
Publication Number 29-654 

2-LINE AND 8-LINE 

COMMUNICATIONS MULTIPLEXORS 
PROGRAMMING MANUAL 

PERKIN-ELMER 

Computer Systems Division 
2 Crescent Place 
Oceanport. N.J. 07757 

Copyright@ 1978 by Perkin-Elmer Corporation Printed in U.S.A. September 1978 



PAGE 

i/ii 
iii 
iv 

1-1 
1-2 

2-1 
thru 
2-18 

A-1 
thru 
A-7/ 
A-8 

B-1 
thru 
B-21/ 
B-22 

Index-1 
Index-2 
Index-3/ 
Index-4 

PAGE REVISION STATUS SHEET 

PUBLICATION NUMBER 29-654 
TITLE 2-Line and 8-Line Communications Multiplexors 

Programming Manual 
REVISION RO 0 DATE September 19 7 8 

REV. DATE PAGE REV. DATE PAGE REV. DATE 

ROD 8/78 
ROO 8/78 
ROO 8/78 

ROO 8/78 
ROO 8/78 

ROO 8/78 . 

ROO 8/78 

ROO 8/78 

ROO 8/78 
ROO 8/78 

ROO 8/78 

A1598 



PREFACE 

This manual presents programming information for the 2-Line and 
8-Line Communications Multiplexors (COMM MUX). The COMM MUX 
provides an interface between a multiplexor bus or selector 
channel and a variety of asynchronous data sets in either the 
2-wire half duplex (HDX) or the 4-wire full duplex (FDX) mode. 
Chapter 1 provides a general description of the COMM MUX, conf ig
uration data, and a simplified block diagram. Chapter 2 provides 
data format information, programming instructions and operational 
considerations. The appendices contain sample programs for both 
16-bit and 32-bit processors. 

The following documents provide additional information for the 
COMM MUX user: 

32-Bit Series Reference Manual, Publication Number 29-365 

Model 7/32 User's Manual, Publication Number 29-405 

Modei 8/32 User's Manual, Publication Number 29-428 

16-Bit Series Reference Manual, Publication Number 29-398 

16-Bit Processor User's Manual, Publication Number 29-509 

2-Line and 8-Line Communications Multiplexors Maintenance 
Manual, Publication Number 29-650 
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CHAPTER 1 
INTRODUCTION 

1.1 GENERAL DESCRIPTION 

This manual contains a description of the Communications Multi
plexor (COMM MUX) (Product Numbers M47-104 and M47-105) and the 
necessary information to program the system. The COMM MUX 
provides an interface between a multiplexor bus or selector 
channel and a variety of asynchronous data sets in either the 
2-wire half-duplex (HDX) or the 4-wire full-duplex (FDX) mode. 
See Figure 1-1. Because of the wide variety of data sets and 
terminals available, the potential user must determine which COMM 
MUX is suitable for his given application and network. This 
manual assumes that the reader is familiar with the I/O structure 
of Interdata processors. 

The communications multiplexor is available in two versions. The 
2 line version is contained on a single 7-inch printed circuit 
board and the 8 line version is contained on a 15-inch printed 
circuit board. Each line has two consecutive addresses: an even 
address for the receive sice and an odd address for the transmit 
side. If strapped for 2-wire mode, both sides respond to either 
address; however, it is standard practice to use the even ad
dress. An interrupt flip-flop is associated with each side. 
Each 2-wire or 4-wire line can be programmed to adapt the char
acter format and baud rate to a wide variety of data sets and 
their associated terminals. See the 2-Line and 8-Line Communica
tions Multiplexors Maintenance Manual, Publication Number 29-650, 
for strapping information. 

1.2 CONFIGURATION 

The COMM MUX is desiq-ned for use on- any Interdata 16 bit or 3z 
bit processor. Since the COMM MUX board is treated as simply 
another device controller, no special ch ass is a re needed. Any 
number of boards may be used up to the maximum address 
capability. 
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CHAPTER 2 
COMMUNICATIONS MULTIPLEXOR PROGRAMMING 

2 .1 DATA FORMAT 

The fixed, optional, and programmable features of the 2-line and 
8-line COMM MUX boards are described in the following sections. 

2.1.1 Specifications 

The following is a list of COMM MUX spec.if ications: 

• Baud Rates - The following groups of baud rates are 
provided: 

Group 1: 
Group 2: 
Group 3: 
Group 4: 

50, 110, 1,800, 2,400 
75, 134.5, 2,000, 3,600 
150, 600, 4,800, 9,600 
300, 1,200, 7,200, 19,200 

Group selection is a strappable option as de5cribed in the 
COMM MUX Maintenance Manual, Puhl ication Number 29-650. 
Within a group, baud rate selection is under program 
control. 

• Maximum number of lines -2 lines or 8 lines per COMM MUX; 
any combination of 2-wire/ 4-wire. 

• Character format - The following three independent vari
ables on the character format are programmable: 

Character size - 5, 6, 7, or 8 data bits. 
Parity - Odd, even, or none. 
Stop bitg~- One or two. 

• RS-232C Interface 

VOLTAGE BINARY SINGLE LINE CONTROL 

+sv TO +15V 0 SPACE ON 

-sv TO -lSV 1 MARK OFF 
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o Data Set Control (Programmable) 

a. Data terminal ready (CD) - Program control is provided 
over CD to allow for automatic call reception, discon
nect, and lockout. 

NOTE 

Parentheses indicate RS-232C designa
tions for indicated functions. 

b. Reverse channel transmit (SA)* - Permits a supervisory 
signal to be transmitted over a secondary data path 
while simultaneously receiving data. 

c. Request to send (CA) - Active to maintain the COMM MUX 
in the transmit mode. In 2-wire operation, the 
inactive state maintains the COMM MUX in the receive 
mode. 

d. Data terminal busy* - Enables. the make busy feature 
when available. 

o Data set status - The following lines ·from the data set 
affect the status bits: CLEAR TO SEND (CB), CARRIER (CF), 
RING (CE), REVERSE CHANNEL RECEIVE (SB), and DATA SET 
READY (CC) • 

o Echoplex - A programmable feature for transmitting re
ceived data back to the data iet in addition to assembling 
the character. 

o Other features - The COMM MUX provides a double-buffered 
character to permit a full character "grab time." The 
hardware automatically generates and transmits the start 
bit in the Receive mode, and it must be present for at 
least one-half a bit time before the character assembly 
commences to reduce the noise susceptibility of the 
system. 

o Method of transmission Serial, asynchronous by char-
acter, synchronous by bit. 

o Distortion: 

Transmit 
acter. 

The transmit data distortion is +3% per char-

Receive - The COMM MUX adjusts the data sampling strobe 
with each character received and tolerates a data bit 
distortion of +43%. In addition, the long term transmis
sion rate may vary by +5%. 

*Optional features in some data sets. 

2-2 
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2.1.2 Transfer Format 

Asynchronous operation requires all characters to be preceded by 
one start bit (=0) and have at least one stop bit (=l) appended 
after the last data bit or the parity bit, if selected. The 
start and stop bi ts delineate characters. A typical fo rrnat for 
the Teletypewriter (110 Baud) is shown in Figure 2-1. 

STOP IPARITYI• CHARACTER BITS ~l~T!'RTI 
BllS I I 1011 I 

- (1) MARK 

I I I I I • I I I 7 I 6 5 4 3 I 2 
I - - - - (O) SPACE 

9.1 

1. 
_J ms I.- .I SERIAL DATA FLOW 

100 ms 

Figure 2-1 Typical ASCII Character Format 

NOTE 

To send 7 useful bits of information, 11 
code elements (bits) are required. There
fore, to send 70 bits of useful information 
per second, the system must operate at 110 
baud. 

The hardware generates the single start bit and the character 
size/parity and number of stop bits are under program control. 

2.1.3 Order of Transmission 

Figure 2-2 shows the order of transmission to and from the 
communication line. 

TRANSMITTING 0 1 2 3 4 5 6 7 

~] : ~l : l~I :...---'---r-r : ~I : r~LS~~ PROCESSOR BYTE 

_ . . . _ _ _ . _ TO COMMUNICATION LINE 

FIRST BIT TRANSMITTED 
RECEIVING 

FROM -- MSB LSB 
COMMUNICATION ---~----'---"------...---"-----..a..--..__-...-_ 

LINE 

2 3 4 5 6 

FIRST DATA BIT RECEIVED 

TO PROCESSOR 

Figure 2-2 (rder of Transmission for Transmitting/Receiving 
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NOTE 

Some terminals require the MSB to be 
transmitted (or received) first. For such 
terminals, the program should present the 
data with the MSB of the data in position 7 
of the byte; this may be performed through 
the translation option of the auto-driver 
channel on 32-bit processors. 

2.2 PROGRAMMING INSTRUCTIONS 

The COMM MUX continually multiplexes signals being transferred 
across up to 8 separate lines. Each line requires its own 
individual separate format characteristics while in use. Proces
sor line drivers must be programmed differently for each type of 
line use. The drivers incorporate processor I/O instructions to 
communicate with the COMM MUX and to affect appropriate COMM MUX 
register changes as required for each line type. The following 
paragraphs describe the instructions. 

2.2.1 COMM MUX Program Instructions 

Sense Status {SS or SSR) 

The Sense Status instruction is used to determine if character 
transfers are complete and correct, and to interrogate the 
associated data set status. 

Output Command {OC or OCR) 

The Output Command instruction is used to answer or disconnect 
calls, to set the COMM MUX in the receive or transmit mode, and 
to select the character format. Two command bytes are required 
to perform these functions. 

Write Data (WD or WDR) 

The Write Data instruction is used to load the output character 
into the COMM MUX Data Register. 

Read Data {RD or RDR) 

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

Acknowledge Interrupt {AI or AIR) 

The Acknowledge Interrupt instruction is used to service inter
rupts. Execution of this instruct ion returns the address and 
stat us of an interrupting 1 i ne. Th is instruction is. used only 
for the 16-Bit Processors. 
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2.2.2 Communication Instructions 

The COMM MUX accommodates the communication instructions in the 
communication processors (Models 50, 55, 60). 

2.2.3 Auto Driver Channel (ADC} 

The COMM MUX may be used with ADC on the 32-bit processors. 

2.2.4 Status and Command Bytes 

Table 2-1 contains the COMM MUX Status and Command Byte Data. 

TABLE 2-1 COMM MUX STATUS AND COMMAND BYTE DATA 

~ 8 9 10 11. 12 13 14 15 
N 

ov PF FR RCR BSY EX CARR RING 
COMM MUX STATUS or ERR OFF 

CL2S 

RCV DIS EN 
COMM MUX DTR ECHO- RCT TRANS WRT,I 
COMMAND 1 SND DIS EN PLEX or LB or 1 

DTB RD::-o 

COMM MUX COMMAND 2 CLKB CLKA BIT SEL STOP 
BIT PARITY 0 

2.2.4.1 COMM MUX Status Instruction Bits 

Refer to Figure 2-3 for COMM MUX - Data Set Communication lines. 

OV* The overflow status bit is set to ONE if the previously 
recelvea cffa.ra-ct:er---rs noc-reaa bef<fie th-e present 
character is assembled. Double-character buffering in 
the COMM MUX permits a full-character "grab-time". The 
overflow status bit can be ONE in the receive side 
only. It is reset at the next end of character, only 
if the failure condition disappears (i.e., is cleared 
by a read data instruction) . The character causing 
overflow is assembled and the previous character is 
lost. 
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PF* 

CL2S 

FR ERR* 

RCR 

In the read mode, this bit is ONE when the received 
parity disagrees with the programmed parity. If parity 
is not selected via an output command, this bit remains 
ZERO. Once set, the PF status bit remains set until 
the failure condition disappears (i.e., a character 
with correct parity is assembled). 

The lack of clear to send signifies that the modem can 
no longer transmit data. In the write mode, this 
status bit set indicates that clear to send (CB) is not 
being received from the data set. See Figure 2-3. 
This condition also forces BSY=l on the transmit side. 
A transition from CL2S=O to CL2S=l causes an interrupt 
if enabled. 

The framing error status bit is set to ONE to indicate 
that the received character has no stop bit(s). That 
is, the line is in the space state instead of the mark 
state at stop bit time. If the character has two stop 
bits, only the first is tested, and the character 
assembly terminates after the first stop bit. If a 
framing error occurs, the character is assembled. A 
ZERO character can signify the beginning of a line 
break sequence. In the case of a line break {prolonged 
SPACE), if· the line remains spacing, only the first 
character is assembled. Subsequent SPACE characters 
are not assembled until a MARK to SPACE transition is 
received. Note that because of this characteristic 
where the line break facility is being employed, a line 
break decision must be based on a single ZERO character 
with framing error. Once set, this bit remains set 
until the assembly of a character with a stop bit. 

REVERSE CHANNEL RECEIVE (SB) is an option in some 
2-wire data sets (e.g., 202C). This status bit is set 
if the reverse channel line from data set is ON. This 
bit is reset if the reverse channel line from data set 
is OFF. If the data set does not have the reverse 
channel option, this status bit is always inactive. 
Either transition of this signal causes an interrupt, 
if enabled. 

* These status bi ts are set at end of character time when the 
busy bit is ZERO. Since resetting busy causes an interrupt (if 
enabled), these bits do not generate individual interrupts. At 
this point, a re<·d data instruction must be issued to set the 
busy bit. 
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BSY If the busy status bit is set, the following occurs: 

1. Data set ready (CC) from the data set is OFF 
(EX=l). 

2. Character is not assembled in read mode. 

3. Clear to send (CB) is OFF (CL2S=l) in write mode. 

4. When the interface has not yet transmitted, the 
last character is in the write mode. 

If the busy status bit is reset, the interface can 
transfer data in the read/write mode. An interrupt is 
generated, if enabled, when the busy status bit changes 
from a ONE to a ZERO. When an overflow occurs in the 
read mode, the busy status bit is reset to ZERO and a 
read data instruction must be issued to set the busy 
bit to its correct (ONE) state~ 

EX Examine=OV+PF+DATA SET READY + FRERR. This bit is 
disabled in FOX on the write side. Loss of DATA SET 
READY (CC) cannot be detected on the write side in 
FDX operation. On the receive side, DATA SET READY is 
indicated by busy and examine being ONE. 

CARR OFF CARR OFF is ONE to indicate that no valid incoming data 
is being received. In the receive side, this bit is 
ONE to indicate that CARRIER (CF) is not being received 
from the data set (see Figure 2-3). In the write 
mode, this status bit is ZERO when REQUEST TO SEND (CA) 
is active. If enabled, a transition of this status bit 
in either direction causes an interrupt. 

