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PREFACE 

This manual is to be used in conjunction with the CDC® 
Basic Micro-Programmable Processor Hardware 
Maintenance Manual. 

It contains the theory of operation, diagrams, and 
maintenance information for the DT195-A (FC402-A and 
DT120-A) Breakpoint Controller and Breakpoint Panel. 
Information presented in this manual is intended for use by 
maintenance personnel in training and in the field. 

Publication 

Logic diagrams are not provided in this manual. The logic 
diagrams, parts data, and wire list are included in the field 
print package. 

The Basic Micro-Programmable Processor Hardware 
Maintenance Manual contains a detailed description of the 
basic processor itself as well as a listing of applicable 
documents. Other documents that may be of use to the 
reader are listed below: 

Publication Number 

Basic Micro-Programmable Processor Hardware Maintenance 
Manual 39451400 

96728900 

96750800 

CW212-A I/O-TTY Controller Hardware Maintenance Manual 

DT195-A Field Print Package 

1700 Enhanced Processor with MOS Memory System Overview 
Hardware Maintenance Manual 
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GENERAL DEseRI PTION 1 

This manual contains the functional and physical 
descriptions of the breakpoint controller and breakpoint 
panel. 

FUNCTIONAL DESCRIPTION 
The breakpoint controller and breakpoint panel, when used 
with the basic micro-programmable processor, provide a 
man/machine interface. The breakpoint panel is the device 
for inputting the control commands and displaying the 
responses. The breakpoint controller receives the control 
command, executes it in conjunction with the processor, and 
returns a response to the breakpoint panel. The breakpoint 
controller also has the capability of interfacing with the 
remote devices shown in figure 1-1. 

PHYSICAL DESCRIPTION 

The breakpoint controller consists of one 11- by 14-inch 
printed circuit board that plugs into a slot of the processor 
chassis. The breakpoint panel consists of a 16- by 4-l/2-inch 
printed circuit board that is mounted directly above the 
processor chassis. It connects to the panel interface module 
through a flexible ribbon cable. 

ELECTRICAL DESCRIPTION 

The breakpoint controller requires +5 V dc and ± 12 V dc, 
which are derived from the main central processing unit 

(CPU) power supply via backplane pins. The breakpoint 
panel requires only +5 V dc, which is provided by the 
breakpoint controller via the flexible cable. 

There are three types of logic level in the breakpoint 
controller: 

• 

• 

The breakpoint controller operation is performed using 
standard TTL logic level signals: 

Logical zero (low) 
Logical one (high) 

+0.4 V dc or less 
+2.4 to 5.25 V dc 

The RS232-C logical level is required for interfacing 
with any RS232-C-compatible device: 

Logical zero (low) 
Logical one (high) 

-3 V dc to -12 V dc 
+3 V dc to +12 V dc 

• The 20 rnA current loop is required for interfacing with 
the teletypewriter. 

ENVIRONMENTAL CONDITIONS 

Operational: 

Temperature - 40"F to 120'F (4.4°C to 48.4°C) 
(maximum thermal shock 0.2'F/min.) 

Relative Humidity - 10 to 90 percent. 

SERIAL DATA TRANSMISSION 
STANDARD TTL, ASCII FORMAT 

1 
PROCESSOR PERIPHERAL 
CONTROLLER PORT 

SERIAL DATA TRANSMISSION 
RS232 COMPATIDLE, ASCII FORMAT 

PROGRAMMERS CONSOLE 
REMOTE 1 (CONVERSATIONAL DISPLAY 
DEVICES TERMINAL) 

BREAKPOINT SERIAL DATA TRANSMISSION VIA 20 
CONTROLLER MA CURRENT LOOP, ASCII.FORMAT 

PROGRAMMERS CONSOLE 
1 (TELETYPEWRITER) 

STANDARD TTL DATA 
AND CONTROL SIGNALS 

BREAKPOINT PANEL 

0199 

Figure 1-1. External Interface Capability of Breakpoint ContrOller 
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OPERATION AND PROGRAMMING 2 

Once installed, the breakpoint controller requires no 
operating or programming except selecting the desired baud 
rate via a switch on the I/O-TrY controller. The breakpoint 
controller control commands are described in detail in 
section 4, Theory of Operation. 

The breakpoint panel switches and display light-emitting 
diodes (LEDs) are shown in figure 2-1 and are described in 
table 2-1. The operation of switches is self-explanatory. 
The control command is entered via the switches in the 
same order as it is written. The response is displayed by the 
LEDs. 

A B C D H 

1 2 3 E 

4 5 6 F 

000 

I 
OOt 

J 
010 

UI5 

CONTROL CODE. 
\ , \ 1\ , UI0 

,QqqCJ. CJUll 

U6c::J 

CODE DSO DBI 

0 0000 F2 F~C 
1 0001 N 
2 0010 K I 
3 0011 X 
4 0100 Q A 
5 0101 F MIR 
6 0110 F1 BP 
7 0111 MEM P-MA 

CODE DSO OSI 

~ l~~ RTJ Stl} 
A BtI~ B 1011 
C 1100 MM 
D 1101 A* 
E 1110 x* 
F 1111 Q* 

00 

o 
K 7 8 9 0 REMOTE Ott 

UI2!=:l 

A UICJ c::J*c:::J CJ.U4 
U13 

§ U5CJ CJ CJ CJU8[_· ___ ~·_~·_·]' 9 
MASTER 
CLEAR 

0161 

Switch/lndicator 

Data display 

UPPER 

CONTROL CODE 

MASTER CLEAR 

REMOTE/LOCAL 

Data entry 

Control character 

LOCAL 

Figure 2-1. Breakpoint Panel Controls and Indicators 

TABLE 2-1. BREAKPOINT PANEL SWITCHES AND INDICATORS (LED) 

Type of Switch/Indicator Function 

16 indicators (LEDs) Display current binary data as determined by specific control 
characters 

1 indicator (LED) Indicates whether the display is upper or lower 16 bits; 
upper (0 through 15) when lit 

3 indicators (LEDs) Indicate last control character entered as follows: 

0= H 
1 = I 
2=J 
3 = K 
4=L 
5 = M (Undefined) 
6 = N (Undefined) 
7 = Error 

Momentary switch Master clear to CPU, memory,and peripheral controllers 

Two-position switch Enables panel or remote programmers console as follows: 

REMOTE position = Programmers console is enabled 
LOCAL position = Panel is enabled 

16 momentary pushbuttons For entry of hexadecimal data (0 through F) 

8 momentary pushbuttons For entry of control character (H through N) 

L 
tOO 

M 
tOt 

N 
tto 

Function control Operator assistance information such as function control register 
definition table definition and control character definition 
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I NSTALLA TION AND CHECKOUT 3 

INSTALLATION 

The breakpoint controller is normally installed in slot U of 
the processor chassis. Refer to the card-slot assignment in 
the 1700 Enhanced Processor with MOS Memory System 
Overview Hardware Maintenance Manual. The breakpoint 
panel is mounted directly above the processor using the four 
screws that are provided. Install a flexible ribbon cable 
between the breakpoint controller and the breakpoint panel. 

NOTE 

Be sure that the arrows on the male 
connectors at both ends of the cable are 
pointed to pin number 1 of the female 
connectors on the boards. 

CHECKOUT 

The breakpoint controller and the breakpoint panel can be 
checked out using the following general procedure. Refer to 
Breakpoint Controller Functional Operations in section 4 for 
details about the control commands. 

96729000 A 

1. Select a parameter in either display 1 or display 0 (i.e., 
the P register, micro memory, macro memory, or 
function control register). 

2. Enter the selected parameter with the desired data. 

3. Display the selected parameter. 

4. Compare the displayed data with the entered data for 
correctness. 

5. Repeat the above procedure for ~ll parameters of 
displays 1 and o. Also verify that H and I control 
commands are executed correctly. 

Refer to section 3 of the Basic Micro-Programmable 
Processor Hardware Maintenance Manual for some typical 
panel interface operation procedures, such as enter/display a 
register, read/write micro memory, and read/write macro 
memory. 

The success of the above operations indicates that the 
breakpoint controller and breakpoint panel are fully 
operational in performing the basic system communications. 
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THEORY OF OPERATION 

/ 
This section presents a functional description of the 
breakpoint controller module and the breakpoint panel. The 
breakpoint controller is completely described first and the 
breakpoint panel is described later. The theory of operation 
for the breakpoint controller consists of the controller 
functional operations and implementation of these 
operations using both hardware and controlware. Some 
typical operations are described at the end to complete the 
combined operation of hardware and controlware. 

" 

,0 
1 i 
, BREAKPOI NT CONTROLLER 

FUNCTIONALOPERATION I" , -~ 
The breakpoint controller provides for all common computer 
control panel functions, such as enter/display registers, 
read/write macro memory, read/write micro memory, and 
breakpoint, as well as start, stop, and master clear functions 
via the breakpoint panel or the programmers console. The 
programmers console can be either a teletypewriter (20 rnA 
current loop), a conversational display terminal (RS232-
compatible), or any device with TTL logic level that has full 
duplex serial data transmission and ASCII format. 

FUNCTION CONTROL REGISTER 

A basic part of the breakpoint controller operation is the 
function control register (FCR). It is a 32-bit register that 
has access to the CPU similar to the way switches on a 
conventional panel have access to the CPU (see figure 4-1). 
FCR bit assignments are listed in tables 4-1 and 4-2. 

The 32 bits of the FCR can be grouped into eight 
hexadecimal digits (digit 0 is the highest order) as follows: 

• Display - Digits 0 to 1 

• Machine Modes Digits 2 through 5 

• Machine Status Digits 6 and 7 

,-, 
II. 

14 

;) .. 

I j 

, /) 

f;-L.f 

The display digits determine which individual register of two 
groups of registers (shown in table 4-2) can be displayed 
and/or mOdified. The machine modes, digits 2 through 5, are 
used to set such conditions as step/run mode, selective stop, 
selective skip, etc., in the same manner as switches on a 0 i!:. 

conventional control panel. The two least significant digits (:' 
(6 and 7) of the FCR indicate the status of the processor, 
such as overflow, parity error, protect fault, etc. 

~ISB 

31 

o 

28 27 24 23 

1 

20 19 1(; 15 

-, 3 
Digits 

TABLE 4-1. FUNCTION CONTROL REGISTER 

Bit Digit 

00 00 (LSB) 
01 01 7 02 02 
03 03 

04 04 
05 05 
06 06 6 

07 07 

08 08 
09 09 5 10 OA 
11 OB 

12 OC 
13 OD 4 

14 OE 
15 OF 

16 10 

17 11 

3 

18 12 

19 13 

20 14 
21 15 2 22 16 
23 17 

24 18 
25 19 1 26 1A 
27 1B 

28 1C 
29 1D 0 30 1E 
31 1F (MSB) 

12 11 8 7 

4 ;') 

Bit definition 

Overflow 
Protected instruction 
Protect fault 
Parity error 

Interrupt system active 
Auto-restart enabled 
Micro running 
Macro running 

Enable auto-display 
Enable console echo 

Enable micro memory write 
Multilevel indirect address 
mode 

Suppress console transmit r 0 ',wpo;,,! off o 1 Instruction reference 
breakpoint 

1 0 Storage operand break-
point 

1 1 All references breakpoint 
Breakpoint instruction (break-
point stop if clear) 
Micro breakpoint, step, go, 
stop (macro if clear) 

Step 
Selective stop 
Selective skip 
Protect switch 

Display 1 

Display 0 

4 a 

6 7 

LSB 

o 

Figure 4-1. Function Control Register 
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\. TABLE 4-2. DISPLAY CODE DEFINITIONS 

Select ~ Display 1 Select Display 0 
Code Code (K Function) Code (L Function) 

0 0000 JI0: FCR JOO: F2 (Addressed by N register) 

1 0001 Jll: pt JOl: N (MSBs)tt 

2 0010 J12: It J02: K (LSBs)tt 

3 0011 JOS: X 

4 0100 J14: At J04: Q 

5 0101 J15: MIR J05: F 

6 0110 J16: BP-PIMA J06: F1 {Addressed by K register 
Enabled by SMl11 

1 0111 J11: BP-P /MA (Display only) J01: MEM 

8 1000 J18: SMI 

9 1001 J19: M1 JOS: KT1 

A 1010 JIA: SM2 

B 1011 JIB: M2 

C 1100 JOC: MM 

D 1101 JID: A* 

E III 0 JIE: X* 

F III 1 JIF: Q* 

fUsed to address macro memory. The P and A registers are automatically incremented after each memory reference. 
The I register is not incremented after the memory reference. 

tt The combined contents of these two registers are used to address micro memory. The K register is automatically 
incremented after each memory reference. The N register does not automatically increment. 

The following are some restrictions for the use of FCR bits. 

• FCR bits FC10 and FCll (enable console echo and 
enable auto-display) are mutually exclusive; that is, the 
operator may select one or the other but not both 
simultaneously. 

• Selecting BP-P /MA code 0 1 1 1 from table 4-2 results 
in both the breakpoint (BP) register and the 
page/memory address register (BP-P/MA) being 
displayed. BP is the leftmost 16 bits, and P/MA is the 
rightmost 16 bits. BP can only be modified if BP-P/MA 
code 0 1 lOis selected. P /MA cannot be modified in 
either case. 

• Selecting the N or K register (table 4-2) results in both 
Nand K being displayed. N is the leftmost eight bits, 
and K is the rightmost eight bits. However, the N 
register can only be modified when N is selected. 
Similarly, the K register can only be modified when K is 
selected. 

4-2 

AUTO-DISPLAY 

When auto-display is enabled (FCR bit FC10 is set), the 
register selected by the control code and display codes is 
output to the operator's interface and continuously updated 
as long as the interface is a display terminal and not a 
teletypewriter. With auto display enabled, depressing a 
terminator (:, G, or @) with no control character preceding 
it causes a go signal. This method can be used for stepping 
through a micro or macro program. 

BREAKPOINT 

There are two types of breakpoint: micro and macro. If 
FCR bit FC19 is set, micro breakpoint is selected. If bit 
FC19 is clear, macro breakpoint is selected. 

Macro Breakpoint 

Bits FC16 and FC17 of the FCR are used to select three 
types of macro breakpoint. 

96729000 A 



YES 41 SET ERROR F IF 
?>----..... JUMP TO 

GENERATE SETRCPU 

NO 

43 

CLEAR SHIFT 
COUNTER 

X REG TO MMU 
SET MML 

NOT MM 48 

0208B 

YES 

XMITFCR 

SET COUNTER 
TO 16 

'fA 

SAVEX 
ADDRESS 52 

SHIFT 
16 BITS 

XMITFCR 
1----4'11A lDCATION 11 

Figure 4-13. Change/Fetch Operation Flow Chart (Sheet 3 of 5) 
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4-34 

NO 

DISPLAYl TO 
ADDRESS BUFFER 

CKF2 4C 

FORCE DISPLAY 1 

'55 

DIS. 1 TO 
ADDRESS BUFFER 

56 

READ FROM MEM 

NOT ME M 57 

X REG TO SEL. REG 
SELREGTOX 
FORCE DISPLAY 1 

NO 

7A~--------~~-----, 

SAVEX 52 

207C 

SHIFT X 
REG 32 

Figure 4-13. 

