYTE OF MDU REGISTER.
INC B ; INCREMENT COUNTER FOR MEXT INTERATION.
LI <1003H»»A FRESET IEGUENCT COUNTER RABRINM.
LD Rs¢HL) IRERD WIGH BYTE OF mDU REGISTER.
LD <1400Hr+A $0UTPUT YALUE TO D-R CONYERTEPR.
LD As (HL} FREAD NEXT BYTE OF MDU REGISTER.
LD <1400H >R 3QUTPUT YRLUE TO D-n CONYERTER.
LD Rs (HL; SRERD THIRD BYTE OF MDU REGISTER.
LD <1400H> »H 3QUTPUT YRLUE TO DsA COMYERTER.
LD Ay (HL> SREAD LOW BYTE OF MDD REGISTER.
LD {1400H»»7R ;QUTPUT YALUE TO D-A CONYERTER.
INC L SPOINT TO MNEXT mMDU REGISTER.
LD AsN3H FCHECK FOR POINTIMNG TC THE ™MDU
CP L iETRATUS REGISTER.
JP NZ LOOP :1IF POINTER 1& NOT» REPEART LOOP.
LD Ls00H 3IF IT IS RESET LOW BYTE OF POINTER.
JP LOOP iNOW REPERT THE LOOP.
END
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CHAPTER III

SYSTEM HARDWARE EVALUATION

As the first part of the evaluation of the NSC800, a study was made of
its performance as a component of the single board computer. This, in
turn, required evaluation of the computer itself; which was divided into

three parts: 1) the printed circuit board, 2) the computer circuitry

outside of the NSC800, and 3) the NSCS800.

The printed circuit board was conceived as a time-saving and
cost-effective alternative to wire wrap board comnstruction. Due to the
complexity of the computer”s designm, it was decided that it would be far
easier to make and correct a printed circuit board than it would be to hunt
through the tangle of wires on a wire wrap board to find a mistake. This
proved to be the case as the board, though not perfect, had relatively few
errors. Most of these were easy to correct. The use of many test points
on the board aided in debugging the finished system and was responsible for
uncovering most of the design errors in the computer. In no instance were
the corrections on the board due to substandard construction techniques.
The artificers at Owens Printed Circuit Inc., Wichita, Kansas, should be
complimented for their quality work in the fabrication of this printed

circuit board.

As with the printed circuit board, the design of the single board
computer was largely successful. The only subsystem which required any

change was the A/D converter section. This consisted of changing the
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reference voltage to +5 wvolts, altering the output latches to a high
byte/low byte orientation in the memory map, and connecting the A/D
converter for free running operation (see Chapter II). The first
alteration was due to conditions imposed by the NSC800. Although the
NSC800 was designed for an operational power supply voltage range of 3 to
12 volts, the engineering evaluation sample provided to us had an
operational range of only 4 to 8 volts. This required the adjustment to 5
volt operation. In addition, the lack of a sample of the 82PCl2 required
the wuse of an Intel 8212, which also operates at only 5 volts. The change
to the low byte/high byte orientation of the output latches was for
programming convenience. This change allowed for reading of the entire 12
bits of the A/D converter with a l6-bit load instruction by the CPU, The
switch to free-running conversion was due to the ADC1210 A/D converter. It
was discovered that the start conversion signal must be synchronized with
the conversion clock to insure proper converter operatiom. To alter the
converter design for this would have required additional logic circiutry.
This was not available on the board hence, free-running conversion was
used. In conjunction with this, the latching of the conversion value into
the output latches was made conditional on the reading of the latches by
the CPU. This prevents the possibility that logic level tramsitions, 1i.e.
bad data, would be presented to the CPU during a read of either output

latch,

After the above corrections had been made, the computer passed the
first two hardware test routines with no difficulty. This was with the use
of a 8 MHz oscillator crystal, i.e., a 4 WHz system c¢lock, which was

extraordinary because the engineering sample provided to us was intended to
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operate with an oscillator crystal of up to 5 MHz only [It also implied
that the system was operating with EPROMs that should have been too slow to
access with the bus timing speeds involved with a system clock of 4 MHz.].
However, the computer did not pass the hardware multiply and divide tests.
The reason for this was the RCA CDP1855 Multiply/Divide Units (MDUs); with
a supply voltage of 5 volts, the access time of the MDU registers was too
long for the bus timing of the NSC800. The discovery of this fault was
found when attempting to run the multiply test (MULTST) software. After
the development of a short MDU timing test routine (TIMTIST), it was found
that the MDUs appeared to operate correctly with a system clock of 1 MHz.
For further tests, the single board computer was operated with a 1 MHz
system clock. The adaptive digital predictors which used the MDUs would be
limited to this system clock frequency. An alternmate solution would be to
provide a wait state generator for the MDU enable line (MULTCE). This
would then guarantee proper timing for access of the MDU registers while

allowing the remainder of the system to operate at full speed.

During the evaluation of the NSC800 and the single board computer,
several difficulties arose due to the NSC800 itself. As mentioned above,
the promised operation range of 3 to 12 volts was not available. According
to engineers at National Semiconductor, this specification will probably
never be achieved. In all likelihood, the power supply operation range
will be limited to 5 volts + 10 percent. During the software evaluation,
it was found that some of the instructions did not appear to execute

correctly with a system clock frequency greater than approximately 500 kHz.
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After the five test routines were run _and successful computer
operation was obtained (see MDU discussion above and the test software
overview in Chapter II), the three adaptive digital predictor programs were
run (see Chapter IV for a discussion of the three programs). It was found
that with a 4.0 MHz system clock frequency, the processor halted completely
(the HALT, H, light turned on). With a 2 MHz system clock the programs ran
but the predictor outputs were random values, not coherent signals as one
would expect. Finally, the programs did work correctly with a 500 kHz
system clock frequency. The possible fault was first thought to be in the
MDUs again, even though they operated correctly with a 1 MHz system clock.
Another fault could have beemn the A/D converter since there had been
problems with it before, though it performed correctly with the analog test
routine at 4 MHz. These conclusions were discarded because it was
discovered that the Widrow alogrithm which used a software multiply did not
operate correctly with a system clock frequency above 500 kHz also. With
the A/D converter input strapped to ground, the Widrow algorithm still did

not run correctly above 500 kHz.

Further tests showed that the problem was not in the NSC800 itself but
in a bus conflict between the NSC800 and the IM6518 RAMs. This conflict
was caused by not adequately selecting the RAM during the read and write
cycles. The RAM was selected only by a logic “0° on the RAMCE line, with
WR determining if the operation was a read or a write. At the beginning of
a RAM access cycle the RAMCE line would go low as soon as the 74PCl38
one-of-eight decoder had propagated the device selection from the address
lines. Since the access time of the IM6518A-1 is wvery short (95

.nanoseconds, worst case) and the WR linme would still be a logic “1° wumtil
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after the address data was removed, there would be a bus conflict with the
address data and the data coming from the RAM. The bus conflict was solved
by ANDing the RD and WR signals and using this signal to select the RAM
along with the RAMCE line. The WR signal was maintained to select between

read and write operatiomns.

With the correction in place, the adaptive digital predictor programs
ran correctly with higher system clock frequencies. The Widrow algorithm
with software multiply ran with a system clock frequency of 2.5 MHz while
the Widrow with hardware multiply and the adaptive lattice predictor ram
with 2.0 and 1.0 MHz system clocks respectively. The limitatioms of the
two latter programs was the multiply/divide units. Though the Widrow with
hardware multiply did appear to run correctly with a 2.0 MHz clock, it is
still recommended to either place a wait—state generator on the MDU select
line or run programs using the MDUs at 1.0 MHz, From the prior MDU tests,
correct operation of the devices cannot be guaranteed above 1.0 MHz system

clock frequency.

The NSC800 does appear to operate correctly at  system clock
frequencies of 2.5 MHz or lower. Attempts to run the processor at 4.0 MHz
were failures; the processor still halting at this frequency (see Chapter
IV). If National Semiconductor continues development of the HSC800, they
will undoubtedly achieve the goal of 4.0 MHz system clock frequency. It is
discouraging to be forced to operate the device only at 5 volts. This
defeats many of the advantages of using CMOS electronics, Primary among
these 1is the loss of low-noise operation performance of CMOS, since the

electronics cannot be operated at higher voltages than TTIL or NMOS
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electronics. The lower voltage operation can also degrade overall system
speed performance. The use of standard CMOS devices with P2CMOS logic will
cause the degradation, an example being the CDP1855 multiply/divide units
discussed above. The problem can be solved with wait-state generators, but
there would be an increase in system cost and some slowing of operation
speed would still be present. It is of interest to note that the
small-scale integration (74PC series) devices are specified to operate with
a power supply voltage of up to 10 volts [5]. These devices perform quite
well, even at 5 volts, The difficulties with the NSC800 itself may be in
the very complexity of the device; production yields precluding devices
with such a wide operational voltage range. Hopefully with experience,

National will be able to produce units with the desired voltage range.



CHAPTER 1V

NSC800 SOFTWARE EVALUATION - THE WIDROW AND

LATTICE ADAPTIVE DIGITAL PREDICTORS

For the software evaluation of the NSC80Q, two adaptive digital
predictor (ADP) algorithms were implemented. These were the Widrow Least
Means Square (LMS) algorithm and the adaptive lattice predictor (ALP)
algorithm, They are both used in intrusion—detection applications. A
discussion of these two algorithms will be carried out followed by an
analysis of the results of their implementation.

The Widrow LMS Algorithm

The Widrow LMS algorithm [7] applies the method of steepest decent in
solving the problem of signal prediction. This method comes into play in
determining the coefficients of the predictor for each iteration of the
algorithm, The response of the filter is adaptive as a result.
Nonstationary signals, such as random noise, can then be predicted and
removed by the filter leaving signals from other sources, in our case an
intruder. A moving average filter (MAF) takes the error output from the
last sixteen iterations of the algorithm and averages them. This result is
output to the D/A converter. A flowchart of the Widrow LMS algorithm as

implemented in Z80 assembly language on the NSC800 appears in Figure 4.1.

