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PREFACE 

This manual provides programming information for the PERKIN­
ELMER Quad Synchronous Adapter (QSA) Product Numbers M47-002 and 
M47-003, and the Single Synchronous Adapter (SSA) Product Numbers 
47-106 and 47-107. The QSA or the SSA provides an interface 
between the Multiplexor Bus, Memory Access Multiplexor (MAM), or 
Selector Channel Bus of a PERKIN-ELMER digital system and up to 
.c - •• - m •• - _ r 1 .: - - - - T:1 - •• - _ r.1 .: - - C" •• - - h - .,._, ............ ,.. T\ - ,,,_ - ~ -. .-. - m " - - - .... •• ...... '1 J.VU.L J.WV-V'l.l..Lit:::: V.L ruu.L-n.L.L'C ..J.lU'-'U.LVUVUo::I 110.\.Q ..JC\.0::.• .LUC ma.uua..L 

includes an introduction to ~ne adapters, 
information concerning configurations, data formats, 

and detailed 

instructions, sequences, and constraints, 
initialization, and device addressing. Appendices to 
provide a programmer's guide, and 16-bit and 32-bit 
examples. 
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1. INTRODUCTION 

QSA/SSA 
PROGRAMMING MANUAL 

This document provides programming information for the 
Perkin-El~er Single and Quad Synchronous Adapters. It assumes 
that the reader is familiar with the I/O programming structure of 
Perkin-Elmer Processors. One manual which will be of interest is 
the a~propriate Processor User's/Reference Manual. 

The Quad Synchronous Adapter (QSA) and the Single Synchronous 
Adapter (SSA) are designed to operate with synchronous modems. 
They contain the serial/parallel converters, character buffers, 
and control circuits for one or four modems (1 or 4), operating 
in either two-wire or four-wire mode. For technical information 
concerning the SSA or QSA, refer to the SSA Installation and 
Maintenance Manual, Publication Number 29-689, or the QSA 
Instruction Manual, Publication Number 29-411. 

2. CCNFIGURATICN 

The 381 mm (15") SSA, Marketing Number M47-106 and M47-107, or 
QSA, Marketing Number M47-002 and M47-003, may be configured on 
ModelE 6/16, 7/16, 8/16E, 7/32, 8/32, Series Sixteen, or Series 
3200. They provide one or four double buffered interfaces to 
synchronous data sets, such a~ the Bell 201. The QSA does not 
include data set signal level conversion, but interfacing to a 
modem is made possible by using the appropriate Line Conditioning 
Module (LCM). Provision is also made to connect an SSA to an LCM 
for other than RS-232 signal level conversion. 

When ~trapped for four-wire operation, an SSA has two and a QSA 
has ~iqht consecutive device addresses, with each consecutive 
pair teing the receive and transmit addresses for each line. The 
receive line is always assigned the even address and the transmit 
line address is odd. For two-wire operation, each line responds 
to the even addrP.ss, unless two-wire address interleaving is 
installed. The address interleaving scheme enables the 
consecutive addressing of eight two-wire lines, on two Quad 
Synchronous Adapters. This sche~e is described further in the 
"DEVICE ADDRESSING" section. 

The SSA or QSA can also be configured under a Selector Channel 
(SELCH) for high speed data transfer, a Memory Access 
Multirlexer, or the ~uto Driver Channel. 
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3. DATA FORMAT 

Various line and control options are available on the SSA and 
QSA. They are described in the following Paragraphs. 

3.1 rata Set Cperating Modes 

Each data line on the SSA and QSA is provided with strap options 
to operate in two-wire or four-wire mode. Each board is provided 
with strap options to provide automatic deletion of leading SYNC 
characters, and Automatic Resynchronization after termination, 
during the Zero Bit Insert/~elete (ZBID) receive mode. 

3.2 Transmi~sion Rate 

The transmission rate is fixed by the modem being used with the 
SSA or QSA. The interface is transparent to this rate which must 
not exceed the maximum of 1.6M baud. The modem must always 
supply the transmit and receive clocks. The Local Loopback mode 
of operation uses an internal test clock that is strappable to 
two a~proximate baud rates; 8k baud with the strap removed and 
800 baud with the strap installed. 

3.3 Method cf Transmission 

In non-ZBID mode, data is serial, synchronous by character and 
bit, using SYNC characters for character synchronization. Any 5, 
6, 7, or 8 bit character in the range of X'01' to X'FE' (with or 
without parity) may be used, and is program selectable for each 
line. 

The ZBID mcde is required to accommodate several communication 
conventions, and is selected under program control. In this 
mode, the character length is fixed at eight bits per character 
and the Flag (F) character is hardware fixed at X'7E'. 

4. PROGRAMMING INSTRUCTIONS 

The Processor I/O Instructions are used to communicate with the 
SSA and QSA. 

4.1 SSA/QSA Programming Instructions 

4.1.1 Sense Status (SS or SSR) 

The Sense Status instruction is used to determine if character 
transfers are complete and correct, and also to interrogate the 
associated mcdem status. 
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4.1.2 Output Command {OC or OCR) 

The Output Command instruction is used to Enable or Disable 
interrupts, answer or disconnect calls, and to set the interface 
to the Receive or Send Mode. 

4.1.3 Write Data (WD or WDR) 

The Write Data instruction is used to load the output character 
into the Data Register, an1 to set the SYNC character register. 

4.1.4 Read Data (RD or RDR) 

The Read Data instruction is used to read an assembled character 
into the processor. 

4.1.S Acknowledge Interrupt 

The Acknowledge Interrupt command provides two different types of 
commands. When bit 15 is reset, the command is recognized as the 
common command for setting the function mode of the addressed 
line (both Received and Transmit). When bit 15 is set, the 
command is the Receive/Transmit command. In four-wire mode, the 
command sent to the Receive line is interpreted as a Receive 
command and to the Transmit line as a Transmit command. In 
two-wire mode, command bit 14 (RQ2S) sets the Transmit or Receive 
mode. 

4.2 Command Byte 

Table 1 shows the interpretation of each bit in the Command byte. 

TABLE 1 SSA/QS~ COMMAND BYTE 

8 9 10 11 12 

, DISABLE ENABLE 1 
LOCAL SYNSCH READY 

DISARM 
LOOP 

RESET 
(DTR) 

, DISABLE ENABLE, BACK 
I DATA 

DISARM MODE 

RECEIVE 

TRANSMIT 

COMMON 
NO. OF DATA 
BITS SELECT 

13 14 

SPECIAL 
WRITE/ 
R02S 

LINE MODE 
CONTROL 

15 

0 

Disable When this bit is set and Enable is reset, any 
interrupts occurring for that device address are not 
passed to the processor but are queued. 

Ena bl€ When this bit is set and Disable is reset, any 
interrupt occurring for that device address is 
presented to the processor. 
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Disarir 

*Local 
Loopback 

Syn sch 

Reset 
Data 
Mode 

*Ready 

4 

When both the Enable and Cisable bits are set, no 
interrupts are generated or queued by the device 
address. All eight device addresses on the QSA and 
both device addresses on the SSA are set to this 
mode on initialization. 

This command bit, if set, causes the transmit and 
receive lines to go to the Local Loopback mode. ~11 
control and data outputs to the modem are forced t0 
their OFF state and all incoming control and data 
line signals are taken from the specified local 
loopback source line (see the "Local Loopback" 
section). 

Local Lcopback csnnot be used when the SSA or QSA is 
configured under a Selector Channel. 

This command bit, if set and issued to the Receive 
line (or two-wire line in receive mode), causes the 
line to go the SYNC/Flag Search (SYNSCH) mode. 
Incoming serial data is discarded and not presented 
to the processor until the correct synchronization 
sequence is detected. See the Synchronization 
section. A command with this bit reset does not 
change the current state of the line, but resets the 
OV and Parity Error bits of the Status byte, if set. 

A command with this bit set and the RQ2S bit set to 
the transmit line (or a two-wire line in the 
transmit mode) while in BISYNC mode (non-ZBID) 
forces the line to transmit continuous MARK 
characters (all bits set including parity is 
enabled), starting at the completion of the present 
character being shifted out (EOC). In ZBID mode, 
this command causes the line to transmit 
continuously the last contents of the transmit data 
holding register, without inserted zero bits, 
starting at the completion of the present character 
being shifted out (EOC). A command with this bit 
reset and RQ2S set causes no change to the transit 
line data mode. The transmit line returns to the 
data mode at the next EOC after a Write Data, while 
Data ~Od@. is ~eset. In ZBID Mode, the SSA/QSA 
automatically inserts one leading flag character 
CX'7E') before the data frame is transmitted. 

When this bit is set, a command forces the Data Set 
Ready (DSR) control line to the modem to go to the 
ON level. This bit must be set on all Receive and 
Transmit commands to maintain the data mode. If 
this bit is reset, DSR is forced off, carrier and 
CL25 return tc the idle state, and an existing call 
is terminated. Beady must be sent to answer an 
incoming call. 
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*Special 

RQ2S 

No. of 
Data 
Bi ts 

This command bit is used to control the state of 
special modem control signals, such as NEW SYNC and 
SPEED SELECT (CH/CI). The special control line is 
forced to the ON level by setting this bit. This 
bit is ignored if no special function is wired. 
(See the LCM Instruction Specification, 02-380A20 
for wiring information.) 

This command bit controls the state of the 
REQUEST-TO-SEND (RQ2S) control line to the modem. 
In a two-wire configuraticn, it also controls the 
state of the Transmit and Receive mode of the line. 

In two-wire ccnfiguraticns, a command with this bit 
set switches the line into Write mode and forces the 
RQ2S control line active. Interrupts are disarmed 
fr.om the receive logic and only the Transmit line 
status is returned. A command with this bit reset, 
switches the line into the Read mode and forces the 
RQ2S control line inactive. Interrupts are disarmed 
from the Transmit logic and only the Receive line 
status is returned. A subsequent write data to the 
line in the Read mode sets the programmable SYNC 
match character register. 

In four-wire configurations, a command to the 
transmit line with this bit set forces the RQ2S. 
The program mu~t, therefore, leave RQ2S active for 
at least two character periods after the last useful 
character is out~ut to ensure that it has been 
transmitted. One method is to write two or more pad 
characters (e.g., X'FF') after the data in non-ZBID 
mode. 

These two bits central the number of data bits (does 
not include parity per character for non-ZBID mode. 
In ZBID mod0, the SSA/QSA forces eight 
bits/character regardless of these two command bits. 
Characters are right-justified in the data byte, if 
less than eight bits per character. If parity is 
specified, the number of bits transmitted per 
character is equal to this value plus one. 

Bit No. 10 

0 
0 
i 
1 

Bit No. 11 

0 
1 
J 
1 

Bits/Character 

5 bits/character 
6 bits/character 
7 bits/character 
8 bits/character 

In a four-wire configuration, these command bits are 
common to both the transmit and receive side of the 
line. The last command to either side stands for 
both sides. 
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Line Mode 
Contrcl 

These two bits control the line mode as follows: 

Fit No. 13 Bit No. 14 Line Mode 

0 0 No parity 
0 1 Zero bit 

Insertion/Detection 
1 0 Odd parity 

(inserted-checked-
deleted) 

1 1 Even Parity 
(inserted-checked-
deleted) 

NOTE 

The Data bit Select and Line Mode 
Control bits are undefined at 
initialization. The program must 
define them by an Output Command. 

4.3 Status Byte 

Table 2 displays the status bytes for both the transmit and 
received sides. 

RECEIVE 

TRANSMIT 

ov 

6 

TABLE 2 SSA/QSA STATUS BYTES 

8 9 10 11 12 13 14 15 

PARITY 
ERROR/ SPECIAi RING BUSY EXAMINE CARRIER 

ov TERM. OFF 

ov ex: BUSY EXAMINE CL2S DSR 

Overflow. This bit is set if the SSA/QSA is not 
serviced at its data rate (within 1/2 of a character 
time). 

Data was not read from the SSA/QSA before another was 
assembled in the Receive mode. In this case, a data 
byte was over written in the SSA/QSA. 

Cata was not supplied to the SSA/QSA in time, durinJ 
transmission, and the previous character was 
re-transmitted in the non-ZBID mode. For the ZBID 
mode, the flag is set upon an overflow condition. 

This bit, once set, remains 
command to the line with bit-15 
Initialization. 

set until reset hy a 
set or by system 
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Parity 

Special 

Ring 

Busy 

Examine 

Carrier 

CL2S 

DSR 

Parity Error/Termination. During non-ZBID mode 
operation, this bit indicates that a parity error has 
been detected on the incoming character. During ZBID 
mode operation, this bit indicates that the hardware 
control logic has detected a flag or an abort 
condition. 

This bit is reset by any command to the Receive line 
with bit 15 set. In non-ZBID mode, the next incoming 
data character with good parity resets this status 
bit. 

This bit is set when the special status function from 
the modem is active. This bit is always reset if no 
~pecial function is wired in the associated LCM. See 
the LCM Inst~llation Specification 02-380A20. 

This bit is set when the RING control line from the 
data set is ON. 

This bit is set in the Status Byte when the line is 
not ready to present a data byte to the processor 
(Receive) or to accept a data byte from the processor 
(Transmit). It is also set by the following 
conditions: 

Receive Busy: 

The Carrier-ON (CO) line from the modem is at 
the OFF level. 

- The receive data buffer has not been loaded from 
the character assemble register since the 
provious 'Data Request'. 

Transmit Busy: 

The CLEAR-TO-SEND (CL2S) line from the modem is 
at the OFF level. 

- A 'Write Data' is issued from the processor. 

This bit i .s reset when the Reeei v-e Data Buffer is 
loaded or when the Transmit Data buffer is emptied. 

This bit is set when OV or Parity Error/Term status 
bi.t is set. 

This bit, when set, indicates that the CO line from 
the Data Set is OFF. 

Not Clear to Send. This bit, when set, indicates 
that the CL2S line from the modem is OFF. 

tata Set Not Ready. This bit, when set, indicates 
that the Ready (RDY) line from the modem is OFF. 
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5. SYNCHRONIZATION 

Refer to Figures A1-4, A1-5, and A1-6 in Appendix A. 

In the non-ZBID mode, the Receive line is synchronized with the 
incoming data upon reception of two consecutive SYNC charact~rs. 
Ensuing leading Sync characters are discarded if the automatic 
SYNC delete option is installed; otherwise all data following 
synchronization i~ loaded intc the buffer and presented to the 
proce~sor. A Write Data to the Receive side of a four-wire line, 
or a Write Data to a two-wire line in Receive mode, sets the SYNC 
Match Character register. ~hen the adapter is initialized, the 
contents of the SYNC Match Character register is undefined and 
must te set by the program. 

In ZBID mode, the Receive line is synchronized with incoming iata 
upon detection of a single flag character of X'7E', fixed by 
hardware. It remains in as 'flag received' state with no data 
presented to the processor, if the ensuing characters are flags. 
If an abort character, any character of 6 or more contiguous 1 
bits, not equal to a flag (X'7E'), without inserted zero bits, 
(i.e., X'3F', X'FC', C'7F', X'FE', or X'FF') is detected 
following a flag, the line is put back into SYNC Search mode 
ready to establish synchronization, upon the reception of another 
flag (X'7E'). If a data character (neither flag nor abort) is 
detected immediately following the detection of a flag character, 
the line gees into the data mode, and data is presented to the 
proce~sor. Cnce in the data mode, a flag or an abort charactar 
terminates the data frame and sets the Parity Error/Term status 
bit. If automatic resynchronization is installed, a termina~ion 

flag character puts the line back to the 'flag received' state, 
ready to go into the Data mode on the next data byte; otherwise, 
the line goes into the SYNC Search mode, to be resynchronized by 
another flag. 

The SYNC characters must be supplied as data to the transmit line 
in non-ZBID mode. After a data transmission is terminated by OV, 
the transmit line continues tc send the last contents of the 
contiguous flag characters. 

In ZEID mode, the transmit logic precedes the first data byte of 
a frarrie with a flag character, and after a frame transmission is 
terminated by OV, the transmit line sends multiple contiguous 
flag characters. 

6. INPUT/OUTPUT 

To set up a Read operation, the SYNC Match character register 
should be set as described in the "Synchronization" section. An 
Output Command with SYNSCH and DTR should be issued to the 
Receive line (RQ2S must be reset). At the next change of status 
(or interrupt) after carrier is ON, a zero status indicates that 
a character is available. A Read Data must be issued before the 
end of the character time. 

8 29-473 R03 10/79 



To set up a write operation with a non-ZBID transmit line, an 
output command with RQ2S, DTR, and Reset Data Mode should be 
issued. (Reset Data Mode ensures that the line is at a constant 
MARK state.) At the next change of status (or interrupt) after 
r.12s goes active, a zero status indicates that the adapter is 
ready to accept a character. A Write Data initiating the data 
transfer may be issued at aux time after an all~zero status 
occurs. After CL2S goes active, the transmit SSA/QSA generates 
an interrupt, if enabled, once every character period, regardless 
of whether or not a data transfer is in progress. OV will not 
set until a data transfer is initiated and the OV condition is 
detected. If RQ2S is reset, the communication link is lost. 

A write operation using a ZEID transmit line requires a slightly 
different procedure. Refer to the section entitled "Zero-Bit 
Insertion/Deletion" for details. 

NOTE 

All commands to a two-wire line which 
cause a line turn around (Write to Read 
or Read to Write) must disarm 
interrui:ts. 

If the Auto SYNC Delete option is installed, a leading character 
with parity error (after synchronization is complete) is not 
deletEd. Instead, the Receive line goes into the Data mode and 
the first character read is the SYNC character in error, with the 
"parity error" status bit set. 

High Speed Data Transfer 

In order to support high speed data sets, the SSA/QSA must be 
confi~ured under a Selector Channel and operated in the two-wire 
mode. Data transfers must be in fixed block lengths. However, 
in ZFID operation, the SSA/QSA is able to receive variable data 
block~ becau~e the ZBID termination flag status terminates the 
SELCH. 

Since the SELCH is stop~ed by the 
automatic resynchronization option is 
configuration. 

Local Loopback 

termination status, the 
not available in this 

The Lccal Loopback feature ~rovides on-line testing ability. 
When the Local Loopback ccmmand is issued, all data and control 
line Eignals to the modern go to the inactive state, and the 
receive logic gets data and control line signals from another 
transroit line (another line). The Local Loopback command is 
separate for each line, but the receive/transmit address Pairs 
are riot changeable. The JSA Local Loopback sources and 
destinations are specified in Figure 1. The control line 
looptack for SSA and QSA are shown in Figure 2. 
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For Lccal Loopback Baud rates refer to "Transmission Rates". 

CSA TRANSMIT LINE IS LOOPED INTO QSA RECEIVED LINE 

(X'Bt') 2 -----------------0 (X'B8') 

( x I BF I ) 3 __________________ ____... 1 ( x I BA I ) 

( x. B 9 I ) 0 ------------------- 2 ( x I BC I ) 

CX'BB') 1 ------------ _____ ____,_ 3 ( X' BE' ) 

Figure 1 QSA Local Loopback Configuration 

RQ2S CL2S (of the transmit 
side; Carrier-ON (of 
the Receiver side) 

DTR DSR 

X Special R Special, Ring 

Figure 2 SSA/QSA Control Line Loopback 

7. PROGRAMMING SEQUENCE 

Refer to Appendix A. 

7.1 Originating and Receiving a Call 

To manually originate a call, the operator depresses the TALK key 
and dials the desired number. When the call is answered, a 
carrier tone is heard and the operator should depress the Data 
key tc complete the connection. The operator may now replace the 
hand-set and depress the AUTO key to return to automatic-receive, 
following this call. The 801 Auto Call Unit can be used to 
establish a call without manual attendance. Refer to the 801 
Automatic Call Unit Interface Operations and Programming Manual, 
Publication Number 29-114. 

To receive a call, the AUTO key on the auxillary hand set must be 
depreEsed. If not, manual answering is required. RING then 
interrupts the processor, and carrier comes ON. 
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7.2 Program Initialization 

When initializing a call, the program commands the adapter with 
DTR, RQ2S, and XMIT-NO-OP. Clear-to-Send (CL2S) is set after a 
certain delay depending upon the modem used. Data transmission 
can begin after CL2S is active (CL2S ~> 0). 

When receiving a call, the SSA/QS~ interrupts should be enabled 
and the processor is interrupted by RING (dial-up line only). 
The program can then switch a two-wire line into receive mode and 
expect synchronization upon reception of SYNC/flag characters. 

7.3 Non-ZBir tata Processing 

Once a call is established, a character should be transferred, 
whenever the Busy status bit is reset (an interrupt is generated 
at this transition). If the program does not perform a data 
transfer within a character ~eriod, the Overflow status bit (OV) 
is set and a character is lost (Receive), or the last character 
is retransmitted (Transmit). 

To transmit data, RQ2S should be set, and after CL2S resets, data 
should be sent when Busy changes from set to reset. The message 
must te preceeded by at least two SYNC characters (to ensure 
synchronization, three to six SYNC characters are usually sent). 

To rEceive data, the SYNC Match Character register must be 
programmed to the desired SYNC character by a Write Data to the 
receive side. The line ~hould be set in SYNSCH mode, and 
synchronization is established when two consecutive SYNC 
characters are matched. The program should stop the message of 
any lEading SYNC characters, if the automatic SYNC delete option 
is not installed. 