HOP (REQUIRED' 
PASS BEFORE SHIFT) 

Change/Fetch Operation Flow Chart (Sheet 4 of 5) 
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SHIFT 
16 BITS 

0207D 

NO 

NO 

MMLTOX 
FORCE DISPLAY 1 

5D 

NOP (REQUIRED 
PASS BEFORE SHIFT) 

NOTCPU16 5E 

NO 

DIS. 1 +1 TO DIS. 1 
EXIT CPU 
JUMP TO XMIT 

10 

XMIT ADDRESS 25 

Figure 4-13. Change/Fetch Operation Flow Chart (Sheet 5 of 5) 

4-35 



4-36 

0Al----.. NO 

27 

SET COUNTER 
TO 16 

NO 

YES 

o'~----~~------~ 

0208 

XMIT32 28 

11 

ADDRESS2C 

NO 

YES 

TO END 2A 

CLEAR BUSY FIF 
JUMP TO 
ENDXMIT 

ENDXMIT 
ADDRESS3A 

SHIFT BITS 
TO DISPLAY 

NO LEDS 

Figure 4-14. Transmit Operation Flow Chart (Sheet 1 of 3) 
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TRANSMIT 
CAlUUAGE RETURN 

TRANSMIT 
LINE FEED 

TRANSMIT 
ASTERISK ( •• 

NOERROR 31 

TRANSMIT 
CONTROL CHAR 

0208A 

NO 

NO 

Figure 4-14. Transmit Operation Flow Chart (Sheet 2 of 3) 
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4-38 

SHIFT 
4BJTS 

NO 

NO 

TRANSMIT 
SPACE 

TRANSMIT HEX 
DIGIT LESS OR 
EQUALT09 

SHIFT4 37 

TRANSMIT 
SPACE 

2A)-o-----~ 

0207B 

RETURN 
ADDRESS 3B 

GR9 36 

TRANSMIT HEX 
DIGIT GREATER 
THAN 9 

Figure 4-14. Transmit Operation Flow Chart (Sheet 3 of 3) 

96729000 A 



0209 

STRBCCR 
JUMP TO RESET 

RESET OF 

DRRESET 
JUMP TO 
RETURN 

SBOOAD 

REMARKS 

Da.ta ready (DREADY) condition is true when one com­
plete character has been received at the UART or any 
panel key Is depressed. 

The remote/local switch on the panel is in the REMOTE 
position. 

The Jcontrol character is not a terminator. 

The error fUp-flop is not set (no transmit error or no 
illegal code). 

The J control character is not a hexadecimal digit. 
Generate SBLOAD to load the shift buffer register. 

Bits 0 through 5 of the shift counter must equal O. 
This step assures that no other character has been 
entered prior to control character J. 

Generate STRBCCR to load the control character regis­
ter with J code. Jump to the RESET control instruction. 

Generate DRRESET to reset the data ready line of the 
UART. Jump to RETURN. 

The REMOTE condition is true; go back to S. 

Figure 4-15. Input Operation Flow Chart (Enter J) (Sheet 1 of 3) 
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0209A 

4-40 

DRRESET 
JUMP TO 
RETURN 

SBRWAD 

NO { 

SBL 
SRL ' 
BUFFER 
INCK 

REMARKS 

116 is the hexadecimal digit. SBWAD = Load the shift buffer. 

Transfer the contents of the shift buffer to the shift register by: 

• 
• 
• 

• 

SBL = Shift shift buffer to left one bit. 

SRL = Shift shift register to left one bit. 

BUFFER = Select output of shift buffer to be left 
shift serial input to shift register. 

INCK = Enable shift counter. 

Repeat the above control instruction four times. 

Reset the data ready line from the UART. 

Figure 4-15. Input Operation Flow Chart (Enter J) (Sheet 2 of 3) 
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0209B 

OKAY 
LOCATION 02 

REMARKS 

The colon <:l is a terminator. 

DRRESET = Reset the data ready line of the UART. 
Jump to the OKAY control instruction. which is the 
beginning of the change/fetch operation. 

Figure 4-15. Input Operation Flow Chart (Enter J) (Sheet 3 of 3) 
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EXECUTE 
THIS CONTROL 
INSTRUCTION 
TWICE { 

CTLSB 
SRR 
CLRUL 
INCK 
STRBUL 

FCR TO SR 
STROBE BIT CT 
REG CLEAR 
SHIFT COUNTER 

REMARKS 

J control command 

Bits 0 through 5 of the shift counter equal 001000. The 
CTEQZ condition is not true. 

This control instruction is executed twice to shift the 
shift register to the right two places. 

Initially 

LSB of SR = 00010001 

Shift counter = 001000 

Mter two instruction executions 

to 

to 

01000100· 

001010 

Bit count register = 00100. Load the shift register 
with the contents of FCR, 1234567816, Clear the shift 
counter (shift counter = 000000). 

Note that during this J operation. the lower two bits 
of the bit counter register and the lower two bits of 
the shift counter are not compared and logically 
forced to be equal. (Refer to the hardware descrip­
tion of the bit count register.) Initially. the shift 
register is shifted left four bits with end-around (shift 
register = 2345678116), The EQUAL condition is now 
true. (Bit counter register = shift counter = 001xx). 
The contents of the shift buffer are transferred to the 
shift register by shifting left four times (the EQUAL 
condition is true four times). The shift register now 
contains 345678116, The shift register continues to 
be shifted left with end-around until the CTEQO condi­
tion is true (bits 0 through 4 of the shift counter = 

00000). The shift register now contains 1134567816, 

Figure 4-16. Change/Fetch Operation Flow Chart (Jll: Command) 
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SllLOAD, ENADFC" 
CLllCT 
JUMP 'fO XMIT32 

0211 

REMARKS 

Generates SSREG, which in turn generates STROBE 
F/C signal to load the FCR with the contents of shift 
register. 

FCRto SR 
Clear shift counter 
Jump to MIT 32 

Function control register bit FC15 is previously 
assumed not set (not suppressing console transmit). 

Transmit carriage return ASCII code by loading the 
transmit buffer register of the UART with address 
field P7 equal to 0001101. 

Assume not auto display mode, 

Transmit line feed ASCII code by loading the transmit 
buffer register of the DART with address field P7 
equal to 0001010. 

Figure 4-17. Transmit Operation Flow Chart (Jll: Command) (Sheet 1 of 2) 

; 
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XMITCCR" 
TBRLOAD, 
XHEXGR9 

HEXDIGIT 32 

NO 

0211A 

ADDR .. 
TBRLOAD 
XSPACE 

HEXLE9" 
TBRLOAD. 
XHEX LE9 

REMARKS 

Transmit control character J in ASCII code. 

Transmit a space in ASCII code. 

Check if the hexadecimal digit is less than 9, and 
clear the busy flip-flop. 

Transmit any hexadecimal digit less than 9 in ASCII 
code. 

Shift the shift register to the left, end-around, four 
bits. This step selects the next hexadecimal digit for 
transmission. 

Check if bits 0 through 4 of the shift counter equal O. 
If not, repeat the transmit hexadecimal digit less than 
9 subroutine (all hexadecimal digits of the FCR in this 
example are less than 9). 

Transmit a space in ASCII code. 

Clear the counter. 

Figure 4-17. Transmit Operation Flow Chart ,Ill: Command) (Sheet 2 of 2) 
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JUMP TO OKAY WHEN 
TERMINATOR: IS ENTERED 

CLRCT 

SHIFT 16 BITS 

NO 

0212 

{ 
DISOMU 
STRBMMX 

SET RCPU 

{

LOCO 
SRL 
XMSB 
INCK 

B 

REMARKS 

After the input operation (K1234: command has been 
entered) the ALU X register contains its original 
value and the shift register contains 123\6' 

ALU X REGISTER SHIFT REGISTER 

X ORIGIN 

P is DOt the direct register. 

Assume that the processor is in micro mode and DOt 
running. Otherwise an error occurs. 

SETRCPU from controlware sets SM214 to 1 to take 
over control of the CPU. SETRCPU also generates 
the RCPU signal, which conditions the panel interface 
hardware to processor timing. 

Clear the shift counter. 

LOCO micro instruction: 

DlSl'l x x NOP 

This micro instruction shifts the X register left one bit with SR31 as left 
shift input data. The shift register is also shifted left with XMSB as the 
left shift input data. After 16 shifts: 

X REGISTER SHIFT REGISTER 

XMSDc1- u-r SR31 

I.-l_2_3_4_-,-_X_O_R_IG_IN_h 

Figure 4-18. Enter P with 1234 command (K1234:). Change/Fetch Operation (Sheet 1 of 3) 
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SHIFT 
32 BITS 

0212A 
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JUMP TO 
SAVEX 

CLRCT 

{

LOCO 
SRL 
XMSB 
INCK 

CLRCT 

WC2 

{ 

WCO 
SRL 
XMSB 
INCK 
S300 

REMARKS 

Clear the shift counter. Jump to NOT MM. 

Shift the X register and shift register 16 bits. 

X REGISTER SHIFT REGISTER 

XMSB ~ 1 2 3 • r SR31 ~X_O_R_ID_I_N~I-______ -~t=J 

Clear the shift counter. Jump to CKF2. 

The LOC2 micro instruction transfers the contents of 
the X register to the selected register, P: 

The P register now contains 123416, 

Do not jump if there is a 16-bit CPU. 

The X register and shift register are both shifted left 32 
bits. Since X is not the selected register, its original 
contents must be saved. The P6 field equal to 0001 
is decoded into the XENAB signal, which selects SR31 
(save X since it is not the selected register) as the 
least significant hit of micro instruction LOCO. 

X REGISTER SHIFT REGISTER 

XMSBrj ___ + SR;n 
,--1_2_3_4_ ....... _X_O_R_I_G_IN---Jt=J 

Figure 4-18. Enter P with 1234 command (K1234:), Change/Fetch Operation (Sheet 2 of 3) 
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Bit 17 Bit 16 

0 0 Breakpoint not selected 

0 1 Instruction reference breakpoint 

1 0 Store operand breakpoint 

1 1 All references breakpoint 

A macro breakpoint stop occurs when the breakpoint 
register is equal to the macro-memory address and the 
select conditions are met. If FCR bit FC18 is set, an 
interrupt rather than a stop occurs when the breakpoint 
conditions are met. 

Micro Breakpoint 

FCR bits FC16 and FC17 are used to select two types of 
micro breakpoint. 

Bit 17 Bit 16 

0 0 Breakpoint not selected 

0 1 Upper/lower micro instruction 
breakpoint 

1 0 Micro-word breakpoint 

1 1 Micro-word breakpoint 

The upper/lower micro instruction breakpoint (FCI7-
FC16 = 01) requires that the micro memory address (p /MA) 
and upper/lower micro instruction selections are equal to 
the lower 13 bits of the breakpoint register to cause a micro 
stop. The micro-word breakpoint only'requires that the 12 
bits of the micro-memory address register (P /MA) are equal 
to the lower 12 bits of the breakpoint register. 

BREAKPOINT CONTROLLER 
CONTROL COMMANDS 

The control characters accepted by the breakpoint 
controller include: H, I, J, K, L, @,:, G, and? Control 
characters H through L identify the type of data or 
operation entered or returned. The at symbol (@), the 
colon (:), and G all perform an entry termination function. 
The question mark (?) generates a master clear. A normal 
control command consists of one control character (H, I, J, 
K, or L); zero, two, four, or eight hexadecimal digits (0 
through F); and a terminating entry (:, @ , or G) in that 
order. 

A normal response consists of a control character 
identifying the data that follows and four or eight 
hexadecimal digits. If a transmission or operator error 
occurs on the control command entry, an asterisk (*) 
precedes the control character and the FCR is uncondition­
ally displayed with the last legal control character. All 
entries except the? cause a response, unless FCR bit FC15 
(suppress console transmit) is set. The following are control 
character usage and examples. The colon (:) is used as the 
terminating entry. 

H Control Character 

The H control character is used to clear a specific bit in the 
FCR; for example, H14:. 

This would clear FCR bit 1416 (starting from the most 
significant bit (MSB) of FCR bit FC31) and the response 
would be a display of the updated FCR. 

The H control character is also used to generate a stop if H: 
is entered. This is a micro stop if FCR bit FC19 is set and a 

96729000 A 

macro stop if FCR bit FC19 is clear. The response to this 
stop command is a display of FCR. 

I Control Character 

The I control character is identical to H except it sets a 
specific bit in the FCR. The I control character is also used 
to generate a go signal if I: is entered. This is a micro go if 
FCR bit FC19 is set. It is both a micro go and a macro go if 
FCR bit FC19 is clear. 

J Control Character 

The J control character is used to replace the contents of 
the FCR in a digit mode. While it may be used to change 
the value of any FCR digit, it is generally used to change 
digits 0 and 1. The value of digits 0 and 1 specifies which 
parameter is displayed on display requests or entered on 
enter requests (refer to table 4-2). The J control command 
always consists of J followed by two hexadecimal digits and 
a terminator, normally a colon (:). The first hexadecimal 
digit specifies one of FCR digits 0 through 5 and the second 
hexadecimal digit specifies the value the digit is to assume, 
o through F. The control command J14: would set FCR 
digit 1 to 416 (select the A register), and the response 
would be a display of the updated FCR. 

The J control character is also used to display alternately 
the upper and lower 16 bits of a 32-bit register on a 16-bit 
breakpoint panel. The J: control command causes the other 
16 bits to be displayed, and the UPPER indicator on the 
breakpoint panel is complemented. 

K Control Character 

The K control character is used to display or enter data into 
the parameter specified by display 1. The K control 
command has two formats. The first format, K:, is a 
request to display the parameter specified by display 1. The 
second format is an enter data request. It consists of K 
followed by four to eight hexadecimal digits followed by a 
terminator. The hexadecimal digits are the data to be 
entered. For example: 

• To display the P register, enter: 

Jl1: Select P register in display 1 (set FCR 
digit 1 to 116) 

K: Display P register 

• To enter 14FE16 into the breakpoint register, enter: 

J16: Select breakpoint register (set FCR digit 
1 to 616) 

K14FE: Enter 14FE16 into breakpoint register 

L Control Character 

The L control charact~r is operationally the same as the K 
control character, except that it is associated with 
display O. 

NOTE 

When macro memory is displayed or 
entered, the register selected in display 1 
is the macro-memory address. The 
display 1 selection must be the P, A, or I 
register. The selected P or A register is 
automatically incremented by 1 after the 
display. The I register is not incremented. 
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When micro memory is displayed or entered, the K register 
is the least significant eight bits of the address and N 
register bits N3 through N7 provide the remaining address 
bits. The K register is incremented by 1 after the display. 
The N register is not automatically incremented. 