The Widrow algorithm was implemented in two forms. The first was done
with software multiplies (called WIDADP). It was essentially identical to

that developed by Nickel [3] with changes made to make it compatible with
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the single board computer memory map. An assembly language listing of this
program 1is given in Appendix 1. The program serves as a benchmark to
compare the performance of the NSC300 to the Z80 implementation dome by
Nickel. The second version (called WADPHM) was executed with hardware
multiplies using the RCA CDP1855 Multiply/Divide Units (see Chapter TII).
This was done in order to show how hardware multiplication increases the
.execution rate of the ADP. The assembly language listing of this program
appears in Appendix 2.

The Adaptive Lattive Predictor Algorithm

The adaptive lattice predictor was developed by Ahmed [2] as an
alternative to the Widrow  IMS predictor in intrusion detection
applications. For rapid convergence to occur in an adaptive Widrow
algorithm, the eigenvalue distribution of the input data covariance matrix
must be small. Slow convergence results in sluggish predictor performance.
If the convergence 1is too fast, then there is an increase in the
steady-state error of the filter output. It 1is desirable to obtain a
filter structure whose convergence parameters are independent of the
eigenvalue spread, i.e., the input data. The adaptive lattice predictor is

one such filter structure.

The lattice algorithm is derived through the use of forward and
backward prediction errors, e(n) and w(n). Its structure is formed of
stages, which can be obtained recursively through the use of matrix
bordering techniques. Recursion formulas for the forward and backward
prediction errors can then be found. The lattice structure can have as

many stages as required for the accuracy of prediction desired. The
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forward error prediction of the last stage is the output of the lattice
predictor. In order to make the lattice algorithm adaptive, the filter
coefficients are found through a recursive formula based on the method of
steepest decent, Combining these equations results in an algorithm which
should converge faster than the Widrow while maintaining a  lower

steady-state error in the output.

The implementation of the ALP on the NSC800 (called LATZ80) was a
straightforward operation. A flowchart for the Z80 program as implemented
on the NSC800 is shown in Figure 4.2, Numerical data was handled as
sixteen—-bit signed, fixed point numbers.  When brought into the algorithm,
The data has one sign bit with the implied decimal point to the immediate
right of 1it. An arithmetic shift to the right yields two sign bits with
the decimal point to their right. This was the form in which all numeric
valués were handled and stored, with the exception of some filter
constants. The multiplies and a divide were performed in hardware with the
CDP1855 MDU. Since the MDU performs unsigned multiplies and divides,
hardware driver subroutines were developed which allow signed multiplies

and divides with this device.

The signed multiply operation was perfcrmed using the fudge method.
Given two signed numbers, a fudge value was formed by the conditional sum
of the two numbers. If the sign of one number is negative, the other
mumber is added to the fudge value. This is not done if the first number
is positive. The operation is repeated with the roles of the numbers
reversed., The two signed numbers are then multiplied and the fudge value

subtracted from the product. The subroutine returns the upper sixteen bits
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of the signed multiply to the main routine.

The execution of the signed divide was done in a more direct fashion.
In the general case, the sign of the two operands are found and saved.
Next, the operands are converted to positive (unsigned) numbers and loaded
into the MDU for division. After division, the quotient is corrected to
its proper sign by consulting the original signs of the two operands. This
operation was simplified because of the nature of the numbers divided. In
the lattice algorithm, the negative gradient of the error is divided by the
instantaneous power of the stage of the lattice [2]. Although the negative
gradient can be positive or negative, the power term (i.e., the variance)
iz by definition positive. This allowed scme simplification of the
subroutine. Only the gradient term was converted to an unsigned value
before division. The division operation was executed in this form with a
16-bit divisor and 32-bit dividend (the lower 16-bits are set to zero).

The subroutine returns a l6-bit quotient.

The error output of the adaptive lattice predictor was the final
result of the algorithm. A MAF was not implemented in the algorithm. The

assembly listing of the lattice algorithm appears in Appendix 3.

Results of the Predictor Implementations

The execution rates of the three programs were largely determined by
the time necessary to obtain the signed multiplies. Program timing of the
three ADP programs are given in Tables 4.1, 4.2, and 4.3. Note that these
would be the execution vrates if the NSC800 operated with a system clock
frequency of 4 MHz. The NSC800s cthat were made available to us were

limited to a system clock frequency of only 2.5 MHz. Limitation of



Table 4.1: Program Timing of the Z80 Widrow ADP
with Software Multiply [3]

Time Multiply Times Total Time
Routine in microseconds + in microseconds in microseconds

Initialization 707.25 + 0.0 = 707 .25
Input from A/D 21.5 + 0.0 = 21.5
Compute g 1107.25 + 16 x 147.25 = 3463.25
Compute e 29.75 + 0.0 = 29.75
Update the weights 1265.75 + 16 x 147.25 = 3621.75
Compute q,, 50.75 + 1 x 147.75 = 198.0
Block move buffers 351.0 + 0.0 = 351.0
Total Times 2826.0 + 4859.25 = 7685.25

(excluding Initialization)

Program execution rate = 130 Hz

Note: These times were calculated for a Z80 CPU clock rate of 4.0 MHz.

50



Table 4.2: Program Timing of the Z8) Widrow ADP
with Hardware Multiply

Time

Multiply Times

Total Time

Routine in microseconds + in microseconds = in microseconds
Initialization 707 .25 + 0.0 = 707 .25
Input from A/D 21,5 + 0.0 = 21 .5
Compute g 1107.25 4 16 x 70.5 = 2235.25
Compute e 29.75 * 0.0 = 29.75
Update the weights 1265.75 + 16 x 70.5 = 2393.75
Compute a, 50.75 + 1 x 70.5 = 121.25
Block move buffers 351.0 + 0.0 = 351.0
Total Times 2826.0 + 2326 .5 = 5152.5

(excluding initializationm)

Program execution rate = 194 Hz

Note:

These times were calculated for

a Z80 CPU clock rate of 4.0 MHz.



Table 4.3: Program Timing of the ZB0 Lattice ADP

Time Multiply Times Total Time
Routine in microseconds + in microseconds = in microseconds
Initialization 573.0 + 0.0 = 573.0
Input from A/D and
Stage Init. 32.25 + 0.0 = 32.25
Times for one stage (eight stages total):
Compute e(L+1) 47 .5 + 1l x 74,5 = 122.0
Compute w(L+1) 44,75 + 1 x 74.5 = 119.25
Compute v{L) 66.5 + & x 74.5 = 364.5
Update the weights 106 .0 * 3 x 74.5 + = 403.25

1 x 73.75 (divide)

wl(L) = w(L) 27.5 + 0.0 = 27.5
Qutput to D/A 10.5 + 0.0 = 10.5
Total Time 2380.75 + 5954.0 = 8334.75

(excluding Initialization)

Program execution rate = 121 Hz

Note: These times were calculated for a Z80 CPU clock rate of 4.0 MH=z.
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execution speed was also caused by the hardware multiply/divide curcuit
(see Chapter III). A list of execution times for the three programs a
different system clock frequencies is given in Table 4.4. It should be
noted that the variance in execution speeds is due to program flow. Some

parts of the programs are not always executed, hence the speed variations.

It was rather surprising to find that the lattice algorithm was slower
than the Widrow with software multiply until one realized that the eight
stages of the lattice required seventy-two signed multiplies and eight
signed divides in its execution. This is compared to only thirty-two
signed multiplies for the Widrow. Although the hardware multiply executes
twice as fast as the software multiply, this is not enough of a difference
to allow the lattice to run faster. The difficulty is that while the
unsigned multiply/divide takes only 4 microseconds to occur (with a 4.0 MHz
system clock), the hardware driver subroutine to convert the signed numbers
to unsigned numbers and back takes about 70 microseconds to run., The
execution rate of this algorithm would be improved greatly if a device that
performed signed hardware multiplies and divides was available or if the

NSC800 did operate with a clock frequency of 4 MHz.

A test of the two algorithms was preformed by using line sensor data
files made available from Sandia Laboratiries. These files were stored in
digital floating-point form in a Data General NOVA/4X minicomputer and had
been originally sampled at eight samples per second. Previous studies had
shown that sufficient information about the input signal was present at
this sample rate to allow detection of an intruder. At higher sample

rates, more signal power due to noise was received than signal power due to



Table 4.4 Execution Times. of the Digital Predictor Programs

Program

System Clock

Frequency WIDADP WADPHM LATZ80

500 kHz 17.6 Hz 26.0 Hz 15.0 = 20.0 Hz
1.0 MHz 35.1 Hz 57.8 Hz 30.6 - 40.1 Hz
2.0 MHz 70.2 Hz 103.7 Hz 1.0.% 60.0 Hz
2.5 MHz 87.8 Hz 1.0.% 129 Hz 1.0.*¥ 74.6 Hz
4,0 MHz N.0.% N.o.t N.0. %

*Incorrect Operation; MDU Malfunction

*No Operation; CPU Halts

Note: These are approximate execution times.
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the intruder, resulting in more false alarms. The intruder signal power is

concentrated at very low frequencies (below 4 Hz) [1].

The data files were scaled to integer values and sent out from a Data
General DG4288 D/A converter module to the A/D converter of the single
board computer. The DG4288 was strapped for two”s complement number
representation with full-scale output of +2.5 volts. After processing of
the data by the NSC800 SBC, the result is output through the D/A converter
to the NOVA computer. The analog signal is input into the NOVA through a
Data General DG428l anmalog multiplexer module that was strapped for unity
gain. The actual conversion was performed by a Data General DG4280 A/D
converter module which was set for +10 volt full-scale signal input. A
FORTRAN program was written to move file data to and from disk files. It
also called Data General”s Sensor Access Manager (SAM) FORTRAN subroutine

library which controled the interface hardware.

