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SECTION I 

GENERAL INFORMATION 

1. 1 SCOPE OF MANUAL 

This is the second of two manuals describing the Model 980 Computer assem
bly language, and it is written for the user interested in controlling all input/ 
output (I/O) operations. Section II of this manual describes the two methods 
of performing I/O with the computer, and contains examples of both meth
ods. Included in Section II is a discussion of interrupts and related pro
gramming techniques. Section III discusses some of the considerations ap
plicable to systems programming. Section IV provides a detailed look at 
I/O programming considerations related to the 733 ASR/KSR data terminals 
and the Full Duplex EIA Communications Module used to interface the ter
minals to the computer. The single appendix at the end of the manual con
tains a list of USASCII characters. 

1. 2 REFERENCES 

The other manual covering the Model 980 as sembly language is Model 980 
Computer Assembly Language Program.m.er's Reference Manual. This man
ual describes both the machine instructions and coding conventions associated 
with the Model 980 assembly language. 

If the user does not want to control all I/O, the Basic System provides two 
alternate methods of performing 1/ O. First, if a 980 FOR TRAN compiler is 
part of the Basic System, the Format Editor portion of the compiler can be 
linked to the user's program to provide easy, formatted I/O. This method 
is described in Model 980 Computer FOR TRAN Library and IAL. The sec
ond method is to use the I/O package as described in Model 980 Computer 
Basic System Use and Operation. This manual contains the information nec
essary to load and execute a machine language program; or to assemble, 
load, and execute a stand alone assembly language program. The related 
software manuals and their respective manual numbers are listed in table 
1- 1. 

Table 1-1. Related Manuals 

Manual Manual No. 

Model 980 Computer Assembly Language Program
rn.er's Reference Manual 

Model 980 Computer Basic System Use and Opera
tion 

Model 980 Computer FOR TRAN Li brary and IAL 

Model 980 Computer Programming Card 

1-1/1-2 

9430 13- 970 1 

961961-9710 

961961-9744 

943000- 970 1 
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SECTION II 

INPUT / OUTPUT PROGRAMMING 

2. I METHODS 

The Model 980 COlllputer has two type s of I/O ports: the data bus and the di
rect lllelllory access channel (DMAC). The characteristics of the devices 
attached to these ports, and the lllethods of perforllling I/O, vary consider
ably. 

Data bus devices have a relatively slow rate of transfer. Data is llloved to 
or frolll the device via the cOlllputer one word, or one character, at a tillle. 
Since only a slllall alllount of data is llloved in a given tillle interval, the soft
ware overhead required to handle each word or character is acceptable. The 
data bus should be used for devices with a slow transfer rate, because the 
interfaces are less expensive than those required for the DMAC. The 733 
ASR/KSR, paper tape reader, and teleprinter are examples of data bus de
vice s. 

DMAC devices are relatively fast. Entire buffers of data lllay be llloved to 
or frolll these devices without progralll intervention. The speed of the de
vices precludes software handling of each word or character as it is llloved. 
Exalllples of devices that should interface with the DMAC are lllagnetic tape 
and disc drives. 

Both data bus and DMAC I/O lllay be perforllled with or without the us e of 
interrupts. If interrupts are used, the interface issues a signal to the COlll
puter each tillle some action is required by the software. The signal causes 
the cOlllputer to "trap!!; that is, rather than executing the next sequential in
struction, an instruction at a specific trap location is executed. This in
struction is norlllally a store status and branch instruction (SSB) which trans
fers control to a progralll that perforllls the service requested by the device. 

If interrupts are not used, the progralll performing the I/O operation must 
periodically test the status of the appropriate device. A change in status is 
cOlllparable to an interrupt in that both require SOllle action to be taken by 
the progralll. 

2.2 DATA BUS INPUT/OUTPUT 

The data bus provides a path for single word (16- bit) parallel transfers be
tween the cOlllputer and external devices. Four data bus ports are standard 
in the computer; however, the number of ports may be expanded to a maxi
mum of 256. The external device s connected through the se ports are ad
dressable in four groups of 64 addresses, and the assignment of a device to 
an address is completely arbitrary. The computer instruction repertoire in
cludes the Write Direct Single (WDS) and Read Direct Single (RDS) instruc
tions to control data bus operations. The WDS instruction is used to perform 

2- 1 Digital Systems Division 
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a 16- bit write to the addressed exte.rnal device and the RDS instruction per
forms a 16- bit read from the addressed external device. 

Both WDS and RDS are two-word instructions, formatted as shown in figure 
2-1. Table 2-1 provides a descriptive breakdown of the bit-fields in both 
words. A data word containing a character and/or control information is 
associated with each WDS and RDS instruction. The content of the data word 
depends on the type of instruction (\VDS or RDS) and the external devic e in
volved in the communications. When a WDS or RDS instruction is executed, 
the first word of the instruction is applied to the I/O data bus. The device 
controller addressed by the external register field must then determine if it 
is ready to transmit or receive, as specified by bit 10 of the first word of the 
instruction. If the device controller returns an acknowledge signal to the 
computer signifying the transfer took place, the program continues. If the 
busy bit in the second word of the instruction is set and the device controller 
does not return an acknowledge signal, the external device is not ready for 
the latest WDS or RDS instruction. In this case, the next sequential instruc
tion (commonly a branch to re- try the WDS or RDS instruction) is executed. 

Although all I/O device controllers have the capability of being strapped for 
any external register nwnber, standard assignments have been made for 
group zero to facilitate documentation. All standard 980 software furnished 
by Texas Instrwnents will address the devices with the assigned numbers 
shown in figure 2-2 and table 2-2. 

0 

WORD 1 [ 

o 

WORD 2 

(A)129602 

4 5 6 7 8 9 10 11 15 

11 011 GROUP 

o - RDS 
1 - WD5 

7 8 9 10 11 12 13 15 

B- BUSY BIT 

1- INCREMENT ADDRESS 

A - ADDRESS MODE 

Figure 2-1. WDS/RDS Instruction Format 

2-2 

R= 
INTERNAL 
REGISTER 
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Table 2-1. WDS/RDS Instruction Field Breakdown 

Word/Bit(s) Description 

1/0-4,7,8 

1/5, 6 

1/9,11 .. 15 

1/10 

2/0-7,9,11 

2/8 

2/10 

2/12 

2/13-15 

Op- code bits. 

Group bits, used to define 1 of 4 groups. Each group can 
be used to specify up to 64 external devices. The group 
and external register fields cOIT1bine to specify the exter
nal device involved in the WDS/RDS instruction. Typi
cally, the group bits are zero unless the expansion of data 
bus ports exceeds 64. 

External register bits, used to specify 1 of 64 devices in 
the selected group. 

Read/write bit, used to specify either a RDS or WDS in
struction. A logic zero specifies a RDS instruction; a 
logic one specifies a WDS instruction. 

Not used. 

Busy bit, an optional field (B) used with external devices 
that IT1ay not l?e ready to transfer data when queried by the 
cOIT1puter. If this bit is a logic one and a successful data 

transfer takes place, the instruction following the WDS/ 
RDS instruction is sk.ipped. If this bit is a logic one and 
no data transfer takes place, the instruction following 
the WDS/RDS instruction is executed. If this bit is a 
logic zero, the device transfers data unconditionally and 
the instruction following the WDS/RDS instruction is ex
ecuted. 

IncreITlent (I) field, used in conjunction with the A field 
(bit 12 of word 2) to increIT1ent or decreIT1ent the contents 
of the register specified by the R field (bits 13 to 15 of 
word 2). If both the I and A fields are logic ones, the ad
dress contained in the register specified by the R field is 
increIT1ented by one each tiIT1e a data word is transferred. 
If the A field is a logic one, but the I field is a logic zero, 
the address contained in the register specified by the R is 
decreIT1ented by one each tiIT1e a data word is transferred. 

Address (A) IT10de field, used to specify indirect address
ing. If the A field is a logic zero, data is transferred to 
or froIT1 the register specified by the R field. If the A field 
is a logic one, data is transferred to or froIT1 the IT1eIT1ory 
location specified by the contents of register R. 

Register (R) field, used to specify I of 8 internal regis
ters in the cOIT1puter. The specified register holds the 
data or the address of data involved in the transfer. 
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Table 2-2. Standard 980, External Register/Function Details 

r-----------~~------------------~------~~--------------------------'--------

Register 
Number 

(Hex) 
Bits (9-15) 

00 

01 

02 

03 

04 

05 

06 

07 

08 

OA 

OB 

OC 

OD 

OE 

10 

11 

Device 

PIF - Privileged Instruc
tion Feature 

PIF - Privileged Instruc
tion Feature 

Customer Use 

Customer Use 

Interval Timer 

Communication Module 
(Primary Addr. ) 

33 ASR, 733 ASR/KSR 
or CRT 
New Interface PiN 
966637 

Communication Module 
(Secondary Addr.) 

Customer Use 

Customer Use 

Customer Use 

Customer Use 

Customer Use 

Com.m.unication Module 
(Secondary Addr.) 

Communication Module 
(Secondary Addr. ) 

PTR - Paper Tape Reader 

PTP - Paper Tape Punch 

2- 5 

Function 

Out - Set lower m.em.ory 
boundary 

Out - Set upper memory 
boundary 

In - Input data and Status 

Out - Output data and Com
mands 

In - Input da ta and Status 
Out - Output da ta and Com
mands 

In - Input data and Status 
Out - Output data and Com
mands 

In - Input data and Status 
Out - Output data and Com
mands 

In - Read status 
Out - Write command 

In - Read status 
Out - Write command 

Digital Systems Division 
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Register 
NUlnber 

(Hex) 
Bits (9- 15) 

13 

14 

15 

16 

18 

lA 

IE 

IF 

41 

42 

44-46, 
4C-4E 

50 

54 

55 

56 

Table 2-2. Standard 980 External Register/Function 
Details (Continued) 

Device 

INT - Inter rupt Expander 
Address for 

Expander Chas sis 
Inte r rupt Expande r is 
relati ve to board loca
tion 

CustolTIer Use 

CustolTIer Use 

CustolTIer Use 

PTR - Paper Tape Reader 

PTP - Paper Tape Punch 

CustolTIer Use 

CustolTIer Use 

CDR - Card Reader 

CustolTIer Use 

CustolTIer Use 

ADA - Analog to Digital 
Converter or Digital to 
Analog Converter 

LLP - Low Speed Line 
Printer 

Vectored Interrupt (I/O slot 
1&2) 

Vectored Interrupt (I/O slot 
1 &2) 

Vectored Interrupt (I/O slot 
1 &2) 

Function 

In - Read inter rupt 

In - Read data 

Out - Write data 

In - Read status and data 
Out - Write cOlTIlTIand 

Data Module - (See ADA 
User's Manual) 

Data Module - (See Line 
Printer User's Manual) 

Set Mask 

Clear Mask 

Set Inter rupt (T) 

~ _____________ L-__________________________________ L-_____________________________________________ • 

(T) Test Only 
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Register 
NUITlber 

(Hex) 
Bits (9- 15) 

57 

58 

59 

Table 2-2. Standard 980 External Register/Function 
Details (Continued) 

Device Function 

Vectored Interrupt (I/O slot Set Mask 
3&4) 

Vectored Interrupt (I/O slot Clear Mask 
3&4) 

Vectored Interrupt (I/O slot Set Inter rupt (T) 
3&4) 

(T) Test Only 

PrograITlITling exaITlples are included in this section for SOITle of the I/O data 
bus peripheral devices. The 16- bit operands for the RDS and WDS instruc
tions are calculated as follows: 

• The asseITlbler puts the correct inforITlation in bits 0-4, 7, 8, and 
10. Bit 10 designates whether the instruction is an RDS(O) or a 
WDS(I). 

• The external register/function nUITlber to be used is designated in 
bits 9 and 11- 15 and is shown in figure 2-2 and listed in table 2- 2. 
The group is zero in all of the exaITlples in the following pages, and 
is defined in bits 5 and 6. 

For exaITlple, in order to read a character froITl the high speed paper tape 
reader (PTR): 

1. Locate PTR input in figure 2-2. The register/function nUITlbers 

are found to be 1016 and 1816. 

2. Table 2-2 shows that PTR input on register 1016 reads status, and 
that PTR input on register 18 16 reads data. 

3. In this exaITlple, register 1816 is the required register/function 
nUITlber. Thus 0018 16 is the required operand for group zero. 

4. If SOITle group other than zero is to be used, the group nUITlber ITlust 
be placed in bits 5 and 6. Thus, for group three, the operand 

would be 0618 16. 

The second word of the RDS and WDS exaITlples that follow ITlay specify the 
device busy test in bit 8. COITlputer register A (zero) is used as the internal 
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register in bits 13- 15 to receive or translTIit data. Bits 10 and 12 are zero 
to indicate that register A does not contain a lTIelTIory address nor is it to be 
inc relTIented. Bits 0 through 7, 9, and 11 a re not us ed. Thus, the second 
word of an RDS to read a character frolTI the high speed paper tape reader 
into register .A is 0080 16. The quantity 2080 16 lTIay be used for cOlTIpatibility 
with previous lTIodels of the cOlTIputer. Most of the exalTIples do include 
2000 16 in the second word of the instruction so that they lTIay be asselTIbled 
and executed on the 980A or 980B as well as previous lTIodels of the COlTI
puter. 

The following paragraphs contain specific .exalTIples of COlTIlTIon I/O opera
tions; however, these exalTIples do not represent the only way the operations 
may be perforlTIed. For further inforlTIation, the user should consult the 
appropriate I/O data bus User1s Manual for the Model 980 COlTIputer. Each 
progralTIlTIing exalTIple is followed by a table that explains the appropriate 
cOlTIrnand/ status bits for the peripheral device being discussed. 

