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J SECTION 1 P
INTRODUCTION

This is the final report of a seven—month program beginning April 15,

19714 and ending approximately October 15, 19714 to design and fabricate

two programmable signal processors with the necessary software to pro—

vide for rca]. time operation of specific High Frequency Modem configura-

tion. These configurations include:

a. Conventional time—differential phase shift keyed modulation (TDPSK).

b. DEFT mode, using frequency differential phase shift keyed modulation

(FDPsK).

c. CODEM mode, combined TDPSK wit~ coding for error control and the use

• of soft decision decoding.
Ic.

The contract was accomplished by GTE Sylvania, Needham, Massachusetts for

the Naval Research Laboratories under Contract #Nq~~)1l4_714~ C_O299.

1’
Table 1—]. list s the deliverable items under the HF Prog mmiible Modem Pro-

cessor Contract #N00014—74—C—0299. Shown in Figure 1—1 is a photograph of

one of the two HF Programmable Modem Processors. The basic subsystems and

control panels are labeled on the photograph. An Interface Block *iagram

breaking the hardware down into sub—sections and describing the inter~~ce

between sub—sections is shown in Figure 1—2. The equipment is designed

around a basic high speed signal processor which is programmed to provide the

real time processing required.

• The programmable signal processor delivered was the standard rack mounted

GTE Sylvania PSP.

• FR75-2 i
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1. Two (2) Each — Programmable Signal Processors ,
each with 2K x 2K of data and program memory
with plug-in expansion capability to 14K x 4K.

2. Two (2) Each - Special prupose circuitry, not
a part of the main processor , including two
AID converters for each processor.

3. Two ( 2 )  Each — Input devices for reading assem-
bled programs unto each Programmable Signal
Processor.

‘4
4. Interface hardware and software between the

Programmable Signal Processors and the
Government ’s PD? 11 ‘DR liC.

5. Reports and Data —

I

TABLE 1-1. DELIVERED ITEMS
t

• •

~~1
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The standard PS? is located in the middle of the rack and consists
of a total of two nests of cards , one nest containing the Arithmetic

Unit and one nest containing 2K of 32—Bit Word Program Memory and
2K of i.~.•Bit Word Data Memory. This memory has been expanded by NBL GFE memory

elements to 3K x 3K. Directly below the PSK memory is the Standard Program

Console and Writing Shelf. The PS? is described in further detail

in Section 2.1.

The PSP is a general purpose processor which must be interfaced to
specific controls and devices to meet particular requirements. The

requirement in this procurement was for a modem which would be used
• to perform HF channel testing of a set of voice processors over a

HF link. The interface between the PS? and the external device is

provided by the Input/Output nest of special purpose circuitry . This

circuitry provides the standard modem interfaces to the voice pro-

cessor , such as

a. Transmit modem input
1. push-to-talk (PTT) command

2. external frame timing

3. external data timing

14. digital data

b. Transmit modem output

1. frame timing
2. data timing

3. end of preamble signal
14. rf transmitter keying signal

c. Receive modem output

1. frame timing
2. data timing

3. digital data

1*. preamble tones detected

5. data tones detected

FR75-2 3
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Figure 1-1. Photograp h of H. F. Programmable Modem Processor
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The signals are derived from routines programmed in the Processor in the

transmit mode or input data pr~cess such that it can be eas. 1y inter-
faced with the Processor in the receive mode.

Since the processor -is a computer, means must be provided to input

a program when required. Provisions have been provided for three means

of input access to each PS?. For the unit in a laboratory environment
the hardware and software is provided to assemble a program on a PDP

11/45 and directly read a program into the processor. The ability to

directly read data between the processor and the ll/1t5 is also provided.
Further details on this is given in Section 4.0.

For the processor located at a remote site, a paper tape reader is in—
- - cluded with the equipment. Programs can be assembled on the 11/45 and

punched out on paper tape. The paper tape is then used as an input to

read the program into the processor. Also provisions were provided for

a card reader which could be interfaced to the processor at a later
-
• 

date.

The software developed for the program included many of the most

accepted modem techniques arid designs presently in use. Four programs
were developed which totaled seven different congurat ions of data i-etc
and types of modulation. These are su~~Arized in the foflowi ng chart :

Modulation Type DATA RATE
2400 3 0 0  4800

Kineplex X X X

Codem X.  X X

X.-1 -

X indicates configuration programmed on this contrac t

FB7S-2 6
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Further details on the Modem Techniques used and a descri~tion of th~
programs developed can be found in Sections 3.2 , 3. 3, 3. 14.

.1
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I SECTION II

SUBSYSTEM EQUIP~~ NT DESIGN

The following section describes the operation of each functional block
in the deliverable equipment and identifies drawing numbers and virerun lists
for each subsystem.

2.1 The Programmable Signal Processor

The central element in the progrR!mn~ble modem hardware is the PS? which is
a high—speed digital computer designed specifically to implement complex digital

• signal processing systems such as modems, vocoders and spectrum analyzers. The
computer is composed of an arithmetic section, an address storage and modification
section, a control section, an input/output section , a control console , and two

memory sections. One memory is used for program storage and the other one for data

storage . The memories are designed with rn , LSI elements and the instruction rate

for direct memory access instructions is 4 MHz. A hardware multiply is provided
which performs multiplication of two sixteen bit numbers in .750 microseconds .

• For this application 2K of 32 bit program memory , 2K of 16 bit data memory,
a twelve bit A/D converter and a 12 bit D/A converter is provided with each

• equipnent . The memory has been expanded GFE to 3K of both data and program.
Digital interfaces for voice processing equipment and inputs from a modem control
operators console are connected to the standard PS? input—output structure.

F~u’ther details on the design of the PSP can be found in Appendix C.

FR7S-2 8
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A
2.2 ~~M I/O NEST

A
General

The RPM I/O Nest is physically located in the rear section of the J
RPM cabinet. The nest contains digital and analogical logic which

interfaces the PS? with Peripheral devices.

There are eight logic boards in the I/O nest which perform the
following fun ctions as indicated iii Figure 2.2—1 . -

4

Slot Location Name Primary Fucntion

5 Data Clock Synchronizer Phase lock loop -
~~~

• 9 Paper Tape Reader Load PS? Program Memory

13 PDP—il & 188 Interface Interfacing PDP—ll with
PS? & 188 data transmission

15 PS? Modem Panel Interface Used by programmer as a tool
(i) generating Parameter for real Jtime operE.tions, (2) trouble
shotting mal functions

19 D/A Converter OUTA 0 hA D/A Conversions J
and O 5 A

2). 1)/A Converter OUTA 0 D/A Conversion

23 A/D Converter A/Dl A/D Conversion 4
24 A/D Converter A/D 0 AID Conversion

j
The I/O Nest consists of an .Augat panel rack and a wire wrapped back

panel. This chassis contains the connectors that the nest to the

peripheral devices, MIL—STD—le8 transmission data lines, and the PS?.

The chassis is hardwirect to the logic nest. The wire run list,

#19—593672. defines t~.e signal nemen on each connector shown in the 
4

interface block dia~r~~i in Figurc 2—2 and defines the wiring to the
nest. The signal grounds from the connectors are tied to the nest

ground plane by lu~s and a ground strap running the length of the

nest. A terminal hlcck or the chassis connects +5 volts, + 15 volts
FR75-2 9
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1~
and the ground to the nest . Also mounted on the upper connector

bracket of the I/O nest is a fixture that houses the 12 MHz

oscillator gradu].e which provides the timing for the real time

clock. A photograph in Figure 2.2—2 shows the physical appearance

of the HIM I/O nest and its component parts. 
-

• The remainder of this subsection describes each logic board .

Applicable documents for the HIM I/O nest: 00—593674.

FR75—2 10 
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2.2.1 Data Clock Synchronizer (Dcs)

The DCS inputs the external clock generated by the data source

to phase locks a voltage controlled oscillator using a program-

mable divider chain. This clock is then used in place of the

12 14Hz interns.], clock as the basic timing to all the real time

counters in the Modem. Logic to select the clock under program

control is located on this card . The effect Is a phase locking

of the real time samples to the external clock and also allow-

ing sampling and outputting of data with the correct phase of

the clock. Operation In this mode is required when the data

source cannot accept a clock from the Modem.

Located on the card is also the circuitry which interfaces the
- - 

A/D converter and D/A converter channel 0 , with the audio inter-

face of the transceiver. Thi s includes an active filter and

ampli fier chain for both the input and output .

Applicable Documents for Data Clock Synchronizer

00-592169 HIM Data Clock Synchronizer

06-592168 CIrcuit Card Assy HIM - D.C.S.

Physical Description of D.C .S.

The D.C.S. Is located in slot 5 of the i/o nest. It consists

of 14- and 16- pin dual-in-line integrated circuits plus several

types of discreet components mounted on an Au€at board type

8136-R05 with 30 gauge wire wrapping on the Backside.

FR75-2 - 13 
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D.C.S. Interfaces J
The D.C.S. interfaces with ~ 12 MHz Ose., D/A converter

D/A 0 UTA ~~~~~~, A/D Converter AID “O ”~ the i/o Conn€ctc r

Panel and the PSi’. The sigL~aLs arc defined on documeflt J
number 06-592150. Applicable interface doc uments are :

l9-59367l~ wire run list - i/O Nest to “J” conn . 1-17

19-593672 , wire run llst I/O internest. j
2.2.2 Paper Tape Reader Interface (PTRI)

The Paper Tape Reader Interface logic card temperarily stores

and buffer s tape data , Derform s a check sum of the da ta , and I
provides all the control functions necessary to transler tape

data to the PSP program memo ry . The paper tape read er is not

connected as an irput device and can only load memory when

the PSP is in the non-run mode.

I
The Operational Procedure for acquisitioning tape data by the

PC? is as follows . I
a) Jumper cable flWl8t~ must be attached to J~ and J6 ou the Iphotograph of I/O panel , Figure 3.5—1 .

I/O Connector Panel (sec j i

I
b) Turn on Paper Tape Reader.

I
c) Load tape into the tape reader.

d) PSi’ must be i~ the non-run mode .

14 1

I .
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4 . e) Program CLRP .

f) Push F~R “STARr ” button on Modem panel

Tape should run and stop at end of tape. - -

The conditions under which the tape can stop are the following:

a) By depressing the P~R ~
t5~p~~

tt button.

b) Detecting faulty message preamble .

4 c) End of tape. 
-

d) Incorrect sum check (alarm light on modem panel Illuminates).

e) CLR~ (programmed) .

Applicable Documents for PTRI

• 00-583913 Paper Tape Reader Interface

O6~5839111 P1’RI Circuit Card Assy

- 
Physical Description of PTRI

- The PTBI is located in slot location 5 of the I/o nest. It

- 
consists of 114_ and 16- pIn dual-In-line Integrated circuits

mounted on an Augat board type 8l36-RG5 with 30 gauge wire

• wrapping on the backside.

‘I

FR75-2 15 
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PTPR Interfaces

The PTRI interfaces with the PSP and the lomec tape reader inter-

face logic. The signals are defined on document number O6_58391l~.

Applicable interface documents are:

19-593671; Wire run list - i/o nest to “J” conn. 1-17

19-593672 ; Wire run list - I/o internest

The Paper Tape Data flow from the PPR to the PSP is shown as a t
dotted line on figure 2— 1.

3.2.3 PDP-1l & 188 fl~TERFACE

Li
The PDP-l1 Interface card performs two functions .

1) It provides drivers for data to and from the PDP-ll and

PSP polling address, and. performs control f unctions with

the PDP-l1. Channel 11 has been assigned for p~11ing data

to and from the PDP-l1 .

2) It provides level converters buffers for the MIL-STD-188

data transmission lines, decodes the PSP output address and

buffers the output strobe . The data transmission lines are

further defined in the I/o panel section of this report.

~ pp1icab 1e Locuments for PDP-li & 188 Interface

00- 592151 PDP Interface & 188 Interface

06-592150 Circuit Card Assy PDP Interface and 188 Interface
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~~,ysica1 Description of PDP-1l & 188 Interface

‘I

The PDD-ll & 188 Interface is located in slot 13 of the I/O

nest. It consists of lii~ and 16- pin dual-in-line integrated

circuits mounted on an Au~~t board type 8136-RG5 with 30 gauge

wire wrapping on the backside .

PDP-ll & 188 Interface

The PDD-U interfaces with the PSP on one end and the PDP-11

on the other end. The 188 interfaces with the PSP on one end ,

and the I/o connector panel on the other end . The signals are

defined on document number 06-592150.

Applicable interface documents are :

19-593671 Wire Run List - I/o nest to “3” Conn. 1-17

19-593672 Wire Run List - I/o internest

2.2.4 PSP Modem Panel Interface

¶he PSP Modem Panel Interface provides data selector/multiplexer

logic for the flow of data to the PSP. The following chart lists

the data channeled to the PSP input bus.

• The PSP has 16 input and output channels used to get data into

and out of’ the machine. Data is multiplexed by having channel

assi~nents and using particular bit locations In the channels

I V -
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I
for particular data bits. The input output nest then processes

the data . The particular input channel assignment used in the

HFPM is shown in the Table 2.2—1 and the output channel assign-

merit is shown in Table 2.2—2.

I

H

iI~ 
-J
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Ayplicable Documents for PSP Modem Panel Interface

00-592156 PSP Modem Panel Interface

06-592155 Circuit Card Assy . pSP Modem Panel Interface.

Physical Description of PSP Modem Panel Interface

The PSP Modem Panel Interface is located in slot 15 of the I/O

ne st . It consists of 3)1- and 16- pin dual-in-line integrated

circuits mounted on an Augat board type 8136-~~ 5 with 30 gauge

wire wrapping on the back side .

PSP Modem panel Interfaces

The PSP Modem Panel interfaces with the PSP on one end and on

the other end it receives data as shown below.

TYPE - SOURCE

PDP-1l OUT PDP-ll & 188 Interface

Variable 1 PSP Modem Panel

Variable 2 PSP Modem Panel

Mode PSP Modem Panel

Display PSP Modem Panel

External Data PDP-11 & 188 Interface

External Frame PDP-U -& 188 Interface

The signals are defined on document number 06-592155.

FR 75-2 21

- ~ - - — --- --~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I!! —~~~~~ —— -—- ——-- -~~~~~~~~ 

I
Applicable interface documents are :

119-593671 Wire Run list - I/o next to “3” Corn. 1-17

19-593672 Wire Run list - i/o internest

2.2.5 D/A Converter OUTA ~~-A & O5A

The D/A Converter OUTA ~L~A & ~
‘5~ 

card provides buffering and

temporary storage for PSP output data OBR 4 to 15 when address

OUTA ØI4A or OUTA ~ 5A. is selected . The outputs of the storage ]
registers channel the twelve data bits to their respective D/A

converter niDdule . D/A ~ ~4 OUT and DA 05 OUT are brought out to

BIt’IC Connectors Jl0 & Jil on the I/o Connector Panel. The

primary purpose of these converters are to provide displays

since no filtering of the signals are provided .

Applicable Do cument s for D/A Converter

00-592159 D/A Converter OUTA ØL~A & ~‘5A

06-592157 Circuit Card Assy . D/A Converter

P~~ sical Description of DJA Converter OUTA Ø~A & 05A

The D/A Converter OUTA ~‘13A & 05A is located in slot 19 of the
J

I/o nest. It consists of lIl~
_ and 16- pin dual-in-line in+ egrated

circuits, and. two 32 pin D/A modules mounted on an Augat board j

type 8136-RG5 with 30 gauge wire wrapping on the backside. -
~~

J

-t
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DJA Converter OUTA Ø4A & Ø5A Interfaces

. - The D/A converter OUTA~ Øl~A & Ø5A interfaces with the PSP on one

end and. the I/O Connector Panel on the other end. Signals are

defined on document number 06-592157. Applicable interface

documents are: 19-593671 and 19-593672.

2.2.6 D/A Converter OUTA Ø~~

The D/A Converter OUTA ØØ card provide buffering and temporary

storage for PSP output data OBR 1~ to 15 when address OUTA ØØ
is selected . The outputs of the storage register are channeled

into a D/A Converter module. DA 00 out is routed to the D.C.S.

TX OUT filter. This output provides the baseband signal out to

• the transceiver.

A~~licable Documents for D/A Converter OUTA 00

00-592158 D/A Converter OUTA O0~,.
06-592157 Circuit Card Assy - D/A Converter

Physical Description of D/A Converter OUTA ØØA

The D/A Converter OUTA Ø~i~ is located in slot 21 of the I/O

nest. It consists of l1i~ and 16- pin dual-in-line integrated

circuits, and a 32 pin D/A module mounted on an Augat board

type 8136-RG5 with 30 gauge wire wrapping on the backside.
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-: D/A Converter OUTA ØØA Interfaces

The D/A Converter OUTA ØØA. interfaces with the PSP on one end

and the D.C.S. on the other end . Signals are defined on J
document number 06-592157. Applicable interface documents are:

19-593671, and 19,593672 .

2.2.7 Converter A/D “1”

The A/D Converter A/D “1” converts the analog signals routed

through J9 located on the I/O Connector Panel. Segments of

the analog signal are sampled , and converted to a digital

15 bit word . After the conversion is completed, the digital

word is routed to the PS? input bus . When channel 1 is

•polled the data is stored into the PS? data memory. For the

present programs , this input is a spare.

j
~~~ licable Documents for A/D Converter A/D “1”

00-592154 A/D Converter A/D 1

03-592152 Circuit Card Assy. A/D Converter ]
Physical Description of AID Converter A/D “1”

The A/D Converter A/D 1 is located in slot 23 of the I/O nest.

It consists of 14- and 16- pin dual-in-line integrated circuits

and two 32 pin A/D modules mounted on an Auga t board type 816-RG5 
a

with 30 gauge wire wrapping on the backside.

— 
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AJD Converter A/D 1 Interfaces

The A/D Converter A/D 1 card interfaces with the pSP on one end

and the I/O Connector panel on the other end. Sigi~als are

defined on document 06-592152.

Applicable interface documents are:

19-593671, and 19-593672.

2.2.8 AID Converter A/D ~‘O”

The AID Converter ‘t~” converts the analog signal “RX OUT” into

digital 15 bit word. After the conversion is completed, the

digital word is routed to the PSP input bus. Each time channel

“0” is addressed the data is stored into the PSP data memory .

4pplicable Documents for A/D Converter A/D “0”

00-592153 A/E~ Converter A/D “0 ”

00-5923.52 Circuit Card Assy . A/D Converter .

Physical Description of A/D Converter A/D ”O”

The A/D converter A/D “0” is located in slot 25 of the I/ o nest.

It consists of i4- and 16- pin dual in line integrated circuits

and two 32 pin A/D modules mounted on an Augat board type 816-RG5

with 30 gauge wire wrapping on the backside.
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AID Converter AID “0” Interfaces

-IThe A/D Converter A/D “0 ” card interfaces with the PSP on one

end and the D.C.S. on the other end. Signals are defined on

document 06-592152 . Applicable interface documents are :

19-593671, and 19-593672.

2.2.9 Assignment of Interrupts

The interrupt and real time counter structure is the heart of )
any real time processing system . Further explanation of the

1
software use of the interrupt logic can be found in section

3.1 Modem Techniques and Algorithms . The I/o circuitry

defines which A/D converter or input channel is assigned to

which real time counter . The }WPM has three interrupt logics

and two A/D converters . The assignment is as follows~

i) KFCØ (Output address “F”) is associated with A/D address

- it has the highest priority - (pc 0002). ]
Input “0” will reset thi s interrupt .

2) R~Cl (Output address “E”) is associated with A/P address

“1” . It has the lowest priority - (PC = 0000) .

Input “1” will reset the flop. (This A/D is spe re

at the moment.)
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3) ~~C2 (Output address “D”) is associated with the

external data timing. It has next to the

highest priority. Input “6” will reset the flop

- 

(p0=0001). . -
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2.3 PAPER TP~PE ~~P1DER

~~1

The paper tape reader used was the IaIEC Model 2031 Perforated

Tape Handler. For further information see the Operation and Maintenance

Manual . ]
2.14 ~~~TRDL PANEL

‘11~ configuration has t~~ control panels - a standard PSP program
console and a modem control console. The program console allows the pro-
gram to be started and stopped ; ~~rds to be read into or out of orogram
n~ tory, or data nEtory, or the register field to display the major internal
rec~isters and control flops; and allows the operator to single step through J
the program. The primary use of this console is to debug programs.

—4
Figure 2.4 1  contains a photograph of the modem control panel thru

which most of the real-tii~ program modifications will be made. The modem
control console is segrrented into four major groups--a program control sec-
tion, a display section , a data/radio interface section and a paper tape
interface section . The real-tima control of the program and all of the con- j
nections to the HF radio , the display devices , and the data sources and
sinks can be effected at this panel. J

2.14.1 ~DDE~4 QJNTI~)L CONSOLE FUNCTI(ES

PRJGR’~M (Dt’fl’IOL

V~PIABLE 1 and 2 - Each thunL~hee1 switch will be used to modify
16-bit program paraneter. The paraneters modified could be
such paraneters as sampling rate, frane rate, synchronization ]
speed, or Doppler speed.

- The 4-bit thunb~heel switch will be used to control the mode
of operation of each modem program. For exanpie , six nodes of
the TDPSK program ~~u1d be half-dup]ex 2400 b/s, 3600 b/s,
4800 b/s and full-duplex 2400 b/s, 3600 b/s and 4800 b/s.

DOPPLER - This switch will be used to disable the Doppler correction.
This is a feature ~~mrron to many hardware modems.FR75-2 28 
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DISPLAY

~ TI~)L - This 4-bit thunb~hee1 will ~~~txo1 which display functions
and/or sync appears at the D/Al, D/A2 and SY~C outputs.

DATA,/RADIO It~7TERFN~

PIT ~~~I1’~~L; TRANSMIT/RECEIVE Switch - The PIT switch is used by the

program to control whether the modem is in the tran~ nit node or
the receive node. When the PIT switch is turned on (TR NSMIT posi-

tion) the receiver is disabled and tranamit preamble is generated.

~then this switch is returned to tie RECEIVE position the tran~ nit
program is turned off and the receiver goes into a preamble search
routine.

• ~~ E~~AL PTI’ J7~~ - When a p1~Kne jack is inserted, the PiT switch
function is disabled and the PIT function is accepted frun an ex-

ternal source.

• PREAMBLE - This light is turned on when tran~ nit preamble is being
generated.

• 
~~(ET CE - This lamp is turned on when the PIT function is enabled .

IN ~~~~~~~~~~ 
- ~ syi~c light is turned on ~~~~ t.he recei~’e program

has aoguired a preamble signal .

• 
~~~~ IVE CE - This lamp is turned on when the modem program is in the

receive node (PTr rot enabled) .

- This is a nai~ ntary switch used to restart the modem fran the
preamble sequence in the tran~ nit node or to restart the preamble

search in the receive node.

PAPER TAPE READER I~’rERFACE

- - 
- - A push button that either starts or stops tie paper tape

reader.

ALNI4 - A light indicating when a check sun error has been recognized.

- - FR75-2 30
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2.5 nW~yr/0urPuT P~~~L -

The input/output panel located on tie rear of the rack provides all
electrical interfaces with other equiptents. A photograph of tie I/O panel
in Figure 2.5-1 illustrates the connectio1s and controls available .

A.C. po~~r input, circuit breakers and fuse and located to the left
on the panel. A circuit diagram showing the interconnection of these con-
trols can be found in Section 3.6.

Interconnections to the NET or other data source are provided on the
Data connector. Pin assignuents and drawing ncnenclature are given in Table
2.5-1. All signals are ± 6 Volts defined by MIL-STD-l88 1j .~, level interface.

Interconnections to the transceiver and key generator are provided
on the RF connector. Pin ass igTurents and drawing ncxrenclature are given in
Table 2.5-6 . The transmit and receive audio output tones are transfon~er

coupled and impedence matched to 600 Ohms. The transmitter key signal and
key generator control signal are MIL—STD-188 low level caipatible signals .

‘lie test signals are brought to BNC connectors for access to test
equi~itent such as oscilloscope and counters. These include the Analogue
to Digital Spare Converters, the tw~ Digital to Analogue Converters used
for software display and the Sync Pulse.

Interconnections to the PDP-ll/45 DR11-C is made thru the three
connectors PDP-ll IN, 0111’ and Card Peader Three 25 foot cables were provided
for this purpose with BERG connectors for interconnections with the DR 11C
interface of the PDP-ll. Cable information is provided in drawing Nos. 19-
592214 , 19—59—22 15 and 19—592216 .

2 .6 A.C. P01~ER

The A.C. Pci~~r distribution is shown in Figure 2.6-1. The prima
power cates to the processor thru the I/O pane]. located on the oack of the
rack on Connector Jl. It is controlled by the A.C. Power on-off switch on
the PSP control panel which switches a relay routing pc~~ r thru t~~ circuit
breakers to the Launch Power supplier and A.C. Strip on the rack. Further
information on the launch Supplier can be obtained fran the Launch Operating
Manual.

FR75 -2 31 



r _ _ _ _ _ _ _ _ _

~~~~ - - - -

- ‘ •
~~~ .-‘4

- 
‘{ _

~~~~~~~~
- -

-
‘ / :  - -.~“

-

~ 

-

~~~~~~

— 

~~ 

•L •

;~~~~~~ 

-
.y.-.-. . . -.•.’~~~ 

_ _

~,i ~~~~~~~~~~~~

I l

- I
~ ~~~~~~ 

‘r -

I 

FR75—2 32

I
—--

~ 

—~~~ ~ i_~
_ _ _t ___ _ _ _

~~_ _ ~
_ 