RING RING is ONE when the RING (CE} signal from the data set 
is active. This indicates the receiving of a call. An 
interrupt is generated, if enabled, when RING changes 
to ONE. In 4-wire operation, RING is always ZERO on 
the transmit (send) side. The ring status represents 
the present state of the equivalent data set signal. 
See Figl!__!"e 2-3. 
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2.2.4.2 COMM MUX Command 1 Instructions Bits 

The COMM MUX needs two 1-byte output command instructions, 
Command 1 and Command 2. The Command 1 instruction byte sets up 
the interrupt conditions and the modem controls. In the Command 
1 instruction, the DTR, ECHOPLEX, RCT/DTB, TRANS LB, and WRT/RD 
bits are shared by the transmitter and receiver. The EN/DIS 
bits, however, are separate for transmit and receive sides. The 
Command 1 instruction bits are as follows: 

DIS,EN If the disable bit is reset and the enable bit is set, 
interrupts are enabled. Interrupts are queued if the 
disable bit is set and the enable bit is reset. If 
both the disable bit and the enable bit are set, 
interrupts are disarmed (no interrupts are queued); 
but, if both are reset, no change occurs. 

In 2-wire operation, the unused side interrupts remain 
disarmed. The used side interrupts can be enabled or 
disabled. In 4-wire operation, these bits must be 
independently programmed as follows. 

• To change EN/DIS on the receive side, issue a command 
with the WRT/RD bit = 0. 
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DTR 

ECHO
PLEX 

RCT/DTB 

TRANS 
LB 

• To change EN/DIS on the transmit side, issue a 
command with the WRT/RD bit = 1. 

• The WRT/RD bit is gated to the data set as REQUEST TO 
SEND. Therefore, in 4-wire operation, a command with 
WRT/RD = 0 must be followed with a command WRT/RD = 1 
to ensure that REQUEST TO SEND does not deactivate. 

DATA TERMINAL READY (CD) to the data set.. When this 
command bit is set, CD is turned ON, allowing answering 
an incoming call automatically. This line must be ON 
to permit the data set to enter and remain in the data 
mode. When this bit is reset, it does not permit 
automatic answering of an incoming call and causes an 
existing connection to disconnect if held reset for ·a 
period specified by the manufacturer of the data set. 
See Figure 2-3. 

When this bit is set, data received from the data set 
is transmitted back to the data set on the TRANSMITTED 
DATA (BA) line.. See Figure. 2-3. The COMM MUX also 
assembles the character as in the normal data mode. 
This feature is normally used for 4-wire FDX operation 
in the read mode to provide visual verification at the 
terminal of the data received by the computer. This 
command must not be issued to the transmit side. In 
the 2-wire HDX read mode, the RQ2S line is not active. 
If the associated data set requires RQ2S to be active, 
the data does not pass to the communication link. This 
bit takes effect immediately. Therefore, a write to 
read (with echo-plex) mode change requires transmitting 
X' FF' (an ASCII DEL character) as the last character. 

Reverse Channel Transmit (RCT) (SA) is optional on 
202C-type data sets. Data Terminal Busy (DTB) is 
optional on 103-type data sets. See Figure 2-3. For 
reverse channel transmit op ti on,· this command bit is 
gated directly to the secondary transmitted data (SA) 
line. See Figure 2-3.. When this bit is set, RCT is 
OFF, i.e. reverse channel is not transmitted. When 
this bit is reset, RCT is ON, i.e. reverse channel is 
transmitted. For data sets equipped with the data 
term!nal busy option, the reset conditiQn_ of this 
command bit will "busy-out" the terminal; thus, not 
allowing a call to be answered and returning the busy 
signal to the calling terminal. 

When this bit is set, ~ continuous SPACE is transmitted 
to the data set. This condition overrides the echo
plex feature. If this command is issued while data is 
being transmitted, the transmitted data is mutilated. 
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WRT/RD This command bit controls REQUEST TO SEND (CA) to the 
d a ta s et • Se e F i g u r e 2 - 3 • Wh en th i s b i t i s s et , 
REQUEST TO SEND is gated to the data set if DATA SET 
READY* (CC) is active. When this bit is reset, the 
hardware deactivates REQUEST TO SEND {CA) after the 
following delays: If character transfers are in prog
ress, the hardware ensures that the last character has 
been transmitted, then delays one millisecond to permit 
the last data bit to clear the data set before dropping 
REQUEST TO SEND {CA) except as noted under ECHO-PLEX. 
BSY is set during this line turn-around and does not 
reset until a character is received. However, CL2S, 
CARR OFF, RING, RCR, and DSRDY may still generate 
interrupts, if enabled. See Figures 2-4 and 2-5. In 
2-wire operation, setting this bit places COMM MUX in 
the Write mode; resetting this bit places COMM MUX in 
the Read mode. In 4-wire operation, this bit is 
normally programmed set except noted under DIS, EN 
above. 

*DATA SET READY (CC) does not appear in the status byte on the 
Transmit side in FDX operation. It should be noted here that one 
must rely on the receive side of the adaptor for notification of 
the loss of Data Set Ready (CC). Loss of Data Set Ready on the 
transmit side in FDX operation does not cause an interrupt. It 
does, however, hold Busy high thus preventing any more end of 
char2cter interrupts. 
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TO FROM 
D.S. DATA SET INTERRUPT 

c: (/) c: >- (/) 
CONDITION 

(.? 0 
I-

N 

~ 
a: N 

0 0 <( a: -' a: c: u (/) u 
0 

j ____ _ 
I RING-1 

~ ,_ ~-1- _, ,31NG ~1,_ 

-~ -1-1-1- ~ I- - - - 1-
,_ I ~ I ____ I_ 

... CARROFF-0 

CL2S=O 

CL2S-1 

NOT': 1: CL2S IS DE-ACTIVATED WHEN R02S = 0 

STATUS 

X'OE' 

X'OF' 

X'OF~ 

X'OE' 

X'OA' 

x·os· 

X'48' 

0 

NOTE 2: CARR IS DE-ACTIVATED WHEN RQ2S = 1 (CARR OFF 'Ol 

COMMENTS 

IDLE STATE 

} RING CONTINUES UNTIL DTR IS ACTIVATED 

DTR ANSWERS CALL 

DSRDY INDICATES THAT THE DATA SET IS ON LIN 

AT THIS TIME THE COMMUNICATIONS LINK IS 

ESTABLISHED FOR RECEIVE MODE, BSY DROPS 

WHEN FIRST CHARACTER IS RECEIVED 

IF ADAPTER IS TO TRANSMIT FIRST, CONTINUE 

COMMAND R02S=1. CL2SSTATUS IS ENABLED 

IN TRANSMIT MODE 

THE ADAPTER MAY TRANSMIT WHEN CL2S=1. 

NOTE 3: THE STATUS SHOWN ONLY REFLECTS THE LINE CONDITIONS, NOT PF, OV. OR FR ERR. IN 
ADDITION REVERSE CHANNEL IS IGNORED SINCE THIS IS SUBJECT TO USER'S PROTOCOL 

NOTE 4: IF OTA IS SET WHEN RING OCCURS, THE CALL Will BE ANSWERED 
AUTOMATICALLY (RING TERMINATES AND DSADY BECOMES ACTIVE). 

Figure 2-4A Answering Calls HDX, 2-Wire Mode (202-Type Data Set) 

TO FROM 
D.S. DATA SET 

a: (/) (.? cc >- (/) 

I- N z 0: 0 N 

0 0 a: <( cc -' 
0: u (/) u 

0 

INTERRUPT 
CONDITION STATUS 

X'48' (SND) 
RING - 1 X'OF' (RCV) 

X'48' iSND) 

RING - 1 X'OF' (RCVI 

COMMENTS 

IJ IN FOX, RING INTERRUPT AND STATUS 
~ IS GENERATED ON RECEIVE SI OE ONLY 

- - - - - - - - r--------------------l 
X'48' (SND) 
X'OE' (RCV) • COMMAND DTR ANSWERS CALL 

- - - - r----------------------1 
X'Aft'LSNm 
X'OA' (RCV) 

X'48' (SND) 

DSRDY ACTIVE 

__fAR ROF F---0 ~·os· ( RCV_)_ r--1 N_T_E_R_R_U_P_T_O_N_R_E_C_E_IV_E_S_I D_E _______ ---4 

x·o· (SND) 
INTERRUPT ON SEND S!DE. THE ADAPTER 

MAY TRANSMIT NOW. CHARACTER ASSEMBLY 

MAY COMMENCE SHORTLY AFTER CL2S = 1. 

NOTE 1: CARR OFF ANu DSRDY FORCED LOW ON TRANSMIT SIDE. 
NOTE 2: REVERSE CHANNEL NOT APPLICABLE IN FOX (RCA~ OJ 

Figure 2-48 Answering Calls FDX, 4-Wire Mode (103-Type Data Set) 
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w 
>w -a WO 

TO 
D.S. 

a: 
I-a 

U) 
N 
0 
a: 

FRC:'v1 
DATASET 

>-l:) a: a z a: a: 
~ a: U) u 0 

INTERRUPT 
CONDITION STATUS COMMENTS 

U) 
N 
_J 

u 

BSY-O(RCV) 0 (RCV} RECEIVE CHARACTER INTERRUPT 

X'08' (RCV} LAST READ DATA SETS RCV BSY 
~~ - - - - 1----------------------1 
a: 

1-
~ w 
U) a 
zo 
~~ 
a: 
I-

X'08' (RCV} 

X'48' (SND) 

0 (SND) 

NOTE 1: INITIAL CONDITIONS; CONNECTION ESTABLISHED AND 
ADAPTER IS RECEIVING CHARACTERS. 

COMMAND ADAPTER TO TRANSMIT MODE 
(R02S IS ACTIVATED 250 us AFTER THE COMMAND) 

WITH R02S SET, CL2S STATUS IS ENABLED 

CL2S = 1 INTERRUPT. USER.MAY NOW OUTPUT DATA. 

NOTE 2: CARR OFF STATUS FORCEO INACTIVE ANO CARRIER INTERRUPTS INHIBITED. 
NOTE 3: CL2S STATUS FORCED INACTIVE AND CL2S INTERRUPTS INHIBITED. 

Figure 2-5A Line Turn-Around Write/Read (202-Type Data Set) 

BSY-O (RCV) 0 

COMMENTS 

TRANSMIT CHARACTER INTERRUPT 

LAST WRITE DATA SETS BSY. AT THIS TIME TWO 
CHARACTERS ARE QUEUED IN THE ADAPTER. 

COMMAND ADAPTER TO RECEIVE MODE. BSY 
REMAINS ACTIVE UNTIL A CHARACTER IS RECEIVED. 

DEACTIVATION OF R02S IS DELAYED UNTIL 1 ms 
AFTER THE LAST CHARACTER IS TRANSMITTED. 

INHIBIT IS REMOVED FROM CARR WHICH CAUSES 
AN INTERRUPT WHEN R02S=O. NOTE 3 

LINE TURN-AROUND COMPLETE 

FIRST RECEIVE CHARACTER INTERRUPT 

NOTE 1: INITIAL CONDITIONS: CONNECTION IS ESTABLISHED AND ADAPTER 
IS TRANSMITTING CHARACTERS. 

rJOTE 2: CARR OFF STATUS FORCED INACTIVE AND CARRIER INTERRUPTS INHIBITED. 
NOTE 3: WITH A 103 TYPE DATA SET, CARRIER MAY BE PRESENT CONTINUOUSLY IN WHICH 

CASE THE CARROFF 1 INTERRUPT WILL NOT OCCUR AFTER DEACTIVATING RQ2S. 
NOTE 4: CL2S STATUS FORCED INACTIVE AND CL2S INTERRUPTS INHIBITED. 

F i~iu re 2-58 Line Turn-Around Read/Write (202-Type Data Set) 
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2.2.4.3 COMM MUX Command 2 Instruction Bits 

The Command 2 instruction byte sets up the Universal Asynchronous 
Receiver/Transmitter (UART) and the Baud Rate Generator within 
the COMM MUX. The Command 2 instruction bits are as follows: 

CLKB, 
CLKA 

BIT 
SELECT 

Without strapping, each COMM MUX normally is set to 
allow for the Group 4 baud rates as shown below. As 
described in the COMM MUX Maintenance Manual, Publica
tion Number 29-650, any one of groups 1, 2, and 3 may 
optionally be chosen instead by proper strapping during 
installation. The CLK bits (CLKB and CLKA) within the 
Command 2 instruction select one of the four baud rates 
within the installed group as follows: 

STRAP CLK BITS BAUD 
OPTION CLKB CLKA RATE 

(Bit 8) (Bit 9) 

0 ·o 50 . 
0 l 110 
1 0 1,800 

Group 1 1 1 2,400 
0 0 75 
0 l 134.5 
1 0 2,000 

Group 2 1 l 3,600 
0 0 150 
0 l 600 
1 0 4,800 

Grou_E 3 1 l 9_r_600 
0 0 300 
0 l 1,200 
l 0 7,200 

Group 4 1 1 19,200 

These bits select the number of data bits/character (not 
including parity). 

BIT 
10 11 NUMBER OF DATA BITS 

0 1 5 
0 1 6 
1 0 7 
l 1 8 

If fewer than eight data bits are selected when a write 
data is issued in the write mode, the data must be 
right-justified and unused bits are "Don't Care." In 
the read mode, when a read data is issued, ~he character 
is presented to the processor right-justified with 
unused bits forced to the ZERO state. 
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STOP BIT 

PARITY 

O=l Stop Bit 
1=2 Stop Bits 

When the line is programmed for two stop bits, the COMM 
MUX transmits both. However, the receiver only samples 
the first stop bit. 

These bits select odd, even, or no parity. 

BIT 
13 14 PARITY 

1 0 ODD 
1 1 EVEN 
0 x NONE 

In the write mode, if parity is enabled (Bit i3=1), the 
COMM MUX generates and transmits the selected parity. 

In the read mode, if parity is enabled, the COMM MUX 
compares the received parity with the selected parity 
and generates the PF status if a disagreement is 
detected. 

If parity is disabled (Bit 13=0), the hardware ignores 
parity. When transmitting, the hardware appends stop 
bit(s) after the last data bit and, when receiving, 
disables the parity detection circuit. 

NOTE 

The least signifi_cant bit. (Bit 15) of the 
command byte must be a 1 or 0 as indicated 
to permit the hardware to distinguish 
between the two commands. Command 2 
should never be issued while data transfer 
is in progress. 

2.3 OPERATIONS 

COMM MUX programmers must consider the programming sequences for 
specific line types, interrupt control logic, initialization 
procedure, and device numbers. 

2.3.1 Programming Sequences 

The following paragraphs illustrate switched line, leased line, 
and half-duplex operation. 
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2.3.1.1 Switched Line Operation 

To originate a call, the operator depresses the TALK key on the 
data set and dials the desired number. When the call is an
swered, a carrier is heard (being sent by the data set receiving 
the call). The operator then depresses the DATA key. 

The operator can now hang up and depress the AUTO key to return 
the equipment to automatic receive following this call. When the 
DATA key is depressed (the data light remains lit for the dura
tion of the callj, the EX status bit resets (DATA SET READY) (CC) 
as does the CARR OFF status bit. The EX status bit does not 
reset if the last state was an overflow, framing error, or parity 
error. The COMM MUX ~hould be initialized to the read mode and 
thus be interrupted by the receiving carrier. When CARR OFF 
resets, the COMM MUX should be switched to the write mode to 
transmit data. Following the call, both sets (originating and 
receiving) should be issued a command read with DTR reset to 
disconnect. This procedure is typical, but not necessary. The 
user can design his own hand-shaking sequence. Figures 2-4 and 
2-5 show timing sequences for answering calls and line turn
around. The ·following is offered for general information only. 
With wide variations between data set characteristics and common 
carrier procedures, the operating procedures may have to be 
modified. The user should ensure that the characteristics of the 
devices connected to the COMM MUX are compatible with the de
scriptions in this specification. 