NOTE 

The I/O exalTIples included in this section of the 
lTIanual aSSUlTIe that the lTInelTIonics used in the 
operand fields have been adequately defined. 
The lTInelTIonic s could be defined as follows: 

A 
X 
IN 
OUT 
MINSEC 
HOURS 
DAYS 

HED 
EOU 
EQU 
BSS 
DATA 
BSS 
BSS 
BSS 

IDL 
END 

DATA BUS I/O TEST 
o 
2 
100 
I ABC D E F G H I JI 
1 
1 
1 

INPUT/OUTPUT CODING 

2.2.1 HIGH SPEED PAPER TAPE READER 

The high speed paper tape reader has two external registers: data and 
cOlTIrnand/status. Usually these registers are 18 16 and 1016, respectively. 
The cOlTIlTIand/ status register bit definitions are listed in table 2- 3. 
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Bit 

10 

11 

13 

15 

Table 2-3. High Speed Tape Reader 
Command/ Sta tus Bi ts 

Comma nd s Status 

1 0 1 0 

Disconnect No disconnect Interrupt No inter rupt 

Interrupts No action Interrupts Inter rupts 
enabled ena bled disabled 

Stop reader No action - -
Read No action - -
forward 

The program listed below turns on the reader, reads 10 characters, and 
turns off the reader • 

. 
LDA 
WDS 
DATA 
BRU 
LDX 
RDS 
DATA 
BRU 
STA 
BIX 
LDA 
WDS 
DATA 

=1 
> 10 
>2080 
$-2 
=-10 
> 18 
>2080 
$-2 
IN+10,X 
$-4 
=4 
>10 
>2000 

BIT 15 TURNS ON HSR 
OUT TO COMMAND REG 
WITH BUSY BIT TEST 
REPEAT UNTIL HSR ON 
SET UP FOR 10 CHAR 
READ CHAR RIGHT ADJ 
WITH ,BUSY BIT TEST 
REPEAT IF NOT READY 
SAVE CHARACTER 
LOOP BACK 
BIT 13 TURNS OFF 
OUT TO COMMAND REG 
NO BUSY BIT TEST 

2.2.2 HIGH SPEED PAPER TAPE PUNCH 

The high speed paper tape punch has two external registers: data and 
command/status. Normally these registers are 1816 and 1116, respectively. 
The command/ status register bit definitions are listed in table' 2-4. 
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Bit 

6 

7 

Table 2-4. High Speed Paper Tape Punch 
Command/Status Bits 

Commands Status 

1 0 1 0 

Disconnect No di sconnect Interrupt No interrupt 
punch 

Enable No action Interrupts Disabled 
interrupts . enabled 

The following program punches a leader, punches 10 characters and punches 
a trailer. 

LDX 
LDA 
WDS 
DATA 
BRU 
BIX 
LDX 
LDA 
WDS 
DATA 
BRU 
BIX 
LDX 
LDA 
WDS 
DATA 
BRU 
BIX 

2. 2.3 CARD READER 

=-120 
=0 
>18 
>2080 
$-2 
$-3 
=-10 
OUT+10,X 
>18 
>2080 
$-2 
$-4 
=-120 
=0 
>18 
>2080 
$-2 
$-3 

SET UP FOR 12 INCH 
BLANK FRAMES LEADER 
OUT TO HSP 
WITH BUSY BIT TEST 
REPEAT IF NOT READY 
LOOP BACK 
SET UP FOR 10 CHAR 
GET CHAR RIGHT ADJ 
OUT TO HSP 
WITH BUSY BIT TEST 
REPEAT IF NOT READY 
LOOP BACK 
SET UP FOR 12 INCH 
BLANK FRAMES TRAIL 
OUT TO HSP 
WITH BUSY BIT TEST 
REPEAT IF NOT READY 
LOOP BACK 

The card reader has one external register, normally 1F16, used for both 
status/data and command. The conl.mand/ status register bit definitions are 
listed in table 2- 5. During a read operation, the least significant 12 bits of 
the register contain the contents of the last column read, and the most sig
nificant four bits contain the status. The data is placed in the register with 
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Table 2- 5. Card Reader COITulland/Status Bits 

Bit 
C OITlITla nd s Status 

1 0 1 0 

0 - - TiITling No error 
error 

2 - - End of No end of 
card card 

14 Skip to end No skip - -
of card 

15 Feed card No feed - -
card 

Note: Errors that inhibit data transfer (i. e., feed and read 
errors) are indicated by a light on the card reader; 
operator intervention is required. 

the row 9 in bit 4, row 8 in bit 5, etc. The following is a prograITl to feed a 
card and read its contents. Note that device status is tested. 

LDA =1 BIT 15 FEEDS A CARD 
WDS >1F OUT TO CARD READER 
DATA >2080 WITH BUSY BIT TEST 
BRU $-2 REPEAT IF NOT READY 
LDX =-60 SET UP FOR 60 COL 

READ RDS >1 F READ A COLUMN 
DATA >2080 WITH BUSY BIT TEST 
BRU $-2 REPEAT IF NOT READY 
LRD 12 SEPARATE DATA/STAT 
SZE A TEST FOR ERROR 
BRU ERROR PROCESS ERROR 
LLD 12 RIGHT ADJ DATA 
STA IN+60,X SAVE DATA 
BIX READ LOOP BACK 
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2.2.4 DATAMODULE 

Many peripherals may be connected to the 980 through the I/O data module 
interface. The command and status information listed in table 2-6 is for the 
data lTIodule in general. Specific information for a peripheral may be ob
tained from the appropriate User1s Manual furnished by Texas Instruments. 
The three peripheral devices that may be connected through the data module 
and have been assigned standard external register numbers are listed in 
ta ble 2- 7. 

Table 2-6. I/O Data Module 00mmand/Status Bits 

Bit 
C omITland s Status 

1 0 1 0 

0 >:< Dis conn e c t >:<No disconnect - -
1 Enable out- Disable Output Disa bled 

put acknow1- interrupt 
edged enabled 
interrupt 

2 Enable Disable Input Disabled 
input ready interrupt 
interrupt enabled 

3 - - Output Not pend-
interrupt ing 
pending 

4 - - Input Not pend-
interrupt ing 
pending 

>:<Note: The I/O data module Disconnect and No Disconnect 
commands are defined as follows: 

Disconnect - Reset all other command/ status bits to 
zero. I/O may continue but command bits 1 and 2 are 
not inter rogated. 

No Disconnect - Command bits 1 and 2 are interrogated 
and the appropriate action is taken. 
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Table 2-6. I/O Data Module Command/Status Bits (Continued) 

Bit 
Commands Status 

1 0 1 0 

5 - - Output Not ready 
word 
ready for 
external 
device 

6 - - Output -
word 
acknowl-
edged 

7 - - Input data Not ready 
ready 

8 Input data Not re-
received cei ved 

Table 2-7. T'ypical Data Module Peripheral Devices 

External 
Device Register Function 

(Hex) 

Line Printer - 132 ColuITln 50 (See the Line Printer 
51 User's Manual for the 
52 Model 980 COITlputer.) 

Analog to Digital Converter 
44 } Module 

(See the A/D/A User's 
or Digital to Analog Con- 45 

1 
Manual fo r the Model 980 

verter 46 COITlputer. Two data 

4C} Module 
module s are used. ) 

4D 
2 

4E 

The I/O data ITlodule interface is designed to transfer data iITlITlediately upon 
c oITlITland, wi th two exc eptions: 

• A busy bit test is required to output a word. 

• After a bit is output, another bit WDS ITlay not be issued for four 
ITlicroseconds. (The line ITlarked WAIT in the following exaITlple 
perforITls no function except to provide a 4.75 ITlicrosecond delay.) 
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Since the busy bit test does not guarantee valid input data, one of several 
other IT1ethods can be used to test data validity as follows: 

• Interrupts IT1ay be enabled and an interrupt entry point IT1ay be de
fined for the RDS so that the RDS is perforIT1ed only after an input 
ready froITl external device interrupt is received. (See three lines 
of the exaITlple beginning at ENABLE plus two lines at INT.) 

• If interrupts are not used, status can be read to be sure the input 
is ready before a data RDS is issued. (See six lines of exaIT1ple 
beginning at NOINT.) Note that a status RDS or an output register 
RDS ITlay be issued at any tiIT1e. 

• A bit of the data word can be assigned (through hardware wiring) to 
designate input data validity and can be tested after issuing the RDS 
ins truc tion. 

The following exaIT1ple of prograIT1IT1ing the 1/ a data IT10dule interface is 
general and does not refer to any of the I/O data IT10dule devices that have 
been assigned standard external register/function nUIT1bers. The three reg
isters used in the exaIT1ple are 4816 through 4A16. These registers are cur
rently unassigned in figure 2-2. Register 4816 is used for cOITlIT1and/ status, 
4916 for data, and 4A16 for read output/bit control. 

ENABLE @LDA =>6000 ENABLE INTERRUPTS 
WDS >48 COMMAND 
DATA >0 REG.A, NO BUSY BIT 
LOA =7 LOAD REG.A WITH WORD 
WDS >49 OUTPUT WORD 
DATA >80 WITH BUSY BIT TEST 
BRU $-2 REPEAT I F I~OT READY 
LOA =>12 TURN BIT 2 ON 
WDS >4A IN OUTPUT REGISTER 
DATA >0 IF ISSUING ANOTHER BIT WDS, 

WAIT CRA =16 WAIT 4 MICROSECONDS 
NOINT RDS >48 READ STATUS INTO 

DATA >0 REGISTER A 
TABO 4 CHECK INPUT INTERRUPT 
BRU $-3 REPEAT IF NOT READY 

INT RDS >49 READ THE INPUT 
DATA >0 WHEN IT IS READY 
RDS >4A READ OUTPUT REGISTER 
DATA >0 NO BUSY BIT TEST 
TABO 2 SEE IF BIT 2 HAS BEEN 

TURNED ON IN THE 
OUTPUT REGISTER 
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The forITlat for the WDS data word used by the write bit cOITlITland involving 
register 4A 16 of the saITlple prograITl is shown in figure 2-3. 

o 

(A) 129603 

10 11 12 

NOT USED BIT 

B - VALUE TO BE WRITTEN, ZERO OR ONE 
BIT - SPECIFIC BIT TO BE WRITTEN IN, O-F 16 

15 

Figure 2-3. WDS Data Word for Write Bit COITlITland 

2.2.5 LINE PRINTER 

The low- speed line printer has three external registers, nUITlbered 5016, 
5116, and 5216. These registers are used for control/ status, write/ read 
data, and strobe, respectively. The cOITlITland/status bit definitions are 
listed in table 2-8. 

Table 2- 8. Low Speed Line Printer COITlITland/Status Bits 

Control 
C oITlITlands 

Set Bit! 
Commands l 

Status 

Bit 

o 

1 

Bits 

11 to 15 

Bit 

1 
3 
6 

1 

Reset all Control 
Logic and Flags 
Enable Interrupts 

07 16 

Set Stro be On 

. 1 

Interrupts Enabled 
Inter rupt 
Printer Requesting 

o 

No action taken 

Disabled Interrupts 

17 16 

Set Strobe Off 

0 

Interrupts Disabled 
No Interrupt 

Data Not Requesting Data 

ASCII character bit patterns are inverted before being written to the printer. 
The inverted character sent is placed in bits 9 through 15 of the specified 
register; bits 0 through 8 ITlust be logic one's. 

The strobe is set on and off by an l'Output Bit11 cOITlITland. The bit to be set 
is specified in bits 12 through 15, and the value to be set is put in bit 11 of 
the specified register. (Note the two uses of the "WDS >52 11 cOITIITIand in 
the exaITlple below.) No other WDS instruction ITlay be sent for four micro
seconds following this Output Bit cornmand. 
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Bytes are loaded into a print buffer before being printed by the printer. The 
printer will print the contents of the buffer upon receipt of a carriage return. 

NOTE 

Receipt of the USASCII delete code (7F16) will 
cause contents of the print buffer to be cleared; 
however, any ren1.aining characters in the rec
ord will be entered in the buffer and printed up
on receipt of a carriage return, provided another 
delete code is not received. 

The following exaITlple will send 10 characters to the printer: 

LOX = -10 SET UP FOR 10 CHAR 
LOA = 0 SET PRINTER STATUS 
WDS > 50 GIVE CONTROL COMMAND 
DATA > 2000 WITHOUT BUSY TEST 

LOOP LOA OUT+10,X GET A CHAR 
AND = >7F r~ASK OFF UHWAHTED BITS 0 TO 8 
RIV A,A INVERT CHAR, PUT OHES IN TOP 9 BITS 
WDS > 51 OUTPUT CHAR TO PRINTER 
DATA > 2080 WITH BUSY TEST 
BRU $-2 REPEAT IF NOT READY 
RDS > 50 READ STATUS 
DATA > 2000 WITHOUT BUSY TEST 
TABO 6 TEST FOR DEt·1AND 
BRU $-3 REPEAT TILL DEMAND COMES 
LOA =7 LOAD SET STROBE COMMAND 
WDS > 52 OUTPUT STROBE 
DATA > 2000 WITHOUT BUSY TEST 
LLA 13 WAIT 4 MICROSECONDS 
LOA = > 17 LOAD SET STROBE OFF COMMAND 
WDS > 52 OUTPUT STROBE OFF 
DATA > 2000 WITHOUT BUSY TEST 
BIX LOOP REPEAT 

2~ 2. 6 MODEL 912 VIDEO DISPLAY TERMINAL 

The Model 912 Video Display TerITlinal interfaces with the cOITlputer via the 
cOITl.rnunications ITlodule at one of the external register addresses selected 
froITl figure 2-2. The single external register assigned to the 912 video ter
rninal handles cOITlITlands, status, and data in the forITlat described in para
graphs 4.2.1 and 4.2.3. The data field of the WDS forITlat (paragraph 4.2. I} 
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is used to write'USASCII characters to the 912 display and to issue display 
related cOITlITlands. The data field of the RDS fornl.at (paragraph 4.2. 3) is 
used to read USASCII characters fron} the 912 keyboard. Figure 2-4 shows 
the USASCII character codes used by the 912 d'isplay (2016 to SF 16) and the 
display related cOITlITlands acceptable to the 912 cont:·oller. 