~~~ --- i~



-

~~~~~~ - -~~~ - 
~~~~~~~~~~~~~~~~~~~ 

:~~~~ ~~~~ :~~~~
- 

~~~~~~~~~ 

TA&E 2.5—1
- 

- DA~1’A O ENECIOR

- ~~
- C~~~ L’1OR DRAWING

PIN DESIQ~A~I’ICE I~ S~RIV1’ICE

1 Chassis G~d -

2 TX Data TX Data
3 RX Data i~c Data
4 RI’U)FR4 p,~ Frane
5 ~~c P~ 4 TX &~d of Preamble
6 EPRI RX Preamble Detect
7 Signal Ground
8 D Pres ~ C Data Tones Det
9 

- 

RXPIM (SEC) RX Data Timing Return
10 ~04B (SEC) TX Data Timing Return
11 NA

12 D Pres (SEC) 1~C Data Tones Det Return

13 EXPRM (SEC) TX ~~d of Preamble Return
14 TX Data ( SEC~ TX Data Return

15 ~01D TX Data Timing
16 RX Data (SEC) PX Data Return
17 RX DIM RX Data Timing
18 EPEM (SEC) RX Preamble Detect Return
19 R)OFR4 (SEC) PX Frane Return
20 TX FR’I TX External. Frarre

21 TX FR4 (SEC) TX External Frane Return

22 TX DIM TX External Data Timing

23 TX DIM (SEC) TX External Data Timing
Return

24 TX Frane
25 a4F (SEC) TX Frane Return
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TABLE 2.5—2 
Lv

RF 01~ NEC1OR £

a)NNECIOR 

- 

DR~WtNG

PIN DESIG~ATION DESCRIPTION

1 - Protective Ground

2 TX OUT TX Output

3 — NA

4 - NA

5 — NA

6 KGEN Key Generator Control 
-,

7 - Signal Ground

8 - NA

9 DC KEY DC Key --

10 — NA

11 — NA

12 RX ~~ r RX Return

13 - — NA

14 DC RET TX Return

15 — NA
j

16 — NA

17 - NA

18 KGEN Key Generator Control -
~~

Return
19 — NA -

20 — NA

21 — NA
4

22 DC KEY DC Key Return
23 — NA

24 RX 0111’ RX Output
25 — NA

‘I -

..1
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SECTION III

Operational Software

This section describes the operational, software which implements the seven

modems in real time on the programmable modem processor. The modem technique

used in the programs are first discussed followed by the coding techniques.

- - Each of the programs are discussed with pertinent par ameters given along with

— timing and memory requirements. The final subsection contains test results.
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3.1 !~bdem Techniques

This section describes the mode”~ ulgorithms which are used to implement the -~~~

systems described in section ~4 .5 The typical program organization utilizes

interrupt loops to input and output samples and data . The actual processing

accomplished on ~ baud basis is provided in the main program. The following

description provides further detail on the techniques used to implement H.F.

modems.

3.1.1 Typical Program Organization

Figure 3.1—1 is a flow chart of a typical program . The routines are broken

up into four basic categories: the sample interrupt routine, the data

interrupt routine, wait and main loop routines. -

The sample interrupt routine , shown j’- detail in Fiugre 3.1—2
is- entered from the main loop at the system

sampling rate. The program counter and contents of the accumulator at the

time of the interrupt are saved so that the operation which was being per-

formed in the main ioop can be continued at the end of the interrupt routine .

The interrupt routine is coded so that the longest path through the routine
will be completed before the next interrupt signal.

The interrupt rate is controlled by a programmable real time counter, and can
be set to any value from 125 nsec to 512 I~tsec to an accuracy of 125 nsec . The
real time counter is usually initialized in the start-up routine. The inter-
rupt pulse strobes the A/D converter which in turn interrupt s the program when
the input conversion is complete. The output stores a number in a buffer.

The interrupt routine has four primary functions. As the interrupt routine

— 
is entered, the program control branches to a line signal calculation routine ,
where the output sample is calculated and transmitted to the D/A converter.

If a table lookup procedure is used to generate the output tones and the
heterodyne tone , registers -are used to keep track of the location of each tone
in the lookup table. After a sample of the sum of output tones is generated,
the output tone register file must be updated. Each register is incremented

I
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by the int~~er which correspond to the proper phase shift in the table for

the generated frequency. Since the heterodyne frequency is generated at the

sample rate, its register must be updated every pass through the interrupt

routine.

The second basis function performed by the interrupt routine is the inputting

of the A/D converted line sample . The input sample is stored in a 256 sample

buffer , which is read into the input at the update time by a routine in the J
a~~in program.

The update timing is controlled by a counter in the interrupt loop . When

the appropriate number of input samples per update interval has been taken

in, a flag flip flop is set in the “hcusekeeping ” routine. At this time , the
main loop is waiting for a new start in the main loop. When program control

returns to the main loop, the flag flip flop condition allows program control
to break out of the idle loop and proceed into the analysis and modulation
functions.

The final function controlled by the interrupt routine is synchronization,
input buffering arid system timing .

One orthogonal difference equation is used to form a 61~/l28 sample integrate
arid dump operation at the baud rate. After t~~ segments of input data have
been processed through the difference equation filter (i.e., once every t~~
bauds), the data from this filter is used to modify the Drogram baud length

in order to synchronize to the received signal.

The center 6I~/l28 input samples of each baud is stored in an input buffer in

scrambled order. When all samples have been accumulated, the interrupt routine

returns program control to the demodulation FF2 rather than the “idle” loop
where the program had been waiting. Thus, an update interval is controll ed
by a counter in the interrupt routine .

Figure 3.1—3 shows a detailed flow graph of the synchronization , input and timing

operaticns/2 14-OO bps -KINEPLEX Program . Other interrupts are similar. The

I
A
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timing diagram shows the states of two variables - BIP~~ and B~~Th - whose

two low order bits are used for timing control.

The output data interrupt loop provides the interface to the data source and
sick in the same manner as the audio sample interrupt loop provides the inter-
fac e to the transceiver. Thi s interrupt loop operates from the second priority
rca]. time counter . The interrupt rate is set at twice the data rate . For
instance, if the data rate is ~.8oo bits per second , the interrupt rate will
be 9600 interrupts per second. 

-

Referring to figure 3.1—4 , upon an interrupt , the program counter jumps to the

starting location of the interrupt loop ; the A register is saved and the
A/D channel 6 is inputted . This enables the interrupt loop for the next
interrupt . A decision is then made whether internal or external data is to

be used in the program. If internal data is requested, the interrupt loop
returns to the main program.

In the external data mode, a decision must then be used to determine if the
modem will accept an external clock or output data based upon an internally
generated clock. This decision is based upon an input from bit 1 of the mode

control switch.

The clock period is then divided into two parts, the period of time when the - 
—

clock cycle goes from low to high and data is read out of the modem and when 
- -

the clock cycle goes from high to low and data is read into the modem. In

order to determine the phase of the external clock, the recreated clqck from

the phase locked loop is inputted on channel 2 and is sampled when the soft- - -

~~re is in the external mode to determine which cycle of the clock is up at

the time of sample.

In the internal mode a flag is initialized during the start-up routine and

is set and reset in the interrupt routine to keep track of the clock cycle.

Data, clock and framing information is stored in a memory location and out-
putted once per data interrupt cycle.
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— 3.1.2 MODULATION AND DEMODULATION

With the exception of one modulator which utilizes a table lookup algorithm

• (the 2400 b/s TDPSK mode) , the Fast Fourier Transform

- 
used for all modulator synthesis and demodulator analysis operat ions . A table

lookup modulator generates the composite tone set from a cosine table and , although it take s
• mor e processing time than an FFT modulator , it has the advantage of generally requiring

less program memory. As the number of tones in the set increases a tab le lookup modulator
- becomes less and less practi cal.

• For more than ten tones , an FFT is the most efficient method in terms of processing
• time to synthesize a composite tone set or to analyze a received composite signal. The

size of the FFT , N , must be the lowest power of two which satisfies the following

- 
relationships:

f
- 

N =~~~~! 

•

• 
f
8

> 2

~~ HI

where:
• - 

• f8 = sampling rate

ç = tone spacing
= the highest frequency tone transmitted.

For the modem structures developed , , N works out to either 64 or 128 .
Sinée a radix-4 FFT requires roughly a factor of two less processi ng than a ra dix-2 FFT

- (1.6 milliseconds versus 3. 2 milliseconds for a 64-sample complex FFT on the PSP ) , the
- radlx-4 a~lgorithm is used exclusively 4 The flow diagram for a radix 1~ FF1 is shown

in Figure 3.1—5.

L
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Because a 128-sample DFT cannot be Implemented directly with a radlx-4 FFT
(128 is not a power of four) , the 128-sample DFT’ s required will be implemented by a real
only transform algorithm which uses a complex 64-sample , radix-4 FFT. The real only

• transform algorithm loads adjacent samples of the real valued input into the 64 real and 64
imaginary inputs to a 64-sample FFT . After the FFT is per formed , the complex output Is

• even-odd separated and weighted by a complex sinusoid to produce the real and imaginar y
output s of the 128-sample input sequence ~ The entire 128-sample real only algorithm can
be accomplished in 2.54 milliseconds on the PSP . In addition to the time savings , this

algorithm has the advantage of using a common FFT routine in all of the modes.

Although It is not Intuitively obvious , the real only algorithm can be used to generate
the composite tone set from the complex vectors which define the modulation on each tone.
The algorithm 2 uses the synanetric properties of a real transform and is shown in block
diagram form in section 2 .5. The basis of the algorithm is the fact that a real input must
have a spectrum whose real part Is even-symmetric about N/2 (64 for this case) and whose
imaginary part is odd-symmetric about N/2 .

In the following two subsections , phase and amplitude dete ction are discussed In
more detail .

3.1.2 DPSK Detection

Figure 3.l—6isa block diagram of the 4-phase DPSK decoder . Although the vectors
are used as complex quantities In the processor decode r routine , they are expressed in
magnitude and phase notation to simplify the explanation. Thus, the input vector ,

, is expressed as
“n

- - 
A~~L~1~~~~~-i~ -

wher e A~~ LOin is the present FFT output vector for the ~th orthogonal modem tone .

To decode the two frame bits associated with the ~th tone , the phase of this vector
must be compared to the phase of the previous nth vector , A2~ L~ • Since the baud length

1. This operation has been implemented and is fully described in Multi-transform FFT
Techni ques, J. deL ellis , Systems Engineering Technical Memorandum No. 1.

2. This algorithm has been implemented and is described In the Proposal for Goidwine
Telephon e Subscriber Unit Using Carlos , GTE Sylvan ia Proposal P71-13 , dated

- - 14 May 1971 (Secret-Crypto )
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Figure 3.1—6: 44~ DPSK Decoder
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is not ortho gonal and the Fourier Transform algorithm measures phase only with respect to
the first data sample , the phase of the prevIous vector must be corrected before It is corn-
pared with the present vector. A correction vector is generated to properly advance the
phase of the previous vector to the same reference sample implied In the present vector:

where
N = number of samples in the FFT
n = harmonic number of the tone
L = number of samples/baud
A = number of samples of sync correction applied since previous vector

In EquatI on ( 14—2) , the quantity 2 i n N  is the phase angle that the fundamental tone is 2 dvance
for each single sample advance . This quantity is multiplied by the harmonic number of the
tone being processed , n . Fin ally , the integer , (L + A) Is the number of samples over which
the previous vector must be advanced to have the same phase reference as the present
vector .

The previous vector is simply multiplied by the correction vector to compute the
corrected vector , A2~ 1 02~ n

A
2

~~~ 02, ~~~ 

= A
2

~~~ I 9 2n X 1 I 0c

Finally , the corrected vector Is conjugated and multiplied by the present vector to produce
the difference vector

A1~A2~ I01n - 02’n = I - ~~~ ~ ln 
- 

-

The phase angle of the difference vecto r determines the state of the two data bits associated

with the tone being decoded . Since the difference vecto r is actuall y represented in the pro-
cessor as a complex number , the sign of the imaginary part is used to determin e the state
of the most significant bit and the sign of the real part Is used to determine the state of the
least significant bit .

In 8 DPSK , the same algorithms are used to generate a difference vector. The
change is , of course , that three bits must be demodulated . Detection will be performed by
utilizing the initial real and imagina ry values of difference vector to determin e the quadrant
of the received vector , shifting the difference vector by ,r/4 radians , and using the resultant
rea l and imaginary components to specify octant of the received vector .
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3.1.2 Amplitude Detection J
In the high data rate modes of the error control modem prog rams , two amplitudes

- ~
- 

- will be transm itted on each tone to yield one data bit per tone . Figure 3.1—7 is a block
diagram of the technique which will be used for amplitude detection .

The magnitude of the ~th output slot of the FFT will be compared to a threshold which
is Initially set to the mean of the expected amplitudes . The demodulation dectsion for the re-
ceived bit Is based on the sign of the difference between the magnitude and the threshold .
Aft er the demodulation • 

the amplitude is gated Into one of two LP digital filters. Filter A
average s the previous values of the lower valued amplitude , and Filter B averages the J
previous values , higher valued amplitudes .

As an example of the operatIon of this technique , consider a strong signal in sync 1
whose two output magnitudes are distributed about the threshold. After a short time ,
the threshold will go to the mean of the signals . If the signal frequency then goes into a deep
fade ,the threshold will diminish and attempt to follow the current mean of the two received
amplitudes .

The difference equation which is used to perform the low pass filtering operation
may be written:

Y(k) = aX(k) + ~Y(k - 1) 
-

where I

T’ = baud period ]
= filter time constant -

X ( k) = l nput 1
Y(k) = filtere d output 

-

Thia filter has the sanie impulse response In the sampled time domain as a simple RC
integrator with a time constant of r. The normalizing factor , a , is chosen to give the filter
a gai’i of unity . In the program , a is the parameter EZ , and ~ Is the parameter AT . The
actual value of T’ /-r used in the program will be 1/5. Thus , the filter essentially takes a
weighted average of the previous 25 input values (five time constants).
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3.1.3 Continuous Doppler Correction

Doppler shift can be caused by a frequency offset in the radio transmitter

and receiver circuits or by a relative motion between the transmitter and

receiver. In the case of motion Doppler shift, the shift is actually ]
proportional to the transmitted frequency. Since the ratio of the carrier

frequency to the audio bandwidth is high, the effect at the received audio

is essentially the same as the effect caused by equipment misalignment - a

constant frequency shift of the incoming signal. Because any appreciable

shift will destroy the orthogonal separation properties of the demodulation I
FF~, the Doppler shift must be corrected before demodulation can be properly
performed .

If a constant tone surround ed by at least two empty slots is transmitted as

a Doppler pilot tone , the outpu t of the demodulator FF1’ can be used to track
this tone. Sufficient information can be derived from the magnitudes and/or
phases of the expected tone position FF1’ output and the adjacent outputs to
compute a Doppler correction signal.

After each pass through the demodulator ~~~~ the magnitude and phase of the
Doppler tone (FF1’ - slot Li)  and the two adjacent “empty” slots are calculated
In subroutine CTOP. The magnitudes of the three slots are compared to verify

that the Doppler tone energy is concentrated in the center slot. If the

magnitudes of either of the empty slots exceeds one-fourth the magnitude of

the center slot, the freq.ucncy offset parameter ~L is stepped in the appropriate
direction ~‘+lhz). Fine Doppler tracking is established by comparing the
Doppler to ie phase on aframe to frame basis.* If the phase is advancing the
offset parameter ~~~~ is incremented by ~ = 

1 f’
~ ~ 1 hz. This allows

2n 215 32
tracking of up to 2.3 hz/sec Doppler rates. Both the coarse and fine ~.racking
rates can be adjusted by changing two instructions. Figure 3.1 — 8 presents a block

diagram of the Doppler tracking routing .

I
*Corr~~ t1ons for non-orthogonal guard times are made where applicable .

4
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The discrete Hu bert transform has frequency response

1
- 1 -j O L f L ½  (i)

~~~~~ 
j  Y z L f L I

(sampling frequency = 1) )
The usefulness of the Hu bert transform can be seen by considering the follow-

ing . Let x(n) be a real valued sequence with Fourier transform x(e3 
~~~~

If x(n) is passed through the ideal Hilbert transformer , the Hu bert transfo rm

x’~(n) will have a Fourier transform

X(c J~~t )= f —jX(eJ~~~) O L f L ½  (2) 1
I j X(e3~’~ ) Y2 L f L  I

J
Now form the analytic signal

z(n) = x ( n ) +j ~~ (n) (3)

J
The transfo rm of z(n) is simply

• Z(e~”~) = f 2 X(e P’~~) 0 L f L ½ (it ) I1 0

~~~~~~~ is a causal function , zero on the lower half of the unit circle .
This is the key to frequency shifting with the HUbert t~’ansform. The
procedure is outlined in figure~~.1—9 . The analytic signal Z(n) is multiplied by

the complex exponential exp fi2i~~fn}. This time domain multiplication yields
convolution of the causal Z(ei2’~~) with an impulse at f = -Af , thus effecting I
a shift of ~~f to the spectra. As illustrated in figure 1, the real part of
this complex signal, call it y(n) , is the frequency shifted equivalent of J
FR 75—2 52
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the rca]. input signal x(n). This procedure can be realized with two real

• multiplications and one real addition (in addition to the operations required
to generate x~n) from x(n) ).

In au~~~ry, the frequency shifted signal y(n) can be expressed

• y(n) = x(n) COS [2th f~ ] — k’(n) sin [2irM~ j 
-

If ~.f is negative this procedures shifts the spectra toward zero .

Tne FIR Hilbert transformer used in the modems was designed at NSA. and has
the impulse response shown in figure 3.1—10. The magnitude and phase responses

of this filter are illustrated in figures 3.1—11 ana 3.1—12.

Once the HUbert transform of the input has been calculated the sine and

cosine of the offset frequency use required to complete the procedure . An
NSA designed resonator is used for this purpose . Figure 3.1—13 presents a block
diagram of the reso nator . The di fferenc e equations that characterize the
resonator are:

Qj + l )  = C ( i ) + a S ( i )

S( i+ I )  = S(i )  — a C ( i + I )

For initial conditions C(o)_i, S(o)~~ the response can be shown to be
1

C(n) = Cos

8(n) -Sin

• -

1 The NSA Hu bert Transformer and Resonator designs are analyzed in Analysis

of the Hu bert Transformer Frequency Shifting Technique, W. Carmichael

System Engineerin g Techni cal. Memora ndum No. 16. 19711.
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e = COS t - sin w t . (I~—6 )

where

= the outpu t frequency offset

TMs operation results in a unidirectional frequency shift of the outpu t spectrum . The
operation is essentiall y the discr ete version of the Fourier Transform shift theorem . The
fr equenc y of is continually update d by the Doppler correction coefficient so as to shift
the frequency displaced input back into its proper representation in the frequency domain.

The sinusoids cos w~t~ and j sin w~t~ are generated by a table look-up algorithm
- which uses the FFT cosine table. Since the frequencies generated are not necessarily

orthogonal to the table , an interpolation algorithm must be used to generate these frequencies .

If the highest tone in the set is too close to 1/2 the sampling rate , this correction
algorithm , which is efficient in terms of computation time , cannot be used . The reason is
that it shifts both the upper and lower side bands together . In a digital representation , the

— fr equencies in the tone set are reflected about half the sampling rate . The reflected values
which are shifted along with the desired frequencies may not be orthogonal to the FFT slot —

and can cause interference with the measurements if they are too close to the sin x/x
response of the nearest demodulation FFT slot .

The method of Doppler correction that will be used in most of the modes is to form a
set of signals which consist of a set of signals one of which is the H u bert Transform of the
other. ’ -- - -- -
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3.l.~e CONTINUOU S SYNCHRON IZATION

The algorithm used to process the synchronization input data may be represented by
the following difference equation:

~k+1 - 2(cos ~, T )  + = (2 -7)

where is the radian center frequency of the filter , T is the sampling period , and is J
the input . This diif erence equation has the solution

= sin w~T n~1 
g(n) sin (k - ii) w~T + C1 cos (kw~T) + C2 sin (kw~T) (2-8) 1

where the last two terms represent the transient part of the SO1Ut iOfl and may be dropped 1
by starting the difference equation with zero initial conditions [y 0 = 0 and y 1 = 0] .  11 this
diff erence equation is excited by an input waveform until time (K’ - 1) and then if the I
diff erence equation is allowed to ring (i. e • ,  ~~ 0 , k 5 K’) ,  the output waveform for
k 5 K’ will be a sinusoid with a fre quency of 

~
, whose amplitude and phase WILl be relate d

to the input amplitude , phase , and frequency .

Figure 3.1—14 - 
shows the response to an input sinusoid

g = A cos (w kT + (2-9)

whose frequency is identical to the center frequency of the difference equation . The output
of the filter for kT ~ K’T can be written from equation (2-8) as:

37k = sin~~~T 
~~~ 

1/2 [cos (~~~
-
~ 

kw~T) - cos (2nw T - ~~~~
- k u T) }

for large k

- 
sin~~~T cos (

~~ + kwpT)1 (2-10) 1
I
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Figure 3.1—14 . Response of Differe nce Equation to an Input Sinusoid
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Thus , when the filter is excited at its center frequency, the envelope amplitude is directly
proportional to the input amplitude and the number of input samples processed. The phase
of the output is the same as the input phase.

In th e synchronization process , 127 or 63 values of input are processed and the last
input sample is set to zero to allow the difference equation to ring once . The last two values
of output 

~ K’ and 
~K’ 1 where K’ is 128 or 64) are used to calculate the quadrature com-

ponents which are in turn used to compute the niagnitude~
The algorithm used to calculate the quadrature components is derived by considering

the output points as two samples of a sinusoid:

= A sin (K’ ~~~ + o )  (2-11)

“ K’+ 1 = A~ sin f (K’ + 1) ~j T  +

where A~ is proportion al to the input amplitude component , A , and o is a function of the
phase of the input component , o. By simple trigonometric manipulation , the following
equations for the quadrature components can be developed:

- 

R~ ~‘K’+ 1 
- 

~K’ cos ~~T = A cos (K’w~T + ô) sin 1,T (2-12)

= 
~~ 

sin w T  = A sin (K’w~T + o) sin ~j T  (2-13)

Given the quadrature components , th e magnitude of fitter output component can be calcuLated .
The algorithm employed to find the approxi mate square root of the sum of the squares is
described by the following expression .

m = a Q + PP _j R~~+ I ~ (2-14’~ ]
where

m = calculated magnitude
o = 1

= 1/2
Q=Max R~1 I~
P = Mm ~~ ~

]
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I
The rms percentage error incur red as a result of using this approximation is 7. 21 per cent~
The mean squared error could be lowered by making ,~~ equal to 1/4 , but the resultant peak
error would be increased .

The combination of difference equation and magnitude algorithm has a sin x/x
fr equency response centered at w~. The first zero crossings occur at the reciprocal of the
Integration period away from the center frequency. The integr ation time of the filter is
made to equal the orthogonal period of the tone set and is chosen to be harmonically
related to the transmitted tones so that the zero crossings of the difference equation
response fall on the center frequencies of the information bearing tones.

In slot synchronization , the difference equation is centered on an orthogonal fre-
quency at which no energy is transmitted . Since there is no tone transmitted in the synchro-
nization slot , the presence of energy at this frequency is caused by a baud transition which
spills energy from the transmitted tones into the slot . If there is no baud transition in the
measurement interval , the valu e of m will go to zero because of the orthogonal relationship
between the transmitted tones and the zero crossings of the response .

Figure 3.1—15 shows the method of data segmentation used by the modem demodulator
for two consecutive bauds . Each line box represents an orthogonal time period . As shown ,
the difference equation operates on two data segments (“ear ly ’ time period and the “late ”
time period ) in the two baud periods of time . In this diagram M represents the total number
of samples in a transmitted baud .

Baud synchronization is accomplished by adding a correction , ± x , to the number of
samples processed every other baud . The difference equation filter can detect four align - -

ments of the actual received baud with respect to receiver timing . These conditions are
diagrammed in Figure 3.1—16.

In cases ”a” and “b” of Figure 3.1—16 energy is measured in only one of the two inter-

• vals, the synchronization correction is calculated from the following expressions:

X =  C(m~ — me) (2-15)

4. Manley, H. J . ,  “A Simple Approximation to 4 X2 + Y2 with Minimum Mean squared
Percentage Error ,” ARL Research Note 733, February 1960.
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Figure 3.1—15; Data Input Timing Diagram
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Figure 3.1—16 : SynchronIzation Alignment
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where

m = magnitude of late filter

me = magnitude of early filter
C = synchronization constant

The constant , C . is chosen so that the maximum value of A during the lock-in phase synchru-
nization is three or four sample s.

When the received baud is in sync , neither filter will measure energy in the syn-
chronization slot and the correction goes to zero.

Since the number of samples monitored by the early and lat e filters exceeds the
number of samples in a baud , it is possible that a baud transition will lie in both the early
and later filters . When a preamble time acquisition is used and
If the HF link is poor this condition will occur . To prevent ambiguities in such an

- 
occurrence , the values of the early and late magnitudes are checked before they are used in
equation (2-15). If both magnitudes exceed an experiment ally determined threshold , the value

• of A is forced to plus one . In this manner , the program will tend to walk out of the indeter-
minate position.

When the input level is reduced to zero , as might be experi enced in a deep signal
fade , the correction goes to zero. Thus , the synchronization will be maintained in a deep
fade as long as the accuracy of the transmitter and receiver clocks is sufficient . The
continuous synchronization rate will be adjusted so that the timing pulses for the buffered
output data will not be more than three microseconds in any one Output bit period .

3.1.5 PREAMBLE FUNCTIONS -

The transmitted preamble duration is 32 frames, consisting of a CW Doppler tone

at frequency ~~~~~~, and a biphase modulated sync tone at frequency ~~~~~~, modulated

at the frame rate.

FR75—2 67

- - 

~~~~~~~~~~~~~~~~~~~~~~~~~ 



_________ ___ 
- -  

~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~ IITI 

I
The receive preamble processing performs four functions

a.) detect preamble presence

b.) estimate the doppler frequency ]
c.) establish frame syncronization

d.) detect data presenc e (or end of preamble) :1

As implemented these four functions are performed sequentially. The block

diagram in Figure 3.1—17 summarizes how the preamble function is performed.

Initially an FF.r is performed on each block of 61~ input samples . The sum of )
the magnitudes of slots 4, 5 and 6 (doppler shots) are compared with the sum 

-

of the slots 18, 19, and 20 (noise slots). If their differenc e exceeds a I 
-

relative threshold, the frame counter is set to zero and the doppler esti-

mation mode initialized.

In the doppler estimate mode ~~~‘s are again performed on each 6~ sample
input block. An average is maintained of dot product values of the latest

doppler slot value with the previous doppler slot ~ia1ue. After ~~ frames

the average is converted to polar form with the angle being the doppler Jestimate.

- 
- In the syncronization mode 16 sample DF]~~s are performed on “early ” and

“late” windows. The most negative correlation of the early-late windows -

corresponds to frame transition. This function is perfo rmed for l~ frames. J
This function requires 370 usec of each two sample period ( .  1-I.00.usec) thus

prohibiting parallel doppler and sync modes. ]
With the doppler and synchronization modes complete the preamble waits for

the first data frame before relin q -tishing control to the main program. The

synchronization and doppler acquisition algorithms are discussed below.

]
~.1
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3.1.5. 1 Synchronization Acquisition

Time synchronization is performed in two parts: acquisition and tracking .