1. On a two-wire line, there is no delay to allow for all 
the characters to be sent when the line is switched from 
Write to Read (RQ2S 1 -> 0). In ZBID mode (see the 
"Zero bit Insertion/Deletion" section), the program 
should wait at least two character periods (two 
interrupts) after OV is set before switching the line. 
In non-ZBID mode, the program should wait at least two 
character times (two interrupts) after the last useful 
character. 

2. For maximum throughput, for example, when the SSA/QSA is 
configured under a Selector Channel, all unused lines 
should be set to their Idle state uy reseting DTR. 
should not stay active any longer than necessary. 
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=· On a two-wire lin~, any command which causes a 
Read/Write or a Write/Read trnsition must have 
interrupts disarmed. Commands which cause a Write/Read 
transition must specify SYNSCH, for example in a Write 
followed by a Read sequence, terminate the Write with 
Disarm (e.g., X'DB' command), and start the Read with 
Disarm and SYNC SEARCH (e.g., X'D9' command). Following 
this sequence, a Read Enable may be issued. A similar 
sequence must be issued to terminate a Read and begin a 
Write regardless of any time lapse between line 
turnaround. 

WARNING 

FAILURE TO OBEY THE ABOVE RULES MAY 
LEAD TO INTERMITTENT SYSTEM LEVEL 
FAILURES, WHICH MAY NOT EASILY BE 
TRACEABLE TO THE SSA OR QSA. 

Zero Eit Insertion/Deletion (ZBID) 

An optional SSA/QSA feature is available to operate with zero bit 
insertion/deletion as required by SDLC, HDLC, and ADCCP 
protocols. 

To initialize transmission in the ZBID mode, a Write Data 
specifying the initial line bit pattern (normally Flags, X'7E') 
must be issued, followed by a command with RQ2S, DTR, and Reset 
Data Mode set. As soon as CL2S goes active, the adapter 
transmits continuously the contents of the transmit holding data 
register (previously set up by the preceding Write Data) until 
the first Write Data is issued. The adapter then preceeds the 
first data byte with one flag character (X'7E'). If data is not 
supplied to the adapter within one character time after the 
previcus charactPr was written, the adapter terminates the data 
frame with continuous Flag characters and sets the OV status. 
The line resumes data transmission at the first Write Data after 
a conmand ~ith Bit 15 set. Thus, several frames may be 
transmitted in a contiguous sequence (with the SSA/QSA generating 
interframe flag characters) by allowing av to set after the first 
frame is sent, then issuing a co~mand with RQ2S and DTR set and 
with Reset Data Mode not set, and then initiating the following 
frame with a Write Data. 

In certain instances, the Transmit line must generate either a 
"frame abort" or "idle line" sequence. This is accomplished by 
issuing a Write Data of X'FF' to the adapter, immediately 
follo~ed by a command with Reset Data ~ode set along with RQ2S 
and DTR. In the case of "frame abort", the character must be 
follo~ed by contiguous flags, accomplished by issuing a Write 
Data cf X'7E' (flag) after the next busy 1 -> 0 transition, and 
then immediately followed by another command with Reset Data Mode 
set along with RQ2S and DTR. 

12 29-473 R03 10/79 



The ZEID Mode transmit line shutdown procedure is as follows: 

1. After transmission of the last data frame is complete, 
OV should be allowed to set, thereby ending the frame 
with a Flag character. 

2. As soon as OV status is set, issue a Write ~ata 

specifying the initial line Pattern (normally Flags, 
X'7E') followed by a command with RQ2S, DTR, and Reset 
Data Mode set. 

3. Following the next Busy 1 -> O transition, the line may 
be shutdown by issuing a command with interrupts 
disarmed and RQ2S reset. 

This allows time for the ending FLAG character to be 
transmitted before shutdown occurs. 

To receive, the read logic must be placed in the SYNSCH m~de. 

The SSA/QSA strips off the leading flag characters and interrupts 
(BSY 1 -> 0) the processor when data is assembled. Data transfer 
terminates upon detection of a flag character or abort character. 
The End flag or abort character is returned in the receive buffer 
so that the program can determine the condition of termination by 
reading it. The End flag is X'7E' and the abort characters are 
any ccmbination of six or mere contiguous one bits, not equal to 
a flag. For example, X'3F', X'FC', X'7F', X'FE', or X'FF' is 
acceptable. If the Automatic Resynchronization** is installed, 
the fnd/~bort flag is only available to the processor for one 
character period, after which time the Parity Error/Term status 
bit resets. If the End flag was detected, the line waits for 
data, or if an abort character was detected, the line goes into 
SYNSCH for flags. If ABORT characters appear in the interframe 
time fill (normally Flags), the SSA/QSA interrupts with the 
parity Error/Term status bit reset. Without automatic reSYNC, 
the line terminates further data transfers with the End/Abort 
flag in the buffer. It must be restarted with a SYNSCH command. 
Parity Error/Term is set upon termination but is reset by 
resynchronization. However, when an ABORT character is received 
while Automatic Resynchronization is installed, a second 
interrupt occurs one character following the initial ABORT 
character. This second character interrupt permits software to 
differentiate between an ABORT seQuence (7 to 14 contiguous one 
bits) and an IDLE LINE sequence (15 or more contiguous one bits). 
As long as ABORT characters continue being received, these 
interrupts continue at one character intervals. If, during a 
period of continuous ABORT interrupts, a FLAG is received, the 
SSA/QSA RESYNC's on this FLAG and schedules an interrupt. The 
continuous ABORT interrupts may be stop~ed by a SYNSCH comman1. 

**Automatic Resynchronization allows reception of more than one 
data frame without re-initialization of the line. 
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High Speed Cata Transfer (SELCH) 

When configured under a Selector Channel, the SSA/QSA can be 
operated with only one line active at a time. This is true if 
the line is configured in Four-wire or Two-wire mode. 

To transmit in this configuration, the SELCH should be provided 
with the starting and ending buffer address. An Output Command 
should be issued to the line with RQ2S set, wait until CL2S_.O, 
and followed by the command for SELCH GO. The SELCH interrupts 
the processor when the the data transfer is completed. 

To receive data, the SELCH should be set up with buffer 
addresses. When carrier is detected on the receive side (a 
two-wire line should be switched into the Read mode), an Output 
Command should place the line into the SYNSCH mode, followed by 
a S~LCH GO, READ command. A SELCH interrupt is received upon 
completion of the data transfer. In ZBID mode, an End or Abort 
flag also causes the SELCH interrupt. 

8. INTERRUPTS 

The following are interrupt conditions for both four-wire and 
two-wire operations when enabled by Output Command and PSW Enable 
bi ts: 

RECEIVE STATUS TRANSITION 

Busy 1 -> 0 
Carrier OFF 1 -> o,o -> 1 
Ring 0 -> 1 
DSR 0 -> 1 

TRANSMIT STATUS TRANSITION 

Busy 1 -> 0 
CL2S 0 -> 1 
Ring 0 -> 1 
DSR 0 -> 1 

9. INITIALIZATION 

The SSA/QSA is initialized by Power Fail of System 
Initialization, to the DISARM, Receive mode (Re~d) with RQ2S 
reset, Ready CDTR) reset , special reset, and Local Loopback 
reset. The status of the number of data bits code and the line 
mode control code after initialization are undefined. 

14 29-473 R03 10/79 



10. rEVICE ADDRESS 

The preferred device address range for the SSA/QSA is X'B8' 
through X'BF'. A QSA with all four lines strapped for four-wire, 
has eight consecutive device addresses, one for receive and one 
for transmit for each of the four lines. The SSA wired in the 
same configuration has two consecutive addresses. The even 
addresses are assigned to the Receive lines and the odd addresses 
to the Transmit lines. A line (without two-wire interleaving), 
stra~ted for two-wire operation, responds to the Receive line 
address, and all interrupts from a two-wire line returns ~ne 

Receive line address only. Normally, the least significant 
addre5s bit is not checked in the two-wire mode, but if the 
two-wire Address Interleaving option is installed, the least 
significant address bit is checked. This option may be used when 
the system has one or more ~airs of QSA's, each having all four 
lines strap~ed for two-wire operation. The QSA address switch 
inverts the least-significant address tit before it is checked, 
thus allowing multiple QSA's to be configured with interleaved 
device addresses. 

Table 3 gives an example of two-wire Address Interleaving. In 
this example, the system has two QSA's each with two-wire Address 
Interleaving installed. The Address switch of QSA 1 is set at 
X'B8' and that of QSA 2 is set at X'B9'. 

TABLE 3 EXAMPLES OF TWO-WIRE QSA ADDRESS INTERLEAVING 

OSA 1 Responds OSA 2 Responds Result 

88 

No match 

BA 

No match 

BC 

No match 

BE 

No match 

No match OSA 1, LineO 

B9 OSA 2, Line 0 

No match I OSA 1, Line 1 

BB OSA 2, Line 1 

No match OSA 1, Line 2 

BD QSA 2, Line 2 

No match OSA 1, Line 3 

BF QSA 2, Line 3 

NOTE 

When the SSA/QSA is on a 16-bit 
processor, Bits 6 and 7 of the device 
address field must be set to ZERO. 
Eits 0-5 are don't care bits. 
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11. SAMPLE PROGRAMS 

Sample Programs for driving the SSA/QSA in both Full and Half 
Duplex modes are shown in Appendices B and c. The examples shown 
are as follows: 

16 Bit Processor Programming Examples (~ppendix B) 

1. 2 wire - Non-ZBID 
2. 2 lines - 4 wire-Non ZBID 
3. 2 wire - ZEID 
4. 2 lines - 4 wire-ZBID 

32 Bit Processor Frogramming Examples (Appendix C) 

1. 2 wire - Non ZBID 
2. 2 lines - 4 wire-Non ZBID 
3. 2 wire - ZEID 
4. 2 lines - 4 wire-ZBID 

16 29-473 R03 10/79 



APPENDIX A 
PROGRAMMER'S GUIDE 

RECEIVE 
, DISABLE ENABLE, 

TRANSMIT 

COMMON 

RECEIVE ov 

TRANSMIT ov 

RECEIVE 

BUSY 

CARRIER-OFF 

RING 

DSR 

R RECEIVE SIDE ONLY 

29-473 R03 10/79 

DISARM LOCAL 
LOOP 
BACK 

SYN SCH 

RESET 
DATA 
MODE 

NO. OF DATA 

BITS SELECT 

READY 

(DTR) SPECIAL 
WRITE/ 

R02S 

LINE MODE 

CONTROL 

Figure A-1. Command Byte 

PRTY/ 
BUSY EXAMINE 

CARRIER 

TRMN OFF 

~ 
SPECIAL RING 

BUSY EXAMINE CL2S 

Figure A-2. Status Byte 

TRANSMIT TRANSITION 

BUSY 1 -- 0 

CL2S 1 ~ O(R), 0 ===- 1 

RING 0 - 1 

DSR 0 - 1 

Figure A-3. Interrupts 

0 

-
DSR 

A-1 



APPENDIX A (Continued) 

CALLING STATION CALLED STATION 

PLACE CALL --------•RING (DIAL-UP LINE ONLY) 
--~~~-~~~...... . 

~
1 

Ro2s~o 

DTR-~1 _______ _. ..... ,DTR=l (ANSWER CALul 
""--------..---~~__. I 

RESET D::: ~ODE 0 1 T' 
R02S-1 t---------..... CARRIER OFF 1-... o 

CL2S 1-0 

XMIT 3-6 
SYNC CHAR 

TRANSMIT 
MESSAGE 

SEND 2 PAD 
CHARACTERS 

SYNSCH--1 

STRIP OFF 
LEADING SYNC 

RECEIVE 
MESSAGE 

STRIP OFF 
TRAILING PAD 

TWICE; ONCE SPECIFYING RESET DATA MODE -
COMMAND ISSUED } 

DISARM, THEN SPECIFYING R02Sc0 -------------CARRIER OFF 0-1 

ENABLE INTERRUPTS .__~ __ s_Y_N_s_c_H_~_1 __ ~~ 

CL2S 0-1 

- _+_ -
A 2-WIRE LINE IS NOW 
IN RECEIVE MODE 

DTR=O 

DSR=O 

___ J_ __ 
OUTPUT COMMAND 
R02S WI LL TURN LINE 
INTO TRANSMIT MODE 

·l~~~--D_T_R_-_o __ ~---
DSR~O 

{ 

DONE BY THE 
HARDWARE IF THE 
AUTO SYNC DELETE 
OPTION IS 
INSTALLED. 

Figure A-4. Two-Wire Non ZBID Programming Sequence 

A-2 

NOTE 

All commands causing line turnaround are issued twice, first 

specifying Disarm, then specifying Enable Interrupts 
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APPENDIX A (Continued) 

CALLING STATION CALLED STATION 

PLACE CALL '------R!NG (0!.AL-UP LINE ONLY) 

----.-1 --- 1 
_____ D_T_R-_1 __ -..J ______ , DTR 1 !ANSWER CALLl I 

DSR=1 DSR 

------' 
RESET DATA MODE= 1 I ,---

R02S=1 

CL2S 1-+0 

XMIT 3-6 
SYNC CHAR 

TRANSMIT 

MESSAGE 

SEND 2 PAD 
CHARACTERS 

I 

t 
CARRIER OFF 

11--0 

RESET DATA MODE= 1 I 
R02S-1 

I 
- - - - _L 

CARRIER-ON 

SYNSCH=1 

STRIP OFF 
LEADING SYNC 

RECEIVE 
MESSAGE 

STRIP OFF 
TRAILING PAD 

SYNSCH ·1 

RESET DATA MODE= 1 
R02S 1 

CL2S=1 

DONE gy THE 

HARDWARE IF AUTO 
SYNC DELETE 
OPTION IS 
INSTALLED. 

--*-------
ADDITIONAL MESSAGE FRAMES TRANSMITTED IN EITHER 

DIRECTION WHILE CL2S & CARRIER ARE ACTIVE. 
-, - I - - - - - - - - - -

RESET DATA MODE~ 1~~l---+-l----------.-jl- - -
R02S=O ~ 

I 

CARRIER-OFF CARRIER-OFF 

CL2S=1 
011 

l~ _j 

_____ D_T_R_=o ____ t--~~----·l.__~_D_T_R_=_o __ ~ 

DSR=O DSR~O 

- -1- - - -

RESET DATA MODE~ 1 

R02S 0 

• CL2S 1 

- _J 

Fi9ure A-5. Four-Wire Non-ZBID Programming Sequence 
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APPENDIX A (Continued) 

CALLING STATION 

INITIALIZATION 
WO, !OLE PATTER!'J 

OC, RESET DATA MODE 

PLACE CALL 

CALLED STATION 

RING (DIAL-UP LINE ONLY) 

+ R02S-0 

DTR-1 

Dr 
--------•CARRIER OFF 1-0 

CL2S 1--0 

TRANSMIT 
MESSAGE 

SUPPRESS WD FOR 
1 CHAR. PERIOD 

T 
0Vc1 

(FLAG XMIT'D) 

WAIT FOR 2 
CHAR. PERIODS 

J 

(A FLAG 
PRECEEDS THE 
MESSAGE IN 
SEATED BY 
HARDWARE) 

OC R02S~ 1 RESTARTS ADAPTER 
FOR NEXT DATA FRAME XMIT 
OC R02S=O TURNS A 2-WIRE LINE 
INTO RECEIVE MODE. 

DSR-O 

l 
SYNSCH=1 

RECEIVE 
MESSAGE 

(ADAPTER STRIPS 
LEADING FLAG) 

TERM 1 
(FLAG RECEIVED) 

READ FLAG 

DSR-0 

AUTO RESYNCHRONIZATION 
PUTS LINE BACK INTO SYNC 
SEARCH MODE. 
OC R02S-1 TURNS A 2-WI RE 
LINE INTO RECEIVE MODE. 

Figure A-6. ZBID Programming Sequence 
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APPENDIX B 
16 BIT PROGRAMMING EXAMPLES 

START 

BLANK OUT 
THE 

DISPLAY 

SET UP THE 
INTERRUPT VECTOR 

TO ENTER AT 
"INTHDL" 

LOAD THE 
XMIT AND 

Rrv AnnRp:;c;i::c: 

SET THE 
SYNC. FLAG 
IN MEMORY 

ENABLE INT. 
ANOSTAFH 

SYNC SEARCH 
ON RCV. SIDE 

ENABLE INT. 
AND SET 
R02S ON 

XMIT SIDE 

WAI Tl 

29-473 R03 10/79 

r----
1 

I 

ENABLE EXTERNAL 
INTERRUPTS 
AND PUT THE 

CPU IN THE 
WAIT STATE 

DISPL Y 

HAL Tl 

2-Wire non-ZBID 

( 
IN I HlJL 

HALT THE CPU 

WRITE 

B-1 



B-2 

WRITE 

GET THE 

SYNC. FLAG 

FROM MEMORY 

THE DATA 

BYTE 

WAIT 1 

APPENDIX B (Continued) 

DISPL Y 

WRITE THE 

SYNC. 

CHARACTER 

WAIT 1 

READ 

y 

READ THE 

BYTE 

ZERO OUT 
THE SYNC 

FLAG IN MEM. 

CYT[ RE/\D 
TO THE 

DISPLAY 

2-Wire non-ZBID 

WAIT 1 

DISPL Y 
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APPENDIX B (Continued) 

( START ) 
I 
l 

IDLE 
ALL 

DEVICES 

BLANK 
THE 

DISPLAY 

I 

SET UP THE 
INTERRUPT VECTOR 

TO ENTER AT 
"INTHDL" 

CLEAR THE 
iNDEX FUR 

THE INTERNAL 
VECTOR TABLE 

STORE THE 
READ 1 ROUTINE 

ADDRESS IN 
THE VECTOR TABLE 

GET A RCV. 
,11,DDRESS FROM 

THE DEVICE 
ADD. TABLE 

29-473 R03 10/79 

GIVE HIE 
COMMON 

COMMAND 

THE: ROUTINE: 
AS::iUMb lriAl 

THE DEVICE ADD 

MiRAi\lul::u VVI i H 

RCV XMIT 
ADDRESS PAIRS 

WAIT 1 

2 Lines 4-Wire 11011-ZBID 

N 

(.) 
I 

I 
I 

ADD 2 TO 
THE INDEX 

STORE THE 
WRITE 1 ROUTINE 

ADDRESS IN 
THE VECTOR TABLE 

GET A XMIT 
ADDRESS FROM 

THE DEVICE 
ADD. TABLE 

GIVE THE 

10 f rit X.lvil T 

ADDRESS 

ADD 2 TO 
THE INDEX 

ENABLE EXTERNAL 
INTERRUPTS AND 

PUT THE CPU 
IN THE: WAIT 

STATE 

B-3 
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APPENDIX B (Continued) 

INTHDL 

ACKNOWLEDGE 

THE 
INTERRUPT 

ZERO THE 

INDEX 

COMPARE THE 
iNTERHUPTING 

DEVICE ADDRESS 
TO THE 

DEVADR TABLE 

ADD 2 
TO THE 

INDEX 

HALT 
THE CPU 

GETRTIN 

DSPLAY 

DSPLAY 

HALT 1 

2 Lim·-; 4-Wire non-ZBID 

GETRTIN 

GET THE 

VECTOR ASSOC­
IATED WITH 

THE ADDRESS 

TRANSFER 

TO THE 
VECTOR 

ADDRESS 

READ 1 

y 

CHANGE THE 
VECTOR IN THE 

TABLE TO BRANCH 
TO READ 2 

WAIT 1 
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AFPENDIX B (Continued) 

/ "' ~ c READ 2 ) \;) 
1 

I I 
N f ""\ 

DSPLAY 
I WRITE A I 

SYNC 

CHARACTER 

y 

READ THE 
WAIT 1 

DATA 

BYTE 

WRITE 2 

CHANGE THE 

WRITE VECTOR 

TO WRITE 2 

SO NO MORE 

SYNC. CHAR DSPLA Y 
WILL BE SENT 

y 

WAIT 1 

WAIT 1 

HALT 1 

WRITE 1 

USPLAY ) 

4-Wire non-ZBI D 
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AFPENDIX B (Continued) 

START 

IDLE 
THE 

DEVICES 

BLANK 
THE 

DISPLAY 

SET THE 
INTERRUPT 
VECTOR TO 
ENTER AT 
INTHDL 

GIVE THE 
COMMON 

ENABLE CPU 
INTERRUPTS 
AND SET THE 

WAIT 
STATE 

INTHDL 

N 

WRITE THE 
DEVICE ADDRESS 
AND ST A TUS TO 

THE DISPLAY 

IDLE 
THE 

DEVICES 

HALT THE CPU 

2-Wire ZBIU 

WRITE 

READ 
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APPENDIX B (Continued) 

G30 
l 

N(4JO!~ 
-----c DAT~';-' > 

"" / y 

y 

WRITE A 

BYTE OF 

DATA 

8UMP THt. 