LEAST 
S I G N I FICA N T 

HEX 
DIGIT 

(A)129604 

MOST SIGNIFI.CANT HEX DIGIT 

~----------------~I\~--------------------~ I \ 
7 0 0 0 0 1 1 1 1 

BITS 6 0 0 1 1 0 0 1 1 
5 0 1 0 1 0 1 0 1 

4321 HEX 0 1 2 3 4 5 6 7 

0000 0 Xl 0 P 

0001 1 ! 1 A Q 

0010 2 HOME 'f 2 B R 

0011 3 # 3 C S 

0100 4 $ d 0 T 

0101 5 % ~ E U 

0110 6 & G F V 

0111 7 BEL CLR 
EOL 

, 
7 G W 

1000 8 - ( 8 H X 

1001 9 ') C) I Y 

1010 A + t * .I Z 

1011 B + . K I 
1100 C - t < L '" 1 1 0 1 D 

RE- - M 1 TURN 

1 1 10 E > N " 1 1 1 1 F CLEAF / ? 0 -

HOME-MOVE CURSOR TO FIRST POSITION OF FIRST LINE 

CLEAR-CLEAR DISPLAY AND HOME CURSOR 

CLR EOL-CLEAR CURRENT LINE AND RETURN CURSOR TO 
FIRST POSITION OF CURRENT LINE 

t, ~ -SINGLE LINE CURSOR CONTROLS 

-,--SINGLE CHARACTER POSITION CURSOR CONTROLS 

BEL-ACTUATE AUDIBLE ALARM (~1/2 SECOND) 

Figure 2-4. 912 Characters and Controls 

The following siITlplified program.ITling exanl.ple writes a four- character ITles
sage to the 912 display, assuITling ~:Xternal register 6 16 is used to interface 
the cOITlputer with the associated cOITlrnunications ITlodule. 
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-----------------------------------------------------------------------------

LOX =-4 
WRITE LOA OUT+4,X LOAD CHARACTER 

AND =>7F MASK OUT BITS 0-8 
@IOR =>5000 WRITE DATA READY, CLEAR WRITE REQUEST 
WDS 6 WRITE TO 912 
DATA >80 
BRU $-2 
BIX \~RITE WRITE NEXT CHARACTER 
BRU CONT CONTINUE 

OUT DATA I H E L P I 

2.3 DIRECT MEMORY ACCESS CHANNEL 

The direct rnernory access channel (DMAC) is the high speed I/O portion of 
the cornputer. One direct rnernory access port, capable of I/O with one 
peripheral controller, is included in the basic cornputer. A direct rnernory 
access port expander, however, rnay be added to the DMAC to allow for up 
to eight high- speed peripheral controllers. With a single peripheral device, 
the DMAC can attain a rnaxirnUITl burst rate of 10 6 words per second; when 
ITleITlory access rnust be granted to rnore than one peripheral device, the 
effective rnaxirnurn transfer rate is 8 x 105 words per second. When the 
DMAC expander interfaces with rnultiple high speed devices, a priority 
scherne selected by the user resolves two or rnore sirnultaneous access re
quests. All access requests frorn DMAC related peripheral devices have 
priority over the cornputer when both require rnernory access at the sarne 
tirne. 

All DMAC I/O is controlled by the Autornatic Transfer Instruction (ATI). 
AT! is a two ... word instruction, formatted as shown in figure 2-5. When data 
ITlust be transferred between cornputer rnernory and a device controller on 
the DMAC, the ATI instruction is used. The first word of the instruction 

o 7 8 

OP= 
WORD 1 OPERATION CODE 

o 

12 13 

DEVICE DEPENDENT 
DEVICE; 
CHANNEL 
ADDRESS 

15 

15 

WORD 2[ ... ________ C_O_N_T_R_O_L_V._.'_O_R_D_O_R_M_E_M_O_RY_A_D_D_R_E_S_S _______ __ 

(A)129605 

Figure 2- 5. ATI Instruction Forrnat 

--------------------------------------------------------------------------------
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format addresses one of eight possible device controllers (bits 13 to IS) and 
supplies any necessary device dependent data (bits 8 to 12). The second 
word of the format is routed to the addressed device controller where it is 
interpreted as a single word functional ,command or as an addres s pointing 
to a list in memory containing command related data. Command lists typi
cally contain one or more blocks of data, each construc ted from the follow
ing elements: 

• ComITland Function - Operation to be performed, such as read or 
write. 

• Buffer Address - Memory address for data transfer. 

• Buffer Length - Character or word length of record to be trans
fer red. 

• External Address - Address within external media of data for 
transfer. 

• Interrupt Enable - Instructs device controller whether or not to 
generate an interrupt upon completion of data transfer. 

• Chaining Information - Linkage to next command list, if any. 

In addition to the ATI instruction and any related command lists, the DMAC 
device controllers interface with the computer by reporting status to dedi
cated memory locations. The dedicated memory location associated with a 
device depends on the DMAC port number used to address the device. Table 
2- 9 lists the port numbers and related memory locations. 

Table 2- 9. DMAC Device Status Memory Locations 

DMAC Port 
Memory Location 

(Hex) 

0 98, 99 

1 9A, 9B 

2 9C, 9D 

3 9E, 9F 

4 AO, Al 

S A2, A3 

6 A4, AS 

7 A6, A7 
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The following is a typical example of code to perform an operation with a 
DMAC device. The device status location is set to some illegal value (usually 
all zeros), the ATI is issued, and then a test is performed repeatedly looking 
for a change in status. This change indicates the operation is complete,. The 
status should then be tested to determine whether or not an error was detected 
during perfor.mance of the operation. The ATI specifies the device port and 
the command to be executed. 

LOA =0 INITIAL VALUE 
STA *STATUS STORE IN STATUS LOC 
ATI DEVICE ISSUE ATI 
DATA LIST ATI LIST POINTER 
LOA *STATUS OBTAIN STATUS 
SNZ A. TEST FOR CHANGE 
BRU $-2 REPEAT IF NO CHANGE 
CPL LEGAL TEST FOR OK STATUS 
SEQ CONTINUE I F OK 
BRU ERROR IF NOT PROCESS ERR 

The next four paragraphs cover programming details for four types of 
DMAC devices. For further information, consult the Model 960/980 Com
Euter DMAC Controller manual. 

2,.3. 1 LINE PRINTER 

The high speed line printer normally occupies DMAC expander port 5 (if a 
DM.AC expander is used), and it stores status in memory location 00A2 16 " 
The line printer command list words format is shown in figure 2- 6 and the 
returned status words are detailed in table 2- 10. 

o LIST 15 

WORD 1 DATA ADDRESS 

WORD 2 CHARACTER COUNT 

BIT 0 1-1SSUE INTERRUPT 0-00 NOT INTERRUPT 
BIT 2 1-CHAIN 0-00 NOT CHAIN WORD 3 

WORD 4 ADDRESS OF NEXT LIST. IF CHAINING 

(A) 1 29606 

Figure 2- 6. Line Printer Command List Words Format 

2-20 Digital Systems Division 



J~ _________ ~ ______ . __ ~ 961961-9734 

Status 
Word 1 

Table 2- 10. Line Printer Status Word Bits 

Bit 1 0 

12 Controller busy Not busy 

14 Printer not ready Ready 

15 Operation complete Not complete 

Note: Status word 2 not used. 

The following programming example prints 100 characters on the line printer 
from reserved memory named BUFFER. The write is to be done without 
inter rupts or chaining • 

STATUS 
LIST 
BUFFER 

. 
LDA 
STA 
ATI 
DATA 
LDA 
SNZ 
BRU 
CPL 
SEQ 
BRU 
BRU 
DATA 
DATA 
BSS 

2. 3.2 FIXED-HEAD DISC 

=0 
*STATUS 
5 
LIST 
*STATUS 
A 
$-2 
=1 

ERROR 
CONT 

CLEAR STATUS 
ISSUE ATI 
ATI LIST POINTER 
OBTAIN STATUS 
TEST FOR CHANGE 
REPEAT IF NO CHANGE 
TEST FOR OPERATION COMPLETE 
CONTINUE IF COMPLETE 
BRANCH TO ERROR ROUTINE 
CONTINUE 

>A2 
BUFFER,100,O,0 
50 

The fixed-head disc controller normally occupies DMAC expander port 0 (if 
a DMAC expander is used) and stores status in memory locations 0098 16 and 
009916. The fixed-head disc command list words format is shown in figure 
2-7 and the returned status words are detailed in table 2- 11. 

The first ATI word for the fixed-head disc controller specifies unit nUITlber 
as well as port number. The unit number is specified in bits 10 and 11. A 
.maxirnurn of four di s c s rna y be attached to the c ornpu te r, but a c omrnand 
cannot be issued to one unit while another unit is in operation. The sarnple 
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o 

WORD 1 DATA ADDRESS 

WORD 2 TRACK ADDRESS SECTOR ADDRESS 

* 
WORD 3 CONTROL BITS SECTOR COUNT 

WORD 4 ADDRESS OF NEXT LIST, IF CHAINING. 

(A) 129607 

Bit 
o 
1 

2 
3 

* CONTROL BIT BREAKDOWN 

1 
Issue interrupt 
Write 
Chain 
Compa.re disc with memory 

o 
Do not interrupt 
Read 
Do not chain 
No compare 

Figure 2-7. Fixed-Head Disc Command List Words Format 

Table 2- 11. Fixed- Head Disc Status Word Bits 

Status 
Word 1 

Bit 

0 

8 

9 

10 

11 

12 

13 

14 

15 

1 
-

Next chain list taken 

Timing er ror 

Prograrn error 

Compare error 

Pari ty error 

Controller busy 

Unit not ready 

W ri te lockout ena bied 

Operation complete 
-

Note: Status word 2 - address of last list executed. 

0 

Not yet taken 

No error 

No error 

No error 

No error 

Not busy 

Ready 

No write lockout 

Not yet complete 

15 

I 
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AT! is for disc number 3 on port O. The list specifies that three sectors are 
to be read from track one, beginning at s ector two, and the words read are 
to be placed in the reserved space named BUFFER. The read is to be done 
without interrupts, chaining, or comparing. 

LIST 
BUFFER 

ATI >30 
DATA LIST 

DATA 
BSS 

BUFFER,>42,3,0 
96 

A combination write/ compare command may be issued to the disc; however, 
the read command and a compare only command are issued separately. 
Average access time to the disc is 8.7 milliseconds. When the compare is 
issued in conjunction with the write, one extra disc revolution is required. 
An average disc revolution takes 17.5 milliseconds. 

The fixed-head disc available on the 980 computer contains 32 words per 
sector. The physical structure of the disc sectors and tracks is not covered 
in this manual, but from a programming viewpoint, the disc contains 56 sec
tors per track p and from 32 to 1024 tracks. For purposes of disc address
ing only, the logical layout of the disc may be thought of as shown in figure 
2- 8. 

Each even-odd track pair, tracks 0 and 1, 2 and 3, etc., requires one disc 
revolution. The optional write lockout is accomplished manually through a 
set of 16 switches and cannot be set under program control. Lockout and 
timing details not covered in this paragraph can be found in the Direct Mem
ory Access Channel Controller User's Manual. 

5 

E 

C 
T 

o 
R 

(A)129629 

0 1 TRACK 31 1023 

~ 
1 
~ 

2 
r-r 

I 
I -------------~ I 
I 
I 

LL 
55 ------ ..... - .... 

Figure 2- 8. Logical Layout of Fixed- Head Disc 
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2.3.3 MOVING-HEAD DISC 

The rnoving-head disc controller norITlally occupies DMAC expander port 1 
(if a DMAC expander is us ed) and stores status in ITleITlory locations 009A 16 

and 009B16. 

In addition to specifying the port, the first ATI word for the ITloving-head disc 
controller specifies the unit nUITlber in bits 9 and 10. It also specifies that 
the controller should clear itself (bit 8= 1), or acquire a cOITlITland list and 
perforITl a subcoITlITland (bit 8=0). A ITlaxiITlUITl of four units ITlay be attached 
to the controller; however, in general, a cOITlITland ITlay not be issued to one 
unit while another unit is in operation. The only exception is that a cOITlITland. 
is accepted for one unit while another is doing an independent seek. 

The IT1oving-head disc cOITlITland list words forITlat is shown in figure 2-9. 
The subcoITlITland field in word 3 of the list is detailed in table 2- 12, and 
table 2- 13 lists the status words returned to the cOITlputer. 

LIST 

o 15 

WORD 1 DATA ADDRESS 

WORD 2 -r- STARTING SECTOR SECTOR COUNT 

WORD 3 '*' SUBCOMMAND CYLINDER ADDRESS 

WORD 4 ADDRESS OF NEXT LIST, IF CHAINING 

MEANING 

LIST BIT 1 0 

t Issue interrupt Do not interrupt 

'*' 
Chain Do not chain 

(A)'129608 :j: Use head 1 Use head 0 

Figure 2- 9. Moving- Head Disc COITlITland List Words ForITlat 
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Status 
Word 1 

Table 2-12. Moving-Head Disc Subcom.m.ands 

List "\\1" ord 3 
Su bc om.m.and 

Bits 1-3 

000 Read data 

001 Read i. d. 

010 Com.pare disc and m.em.ory 

011 Perform. independent seek 

100 Write data 

101 Write i. d. without protect 

110 Write i. d. with protect 

III Write data protect override 

Table 2- 13. Moving-Head Disc Status Word Bits 

Bit 1 0 

I 0 Operation com.plete Not yet com.p~ete 

1 W rite protect er ror No error 

2 Unit off-line On line 

3 Data transfer error No error 

4 End-of-disc error No error 

5 Program. error No error 

6 Com.pare error No error 

7 Parity error No error 

8 ID com.pare error No error 

9 Device busy Not busy 

10 Chain list taken Not yet taken 

11 Write protect on Off 

12 Seek com.plete unit 3 Not yet com.plete 

13 Seek com.plete unit 2 Not yet com.plete 

\ 
14 Seek com.plete unit 1 Not yet com.plete 

15 Seek com.plete unit 0 Not yet com.plete 

Note: Status word 2 - address of last list executed. 
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A new disc pack must be initialized by writing an i. d. in every disc sector. 
An i~ d. may be written with a protect bit set (one) or reset (zero) as speci
fied in the write i. d. command. If set, a write data with protect override is 
the only comITland which allows data to be written into a specified sector. 
From the programmers viewpoint of addressing the moving-head disc, the 
logical layout may be thought of as shown in figure 2- 10 • 

S 

E 

C 

T 

o 
R 

o 1 
~~ 

HEAD HEAD 

o 1 0 1 

0 0 

1 1 

2 2 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
t , 
87 87 

(A) 129609 

. - - -CYLINDER - - - .. 202 
~ 

HEAD 

o 1 

Figure 2- 10. Logical Layout of Moving- Head Disc 

The following programming example reads 16 sectors on moving-head disc 3, 
starting at sector 24 of head 1 on cylinder 51. Following the read, a check 
is made to determine if the operation is complete. Interrupts and chaining 
are not used. 
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STATUS 
LIST 
LEGAL 
BUFFER 

. 
LOA 
STA 
ATI 
DATA 
LOA 
SNZ 
BRU 
CPL 
SEQ 
BRU 
BRU 
DATA 
DATA 
EQU 
BSS 

2.3.4 MAGNETIC TAPE 

=0 
*STATUS 
>41 
LIST 
*STATUS 
A 
$-2 
LEGAL 

ERROR 
CONT 

CLEAR STATUS 
ISSUE ATI 
ATI LIST POINTER 
OBTAIN STATUS 
TEST FOR CHANGE 
REPEAT IF NO CHANGE 
TEST FOR READ COMPLETE 
CONTINUE IF COMPLETE 
BRANCH TO ERROR ROUTINE 
CONTINUE 

>9A 
BUFFER,>1810,>0133,O 
>8000 
512 

The 800- bpi, 9-track m.agnetic tape controller norm.ally occupies DMAC ex

pander port 2 (if a DMAC expander is used) and stores status in memory lo
cation 009C16. In addition to specifying the port, the first ATI word to a 
magnetic tape controller specifies a command in bits 8 and 9 and a unit in 
bits 11 and 12. Bits 11 and 12 are also used to re set the interface. Table 
2-14 lists the commands and unit numbers associated with the various bit 
patterns. 