Acquisition is performed by detecting the positions of the phase transitions to the sync tone

of the received preamble. A discrete Fourier transform is performed , calculating the

• spectral coefficient on the sync tones. The integrations are performed on successive se-

quences of sixteen input signal samples , as shown in Figure3. 1—].8. If the real and imaginary

coefficients of the early and late integrations are designated as R E , XE , R L , and XL
respectively , then the dot product is calculated as

E O L R ERL + X EX L

The locus of the dot product amplitude as a function of the location of the data transition in

- the integration pai r is shown In Figure 3.1—18 .When no phase transition occurs durin g the

early or late integrations , the phases of the early and late coefficient vectors are the same ,
resulting in a maximum positive dot product . When the 180 degrees phase transition occurs

at the early-late transition , the resulting dot product is maximum negative. For inter-

mediate transition locations , the dot product locus follows a straight line between the positiv e

and negative maximum .

The dot product is calculated at the end of each integration pair . The cri terion for
Locating the transmitted phase transition is a selection of the integratio n pair yielding the
mnst negative dot product . The early-late transition of this integration pair is the best
estimate of the location of the phase transition . In order to attain the desired resolution ,

integrations are time staggered as shown inFigure3•1_ 19• As shown , 16 sample integra -

tions are staggered in two sample offsets , requ lriflg’8 parallel integrations . This results

in a dot product calculation on alternate samples , or a ± I sample resolution.

Thi s detection process is continued over the duration of the transmitted pream ble .

The location of the most negativ e dot product is stored , on a continuing basis . Thus ,

although there is a negativ e peak for each f rame transition , only the position of the most

negativ e peak is retained at the end of the pream ble . Since a fade on the sync tone causes

refluction in the magnitude of the dot product , non-faded detections are favored over faded

ones in a preamble which bridges a fade.

At the end of the preamble the time location of the most negativ e dot produc t is

noted. A frame transition will have occurred 16 sample time intervals prior to this time ,

and the receiver frame counter zeroed to the transition frame.
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3.1.5.2 Doppler Acquisition

In orthogonal signaling schemes, it is necessary to remove frequenc y errors
on the incoming signal prior to orthogonal detection , or crosstalk will result .
These errors are of two types : frequency offset due to equipment drift or

terminal motion , and Doppler spread resulting from ionospheric scatterer

relative motion or termi nal motion duri ng mu.ltipath tran srnissi~n. If a density
function of the instantaneous frequency error is fo rmed , then frequency offset
is the mean , and Doppler spread is the variance. Doppler correction circuits
detect and correct the mean frequenc y error , but cannot eliminate the Doppler
spread term .

The initial frequenc y correction is mad e durin g the preamble. Successive 6L 1 _

sample DFf ’s are performed to calculate the coefficients of the preamble

Doppler tone frequency. Coefficients from successive integrations are vector
multiplied to cal culate the differential vector , as is done in the P5K da ta
d~~~dulation process. In the case of Doppler detection, however, it is the

angle of the differential vector that is desired , as this angle is directly

propcrtional to the frequency offset on the received preamble Doppler tone.

ThIs angle is calculated for 6L~_samp1e b.lock , and the results are averaged 
—

over the preamble detection period for process gain. At the end of the

preamble, the final offset calculation is used to perfo rm a step frequency

correction on the incoming signal. The initial correction is limited

+ ~~/2N where is the orthogonal tone spacing. For example the initial

offset correction range for the TDP3K-211.00 moden is + 55 Hz.
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J
3.2 CODING TECHNI QUES

The product codes and the “Rank ” decoding algorithm used in this application I
were reported recently in the literature to be the error control technique employed with an

experimental error controlled HF modern. Called Codem I, it is designed primarily to

provide protection against frequenc y selective fading, and indeed bit error rate improve-

ments of 1 to 2 orders of magnitude have been observed. J
I
I

3.2. 1 PRODUCT CODES - RANK DECODING 1
The (25, 16) product code was employed in Codem I with a decoding algorithm

suggested by Chase5. T~ie decoder makes soft decisions on the 25-bit received word and
ranks the relative reliabilit y of each bit. Decodi ng then proceeds only with the r anking
information. The (25 , 16) code is similar ir~ structure to the (9 , 4) product code which is
more convenient to use to describe the Rank decoder. We will follow the example given
by Chase closely. To encode a (9,4) product code word , consider arranging the informa-

~~~ hits 
~~ 

- 14) in a 2 x 2 ar r ay , in Figure l~.2_ 1. The parity bits (P 1 - P5) are formed
by taking mod -2 sums of the rows and columns; that is: P 1 = I~® 12, P3 = I l® I 3~ and
so on. P5 is formed by summing all four information bits (P 5 = I~® 12® 13® 14 =

P1® P2 = ~3® P4).

11 12 P 1

12

P3 P4 P5

Figure 3.2—1 : The (9 , 4) Product Code 
-

5. Chase , D., “A Combined Coding and Modulation Approach for Communication over
Dispersive Channels ” , IEEE Trans . on Communication , Vol . Corn . 21 , March 1973.
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The nine bits to be decoded are ranked according to their relative reliability. The

bits are labeled 1,2 , 9-where 9 indicates the most reliable received bit and 1 the

least reli able. Consider the possible ranking situation shown in Figure ~4.2 — ~ (a) .  The x ’s

indicate the locations of three assumed errors (the most that a soft decision decoder can

find and correct in this case) and the f’s indicate flags for the d-1 least reliable bits

(d=4 is the (9 ,4) code’s mini mum distance) .

The decoder begins by checking the parity of each row and column of the received

word in Figure 3.2_2~a) A’.~’indicates that the parity checks and vt”indicates not . Note

that a parity equation will check if there are no errors or two errors in a row or column.
The res t of the algorithm can be stated in three main parts:

la. Consider the highest ranked unf lagged undecoded bit. If all
par ity equations check, decode the bit as is.

lb. If all equations do not check , flag the bit .
ic. If at least one equation checks, decode the bit as is, j~rc~’idéd its

rank is larger than the lowest ranked undecoded bit in each un-
checked equation. Flag the lowest ranked undecoded bit in each
unchecked equation.

2. If , after decoding a bit . there rema ins on ly one undecoded bit
in any equation , decode the remaining bit by forcing parity to
check.

3. When all remaining bits are fla nied, decode the highest ranked
flagged bit and go to step 2.

Figures 3~ 2—2(b ) ,(c) , (d) , (e) and (I) trace rhe decoding steps for the previously stated
example. We begin with bit 9 and notice that the vertical parity checks but the horizontal
parity does not. Invoking Step lc , we decode bit 9 and circle it to so indicate. Bits 7 and
8 are similarly decoded by Step ic. As soon as bit 7 is decoded, though , the first  column

and third row have just one remaining undecoded hit. Step 2 insists that we now decode
bits 3 and 4 by forcing the parity in the first column and third row to check. Thus , in

Figure 3.2—2(c)bit s 3 and 4 are decoded and circled. Bit 4 is circled twice to indicate
that It had to be complemented for the third row parity to check and indeed we have
corrected our f i r s t  error in so doing. The highest ranked undecoded bit (bit 6) is decoded

next by Step ic , as shown in Figure 3.2—~ e) leaving bit 5 the only undecoded bit in the

second row. Step 2 again insists that bit 5 be complemented and decoded next to assure

correct parity on the second row. We have just found and corrected the second error
(Figure 3.2—2(e) .Finally, bit 2 is decoded by Step 2 enabling bit ito also be decoded

properly by Step 2, correc ting the third error and completing the decoding process.
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3.3 Deliverable Modem Software

This section describes the modem software that was developed for the
p~1 contract. Four basic programs were written to perform the seven

full and half-duplex modem configurations.

Each of the four basic de1iv~rab1e programs is discussed separately

in subsections 3.3.1 to 3.3.4. The parameters of all the modes

(~~bles 3.3—],, 3.3—2. 3.3—.~ 3~3_4
), a block diagram of the processing,

and memory requirements for the four programs are presented in —

each section. A timing analysis is also presented for each mode .

- 

Programs were cambined to make functional processing simple where

c~~~ on algorithms are used for similar programs and also to take

ad-vantage of existing software routines. The four basic programs

are briefly described below.
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3.3.1 2~00 Bit ~er second TDPSK, No Coding -

Table 3 .3— ]~ShoWS the parameters of the 2l~OO b/s uncoded TDPSK program,

This 16-tone , dup lex DPSK modem was designed to be compatible with the specifica-

tions set forth in “Modem , Digital Data MD-5B ( )/G” for the 2400-b/s mode. The program

has been interfaced wi th an AN/ACQ- 5 modem

operating in the voiced mode.

- Figure 3.3—1 is a block diagram of the modem. The input to the modulator is either

a fixed 32-bit input frame

ora random dat a input . At the baud rate (75 Hz) 16 differential phase shift

angles are formed - one for each of the sixteen information bearing tones. Each differential
phase shift is one of four possible ang les. Thus two inpu t data bits are encoded in each

information bearing tone.

The table look-up modulator forms 17 sinusoidal output tones from an 128-point

cosine table , and outputs the composite signal through a D/A converter and low pass filter.

Each sample of the output is formed at the 7040-Hz sampling rate in the interrup t routine.

Figur e 3.3—2 (a) shows the amplitude versu s frequency plot of the output waveform . The j
605-Hz Doppler correction tone is continuous and conveys no data information .

The table look-up modulator generates the output tones by stepping through the

cosine table at various rates. For instance , the Doppler tone is generated by outputting
every eleventh value (mod 128) in the table at the sampling rate. Phase modulation is ac-
complished by adding increments which correspond to a 45, 135, 225 or 315 degree phase
shift to the storage location s which hold the curren t cosine table address for each of the

sixteen information bearin g tones. This phase modu latio n opera ti on is performed at th e
end of each baud (once each 94 output samples) .

4.

1
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TABLE 3.3-].1JNCODED TDPSK MODEM PARAMETERS

2400-b /s Mode 3600-b/s Mode 4800-b/s Mode

DATA

Informa tion Ra te 2400 b/s 3600 b/s . 5000 b/s
Frame Rate 75 Baud/s 75 Baud/s 66.66 Baud/s

Number Inf. Bits/Frame 32 48 72

SIGNALLING

Modulation 4~ TDPSK 4d~ TDPSK 8~ TDPSK
Number of Inf. Tones 16 24 24
Tone Spacing 110 Hz 93.75 Hz 93.75 Hz
Baud Period 13. 33 ms 13. 33 ms 15 ms
Orthogonal Period 9.09 ms 10. 66 ms 10.66 ms
Guard Time l~.• 24 ms 2.66 ms 4.33 ms
Doppler Tone 605 Hz 46 8.75Hz 468.75 Hz
Information Tones 935-2585 Hz 656 . 25-2812. 5Hz  656 . 25-2812. 5Hz

PROCESSiNG

Sampling Rate 7040 Hz 6000 Hz 6000 H~
Samples/Baud 94 80 90
Modulation DFT Table Look-up 64-Point Complex 64-Point Complex

FF1’ FFT
Demodulation DFT 64-Point Complex 64-Point Complex 64-Point Complex

- FF T FFT FFT
Doppler Correc tion Complex Shift Hu bert Xform Hu bert Xform

Synchroniza tion Slot Slot - 
Slot
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Demodulation analysis is accomplished in a radix-4, 64-point complex FF1’. The
center 64 samples of each baud are buffered and used to form the input to the transform.
Before being fed to the FF1’ the modem input is mult iplied by a complex frequenc y shifting

vector:

= COS Wqt
fl 

- j sin Wqt
fl 

(2-16)

where ‘1
= 3/2 W0 (wi th 0-Hz Doppler correction )

= 271 = 2 ir ( l lO Hz)

I
This process forms a complex input which has two useful characteristics. The first such
characteristic is that the spectrum of this input lies on the orthogonal frequencies analyzed
by the FFT. Since the inpu t sampling rate is 7040 Hz , the 64-point FFT produces a spectrum
whose center frequencies are multiples of 110 Hz ( 3040 Hz/46). However , the modem tones
as defined by the Signal Corps , although orthogonally spaced by 110 Hz , are centered on
odd multiples of 55 Hz. Thus , to be analyzed by a 64-point transform , the input spectrum
must be shifted by an odd multiple of 55 Hz . A simple heterodyne shift (i .e . ,  multiplica-
tion by a real valued cosine) would produce both upper and lower sidebands which would in
turn confound the analysis spectrum . 4

The second useful characteristic of this frequency shifting process is that the center 9

frequency , 
~q’ of the shifting vector can be modified to correct for a Doppler shift in the

input signal . The complex shifting vector is generated by a table look-up techn ique which
operates out of the 128-point cosine table. This routine differs from the modulator table
look-up routine in that double precision arithmetic is used to keep track of the current table
address of the shifting vector.

Figure 3.3—2 ~b)shows an amplitude versus frequency response of the input as it
appears at the FFT output. When no Doppler correction is applied , the input is shifted
down by 165 Hz. Input Doppler shift is measured by forming the magnitude of the Doppler
FFT output channel and the two channels on either side of the Doppler slot (i. e., FF1’ ou tput
numbers 3, 4 and 5). The two tones adjacent to the Doppler output channel (FF1’ numbers
3 and 5) are subtracted to form an error function . If the absolute magnitude of this function

—a

FR75 ..2 80



r ~~~~~~~~~~~~~

S

exceeds a threshold , a Doppler correction will be applied. The sign of the function

determines the direction of the correction . If a Doppler correction is to be made , a second

function is calculated by subtr acting the magnitude at the Doppler position ( FFT slot num-

ber 4) from the adjacen t magnitude in the direction of the previously determined Doppler

shift. This second function is used to provide a fast or slow update (depending on the sign

of this function ) to the complex shifting vector. - -

The sinusoids required to generate the shifting vector are computed in a table look-up

routine which uses the 128-sample cosine table. Since the frequencies of these sinusoids

are not necessarily harmonics of 55 Hz (the fundamental generated by outputting the table at

the sampling rate) an interpolation technique is used in the table look-up routine . The

interpolation technique uses double precision arithmetic to define a fractional place in the

table for each table look-up operation. The fraction is in turn rounded off for each table

look -up operation. This operation is essentially equivalent to a zero order hold interpola-

tion function .

Synchronization is accomplished by using a single pole difference equation centered

at 825 Hz to measure baud transitions. In the modem modulator , no tone is transmitted in

this slot. Since the difference equation is dumped at an orthogonal interval , any energy

measured in the interval will be due to a baud transition. The difference equation is turned
on once per baud and aligned to measure adjacent “early ” and “late ” segments of input. A

correction is applied to the data buf fer every other baud to align the program timing to the

timing of the received input. If baud transition indications appear in both the “early” and

“late” intervals (as might happen when the demodulator first receives a signal), a unidirec-

tion synchronization correction is applied until the baud transition is found in only one of the

Intervals.
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3. 3.2 3600/11800 bps TDPSK, No Coding 1
Table 3.3-1 shows the parameters of the 3600/11800 bps TDPSK

program. - I
Figure 3.3—3 shows the block diagram of the 3600-b/s and 4800-b/s modes of th,e

uncoded TPSK program. In this diagram , the preamble generation and detec tion routines -

are shown connected to the transmit D/A and receive A/D by a switch to indicate that they
only operate during the setup of a link. The operati on of these algorithms is discussed in
subsection b .~~.

In the transmitter , a 64-sample complex FF1’ is used to generate the composite -

tone set. In this scheme , the real and imaginary part of each tone is generated by adding

the appropriate phase shift to the previous transmitted vectors. The composite frequency
domain signal is fed to the FFT which in turn produces a composite time domain line signal . -

I
The primary difference between the 3600 and 4800-b/s mode rece iver and the

2400-b/s mode receiver is that the higher data rate modes use a Hu bert Trans form gener-

ator to correct for Dopple r offset . Wtth this scheme , the orthogon al outputs of the HUbert

Transform gener ator are mul tiplied by a cos and sin funct ion whose frequency is equa l to

the measured offset. The sum of multiplier outputs is a real signal which has been shifted

by the appropriate correction frequency. Since the input is real , only the real part of the

demodulation FF1’ is loaded.

I
I
I
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- - TABLE 3.3-2. ~lDPSK/P RODUCT CODE (CODEM) MODEM PARAMETERS

2400-b/s Mode 3600-b/s Mode 4800-b/s Mode

DA TA

Information Rate 2400 b/s 3600 b/s 5000 b/s*
TX. Rate 3750 b/s 5625 b/s 7200 b/s
Frame Rate 75 Baud /s 75 Baud /s 50 Baud /s
Coding 25 , 16 25, 16 36, 25
Number TX Bits/Frame 

- 
50 75 144

Number Inf. Bits/Frame 32 48 100

SIGNALLi NG

Modulation 4~ TDPSK 8~ TDPSK 2A , 8~ TDPSK
Number of Inf. Tones 25 25 36
Ton e Spacing 93 .75 Hz 93.75 Hz 62. 5 Hz
Baud Period - - 13. 33 ms 13. 33 ins 20 ms
Orthognal Period 10. 66 ms 10. 66 ms - 16 ms
Guard Time 2.66 ms 2.66 ms 4 ms

- - 

Doppler Tone 468. 75 Hz 468.75 500 Hz
Information Tones 656. 25-2906. 25Hz 656. 25-2906. 25Hz 687. 5—2875 Hz

PROCESSING 
-

Sampling Rate 6000 Hz 6000 Hz 8000 Hz

Samples/Baud 80 80 160
Modulation DFT 64-Point Complex 64-Point Complex 128-Point Real

Frr FFT Only
Demodulation DFT 64-Point Complex 64-Point Complex 128-Point Real

FFT FFT Only
Doppler Correction Hu bert Xfor zn Hilbert Xfor m 

- 

Hu bert Xform
Synchronization Slot Slot Slot
Encoder Product Product Product
becoder Rank ; 25 , 16 Rank ; 25, 16 Rank ; 36,25

Text
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3.3.3 21&00/3600 bps TDPSK With Coding

Table 3.3 2 describes the parameters of the 21100/3600 bps

CODEM Modem.

A block diagram of the 2400 b/s and the 3600-b/s modes is presented in Figure 14• 3~~
Again the preamble routines are not shown . The coding transformation for the data encoder

will be the coding transformation specified in Table 5 of the RFP. In the 2400-b/s mode

one bit from each of the 25, 16 code generators will be applied to each tone as specified in

Table 6 of the RFP. In the 3600-b/s mode , three sets of 25 bits are generated and three

bits of modulation are applied to eac h tone. Again the information and parity bits will be

applied to the data tones accordin g to the scheme specified in Table 6 of the RFP (i. e.,

one bit from each set of 25 tr ansmitted bits to each tone). 
-

In the demodulator , both the detected bit stream and the rank for each bit are

transmitted to the rank decoder algorithm. The rank of each demodulated bit is made by 
- 

-

ordering the confidence level of each bit , which is in turn calculated from the projection of

F the received differential phase vector on the decision a~~s• Figure 3.3_s shows the confidence

levels for arbitrary differential phase vector in the 2-bit per tone (2400-b/s mode) case.

The operation of the rank decoder is discussed in subsection - ~. 3.
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3,3.i~ i&800 bps Codem and DEFT j

Table 3.3—2 describes the pararieters of the 14800 bps Codem

Modem. .
~~~

As shown in Table 3.3—2 the actual information rate of the 4800-b/s mode

is 5000 b/s (100 decoded bits/frame times 50 frames/second) . An

exact data rate of 4800 b/s could be achieved by simply lowering the baud rate to 48 bauds/

second . Such a change would increase the guard lime to 4. 83 milliseconds .

Figure 3.3 6 shows the block diagram of the 4800-b/s mode. In this mode 36

information tones, modulated in both phase and amplitude, are transmitted each frame. A
128-sample real only transform is used to generate the composite line signal in the trans-

mitter and to analyze the Doppler-corrected input signal in the receive mode .

The amplitude modulation used in the received mode will allow one of two levels to

be transmitted for each data tone , since the phase information must , of course , be main-

tained. The threshold for the amplitude decision algorithm will be made adaptive by

averaging the previous levels of ones and zeros and computing a mean. 10

In the 4800-b/s mode, four sets of 36-bit outputs are generated by the data encoder.Since each tone transmits four bits of data (one amplitude bit and three phase bits), one bit
of data from each 25 , 36 encoder set will be applied to each of the 36 data to”~ s The ranks
for the DPSK bits will be computed in the sam e manner as the ranks for the 3600-b/s mode .
The amplitude bit ranks will be computed by ordering the distance between the received
amplitude and the decision threshold for each bit .

- a.
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TABLE 3.3-3: FREQUENCY ASSIGNMENTS FOR 4800 b/s CODEM MODE