In Figure 2-4A, DTR and RQ2S are initially OFF. The status is 
X'OE' before RINGing commences. The RING causes an interrupt and 
a status of X'OF'. ~he RING status bit is· set for the period of 
the RING from the data set. 

When R I NG resets , the st a tu s i s X ' 0 E ' and a no the r inter r u pt i s 
generated each time RING--.1. RING continues until the program 
sets DTR to answer the call. Shortly after DTR is set, the data 
set responds with DSRDY=l), causing EX__... O. The status at this 
time is X'OA' (BSY=l and CARR OFF=l). 

When the data link is established, the data set turns CARR ON 
thus generating an interrupt and a status of X' 08' (BSY=l). If 
the adapter remains in the receive mode, busy stays active un~il 
a_ characte-r- is_mrecei ved. _If the adapter is to transmit_ first_,_ 
the program turns RQ2S ON (command with the WRT bit set). With 
RQ2S ON, the data set responds with CL2S=l. Since this bit is 
initially reset, an interrupt is generated when RQ2S is turned ON 
and another interrupt is generated when the d a ta set responds 
with CL2S=l. The adapter may now transmit. 
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Figures 2-4 and 2-5 assume ideal conditions. For example, in a 
typical switched network environment, more than one interrupt may 
be generated as carrier is initially established, or the received 
data from the local data set may be active during a connect or 
disconnect sequence. These problems can be attributed to the 
type (manufacturer) of data set used, the options implemented in 
the data set and the switched network. In particular, if the 
received data from the data set is active before carrier is 
established, the COMM MUX commences to assemble a "garbled" 
character. This can result in a receive busy interrupt with any 
or all of the character status bits set (PF, FRERR, OV). These 
status bi ts will then remain set until a read data is executed 
(to set BSY and reset OV) and a valid character is received (to 
reset PF and FRERR). 

2.3.1.2 Leased Line Operation 

Because a connection is permanently establ.ished in leased line 
operation, no dial-up or disconnect is needed. Both stations are 
normally initialized to the read mode. ~ither end can originate 
a transfer by going into the write mode, which causes the receiv
ing station to interrupt when the carrier appears. Upon receiv
ing characters, the receiving end is in the read mode and a data 
transfer takes place. The exact hand-shaking pr<>tocol is up to 
the user. 

2.3.1.3 Half-Duplex Operation 

In half-duplex operation, only one terminal can transmit at any 
one time. To change the direction of transmission, the channel 
must be turned around. The question arises as to who indicates 
channel turn-around. The convention is normally held that the 
processor turns the line around when it has a message to trans
mit. Data sets (e.g. 202C type) normally used in half-duplex 
operation, may be equipped with the reverse channel option which 
is used to signal the requirement to reverse the direction of 
transmission or to break the data flow. An important operating 
convention affecting reverse channel operation results from the 
presence of echo suppressors in long-distance lines. These 
suppressors normally disallow transmission of an echo. 

In data communications, the echo suppressor must be disabled, as 
it must be possible to transmit simultaneously in both directions 
(main channel and reverse channel). The echo suppressor becomes 
re-enabled if the tone on the line is absent for a period ex
ceeding 100 milliseconds. To prevent the re-enabling of the echo 
suppressor, the convention should be adopted that the reverse 
channel is held ON (high) when the main channel is OFF and vice 
versa. This convention ensures that a tone is on the line at all 
times. 
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The reverse channel is normally held ON when the processor is 
accepting data. The processor signals its desire to transmit by 
lowering (OFF) the reverse channel and switching to the write 
mode. A program delay should normally be introduced to allow the 
terminal on the other end to turn its reverse channel ON and 
enable its read mode. This delay is a function of the terminal 
on the other end. This delav can be 200 to 1200 milliseconds. 
If the device at the other end is set up to indicate through the 
reverse channel signaling that it is ready to receive data, this 
can be used instead of a program delay. When the processor is 
transmitting, a break condition sent from the terminal to signify 
that the terminal wants to transmit is signified by the receive 
reverse channel going from ON (high) to OFF (low). The processor 
should then raise its reverse channel lead high (ON) and transfer 
to the read mode. The interface automatically introduces the 
necessary time delay before presenting data to the processor to 
ensure valid data transfer and not transition noise. 

2.3.2 Interrupts 

The COMM MUX has interrupt control logic that scans all interrupt 
sources in the system. This logic has the following character
istics (see Table 2-2 for interrupt conditions): 

• If an interrupt is detected, the hardware assigns 
priority to the line with the lowest address. In 
4-wire operation, this is always the receive side. 

• When an interrupt is detected on the transmit or 
receive side of a given line in 2-wire operation, the 
address of the receive side (even) is always returned. 

• In 2-wire operation, the side not being used has 
interrupts disarmed (not queued). 

• If an interrupt is present on an enabled line, it can 
become queued in the interrupt scanner even if the 
interrupt is disabled before it is serviced. This 
condition can result in an interrupt from a disabled 
line. Servicing this interrupt clears the attention 
flip-flop on this line while disabled. Software is 
designed to ignore any interrupt from the device once 
it is disabled. 
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TABLE 2-2 INTERRUPT CONDITIONS 

FDX 
INTERRUPT CONDITION HDX REC TRANS 

RING -- 1 x x 

CARR OFF ..... 1 X(RD} x -

CARR OFF 0 X (RD} x 

RCR -- 1 x x 

RCR -- 0 x x 

DSRDY -• 0 x x 

*BSY 0 x x x 

CL2S __. 1 X(WRT) x ~ 

* An interrupt is also generated in 2-wire operation when going 
from READ to WRITE mode if CL2S initially equals a O, i.e., CL2S 
going from a ZERO to a ONE causes a BSY interrupt. 

2.3.3 Initialization 

When the initialize pushbutton on the display panel is depressed 
(or power failure restart sequence), the OV, PF, and FR ERR 
status bits cannot be guaranteed. Because of this, the program
mer should ignore these bits on the first interrupt. The COMM 
MUX should be issued an output command to disable interrupts. 
Because an interrupt line may be active upon initialize or power 
up, execute a number of interrupt acknowledge instructions at 
that time. Also, a read data should be issued to all receivers_ 
to ensure that the busy bit equals a ONE. 

The command bits DTR, ECHOPLEX, RCT, TRANS LB and WRT/RD_are 
reset to their inactive state. 

2.3.4 Device Number 

The COMM MUX has contiguous addressing with the lowest address 
X'lO'. This is a switch option. Two consecutive addresses are 
assigned to each 4-wire line, with the even address for the 
receive side and the odd address for the transmit side. In 
2-wire operation, each side responds to either address. In 
4-wire operation, only one Command 2 is required. Command 2 
should never be issued while a character transfer is in progress 
because it may mutilate the character (transmit or receive). 

2.3.5 Sample Pro~rams 

Appendix A and Appendix B contain sample flow charts and program 
listings for 16-bit and 32-bit processors, respectively. 
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APPENDIX A 
SAMPLE PROGRAM FOR 16-BIT PROCESSORS 

Local Terminal Half-Duplex COMM MUX Operation 

The following flow chart and program listing is for local termi
nal, half-duplex COMM MUX operation. The example specifies 
2-wire mode with data transfer to a specified output device using 
sense status loops and interrupts. The message 'TYPE 1234567890' 
is output using a sense status loop. The COMM MUX is put into 
the read mode with echo-plex enabled. A user input 10-character 
message is read using a sense status loop. When the complete 
message is received, the COMM MUX is put in the write mode with 
interrupts enabled, and the message 'CORRECT!' is output under 
interrupts. The last write interrupt is cleared. 
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A-2 

START 1 

DISABLE INT. 
@PROCESSOR 

LEVEL 

PUT 
COMM MUX IN 
WRITE MODE 

SENSE 
STAT\.JS 

NO 

WRITE A 
CHARt>.CTER 

COMM MUX IN 

READ MODE 
(ECHO-PLEX) 

APPENDIX A {Continued) 

SENSE 
STATUS 

READ A 

CHARACTER 

YES 

SET UP 
NEWPSW 

ENABLE 
COMM MUX 

INTERRUPTS 
!WRITE MODE) 

ENABLE INT 
@PROCESSOR 

LEVEL 

HANG HERE 

INTERRUPT 
RECEIVED 

ACKNOWLEDGE 
11\JTERRUPT 

NO 

WRITE A 
CHARACTER 

YES 

SET DONE 
FLAG 

HALT 

HALT 

HALT 
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COMM ~ux PROGRAMMING EXAMPLE~ FOR 16- 9IT PROCESSJR PAGE 16:49:09 07/12/78 

PROG= *NO!\£· ASSEMRLED RY CAL 03-066R05-00 (32-Bir) 

0000 0001 
0000 0004 
0000 0005 
0000 0006 
0000 0007 
0000 0008 
0000 0009 
0000 000 F 

0000 0004 
0000 0008 
0000 0008 

1 
2 
3 
~ 
5 
6 
7 

~ 
1p 
11 
1 t2 
1i3 
1~ 

15 
Hi 
17 
18 
19 
20 
21 
2R 
23 
24 
25 
26 

• 

PROG COl111 KUX PRO~RAl111IN~ EXAMPLES FOR 16- BIT PROCESSOR 
CROSS 
TARGT 16 
WIDTH 120 

* THESE EXA~PLES DEMONSfRArE SEJUENCES TO PROGRAM ?HE 
* COKMUNICATIONS KJX IN VARIJUS ENVIRONMENTS. THE TERMINAL AHO 
* THE ~01111 MUX INrERFACE SHOULD BE STRAPPED/COHHECrED 
* AS MENTIONED IN rHE I~DIVIDUAL EXAMPLES. 
* 
* R~GISTER ASSIGNMENTS 
* 
MSG 
CHAR 
WORK 
DO NF. 
DEV 
STAT 
REPEAT 
LINK 
* 
• 
EX 
BSY' 
CARRY 

EQU 
EQU 
EQU 
EQU 
EOU 
EOU 
EOU 
EQU 

EQU 
EQ!J 
EQU 

4 
5 
6 
7 
8 
9 
15 

4 
8 
8 

MESSAGE START ADDRESS 
~HARACTER BEING TRANSFERRED 
WORK REGISTER 
EX AKPL E DONE FLAG 
l!UX HDX ADDRESS 
PIUX STATUS 
EXA~PLE START ADDRESS 
LUK R E~IST ER 

EX Rir IN STATUS BYTE IS ONE 
RSY BIT IN STATUS BYTE IS ONE 
CARRY FLAG IN PSW IS ONE 

CK160010 
Cl1160Cl20 
Cl1160030 
Cl1160C>40 
Cl1160C>SO 
CM160060 
CM160070 
CM160080 
CK160090 
Cl1160100 
CK160110 
CK160120 
CM160130 
CPl160140 
CK160150 
CPl160160 
CK160170 
CM160180 
CM160190 
CM160200 
CM160210 
CK160220 
Cl1160230 
CM160240 
CK160250 
C!t160260 

> 
t1j .,, 
til 
z 
t1 
H 
x 
> 
() 
0 
::s 
rt ..... 
::J 
i::: 
<D 

°' 



co~~ ~ux PROGRAMMING EXAMPLES FOR 16- BIT PROCESSOR PAGE 2 16:49:09 07/12/78 
~ 
I L1CAL TER,INAL, HALF-DUPLEX COMM MOX OPERATION 
~ 

28 • CM160280 
29 * TTY, CRT OR CDT SHOULD BE INrERFACED rHROUGH !tUX HDX IKTERFACE CK160290 
30 * CRT/GOT SHOULD BE STRAPPED FOR HALF-DUPLEX OPERArION CH160300 
31 * THE FOLLOWING EXAMPLE IS FOR 16-BIT PROCESSOR CK160310 
]2 * START EXECUTION @ START1 Cl'l160320 
33 * CK160330 
34 * WRITE CHARACTERS & READ KEYS USING SENSE STATUS LOOP CM160340 
35 * WRIT~ CHARACTERS UNDER INTERRUPT CONTROL CM160350 
36 * CK160360 
37 * CK160370 

OOOOR 0766 38 START1 XAR DONE,DONE CP!160380 
0002R 9556 39 EPSR ilORK,DONE DISABLE INT @ PROCESSOR LEVEL CM160390 
OOO!iR C890 0000~ 40 LDAI REPEAT,START1 CM1601i00 
OOORR 4870 OOBER 41 LH DEV,DEVADR GET COMM MUX DEVICE ADDRESS CM160410 
OOOCR DF.70 OOCOR 42 OC DEV,SECOND SET MUX AS PER SECOND COMMAND CK160420 
0010R DE70 OOC1R 43 OC DEV, DISWRT WRITE M::>DE CH160430 ~ 
0014R C810 OOC4R 44 LDAI MSG, l'ISG1 (l'ISG) = ~ESSAGE START ADDRESS C1'160440 "'O 

liS * CK160450 "'O 
OOBR D341 0000 46 EXMP1A LB CHH ,O ( M3G) CM160460 trJ 
001CR 41 FO OOA2R 47 BAL LINK, OUTCHR OUTPUT A CHARAC!ER CM160470 z 
0020H 2611 48 AIS MSG,1 CM160480 0 
0022R C510 OOD8R 49 CLAI !'!SG,MSG1END CM160490 H 

0026R 20fl7 50 BLS EXMP 1A LOOP rILL 'TYPE 1234567890' OUTPUT Cl!160500 >< 
0028R DE70 OOC2R 51 QC DEV,DISRi> SELF.Cr READ MODF. CECHO-PLEX) Cl'l160510 >' 
002CR 9R75 52 RDR DEV,WORK DUMMY READ TO SET BSY CK160520 
002ER 41 FO Or:>AER 53 BAL LINi< ,DELA! LIRE ruRN AROUND DELAY CP!160530 
0032;{ 07 11 54 XAR MSG, MSG CM160S40 (") 

55 * CP!1605SO 0 

0034R 41FO 0092R 56 EXMP1B BAL LINK,READ READ A KEY CODE WHEN DEPRESSED CK160S60 ==' rt 
0038R D441 OOCRR 57 CLB CH Aa, rYPEDC r-i~:;) :OMPARE WITH THE EXPECTED CK160570 ..... 
003CR 4230 003CR 58 BN E * CM160580 ==' 
0040R 2611 59 AIS l"!SG, 1 CM160590 c: 
0042R CS ·;0 OOOA 60 CLAI l'ISG, 10 CK160600 CD 

0046~ 2089 61 BLS EXMP1B LOOP TILL 10 DIGITS TYPED CK160610 °' 
62 * CM160620 
63 * WRITE UNDER INTERRUPT CONTROL CM160630 
64 * CK160640 