The line sensor files consisted of creeper (intruder) signals mixed
with normal backgroud noise and wind gust signals. This would be a good
test for the predictor algorithms since the creeper would be hard to detect
with wind gusts producing interference., Plots of an input signal and the
output signals of the three programs are shown in Figure 4.3. As can be
seen, the two Widrow programs had nearly identical responses, The
differences are due to quantization errcrs and loss of multiplication
accuracy in the software multiply operation. The software multiply only
multiplies the high bytes of the operands, losing the cross—term components
of the low bytes of the operands. The hardware multiply does not do this.

Both Widrow routines were successful in removing the normal background
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noise of the signal but had trouble with the wind gusts. The adaptive
lattice predictor appeared to have better response with moderate gusts, but
the strong gust (near 3692 on the time axis) producad a large output signal
from the preéictor. Without further classification by the predictor, this
signal would be interpreted as an intruder. The tests did show that the

NSC800 can perform the algorithms adequately.



CHAPTER V

CONCLUSIONS

As a result of the evaluation of the NSC800 microprocessor, a low
power, single board computer 1is now available to perform various signal
processing applications. The computer can also be used for projects
involving data acquisition and/or numerical computation. The available
memory space on the board is more than adequate for most applications of a
dedicated computer system. It would be desirable to have a signed hardware
multiply/divide circuit in CMOS in order to increase the throughput of the

system.

The NSC800 met up to the advertised operating specificatioms with the
exception of wide operating voltage. The powar supply range of 5 volts #
10 percent will reduce the potential noise immunity of any CMOS system it
is used in. Further decrease in system speed will result from the
increased gate delays of standard CMOS devices operating at 5 volts rather
than 10 wvolts, The NSC800 does have the advantage of using the 280
instruction set, which is still a powerful instruction set when compared to
other 8-bit microprocessors. Even with a system clock speed of 2.5 MHz,
the NSC800 is capable of performing many useful tasks. The P2CMOS support
logic is useful for high-speed, low—power logic applications and works well
with the NSC800 in creating a fast computer system. It is hoped that
National Semiconductor will continue development work with the NSC800 and
eventually succeed in obtaining the full operatiomal voltage range that was

first promised.
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The implementation -of the two adaptive digital predictors was
successful. The ALP algorithm appeared to performed better than the Widrow
algorithm, but direct comparisons are not possible due to the lack of a
moving average filter on the adaptive lattice predictor. The NSC800 is
very capable as a digital processor for adaptive digital prediction. It
appears to be an optimal solution for eight-bit digital signal processing
applications. Once the unit price of the NSC800 decreases to a viable
level, it would satisfy all the specifications of the “ideal” digital
proccessor CPU, as mentioned in Chapter I. Its use would then be highly

encouraged.
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APPENDIX 1

280 ASSEMBLER PROGRAM FOR THE WIDROW ADP

WITH SOFTWARE MULTIPLY

This program is the Widrow LMS adaptive digital predictor which wuses
software multiply (WIDADP). It 1is essentially a copy of the listing
created by Nickel [3] for his Master”s report. Changes have been made in
order to allow the program to run on the NSC800 SBC, which are:

1. All buffers and number storage has been relocated so that they

start at 0400H rather than 4000H.

2. The location of the D/A and A/D converters have been changed to

1400H and 1402H respectively.
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RDDR

700an
‘nong
“ 003
“anne
S OR0T
e

il

S 000D
SON0E
“NooE
“onlg
o012
7aN1s
“Nnle
a0y
nere
“O01B

TNOLE
R DR
Tnog4
a7

“N0eB

TAner
0031
“0034
Ly
“O03R
“NN3B
TONZE
“0n41
TNN43
“N045
0047
7 0n4s

S04
TRN4E
TON4F
RS2
“ANS3

1 DONE

CODE

21FF N4

RF

nF
IRUZ14
47
JETF
A8

57
CBeC
CR1D
222004

210000
226404
2266 04
DD&1z2n4

FD21a004

_1ad
DOeEDY
DDA&D1
FDSENY
FDSw01
2e
CDonnz~
DD23

6404
EB
ED4B65 04

STHT

Gaal
(Mol

a3
0004
nn0os
nnone
nany
08
nnoe
on1g
no11
nota
nnt3
a0t14
no1s
nnie
nNiz
nn1s
on1e
nnan
nonai1
anzz2
ue3
a4
na2s
nas
onaz
a8
nngs
030
31
032
N33
024
nnzs
nzs
ey
022
0039
DRESH
DTS
no4g
043
11344
nn4s
T
VI ¥
onas
nnas
s
H0s1
nnsz
Das3
ns4
nnss
nses
nus?
3nsa

3D EIYSTEMS Z20 ASSEMBLER PRGE D001

SOURCE STATEMENT

STHIS IS THE WIDROW RDAPTIWE DIGITAL

SPREDICTOR ALSORITHM DEVELOFED BY D. MNICKEL
SFOR HIS MASTER‘S THESIS. IT HAS EEEM IZLIGHTLY
sMODIFIED FOR USE ON THE MNSC200 2BC. THIS

# INVOLYES MOVING THE RAM RUDRESSING IM THE
sPROGRAM TO 400H-FFFH., THE RDC 13X LOCATED AT
14024 AND THE QUTPUT PORT IS NOW THE DRAC WHICH
IS LOCATED AT 14004

H INITIARLIZATION
WIDRDP LD Bso6CH 3SET UJP ITERATION COUNTER
%OR F sCLEPAR R
LD HL>u46EH 3LOAD WL WITH MEMORY FOINTER
Lk LD <HL>sR :CLERF MEMORY BYTE
DEC HL sDECREMENT Hi.
DJNZ L1 SDECREMENT ITERATION COUNTER
H AND REPERT IF > 0
LD ZP»4FFKH SsINITIALIZE THE ZTALK POINTER.

‘s

H INPUT FROM A-D CCNYERTER
STRART XKOR R FCLERR R
LD Ls# SCLERR L
LD As (140cH? 3 INPUT ZAMPLE FROM R-0
LD BsA iB=IRMPLE
LD As7FH i A=MAZK

XOrR B SCONVERT ZAMPLE 7O 2 COMPLEMEMT FORM

L3 Heo#A iH=SAMPLE

SRR H FZCALE SAMPLE BY RARITHMETICALLY
RR L SEHIFTIMG FIGHT HL

LD cu42iMd «HL SSTORE Fomy TN MEMORY

5 COMPUTE B=IUMK=1,15s F(M=KIeHRiMykD
LD HL»0pnnH 5 CLERR HL

LD <odndaHr sHL SCLEAR LOW ORDER 14 EBITZ OF &
LD cQ4neHy ML FCLERAR HIGH ORDER 1s RBRITS OF =
LD Ixs04c2H iLOAD INDEX RES. i« WITH RDDREST

OF L.O0. BYTE OF Bimslial

s

LD IY»0400H 3LORD INDEX REG.Y WITH RDDRESS

OF L.O. EYTE OF Fim—1ao

l.D Bs1uUH ZET UP ITERATION COUNTER

Mt LD Ls CTM+0OH> 3HL=BMsK)

LD Hs ¢Ix¥+1H>

1.0 Es (IY+0H) iDE=F M-k

LD D» (IY+1H2

PLUSH BC *IRYE THE COUNTER

CRLL MULT SCALL THE MULTIPLY TUBROUTINE

IMC IX 3 INCREMENT BUFFER PUOINTER

INC IX

INC IY 5 IMCREMENT BLIFFER POINTER

INC IY

LD BC» <N4e4Hd SLOAD BC WITH L.0. 16 BITS
oF 5

EX DEsHL SUPDRTE L.C. 15 BITE CF A AND

ADD HL»BC FZTORE IN mMEMARY

LD C04s84H) » KL

EX DEsHL §

LD BCs 704&58Hy FLOAD BC WITH H.d. 1s EITZ
arF =

..

e

ar
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CODE

ED4F
226604
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EB
2R2004-
RF
EDS2
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CE1D
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CBiD
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0610
s
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FDSs i1
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DDSen1l
ERB

44

44
CBe22
C3e2
RF
CB1d
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7

AF
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DD7S00
nova401
Dbe3
poes
FD23
FD23
c1
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STHT

nnse
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7N
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[XE) Pl
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N8
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Ny
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0s3
0o
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0102
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3103
0106
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nins
11489
110
ntit
J11z
0113
114
01138
g1lle

SOURCE

e ap e

NOTE:.
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=D IZYSTEME Z20 ASZIEMBLER PRGE 0002
STRTEMENT

ADC HL,BC FUPDARTE H.d. 16 BITS OF 5 AND

LD (odesH) »HL $STORE IMN MEMORY

POP BC iRETRIEVYE COUNTER

DJMZ SuM1 3 DECREMENT COUMTER AND REPEAT IF >0

COMPUTE E (M) =F (M =i5
EMTER THIS ROUTINE WITH HL=G «H.d. 16 BITS
EX DE»HL :DE=5 (H.0. 16 BITS)
LD HL» {0420H> 3HL=F (M>
#OR A SCLERR RAsCLEAR CARRY
3BC HL»DE SHL=F (M} ~G=E M)
SRR H
FR L
SRR H
ER L SDIVIDE BY Zeed TO FURM
SRR H SHLsE (M) ~2eeqd
RP L
SRR H
RR L
LD <046eHs sHL iSTORE E M- 2eed 1IN MEMORY

5
H UPBRATE THE WMEIGHTS B (M+!skK)=UeB (M0 +Yof (M2 oF (A=K3

TNOTE:

-e

Lz

b4

ENTER THIS ROUTINE WITH VeE (M) =E M) 2++d I[N HL.