FrT SLOT FREQUENCY FUNCTION

8 500 Doppler Tone
9 562.5 Doppler Slot J

10 625 Sync Slot
11 687. 5 Data Tone 1
12 750 Data Tone 2
13 812. 5 Data Tone 3
14 875 Data Tone 4 -

~~~

15 937.5 Data Tone 5 j
16 1000 Data Tone 6
17 1062. 5 Data Tone 7
18 1125 Data Tone 8
19 1187. 5 Data Tone 9
20 1250 Data Tone 10
21 1312.5 Data Tone 11
22 1375 Data Tone 12
23 1437. 5 Data Tone 13
24 1500 Data Tone 14
25 1562.5 Data Tone 15
26 1625 Data Tone 16
27 1687. 5 Data Tone 17
28 1750.0 Data Tone 18
29 1812. 5 Data Tone 19
30 1875 Data Tone 20
31 1937.5 Data Tone 21
32 2000 Data Tone 22 ~j l~

33 2062. 5 Data Tone 23
34 2125 Data Tone 24
35 2187.5 Data Tone 25
36 2250 Data Tone 26
37 2312.5 Data Tone 27
38 2375 Data Tone 28
39 2437. 5 Data Tone 29
40 2500. 0 Data Tone 30
41 2562 . 5 Data Tone 31 T
42 2825 Data Tone 32
43 2687. 5 Data Tone 33
44 2750. Data Tone 34 r

• 45 2812.5 Data Tone 35
46 2875. Data Tone 36
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Table 3. 3-i’ describes the FDPSK modem program which will only have

one mode. The fre quencies for the tone set are shown in Table 3.3—5 .

The data tones are referenced to a reference tone at 515.625 Hz.

Figure 3.3—6 shows a block diagram of this mode. For the sake of clarity, the
preamble functions are not shown in this block diagram. In the frequency differential phase
shift keyed system the complex data tone vectors are phase modulated with respect to ten
reference tones which are generated from the reference generator.

The complex frequency domain vectors are expanded in the frequency domain to
form an even real part and an odd imaginary part . The real and imaginary parts are
summed and fed into the 128-sample real only transform algorithm. The real and imaginary
parts of the output of this transform’ are in turn summed to form the composite line signal.
The summing at the input and output of the transform utilizes the symmetric properties
of a real valued DFT to eliminate the need of a complex 128-sample FFT.

The receive mode of this modem uses the same 128-sample real only algorithm to
generate the frequency domain vectors for the reference and data tones. The signal is
demodulated by computing the data tone phases to the phase of the appropriate reference
tone.
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Table 3.3-4: FDPSK (DE FT) MODEM PARAMETERS

DATA

Information Rate 4800 b/s I
Frame Rate 40 Baud/s . .

Number Inf. Bits/Frame 120 1’

SIGNALLING

Modulation 8~ FDPSK
Number of Inf . Tones 40 . •

Number of Reference Tones S
Tone Spacing 46. 875 Hz

Baud Period 25 ms
Orthogonal Period 21. 33 ms
Guard Time 3.66 ms
Doppler Tone Spacing 468.75 Hz
Inf. and Reference Tones 609. 375 - 2906.25 Hz

PROCESSING

Sampling Rate 6000 Hz
Samples/Baud 150 1
Modulation DFT 128-Point Real Only FFT Algorithm
Demodulation D?F Hu bert Xfor m
Doppler Correction
Synchronization

.k.
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Table 3.3-5: FREQUENCY ASSIGNMENTS FOR FDPSI( MODEM

I
FREQUENCY FUNCTION ‘lONE

375 Doppler Tone
1421.875 Doppler Slot
1468.75 Sync Slot

515.625 Reference Tone 1
562.5 Data Tone 1
609.375 Data Tone 2
656.25 Data Tone 3
703.125 Data Tone 14

750 Data Tone 5
796.875 Data Tone 6
8143.75 Data Tone 7
890.625 Data Tone 8
937.5 Data Tone 9

984.375 Data Tone 10 1)
1031.25 Data Tone 11
1078.125 Data Tone 12
1125. Data Tone 13
1171.875 Data Tone 14

• 1218.75 Data Tone 15
1265.625 Data Tone i6

• 1312.5 Data Tone 17
1359.375 Data Tone iB
11406.25 Data Tone 19 J
1453.125 Data Tone 20

• 1500 Data Tone 21
1546.875 Data Tone 22
1593.75 Data Tone 23
1640.625 Data Tone 24 . ]
1687.5 Data Tone 25
1734.375 Data Tone 26
1782.25 Data Tone 27
1828.125 Data Tone 28
1875.0 Data Tone 29

1921.875 Data Tone 30
1968.75 Data Tone 31• 2015.625 Data Tone 32
2062.5 Data Tone 33
2109.375 Data Tone 34
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TAEI~ 3.3-5: ~~~Q~~~CY ASSIG~~~NTS FOR ~~PSK ~~DEM (Cont.)

‘U.

FREQUENCY FUNCTION TONE

2156.25 Data Tone 35
2203.125 Data Tone 36
2250 Data !~one 37

• 2296.875 Data Tone 38
• 1 23143.75 Data Tone 39

• 2390.625 ‘ Data Tone
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3.14 Software Operation
“p

Control of the progr ams is originated from the modem control panel

on the manual switch register on the processor control panel. After

the program is read into the machine either from the PDP-11 or paper

tape and the initial or starting location is set, the machine is

put into the run mode. flom this point on operation is controlled j
by the switches. Each of the programs varies slightly on control

due to the functional difference between modes; however, standardiza-

tion is provided -where possible.

• • Display controls originate from the “~anual switch register and are

given below:

Bit Location Description

15 Random Data In

114 Error Control :1
11 Anything, Low 11

iØ Input , Diff Eq

9 Unprocessed Vector, Low 6 • J
4 8 Difference Vector, Low 6

1
• 3 ~ Tone Location

2
1
0

Bit 15 switches between internal and external data. Bit 114 in the

Codem modes switches In the error decoder. In the mode where the ]
decoder Is not used , the parity bits are transmitted but just

ignored in the demodulation .
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Bit U allows any memory location in the lower 2K of data memory to

• be displayed on one of the D/A converters. A capability is thus

provided to display flags and other locations where unprocessed.

• data can be Inspected while the program is running.

Bit 10 displays the difference equation used for time synchronization

on one D/.A converter and the input samples on a second D/A converter.

Bits 9 and 8 output the real and imaginary axis of the FFT and

processed output of the tone selected by the lower 6 bit locations on

the switch register.

Control of which program, internal or external clock , preamble or

no preamble is exercised by the mode control . In general - bit one

controls the program, bit 2 is internal or external clock and bit 3
controls preamble on or off. For instance, in the Codem Ill/DEFT

program, the mode switch is as follows:

• Switch Setting 
. 

Description

0 CODEM 148ØØ , INTERNAL CLOCK , PREAMBLE

1 DEFT , INTERNAL CLOCK, PREAMBLE

• 2 CODEM 14800, EXTERNAL CLOCK , PREAMBLE

3 DEFT , EXTERNAL CLOCK , PREAMBLE

14 CODEM 14800 , INTERNAL CLOCK, NO PREAMBLE

5 DEFT , INTERNAL CLOCK, NO PREAMBLE

6 CODEM 14800, EXTERNAL CLOCK, NO PREAMBLE

7 DEFT , EXTERNAL CLOCK , NO PREAMBLE

I
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In all of the programs a number of parameters can be I

easily modified. The most significant of these variable parameters are listed below:

• a. Sampling Rate - A single parameter will contro l the sampling rate. As
the sampling rate is varied, the tone spacings , tone positions, and data
rate will vary.

• b. Frame Rate - A single parameter, the number of input samples per frame ,
will var~ the frame rate and consequently the guard time and data rate . The
lower limit to this variation will be the number of samples in the orthogonal
set (64 or 128). In this case , the guard time would go to zero.

c. The Tone Position - The position of each tone in the data set will be
referenced to a stored table in data memory. Modification of this table
will result in frequency shifts in the data or Doppler tones . Since the tones
must fall on an FFT slot , such a shift can only be made in increments of
the tone spacing.

d. Doppler and Time Tracking Rates - The rates of frequency and time Itracking will be controlled by four or five locations in data memory. The
modification that these parameters make to the tracking rates will be identi-
fied in the listings. j

e. Number of Tones - The number of tones in the data set in the modes which
do not require a fixed number of data bits per frame for the coding scheme will be
variable. This number will be varied by adjusting several parameters in data memory.

f. Number of Preamble Frames - The number of pream ble fram es transmitted
and expected in the receiver will be varied from 5 to 32 by modifying two
locations of data memory. j

.1
I
I
)
I

i
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~~ .. 3.5 Program Memory and Timing

- The programs have been written to operate both half duplex and Th.U.

* duplex. Two of the seven modes at the present do not have sufficient

time to operate f’ull duplex with all function s enabled. The times
- for all of the programs are given in Table 3.5—1. The times are a

- combination of calculated times and measured times. It should be

noted that the times given are nominal times and worst case conditions

can expand the noted time. For instance, the decoder when correcting

• 
- bursts of error can take a longer period than noted in the chart.

Table 3.5—2 presents the number of 32 bit words used in pr~~ram

memory and 16 bit words used in data memory for each of the four

combined programs.
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TTh1ES iN ?~iLLISECO 1DS J
Progrw~t Tiniini~, CODE -1 CODI 4 TDPSK TDP~K TDPSK
CODE!4 DEFT • 3600 21400 21400 3600 14800

Sasn,le Interrupt .96 .96 .5 .5 5.2 0.5 0.5

Data Interrupt 1.5 1.5 
—~~~~~~ .75 .5 .56 .814 1

2.146 2. 146 1.25 1.0 5.76 1.314 . 1.76
Mo&~lation • -

Encode .05 - .05 .05 — — —

Form Mod . Vectors 
- 

,j.• j . .8 .8 0.5 0.8 0.8

Scra~nb1e .31# .314 .314 .314 — 0.314 0.3 14

1.6 1.6 i.6 1.6 — 1.6 1.6
Even/Odd Separation .6 .6 — — —

Store .14 .14 .2 — 0~2

• 
- 14.09 14.014 2.99 2 .99 0.5 2.9 14 . 2 .9J4

Denodulation

Hu bert Tran~ for~’ 2.2 2.2 1.14 1.14 —

Scirarble .314 .314 .314 .314 — 0.314 0.314

FFT - - 1.6 1.6 1.6 1.6 1.6 1.6 1.6
Even/Odd .6 .6 — - — — - —

lenodulate 5.0 2.8 3.0 2.0 • 0.8 1.2 1.14(ir.ci~~e.~ ::ar~:, Si~Proc Popp)cr i~et)

Pecoie 14.5 - 2.6 1.8 — — —

114 .2!ê 7.514 8.914 7.114 2 .14 14.~ l, 14.7 14

Total Full L’~i:1c:~ l rc  ~O.79 114.014 13.1~ 11.13 8.66 8.82 9.02

I
TAB LE 3.5—1: rix~in~ Fsti:ate~ -
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• CODE CODEM III 3600/
ROUTINE + DEFT CODEM I/n 14800 21400

Outp’it Mod Sample li3 37 40 101

Preamble 379 372 383 389
Input Sample + Sync - 129 130 138 • 187

• 
. 

Data Interrupt 85 83 92 6].
3rd Interrupt I-i- 14. 14 4
Wait Loop 311. 36 22 30
Modulation 1117 89 92 --
Demodulation 1411 11~37 303 290
Initialization 115 122 111 147
Scramble • 30 30 30 --

Even/Odd 53 -- -- --
Erec. 28 28 -- --
PRCG 13 13 13 --
DFRAM 10 10 18 58
NOPS -- -- 20 --
CTOP 159 159 159 159

INVE1~ 30 30 30 30

FFT 185 185 185 185 ’
18 18 18 18

• 
- SIN/cOS 13 13 13 13

• 
- DISP 50 50 50 55

DECOD 1411 639 -- --
Total Program Memory 23117 21485 1734 1632

• Total Data Memory 2899 2662 1768 11214

TABlE 3.5—2~ Memory Requirements
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-‘.c Test Results

All of the programs were operat ionally and functionally tested.

• The rank decoder was extensively tested to the error patterns 1
inclosed in Appendix A and operated successfully with all of the

patterns. This test was performed on the decoder operating as

an integral block of the modem program.

j
Frequency responses were run on the input and output filters and

are given in Figure 3.6—1 and Figure 3.6—2 . Two I
responses are given since the design incorporated provisions to

Ii
rapidly change the bandwidth of the filters by modular change of

a set of eight resistors per filter. Two modules were provided

with the equipment .

Signal to noise tests, fading tests and doppler tracking tests

were performed at NRL. The result s are not included in this j
report .

- .1
I

I
I
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4.0 SUPPORT PI~)GB1~S

• This section describes the software deve1op~~nt both for the assembly
and loading of programs from the POP 11/4 5 to the PSP and diagnostrc programs

developed for the PSP.

Signal processing tasks are perforned on the PSP by appropriate PSP

programs written specifically for the task at hand. In this environnent it

is inportant to have eff icient techniques to develop and test PSP programs.

~n extensive collection of field-proven hardware and software support sys-

tens was provided to simplify the task of the PSP proqram develoarent.

• These support systems range from the sin-pie PSP assembler which can

run on any suitable general-purpose carputer to a complete set of peripheral

hardware and support software for use by the PSP progranuer. The PSP assem-
• bier can be oriented to run in either a batch or tine-shared mode on a general-

purpose ccttputer. For the laboratory requiring peripheral equiprent , one or
more PSP’ s may be integrated with a PDP-1l carputer system, such that the PSP’ s

becace the masters of the system controlling the available peripherals. To

s ort the PSP/PDP-ll system at NRL, assembler was provided to run on the

PDP-1l with 20K of nenorj plus an extensive collection of support software

including an on-line debugging program for the PSP, a PSP dunp proqram~ a PSP

loader and other useful packages itemized bel~~.

• 4.1 PHILOSOPHY OF PSP/PDP—ll PIPP~~~CH

The efficient use of the POP-il in conjunction with the PS? is discussed

• in this subsection , which describes the relationship between a general-purpose

carputer system and the PSP in the develo~tent of modem signal processing

equip~Ent .
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By way of background , the PSP is designed to provide an improvemen t over previous

methods both in developing and implementing signal processing equipment. Prior to the 3
advent of the PSP , sophisticated signal processing equipment was built in two phases, the
simulation phase and the implementation phase. In the first phase , proposed techniques j
were programmed “or simulated” on a large scale general-purpose computer. During this
phase , parameters of design could be varied and analyzed. Through this simulation effort Ja final system was specified and all parameters defined . During the second phase , the
final system was constructed through a hardware desi gn effort. Once the second phase had
begun , changes in design and parameters became expensive . Sophisticated equipment was
excessively difficult and expensive to build and in some cases impossible to debug. The
success of a system could be impaired in cases where subtle variations between the simu la-
tion and the end product caused unexpected degradations .

Using a PSP as a replacement for special-purpose hardwired designs overcomes
most of these ditficulties. The hardware design effort of phase two is largely replaced by
a programming effort on the PSP.

Making the transition from the simulation program to the PSP program is far easier
than making the transition to a hardware design effort. Communication and documentation
problems between a software effort and a hardware effort are eliminated . Indeed , the pro-
grammers who developed the simulation software generally follow on with the PSP imple- i
mentation program .

The programming effort on the PSP becomes the last effort of design . Flexibility
• is mainta ined throughout the design effort, and system changes may be incorporated with

minimum cost even after systems have been delivered , simply by changing the PSP program . j
With the flexibility during the PSP programming effort the distinction between the

simulation phase and the implementation phase quickly becomes blurred. Many of the stu-
¶ dies previously performed in a simulation effort on a general-purpose computer are more

quickly achieved during the PSP programming effort. J
Indeed , if the PSP had all of the capabilities of a general-purpose computer , the 1simulation effort using a sepa rate computer would be entirely eliminated.

The PSP , however , does not have these capabilities and , since a primary objecti ve
of the PSP is to provide low cost hardware to perform the signal processing task in the field ,
Its design is not burdened by facilities and software that are useful only in the laboratory.
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~ P In order to achieve the best of both worlds the minimum cost deliverable hardware ,
and the facilities that are desirable during system simulation and development - GTE
Sylvania. has interfaced the PSP to a PDP-l1 in such a way that the PSP programmer has at
his disposal the facilities of the PDP -11 system .

The hardware interface is quite straightfor ward . Three data paths between the PSP
and the PDP-1 1 are implemented as shown in Figure 4—1.

The path to the PSP card reader input allows PSP programs assembled on the
• PDP-11 to be loaded into the PSP directly. This eliminates the card reader and avoids the

unnecessary step of punching cards. As a result of this data path , PSP assembly language
programs may be read into the PDP-11 card reader , or written at the PDP-1l typewriter

• input. Programs may be stored on the PDP-11 disk. The powerful facilities of the PDP-1l
editor and file handling software (PIP) will be available to the programmer. The fact that

• the programs are rui-i on the PSP yet are written and assembled on the PDP-l1 is a distinc-
tion that is of little concern to the programmer.

With the I/O data paths between the PSP and the PDP-11, data is easily passed

- 
between the two processors. As a result , the PSP program has the PDP-ll peripherals

• available for use.
• 

~. Data to be processed may originate from a tape unit , results may be printed on a

typewriter and program parameters may be requested from the typewriter. As a result ,
• the PSP programmer has the hardware and control normally associated wi th a general-

• purpose computer.

The programmer has two choices. He could write progr ams in Fortran which would

be executed by the PDP -ll CPU , or he could write progr am s in PAP (PSP Assembly Pro-

gram language) which would be executed by the PSP CPU. In either case , the programmer

• has available all of the peripherals of the combined facility .

With this arrangement , the need for the tradition al Fortran simulation ~rogr am is

reduced considerably. In many cases , the “simulation” effort can be don e more effectively

with a PSP program than with a Fortran program.
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4.1.2 PSP ‘10 PDP 11/45 INTERF ACE HARt1~1ARE

~~ iiplerent the PSP/PDP-ll System outlined in the preceding paragraphs ,
cables and I/O connectors were provided to interface two PSP ‘S to NRL ‘s PDP 11/4 5
cxirp uter. The hardware interface will provide the capability to perform three

• distinct functions with either PS?:

a. The ability to load the program and data n~~cry of the PS? directly
fran the PDP 11/45.

b. ‘I’he ability to transfer a 16-bit data word fran a PS? to the PDP 11/45.

c. The abili ty to transfer a 16-bit data word fran the POP 11/45 to a
pSP.

4.1.2.1 INTERFAcE 1~0 LOAD PSP PI~DGRAM AND DATA ~~ 4DI~1 FI~)M POP 11/45

• One of the functional paths shown in the block diagram in Figure 4-2
will allow the PS? program and data nemory to be loaded fran the POP 11/45.
The interface will connect a DR11 output channel to each PSP card reader input
channel. It will be inpierented so that 12 bits of data can be transferred ,
in parallel , fran the POP 11/45 to the PSP ’s, and will be functionally equiva-
lent to the transfer of 12 bits of data fran an IBM card col~~~ to the PSP
through a card reader . This channel will therefore have identical capabilities
to those otherwi se provided by the card reader input to the PSP. The PSP will
then be able to be loaded by transferring PS? binary deck card images fran the

• PDP 11/45 to the PS? under program control of the POP 11/45.

In addition to the data transfer capability of the interface, the PSP
card reader enable /disable signal will be fed back to the POP 11/4 5 so that its
state can be determined by the PDP 11/45 program.
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FIgure 4—2. Block Diagram of PSP -to-PDP 11/4 5 Interface
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4.1.2.2 Interface to Transfer 16-Bit Data from PSP to PDP 11/4 5

A second data path to each PSP shown in the block diagram in Figure 2-10 will
allow the PSP ’s to transfer 16 bits of data in parallel from the PSP to the PDP 11/45. This
transfer will be accomplished by execution of a PSP output instruction (OUTA or OUTM).
Signals generated by execution of the OUTA or OIJTM instruction will be used to alert the
PD? 11/4 5 that it must perform an instruction to complete the transfer.

Interface to Transfer 16-Bit Data from PDP 11/4 5 to PSP

A third data path to each PSP shown in Figure 2-10 will also allow a PSP program
to obtain 16 bits of data in parallel from the PDP 11/4 5. This transfer will be accomplished
by execution of a PSP input (INPA or INPM) instruction. Signals generated by the PDP 11/4 5
will be used to alert the PSP that it must perform an INPA or INPM instruc tion to perf orm
the transfer.

4.1.3 PSP-TO-PDP 11/4 5 INTERFACE SOFTWARE

In addition to the interface hardware described in subsection 4.2 , interfac e
soft ware is necessary to realize the potential of the interface between the PS? ‘s and the

PDP 11/45. With the appropriate software in both the PSP and the PDP 11/45, the PSP’s

will be able to make use of the peripherals on the PD? 11/4 5 for either input or output as
desired and appropriate . Similarly , PD? 11/4 5 software is required to make use of the
ability to load the PS? program and data ~memory from the PDP 11/4 5. Generally, each

I/O exchange between the two computers requires a matching pair of program s - one in the

PS? and one in the POP 11/45. The software to implement these fun ctions is referred to
as the interface software. Software will be delivered to implement the functions detailed

In Table 4—1. It is divided into three groups corresponding to the three functional data

paths described in subsection 4.2.

4.1.3.1 Implementation of PSP Software

The PSP interface software is included as part of the POP-li version of the PSP

assembler so that the programmer need not be concerned with the details of the pro gram-

ming to use the interface. That is, the PS? programmer will include such statements as ,

for example ,
RWND TAPE

In his PSP program. The PSP assembler will then Insert the PSP coding necessary to
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perform the function. Each such instruction will be treated by the assembler as a request

for the appropriate predefined “M acro ” routines to be inserted in the PSP program.

• 4.1.3.2 Implementation of PDP 11/45 Software J
The POP 11/4 5 I/O interface software in Group s II and III are combined into one

complete program to be executed in conjunction with the execution of the PSP Program .
The software in Group I are separate programs reflecting their distinctive functions.

TABLE 4-1. PSP - PD? 11/4 5 INTERFACE SOFTWARE

Group I - PDP 11/4 5 to PSP Program and Data Memory Load Group. This
group operates with the PSP in the halt mode.

PROGRAM DESC RIPTION

1. PSPLDR PSP Loader Program - A PDP 11/4 5 program to
transfer a PSP binary program from a PDP 11/4 5
source device to the PSP program and data memory .
The source device may be the card reader , disk file ,
Mag tape , Dec tape , or paper tape unit .

2. PSPODT PSP On Line Debugg ing Technique Program - A PD?
11745 used to debug PS? programs. Single or
multiple program or data memory locations in the
PSP may be changed by specifying the address and
new contents at the PDP 11/4 5 TTY ( teletyp e or Dec
Writer) inpu t device. The old con ten ts may be
destroyed or remembered and subsequently restored
by the PDP 11/4 5. The contents of PSP program or
data memory locati ons may be examined via the PSP
fron t panel light or printed on the TTY by specifying
the locations to be examined at the POP 11/45 TTY .

3. PSPMDP PSP Memory Dum2 Prog ram - A PDP 11/4 5 program
i~~~diimp” the èonten ts of the PSP prog ram or data
memory , listing the contents on the PDP 11/4 5 TTY
or line printer . Th is program is incorpora Led as an

• option in the PSPODT progra m described above.

•
~1

FR75—2 112 3
I



~~L~~~~~~~J- - ~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~

• TABLE 4 1 .  PSP - PDP 11/4 5 INTERFACE SOFTWARE (Cont .)

Group II - PSP to PDP 11/45 data transfers. This group operates with the
PSP in the run mode. Each function requires matching pairs of
programs: a program to transmit the data from the PSP and a
receiving program in the PDP 11/45. Only the PSP routines are
listed .

PROGRA M DESCRIPTIO N

1. WRIT - A generalized PSP Macro to steer a record of data
from the PS? to a PDP 11/4 5 output device.

2. RWN D A PSP Macro routine to request a rewind on a PDP
11/4 5 I/O device.

3. WEOF A PSP Macro routine to write an end of file on a PDP
• 11/4 5 Output device.

.

• 4. BKSP A PSP Macro routine to request a backspacing of
records on a PDP 11/4 5 I/O device.

5. TYPE A specialized PSP Macro within the generalized
WRIT category to transfer a character s ring to the
PDP 11/4 5 TTY device.

6. PNCH A specialized PSP Macro within the generalized
WRIT category to transfer a da ta string to the PDP
11/45 PUNCH device.

Group III - PDP 11/45 to PSP data transfers. The group operates with the PSP
in the run mode. As in Group II each function requires matching
pairs of programs: a PD? 11/45 program to transmit the data and a
PSP routine to accept the data . Only the PSP routines are listed .

PROGRA M DESCRIPTION

• 1. READ A PSP generalized Macro to request a data transfer
from a PD? 11/4 5 I/O device.

2. RDCH A PSP Macro to read a character input at the PDP
11/4 5 teletype.

3. RDLN A PSP Macro to read a line of characters input at
the PDP 11/4 5 teletype.

4. RPTP A PSP Macro to read data from a paper tape unit .
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1 .i. 3.3 I.EE OF L~~~ ~ k~ Il ED SOF1’.~~~

The user ’s task , as a result of these utility prograns , will be reduced 1
to the job of writing the PSP program using the standard text editing facilities
of the POP 11/45, or other standard neans of creating the source program. 3

With the PS? program cx nplete, the user will type a sequence of a~nnands
at the PDP 11/45 teletype such as:

RUN PAP (assenbler PSP program)
RUN PSPLDR (load program to PSP)
RUN PSPINT (run interface program)

At this point the user will be ready to run the PS? program with the devices of
the PDP 11/45 avai1~ble as requested by the PS? program.
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4.2 PSP DIAGNOSTIC pROGpj~MS

A complete set of diagnostic software has been developed for the PSP to verify that
the PSP is working properly and/or aid in isolating a hardware problem in the event of a
component failure. The programs available are:

a . Data memory test program
b. Program memory test program
c. Register file test program
d. Instruction test program
e. Multiply test program

These programs are provided with the PS? as deliverable items. Since the PSP is
a programmable signal processor , additional test programs to check out special I/O equip-
ment, real-time counters, etc. can be easily de relop~~~

program l1~tin~5 are in-~:ose~i in ~~p en~ i:.: ~~.
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4.2.1 PSP Register File Test Program
0

4.2.1.1 Objective - The PS? register file test program tests the PS? to determine

whether data can be stored and retrieved properly from the 32 index registers . j
4.2.1.2 Method - The program follows the same procedure used for the PSP data I
memory test which is described in subsection 4.2.2. Although the objective, method and

flow chart of the two programs are identical , the programs themselves reflect the diffe rences -t

in programming technique required to address the register locations . Because of these

similarities , no flow chart is provided for the register file test. -
~~

4.2.1.3 Program Timing - Because there are only 32 regIsters , the program cycles

very rapidly, cont inuously repeating the test unless a failure occu rs.

4.2.1.4 Factors Not Tested - This test Is designed to test the storage cells in the

register file only. it is not intended to check the register file arithmetic unit which is

tested elsewhere.

3
,
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4.2.2 PS? Data Memory Test Prog ram
0 4.2.2.1 Objective - The data memory test program tests the PS? to determine whether

data can be stored and retrieved properly from the data memory.

4.2.2.2 Method - The prog ram tests the data memory by storing a background pattern
of ZEROS in all data memory locations. A test word with a ONE in a single-bit position is

• then stored in the test location . The entire data memory is checked to determine whether
the ONE and the ZEROS were st3red correctly.

if the pattern is not correct , the program halts with indicators pointing to the loca-
tion of the failure.

The entire test is a repetition of this basic scheme of (1) storing a background pattern
in all memory locations , (2) storing a test word with a single bit in the test location,
(3) checking all memory locations for the correct pattern , and (4) halting if an error is dis-
covered. The complete test stores a ONE in each bit location of the data memory against a
background of all ZEROS and a ZERO in each bit location against a background of all ONES.

Upon completion of the test , the program repeats from the beginning. Thus It runs
• c~ntinuously unless an error is discovered.

4.2.2.3 Program Flow Chart - The data memory test prog ram flow charts (Figures 4-3
through 4—6 ) illustrate the program operation. As shown, the data memory is filled with
a background pattern of ZEROS (Block 9 of Figure 4— 3 ) .  A test word with the low-order bit
on is stored in the last data memory location (Block E of Figure 4—3 ) .  The entire memory
is checked to see whether or not the correct pattern is stored (Block 11 of Figur e 4— 3 ). If an
error is discovered, the program enters a halt sequence (Block 13 of Figure 4—3’) which
sets up indicators (Figure 4—6) pointing to the bad location and then halts. If no error is
found , the sequence is repeated with the test word stored In successive data memory loca-

• 
- 

tions. When all memory locations have been checked using the test word with the low-order
bit on against a background of all ZEROS, the background is changed (Block 2A of
Figure 4— 3)to aI1ONES , the test wordis changed to all ONES with a ZERO inthe low-order
bit location and the test sequence is repeated.

Alter all memory locations are tested with the second pattern of abackground of ONES
and a test word of ONES with a ZERO in the low-orderposition , the background and test word
are again complemented , and the test word Is shifted left one bit to movethe bit which Is on
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in the test word to the next bit location . This sequence is repeated until all bit locations of

the data memory have been tested with a ONE against a background of all ZEROS , and wit h

a ZERO against a background of all ONES. Upon completion (Block 37 of FIgure 4—3 ), a

count of the numbe r of completions of the test Is Incremented by one.

• 4.2.2.4 Tracking Procrram Progress - While the data memory test program Is running ,

Its progress through the program may be followed if the selector switch Is set to display the
contents of the A register on the front panel lights. Three Indications of progress may be

seen this way: the current background pattern , the test word and the number of times the
test has been completed.

Most of the time , the lights will display the background pattern. Each time the test
word is changed, the test word before the change Is displayed in the A register briefly
(Block 24 of Figure 4—3 ). Similarly , at each completion of the program , the count of the
numbe r of completions through the test is displayed briefly (Block 37 of Figure 4—3 ).

J
4.2.2.3 Failure Indicators - If the program detects a faulty data pattern , It enters the
halt sequence shown in Figure 4 6 .  The sequence places indicators in the locations that
can be displayed by rotating the selector switch on the front panel. Thus the information
pertinent to the detected fau lt can be easily displayed.

The halt occurs In the process of checking a single data memory location. The
address of the memory location in error will be contained in index register 1, which can be
displayed by rotating the switch to the register location. The contents of the memory loca-
tion in error will be displayed in the A register. If flag ZERO is reset , the contents should
have been the background pattern; if it is set , the contents should have been the test pattern .

• The DM setting of the selector switch displays the B register. This will contain the contents
of the last data memory location. Unless it Is the last data memory location which failed ,
this will be the background pattern.

1
4.2.2.6 Index Registers in Use - Information that can not be obtained by rotating the
front panel switch can be obtained by inspecting the remaining index registers. This is done
by placing the index register number in the instruction register and rotating t h e  selector
switch to the register position. Register 2 contains the add ress of the location that should
contain the test word. All other locations should contain the background pattern. Register 3
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contains the background pattern , while Register 4 contains the test word . Register 5

contains the address of the last data memory location. Register 6 contains the count of the

number of successful completions of the test.

4.~~..’. Memory S ize Variat ions - The prog ram has been written to check a data

memory with 30~2 locaxions. For different memory sizes , this may be easily changed. The

first instruction in the prog -am is a load register with literal inst ruCtiOn that places the

numbe r of ior~tionS minus 1 in re;i3te r 5. By changing this one instruction the program

will check daca memories of any size. The progra m chec~~ all loca tions start ing wi th

address ZERO. In the event that the starting address is to be chanced , locations C. F, 19,

and 20 must be cha:i~ed . These are the locations that u~e the first data memory location as

location ZERO. These should be changed to refer to the first location desired.

. 2 .  Program Timing - The time to run a complete test var ies roughly as the square

of the memory size , since the main test loop contains roughly N operations, where N is th~
memory size , and must be repeated N times. For a data memory with 1K locations , the

program takes approximately two minutes , whereas for a 12K memory it takes about six

hours.

• - Factors Not Testec~ - The data memory test progra m tests the individual stor~e •~

locations, address decoding , card selection , and data paths . It does not test the various

addressing modes such as indirect addressing. This is l3ft to another program.
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4.2.3 Instruction Test Program ]
An attempt was made in the development of the instruction testing routine to keep in

• mind and check the particular hardware Implementation chosen for the PSP instructions.

That is, the program is more than a simple instruction verifie r but something less than an

exhaustive machine checking algorithm. Each Instruction was pushed hard but not necessar-

ily through all possible execution cases. For each Instruction a small set of cases was
• chosen which would check the most likely set of single and some multiple faults. I

The operation of the program is quite simple. If it runs and seems to be looping

correctly the machine is apparently executing all of its inst ructions . If it halts (after an ]
initial halt test) there Is a problem. The location of that halt will point to the most likely
set of instructions which failed . The program is flow charted in Figure 4—7 .

J
The program begins in location STRT (D16). Before loading the program it is as-

sumed that PM clear has been pushed and the A register is thus cleared. First , load , store ,
register store, JEQ and halt is checked by hitting the run switch. If halt worked, the
progra m should stop at location 1816 and the PC will read 1916. The operator should verify
that A = E MTY = R4 FFFF16 and Ri = R2 = R3 = RM 1 = RM2 = 0 before proceeding and
A should be restored to its full condition . If , after starting the program again at location

• 1916, the program halts , there is a problem.

For example , suppose the machine halts , and there is an A316 in the PC. The halt
has been executed in location A2 16, which means the JEQ in location Al 16 failed . If the A
register is indeed non-zero , then hand checking should begin at the beginning of this
particular test , location 9E 16 First , the operator should single instruct LDAL FFFF and
check to see if indeed the A register is set to FFFF 16. ADDL 0 the n sets the B register to
zero and leaves the A register full. Finally Th~STRT 44622 takes as the A Input to the AU J
the nu mber 0 and forms the Boolean product of the A register (FFFF ) and 13 register
(000016), which is used as the B input to the AU , and adds the two inputs . If the result is
non-zero, .INSTRT 44622 is not working. Perhaps the Boolean product is not zero, or
perhaps the A input to the AU is not being set to zero. ]

Note that some of the tests can fail by jumping to halt , which is outside of the main
line of cod ing. The halt location will still point to the instructions which failed. Suppose
the machine stops at location 54616, the halt would have been executed at location 

~~~~ 
and

the comment field of tha t halt tells us that we came from line 232 16 in the coding. The
operator wou ld then single instruct through the appropriate cod ing to see why it did jump on
bit 8 set when it should have been reset.
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Figure 4.7 InstructIon Test Program Flow Chart
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• So much for the obvious failures. There are a number of problems which lead to J

subtle faults that are more d ifficult to find using this progra m. In fact , the program may
not halt but might be operating in a loop that was not Intended. If it is suspected that the
program is not looping correctly , halts shou ld be written over the NOP’s which se~~rate
large blocks of the main coding. Table 4—3 lists the locations to insert halts. The
machine should successively halt at each of these locations if operating properly.