Table 2- 14. Magnetic Tape Com.m.and and Unit Designations 

ATI Bits 
Com.m.and 

ATI Bits 
Unit 

8 and 9 11 and 12 

00 Rewind s elected unit with inter rupt 00 Reset 

01 Unload selected unit with inter rupt 01 Select unit 1 

10 Rewind unit wi thout inte r rupt 10 Select unit 1 

11 Perform. subcom.m.and (acquire list) 11 Select unit 3 

In general, if an operation is in progress on one unit, it is not possible to 
issue a com.m.and for another unit. The only exception is that a com.m.and is 
accepted for one unit while another is being rewound. The magnetic tape 
com.m.and list words form.at is shown in figure 2- 11. The subcom.m.and field 
in word 3 of the list is detailed in table 2-15 and table 2-16 lists the status 
words returned to the' com.puter. 
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o 2 

WORD 1 

WORD 2 

WORD 3 
* CONTROL 

BITS 

WORD 4 

BIT 

o 

2 

(A)129610 

LIST 

3 4 5 6 

DATA ADDRESS 

CHARACTER COUNT 

ADDRESS OF NEXT LIST, IF CHAINING 

CONTROL B IT BREAKDOWN 

ISSUE INTERRUPT 

REVERSE MOTION 

CHAIN 

16 

o 

DO NOT INTERRUPT 

FORWARD MOTION 

DO NOT CHAIN 

Figure 2- 11. Magnetic Tape Cornrnand List Words Forrnat 

Table 2- 15. Magnetic Tape Subcornrnands 

List Word 3 
Subcornrnand 

Bits 3- 5 

000 Read a record 

001 Skip a record 

100 Write a record 

101 Erase forward 

110 Write end- of- file 
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Status 
Word 1 

Table 2-16. Magnetic Tape Status Word Bits 

Bit 1 0 

0 Operation com.plete Not com.plete 

1 Write ring error No error 

2 Unit off-line On-line 

3 Controller busy Not busy 

4 DMAC parity error No error 

5 Tape parity error No error 

6 End-of- record detected No end-of- record 

7 End- of- fil~ detec ted No end- of- file 

8 End- of- tape detected No end- of- ta pe 

9 Beginning- of- tape de- Not detected 
tected 

10 Transfer error No error 

11 Rewind com.plete unit 1 Not com.plete 

12 Rewind com.plete unit 2 Not com.plete 

13 Rewind com.plete unit 3 Not com.plete 

14 Corn.m.and error No error 

15 Chain list taken Not yet taken 

Note: Status word 2 - After read or write is com.pleted or aborted, re
m.aining character count is stored; for com.m.ands other than read 
or write, addres s of last list executed. 

The following program.m.ing exam.ple writes a 500- character record on m.ag
netic tape unit 1 from. reserved m.em.ory nam.ed BUFFER. Following the 
write, a check is m.ade to determ.ine if the operation is com.plete. Chaining 
is not used but the m.agnetic tape is to issue an interrupt when the write is 
com.plete. 
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STATUS 
LIST 
LEGAL 
BUFFER 

LDA 
STA· 
ATI 
DATA 
LDA 
SNZ 
BRU 
CPL 
SEQ 
BRU 
BRU 
DATA 
DATA 
EQU 
BSS 

=0 
*STATUS 
>CA 
LIST 
*STATUS 
A 
$-2 
LEGAL 

ERROR 
CO NT 

CLEAR STATUS 
ISSUE ATI 
ATI LIST POINTER 
OBTAIN STATUS 
TEST FOR CHANGE 
REPEAT IF NO CHANGE 
TEST FOR WRITE COMPLETE 
CONTINUE IF COMPLETE 
BRANCH TO ERROR ROUTINE 
CONTINUE 

>9C 
BUFFER~500,>9000,0 
>8000 
250 

2.4 PROGRAMMING WITH INTERRUPTS 

There are four types of inter rupts i.n the Model 980 Computer. These i.nter
rupts, in order of priority, are as follows: internal interrupt, vectored 
interrupt option, DMAC interrupt, and data bus interrupt. It should be noted. 
that no interrupts other than internal interrupts are recognized for one in
struc tion following a WDS, RDS, LSB, LSR, SSB, or a register- to- register 
instruction which has the status register as the destination register. The 
status register (SR), which is constantly referenced in this section, is cov
ered in detail in Model 980 Computer Assembly Language Programmer's 
Reference Manual. 

Certain fixed .m.e.m.ory addresses are reserved in the co.m.puter for pre
assigned functions. The various reserved hexadecimal locations and their 
functions are descri bed in table 2- 17_ 

2.4.1 DATA BUS INTERRUPTS 

When the computer acc epts a data bus inter rupt signal fro.m. an external de
vice:, it causes a program trap to rne.m.ory location 0006 16 - A 4-bit data bus 
inter rupt expander (not to be confused with the vectored interrupt option) is 
standard on the 980. It is possible to have a data bus interrupt expander for 
each of the four groups of 64 external registers addressable via the data bus" 
An interrupt expander occupies one of the 64 external addresses. When read. 
by the program with an RDS instruction, it yields the true-false status of up 
to 16 interrupt signals which have been input to the interrupt expander from 
other devices. The interrupt expander generates a data bus interrupt if it 
receives an interrupt sigpal fro.m. one or .m.ore of its input devices. Inter
rupts fro.m. the inter rupt expander are recognized by exa.m.ining the bits for 
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Table 2- 17. Reserved Mem.ory 

Location (Hex) Function 

0-1 

2-3 

4~5 

6-7 

8-47 

48-87 

88 

89 

8A 

8B 

8C 

8D ... 93 

94 

95 

96 

98-99 

9A-9B 

9C-9D 

9E-9F 

AO-Al 

A2-A3 

A4-A5 

A6-A7 

Power restore start- up 

Inte rnal inte r rupt 

DMAC interrupt 

Data bus interrupt 

Interrupts when using vectored interrupt option 

Reserved 

*Address of first logical device table entry 

*Address of first physical device table entry 

*Address of first device nam.e table entry 

>:~Addres s of floating point package 

*Status flag for operator com.m.unication package 

>:~Reserved 

>:<MP/PIF upper lim.it address (absolute) 

*MP/PIF lower lim.it address (absolute) 

DMAC interrupt status 

Status from. device on DMAC port 0 

Status from. device on DMAC port 1 

Status from. device on DMAC port 2 

Status from. device on DMAC port 3 

Status from. device on DMAC port 4 

Status from. device on DMAC port 5 

Status from. device on DMAC port 6 

Status from. device on DMAC port 7 

>:~Function assigned this address by the Basic System. software. 

logic one IS. Bit 1 equal to one carre sponds to an interrupt from the module 
in slot 101, bit 15 set to one corresponds to an interrupt from. the m.odule in 
slot 1015 (assum.ing internal I/O expansion). For m.ore inform.ation, see the 
Model: 980 Com.puter Input/Output Manual (part no. 960964- 970 1). Data bus 
interrupts are lower in priority than other interrupts. Therefore, if the 
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program.m.er wishes to inhibit other interrupts while processing a data bus 
interrupt, the interrupt m.ask bits in the status register m.ust be adjusted. 
It is not possible to inhibit internal interrupts. 

It is a com.m.on program.m.ing technique to put an SSB instruction in location 
0006 16 • If an instruction other than an SSB or an instruction affecting the 
PC register (such as a branch or skip) is placed in location 0006 16 , then 
only the single instruction is executed. Since the PC is held fixed for exe
cution of the one instruction, program. control is im.m.ediately returned to the 
inter rupted program.. 

If it is necessary to UBe an instruction that does 
not affect the PC at location 0006 16 , do not use 
an instruction that does not change the Mem.ory 
Address (MA) register. The MA is used to re
trieve the trap instruction, so if the trap instruc
tion does not m.odify the MA, the MA will not be 
updated to the cur rent PC value at instruction 
term.ination. 

Further inter rupts are prohi bited until after execution of one instruction sub .. 
sequent to that instruction in location 0006 16. In other words, the SSB in
struction and the first instruction it branches to (often an LSB), are both per
form.ed before another interrupt of any kind can be honored by the com.puter. 
Irnm.ediately upon com.pletion of the SSB instruction in location 000616, and 
prior to the instruction to which it branches, the content of the SR is auto
matically m.odified to inhibit data bus interrupts (bits 4, 5, 6, 7, and 9 are 
cleared to zero). 

The data bus interrupt sequence is as follows: 

1. The instruction in location 000616 is perform.ed. Norm.ally, this 
instruction should be an SSB. The values stored for SR and PC are 
those which existed prior to the interrupt response. 

2. The subroutine referenced by the SSB determ.ines which devices re
quire attention. 

3. For each device requlrlng service, a sequence of instructions is 
executed which is peculiar to the specific device interface. Many 
devices require that the program. read a 16- bit status word with an 
RDS instruction. The act of reading the status serves as an ac
knowledgm.ent to the device that the program. has seen the interrupt. 
The device will then rem.ove the inter rupt request. 

4. When all interrupt processing is com.plete, the interrupted program. 
is reentered with an LSB instruction. 
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NOTE 

Status register bit 7 must be on for future data bus 
interrupts to be recognized. 

2.4.2 DMAC INTERRUPTS 

When the computer accepts an interrupt signal from one or more DMAC de
vice controllers, it causes a program to trap to memory location 000416. If 
more than one device is attached to the DMAC, a DMAC expander must be 
used. The DMAC expander stores a status word at location 0096 16 , which 
identifies the device controller(s) requiring service. In any case, the device 
controller itself will store status at a memory location as defined in table 
2- 17. 

As with data bus interrupts, it is a common programming practice to put an 
SSB instruction in location 000416. If an instruction other than an SSB or an 
instruction affecting the PC register (such as branch or skip) is placed in 
location 000416, then only the single instruction is executed. Since the PC is 
held fixed for execution of the one instruction only, program control is imme
diately returned to the interrupted program. 

If it is necessary to use an instruction that does not 
affect the PC at location 000416, do not use an in
struction that does not affect the MA register. The 
MA is used to retrieve the trap instruction, so if 
the trap instruction does not modify the MA, the 
MA will not be updated to the current PC value at 
ins truc ti on te rmina ti on. 

Further interrupts are prohibited until after execution of one instruction sub
sequent to that instruction in location 000416. In other words, the SSB in
struction and the first instruction it branches to (often an LSB), are both per
formed before another interrupt of any kind can be honored by the machine. 
I.mmediately upon completion of the SSB instruction in location 0004 16, and 
prior to the execution of the instruction to which it branches, the content of 
the SR is automatically modified to inhibit both DMAC and data bus inter rupts 
(bits 4, 5, 6, 7, 9, and 12 are cleared to zero). 

The DMAC interrupt sequence occurs as follows: 

1. The main program is suspended. 

2. Location 009616 in memory is replaced by a word that indicates 
which device controllers require service (if the DMAC expander is 
us ed). 
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0 7 8 15 

0096 f 61 80 a} a7 I 0 0 0 0 0 0 0 
o I 

Location 009616 contains a field of eight bits, ao to a7' where ai is 
the service req~est bit for the device on port i. A one represents 
a service request is pending. 

3. Locations 0098 1'6 +2i and 009916 + 2i are replaced with device status 
information, if any, from the device controller. 

4. The instruction in location 000416 is performed. Normally this in
struction shoulq be an SSB. The values stored for SR and PC are 
those which existed prior to the interrupt response. 

5. For each device controller requiring service, a program sequence 
examines the device status. It must then perform whatever pro
cessing may be required. 

6. The interrupt sequence may terminate with an LSB instruction which 
restores control to the interrupted program. 

NOTE 

Bit 12 of the status register must be turned on for 
future DMAC inter rupts to be recognized. 

2.4. 3 VECTORED (PRIORITY) INTERRUPT OPTION 

The methods of servicing I/O interrupts discussed thus far all involve con
siderable software activity just to decide which of several devices caused an 
interrupt. Only after this preliminary activity can the actual interrupt ser
vicing begin. For rnost devices this software overhead is acceptable. How
ever, it. may happen that a device requires more rapid servicing than is 
attainable in this way. In such instances, the vectored (priority) interrupt 
option should be used. Use of the vectored interrupt option allows each de
vice to have a unique interrupt trap location. The software can then be or
ganized such that execution reaches a given trap location only if the asso
ciated device issues an interrupt. Thus, when a trap occurs, immediate 
action can be taken to service the interrupt. 

NOTE 

All standard I/O devices supplied by Texas Instru
ments have a preassigned interrupt structure. 
Standard Texas Instruments software does not 
make use of the vectored interrupt option. 
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The vectored interrupt option allows 8, 16, 24, or 32 separate trap locations. 
All interrupts have prioritie~, and the vectored interrupts are placed in the 
priority list as follows: 

1. Internal inter rupts 

2. Optional ve cto red inte r rupts in trap locations 

000816 (highest priority) 
000A 16 

0046 16 (lowest priority) 

3. Regular DMAC interrupts 

4. Regular data bus interrupts, 

After receipt of an interrupt, a lower priority interrupt is 'not honored until 
the original interrupt has been reset; however, an ,interrupt of higher priority 
is honored. Thus, while processing the first interrupt, but before resetting 
that interrupt, a second interrupt with higher priori ty can cause another trap 
to occur. After the second interrupt is processed, execution of an LSR in
struction resets the higher priority interrupt and returns control to the pro
gralYl processing the first interrupt. 

The recolYlniended lYlethod of ilYlplelYlenting these vectored interrupt
processing progralYls is as follows: 

• Use an SSB instruction in the trap location to branch to the interrupt
processing progralYl. 

• Be sure that the last instruction executed in the interrupt
processing progralYl is an LSR, which resets the interrupt and re
turns control to the inter rupted progralYl. 