COUNTER 

COMPLEMENT 
THE DAT/\ 

FLAG 

GIVE XMIT 

DEVICE A 

COMMAND 

R02S 

29-473 R03 10/79 

( WA.IT 1 

c 
DSPLAY 

1/',/AIT 1 

/ 
DSPLAY 

WAIT 1 

WAIT 1 

2-Wire ZBID 

WAIT 2 ) 

READ 

DiSPLi\Y 
IT ON THE 

DISPLAY 

HALT 1 

B-7 



B-8 

APPENDIX B (Continued) 

( STARl ) 

IDLE 

ALL 

DEVICES 

BLAl\JK 
OUT THE 

DISPLAY 

SET UP THE 

INTERRUPT 

VECTOR TO 

ENTER AT 

"INTHDL" 

CLEAR THE 

INDEX 

REGISTER 

STORE THE 
READ1 ROUTINE 

ADDRESS IN THE 
VECTOR TABLE 

GET A RCV 

ADDRESS FROM 

THE DEVICE 

ADD TABLE 

---

THIS ROUTINE 

ASSUMES THAT 

THE DEVICE 

ADDRESS TABLE 

IS ARRANGED 
VVITH RCV X~.~IT 

ADDRESS PAlllS 

2 Line~ 4-Wire ZBID 

N 

~ 
ADD 2 

fO THE 

INDEX 

STORE THE 

WRITE 1 ROUTINE 

ADDRESS IN 

THE VECTOR 

TABLE 

CLEAR THE 

FLAG AND 

INTERRUPT 

COUNl iN THE 
CONTROL lABLE 

Gf::T A XMIT 
ADDRFSS FROM 

THE DEVICE 

ADD RESS TAB LE 

ADD 2 TO 

THE INDEX 

\iVAITl 

ENABLE EXTERNAL 

INTERRUPTS 

AND PUT THE 

CPU IN THE 

WAIT STATE 
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APPENDIX B (Continued) 

( lt\ITHDL ) 

ACKNOWLEDGE I 
I ···-~T~:. ·~- I 

/ ll\ltc:nnur1 / 

Cl EAR THE 

INDEX 

REGISTER 

COMPARE THE 
INTERRUPTING 

llEVICE Al1llRFSS 

fU THE OEVADf; 

TABLE 

ADD 2 TO 

THE INDEX 

DSPLAY 

WRITE THE 
INTERRUPTING 

DEVICE ADD 

AND STATUS 

TO THE 

DISPLAY PANEL 

HALT THE 

CPU 

29-473 R03 10/79 

2 Lines 4-Wire ZBI D 

( GETRTIN ) 

r':::t:T TUC 

VECT;~· ;~;RESS I 
I FOR THE I 
I iNDEX VALUE I 

TRM\JSFER TO 
THE VECTOR 

ADDRESS 

WRITE 

y 

WRITE THE 

DATA 

BYTE 

GET THE 

INTERRUPT 

COUNT 

ADD 1 

TO THE 

COUNT 

E 

OSPLAY 

B-9 



B-10 

STORE THE 
INTERRUPT 

COUNT 

WAIT 1 

STORE ZERO 

IN THE 

INTERRUPT 

COUNT 

COMPLEMENT 

THE WRITE 

DATA FLAG 

OUTPUT 
COMMAND 

R02S TO 
XMIT SIDE 

GET THE RCV 

DEVICE ADDRESS 
THAT IS PAIRED 

WITH THIS 

XMIT LINE 

y 

APPENDIX B (Continued) 

WAIT 1 

I 
TO THE 

RCV LINE 

SYNSCH 

~ 
READ 

READ TH~ 

DATA 
f3YTE 

DISPLAY 

THE 

DATA 

H/\L T 1 

2 Lines 4-Wire ZBID 

WAIT 1 

IJSPLAY 

WAIT 1 
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QSA - 2-WIRE PROGRAMMING EXAMPLE - 16 BIT PROCESSOR 

PROG: *NONE:• ASSEMBLED AY CAL 03-066R05-00 

1 
2 
3 
4 

(32-RITl 

SCRAT 
CROSS 
WIDTH 120 
TARGT 16 

PAGE 1 12:53:08 07/19/78 
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tzl 
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QS~ - 2-wI~E PROGRAMMING EXAMPLE • 16 BIT PROCESSOR PAGE 2 12:53:08 07/19/78 

NO''J Z8 ID 

OOOOR 
01"04R 
O'l08R 
ooocR 
on10R 
OOl?R 
on14R 
Of'Jl8R 
OOlAR 
Or"lCR 
OOlER 
0020R 
0024R 
Oo28R 
'lr2CR 
nn3oR 
OC'34R 
0038R 
003CR 
0C40R 
On44R 

0048R 
004CR 
0050R 
0054R 

0000 0001 
0000 0002 
0000 0003 
0000 0004 
0000 0005 
0000 0006 
0000 0008 
4830 OOCER 
DE30 OOD6R 
4840 OODOR 
0f40 0006R 
2411 
on2 
DrlO OU02R 
9A12 
9A12 
9A12 
9Al2 
ono ooD3R 
4020 0040 
4020 0042 
4020 0044 
CA20 Ofl58R 
4020 0046 
ce?n ooFF 
4020 OOCCR 
Df30 0007R 
Of40 noo7R 

DE30 0004R 
DA30 0008R 
DE40 OOD5R 
C;.>00 OOC4R 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

* 
* *************************************************************** * THIS PROGRAM ILLUSTRATES A DATA TRANSFER BETWEEN TWO LINES ON * 
* THE QSA UNDER LOCAL LOOPBACK. 
* A DATA BYTE IS TRANSMITTED CONTINUOUSLY• ANO RECEIVED ANO * 
* COMPARED ON THE RECEIVE ENO. THE BYTE IS DISPLAYED ON THE * 
* DISPLAY PANEL. IF A STATUS OR DEVICE NUMBER ERROR IS DETECTED * 
* THE PROCESSOR HALTS WITH THE DEVICE NUMBER AND THE STATUS * 
* DISPLAYED ON THE PANEL. IF THE ERROR OCCURS ON THE DATA, ONLY * 
* THE DATA IS DISPLAYED. PROGRAM IS EXECUTED UNDER INTERRUPT. * 
* **********•**************************************************** 
* * DISP 
WORK 
RDEV 
XDEV 
IDEV 
ISTA 
BUSY 

* * NOTE 
* 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
LH 
oc 
LH 
oc 
LIS 
XHR 
oc 
WDR 
WOR 
WDR 
WOP 
oc 
STH 
STH 
STH 
LHI 
STH 
LHI 
STH 
oc 
oc 

1 
? 

3 
4 
5 
6 
A 
ROEV,RAOR 
ROEV, IDLE 
XOEV,XADR 
XOEV, IDLE 
OISP,1 
WORK.WORK 
OISP,INCR 
OISP,WORK 
OISP,WORK 
OISP,INORK 
OISP,WORK 
DISP,NORM 
WORK,X'40' 
WORK,X'42' 
WORK,X'44' 
WORK,INTHOL 
WORK,X'46' 
WORK,X'FF' 
WORK,SYNFLG 
ROEV,COMMON 
XDEV,cOMMON 

DISPLAY ADDRESS REGISTER 
WORK REGISTER 
RECV DEVICE ADDRESS REG. 
XMIT DEVICE ADDRESS REG. 
INTERRUPTED nEVICE ADDRESS REG. 
INTERRUPTED DEVICE STATUS REG. 
BUSY STATUS 
GET RECV DEVICE ADDRESS 
IDLE BOTH DEVICES AND CLEAR 
GET XMIT DEVICE ADDRESS 
ANY QUEUED INTERRUPTS 
DISPLAY PANEL ADDRESS 

SET DISPLAY TO INCREMENT MODE 
CLEAR DISPLAY 

SET DISPLAY BACK TO NORMAL MODE 
SET UP LOW CORE 

SET UP INTERRUPT HANDLER ADDRESS 

SET SYNC FLAG 

SET LI NE MODE 

* IF THE NEXT TWO OUTPUT COMMANDS ARE BEING ISSUED TO 
* TURN A 2•WIRE LINE AROUND CFROM ~RITE TO READ OR READ TO 
* WRITE> THE COMMANDS MUST BE ISSUED TWICE. FIRST WITH 
* INTERRUPTS DISARMED• AND THEN RE-ISSUED WITH THE DESIRED 
* INTERRUPT CONDITION, UNLESS THE DISARM CONDITION IS DESIRED. 

* 

WAITl 

oc 
WO 
oc 
LPSW 

RDEV,ENBSCH 
RDEV,SYNC 
XOEV,ENBRQS 
WAIT 

RECV ENABLE, SYNCSH 
SET SYNC MATCH REGISTER 
XMIT ENABLE, RQ2S 

>' 
I'd 
I'd 
l:"%j 

::z: 
t::1 
H 
>< 
ttl 

n 
0 
0 
r+ ..... 
0 
c: 
(() 

0. 



QSA - 2-WIRE PROGRAMMING EXAMPLE - 16 BIT PROCESSOR PAGE 3 12:53:08 07/19178 

NOl\J ZBID 
IV 
\0 59 * I Ol'l58R 9F56 60 INTHDL AIR IOEV,IS.TA ACKNOWLEDGE INTERRUPT 
~ 
.....J 005AR 0554 61 CLHR IOEV ,XOEV WRITE? 
laJ 005CR 4330 0'07AR 62 BE WRITE YES - GO TO WRITE ROUTINE 
~ 0060R 0553 63 CLHR IOEV ,ROEV READ? 
0 0062R 4330 on98R 61+ BE READ YES • GO TO READ ROUTINE 
Lu 0066R DflO OOD2R 65 OISPLY oc DISP,INcq NEITHER -
~ no6AR 9A16 66 WDR DISP,ISTA DISPLAY STATUS 
0 006CR 9Al5 67 WOR oISP,IDEV DISPLAY DEVICE ADDRESS 

' 006ER DF:30 0006R 68 HALT1 oc RDEV .IDLE IDLE LINES 
.....J 0072R DE40 0006R 69 oc XOEV .IDLE \0 

0076R C200 OOC8R 70 LPSW HALT HALT PROCESSOR 
71 * 007AR 0866 72 WRITE LHR ISTA,ISTA WRITE ROUTINE 

oo7CR 4230 0066R 73 BN7- OISPLY EXIT IF STATUS NOT ZERO > 01)80R 4B20 OOCCR 74 LH WORK,SYNFLG SYNC FLAG SET? "t:1 
Qn84R 4330 OCl90R 75 BZ WRTDAT NO .. SEND DATA "t:1 

0088R 0A40 OOD8R 76 wn XDEV,SYNC YES - SEND SYNC l:zj 

On8CR 4~00 0054R 77 B WAITl 
z 
0 

OC'90R 0A40 OOD9R 78 WRTDAT WO XDEV, DA TA SEN(, DATA BYTE H 

OC94R 4~00 0054R 79 B WAITl >< 
80 * ta 

0098R C560 0008 81 READ CLHI ISTA,BUSY READ ROUTINE 
Q'19CR 4330 OC54R 82 BE WAIT1 WAIT IF CARRIER INTERRUPT -
OOAOR 0866 83 LHR ISTA,ISTA 

n 
0 

Qnf\2R 4230 OC66R 84 BNZ nISPLY EXIT IF STATUS NOT ZERO 0 

OOA6R 9R~2 85 ROR RriEV,WORK READ DATA r+ 

ooABR '+Of..O OOCCR 86 STH rsTA,SYNFLG RESET SYNC FLAG 
...... 
:::3 

OOACR 9Al2 87 WOR nISP,WORK DISPLAY OATA READ c 
on A ER 0420 OOD9R 88 CLB WORK,OATA IS IT DATA SENT? m 
OOR2R 4330 OQ54R 89 BE WAITl 

p. 

OOB6R 0420 0008R 90 CLA WORK,SYNC NO • IS IT SYNC? 
OOAAR '+230 006ER 91 B"JE HAL Tl NO .. HALT 
O!iAER 4300 0054R 92 B WAITl 

93 * 0!1C4R 9'+ ALIGN 4 
OC!C4R cooo 95 WAIT DC x•cooo•.A<WAITl> 
OOC6R 005'+R 
ooceR 8000 96 HALT DC x•8ooo• ,t\<HALT1> 
OOCAR OOf.ER 
Of'CCR 0000 97 SYNFLG DC 0 
oocER OOA8 98 RADR DC x•se• RECV LINE ADDRESS 
onooR OORC 99 XAOR DC x•sc• XMIT LINE ADDRESS 
OOD2R 40 100 INCR DB x ... o. INCREMENT 
OOD3R an 101 NORM OB x•80• NORMAL 

ta OOD .. R 79 102 ENBSCH DB x•79• ENA~LE• LOCALt SYNSCH 
I 0005R 7R 103 ENBRQS DB X1 7B• ENA8LE,L0CALtRESET DATA ~OOE,RQ2S 
~ 

Lu 0006R Fl 104 IDLE OB x•F1• DISARM• IDLE 
OOD7R 30 105 COMMON DB x•30• 8 BITS/CHAR, NO PARITY 
0008R 16 106 SYNC DB x•16• SYNC CHARACTER 
0009R 55 107 DATA DB x•ss• DATA CHARACTER 
OODAF 108 END 
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NON ZAID 

ASSEMBLED RY CAL 03•066R05-00 C32•BIT> 

START OPTIONS: •NONE• 

NO CAL ERRORS . 
NO CAL WARNINGS 

2 PASSES 

AB STOP 0000 0000 
AnC 0000 0002 
BL'SY 0000 0008 24• 81 

~ 

COMMON 0000 OOD7R 44 45 105• 
""O 
""O 

DATA 0000 0009R 78 88 107• tr:J 
DISP 0000 0001 18• 29 31 32 33 34 35 36 6!5 66 67 87 :z: 
DISPLY 0000 0066R 65• 73 84 0 
fNBRQS 0000 001l5R 57 103• H 

H·BSCH 0000 OOD4R 55 102• :>< 

HALT ooon ooc8R 70 96• 
HALTl 0000 006ER 68• 91 96 

tJ:I 

IOEV 0000 0005 22• 60 61 63 67 -InLE 0000 0006R 26 28 68 69 10'+• () 

IMP TOP 0000 OOOAR 0 
INCR 0000 0002R 31 65 100• ::I 

IJ\JTHDL 0000 0058R 40 60• r1" 

ISTA 0000 0006 23• 60 66 72 72 81 83 83 86 ~· 

LADC 0000 0001 
::I 

NORM 0000 00D3R 36 101* 
c: 
m 

PURETOP 0000 OOOOR p. 
RADR 0000 OOCER 25 98• 
RDEV 0000 0003 20• 25 26 44 55 56 63 68 85 
READ 0000 0098R 64 81* 
SYNC 0000 oon8R 56 76 90 106• 
SYNFLG 0000 OOCCR 43 74 86 97* 
WAIT 0000 00C4R 58 95• 

IV WU Tl nooo OO!i'+R 58• 77 79 82 89 92 9!5 
\0 WORK 0000 0002 19• 30 30 32 33 34 35 37 38 39 40 41 42 

I 43 7'+ 85 87 88 90 
t WRITE 0000 007AR 62 72• 
....J WRTOAT 0000 0090R 75 78• 
w XADR 0000 OOCJOR 27 99• 

~ 
XOEV 0000 0004 21• 27 28 45 57 61 69 76 78 

0 
w -0 

' .....J 
l.O 
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PSA - 4-WIRE PROGRAMMING EXAMPLE • 16 BIT PROCESSOR 

PPOG: itNONE• ASS~MBLED BY CAL 03·066R05-00 

1 
2 
3 
4 

cs2-A IT> 

SC RAT 
CROSS 
WIDTH 120 
TARGT 16 
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> 
"'d 
"'d 
tzj 

2: 
t::t 
H 
>< 

°' -() 
0 
=' 
rt' 
~· 
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2 LINES • NON ZBIO 

OOOOR 
0002R 
0006R 
OOOAR 
OOOCR 
on10R 

0012R 
0014R 
0016R 
OOlAR 
OOlCR 
OOlER 
0020R 
0022R 
0026R 
002AR 
002ER 
0032R 
0036R 
0':13AR 
003CR 
0040R 
on44R 
0048R 
004CR 
0050R 
0054R 
0056R 
005AR 
OOSER 
0062R 

0000 0001 
0000 0002 
0000 0003 
0000 0004 
0000 0005 
0000 0006 
0000 0009 
0000 0008 
0755 
4825 OOFCR 
0E20 OllOR 
2652 
C5~0 0008 
2037 

2411 
0722 
OE10 OlOOR 
9A12 
9A12 
9A12 
9A12 
DElO OlOCR 
4020 0040 
4020 0042 
4020 0044 
C820 0074R 
4020 0046 
0755 
C820 009CR 
4025 0104R 
4865 OOFCR 
DE60 0111R 
0E60 OlOER 
0A60 0112R 
2652 
C820 0006R 
4025 0104R 
'+865 OOFCR 
DE60 OlOFR 

6 
7 
8 
9 

10 
11 
12 
13 
lit 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

* * *************************************************************** * THIS SAMPLE PROGRAM ILLUSTRATES A DATA TRANSFER BETWEEN TWO * 
* '+·WIRE LINES UNDER LOCAL LOOPBACK ON 
* THE QSA. A VECTOR TABLE IS SET UP TO HANDLE INTERRRUPTS FROM * 
* FOUR DIFFERENT DEVICES THE SAME DATA BYTE IS TRANSMITTED ON * 
* BOTH LINES AND IS DISPLAYED ON THE DISPLAY PANEL. IF A DATA * 
* ERROR IS oETEcTEDt THE PROGRAM HALTS WITH THE BAD DATA * 
* DISPLAYED. IF A STATUS OR ADDRESS ERROR OCCURS, THE PROGRAM * 
* HALTS WITH THE DEVICE ADDRESS AND STATUS DISPLAYED. PROGRAM * 
* IS UNDER INTERRUPT CONTROL ANO STOPS ONLY ON AN ERROR. * 
* *************************************************************** 
* OISP 
WORK 
IDEV 
ISTA 
IOX 
R1 
WORK1 
BUSY 

SETUP 

* 

SETVET 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
XHR 
LH 
oc 
AIS 
cun 
BNES 

LIS 
XHR 
oc 
WDR 
WDR 
WDR 
WOR 
oc 
STH 
STH 
STH 
LHI 
STH 
XHR 
LHI 
STH 
LH 
oc 
oc 
WO 
AIS 
LHI 
STH 
LH 
oc 

1 
2 
3 
4 
5 
6 
9 
R 
IDX tlDX 
WORK,DEVADR(lOX) 
WORK, IDLE 
ICXt2 
IDXtVECTOR·DEVADR 
SETUP 

oISPtl 
WORKtWORK 
DISPtINCR 
OISP,WORK 
OISP,WORK 
OISP,WORK 
oISPtWORK 
OISP,NORM 
WORKtX'40' 
WORKtX'~2' 
WORKtX 1 44' 
WORKtINTHDL 
WORKtX'46' 
IOX t IOX 
WORKtREAOl 
WORKtVECTOR(IOX) 
R1 t DEVADR (IOX) 
R1tCOMMON 
RltENBSCH 
RltSYNC 
10Xt2 
WORK,WRITEl 
WORK,VECTOR<IDX) 
RltDEVADR<IOX> 
RltENBRQS 

DISPLAY ADDRESS REGISTER 
WORK REGISTER 
INTERRUPTED OEVICE ADDRESS REG. 
INTERRUPTED DEVICE STATUS REG. 
INDEX REGISTER 

BUSY STATUS 
CLEAR THE INDEX REGISTER 
GET THE FIRST DEVICE AND 
IDLE THE DEVICE 
INCPEMENT THf INDEX 
FINISHED? 
NO • CONTINUE 

YES • BLANK THE DISPLAY 
DISPLAY PANEL ADDRESS 

SET DISPLAY TO INCREMENT MOOE 
CLEAR DISPLAY 

SET DISPLAY BACK TO NORMAL MOOE 
SET UP LOW CORE 

SET UP INTERRUPT HANDLER ADDRESS 

CLEAR INDEX 
STORE READ ROUTINE ADDRESS 
INTO VECTOR TABLE 
GET RECV DEVICE ADDRESS 
SET CO~MON CONTROL 
RECV ENABLEt SYNSCH 
SET SYNC MATCH REGISTER 
INCREMENT INDEX 
STORE WRITE ROUTINE ADDRESS 
INTO VECTOR TABLE 
GET XMIT DEVICE ADDRESS 
XMIT ENABLEt RQ2S 

>ii 
I'd 
I'd 
tz:1 
:z 
t:1 
H 
>< 

tt1 -() 
0 
=' 
~ ..... 
~ 
c.: 
(l) 

Ao -



QSA - 4-WIRE PROGRAMMING EXAMPLE • 16 BIT PROCESSOR PAGE 3 12:54:!54 07/19178 
t\.) 
\() 2 LINES • NON ZBID 
I 

.t:: 0066R 2652 59 AIS IOX•2 INCRE .. ENT INDEX 

.....J 
lAJ 0068R C!550 0008 60 CLHI IOX•VECTOR•OEVAOR ENO OF TABLE ? 

006CR 4280 003CR 61 BL SETVET 
!Xj 0070R C200 OOF'+R 62 WAIT1 LPSW WAIT 
0 63 • w 0074R 9F34 64 INTHDL AIR IDEV, ISTA ACKNOWLEDGE INTERRUPT 

~ 
0076R 0755 65 XHR IOX • IDX 

0 0078R 45:55 OOFCR 66 MATCH CLH IOEV,DEVAOR(IDX> SEARCH DEVICE ADDRESS TABLE 

' 
on7CR 4330 0096R 67 BE GE TR TIN MATCH • GO TO ROUTtNE 

.....J ooeoR 2652 68 AIS rnx.2 
\() 0082R C550 0008 69 CLHI IOXeVECTOR•OEVADR END OF TABLE ? 