There are other problems which arise In the run mode of operation but are eliminated
when the machine is single stepped. That is , the machine may indeed halt at some time ,
but when the suspect coding is tested via the single step button, everything appears in order. J
Such problems can be found by single stepping in the rim mode , i.e., by writing a halt
immediately alter the suspected instruction. I

TABLE 4-3 . ADDRESSES OF NOP’S

1. 2E 16 
.

F 2. D6 16 
11

3. 144 16
4. 10F 16

~~

6. 3F3 16
7. 507w I

• 1
I
I

~1
1
I
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4.2.4 Program Memory - Memory Address Test

The Intent of this program Is to test the address wir ing of the PSP’s program
memory. To test the addressing of memory the program must write data into memory and

read it back for comparison to be sure the data was stored and returned from the proper
location.

Since the inst ructions stored in program memory cannot write or read from program

memory , the card reader is used to program the PSP’s console to effect this test.

The test used is a 3-pass test. The first pass addresses each location of a 1K octal
sector of memory storing that location’s address in the memory address position of its

• 32-bit word. -

The second pass programs the PSP’s console: to read a 1K octal sector of program

memory; to compare the memory address position of each location with its address; and to

stop the card reader when the location contents are not equal to the location address.

The third pass is used to read a 1K sector of memory and determine if data had

inadvertently been written there during the writing of another 1K sector.

FIgures 4—8 , 4—9 and 4—10 are flow charts of PASS 1, 2 and 3 operation.

• To run this test the following procedures should be used:

a. PASS I - Load 1K Segment with Addresses
1. With RUN/STOP switch in STOP, push PM CLEAR switch to clear

program memory. -
2. Using LDRL (3A40) and starting address (MA) , set RFO to FIRST

ADDRESS of 1K being tested.
• Memory Sector Starting Address

0 - 1 K  0000
1K - 2K 0400
2K - 3K 0800
3K - 4K OCO O

- 3 . Set PC to FIRST ADDRESS; JMP (8000) to starting address.
4. Place PASS 1 card deck on card reader and start the reader. The

MA DISPLAY REGISTE R should step through the 1K locations of
program memory as they are loaded.
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Figure 4-8 PASS 1 Flow Chart

FR75 -2 128

________________________ • _  ~~~ • — ~~~~
— ~

- _______________- - --

~



F T

~~~~~~~~~~~~~~~~~~~~~~ FA MANUALLY 

- 

• 
•

A + R 1  A (ADDR R1 )
Ri + 1 ~ Ri (INR Ri) - 

-

_ 
_

READ PM SUBL
A-MA~~~A

~~~~~~~~~~~~~~~~~~~~~~ A~~~0

ERROR STOP

CARD WHEN A~~~~~ 0

READ ER

2581 -72E

Figure 4—9 PASS 2 Flow Chart

FR75—2 • 129

~~~ 1

- - •—
~~~~~~~~~~

• 
~~~~~~

— •~~~~~~~~~~~• • •~~~~_ • • ~~~ _ _
• •~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~ _ - •.~



1
•

4.

~~~~~~~~~~~~~~~RE~~~~PM

MA+A .A (ADDL) 
U

r

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2575-72E

-r
£

.‘•

Figure 4-10 PASS 3 Flow Chart

FR75—2 130

,-. .-,

~ 

_ _ _ _ _  _ _ _



r ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
--

~~~~ 

~~~~~~~~~~~~~~ •~~~~~~~~~~~~~~~~~~ -~~~
‘

• 
-
~~~~~~ ==~~ ~~~~~~~~~~~~~~ 

—
~~~~~

--- - -  — --

I
b. PASS 2 - Check 1K for Valid Address Storage

1. Using steps 2 and 3 in PASS 1 procedure, set RF1 and PC to the FIRST
ADDRESS of 1K being tested. For step 2 use LDRL (3A41) to load RF1.

2. Using CLA (4343) , clear the A register.
3. Place PASS 2 deck on card reader and start reader. The card reader

• should stop with all cards read and the A register equal to 0000 (HEX) ,
indicating that the 1K segment has been read and does contain the
information as written during PASS 1.

c. PASS 3 - Test Other 1K Segments for all Zeros
1. Set RFO and PC to the FIRST ADDRESS of a 1K segment other than the

segment containing its addresses; similar to steps 2 and 3 in PASS 1.

2 . Using CLA (4343) , clear the A register.
3. Place PASS 3 on card reader and start card reader. During this PASS,

the A register holds the sum of error words found.

A register equals 0000 (HEX) for segment holding 0000 (HEX) in all
locations. -

4.2.5 PSP Multiply Test Program

The Intent of this program is to test the PSP’s arithmetic unit and associated logic

using the fractional multiply instruction. This instruction, MLNR, multiplies the contents

of a register file by the contents of the A register, leaving the results in the A register.

The program using this Instruction multiplies all combinations of a 16-bit word found

In register file 0 (RO) by all combinations of another 16 bit word found in register file 1 (Ri) .

Each set of words held in RO and Ri are multiplied twice. Dur ing the first mult iply

RO contains A and Ri contains B. During the second multiply RO contains B and Ri contains

A. Upon completion, the results of both multiplies are compared for equality.

For further details on program operation, see the flow chart , Figure 3-36 and the

program listing. -

The program is loaded through the card reader and started by placing the run switch

into the run mode . The program stops halfway through with the following particulars:

ASN = 1
RFO= 8000

PC= B

FR75.2 • 131



!T~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

/~~~TlALIZ E ’\
( O~~~RO

ROx R 1~~~R6 
•

R1xRO ~~~R7

NO ~~~~~~~~~ YES 
-

~~~~~~
RRORD 

_ _ _ _ _ _  
YES ]

• 4’~~~ ~~~~~~~~~~ HLT
YES 

~~c
FFF>> COMPLETE

O~~~R 0
1-f Ri Ri RO+1 RO

(±) (
~) 2584-72E

Figure 4—11 PSP Multiply Test Program Flow Chart

I

FR75-2 132

______________ ii 
•-

• : -



When this happens , to continue, position the run switch down momentarily and then back to
run. The program will run for approximately another two hours to completion, when it will ~‘I

stop with PC = 11.

- 
Other halts occurring at location OA are due to multiply errors. -

I -

1 :
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PSP DATA MEMORY TEST PROGRAM 5/1/72

I ‘ PARAMETERS
Oooooo o oo F I RS I = o  ‘ F I R S T  OH ADDRESS

• • 3 000000-iFF LAST=3071 . LA ST OH ADDRESS

4 0000PO FFF A S TEP= 409 5 .
000000IER BSTEP =1000 .

6
7 ‘ R E G IS T E R  A S S I~~NMCNTS
o 00001 0001 R1:1

0O0000~ 02 R2z 2 ‘ K EG 2 P40105 TEST LOC
10 • 0000C000J 411:3 ‘ REG 3 HOLDS BA Ci(GNO

• u 000000004 T EST=4  ‘ KEG 4 HOLDS T E S T  W O
• U - 0000iJ000S L ST =b ‘ REG 5 HOLDS LAST OH LOC

• • - • 13 000000006 CO UNT=6 - 
•

- 14 000000007 Ri:?
15 0000o oooe R8:8.

• Lb ‘

17 ‘PROGRAM
• 000000000 .PROG 0

19 0000 344 5 Ob FF S T R I S  LL)~~L. L A S T , L S T
• - - 20  0001 7443 0000 L D,L 0

2 1 . 0002 3806 F i F F  STAR COU NT ‘ I N I T I A L I Z E  COUNT
22 0003 7443 0000 S TR 2 S  10,1 0
2.3 0004 3403 FIFF STAR ALL ‘ I N I T I A L IZ E  BAC KGN D

- 24 0005 7A4 3  0001 10,1 1
25 0006 3AC4  F F F F STAR TEST  ‘ I N I T I A L I Z E  TEST W D
26 0007 6A4~ 0000 STRiS LD,R L~~T

- 27 0008 3402 FF~ F STAR R2 ‘ START LAS T ME r! b C .
28 0009 6845 0000 ST R 4 S L D,R 1ST ‘ F ILL  MEMORY
~9 0004 34 C 1 F E F F  STAR Ri ‘ W I T H

• 30 000& 68 43 0000 L D, R A LL ‘ SACK ON D
• 31 000C FF2 1 OuOO S F I R S T ,R1 ‘ DATA .

32 0000 1141 0000 JR ’42,0 .— 1 , R 1
33 000k 6444 0000 LD ,R T E S T ‘ STORE TEST WO
34 000F FF22 000_ a S Fl , S T , k 2  ‘ IN  HEM LOC R2.
s~ 0010 4F 43  0030 HEC KSNO P ‘ ( FOR PROG TEST  H A L l )

( • 36 ‘ ( T O  INSERT ERROR )
• • 

- 3 7  ‘ ( M A N U A L L Y . )
- - • 

- . 38 0011 5A ’s5 0000 LD, R LST
• 

• 
• 3~) 0012 3401 F F F F  STAR RI

• 40 0013 684 1  0000 ON K IS LD, R Ri ‘CHECK b C  Ri
41 0014 6622 0000 SU~~,R R2 ‘C OMPARE LOC OF TEST WD
4 0015 2000 Oule JFQ GTST ‘ R1 :R2
‘.3 0016 6443 0000 LD, R ALL ‘NO, GET BA CKGND
44 0017 0000 0019 J .42
45 0018 6444 0000 G T S T S  LU, R TE ST ‘ Y E S ,  GET TEST WI)
46 0019 0621 0000 SUB F I R S T , R 1  ‘HEM 100 RI OK
4? OO 1A 2080 0022 J~ 0 RT ~ ‘YES RETURN.
‘it’ 0018 OCCO O~ C0 RF 0 ‘NO, GET RDY TO HIT.
49 • ‘ RESET FLAG TO

• So • ‘ IND ICATE DM
• )1 ‘ SHOUL Dz BAC K GND.

b~ 001C 684 1 0000 I0,R RI
~
) 00 10 66~ 2 0000 SUB ,R R2 ‘SHOULD IT
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54 OOIF 2040 0020 JNE ..2 ‘YES, SKIP SF.
55 UOIF 0800 0000 

• 
SF 0 ‘Nfl , SET FLAG. j

• Sb 0020 • C82 1 0000 ID FIRST,R1 ‘GET CONTEN TS j

57 ‘OF BAD HEM LOC
58 - ‘FOR DIS PLAY IN a

• 59 ‘ A R EGIS TER.
60 0021 0001 0~3F F MU LAS T,R I  ‘HALT W I T H  A
61 ‘BAD MEN b C  ADDRESS
62 ‘ DISPLAYED —

6.3 ‘IN RF AND LAST
64 ‘HEM LOC CO NTENTS
65 ‘DIS PLAYED
66 ‘IN UM.
61 0022 1141 0013 RT N JRP4Z ,D CHKI, R1 ‘CHECK NEXT b C  4
68 0023 1142 0009 JRNZ,0 STR4 ,R2 ‘REPEAT TEST W E)
69 ‘FOR ALL MEN LOC.
70 0024 6A 44 0000 NPA TS LD,R TEST ‘GET NEW PATTERN
71 0025 3447 FFFF bURL 177777 ,R7 ‘B RIEF PAUSE
72 0026 3468 000F LORL 17,R8
73 0027 1L47 0027 JR NZ ,0 • , R 7  ‘TO DISPLAY
74 0028 3A47 FF F F LORL i77777 ,R7 ‘ TEST WO.
75 0029 1148 0027 JR NZ,D .— 2 ,R8
76 002A 4 F43 0000 NOP ‘ ( FOR PROG TEST HALT )
77 002H 4043 0000 CPL ‘COMPLEMENT TEST WO
78 002C 3AC4 FFFF STAR TEST 

-

79 0020 6A43 OuOO L0, R ALL
80 002E 4 F43 0000 ~JOP ‘ I FOR PROG TEST H A L T )
81 002F 4043 0000 CPL • ‘CO MPLEMENT BACKGND
82 0030 34C3 FFF F STAR ALL

* 83 0031 20A0 0007 JNE STR3 ‘AL IZ O
• e’i 0032 6444 0000 LD,R TEST ‘YES

85 0033 2740 0031 JBS 17,DSPL ‘ALL B I T S  TESTED I
86 0034 4003 0000 511 ‘NO, SHIFT TEST B IT  1 -4-
87 0035 34C4 F~~FF STAR TEST
88 0036 8000 0007 4 STR3 ‘REPEAT FOR NEXT B IT
89 ‘DISPLAY ROUTINE
90 0037 6A 46 0000 DSPLS LD ,R CflUNT ‘YES, TEST COMPLETE
91 0038 7903 0001 ADD ,L 1 ‘INCREMENT COUNT
92 0039 34C6 FFFF STAR COUNT
9.~ 003A 3447 OFF F LORL A STEP ,R7
94 003B 3448 03E8 LDRL B STEP ,R 8
95 003C 1147 003C P4055 JR~~Z,D PAUS,R7 ‘PAUSE , DISPLAY
96 0030 3447 OFFF LORL A STE P ,R7 ‘COUNT IN

* 97 003E 1148 0030 JRNZ ,0 PAUS,R8 - ‘ A REGISTER FOR
90 ‘THREE SECONDS
99 003F 8000 0003 J STR2
100 000000000 .EN () STR1

~I4(~ KSUMS
LEFT PROGRAM MEMO RY : OOL CD

RIGHT PROG RAM ME MO RY : 03092
DA TA ME M 0~~Y = 00000

-i
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1 _5~’4/72 ‘REGi STER FILE TEST PRO GRAM
2 ‘ -

• 3 ‘PRGC ,KAP’ RUNS CONTINU OUSLY
• 4 ‘(F R E G I S I E~R F I L E  15 OK.

5 •O ISP LAY I~JG SLOWLY INCREAS iNG
‘NUMBER IN A R EG IST E R TC
‘IN UICATE THE NUMBER

8 ‘OF SuCCESSFUL CO M P L E I ICN S
‘(IF TEST.

10
11 ‘PRCIGRAM H A L T S  IF (-RRCR
11 ‘IS F1;UND .
13 

• - ‘SELECT S W I 1 C H  MAY bE USED
14 ‘ T O  D I S P L A Y  RELEVANT
1~ ‘D ATA A F T E R  THE H A L T .

• 16 ‘PC—CON TAINS HALT L0CAT -I O~J+ i
17 ‘IR— R FIELD INDI CATES b AD K EG

• I’~ ‘ON— RIG W I T i i  TEST Wi, - - -
• 1-i ‘A—CON TAINS TEST WD

20 ‘kF—CCNTAINS HAD KEG C0~ TCNTS H
21 ‘STATUS IN DICATES IF 4 !
21 ‘ FLAG 0 0 ,  RE SHOULD= eACKGND
23 • FLAG 0:1, RF SHOUL1)=TEST wu
21’ I

‘

76 0000001 FF A S T E P 777I
2 ? 00000O~~C0 ,‘ S TEP 1000
78 000030004 R4=4

000000005 R5~ 5
3ia 000000000 .P R ~IG 0

- • - 31 ‘START PROG RAM
3~ 0000 7443 0000 STR IS LOAL 0
33 0001 FF00 ui~O2 S CO LdN T ‘ IN I T I A L I Z E  CC~ N T
34 0002 7443 0000 STR2$ L IA L  0
3, 0003 )-F00 0003 5 ALL ‘ i N I T IA L I Z E  BAC KGNO
3a 0004 7443 0001 LOAL 1
sI 0005 FF00 0004 5 TEST ‘ I N I T I A L I Z E  TEST WD
3b 0006 7443  0000 STR3 S LDA L 0
39 0007 FF0 0 0005 S RTE ST. ‘START KEG 0
40 0008 ~~ C0 0003 STR6S LU ALL
41 0009 34C0 ~FFF STAR 0 ‘LOAD
42 000A 34C1 FFFF STAR I ‘ALL

• 43 0005 34C2 F)~FF STAR ‘REGISTERS 4‘i4 000C 3AC3 FFFF STAR 3 ‘ W I T H
• 45 0001) .34C4 FFFF STAR 4 ‘BACKGROUND

46 000E 3A C 5 FI-FF S T A R  5 ‘ D A T A .
47 COOP 34 C6 FEFF STAR 6
48 0010 34 C7 FFFF STAR 7
49 0011 3AC B F FFF STAR 8.

• So 0012 3409 FFF F STAR 9.
51 0013 3A~ A FFFF STA R 10.
52 0014 3ACB FF FF STAR .  11.
53 0015 34CC FFFF STAR 12.
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.2~54 0016 34C0 FF PF STAR 13.
55 0017 3A CE FFFF STAR 14.
56 0018 3ACF FF FF STAR 15.
51 0019 3.U~0 1-U F r STAR 16.
8 0014 3401 FFF- F STA R 17.

59 0018 3402 FFFF STAR 18.
60 OOLC 3ADJ FF FF STAR 19.

• 61 0010 34)4 FF FF STAR 20.
b~ COLE 341)5 EF FE 514K 21. 2
63 OO1F 3406 C F F F  STAR 22. •

64 0020 .5407 FFF - F STAR 23.
e5 002 1 3408 1FFF STA~ 24.
o~ 0022 341)9 FFFF S IA K 25.
61 0023 3A~ A F F FF STAR 26.
~~~ 0024 3408 Ft-FF STAR 27.
69 0025 340C ~FFF STAR 28.
7,j 0026 3400 FFFF STAR 29.
71 0027 3At i E FFF F STAR 30.
7~ 0028 3AD F FI-FF STAR ~I.
73 0029 7A’,3 002’ LUAL I-I RS T ‘CALCULATE JUMP
74 0024 5905 0u05 AOD ,2M R TEST ‘LOCAT ION.
75 U02b FF00 0006 S WH ICH
7o 002C CAOO 0004 LU T(5T ‘GET TEST ~0
7? 002D 8080 0006 J W H ICH
78 002E 3ACO F IFF F IR S T S S I A R  0 ‘STORE
79 002F ä000 OOoE J CH~~CK ‘ T E S T
80 0030 340 1 F FFF STAR 1. ‘DA TTERN
81 0031 8000 006E J CHECK ‘ IN
£2 0052 3AC2 F I F E  STAR 2. ‘SELECTED
63 0033 8000 006E J CHECK ‘REGISTER.
84 0034 3AC 3 FF FF STAR 3. LI
8 0035 8000 006E 4 CHECK
66 0036 3AC4 FF FF STAR 4.
87 0037 8000 006E 4 CHECK
ca 0038 SACS 1-F E E STAR 5.
8’~ 0039 8000 006E 4 CHECK
90 0034 34C6 FFF F  STAR 6.
91 0038 8000 006E J CHECK
9� 003C SAC ? F IFF STAR 7.
93 0030 8000 U06E J CHECK
94 003E 3AC8 FF F F STAR 8.
95 003F 8000 006E J CHECK
96 0040 3AC9 F F1 - F STAR 9. • -

97 00’1 8000 0J6 E 4 CHECK
9b 0042 3ACA FF F F STAR 10.

• 99 0043 8000 006E 4 CHECK
LOU 0044 3A CB FFFF ST AR Ii.
101 0045 8000 O06~E 4 CHECK
102 0046 34CC FF F F STAR 12.
103 0047 b0O~) 006F 4 CHECK
104 0048 34 CC FF F F STAR 13.
105 0049 80u0 C Oo C 4 CHECK
lO b 0064 3ACE FF FF STAR 14.
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10 7 0048 8000 006 E J CHECK
• LO s 004C 3A C F FF 1 - F  STAR 15. 

•
10’) 0041) 8000 OO6F 4 CHECK
110 004E 3400 FF 1- F STAR 16.
I L L  004F ~0OO 006E J CHECK - -

112 0050 .5401 FF 1 - F STAR 17.
113 005 1 80CC OO6E J CHECK
114 0052 3402 Ff1-F STAR 18.
115 0053 8000 ‘J06F J ChE C K

116 0054 5403 FF 1 - F STAR 19.
117 0055 8000 006E j CHECK
118 0056 3404 F F 1 - F  STAR 20.
119 0051 8000 O06~ J C HECK
120 0058 3405 FF 1 -F S IAR 21.
121 0059 8000 006E J CHECK
122 OOsA 3406 FF 1 -F STAR 22.
12 3 0055 8000 006E J CHECK
124 005C 341)7 FF 1- F STAR 23.
125 0050 8000 006E 4 CHECK
12o OOSE 3408 F F1 - F S1AR 24.
121 00SF 8000 0061~ J CtIELK
128 0060 3409 FFF F- STAR 25.
129 0061 5000 Ot)6I~ 4 CHE CK
13 0 0062 3ADA FF 1 -F STAR 26.
131 0063 8000 006E 4 Ci(CK
13~ 0064 3408 F F 1 - F STAR 27.
133 0065 6000 006( J CHECK

— 134 0066 34CC FFF F STAR 8.
135 0067 8000 006E J CHECK
136 0068 3400 FF1 -F STAR 29.
131 0069 8000 QO 6E 4 CI4ECK
1 38 0064 340E FF 1 -F STAR so.

• 139 0068 8000 oo o r 4 ChECK
• lAu 006C 3ADF FF F F STAR 31. .

141 0060 8000 006E J Ci-IECK
* 14~ t)06E 4F43 O u Q u  CHE CK ~~~NO P ‘(FOR PROC T E S T -  HAL T )

143 ‘(TO I N S E R T  ER R OR )

144 ‘(MANUALL Y.)
145 OO6F 7443 FF 1 -F 1041 — 1 ‘ I N I T I A L I Z E  R E X A M
146 0070 FF0 0 0000 S REX AM
147 0071 6440 C000 CHK I$ L OA R 0. ‘CHECK
148 0072 8000 OOEE J E XAM ‘ALL REGISTERS
149 0073 0000 0005 HIT R TE ST ,0. ‘FOR CORRECT
150 0074 b441 0000 bOAR 1. ‘PATTERN.
151 0075 8000 OUEE • J E XAM
152 0076 0001 0005 HIT R TC ST ,I .
153 0077 6442 0000 bOA R 2.
154 0078 8000 UOEE 4 EX AM
155 0079 0002 0005 HIT RTEST ,2.

0074 6A43 0000 bOA R 3.
157 007B 8000 OOEE J EX AM
158 007C 0003 0005 HLT RTEST,3.
159 0070 6444 0000 bOA R 4.
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Lou 007E 8000 OUEE J EXAM ‘TO CHECK REG 4
161 007F 0004 0005 HLT RT (ST,4. ‘RETURN IF NOT OK
162 0080 6445 0000 b A R  5. ‘RETURN IF OK
163 0081 8O~ 0 00FF J EXAM
164 0082 0005 Ou05 lILT RTEST ,5.
165 0083 6446 0000 LOA R 6.
166 0084 8000 OOEF 4 EXAM
167 0085 0006 0005 HIT RTEST ,6.
16s 0086 6447 0000 bOAR 7.
161 0087 BOCi O OOEE J EXAM
170 0088 0007 0005 HIT RTEST ,7. •

171 0089 6448 OuOU LUAR 8.
172 0084 8000 OoE E  J EXAM
171 0088 0008 0005 HIT RTEST,8.

174 008C 6449 C000 LDAR 9.
17, 0080 8000 OOE F 4 EXAM
176 008E 0009 C~ 05 HIT RIEST ,9.
171 0081- 6844 0000 bOAR 10.
178 0090 8000 OOE ( 4 EXA M
179 u091 IJOOA 0005 HIT KTE ST ,1O. ‘ I N S T R
180 0092 6448 0000 bOAR 11 . ‘FOR h A L T  WITH
181 0093. 8000 uuEE 4 EXAM ‘DECIMAL \UM BER
182 0094 0008 0u05 HIT RTE ST ,1I. ‘IN R FIELD AND
183 0095 ~~‘.C 0000 bOAR 12. ‘RTESl IN M A
184 0096 8000 ooEr J EXAM ‘FIELU.
1b~i 00’)? 000C 0005 HIT RTEST,12 . J

166 0098 6840 0000 LOAR 13.
187 0099 8000 O0F~ • J EXAM
188 0094 0000 0005 HIT RTEST ,13.
181 0098 644E 0000 LOA R 14.
190 009C 8000 UOE E J EXAM
191 0090 000E 0005 HIT RTEST ,14.