LD IXs04224 FLOAD INDEX REG. X WITH THE PDDRESS
OF THE L.O. BYTE OF BMs 18>

LD IY»0400H SLOAD INDEX FREG. Y WITH THE RADDRESS
OF THE L.0. BYTE OF FiM=16>

LD cO046AHY sHL SSTORE VYeE (M) IN MEMORY

LD BstOH 3SET UP ITERARTION COUNTER

PIUSH BC iSAYE COUNTER

LO HLs CO46RHY S HL=YeE M

LD Ey (IY+0H) 3DE=F (M=1863

LD D» CIV+1HD

CRLL MULT FCALL MULTIPLY SUBROUTINE

LD Es ¢IX+0OHy $DE=BMsk)

LD Ds (IX+1HD

EX DEsHL

LD BsH iFORM BiMsK)y 20wl

LD CsH

ZRR C

SRR C

“OR A SCLEAR R

RL B ;ROTATE M.3.B. INTO CARRY

JR HCsLL3 3FILL B WITH SISN BIT

CPL

LD B»A

“OR A FCLERR A

SEC HL»BC FHLSUSB(MsKI=E(MsK) ®1 1 ~Esel )

AOC HL:DE FHL=B(M+isk>

LD CIX+0H) sL $STORE UPDATED Bum+i»k:> IN MEMORY

LD cIX+1HYsH

INC 1x # INCREMEMNT POINTERS

INC IX

INC IV

INC 1Y

POP BC iRETRIEVE COUNTER

DJHZsL2 3 DECREMEMNT COUNTER AND REPERT IF » 0
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2R4E 04
EB
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c3npnn”

5C
=
&7
6F
4F
neas
CBVR
2u18
CBFB
2018
CB3H
3003

7C
a3
BY
TB1C
CE1D

SD TYSTEMS IS0 ASSEMBLER PRGE 0002

SOURCE STRTEMENT

a

an

»
H

COMPUTE GQiMI=01-16seSUMK=,,16) EM—g>
LD Hi» (D4dzHy sHL=E (M=1A/> 15

EX DEsHL FEXCHANGE DE AND HL

LD HLs <O4u2H) sHL=E (M) 186

<0OR A SCLEAR As» CLEAR CRRERY

IBC HLsDE sHL=<EM}=EM~16) 16

€X DE»HL EXCHRMGE LDE AND HL

LD His (0458 SHL=0OLD &M

ADD HL,DE fHL=MEW 2M>

LD (0463H) sHL $STORE NEW YALUE OF QM

IN MEMORY

LD DriH i DE=HL=G (M)

LD EsL

CRLL MULT SCRLL THE RULTIPLY ZUBROUTINE

TO FORM HL=E (M) seg- lneed

LA L

RL H

sLA L

FL H

SLA L SMULTIPLY BY le TO FORM

RL H 3 HL=Q (M) ee2 16

SLA L

RL H

LD FsH

#*0OR 204 SCONMDITION FOR DRAC.

LD <1400kx -/ SOUTPUT REZULT TO DRC

BLOCK MOYE OF E AMD F BUFFERS

LD DEs04a2H LOAD TARSET ARDDREZS

LD HLsDe444 §LOARD SOURCE RDDRESE

LD BC+NO20H iLORD NUMEBER OF BYTEZ TO BE mMOVED
LDIR iBLOCK MOYE OF E BUFFER

LD DEs04004 sLOAD TRRGET RDOREIS

LD HLs0D402H iLOARD SCOURCE ARDDRESS

LD BC. GuH sLORD NUMBER OF RYTEZ YO EE MOYED
LDIF #BLOCK mOVE OF F BUFFER

JP START ;JUMP TO INPUT ROUTINE FROM A-D ROUTINE

MULTIPLY SUBROUTINE
ORG 200H

MULT LD EsH i0=MPX s E=MPY

*OR A sCLEARR A

LD HeR FCLERR M

LD LsA SCLERR L

LD CsA *CLERR C

LD Bs 08K iB=ITERRTION COUNTER
BIT 7sD STEST 316N OF MPX

JR MZ»RDJ1 s 1IF HEGARTIWE. 30 TO ADJ1ls» ELSE CONTINUE

RET1 BIT 7sE STEST ZIGh OF MPY

JR NZsRDJ2 +IF MNEGATIVEs 30 TO ADJZ2 ELIE COMTIRUE

RET2 ZRL D SSHIFT RIGHT LOGICAL MPX

JR MCsESKIP STEST L.Z.B OF MPX
IF 0+ 30 TH ZKIP
LD RsH FELIZE ARD MPY TO THE HIGH PRRT
ROD AsE 3 OF THE RESULT
LD HesR

SKIP  FR H 3SHIFT RIGHT HL

=R L



ADDR CODE
0g1A  1OF3

“naic 7C
“e1p 91
e1lE &7
“DR1F  FAF
Tn2R0 57
‘g2l SF
‘222 C3
‘ng23 7B
‘D224 4B
‘0225 I8E4
‘nez?  Be
n228  4F
“322%  18E4

ERRORS=000D

ITMT

aL7s
0176
1} frard
1173
3179
3180
n181
niga
0183
nig4
n18s
3186
018vy
0188
nigs
D1S}

3D SYSTEMS Z80 ASSEMBLER PRGE 3004

SOURCE STRTEMENT

-

ROJ1

ARDJ2

N MZsRET2 DECREMENT ITERATION COUNTER RND
REPERT IF > 0

LD AsH sSUBTRACT CONTENTS OF FUDGE REGISTER

SUB C 3 FROM HIGH PRRT 0OF REZULT

LD He#

*0OR A

LD Ds» SCLERR DE

LD E-A

RET SRETURM TO CARLLIMG PROGFAM

LD AsE

LD C»E 3IF mMPX < s RDD MPY TO FUDGE

JR RET1

RDD AsD IF MPY < 0+ ADD MPX TO FUDGE

LD CsR

JR RETZ2

END



APPENDIX 2

Z80 ASSEMBLER PROGRAM FOR THE WIDROW ADP

WITH HARDWARE MULTIPLY

This program executes the Widrow LMS adaptive digital predictor with
hardware multiply (WADPHM). It is fuctionally identical to the original
software multiply version given 1in Appendix 1l. The hardware multiply
driver subroutine exchanges data with the main routine in exactly the same
manner as its software counterpart. Due to the hardware multiply, the
subroutine executes twice as fast (70.5 microseconds as compared to 147.25

microseconds) as the software multiply. For details, refer to Chapter IV.
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FARSE 1 DOMNE
SD SYITEME Z8) ASSEMBLER PRGE 0001
RDDR E€ODE STMT ZOURCE STRTEMENT

0001 $THIS IS A MODIFICATION OF THE WIDROW ARDAPTIVE

noog sDIGITAL PREDICTOR ALGORITHM DEVELOPED BY D. MICKEL
003 SFOR HIZ MASTER-S THESIS. IT HAE BEEN MODIFIED
U004 FFOR USE OM THE NSC800 IBC WITH HARDWARE mMULTIFLY.
DU0S FTHE EOFTWARE MULTIPLY SUBROUTINE HAS BEEM REPLACED
0006 FWITH A HRRDWARE MULTIPLY DRIVER SUBROUTINE WHICH
D0OF SJUSES THE SAME DRTA FORMAT /S THE ORIGINAL ROUTINE.
0008 SOTHER CHAMGES IN THE ORIGIMAL IOFTWARE INCLUDE
1009 sMOVING THE RAM RDDREEZSING OF THE BUFFERS

A310 §TQO Nad0H-04sBENH. THE AIC IS LOCATED AT 1402H AND
0011 FTHE OQUTPUT PORT IS NOW THE ODRC wHICH IZ LOCARTED
1012 +RAT 1400H.

0013 3
D014 3 INITIRLIZATIOH

oon 3ER20 101S WADPHM LD A» 001000008 F3ET MDU S COMTROL RES. TO INDICRTE

“Qong 320310 idte LD «1003H)sR 32 UNITS ARE BEING USED. nO UMIT
D17 s QPERATIONs SEQUENCE COUNTER. IHIFT
}yig i RATE ZELECTOR RRE RESET AT POWER-OM
DONE= RESET

0003 Nsec 3020 LD BsBCH FSET UP ITERATION COUNTER

“NaNy  RF N0l *OR A iCLEAR R

Tnang 216804 nnza LD HL»U<46BH SLOARD HL WITH MEMORY POIMTER

“A0BR FT one3 L1 LD (HL) R SCLEAR MEMORY BYTE

“QooC 2B nng4- DEC HL iDECREMENT HL

“eaoD 1OFC 202s DJUNE L1 SDECREMENT ITERARTION COUNTER
noes & AND REPEAT IF > 0

“ADNF  31FFN4 Q027 LD SP»04FFH :IMITIALIZE THE ZTRCK POINTER.
nnes8 §
nneg i INPUT FROM A-D COMYERTER

‘an1tE AF 1030 START «OR A iCLERR A

“N013  &F 1031 LD LsH FCLEAR L

“0614  ZR02El4 nn32 LD Rs (1402H» §IMPUT ZAMPLE FROM A-D

SU017 47 33 LD BsA 5 B=LAMPLE

‘018 ZETF mnz4 LD As7FH :A=MRLK

“001R A8 na3s “0OR B FCOMYERT SAMPLE TO 2-% COMPLEMEMT FORM

“0NtB &7 036 LD HsP iH=IAMPLE

“nfN1c CEEC a3y SRA H SSCALE ZAMPLE BY ARITHMETICALLY

“001E CBID nn3g ER L FSHIFTIMNG RIGHT HL

“anen 2E2Zons mae LD <0420Hr sHL SSTORE FoM> IM MEMORY
040 3
4l § COMPUTE bB=iUMck=1slol F (M=KD eB MK