0086R 4280 0078R 70 BL MATCH 
008AR Dfl 0 OlODR 71 DSPLAY oc OISPeINCR ERROR • 
008ER 9A14 72 WOR nISP,ISTA DISPLAY STATUS 
0090R 9A13 73 WOR nISP,IDfV DISPLAY DEVICE ADDRESS 
0092R c200 ooFeR 7'+ HAL Tl LPSW HALT HALT 

75 • )Iii 

0096R '+825 OlO'+R 76 GETRTIN LH WORKeVECTORlIOX> GET ROUTINE ADDRESS t'd 

009AR 0302 77 BR WORK t'd 

78 • tsl 

009CR C540 0008 79 REAOl CLHI ISTA,BUSY CARRIER ON INTERRUPT ? 2: 
~ 

ooAoR '+230 008AR 80 BNE osPLAY H 
OOA'+R ce20 OOBOR 81 LHI WORK,READ2 RESET READ ROUTINE ADDRESS >< 
OQA8R '+025 0104R 82 STH WORK, VECTOR ( IDX) IN VECTOR TABLE 
onACR 4300 0070R 83 B WAITl tn 

84 • 
OOBOR 08'+4 85 REA02 LHR ISTAeISTA ZERO STATUS? -n 
OOB2R '+~30 008AR 86 BNZ DSPLAY NO • HALT 0 
OOB6R 9P32 87 RDR IOEVeWORK READ A BYTE 0 
OOB8R 9Al.2 88 WOR OISP,WORK DISPLAY IT TO PANEL ,... 
OOBAR Dt+2'5 0114R 89 CLB WORK,DATA(IOX> IS IT CATA ? .... 
OOBER '+330 0070R 90 BE WAIT1 ==' 
OOC2R 0420 0112R 91 CLB WORK,SYNC IS IT SYNC BYTE? c 
0r)C6R 4230 0092R 92 BNE HAL Tl tD 

j:l. 
OOCAR C890 OOE4R 93 LHI WORK1,WRITE2 SET THE WRITE ROUTINE ADDRESS -OOCER '+095 0106R 9'+ STH WORK1eVECTOR+2llDX) IN THE VECTOR TABLE 
OOD2R '+300 0070R 95 B WAIT1 

96 • 
OOD6R 08414 97 WRITEl LHR ISTA,ISTA ZERO STATUS? 
oooeR 423 10 008AR 98 BNZ nsPLAY NO • HALT 
OOOCR DA3 10 0112R CJ9 WO IOEVeSYNC WRITE SYNC BYTE 
OOEOR 4300 0070R 100 B WAITl 

101 • 
OOE4R 084~ 102 WRITE2 LHR ISTAelSTA ZERO STATUS? 
OOE6R 42310 008AR 103 BNZ OSPLAY NO • HALT 
OOEAR 0A35 0114R 104 WO IDEVeOATACIDX> WRITE A DATA BYTE 
OOEER 43010 0070R 105 B WAITl 
OOF4R 106 ALIGN 4 
OOF4R COOIO 107 WAIT DC x•cooo•,A<WAITl> ENABLE INTERRUPT• WAIT 
OOF6R 00110R 
OOF8R 80010 108 HALT DC x•8ooo •,A <HAL T1, DISABLE INTERRUPT, WAIT 

ttl OOFAR 0092R 
I OOFCR 0081~ 109 DEVADR DC x•es•,x•Bo•.x•ec•,x•e9' 
~ 

.....J 
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QSA • 4•WIRE PROGRAMMING EXAMPLE - 16 BIT PROCESSOR 

2 LINES - NO~ ZBID 

OOFER 
OlOOR 
0102R 
0104R 
0106R 
0108R 
OlOAP 
Ol-OCR 
0100R 
010ER 
OJOFR 
OllOR 
0111R 
OU2R 
0114R 
0114R 
OU6R 
OU8R 
011AR 
011CR 

OOBD 
OOBC 
0089 
001"0 
0000 
0000 
OQCJO 
80 
40 
79 
78 
Ft 
30 
16 

0100 
0100 
8000 
8000 

110 

111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 

VECTOR 

NORM 
INCR 
ENBSCH 
ENBRQS 
IDLE 
COMMON 
SYNC 

DATA 

DC o.o.o,o 

DB x•ao• 
DB x•&+o• 
DB x•79• 
DB x•7B• 
DB x•Fl• 
DB x•30• 
DB x•16• 
ALIGN 4 
DC x•OlOO' 
DC x•OlOO' 
DC x•aooo• 
DC x•eooo• 
ENO 

PAGE 4 12:54:54 07/19/78 

DISPLAY NORMAL MOOE 
DISPLAY INCREMENT ~OQE 
ENABLE• LOCAL, SYNSCH 
ENABLE,LOCAL,RESET DATA ~ODE,RQ2S 
DISARM, IDLE 
8 BITS/CHAR, NO PARITY 
SYNC CHARACTER 

!:J:lil 
I'd 
I'd 
tZJ 
z 
~ 
H 
>< 
tD 

-() 
0 
=' 
rt" .... 
=' c:: 
m 
p. -
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'° I 2 LINES - NON ZBID 
.i:-
....J ASSE~BLED BY CAL 03-066R05-oo C32•BIT> 
w 

~ 
START OPTIONS: *NONE* 

0 
NO CAL ERRORS w 
f\10 CAL WARNINGS 

~ 2 PASSES 
0 
........ AB STOP 0000 0000 
....J AnC 0000 0002 
'° BUSY 0000 0008 26• 79 

COP010N 0000 OlllR 51 116• 
DATA 0000 0114R 89 104 119• 
DEVA DR 0000 OOFCR 28 31 50 57 60 66 69 109• > DISP 0000 0001 19• 34 36 37 38 39 40 41 71 72 73 88 lrj 
DSPLAY 0000 008A1R 71* 80 86 98 103 t"(j 
ENBRQS 0000 OlOFiR !58 114• tzj 
ENBSCH 0000 OlOER 52 113• z 
GETRTIN 0000 00961~ 67 76• '=' 
HALT 0000 OOF'8R 74 108• H 

HAL Tl 0000 00921~ 74• 92 108 >< 
IC'EV 0000 0003 21* 64 66 73 87 99 104 txJ 
IDLE 0000 01101~ 29 115• 
IOX 0000 0005 23• 27 27 28 30 31 47 47 49 50 54 56 57 -59 60 65 65 66 68 69 76 82 89 94 104 n 
IMP TOP 0000 OUCH 0 
!NCR 0000 OlODF! 36 71 1.12• =' 
INTHDL 0000 0074Ft 45 64• rt 

ISTA 0000 0004 22• 64 72 79 85 85 IJ7 97 102 102 
,_,. 
=' LADC 0000 0001 c: 

MATCH 0000 0078f;t 66• 70 CD 
NORM 0000 OlOCf;: 41 111* p. 
PURETOP 0000 OOOOR: -Rl 0000 0006 24• 50 51 52 53 57 58 
READl 0000 009CR. 48 79• 
READ2 0000 OOBOR 81 85• 
SETUP 0000 0002R 28• 32 
SrTVET 0000 003CR 48• 61 
SYNC 0000 0112R 53 91 99 117* 
VECTOR 0000 0104R 31 49 !56 60 69 76 82 94 Uh 
WAIT 0000 OOF4R 62 107• 
WAIT1 0000 0070R 62• 83 '90 95 100 105 107 
WORK 0000 0002 20• 28 :29 35 3!5 37 38 39 40 42 43 44 '•!5 

46 48 ~9 55 56 76 77 81 82 87 88 89 ~Jl 

WORKl 0000 0009 25• 93 '94 
WRITEl 0000 0006R 55 97• 
WRITE2 0000 OOE4R 93 102• 

txJ 
I 
~ 

'° 
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QSA - 2•WIRE PROGRAMMING EXAMPLE • 16 BIT PROCESSOR 

PROG: •NONE• ASSEMBLED BY CAL 03-066R05-00 

1 
2 
3 
4 

< 32-BIT > 

SCRAT 
CROSS 
WIDTH 120 
TARGT 16 
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> 
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z 
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ZBID 

OOOOR 
0004R 
0008R 
onocR 
on10R 
0012R 
0014R 
0018R 
001AR 
001CR 
001ER 
0020R 
0024R 
0028R 
002CR 
0030R 
0034R 
0038R 
003CR 
003ER 
0040R 
0042R 
0046R 
OOOR 
004ER 
0052R 

0000 0001 
onoo 0002 
0000 0003 
0000 0004 
0000 0005 
0000 0006 
0000 0007 
0000 0008 
0000 0009 
0000 0008 
0000 OOBB 
0000 007E 
4A30 OOE6R 
DE30 OOEFR 
4840 OOE8R 
DE40 ooEFR 
2411 
0722 
DElO OOEAR 
9A12 
9Al2 
9A12 
9A12 
OE10 OOEBR 
4020 OOE4R 
4020 0040 
4020 0042 
4020 0044 
C820 005ER 
4020 0046 
2499 
2481 
0777 
DE30 OOF1R 
DE40 OOFlR 
DE40 OOFOR 
0A40 OOF3R 
OE40 OOEDR 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
1q 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
cu 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

* * **************************************************************** * THIS PROGRAM ILLUSTRATES A DATA TRANSFER BETWEEN TWO LINES * 
* ZBIO MODE. 2•WIRE OPERATION IS ASSUMED. 10 DATA BYTES ARE 
* SENT ANO FOLLOWED BY 10 FLAGS. THE FLAGS ARE SENT BY HARDWARE. * 
* THIS PATTERN CONTINUES UNTIL AN ERRO~ IS DETECTED. IF A STATUS * 
* OR ADDRESS ERROR IS DETECTED. THE PROCESSOR HALTS WITH THE * 
* STATUS ANO DEVICE ADDRESS DISPLAYED. IF IT IS A DATA ERRORt * 
* ONLY THE DATA BYTE IS OISPLAY(D. PROGRAM IS EXECUTED UNDER * 
* INTERRUPT. * 
* **************************************************************** 
* OISP 
WORK 
RDEV 
XOEV 
IDEV 
ISTA 
COUNT 
Rl 
R2 
BUS'\' 
TERM 
ENOFLG 

* * NOTE 
* 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
LH 
oc 
LH 
oc 
LIS 
XHR 
oc 
WOR 
WDR 
WOR 
WDR 
oc 
STH 
STH 
STH 
STH 
LHI 
STH 
LIS 
LI~ 
XHR 
oc 
oc 
oc 
WO 
oc 

1 
2 
3 
4 
15 
f, 

7 
8 
9 
8 
X'BB• 
x•7E• 
ROEV,RAOR 
ROEV •IDLE 
XDEV,XADR 
XOEV tlOLE 
DISP,1 
WORK.WORK 
OISP,INCR 
OISP,WORK 
DJSP,WORK 
OISP,WORK 
OISPeWORK 
OISP,NORM 
WORKtFLAG 
WORKtX''+0' 
WORKtX'42' 
WORKtX'4'+' 
WORK,INTHOL 
WORKtX'46' 
R2t9 
R1e1 
COUNT,COUNT 
ROEVeCOMMON 
XOEVeCOMMON 
XOEVtWRMOD 
XOEVeFILL 
XOEVtENBRQS 

DISPLAY PANEL ADDRESS 
WORK REGISTER 
RECEIVE DEVICE ADDRESS 
TRANSMIT DEVICE ADDRESS 
INTERRUPTED DEVICE ADDRESS 
INTERRUPTED DEVICE STATUS 
COUNT REGISTER 
INCREMENT REGISTER 
ENO VALUE REGISTER 
BUSY 
INVERSE OF TERM STATUS 
END FLAG 
GET RECV DEVICE ADDRESS 
IDLE BOTH DEVICE ADDRESSES AND CLEAR 
GET XMIT DEVICE ADDRESS 
ANY QUEUED INTERRUPTS 
DISPLAY PANEL ADDRESS 

SET DISPLAY TO INCREMENT MOOE 
CLEAR DISPLAY PANEL 

SET DISPLAY BACK TO NORMAL MOOE 
RESET FLAG INDICATOR 
SET UP LOW CORE 

SET UP INTERRUPT HANDLER ADDRESS 

10 BYTES PER FRAME 
INCREMENT 
CLEAR COUNTER 
SET ZBID MOOE 

PUT XMIT TO WRITE MOOE 
ENSURE LINE STARTS UP WITH MARKS 
XMIT LINE IN RQ2S 

> 
t,:I 
t-tt 
ts1 
:z: 
t:I 
t-t 
>c: 

tJ:I 

,.., 
n 
0 
::I 
rt­.... 
::I 
c: 
<1> 
~ ..... 
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ZBIO 

OJ56R 
on SAR 

005ER 
0060R 
0062R 
0066R 
0068R 
006CR 
0070R 
0072R 
0('174R 
OC'78R 
on7CR 

oneoR 
0084R 
ooe8R 
008AR 
ori8ER 
0092R 
OQ96R 
on98P 
OOCJCR 
OOAOR 
OOA4R 
OOA8R 

OOAAR 
OOAER 

OOB2R 
OOB6R 
OOBAR 
oneER 
OOC2R 
OOC4R 
OCC6R 
OOCAR 
oocER 
0002R 
0006R 
OOOCR 
OOOCR 
onoER 

0000 0056R 
DE30 OOECR 
C200 OODCR 

CJF56 
0554 
4330 0080R 
0553 
4330 0082R 
ono OOEAR 
9A16 
9A15 
000 ooEFR 
DE"40 OOEFR 
C200 OOEOR 

4820 OOE4R 
4230 0092R 
0866 
4230 006CR 
DA40 OOF2R 
Cl70 oo5AR 
0777 
4820 ooE«+R 
C720 OOFF 
4020 OCE'+R 
DF."40 OOEER 
0822 

4230 005AR 
4300 0056R 

C560 0008 
4330 005AR 
C360 OOBB 
4230 006CR 
9832 
9A12 
0420 ooF2R 
4330 oo5AR 
C520 007E 
'+~3o oo~AR 
4300 0074R 

cooo 
005AR 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
CJ 0 
91 
92 
93 
94 
95 
96 
97 
% 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 

* IF THE NEXT COMMAND IS BEING ISSUED TO TURN A 2-WIRE LINE 
* AROUND FROM WRITE TO READ• THE COMMAND MUST BE ISSUED TWICE 
* FIRST WITH INTERRUPTS OISARMEOtAND THEN REISSUED WITH THE 
* DESIRED INTERRUPT CONDITION, UNLESS THE DISARM CONDITION 
* IS DESIRED. 

* WAIT2 

WAITl 

* INTHDL 

OSPLAy 

HALT1 

* 

EQU 
oc 
LPSW 

AIR 
CLHR 
BE 
CLHR 
BE 
oc 
WOR 
WO~ 
oc 
oc 
LPSW 

* ROEV,ENBSCH 
WAIT 

IOEV, ISTA 
IOEV, XDEV 
WRITE 
IDEVtRDEV 
READ 
OISP, INCR 
OISP.ISTA 
oISP,IOEV 
RDEV,IDLE 
XOEV .IDLE 
HALT 

WRITE LH WORKtFLAG 
BNZ CON TIN 
LHP ISTAtISTA 
BN? nSPLAY 
WO XDEVtDATA 

CONTIN BXLE COUNT,WAITl 
XHR COUNT.COUNT 
LH WORK,FLAG 
XHI WORKtX'FF' 
STH WORKtFLAG 
OC XOEVtENBRQ 
LHR WORK.WORK 

* WHERE FLAGS BEING SENT ON THE 
BNZ WAIT1 

* 
* READ 

WAIT 

B WAIT2 

CLHI 
BE 
THI 
BNZ 
ROR 
WDR 
CL8 
BE 
CLHI 
BE 
B 
ALIGN 
DC 

ISTAtBUSY 
WAITl 
ISTA,TERM 
DSPLAY 
ROEV,WORK 
OISP,WORK 
WORKtDATA 
WAITl 
WORK,ENDFLG 
WAITl 
HALT1 .. 
x•cooo• .A<WAIT1 > 

RECV LINE IN SYNSCH 

ACKNOWLEDGE INTERRUPT 
WRITE? 
YES • GO TO WRITE ROUTINE 
READ? 
YES - GO TO REAn ROUTINE 
NEITHER -
DISPLAY STATUS 
DISPLAY DEVICE ADDRESS 
IDLE LINES 

FLAG SET? 
YES - SKIP WRITE DATA 
:STATUS ZERO? 
NO • ERROR 
WRITE A BYTE 
CONTINUE FOR 10 BYTES 
CLEAR COUNTER 
REVERSE FLAG INDICATOR 

RESET OV 
SET THE CONDITION CODE 

LINE 
NO • DATA WAS ON THE LINE 
YES • PUT THE RCV SIDE INTO SYNC 

SEARCH 

CARRIER•ON INTERRUPT? 
YES • WAIT 
STATUS ZERO OR TERM? 
NO - ERROR 
READ A BYTE 
DISPLAY THE BYTE 
IS IT DATA SENT? 
YES - WAIT 
IS fT THE ENO FLAG? 
YES • WAIT 
NO • HALT 

> 
"U 
ltj 

M 
:z: 
0 
H 
>< 
tJj -n 
0 
t::I 
~ ..... 
t::I 
c 
It) 
p. -
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QSA - 2-WIRE PROGRA~MING EXAMPLE - 16 BIT PROCESSOR 

1BIO 

PAGE 

OOEOR 8000 111 HALT DC x•aooo•,A(HALTl> 
onE2R 007~R 
OOE4R 0000 112 FLAG oc 0 
OOE6R 0088 113 RAOR DC x•sa• 
OOE8R OOBC 114 XAOR DC x•sc• 
oce:AR ~o 115 INCR 08 x. -.o. 
onrnR 80 116 NORM OB x•ao• 
OIJECR 79 117 ENBSCH 08 x•79• 
OOEOR 7A 118 ENBRQS OB X'78• 
OOEER 68 119 ENBRQ DB x•6B• 
OQEFR Ft 120 IDLE DB x•F1• 
OOFOR FA 121 WR MOD DB x•FB• 
OOFlR 32 122 COMMON DB X'32' 
OC!F2P 55 123 DATA DB x•ss• 
OOF~R FF' 124 FILL OB x•FF• 
OOF~R 125 ENO 

~ 12:55:57 07/19/78 

RECV LINE ADDRESS 
XMIT LINE ADDRESS 
INCREMENT 
NORMAL 
ENAeLEt LOCAL, SYNSCH 
ENAALEeLOCALtRESET DATA ~OOE,RQ2S 
ENARLEt LOCAL, RQ2S 
£HSARM, IDLE 
DISARMtLOCALtREAOY,WRITE,RESET 
ZBIO ,.,,ooE 
DA TA BYTE 
MARK CHARACTER 

D • P'I • ~ 
I'd 
"'d 
l:S:I 
z 
I:::' 
H 
>< 
tJj 

-n 
0 
0 
rt" ..... 
::s 
c 
tD 
p. -
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QSA - 2-WIRE PROGRA~MING EXAMPLE - 16 BIT PROCESSOR PAGE 5 12:55:57 07/19178 

~ 
ZBID 

ASSEMBLED BY CAL 03-066R05-00 C32•BIT> 

START OPTIONS: *NONE* 

NO CAL ERRORS 
NO CAL WARNINGS 

2 PASSES 

AR STOP 0000 0000 
AOC 0000 0002 
BUSY 0000 0008 27• 98 
COMMON 0000 OOFlR 51 52 122• 
CONTIN 0000 OOl:J2R 82 86• :::i:-
COUNT 0000 0007 24• so 50 86 87 87 I'd 
DATA 0000 OOF2R 85 10'+ 123• I'd 
DISP 0000 0001 18• 34 36 37 38 39 40 '+1 7'+ 75 76 103 ts::I 
DSPLAY 0000 006CR 74• 84 101 :z: 
ENBRQ 0000 OOEER 91 119• 0 

ENBRQS ooon OOEDR 55 118• H 

ENRSCH OOOIJ OOECR 66 117• >< 
ENDFLG 0000 007E 29• 106 t1' 
FILL 0000 OOF3R 54 124• 
FLAG 0000 OOE'+R 42 81 88 90 112• -HALT 0000 OOEOR 79 111* () 

HALT1 0000 007'+R 77• 108 111 0 

IOEV 0000 0005 22• 69 70 72 76 = 
InLE 0000 OOEFR 31 33 77 7~ 120• rt' 

IMPTOP 0000 OOF4R 
...,. 
t=' 

INCR 0000 OOEAR 36 74 115• c: 
INTHDL 0000 005ER '+6 69• CD 
ISTA 0000 0006 23• 69 75 83 83 98 100 p.. 