If an instruction other than an SSB or an instruction affecting the PC register 
(such as branch or skip) is placed at the trap location, then only the single 
instruction is executed. Since the PC is held fixed for execution of the one 
instruction, progralYl control is ilYllYlediately returned to the interrupted pro
g ralYl. 

If it is necessary to use an instruction that does not 
affect the PC at the trap location, do not use an in
struction that does not affect the MA register. The 
MA is used to retrieve the trap instruction, so if 
the trap ins truc tion doe s not lYlodify the MA, the 
MA will not be updated to the cur rent PC value at 
ins truc tion terlYlina ti on. 
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Further inter rupts are prohi bited until after execution of one instruction sub
sequent to that instruction at the trap location. In other words, the SSB in
struction and the first instruction it branches to, are both performed before 
another interrupt of any kind can be honored by the machine. Immediately 
upon completion of the SSB instruction, and prior to the execution of the in
struction to which it branches, the content of the SR is automatically modified 
to inhibit ordinary data bus and DMAC interrupts (bits 4, 5, 6, 7, and 12 
of the SR are cleared to zero). 

In addition to the 32 priority levels provided, the vectored interrupt option 
includes interrupt masking control and progr"anuned interrupts. Associated 
with each vectored interrupt are three control bits that can be used to enable, 
disable, or simulate the interrupt. These three control bits for 16 inter
ru.pts are grouped together to form three 16- bit registers on the 1/ a data bus. 
Since the maximum number of vectored interrupts is 32, six I/O data bus 
register addresses must be allocated to the mask ,and programmed interrupt 
functions. The I/O data bus addresses used in conjunction with WDS and RDS 
instructions concerned with the various vectored interrupt levels are shown 
in ta ble 2- 18. 

Table 2- 18. Vectored Inte.rrupt System External Registers 

Vectored Interrupts Vectored Interrupts Register 
o to 15 16 to 31 Function 

54 16 57 16 Set Mask 

5516 58 16 Clear Mask 

56 16 59 16 Set Interrupt 

The set mask registers are used to mask (inhibit) interrupts; the clear mask 
registers are used to unmask interrupts; the set interrupt registers are used 
to create programmed interrupts. For example, a logic one placed in bit 6 
of the data word of a WDS 5416 instJ:"uction would mask interrupt 6. The 
same data word could be used to unlTIask interrupt 6 with a WDS 5516, or 
create an interrupt 6 with a WDS 56

16
. 

NOTE 

Status register bit 8 ITlUst be on for the priority 
interrupt to" be recognized. 
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SECTION III 

SYSTEM PROGRAMMING CONSIDERATIONS 

3.1 INTERNAL INTERRUPT 

An internal interrupt occurs as a result of detection of im.m.inent power fail
ure or detection of an undefined instruction operation code. It m.ay also 
occur as the result of a m.em.ory parity error or m.em.ory protect/privileged 
instruction feature (MP / PIF) violation. In any case, when an internal inter
rupt is honored, program. execution begins at location 0002 16. This inter
rupt condition is of higher priority than any other interrupt. Although the 
m.em.ory parity and MP/PIF interrupts can be m.asked, there is no bit in the 
status register to inhibit internal interrupts caused by illegal operation codes 
or power failure; therefore, there is no point in program. execution at which 
an internal inter rupt cannot occur. 

It is com.m.on program.m.ing practice to put a Store Status Block (SSB) in
struction in location 000216. When an internal interrupt occurs, this in
struction links to a program. sequence which will: 

• Interrogate bit 15 of the saved contents of the status register. If it 
is a one, power failure is imm.inent and register contents m.ust be 
preserved in m.em.ory (1 m.s (980A), or 20 m.s (980B), is available 
to perform. this before execution is terminated). The status register 
bits are defined in table 3-1. 

• Interrogate bit 14 of the saved contents of the status register. If it 
is a logic one, a m.emory parity error was detected during execution 
of the instruction preceding the one pointed to by the saved program. 
counter. 

• Interrogate bit 5 of the saved contents of the status register. If it 
is a logic one, an attem.pt was m.ade to store data into, or branch 
to, a location outside the m.em.ory protect lim.its established. 

• Interrogate bit 6 of the saved contents of the status register. If it 
is a logic one, an attem.pt was m.ade to execute one of the instructions 
privileged by PIF. 

• If none of these conditions is detected, an attem.pt has been made to 
execute an illegal instruction. The codes for illegal instructions 
are listed in table 3-2. 

• After all processing is com.plete, a Load Status Block (LSB) instruc
tion may be executed which will return the m.achine to the interrupted 
program. sequence. 
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Table 3 .. 1. Status Register Bit Functions 

-"---------r-------------~---------------------------------------------------------~I 
Status 

Register 
Bits 

Function 

~,---------~-----------------------------------------------------------------------I 

0-1 COITlpare Indicators - Indicate the result of the last cOITlpare 
operation. 

00 - less than 
01 - equal to 
10 g'reater than 
11 - not allowed 

2 Overflow Indicator - Turned on or off by those instructions 
which can cc;l.use overflow. 

3 Carry Indicator - Turned on or off hy any add or subtract in
struction which can result in a carry into the sign bit of a 
register. 

4 Privileged Instruction and MeITlory Protect. 
o - DLsabled 
1 - Enabled 

5 MeITlory Protect Addres s Violation - May not be set under 
prograITl control. 

o - Nd Violation 
1 - Violation 

6 PIF Instruction Violation - May not be set under prograITl 
control. 

o - No Violation 
1 - Violation 

7 Data Bus Interrupt Control 
o - Disabled 
1 - Enabled 

8 Vectored Interrupt Feature 
o - Disabled 
1 - Enabled 

9 PIF Lower LiITlit Address Bias 
o - Disabled 
1 - Enabled 

10 Index Control 
o - Post Indexing 
1 - Pre- indexing 
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Table 3- 1. Status Register Bit Functions (Continued) 

Status 
Register 

Bits 

11 

12 

13 

14 

15 

Function 

Memory Parity Er ror Inter rupt Control 
o - Disabled 
1 - Enabled 

DMAC Interrupt Control 
o - Disabled 
1 - Enabled 

Not Used 

Memory Parity Error Indicator - May not be set under pro
gram control. 

o - No Error 
1 - Error 

Power Fail Indicator - 1 ms (980A) or 20 ms (980B) warning 
that power failure is imminent. May not be set under program 
control. 

o - Power Up 
1 - Power Failure Imminent 

If an instruction other than an SSB or an instruction affecting the PC register 
(such as a branch or skip) is placed in location 0002 16, then only the single 
instruction will be executed. Since the PC is held fixed for execution of the 
one instruction only, program control is immediately returned to the inter
rupted program. 

If it is necessary to use an instruction that does not 
affect the PC at location 0002 16' do not use an in
struction that does not affect the MA register. The 
MA is used to retrieve the trap instruction, so if 
the trap instruction does not modify the MA, the 
MA will not be updated to the current PC value at 
ins truction termination. 

Further interrupts are inhibited until after execution of one instruction sub
sequent to that instruction in location 0002 16 • In other words, the SSB in
struction and the first instruction it branches to will both be performed be
fore another interrupt of any kind can be honored. When an internal interrupt 
is recognized, bits 4, 5, 6, 7, 8, 9, 12, 14 and 15 of the status register are 
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Table 3-2. Illegal Instruction Codes 

Insty'ucti on Bits 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 1 0 0 0 X X X X X X X 1 X X X 

1 1 0 0 0 a X 1 1 X X X X X X X 

1 1 0 0 0 1 0 1 1 X X X X X X X 

1 1 0 0 1 a 0 1 X X 1 X X X X X 

'1 1 0 0 1 0 1 0 1 0 1 X X X X X 
'1 1 0 0 1 0 1 0 1 1 X X X X X X 
'1 1 0 0 1 a 1 1 0 0 0 X X X X X 

1 1 0 0 1 0 1 1 1 X 1 X X X X X 
'1 1 0 0 1 1 1 0 0 0 0 1 X X X X 

1 1 0 0 1 1 1 0 0 0 1 X X X X X 

1 1 0 0 1 1 1 0 0 1 X X X X X X 
'1 1 0 0 1 1 1 0 1 X X X X X X X 

1 1 0 0 1 1 1 1 X 0 X X X X X X 

1 1 0 0 1 1 1 1 0 1 0 X X X X X 

1 1 0 1 0 X X X X X X X X X X X 

1 1 a 1 1 0 1 X 1 X X X X X X X 

1 1 0 1 1 1 X 0 X X X X X X X X 

1 1 1 X X X X X X X X X X X X X 

X = DON'T CARE (0 or 1) 

cleared to zero after execution of the instruction in the trap location. If the 
ITlachine traps because of an illegal operation, and an illegal instruction is 
in location 000216, the machine is halted. 

3.2 POWER FAILURE PROTECTION 

The 980 is protected against loss of data due to power failure. An input 
power detector allows 1 millisecond (980A), or 20 ITlilliseconds (980B), of 
operation when power failure is iITl.minent and then disa ble s the cOITlputer and 
the ITleITlory i.nitiate circuit. The operating prograITl is warned of the power 
failure condition via an internal inter rupt. Subsequently, when power is re
stored, the operating prograITl is autoITlatically started at mem'ory location 
zero. When power is initially applied to the cOITlputer, the situation is in
ternally analogous to a power- restored condition, so prograITl execution 
autoITlatically starts at meITlory .location zero •. 
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It is a COITlITlon prograITlITling technique to put an LSB instruction in location 
0000 16. The LSB branches toa sequence of instructions which restores the 
ITlachine environITlent that existed prior to power loss. Since a power loss 
clear s all DMAC. controllers and operations in progres s are not cOITlpleted, 
care ITlust be taken in restarting DMAC devices. The Basic SysteITl, if used, 
includes routines to handle the power- restore/ start- up condition. 

3. 3 MEMORY PARITY ERROR DETECTION 

The 980 perforITls a check of parity on all data transfer red froITl ITleITlory. 
In the event a parity error is detected, one of two possible options occurs: 

• If bit 11 of the status register (parity error ITlask) is a zero, the 
parity error is ignored. 

• If bit 11 of the status register is a one, bit 14 of the status register 
is set to a one, and an internal interrupt is generated. 

The first option is usually not an acceptable ITlode of operation, because it 
does not even allow a count of parity errors to be kept. The second option 
allows the user to atteITlpt a recovery, to continue in a degraded ITlode of 
operation, or to terll1.inate his prograITl. 

3.4 MEMORY PROTECT/PRIVILEGED INSTRUCTION FEATURE (MP/PIF) 

When prograITl execution is under direction of a ITlonitor prograITl, it is de
sirable to restrict a user prograITl in several ways in order to protect the 
ITlonitor as well as the balance of the operating systeITl. These restrictions 
are iITlpleITlented on the 980 through use of the MP / PIF which prevents a 
us er prograITl froITl: 

• Reading, writing, or branching into protected ITleITlory. 

• Changing the status register. 

• PerforITling 1/ O. 

• Bringing the cOITlputer to an idle. 

To enable the MP/PIF, it is first necessary to load the MP/PIF lower liITlit 
and upper liITlit registers that define the liITlits within which execution will 
be constrained. Both registers are loaded by use of the WDS instruction just 
as if the MP/PIF registers were external to the cOITlputer. Register address 
zero defines the lower liITlit and register address one defines the upper liITlit. 
These boundary locations and all ITleITlory outside of the boundaries are pro
te c ted by the MP / PIF fea tur e. The ITloni to r then enable s MP / PIF thr ough 
use of an LSB instruction that sets bit 4 of the status register. Control can 
now be transferred to the user prograITl. 
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3.5 PROGRAM RELOCATION FEATURE 

The lower liInit register used by the MP/PIF is also used by the program 
relocation feature. If the monitor sets bit 9 of the status register, at the 
time control is transferred to the user program, the contents of the lower 
limit register plus one is added into the address calculations for each mem
oryaccess. The effect of this is that a program may be loaded anywhere in 
rnemory, but the progratn operates as though it were loaded starting at loca,
tion 000016. 

For example, suppose a program is assembled as an absolute program with 
origin at location 000016. Also, suppose that the entry point to the program 
is location 002016, and that it is convenient for the monitor to load the pro
gram at location 100016. The monitor loads the program starting at 100016:, 
places OFFF 16 in the lower limit register, and performs an LSB instruction 
to transfer to the program. The LSB must set bit 9 of the status register 
and load the program counter with 002016. Note that although the instruction 
executed is at 1020 16, the program counter contains 0020 16. If, for instance, 
a trap were to occur, the SSB at the trap location would save the value 0020 11 6 
for the program counter, not 102016. 
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SECTION IV 

MODEL 733 ASR/KSR PROGRAMMING CONSIDERATIONS 

4. 1 GENERAL INFORMATION 

This section contains the information necessary to program all I/O opera
tions involving the Texas Instruments 733 ASR/KSR data terminals. Included 
in this section is a discussion of character format and transmission rates, 
a detailed breakdown of control, status, and data interface lines, and pro
gramming examples involving the teleprinter, keyboard, and cas sette por
tions of the data terminal. 

The 733 ASR/KSR data terminals communicate with the Model 980 Computer 
on a character- by- character basis via the Full Duplex EIA Communications 
Module. The communications module plugs into an I/O data bus port of the 
computer and connects to the 733 ASR/KSR data terminal with a standard 30 
foot cable. In this configuration, the communications module performs both 
the data synchronization and formatting necessary for the computer to inter
face with the 733 ASR/KSR data terminal. The logic circuits on the com
rnunications rnodule perforrn all the functions required to serially transrnit 
and receive data while supplying a variety of status indicator s and control 
signals to the computer. The transmit and receive circuits on the communi
cations module operate independently of one another (full- duplex operation), 
and each is able to convert between the computer TTL logic levels and the 
733 ASR/KSR EIA levels. 

4.1.1 TRANSMISSION RATE AND CHARACTER FORMAT 

The 733 ASR (printer with dual cas settes) allows data transfer to and from 
the cassettes at a rate of 1200 baud. The 733 ASR in printer mode operates 
at an effective rate of only 300 baud (1200 baud with a programmable delay). 
All 733 KSR operations are at 300 baud. Synchronous operation at 300 baud 
is maintained by creating an effective 300- baud transmission rate comprised 
of an 8. 33 millisecond character time followed by a 25.0 millisecond mini
mum delay time. On the communications module, this is accomplished by 
setting the Write Request Delay (WRD) bit (WDS control bit 9) to a logic one 
prior to initiating transrnission of an USASCII character data string. It is 
necessary that this bit be a logic zero for direct cassette cornrnunication at 
1200 baud. 