Tng23 210000 N4 LD HL» 0000 SCLERR HL

‘0N2e  2Ee<404 n43 LD C04s4HrHL SCLEAR LOW ORIDER 1s BITS OF 5

TN0Ee  Z2eeild e LD co4beH» sHL iCLERR HIGH ORIER 18 BITZ OF =

‘00z2C  DD212204 1045 LD IXs0422H4H $LOARD IMDEX REG. i WITH RDDRESS
po4s OF L.d. BYTE OF EMs 162

QO30 FORloa04 3047 LD IY+0400H 3LORD INDEX REG.Y WITH RDDRESE
148 ¥ OF L.0. BYTE OF FimM—183

“0034 Neln D043 LD Bs 104 S5ET UP ITERARTICN COUNTER

‘nN3s  DDEEOY nnsSa UMt LD Le (TA+0H) SHL=BMskD

0039 DDE6O1 nast LD Hs (IxZ+1H»

“0N3C FDSEON nos2 LD Es CIY+0H> i DE=F (M=K3

CNU3F FDI&N1 nes3 LD Ds (IY+1H

T4 05 1S54 FUSH BC $SRYE THE COUNMTER

‘0043  cIhoong- 0055 CALL MULT fCALL THE MULTIPLY SUBROUTIME

046 DDEI nsSe INC IX § INCREMENT BUFFER POINTER

‘049 DDE3 N0s7 INC IX

‘gnean  FID23 nnse INC IY §IMCRERMENT BUFFER POINTER



AODR

g DE
“N04E

“posa
- NNS3
“NNS4
h-=rd
“0N38

n0sc
“NOSE
“0N6L
“NNeS

“NNé4
TNes
“NNes
nE
DY)
“ 006D
T NNBF
et
“NN73
11 e ]
¥
M 12
SN0N7R

“NATE
Tnng2

“NN86
MO DS
‘03B
“nnsc
T NNgF
e
)
L]
“QNSB
S DNSE
SNNSF
T N0RAO
“N0R1
S ONR3
CONRS
CONARS
“ONR3
- INAR
“O0RB
S O0RAC
S 0NRD
T DORF

CODE

FD23
ED4B54 04

ED4Bb6 014

ED4r
226604
C1
1902

EB

2A2 004
HF
EDS2
CBRecC
CB1D
ceac
CB1D
CBacC
CB1D
ChzC
CB1D
e2ne 04

DDz1z22 04
FDE10004

226R04
01510
S
2REA D4
FDSE 00
FDS601
CDonn2”
DDSE N0
DDSE N1
EB

a4

4C
cB29
cpes
AF
CH1D
z001
eF

a7

AF
ED4<
EDSH
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5D IYSTEMS Z30 AZSEMBLER PAGE 0002

STMT ZOURCE STRATEMENT

nnss INC IY

Nua 0 LD BC» cO4e4H» 3LOAD BC WITH L.O. 16 BITE
nnei 3 aF 5

anree EX DEsHL FUPDATE L.O. !6 BITS OF A AND
1063 ALDD HL-BC STORE IMN MEMAORY

ne4 LD <0464H> s HL

nnss Ex DEsHL 3

nNés LD BC» iD46eH> FLORD BC WITH H.0O. 16 EITS
1067 i aF 35

noes ADC HL+BC SUPDATE H.0. 15 EBITS OF 5 ANLD
nnes LD (n46éM> sHL SZTORE I[N MEMCRY

puvon POP EBC sRETRIEYE COUNTER

ouvL DJMNZ UMl :DECREMENT COUNMTER AND REFEART LF >0
nove i

Q73 s COMPUTE EMy=F M =i3

Q074 INOTE: ENTER THIZ FROUTINE WITH HL=3 «H.O. 16 BITIX
unys EX DE»HL $DE=t ¢W.0. 16 EBITZO

076 LD HbL» (N420H) FHL=F M)

nnz? #“OR A SCLEAR AsCLERR LCARRY

1nys ZBC HL:DE sHL=F (M) —i3=E M2

D Facs IRA H

nnson RR L

nEgl IRR H

nngaa RR L $DIYIDE BY cZe=e4 TO FCEM

onaz TRA H SHL=E (M)~ Zeed

ang4 R L

nnas SRR H

nna& rRRE L

nnav LD (N4acH) sHL ZTORE EiM) 72eed [N MEMORY
00as j

nnas UPDRATE THE WEIGHTS EBuM+lsk: =ileB Mk, +VeE (M) of M=k
0090 INOTE: EMTER THIS ROUTIME WITH YWeE M) =E M) - Zeed IM HL.
NSt LD I¥sud22M sLORD IMDEX RES. « wlTH THE AODREZZ
nuSg i gF THE L.O. BYTE OF BiMslwy
nnez LD IYena40oH $LORD INDEX RED. W wWwlTH THE RDDFEZIC
a4 s OF THE L.O. EYTE OF Ful=1lias
oSS LD (O4AAHY sHL sZTORE VeE My IN MEMCRY

VAT LD BrlUH SSET LP ITERATION COUNTER

a7 L2 PIUSH BC s ZAYE COUNTEF

anes LD HLs (Odamm» HL=Y e (M2

nse LD Es CIY+0OH) SDE=FiM=1/2

0100 LD Ds CI¥Y+1H2

n1o1 CALL MULT FCALL MULTIPLY ZUBROUTIME

g1ne LD Es (IX+0H) 3DE=B:Msk3l

1103 LD Do CIN+1H

0104 EX DEsHL

0108 LD BsH SFORM BiMsk) - Z2ee1l

1106 LD Ceh

n1ov SRR C

D108 ZRA C

3109 “OR A FCLERF A

nrin RL B ‘ROTATE M.Z.B. IMTO CHRRFREY

0111 JR NC,LS sFILL B WITH ZIGN BIT

ni12 CPL

0113 L3 LD BsH

n1t4 wOR A FCLEAR A

n11s JBC ML#BC SHL=USB Mk =BiMspieil-Zeell
niis ADC HLsDE SHL=BiM+lsxi
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D SYSTEME Z80 RASIEMBLER PHGE 0003

ADDR CODE STMT SOURCE STRTEMENT
“Q0B1 DD7SO0 0117 LD (IX+0M>»L 3STORE UPDARTED B(M+1,k> IN MEMORY
‘00B4+ DD7401 0118 ) LD (Ix+1MH>+H
70NBY DD23 0119 INC Ix 5 [NCREMEMT POINTERS
“00Bs  DDE3 nizn INC IX
“00BB FD2Z2 121 INC IY
“00BD  FD23 0122 INC IY
“DOBF C1 0123 POP BC SRETRIEVE COUNTER
‘0D 10C73 niz4 DJINZs L2 i DECREMENMT COUNTER AND REPERT IF > 0
2125 s
0126 3 COMPUTE QM =(1-18) «SUMK=1s 16> E(M-K2
“Qnceg  2A4204 0127 LD HLs (0442H HL=E M-1K) 186
“ANCS EB 0128 EX DEs>HL EXCHRAMGE DE RMD HL
‘0NCE  2Re204 nia2se LD HL» (0462H> FHL=E (M) 16
“0NCe AF 01319 “OR A SCLERR As CLERR CARRY
“QNCR EDS2 0131 SBC HL>DE sHL=CE M) ~E M-16)-18
“ONCC EB ni1zz EX DEsHL iEXCHANGE DE RMD HL
“ANCD 2Re804 3133 LD HL» (0488H) HL=0LD QM
“onDn 1S 3134 ADD HLsDE SHL=MNEW 5 (M>
“NoDl 226804 D135 LD (D463H)»HL sSTORE NEW YALUE OF QoM
3136 & IN MEMORY
“NND4 T4 0137 LD D»H :DE=HL=Q (M
“aDps  SD 0138 LD EsL
‘N0De CDoOo2” n139 CALL MULT SCALL THE MULTIPLY SUBROUTINE
3140 & TO FUORM HL=E (P> ee2- 1 Eeeg
~QnDe (B2 0141 LR L
“nNDB CBi4 n14g RL H
“anpnp  CB2S 0143 LR L
“nobF CBl4 0144 RPL M
“NNEY CB23 145 LA L sMULTIPLY BY L1s TO FORM
“OANE3 CBi4 0146 RL H 3 HL=Q(M>ee2 16
“NNES ©CB2s 1147 SLA L
“ANET CBl4 0148 RL H
“HNES  TC 0149 LD AR
“ONER  EESD 0130 %R S0H sCONDITION DRTR FOR DRC.
SNODEC 3E0014 11351 LD <i400H »A (0UTPUT REIULT TG DAC
n1s2 3
0153  BLOCK MOVE OF E AND F BUFFERS
“ANEF 114204 154 LD DE»O442H sLORD TRRGET RDIREZS
‘ONF2 214404 1155 LD HLs U444 SLOARD SOURCE ARDDRESD
JODFS 012000 N1Ss LD BC»an20H $LOAD NUMBER OF BYTES TO BE mMOYED
“NNF3  EDBO 31157 LDIR #BLOCK MOYE OF E BUFFER
‘OOFA 110004 1158 LD DE»0400H sLOAD TRARGET ADDREZT
‘NOFD 210204 199 LD HLs 402K +LORD ZOURCE ADDRESS
‘nion N120400 nien LD BCsB020H *LOAD NUMBER OF BYTES TO BE mOYED
<9113 EDBO N6l LDIR $BLOCK mOVE OF F BUFFER
“3105  C31200¢ ni1e2 JP START 3JUMP TO INPUT ROUTINE FROM A-D ROUTINE
163 ¢
0164 3 MULTIPLY ZUBROUTINE
»0200 1165 OrG 200H
‘Neny AR N166. MULT x[OR F SCLERR A +D=MPXs H=MPY
‘0201  4F J167 LD Cs&
‘n2ne CB7A 0168 BIT 7+D STEST SIGN OF MPX
204 2920 0169 JR MZsADJ1 i IF MEGRTIVE, 530 TO ADJ1: ELSE COMTIMUE
‘206  CBPC 2170 RET1 BIT Vs+H STEST Z1GN CF MPY
‘pEnNg 2030 0171 JR MNZsRDJZ2 i IF NEGATIVEr 0 TO ADJ2 ELZE COMTINUE
“p2NA  ZE&4 0172 RETZ2 LD S+01100100B iRESET SEQUENCE COUMNTER, REG. Z
SA20C 320310 D173 LD (1003H)sRA sAMD MAKE MO OFERATION.

“0e&0F VA ii1ve LD A+D iPUT QPERAND IN UPFPER X REG. .