LADC 0000 0001 -
NORPI 0000 OOEBR 41 116• 
PURETOP 0000 OOOOR 
Rl 0000 0008 25• '+9 
R2 0000 0009 26• 48 
R.40R 0000 OOE6R 30 113• 
ROEV 0000 0003 20• 30 31 51 66 72 77 102 

tv READ 0000 0082R 73 98• 

'° TERP! 0000 OOBB 28• 100 
I WAIT 0000 OOOCR 67 110• 

+: wAITl 0000 005AR 67• 86 9'+ 99 105 107 110 
...J 
w WAIT2 0000 0056R 65• 95 

WORK 0000 0002 19• 35 35 37 38 39 40 42 '+3 4'+ '+5 '+6 '+7 

!:O 81 88 89 90 92 92 102 103 104 106 
0 WRITE 0000 0080R 71 81* 
w WR MOD 0000 OOFOR 53 121* 

XAOR 0000 OOE8R 32 11'+• _. 
XOEV 0000 0004 21• 32 33 52 53 54 55 70 78 85 91 

0 

' ...J 

'° 
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QSA - 4-WIRE PROGRAM~ING EXAMPLE - 16 BIT PROCESSOR PAGE 1 12:57:05 07/19/78 

PROG: •NONE• ASSEMBLED BY CAL 03-066R05-00 

1 
2 
3 
~ 

5 

<32-BIT> 

SCRAT 
CROSS,_ 
WIDTH 120 
TARGT 16 
PROG QSA - ~-WIRE PROGRAMMING EXAMPLE - 16 BIT PROCESSOR 

> 
t'tj 
trj 
tzj 

~ 
0 
H 
>< 
trJ 

-n 
0 
~ 
C"t .... 
==' 
c: 
CD 
j:l. -
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QSA - 4•WIHE PROGRAMMING EXAMPLE • 16 BIT PROCESSOR PAGE 2 12:57:05 07/19/78 

2 LINE~ • ZBID 

ooooR 
0002R 
0006R 
OOOAR 
IJl)OCR 
0010R 

0012R 
OOl'+R 
0016R 
001AR 
001CR 
OOlER 
0022R 
0026R 
002AR 
002ER 
0032R 
0036R 
0038R 
003CR 
OO'+OR 
OO'+'+R 
00'+8R 
OO'+CR 
ooa+ER 
0052R 

0000 0001 
0000 0002 
0000 0003 
0000 000'+ 
0000 0005 
0000 0006 

0755 
'+825 012'+R 
DE20 01'+3R 
2652 
csso 0008 
2037 

2'+11 
0722 
DE10 0130R 
9812 
9812 
DElO 013CR 
'+020 00'+0 
'+020 00'+2 
'+020 00'+'+ 
C820 007ER 
'+020 00'+6 
0755 
C820 OOF2R 
'+025 012CR 
'+865 012'+R 
DE60 013FR 
DE60 013ER 
2652 
C820 ooA2R 
'+025 012CR 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
36 
39 
40 
'+1 
42 
'+3 
'+4 
45 
46 
47 
&+A 
'+9 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

• •••••*********************************************************** * THIS SAMPLE PROGRAM ILLUSTRATES A DATA TRANSFER BETWEEN TWO * 
* '+•WIRE LINES RUNNING IN ZBIO MOOE UNDER LOCAL 
* L00PBACK. 10 DATA BYTES ARE SENT BY THE PROGRAM, ANO THE 10 * 
* FLAGS ARE SENT BY THE HARDWARE• DUE TO THE OVERFLOW CONDITION * 
* GENERATED ANO CONTROLLED BY THE TRANSMIT SIDE. THIS PATTERN * 
* OF 10 DATA BYTES ANO 10 FLAGS IS OUTPUT UNTIL AN ERROR IS * 
* DETECTED, OR PROGRAM EXECUTION IS TERMINATED BY THE USER. * 
* THROUGHOUT THE OPERATION OF THE PROGRAM THE DATA RECEIVED * 
* IS DISPLAYED ON THE DISPLAY PANEL. IF THE PROCESSOR HALTS * 
* ONE OF TWO ERRORS HAVE BEEN DETECTED. IF ONLY ONE DATA BYTE * 
* IS DISPLAYED WHEN THE PROCESSOR HALTS THEN A DATA ERROR WAS * 
* DETECTED, AND THE BYTE DISPLAYED IS THE BYTE IN ERROR. IF TWO * 
* BYTES ARE DISPLAYED• A STATUS ERROR OR AN UNEXPECTED INTERRUPT * 
* WAS DETECTED. IN THIS CASE THE LEFTMOST BYTE IS THE DEVICE * 
* ADDRESS• ANO THE OTHER BYTE IS THE DEVICE STATUS. * 
* • 
* • 
* **************************************************************** 
DISP EQU 1 DISPLAY ADDRESS REGISTER 
WORK EQU 2 WORK REGISTER 0 
IDEV EQU 3 INTfRRUPTING DEVICE ADDRESS 
ISTA EQU 4 INTERRUPTING DEVICE STATUS 
IDX EQU 5 INDEX REGISTER 
WORK1 EQU 6 WORK REGISTER 1 

* 
SETUP 

* 

SETVET 

XHR 
LH 
oc 
AIS 
CLHI 
BNrs 

LIS 
XHR 
oc 
WHR 
WHR 
oc 
STH 
STH 
STH 
LHI 
STH 
XHR 
LHI 
STH 
LH 
oc 
oc 
AIS 
LHI 
STH 

IDX, IOX 
WORK,OEVADR(IDX> 
WORK, IDLE 
IDX•2 
IDX•VECTOR•DEVADR 
SETUP 

OISP,1 
WORK.WORK 
DISP,INCR 
OISP,WORK 
DISP,WORK 
DISP,NORM 
WORK,X'40' 
WORK,X'42' 
WORK,X''+'+' 
WORK,INTHOL 
WORK,X 1 '+6' 
IOXt IOX 
WORKeREAD 
WORK,VECTOR(IOX> 
WORKltDEVADR<IDX) 
WORK1,COP'IMON 
WORK1,ENBSCH 
mx.2 
WORK,WRITE 
WORK,VECTORCIDX> 

CLEAR THE INDEX REGISTER 
GET THE FIRST DEVICE AND 
IDLE THE DEVICE 
INCREMENT THE INDEX 
FINISHED? 
NO - CONTINUE 

YES - BLANK THE DISPLAY 
LOAD THE DISPLAY PANEL ADDRESS 
SET ZERO DATA 
SET THE DISPLAY TO INCREMENTAL MODE 
ZERO OUT THE 
DISPLAY PANEL 
SET THE DISPLAY TO NORMAL MOOE 
SET UP LOW CORE 

SET UP THE INTERRUPT HANDLER ADDRESS 

CLEAR THE INDEX REG 
STORE THE READ ROUTINE ADDRESS 
INTO THE VECTOR TABLE 
GET THE RECf IVE DEVICE ADDRESS 
SET UP THE COMMON CONTROL 
RCV. ENABLE, SYNC. SEARCH 
INCREMENT THE INDEX 
STORE THE WRITE ROUTINE ADDRESS 
INTO THE VECTOR TABLE 

>' 
t'd 
t'd 
t11 
:z: 
t::I 
H 
>< 
tr:I -n 
0 
tj 

rT ..... 
:::::t 
c 
(1) 
p. 



QSA - 4-WIRE PROGRAMMING EXAMPLE • 16 BIT PROCESSOR PAGE 3 12:57:05 07/19178 

2 LINES - ZBID 

l'V 60 * '° 0056R 0722 61 XHR WORKeWORK CLEAR WORK 
I 
~ 0058R '+025 013'4-R 62 STH WORKeCONTROL<IDX> CLEAR CONTROL FLAG 
...J 005CR '+025 0132R 63 STH WORKeC0NTROL-2(IOX> CLEAR THE BYTE COUNT 
(•I 64 * 
!::t1 65 * 0 0060R 4865 012'4-R 66 LH WORKltDEVADR(IDX> GET THE XMIT DEVICE ADDRESS 
w 0064R DE60 01'+4R 67 oc WORKt,WRMOO PUT XMIT TO WRITE MOOE - on68R DA60 0145R 68 WO WORKl,FILL ENSURE LINE STARTS UP WITH MARKS 
0 006CR DE60 Ol'+OR 69 oc WORKltENBRQS ENABLE XMIT, RQ2S 
....... 0070R 2£,52 70 AIS IDX•2 INCREMENT THE INDEX 
...J 0072R C550 0008 71 CLHI IOXtVECTOR-DEVAOR MORE LINES TO ACTIVATE ? '° 0076R 4280 0038R 72 BL SETVET YES 

C~7AR C200 OllCR 73 WAITl LPSW WAIT NO - WAIT 
74 * on7ER 9F34 75 INTHOL AIR IOEV,ISTA ACKNOWLEDGE THE INTERRUPT 

0080R 0755 76 XHP IOX, IOX CLEAR THE INDEX > 
tT1 

0082R '+~35 0124R 77 MATCH CLH IDEV,OEVADR<IDX> SEARCH DEVICE ADDRESS TABLE tU 
0086R 233B 78 BES GE TR TIN MATCH • FINO THE ROUTINE tz:i 

0088R 2652 79 AIS IDX•2 BUMP THE INCREMENT z 
0 

008AR C550 0008 80 CLHI IDX•VECTOR-DEVAOR FINISHED ? H 

008ER 2086 81 BLS MATCH NO • CONTINUE >< 
0090R OElO 013DR 82 DSPLAY oc OISPeINCR YES - ERROR tI1 
0094R 9A1c+ 83 WDR oISP,ISTA DISPLAY THE STATUS 
0096R 9A13 8c+ WOR DISP,IDEV DISPLAY THE DEVICE ADDRESS -
0098R C200 0120R 85 HALT1 LPSW HALT HALT THE CPU 

() 

0 
86 * ::J 

009CR '+825 012CR 87 GE TR TIN LH WORK,VECTORCIOX> GET THE SUBROUTINE ADDRESS ~ 

OOAOR 0302 88 BR WORK BRANCH ~· 
::J 

89 * c: 
90 * 

<O 

0000 OOA2R 91 WRITE EQU 
p. 

• 
OOA2R 4825 0134R 92 LH WORKtCONTROL(IOX) IS THE FLAG SET ? 
OOA6R 4230 OOB'+R 93 BNZ CON TIN YES • SKIP THE WRITE DATA 
ooAAR 084'+ 94 LHR ISTA,ISTA NO • IS THE STATUS ZERO ? 
ooACR '+230 0090R 95 BNZ OSPLAY NO - ERROR 
OOBOR 0A30 01'+2R 96 WD IDEV,OATA 
OCIB'+R '+825 0132R 97 CON'TIN LH WORK,cONTROL•2<IDX> GET THE BYTE COUNT 
OOB8R 2621 98 AIS WORK,1 INCREMENT BY 1 
OOBAR C520 OOOA 99 CLHI WORK,10 FINISHED ? 
OOBER '+330 OOCAR 100 BE CONTINl YES - SET UP TO SEND FLAG 
OOC2R 4025 0132R 101 STH WORK,C0NTROL•2(I0X) NO • SAVE COUNT 
OOC6R '+300 007AR 102 B WAITl RETURN 
OOCAR 0722 103 CONTIN1 XHR WORK,WORK CLEAR THE COUNT 
OOCCR '+025 0132R 104 STH WORK,C0NTROL•21IOX) STORE IN CONTROL TABLE 
OODOR '+825 013'4-R 105 LH WORK,CONTROL(IDX> GET THE FLAG 

to OOD'+R C720 OOFF 106 XHI WORKtX'FF' CHANGE THE FLAG 
I 

I\) ooD8R '+025 013'+R 107 STH WORKeCONTROL(IOX> STORE IT BACK 
...J OOOCR DE30 Ol41R 108 oc IOEV,ENBRQ RESET THE OVERFLOW BIT 

OOEOR 0822 109 LHR WORK,WORK WHERE FLAGS BEING SENT 
ooE2R 4230 007AR 110 BNZ WAlTl NO • DATA 

111 * YES • 
OOE6R 4825 0122R 112 LH WORKeDEVADR•2(JOX) GET THE ADDRESS OF THE RECEIVE LINE 



QSA - 4-~IRE PROGRAM"ING EXAMPLE • 16 BIT PROCESSOR PAGE 4 12:57:05 07/19178 

tD 2 LINES - ZBID I 

"' CX> 113 * ASSOCIATED WITH THIS TRANSMIT LINE 
OCEAR Df.20 Ol3ER 114 oc WORK,fNBSCH PUT THE RECEIVE SIDE INTO SYNC. 

115 * SEARCH 
OOEER 4300 007AR 116 B WAITl 

117 * 0000 OOF2R 118 READ EQU * OOF2R C540 0008 119 CLHI ISTA,BUSY CARRIER ON INTERRUPT ? 
OOF6R 4330 007AR 120 BE WUTl YES - WAIT 
OOFAR C340 OOBB 121 THI ISTAtTERM NO - IS IT TERMINATE OR ZERO STATUS ? 
OOFER 4230 0090R 122 BNZ OSPLAY NO - ERROR 
0102R 9B32 123 RDR IOEV tWORK YES - DISPLAY 
OlO'+R 9A12 124 WOR OISP,WORK THE DATA READ 
0106R 0420 0142R 125 CLB WORK,DATA WAS DATA RCVEO. ? 
010AR 4330 007AR 126 BE WAITl YES 
OlOER C520 007E 127 CLHI WORK,ENOFLG NO - WAS A FLAG RCV•EO. >' 

t"CJ 
0112R 4330 007AR 128 BE WAITl I'd 
OU6R 4300 0098R 129 B HAL Tl ['Zj 

130 * 
z 
tJ 

011CR 131 ALIGN 4 H 

132 * >< 
OUCR cooo 133 WAIT DC x•cooo•,A<WAIT1> tD 
011ER 007AR 
0120R 8000 134 HALT DC x•aooo•,A<HALTl> -
0122R 0098R 

() 

0 
135 * l:l 

0124R OOB8 136 DEVA DR DC x•aa•,x•so•.x•ac•.x•B9' rl" 

0126R OORD 
..,. 
l:l 

01.28R OOBC ~ 

012AR 0089 (1) 

012CR 0000 137 VECTOR DC o.o.o,o 
p. -012ER 0000 

0130R 0000 
0132R 0000 
0134R 0000 138 CONTROL DC o.o.o,o 

"' 
0136R 0000 

'° 0138R 0000 
I 013AR 0000 

-'==' 013CR 80 139 NORM OB x•eo• DISPLAY NOR"AL MOOE 
....J 0130R 40 140 INCR OB X'40• DISPLAY INCREMENTAL MOOE w 

013ER 79 141 ENBSCH DB x•79• ENABLEtLOCAL,SYNC. SEARCH 
!:::O 013FR 32 142 COMMON OB x•32• ZBID MODE 
0 
w 0140R 78 143 ENBRQS OB x•7B• ENABLEtLOCAL,RESET DATA MOOE,RQ2S 

0141R 68 144 ENBRQ OB X'6B• ENABLEtl0CALtRQ2S 
_. 

01.42R 55 1'+5 DATA DB x•55• DATA BYTE 
0 0143R Fl 146 IDLE DB X'Fl' 
' ....J 0144R FB 147 WR MOO DB X'FB• DISARMtLOCALtREAOY,WRITE,RESET D.M. 
\0 0145R FF 148 FILL OB x•FF• MARK CHARACTER 

0000 0008 149 BUSY EQU 8 BUSY STATUS BIT 
0000 OOBB 150 TERPll EQU X'BB• COMPLE"ENT OF TERM STATUS 
0000 007E 151 ENOFLG EQU x•7E• ENO FLAG 

01'+6R 152 ENO 



ti..) QSA - 4•WIRE PROGRA"MING EXAMPLE • 16 BIT PROCESSOR PAGE 5 12:57:05 07/19178 
\0 
I 2 LINES - ZBID 
~ 
...... 

ASSE"BLEO BY CAL 03•066R05•00 C32•BIT> Lu 

!XI START OPTIONS: *NONE* 
0 
w NO CAL ERROR.S 
_. NO CAL WARNINGS 

0 2 PASSES 

' AB STOP 0000 0000 ...... 
\0 Anc 0000 0002 

BL'SY 0000 0008 119 i..9• 
COP1MON 0000 013FR 55 142• 
CONTIN 0000 OOB4R 93 97• 
CONTINl 0000 OOcAR 100 103• 
CONTROL 0000 0134R 62 63 92 97 101 104 105 107 138• 
DATA 0000 0142R 96 125 145• ):II 

orvADR 0000 0124R 34 37 54 66 71 77 80 112 136• ~ 

DISP 0000 0001 26• 40 42 43 44 45 82 83 84 124 "'d 
l:Z:I 

DSPLAY 0000 0090R 82• 95 122 :z: 
ENBRQ 0000 0141R 108 144• 0 
ENBRQS 0000 0140R 69 143• t-4 
El\BSCH 0000 013ER 56 114 141• >< 
E'\IDFLG 0000 007( 127 151* 
FILL 0000 0145R 68 148• ttJ 

GETRTIN 0000 ooqcR 78 87• -HALT 0000 0120R 85 134• () 
HALTl 0000 0098R 85• 129 134 0 
IOEV 0000 0003 28• 75 77 84 96 108 123 :::s 
IDLE 0000 0143R 35 146• ~ 

IOX 0000 0005 30• 33 33 34 36 37 51 51 53 54 57 59 62 .... 
63 66 70 71 76 76 77 79 80 87 92 97 101 :::s 

104 105 107 112 c 
CD 

IMPTOP 0000 0146R s:lo 
INCR 0000 013DR 42 82 140• -INTHDL 0000 007ER 49 75• 
ISTA 0000 0004 29• 75 83 94 94 119 121 
LADC oooc 0001 
MATCH 0000 0082R 77• 81 
NOR~ 0000 013CR 45 139• 
PURETOP nooo OOOOR 
READ 0000 OOF2R 52 118• 
S~TUP 0000 0002R 34• 38 
SETVET 0000 0038R 52• 72 
TERPll 0000 0088 121 150• 
VECTOR 0000 012CR 37 53 59 71 80 87 137• 

ttJ WAIT 0000 OUCR 73 133• 
I WAIT1 0000 007AR 73• 102 110 116 120 126 128 133 

ti..) WORK 0000 0002 27• 34 35 41 41 43 44 46 47 48 49 50 52 

'° 53 58 59 61 ft1 62 63 87 88 92 97 9.s 99 

' 101 103 103 104 105 106 107 109 109 112 114 123 124 
CD 125 127 
I WORKl 0000 0006 31* 54 55 56 66 67 68 69 w 

0 WRITE 0000 OOA2R 58 91• 
WR"OO 00001 0144R 67 147• 
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APPENDIX c 
32 BIT PROGRAMMING EXAMPLES 
/ "" l START 

LOAD A PSW 

TO UTILIZE 
THE USER 

REGISTER SET 

SET UP THE 
INTERRUPT 

VECTOR TABLE 

SET THE 

SYNC FLAG 

IN MEMORY 

WAIT1 

) 
/ 
( DISPL Y 

WRITE THE 
DEVICE ADD 

HAL T1 

' ) 

HALT THE CPU 

ENAULE EXTERNAL 

INTERRUPTS 

AND PUT THE 

CPU IN THE 
WAIT STATE 

2-Wire non-ZBID 

C-1 



C-2 

APPENDIX C (Continued) 

WRITE READ 

GET THE 

SYNC. FLAG 
FROM MEMORY 

WRITE THE 
SYNC. 

CHARACTER 

y 

y 

2-Wire ~ non-ZBID 

READ THE 
BYTE 

ZERO OUT 

THE SYNC 
FLAG IN MEM. 

WR1fE TrlE 
BYTE READ 

TO THE 
DISPLAY 

HALT 1 

29-473 R03 10/79 



APPENDIX C (Continued) 

c START ) 

LOAD A PSW I 
T_O ~TILIZE I 
IHt: U::itH I 

REGISTER SET 

IDLE ALL 

DEVICES 

CLE-\R THE 
INDEX FOR 

-:-Hr li~TTRi~.~L 

vlCTOR TAtiLt 

STORE THE 

READ1 ROUTINE 

ADDRESS IN 
THE VECTOR TABLE 

GET A RCV. 

ADDRESS FROM 
THE DEVICE 

ADD. TABLE 

GIVE THE 
COMMON 

COMMAND 

AND SET 
THE SYNC 

REGISTER 

A 

29-473 R03 10/79 

THE ROUTINE 
ASSUMES THAT 

THE DEVICE ADD 

TABLE iS ARRANGE[) 

WITH Rrv XMIT 

WAIT 1 

2 Lines 4-Wire -- non-ZBID 

STORE THE 
WRITE1 ROUTINE 

ADDRESS IN THE 
VECTOR TABLE 

GET A XMIT 

ADDRESS FROM 
THE DEVICE 
ADD. TABLE 

GIVE THE 

R02S CMD. 

ru fHC:. 

ADD 2 TO 

THE INDEX 

ENABLE EXTERNAL 
INTERRUPTS AND 

PUT THE CPU 
IN THE 

WAIT ST.A.TE 

C-3 



C-4 

APPENDIX C {Continued) 

IDXSET 

ZERO THE 
INDEX 

COMPARE THE 
INTERRUPTING 

DEVICE ADDRESS 
TO THE 

DEVADR TABLE 

ADD 2 
TO THE 
INDEX 

WRITE THE 
INTERRUPTING 
DEVICE ADD. 