Master Clear 

A master clear can be generated in one of several ways: 

• A power-on master clear 

• The master clear switch on the breakpoint panel 

• An active low signal from a peripheral controller 

• A question mark (?) code input from the programmers 
console 

DEADSTART 

The breakpoint controller also provides a deadstart 
capability that is nothing more than an automated version of 
keyboard transmission. Deadstart operation provides an 
automated method of loading data into micro or macro 
memory and all registers. During deadstart operation, the 
controller executes the control commands as they are 
continuously input from a deadstart device. The deadstart 
program must be written in terms of control commands that 
select the desired micro or macro memory, set up the initial 
address, load the data, and automatically generate a go 
signal at the end, if desired. 

BREAKPOINT CONTROLLER AND 
PROCESSOR COMMUNICATION 
During breakpoint panel operations, the processor is required 
by the controller to perform part of the operation. The 
breakpoint panel interface operation can be divided into 
three basic operations. 

• Input operation - During this operation, the controller 
receives the control command from the breakpoint 
panel or remote devices. 

• Change/fetch operation - During this operation, the 
control command operation is carried out by both the 
breakpoint controller and the processor (except that 
when the selected register is either the micro 
instruction register (MIR), FCR, or BP-P/MA, the 
processor is not required). The change operation 
changes the contents of the selected register with new 
entered data. The fetch operation reads out the 
contents of the selected register for display. 

• Transmit operation - During this operation, the response 
of the control command is transmitted to the break­
point panel or remote device. 

The input and transmit operations are performed by the 
breakpoint controller itself. To perform the change/fetch 
operation, the breakpoint controller must generate the 
following basic three-step sequence: 

1. Request control of the CPU. The breakpoint controller 
must first take over control of the processing element. 
The processor must also prepare itself before giving up 
control to the breakpoint controller. 

2. Generate micro instructions to be executed by the 
processor for the desired change/fetch operation. 
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3. Exit the processor to return control. Figures 4-2 and 
4-3 show the breakpoint controller and processor 
communication flow diagrams, depending upon the 
micro or macro mode of operation. -

First the breakpoint controller must determine if it needs 
the CPU. The CPU is normally required except when MIR, 
FCR, or BP-P/MA is the selected register. If the processor 
is needed, the controller generates SETRCPU, and, 
depending on whether FCR bit FC19 is set or clear, the 
micro mode or macro mode sequence is generated. 

MICRO MODE 

When the processor is in micro mode, the breakpoint 
controller does not require any assistance from the emulator 
(firmware), but the processor must initially be stopped 
before the panel interface can take over control of the 
processor. To take control of the processor, the controller 
first generates the SETSM214 signal, which causes the 
processor to: 

• Set the status mode register bit SM214. The SM214 
pre-enables the breakpoint controller to MIR. 

• Clear the micro instruction register (MIR). 

• Cause the ENMM signal in the control 1 module to go 
low, which disables the micro memory and enables the 
breakpoint controller micro instructions to the micro 
memory three-state bus. 

• Disable the strobe macro-memory address buffer 
register by causing GATEAB in the control 1 module to 
be high except for the read/write macro-memory 
operation. 

• Save the micro-memory address by causing DECMAC to 
be high. 

• Save test bit TB by disabling the GATET clock in the 
control 2 module. 

The breakpoint controller now generates the CONSTART 
signal, which causes the processor to run in micro mode 
(allowing the main clock generator to run). The no operation 
(NOP) micro instruction, MIR = 0, is executed. The 
controller generates a micro instruction sequence with the 
M field equal to 01, which is executed by the processor to 
change/fetch the selected register. Prior to execution of 
the last breakpoint controller micro instruction, the 
controller generates CLRSM214, which clears status mode 
bit SM214 to pre-enable the micro memory to MIR. The 
controller now generates the last micro instruction with the 
M field equal to 00 and the T field equal to 000 to exit to 
the CPU. The M field equal to 00 causes the ENMM signal 
to go high, which enables the micro memory and disables the 
breakpoint controller to the micro-instruction register. 
Control is returned to the processor. The processor reads 
the micro instruction awaiting in MIR prior to the 
breakpoint controller sequence. The panel interface also 
stops the processor by generating the CONSTOP signal. 

MACRO MODE 

When the processor is in macro mode, the emulator is 
required to prepare the processor before relinquishing 
control to the breakpoint controller. When the controller 
determines that it needs the CPU, it generates the RCPU 
signal which in turn generates the CONSTART signal. The 
CONST ART signal is required to insure that the micro code 
is running. Simultaneously, the breakpoint controller 
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BREAKPOINT 
CONTROLLER 
INTERFACE 
REQUESTS CPU 
(NOT P/MA, FCR. 
OR MIR) 

MACRO 

FC19 

ICRO 
MODE 
SELECT 

NO 

SEQUENCE .... -------' 
FIGURE 4-3 

YES 

BREAKPOINT CONTROLLER 
STROBES CLRSM214 BEFORE EXE­
CUTING LAST MICRO INSTRUCTION 
OF SEQUENCE, WHICH CAUSES 
PROCESSOR TO: 

CLEAR SM214 (PRE-ENABLE 
MICRO MEMORY TO MIR). 

BREAKPOINT CONTROLLER 
GENERATES LAST MICRO INSTRUC­
TION OF SEQUENCE WITH M 
FIELD = 00 AND T FIELD .=. 000, 
AND GENERATES MICRO HALT. 

PROCESSOR ENABLES MICRO 
MEMORY TO MIR AND READS THE 
MICRO INSTRUCTION AWAITING 
EXECUTION IN MIR BEFORE 
BREAKPOINT CONTROLLER 
SEQUENCE AND MICRO HALTS. 

0200 

BREAKPOINT CONTROLLER STROBES 
SETSM214, WHICH CAUSES PROCESSOR TO: 

1. SET SM214. 
2. CLEAR MIR. 
3. ENABLE CONTROLLER TO MIR. 
4. DISABLE STROBE MACRO-MEMORY ADDRESS 

BUFFER (EXCEPT FOR READ/WRITE MACRO 
MEMORy). 

5. DISABLE DECREMENTING MEMORY ADDRESS 
COUNTER (SAVES P/MA). 

6. DISABLE STROBE T TEST (SAVES T). 

BREAKPOINT CONTROLLER l;ENEHATES 

CONSTART PHOCESSOIl. WlIlell: 

STARTS PROCESSOR EXE, I' J ,ON SEQPE1-<CE 
WITH AN NOP (1\1IR 0). 

BREAKPOINT CONTROLLER GENERATES 
A MICHO INSTHlTTION SEQn:NCE WITH 
THE M FIELD· 01 TO CHAN(;J<:!FETCH TilE 
REQUESTE D REGISTE R. 

Figure 4-2. Micro-Mode Flow Diagram 

generates micro interrupt INT14, which is the panel request 
to CPU interrupt. The emulator performs the following 
operations once INT14 is recognized by the emulator during 
the read next instruction (RNI) cycle. 

• Sets status mode interrupt bit SM214 to pre-enable the 
breakpoint controller to MIR. 

• Sets return jump (RTJ) register to the re-entrance 
address for emulator execution after the breakpoint 
controller sequence. 

• Executes a GO return (M field equal to 00) micro 
instruction which causes the ENMM signal in the 
control 1 module to go low. This disables the micro 
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memory and enables the breakpoint controller to the 
micro-memory three-state bus. 

The controller now has control of the CPU. The controller 
generates a micro-instruction sequence with the M field 
equal to 01 to be executed by the CPU. After the CPU 
completes the required operation, the breakpoint controller 
exits the CPU by clearing INT14. The CLRSM214 signal is 
also generated to clear SM214. This pre-enables the micro 
memory to the micro-memory bus. The last controller 
micro instruction is executed with the M field equal to 00 
and the T field equal to 001 to exit the CPU. The M field 
equal to 00 causes the ENMM signal to go high, enabling the 
micro memory and disabling the breakpoint controller to the 
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MICRO SEQUENCE 
FIGURE 4-2 

! 
BREAKPOINT CONTROLLER GENERATES 
INT14. WHICH GENERATES MICRO INTERRUPT 14 
IN THE PROCESSOR. 

EMULATOR DETECTS THE CONTROLLER 
REQUEST DURING RNI CYCLE. AND: 

1. SETS SM214 (PRE-ENABLE CONTROLLER 
TO MIR). 

2. SETS RTJ REGISTER TO RE-ENTRANCE POINT 
FOR EMULATOR EXECUTION AFTER 
BREAKPOINT CONTROLLER ROUTINE. 

3. EXECUTES A GO RETURN (MccOO) MICRO 
INSTRUCTION WHICH ENAB LES THE 
BREAKPOINT CONTROLLER TO MIR. 

BREAKPOINT CONTROLLER 

1. EXECUTES A MICRO ROUTINE TO CHANGE/ 
FETCH SELECTED REGISTER WITH M=01. 

2. CLEARS iNTIT. 
3. STROBES CLRSM214 TO CLEAR SM214 IN 

PROCESSOR (PRE-ENABLE MICRO MEM­
ORYTO MIR). 

4. EXECUTES LAST MICRO INSTRUCTION OF 
SEQUENCE WITH GO RETURN (M=OO) AND 
T=OO1. 

PROCESSOR ENABLES MICRO MEMORY TO MIR 
AND RTJ TO P/MA TO RETURN CONTROL TO 
EMULATOR. 

0201 

Figure 4-3. Macro-Mode Flow Diagram 

micro-memory three-state bus. The M field equal to 00 also 
selects the contents of the RTJ register as the address of 
the next micro instruction pair. Note that the RTJ register 
contained the re-entrance micro-memory address for the 
emulator. The T field equal to 001 selects the upper micro 
instruction at the address specified by the RTJ register. 
Control is now returned to the emulator and it continues at 
the point that it stopped prior to the controller sequence. 
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BREAKPOINT CONTROLLER 
HARDWARE 
The breakpoint controller operations are performed by 
combining hardware and controlware. The breakpoint 
controller hardware is divided into two types of functional 
hardware for clarity: data path hardware and control 
hardware. 

BREAKPOI NT CONTROLLER 
DATA PATH HARDWARE 

The breakpoint controller data path consists of the 
selectors, registers, shift register, universal asynchronous 
receiver/transmitter (UART), etc., that are interconnected 
as shown in figure 4-4. The data is manipulated by 
controlware via various data paths. 

Function Control Register 

The function control register (FCR) is a basic part of the 
breakpoint controller operation. It is a 32-bit register that 
has access to the CPU similar to the way switches on a 
conventional panel have access to the CPU. Table 4-1 shows 
the FCR bit assignments. The FCR consists of four 
HEX -D-type flip-flops, DI0, FlO, G10, and All, which store 
the 24 FCR bits, FCS through FC31. These FCR bits can be 
altered externally via control characters; FCOO through 
FC07 reflect processor status and cannot be changed 
externally. The FCR is cleared by the master clear signal 
going low. The FCR and the shift register form a complete 
feedback loop by having the output of one connected to the 
input of the other. This allows the FCR contents to be 
altered via the shift register. The FCR is clocked by the 
STROBE F/C signal, which is generated by controlware. 
Refer to the paragraph on Control Instruction Decode below. 

Breakpoint Register 

This is a 16-bit register that contains the breakpoint 
address. When the macro- or micro-memory address is equal 
to the breakpoint address, the computer is stopped if the 
breakpoint select conditions are met. The breakpoint 
register consists of three HEX-D type flip-flops, BI0, Gll, 
and KI0. The breakpoint register receives its input from 
shift register output SROO through SR15, and its output is in 
turn connected to the input of the shift register. This allows 
the contents of the breakpoint register to be changed via the 
shift register. The output of the breakpoint register is also 
connected to breakpoint comparators to be compared with 
the macro- or micro-memory address. 

Shift Register Input Selector 

This selector consists of 4-to-1 multiplexers that select one 
of the three sources to be parallel-loaded into the shift 
register for modifying or transmitting. Select signals C12 
and C13 are bits 12 and 13 of the 24-bit control instructions. 
Refer to the paragraphs on Control Instruction Format 
below. The selector selects the sources as follows: 

C13 C12 Selected Source 

0 0 Open 

0 0 Function control register FCOO-FC31 

1 0 Micro-instruction register 
MIROO-MIR31 

1 1 Breakpoint register BPOO-BP15 and 
micro-memory address PGO-PG3, 
MAO-MA7, and BTLW 
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MICRO 
MEMORY 
ADDRESS 

lncno :\f[lI.tORY 
TlIUEE .. STATE BUS 

C04-C060F 
CONTROl. INSTRUCTION 

NOTE: mE NUMBER.C; IN nlE UPPER mGHT CORNER OF EACH BLOCK CORRESPOND TO TilE LOGIC DIAGRAM SHEET NUMBER IN' THE FIELD PnlNT 
PACKAGE. 

Figure 4-4. Panel Interface Data Path Block Diagram 

Shift Register 

The 32-bit shift register consists of eight universal 
bidirectional shift registers (Gl2, A12, B12, H12, D12, E12, 
J12, and MI2), which handle all the data transfers serially in 
and out of the breakpoint controller module. The following 
is typical of shift register usage: 

• During the input operation, the data entered from the 
breakpoint panel or remote device is shifted left 
serially into the shift register for storing via the shift 
buffer register. 

• The data stored in the shift register can be shifted into 
the arithmetic/logical unit (ALU) X register, which in 
turn is loaded into any selected parameter of the 
processor. 
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• The contents of the ALU X register can be shifted left 
into the shift register and then shifted to the breakpoint 
panel via SR31 or to the remote device for display via 
the UART. 

The shift register holds the FCR for modification. The 
control signals of the shift register are bits C14 and C15 of 
the panel interface control instructions; therefore, shift 
register operation is totally a function of controlware. Shift 
register operation is controlled by C14 and C15 as follows: 

C15 C14 O~erations 

0 0 Do nothing 

0 1 Left shift 

1 0 Right shift 

1 1 Parallel loading 
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The shift number is determined by controlware and tracked 
by a shift counter. A description of the shift counter is 
given in the control hardware section. During the left shift 
operation, shift left serial input data SLI00 is derived from 
the output of the left shift input selector. The output of 
shift register SROO through SR31 is sent to the micro­
instruction register via the MIR input data selector and also 
to the function control and breakpoint registers. This allows 
modification of these registers by loading the desired data 
from the shift register. During the display operation the 
most significant bit (MSB) SR31 of the shift register is'sent 
out to the breakpoint controller via the left shift input 
selector if the breakpoint panel is selected. However if the 
remote device is selected, the most significant four bits of 
the shift register, SR28 through SR31, are converted to 
ASCII code before sending out to the remote device via the 
universal asynchronous receiver transmitter (UART). 