RODR

0210
70213
‘9214
‘0217
‘0218
“N21B
“0=21D
“Ngan
“na21
‘g2z
0223
“n224
* 225
- 0226
T Ne2v
‘22R
‘Nez2s
“Nez2E
T022F
“Na3n
“N231
“ne3e
“Ne33
‘0234
“N235
<0236
0237
“ 0238
“N23A
“DN23B
“RR3C

Cape

320010
AF
320010
7C
320110
3E69
329310
00

06

0o

nn

oh

o

on
3A0210
67
3AN210
6F

7C

a1

67

AF

s7

SF

co

7C

4C
18CC
82

4F
1scc

ERRORS=0007

5D SYSTEMS Z80 RASSEMBLER PRGE 0004

STMT SOURLCE STATEMENT

givs
gi7s
0177
2178
aive
nisa
o181

g182
0183
1134
Q185
n18e
0187
1188
3189
1903
0191
192
1193
0194
0195
n196
1197
0198
019
neono
N201

nane
D2na
204
20
N20s

ADJ1

ROJ2

LD (1000H> >R

XOR R SCLERR LOWER X REG. .

LD <1000H)»H

LD A»H SPUT OPERRTUR IM UPPER £ REG. .

LD <1001H»»>A PLOWER Z REG. IS ALRERDY CLERR.

71

LD R»69H SRESET SEQUENCE COUMTERs CLERR Y REG.

LD <1003H)»R :AMD STARART MULTIPLY.

MNOP

NOP

HOP

MOP 3WARIT FOR MULTIPLY TO FIMISH.

MOP

NOP

NOP

LD RAs C1002H LOAD HIGH BYTE OF RESULT
LD H»r sIN B REG. .

LD Asc1002H> FLOARD MEXT HIGH BYTE OF RESULT
LD Ls# *INTO L REG. .

LD A»M SSUBTRACT COMTENTS OF FUDGE REGISTER
SUB € i FROM HIGH PART OF RESULT

LD HesR

“OR A

LD D+~ sCLEAR DE

LD Err

RET sRETURN TO CALLING PROGFFM

LD RsH

L0 Cert 31IF MPXY < 0. ADD MPY TO FUDGE
JR RET1

ADD RA:D IF MPY < nNs ADD MPX TO FUDGE
D CsH

JR RETZ

EMD
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APPENDIX 3

Z80 ASSEMBLY PROGRAM LISTING FOR THE

ADAPTIVE LATTICE PREDICTOR

Memorvy Organization

Location Contents Location Contents
0400 HEX e(l) low 0434 wl(9) low
0401 e(l) high 0435 wi(9) high
0402 e(2) low 0436 k(l) low
0403 e(2) high 0437 k(1) high
i " 0438 k(2) low
) : 0439 k(2) high
0410 e(9) low
0411 e(9) high % .
0412 w(l) low 0444 k(8) low
0413 w(l) high 0445 «(8) high
0414 w(2) low 0446 v(1l) low
0415 w(2) high 0447 v(1) high
. p 0448 v(2) low
. . 0449 v(2) high
0422 w(9) low
0423 ' w(9) high
0424 wl(l) low . .
0425 wl(l) high 0454 v(8) low
. ; 0455 v(8) high

In order to follow the floating point arithmetic operations in this
program, a standard discriptive notation has been included. In the general
form it is given as (S/I/F), where the variables describe the number of
sign, integer, and fraction bit respectively. Ome is refered to "A Block
Floating-Point Notation for Signal Processes" (SAND79-1823) by James E.

Simpson for details.



PASS L

RDDR

»aan
“000n
‘ooz

200035
007
O3
“Na0B
“AN0nc
g ae]

T NR0F
“anig

“00le

“ON1R
“naic
“RALF
i)
21
“N0gR
< Q0e3
“DnNes
“onNee
“nN28
“NN2R
Q02D
QU330
“N033

DONE

cone

JER20Q
320310

ei6
RF
213304
rrd

2B
10FC

31FF 04
FOR101itd

pbz1o0n4

IS
cANl114
7D

2F

&F

C
EE7F
57
CBaC
CB1D
DDPS00
DO74nt
popyEi2
DD7413

STHT

ooo1

gong
0an3
oong
nans
L=
Glifirg
unus
so0e
0010
goi1

001z
4013
0014
0018
nole
0017
1018
o019
0020
nogt

nnaa
noe3
0024
0025
no26
Q027
unese
1029
0030
2031

anze
nna3
nn34
1035
aa36
3037
an3s
on3s
D040
N4l

3042
00n43
N4
0045
048
2047
043
1049
q03s4a
nns1

nnsz
2053
0654
nnss
nNsS6
onsz
158
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SD SYSTEMS 30 ASSEMBLER PAGE 0001

SOURCE STRTEMENMT

.
s

LATZED 7% AN RDAPTIVE LATTICE PREJICTOR PROGRAM

FWRITTEN IN Z90 ASSEMBLY LAMGURGE FOR THE MESC300 ZEC.
3THE ROUTIME I3 SET UP WITH AN EIGHT-STRGE LATTICE.

P INPUT

DATA IS BROUGHT IM THROUGH THE 12-BIT RDC AND

sTHEM CONMDITIONED BY SOFTWARE FOR USE IM THE RALGORITHM.
SALL MATHEMARTICAL OPERATIONS OF THE LATTICE PROGRAM RRE

i DOME

IN FIXED-POINT IMNTEGER RRITHMETIC WITH A ZI<TEEM

5BIT WORD., MULTIPLICATION AND DIVISIOMN OPERATIOMS RARE
3SIGMED BUT HRE DOME IMN HARDWARE OM & CDP1853 mDu. IT
SPERFORMS UMSIGNED MULTIPLICRTIONS AND DIVISIONE REMCES
$TWO HARDWARE ORIVER ROUTIMES ARE NEEDED TO CONVERT THE
5SIGHNED NUMBERS TO UNSIGMED MUMBERS AND BRCK WHEM THEZE
$OPERATIONS ARE DOME. THE BQUTPUT OF THE LRATTICE FILTER
+IS SENT TO THE 8-BIT DAC FOR COMPRRISON TO THE CRIGIMAL
FSIGNAL.

FINITI

RLIZATION OF THE MDUs POINTERS: REGISTERSs AND

SARRAYS. THE PROGRAM STARTS AT THIZ FOINT UPOM RESET.

LATZBO

e tqe e

L1

e

¥

OrRG 0D00H

D AsDG100000B FSET MDU-S COMTROL RES. TO INDICRTE

LD A003H» R 3 2 UMITS ARE BEIMG UZED. MO UMIT
OPERATIONs ZEGUENCE COUMTER» SHIFT
RATE SELECTOR RRE REZET AT POWER-

OM PESET.
LD Bs3BH SSET UP ITERATION COUNTER.
“OR A& *CLEAR R.

LD H.»U455H SLORD HL WITH MERMORY POINTEFR.
LD tHL>» A SCLEAR A MEMORY BYTE.

DEC HL s DECREMENT HL.
DJNZ L1 iDECREMENT [TERATION COUMTER AND REFERT
IF > n

LD SP:04FFH SIMITIARLIZE THE STACK POINTER AMOI
LD IYs1000H FFOINTER FOR MDU REGISTERS.

SINITIALIZATION OF THE ARRRAY POINTER AND STRGE LIOCP
sCOUNTER. THIS IS THE START OF THE LATTICE ROUTLIME.

¥
LSTRRT LD IX:D400H FINITIALIZE POINTER FOR FORWARD

s

a8 ‘an we W

PREDICTION ERROR HRRAY.
LD Be0OBMW INITIALIZE STASE LOCP CZOUNTER.
LD His C1401H> sLOAD HL WITH SRMPLE FRCM RDC.
LD ARsL
CPL
LD LA
D FMsH SCOMYERT DATR TWO 275 COMPLEMEMT FORM.
“OR 7FH
LD HsP SINPUT NOW IM FORM <{1-0-11>
SRA H SSCRLE SAMPLE BY ARITHMETICALLY
RR L sSHIFTING RIGHT HL. (2-0-11>
LD cIX+00HD »L JPLACE SAMPLE IN FORWARD PREDICTION
LD (l&+01H) »H SERRCOR RRREAY LOCCATION ZERO. (2.70-145
LD <Ix+1gHy L sPLACE ZAMPLE 1IN BRCXWARD PREDICTICHN
LD (IX+13H>)»H SERROR RRRAY LOCATION ZERO. 2-i0-140

THE LRTTICE STRGE LOOP STARTIS HERE
iCALCULATION OF EdJ+1) = EqJr — K(Jred] (>



RDDR

0036
i
" 003R
“DO3D
- 3040

7 0N43

‘0046
<0043
" RU4R
“DO4C
TRN4E
“ I04aF
“NNs2
“0NSS
“0S6e
g lird
7 BS99
“NASC

“DOSF
“ e
i)
“nnea
“0NGE

T N0BE
i)
unHee
TROV4
TONTE
U Far
“QO7R
“NN7D
“NOFE
“O07F
1081
1084

S NNsy
“NN3R
“nnsh
TONEE
< NaF
T AN9R
C 0093
C009s
‘O
< O09R
“O0%B
“ONSE
T OO%F

CODE

€3

DDeEZe
DDes3?
DDSER24
DDSees

Choaoz-

CB2S
CBi4
cBas
CB14
EB
DD&EOD
DDsedl
crd

3F
EDZ2
DDrsnz
IDr4403

DDBE26
D637
LoSeQn
DDS601
choanz-

CBas
CBl4
CB25
CBi4
EB
DDsEZ4
IDe&ecd
37

2F
EDS2
DD75t4
DD7415

DDBEND
DDeedl
an

T4
cooone”
ES
0DeE2+
DDeseS
5D

S4
coogana-”
D1

i9

ETHT

g059
ned
n0s1
0nea
Q63
064
no&s
nl&é
0067
onea
0083
Qava
1071
nara
0073
0074
1a7s
nn7e
oy
nars
il =
no2a
081
nnge
083
084
1385
nnge
nus?
nss
nnse
1]
nnsi
anag
nna3
ups4
NNSs
nNss
0u9v
noss
1099
Jion
7101
a102
1103
1104
01ns
nine
0107
n108
3109
o110
niti
niiz
0113
0114
u1Ls
nite

SOURCE

STeLOP

an

e

ETRC T T

a8

LI

¥

74

SD IYSTEMS 280 ASSEMBLER PARGE D002
STRTEMENT

PUSH BC 3SAVE STRAGE COUNTER.