0000 bOA R 15.
193 uO9F 8000 OOEE J E XAM
1’14 0040 0001- 0005 HIT RTE ST ,15.
195 OOA I 6450 0000 bO A R 16.
I-lb 0042 6000 OQEE J EXAM
197 00A3 0010 0005 HIT RTEST ,16.
L9~ 0044 6451 0000 LOAR 17.
1 99 0045 8000 OOEE 4 EXAM
200 QOAb 0011 0005 HIT RTE ST, 17 .
201 0047 6452 O~J 00 LOAR 18.
2C~ 0048 d000 uuEE J EXAM
203 0049 0012 0005 HIT RTEST,18 .
?C4 0044 6453 0000 bOA R 19.
205 OOAB 8000 U0EE j EXA M
206 QOAC 0013 0005 HIT RTEST ,19.
207 0040 6554 0000 bDA~ 20.
208 00At ~ ~OOO OQE C j EXAM
209 0041- 0014 COO S HIT RTFST ,20.
21u uOBO 0455 ta000 LUA R 21.
i L L  0081 aOCu OOEE J E X A M
212 0O~ 2 0015 0005 lILT RT (ST ,21 .

- • t
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213 0083 6456 0000 LOA R 22.
214 0084 8000 OUt - I- J EXAM
215 0085 0016 0005 HIT RT (ST ,22.
216 0086 64,7 OoOO LOAR 23.
217 OOB7 8000 UO EE .3 EXAM
2I.~ 0088 0017 0005 HIT R TFS T ,23 .

— 719 0089 6456 0000 b A R  24 .
220 0084 8000 Uo~~f. J EXAM
221 0013 8 0018 0005 HIT RTEST ,24.
22~ 000C 64,9 0000 LOAR 25.
223 0080 8000 00 Et J EX A M
274 000E 0019 uuo5 HIT R TES T ,25 .
225 OOBF • 6454 0000 LI1AR 26.
22a 00CC 8000 OOE F .3 EXAM
227 OOC I 0014 0005 HIT R TES T ,2 6.

• 22u 00C2 6458 0000 LOAR 27.
22’, 00C 3 8000 Ou EE J EXAM

• 230 00C4 0015 OuOS lILT RTEST ,27.
231 00C5 6ASC OOCO bOAR 28.
23~~ 

• 00C6 8000 0OE~ .3 EXA M
235 OOC ? OO IC 0005 HIT RTE ST ,28 .

• 234 00C8 6450 0000 LOAR 29. • 
h

23, 00C9 8000 OOFC .3 EXAM
73 6 OOCA 001.0 0005 HIT RTE ST ,2 9.
237 OOC8 645E 0000 IOAR 30.
238 00CC 8000 QUEF .3 EXAM
239 0000 GOIE 0005 HLF R 1EST ,30.
240 OOCE 64SF 0000 IDAR 31.
241 00Cr 8000 O0EE .3 EXA M
24~ 0000 CalF 0005 lILT R TES T ,3l .
243 0001 CAC O OvOS NREGS ID RT EST
244 0002 4F43 0000 NOP ‘(FOR PROC TEST HALT)
245 001)3 1903 0001. AODL 1 ‘ INCRE M ENT R T E S T
246 0004 FF00 0005 S RTEST
247 0005 7b2 3 0020 5081 52. ‘411 R E G I S T E R S  OCNE - 

-

248 0006 2040 0008 JNE $1R4 ‘MO, R E P E A T
249 0007 CAOO OvO’. M PA T S  IL) T E ST ‘YES, GET NEW PATTERN

• 750 0008 ~~F’~ 3 0000 NOP ‘ ( F O R  PROC TEST HALT)
251. 0009 4043 uuOO CK ‘COMPLEMENT T E S T  v~D
252 0004 FF00 0004 S T E S T
253 0008 CA CO 0003 10 A LL
254 000C 4 F43 0000 NOP ‘ ( F O R  PROC T E S T  H A L T )

• 255 0001) 4043 0000 OK COMPLEMENT AA CKGND
256 000E FF00 0003 S ALL -
257 000F 2040 0006 JNE STR3 ‘A L L=0
258 OOEO CAO 0 0004 11) TEST ‘YES
259 UOE I 2740 00E5 JBS 17 ,USPL . ‘A lL BITS TESTED

• • 260 00E2 4C03 C000 511 ‘NO, 51111-1 T E S T  BIT I
• ‘ 261 00E3 FF00 0004 S T E ST ‘ S A V E

• 262 O0~~ 8000 3000 J ST R3 ‘ R E P EA T  FOR NEXT B IT
263 ‘U IS PLA Y ROUTINE
264 00E5 CAO0 0002 DSPL$ 11) COUNT ‘Y E S ,  TEST CC’MPLETE
265 00E6 7903 0001 400,1 1 ‘ INCRE MENT COUNT
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266 00€? FF00 0002 S COUNT
267 00E8 3444 O FFF tOR I A STEP ,R4
268 00E9 3445 021)0 LORL BSTEP ,R5

• 169 OOEA 1144 (JOEA PAUS S JRNZ ,D PAUS,R ’ ‘PAUSE, DISPLAY
2?u OOEB 3444 OF FF LDRL ASTEP ,R 4 ‘COUI4T IN
271 OOEC 1145 00E 4 JRNZ,0 PAU S,R5 ‘A REGISTER FOR

• 27? OOEO 8000 000? J STRZ ‘THREE SECONDS.
7’7j

214
27) ‘EXAMINE K CONTENTS ROUTINE
216 OOEE FF00 000 1 EXA MS S R SAV ‘SAVE R V ALUE
277 OOEF 744 -3 000 1 1041 1
270 QOFO E90o 0000 ADD RE X A M ‘CALC KEG 8E ING
279 001-1 FF00 0000 5 REXAM ‘EXAMINED.
~80 00F2 4F43 0000 MOP ‘(FOR PROC TE ST HALT)
2M1 001-3 7443 0011 IUAI . CHKI ‘CALC N O RMAL
28~ 00F4 5905 0000 AOO, 2M R EXA M  ‘RETURN AL )OREGS.
2ä3 001-5 5903 0000 AO D,M R EXA M
284 001-6 7903 0003 400,1 3
2P 5 001-7 FF00 0000 S WHICH ‘SET RETURN A DOR ESS
28b UOFS CAOO OoOS LU RTES T ‘GET RTST V A L
2f7 00F9 0600 0000 SUB R E X A M  ‘COMPARE R EXAM
288 OOFA 2080 OO FL JtQ GTST ‘RE XA M ~ RT 1~ST
~M 9 OOFB CA0 0 000 5 ID A LL ‘NO, GET BA CKGNO .
290 001-C OOCU 0U00 RF 0 ‘RESET FLA G
291 ‘TO INDICATE
29i ‘REGISTER SHCULD
293 ‘HAVE 8ACKGNU .
294 QOFO 8000 0100 J .+3
29’~ OOFE CAQO 0004 GT STS Lu TEST ‘YES, GET TEST WO .
296 00FF 0800 0000 SF 0 ‘SET FLAG
297 ‘TO INDICATE
298 ‘REGISTER SHOULD
29~# ‘HAVE TEST WD.
300 0100 0600 0001 508 RSAV ‘RSAV CORRECT
301 0101 2080 0106 JEQ RTN -‘YE S , NORMA L RETURN
302 0102 CA00 0006 11) hHICH ‘NO, RETURN TO HALT
303 0103 7623 0001 S U B , L  1
304 0104 FF00 0006 S WHICH
305 0 105 CAO O 0004 10 TE ST ‘T E S T  WI) TO
306 ‘A RE GISTER
307 ‘FOR DISPLAY
30u 0106 8080 0006 R TNS .3 WHICH ‘RETURN
109
110 

• 

‘ 
-

311 000000uOO .DATA 0
312 0000 0000 REX A M S  0
31 3 0001 0000 R SAVS 0
51 4 0002 0000 COUNTS 0

• 315 0003 0000 AIL S U
316 0004 0000 T E S T S  0
317 0005 0000 R T E S T $  0 -

3 16 0006 0000 WHICH I 0

*
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I
INSTRUCTION TEST PROGRA M - HFDR

• 10 •-- - - - — • . !  PUSH PM CLEAR
20 ‘ LOAD PR OGRAM
30 0C0~~~0O0 0 .PROG 0
40 0~ 00 8000 0504 J M P  WXYZ
50 0001 8000 0504 JM P ZYXW

• 60 0002 coro 0000 HIT
70 0003 0000 CC OC HIT - -

80 Q004 SIRT S
90 C’V~4 O8EC 0000 D!~~T

100 OO~~5 FF00 OOL1O 51.4 RM I
110 (‘006 FF’0  0001 S T A RM 2
120 0~ ’~7 F FOC 0013 STA EM TY
130 0008 34C1 FF1 -F STAR 1
14~ 0ñ09 34C2 FF1 -F STAR 2
150 0004 34C3 FFFF STAR 3
160 C0f ~8 C4’~0 0002 104 FULL
170 000C FF00 1)003 STA EMTY 

•

180 0000 3AC4 FFFF STAR 4
190 000E 2083 053C .3(0 OUT2
2’s’) 00’~F 0000 0000 HIT ‘HIT W ORKE D A= EM TY= R4=F FF F R 1=R 2= R3= PP~1=RM 2=0 0~~’
210
27’s 0010 G01$ - 

-

230 0010 1404 0538 JR~~O OU TI, 4
240 1~~l 1 1403 0C’13 JRNO .+2,~~3
250 00 12 • 0000 0000 HLT
260 (“13 791’3 r~C0 1 4001 1
270 0014 2080 0016 JE~ ONE
28fl ~015 0000 0000 HIT
290 ‘~016 ONES
3Ct) 0~~l6 CAO C 0030 IDA RM I 

• 

• 

-

310 0017 7903 0001 4001 3~
320 ‘~C18 FF00 C03~ STA ~M 1
330 0019 CAOr) 0001 104 RM 2
340 flf~1A 7623 00 11 SUB I 1
350 0018 FF 00 OCO1 STA RM2
360 OO1C E9OC 0000 400 PM I
370 0010 2086 0022 .3(0 TWO
38fl -OO IE 7903 A”~)0 4001 L000CO
390 ‘V)1F 7903 800” 4001 1C0000
400 (‘020 2080 0022 JEO • +2
410 C02 1 0000 0000 HIT
420 ‘022 TWOS
430 0022 3901 0001 XR ,AOD ,L 1,81
440 0123 6441 000’) IDA P W I
450 0n24 3AC2 FFFF STAR R2
460 0025 3642 FFF~ XP ,SU ~~,A R 2
470 0026 6442 0010 104K 82
480 0027 2080 0029 .3(0 .~~2
490 002 8 OCOC 0000 HIT • • •

- • •_ • ——500 ~0?9 1401 (‘016 JRM) ONE ,R I
510
520 “124 7443 0010 1041 0
530 0028 7903 0030 AD O L 0
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540 V)02C 2080 (02E JEQ .+2
550 CO2D 0000 0010 HIT
560 • 1-4 1-5 F6 F?
570 002E 4982 0(’0(’ AflO, CA,0
580 002F. 7903 OCI1 ADOL 1

• 
- 590 0~~ 0 2080 0032 JEU .+2 

• 
-

600 0031 0000 000C HIT
610 0032 7443 FFFF 1041 177777

• 
• 620 0fl33 4982 “00” ADD,CA ,B

630 00 34 790 3 0001 4001. 1
- • 640 0035 2C80 0037 JED .+2

650 0036 01)00 (‘00” HIT
660 ~ 0037 7 443 4444 1041 4444

• 670 (‘038 4984 0010 AOO ,CA,2B
680 0039 79(3 0001 4001 1
690 003A 7623 A AA A  SUBL AAAA
7CO 0038 2080 0030 JE Q .42
710 003C 0(00 0000 HIT
720 0030 7443 5555 LO A L 52525
730 (‘03E 4984 0000 AD C, C4 ,28
740 003F 7903 (‘(‘01 AUDI 1
750 004?’ 7623 555 5 SU8I 52~~~5
760 0041 2?’80 0043 JEO .‘-2
770 0042 t’rm n 0000 HIT 2
780 • 0043 59C3 0(0? A0 O ,4 ,M FULL
790 0044 790 3 0001 ADDI 1
800 ?“45 2080 0047 J(Q ..2
810 0”46 0~~ 00 ~‘00’~ HIT -

320 0047 7A 43 FFF F 1041 FF1-F
• 830 (‘~ 48 5903 0007 ADO, A ,M ZERO

~~40~~QC49 7903. 0001 ADDL 1 • - . • • • . .  - - - -

850 004A 2680 0040 JED .+2
860 0~ 4B ~~~~ 0000 HIT
870 (V~4C 7443 4AA A 1941 AA A A
880 0040 5984 0006 AOD,CA ,2M MEMO

• 890 004E 7623 4445 5081 4449
• i .900 0? ’4F - 208?) 0051 JFQ .+2 

910 005” C000 0000 HIT
920 0051 7443 5555 1041 52525 •1
93(1 0052 5984 ‘~?‘08 ADO,CA,2M OMEM
940 0053 7623 5554 SU8L 52524
950 0054 2080 0056 JEQ .+2
960 .0055 (~00C 0000 HIT - - - • • • -

970 00 56 7443 FFFF 1041 FF1-F
980 0057 IAC I FFFF STAR Pt
990 0058 7443 0001 1041 1

101’0 0059 6cF~1 000” 400,4 ,8 R E -1• ~L

1010 0054 2”80 005C JEQ .+2 I H
1020 (‘058 00”?’ 0000 HIT • • • - -

1030 OO SC 34C1 FF 1-F STAR 81
1040 0050 6901 0000 409,4,8 RI
1050 0051- 208” 0060 .3(0 .+2
1060 0~ SF Cr~flO 000-0 HIT

- 1 $
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1010 00 60 7905 1999 
- 
ADD ,A ,2L 14631

1080 (‘061 7623 3332 5081 31462
1090 0062 2080 0064 JEQ ..2
1100 0063 0?’C’C 0000 HIT
1110 0064 190 5 7777  A DD, A ,2L  73567
112’) 0065 7623 EEE E 5081 167356
1130 0066 7903 8000 4001 1000CC
1140 0067 75”3 8011) 4001. 10000’)
1150 0068 2080 0064 JEQ ..2
116’) (“,6c cc’oo 0000 HIT
1170 0064 7905 5555 400,4,21 52575

• 1180 0068 7623 4444 SUBI 444*
1190 0(’6C 7903 8000 4001 100000
170 0069 7903 8000 4901 I001CO
1210 006E 2080 0070 JEO .+2

• - 1220 006F (‘r’00 0000 HIT
1230 • — 1
1240 ‘Y’70 7443 0011 1041 1
1250 • A D D , A , R =— 1
1260 1071 4901 0000 .INST R T 44401
1270 0072 2080 0074 JEQ .+2
.1280 0073 ?“)Q0 (WOO HIT
1290 • 28B
1300 “'14 7443 FFFF 1041 FF1-F
1310 - • - - • ‘. ADD .ZK,28B •
132’) 0075 4987 00’)?’ .INSTR T 44607

1330 0~~~76 7903 0002 A DOL 2
1340 0077 2080 0079 JEQ .+2

• 1350 0078 00Q~~ 0000 HIT
• 1360 ‘)r’79 7443 4448 1041 125252

1370 . - - .  - - ‘ ADD . lK .2 8B
• 1380 007A 4987 ‘)‘)0(’ .INSTRT 44607

1390 007B 7903 8000 AODL  100000

1400 “07C 79~~1 800fl 4001 100~~C0
• 1410 0070 2080 GOlF .3(0 .+2 •

1420 0071- 0000 0000 HIT
- - 1430... 00?F.. .7A43 000 . _LDAI_ Ü. - .- _-~~~

144fl ‘ Af l 0 , iK,288
1450 . 0080 498? 0000 .NSTRT 44607

• -. 1460 0081 20H0 0083 JE0 .+2
1470 0082 0000 0000 HIT
148’) ‘84
1490 . 0083 7A43 FFFE....I DAL . F F F F  • ~~~~•__  -- --

• 1500 ‘ ADD ,OK,8 4
1510 00 84 4510 000” . I N ST R T  44420
1520 0085 7103 (‘002 AD OL 2
1530 0086 20~~O 00d8 JEO .42
1540 0087 (‘000 0000 HIT
1550 . .. . .‘ A00.CA ,8=A •~~~~~~~~~~~~. .  - — -
1560 0088 4900 (‘t’-0~ .INSTR T 44620
1570 0089 7903 0001 AODL I
1580 (“84 7080 00~3C JEQ •+2
1590 0088 0(’00 0000 HIT
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IL

1600 008C 7*43 OCO” LDAL 0
1610 • 400,CA,BzAB
1620 0080 4592 0010 .INSTRT 44622
1630 flORE 791)3 0001 4001. 1
1640 OA BF 2”80 0091 JE~ .4-2
1650 C0 90 (‘(‘10 “flOO HIT
1660 • AD O, Zk , B z A
1670 0091 4991 4Y’O~’ .LNSTRT 44621
1680 0052 2080 0C94 .3(0 .+2

• 1690 0fl93 01)Of) 00-03 HIT

1700 “094 7443 FEFF LDAL . FFFF
1710 0095 79fl3 0000 4001 0
1720 1 A DD,ZK .B AB

• 173’) (“96 4592 “C~’(’ .INST RT 44622
1740 ““97 20’IP ?‘C99 .3(0 .+2

• 1750 0098 01)?’(’ 000(’ HIT
1760 0099 7843 0001 1081 1
1770 00 9A 7903 FF1-F 4001 FF1-F
1780 • AOD ,A,B AB
1790 ““98 4913 (‘0’)?’ .l PISTRT 44423
1800 009C 208” 009E JEQ .+2
1810 (‘090 (‘((‘0 00(11 HIT
1820 009E 7443 FF1-F 1041 FF1-F
1830 ‘ A D0 ,A,A B
1840 “09F 4913 0000 .INST RT 44423

• 1850 “(‘40 79(3 (‘(“2 4001 2 - ,

1860 (‘OAt 2080 0083 JEQ .1-2
1870 0082 flflN •~ 0000 HIT
1880 (‘(‘*3 7443 FFFF 1041 FF1 -F
1890 ‘*Dfl,A ,B, xA2 8

• 
1900 00*4 4915 0001) .INSTRT 44425 - .• . - -

1910 00A5 791)3 C0’)3 ADD I 3
1920 (‘046 21)8’) 0048 J (Q +2
193(’ 0047 01)0?’ (‘00,1 HIT
1940 00*8 7843 5555 1041 52525
1950 ‘A00,ZK ,B ~ 2AB

• 
• . 1960 Q’’A9 ._4995 0 f l .~~LN STRT ..44625 -•

1970 00*8 21)80 GOAC .3(0 .+2
1980 0048 0000 0000 HIT

• 1990 OO AC 7443 4444 LDAI 4484
2000 ‘ ADO,ZK,B=2A8
2010 00*0 4995 (‘COO .INSTRT 44625

- 20.20. . •0(’AE ... 7903 fl0DO.. AD0L 1’)0’~00 _  •~~~~. •• -

203’) ODAF 7903 8000 4001 100000
2040 0080 2080 0082 JEQ ..2
2050 0081 1)1)00 0(10?) HIT
2060 0082 7443 FFFF LOAL FF1-F

• 2070 • ADO,ZK ,B A288
- 2080.. ~V~B3 4997 01)0” ,JP ~STRT ~~~~~~~~~~~  _ . •  • •  — —

2090 0084 7903 00(12 4001 2
2100 (‘0135 20R0 0087 JEQ .42 •
2110 (‘086 1)1)0’) 0000 HIT
2120 (“'87 7A43 5555 1041. 52525

• -1 ’
~

FR75-2 160 
j

- 

• 

-

- , F

- •-~~~f - ~~~~~~•~~- -~~~ •-~~~ •

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r ~~~~~~~~~~~~~~~~~~~~~~~~~~ T:~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

c-:- 
•

2130 • ADD,Zk,8=A288
214’) 0”68 4997 0001) .IP4STRT 44627
2150 C089 2080 0088 .3(0 ..2
2160 (‘(‘84 nrcc COO?) HIT 

•

2170 0088 7443 *448 LOAL 4444
2180 • AD O ,ZK , RzA2 RH
2190 OOBC 4997 000C. .INST R T 4462 1
2200 0080 79 ’3  8fl00 4001 1”O”0fl
2210 0”BE 7903 800?’ 4001 100000

2221’ 0”HF 2080 OOC E .3(0
22 30 OOCO 0000 0000 HIT

• - 224 ’) ‘F5
225) • 400,OK,B=01

— 2260 “(‘CI 591 C 000( .I~~STRT 5440C
2270 00C2 7903 0002 4001 2 •

228’) (‘~ C3 208’) (“‘C 5 JEQ ..2
2290 O’)C4 “1)30 0000’ HIT
2303 •A00,LK,~~=OK
2310 00C5 5981 0000 .INSTR 54601
2320 10C6 79’~3 “0~~1 4001 1
2330 0(’C7 2C80 01)C9 .3(0
2341) 00CR (‘0(10 “0”‘ HIT
2350 ‘ADD,ZK,B=2OMDM DM FFF r

• 2360 01C9 5987 0004 .INST RT ~4607,FR5T
— 2370 0~ C4 7903 0c.02 4001 2

2380 0(’C8 2080 01)CD JEQ .+2
2390 00CC (‘(‘00 0000 HIT
240fl • A 00,ZK,Bx2OUDN
2410 O”CD 5987 0015 . I NS TP T  54607,SND

2420 (‘(‘CE 2(’80 0001) JE~ .+2
2430 O”CF 00CC 0000 HIT
2440 • A DO ,ZK, B= 2DM DM O M = A A A A
2450 (‘000 5987 00”° .JNST kT 54607,TRE
2460 “‘101 7903 8(’0’) 4001 10000’)

241’) 0002 7903 8000 4001 1CC’~00
2480 (‘(‘03 2080 0005 .3(0 .+2 •
2490 0004 (‘OCO 0000 HIT
2500 • 1-6 DONE
2510 • F7
2520 • ADD,ZK,I3=OK
2530 0005 7981 (‘00” .INSTRT 7461)1
254’) 0006 79”3 “(‘01 ADDI 1
2550 0007 2C80 OCDS .3(0 .‘2 -

2560 (‘008 0000 0000 HIT
2570 ‘
2580 0009 79C (’ (“‘0” .INSTRT 7440-1
2590 “ODA 7903 0002 ADOI 2

26(0 (‘(‘08 7081) 0000 .3(0

26L0. - 000C .C’CCC- 0000 HLT • •  — - — _ •• •

2620 ‘ ADD ,Z~~,B=2LL I~ F FF F
2630 000D 7987 FF 1-F .INSTRT 146C’T ,FFFF

• 2640 000E 7903 “(‘02 A lWL 2
• 2650 0001- 2C80 00(1 JEQ .+2
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2660 00(0 0000 0030 HIT
2670 • ADD ,ZK,822L1 625555
2680 00(1 7987 5555 .INSTR T 74607,52525
2690 00(2 2fl80 00(4 .3(0 .4-2
2700 00E3 CC OC 0000 HIT
2710 00(4 7987 444* .INS TRT 74607,AAAA
2720 OOES 7903 8000 *001 100000
2730 0(~E6 7903 800?’ *001 11)0000
2740 ‘Y’E 7 208’) OCE9 JEQ ..2
2750 00(8 (‘(‘(‘1) 00(10 HIT
2760 • PARITY CHECK
2770 00(9 7443 0000 LOAL 0
2780 • AD0 ,CA,B .FGRM PARITY
2790 • ADD,CA ,B,FORM PA R ITY
2800 • AflD ,CA,8,FORM PARITY
2810 OO EA 4963 0000 .INST RT 44543
2820 • JMP ODD PARITY OUTA
283(1 0”EB 2580 (“540 .INSTR I 22600,OUTA
2840 • JMP EVEN PARITY .+2
2850 (‘nEC 25A ” (~0EF .EN STRT 22640,.l2
2860 OOED (‘00’) 0000 HIT
2870 OCEE 7443 FF1-F 1081 FFFF
2880 ‘ A0D,CA ,B ,FORM PARITY
2890 ‘WEF 4963 0000 .INSTRT 44543
2900 ‘ JUP 000 PAR ITY OUTB J
2910 0(’F(’ 2580 (‘541 .INSTRT 22600,OUTB
292’) • JMP EVEN PAR I TY .42

• 2930 (‘(‘Fl 2540 00F3 .INSTRT 22640,..2
294’) C’)F2 0000 0000 HIT
2950 001-3 7443 4*84 LD4L 84*4
2960 • ADD,CA ,B, FORM PARITY - •
2970 (‘01-4 4963 ‘moo SINSTPT 44543
2980 • JMP ODD PARITY OUTC
2990 00F5 2580 0542 .INSTRT 22600,OUTC
3000 ‘ J’4P EVEN PAR ITY .+2
3010 001-6 2540 “01-8 .INSTRT 22640,.+2
3020 001-7 . 0000 0000 HIT - •  • -
3(130 (~0F8 7443 5555 1041. 52525
3040 • ADO ,CA ,B ,FORM PAR ITY

• 3050 001-9 4963 0000 .INSTRT 44154 3
• 3060 • JMP 000 PAR ITY OUTO

3070 001-A 2580 0543 .!NSTRT 22600 ,OuTD
- 3080 -• .•  • •

• JM P (VEN PA R ITY •+2
3090 OCFB 2540 (‘01-0 .INSTRT 22640,.+2
3100 COFC (‘(“0 01)00 HIT 

-

• 31 )0 0C’F0 7443 800(1) 1081 10(1000
3120 ‘ A 0D,CA ,B,FORM PAR I TY 1 i
3130 OOFE 4963 0000 .INSTRT 44543 J

• _ .3140.~~C0F~ 2540 (‘544 • .INSTRT 22 64’),OUTE - - - •  - — -  • - -•
315” JMP ODD PARITY .+2
3160 (1100 2580 01’)? .EN STRT 22600,.+2
3170 0111 (1000 (‘00’) HIT
31 80 01 12 7443 2(’OC- 1081 20000
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- 3190 - - • - - -  - _! ADD ,CA,B,FORM PARITY
3200 0103 4963 0001) • .INS TRT 4454 3
3210 0104 2540 0545 .INSTRT 22640.OUTF
3220 • JM P 001) P A R I T Y  .+2
3230 0105 2580 C 1fl7 .!NSTRT 22600,.-i-2
3240 0106 000fl 0000 HIT
3250 0107 7A 43 08CC IDA L 4000
3260 • ADO ,CA ,8,Ffl~ M PARITY 