AND STATUS TO 
THE DISPLAY 

HALT 
THE CPU 

DSPLAY 

EXIT 

DSPLAY 

HALT 1 

2 Lines - 4-Wire non-ZBID 

READ1 

y 

CHANGE THE 
VECTOR IN THE 

TABLE TO BRANCH 
TO READ2 

29-473 R03 10/79 



APPENDIX C (Continued) 

c READ2 ) 

CHANGE THE 

WRITE VECTOR 

TO WRITE2 

SO NO MORE 

SYNC CHAR 

WILL BE SENT 

29-473 R03 10/79 

DSPLAY 

GET THE 

DSPLA Y 

WAITl 

DSPLAY 

2 Lines - 4-Wire ~ non-ZBID 

Q 
j 

SYNC 

CHARACTER 

WAI Tl 

WRITE2 

GET THE 

DEVICE 

INDEX 

WAITl 

c-s 
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APPENDIX C (Continued) 

START 

LOAD A PSW 
TO UTILIZE 
THE USER 

REGISTER SET 

IDLE 
ALL DEVICES 

SET UP THE 
INTERRUPT 

VECTOR 
TABLE 

ENABLE XMIT. 
INTERRUPTS 

AND SET 
R02S 

WAIT2 

ENABLE REV 
INTERRUPTS 

AND SET 
SYNC SEARCH 

DSPLAY 

WRITF THE 
DEVICE ADDRESS 
AND STATUS TO 

THE DISPLAY 

ENABLE CPU 
INTERRUPTS 

AND SET 
THE WAIT 

STATE 

2-Wire ZBID 

HALT THE 
CPU 

29-473 R03 10/79 



C .... _w_R .... 1_T_E __ ) 

I 
A 

~· / "" ~ StNIJING > 
DATA 

y 

y 

WRITE A 
BYTE OF 

DATA 

1u:::.vv11LH 
BACK TO THE 

USER SET 

y 

COMPLEMENT 
THE DATA 

FLAG 
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APPENDIX C (Continued) 

(c) 
y 

I 
A 

r "" y /WAS"' 
( \-.,.~--"""" DA~~.B.~ING ~ 
\. "UdT1 r """- -- -- / 
' / :::.t:l'lll' 

DSPLAY 

WAIT1 

( DSPLAY }-

WAITl 

WAIT1 

2-Wire ZBI [) 

WAIT2 

READ 

READ 
THE DATA 

BYTE 

DISPLAY 
IT ON THE 
DISPLAY 

HAL Tl 

C-7 



C-8 

APPENDIX C (Continued) 

START 

LOAD A PSW 
TO UTILIZE 
THE USER 

REGISTER SET 

SET UP 
THE INTERRUPT 
VECTOR TABLE 

ZERO OUT 
THE 

DISPLAY 

CLEAR THE 
INDEX 

REGISTER 

STORE THE 

THIS ROUTINE 
ASSUMES THAT 

THE DEVICE 
~----'ADDRESS TABLE 

IS ARRANGED 
WITH RCV. XMIT 
ADDRESS PAIRS 

READ1 ROUTINE----------, 
ADDRESS IN THE 
VECTO.R TABLE 

GET A RCV 
ADDRESS FROM 

THE DEVICE 
ADD. TABLE 

2 Lines 4-Wire ZBID 

N 

ADD 2 
TO THE 
INDEX 

STORE THE 
WRITE1 ROUTINE 

ADDRESS IN 
THE VECTOR 

TAGLE 

CLEAR THE 
FLAG AND 

INTERRUPT COUNT 
IN THE 

CONTROL TABLE 

GE:T A XMIT 
ADDRESS FROM 

THE DEVICE 
ADDRESS TABLE 

ADD 2 TO 
THE INDEX 

y 

WAIT1 

ENABLE EXTERNAL 
INTERRUPTS 
AND PUT THE 
CPU IN THE 

WAIT STATE 

29-473 R03 10/79 



N 

c !NTHDL ) 
I 

I 

• 
CLEAR THE 

INDEX 
REGISTER 

COMPARE THE 
INTERRUPTING 

DEVICE ADDRESS 
TO THE DEVADR 

TABLE 

DSPLAY 

WRITE THE 
INTERRUPTING 
DEVICE ADD. 
AND STATUS 

TO THE 
DISPLAY PANEL 

HALT THE 
CPU 

29-473 R03 10/79 

APPENDIX C (Continued) 

EXIT 

2 Lines 4-Wire - ZBID 

( 'v'v'RITE ) 

GET THE 
DEVICE 
INDEX 

INRI TE: THE 

DATA 
BYTE 

GET THE 
INTERRUPT 

COUNT 

ADD 1 
TO THE 
COUNT 

DSPLAY 

C-9 



C-10 

STORE THE 
INTERRUPT 

COUNT 

WAIT1 

STORE ZERO 
IN THE 

INTERRUPT 
COUNT 

COMPLEMENT 
THE WRITE 
DATA FLAG 

OUTPUT 
COMMAND 

R02S TO 
XMIT SIDE 

GET THE 
RCV DEVICE 

ADDRESS THAT 
IS PAIRED WITH 
THIS XMIT LINE 

APPENDIX C (Continued) 

WAIT1 

OUTPUT CMD 
TO THE 

RCV LINE 
SYNSCH 

WAIT 1 

READ 

y 

READ THE 
DATA 
BYTE 

DISPLAY 
THE 

DATA 

HALT1 

2 Lines 4-Wire - ZBID 

WAIT1 

DSPLAY 

29-473 R03 10/79 
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QSA - 2-WIRE PROGRA"MING EXAMPLE - 32 BIT PROCESSOR 

PROG: •NONE11t ASSEMBLED BY CAL 03-066R05-00 

1 
2 
3 .. 
5 

<32··BIT> 

SC RAT 
CROSS 
WIDTH 120 
TARGT 32 
NORX3 

PAGE 1 12:20:21 07/19/78 

:i:­
'"d 
"'Cl 
ts:! 
z 
t:j 
..... 
>< 
() 

-() 
0 
0 
~ 
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0 
0 
(1) 
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QSA - 2-WIRE PROGRAMMING EXAMPLE - 32 BIT PROCESSOR PAGE 2 12:20:21 07/19/78 

NON Zf3 IO 

ooooooI 
0000061 
0000081 
ooooocl 
OOOOlOI 
0000141 
OOOOlAI 
oooolEI 
0000221 
0000261 
00002CI 
00002El 
0000301 
000034I 
0000361 
0000381 
ooon3AI 
OOOCl3CI 
000040I 
0000441 
ooor4eI 
000f'.l4Cl 

000050I 

0000 0002 
0000 0003 
0000 OOOB 
0000 oooc 
0000 0000 
0000 OOOE 
0000 OOOF 
0000 0008 

F800 0000 OOFO 
9580 
48EO 8oCB =ooooD4I 
DEEo aocc =ooooDcr 
E6Do 8080 =oooo94I 
4oDE 4EOO OODO 
48FO 8088 =0000061 
DEFO 8QBA =OOOODCI 
E600 8o4E =000074I 
4oDF 4FOO 0000 
24Cl 
07DD 
DECO 8oA4 =ooooDBI 
9ACD 
9ACD 
9ACO 
9ACD 
DECO 8099 =OOOOD9I 
C800 ooFF 
4000 8088 =0000001 
DEEO 8091 =OOOODDI 
OEFO 8080 :0000001 

DEEO 8086 :OOOODAI 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

* * *************************************************************** * THIS PROGRAM ILLUSTRATES A DATA TRANSFER BETWEEN TWO LINES ON * 
* THE QSA UNDER LOCAL LOOPBACK. 2 • WIRE OPERATION IS ASSUMED. 
* A DATA BYTE IS TRANSMITTED CONTINUOUSLY, ANO RECEIVED AND * 
* COMPARED ON THE RECEIVE ENO. THE BYTE IS DISPLAYED ON THE * 
* DISPLAY PANEL. IF A STATUS OR DEVICE NUMBER ERROR IS DETECTED * 
* THE PROCESSOR HALTS WITH THE DEVICE tJUHBER ANO THE STATUS * 
* DISPLAYED ON THE PANEL. IF THE ERROR OCCURS ON THE DATA, ONLY * 
* THE DATA IS DISPLAYED. PROGRAM IS EXECUTED UNDER INTERRUPT. * 
* *************************************************************** 
* * IOEV EQU 2 INTERRUPTING DEVICE ADDRESS 
ISTA EQU 3 INTERRUPTING DEVICE STATUS 
WORKl EQU 11 WORK REGISTER 
DISP EQU 12 DISPLAY ADDRESS REGISTER 
WORK EQU 13 WORK REGISTER 
RDEV EQU 14 RECV DEVICE ADDRESS REG 
XDEV EQU 15 XMIT DEVICE ADDRESS REG 
BUSY EQU 8 BUSY STATUS 

* LI WORK,Y'OOFO' SET REG. SET F PSW 
EPSR WORKltWORK CHANGE THE PSW 
LH RDEVtRAOR GET RECV DEVICE ADDRESS 
OC ROEV,IDLE IDLf THE RECEIVE DEVICE 
LA WORK,READ LOAD THE READ INTERRUPT ADDRESS 
STH WORK.X'DO'(ROEVtROEV> PUT THE AOD. IN THE VECTOR TABLE 
LH XDEVtXADR GET XMIT DEVICE ADDRESS 
OC XDEV,IDLE IDLE THE TRANSMIT DEVICE 
LA WORKtWRITE LOAD THE WRITE INTERRUPT ADDRESS 
STH ~ORK,x•oo•(XDEVtXOEV> PUT THE ADO. IN THE VECTOR TABLE 
LIS DISPtl DISPLAY PANEL ADDRESS 
XR WORKtWORK 
OC OISP,INCR SET DISPLAY TO INCREMENT MODE 
WOR OISP,WORK CLEAR DISPLAY 
WOP OISP,WORK 
WOR DISPtWORK 
WDR OISPtWORK 
OC OISP,NORM SET DISPLAY BACK TO NORMAL MOOE 
LHI WORKtX'FF' SET SYNC FLAG 
STH WORKtSYNFLG 
OC ROEVtCOMMON SET LINE MOOE 
OC XOEVtCOMMON 

* * NOTE 
* * IF THE NEXT TWO OUTPUT COMMANDS ARE BEING ISSUED TO 
* TURN A 2•WIRE LINE AROUND CFROM WRITE TO READ OR READ TO 
* WRITE> THE COMMANDS MUST BE ISSUED TWICE. FIRST WITH 
* INTERRUPTS DISARMED• ANO THEN RE-ISSUED WITH THE DESIRED 
* INTERRUPT CONDITION, UNLESS THE DISARM CONDITION IS DESIRED. 

* oc ROEV,ENBSCH RECV ENABLE, SYNCSH 

::::i:­
'"d 
'"d 
l:zj 
z 
0 
H 
>< 
() 

-(') 
0 
0 
tT ..... 
::s 
c: 
CD 
p. -



QSA - ?-WIRE PROGRAMMING EXAMPLE - 32 BIT PROCESSOR PAGE 3 12:20:21 07119176 

NON ZRJO 
I\.) 

\0 0001"1541 0Af O 8066 =OOOODEI 60 WO ROEV,SYNC SET SYNC MATCH REGISTER 
I 

.r= ooonseI DEFO 807F =OOOOOBI 61 oc XOEV,ENBRQS XMIT ENABLE• RQ2S 

.....J ooooscI c2no 8060 =OOOOCOI 62 WAITl LPSW WAIT ... 63 • 
~ 0000601 DECO 8074 =OOOOD8I 64 DISPLy oc DISP,INCR NEITHER -
0 000~641 9AC3 65 WOR OISP,ISTA DISPLAY STATUS 
w noon66I 9AC2 66 wnR oISP. IOrv OISPLAY DEVICE ADDRESS 

0000681 OEf 0 8070 =OOOODCI 67 HAL Tl oc ROEV, IDLf IDLE LINES 
n 00006CJ DEFO An6C =OOOODCJ 68 oc XOEVtlDLE 
.......... 0000701 c2no eo54 =ooollC8J 69 LPSW HALT HALT PROCESSOR 
....J 70 ID • 

0000 00741 71 WRITE EQll * 0000741 24C1 72 LIS OISP,1 LOAD THE DISPLAY ADDRESS 
0000761 oa:.B 73 LR ISTA,ISTA SET THE CONDITION CODE 
000()781 4230 FFE4 =000060I 74 BNZ OISPLY EXIT IF STATllS NOT ZERO 
000'17CI 4~nn 8050 =OOOODOI 75 LH WORK,SYNFLG SYNC FLAG SET? :;,,.. 
ooonAnI 4~'o 8n08 =ooooACI 76 BZ \.IRTOAT NO - SEND DAU '1:1 

onon841 DA~O Aa56 =OOOODEI 77 Wr'I IOfV,SYNC YES - SEND SYNC '11 

ooonaa1 4~00 FFDO =oooo5CI 76 B WAITl 
['"] 

:.=: 
000'18CI DA?O 604F :OOOODFI 79 WRTDAT wn IOEV,OATA SEND DATA C:1 

oonn90I 43no FFCB =oooo5CI 60 B WAIT1 ~-t 

81 • >< 

0001)94I C530 0008 82 READ CLHI ISTA,BUS't' READ ROUTINE () 

0000981 4330 FFCO :Q0005CI 83 BE WAIT1 WAIT IF CARRIER INTERRUPT 
00009CI 24C1 84 LIS OISP,1 LOAD THE nISPLAY PANEL AnORESS 

,., 
() 

00009EI 0833 85 LR ISTA,JSTA () 

OOOOAOI 4230 FFBC =00006QI 86 BNZ nISPLY EXIT IF STATUS NOT ZERO ::' 
oonnA4I 9A?D 87 ROR JnEV,WORK READ THE DATA BYTE rt-

~·· 
OOOOA61 4030 8026 =OOOODQI 88 STH ISTA,SYMFLG RESET SYNC FLAG ::' 
ooonAAI 9AC'n 89 WOQ OISP,WORK OISPLAY DATA REAO c: 

ooonAcI 04no eo2F =ooooDFI 90 CLA WORK,DATA IS IT DATA SENT? Cl> 
i:l. 

OOOOBOI 4330 FFA8 =oooo5CI 91 BE WAIT1 
nonnf'4I 04no 8026 =00000£1 92 CLB WOkKtSYNC NO • IS IT SYNC? 
OOOOA8I 4230 FFAC :00006&t 93 BNf HALT1 NO - HALT 
0000£\CI 4300 FF9C =oooo5CI 94 A WAITl 

95 * nooocoI 96 ALIGN 8 
oooocoI 0000 COFO 97 WAIT DC y•COFO',A(WAITl> 
OCOOC'+I 0000 005CI 
oooocAI 0000 80FO 98 HALT DC y•80FO',A(HALT1) 
OOOOCCI 0000 0068I 
oooonoI 0000 0000 99 SYNFLG DC 0 
nonnn4I on Be 100 RAOR DC X'B8• RECV LINE AO~RESS 
000006I on BC 101 XAOR DC "1 'BC' XMIT LINE ADDRESS 
0000081 41'1 102 INCR DA x•40• INCREMENT 

() ooono9I 8("t 103 NORM OB x•eo• NORMAL 
I ooonoAI 79 104 ENBSCH DB x•79• ENABLE• LOCAL• SYNSCH _. 

l.U OOOODAI 7B 105 ENBRQS OB x•7B• ENABLEtLOCAL,RESET DATA MODE,RQ2S 
ooooocI Ft 106 IDLE DA x•Fl• DISARM• IDLE 
0000001 3n 107 COMMON DA )(. 30. 8 BITS/CHAR, NO PARITY 
ooonoEI 16 108 SYNC OB 'l( 1 16. SYNC CHARACTER 
OOOOOFI 55 109 DATA DB x•5!5• DATA CHARACTER 
ooonEoI 110 ENO 



n QSA - 2-WIRE PROGRAMMING EXAMPLE - 32 BIT PROCESSOR PAGE '+ 12:20:21 07/19178 
I ..... 

NON ZRID 
~ 

ASSEMBLED BY CAL 03-066R05-00 (32-BIT> 

START OPTIONS: •NONE* 

NO CAL ERRORS 
MC' CAL \JARNINGS 

2 PASSES 

MS TOP 0000 0000 
AC"C 0000 0004 
BUSY 0000 0008 26• 82 
C'.)MMOl\J nooo OOCDI '+8 49 107• > 
nATA 0000 OOOFl 79 90 109• "t1 

DISP 0000 000( 22• 38 40 41 42 43 44 45 64 65 66 72 8'l "t1 

89 
l:lj 
:z::: 

OISPLY 0000 00601 64• 74 86 t:1 
ErJBRQS 0000 00081 61 105• H 

Er"BSCH 0000 OOnAI 59 104• >< 

HALT 0000 OOC8I 69 98• n 
HAL Tl 0000 00681 67• 93 98 
IOEV 0000 0002 19• 66 77 79 87 -n 
JnLf 0000 oonc1 31 35 67 68 106• 0 

IMPTOP 0000 OOf.OJ :::s 

INCP 0000 00081 40 64 102* 
t+ ..... 

I~T~ nooo 0003 20• 65 73 73 82 85 85 88 :::s 
LADC 0000 0002 c 
NORM 0000 00091 45 103• 

ct> 
~ 

PURETOP 0000 OOOOP -RAOR 0000 OOf\41 30 100• 
ROF.:V 0000 OOOE 24• 30 31 33 33 '+8 59 60 67 
READ 0000 00941 32 82• 
SYNC 0000 OOOEI 60 77 92 108• 
SYNFLG 0000 00001 47 7~ 88 99• 

tv WAIT 0000 OOCOI 62 97• 
\0 

WAIT1 0000 00!1CI 62• 78 80 83 91 94 97 
I 
~ WORI< 0000 0000 23• 28 29 ~2 33 36 37 39 39 41 42 43 4'+ 
.....J 46 47 75 87 89 90 92 
w WORK1 0000 0008 21* 29 
!Xj WRITE 00-00 007'+1 36 71* 
0 w:noAr. 0000 008CI 76 79• w 

X~OR 0000 00061 . ~·· :;.. 34 101* 
..... XOEV 0000 OOOF 25• 34 35 37 37 49 61 68 
0 
...... 
.....J 
\0 



tv 
\0 
I 
c 
...J 
l.&J 

~ 
0 
w 

-' 
0 

' ...J 
\0 

n 
I 
-' 
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QSA - 4-WIRE P~OGRAMMING EXAMPLE - 32 BIT PROCESSOR 

PROG: •NONE• ASS[MBLED AY CAL 03-066R05-00 

1 
2 
3 
~ 

5 

( 32-8 IT> 

SC RAT 
TARGT 32 
CROSS 
NORX3 
WIDTH 120 

PAGE 1 12:36:'7 07/19/78 

>' 
IT1 
ltj 
trj 

z 
t:1 
H 
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QSA - 4-WIRE PROGRAMMING EXAMPLE - 32 BIT PROCESSOR PAGE 2 12:36:47 07/19/78 

2 LINES - NON ZBID 

(") 7 * I 
~ 8 * 
(1\ 9 * *************************************************************** 

10 * 
11 * THIS SAMPLE PROGRAM ILLUSTRATES A DATA TRANSFER BETWEEN TWO * 
12 * 4-WIRE LINES RUNNING UNDER LOCAL LOOPBACK ON 
13 * THE QSA. A VECTOR TABLE IS SET UP TO HANDLE INTERRRUPTS FROM * 
14 * FOUR DIFFERENT DEVICES THE SAME DATA BYTE IS TRANSMITTED ON * 
15 * BOTH LINES ANO IS DISPLAYED ON THE DISPLAY PANEL. IF A DATA * 
16 * ERROR IS OETECTED, THf PROGRAM HALTS WITH THE RAD DATA * 
17 * DISPLAYED. IF A STATUS OR AODPESS ERPOR OCCURS, THE PROGRAM * 
18 * HALTS WITH THE DEVICE ADDRESS AND STATUS DISPLAYED. PROGRAM * 
19 * IS UNDER INTERRUPT CONTROL AND STOPS ONLY ON AN ERROR. * 
20 * *************************************************************** 
21 * oono 0002 22 IDEV EQU 2 

0000 0003 23 ISTA EQU 3 > 
0000 OOOA 24 Rl EQU 10 

l'tj 
l'tj 

0000 OOOB 25 WORKl EQU 11 tsj 

0000 oooc 26 DISP EQU 12 z 
0000 0000 27 WORK EQU 13 

0 
H 

0000 OOOE 28 IOX Ec;lU 14 >< 
0000 OOOF 29 RETN EQU 15 (") 
0000 0008 30 BUSY EQU e 

31 * -
OOOOOOI F800 0000 OOFO 32 LI WORKtY'OOFO' SET PSW FOR USER SET (") 

000~06I 95AD 33 EPSR WORK1tWORK CHANGE THE PSW. 0 
:::J 

oooooeI 07EF.: 34 XR IOX • IOX CLEAR THE INDEX REGISTER t"t 

oooooAI 48DE 8oF6 =000104I 35 SETUP LH WORK,DEVADRCIOX> GET A DEVICE ADDRESS ..... 
oooooEI or.no aoFE =0001101 3f. oc WORK, IDLE IDLE THE DEVICE :::J 

c: 
000012I 26E2 37 AIS IDX•2 INCREMENT THE INDEX '1> 

ooon14I CSEO 0008 38 CLHI IOXtOEVEND-DEVADR FINISHED ? p. -0000181 2037 39 BNE'S ~ETUP NO • CONTINUE 
00001AI 24C1 40 LIS OISP,1 DISPLAY PANEL ADDRESS 
OflOOlCI 0700 41 XR WORK.WORK 
nonn1EI orco eoEB =00010DI 42 oc OISP,INCR SET DISPLAY TO INCREMENT MODE 

I'-.) 
000022I 9ACn 43 WDR DISP,WORK CLEAR DISPLAY 

"' 
000024I 9Aln 44 WOR ()ISP,WORK 

I 0000261 9ACD 45 WOR OISP,WORK 
.i:: 000028I 9ACD 46 WDR OISP,WORK 
~ oonn2AI DfCO eoDE =OOOlOCI 47 oc DISP,NORM SET DISPLAY BACK TO NORMAL MODE w 

nooo2EI 07EE 48 XR IDX, IOX CLEAR THE INDEX 
!:;tj 0000301 48AE eoDo =000104I 49 SET VT LH Rlt DEVADR ( IDX) GET THE RECEIVE DEVICE ADDRESS 
0 ooon34I C8DO 00881 50 LHI WORK,REA01 SET THE VECTOR ADDRESS w 

ooon38I 4oOA 4AOO OODO 51 STH WORK,x•oo•cR1tR1) IN THE VECTOR TABLE 
~ ooon3EI OfAO aocF =000111I 52 oc RltCOMMON SET THE COM~ON COMMAND 
0 Ol'IOn42I Of AO eoc8 =OOOlOEI 53 oc ~ltENBSCH RECV ENABLE, SYNSCH 