LD Ls (IX+38H) SLORD LRTTICE COEFFICIENT INTO

LD H» (IX+37VH) STHE HL REGISTER. (2-0-147

LD E» (IX+24H> LOAD BRCKWARD PREDICTION ERROR OF
LD Ds (IX+25SH> SLAST ITERATION INTU DE REGIGTER.

(2407140
CALL MULT SMULTIPLY THE TWO YRLUES TOGETHER.
C4rDr12>
SLA L
RL ™
SLA L

FL H FZCALE THE RESULT. (2707145

ExX DEsHL iMOYE REZULT TO DE REGIZTER.

LD Ls ¢IX+00H> LORD FORWARD FPREDICTION ERROR

LD He (IX+0L1H) 5 IMTO HL FEGISTER. (2r0-145

SCF

CCF :CLEAR THE CRRRY FLAG.

SBC HL:DE 3THIZ OBTAINE THE DESIRED RESULT.

LD (IxX+N2H»sL FETORE RESULT [M MEXT CELL OF THE

LD <IX+03H>sH FORWARD PREDICTION ERROR ARRAY.
2o 0714

CRLCULATTION OF W J+1) = Wlilr — KideEC

LD L» ¢IX+3AH> FLOAD LATTICE CREFFICIENT INTD

LD Hr (IX+37H> $THE HL REGISTER. (2-10-14)

LD E»<l%+00H> 3LORD THE FORWARRD PREDICTOR ERRCR

LD Ds <IX+DIH» SYALUE IN THE DE REFISTER. (211

CALL MULT sMULTIPLY THE TWO VALUES TOGETHER.

(st 122

LR L

RL H

SLA L

FL M SSCALE THE RESULT. (E-0-14

EX DE»HL :MOVYE RESULT TO DE REGIZTER.

LD Ls¢IX+24Hs LOARD BACKWARD FREDICTION ERRIR COF

LD H» (IX+85H> SLRAST ITERARTION INTO HL REGISTER.

SCF ’ (2o0014)

CCF SCLEAR THE CRRRY FLRG.

SRBC ML+DE iTHIS OBTRINS THE DESIRED REZULT.

LD (IX+14HrsL 3STORE RESULT IN HEST CELL OF THE

LD ¢IX+15H> +H $BRCKWARD PREDICTION ERROR ARRRAY.
(207140

}THFE FOLLOWING ROUTINE CALCULATES
VO =

BETAeY (J) + BETRle( EclreEdJ) + WL ewl () 3

LD L (IX+00H) iLORD FORWARD PREIICTION ERROR

LD He (IX+01H2 SINTO THE HL REGISTER. (2-0-142

LD EsL

LD DsH sALSO PUT IT IN THE DE REGISTER. w20 142
CRLL MULT SOBTARIN EceEclr. (4-0-122

PHUSH ML 3SAYE RESULT UMTIL LRTER.

LD Ls<IX+24H> iLORD BRCKWRARD PREDICTIOM ERRCR OF
LD Hs (IX+2SH) THE LAST ITERATION IM HL. REGISTER.
LD EsL & (27117142

LD DsH FARLESO PLACE IT IN THE DE REGISTER. 2-0s142
CALL MULT SOBTRIN WIcJrewl (Ji. 40120

POP DE SRETRIEVE W (Jrev (Js, 40,120

ADD HLsDE (OBTRINS ( ECJieE(dr + WllJoewl ol ]



3D SYSTEMS

I

20 RISEMBLER PROLOE 0063

ADDR CODE STHT SOURCE STRTEMENT

JO0RG  CB2s 9117 SLA L s 4NA120

“dNAZ2 CBl4 0118 RL R

“oRs  CReS 0119 LA L

‘NORe CR214 0120 RL H  $3SCALE RESULT. i2-0-142

“N0RE EB Nia1 EX DEsHL sPLACE RESULT IMN DE RESIZTER. (Z2-0-14

“DORS  2R3CDNL- nizz LD MHis (BETA1» sLOAD BETR1 INTO HL REGISZTER.
01232 * (1.0, 15>

TRQRC  CDoOn2- n1z4 CRLL MULT 3GETS BETRIeL[ ECUsECdr + Wl drewl s 1.

“ONRF  ES N12% PUSH ML *IAYE FESULT FOR LATER WIE. «<3-0-132

‘00BN  DDSE4s 0126 LD E» (IX+46H> LOAD YARIAMCE TERM

“00QB3 DDS&47 b ¥=ird LD De (IX+47H> 3 INTO DE REGISTER. (2-0-142

JD0BS  2R3ANLS nizs LD HL» ¢BETR» +L0OARD BETH INTO HL RESISTER. «1-0-132

‘00Be  Chioang” niae CRLL MULT :OBTRIN BETRevW(Jx . (30132

“00BC D1 a130 POP DE IRETRIEVE PREVWICUZLY CALCULATED TERM,
nist s (30130

“O0BD 19 0132 ADD HL»DE OBTRINS FINAL RESULT. (30132

“NNBE CB23 0133 LA L

“nNce CBl14 0134 RL H SADJUST RESULT. 2-90-145

“0ucz  DOPS46 1133 LD (IxX+46Hr L $PUT FINAL RESULT

“QNCS  DDEV447 3138 LD (IxX+47Hd s 2 IN YARIAMNCE ARRAY. (2-10-14)
0137 &

0138 3THIS ROUTIMNE CALCULATES THE FILTER CDEFFICIENT FOR
0139 s THIS STRGE OF THE LATTICE FILTER.

0140 FK(JY) = KiJy + RLPHA®[ ECJ+ireWl iy + ECD e+l 1% 000
Ni4t1 $iFIRSYT, DETEPMIMNE IF THE YARIAMCE HAS BECOME TOO IMALL-
N142 3I.E.s LEST THAM EPTILON. VOJy IS IM THE HL PEGIZTER.

0143 3

“NOC8  EB 111 44 EX DEsHL PLACE V¢(J> IN THE DE FEGISTER. (270142

“NNCY  2R3EO0LC 01475 LD HiLs <EPSLM> LOARD EPSILOM INTO HL REGISTER.

“0Ncc 37 0146 ICF H (2-0-143

“onchD 3F 0147 CCF SCLERR CRRRY FLRAG.

“QOCE  EDS2 n148 SBC HL»DE sFIND EPSILON ~ YrlJb.

“00No 210000 0149 LD HL»0000H FSET CLCEFF. ADJUST TU ZERO. (270142

“nph3  Feapol- 0150 JP P TOOLOW FEPSILONY IF Z0» ZKIP CRLCULRTION.

“00De  DDeEDN 15t LD Ls <IX+00H) SLORD ECJD IN HL REGIZTER.

“0ND% DDesnl 0152 LD He <IX+01H> 3 (2707145

“G0DC  DDSEr4 0153 LD EsClx+tdk SLOARD WeJ+1x IM DE REGIIZTER.

“NODF  DD3&LS 1154 LD Ds (IX+15HY 3 (2707145

“OQNEZ2  Chodn2“ Q135 CALL MULT SOBTRINM E(dyed(dely. (40122

“NNES E3 156 PUSH HL iSAYE FPESULT FOR LATERF UIZE.

“A0Es DDeEZ4 0157 LD LecIx+24H) sLOARD Wil cdy IN HL REGIZTER. (270140

TONES  DDe&ES 1158 LD Hs= C1X+25H2

“O0EC DDSEONR2 1159 LD EscIx+02H) LORD ECJ+1) IM DE PFRISTER. (270 142

“GOEF DDSA/I3 aten LD D (IX+03HD

“N0F2 cooong- J161 CRLL MULT sQBTARIM EdJ+ioelWl Uy, (4135

“O00FsS D1 U182 POP DE SRETRIEYE PRIOR RESULT. 4 0-122

“O0Fs 19 N1e3 ADD HL,DE sOBTRIN ECJ+lreWl (Jr + EdJiekcJ+1s,
D164 & 4122

“00F7 DDSEds 0165 LD E» (IX+4&H) LOAD Y (J> IN DE REGISTER. (2~ 0~142

“Q0FR  DDS64? 01s%6 LD Ds CIX+47H)

“QOFD CcDenae” 167y CRLL DIVIDE 30 Efd+iseli () + ECoeWC]+ld Jovida.
0158 & 2-07 140

“01082 EB D169 EX DEsHL FPUT QUOTIENT [M DE FEGIZSTER. 200142

SO0101 2A280LC g170 LD HL» (RLPHADY s LORD ALFHA IN HL RESISTER. Cl-0-132

0104  Choongs 0171 CALL MULT SOBTAIM Kol MODIFIER. (3-0-132

"p1G7  CBES 172 SLA L

‘0109 CBl4 nivrs RL H FREICALE THE RETSULT. 2o 0r 14

“010B  DDSE3S 0174 TOOLOW LD Es<IM+326H» 3LOAD LATTICE FILTER CUEFFICIEM?



RDDR

“010E
‘0111
“nii2
“N1LS

‘0118
“01th

“01tE
121

N1+

‘nia2s
0127
‘n12%9
“N12hR
Q12D
‘0130
‘0132
“N13S

"0138
‘D13A
Ll )
T0L3E

»2nn
200
“N201
cnzoa
0205
0207
‘o209
“Na29R
“o20oc
“DIUE
s N29F
“nait
Ng2l4
0217
“NelR
‘021D
Q220
-l

CODE

DDSe37
19

DD7?S36
DDv437

DDeEi2
DDé613

DD7Sa4
DO7423

£l

DD23
Dpa3a

bk
£a23800”
DD7EDL
EE80
320014
C31e00”

aFaa
717D
arne
0100

44

4D
10000
CE7S
2801
12
CB7R
2801
ne
2E68
320310
FD72100
FD730n0
Fo7nni
Fu7101
v

4D

STHT

0173
0176
0177
3178
nive
0180
0181
nise
0183
0ig4
0183
0136
0137
nig8
nias
0120
niet
j1%2
0193
n194
1195
196
0187
0198
nise
naan
n201
n2oa
n2o3
neo4
n2095
n20é
n2o?
208
n2os
ne1n
nz21t
ne1a
n213
nzi4
=3 %)
N21m/
n21v
nz13
n21%
ngzn
nezi
naaz
nea2s
ne24
0223
nz2e
227
n2z8
pzz2e
D230
n231
n232

SD IYSTEMS Z30 ASZEMBLER PRGE 004
SOURCE STATEMEMT

LD Dy «IX+37H» 3 INTO THE DE REGISTER. (2- 0140

ADD HML-DE sOBTARIM MEW LATTICE FILTER COMSTAMT.