-

3270 0108 4 1563  00(10 .INSTRT 44543
3280 01’)9 2540 0546 .INSTRT 22640,OUTG
3290 • ,JMP ODD PA RITY .4-2
3300 -010 4 2513” ~~1

t)C . I N S T R T  ?2600, . +2
• 3310 0108 0000 0C30 HIT

3320 O1OC 7A 43 021’) IDAI 100’)
333” • A00,CA ,8,FORM PA R I T Y
334A 0100 6963 (‘(‘0(’ .INSTRT 44543

• 3350 OID E 2540 01547 .IN STRT 22640 ,OIJTH
3360 • J?-’P ODD PA R I T Y  .+2
3370 O1OF 2580 0111 .INSTRT 226CC,.+2
3380 (1110 0001) 00(1(1 HIT
3390 0111 744 3 00 80 LOAL 203
3400 • ADD,CA ,B ,FOPM PARITY
3410 “112 4963 003’’ .INST RT 44543
3420 (‘113 2580 0548 .INSTRT 22~ 4”•OuT I
3430 • JMP 000 PAR t TV .+2
3440 0114 25P0 0116 .INSTPT 22600,.+2
3450 0115 ON)0 ‘‘00” HLT
3460 (‘116 7~ 43 (1-020 1.0*1. 41)
3470 • A O D ,C A , B - F O R M  PA RITY
3480 0117 4963 0010 .IN STRT 44543

• 3490 01 18 2540 0549 .INSTRT 2264C .OUTJ
3500 • JMP ODD P A R I T Y  .+2
3510 111 9 2580 0118 .INSTRT 226C0,.+2
3520 011 4 001)0 000(1 HIT¶ 3530 O11B 7443 Cp0 8 1041 10
3540 ‘ AD 0,CA ,B,FORM PAR ITY
3550 C1 IC 4963 0000 .IN STRT 44543
3560 0110 254” (~544 .INS TRT 22640,OUTK
3570 • JMP 00?~- PAR ITY .+2
3580 Ot IE 2580 “120 .INSTRT 2260C’,.+2
3590 0111- 0000 0Q”O HIT
360’) 0120 7443 0002 1041 2
3610 • A DD ,C A , B ,F ORM  P A R I T Y

3620 “121 4963 “0(11) . IN S TR T  44543

3630 0122 2540 0548 .IN$TRT 22641),OUTL
3640 • JM P 000 PARITY .+2
3650 0123 2580 (‘125 .IN STRT 22600..+2
3660 (~l2 4 (‘1)”0 C”)O0 HIT

• -- 3670 0125 7A 43 OCOC LDAL 0  - • -

3680 0126 4~ 0B 0000 400,4,B ,SR2
3690 0127 2C 80 0129 JEO ..2 -

3700 “1213 001)” (‘00” HIT
- .  - 371 (’ 0129 7443 FF 1-F 1041 FF 1-F
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• 3720 
• 
012* 4985 00CC AD0,ZK,B ,SR2

373(1 0128 7903 ““31 ADOL I
3740 012C 2080 C12E • JEQ ..2
375” 0120 0C’(’0 0000 HIT
3760 012E 7A43 5555 LDAL 52525
3770 012F 4988 0001) A1)0,LK .B ,SR2
3780 0130 7623 1555 SUSL-12525

• 3790 0131 2”BC 0133 .31-U
• 3800 0132 (“'00 0”)?’ HIT

• 3810 0133 7443 7FFF 1041 77777
3820 0134 49813 0000 A0D ,ZK,R,SR2
383” 0135 7623 LF F1 - SUB I 17777
3840 01 36 2(180 0138 JEQ .+2
385” 0137 (‘(‘~‘0 (‘0-fl(’ HIT

• 3860 01 38 7443 6666 LOAL 63146
387(’ 0139 ~985 fl’mC’ A0D ,ZK,8,5R2
388’) 0138 7623 1999 SURL 14631
3890 (‘138 2(180 0130 .31-0 .+2
3900 013C (‘(‘CC 0000 HLT
39)0 0130 7843 1999 1041 14631
3920 01 3E 4988 0000 ADD ,ZK,8,SR2
3930 0131- 7623 “666 SUBI 3146
3940 0140 2080 0142 JEQ .+2
3950 1141 ~(10C (“(10 HIT
3960 • FLAG TEST - J
3970 (‘142 “8C0 00”” SF 0
3980 0143 09CC’ “000 SF 1
3990 0144 (‘ACO 000’) SF 2
40(’0 0145 (‘SCO (‘COO SF 3
4010 fl146 CCCO (‘C’)” SF 4
4020 0147 (‘DCC 0000 SF 5
40 30 (‘148 (‘ECC 0000 SF 6
4040 0149 CFCO 0000 SF 7
4050 01 4* 7843 FFFF 10*1 FF1-F
4060 0148 3AC 1 F F F F  STA R 1
4070 01 4C FIAGt
40130 014C OCCO 0000 RF 0
4090 014D 20C C’ (‘5?13 JFS 0,AOUT
410’) O1 4E 20E0 (‘15~ JFR ‘),.+2
4110 01 41- (1001) (10 )0 HIT
4120 (‘150 (‘ICO 0000 R F I
4130 0151 21C0 052C JFS  1,BOUT

41’s’) 0152 211-0 01154 .31-8 1,.+2 - -- -

4150 1153 “000 1)000 HIT
4160 0154 0?C0 OOtD ’) RF 2
4170 0155 22C (1 0520 JFS 2 ,COUT
41130 0156 22E0 0158 JFR ?,.+2
4190 0157 ‘“0O (‘(“C HIT
4200 0158 C3CO 000C RF 3 - - -  - •
4210 0159 23C0 0521- JFS 3,00UT
4220 3154 231-0 “ISC JFR 3,..2.
421(’ ~1)15B 0000 “(‘00 ‘lIT J
4240 ()15C (‘4CC (‘0(1~ 81- 4

3
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• -‘- • 4250 01 50 24CC) 0521- .31-S 4.1-OUT
4260 0151- 241-0 0160 JFR 4..42

I’ 4270 0L5F 0000 0000 HLT
4280 016’) (‘SC’) 0(’00 RF S
4290 0161. 25CC 0530 .31-S 5,FOUT
4300 0167 25F () (‘164 JFR 5,.+2
4310 0163 0000 0000 tILT
4320 (‘164 (‘6C0 ‘~~OA 81- 6

• 4330 0165 26CC 0531 .31-S 6,00UT
4340 “166 261-0 0168 JFR 6,.+2

— 4350 C167 000C 0000 HIT
4360 (‘1613 (‘7C’) fl(’)1 p 1- 7
4370 0169 21C0 0532 JFS 7 ,HOUT

• 4380 (1164 27E (’ fllh C .31-8
4390 0168 0000 0000 HIT
44P0 016C 6441 OCflO 111)48 1
4410 0160 2080 0173 .31-0 .46
4420 C 1- 6E 79”3 0001 *001 1
4430 016F 3AC I FF1-F STAR 1 - - -

4440 01 7(1 bA4 l ~00” LOA P. 1
4450 0171 2080 CI4C .31-0 FLAG
4460 0172 0(”m 0010 HIT
4470 0173 7A43 FF1 -F 1.041 FF1-F

• 4480 0114 3A CI FFFF STAR 1
4490 0175 • GLAGS •

4500 “17 5 (‘8CC) (“0” SF 0
4510 ‘)17~ ?“E (’ 0533 JFR fl,IOUT
4520 0)77 20CC) 0179 JFS 0,.+2
4530 0178 0000 0000 HIT
4540 0179 C’QC 1) 0000 SF 1
4550 Q u A  21E 0 0534 JFR t ,JOUT
4560 ~17B 21CC ) 0)70 JFS l,.+2
4570 017C (‘~~~ (10 0030 HIT
4580 0)70 CACO (‘(‘00 SF 2

• 
- 

4590 “17E 22E0 0535 JFR 2 ,KOUT
4600 (1I7F 22C (’ 0181 JFS 2,..?
4610 01 80 0000 0000 HIT
4620 0181 (~8C0 (‘0(1~ SF 3
‘.630 01 82 23E0 0536 JFR 3,LOUT
4640 01133 23C (1 0185 JFS 3,.+2
4650 1)184 0000 “‘‘00 HIT
4660 01 85 CCC’) 01)3?’ SF 4
4670 0186 241-0 0537 JFR 4,MOUT
4680 “187 24CC’ (‘189 iFS 4,.-4- 2
4690 0188 0000 00(1’) HIT
471)0 01 139 C’OCO (‘C””‘ SF 5
4710 1184 251-0 0538 JFR 5,NOUT
4720 “1 813 25Cr’ 0180 JFS 5,.i2
4130 018C 0000 00”O HIT
4740 (1180 “ECO ~ (‘~~(‘ SF 6
475(1 (1161- 261-’) 053 9  JFR 6,00UT
4760 “181- 26C ” “191 JFS 6,..?
4770 0140 0000 0001) HIT
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4780 - 0191 OFC’) 0000 SF 7
4790 0192 271-0 053* .31-8 7,POUT
4600 0193 27C 0 0195 JFS 7,.+2
4810 oj q’s (‘(‘(‘C’ 00l(’ HIT -

~
4820 0195 6441 0001) IDAP 1
4830 0196 2(’80 019C JEQ .+6
4840 0197 79C3 0001 ADOL. 1
4850 01913 3AC 1 FF 1-F ST4~ I
4860 0199 6441 00(1’) 1048 1
48 70 019* 2080 (‘175 .31-0 GLAG
4880 01 95 0(100 00)0 HIT
4890 • Fl

019C 7843 FFF 1 - LOA L FFFE. - — - .  -

4910 0190 3*C1 FFF F STAR 1
4920 01 91- 3AC3 FFFF STAR 3
493’) 01 91- 7A43 0002 10*1.. 2

• 4940 0140 34C2 FF 1-F STAR 2
- • 4q50 (‘hA l 34C4 FF1 -F STAR 4

4960 ‘)1A2 3AC5 FFF~ STAR 5
4970 01*3 8(6%
4980 (11A3 11 41 0145 JRNZ ,D .~~2,1
4990 ~1*4 (‘(‘00 0CC’) HIT •

.

5000 0145 11 62 (‘IA ? JRNZ, I .42,2
501(1 “146 ~(‘0O C’~J’) HIT
5020 0147 1443 “149 JRNQ ,D .42.3
503’) 01 48 (‘000 (‘(‘(j’~ HIT
5040 01*9 1464 (‘LAb JRNO ,I ..2,4
5050 0144 “001) (‘(‘00 HIT
5061 01-48 1801 0552 .380 04,1
507’) O IAC 12”2 “553 JRZ 08,2
5080 0140 1102 ‘~181 JRNZ .44,2
5090 (1IAE 6442 00-D C) 10*8 2 - -

5100 OlAF 2”8” 0181 JEQ .+2
5110 01 8” (‘(‘00 (‘(‘-10 HIT

• 5120 (‘IBI 6445 (‘(‘C” LDA R 5
• 5130 (‘1132 7903 (‘(‘(‘1 4001 1

5140 0183 3AC5 FF1 -F STAR 5
5150 (1184 69fl1 000 (’ *008 1

5160 “1135 2080 ()1B7 JEQ ..2
517(1 0186 00”  (“'00 lILT
5180 01B7 6442 000fl IDAP 2 ‘ 

-
• 5190 (1158 6625 OCO” SURR 5

5200 310 9 2080 0188 JEQ .-.2
5210 0188 (“0(’ 0000 HIT• 5220 (‘1813 6443 (‘000 1048 3

• 5230 (‘IBC 6905 (‘(1’)’) ADOR 5
524(1 0)130 2081) 01C2 JEQ •45
5250 0161- 7903 8””C 4001 10000?’
5260 01SF 79fl3 131)”‘ 4001 100000 - -
5270 OIC (’ 2(’8?’ 01C2 JF Q .+2• 5280 “iC ) “(“'0 (‘CC”) HIT
5290 “lC2 6844 0C-1 c~ IDA R 4
5300 ‘)1C3 6625 0001) SUBR 5
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5310 01C4 2080 OIC6 .31-0 .+2
532(’ ‘)1C5 (‘1)00 (1000 HIT
5330 O1C6 1402 0183 -JRNO BEG ,2
534(1 01C7 1602 01C9 JRO ..2,2
5350 01C 8 0000 C’000 HIT
5360 (‘1CS 1 141 01CR JRNZ, 0 ..2,1
5310 OlGA 0000 0030 tILT
5380 01C8 1211 “lCD JRZ .42,1
5390 ( ‘iC C 0000 0000 HIT
54( ’) (‘lCD L 1 - ’I “554 J R N Z  OC,1

5410 C I CE 11 41 (‘555 JRNZ,D 00,1
5420 IIC F 1)61 “556 JRNI ,1 OE ,I

• 5430 0100 1442 0557 JRNC ,D CF,2
• 5440 “101 1462 055 8 JRNO ,I OG ,2

5450 0102 1142 0104 JRNZ,D .42,2 .
5460 0103 (‘0”~ 0000 HIT
5410 0104 39-3 2 0002 XR, OD ,L 2,2
5480 0105 1462 011)7 JRN O,I .42,2
5490 0106 . 0000 C-COO . (-111 -

• 5500 0101 1462 ~ lfl9 .3RNO,1 .+2,2
• 551C 01 08 COOC’ 0000 HLT

552” 0109 3622 0(’0? *8,5118,1 2,2
5530 0104 1202 f loG JRZ .+2,2
5540 01DB 0(’C’(’ C-GO” HIT
5550 - -

556(1 (‘ICC 7443 0001 1041 1
5570 0100 2020 055C JBR 3 ,AX
558(’ (‘IDE 2r0C’ (‘LEO
55 90 O1OF 0000 CC)0O HIT
5600 OlE ’) 7443 CC’02 10*1 2
5610 OIEI. 2100 CIE3 JBS 1,.+2 - -

5620 01E2 (“1)’) 000’) HIT
5630 011-3 7443 ( ‘( ‘P~4 1041 4
5640 011-4 2200 (‘11-6 485 2,..2

• 
5650 011-5 0000 0030 III
5660 011-6 7443 0008 1081 9.

• .  5b70 011-7 2300 011-9 .385 3, 42 - - - -

5680 01E8 0000 (‘.0~~’ HIT• 5650 011-9 7443 0”l’) 1041 16.
5701) (‘lEA 2400 011-C JBS 4,..?
5710 O1 EB N”'’) 0010 lILT
572’) 011 -C 7843 C’f l2 ( ’  1041 32.
5730 011-0 2500 ClEF .355 5,.+2
5740 (‘LEF (‘(‘00 00)’) lI LT
5750 011 -F 7443 0(14” 1041 64.
5760 O1FO 26C’(’ 01F2 JBS 6,..2
5770 O IF I 0000 0030 HIT
5780 011-2 7443 0(1)80 1041 123 .
5790 01F3 2700 01F5 JBS 7,.+2
5800 01 1-4 0000 000C~ (-(IT
5810 011-5 7443 013” 1041 256.
5820 ‘)1F6 2r’60 0558 JBR 3 .,BX
5830 01 1 - 7 - 2040 01F 9 JBS 8...42
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5840 O1FR 0000 0030 HLT ~~ • - - - •

5850 011-9 7443 020(1 1DM. 512.
5860 ‘)LFA 2140 OIFC JSS 9.,.4-2
5870 (11 1-B (~C0Ø (‘(‘00 lILT
5880 OI FC 7*43 040’) 1DM . 1024.
saqo 011-0 2240 01FF JRS l0.,.+2
59CC OIFE 0000 COO!) HIT

- 5911) 11FF 7*43 0801’ 1DM. 2048.
5920 3200 234’) (‘2”2 JBS h1 .,.42
5930 1201 (‘01)0 0”30 HIT
5940 0202 7A 43 1C”(’ LDAI 4096.
5950 “203 2440 (‘2-35 JBS 12.,.+2
5960 0204 (‘0CC ‘)03’) HLT
5970 0205 7843 2”)O 10-41 8192.
598” 0206 254C “2-O R JB S 13..-.+2
599’) 0207 ñCOC (1(111) HIT
6000 02’)8 7443 4N’0 10*1 1638’..
6010 02~~9 2640 0218 J8S l4...+~

• 6020 0204 0000 (‘CCC -lIT -

6030 0208 7443 RN’C- 1041 32768.
• 6040 02CC 2740 02’)E JBS 15.,.+2

• 6050 02’ID 0000 COOl) HIT
6060 020E 7A43 FFFE 1041 —2

• 
6070 020F 2001) (‘558 J8S 0,Cx
6080 0210 2020 0212 .388 0,.+2
6090 (‘211 0000 0000 HIT
6100 0212 7A43 FFFD 1041 —3 •

6110 0213 2120 0215 JLIR 1,.+2
6120 0214 0000 0000 HIT• 6130 0215 7443 FFFB 1041 —5
6140 ...0216._ 222Q 0218 JBR l,.+2~~~ •  ._ -- -- ~.- - •_ ~~~

6150 (1217 (‘000 (1000 HIT
6160 0218 7443 FFF7 LOAL —9.

• 6170 021 9 2320 0218 .388 3,.+2
6180 0214 “01)0 0000 H I T r

6190 0218 7443 FFEF 1041 — 17. •

62C’( . 02 1C . 242’) 021F .388 4,.+2 - - 
6210 “210 (‘000 0(’0’) HIT
6220 !121E 7443 FFDF 1041 —33.
6230 “21F 2520 (‘221 JAR 5,.+2
6240 022(’ 0000 0000 HIT
6250 0221 7443 FFB F 1041 —65.

- - 6260 0222 2620 0224 .388 6,.+2 • • •  -  - - -  - •_

6270 0223 0000 (‘000 HIT
6280 (122 4 7443 FF7F 1041. —12 9.
6290 0225 2720 0227 JA R 7,.+2 ‘1
63’)l) 022 6 0100 (‘000 HIT
6310 0227 7443 FEFF 1.041 —257.
6320 0228 2040 055C JB S B .,DX ~  _ • _ _~~

_ _  
-

6330 (‘229 21)60 0228 JAR 8.,.+2 • I ~
6340 (‘22* (‘0CC (‘COO (-(LI • j

6350 0228 7443 1-OFF 1041 —513.
6360 022C 2t6~) 0221- JA R 9.,.+2 
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6370 0220 000C 0000 HIT
6380 022E 1443 FA F F 1041 —10 25.

• 6390 0221- 2260 0231 JBR 10.,.+2
64(’(’ (1230 (‘(‘(‘0 fl000 HIT

4 6410 (‘231 7443 F7FF 1041 —2049.
6420 0232 2360 0234 JBR 11.,.+2
6430 0233 000C COO C’ HIT

— 
- 6440 (‘2 34 74 4 3  EFFF  1041 —40 97.

6451) “235 2480 0237 J A R  12.,.+2

646(1 (‘236 (‘C(’C (~000 HIT
6470 0237 7443 DFFF 1041 —t319 3.
6480 0?38 2560 0234 JA R 13.,.+2
6490 0239 CC’’C 0000 HIT 

-

• 
- 45f’V’ 02 34 7443 A FF F  11)41 —16 385.

• 6510 0238 266C 0231) JBR l’s.,.+2
652(1 023C (‘(“‘0 (‘(‘IC’ HIT

- • 6530 0230 7t~43 7FFF 1041 —32769.
6540 023F 2761’ “24(’ JA R 15.,.+2
6550 0231- 00CC oo:o HIT
656” C’24(’ 7443 (‘N’C’ 1041 0
6510 • A00,CA,B,FCRM P*RITY
658fl 0241 4963 0000 .INST R T 44543
6590 ‘ JMP EVFN PAR

02 42 25*0 “244 .INSTRT 22640,.+2
6610 0243 000C ..CC0C HIT
6621) 0244 7443 (‘(‘C’l 1.041 1
6630 0245 2080 0550 JEQ LA
6640 0246 2040 (‘248 JNE .+2
6650 0247 COc- C 0000 I-4 1...T
6660 02 48 7A43 000? 1041 2
6670 •0249 .2CfiO C ’55L JED 18 • . • - •

6680 (1244 7443 CC’)’. 1041 4
6690 0248 2 (80 0551- .31-0 ZC
6700 (124C 7843 0”OB 1081 8.
6710 024D 2080 (‘560 JE Q  LO

6720 0241- 7443 0(10 1041 16.
6t30 024F.. 2C80 O561~~~.1EQ_LE •~~~~~~~~ •..

6740 025’ 7443 0(’2(’ 1081 32.
6750 0251 2080 0562 J1-Q IF
6760 0252 7843 (‘p40 1DM. 64.
6770 0253 2(’80 0563 JEQ ZG
6780 (‘254 7443 0C~8O 1081 129.
6lS0 • 0255 2080 0564 .31-0 ZU • . . • • - - -- -

6800 0256 7443 (‘lcD’) 1041 256.
6810 0257 2C80 0565 JEQ 11
6820 0258 1443 C’20~’ 1081 512.
6830 025 9 2080 0566 JEQ U
6840 (‘.2SA 7443 040C 1041 1024.

..6B5~ . 0258.  2080 0567 JEQ 2K • - - - -- .

6860 ‘)25C 7443 “800 1041 2048.
6870 0250 2C80 0569 JEQ LI
6880 (‘25E 7443 1000 1041. 4096.
6850 0251- 2080 0569 JEQ ZM -
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6900 0260 7A43 2000 IDAL 8192. •

6910 0261 2080 056* - JEQ ZN
6920 1262 7*43 4000 1041 16384.
6930 0263 2080 0568 JEQ ZO
6940 0264 7443 bO” (’ 1041 32768.
6950 (‘265 2(’8~ r’56C .31-0 UP
6960 0266 7443 0 0 0  IDAL 0
6970 (‘267 2380 fl560 JOF ZQ
6980 0268 2340 0264 JNOF .+2
6990 (‘269 0000 (‘000 HIT
7000 02 68 1*43 FF1 -F 1041 FFFF
7010 0768 2380 “56E JOF ZR
7020 026C 2380 “26E JMOF ..2
7030 0260 ON”' 0000 HIT

• 70 40 0261- 7443 7FFF 1041 77777
• 70 50 0261- 7903 000 1 AUDI 1

7060 0270 2380 0272 JOF .+2
7070 1)271 000C (1000 HIT
7080 0272 2340 0571 JNOF ZU
7090 0273 79’’3 7FFF 4001 77777
7100 0274 7903 0001 4001 I
7110 n275 238(’ (1277 JOF .+2
7120 0276 000C’ COO’) HIT
7130 ~277 234” 0572 JNOF ZV J
7140 0278 7443 (‘C”(’ 1041 0
7150 0279 2280 0218 JOE .‘-2
7160 ‘)27A (‘(‘OC 0000 HIT
7170 02 79 2180 0270 .311- .1-2
7180 021C 0000 001)0 HIT
7190 (‘270 2140 0575 JGT ZY
7200 0271- 22AC 0576 JIT Li
7210 027F 7443 7FFF 1061 77777
7220 0280 228” 0282 JOE •+2
7230 0281 00CC (‘ON) HIT

• 724~) 0282 2180 0573 JIE ZW
‘ 1 7250 0283 2160 0295 JOT .+2

-- Y260 - 0284 O00C~ QOQ0 .• ~~~~~~~~~~~~~~~~~~
7270 0285 2240 0577 JLT ZAA
7280 0296 7443 FF1 -F 1041 FF1-F
7290 0287 2180 0289 JLF ..2
7300 (1288 0(’(’f 0000 HIT