0048R CB50 006AR 65 LDAI WORK,INT CK160650 
004CR 4060 0044 66 STA DONE,X'44' SET UP NEW PSW FOR CK160660 
OOSOR 4050 0046 67 STA WORK,X'46' IKMEDIAT€ INTERRUPT Cl'l160670 

('.) 0054R C810 OOD8R 68 LDAI l'ISG,Ms:;2 ) CK160680 
\0 0058R 0£70 OOC3R 69 oc DEV,ENWRT ENABLE INT @ MOX LEVEL 1 PENDING CM160690 
I 

O'\ 00 SCI{ liH'O OOAER 70 BAL LINK ,DELU LINE !URMAROUND DELAY CM160700 
U'1 0060R CBSO 4000 71 EX MP 1 C LDAI WORK,X'4000' CP!160710 
.i:=. 0064R 9545 72 EPSR CHAR,WORK ENABLE INT @ PROCESSOR LEVEL CM160720 

0066R 4300 0066H 73 B * CM160730 ,, 
74 * CK160740 

0 75 * IMMEDIATE INTf.RRUPT IS RECEIVED Cf'l160750 
0 76 * CK160760 
\0 006AR 9F58 77 INT AIR WORIC,STAT ACKNOWLEDGE AK INTERRUPT Clt160770 

' 006CR 0557 78 CLAR WORK,DEV COMPARE DEVICE THAT INTERRUPTED CM160780 
....J 006ER 4230 006ER 79 BNE ., CM160790 
(X) 0072R 0888 80 LOAR STAr ,STAT STATUS SHOULD BE ZERO (BSY = 0) CM160AOO 



~ 
COMM MUX PHOGR~MMING EXAMPLES FOR 16- RIT PROCESSJR PAGE 3 16:49:09 07/12/78 

\.0 LOCAL TER~INAL, HALF-DUPLEX COMM MUX OPERATION I 

°' U1 0074R 42~0 0074R 81 BNZ * CK160810 
~ 0078R 08 66 82 LDAR DONE, DONE CM160820 

007AR 4230 OOB6R 83 BNZ HALr HALT IF DONE CM160830 
::0 84 * CM160840 0 
0 OO?F:R DA71 0000 85 WD DEV,O(PISG) WRITE A CHARACTER C!1160850 

0082R 26 11 86 AIS MSG, 1 C!1160860 
\.0 OOB4R C510 OOE5R 87 CLAI MSG,MSG2END. CPl160870 

' 0088R 4280 0060R 88 BL EXKP1C LOOP TILL 'CORRECT f' OUTPUT CM160880 
....J OOBCR 2461 89 LIS DONE,1 SET DONE FLAG CM160890 
00 008ER 4300 0060R 90 B EXMP1C ACKNOWLEDGE LAST INTERRUPT C!'1160900 

91 * C~160910 
92 * CM160920 

0092R 9D78 93 READ SSR DEY,STAT SENSE CO!!PI "IUX STATUS CM160930 
0094R 4240 OOH6R 94 BTC EX,HALr HALT IF 'EX' IS SET CPl160940 
0098R 2083 95 BTRS BSY,3 LOOP IN ' BSY' C~i160950 
009AR 9B74 96 RDR DEV,CHAR READ CHARACTER WHEN BSY DROPS CM160960 >' 
009CR C440 007F 97 NAI CHAR,X'7F' REMOVE PARITY BIT Cl'! 160970 .,, 
OOAOR 030F 98 BH LI?H' R ETIJ RN 0~160980 

.,, 
99 .,, CM:160990 t1J 

z OOA2F-< 9D78 100 OUTCHR SSR DEV, STA.T Cl'!.161000 t1 
OOA4R 20 r: ~ 101 BTBS BSY,1 L::JOP ::l N BSY CM161010 H 
OOA6R 9A 74 102 WDR DEV, CHAR C!1.161020 :>< 
OOA8R 9078 103 SSR oEv,sru CP!.161030 
OOAAR 2081 104 BTRS BSY, 1 ~AIT FOR MUX TO BECOME NOT BUSY CM161040 >' 
OOACR 030F 105 RR LINK RETURN C!1:161050 

106 '* Cl1'161060 () 
OOA ER 07 55 107 IDELA Y HR WORK, WORK CM161070 0 
OOBOR 26 51 108 A.IS WORK,1 C~161080 ::s 
OOB2R 2281 109 BFBS CARRY,1 CM161090 rt 
0084R 030F 110 BH LINK C1'!161100 ...... 

111 '* CM161110 ::J 
OOR6R 24 5, 11 .2 HALT LIS WORi<,1 CM161120 c 

11> 
OOB8R 91 SF 11 3 SLHLS W:)RK,15 WORK = x•aooo• C1'!161130 0., 
OOBAR 9515 , 14 ~PSR MSG, WORK rlALT PROCESSOR CM161140 
OOBCR 0309 11 5 BR R EPE Ar CM161150 

11 6 ~ CONSTANTS ~ ~ESSAGES USED IN ABOVE EXAMPLES ct-:161160 
117 '* C~!161170 

OOREP 0010 118 'DEVA DR DCX 10 COM~ ~ux HDX ADDRESS Cl"1161180 
OOCOR F8 119 S ECO HD DB x. pg. Cl"l161190 

120 * 8 DATA BITS/CHAR, 2 STOP BITS, Cl"i161200 
121 '* !W PARITY CHECK. CP-1161210 

OOC1R AR 122 IDI SllRT DB X' AB' DISARLE INT, WRirE MODE Cl"l161220 
OOC2? 99 123 :oisao DB x. 89' DISABLE INT, READ WITH ECHO-BACK CM161230 
OOC3° 68 124 iENWRT DB X'68' ENABLE INT, WRITE MODE Cl"i161240 

125 * C~l161250 
OOC4R 5459 5~45 2031 3233 126 il'!SG1 DC C'TYPE 123455789~',X'ODOA' c~:161260 

OOCCP 3435 3637 3839 3020 
0004!-! ODOA 
OOD6R ODOA 127 DC X'ODOA' CP!l161270 

0000 OOD!P~ 128 iMSG1EffD EQU • CM161280 
>' 0000 OOCBR 129 !l'YPF;D EOU *-1.l cn161290 
I OOD.'l::l ODOA 130 !KSG2 DC X'ODOA',C'CORREcr•,x•2121•,x•oDOA' CPl161300 

U1 
OODAR 434F 5252 4543 5420 



> 
I 

O"I 

I\.) 

\0 
I 

O"I 
CJ! 
~ 

!lj 
0 
0 

\0 

' ....,J 
co 

COMM KUX PROGRAMMING F.XAHPLES FOR 16- BIT PROCESS~R 

LOCAL TERMINAL, HALF-DUPLEX COMM MUX OPERATION 

OOE2R 2121 
OOE4R ODOA 

0000 OOE6R 131 MSG2 END EOU • 
132 • 

OOE6H 133 END 

PAGE 4 16:49:09 07/12/7~ 

CM161310 
CK161320 
CP!161330 

> 
"O 
"'C.1 
tz::l 
z 
0 
H 
x 
> 
() 
0 
::J 
rt ...... 
::J 
c 
ct> 
Q, 



!\.) C~MI'! ll!UX PROGRHlMDJG EXAMPLES lroa 16- BIT PROCESS)R PAGE 5 16:49:09 07112178 

"" I LOCAL TER~INAL, HALF-DUPLEX COMM MOX OPERATIOK 

°' U'1 
ASSE~BLED FY C~L 03-066R05-00 (32-BIT) .t:i. 

::rJ START OPTICNS: T=16,CROSS,ERLST, 
0 
0 NO CAL ERRORS 

"" 
NO CAL WARNINGS 

' 
2 PASSES 

....J 
(X) ABS TOP 0000 0000 

AOC 0000 0002 
HSY 0000 0008 24* 95 101 104 
CARRY 000') Qf)'.)8 2S* 109 
CHAR 0000 0004 14* 46 57 72 96 97 102 
DELAY 0000 OOAER 53 70 107* 
DEY 0000 0007 17* 41 42 43 51 52 69 78 85 93 96 100 102 :l:i' 

103 ~ 
DEVADR 0000 OOBER 41 118* ~ 
DIS RD 0000 OOC2R 51 123* ti] 

DISilRT 0000 OOC1R 43 12 2* z 
DON£ ')000 0006 16* 38 38 39 66 82 82 89 t:1 

H 
ENWRT 0000 OOC3R 69 124* x 
EX 000'.) 0004 :::13 * 94 
EXMP1A 0008 0018R 46* 50 :l:i' 
EXMP1R 0000 0034R 56* 61 
EXl'IP1C 0000 O'.l60R 71* BR 90 

() 
HAL! 0000 OOH6R 83 94 112* 0 
HIPTOP 0000 OOE6R ::J 
HT 0000 OOliAR 65 77* rt 
LADC 0000 0001 ...... 
I.INK 0000 00'.)f 20* 47 53 56 70 98 105 110 ::J 
MSG 0000 0001 13* 44 46 48 49 54 54 57 59 60 68 85 86 c: 

87 114 <D 

~SG1 0000 OOC4R 44 126* 
0.. 

!'!SG1END 0000 OODBR 49 128* 
M::>G2 0000 OODBR 68 130* 
~S G2F:N D 0000 OOF:6R 87 131* 
0 :.ITCH R 0000 OOA2R 47 100* 
PURETOP 0000 OOOOR 
READ 0000 ooq2R 56 9 3* 
REPEAT 0000 0009 19* 40 115 
SF.CON D 0000 OOCOR 42 119* 
ST AR r 1 0000 OOOOR 38* 40 
STAT 0000 0008 18* 77 80 80 93 100 103 
TYPED 0000 OOCBR 57 129* 
WORK 0000 0005 15* 39 52 65 67 71 72 77 78 107 107 108 112 

11 3 114 
> 
I 

....J 

' :l:i' I 
(X) 





APPENDIX B 
SAMPLE PROGRAMS FOR 32-BIT PROCESSORS 

Example 1: Data Transfer Through Auto Driver Channel, 
4-Wire Operation 

The following flow chart and program listing is for data transfer 
through the Auto Driver Channel using 4-wire operation. A local 
terminal is used. A 10-character message is read from and 
written to the terminal. The example shows how to set up the 
interrupt service pointer table, to use the translation table, 
and to check for proper Auto-Driver Channel termination. 

29-654 ROO 9/78 B-1 



APPENDIX B (Continued) 

Example 1 (Continued) 

STARTl 

SELECT 
REG SET 

'F' 

DL:MMY 
READ 

CO:VlMANO 
TO COMM MUX 

SET ~JP CCB 
F(J8 LRC. 

BUFFt= .=lO, READ, 
TR.A.NSLATE 

SET 'REf D' 
FLAG 

COM:'11 

[

, ··-uP 
I~.: . "'BLE 

E·' TRY 

SUBR+-ISRO 

ENAOLE Irn 
@ PRO'.:E'."e::OR 

LEVEL 

Sl~JlU LA TE 

INT FOR 

co.\iM MUX 

B-2 

HANG 
HERE 

ISRO 

ISSUE 2 
COMMAMDS 

TO COMM MUX 

YES 

DUMMY 
READ 

COMMAND 

RETURN ON 
OLD PSV'i 

NO 

- --- CONDITION D
RROR 

SHOULD NOT OCCUR 

HANDLER 

START1 

SUBR-ISR2 
SET EXECUTE 

BIT 

RETURN ON 
OLD PSW 

STATUSJ 
ERROR --
HANDLER 

ISRl 

1+-------..- --- _r~~~~~ION 
li~OULD NOT OCCUR 

READ FIRST 
CHAR. OF 
MESSAGE 

SIMULATE 
CHANNEL 
PROGRAM 

ISR2 

CR EXIT 

YES 

LINEXIT 

NO 

COUNTl--3 

BUFlEND
WBUFlEND 

SUBR ... IODONE 

RETURN ON 
OLD PSW 

29-654 ROO 9/78 



APPENDIX B (Continued) 

Example l (Continued) 

29-654 ROO 9/78 

CR EXIT 

RO~ 0 - 72 

- COUNTO 

Rl 
WRTBUF I 

72 • COUNTO 

BUFOEND+

Rl 

SET UP 
CCW FOR 

WRITE. NO 
TRANSLATION 

RESET 
'READ' FLAG 

LINEXIT 

WRTBUF 
- RBUFOEND 

Rl 

RBUFOEND 

IODONE 

NO 

HANG 
HERE 

5TART1 

B-3 
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CO~M ~ux P~OGHA~~I~G EXAMPLES FOR 32-BIT PROCESSOR PAGE 11:10:15 'l8/16/7~ 

P?OG= CM 32A ASSE~RLFD BY CAL 03-066R05-00 (32-BIT) 

0000 0000 
0000 0001 
0000 1)007 
OOCO OOOD 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1 5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

CM32A 

* 
* 

PROG COM~ MUX PRO~RA~~ING EXAMPLES FnR 32-3IT PROCESSOR 
CROSS 
WIDTH 120 
TARGT 32 
NORXJ 

* USER INPUTS A MESSAGE 0, UP ro 72 CHARACT~R3 THROUGH THS TEH~INAL 
* HOOKED TO THE CO~MUNICATIONS ~ux INTERFACS. A ~ESSAGE OF LESS TH~~ 
* 72 CHARACTERS MUST aE TERMINATED BY DEPR~SSING 'CR' KEY TWIC~. THE 

AUTO-DRIVER CHANNEL READS THE CHARACTERS i noF.S ASCII TO ASCII 
* TRANSLATION, AND ~ENERATES A BUFFER CALLED ·~~S~AGE'. 

* THEN CCB IS SET UP TO WRITE, FAST MODE, NO TRANSLATION. THE 
* •ca•, 'LF' OR JUST 'LF' IS O~TPUT FOLLOWED RY THE ·~~SSAGE' 

* RUFFER. THEN 'C~', 'LF' ARE OUTPijT. 
* 
* rHE ENTIRE PROGRAM LOOPS ON ITSELF. 
* 
* 
* RF.GISTER EQUATES 
* 
* 
RO 
R1 
DEV 
WORK 

EQU 
EQU 
EQU 
EQ!J 

0 
1 
7 
13 

tJ:l 
x 
OJ 
3 

t'tj 
C''l320010 ~ 

C!": 3200?.0 ('[) 

C~32003J 
C~32()040 

I-' 

0320050 
C11320f"l60 () 
C'1l2C070 0 
C"1320rJ80 ::J 
C''\320090 n-
C'1320100 

..... 
~ 

C:1320110 c: 
Clr!3201;>o ('[) 
C:"1320130 0., 
C020140 -
c:-132r11so ,, 
C"\320160 "'O 
Cl1J20170 "'O 
C~3201RO tJ:l 

z 
C/'1320190 0 
0 320200 H 
c~32ono x 
Cl1320220 
Cl132t'1230 °' Cf'l320240 
C~32Q2~0 () 
C-1320260 0 

::J 
n-...... 
::J 
c: 
('[) 
0., 



fl..) 
co~~ ~ux PROGRA~~ISG EXAMPLES FOR 32-BIT PROCESSOR PAGE 2 11:10:15 08/15/7R 

tr1 
\.0 DATA T~BMS THRU AUTO DRIVER CHANNEL 4 WIRE OPERATION 

x 
I OJ 

°' 3 
U1 28 * C"l3202AO "O 
~ oooooor 29 ORG X' AOO' CM320290 ...... 