' ~ 0000461 DAAO aoce =000112I 54 WO R1tSYNC SET THE SYNC MATCH REGISTER 

"' 00004Al 2EiE2 55 AIS IDXt2 INCREMENT THE INDEX 
00004CI 48AE 8084 =0001041 56 LH RltDEVADR(IOX> GET THE TRANSMIT DEVICE ADDRESS 
0000501 ceoo OODOI 57 LHI woRK,wRITEl SET THE VECTOR ADDRESS 
0001"54I 4o!JA 4AOO OODO 58 STH WORK,X'00•(RltR1> IN THE VECTOR TABLE 
onno5AI DEAO 8PB1 =OOOlOFI 59 oc RltENBRQS XMIT ENABLE, RQ2S 



QSA - 4-WIRE PROGRAMMING EXAMPLE - 32 BIT PROCESSOR PAGE 3 12&36:47 07/19178 

~ LINES - NON ZBID 

l'V 00005EI 26f 2 60 AIS IOX•2 INCREMENT THE INDEX 
\() 

I 0000601 C5EO 0008 61 CLHI IOX•DEVEND-DEVAOR FINISHEO ? 
+:' 000064I 42AO FFC8 =0000301 62 BL SET VT NO 
....J 0000681 c2ro 8084 =OOOOFOI 63 WAIT1 LPSW WAIT YES 
(.U 

64 * !:t1 00006CI 07EE 65 IDXSET' XR IOX • IOX 
0 00006El 452E 8092 =0001041 66 LOOK1 CLH IOEV,OEVADR<IDX> w 0000721 033F 67 BER RETN 
~ 000074I 26E2 68 AIS IOX•2 
0 000('.176I C5EO 0008 69 CLHI IDXtOEVEND-OEVADR 
....... oooo7AI 4280 FFFO =00006EI 70 BL L00K1 ....J 
\() 00007EI 24C1 71 DSPLAY LIS OISP,1 

000080I 9AC3 72 WOR OISP,ISTA 
0000821 9AC2 '3 WDR OISP, IDEV 
0000841 c200 8070 =ooooF81 74 HALT1 LPSW HALT 

75 • ;:J:iO 

000088I C530 0008 76 READ1 CLHI ISTA,BUSY CARRIER ON INTERRUPT ? "'d 

ooonecI 4230 FFEE =00007EI 77 BNE OSPLAY NO - ERROR "'d 
M 

0000901 CBDO 009EI 78 LHJ WORK,REA02 SET THE NEXT INTERRUPT z 
000094I '+on2 4200 0000 79 STH WORK,X'OO'(IOEVtIOEV> VECTOR IN THE TABLE 0 

ooon9AI 4300 FFCA =0000681 80 B 'iiiAITl H 
>< 

81 • 
00009fl OA33 82 READ2 LR ISTA,ISTA SET THE CONDITION CODE?-GOOO STATUS n 
OOOOAOI 4230 FFOA =oooo7EI 83 BNZ OSPLAY NO "' ERROR 
OOOOA4I 9820 e4 ROR IDEV,WORK READ THE DATA BYTE n 
OOOOA6I 24C1 85 LI~ OISP,1 LOAD THE DISPLAY PANEL ADDRESS 0 

OOOOA8l 9ACD 86 WDR DISP,WORK WRITE THE DATA TO THE DISPLAY 0 
rt' 

87 * ~· 
ooooAAI 41FO FFBE =00006CI SB BAL RfTN,IOXSET GfT THE INTERNAL DEVICE INDEX :;j 

ooonAEI D40E 8062 =000114I 89 CLB WORKtOATA<IOX> IS IT A DATA BYTE ? c: 
(1) 

ooons2I 4330 FF82 =000068I 90 BE WAIT1 YES p. 

ooonB6I 0400 8058 =0001121 91 CLB WORKtSYNC NO • IS IT SYNC ? -· 
ooooBAI 4230 FFC6 :000084I 92 BNE HALT1 NO 
nnoof\EI CADO OODEI 93 LHJ wORK,wRITE2 YES - CHANGE THE WRITE INTERRUPT VECTOR 
ooonc2I 48AE 8C40 :000106I 94 LH R1tDEVADR+2(IDXl GET THE ASSOCIATED WRITE DEVICE ADD~E s 
oooocu If ODA 4AOO OODO 95 STH WORK,x•oo•(RltRl) CHANGE THE VECTOR 
ooocccI lf300 FF98 =000068I 96 B WAITl 
OOOOOOI 0833 97 WRITE1 LR ISTA,ISTA ZERO STATUS? 
ooonD2I 4~30 FFA8 =oooo7EI 98 BNZ nsPLAY NO "' HALT 
0000061 DA20 8038 =000112I 99 WO IOEV, SYNC WRITE SYNC BYTE 
OOOC'DAI 4300 FF8A =000068I 100 B WAIT1 

101 * ooooD[I 0833 102 WRITE2 LR JSTAtISTA ZERO STATUS? 
OOOOEOI lf230 FF9A =00007EI 103 BNZ OSPLAY NO • HALT 
000".'IElfI 41FO FF84 =oooo6CI 104 BAL RETN,IOXSET 

() 
OOOOE81 DA~E A028 =000111f I 105 WO IDEV •DATA< IOX) WRITE A DATA BYTE 

I OOOOECI 4300 FF78 =000068I 106 B WAIT1 - OOOOFOI 107 ALIGN If 
....J OOOOFOI 0000 COFO 108 WAIT DC y•COFO' tA<WAITl> 

OOOOFlf.I 0000 0068I 
OOOOF8I 0000 80FO 109 HALT DC y•80FO',A<HALT1) 
OOOCFCI 0000 00841 
0001001 oono 0000 110 SYNFLG DC 0 
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QSA - 4-WIRE PROGRAMMING EXAMPLE - 32 BIT PROCESSOR 

2 LINES - NON ZBID 

PAGE 4 12:36:47 07/19/78 

0001041 0088 111 DEVADR DC x•as•,x•so•.x•ac••X'B9' 
0001061 OOAD 
000108I oo~c 

00010AI 0089 
OOGO OlOCI 112 DEV END 

OOOlOCI 80 113 NORM 
00010DI 40 11'+ INCR 
00010EI 79 115 ENBSCH 
00010FI 7R Uf» ENBRQS 
OOOUOI Fl 117 IDLE 
0001111 30 118 COMMON 
OOOU21 1 f, llq SYNC 
ooouu 120 
0001141 5500 121 DATA 
000116I 5MO 122 
0001181 AA no 123 
OOOUAI AAOO 124 
oonucI 125 

EQU * DB x•ao• 
DB x•t+O• 
DB x•79• 
OB x•7B' 
08 x•F1• 
OB x•3o• 
DB x•16• 
ALIGN 4 
DC x•55oo• 
DC )(•5500' 
DC X'AAOO' 
DC x•AAOO' 
END 

DISPLAY NORMAL MOOE 
DISPLAY INCREMENT MOOE 
ENABLE• LOCAL, SYNSCH 
ENABLEtLOCALtRESET DATA MODE,RQ2S 
DISARM, IDLE 
8 BITS/CHAR, NO PARITY 
SYNC CHARACTER > 

~ 
~ 
~ 
:z 
~ ..... 
~ 

n 

-n 
0 
::s 
rt-..... 
::s 
r.: 
C1> 
p. -



QSA - ~-WIRE PROGRAMMING EXAMPLE • 32 BIT PROCESSOR PAGE 5 12:36:47 07119178 

IV 
2 LINES - ~ON lBID 

\() 

I ASSEMBLED f~Y CAL 0 3-066Frns-oo (32-BIT> 
c 
.....J START OPTIONS: *NnNE* tu 

ttl NO CAL fRRORS 
0 NO C Al lo.ARNINGS VJ 

2 PASSF."S 
~ 

0 AA STOP 0000 0000 
......... 
.....J AIJC 0000 0004 
\() BUSY 0000 0008 30* 76 

COMP10N 0000 01111 52 118• 
OA.TA 0000 0114I 89 105 1:21* 
orvADR 0000 01041 35 38 49 56 61 66 69 94 111* 
OF"Vf.ND 0000 010Cl 38 61 69 112• ;J:ll 

DISP 0000 oooc 26* 40 42 43 44 45 46 47 71 72 73 B5 8( lij 

OSPLAY 0000 007El 11* 77 83 98 103 
:I lij 

tx:l 
ENBRQS 0000 OlOFl 59 116* :z: 
ENBSCH 0000 OlOEI 53 115• t=' 

H 
HALT 0000 OOF8I 74 109• x 
HAL Tl 0000 00841 74• 92 109 
IrJEV 0000 0002 22• 66 ·73 79 79 84 99 105 () 

InLE 0000 0110I 36 117* -Inx 0000 OOOE 28• 34 :54 35 37 38 48 48 49 55 56 1;0 6:ln 
65 65 66 68 69 89 94 105 0 

IOXSET 0000 006Cl 65• 88 104 
::J 
rt' 

IMPTOP 0000 011CI ..... 
INCR 0000 OlODI 42 114• 0 

ISTA 000£1 0003 23• 72 "76 82 82 97 97 102 102 
c: 
<1> 

LADC 0000 0002 ~lo 

LOOKl 0000 006EI 66• 70 
...... 

NORM 0000 OlOCI 47 113• 
PURETOP 0000 OOOOP 
Rt 0000 OOOA 24• 49 51 51 52 53 54 56 58 58 59 ~J4 9~) 

95 
REA01 0000 00881 50 u,. 
REA02 0000 009EI 78 82• 
PETN 0000 OOOF 29• 67 lS8 104 
SETUP 0000 OOOAI 35• 39 
SET VT 0000 OO:ilOI 49• 62 
SYNC 0000 01121 54 91 99 1U* 
SYNFLG 0000 01001 110• 
WAIT 0000 OOFOI 63 108* 
WAITl 0000 00681 63• 80 90 96 100 106 108 

() WORK 0000 0000 27• 32 33 35 36 41 41 43 44 45 46 ~;o 5ll 

I 57 58 78 79 84 86 89 91 93 95 
~ WOP Kl 0000 0008 25• 33 
\() 

WRITEl 0000 00001 57 97• 
\oiRITE2 0000 OOOEl 93 102• 
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QSA - 2•WIRE PROGRAMMING EXAMPLE • 32 BIT PROCESSOR 

PROG: •NONE• ASS[MBLEO BY CAL 03·066R05-00 

1 
2 
:3 
'+ 
!S 

<32•BIT> 

SCRAT 
CROSS 
WIDTH 120 
TARGT 32 
NOR>C3 

PAGE 1 12:~3:~6 07/19/78 

> 
"'O 
"'O 
tzj 
:z; 
t:1 
H 
>< 
(") 

-(") 
0 
~ 
r+ 
~· 
:l 
c 
(1) 
p. -
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QSA - 2-WIRE PROGRAMMING EXAMPLE • 32 BIT PROCESSOR PAGE 2 12:~3:46 07/19/78 

ZBID 

0000001 
0000061 
0000081 
ooooocI 
ooon.101 
OOOC14I 
OOOOlAI 
OOOC1El 
ooon22I 
0000261 
00002CI 
00002El 
0000301 
0000341 
0000361 
0000381 
00003Al 
00003CI 
0000401 
000044I 
0000461 
0000481 
00004AI 
00004EI 
000052I 
0000561 
ooon5AI 

0000 0002 
0000 0003 
0000 0008 
0000 0009 
0000 OOOA 
0000 0008 
0000 oooc 
0000 0000 
0000 OOOE 
0000 OOOF 
0000 0008 
0000 OOBB 
0000 007E 

FAAO 0000 OOFO 
9!i8A 
48RO 80E8 =OOOOF4I 
DERO 80fE =OOOOFEI 
CAAO OOB6I 
4oAB 4800 0000 
48CO 80D8 =OOOOF6I 
DECO Booe =OOOOFEI 
C8AO 00'7CI 
4nAC '+COO 0000 
2491 
07AA 
DF90 80C4 =OOOOF8I 
9AqA 
9A9A 
9AqA 
9A9A 
Dr9o 8089 =OOOOF9I 
'+OAO 80AC =OOOOFOl 
24F9 
24E1 
01no 
OfRO 8081 =OOOOFFl 
DECO eoAD =OOOOFFI 
DECO 80A5 =OOOOFBI 
OACO 80A7 =0001011 
DECO 809E =OOOOFCI 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3'+ 
35 
36 
37 
38 
39 
40 
'+1 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

* 
* **************************************************************** * THIS PROGRAM ILLUSTRATES A DATA TRANSFER BETWEEN TWO LINES * 
* ZBID MOOE IS ASSUMED. 10 DATA BYTES ARE 
* SENT ANO FOLLO~EO BY 10 FLAGS. THE FLAGS ARE SENT BY HARDWARE. * 
* THIS PATTERN ~ONTINUE~ UNTIL AN ERROR IS OETECTEn. IF A STATUS * 
* OR ADDRESS ERROR IS DETECTED. THE PROCESSOR HALTS WITH THr * 
* STATUS AND DEVICE ADDRESS DISPLAYED. IF IT IS A OATA ERROR, * 
* ONLY THE nATA BYTE IS DISPLAYED. PROGRAM IS EXEcUTfD UNDEP * 
* INTERRUPT. * 
* **************************************************************~:• 
* IDEV 
ISTA 
WORKl 
DISP 
WORK 
RDEV 
XDEV 
COUNT 
Rl 
R2 
BUSY 
TERM 
ENOFLG 

* 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 

2 
3 
8 
9 
10 
11 
12 
13 
14 
15 
8 
X'BB• 
x•7E• 

BUSY 
INVERSE OF TERM STATUS 
END FLAG 

LI woRK,y•ooFO' SET REGISTER SET "F" PSW. 
EPSR wORKltWORK CHANGE THE Psw. 
LH ROEV,RAOR GET RECV DEVICE ADDRESS 
OC RDEV,IDLE 
LHI WORK,REAn SET THE READ INTERRUPT 
STH WORK,x•oo•<ROEVtROEV) VECTOR 
LH XDEV,XAOR GET XMIT DEVICE ADDRESS 
OC XOEVtIDLE 
LHI woRK,wRITE SET THE WRITE INTERRUPT 
STH WORKeX'OO'(XOEVtXDEV) VECTOR 
LIS DISPel DISPLAY PANEL ADDRESS 
XR WORKtWORK 
OC OISP,INCR SET DISPLAY TO INCREMENT MODE 
WDR OISPeWORK CLEAR DISPLAY PANEL 
WOR OISP,WORK 
WOR OISP,WORK 
WDR OISPeWORK 
OC nISPeNORM SET DISPLAY BACK TO NORMAL MODE 
STH WORKeFLAG RESET FLAG INDICATOR 
LIS R2t9 10 BYTES PER FRAME 
LIS Rltl INCREMENT 
XR COUNTeCOUNT CLEAR COUNTER 
OC RDEVtCOMMON SET ZBID MOOE 
OC XOEVtCOMMON 
OC XOEVeWRMOO PUT XMIT TO WRITE MOOE 
WO XDEV,FILL ENSURE LINE STARTS UP WITH MARKS 
OC XDEV,ENBRQS XMIT LINE IN RQ2S 

):11 

1-(j 

1-(j 

tJ:j 
z 
1::1 
H 
>< 
(") 

...... 
(") 

C> 
:s 
rt-
1-•· 
:s 
c: 
<1> 
i::i. 



() 
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I\.) 

I\.) 

\D 
I 
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QSA - 2-WIRE PROGRAMMING EXAMPLE - 32 BIT PROCESSOR 

ZBID 

PAGE 3 12:43:46 07/19/78 

ooon5EI 
0001')621 

0000661 
0000681 
OOOC'6Cl 
00006EI 
0000701 
ooon74I 
oooo78I 

00001c1 
ooonsoI 
0000841 
0000861 
OOOOAAI 

00008El 
000094I 
0000961 
00009AI 
noooCJcI 
ooonAoI 
ooooA4I 
ooooAaI 
OOOOACI 

OOOOAEI 
0000821 

0000861 
ooooBAI 
oooneEI 
OOOOC2I 
OOOOC6l 
OOOOC8I 
OOOOCAI 
oooocc1 
0000001 
ooooou 
0000081 
OOOCIOCI 
OOOOEOI 

0000 005EI 
DEBO 8098 =OOOOFAI 
c2rro 8o7A =ooooEot 

2491 
DE90 8o8C =OOOOF8I 
9A93 
9A92 
DERO 808A =ooooFEI 
Drco 8086 =ooooFEI 
C200 806C :OOOOE8I 

48~0 eo7o =ooooFor 
4230 sooA =ooooAEI 
0833 
42~0 FFDC =000066T 
DA20 8072 :000100I 
0(100 008EI 
FBAO 0000 OOFO 
958A 
ClDO FFC8 =000062I 
0700 
48AO 8050 =OOOOFOI 
C7AO ooFF 
4oAo 8048 =0000Fo1 
DECO 8051 =OOOOFDI 
08AA 

4230 FFBO =0000621 
4300 FFAe =oooo5Et 

C530 0008 
4330 FFA4 =0000621 
c~~o OOBB 
4~30 FFAO :0000661 
9R2A 
2491 
9A9A 
04AO 8030 :0001001 
4330 FF8E =000062! 
C5AO 007E 
4330 FF86 :0000621 
4300 FF90 :000070I 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
10!5 
106 
107 
108 
109 
110 
111 
112 

* * NOTE : 
• * IF THE NEXT COMMAND IS BEING ISSUED TO TURN A 2•WIRE LINE 
* AROUND FROM WRITE TO READ• THE COMMAND MUST BE ISSUED TWICE 
* FIRST WITH INTERRUPTS DISARMEDtANO THEN REISSUED WITH THE 
* DESIRED INTERRUPT CONDITION, UNLESS THE DISARM CONDITION 
* IS DESIRED. 

* WAIT2 

WAITl 

* DSPLAy 

HAL Tl 

• 
WRITE 

CONT IN 

EQU 
oc 
LPSW 

LIS 
oc 
WDR 
WOR 
oc 
oc 
LPSW 

* ROEVtENBSCH 
WAIT 

OISP,1 
DISPtINCR 
C'IISP,ISTA 
nISP, !DEV 
RDEV,IDLE 
XDEV, IDLE 
HALT 

LH WORKtFLAG 
BNz CONTIN 
LR ISTAt!STA 
BNZ DSPLAY 
WO IDEV,DATA 
EQU * 
LI woRK,y•OOFO' 
EPSR WORKl,WORK 
BXLE COUNT,WAIT1 
XR coUNT,COllNT 
LH WORK,FLAG 
XHI WORK,X'FF' 
STH WORKtFLAG 

RECV LINE IN SYNSCH 

LOAD THE DISPLAY PANEL ADDRESS 

DISPLAY STATUS 
OISPLAY DEVICE ADDRESS 
IDLE LINES 

FLAG SET? 
YES - SKIP WRITE DATA 
STATUS ZERO? 
NO .. ERROR 
WRITE A DATA BYTE 

SET REGISTER SET 
CHANGE THE Psw. 

CLEAR COUNTER 

"F" PSW. 

REVERSE FLAG INDICATOR 

OC XOEVtENBRQ RESET OV 
LR woRK,wORK SET THE CONDITION CODE 

* WHERE FLAGS BEING SENT ON THE LINE 

• 
READ 

BNZ WAITl NO • DATA WAS ON THE LINE 
B WAIT2 YES - PUT THE RCV SIDE IN SYNCH. 