Regardless of the baud rate, an USASCII character will be represented at 
the communications module/733 ASR/KSR interface as shown in figure 4- 1. 
The serial bit pattern consists of a start bit, seven data bits with the least 
significant bit first, a parity bit, and a stop bit. The seven bits of data 
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MARKING 

I- BIT TIME 

SPACING .., 
I 
I 
I 
I 
I 
,MARKING 

........ -----..... ---CHARACTER TIME ---------~ ..... 

300-BAUD 1200-BAUD 

BIT TIME 3.33ms .833ms 

~ 

CHARACTER TIME 33.3ms 8.33ms 

(A)129611 

Figure 4- 1. 733 ASR Character Format and Timing 

cOITlprise the liITlited USASCII character code (refer to Appendix A) used in 
the cOITlputer.. The start and stop bits surrounding the USASCII character 
are used for timing purposes at the communications module/733 ASR/KSR 
interface. 

4~ 1. 2 COMMUNICATIONS MODULE OPTIONS 

The cOITlITlunications module has a group of Single Pole Single Throw (SPST) 
switches that affect the communications module interface with both the COITl
puter and the 733 ASR/KSR terminal. The switches are located on the COITl
ponent side of the module board in two Dual-Inline-Packages, as shown in 
figure 4-2. The switch-selectable options include the I/O data bus address 
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POLE 1 

POLE 7 

POLE 1 

POLE 7 

(A)128347 

J2 

COM PONENT 5 IDE 
OF BOARD 

Figure 4-2. Conununications Module Switch Locations 

as signed to the communications module, the transmit and recei ve baud rate, 
word length, and stop bit configuration associated with the interfacing data 
terminal, and parity bit control. Each of these options is explained in more 
detail in the following list: 

• Module Address Selection - The communications module must be 
assigned to one of the 64 available I/O data bus addresses. The 
selected address should not conflict with the address of any other 
peripheral device on the I/O data bus, and software must be aware 
of the selected address. The available addresses range from 0016 
to IF 16 and 4016 to SF 16, with 0516 used as the standard address 
by Texas Instruments furnished software. Table 4- 1 lists the 
switch poles used in the address selection and the logic value of the 
two pole po s i tions. 
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• Baud Rate Selection - The transmit and receive baud rate is deter

mined by switch 82, poles 1 to 3, as listed in table 4-2. The stan
dard rate is 1200 baud for the 733 ASR and 300 baud for the 733 KSR" 

• Parity Selection - Poles 4 and 5 of switch S2 are used to select even 
or odd parity generation, or no parity, as listed in table 4-3. Odd 
parity is standard with the 733 ASR/KSR data ter.minals. 

• Word Length Selection - The word length used in com.munications 
between the co.mputer and data ter.minal may be set to 5, 6, 7, or 8 
bits (in addition to parity). The nu.mber of bits is deter.mined by 
poles 6 and 7 of switch S2 as listed in table 4-4. The 7- bit word is 
standard with the 733 ASR/KSR data ter.minals. 

• Stop Bit Selection - The number of stop bits is switch selectable. 
Pole 1 of switch S 1 determines the number of stop bits as listed in 
ta ble 4- 5. 

Table 4-1. Comm.unications Module Address Selection 

Hex Digit WDS/RDS 
Switch S 1 Pole 

Logic 1 Logic 0 
of Address Word 1 Bits* Position Position 

1---

-. 

'9 2 (A09) 
MSD 

11 3 (A 11) 

12 4 (AI2) 
II OFF" "ON" 

13 5 (A 13) 
LSD 

14 6 (A 14) 

15 7 (A 15) 

:>:<Bit 10 of word 1 is used to specify WDS or RDS, and is assum.ed to be 
zero in developing the MSD of the .module address. 

4.2 PROGRAMMING INFORMATION 

The 733 ASR/KSR data terlTIinal interfaces with the computer via one I/O 
data bus external register. The single register, norlTIally addressed at 
0516 by Texas Instruments furnished software, handles the translTIission of 
data, command, and status infor.mation between the co.mputer and 733 ASR/ 
KSR data terrn.inal. The following paragraphs describe the data word for
.mats associated with the 733 ASR/KSR WDS and RDS instructions (including 
subcomm.ands), and provide programm.ing exa.mples illustrating their use. 
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Table 4- 2. Baud Rate Selection 

Baud 
Switch S2 

Rate 
Pole 1 (R/ A) Pole 2 (R/ B) Pole 3 (R/ C) 

75 "ON" 
"ON" 

110 "OFF" 

150 " ON" 
" OFF" 

300 " OFF" 

1200 "ON t
' 

" ON" 
2400 " OFF" 

9600 " ON" 
" OFF" 

4800* " OFF" 

*4800 Baud for E15-E16 (Standard) 
600 Baud for E16-E17 

Table 4-3. Parity Selection 

Parity 
Switch S2 Pole 

Selection 
Pole 4 (PI) Pole 5 

Parity "OFF" -
Inhibited 

Odd Parity " ON" 
" ON" 

"ON" 

" OFF" 

(PS) 

Even Parity " OFF" 

4.2. 1 733 ASR/KSR WDS DATA WORD DESCRIPTION 

The 16- bit WDS data word is used by the progranuner to issue conunands, 
subcoIT1IT1ands, and USASCII characters to the data terIT1inal. The forIT1at 
of the WDS data word is shown in figure 4- 3. Note that when bit 7 of the 
data word is set, bits 8 through 15 of the data word contain additi-onal con
trol inforIT1ation; when bit 1 of the data word is set, bits 8 through 15 of the 
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BIT o 

CLEAR 
READ 

REQUEST 

CRR 

(A)129613 

Table 4-4. Word Length Selection 

Number of 
Switch S2 Pole 

Data Bits 
Pole 6 (WL2) Pole 7 (WL 1) 

WRITE 
DATA 
READY 

WDR 

5 It ON" 
"ONII 

6 "OFFII 

7 IION II 

IIOFFII 

8 IIOFFII 

Table 4- 5. Stop Bit Selec~ion 

2 

CLEAR 
NEW 

STAruS 

CNS 

Stop Bit Switch S 1 
Selection Pole 1 (STB) 

1 Stop Bit IION II 

2 Stop Bits IIOFFII 

BIT e, ____ --~~~--~--~--~~_T------~~1~3---'4---'-5~ 
I'NTERRUP NOT 

3 

CLEAR 
WRITE 

REQUEST 

CWR 

ENABLE (Z~~~?S) 

4 

--~------~------~----~------~--------~ INT 

5 6 

NOT USED CONTROL 

CON 

9 10 

b6 

11 12 13 

b4 b3 

14 

b2 

15 , 

b1 
(L5B) 

Figure 4-3. 733 ASR/KSR WDS Data Word Format 
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data word contain a USASCII character. The character may represent a sub
command or data to be written to the data terminal. The two types of sub
cornrnands aredesc ri bed in the next paragraph. The individual bits of the 
WDS data word are described in the following list: 

• Clear Read Request (CRR) - A logic bne in bit 0 clears the Read Re
quest (RREQ) flag and,the associated interrupt (if enabled) on the 
communications module. The RREQ flag is described in bit 0 of the 
RDS data word format. A logic zero in bit 0 caus es no action. 

• Write Data Ready (WDR) - A logic one in bit 1 loads the USASeII 
character in bits 8 through 15 in the transITlit buffer register on the 
communications module. This action initiates the transmission se
quence to the data terminal. A logic zero in bit 1 causes no action. 

• Clear New Status (CNS) - A logic one in bit 2 clears the New Data 
Set Status (DSS) flag and the associated interrupt (if enabled) on the 
cOITlITlunications ITlodule. The DSS flag is described in bit 2 of the 
RDS data word forITlat. A logic zero in bit 2 causes no action. 

• Clear Write Request (CWR) - A logic one in bit 3 clears the Write 
Request (WREQ) flag and the as sociated interrupt (if enabled) on the 
communications module. The WREQ flag is described in bit 1 of the 
RDS data word format. A logic zero in bit 3 causes no action. 

• Not Used - Bits 4, 5, and 6 of the WDS data word are not used by 
the 733 ASR/KSR data terminal. 

• Control (CON) - A logic one in bit 7 indicates to the communications 
module that bits 8, 9, 11, and 12 contain control information. A 
logic zero in bit 7 caus es no action. 

If bit 1 of the WDS format is set, bits 8 through 15 contain a USASCII char
acter with bit 8 the MSB and bit 15 the LSB. If bit 7 of the WDS format is 
set, the following controls are output to the communications module: 

• Interrupt Enable (INT) - A logic one in bit 8 enables the communi
cations ITlodule to is sue an I/O data bus interrupt when a read re
quest, write request, or data set status change occurs. The inter
rupt is cleared by clearing the condition that caused the interrupt. 
A logic zero in bit 8 inhibits the cOITlITlunications ITlodule interrupt. 

• Write Request Delay (WRD) - A logic one in bit 9 delays the com
munications module from issuing a write request (bit 1 of the RDS 
data ,vord format) until 33 milliseconds after loading the transm.it 
buffer register. Normally, a write request is issued when the 
transmit buffer register becomes empty. This delay option is used 
to c reate an effective 300- baud serial transmis sion rate when ad
dres sing the teleprinter portion of the 733 ASR/KSR data terminal 
through the 1200- baud 'interface. The delay results in a one
character print period of 33.33 milliseconds, equaling the 30 
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character per second print rate of the 733 teleprinter. Figure 4-4 
shows the tiITling relationships between the 300- baud and 1200- baud 
transITlission rates. A logic zero in bit 9 inhibits the delay action. 

• Data TerITlinal Ready (DTR) - A logic one in bit 11 ITlaintains the 
DTR circuit on the cOITlITlunications ITlodule in the "ON" condition. 
The DTR circuit drives the Data Set Ready (DSR) input line of the 
733 ASR/KSR data terIl1inal to enable the transIl1it and receive ca
pabilitie s of the data term.inal. A logic zero in bit 11 Il1aintains the 
DTR circuit in the "OFF" condition. 

• Request to Send (R TS) - A logic one in bit 12 ITlaintains the R TS 
circuit on the conununications ITlodule in the "ON" condition. The 
RTS circuit drives the Data Carrier Detect (DCD) input line of the 
733 ASR/KSR data terITlinal to enable the data terITlinal to accept 
USASCII characters froITl the cOITlITlunications ITlodule. A logic zero 
in bit 12 ITlaintains the RTS circuit in the'''OFF'' condition. 

• Not Used - Bits 10, 13, 14, and 15 of the WDS control data word 
are not used by the 733 ASR/KSR data terITlinal. 

4.2.2 733 ASR SUBCOMMANDS 

The 733 ASR subcoITlITlands, or Rem.ote Device Control (RDC) functions, 
each consist of a USASCII character placed in the least significant half of the 
data word associated with a WDS instruction. These control instructions are 
used by the prograITlITler to perforrn such ITlechanical tasks as rewind and load 
cassettes. 

The RDC functions are basically di.vided into two categories: (1) those acti
vated by receipt of a single USASCII control character and (2) those activated 
by receipt of the non-printable "DLE" character followed by a second prede.· 
termined USASCII character code. The fir st category is known as the Auto
rnatic Device Control (ADC), or single-character subset, while the second 
category is known as the DLE, or two-character subset. The two categories 

___ .. t~'33mS __ 
300 BAUD r

CHARACTER 
TRANSM ISSION 

(30 cps) 

.-..--- 2Sms DELAY 

- ....... ~-----
WREQ-1 

1200 BAUD ___ .. ~ a.33ms l ~~3ms I t a.33ms I t a'33ms~ 
CHARACTER r tI 8

• If -U- t 
TRANSMISSION ~------

(A)129614 WREQ= 1 WREQ= 1 WREQ= 1 

Figure 4- 4. 300- Baud/ 1200- Baud TiITling Relationships 
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Table 4- 6. Remote Device Control Functions 

Single- Character Functions (ADC) 

Function 

Playback On/Keyboard Off (No busy bit 
necessary) 

Record On/Printer Off 
Playback Off/Keyboard On 
Record Off/Printer On 

Hex Code 

> II 

>12 
>13 
> 14 

Two- Character Functions (" DLE") 

Function 

Rewind Cas sette I 
Rewind Ca s sette 2 
Load Cassette 1 
Load Cassette 2 
Cassette I In Record, 2 In Playback 
Cassette 2 In Record, I In Playback 
Block Forward 
Block Reverse 
Printer On (Non- Operable) 
Printer Off (Non-Operable) 
Automatic Device Control (ADC Above) 

On 
Automatic Device Control (ADC Above) 

Off 
Request Status Information 

Hex Code 

> 31 
>32 
>33 
>34 
>35 
>36 
>37 
>38 
>39 
>30 

/>3A 

>3B 

>3C 

USASCII 
Character 

DCI 

DC2 
DC3 
DC4 

USASCII 
Character 

1 
2 
3 
4 
5 
6 
7 
8 

9 
0 
: 

, 

< 

of RDC functions and their activation code s are listed in table 4- 6. It should 
be noted that the RDC logic circuitry automatically disable s the teleprinter 
portion of the 733 ASR from printing the first character received after the 
"DLE" character code. This ensures that all of the two-character functions 
are, in effect, treated in the same manner as any non-printable USASCII con
trol character, such as those in the ADC (single- character) category. 

The Command Status Character, shown in figure 4- 5, is transmitted by the 
733 ASR data terminal to the computer in response to the RDC request status 
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lilTS TO MONITOR 

9 10 11 12 13 14 15. 

"1" PRNTR ReRO BOE02 BOE01 PLYBK PLYBK 
ROY ROY ERR ROY 

7 6 5 4 3 2 1 

(A)129615 STATUS CHARACTER BITS 

Figure 4- 5. Corn.rnand Status Character Bits 

con'lITland (coITlITland ">3C" of table 4- 6). The status character bits, nUITl
bered froITl 7 (MSB) to 1 (LSB), correspond to bits 9 through 15 at the COITl
puter interface. Each of the bits is described in the following list: 

• Playback Ready (Bit 1) - .A logic one level in this bit position indi
cates the playback cassette is ready to be enabled with the ADC 
playback on ("DCIII) or the RDC block forward ("DLE", "7") func
tion. In the event that a logic zero level is found in this bit posi
tion, one or ITlore of the following conditions ITlust exist:· 

1. Cassette door open or cassette not in place. 

2. Cassette tape on clear leader. 

3. Playback not in line ITlode. 

4. Rewind or load operation still in execution. 

• Playback Error (Bit 2) - A logic one in this bit position indica.tes 
that a playback error has been discovered while an 86 character 
block of data was being read froITl the cassette tape. In this event, 
the transITlission of any characters froITl the block of data is inhi bited 
until the er ror status is res et to a logic zero level. The RDC block 
reverse cOITlITland is norn'lally utilized in the recovery of a playback 
error. Only block reverse is capable of clearing the error status. 