30 * C'1320300 m 
::t1 31 * ('"1320310 
0 

000~00 C810 OOFO 32 START1 I.HI R 1, X' F')' CB2::U:.rn 
...... 

0 
OOOA04 9501 33 E:PSR P.O ,R 1 REGISTER SE'!' F C:-!320330 

\.0 34 * Cll!320340 () 

' OOOA06 4870 OBB2 35 I.H DEV,RCVADR GET ~F.CF.IVF. sror. ADORESS c·n20 '35Ci 0 
.....J OOOAOA 9P7D 36 RDR DF.V,WORK DUM~Y RE~D TO SET RUSY 0'320360 ~ 
co OOOAOC 4070 OBBO 37 STH DEV,DEVADR C~32017G rt 

38 * 0320.18() 
1-J• 

~ 
000.a.10 ca10 F102 39 LHI R1,CCWSTA+TLAn: C'l320390 c 
OOOA14 4010 0348 40 STH R1,CCfl LRC, BUFFn O, R F:A D, TR.11.NSLATE c~3201rno m 
OOOA18 F.610 ORA7 41 I.DAI R1,RBUFOF.ND CW.320410 °' OOOA1C E5CO OB60 42 LDAI RO, Ii ES SAGE 0320420 -
000.a.20 OPC1 43 SAR RO,R1 C~320430 !:ti' 
OOOA22 4000 Oi34A 44 STH RO,COUNTO Cl'l3204t~O "O 

OOOA26 5010 OR4C 45 STA R1,BUFOEND C~320450 "O 
tr1 

OOOA2A 0300 ODBE 46 LR RO,ENREAD GF.T RF.AD CO"l"!AND Cl'l320460 2: 
OOOA2E 0200 OBB4 47 STB RO,C,"!D C"1320lJ70 0 
000.a.32 7.4 c, 48 us wORIC,1 C'!320U80 H 

OOOA34 40I::O OBAC 49 STH WORK,READ Sr:T FLA~ CB20490 :>< 
50 * CM320500 

OOOA38 C810 0848 51 COMM L,HI R1,CCB C11320r11C) °' 
OOOA3C 2(11 52 .us :l 1, 1 C!'1320S20 
OOOA3E 40 17 4700 0000 53 STH R1,ISPTABCDEV,OrV) SET UP [SP TABLF. ENTRY CM320530 () 
OOOA44 2418 54 LIS R 1, ~ C1'!320""i40 0 
OOOA46 7610 0~48 55 RBT H 1, C CW RESET EY 3IT r."1320550 ::s 
OOOA4A CR 10 OAAC 56 L,HI R1,ISRO Cf'\320560 rt 

OOOA4E 4010 0Fl5C 57 ST!! H1,SURR SUBROUTI•E ADDRESS C~320570 
...... 
::s 

58 * CM320580 c 
OOOA52 CR10 40FO 59 LHI ~1,)('40FO' C'.'1320590 ro 
OOOA56 q501 60 EPSR RO, R 1 ENARL~ INT @ PROCESSOR LKVEL CB20~0CI 0. 
OOOA58 4870 OBRO 61 LH DEV,DEVADR C"132061Ci 
OOOASC E2C7 0000 62 SHIT O(DF.V) C.'1320Fi2C! 
OOOASO 4300 OllfiO 63 B * HAN~ CM32063(1 

64 * C'1320640 
65 * TO WRITE CR, LF OR JUST LF FJLLOWED BY ~P.SSAGE ~ CR, LF. c '.'13 20 fi 5(t 

66 * C::i3 20 G f, 0 
OOOA64 07CO 67 CRF:XIT XA R RO,RO C'!32067~f 

OOOA66 4a10 OB4A 68 LH R1,COUNTO CM320680 
OOOA6A Cr\10 0048 69 AHI R1,72 CM320ti<.l0 
OOOA6I:: 0flc1 70 SAR RO, R 1 C~320700 

OOOA70 FA 10 0000 OP5E 71 AAI R1,WRTBUF C!'!320710 
OOOA76 2306 72 BS OK C~320720 

OO'JA78 H 10 O!'A 7 73 LIN EXIT LDAI R1,RRUFOEMD C!'\320730 
OOOA7C E600 OHSE 74 LOA~ HO,WRTBUF 0 3207 llCi 

0001180 Or< C 1 75 SAR RO,R1 C'132075C' 
OOOA82 40CO OB4A 76 OK STH RO, COU HTO C1132076C1 
OOOA86 5010 OB4C 77 STA R1,BUFOEND CM320770 

°' OOOA8A CA10 F704 78 LHI R 1 ,CCWSTA+WRIT E ~RITF., ~O T~ASSLATION Cr-!320780 
I OOOABE 4010 OB48 79 STll g1,CCW C~320790 

l.11 OOOA92 [duo ODC2 80 LB RO,ENWRT C'.1320AOC1 



°' 
COMM ~ux PaOGRAMMT~G EXAMPLES FOR 32-BIT PROCESSOR PAGE 3 11:10:15 08/16/78 ti] 

I DATA t~~NS THRU AUTO DRIVER CHANNEL 4 WIRE OPERATION 
x 

°' 
OJ 
3 

OOOA96 0200 OBB4 8 1 STB RO ,C l'i.J Clol320R10 "O 
OOOACJA 4870 ODBC 82 LH riEV,SNDADR C~3200?0 ......... 

coo.an 4070 OBBO 83 STH DEV,DEVADR C'1320830 ro 
000.0.2 O?I:D d4 Xl\R jlQRK,WORK 0320840 I-' 
OOOH4 401:0 OBAC 85 s·rH WORK,READ RESE'r FLAG Cl"l320850 
OOOAAS 4300 008 86 B COMM CM320860 

87 • C"\320870 (') 

88 .. COME HERE AFTER SINT C"'.320880 0 

89 • C'l32U390 ::s 
OOOHC 42FO OHC 90 ISRO BTC C+V+G+L,* C~320900 

rt ..... 
OOOBO c 3 30 000 8 91 THI 3,8 C1'1320910 ::s 
OOOAB4. 4330 oa.oo en BZ START1 CM320920 c 
OOOAB8 DE20 ODC3 93 QC 2,SECOND SET UP FOR COMM l'IUX C~320CJ30 C'D 

OOOABC DF.20 0'384 9q OC 2 ,C!'lD ISSUE COMMAND CK320Y40 0.. 

OOOACO 48[0 OBAC 95 LI! .JORK,READ C"l120950 
OOOAC4 4330 OAD4 96 BZ ISR01 C'"320Y60 ~ 
OOOAC8 9 820 97 RDR 2,WORK SET HSY Cr1320970 1-tj 

OOOACA EHO o AF. 4 98 LDAI WORK,ISR1 C'1320q8Q 1-tj 

OOOACE 40CO OBSC qg STH WORK,SUBR TO READ A ~ESSAGE C"!320990 ti] 

OOOAD2 18CO 100 LPSWR ~O Cl'l321000 z 
101 • 0321010 0 

H 
OOOAD4 F6t::O Ol'l04 102 ISR01 lDAI WORK,ISR2 C"!3210/0 ::< 
OOOA08 iioro OBSC 103 STH WORK,SCIBR TO WRITE THE MESSAG~ C/021030 
OOOADC 2r.+t8 10ti LIS WORK,8 Cl1321Cti0 °' OOOADE 75[0 0848 105 SBT WORK,CCW SET EX BIT CM321050 
OOOH2 1RCO 106 LPSWR RO C!o!J21060 

(') 
107 * C!-1321070 0 
108 • COME HERE TO READ FIRST CHARACTER CM321080 ::s 
109 • c-i321090 rt 

OOOAE4 1i2FO OAE4 110 ISR1 BTC C+V+G+L, '* CM321100 ..... 
OOOAE8 C3:?0 0008 111 THI 3,8 C~321110 :::1 

OOOAF.C 4230 OAOO 112 BNZ START1 C"13211?0 c 
OOOAFO 91:120 11 3 RDR 2,WJRK READ FIRST CHARAC

0

TER OF MESSAGE CM321130 C'D 

OOOAF2 F.Jro oRr.+8 114 SCP WORK,CCB PUT IT IN BUFFER c i13 2, 1110 0.. 

OOOAF6 43CO OAD4 115 B !SRO 1 C/'1321150 
116 * C~3211fi0 

117 * C"l321170 
OOOAFA 1800 118 IGNORE LPSWR RO CM321180 

119 * 0321190 
120 • CM321200 

I'\.) OOOAFC ono 121 CR XA~ ilORK,WORK CM321/10 
\.0 
I OOOHE 40[0 0848 122 STH WORK,CCW RF.SET EX BIT CM321220 

°' 000302 BOO 123 LPSWR RO CM321230 

U'1 124 * CT021?40 
~ 125 • C."11217'>0 

126 • COME HERE AFTER ADC TERMINATION C!o!32126C 
:0 127 • C."1321?70 
0 

OOOB04 4210 OB04 128 ISR2 BTC L,* C/'l321280 
0 

OOOBOl:I 4220 OB18 129 BTC G,BUFULL C"lJ21290 

\.0 OOOBOC 48 CO ORAC 1 30 LH WORK,READ C~321300 

' OOOR10 4330 OB10 131 BZ * CM321310 
-..J 000~14 4300 OA64 132 B CREXIT C~321320 

CX> OOOB18 48[0 OBAC 133 BU FULL LH WORK,READ CM321330 



l'\J 
CO~M ~ux PROGRAMMING EXAMPLES FOR 32-BIT PROCESSOR PAGE 4 i1:10:15 08/16/78 

t%j 
\.0 x 
I DATA TRANS THRU AUTO DRIVER qHANNEL 4 WIRE OPERATION QJ 

O'I 3 
V1 OOOB1C 4230 OA78 134 BNZ LIN EXIT C~321340 '"O 
.t:i. 000820 C8CO FFF'D 135 LHI WOR!C,-3 TO OUTPUT CR, LF, ~ULL, NULL. C'-!3213 1)0 1-1 

!:ti 
000824 4oro 0Rs2 136 STH WORK ,COUNT1 C"'.321360 Cl) 

0 000828 E6CO OBAS 1.:3 7 LOU WORK,WBUF1END c1q21 ·no 
I-' 

0 OOOB2C 50CO 0354 1 38 STA WORK,BUF1END C~3213BO 
000830 Cflto OB3A 139 LHI WORK ,IODONE C~321390 

\.0 000834 40CO OB5C 140 STH WORK,SUBR C!'1321400 () 

' 000838 1800 141 LPS WR RO CB21LJ10 0 
....J 142 * 03214:20 ::s 
00 143 * COKE HERE WHEN ALL I/0 OPERATION IS OVE~ CM321430 ('1" 

144 * Cl13214lrn ~· 

145 * CM3214'50 ::s 
c 

OOOB3A 4210 OB3A 146 I ODON E BTC L,* C~321460 Cl) 
OOOB3E 4220 OAOO 147 BTC G,START1 C"1.321470 Q, 

000342 4300 OB42 148 B * -Cr-3214:rn 
149 * CB21490 ~ 

000848 150 ALIGN ADC CM321500 t'\j 

151 ·---------------------------------- C"l321510 t'\j 

, 52 * CM321520 l:l"J 

0000 0848 153 CCB EQU * C~321C:30 
z 
t1 000848 vu VO 154 ccw DCX 0 C~32151rn H 

OOOB4A 0000 155 COUNTO DCX 0 C~.3215'50 x 
OOOB4C 0000 0000 156 BUFOEND DC 0 CM.321!:>60 
OOOB50 ooco 157 CH KW ORD DCX 0 C~32E'10 01 
0001352 0000 158 COlJNT1 DCX 0 C~3215BO 

OOOB54 0000 0000 1 59 BUF1END DC 0 CI021590 () 
000858 0000 OBB8 160 DC HTLATETAB) CM321fi00 0 
OOOR5C ooco 161 SUBR DCX 0 C"!3211it0 ::s 

162 * CM.321620 rt 
163 ·---------------------------------- CM3216.30 ~· 

164 * BUFFERS CM32Ht~O ::s 
165 * CM3216~50 c 

OOOB5E OD 166 WRTBUF DB 13 C:-1321660 
Cl) 

°' OOOB5F OA 167 DB 10 Cl'l3216'70 
000860 168 l'IESSAGE cs 72 C!021680 

0000 OBA7 169 RB UFO EH D EQU *-1 C/1321690 
OOOBA8 OCCA 170 CCX ODOA,O Cl'l321700 
OOOBAA 0000 

0000 OBAB 171 WBUF 1EN D EQU *-1 Cl":321710 
172 ·---------------------------------- 0321720 
173 * CU21730 
174 * EQUATES CM.321740 
11 s' * C!'1321750 

0000 F700 176! CCWSTA EOU X'F700' CM321760 
0000 0004 177 WRITE EQU X'0004' C/1321770 
ooco 0002 178 TLATE EQU X'0002' C~3217130 

179 * CM321BO 
0000 0000 180 ISPTAB EQU X' DO' CM 321800 
0000 0008 18 1 c EOU 8 C:0211110 
0000 0004 182 v EQU 4 C~3218:~0 

°' 0000 0002 183 G EQU 2 C'1321830 
I 0000 0001 184 L EOU , (\1)218,~0 

....J 
185 * C~321fl50 



°' 
COMM MUX PROGRAMMING EXAMPLES FOR 32-BIT PROCESSO~ PPt GE 5 11:10:15 08/16/78 

ti] 

I DATA TRANS THRU AUTO DRIVER CHANNEL 4 WIRE OP~RATION x 
co OJ 

186 * Cr-!321860 
3 

"d 
187 * CO MST A MTS :"1321070 1-...l 
188 * CM321880 <l> 
189 • C!1321890 

OOOBAC 0000 0000 190 READ DC 0 C"1321900 1-...l 

OOOBBO 0000 191 DEVA DR DCX 0 . C"!321~10 
OOOBB2 0010 192 RC VA DR DCX 10 CM321920 () 

OOOBB4 00 193 C!'ID DB 0 C'1321Q30 0 
19 ij * C!"l 321':J40 ~ 

195 ·---------------------------------- CM321950 rt 
196 * CM321960 ~--·· 

OOOB88 197 ALIGN ADC+ADC C"1321970 :::3 
c: 

198 • C~321980 <l> 
OOOBR8 199 TUTEUB DO 1 3 Cf'\321990 0.. 
000888 057D 200 DC TCIGHORE) C'.'1322000 
OOOBBA 0570 200 DC TCIGNO~E) ~ 
OOOBRC 0570 200 DC TCIGHORE) .,, 
OOOBBE 057D 200 DC . TCIGHORE) .,, 
ooosco 0570 200 DC TC IGNORE) ti] 

OOOBC2 0570 200 DC TCIGNORF.) z 
OOOBC4 0570 200 DC TCIGNORE) a 

H 
OOOBC6 0570 200 DC TCIGNORE) x 
OOOBC8 0570 200 DC TCIGNORE) 
OOOBCA 0570 200 DC TC IGNORE) 0'.1 
OOOBCC 057D 200 DC TC IGNORE) 
OOOBCE 057D 200 DC T(IGHORF:) -
OOOBDO 0570 200 DC T(I'.;NORE) () 

OOORD2 057E 201 DC TC CR) Cl'l322010 0 
~ 

000804 202 co 9 Cl.1322020 rt 
000804 057D 203 DC T(I;NORE),TCIGNO~E) C"l322030 ...... 
000806 057D ~ 

000808 057D 203 DC T(IGNORE),T(TGNORE) c: 
OOOBDA 0570 <l> 

0008DC 0570 203 DC T(IG~ORE),T(IGNORE) 
0.. 