CLHI 
BE 
THI 
BNZ 
RDR 
LIS 
WDR 
CLR 
BE 
CLHI 
BE 
B 
ALIGN 

JSTA,BUSY 
WAIT1 
ISTAtTERM 
DSPLAY 
IOEVeWORK 
DISP,1 
OISP,WORK 
WORl<tDATA 
WAIT1 
WORK,ENDFLG 
WAITl 
HALTl 
«+ 

CARRIER-ON INTERRUPT? 
YES • WAIT 
STATUS ZERO OR TERM? 
NO • ERROR 
READ A BYTE 

DISPLAY THE BYTE 
IS IT DATA SENT? 
YES • WAIT 
IS IT THE END FLAG? 
YES • WAIT 
NO .. HALT 

> 
trj 
trj 
ts] 

:z: 
t=' 
H 
>< 
() 

-() 
0 
=' 
rt' ..... 
=' 
Q 
ct> 
~ 
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QSA - 2•WIRE PROGRAMMING EXAMPLE - 32 BIT PROCESSOR PAGE 

ZBIO 

OOOOEOI 
OOOOEl.JI 
OOOOE8I 
OOOOECI 
ooo.JFOI 
OOOOF,,.I 
OOOOF6I 
ooonFaI 
OOOOF9I 
OOOOFAI 
ooonFBI 
OOOOFCI 
OOOOFOI 
OOOOFEI 
OOOOFFI 
oon100I 
0001011 
0001021 

0000 COFO 
0000 0062I 
OOCIO 80FO 
0000 00701 
0000 0000 
OOR8 
OOBC 
I.JO 
Bo 
79 
FR 
7A 
68 
Ft 
32 
55 
FF 

113 

111.J 

115 
116 
117 
118 
119 
120 
121 
122 
123 
121.J 
125 
126 
127 
128 

WAIT DC y•COFO'eA<WAITl> 

HALT DC Y•80FO',A<HALT1> 

FLAG DC 0 
RAOR DC X'88' 
XAOR DC x•ac• 
INCR DB )('&JO' 
NORM OR x•eo• 
ENBSCH OR )(•79• 
WR MOO DB x•FB• 
ENBRQS DB X•7B• 
ENBRQ DB X•6B• 
IDLE DB X'Fl• 
COMMON DB x•32• 
DATA DB x•55• 
FILL DB x•FF• 

END 

... 12: ... 3:&J6 07/19/78 

RECV LINE ADDRESS 
XMIT LINE ADDRESS 
INCREMENT 
NORMAL 
ENABLE• LOCALt SYNSCH 
OISARMtLOCALtREADY,WRITE,RESET D.M. 
ENABLEeLOCALtRESET DATA MODE,RQ2S 
ENABLE, LOCAL, RQ2S 
DISARM, IDLE 
ZBID MOOE 
DATA BYTE 
MARK CHARACTER 

> 
t"d 
t"d 
tz::I 
~ 
0 
H 
>< 
("') 

-("') 

0 
cs 
r+ ..... 
0 
c: 
CD 
p. -



QSA - 2-WIRE PROGRAMMING EXAMPLE • 32 BIT PROCESSOR PAGE 5 121 .. a:,.6 07/19178 

n ZBIO 
I 

IV 
.i::- ASSEMBLED BY CAL 03•066R05-00 (32-BIT> 

START OPTIONS: •NONE* 

NO CAL ERRORS 
NO CAL WARNINGS 

2 PASSES 

AR STOP 0000 0000 
AOC noou 0004 
RUSY 0000 0008 29• 100 
COP"MON 0000 OOFFI 55 56 125• 
CnNTIN nooo oo~E1 8;> A6• 
CC'UNT 0000 0000 26• 54 5 .. 69 90 90 >' 
OATA 0000 01001 85 107 126• "TI 

OISP noon oon9 22• 43 45 4f. &+7 48 .. 9 50 73 74 75 76 105 "'Cl 
tr1 

106 z 
DSPLAY 0000 00661 73• 84 103 t-:1 

HIRRQ 0000 OOFDI 91+ 123• 
H 
>< 

ENBRQS 0000 oorc1 59 122• 
El\!ASCh 0000 OOFAI 70 120• n 
E!\10FLG 0000 007[ 31• 109 
FILL 000() 0101I 58 127• n 
FLAG 0000 ooro1 51 81 91 93 115• 0 

HALT 0000 oor81 79 114• 
::J 
rt 

HAL Tl 0000 00701 11• 111 114 ~ 

In EV 0000 0002 19• 76 85 104 ::J 

IDLE 0000 OOFEI 36 40 77 78 124• 
c: 
co 

IMPTOP 0000 0102! p. 

INCR 0000 OOF6I 45 74 118• 
ISTA 0000 0003 20• 75 83 83 100 102 
LAOC 0000 0002 
NORM 0000 OOF9I 50 119• 
PURfTOP 0000 OOOOP 

tv 
Rl nooo ooor 27• 53 

\0 R2 0000 OOOF 26• 52 
I RAOR 0000 OOF41 35 116• 

.&: ROEV 0000 0008 24• 35 36 38 38 55 70 77 
...J 

REAO 0000 OOR6I 37 100• Lu 
TERM 0000 0088 30• 102 

~ WAIT 0000 OOEOI 71 113• 
0 W/.\ITl 0000 00621 71• 89 97 101 108 110 113 
Lu 

WAIT2 0000 OO!iEI 69• 98 
WORK nooo oooA 23• B 34 37 38 41 42 .. 4 .. 4 46 .. 1 48 .. 9 

0 51 81 87 88 91 92 9! 95 95 104 106 107 109 
.......... 

.....J WORl<l 0000 0008 21* 34 88 
\0 WPITE 0000 007CI 41 81• 

WR MOO 0000 OOFRI 57 121• 
XAOR 0000 OOF6I 39 117• 
xnrv 0000 oooc 2!5• 39 40 42 42 56 57 58 59 78 94 



l'0 
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' i::-
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QSA - 4•WIHE PROGRAMMING EXAMPLE - 32 BIT PROCESSO~ PAGE 1 12:~5:11 07/19/78 

PROG: •NONE• ASS~MRLED RY CAL 03·066R05-00 

1 
2 
3 
I~ 

5 
6 

(32-BIT, 

SCRAT 
CROSS 
WIDTH 120 
TARGT 32 
NORX3 
PROG OSA • ~-WIRE PROGRAMMING EXAMPLE • 32 BIT PROCESSOR 

> 
l"f1 
trj 

tTl 
z 
t:1 
H 
:>< 

0 

CJ 
0 
c 
~ ..... 
c 
c.: 
CD 
p. 



() 

I 
~ 

°' 

~ 
\0 
I 

+: 
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w 
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w 
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\0 

QSA - 4-W~RE PROGRAMMING EXAMPLE • 32 BIT PROCESSOR 

2 LINES • ZBIO 

PAGE 2 12:45:11 07/19/78 

0000001 
0000061 
0000081 
oooooAI 
ooonoEI 
0000121 
0001'.l14I 
0000181 
00001Al 
OOOOlCl 
OOOOlEI 
0000221 
0000241 
onno26I 
00002Al 

00002CI 
0000301 
00003&f.I 
0000381 
00003CI 
0000421 

000044I 
000046I 
00004AI 

0000 0002 
0000 0003 
0000 OOOB 
0000 oooc 
0(100 OOOD 
0000 OOOE 
0000 OOOF 

FACO 0000 OOFO 
95EC 
07f1D 
48CD 8112 =0001201 
DECO 812F =000141I 
26f'l2 
C5DO 0008 
2n37 
24A1 
07CC 
OEAO 8117 =0001391 
98~C 

98AC 
DEBO 810E =0001381 
01no 
0000 002CI 
48EO 80FO :0001201 
OEEO 8107 :00013BI 
orEo 8102 =ooo13AI 
E6CO 80AA :OOOOE6I 
'+oCE '+EOO 0000 
2602 

07CC 
40CD SODE :0001281 
40C0 8008 =0001261 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

* **************************************************************** * THIS SAMPLE PROGRAM ILLUSTRATES A DATA TRANSFER BETWEEN TWO * 
* 4•WIRE LINES RUNNING IN ZBID MOOE UNDER LOCAL 
* LOOPBACK. 10 DATA BYTES ARE SENT BY THE PROGRAM• ANO THE 10 * 
* FLAGS ARE SENT BY THE HARDWARE• DUE TO THE OVERFLOW CONDITION * 
* GENERATED ANO CONTROLLED BY THE TRANSMIT SIDE• THIS PATTERN * 
* OF 10 DATA BYTES ANO 10 FLAGS IS OUTPUT UNTIL AN ERROR IS * 
* DETECTED• OR PROGRAM EXECUTION IS TERMINATED BY THE USER. * 
* THROUGHOUT THE OPERATION OF THE PROGRAM THE DATA RECEIVED * 
* IS DISPLAYED ON THE DISPLAY PANEL. IF THE PROCESSOR HALTS * 
* ONE OF TWO ERRORS HAVE BEEN DETECTED. IF ONLY ONE DATA BYTE * 
* IS DISPLAYED WHEN THE PROCESSOR HALTS THEN A DATA ERROR WAS * 
* DETECTED, AND THE BYTE DISPLAYED IS THE BYTE IN ERROR, IF TWO * 
* BYTES ARE DISPLAYED• A STATUS ERROR OR AN UNEXPECTED INTERRUPT * 
* WAS DETECTED. IN THIS CASE THE LEFTMOST BYTE IS THE DEVICE * 
* ADDRESS• AND THE OTHER BYTE IS THE DEVICE STATUS. * 
• * 
* * * **************************************************************** 
IDEV EQU 2 
ISTA EQU 3 
DISP EQU 11 
WORK EQU 12 
IDX EQU 13 
WORKl EQU 14 
RETN EQU 15 

* 

SETUP 

SET VET 

* 

LI 
EPSR 
XR 
LH 
oc 
AIS 
CLHI 
BNES 
LIS 
XR 
oc 
WHR 
WHR 
oc 
XR 
EQU 
LH 
oc 
oc 
LA 
STH 
AIS 

WORK,y'OOFO' 
WORKl,WORK 
IOX, IDX 
WORK,DEVAOR(IOX> 
t.:ORK, IDLE 
IDX•2 
IOX•DEVENO•DEVADR 
SETUP 
nISP,1 
WORK,WORK 
OISP,INCR 
OISP,WORK 
OISP,WO~K 
OISP,NORM 
IOX, IOX 

* 

SET REGISTER SET "F" PSW. 
CHANGE THE PSW. 
CLEAR THE INDEX 
GET A DEVICE ADDRESS 
IDLE THE DEVICE 
INC~EHENT THE INDEX 
FINISHf.D ? 
NO - CONTINUE 
LOAD THE DISPLAY PANEL ADDRESS 
SET ZERO DATA 
SET THE DISPLAY TO INCREMENTAL MODE 
ZERO OUT THE 
DISPLAY PANEL 
SET THE DISPLAY TO NORMAL MOOE 
CLEAR THE INOEX REGISTER 

WORKl,DEVADR<IDX> GET THE RECEIVE DEVICE ADDRESS 
WORKl,COMMON SET UP THE COMMON CONTROL 
WORKl,ENBSCH RCV, ENABLE, SYNC. SEARCH 
WORK,READ LOAD THE READ INTERRUPT VECTOR 
WORK,X'D0'(WORK1,WORK1> STORE IN THE VECTOR TABLE 
IDXt2 INCREMENT THE INDEX 

XR WORKeWORK CLEAR WORK 
STH WORK,cONTROLCIDX> CLEAR CONTROL FLAG 
STH WORK,cONTROL•2(10X) CLEAR THE BYTE COUNT 

;J:­
ltj 
ltj 

t:z:1 
z 
0 
H 
>< 
() 

() 

0 
::J 
rt ..... 
::J 
c 
ro 
p. 



QSA • 4-WIRE PROGRAMMING EXAMPLE • 32 BIT PROCESSOR PAGE 3 12:45:11 07/19178 

N 2 LINES - ZBlCD 
\0 
I 61 * .i::: 62 • ....J 

(.&.) 00004EI 46EO 80CE :000120I 63 LH WORKleDEVADR<IDX> GET THE XMIT DEVICE ADDRESS 
0000521 DEEO 80E7 =oo013DI 64 oc WORK1eWRMOD PUT XMIT TO WRITE MODE 

!::o OOOC56I DAEO 8CE4 =00013£1 65 WO WORKl eFILL ENSURE LINE STARTS UP WITH MARKS 0 
w oooo5AI DEEO eooE =00013CI 66 oc WORK1,ENBRQS ENABLE XMIT, RQ2S 

oooo5EI E6CO 8030 =000092I 67 LA WORK, WR ITF: LOAD THE WRITE INTERRUPT VECTOR .... 0000621 40CE c+EOt~ 0000 68 STH WORK,x•oo•cwoRKl,WORKl) STORE IN THF VECTOR TABLE 0 

' 000068I 2602 69 AIS IOXe2 INCREMENT THE INDEX 
....J 00006AI c~oo oooia 70 CLHI IOXeDEVEND•DEVADR FINISHED ? 
\0 OOOC16El 4280 FFBA =00002CI 71 BL SET VET YES 

0000121 c2no ao9A =000110I 72 WAITl LPSW WAIT NO • WAIT 
73 * 000076I 0700 74 IOXSET XR IOX, IDX CLEAR THE INDEX 

000078I 4520 eoA~ =000120I 75 LOOKl CLH IDEV,OEVADR<IDX> TRY TO FIND A MATCH ~ .. 
00007CI 033F 76 BER RETN MATCH • RETURN t-{j 

00007El 2M'.l2 77 AIS rnx.2 BUMP THE POINTER '1::1 

0000801 csno 0001s 78 CLHI tOXeOEVENO•DEVADR FINISHED ? ti:l 
z 

ooooe'+I 4260 FFFO =000078I 79 BL L00K1 NO t:::i 
0000 008i8I AO DSPLAY EQU * 

H 

0000881 24A1 81 LIS OISP,1 LOAD THE DISPLAY PANEL ADDRESS >< 
00008AI 9AR3 82 WDR oISP,ISTA DISPLAY THE STATUS (") 

ooooecI 9AB2 83 WDR riISP,IDEV DISPLAY THE OEVICE ADDRESS 
ooonaEI c2nn 8086 =00011e1 8~ HALTl LPSW HALT HALT THE CPU 

...... 
(") 

85 * C> 
86 • :J 

87 * 
t"~ ..... 

0000 0092I 88 WRITE EQU * ==' 
0000921 41FO FFEO =000076I 89 BAL RETN,IDXSET GET THE INTERNAL INDEX ,: 
oooo96I ~8CO 8o8E =0001281 90 LH woRK,cONTROL(IOX) IS THE FLAG SET ? 

(1) 

i:l.i 
oooo9AI ~230 eooA =ooooA81 91 BNZ CON TIN YES • SKIP THE WRITE DATA 
00009EI 0833 92 LR ISTA, ISTA NO • IS THE STATUS O ? 
OOOOAOI 4230 FFE~ =ooooeaI 93 BNZ OSPLAY NO • ERROR 
OOOOA~I DA20 8097 =00013FI 94 WO IDEV,OATA 
OOOOA81 48CO 807A =0001261 95 CONTIN LH WORK,C0NTROL·2<IOX) GET THE BYTE COUNT 
OOOOACI 26C1 96 AIS WORKtl INCRE~ENT BY 1 
OOOOAEI C5CO OOOA 97 CLHI WORKe10 FINISHED ? 
0000821 ~330 8008 :OOOOBEI 98 BE CONTIN1 YES • SET UP TO SEND FLAG 
OOOOB6I ~oco eo6c =000126I 99 STH WORKtC0NTROL•2(IOX> NO • SAVE COUNT 
OOOOBAI ~300 FFB4 =0000721 100 B WAITl RETURN 
OOOOBEl 07CC 101 CONTINl XR WORK.WORK CLEAR THE COUNT 
OOOOCOI ~oco 8062 =0001261 102 STH WORK,C0NTROL•2(10X) STORE IN CONTROL TABLE 
OOOOC4I 48CD 8060 =000128I 103 LH WORK,CONTROLCIOX> GET THE FLAG 
OOOIJC81 C7CO OOFF 10~ XHI WORK,X'FF' CHANGE THE FLAG 

n oooncc1 ~oco eose =00012eI 105 STH WORKeCONTROL(IDX> STORE IT BACK 
I 0000001 0E20 806C =0001401 106 oc IDEVtENBRQ RESET THE OVERFLOW BIT 

N OOOOD41 oecc 107 LR WORK,WORI< WHERE FLAGS BEING SENT ? ....J 
0000061 4230 FF98 =000072I 108 BNZ WAITl NO • DATA 
OOOODAI ~BCD 80~0 =00011EI 109 LH WORK.DEVAOR•2<Iox> GET THE ADDRESS OF THE Rev. LINE 
ooooDEI DECO 8058 =00013AI 110 oc \JORKeENBSCJ.f PUT THE RCV. SIDE INTO SYNSCH 
OOOOE21 4~00 FF8C =0000721 111 B WAITl 

112 lie 

0000 OOE6I 113 FtEAO EQU * 
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I 
tv 2 LINES - ZBID 
(XI 

OOOOE6I 2481 114 LIS OISP,1 
OC'IOOEAI C530 0008 115 CLHI I STA.BUSY CARRIER ON INTERRUPT ? 
OOOOECI 4330 FF82 =000072I 116 BE WAITl YES • WAIT 
OOOOFOI C330 OOBA 117 THI ISTA,TERM NO - IS IT TERMINATE OR ZERO STATUS ? 
ooonF4I 4~30 FF90 =0000881 118 BNZ OSPLAY NO - ERROR 
OOOOF8I 9R2C 119 ROR IOEV, WORK YES - DISPLAY 
ooonFAI 9ABC 120 WDR OISP,WORK THE DATA READ 
OOOOFCI 04CO 803F =00013FI 121 CLR WORK,QATA WAS DATA RCVEO. ? 
0001001 4330 FF6E =0000721 122 BE WAIT1 YES 
0001041 C5CO oo7E 123 CLHI WORK,ENOFLG NO • WAS FLAG RCVED ? 
000108I 4330 FF66 =000072I 124 BE WAITl 
OOOlOCI 4~00 FF7E =00008EI 125 B HAL Tl 

126 * 
:z,. 
ltj 

0001101 127 ALIGN 4 ltj 

128 * tr1 

0001101 0000 COFO 129 WAIT DC Y'C0FO'eA<WAIT1) z 
t:1 

0001141 0000 00721 H 

0001181 0000 80FO 130 HALT DC y•80FO',A<HALT1) >< 
oooucr 0000 008EI () 

131 * 0001201 OoA8 132 DEVA DR DC x•B8•,x•AO'•X'BC'•X'B9' -
0001221 ooso () 

0 
00012Cf I OOFIC ::s 
0001261 0089 rt' 

0000 01281 133 OE VEND EQU * 
..... 

0001281 0000 0000 134 CONTROL DC o.o.o,o 
::s 
c 

00012CI 0000 0000 (I) 

0001301 0000 0000 
(.). -000134I 0000 0000 

0001381 80 135 NORM DB x•ao• DISPLAY NORMAL MOOE 
0001391 40 136 INCR OB x•40• DISPLAY INCREMENTAL MOOE 
00013Al 79 137 ENBSCH OB x•79• ENABLE1LOCAL1SYNC. SEARCH 
0001381 32 138 COMMON OB X'32' ZBID MOOE 

"' 
00013CI 78 139 ENBRQS DB x•1e• ENABLEeLOCALtRESET DATA ~OOE,RQ2S 

\D 0001301 FB 140 WR MOO OB x•FB• DISARM1LOCAL1READYtWRITE,RESET O.M. 
I 00013EI FF 141 FILL OB x•FF• MARK CHARACTER 

.f:' 00013FI 55 142 DATA OB x•ss• DATA BYTE 
-.J 
w ooono1 6A 143 ENBRQ DB X'68• ENABLE1LOCAL1RQ2S 

0000 007E 14~ ENOFLG EQU x•7E• ENO FLAG 
~ 0001411 Fl 1~5 IDLE DB X'Fl• IDLE 
0 
w 0000 0008 146 BUSY EQU 8 BUSY STATUS BIT 

0000 OOBB 1~7 TERM EQU x•ee• COMPLEMENT OF TERM STATUS 
~ 148 * 0 

' 0001421 149 ENO 
-.J 
\D 
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\0 
I 2 LINES - ZBID 

-= ....J ASSEMBLED RY CAL 03-066R05-GO C32•BIT) 
t1J 

!:C1 START OPTJC1NS: *NONE* 
0 

NO CAL ERRORS w 
NO CAL WARNINGS 

~ 2 PASSES 
0 

' A8STOP 0000 0000 
....J MC 0000 0004 
\0 SUSY 0000 0008 115 146• 

COMMON 0000 OBBI 52 138* 
c:nNTll; 0000 00A8l 91 95* 
C:ONTINl 0000 OOREI 98 101* 
COl\iTROL 0000 01281 59 60 90 95 99 102 103 105 134• 
DATA 0000 OBFI 94 121 142• 
DEVADR 0000 01201 38 41 51 63 70 75 78 109 132• !211 

nEvEND 0000 01281 41 70 78 133* ~ 

OISP 0000 0008 29* 43 45 46 47 48 81 82 83 114 120 
~ 
tz:I 

OSPLAY 0000 00881 80* 93 118 :z: 
ENBRQ 0000 01401 106 143• t::1 
E!\JBRQS 0000 OBCI 66 139• H 
EN8SCH 0000 Ci13AI 53 110 137• >< 
Ei.IOFLG 0000 007E 123 144• 
FILL 0000 OBEI 65 141* n 
HALT 0000 01181 84 130• -HALT1 0000 008El 84• 125 130 (') 
In EV 0000 0002 27* 75 83 94 106 l.19 0 
InLE 0000 01411 39 145• t:7 
lOX 0000 0000 31* 37 37 38 40 41 49 49 51 56 59 60 63 rt-

69 70 74 74 75 77 78 90 95 99 102 103 1.05 ~· 

109 t:7 

IDXSET 0000 00761 74• 8CJ1 c:: 
'1> 

lMPTOP 0000 01421 Po 
INCR 0000 01391 45 136• -lSTA cooo 0003 28• 82' 92 92 115 lll 7 
LADC 0000 0002 
LOOl<l 0000 00781 75• 79 
NORM 0000 01381 48 135• 
PURETOP 0000 OOOOP 
READ 0000 OOE61 S&f. 113* 
RETN 0000 OOOF 33• 76 89 
SETUP 0000 OOOAl 38• &f.2 
SET VET 0000 002Cl 50• 71. 
TERJll 0000 OOBB 117 l&f.7• 
WUT 0000 01101 72 129• 

n Wl\ITl 0000 00721 72• 10CI 108 111 116 122 12&f. 129 
I WORK 0000 oooc 30• 35 36 38 39 44 44 &f.6 47 54 55 se 58 rv 

\0 59 60 67 68 90 95 96 97 99 101 101 1.02 l.03 

' 104 105 107 107 109 :uo 119 120 121 123 
n WORKl 0000 OOOE 32* 36 51 !52 53 55 5!5 63 64 65 66 6e 68 
I WRITE 0000 00921 67 88• 

w 
0 

WR MOD 0000 01301 61+ 140* 
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