MIR Input Data Selector 

The MIR input data selector selects either the output of the 
shift register, SROO through SR31, or the panel interface­
generated micro instructions to be input to MIR. The 
selector consists of six 2-to-1 multiplexers A13 B13 G9 
D13, MIO, and Mll, and four 4-t0-1 mUltipl~xers: Ell,' DU: 
H9, and. H10. The input selection is determined by the 
RCPU Signal. When the RCPU signal is high, it indicates the 
processing element is under the control of the breakpoint 
controller; therefore, the controller-generated micro­
instruction, MMOO through MM31, is selected. When the 
RCPU signal is low, SROO through SR31 is selected to allow 
MIR to be modified. The MIR input data selector is also a 
part of controller micro-instruction generation hardware; it 
is described in detail under Breakpoint Controller Micro 
Instructions below. The output of the selector is connected 
to the micro-memory three-state bus so that it can be 
loaded into the micro-instruction register. 

Left Shift I nput Data Selector 

The left shift input data selector, 4-to-l multiplexer A6, 
selects the left shift serial input data SL100 for the 
breakpoint controller shift register and the left shift serial 
input data, PNLSI, for the breakpoint panel shift register. 

The select signals of the selector are bits C12 and CI3 of 
the control instruction. The input sources are selected as 
fonows: 

SLI00 for 
Controller Shift PNLSI for Breakpoint 

CI3 C12 Reg:ister Panel Shift Reg:ister 

0 0 CCO Upper flip-flop output 
(K85) 

0 1 SR31 SR3I 

1 0 S300 SR31 

1 1 Output of shift Output of shift 
buffer register buffer register 

The controlware selects the left shift serial input data for 
the breakpoint controller shift register according to its 
desired operation. 

• CCO is the least Significant bit (LSB) of the control 
character code. CCO is low for the H control character 
and high for the I control character; therefore, CCO is 
selected to clear or set a specific bit in the FCR for the 
H or I control command, respectively. 
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• 

• 

• 

• 

• 

• 

• 

SR3I is the most significant bit of the shift register and 
is selected when an end...,around shift left operation is 
desired: 

SR31 SROO 

~~ ________ S_H_I_F_TS_:_:_:_ffi_T_E_R __________ ~ 

S300 is the most significant bit of central processor 
ALU selector S3. When X is enabled to the ALU, S300 
is the most significant bit of the ALU X register. 
Therefore, S300 is selected when data transfer from X 
register to shift register is desired: 

X REGffiTER SHIFT REGffiTER 

Shift Left Shift Left 

S300 

The output of the shift buffer register is selected to 
transfer data from the shift buffer register to the shift 
register. This operation is normally required to store 
data coming in from the breakpoint panel or the remote 
device via the remote/local data selector during an 
input operation. It is also used to mOdify the FCR 
contents in the digit mode (refer to the paragraph on 
the control character under Breakpoint Controller 
Control Com mands). 

The left shift serial input data PNLSI for the breakpoint 
panel is used solely for display purposes. 

The upper flip-flop output at K8-5 is selected to 
indicate that either the upper or lower 16 bits of data 
are being displayed via the UPPER indicator on the 
breakpoint panel. The upper flip-flop output K8-5 is 
complemented if a J: command is entered, since the J 
code can be used to display alternately the upper or 
lower I6-bit data. However, the upper flip-flop output 
can be forced low by setting bit C12 of the control 
instruction to high. 

SR31, the most significant bit of the shift register, is 
selected to transfer the contents of the panel interface 
shift register to the breakpoint panel shift register to 
drive the data display LEDs. 

The output of the buffer shift register (left shift serial 
input data) is required for displaying incoming codes and 
data during the input operation. 

Hexadecimal-to-ASCII Converter 

Each hexadecimal digit, which consists of the four most 
significant bits SR31 through SR28 of the shift register, 
must be converted into ASCII code before transmitting out 
to remote devices via the UART. The conversion is 
accomplished using both hardware and controlware. 
Table 4-3 shows the ASCII code of the corresponding 
hexadecimal numbers. 

First SR31 through SR28 are decoded to generate the less 
than or equal to 910 (LE9) condition: 

LE9 = (SR29· SR31) + (SR30·SR31) 

96729000 A 



TABLE 4-3. CORRESPONDING HEXADECIMAL 
NUMBERS AND ASCII CODE 

Hexadecimal ASCII Code 
Number 
(SR31 - SR28) 6 5 4 3 2 1 0 

0 0 0 0 0 1 1 0 0 0 0 

0 0 0 1 0 1 1 0 0 0 1 

0 0 1 0 0 1 1 0 0 1 0 

0 0 1 1 0 1 1 0 0 1 1 

0 1 0 0 0 1 1 0 1 0 0 

0 1 0 1 0 1 1 0 1 0 1 

0 1 1 0 0 1 1 0 1 1 0 

0 1 1 1 0 1 1 0 1 1 1 

1 0 0 0 0 1 1 1 0 0 0 

1 0 0 1 0 1 1 1 0 0 1 

1 0 1 0 1 0 0 0 0 0 1 

1 0 1 1 1 0 0 0 0 1 0 

1 1 0 0 1 0 0 0 0 1 1 

1 1 0 1 1 0 0 0 1 0 0 

1 1 1 0 1 0 0 0 1 0 1 

1 1 1 1 1 0 0 0 1 1 0 
~ 

C06 - C04 

The LE9 condition is checked by controlware. If the LE9 
condition is true, the controlware sets bits 4 through 6 of 
the ASCII code to 011 via three bits, C04 through C06 of the 
control instruction. Bits 0 through 3 of ASCII remain the 
same as SR28 through SR31. If the hexadecimal digit is 
greater than 9, the controlware sets bits 4 through 6 of 
ASCII code to 100 via bits C04 through C06 of the control 
instruction. Bits 0 through 3 of ASCII code are converted by 
hardware from SR28 through SR31 according to the 
following equations: 

ASCII code Bit 0 = SE2S 

ASCII code Bit 1 = SR28 + SR29 

ASCII code Bit 2 = SR30 • (SR29+SR28) 

ASCII code Bit 3 = Low 

Transmitter Input Data Selector 

This four-bit selector consists of multiplexers E4 and F2 
that select one of four data sources for the UART. The 
sources are selected by bits C12 and C13 of the control 
instruction as follows: 
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C13 C12 

o 0 

o 1 

1 0 

1 1 

Selected Data 

Bits 0 through 4 of the ASCII code 
correspond to greater than 910 (GR9) 
hexadecimal digit. 

Bits 0 through 4 of the ASCII code 
correspond to less than or equal to 910 
(LE9) hexadecimal digit. 

Four least significant bits (COO through 
C03) of the control instruction 

Control character code CCO through CC2 

Bits C04 through C06 of the control instruction combine 
with one of the above four data bits to form the complete 
seven-bit ASCII code applied to the transmitter register 
data input of the UART. If the control character code is 
selected, the controlware sets bits C04 through C06 to 100 
to generate the proper ASCII code for H, I, J, K, and L 
characters. If select signals C13 and C12 equal 10, the least 
significant four bits, COO through C03, of the control 
instruction are sent out to the programmers console to 
perform specific operations, such as carriage return, space, 
line feed, or type an asterisk as indicated by controlware. 

Universal Asynchronous Receiver/Transmitter 

The detailed block diagram, pin deSignations, and 
descriptions of the UART are included in Appendix B. Only 
a brief description of the U AR T and how it is used in this 
breakpoint controller module is given here. 

The UART has the capability of simultaneously converting 
the asynchronous serial binary character to a parallel format 
(receiver) and parallel characters to serial, asynchronous 
output (transmitter) with start, parity, and stop bits added 
or veri fied. 

Since the UART is not required during the time the 
breakpoint panel is being used (remote/local switch panel is 
at LOCAL position), the UART is disabled by the 
LOCAL + MC signal that is derived from the panel switch 
PNLOCAL signal. 

An active high master clear signal also clears the UART. To 
transmit the character out to the remote devices, the 
controlware generates the TBRLOAD signal at pin 23 to load 
the corresponding seven-bit ASCII code into the transmit 
buffer register. This data is shifted out serially at pin 25 
(TRO) via the UART internal transmit register at the rate 
determined by the clock (PNUARTCLK) at pin 40. Note 
that the clock frequency is 16 times the desired transmitter 
shift rate. The transmitter output data is transmitted out to 
the remote devices via the 20 rnA current loop driver for 
I/O-TTY, an RS232 driver (for the conversational display 
terminal), and a standard TTL level driver. 

The receiver portion of the UART asynchronously receives 
the serial input data from remote devices at pin 20 (RR!) 
and converts them into parallel format at the rate 
determined by the clock, PNUARTCLK. The receiver clock 
frequency is also 16 times the desired receiver shift rate. 
The serial data from remote devices is converted to TTL 
logic level data by a 20 rnA current loop receiver, an RS232 
receiver, or a standard TTL receiver before being applied to 
the UART receiver input. Whenever one complete character 
has been received and assembled, the data ready (RDR) line 
at pin 19 goes high. The controlware resets the data ready 
line by generating a DRRESET signal at pin 18 when the 
received character has been completely processed. Since 
the data received from remote devices is in ASCII code, it 
must be converted into hexadecimal for manipulation by the 
breakpoint controller and the processor. 
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ASCll-to-Hexadecimal Converter 

The conversion from ASCII to hexadecimal is accomplished 
via the preprogrammed programmable read-only memory 
(PROM) D1. The conversion is limited to those legal 
characters shown in table 4-4. The four least significant 
bits, RRO through RR3, and the most significant bit RR6 of 
ASCII code from the UART receiver data outputs are used 
to address one of 32 code locations. The selected location 
contains the hexadecimal code corresponding to the ASCII 
code of the character received. 

The characters 0 through F are indicated by bit 7 of tJJe 
PROM output being a 1. Similarly, the terminators (:), @, 
and G are indicated by bit 6 of PROM output being 1. These 
conditions are then used by controlware to determine if a 
hexadecimal digit, a terminator, or a control character has 
been received. A code is legal only if bits RR6 through RR4 
of the ASCII code are equal to 011 or 100 or if bit 8 of 
PROM output is a 1. 

Remote/Local Data Selector 

The 2-t0-1 multiplexer C1 selects either the hexadecimal 
data from the output of the ASCII to hexadecimal converter 
or the breakpoint panel switches in accordance with the 
state of the REMOTE signal. The REMOTE signal is high 
when the remote/local switch of the breakpoint panel is in 
the REMOTE position or during a deadstart operation 
(SM204 is low). The output of C1 can be loaded into the 
shift buffer register and/or to the control character register 
as determined by controlware. Similarly, the 2-to-1 
multiplexer D4 selects the conditions such as the 
hexadecimal digit receiver (HEXRCVD), terminator code 
received (TERMCODE), data ready (DRDY) or RESTART for 
remote or local operation. 

Shift Buffer Register 

The shift buffer register consists of one four-bit universal 
bi-directional shift register, C2, that receives its input from 
the remote/local data selector C1. The control signals of 
the shift buffer register are bits C17 and C16 of the control 
instruction, which control the parallel loading and shift 
operations. The main function of the shift buffer register 
includes: 

• Temporarily store the incoming four~bit data before 
shifting it· into the breakpoint controller face shift 
register during input operation. 

• During the J control command that modifies the FCR in 
digit mode, the shift buffer register contains the value 
that the FCR digit is to assume. 

• The shift buffer register can also be shifted left to the 
breakpoint panel for display. 

Output pin 15 of the shift buffer register is connected back 
to its left shift serial data input pin 7 to perform end-around 
shift left operation which saves the original data. 

Control Character Register 

When the character entered determines that the controlware 
is a control character instead of a hexadecimal digit or a 
terminator, the three least significant bits from the output 
of the remote/local data selector are loaded into the 
quadruple D-type flip-flop C3 by the controlware-:generated 
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TABLE 4-4. ASCII-TO-HEXADECIMAL CONVERSION 

Address 16 PROM D1 
RR6 and ASCII Code Output 
RR3-RRO (RR6-RRO) Characters (Bits 8-1) 

00 0 1 1 0 0 0 0 0 CO 

01 0 1 1 0 0 0 1 1 Cl 

02 0 1 1 0 0 1 0 2 C2 

03 0 1 1 0 0 1 1 3 C3 

04 0 1 1 0 1 0 0 4 C4 

05 0 1 1 0 1 0 1 5 C5 

06 0 1 1 0 1 1 0 6 C6 

07 0 1 1 0 1 1 1 7 C7 

08 0 1 1 1 0 0 0 8 C8 

09 0 1 1 1 0 0 1 9 C9 

OA 0 1 1 1 0 1 0 : Terminator AO 

08 Illegal code 00 

OC Illegal code 00 

OD Illegal code 00 

OE Illegal code 00 

OF 0 1 1 1 1 1 1 ? Master clear 90 

10 1 0 0 0 0 0 0 @ Terminator AO 

11 1 0 0 0 0 0 1 A CA 

12 1 0 0 0 0 1 0 8 CB 

13 1 0 0 0 0 1 1 C CC 

14 1 000 1 0 0 D CD 

15 1 0 0 0 1 0 1 E CE 

16 1 0 0 0 1 1 0 F CF 

17 1 0 0 0 1 1 1 G Terminator AO 

18 1 0 0 1 0 0 0 H\ 80 

19 1 0 0 1 0 0 1 I 81 

lA 1 0 0 1 0 1 0 J 82 
Control 

18 1 0 0 1 0 1 1 K > 83 
Characters 

lC 1 0 0 1 1 0 0 L 84 

1D 1 0 0 1 1 0 1 Mt 85 

IE 1 0 0 1 1 1 0 Nt, 86 

IF Illegal code 00 

t M and N control characters are undefined. 
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clock, STRBCCR. The output of the control character 
register is decoded by decoder D5 as follows: 

CC2 CC1 CCO Control Characters 

0 0 0 H 

0 0 1 

0 1 0 J 

0 1 1 K 

1 0 0 L 

I 0 I M (not used) 

1 1 0 Open 

I I I Open 

The output of the control character register is either gated 
out to the breakpoint panel for driving CONTROL CODE 
LED displays or transmitted to remote devices via the 
UART. 

BREAKPOI NT CONTRO L LER 
CONTROL HARDWARE 

The breakpoint controller operations are controlled by a 
control instruction program (controlware) that is stored in 
PROMs. The breakpoint controller control hardware is 
required mainly to execute the control instruction program 
and to perform other control functions as follows: 

• Address the PROMs to select one of 96 control 
instructions. 

• Decode the control instruction to generate the control 
signals for selectors, shift registers, etc. 

• Generate micro instructions to be executed by the CPU. 

• Implement miscellaneous logic circuits such as break­
point control, controller timing chain, baud rate 
generator, etc. 