OOOBDE 0570 
OOOBEO 0570 203 DC T(IGNORE),T(TGNORE) 
OOOBE2 057D 
OOOBE4 0570 203 DC T(IGNORF.),T(IGNORE) 
OOOBE6 0570 

(\..) OOOBE8 057D 203 DC TCIGNORE),TCIGNORE) 

\.0 OOOBF.A 0570 
I OOOBEC 0570 203 DC TCIGNORE),T(IGNORE) 

°' OOOBEE 057D 
U'1 OOOBFO 057D 20 3 DC T(IGNORE),TCIGNORE) 
~ OOOBF2 057D 

::0 oooar~ 0570 203 DC TCIG~ORE),TCIGNORE) 

0 000 B~'6 0570 
0 0000 OBF8 204 TABLE EQU • C!1322040 

OOOBF8 205 DO 32 CM322050 
\.0 OOOBFS 80 20 8021 206 DB X'BO',*-TABLE+63/2,X'80',*-TABLF.+63/2 CM3220f>O 

......... OOORFC 8022 8023 206 DB X'80',*-TABLE+63/2,X'80',*-T'BLE+63/2 
-...J ooocoo 8024 8025 206 DB X'80',*-TABLE+63/2,X'80',*-TARLE+63/2 
(X) 

OOOC04 8026 80?7 206 DB x•ao•,•-TABLE+63/2,X'80',*-TABL£+63/2 



COMM ~ux PROGRA~MING EXAMPLES FOR 32-BIT PROCESSOR PAGE 6 11:10:15 08/16/78 
r--J ti:] 
\.0 DATA TRANS THRU AUTO DRIVER CHAHNEL 4 WIRE OPERATION x 
I OJ 

O'\ :3 
<.n OOOC08 8028 8029 206 DB X'80',*-rABLE+63/2,X'80',*-TABLE+63/2 "O 
.i:::.. ooococ 802A B02R 206 DB x•aa•,•-TABLE+63/2,X'80',*-TABLE+63/2 I-' 

OOOC10 802C 8020 206 DB X'80',*-TABLE+63/2,X'80',*-TABLE+63/2 ct> 
::t:1 OOOC14 802E 802F 206 DB X'80',*-TABL~+63/2,X'80',*-TABLr+53/2 
0 OOOC18 8030 8031 206 DB X'80',*-TABLE+63/2,X'80',*-TABLE+63/2 

..... 
0 OOOC1C 80?2 8033 206: OB X'80',*-TABLE+63/2,X'80',*-TAHLt.+63/2 
\.0 OOOC20 8034 8035 206 DB X'80',*-TABLF.+63/2,X'80',*-T~BLE+63/2 (J 

.......... OOOC24 8036 8037 206 DB X'80',*-TABLE+63/2,X'80',*-TABLP.+63/2 0 
....J OOOC28 8038 8039 206 DB X'80',*-TABLF.+63/2,X'80',*-TABL~+63/2 ::J 
CX> OOOC2C 803A 803R 206 DB X'80',*-TABLE+63/2,X'80',*-TABLE+63/2 rt 

OOOC30 803C 803D 206 DB X'80',*-TABLE+63/2,X'80',*-TABLE+63/2 
...... 
::J OOOC34 803E 803F 206 DB X'80',*-TABLE+63/2,X'80',*-fABLE+53/2 c::: 

OOOC38 8040 8041 206 DB X'80',*-TABLE+63/2,X'80',*-TARLE+63/2 ct> 
OOOC3C 8042 8043 206 DB X'80',*-TABLE+63/2,X'80',*-TABL~+63/2 0., 
OOOC40 8044 8045 206 DB X'80',*-TABLE+63/2,X'80',*-rA9L~+63/2 
OODC44 8046 8047 206 DB X'80',*-TABLE+63/2,X'80',*-TAgLE+63/2 ~ 
OOOC48 8048 8049 206 rs X'80',*-TABLE+63/2,X'80',*-TABL~+63/2 "O 
OOOC4C 804A 804R 206 DB X'80',*-TABLE+63/2,X'BO',*-TABLF.+63/2 "O 
ooocso 804C 804D 206 DB X'80',*-TABLE+63/2,X'BO",*-TABL~+63/2 ti:] 

OOOC54 804E 804F 206 DB X'80',*-TABLS+63/2,X'80',*-TABLS+63/2 z 
t:l OOOC58 80!:0 8051 206 DB X'80',*-TABLF.+63/2,X'80',*-TABLE+63/2 H 

OOOC5C ao=2 8053 206 DB X'80',*-TABLE+63/2,X'80',*-TABLE+63/2 >< 
OOOC60 8054 8055 206 DB X'80',*-TABLE+63/2,X'80',*-T~BLF+63/2 

OOOC64 80!:6 8057 206 DB X'80',*-TABLE+63/2,X'80',*-TABLF.+63/2 °' OOOC68 80!:8 8059 206 DB X'80',*-TABLE+63/2,X'80',*-TABLE+63/2 
OOOC6C 805A 805.R 206 D9 X'80',*-TABLE+63/2,X'80',*-TABLE+63/2 

CJ OOOC70 BO!:C 8050 206 OB X'80',*-TABLE+63/2,X'BO',*-TABLF+63/2 0 
OOOC74 t:!O!:E 805F 206 DB X'80',*-TABLE+63/2,X'80',*-TABLE+63/2 ::J 
OOOC78 207 DO 16 Cl"f322070 rt 
OOOC7B 0570 208 DC T(I~NORE),TCIGHORE) C~i322080 ...... 
OOOC7A 057D ::J 
OOOC7C 0 57D 208 DC TCI~NORE),T(IGNORE) c::: 

ct> OOOC7E 057D 0., ooocao O'.i7D 208 DC TCIGNORE),TCIGNORE) 
OOOC82 057D 
OOOC84 057D 208 DC T(IGMORE),T(IGHORE) 
OOOC86 0570 
OOOC88 0570 208 DC T(IGNORE),T(IGNORE) 
OOOC8A 0570 
OOOC8C 057D 208 DC rcr~NORE),T(IGNORE) 

OOOC8E 057D 
OOOC90 c::, ~·o 208 DC T(IGNORE),TCIGHORE) 
OOOC92 057D 
OOOC94 0570 208 DC TCIGNORE),T(IGNORE) 
ooocq6 0570 
ooocqa 0570 208 DC TCIGNORE),T(IGNORE> 
OOOC9A 0570 
OOOC9C or;1D 208 cc TCIGHORE),TCIGNORE> 
OOOC9E 0570 
OOOCAO 057D 208 DC TCI~NORE),TCIGNORE) 

°' OOOCA2 0570 
I OOOCA4 05n 208 DC T(I~NORE),T(IGNORE) 

\.0 OOOCA6 0570 



to COMM ~ux PROGRAMMING EXA~PLES FOR 32-BIT PROCESSOR PAGE 7 11:10:15 08/16/78 
tr:] 

I x 
~ DATA TRANS THRU AUTO DRIVER CHANNEL 4 WIRE OPFRATION OJ 
0 a 

OOOCA8 057D 208 DC T C I G Ii u ..... J , 1' (! G N 0 R E ) "O 
OOOCAA 0570 f-J 

OOOCAC 057D :>08 DC T(I;NORE),T(IGNORE) ro 
OOOCAE 0570 ~ 
OOOCBO 0570 208 cc T(IGNORE),T(IGNORE) 
OOOCB2 0570 -OOOCB4 0570 208 DC TCIGNORE),T(IGNORE) () 

OOOC36 0570 0 
209 .,, C~1 32/J9Q :::J 

210 .,, C"!322100 rt 

OOOCB8 211 DO 13 C/'1322110 
..... 
::J 

OOOCBB 057D 212 DC T(IGNORE) C"1322120 c 
OOOCBA 0570 212 DC TCIGNORE) ro 
OOOCBC 0570 212 DC TC IGNORE) 0, 

OOOCBE 0570 212 DC TC IGNORE) 
ooocco 0570 212 DC TC IGNORE) ~ 
OOOCC2 0570 212 DC TC IGNORE) "'O 
OOOCC4 057D 212 DC TCIGNORE) "'O 
OOOCC6 0570 212 DC TC IGNORE) tr:] 

ooocc0 0570 212 DC TC IGNORE) z 
OOOCCA 0570 212 DC TC I":; NORE) 0 

H 
oooccc U'.'.170 212 DC TC IGNORE) :x 
OOOCCE 0570 212 DC TC IGNORE) 
ooocoo 0570 212 DC T(I:;NORE) to 
OOOC02 057E 213 DC TC CR) 0132213C 
OOOC04 214 DO 9 C"!322'140 -
OOOC04 0570 215 DC TCIGNORE),TCIGNO~E) C"l3221SO 

() 
0 

OOOC06 0570 :::J 
OOOC08 0570 215 cc' TCIGNORE),T(IGNORE) rt 
OOOCDA 057D ...... 
OOOCDC 0570 215 DC TCIGNORF.),T(IGNORE) :::J 
OOOCDE 057D c 
OOOCEO 057D 215 DC TCIGNORE),TCIGNORE) ro 

0, 
OOOCE2 0570 
OOOCE4 0570 215 DC T(IGNORE),T(IGNORE) 
OOOCE6 057D 
OOOCEB 0570 215 DC TCIGNORE),TCIGNORE) 
OOOCEA 057D 
OOOCEC 0570 215 DC TCIGNORE),T(IGMORE) 

(',.,) 
OOOCF.E 0570 

\0 OOOCFO 0570 215 DC T(IGHORE),TCIGNORE) 
I OOOCF2 057D 

°' OOOCF4 0570 215 DC TCIGNORE),TCIGNORE) 
U'1 OOOCF6 057D 
~ 0000 OCFB 216 TA BLEH EOU • C:'132:?150 

::0 
OOOCF8 217 DO 32 C~322170 

0 OOOCF8 8020 8021 218 DB X'80',*-TABLEH+63/2,X'80',*-TABL~H+63/2 C'.".3221'30 

0 OOOCFC 8022 8023 218 OB X'80',*-TABLEH+63/2,X'SO',*-T~9L~H+~J/2 

OOODOO 8024 8025 218 OB x•ao•,•-TABLEH+63/2,X'S~·,•-TA~LEH+~3/2 

\0 000004 8026 8027 218 DB X'80',*-TABLEH+63/2,X'90',*-TABLEH+63/2 

' 000008 ao2s son 218 DB X'SO',*-TABLEH+63/2,X'SO',*-TABLF.H+~3/2 
....,J oooooc ROU 8028 218 OB x•ao•,•-TABLEH+63/2,X'80',*-TlBLEH+~J/2 
co 000010 802C 8020 218 DB l'80',*-TABLE~+63/2,X'80',*-TABLEH+6J/2 



COM!'! r.ux PROGRAMMING EXAMPLES FOR 32-BIT PROCESSOR PAGE 
!\.) 

R 11:10:15 OB/1~/7A 
!:Tl 

l..O 
DATA TRANS THRU AUTO DRIVER CH~NNEL 4 WIRE OPERATION >< 

I °' °' 9 
U"1 000014 802E A02F 218 DB X'BO',*-TABLEH+63/2,X'BO',*-TABLEH+63/2 "O 
.i::. 000018 8030 8031 218 DB X'SO',*-TABLEH+63/2,X'80',*-TABLFH+53/2 I--' 

~ 
OOOD1C 8032 8033 218 DB X'BO',*-TABLEH+63/2,X'80',*-TABLEH+63/2 ('!) 

OOOD20 8034 8035 218 DB X'80',*-TARLEH+63/2,X 1 90',*-TABLF.H+63/2 
0 

000024 8036 8037 X'80',*-TABLEH+63/2,X'80',*-TABLEH+5J/2 I-' 
0 21A DB 

000028 8038 8039 218 DB X'80',*-TABLEH+63/2,X'80',*-TABLEH+63/2 
l..O OOOD2C 803A 803B 218 DB X'80',*-TABLSH+63/2,X'80',*-TABLEH+63/2 () 

.......... OOOD30 ao.=c so3D 218 DB X'80',*-TABLEH+63/2,X'80',*-TABLEH+63/2 0 
...J 000034 803E A03F 218 DB X'BO',*-TABLEH+53/2,('dO',*-TAqLFH+63/2 ::J 
co 000038 A 0 ''" 8 0 41 218 DB X'80',*-TABLEH+63/2,X'80',*-TABLEH+6J/2 rt 

00003C 801.12 8043 218 DB X'80',*-TABLEH+53/2,X'80',*-fABLF.H+63/2 
...... 

000040 8041.1 8045 218 DB X'BO',*-TABLEH+63/2,X'80',*-TABL£H+63/2 ::J 
c 

000044 8046 8047 218 DB X'80',*-TABLEH+63/2,X'BO',*-TABLEH+63/2 ('!) 

000048 801.18 8049 218 DB X'80',*-TABLEH+63/2,X'80',*-TABLF.H+63/2 0., 
OOOD4C 804A 804R 218 DB X'80',*-TABLEH+63/2,X'80',*-TABL~H+63/2 

000050 804C 804D 218 DB X'80',*-TABLf.H+63/2,X'80',*-TABL~H+63/2 > 
000054 804E 804F 218 DR X'80',*-TABL~H+63/2,X'80',*-TABL~H+63/2 "O 
000058 80 50 8051 218 DB X'80',*-TABLEH+63/2,X'8~',*-TA~LEH+63/2 "O 
OOOD5C 8052 8053 218 DB X'80',*-TABLF.H+63/2,X'80',*-TABLF.H+63/2 l:Tj 

000060 8054 8055 218 DR X'BO',*-TABLEH+63/2,X'80',*-TABLF.H+53/2 z 
0 

OOOD64 8056 8057 218 :CB X'80',*-TABLEH+63/2,X'80',*-TARLF.H+63/2 H 
000068 8058 8059 218 DB X'80',*-TABL~H+63/2,X'80',*-TARLEH+63/2 x 
OOOD6C 805A 805B 218 DB X'8J',*-TABL~H+63/2,X'80',*-TABLF.H+63/2 

000070 ao:c 8050 218 DB X'80',*-TABLEH+~3/2,X'80',*-TABLEH+53/2 ll' 
000074 80:F. aosF 218 OB X'SO',*-TABLEH+63/2,X'80',*-TABLF.H+63/2 
000078 ?19 DO 16 ".!'!322190 () 
000078 057D 220 DC TCI~NaRE),TCIGNORE> C;.1322200 0 
00007A 0570 ::J 
00007C 057D 220 DC TCIGNORE),T(IGNORE) rt 
00007E 0570 ...... 
000080 0570 220 DC T(IG~ORE),T(IGNORE) ::J 
000082 0570 c 
000084 0570 220 DC TCI~NORE),TCIGNORE) 

('!) 
0., 

000086 0570 
000088 0570 220 DC TCIGNORE),TCIGNORE) 
OOODBA 0570 
OOOD8C 0570 220 DC T(I~NORE),TCI~NORE) 

00008E 0570 
000090 057D 220 DC rcr;NORE),T(IGNORF.) 
000092 0570 
000094 0570 220 DC TCIGNORE),TCIGNORE) 
000096 0570 
000098 057D 220 DC TCIGMORE),T(IGNORE) 
OOOD9A 0570 
00009C 057D 220 DC TCIGNORE),T(IGNORE) 
OOOD9E 0570 
0000.\0 0570 220 DC T(I~NORE),T(IGNO~E) 

OOODA2 0570 
OOODA4 0570 220 DC TCIGNORE),T(IGNORE) 

ll' OOOOA6 0570 
I OOODA8 0570 220 DC T(I~HORE),TCIGNO~E) 

I--' OOODH 057D 
I--' OOODAC 0570 220 DC TCIGNORE),TCIGNORE) 
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CO~M MUX PROGRA~MING EXAMPLES FOR 32-BIT PROC~SSOR PAGF. 