• BOEO 1 (Bit 3) ... A logic one level in this bit position indicates that 
cassette I is positioned on clear leader at either the beginning or the 
end of the tape. Note that either condition autoITlatically inhibits the 
RDC rewind cOITlITland function. 

• BOE02 (Bit 4) ... The description of this bit position is identica.l to 
that for BOEO 1, except that the inforITlation applies to the position 
of cassette 2. 
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• Record Ready (Bit 5) - A logic one level in this bit position indicates 
that the record cassette is ready to be enabled with the ADC record 
on ("DC2") function. If a logic zero level is found in this bit posi
tion, one or more of the following conditions must exist: 

1. Cassette door open or cassette not in place. 

2. Cassette tape on clear leader. 

3. Record not in line mode. 

4. Rewind on load operation still in execution. 

5. Record enable tab removed. 

• Printer Ready (Bit 6) - A logic one level in this bit position indi
cates that the teleprinter is enabled and ready for normal operation. 
If a logic zero level is found in this bit position, one or both of the 
following conditions must exist: 

1. Printer not in line mode. 

2. Printer is disabled as a result of the ADC record-on 
function ("DC2 11

). 

• Bias Bit (Bit 7) - This bit position will always be held to a logic one 
level to ensure that the status character is not an element of the 
USASCII control character subset. 

The following list describes both the single-character and double-character 
RDC commands: 

• Playback On/Keyboard Off COC 1) - The "playback on" function ini
tiates the reading and transmitting of characters from the cas sette 
tape, provided the playback cas sette is loaded and ready as indi
cated by bit 1 of the status character. This function is performed 
only on data received over the communication lines or generated 
in the terminal ' s local loop. 

• Record On/Printer Off (DC2) - The "record on" function initiates 
the receipt and recording of characters onto the cassette tape, pro
vided the record cassette is loaded and ready as indicated by bit 5 
of the status character. Upon receipt of "DC2", the record function 
is turned on and the printer enters a print cycle regardles s of the 
fact that "DC2" is a non-printable character. The "DC2" character 
is neither entered into the hardware buffer nor recorded on the tape. 
This function is performed only on data received over the communi
cation lines or generated in the local loop. 

• Playback Off/Keyboard On (DC3) - The "playback off" function ter
minates the reading and transmitting of characters from the cassette 
tape under the condition that if the "DC3" (X-OFF) code is on the 
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playback tape then one more character after the" DC3" will be 
played back before the cassette is acutally turned of£. This function 
is performed on both transmitted and received data as well as data 
generated in the terminal's local loop. "DC3" and" RUB OUT" (de
lete) are the last two codes, respectively, entered by the terlTIinal 
operator to conclude each source line. 

• Record Off/Printer On (DC4) - The" record off" function terminates 
the receipt and recording of characters onto the cassette tape. 
Upon receipt of the I'DC4" character, the record function is turned 
off and the printer is turned on, h.owever, a print cycle is not 
entered as is the case with the" DC2" c orrun and. The" DC4" char
acter is then entered into the hardware record buffer and all suc
ceeding characters sent to the printer (including the "DC2" char
acter) are also "overpuncp.ed" ol:tthe "DC4" character in the buffer. 
The resulting characte¢'{\~L:§.@.lly:_a.?F 16 del~te}) is recorded on the 
tape along with the data in the normal manner- (i. e., when a 
carriage-return is received in the Line format mode of operation or 
when 86 characters have been entered into the buffer in either the 
Line or Continuous format modes of operation). Note that a string 
of data is not automatically recorded onto the cas sette tape simply 
by issuance of the" record off" command. This function is per
formed only on data received over the corrununication lines or gen
erated in the local loop. 

• Rewind Cas sette 1 (DLE, 1) - Upon receipt of the rewind command 
code (under the condition that the cas sette tape is not already on 
clear leader at either end of the tape), cassette 1 will slew in the 
reverse direction until clea.r leader is sensed at the beginning of 
the tape. From the time that the cassette begins performing the re
wind operation, either bit 1 or bit 5 of the status character (depend
ing on whether cassette 1 is in the playback or record mode re
spectively) will be held to a. logic zero, indicating the cassette is 
not ready. 'Nhen the rewind operation has been completed, bit 3 of 
the status character will become a logic one indicating the presence 
of the clear leader. Only the issuance of a load cassette 1 corrunand 
will reset the appropriate bits of the status character and ready the 
cassette. Note that the cassette cannot be remotely rewound once 
it has entered the clear leader at the far end of the tape. 

• Rewind Cassette 2 (DL E, 2) - The description of this command code 
is identical to that for rewind cassette 1, except that bit 4 of the 
status character indicates the presence of clear leader on cassette 
2. 
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• Load Cassette 1 (DLE, 3) - Upon receipt of the load corrunand code 

(under the condition that the clear leader is sensed at the beginning 
of the tape), cassette 1 will advance the tape until the beginning of 
tape ITlarker is sensed. During the tiITle that the load operation is 
being perforITled, either bit 1 or bit 5 of the status character (de
pending on whether cassette 1 is in the playback or record ITlode, 
respectively) will be held to a logic zero, indicating that the cas
sette is not ready. Upon cOITlpletion of the load operation, the appro
priate bit of the status character will becoITle a logic one, indica ting 
the cassette is ready to be enabled with either the 11 record on" or 
the !tplayback ontt cOITlITland code. 

• Load Cassette 2 (DLE, 4) - The description of this cOITlITland code 
is identical to that for load cassette 1, except that bit 4 of the status 
character is the bit which indicates the presence of clear leader on 
cassette 2. 

• Cassette 1 In Record, 2 In Playback (DLE, 5) - Upon receipt of the 
appropriate two- character cOITlITland code, cas sette 1 will be placed 
in the record ITlode of operation and cas sette 2 will be plac ed in the 
playback ITlode. This operation will be perforITled regardless of the 
state of any bits in the status character, although its execution ITlay 
change the state of several bits in the status character • . 

• Cassette 2 In Record, 1 In Playback (DLE,6) - The descri.ption of 
this cOITlITland code is siITlilar to that for cassette 1 in record, 2 in 
playback, except that the result of this cOITlITland code is the COITl
p~em.ent of that description. 

• Block Forward (DLE, 7) - Upon receipt of the block- forward COITl
ITland code (under the condition that the playback ready bit of the 
status character is true), the cassette controller will read an 86-
character block of data froITl the playback cas sette and will initiate 
transITlission of the resulting string of USASCII characters. ·Trans
ITlission of the string will continue until all 86 characters have been 
exhausted or until a playback-off (ttDC3 t1

) character code is en
countered in the transITli s s ion. In the event that transITlis s ion is 
terITlinated by occurrence of the "DC3" character on the tape, the 
block forward cOITlITland code ITlay be reissued to initiate trans
ITlission of those characters reITlaining in the 86- character block of 
data originally read froITl the tape •. The block forward cOITlITland 
code ITlay have to be reissued several tiITles, depending on the nUITl
ber of 11 DC3" characters in the original 86- character block of data. 

In the event that transITlission was never initiated because a play
back error was discovered while reading the 86-character block 
froITl the cassette tape, this cOITlITland code will cause the following: 
the playback error bit of the status character (bit 2) will be reset; 
the block containing the error will be bypas sed; a new 86 character 
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block will be read from the cassette tape; transmission of the new 
block will be initiated, provided that the new block did not als 0 con·· 
tain a playback error. 

• Block Reverse (DLE, 8) .. Upon receipt of the block- reverse com
ITland code (under the condition that the playback ready bit of the 
status character is true), the cassette controller will rewind the 
tape one full block of data (86 characters) and clear the contents of 
the hardware read buffer. In the event that this command code is 
received while the playback error bit of the status character (bit 2) 
is true, this command will also r~set the error flag, thereby pre
paring the block to be reread. 

• Printer- On (DLE, 9) - This RDC command code is non- operable 
since this function has already been automatically included as a 
part of the ADC record- off command code (" DC4"). 

• Printer-Off (DLE, 0) - This RDC command code is non-operable 
since this function has already been automatically included as a 
part of the ADC record-on command code ("DC2"). 

• Automatic Device Control On (DLE, :) - This command enables the 
playback on/off ("DCl"/"DC3") and record on/off ("DC2"/"DC4") 
ADC commands to become effective after having been disabled with 
the" ADC OFF" command. 

• Automatic Device Control Off (DLE, ;) - This comITland disables 
the playback on/off ("DCl/"DC3") and record on/off ("DC2"/"DC4") 
ADC commands. It is pa.rticularly useful for recording the" DC 1" 
through" DC4" characters onto a cas sette tape wi thout affecting the 
operation of the 733 ASR data terminal. 

• Request Status (DLE, < ) _. Upon receipt of the request status com
ITland code, the 733 ASR data terminal will transmit the spec ially 
configured USASCII Corrunand Status Character to the computer 
interface. This character is particularly useful in determining 
when such mechanical functions such as rewind and load operations 
are completed. 

4.2.3 733 ASR/KSR RDS DATA ~T.ORD DESCRIPTION 

The 16- bit RDS data word is used by the programmer to read status and 
USASCII characters from the data terminal. The format of the RDS data 
\vord is shown in figure 4- 6. Note that when bit 0 of the data word is a logic 
one, bits 8 through 15 of the data 'word contain an USASCII character; when 
bit 0 of the data word is a logic zero, bits 8 through 15 of the data word con·· 
tain additional status information. The only exception to this generality on 
bit 0 of the data word occurs following a request status subcommand to the 
733 ASR. In this case, the Read Request flag (bit 0 of the RDS data word) 
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BIT B 9 10 14 15 

~----~~-----r----------------------'--------' 
NOT USED 

o 0 0 

DSR 

BIT~~O~~~ ____ -T ____ 2 __ -T ____ 3 __ ~ ___ 4 __ ~ ____ 5 __ ~_6 _______ 7-, 

RREQ 

(A)129616 

WRITE NEW DATA READ READ 
REQUEST SET FRAM ING TIM ING 

STATUS ERROR ERROR 

WREQ DSS RFE RTE 

READ 
PARITY 
ERROR 

RPE 

NOT USED 

Figure 4- 6. 733 ASR/KSR RDS Data Word ForITlat 

is set to indicate that the cas sette COITlITland Status Character has been 
loaded in bits 9 through 15 of the data word. The individual bits of the RDS 
data word, are described in the following list: 

• Read Request (RREQ) - A logic one in bit 0 indicates that a char
acter has been transferred froITl the data terITlinal to the cOITlITluni
cations ITlodule, and is available to the computer in bits 8 through 
15 of the data word. The set RREQ flag will cause an I/O data bus 
interrupt if the cOITlITlunications ITlodule interrupt is enabled (via bit 
8 of the WDS data word). A logic zero in bit 0 indicates that no 
character has been read froITl the data terITlinal and bits 8, 9, and 
15 of the data word contain status inforITlation. 

• Write Request (WREQ) - A logic one in bit 1 indicates that the 
transITlit buffer register on the communications ITlodule is empty, 
and is ready to accept a new character froITl the cOITlputer for trans
ITlission to the data terITlinal. The set WREQ flag will cause an I/O 
data bus interrupt if the cOITlITlunications ITlodule interrupt is en
abled (via bit 8 of the WDS data word). A logic zero in bit 1 indi
cates that the comITlunications ITlodule is not requesting a new char
acter. This ITlay be due to a full transmit buffer register or the 
clearing of the W REQ flag following the transmis s ion of the last 
USASCII character in a data string. 
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• New Data Set Status (DSS) - A logic one in bit 2 indicates that a 
change of state has occurred in the Data Set Ready (DSR) signal 
from. the 733 ASR/KSR. This usually m.eans the keyboard ON-LINE / 
LOCAL switch on the 733 ASR/KSR has been repositioned. The set 
DSS flag will cause an I/O data bus interrupt if the com.m.unications 
m.odule interrupt is enabled (via bit 8 of the WDS data word). A 
logic zero in bit 2 indicates that no change has occurred in'the DSR 
signal. 

• Read Fram.ing Error (RF.E) - The RFE signal is valid only as long 
as the Read Request flag of the int.erface is set. A logic one in bit 
3 indicates that im.proper character fram.ing was detected by the 
cor:n.m.unications m.odule receive circuitry. This condition m.ay be 
caused by an improperly selected baud rate or an erroneous number 
of stop bits. The RFE flag is cleared when another character is 
properly received, provided that a Clear Read Request has been 
previously is sued (bit 0 of WDS data word). A logic zero indicates 
that the character 'was properly received with respect to both tim.ing 
and stop bit considerations. 

• Read Tim.ing Error (RTE) - The RTE signal is valid only as long as 
the Read Request flag of the interface is true set. A logic one in 
bit 4 indicates that the com.ITlunications ITlodule received another 
USASCII character froITl the 733 ASR/KSR before the cOITlputer 
cOITlpleted loading the previous character. In this event, the COITl
munications ITlodule replaces the previous character with the one 
most recently received and, as such, this flag indicates that one or 
ITlore characters have been lost in transITlis sion. The R TE flag is 
cleared when another character is properly received, provided that 
a Clear Read Request has been previously issued (bit 0 of WDS data 
word). A logic zero indicates that no characters have been lost in 
transITli s s ion. 

• Read Parity Error (RPE) - The RPE signal is valid only as long as 
the Read Request flag of the interface is set. A logic one in bit 5 
indi.cates that iITlproper parity generation was detected by the COITl
munications ITlodule receive circuitry. Both the cOITlITlunications 
module and the 733 ASR/KSR data terITlinals expect an odd parity 
bit generation and, as such, this flag indicates that the received 
character contained an even parity bit. The RPE flag is cleared 
when another character is properly received, provided that a Clear 
Read Request has been previously issued' (bit 0 of WDS data word). 
A logic zero indicates that the character was properly received 
with an odd parity bit. 