Control I nstruction Format 

The panel interface controlware is contained in nine 32- by 
eight-bit PROMs which form 96- by 24-bit control instruc­
tions. Controlware, in this manual, is defined as a set of 
24-bit control instructions that control and sequence 
controller operations. The control instruction is shown in 
figure 4-5. 

The PO field specifies the jump mode: 

Bit C23 = 1 
Bit C23 = 0 

Jump if condition is true 
Jump if condition is false 

The jump condition is selected by the PI field and the jump 
address is specified by the P7 field. 

The PI field consists of five bits, CIS through C22, that 
select a jump condition to be tested according to jump mode 
PO. 

The P2 field consists of two bits, C16 and CI7. The P2 field 
controls two separate functions: 

• It selects one of four types of breakpoint controller 
generated micro instructions, referred to as LOCO 
through LOC3. Refer to the paragraph on Breakpoint 
Controller Micro Instructions below. 

• It selects one of four modes of operation for the shift 
buffer register: 

C17 C16 Mode of Operation 

0 0 Inhibit clock (NOP) 

0 I Right shift 

I 0 Left shift 

I 1 Parallel load 

The P3 field consists of bits CI4 and C15, which select one 
of four modes of operation for the shift register. 

The P4 field consists of bits C12 and C13, which control four 
separate functions: 

• It selects parallel input data for loading into the shift 
register. Either FCROO through FCR3I, MIROO through 
MIR31, or breakpoint/micro-memory address can be 
selected. Refer to the Shift Register Input Selector 
description above for details. 

• It selects input data for the UART. Refer to the 
paragraph on the Transmitter Input Data Selector 
above. 

• It selects serial left shift input data for the breakpoint 
panel interface shift register and breakpoint panel shift 
register. Refer to the paragraph on the Left Shift Input 
Selector above. 

• It selects the micro-memory upper/lower 16 bits and 
also forces display 1. Display 1 is forced by control­
ware to generate the appropriate micro instructions: 

CI3 C12 Functions 

0 0 Force display I and set MML at 
STRBMMX 

0 I Force display 1 and set MMU at 
STRBMMX 

1 0 Set MML at STRBMMX 

I I Set MMU at STRBMMX 

23 22 18 17 16 15 14 13 12 11 10 7 6 o 

P1 P6 P1 

Figure 4-5. Control Instruction Format 
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The P5 field consists of only one bit, Cll, which 
enables/disables the shift counter. The shift counter keeps 
track of how many times the shift register is shifted: 

Cll :: High Enable the shift counter 
Cll :: Low Disable the shift counter 

The P6 field consists of four bits, C7 through CtO, that 
generate the strobe signals for registers, counters, etc. 

The P7 field, also called the address field, consists of seven 
bits, CO through C6. The P7 field can be used as follows: 

• The jump address is the address of the next control 
instruction if the jump condition is met. 

DESTOO­
DEST02 
D'+DII 
F2+D" 

TO BP, FCR, OR Mm 

TO MACRO AND MICRO 
STOP CmCUITRY 

• The shift counter load value allows the shift counter to 
be preset to any desired value. 

• The ASCII transmit character is the ASCII code of any 
desired character, such as the asterisk, line feed; 
carriage return, etc., and can be set into the P7 field 
and transmitted out to the remote devices via the 
UART. 

Control Block Diagram Logic Description 

Figure 4-6 shows the control block diagram of the break­
point controller. 

TOUART 

OSC 4.9152 MHZ 

DISTRIBUTED TO SHIFT 
REGISTER, COUNTERS, ETC. 

DISTRIBUTED TO SHIFT 
REGISTER, COUNTERS, ETC. 

CLOCK GENERATOR 

TBRLOAD 
RESTART 

5 RCPU 
T3' 
ENMM 

TO JUMP CONDITION SELECTOR 

CTEQO 
CTEQZ 
CTEQX3 5 
CTEQXF 
CTLSB 

TO TRANSMITTER 
INPUT DATA 
SELECTOR, 

ADDRESS ADDRESS LEFT SHIFT INPUT 
REGISTER REGISTER DATA SELECTOR, 

SHIFT 
REGISTER 

AND 
SHIFT REGISTER 
INPUT SELECTOR 

CONTROL INSTRUCTION PROMS 
(96- BY 24-BIT CONTROL INSTRUCTIONS) 

COUNTER LOAD 

NOTE' THE NUMBERS IN UPPER RIGHT CORNER OF EACH BLOCK CORRESPOND TO 
THE LOGIC DIAGRAM SHEET NUMBERS IN THE FIELD PRINT PACKAGE. 

0203 

Figure 4-6. Control Block Diagram 
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Controllnstruction PROMs 

The PROMs contain a total of 96 control instructions that, 
when executed, generate all necessary control signals for 
controller operation. Each PROM is organized as 32 words 
with eight bits per word. Therefore, a total of nine PROMs 
are required to form 96- by 24-bit control instructions. 
Figure 4-7 shows the arrangement of the PROMs. The 
output of PROMs Jl, J2, and J3 are OR-wired to form 
control instruction bits C16 through C23. Similarly, the 
control instruction bits C8 through C15 and CO through C7 
are formed from the output of PROMs Kl, K2, and K3 and 
Ll, L2, and L3, respectively. The 96 control instructions are 
divided into three groups of 32 control instructions. PROMs 
J3, K3, and L3 form the first group of 32 control intructions, 
address 016 through 1F16. The second group of 32 control 
instructions address 2016 through 3F16' are formed by 
PROMs J2, K2, and L2. The third group of 32 control 
instructi., address 4016 through 5F16, are formed by 
PROMs .n, Kl, and Ll. Table 4-5 lists the content of 
PROMs. The control instruction is selected by the control 
instruction address counter. 

To select one of 96 control instructions, seven address bits, 
ADDRO through ADDR6, are required. The lower five 
address bits, ADDRO through ADDR4, select one of 32 
control instructions within a group. The other two bits 
select the 32 control instruction groups by enabling the 
desired PROM groups: 

ADDR 

Select one of 32 control 
instructions within a group. 

o 0 Enable PROMs J3, K3, and L3 only. 
o 1 Enable PROMs J2, K2, and L2 only. 
1 X Enable PROMs Jl, Kl, and Ll only. 

Controllnstruction Address Counter 

The control instruction address counter generates address 
bits ADDRO through ADDR6 to select the next control 
instruction. The control instruction address counter consists 
of two 4-bit synchronous counters, J5 and K5. The counter 
is cleared by the master clear signal to allow the control­
ware to be executed from the beginning. The address 
counter input is connected to the output of the PROM, bits 
CO through C6. If the jump condition is met, the address 
counter is loaded with jump addresses CO through C6 of the 
previous control instruction. If the jump condition is not 
met, the address counter is incremented by 1 to select the 
next sequential control instruction. 

CONTROL INSTRUCTION DECODERS 

~ C23-C16 ~ CIS-CS 8 C7-CO 
CO-C6 

0 
I I I I 1 
Jl J2 J3 Kl K2 K3 Ll 12 L3 

E E E E E E E E E 

t ! ! ! ! ! T 

ADDRO-ADDR' ~ 
(CAO-CA4) (ENAB64-95) ADDR6 ADDR6 ADDR< ~ ADDR5-.~:DDR5-3~ 

(ENAB32-63\ (ENABOO-31) 

CONTROL INSTRUCTION ADDRESS COUNTER 

1 
Figure 4-7. PROMs Configuration to Form 96 x 24 Bit Controllnstruction 
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TABLE 4-5. CONTROL INSTRUCTION FIELD 
PROGRAMMABLE READ-ONLY MEMORY 

I Control Instruction 
Bits C23-COO 

Location 
Address Word 64-95 Word 32-63 Word 0-31 

Jl Kl Ll J2 K2 L2 J3 K3 L3 

00 DC 00 42 58 IC 20 90 00 06 

01 80 05 91 28 00 23 E8 00 00 

02 FC 07 50 80 F3 28 30 36 12 

03 80 03 44 2C 00 11 32 15 IE 

04 44 A8 44 80 E3 28 7C 00 15 

05 60 03 43 4C 03 28 80 00 11 

06 4C 00 43 EC 00 28 84 00 08 

07 82 26 43 00 07 90 80 01 08 

08 44 A8 48 84 00 2B C8 00 10 

09 5C 03 4C 40 98 29 BC 00 OF 

OA 80 16 43 80 06 BA D3 00 OE 

OB 81 36 4C AO 00 2A FC 00 OD 

OC E6 00 4E 00 21 OD 80 05 8F 

OD 82 00 4E 68 00 2F 80 02 OF 

OE 4C 00 53 00 21 OA 56 B8 OE 

OF 80 00 52 3C 00 31 80 01 BB 

10 4C 00 52 00 21 2A 3C 01 82 

11 00 07 90 00 31 40 80 D3 28 

12 40 A8 D2 00 21 20 68 00 11 

13 5C 36 57 24 06 B6 FC 00 1D 

14 80 16 55 00 11 30 58 5D 14 

15 81 36 56 80 00 37 80 D3 16 

16 83 03 57 00 01 40 9C 00 18 

17 83 16 58 54 98 37 80 98 IB 

18 80 00 59 74 00 32 BO 00 1A 

19 44 A8 D9 00 21 20 82 B8 1B 

lA 4C 03 5E 80 03 3B 80 88 1B 

IB 60 06 5E 84 00 00 74 00 16 

lC 83 16 5D 90 00 3C 80 04 11 

1D 80 00 5E 80 01 3E 80 05 27 

IE 44 A8 DE E8 00 00 6C 00 40 

IF 81 03 A5 80 15 00 FC 00 21 

Control Instruction Decode 

The control instruction is decoded to generate the control 
signals required for breakpoint controller operations. 

PI field decode - The PI field of the control instruction 
selects a jump condition. Table 4-6 lists all the jump 
conditions and their descriptions. The PI field decoder 

4-14 

consists of two 16-to-1 multiplexers, E5 and G3. Bits C18 
through C21 of the control instruction select one of 16 
conditions for each multiplexer, and bit C22enables/disables 
the multiplexer as follows: 0 

C22 = Low Enables multiplexer G3 and disables 
multiplexer E5 

C22 = High Enables multiplexer E5 and disables 
multiplexer G3 

The selected jump condition is exclusively ORed with bit 
C23 of the control instruction to determine if °a jump 
condition is met. A jump condition is met if: 

• The condition is true and jump-if-true mode is selected 
(C23 = high)~ .. 

• The condition is false and jump-if-false mode is 
selected (C23 = low). 

If the jump condition is met, PNTEST4 at L7-11 goes low to 
load the address field P7 (bits CO through C6) of the control 
instruction into the control instruction address counter. 
This allows the internal processor to select the control 
instructions required to perform a specific operation. 

P2, P3, P4, and P5 field decode - These fields do not require 
much decoding, and therefore have been fully described in 
the paragraphs under Control Instruction Format above. 

P6 field decode - The P6 field is decoded to generate the 
necessary strobe signals for registers and counters. 
Table 4-7 lists all the strobe signals and their functions. 
The P6 field consists of two 8-to-1 decoders K6 and J6. If 
bit C10 is low, K6 is enabled and J6 is disabled; the opposite 
is true if C10 is high. Note that the CLK signal is connected 
to allow input pin 5 to enable these decodes only when the 
CLK signal is low. This causes the strobe signals to have the 
same pulse width as the CLK signal. In addition to the 
strobe signals listed in table 4-7, the P6 field is also decoded 
by decoder H6. 

C10C7 

o 0 0 1 

o 1 1 0 

o 1 1 1 

Signal Names 

XENAB 

RDSTRB 

Function 

Enable S300 to be MIR31 of 
shift X to left micro 
instruction (LOCO) if X is 
operator selected register. 

Form read macro-memory 
code in S field of read 
macro-memory micro in­
struction. 

Generate last micro instruc­
tion with M field equal to 00 
to return control to the 
CPU. 

The above signals are required in generating the micro 
instructions. Refer to Controller Breakpoint Micro Instruc­
tions below. 

P7 field decode - The P7 field does not require any 
decoding. Refer to control instruction format for P7 field 
usage. 
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TABLE 4-6. JUMP CONDITIONS 

Conditions/ 
C22-C18 Mnemonics Descriptions 

0 0 0 0 0 High Unconditional true 

0 0 0 0 1 Remote Remote/local switch on panel is set to REMOTE. 

0 0 0 1 0 N/C Not used 

0 0 0 1 1 Running Micro running and micro mode 

0 0 1 0 0 DRDY Data is ready from the UART, or a breakpoint panel 
key is depressed. 

0 0 1 0 1 COND.5 PINNED-out sense (not used) 

0 0 1 1 0 N/C Not used 

0 0 1 1 1 EQUAL Bit count register equals shift counter 

0 1 0 0 0 FC15 Function control register bit 15 (suppress console 
transmit) 

0 1 0 0 1 LE9 Transmitted hexadecimal digit is less than or 
equal to 9. 

0 1 0 1 0 BPMA BP-P/MA is selected. 

0 1 0 1 1 MIR MIR is selected. 

0 1 1 0 0 "T Not J control character 

0 1 1 0 1 H + I H or I control character 

0 1 1 1 0 N/C Not used 

0 1 1 1 1 ERROR Error flip-flop is set. 

1 0 0 0 0 CTEQXF Shift counter equals 31. 

1 0 0 0 1 CTEQXF Shift counter equals 15. 

1 0 0 1 0 TERMCODE Terminate code received (@, G, or :). 

1 0 0 1 1 CPU 16 16-bit CPU 

1 0 1 0 0 HEXRCVD Hexadecimal digit received 

1 0 1 0 1 CTEQX3 Least significant two bits of shift counter equal 11. 

1 0 1 1 0 CTLSB Least significant bit of shift counter 

1 0 1 1 1 MEM Macro memory is selected. 

1 1 0 0 0 J.lMEM Micro memory is selected. 

1 1 0 0 1 ~ File 2 is not selected. 

1 1 0 1 0 NOT AUTO Busy or not auto-<lisplay 

1 1 0 1 1 DIREG Direct registers (BP, FCR, MIR) selected 

1 1 1 0 0 N/C Not used 

1 1 1 0 1 CTEQO Lower five bits, 0 through 4, of shift counter equal 
zero. 

1 1 1 1 0 N/C Not used 

1 1 1 1 1 CTEQZ Lower six bits, 0 through 5, of shift counter equal 
zero. 
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TABLE 4-7. STROBE SIGNALS 

CID-C7 Strobe Location Functions 
Signals 

000 0 N/C K6-15 Not used 

000 1 Test III K6-14 Clear status mode 
(CLRS1\Un) bit 214. 

001 0 TBRLOAD K6-13 Load transmit buffer 
register of the UART. 

001 1 DRRESET K6-12 Reset data ready line 
of the UART and set 
busy flip-flop high. 

o 1 0 0 STRBCCR K6-11 Strobe control charac-
ter register. 