LD (IX+36H>sL SSTORE NEW FILTER COMSTRMT

LD (IA+37H»sH i IN FILTER LONSTAMT RRRAY. (2707142
H
FUPDRTE THE BRCKWARD PREDICTOR ERROR ARRRAY FOR THE LAST
FITERRTION WITH THE YALUE CBTRINED IN THIS ITERATIDM.
7
LD L> (Ix+12H> LOARD BACKWARD PREDICTION ERROR FOR
LD Hr (CIX+12H> STHIZ ITERARTION IN THE HL REGISTER.

@014

LD (IxR+e4Hd»L 3STORE IN ARRAY CELL OF BRCXWARD
LD (IX+2@5H>sH FPREDICTION EFROR OF LAST ITERATION.
H 20714

POP BC iRESTORE ETRGE COUMTER.

e

en an

$CHECK FOR COMPLETION OF ITASEI. I[F SO» OUTPUT THE
$FORMWARD FREDICTION ERROR TO THE DAC <HIGH 3 BITS).
‘ INC I¥

INC IX POINT TO MEXT STAGE OF LATTICE.

DEC B

JP MZ STeLOP 3 IF MAT DOMEs 5O TO NEXKT EZTAGE.

LD As (IX+01H> SLOAD H#IGH BYTE OF FREDICTION ERROR.
“OR 380K SCONDITIOM DRTA FOR DALC.

LD <1400M» A SSTORE QUT TO DRC.

JP LETRRT 60 TO ITRRT OF LATTICE LIOP.

*THE FOLLOWIMG ARE FILTER COMNSTANTS:

ALPHA DEFW D23FH iRALPHA = .02 <l 0-135)
BETH DEFW 7D71H #BETR = 0.38 «1-/0s132
BETR1 DEFW 028FH SBETRL = 7FFF - BETA + 1 = .02 «1-0-13
EPSLM DEFW 001K SEPSILOM = 0.000064 (2710714
r
5THIS SUBROUTIME IS THE HARDWARE MULTIFLY DRIVER
$SOFTWRRE. THE SUBROUTIME TAKES Twd ZIGNED 16-BIT
# INTEGER MNUMBERS IM THE HL RIND DE REGISTERT AND
SRETURNS A 16-BIT SIGMNED MUMBER IN THE HL REGIZTER.
ORG Z00H
MILT LD BsH
LD CsL 3PUT HL IN BT REGISTER.
LD HL» GDOGH iCLEAR THE HL REGIZTER.
BIT 7+B STEST SISN OF MNUMBER IN BC REGISTER.
JR Z ARND1 31F POSITIVEs IKIP FUDBE FOR DE.
ADD HL-BE #PUT DE IM FULGE REGIITER.
ARMD1 BIT 7»D STEST SIGM OF NUMBER IM DE REGISTER.
JR Z ARNDZ FIF POSITIVEs IXKIP FUDGE FOR BC.
#DD HWosBC SADD BC TO FUDGE REGISTER.
FRMDZ LD Ps0110l000B SRESET ZERUEMCE COUMTERs PES. T»
LD <1003H »R PAMD MRKE MO OPERATIOM.
LD <IY+00H>»D FPUT MULTIFLIER IM X REGISTER.
LD <IY+00H s E
LD <I'Y+01Hs»B +PUT MULTIPLICAND IM Z REGISTER.
LD <I¥Y+BlHs»C
LD BsH
LD C:L 3PUT FUDGE REGISTER IM EBLC REGIZTER.



ED SYSTEMS B0 ASSEMELER PARGBE 0D04S

ADDR  CODE STMT SOURCE STRTEMENT
“n2z2z  3E6l 0233 LD R» 0111000018 SRESET ZEQUENCE COUNTER AND
- 0224 320310 234 LD C1003H) R FCTART THE MULTIPLY.
227 90 02335 HaP
‘n2ze 00 ne3e NOP
“na2ge g0 n23? NOP
022 00 1238 MOF FWRIT FOR THE MULTIPLY TO COMPLETE.
“N22B FDes02 023 LD Hs (I7+02H SLOARD HIGH WORD OF RESULT
22k FIeEd2 1240 LD Ls (IY¥+ieHy #IMTO THE KL REGISTER.
“n231 37 na41 SCF
“n23a  2F nz4a CCF SCLERR THE CARRY FLAG,
‘0233 ED42 n243 SBC HL-BC SUBTRACT FUDGE REGIZTER FROM REIULT.
70235 (9 024 RET

02435

N24e 3 THIS SUBROUTIMNE IS THE HARDWARRE DIVYIDE DRIVER ZOFTWHARE.
J247 3 IT TAKES TWO SIGHNED 16-BIT MUMBERS «DIVIZOR IN THE

0g48 iDE REGISTER AMD DIVIDEMD IMN THE HL REGISTER> RND

0249 JRETURNS A 16-BIT RUOTIENT IN THE HL REGIETER. THE
0250 :LOWER 16 BITS OF THE DIVIDEMD RRE SET TO ZERO.

235t §
»N284% nz2s2 ORGE 280K
“Qesn  nedan 0253 DIVIDE LD Bs 00K 3SET S1G6GM SAOLDER TO ZERO POSITIVED .
‘292 CBYC 254 BIT 7»+ sDETERMINE ZIGN OF DIVIDEMD.
‘294 2809 0253 JR Z POSTVYE sIF POSITIVE ZKIP CHAMBE OF IIGM.
TN2BE AFF 0256 LD BrOFFH fSET SI16M HOLDER TO MEGATIVE tFFHD
‘02898 2B nasy DEC HL SsCONVYERT FROM 275 COMPLEMEMT. ZUBTRRCT OMNEs
“N2es 7o 238 LD Ash
‘28R c¢F n2s9 CPL sPERFORM 175 COMPLEMENT OM FESULT.
“H28B 67 260 LD HsR
“928Cc D N2et LD Al
“N28D  2F n2ee CPL,
TO2EE  BF 0263 LD LsR
“Q28F 3E64 Dee+ POSTYE LD A-01100100B SRESET SERUENCE COUMNTERsY RES. .
TR291  Ez0319 Nees LD <1003H» o F sAND NO JFPERAT IONM.
‘0294 FD7402 266 LD cIv+02H>sH :LOAD DIVIDEND IN ¥ REGIZTER OF mMDU.
U297 FO7YS02 ngs?e LD CIY+02H L
“N2eR  FD7a2un nz68 LD cIv+00H»+D SLOARD DIVISOR [N X REGISTER OF miuU.
‘029D FD7FI0NN n2&es LD C(IY+00H>=E
7280 3JESZ 270 LD A+ 11000108 SRESET SEGUENCE COUNMTER BMND
“O02A2 320310 0271 LD C1003HY s A sSTART THE DIVIDE.
7N2ps5 0N narve NOP
‘oefe 0N 0273 NOP
“NeSA7Y N0 1274 NP
“NeRs o0 n27s NOP SWRIT (Ul DIVIDE TO COMPLETE.
“02R% FDeeDi 276 LD Hs ¢IY+D1H> LORD HL PEGISTER WITH THE FESULT.
“02AC FDsLEDL n277 LD L CEY+O1IHD
TRERF 04 0273 INC B SCHECK THE SIG6M HOLDER.
“02B0 Cn ng7z3 RET MZ 3 1F HOLDER ZEROSRESULT IZ CORRECT: RETURN.
“N2B1 7C 0280 LD Rsrt sHOLDER FF» CONVERT TO MEGATIVE MUMBER.
“gaBa zF Negl CPL
2R3 &7 e8e LD HsR
“ne2s4 70 0283 LD AsL STAKE {-S COMPLEMENT OF HL REGISTER.
‘02BS 2F 284 CPL
“02B6 BF 02e3 LD LsA
“02B¥ 23 286 IMC HL 3RDD OME TO QBTAIM 2% COMPLEMEMNT.
“02B3 C9 nesy RET
288
289 EMD

ERRORE=0000



AN EVALUATION OF THE NSCB800 &-BIT MICROPROCESSOR
FOR DIGITAL SIGNAL PROCESSING APPLICATIONS

MAC A. CODY

B. S., Kansas State University, 1979

AN ABSTRACT OF A MASTER”S THESIS

submitted in partial fulfillment of the

requirements for the degree

MASTER OF SCIENCE

Department of Electrical Engineering

KANSAS STATE UNIVERSITY
Manhattan, Kansas
1981



ABSTRACT

As use of signal processing algorithms in dedicated applications has
become more commonplace, there has been a concurrent search for a
microprocessor that can execute such algorithms in the field. The search
has been partially successful, but the microprocessors investigated have
proven undesirable due to a number of factors. These have chiefly been
power consumption and cost consideratioms. The need for a microprocessor
that could operate at high speed with low power use and low cost per unit

was apparent,

This thesis covers the evaluation of a new microprocessor, the
National Semiconductor NSC800, which may answer this need. In order to
carry out the evaluation, a low-power, single board computer based on the
NSC800 and its family of support devices is constructed. Next, studies are
made of the performance of the computer and the NSC800 as hardware devices,
Discussion of the difficulties involved in obtaining a working computer is
made along with analysis of the results of hardware test Toutines.
Finally, the microprocessor is evaluated in the role of a digital sigmal
processor. Implementation of adaptive Widrow and lattice digital predictor
algorithms 1is reviewed and software is developed for execution on the
computer. The results of their performance and the limitations imposed by

the support hardware are discussed.

With the completion of the evaluation above, a summary of the
potential uses of the single board computer is made. A final analysis of

the performance of the NSC800 is also presented.