• 7310 O2 8~ 22 80 C574 JOE ZX
1320.. C284 2240 028C • JLT .+2~~ . _~~~~~~~ • • • • .   -. •~~~_ •_ _ -•

7330 02 88 (IOOC 0000 HLT
7340 028C 2140 057a JOT lAB
7350 $ 1-3 -‘

7360 (‘280 3*41 fl(’~U’ 1081 0,1 
• • J7370 028E 6441 0000 LDAR I

.. 7380~~~028F - 2”80 0291 • .JEQ Lt2 _____ ._ .._ ~~
__

~~~~~_ _ _ _ _ .

7390 0290 000C 0000 HIT
74(10 ‘ I
7410 0291 3641 FF1 -F XR ,EOR ,1 FFFF ,l
742(1 0292 180 1 0294 .380 .+2,1
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7430 0293 COO C 0000 HIT
7440 (‘294 3641 1- 1 - F E X R ,EOR ,L FFFF,1
7450 0295 1201 C297 JRZ .42,1
7460 0296 0000 (‘(‘00 HIT
7470 0297 3o41 0000 XR,EOR,L 0,1
7480 “298 1201 0298 JR~ .4-2,1
7490 0299 000C 0000 HIT
7500 • At .
7510 0294 7443 (‘000 1041. 0
752’) 02’~B 3601 0C’OC XR ,EOR,AI 0,1
7530 0290 1201 C’29F .381 ..2,1

7540 0290 ‘)~~(‘C “00’) HIT
7550 029E 36C 1 FFFF XR ,EOR,A 1 FFFF,1 - 

-

7560 0291- 1201 1241 JR Z .42 ,1
7570 02*0 0N’C 3000 HIT
7580 ‘)2AI 7A43 FF F F  1041 FFFF
7590 (1242 38C 1 CO’)” XR ,E 0R,AL 0,1

7600 (‘2143 120! (‘245 J R L  .+2,l

7610 0244 0000 0000 HIT
7620 02A5 36C1 FF 1-F  XR , E0 i ~~,AI F~~F F , 1
7630 0286 1801 (‘248 JRO .+2,1
7640 ~2A7 0000 0000 HIT
7650 0288 36C1 FFFF XR ,EO R ,A I FFFF- ,1
7660 02*9 1211 ‘‘248 JRZ .4-2,1
7670 0248 0000 0000 HIT
7680 0248 3441 F F F F  1081 F F F F , 1

7690 028C 18”l 02141- JR U  .4-2,1

7700 0240 (‘000 C”'”) HIT
771(1 0241- 36C 1 00)0 XR,EOR ,AL 0,1
777’) ‘)2AF 1801 0281 JR 0 .42 ,1

7730 0280 0000 0000 HLT
7740 (1281 7443 00)0 1041 0
7750 02 82 360 1 F F F F  ~R ,~~GR,AL FFFF,1
7760 0283 1801 “235 JRU .+7,1
7770 02B4 (‘0CC 0000 HIT

7780 0285 1E~C 1  0000 X~~ ,E0R ,AI 0,1
. 7790 0266 IdO l  0238 JSO ..+2 .1  •.

78(10 (‘287 0O”O 0000 HIT

7810 ‘ TABLE 42
7821) ‘ CPL
7830 0288 3041 ““O(’ XR ,CK ,A 1
7840 0289 1201 0288 JPZ .42,1 - 

-
-

7850 .. O2BA 00CC 0000 MIT - _ - -  - ...

7860 (‘263 3041 ‘)‘)00 XR,CK ,A 1
7870 028C 1801 0281- .380 .1-2,1
7880 0280 (‘C”C 0000 HIT
7890 • NOT A+B
7900 1)281- 3141 FFFF XR,COR ,L FFFF,1

.7910.. 0281- 1201 0201 JRL .42,1 -•

7920 “2C(’ (101)0 00-10 HIT
7930 02C1 3161 1-1-FE XR.COR,L FFFF ,1
7940 0202 12”l 02C4 JRZ .42,1
7950 02C3 000C 0000 HIT - -.
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7960 02C4 3141 0000 XR .COR ,L 0,1 . - -

7970 fl2C5 1801 02C 7 JRO .42,1 •

7980 02C 6 000C 0000 HIT
7990 “2C7 3141 0000 XR,C OR,L 0,1
8000 62C8 1201 O2C A JRZ .4-2,1
8010 02C9 (‘000 0001) HIT
8020 I2CA 3241 1- 1-FE XR,C KAND,L FFFF .1
$~ 3fl 02CR 18~~I 02C!) JRO .42,1
8040 02CC (“100 00)0 HIT
8050 (‘2C0 3241 FFFF XR ,CKANO,L FFFF ,t
806(1 O2CE 12”! ‘)200 JRZ .42,1
8070 O2CF (“‘(‘C 0(’D” HIT
8080 0200 3241 ~V’O’) XP ,CKAND ,L 0,1
8090 0201 12(’1 020 3 JRZ .42,1
810’) 1202 0000 0010 HIT -

8110 0293 3C41 0000 XR,O 1.
8120 0204 1801 0206 JRO .4-2 ,1
8l3~ 0205 000’) OnOD HLT
8140 020 6 3341 0000 XR ,Z I
8150 1207 1201 0209 .381 .42,1
8160 0208 (~QQ(’ (1100 HIT
8170 0209 3441 FF1-F XR ,CAND,t. FFFF,1
8180 1)20* 1801 020C JR(J .42,1
8190 0206 1)N)(’ 0000 HIT
8200 Q2DC 3441 0001) XR ,CAND ,L 0,1 

38210 O2DD 1 801 020F .380 .+2,1
8220 (‘201- 0~ 1C 0010 HLT

4 8230 (1201- 35 ,1 FFFF XP ,CL ,L FFFF ,1
• 8240 02EV ’ 12”l ‘)2E2 J#Z .42,1

8250 (‘21-1 Of ”)’) (1000 HIT
8260 02E2 3541 (‘000 XR CL ,L 0.1
8270 021-3 18’)l (‘21-5 JRO .12 .1
8280 021-4 1)000 0000 HIT
8290 02E5 374 1 “000 XR ,A~flDC (,L 0,1
8300 C’2E6 1801 02E 8 JRO .+2 ,l
8310 021-7 (“(‘C 001)0 HIT
8320 021-8 . 3741 FFFF XR,ANDCL ,I FFFF ,J.
8330 ‘)2E 9 1201 02E8 JRZ .42 ,1
834’) 021-8 (100’) 00(10 HIT
8350 02E 8 3741 F F F F  X R ,ANDCL ,1 FFFF ,1
8360 O2EC 1201 O2EE JRZ .42,1
8370 ‘)2ED (‘(‘IC (“ ‘0(1 HIT

• 
- 8380__ O2EE . 3841 0000 XR ,CKOR,L0,1

• 8390 “2FF 1801 02F 1 JRO .42 ,1
8400 fl2F0 “(‘0-C 0000 HIT
841’) (12F1 384 1 O’)CO *R ,CXOR ,I 0,1
8420 ‘32F2 1201 ()2F4 JRZ .+2 .t
8430 02F3 (‘N1C 0C’00 HIT
6440 . f2F4 3841 FF 1-F XR ,CISOR ,L FFFF ,I - . • .  _ _

8450 ‘)2F5 i8 01 (‘2F7 JR0 .42 ,1
8460 021-6 0000 0010 HIT
84 70 02F7 ~841 FF FF xR ,CKOR ,L FFFF ,1
8480 (‘21-8 18C’l 021-A .380 .+2,l
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8490 021-9 • 0C0C 0000.. 1-ILl - -

8500 ‘)2F0 3Q4 1 0000 -XR ,E QV,L (1 ,1
8510 02F6 1201 O2FD .381 .4-2 ,1
8520 ‘12FC 0000 C000 HIT
853(1 02F0 3941 0000 XR ,F QV ,L 0,1
8540 “2FF 18(” t C3’)I .380 .42,1
8550 02FF 0010 0000 HIT
8560 03’)t’ 3441 CQO,” XR,L0,1 0,1
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1274” 0-4 80 Ff0’) (1(29 .INSTRT 1770(0,1-1-0
12750 04 SF 7901 00 -0 )  4001 1
12760 048F 2( 18’) “ 491 410 .42

•- 1277(1 “ 49” CON” “ 0-- ’ )’) HIT
12780 0 -4 9 1  CA(-0 “'0-2~ IDA FF0
12790 0492 7903 (1001 A~)DL 1
1281)0 (1493 20-- 8 ()4c9 41 -0 ..2
1281” 0494 O~ 00 (‘001 HIT
12820 “ 495 7443  1 1E 1  1041 160741
1283(1 0496 7903 OFOF 4001 7417
1284’ ) “‘497 FF00 (“‘29 .INST PT 1770”0-,FFO
1285’ ) 0498 790 - 3 COOl  4001 1
12860 “ 499 20 -8” 04 ’? 8 J FQ .+2
12870 0494 00’10 (‘00’) HIT
12880 (“ 498 CA OO 002° IDA FF0
12~~90 ‘169C 7623 F0 - F r~ SUBL 17”360
129fl0 0490 2” 8” 049 F 41 -0 .42
12910 0491- 0’1OC- 000-3 lILT
12920 0491- CAC’0- (‘C-’)R 104 TAISO
12930 (14Ar’ FI-”C (100~ STA TAHO
12940 (‘441 060’) (‘(‘18 SUB TAB O
12950 0442 2”8C’ 0444 JEO .42
1296(1 (‘443 (000 (‘1)0(1 HIT
12970 0444 7A43 ( ‘cOO 1041 0
12980 “5445 FF00 (-021- STA FRO
12990 (5446 7A43 FFFF IDAI FFFF
1’30C(1 044 7  FF80 “0-28 STA ‘ C S T Q
13010 044 8 0400 0-C’Z E IDA FRD
1302” 044 9 790 -3 fl0 ”‘ I A UDI I

• - • 130 30 0444 20 -80 O4AC JE D .42
13040 (“ 448 0-0-N) 00-0” HIT
13050 ‘)4AC FF00 Cc ’2E STA FRD
1306(1 (1440 3441 OOr’2 108 2,1

• 13070 O4AE 7443 FFFF IDAL FFFF
)308(1 (1441- FF21 002F STA FRO,1
13090 0480 CA CO 003~’ IDA lU G

• 13 10-0 (‘481 79(13 0003  4001 1
13110 0482 2080 04B4 JEO .42
1312(1 0483 COCO (1000 HIT
13130 0484 FFOC ’ (‘( ‘3” STA LU C
131 40 0485 3442 (‘0)3 IDRI 3,2
13150 3486 7443 FFFF 1041 FFFF

• - 1316(5 ‘54 137 FF62 002F STA ,I BUC,2
13170 0488 7903 ‘1001 AUDI 1

• 131 80 0489 CAOO 0032 IDA MOC
13190 0484 79C3 OCO1 AODI I
1320’) (1488 2(580 ()4B0 JE0 .+2
13210 0-48C (‘0-00 0000 HIT •

13220 04 13(5 FF00 (‘03? STA MDC
13230 “548f 3622 0004 XR ,SUB,I 4,2
1324(1 -‘)48F 120-? 04C ! 482 .42,2
13250 -14CC ’ 0’1(1C 0000 HIT
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A
- •~ . 13240 0401 39C 1 0”01 XR .ADD ,L 1,1
.1 13270 (14C2 7443 FFFF 1041 FF 1-F

13280 04C3 1-1-41 0C’2E STA .0 1-80,1
13290 04C4 791)3 00”l *001 1
13300 ‘4C5 CA (1C (5031 104 HOC
13310 04C6 7903 00” I 4001 1
13320 ‘14C7 20-8’) 04C9 JEQ .+2

• 1333” 04C8 0C”‘() 00”’) HIT
13340 04C9 3621 00-0 2 XR ,SUB,L 2,1
13350 ~4CA 1231 04CC JR Z .42,1
13360 ‘14CR 000() 000” HIT
13370 (14CC FF00- 01)31 STA HOC
1339’) (14C0 3441 00(13 10131 3.1
13390 O4CE 7*43 FFFF IDA I FFFF
13400 O4C F FF41 0C’2C STA ‘C S T T , 1
13410 “ 5600 790- 3 000 1 4001 1
13420 04D1 CACO Cfl 36 104 CVY+3
1343” (540? 7903 O” fl l 4001 1
13440 0403 2080 0405 41-0 .4-2
13450 ‘1404 fl’)1)(1 0’10(’ HIT

• 13460 ~4D5 FF”’) 0036 STA CVY +3
• - 1347(1 0406 7443 FFFI- 1041 FF1-F

1348’) 040? FFC 1 “' 020 514,0 ‘CSTF , l
13490 “ 408 79(53 (5N)) 4-001 1
13500 0409 CAC’~ (“‘40 IDA 00(43

H 13510 ‘54 04 7903 0001 4001 1.
13570 ‘1408 2(’8(’ 0400 41-0 .+2
13510 O4DC (‘0(10 (~“)(‘ HIT
1354fl 0400 FF00 (‘04-0 STA DGE+3 

-

1 13550 0401- 3621 Ofl -02 XR ,SUB ,1 2,1
13560 040F 1201 041-1 - JRZ .42,1
13570 ‘541-” (‘(‘(‘0 Afl()~~ HIT
13580 04E1 3441 (5(14)5 IDRI 5,1
13590 04E2 7443 FF1 -F 1041 FFFF
13600 041-3 FF 1- I (‘(‘-20 STA, ! ‘CSTF,I
13610 041-4 790-3 0(1-01 AD DL I
13620 04E5 CACO C~4”42 IDA 001-45
13630 041-6 7903 ‘1(’Ol 4001 1
1364’) 04E7 2(”RO 04E9 JEQ .+2
136 50 (141-8 000” ‘)N)0 HIT
13660 041-9 FF0” 0042 STA 001-4-5
13670 O4EA 3621 Of~)6 XR,SUB,I 6,1 F
1368” (14(8 1201 04 1-0 JRI  .4 2 , 1
13690 041-C “‘O0(’ 00--JO HIT
1370(5 041-0 7443 7FFF 1041 77777
13710 041-1- 7903 0001 *001 1
13720 O4EF 7903 7FFF 4001 77777
13730 04F0 7903 (‘1001 4001 1
13740 04F 1 3440 04F5 XR , ID, I  .44 ,0  _

1375’) (“4F2 8420 (1000- JRI 0,0
1376(1 “41-3 ““‘CC 0”’)” HIT
13770 (141-4 “““0 (1000 HIT
13781) 04F5 081-0 0f”‘O DINT - J
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13780 0 4 F6  79C3 6C~”‘ *001 1COOCO• 1380(1 04F7 7903 130-00 ADDL I00~ CO
13810 04F8 2080 041-A JEU .#2
138?(’1 (“4F9 00-0’) 0C”)~ HIT

- 
13830 04F4 3440 041-0 XR ,lD ,L .43,0

l~~R4” (141-B 8420 0flhi(- jpf 1,4”
1385(1 04F0 CCC’) COO’) HIT
13860 “4Ff) “~~F(’ (‘r’1(1 DINT
13871) 04FF 209”‘ 0500  JEC .#2
13813” 04Ff 01(10 “(‘0’) H I T

• 13890 05”C CA ”) 0 (‘(‘47 IDA LDGC ~~~~~~~~~

13 900- (‘5~~1 20-21’ C508 J8Q 0,SECD
13910 -D5~~2 O CE C O000 EINT _,~~

)
13920- 0903 8’~0’ 1)5)3 JMP .4 ”)

• 13931’ “‘9”4 WXYZS
1194° “5(14 362” (‘5)3 X R ,SUB,1 .— 1 , (’
13950 D505 r040- CC)’) INPS 0
1396(1 “9-16 12r’fl O S F  4132 BGN ,0

- 13970 05 ’) 7  0000 C’0~W HIT
13980 ‘)5”8 SFCD S

13990 0508 “CEO 0000 1 - t N T
14”(’P 1)50-0 8”‘0l” (“j’)9 JMP • +f)
14(510 1)5(18 ZYXW ~
14020 “S”‘A 362”) (15-19 XR ,SUt3,L .— 1,’)
14030 0518 (-1-40 00-00 INPS 17

- 1404” 15”C 12°0 ( ‘SO F J I ~Z RON,”)
16C-50 05”D ( ‘COO 00-0.1 HIT
1406’) “~~“~F (‘(10(1 l)(1-)C’ HIT
14070 05’)F 8CN$
14080 0501 C A O ( 1  (“‘47 104 IC1GC

— 
- 

14090 0510 7903 CO O l  AODI I
141(10 (“5 11 FF0-fl 0047 STA LOCC
14110 0512 20-0” 051d JBS 0,000

• 
14320 1511 7443 FF 1 - F 1041 FFFF

• 14130 051 4 (‘F6c’ ‘00-1 -’) OUTA 17
1~.34~ 05)5 7443 0”4”0 1041 ‘‘5

• 1415-0 051 6 “1-60 (‘(‘(~0 OUTA 16
141 60 f5 5L7 i3C0-A C6IC JM P .+5

‘ 14170 051 13 000$
14190 0518 7443 000’) 1041 (‘5

- 14190 0-51 9 0-F60 00)4” OUTA 17
142”” 0514 7443 F F F F  1041 FF FF

- 14210 0518 01-60 00)” QUTA 16
1422(1 151C 7443 0C”C 1041 0
14230 0510 FF 00 000(1 SIA RMI
14240 “)SlE FF00 Cr11 STE. 8M2
1425’) 051F 3A C 1 FF F F STAR 1
14260- 0520- 3A C2 FF~~F STA ll 2
14270 0521 34 C3 FF1-F STAR 3
142”M 0522 744 3 FF 1- F 1041 FFF~

1 1429(5 0523 3A C4 FF~~1- StA R 4
143 A ’1 “524 P000- ~O1” JM P  001
14310 0525 4F43 0000 NUP

FR75—2 
• 

183

I - -

- - — ‘—
~~~~ 

- --- - - — - - - - — - - - -

- - 
- - -— — — — ‘— —--• --— •—• —•——-—- ---- .—~~ 

—•- —••- —•——“--- —-— I __
~_ ~ _~~_~

__
~ —•‘- •~~‘— -•-•——



---
~~~~

--—----—---— — —-- - --- .-
~~~ -

- 

~~- ~~~~~~~~~~~~~~

- 

- 

• - 

-- 

- 
—

14320 052 6 842’) 0000- 4131 C.’)
14331) “527 ““Fri ‘Y”)O 1-INT
14340 o5~~e ~~‘Y’0 ‘1528 JMP .+0
1435” “5529 ““0” (1”’)’) I-it T
1436-3 0524 00-0” C-”0C HIT
14370 0978 AOUT$
1438’) ‘)‘~28 “0-”” 0000 HIT
1439” 0--52C (lOUTS
144”” :52C 0-’D’’0 00-DO HIT
14410 0520 t O U T S
14421) ‘052D c-’ r’o’1 Or”1’) HIT
1443() “52F DOUTS
14440 “‘ 52 1- “OC” 0000 HIT
14450 fl5~~F EOUTS

• 14460 ‘0 52F (‘000 (‘OC’) HIT
144 7(’ 153 ’) FOUT S
1448” 053”‘ 0 - - C OO -  000” HIT
144~~ “‘5 31 GOUT S
145” ” 1531 0000 0000 HLT
1451” 1512 HOUTS
14520 3532 0000 3”-D0 HIT
14530 0533 lOUTS
14540- “533 (“‘(10 00)C HIT
14550 1-534 JOUTS
14560 -‘534 0-’)C( ’ 00~~ HIT
1457” 0915 K0UT~.
14560 0535 ‘1000 0000 HIT
14590 -D536 LOUT S

-
• 

1460(1 (‘536 OC(’5” 0000 Mu
14611 0537 MOUTS
14623 0537 “CCC’ 0000 HIT
14630 05313 NOUTS

• 1464(1 0938 “0’0C” 00-00 HIT
14650 D5 39 flOUTS
14660- “53 9 0004” 0O(’0 HIT
1467” “934 POUTS
1468(1 0534 ““~0-0 00-MO HIT
1469’) 0539 OUTIS
1470-0 -‘531’ (10-0(1 00-01’ HIT
14710 ‘)53C OUT2$
14720 053C (‘~ (~(1 Q1”)” HIT

1473(1 (‘1530 (100~’ (5(1)0- HIT j
14740 053 1- (““01) “O”(1 HIT
1475” ‘)53F (14100- 0000 HIT
14760 fl54f’~ OUTA S
14770 0540-. (“‘0-0 000’) HIT
1478(1 “541 OUT RS
14790 054 1 0000 “(1-01) HIT
1480-0 ~542 (‘)UTCS
1481(1 ( 1542 (“‘CC 00-’ O HIT
14820 f~’543 OUTU S
1483() ~‘,43 (‘1~~0”‘ (1”)’) HIT ‘1
1484” “544 flUTES 4
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HF PROGRAMMABLE MODEM. (U)
~c7 71j N000t’ 74 C—0299

LASSIFIED ML
3o~3 END

_ _ _ _ _ _—



Io~~~~~_ _ _  

L 
~~~ ~ 2.2L 1136I.. i*~~~

~~ II~2.O1. I ~~~~~

111111.8
uNI~~~ ,

~j L25 1.4 Hfff i.o~_

4 
4

MICROCOPY RESOLUTION TEST CK~~T i
NAT Ki~ A1 BUREAU OF STA~ DARDS-1963-Ø



a
14850 C544 000C 0030 HLT
14R6!) ~~45 OUTES
14870 0545 CCCG 0330 H I T
14880 “546 OUTG$
14890 0546 0”OO 00)0 HIT
1490’) ~54 7  OUTHS
14910 ‘‘547 000C C3JO HIT
14970 054~ OUTIS
14930 ~~48 0000 000C’ HIT

• - 14940 ~S49 OUTJ$
14950 0549 0000 0000 HIT

• )4’)6’) 0544 OUTK$
14970 0544 0000 0030 HLT
149q’~ fl54M DUTLI
14990 0548 00CC 00’)~ HIT

• 1’50~~) ‘~54C OUTHS
15010 154C 0’~r” COO” HIT
1502” 0540 “~‘00 0’~o’•’ HIT
15030 054E 0c~oC 00~ 0 HIT
1504C 054F N~0~ 

(10)0 HIT
15050 ~550 0~0~ 0C~~’ HIT
1506” 05~$1 (‘000 “~ “0 HIT
15070 ~‘552 04$
1508’) (1552 0’•lflfl (

~~)0 HIT
1509~ 0553 OBS
151”) ~5’3 r ’rn~ ~~~~~~ HIT

• 15110 “554 (IC S
15120 4654 (‘(‘00 0(~fl0 HIT
15130 0555 00$
15140 “555 (““‘0 400” HIT
15150 0556
1516(1 “566 “‘00 ~~~~ HIT
15170 0557 3F$
15)80 0557 ( ‘00( ’ OPV’ HIT
15100 0558 OGS
15700 1558 0000 00’)’) HIT
15210 0559 AX $
15220 “559 ‘oOo O(’’fl HIT
1523C 0554 BXS
15240 0554 0”’)’) 0000 HIT
15250 05~~ Cxi

• 15260 “558 I~~~fl’) 000() HIT
15270 055C oxi •

• 15284 455C fl0~ 0 00’)” HIT
15290 0550 LAS
1530” “SSD t~ 4(’ 0”’)’) HIT
15310 055E LBS
15320 “551 (‘000 00’)’) HIT
15330’ “55F ZCS
1534” 05SF ““00 003” HIT

• 15350 r5b~ ins
15360 0560 0””O (‘roC HIT
15370 0561 ZE$
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• 1338’) 0561 C (~00 00’)’) HLT
1339) 0562 iFS
15400 0562 “00” (‘C~~ HIT
15610 0363 ZG$
*3420 0563 0000 000’) HIT

• 15430 0564 ZH$
*344’) 0564 0V 00 ~~~~ ‘lIT
15450 0565 ZR
t546C 0565 (‘000 “CO” HLT
1547” 0566 U S
15480 0566 0100 “030 HIT
15490 1567 ZK$

• 15540 “567 (‘00” 00’)(’ lILT
15510 0568 11$
1552’) 3568 nflQ4 (‘0,)0 HIT
1553fl 0569 ZMS
15540 “569 (“?0” 0000 HIT
15550 0564 iNS
15560 0564 000fl OCO’) HIT
1557’) 1)668 ins
15580 “SoB (‘(‘00 0”’) ’) HIT
15590 (‘56C 10$
15600 ‘)56C 0000 0000 HIT J
15613 “560 LOS
15620 “560 0”O” 400” HIT
15630 “5’S€ ZRS
15640 ‘)56E “COO 000” HIT
15650 056F ZSS
*5660 056F 0001) 0000 HIT

• 15674 0570 iTS
15680 0570 0000 0000 lILT
15690 0371 ZUS
15700 - 0571 01)0” 0040 HIT
15710 “572 ZVS
15720 0572 (‘(‘CC 01)1)0 HIT
15730 (‘573 ZW$
*5740 0573 (‘0”’) 0000 HIT
l575~ ~‘574 2*5
15760 “574 ‘)OC’C ‘)1)01) HIT
1577(’ “575 ZYS
15780 0575 0(’00 0000 HIT
15790 0576 iii
15800 0576 0001) ~000 HIT • • •

15810 0577 144$
15820 0577 0000 0030 HIT
15830 0578 LABS

4 . *5840 .0578 0000 0030 HIT
*5650 0000000’)0 .DATA 0
*5860 CO0’)00001 R1’1 • 

-

t5870 (00000002 I~2a2
13880 (‘flO’)000’)3 q3u3
*5690 C(’fl(’0fl004 fl4.4
15900 0000044*4 4*44.125252
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159*0 C~fl0l’~AAAB £AAA~AA8A+l
15920 ~Aflfl ’~4449 AAA9a125251
13930 t’100 0001 8M151
*5940 00”l “031 ~M2St 

•

1593” 00”2 FFFF FULL.SFFFF •

15960 0000”FFFF FFFFa177777 •

15973 0303 OCOC EMTYSO -

1598” 000””FFFE FFFEsFFFF—1
15990 0034 FFFF FRSTSFFF~
1600(’ ‘)“(‘S - 5555 SN0s52525
16010 0406 *444 MENCSAAAA
16020 (‘007 004” ZEROS’)
16031) OC O B  5555 0MEM152525
16040 ““‘9 *44* TRE$AAAA
16050 (‘(‘(‘4 Qfl”C NRK2$fl-. 16060 ‘)008 0041 TABOS1,2,4,8.,16.,32.,64.,128..512.,1024.,2048.,4(’96.,

OtU)C 0002 ~~~~~~~~~(‘(“‘0 4004
000F 0008 • •
W~AF

0020 •
• (‘011 0”40

• - 0012 0031)
(
~“13 C70~
fl’)lS, 0400
0015 06””
(‘416 *000 •

(‘(‘17 20”fl
• t W 1 8 4C3(’

16071 (‘019 0008 ITABSTABO
16080 00*4 0360 MCN SCON •

*6090 (“‘18 0371 MCPiLSCON+4
16100 001C 0374 MCIIPSCON+7
16111) 0010 (‘377 MCN3SCON+ 10.
16120 001€ 0378 MCN4SCON+14.

• 16130 ((‘iF 037F NCNSSCON+18.
16140 “02” 0398 •HOOSLO[J -. -
*615’) (“‘21 (‘39F FOOSMOO
16160 4122 FFFF UNOSFFFF
1617C • (V~23 00”(’ ZEOS1)
1618’) ~‘24 0022 ARSSUNU
16190 01)25 0048 FLflSST*B0
16200 c.~ 26 COOC ML0SSTA~0+L. .• •• - •

16214 3027 000E GIOSSTA8O.3
1622” 0-328 FFFF FFSFFFF
16230 O”29 001)0 FF050
16240 0024 00~0 FF*5”
16250 (‘026 “02E CSTO$FRD
16260 032C 0033 CSTT$CVY .• -•
16270 01)70 (‘1)30 C.STF$UGE
16280 (“‘2€ 000C FROSO
*629’) “)2F ~ll0(, *3UCS”
163”C 0030 0000 LUCSO
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16310 0031 (‘(‘11) HOCS’) J1632” 0032 (‘(‘01’ MOCS’)
16330 0’)33 FFFF CVYSFFFF,0,(l,0.0.C,C.0.0, 0

• - 0034 1)000
0”35 (‘COO

• 00 36 (‘(‘0’)
0037 (‘000

- 00 38 0040 -

C039 (‘00’)
0434 (‘040 

-

(‘(‘38 4(00
• 003C

*6341) 0”30 (‘(‘0” OGE$O,0,”,C,’).0,C,O.0.0
“(‘3€ r104)0
(‘03F 1)00’)
fl4~41) OO’)S~• “‘41

- 
• 0042 0000

0043 00~)0
0044 0001)
0045 0000
01)46 “(‘00

16350 ‘)C47 CC”l LOGC$1
16360 (‘00000004 •END STOT

4 CHECKSUMS 
•

LEFT PROGRAI’ MEMORYs 1)4613 
•RIGHT PROCRAM MEM0RY~ 1)F878 -

- DATA MEI4ORYZ 09615L I -

i~J

• 

• 

‘ - 1
1
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- PROGRAM LISTING

1~iP 00 3340 - CLR ØTART)

- 
01 3341 CLR

- - 
- 02 6A40 A, LDAR RO

- 
- 

- - 

03 9421 0000 MLNR Ri •

04 3AC6 FFFF STAR R6

05 6A41 LDARR1

06 9420 0000 MLNR RO
07 

- 
3AC7 FFFF STAR R7

• 08 6626 SUBR R6
• • •  09 2080 000B JEQ B

OA 0000 lILT (ERROR)

- - 
- OB 1801 0010 B,JRO C ,1

• - OC 1460 0002 JRNO,IA ,2

OD 3340 CLR
OE 302-1 ThTR R1

- j OF 8000 0002 JMP A
- 

10 0000 FFFF C,HLT (FINISH)
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