010 1 crnmr K6-10 Clear shift register. 

o 1 1 0 CLRCNT KS-9 Clear shift counter; 
strobe bit count 
register. 

011 1 EXIT K6-7 Set M field of last 
micro instruction to 00 
to return control to the 
CPU. 

1 000 S"SiiEIT J6-15 Generate strobe signals 
for selected direct reg-

( ister MIR, BP, or FCR. 

1 001 N/C J6-14 Not used 

1 0 1 0 STRBUL J6-13 Strobe upper/lower 
flip-flop K8. 

101 1 SET ERROR J6-12 Set error flip-flop high. 

1 100 STRBMMX J6-11 Strobe micro-memory 
upper/lower flip-flop. 

1 1 0 1 CLRBUSY J6-10 Clear busy flip-flop 
) and error flip-flop. 

111 0 SETRCPU J6-9 Set RCPU to take over 
control of CPU; also 
disable controller free-
running clock. 

111 1 LOADCT J6-7 Load shift counter 
with address field P7, 
bits CD-C6. 

Breakpoint Controller Micro Instructions t 

After taking' control of the processor, the breakpoint 
controller develops micro instructions and forces the 
processor to execute these instructions. These instructions 
are developed and loaded into the micro instruction register 
via the micro-memory three-state bus. There are four 

basic micro instructions: LOCO, LOCI, LOC2, and LOC3. 
They are selected by the P2 field (bits C17 and C16) of the 
control instruction. A combination of these micro 
instructions is normally required to perform breakpoint 
controller operations. Descriptions of the basic controller 
micro instructions are as follows: 

LOCO (Shift ALU X Register to Left) - This instruction 
shifts the AL U X register to the left one bit and is used to 
transfer data from the controller shift register to the X 
register and vice versa. The 16-bit X register and the 32-bit 
panel interface shift register can be considered as one 48-bit 
shift register. tt The most significant bits are contained in 
the X register, and the least significant bits are contained in 
the controller shift register. 

The micro instruction LOCO contains the following: 

F = 01010 

A = Don't care 

B = 011 

D = 110 

S = 0000 

C = 111010Y 

(Select B input) 

(X register is the B input) 

(X register is the destination register) 

(NOP) 

(Shift destination X register to the 
left one bit, and enter Y in to the 
least significant bit position of X 
register.) 

To transfer the contents of the X register to the lower 16 
bits of the shift register and the most significant 16 bits of 
the shift register to the X register, the LOCO micro 
instruction is executed 16 times with SR31 of the shift 
register selected as the Y bit of the C command. Simul­
taneously, the shift register is shifted left 16 times with the 
most significant bit of the X register (XMSB) as left shift 
serial input data. $ince the X register is used by the 
breakpoint controller as a temporary storage register, the 
original contents of the X register must be restored at the 
end of the operation if X is not the selected register. The 
controlware generates the x:mrAlr signal from the P6 field 
of the control instruction to allow either S300 (X is the 
selected register) or SR31 (X is not the selected register) to 
be MIR31 of the shift X to left micro instruction. 

LOCI (Increment micro or macro-memo ointer re ister 
~ - During enter/display macro memory, this micro 
IDstruction is used to increment the selected P or A register 
of display 1 by 1 and store it back into the selected register 
and macro-memory address buffer. The I register is not 
incremented even though this micro instruction is executed. 

During enter/display micro memory, the K register is 
incremented by the INCK command in the C field of this 
micro instruction. This LOCI micro instruction allows the 
macro or micro memory to be sequentially entered/displayed 
without re-entering the address; that is, the address is 
required to be input only once. 

F = 11010 (ADD+) - This F code is used to increment 
the contents of the display 1 selected register by 1. 

tThe descriptions of these micro instructions are typical for a 16-bit machine. 

ttFor a 32-bit machine, the 32-bit X register and the 32-bit panel interface shift register can be considered as one 64-bit 
shift register. 
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F = 01111 (8elect A input) - This F code is used 
mainly to transfer the contents of the display 1 
selected register to macro memory address buffer 
register AB. 

A = The display 1 register previously selected by the 
operator via FCR bits FC24 through FC27 

B = 001 and MIR28-29 = 11 (B source is all zeros) 

D = DE8'):'00 through DE8T02 - These bits are derived 
from the output of PROM B7, which translates the 
display code into the corresponding destination 
register code in the D field. Refer to the 
description of Control Instruction Format above for 
PROM B7. 

8 = 000 (NOP) 

C = Bits 28 and 29 must be lIto set the B input to all 
zeros when required. 

C = 1000101 and bit MIR19 = 0 (C' code) - Increment 
the K register by 1. 

LOC2 (X to selected r~ister) - This micro instruction 
transfers the contents 0 the X register to an operator 
selected register. During the entering operation, the input 
data is first shifted from the shift register to the X register. 
The LOC2 micro instruction is then used to store the 
contents of the X register in the operator selected register. 

F = 01010 (8elect B input) 

A = 011 (X register as A input) A source is not 
important, since the F field always selects the B 
input. 

B = 011 (X register is B input) 

D = Operator selected destination register DE8TOO 
through DE8T02. Refer to the PROM B7 descrip­
tions under Control Instruction Format above for 
details of DE8TOO through DE8T02. 

8 0000 (NOP) -- This indicates that the destination 
registers are those in the D code; e.g., ALU 
registers P, I, Q, F1, A, X, and F. 

1001 (D' code) - The D' code indicates that the 
destination register is either a micro memory or 
one of status mode registers M1, M2, 8M1, or 8M2. 

1011 (D" code) - The D" code indicates that the 
destination register is one of the double-precision 
registers, A *, Q*, and X*. 

0100 (WRITE) - This code is generated when 
writing into macro memory is required. 

0110 (F2WR) - This code is generated when 
writing data into the file 2 registers. 

C = TK/O (Transform K register at selector 88 position 
0) The C field must contain 0110000 and .bit 
MIR19 = 1 (C" code). This TK/O transform allows 
the lowest eight bits, eight through 15, of selector 
82 to be loaded into the K register. 

= TN/O (Transform N register at selector 88 position 
0) - The C field must contain 1000000 and bit 
MIR19 = 1 (C" code). This TN/O transform allows 
the lowest eight bits, eight through 15, of selector 
82 to be loaded into the N register. Note that 
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these instructions are the only means of loading the 
K and N registers. 

LOC3 (8elected register to X) - During the display opera­
tion, this micro instruction is used to transfer the contents 
of the operator selected register to the X register. The X 
register is then shifted out serially to the breakpoint 
controller via selector 83 and displayed. 

F = 01111 (A input is selected) - This F code is used 
when the selected register is in display 1. 

01010 (B input is selected) - -- This F code is used 
when the selected register is in display O. This F 
code is also required for read micro-memory 
operation. 

A = Operator selected register in display 1 via FCR bits 
FC24 through FC26 

B = Operator selected register in display 0 via FCR bits 
FC28 through FC30 

D = 110 (X register is the destination register) 

000 (NOP) - Required for read micro-memory 
instruction 

8 0000 (NOP) - This 8 code indicates that the A and 
B fields of the micro instruction contain the A and 
B codes, respectively (not A' or B' code). In other 
words, the operator selected register of display 1 
or display 0 is a register in A or B code. 

0111 (A' code) - The selected register of display 1 
is a register in A' code; that is, 8M1, 8M2, M1, M2, 
A*, Q*, and X*. 

1000 (B' code) - This 8 code is used when micro 
memory is the selected register and read micro­
memory operation is required. 

0011 (READ) - This 8 code is used to read macro 
memory. 

C = Don't care 

Table 4-8 summarizes the four basic types of micro instruc­
tions and all variations in each field of micro instruction. 

The following are descriptions of important hardware 
required to generate the micro instructions. 

MIR31 Generation -' As indicated in figure 4-8, MIR31 of 
the shift X to left (LOCO) micro instruction is used to 
transfer data from the breakpoint controller shift register to 
the X register if MIR31 is substituted by the most 
significant bit, 8R31, of the shift register. 

If the MIR31 is substituted by the most significant bit of the 
X register (8300), the X register is shifted with end-around. 
This is required when X is the operator selected destination 
register. 

The MIR31 is selected by 4-to-1 multiplexer H7 as follows: 

C17 

o 
o 
1 

1 

(X) (FETCH) 

o 
1 

o 
1 

MIR31 

LOCI + 8R31 

8300 

Low 

Low 
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TABLE 4-8. DISPLAY CODE PROM B7 

Display Address 

000 o 0 

0 0 0 0 1 

0 0 0 1 0 

Display 0 0 0 0 1 1 

0 0 1 0 0 

(L Function) 0 0 1 0 1 

0 o 1 1 0 

0 0 1 1 1 

0 1 0 0 0 

0 1 0 o 1 

0 1 010 

0 1 0 1 1 

0 1 1 0 0 

0 1 1 0 1 

0 1 1 1 0 

0 1 1 1 1 

1 0 0 0 0 

1 0 0 0 1 

1 o 0 1 0 

1 0 0 1 1 

1 0 1 o 0 

1 0 1 0 1 

1 0 1 1 0 

Display 1 1 0 1 1 1 

1 1 0 0 0 

(K Function) 1 1 0 0 1 

1 1 0 1 0 

1 1 o 1 1 

1 1 1 o 0 

1 1 1 0 1 

1 1 1 1 0 

1 1 1 1 1 

Bit C17 selects the type of micro instruction. 

C17 = Low 
C17 = High 

LOCO or LOCI 
LOC2 or LOC3 

Selected 
Registers 

F2 

N 

K 

X 

Q 

F 

F1 

MEM 

Not Used 

1rTJ 
Not Used 

Not Used 

MM 

Not Used 

Not Used 

Not used 

FCR 

P 

I 

Not Used 

A 

MIR 

BP-P/MA 

BP-P/MA 
Display only 

SMI 

Ml 

SM2 

M2 

Not Used 

A* 

X* 

Q* 

(XHXENAB) selects the proper source for MIR31 depending 
upon if the X register is the selected destination register or 
not. 

Dis~la~ Code Translator - Table 4-2 shows the display code 
defmitlOn for display 1 and display O. The selected register 
from either display I or display 0 must be translated into the 
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PROM Output 
B7 PROM Output (in Hexadecimal) 

0 0 0 0 1 1 1 1 OF 

0 o 0 0 o 0 o 0 00 

0 o 0 0 0 0 0 0 00 

0 0 0 0 0 1 1 0 06 

0 0 000 0 1 1 03 

0 0 000 1 1 1 07 

0 0 0 0 0 1 0 0 04 

0 0 0 0 o 0 0 0 00 

0 0 0 0 0 0 0 0 00 

000 0 o 0 0 0 00 

000 0 o 0 0 0 00 

0 0 0 o 0 0 0 0 00 

0 0 0 1 0 0 1 0 12 

0 0 0 1 0 0 1 1 13 

0 o 0 0 0 0 o 0 00 

0 o 0 0 0 0 0 0 00 

1 0 0 0 0 0 0 0 80 

0 o 0 0 o 0 0 1 01 

0 0 0 000 1 0 02 

0 0 o 0 0 0 0 0 00 

000 0 0 1 0 1 05 

1 0 1 o 0 0 0 0 AO 

1 1 0 0 0 0 0 0 CO 

1 1 1 0 0 0 0 0 EO 

0 0 0 1 0 1 0 1 15 

0 0 0 1 0 1 0 0 14 

0 0 0 1 0 1 1 1 17 

o 0 0 1 0 1 1 0 16 

0 0 0 0 0 0 0 0 00 

0 0 0 1 1 1 0 1 10 

0 o 0 1 1 1 1 0 IE 

000 1 1 1 1 1 IF 

corresponding code for the micro-instruction D field. The 
display 1 and display 0 codes consist of FCR bits FC24 
through FC27 and FC28 through FC31, respectively. The 
display 1 and display 0 codes are first selected by 2-to-l 
multiplexer B8, which is enabled only when the L or K 
control function is entered. Display 1 or display 0 is 
selected via the L signal decoded from the control character 
decoder. 

L = Low 
L = High 

Selects display I, FC24 through FC27 
Selects display 0, FC28 through FC31 
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LOCO 
(SHIFT X TO LEFT) 

WC1 (INCREMENT 
MICRO OR MACRO 
MEMORY POINTER 
REGISTER BY 1) 

LOC2 
(X TO SELECTED 
REGISTER) 

WC3 
(SFLECTED 
REGISTER TO X) 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1B 19 20 21 22 23 24 25 26 27 28 29 30 31 

, M , F A I B I D I T 
ISFI 

S I C I 
0 1 ,,0 1 0 1 

0'1 DlSP. 1171710 o 0 I 0 ~ 1,0 1. 1 1 0 1 0 Y~ , 
NOP SHIFT X r.lFT ONE BIT B 

0,\ DISP. 11~IDESTO~-IO 0;1 0 1,0 
0 0 

0, r 0 0 - 1 1 - -~I,l 1 0 1 • 
SEQ ADD. ZEROS DESTO NOP 

FcIii· EXIT' 

UI'O 1 1 1 l'l 0 1 0 1" 
, 1 0 0 

\ 
RTJ A 

INCK 

0 
11,0 

1 0 
1 .0'1,0 PI'O 1 1,\ DESTOO-I 0 1 o I j 1,0 0 0 

0,\1 
0 0 0 0 0 0 0 

• DEST02 
B X NOP 

N+K 

1 0 0 1, 0 0 . 1 1 0 0 0 0,/ 

D' TK/O 

,I 0 1 1, ,1 0 0 0 0 0 0" 

D" TN/O 

0 1 0 0 , I 

WRITE 

0 1 1 0 , , 
F2WR 

01\,0 1 ~ 1 l'/IDlSP.1ID1SP.01~10 1 

o 1 0 1 0 I~I 
NOP 

o 101,0 
0 0 

o'r 
0 0 - - - - -

NOP 

0 1 1 1 A' 
1 0 0 0 B' 
0 0 1 1 READ 

Y IS EITHER SR31 (IF X IS NOT THE SELECTED REGISTER) 
tWHEN ENABLED BY XENAB FROM THE CONTROLWARE, 

OR 8300 (IF X IS THE SELECTED REGISTER). 

0215 

Figure 4-8. Breakpoint Controller Micro Instructions 

Display 1 can be force-selected if bit C13 of the control 
instruction is low and the STRBMMX strobe signal is 
generated by controlware. The actual display code 
translation is performed by the 32- by eight-bit PROM B7. 
Table 4-8 lists the contents of PROM B7. The format of 
PROM B7 is shown in figure 4-9. 

generated micro instruction. Bits 5 through 7 are used to 
indicate which of the direct registers, BP-P/MA, MIR, or 
FCR, is selected and aenerate the strobe signals STROBE 
FTC. STROBE BP, or C NGATEMIR accordingly. 