DATA TRANS THRU AUTO DRIVER CHANNF.L 4 YIRE OP~RATION 

OOODAF. 0570 
OOODRO 0570 '.'?O DC T{IGNORE),T(IGNORE) 
OOODB2 0570 
OOODB4 0570 220 DC TCIG~JRE),T(IGNORE) 
OOODR6 057D 

221 * 
222 • 
223 * CONSTANTS USED IN ABOVE EXAMPLES 
224 • 

OOODB8 0000 225 READING DCX 0 
OOODBA 0010 226 R ECADR DCX 10 
OOODBC 0011 227 SN DA DR DCX 11 
OOODBE 7Q 228 EN READ DB XI 79 I 

OOODBF B9 229 DISRD DB x I B9 I 

OOODCO AB 230 DISWRT DB x I AB I 

OOODC1 3R 2 31 RQ2S DB X'3B' 
OOODC2 6R 232 ENWRT DB XI 68 I 

OOODC3 F'8 233 SECOND DB x• FB • 
234 • 

OOODC4 235 END 

9 11:10:15 08/16/78 

READ rtAG 
COMM ~ux RECgIVF. ADORES~ 
COM~ ~ux SE~D A~DRF.SS 

F.NABLE,ECHO,READ 
DISABLE,ECH~,REAP 
DISABLE, WRITE 
RF.QUEST TO SEND CWRT/RC = 1) 
ENARLF:,WRITE 

2 STOP 9!TS, NO PAPITY CHECK 

C~322210 

CM322220 
C1'!322230 
C!022240 
C~32V~O 

CM322::!60 
Ci"1322270 
C"'.322280 
C~322:'90 

c:1322i00 
C1'1322310 
c-u2n20 
CM322330 
0322340 
0!3223~0 

tz:1 
:< 
OJ 
s 

'"O 
~ 

Cl> 

....... 

() 
0 
:::l 
rt ...... 
:::l 
c 
Cl> 
0.. 

::t>' 
'tJ 
'tJ 
tz:1 
z 
0 
H 
x 

°' -() 
0 
:::l 
rt ..... 
:::l 
c 
CD 
0.. 



.I\.) 
co~~ MUX PROGRAMMING EXAMPLES FOR 32-RIT PROCESSOR PAGE 10 11:10:15 013/16/78 

tIJ 
\.0 DATA TRANS THRU AUTO DRIVER CUANNEL 4 WIRE OPERATION x 
I I °' °' 3 

l11 ASSEMBLED EY CAL 03-066R05-00 ()2-BIT) "O 
it:. ......, 

START OPTIONS: T=32,CROSS,ERLST, (!) 

::a 
0 

HO CAL ERRORS 
......, 

0 
NO CAL WARNINGS 

\.0 2 PASSES () 

' 0 
.....J ABS TOP 0000 ODC4 ::J 
co ADC 0000 0004 150 197 197 rt 

BUFOF.ND 0000 084C 45 77 156* 
..... 

BUF1END 0000 OB54 138 159* ::J 
c 

BUFULI. 0000 OR18 129 133* (!) 
c 0000 0008 90 110 181* Q, 

CCB 0000 OR48 51 114 15>3* 
ccw 0000 0848 40 55 79 105 122 154* :J>t 
CCWST A 0000 F700 39 78 176* "O 
CHKWORD 0000 0850 157* "O 
Cl'!D 0000 OBP.4 47 81 94 193* tIJ 

COl'l'! 0000 OA38 51* 86 z 
COUNTO 0000 OB4A 44 68 76 155* t1 

H 
COUNT1 0000 0852 136 ! 158* x 
CR 0000 OAFC 121* 201 213 
CP. EX! T 0000 OA64 67* 132 to 
DEV 0000 0007 25* 35 36 37 53 53 6, 62 82 83 
DEV AD R 0000 ORRO 37 61 83 191* -
DIS RD 0000 OOBF 229* 

() 
0 

DISWRT 0000 ODCO 230* :::J 
EN READ 0000 OCiH 46 228* rt 
ENWRT 0000 ODC2 80 232* ..... 
G 0000 0002 90 , , 0 129 147 18 3* :::J 
IGNORE 0000 OAF 1. 118* 200 203 203 208 208 212 215 21 s' 220 220 c 
IMPTOP 0000 0000! 

(!) 
Q, 

!ODON E 0000 OB3A 13q 146* 
ISPTAB 0000 0000 53 180* 
ISRO 0000 OAAC 56 90* 
ISR01 0000 OAD4 96 102* 115 
ISR 1 0000 OAP.4 98 110* 
ISR2 0000 ORO 4 102 128* 
L 0000 0001 90 110 128 146 184* 
LADC 0000 0002 
LI NEY.IT 0000 O.a.78 73* 134 
MESSAGE 0000 0860 42 168* 
OK 0000 OA82 72 76* 
PUR ETOP 0000 OOOOP 
RO 0000 0000 23* 33 42 43 44 46 47 so 67 67 70 74 7 ~j 

7fJ 80 81 100 105 11 8 123 141 
R1 0000 0001 24* 32 33 39 40 41 43 45 51 52 53 54 '5 r, 

56 57 59 60 68 69 70 71 73 75 77 78 79 
tp RBUFOF.ND 0000 OB.a.? 41 73 169* 
I RCVAD R 0000 08R2 35 192* ..... HEAD 0000 OBAC 49 85 95 130 133 190* 
w HEADING 0000 0088 225* 
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COMM ~ux PROGRAMMING EXAMPLES FOR 32-BIT PROCESSOR 

DATA TRANS THRU AUTO DRIVER CHANNEL 4 WIRE OPERATION 

RECADR 0000 ODBA 226* 
R02S 0000 ODC1 231" 
SECOND 0000 ODC3 93 233* 
SNDADR 0000 O()RC 82 227* 
STA RT 1 0000 OAOO 32* 92 112 147 
SUBR 0000 ORSC 57 99 103 140 
TABLr: 0000 OBF8 204* 206 206 
TABLEH 0000 OCFS 216* 218 218 
TLATf: 0000 0002 39 178* 
TL-'TETA!~ ,;ooo OARS 160 199* 
v 0000 0004 90 110 18 2* 
WBUF1END 0000 OBAS 137 171* 
WORK 0000 OOOD 26* 36 48 49 

104 10 s 113 114 
139 140 

WRITE 0000 0004 78 177* 
WRTBUF 0000 OBSE 71 74 166* 

tz:l 
PAGE 11 11:10:15 08/16/78 x 

OJ 
3 

"O 
....... 
ro 
I-' 

-
161* () 

0 
::l 
rt ..... 
::l 
c 
ro 

84 84 85 'lS q7 9!i 99 102 103 c.. -121 121 122 no 13 3 13') 1 36 137 1]fl 
):it 
"'O 
"'O 
tz:l 
z 
t:l 
H 
:>< 

OJ 

-() 
0 
::l 
rt ..... 
::l 
c: 
ro 
c.. 



APPENDIX B (Continued) 

Example 2: Local Terminal Full-Duplex COMM MUX Operation 

The following flow chart and program listing is for local termi
nal full-duplex COMM MUX operation. In this example, the data 
transfer is under interrupt control. A IO-character message is 
read from and written to the terminal. The last write side 
interrupt is cleared~ 

29-654 ROO 9/78 B-15 



Example 2 (Continued) 

B-16 

START2 

NOINT. 
REG. SET F 

SET INT. 
SERVICE 
POINTER 

TABLE 

ENA3LE 
READ SIDE 

INT. 

SET 
READING 

RESET DONE 

DUMMY 
READ 

ENABLE 
l~lT. 

'WAIT' STATE 

RECINT 

APPENDIX B (Continued) 

REG SET F 

READ 
CHARACTER 
IN BUFFER 

DISABLE 
READ SIDE 

INT. 

RESET 
READING 

FLAG 

ENABLE 
WRITE SIDF 

INT. 

WRITE NULL 
TO GENERATE 

FIRST INT 

SN DINT 

YES 

REG. SET F 

WRITE A 
CHARACTER 

YES 

DONE= 1 

HALT 

HALT 

29-654 ROO 9/78 
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corM MUX PROGHAM~ING EXAMPLES FOR 32-BIT PROCESSOR PP.GE 14:10:33 08/15/7~ 

P~OG= CV.32R ASSSMBLED BY CAL 03-066ROS-OO 

1 CM32B 
12 
3 
q 
5 
6 * 
7 * 

(32-Bir) 

PROG COMM MUX PROGRAK~ING EXAMPLES roq 32-BIT PROCESSOR 
CROSS 
WIDTH 120 
TARGT 32 
NORX3 

C~32l360 

CM322170 
CM32~380 

C~322390 

C~322QOO 

C~322~10 

CM322~20 

ti] 
x 
OJ 
8 

"O 
...... 
Cl) 

N 

() 
0 
::s 
rt ..... 
::s 
c 
Cl) 

0.. 

:x:ii .,, .,, 
ti] 

z 
0 
H 
x 

°' 
() 
0 
::s 
rt ..... 
::s 
c 
Cl) 

0.. 
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°' U1 
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' -..J 00 

CO~M ~ux PROGRAK~ING ~XAMPLES Fon 32-BIT PROCESSOR PAGE 2 14:10:39 08/16/78 

LOCAL TER~INAL, FULL DUPLEX COMK KUX OPERATION 

000000! 
OOOAOO 
OOOA06 

OOOA08 
OOOAOC 
OOOA10 
OOOA12 
OOOA16 
OOOAH 

OOOA1F. 
OOOA22 
OOOA25 
OOOA2A 
OOOA2C 
OOOA2E 
000"32 
OOOA.36 
0001'38 
0001\3A 
OOOAJE 

OOOA42 
OOOA44 
OOOA48 
OOOA4C 
OOOASO 
OOOA54 

0000 0000 
0000 0002 
0000 0003 
0000 0003 
0000 0004 
ooco 0005 
0000 0008 
0000 OOOA 
0000 ODOR 
0000 oooc 
0000 0000 

FBt:O 0000 OOFO 
9540 

F.f.40 OAF6 
F.6AO oono 
24E2 
HCO 02CE 
404A 0000 
C1AO OA16 

4820 OAFC 
4830 OAFE 
DE20 OBOS 
OR A2 
OHA 
CACO OA62 
40CA OODO 
08A3 
OAAA 
car:o OACB 
40CA O·'JDO 

0700 
F.640 ORO' 
401.10 OAFA 
DE20 OROO 
DE20 OB03 
9A2D 

9 
10 
1 , 

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 
so 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

* 
THE TERMINAL SHOULD BE IriTBRFACED THROUGH CO~M MUX FDX INTERFACE 
THE, FOLLOWING EXAMPLE IS FOR 32-BIT PROCESSOR 

* START EXECUTION @ START 
* 
* HElD 10 KEYS & ~RITE THOSE 10 CHARACTERS UNDER INTERRUPT COSTROL 
* 
* 
* RECISTER ASSIGN!'IENTS 
* 
DONE 
DEYO 
DEV1 
R3 
MSG 
STAT 
BSY 
R10 
R 11 
R12 
ilORK 

START 

* 

EQU 0 
EOU 2 
EQU 3 
F.QU 3 
EQU 4 
EQU 5 
EQU 8 
EOU 10 
EQU 11 
EOU 12 
EQU 13 

ORG X'AOO' 
LI WORK,Y'FO' 
EPSR MSG, WORK 

EXA~?LE OONE FLAG 
COMM MUX RECEIVE ADDRESS 
COMM MCX SE~D ADDRESS 
STATUS OF INTERRUPTING DEVICE 
MESSAGE rnDRF:SS 
CO!'!"! !'IUX STATUS 

WORK REGISTF.R 
WOR!< REGISTF:R 

NO INT, REG SET F 

* SET UP INTERRUPT SERVICE POINTER TABLE 
* 

EX!'IP2A 

* 

* 

LDAI 
LDAI 
LIS 
LDAI 
STH 
BXLE 

LH 
LH 
oc 
LR 
AAR 
LHI 
STH 
LR 
UR 
LHI 
STH 

R EPEAT2 XAR 
LOU 
STH 
oc 
cc 
RDR 

:i!SG,iiALT 
R 1 O, x I DO. 
R 11, 2 
R12,X'2CE' 
MSG,O(R10) 
R10,EXMP2A 

DEYO, R ECA DR 
DEV1 ,SNDADR 
DEVO,SECOND 
R10,DEVO 
R10,R10 
WORK ,R ECIHT 
WORK, x I DO I CH 10) 
R10,DEV1 
R10,R10 
WORK,SMDINT 
WORK,X'DO'(R10) 

DONE, DONE 
KSG,KSGJ3 
MSG, READING 
DEVJ,EMREAD 
DEVO,R02S 
DEVO,WORK 

SET UP f.NTIRE TABLE WITH 'HALT' 

GET BOTH ADDRESSES 

SET UP CO!'!~ MUX 
SET UP 2 TAqLE ~~TRIES FO~ 
RECEIVE ~ TRANS~IT DEVICES. 