• Not Used - Bits 6 and 7 of the RDS data word are not used by the 
733 ASR/KSR data terITlinal. 
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If bit 0 of the RDS data word (RREQ) is a logic one, bits 8 through 15 contain 
an USASCII character with bit 8 the MSB and bit 15 the LSB. If bit 0 of the 
RDS data word is a logic zero, the following status data is returned to the 
computer: 

• Transmit Buffer Register Loaded (XBL) - A logic one in bit 8 indi
cates that the cornrnunications module transmit buffer register is 
presently loaded with a USASCII character and unable to accept 
another. A logic zero indicate s that the USASCII charcter has been 
transferred to the transmit shift register and that the transmit buf
fer register is now ready to accept another USASCII character. 

• Transmit Shift Register Load (XRL) - A logic one in bit 9 indicates 
that the communications module character is in proc es s of being 
serially transmitted to the 733 ASR/KSR data terminal. A logic 
zero indicates that the module transmit shift register is empty and 
that no serial transmission is presently in progress. 

• Not Used - Bits 10 through 14 of the RDS status data word are not 
used by the 733 ASR/KSR data terminal. Bits 10, 11, and 12 are 
wired to logic zero's and bits 13 and 14 are wired to logic one's. 

• Data Set Read (DSR) - A logic one in bit 15 indicates that the 733 
ASR/KSR data terminal is in the on-line mode of operation. This 
circuit is driven by the Data Terminal Ready output line of the 733 
ASR/KSR data terminal and is maintained in the 11 ONI! condition as 
long as the 733 ASR/KSR keyboard ON-LINE switch is engaged and 
the ASR-to-computer connection is -maintained. 

4. 2.4 PROGRAMMING EXAMPLES 

The program.ming examples in the following paragraphs include writing to 
both the teleprinter and cassette portions of the 733 ASR, reading from both 
the keyboard and cassettes, and issuing subcommands. All of the examples 
address I/O data bus register 05 16 in conjunction with the 733 ASR/KSR 
data terminal. 

The busy bit test, associated with both WDS and RDS instructions, should 
not be used when writing a data word consisting entirely of control data or 
reading a data word consisting entirely of status data. In addition, the busy 
bit test should not be used with the first WDS instruction in a program or 
when writing the DC 1 subcommand (playback on) to the terminal. These re
strictions make it advantageous to make the first WDS instruction one that 
writes all control data or issues the DCl subcornrnand. If this is not possible, 
the busy bit test can be replaced with a check on the Write Request (WREQ) 
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flag to determine when the WDS data word character bits have been accepted 
by the data terminal. The following example illustrates this alternate meth
od: 

LDA => 12 SEND DC2 COMMAND (RECORD·ON CHARACTER) 
@IOR = > 5000 LOAD DATA, CLR WRITE REO 
WDS 5 WRITE TO ASR FROM REG A 
DATA 0 NO BUSY BIT (1ST WDS) 

{RDS 5 READ STATUS (BIT 0 = 0) 
Replaces DAT A 0 REGISTER A 
Busy Bit TABO 1 TEST BIT 1 (WREO=1?) 

BRU $·3 LOOP IF WREO = 0 

• 

In general, the guidelines listed below should be followed in progra.mrning 
the 733 ASR/KSR data terminal: 

• If the ASR portion of the data terminal is the subject of the prograrrl, 
issue the appropriate subcommand(s) (refer to table 4-6) to ready 
the desired cassette for the I/O data transfer. 

• If the busy bit test is required on the first WDS instruction of the 
program, use the ~lternate method shown in the previous example. 

• Before each WDS instruction to write an USASCII character, clear 
the Write Request (WREQ) flag. If the teleprinter is being written 
to, the Write Request Delay (WRD) bit should be set prior to any 
character transmission to initialize the interface for 300 baud. 

• Before each RDS instruction to read an USASCII character, clear 
the Read Request (RREQ) flag. 

4.2.4. 1 WRITE/READ KSR EXAMPLE. The following program writes 10 
characters (each character is right-justified in a memory word) to the 
printer and then reads 10 characters from the keyboard. The data word of 
() 158 16 associated with the first WDS instruction disables the I/O data bus 
inter rupts from the data terminal, sets the transmis sion rate to 300 baud, 
and sets the Data Terminal Ready and Request to Send control bits. Refer 
to the WDS and RDS data word formats in figures 4-3 and 4-6, respectively, 
for aid in following the example. 
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@LDA =>158 CONTROL DATA, 300 BAUD, TER~1NL RDY 
, WDS 5 OUT TO INTERFACE 

DATA 0 NO BUSY BIT (NO CHARACTER) 
LDX =-10 

WRITE LDA OUT+10,X GET CHAR,RIGHT ADJUST 
AND =>7F MASK OUT r~SB 
@IOR =>5000 LOAD ASCII DATA,CLR WREQ 
WDS 5 WRITE CHARACTER & CONTROL DATA 
DATA >80 BUSY BIT 
BRU $-2 
BIX WRITE LOOP BACK 
LDX =-10 

READ @LDA =>8000 CLR READ REQUEST 
WDS 5 OUT TO INTERFACE 
DATA 0 NO BUSY BIT 
RDS 5 READ CHARACTER 
DATA >80 BUSY BIT 
BRU $-2 
AND =>7F SAVE 7-BIT LSB CHARACTER 
lOR =>80 OR IN 8TH USASCII BIT (ONE), MARK PARITY 
STA IN+10,X 
BIX READ 

OUT DATA I C H A R ACT E R S I 

IN BSS 10 

4. 2.4.2 ASR SUBCOMMAND EXAMPLE. The following program. puts 
cassette 1 in the record m.ode (and cassette 2 in the playback m.ode) , loads 
cassette 1, and initiates the recording process. Note that the DLE char
acter code (001016) accom.panies each of the two-character functions. The 
program. asswnes a WDS instruction has already been executed and cassette 
1 is positioned on the clear leader at the beginning of the tape. 
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. 
LDA 
@IOR 
WDS 
DATA 
BRU 
LDA 
@IOR 
WDS 
DATA 
BRU 
LDA 
@IOR 
WDS 
DATA 
BRU 
LDA 
@IOR 
WDS 
DATA 
BRU 
LDA 
@IOR 
WDS 
DATA 
BRU 

=>10 
=>5000 
5 
>80 
$-2 
=>35 
=>5000 
5 
>80 
$-2 
=>10 
=>5000 
5 
>80 
$-2 
=>33 
=>5000 
5 
>80 
$-2 
=>12 
=>5000 
5 
>80 
$-2 

DLE USASCII CODE 
LOAD USASCII DATA, CLR WREQ 
ASR 
BUSY BIT 
BRANCH IF NO DATA XFER 
CASSETTE 1 TO RECORD MODE CODE 
LOAD USASCII DATA, CLR WREQ 
ASR 
BUSY BIT 
BRANCH IF NO XFER 
DLE USASCII CODE 
LOAD USASCII DATA, CLEAR WREQ 
ASR 
BUSY BIT 
BRANCH IF NO XFER 
LOAD CASSETTE 1 CODE 
LOAD USASCII DATA, CLEAR WREQ 
ASR 
BUSY BIT 
BRANCH IF NO XFER 
DC2, RECORD-ON CODE 
LOAD USASCII DATA, CLEAR WREQ 
ASR 
BUSY BIT 
BRANCH IF NO XFER 

Additional exaITlples of the ADC (single- character) functions are provided in 
the ASR read and write prograITls in the following paragraphs. 

4.2.4.3 WRITE ASR EXAMPLE. The following program initiates the 
cassette recording process, writes 10 USASCII characters to the cassette, 
and terminates the cassette recording process. Note the alternate method of 
the busy bit te st as sociated with the fir st WDS instruction. This program 
doe s not use interrupts. 
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LOA =>12 SEND DC2 (RECORD-ON) 
@IOR =>5000 LOAD USASCII DATA, CLR WREQ 
WDS 5 TO ASR 
DATA 0 FROM REG A, NO BUSY BIT 

rDS 5 
Replaces DATA 0 
Busy Bit TABO ' 1 

BRU $-3 
LOX =-10 

WRITE LOA OUT+l0,X 
AND =>7F MASK BITS O-TO-8 TO ZEROES 
@IOR =>5000 LOAD USASCII DATA, CLR WREQ 
WDS 5 
DATA >80 
BRU $-2 
BIX WRITE 
LOA =>14 SEND DC4 (RECORD-OFF) 
@IOR =>5000 LOAD USASCII DATA, CLR WREQ 
WDS 5 
DATA >80 
BRU $-2 
LOA =>7F WRITE OVER RECORD-OFF CHARACTER (DELETE) 
WDS 5 
DATA >80 
BRU $-2 

OUT DATA I C H A R ACT E R S I 

4.2.4.4 READ ASR EXAMPLE. The following program. reads 10 source 
records from. a cassette, assum.ing each source record is less than or equal 
to 200 bytes. Note that the count of source records is m.aintained by keeping 
track of the num.ber of DC3 characters (playback off) encountered. The DC3 
character is used in program.s that run under a m.onitor (supervisor), where 
each source line is term.inated by a carriage return, line feed, DC3, and 
RUB OUT (delete). Stand-alone programs can use whatever conventions are 
necessary to end source lines. This program. does not use interrupts; a 
wait loop is entered prior to reading each character from. the cassette. 
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Designate Amt of { LDA =10 AMT RECORDS TO READ 
Hecords to Read STA COUNT· STORE AMT OF RECORDS 

LOX =0 CHARACTER STORAGE POINTER 
START LOA = > 11 PLAYBACK ON (DC1), BEGIN READING RECORD 

@IOR = > 0000 CLEAR RRti0 & WREO, WRITE CHARS 
READ WDS 5 WRITE COMMAND & CHARACTER DATA 

DATA 0 NO BUSY BIT (DC1 IS 1ST WDS) 
Wait 

{ RDS 5 READ DATA FROM ASR 
for DATA >SO BUSY BIT, REGISTER A 
Data BRU $-2 

{ AND 
=> 7F MASK OUT 9 MSB 

End··of-Record CPL => 13 CHK IF DC3 (PLYBCK OFF) READ 
Check SNE DC3 READ? SKIP NEXT IF NOT READ 

BRU FINISH BRANCH IF DC3 READ 

lOR =>SO 7 BIT ASCII TO S BIT ASCII, MARK PARITY 
STA TABLE,X STORE CHARACTER 

RIN X,X INCREMENT X-REG 
@LDA => SOOO SET CLR READ REO (CRR) 

BRU READ RESTART CHARACTER CYCLE 
Count of FINISH { DMT COUNT DECREMENT COUNT, SKIP NEXT IF COUNT = 0 
Records Read BRU START GO TO NEXT RECORD 

IDL 1 IDLE WHEN COUNT = 0 

COUNT DATA 0 CONTAINS AMT OF RECORDS 
TABLE BSS 1000 STORAGE AREA 
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APPENDIX A ~ 
USASCII CHARACTERS BY NUMERICAL SEQUENCE 

'" 0" 
~ 

'" 000 0000 00 Null 010 0000 20 Space 100 0000 40 @ 110 0000 60 0" 
~ 

000 0001 01 Start Heading 010 0001 21 ! 100 0001 41 A 110 0001 61 a I 

000 0010 02 Start Text 010 0010 22 H 100 0010 42 B 110 0010 62 b '" -J 
000 0011 03 End Text 010 0011 23 # 100 0011 43 C 110 0011 63 c VJ 

000 0100 04 End Transmission 010 0100 24 $ 100 01 00 44 0 110 01 00 64 d ;.J::>.. 

000 0101 05 Enqui ry ,010 0101 25 % 100 0101 45 ,E 1100101 65 e 
000 0110 06 Acknowledge 010 0110 26 & 100 0110 46 F 110 011 0 66 f 
000 0111 07 Bell 010 0111 27 I 100 0111 47 G 11 0 0111 67 g 
000 1000 08 Backspace 010 1000 28 100 1000 48 H 110 1000 68 h 
000 1001 09 Horizontal Tab 010 1001 29 100 1001 49 I 11 0 1001 69 i 
000 1010 OA ' Line Feed 010 1010 2A * 100 1010 4A J 110 1010 6A j 
000 1011 DB Vertical Tab 010 1011 2B + 100 1011 4B K 110 1011 6B k 
000 1100 DC Form Feed 010 1100 2C 100 11 00 4C L 11 0 1100 6C 1 
000 1101 00 Carriage Return 010 1101 20 100 1101 40 M 110 1101 60 m 

tl 000 1110 DE Shift Out 010 1110 2E 100 111 0 4E N 110 1110 6E n 
000 1111 OF Shift In 010 1111 2F / 100 1111 4F 0 110 1111 6F 0 

........... 

tl 001 0000 10 Data Link Escape 011 0000 30 0 101 0000 50 P 111 0000 70 P 
001 0001 11 Device Control 1 011 0001 31 1 101 0001 51 Q 111 0001 71 q 
001 0010 12 Device Control 2 011 0010 32 2 101 0010 52 R 111 0010 72 r 
001 0011 13 Device Control 3 011 0011 33 3 101 0011 53 S 111 0011 73 s 
001 0100 14 Device Control 4 011 01 00 34 4 101 01 00 54 T 111 01 00 74 t 
001 0101 15 Negative Acknowledge 011 0101 35 5 101 0101 55 U 111 0101 75 u 
001 0110 16 Synchronous Idle 011 011 0 36 6 101 0110 56 V 111 0110 76 v 
001 0111 17 End Transmission Block 011 0111 37 7 101 0111 57 W 111 0111 77 w 
001 1000 18 Cancel 011 1000 38 8 101 1000 58 X 111 1000 78 x 
001 1001 19 End Medium 011 1001 39 9 101 1001 59 Y 111 1001 79 y 
001 1010 1A Substitute 011 1010 3A 101 1010 SA Z 111 1010 7A z 
001 1011 1B Escape 011 1011 3B 101 1011 5B [ 111 1011 7B { 
001 1100 1C File Separator 011 1100 3C < 101 11 00 5C \ 111 11 00 7C 

} 0 001 1101 10 Group Separator 011 1101 3D 101 1101 50 ] 111 1101 70 -. 001 1110 1E Record Separator 011 1110 3E 101 1110 5E 111 1110 7E co > 1\ or t 
;:;: 001 1111 1F Unit Separator 011 1111 3F ? 101 1111 SF or-- 111 1111 7F Delete Q) -(I) 
~ 

NOTES: 1. In memory, the most significant bit is undefined and either a zero or one is acceptable. -CD 
:3 2. The limited USASCII character set includes only 2016 through 5F16' en 
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