Bits 0 through 2 (DESTOO through DEST02) are used to form 
the destination (D) field of the micro instruction. Bits 3 and 
4 (Dr + D" and F2 + D") are used to modify the S field of the 

MIR Input Data Selector - The MIR input data selector 
consists of 2-to-1 multiplexer DM8123 and 4-to-1 multi­
plexer DM8214 with three-state outputs to interface 
directly with the micro-memory three-state bus. The 
selector is enabled only when ENMM=ECPI is low (processor 

Figure 4-9. PROM B7 Format 
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micro memory is disabled). The selector selects either the 
outputs of the shift· register or the breakpoint controller 
micro instructions to be loaded into MIR. The selector is 
.also apart of hardware that generates the breakpoint 
controller micro instructions. Table 4-9 lists all the 
equations for each micro-instruction bit and the positions of 
the multiplexers that select the micro instruction type. 

Shift Counter 

This is a six-bit counter (J4 and K4) whose main function is 
to track how many times the shift register has been shifted. 
The shift counter consists of two four-bit synchronous 
counters that are enabled by bit Cll of the control 
instl'\.lction: 

Cll = High 
Cll = Low 

Enables shift counter 
Disables shift counter 

The outputs of the counter are used to generate jump 
conditions. The controlware monitors the jump conditions 
listed below to determine if the desired number of shifts has 
been attained. 

• CTEQX3 - The lower two bits of the counter equal 
111S. This jump condition is used to shift the shift 
register four times (one hexadecimal digit is shifted). 

• CTEQXF - The lower four bits of the counter equal 
F1S. This jump condition is to be used to shift the shift 
register 16 or 32 times. 

• CTEQO - The lower five bits of the shift counter equal 
zero. 

• CTEQZ - All six bits of the shift counter equal zero. 

The shift counter can be preset by the LoADeT signal to 
any desired value (0 through 31) via bits CO through C5 of 
the control instruction. The shift counter can also be 
cleared by a master clear or by a CLRCNT signal from 
controlware. 

Bit Count Register 

This is a five-bit register (L10) that stores the lower five 
bits, SROO through SR04, of the breakpoint controller shift 
register. The lower five bits of the shift register indicate 
the specific bits of the function control register that need to 
be modified. During the H or I control command, the bit 
count register is loaded with the bit position of the FCR bit 
to be cleared or set. For example in the H16: command, 
1616 = 10110, is loaded into the bit count register. 

The FCR is shifted left via the shift register, and; 
simultaneously, the output of the bit count register is 
compared with the lower five bits of the shift counter by 
comparator M9. When they are equal, the controlware sets 
or clears that FCR bit depending uPon the I or H control 
function. During the J control command that replaces the 
contents of the FCR in digit mode, the digit position is first 
converted into the bit position by shifting to the right two 
places before being loaded into the bit count register. The 
bit count register now indicates the first bit position of the 
digit to be modified. For example in the Jll: command, 
1116 = 00010001 is shifted to the right two places before 
being loaded into the bit count register. The bit count 
register now contains 00100, which is the first bit position of 
digit 1. Only the upper three bits of the bit count register 
(SR02 through SR04) are compared to the upper three bits of 
the shift counter. The lower two bits of the bit count 
register are ignored and considered to be equal to the lower 
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TABLE 4-9. BREAKPOINT CONTROLLER 
MICRO INSTRUCTIONS 

Micro-Memory RCPU= RCPU = High Data Bits Low 

MMOO SR31 Low 
MM01 SR30 EXIT' 
MM02 SR29 MEM-EXIT' 
MM03 SR28 RCPU= Hi~h 
MM04 SR27 MEM-EXIT'LOC1+LOC3-t 
MM05 SR26 RCPU = High 
MM06 SR25 MEM-EXIT'LOCl+LOC3-r: 
MM07 SR24 FC26-~ 
MM08 SR23 FC25+LOC2 
MM09 SR22 FC24+LOC2 
MMI0 SR21 FC300LQC 3 
MM11 SR20 LOComSOl +l:rrif t 

MM16 SR15 Low 
MM17 SR14 C17 
MM18 SRl3 liB9oEXIT' 
MM19 SR12 LOC2o(N+K) 

MM24 SR07 C17 
MM25 SR06 LOC2oNREG+LOC1"(IlM+F1+ 

F2)+Cll 
MM26 SR05 Cll +KREGoLOC2 
MM27 SR04 Cll+KREOoLOC2 
MM28 SR03 LOClo(F2+MEM) 
MM29 SR02 m"r 
MM30 SROI Low 
MM31 SROO INST. LSB 

Select Signals SI and SO = RCPU and FC tt 

Micro 
Memory I 0 I 1 
Data (LOCO + (LOCI + 
Bits o 0 o I LOC3) LOC2) 

MM12 SRl9 SR19 DlSOO+~ttt msoo+~ttt 
MM13 SRl8 SR18 r;OC3o~MEM DEST02 
MMl4 SR17 SRl7 LOC3o~EM DEST01 
MM15 SRl6 SR16 Low DESTOO 

Select Signals Sl and SO = C170RCPU and RCPU'o~ 

Micro o 1 
Memory (LOCO 
Data or I 0 1 1 
Bits 00 LOCI) (LOC2) (LOC3) 

MM20 SRll Low D'+D" FC3loL 
MM21 SRI0 Low F2+MEM FC270t 
MM22 SR09 Low F2+D" FC27ot+RDSTRB'o 

MEM 
MM23 SR08 Low D'+D" RC27ot+RDSTRB'o 

MEM 

tms01 = FC29o(FC31oFC30oFC29oPC28) = FC290KREG 

ttFC = LOC1+LOC2 

tttmsoo = FC28+tnm'(j+MML 
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two bits of the shift counter by forcing the input pin M5-3 to 
be high (since J at H3-13 is low). This allows the first bit of 
the selected digit to be recognized, and the next four 
consecutive bits of FCR (one digit) to be modified once the 
upper three bits of the bit count register is equal to the 
upper three bits of the shift counter. Refer to the 
description of Jll: operation under Typical Breakpoint 
Controller Operations below. 

Breakpoint 

There are two types of processor breakpoints: macro 
breakpoint and micro breakpoint. For macro breakpoint, the 
macro-memory address is compared with the contents of the 
breakpoint register; for micro breakpoint the micro-memory 
address is used. The macro-memory or micro-memory 
address is selected by 2-to-1 multiplexers C12, J13, and Kll 
according to FCR bit FC19 as follows: 

FC19 = High (micro BP) 

FC19 = Low (macro BL) 

Select micro-memory ad­
dress (PGO, PG3, MAO, MA 7, 
and BTLW) 

Select macro-memory ad­
dress (AOI through A12) 

The macro and micro breakpoint conditions are selected by 
FC16 and FC17 via 4-to-l multiplexer J7: 

Macro Breakpoint Micro Breakpoint 
FC17 FC16 (J7-1) (JI7-14) 

0 0 Low: breakpoint not Breakpoint not 
selected selected 

0 1 SELGETMAK: (BTLW+ BPI2)· 
instruction reference J.!BPEQ 
breakpoint 

1 0 CPU WRITE: store /J.BPEQ 
operand breakpoint t 

1 1 High: all reference /J.BPEQ 
breakpoint 

The contents of the breakpoint register are compared to the 
macro- or micro-memory address by 4-bit magnitude com­
parators: CI0, Cll, H13, and K9. The comparator is 
enabled by the RCI>U at K9 3 when it is high. This indicates 
that the breakpoint operation is performed only when the 
breakpoint controller is not in control of the proceSSing 
element. The /J.BPEQ or BPEQUAL signal is generated when 
the micro-memory address is equal to the breakpoint 
register. 

For macro breakpoint, if the breakpoint register is equal to 
the macro-memory address and the breakpoint select condi­
tions are met, the processor is stKWped. If bit FC18 of the 
FCR is set, it causes the SETS 104 signals at M6-2 to 
generate a macro breakpoint interrupt (SMI04) instead of a 
stop. For micro breakpoint, if the micro-memory address 
PGO through PG3, MAO through MA 7, and the upper/lower 
micro-instruction selection signal BTLW are equal to break­
point register bits BPOO through BP12 and the combination 
of FCR bits 17 and 16 is not zero, then a micro stop occurs 
(MICROSTOP at M8-8 goes to low). If FCR bit FC17 is set, 
then comparison of breakpoint bit 12 and the upper/lower 
micro-instruction selection signal BTL W is not required. 

Breakpoint Controller Timing Chain 

The breakpoint controller clock signal (CLR) that is used for 
controller shift registers, breakpoint panel shift registers, 
control instruction address counter, and shift counter is 
comprised of two independent clocks: the breakpoint 
controller interface internal clock and the processor T3 
clock. Figure 4-10 shows the breakpoint controller clock. 

Breakpoint Controller Internal Clock - The controller 
internal clock is used for execution of internal operations 
independently of the processor. 

The controller internal clock generator consists of the dual 
retriggerable one-shot, A4, that generates approximately 
120 nanoseconds symmetrical clock pulses. The clock 
generator can be stopped and started by controlling the 
triggering input signal to the first one-shot as follows: 

• The breakpoint controller internal clock generator is 
free-running only when the RCPU at G4-4 is high, which 
indicates internal operation. However, when breakpoint 
controller operagon is executed in conjunction with the 
processor (RCP is low), the trigger input fed back 
from the second one-shot is disabled, causing the clock 
generator to stop. The clock generator is restarted 
after the breakpoint controller exits from the 
processor. 

• The breakpoint controller clock generator can also be 
stopped and restarted via the TBRLOAD signal. During 
local operation (the remote/local switch of the break­
point panel is in the LOCAL position), the universal 
asychronous receiver/transmitter (UART) is disabled. 
This allows the strobe transmitter buffer register signal 
TBRLOAD of the UART to be used for debouncing the 
breakpoint panel keys. If any key of the breakpoint 
panel is depressed, the TBRLOAD signal is generated to 
set flip-flop B6-9 to high. This in turn stops the 
internal clock to allow the key to be debounced. The 
TBRLOAD signal also triggers one-shot C5 to produce 
approximately a 15 millisecond RESTART signal. The 
trailing edge of the RESTART signal resets flip-flop B6-
9 and allows the internal clock generator to run again. 
The controller internal clock generator is also stopped 
by master clear. 

Processor T3 Clock - The T3 clock is derived from the 
processor odd/even clock generator. It is required to 
synchronize the operation in the breakpoint controller with 
the processor operation; for example, shift the shift register 
once every time the processor executes the micro instruc­
tion LOCO that shifts the X register to the left one time. 
The T3 clock is enabled only when the breakpoint controller 
operation is executed in conjunction with the processor. 
During this time, the controller internal clock is stopped. 
The equation that generates the controller timing chain, 
CLK, is as follows: 

CLK = (ENMM+RCPU)·CLOCK+T3'·(ENMM+RCI>U) 

Breakpoint Controller and Processor Interface Signals 

Before the breakpoint controller can force the processor to 
execute the controller micro instructions required for a 
specific operation, it must take over processor control by 
generating SETSM214 or INT14 (see figures 4-2 and 4-3). 

tin basic MOS processor, the CPUWRITE signal is replaced by CPUBKPWRT signal from ADDR/CONTROL board. 
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CLOCK 
(A5-3) 

it20 NSI 
~ 

SETRCPU (J6-9) ~~----------------~/I~'-------------------------

EXiT (KS-7) 
/ ,1-------0' U 

r----------------------------------~/,~·------------~ 

RCPU (KS-S) 

CIK (D6-8) 

I 
:-lS8NS .... 

I 

0205 

Figure 4-10. Panel Interface Clock 

SETSM214 - If the processor is in micro mode, the break­
point controller must generate the SETSM214 signal, which 
prepares the processor before it gives control to the 
breakpoint controller: 

SETSM214 = FCI9·SET RCPU 

FCl9 = I indicates that the processor is in micro mode. The 
SETRCPU signal is generated by controlware whenever it 
determines that the processor is required to change/fetch 
the selected register. 

INTl4 - If the processor is in macro mode, fNTI4 is 
generated to signal the emulator that breakpoint controller 
operation is requested. Once INTl4 is recognized (the 
breakpoint panel requests CPU interrupt), the emulator 
processes this interrupt to prepare the processor before 
giving up control to the breakpoint controller. INTl4 at 
K8-8 is set low by SETRCPU from controlware. After the 
desired operation is completed, the breakpoint controller 
exits the CPU by generating the EXIT signal which in fact 
clears the INT14 si~al. The RCPU signal is also generated 
as a complement of INTl4 by the same logic circuit. 

Go and Stop 

The breakpoint controller has the capability to start and 
stop the processor. Depending upon the processor mode of 
operation, micro or macro, the corresponding micro or 
macro go or stop signal is generated via the control 
function, H or I. The processor mode of operation is 
determined by FCR bit PCI9. 

4-22 

PCl9 = High 
PCl9 = Low 

Micro breakpoint, step, go and stop 
Macro breakpoint, step, go and stop 

CONSTART - The CONSTART signal is generated at flip­
flop J8-5 to cause a micro go if either: 

• It is entered regardless of FCR bit Fe19. 

• Auto-display.is enabled (i.e., FCIO is set) and any 
terminator, :, @, or G, is entered with no characters 
preceeding it. 

• The CONSTART signal is generated by the breakpoint 
controller SETRCPU signal. This allows the breakpoint 
controller to start the processor when it is in micro 
mode and to initially stop. 

The above three conditions form the clock input for flip-flop 
J8-3. 

J8-3 = SETRCPU+(I+AUTO)·CTEQZ· 

TERMCODE'DRREST'J 

The CONSTART signal is sent to the control I module to 
allow the processor main clock generator to run. 

EXGO - The EX GO signal is generated at F6-11 to cause a 
'iTi'iiCrO go. EX GO is sent to the status mode interrupt 
module to set the SM215 bit. When the emulator detects 
SM215 being set, it causes a macro go. :EX'GO is generated 
under the same condition I or 2 of CONSTART generation 
but peR bit pel9 must be cleared. 

EXGO = [(I+A UTO)·CTEQZ·TERMCODE·DRRESET·J]· 
Fel9 

CONSTOP - The CONSTOP signal is generated at M8-8 to 
cause a micro stop if peR PCl9 is set and either: 

• The H: command is entered. 

• The breakpoint controller exits from the processor. 
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These two conditions form the clock input for flip-flop 
J8-11. 

J8-11 = [(H' NOT AUTO)·CTEQZ·TERMCODE· 
DRRESET·J]+EXIT 

If either of the above conditions is true, flip-flop J8-3 goes 
low to generate CONSTOP. 

• The micro step operation executes: 

J9-10 = FC20'1mPU 

• The micro-memory address is equal to the contents of 
the breakpoint register, and the micro breakpoint 
condition is met. 

All of the above conditions are gated by FC19. The 
CONSTOP signal is sent to the control 1 module to stop the 
odd/even time generator. Refer to the control 1 module 
description in the Basic Micro-Programmable Processor 
Hardware Maintenance Manual for more details. 