RESET FL~G 
ENABLE READ SIDE INT, FCHO MODZ 

DUMMY RF.AD TO SET BSY 

C"l322440 
0322LJ50 
C'1322460 
C'1322470 
CP13224BO 
C~322490 

CM322SOO 
C~322S10 
C''D22520 
CM322S30 
C'1322540 
CM322550 
0322';60 
(:~322 1)70 

CM322580 
C.'1322590 
01322600 
013221510 
CM322520 
C'132200 
0322f·40 
CM322650 
01322660 
0322670 
Clo\322680 
C!1322690 
C"1322700 
C~322710 

C1'!322720 
C/'1322730 
CM322740 
CM322750 
01322760 
C'.'1322770 
C:il322780 
Ct'D22790 
C~322800 

CM3221'.i10 
CM322A20 
CM322q3o 
Cl!322":l40 
C~322850 

C!022860 
C'!'322t!70 
C/'1322880 
C!"\322890 
0322900 
c~ 32iq 10 
CM322'}20 
CM322Cl30 
C/"'322•140 
1.:~ 3 229 !)0 
C"1322060 

t'1:1 
x 
OJ 
3 

t'tj 
..... 
ro 

""" 
() 
0 
::3 
rt ...... 
::3 
c: 
(0 
Q, 

~ 
"O 
"O 
t'1:1 
z 
a 
H 
:>< 

°' 
() 
0 
::3 
rt ...... 
::3 
c: 
ro 
Q, 



CO~M MUX PROGRAMMING EXAMPLES FOR 32-BIT PROCESSOR PAGE 3 i4:10:39 08/16/78 l:1j (\.) 

l..C LOCAL TF.RMINAL, FULL DUPLEX COMK ~ux OPERATION 
x 

I °' °' 
s 

lJ1 OOOASti F8CO 0000 COFO 62 EXKP2B LI WORK,'!'COFO' ENABLE INT & HALT TILL DEPRESSION CM322Gi70 '"O 
~ OOOASC 95AD 63 EPSR R10,WORK OF A KF-Y INTERRUPTS CM322C!80 ...... 

OOOA5E 4300 OASF 64 B '* Cl1322990 '° ::0 65 * CM323(~00 
0 6~ * RECEIVE SIDE HAS INTERRUPTED CM32.3010 

(\.) 

0 6l * C"!323020 
l..C OOOA62 48AO OAFA 68 RECINT LH R10,READING HALT IF PECP.IVE SIDE IMTERRUPTS CM323030 (') 

.......... 000.1.66 4330 OA66 6Sl BZ * l#HE'i 'READING' rt A(; I S R ES ET ".:'1321040 0 
-...J OOOA6A 0833 7<D LR R 3, R 3 (R3) = RECEIVE SIDE STATUS C~323050 ::s 
ex:> OOO.A6C 4330 OAS.A 71 BZ TEST 1 C~323050 

rt 

OOOA70 C530 0008 n. CLHI R3,8 C'1323070 
..... 
::s 

000"74 4230 O.H6 7l BNE HAL! CM323080 c: 
OOOA78 caro ooro 7~ Lii! WORK,X'FO' C~323090 '° OOOA7C 95AD 7$ EPSR R10, WORK C~323100 a, 
OOOA7E 0800 H LR DONE,DONE cru23i10 
OOOA80 4230 OA.F6 7l BNZ HALT 0323~20 >' 
OOOA84 2401 7$ LIS DONE, 1 CM323130 "O 
OOOA86 4300 OA56 79 B EXP!P 2B CM323140 "O 

0000 OA8A 80 TEST1 EQU * CM323150 trJ 
z 

OOOARA Faro 0000 OOFO 81 LI WORK,'!'FO' CM.323160 0 
OOOA90 95AD 82 EPSR R10,WORK REGISTER SET F C"l323170 H 
OOOA92 2401 8) LIS DONE, 1 CM323180 x 
OOOA94 DB24 0000 84 RD DEVO,OC!iSG} READ BYTE INTO MESSAGE rlUFFER CM323190 
OOOA98 2641 8$ AIS ."1SG, 1 CM321;'00 °' OOOA9A f540 0000 OB1ti 86 CLAI MSG, KSG33ElfD t::M323210 
OOOAAO 4280 OA56 87 BL EXMP2B LOOP TILL 10 KEYS ARE READ IM. C~3232?.0 (') 

aa * C!'\323230 0 
89 * TO WRITE THE MESSAGE JUST READ I~ C~323240 ::s 
90 * CM323~~50 rt 

OOOAA4 DE20 0801 91 QC DEVO,DISRD DISABLE READ SID~ INTERRUPTS C1'1323260 ..... 
OOOAA8 DE20 OR0.3 92 oc DEVO,RQ2S C"1323;i?O ::l 

OOOAAC F.640 0806 93 LDAI MSG, "ISG3 C~323280 
c: 
'° OOOABO 2400 ~~ 

LIS DONE,O C1'!323290 a, 
OOOAB2 4000 OAFA STH DONE, READING RESET FUG C023.l:OO 
OOOAB6 DF.30 OB04 96 oc DEV1,ENWRT ENA3LE WRITE SIDE INTERRUPTS ~l'.323310 

OOOABA 9A30 91 WDR DEV1,DONE WRITE NULL TO GENERATE FIRST INT. CM32 3320 
OOOABC F8CO 0000 COFCI 98 EXl!P2C LI WORK,'!'COFO' Cr-t.323330 
OOOAC2 95AD 99 EPSR R10,WORK ENABLE INT ~ PROCF.SSOR LEVEL & HALT Ct>!323340 
OOOAC4 4300 OAC4 100 B * C'!32J350 

101 * C'U23350 
10.2 * TRANSMIT SIDE HAS INTERRUPTED C 11 32J.~:70 

103 * CM323380 
OOOAC8 4BAO OAFA 104 SN DI MT LH R10,FEADING C~323390 

OOOACC 4230 OACC 105 BNZ * 03231.lOO 
OOOADO 08~3 106 LR R 3, R 3 STATUS SHOULD BF: ZERO C'1323'~10 

OOOAD2 4230 OAD2 107 BNZ * C;~J23420 

OOOAD6 F8CO 0000 OOFO 1013 LI WORK,Y'FO' Cl'l323430 
OOOADC 95AD 109 EPSR R10, WORK REGISTF:R SET F CM323440 
OOOADE DA34 0000 110 WO DEV1,0(,.SG) 032]450 

°' OOOAF.2 2641 111 AIS MSG,1 CM 32 .~460 
I OOOAE4 F540 0000 OB18 112 CUI MSG,MSG3ENO c:~32 3ij7o 

...... OOOAn 42fl0 OABC 1n BL EXKP2C C:023Ul30 
l..C 000.HE DF.30 OH02 11q oc R3,DISWRT c;~323ij90 



to 
I 

(\.) 

0 

N 
\.0 
I 

°' U1 
.r::i. 

::ti 
0 
0 

\.0 

' ...J 
00 

COMM ~ux PROGRAMMING E~AMPLES FOR 32-BIT PROCESSOR PAGE 

LOCAL TERMINAL, FULL DUPLEX COMM ~ux OPERATION 

OOOAF2 4300 OA42 , , 5 8 REPEA'U 
OOOAF6 4300 OAF6 116 HALT B 

1 17 * 
118 * 
119 * CONSTANTS USED IN ABOVE EXAMPLES 
120 * 

OOOAFA 0000 121 READING DCX 0 
OOOAFC 0010 122 RECA DR DCX 10 
OOOAFE 0011 123 SN DA DR DCX 11 
OOOBOO 79 124 EN READ DB X'7Q' 
OOOR01 89 125 DIS RD DB X'09' 
000002 .a.B 126 DI SWRT DB X'AB' 
000803 38 127 R02S DB X'30' 
OOOB04 68 1 28 ENWRT DB X'6R' 
OOOBOS FB 129 SECOND DB x IFS I 

130 * 
000006 FFFF 131 KSG3 DCX FFFF 
OOOR08 ODOA 132 DC X'ODOA' 
OOOBOA 133 KSG33 DS 10 

0000 OR14 134 MSG33EN D EQU * 
OOOR14 nn')A 1 35 DC X'ODOA' 
000016 ooco 136 DCX 0 

0000 0818 137 MSG3END EOU * 
138 * 

000818 139 END 

4 14:10:39 08/16/78 tx::l 
x 
OJ 
3 

"O 
C!'l323500 f-1 
CM32F1u Cl) 

C,'!32J:i20 
CK32J">.l0 N 

C"!323~40 

C~323':i50 () 
READ FLAG C~3L3':60 0 
COMM MUX RECEIV~ ADDRrss CM323'>70 :::3 
COM~ ~ux SEND ADDR£SS C"!3?.Ffi0 rt 

ENAaLE,ECHO,READ 
DISA0LE,r.CHO,READ 
DISARLE, WRITF. 

C'.'1323': 'rn ..... 
CM323600 :::3 

c 
C:1323f10 Cl) 

REQUEST TO SEND CWRT/RD = 1) Cli323620 °' ENARLE,WRITF. C~323ti30 

CM323fi40 :'.?:ii 
2 STOP BTTS, NO PARITY CHECK CM 3 2 Jf., 5 0 too 

CM'.323660 too 

10 CHARACTEP MESSAGE RUFFER 
C~323670 tz:l 
C'"132311AO z 
CM3231l90 t:I 

H 
Cl'l32 3700 x 

2 NULL CHARACTERS C023710 
CMJ23720 to 
01323730 
C/1323740 

() 
0 
:::3 
rr ..... 
:::3 
c 
Cl) 

°' 



N COMM MUI PROGRAMMING EXAMPLES FOR 32-BIT PROCESSOR PAGE 5 14:10:39 08/16/78 tzl 

\0 x 
I LOCAL TERMINAL, FULL DUPLEX COMM MUX OPERATION 

OJ 

°' 
s 

(J1 "O 
~ ASSE~BLED BY CAL 03-066ROS-OO (32-BIT) I-' 

ro 

" START OPTIONS: T=32,CROSS,ERLST, 
N 0 

0 l{O CAL ERRORS 

\0 
NO CAL WARNINGS () 

' 
2 PASSES 0 

.....J ::J 
co ABS TOP 0000 OB18 rt 

ADC 0000 0004 
...... 
::J 

RSY 0000 0008 25* c:: 
CEVO 0000 0002 20* 44 46 47 59 60 61 84 91 Q2 ('!) 

DEV1 0000 0003 21* 45 51 96 97 110 0.. 
tISttD · 0000 OB01 91 125* 
DISWRT 0000 OR02 114 126* )' 
DONE 0000 0000 19* 56 56 76 76 78 83 94 95 97 to 
EN READ 0000 OBOO 59 124* "O 
ENWRT 0000 OB04 96 12 B* tzl 

z EXKP2A 0000 OA16 41* 42 0 
EXMP2R 0000 OA56 62* 79 87 H 
EXMP2C 0000 OABC 98* 113 >< 
HALT 0000 OAF6 37 73 77 116* 
IMPTOP 0000 oooor to 
LADC 0000 0002 
~SG 0000 0004 23* 33 37 41 57 58 84 85 86 93 110 111 112 () 
MSG3 0000 OBOI') 93 131* 0 
!1SG33 0000 OBOA 57 13 p· ::J 
MSG33END 0000 OP14 86 134* rt 
l'ISG3END 0000 OB18 112 137* ...... 
PURETOP 0000 OOOOP ::J 
R10 0000 OOOA 26* 38 41 42 47 48 48 50 51 52 52 54 () l c:: 

ro 
68 75 82 99 104 109 a.. 

R11 0000 OOOB 27* 39 
R12 0000 oooc 28* 40 
R3 0000 0003 22* 70 70 72 106 106 114 
HEAD! NG 0000 OAFA 58 68 95 104 121* 
RECADR 0000 OAFC 44 122* 
RECINT 0000 OA62 49 68* 
REPEAT2 0000 0 ... 42 56* 115 
P.Q2S 0000 OBO 3 60 92 127* 
SECOND 0000 OBO 5 46 129* 
SNDADR 0000 OAFE 45 123* 
SN DINT 0000 a.a.ca 53 104* 
ST.J.RT 0000 OAOO 32* 

to STAT 0000 000 5 24* 
I TF.ST1 0000 OA8A 71 80* 

N WORK 0000 000 D 29* 32 33 49 50 53 '54 61 62 63 74 75 ~ 1 ...... 82 98 99 108 109 

' to 
I 

N 
N 





INDEX 

Acknowledge Interrupt (AI or AIR), 2-4 
Answering Calls FDX, 2-11 
Answering Calls HDX, 2-11 
ASCII Character Format, 2-3 
Auto Driver Channel (ADC), 2-5 

Baud Rate Groups, 2-1, 2-13 
Baud Rates, 2-1 
BIT SELECT, 2-13 
BSY, 2-7 
Busy Status bit, 2-7 

CARR OFF, 2-7 
Character Format, 2-1 
CLKA, 2-13 
CLKB, 2-13 
CL2S, 2-6 
COMM MUX Command 1 instruction bits, 2-8 
COMM MUX Command 2 instruction bits, 2-13 
COMM MUX Data Set Communication Lines, 2-8 
COMM MUX Program Instructions, 2-4 
COMM MUX Status instruction bits, 2-5 
Communication Instructions, 2-5 
Communications Multiplexor Block Diagram, 1-2 
Communications Multiplexor Programming, 2-1 
Configuration, 1-1 

Data Format, 2-1 
Data Set Control, 2-2 
Data Set Ready (CC), 2-10 
Data Set Status, 2-2 
Data Terminal Busy, 2-2 

. Data Te.rminal Ready (CD) , 2-2, 2-9 
Data Transfer through Auto Driver Channel, 

4-Wire Operation (sample program), B-1 
Device number, 2-18 
Disable bit, 2-8 
"°'Tr"' M1>.T "" n 
LJ .1. .::::> ' .C. l~ , L. - 0 

Distortion, 2-2 
DTR, 2-9 

Echoplex, 2-2, 2-9 
Enable bit, 2-8 
EX, 2-7 
Examine Status bit, 2-7 

29-654 ROO 9/78 Index-! 



INDEX (Continued) 

FR ERR, 2-6 
Framing Error Status bit, 2-6 

General Description, 1-1 

Half Duplex operation, 2-16 

Initialization, 2-18 
Interrupt conditions, 2-18 
Interrupts, 2-17 

Leased Line operation, 2-16 
Line Turn-Around Read/Write, 2-12 
Line Turn-Around Write/Read, 2-12 
Local Terminal, full-duplex COMM MUX 

Operation (sample program), B-15 
Local Terminal, half duplex COMM MUX 

Operation (sample program), A-1 

Method of Transmission, 2-2 

Number of Lines, 2-1 

Operations, 2-14 
Order of -Transmission, 2-3 
Output Command (OC or OCR}, 2-4 
OV I 2-5 
Overflow Status bit, 2-5 

PARITY BIT, 2-14 
PF, 2-6 
Programming instructions, 2-4 
Programming sequences, 2-14 

RCR, 2-6 
RCT /DTB, 2-9 
Read Data (RD or RDR), 2-4 
Reverse Channel Receive (SB}, 2-6 
Request to Send (CA), 2-2 
Reverse Channel Transmit (SA), 2-2, 2-9 
RING, 2-7 
RS-232C Interface, 2-1 

Sample program for 16 bit processors, A-1 
Sample programs for 32-bit processors, B-1, B-15 
Sample Programs, 2-18 
Sense Status (SS or SSR), 2-4 
Specifications, 2-1 
Status and Commai1d Bytes, 2-5 
STOP BIT, 2-14 
Switched Li.ne operation, 2-15 
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TRANS LB, 2-9 
Transfer Format, 2-3 

INDEX (Continued) 

Write Data (WD or WDR), 2-4 
WRT/RD, 2-10 
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