ExSTop - The ExsTop signal is generated at F6-6 to 
cause a macro stop. EXSTOP is sent to the status mode 
interrupt module to clear the SM215 bit. When the emulator 
detects that the SM215 is clear, it causes a macro stop. 
Macro stop is generated when FCR bit FC19 is clear and 
either: 

• The H: command is entered: 

J9-4 = (H' NOT AUTO)·CTEQZ·TERMCODE· 

DRRESET·J 

• The macro step operation executes: 

J9-3 = FC20·CPUEDS·SEL GETMAk 

• The macro-memory address is equal to the contents of 
the breakpoint register, and the macro breakpoint 
condition is met. 

All of the above conditions are gated by FC19. 

Baud Rate Generator 

The baud rate is selectable through a baud rate selection 
switch in the I/O-TTY controller. 

The baud rate generator provides four different UART baud 
rates: 9600, 1200, 300, and 110 baud. The 
receiver/transmitter clock frequency is 16 times the desired 
baud rate; therefore, the actual clock frequencies corres­
ponding to the above baud rates are 9,600 times 16 1 200 
times 16, 300 times 16, and 110 times 16, respectively. 'The 
baud rate generator consists mainly of three four-bit 
synchronous binary counters, M1, M2, and M3, which are 
c~caded by using the positive overflow carry output of the 
fll'st counter to enable the successive cascaded stage. This 
arrangement forms a 12-bit frequency divider that divides 
the 4.9152 MHz oscillator signal from the control 2 module 
down to the desired clock frequencies. 

UART Clock 4.9152 MHz Input 
Freguencies Clock Divided b:t: Location 

9,600 x 16 32 M2 -14 

1,200 x 16 256 M2 -11 

300 x 16 1024 M3 -13 

96729000 A 

A clock frequency of 75 times 16 Hz would be generated at 
M3-11 if straight division were used. However, by allowing 
the counter to skip 653 (28D16) clock pulses twice, a 110 
times 16 clock frequency is generated at M3-11. 

These four baud rates are selectable by PN BAUD1 and PN 
BAUDO from the I/O-TTY controller in the 4-to-1 
multiplexer M4. 

PN BAUD1 PN BAUDO UART Clock Freguencies 

o 

o 

1 

1 

o 

1 

o 

1 

110 x 16 = 1,760 Hz 

300 x 16 = 4,800 Hz 

1,200 x 16 = 19,200 Hz 

9,600 x 16 = 153,600 Hz 

When the 110 baud rate is selected, the SBSELECT signal at 
M4-15 is high to select two stop bits to be transmitted by 
the UART. For the other baud rates, 9,600, 1,200, and 300 
a single stop bit is selected. ' 

BREAKPOI NT CONTROLLER CONTROLWARE 

The controlware is defined in this manual as a set of 96- by 
24-bit control instructions that sequences and controls 
controller operations when executed. Refer to Control 
Instruction Format. The panel controlware is prepro­
grammed in the control instruction PROMs. An actual 
listing is included in appendix A for reference. 

Controlware Listing Description 

The controlware listing includes the definitions of all control 
instruction fields, P1 through P7. The listing format is 
explained using an example from the listing. 

Pl 1'2 P3 P4 P5 P6 
~ 

CHKREM J TRUE REMOTE 
0684 

.l.l.l.l.!. 
P7 
~ 

CHARDY JUHP IF REMOTE 

0008 

Where: 

• CHKREM is the name of the subroutine. 

• J TRUE is the jump mode as indicated by bit 23 of the 
control instruction being set. 

• REMOTE is the jump condition selected by the P1 field. 
Note that the blank space between commas represents a 
field of the control instruction as shown above. 

• CHARDY is the name of the jump location when the 
jump condition is met. 

• 

• 

• 

JUMP IF REMOTE is the general remark of the control 
instruction. 

The most significant two hexadecimal digits, 0616, 
represent the control instruction address in the PROMs. 

The six hexadecimal digits, 84000816, represent the 
control instruction itself. 
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Figure 4-11 shows the controlware bit configuration. 

There are four main types of control instructions: 

• Jump if condition true (J TRUE) - Execute the control 
instruction specified by address field P7 (CO through 
C6) if the jump condition is true. If not, select the next 
sequential control instruction. 

• Jump if condition false (J FALSE) - Execute the 
control instruction specified by address field P7 if the 
jump condition is faise. If not, select the next 
sequential control instruction. 

• Unconditional jump (JUMP) - Unconditionally execute 
the control instruction specified by address field P7. 
The jump condition is always satisfied in this case. 

• Sequential execution (SEQ) - The next sequential 
control instruction is always executed. In this case, 
address field P7 may contain the address of the next 
sequential control instruction or transmit data to the 
UART. 

Basic Controlware Operations 

The breakpoint controller controlware performs three basic 
operations: input, change/fetch, and transmit. 

• Input - The controlware is continuously executed in 
the idle loop consisting of the first two control 
instructions. As soon as data is ready from the UART 
or a breakpoint panel switch is depressed, the control­
ware goes into input operation to process the incoming 
data. For a typical control command, the controlware 
first stores the control character code at the control 
character register if it is a legal code, then stores the 
hexadecimal data (four-bit data) one after another at 
the shift register while monitoring for the terminator 
code. When the terminator code is received, the 
controlware goes into the change/fetch operation. 

• Change/fetch - In this operation, the breakpoint 
controller requests the CPU (if required) and generates 
the micro instructions required for the operation 
indicated by the controller control command. These 
micro instructions are executed by the CPU. If the 

23 22 18 17 16 15 

desired operation is an enter operation, the contents of 
the selected register are first loaded with new data 
(change operation), and then they are fetched out (fetch 
operation) to the X register and the shift register (SR}. 
However, if the operation is a display operation, the 
change operation is omitted and only the fetch 
operation is performed. After the fetch operation is 
completed, the breakpoint controller exits and returns 
control to the CPU before going into the transmit 
operation. 

• Transmit - The transmit operation is used to send the 
response to the remote device or breakpoint panel for 
display. 

Figures 4-12, 4-13, and 4-14 show flow charts of the input 
operation, the change/fetch operation, and the transmit 
operation, respectively. 

Typical Breakpoint Controller Operations 

The following typical breakpoint controller operations are 
chosen to illustrate the combined operation of the hardware 
and controlware. The operations are explained in terms of 
flow charts and general remarks for each step. Refer to the 
controlware listing, the panel interface data path block 
diagram (figure 4-4), and control block diagram (figure 4-6) 
as necessary. 

J11: Control Command 

The J11: control command selects the P register by changing 
digit 1 of the FCR to a value of 116' 

For clarity, assume that the FCR originally contains 
1234567816' Digit 1, containing a value of 216, is changed 
to a value of 116' Also assume that a remote device 
(programmers console) is used and that FeR bit FC15 is not 
set (the console transmit is not suppressed). 

The J11: operation is explained using three major flow 
charts. The input operation is shown in figure 4-15, the 
change/fetch operation in figure 4-16, and the transmit 
operation in figure 4-17. The input operation is divided into 
three separate flow charts: enter J control character, enter 
hexadecimal digit 1, and enter terminator :. 

6 5 o 
000 000 0 o 1 0 0 

4-24 

Fa 
1'2 

PI 
Select Remote Jump 
Condition at position 1 

Jump if 
Condition true 

P7 = Jump Address (CHARDy) 

P6 

P4 

16 

Figure 4-11. Controlware Bit Configuration 
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K1234: Command 

Since the P register is already selected (FC27 through FC24 
equal to 0001) in the above example, the next logical 
operation would be to load the P register with 1234JII . The 
K1234: command is required for this operation. Tne input 
and transmit operations are quite similar to the above 
example. Figure 4-18 is the change/fetch operation for the 
enter P with 1234 command (K1234:). 

BREAKPOI NT PANEL 

The breakpoint panel is the device used for the man/machine 
interface via the breakpoint controller' module. The 
breakpoint panel provides a means for entering breakpoint 
controller control commands and displaying the response. In 
panel mode, the breakpoint panel is capable of doing any 
operation that any remote device can do. The breakpoint 
panel switches and display LEDs are shown and described in 
figure 2-1 and table 2-1. 

Figure 4-19 shows the functional block diagram of the 
breakpoint panel The breakpoint panel consists of: 

• Momentary switches for control character and data 
selection 

• Switch encoder 

• Panel shift register 

• Control code display 

• Data display and UPPER Indicator display 

• LOCAL/REMOTE switch 

• MASTER CLEAR switch 

Only the switch encoder and panel shift register of the block 
diagram are described in detail here. The rest of the 
breakpoint panel block diagram is either self-explanatory or 
has been described in table 2-1. 

SWI TCH ENCODER 

The switch encoder is used to encode any depressed control 
character switch or data switch into the corresponding 
binary code to be used by the breakpoint controller. The 
switch encoder consists of three priority encoder chips: 
U10, U12, and U13. The control character switches are 
encoded by U10. The data switches are encoded by Ul2 and 
Ul3. The truth table of these eight-input priority encoders 
is included for reference (table 4-10). The control character 
encoder U10 is always enabled except when a control 
character switch is being pressed. This makes the control 
character switches higher priority than the data switches 
when they are pressed simultaneously. 
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5 4 

H X 

L L 

L H 

L H 

L H 

L H 

L H 

L H 

L H 

L H 

TABLE 4-10. EIGHT-INPUT PRIORITY 
ENCODER TRUTH TABLE 

Inputs Outputs 

3 2 1 13 12 11 10 6 7 9 14 15 

X X X X X X X H H H H H 

X X X X X X X L L L L H 

L X X X X X X L L H L H 

H L X X X X X L H L L H 

H H L X X X X L H H L H 

H H H L X X X H L L L H 

H H H H L X X H L H L H 

H H H H H L X H H L L H 

H H H H H H L H H H L H 

H H H H H H H H H H H L 

The PNLCC signal at U10-14 goes low if any of the control 
character switches are pressed to indicate to the breakpoint 
controller that a control character is entered and not 
hexadecimal data. If any of the breakpoint panel switches 
are pressed, the PNLKYDEP signal at U13-15 goes active. 
This signal indicates to the breakpoint controller that data is 
ready. (Breakpoint panel data ready is processed in the 
same manner as the data ready line from the UART during 
remote operation.) The outputs of priority encoders U10, 
U12, and U3 are ORed together to form the binary codes 
PNHEXOO through PNHEX03. Table 4-11 shows the binary 
code of the breakpoint panel switches. The terminator code 
received condition is generated in the breakpoint controller 
by ANDing PNLCC and PNHEXOO through PNHEX03. 

BREAKPOINT PANELSHIFT REGISTER 

The breakpoint panel shift register converts serial data 
PNLSLl from the breakpoint controller to parallel format. 
The 16-bit output of the shift register is used to drive the 
data display LEDs. The breakpoint panel shift register 
consists of four universal bidirectional shift register chips: 
U5, U6. U7. and U8. The shift register mode of operation is 
controlled by single bit C15 (PNLSHIFT) of the control 
instruction; therefore. it only operates in left shift and hold 
modes. The shift register is cleared by the PNLCLR signal 
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from controlware •. The clock PNLCLK is the same break­
point controller CLK as the breakpoint controller shift 
register for synchronization (see Breakpoint Controller 
Internal Clock above). The serial left-shift input data, 
PNLSLI, is the most Significant bit (SR31) of the breakpoint 
controller shift register. This allows the contents of the 
breakpoint controller shift register to be displayed. LEDs 
DS02 and DS17 correspond tQ the most and least significant 
data bits of the breakpoint controller shift register. PNLSLI 
is also used to drive the UPPER indicator when the output of 
breakpoint controller upper flip-flop K8 is selected. LED 
DSOI is the upper indicator. 

CONTROL CODE DfSPLAY 

Co'Dtrol code LEDs DS18 through DS20 are driven by signals 
PNLITEO through PNLITE2. These signals are the outputs 
(CCO through CC2) of the control character register gated" 
by the output of the error flip-flop HI in the breakpoint 
controller. Therefore,when there is an error, all control 
code LEDs are illuminated. 

GLOSSARY 

Table 4-12 is a tabulation of abbreviations and mnemonics 
used throughout the text and figures of this manual. 

TABLE 4-11. BINARY CODE OF BREAKPOINT 
PANEL SWrrCHES 

Switches PNLCC PNHEX03 PNHEX02 PNHEXOI PNHEXOO 

0 1 0 0 0 0 

1 1 0 0 0 1 

2 1 0 0 1 0 

3 1 0 0 1 1 

4 1 0 1 0 0 

5 1 0 1 0 1 

6 1 0 1 1 0 

7 1 0 1 1 1 

8 1 1 0 0 0 

9 1 1 0 0 1 

A 1 1 0 1 0 

B 1 I 0 1 1 

C 1 I 1 0 0 

D 1 1 1 0 1 

E 1 1 t 1 0 

F 1 1 I 1 1 

B 0- 1 0 0 0 

I 0 1 0 0 1 

.~ 0 1 0 1 0 

K 0 1 0 1 1 

L 0 1 1 0 0 

M (not used) 0 1 1 0 1 

N (not used) 0 1 1 1 0 

: 0 1 1 1 1 
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TABLE 4-12. GLOSSARY OF TERMS 

Term Description Term Description 

A (A*) A register (A register double-precision) DRDY Data ready 
ADDR Address bits (00 through 15) DREADY Data ready 
ALU Arithmetic logical unit DRRESET Data ready reset 

. A01-A15 Address bits (0 through 15) macro memory ECPI Enable breakpoint controller micro memory 

BKPT Breakpoint bus 

BP Breakpoint ENABFC Enable function control 

BPEQUAL Breakpoint equal ENDARND Shift the shift register end-around 

BPMA Breakpoint memory address registers ENMM Enable micro memory 

BP-P/MA Breakpoint page/memory address registers ENTERHEX Enter hexadecimal number 

BPOO-BP15 Breakpoint bits (00 through 15) EXGO External go 

BTLW Bit test lower/upper micro instruction EXSTOP External stop 

CCR Control character register F F register 

CHAR Character F1 File no. 1 

CHARDY Character ready FCR Function control register 

CHKREM Check remote FC15 Function code bit (15) 

CKBPMA Check breakpoint memory address F/F Flip-flop 

CKFC16 Check function control bit 16 GATEAB Gate CPU memory address register clock 
CKF2 Check field F2 GATET Gate test bit 
CKZERO Check for zero 

HEXRCVD Hexadecimal digit received 
CLK Clock 

CLR Clear I I register 

CLRCT Clear counter INCK Increment K register 

CLRUL Clear upper limit INT Interrupt 

CONGATEMIR Control gate micro-instruction register K K register 

CONSTART Control start 
LED Light emitting diode 

CONSTOP Control stop 
LE9 Less than or equal to 9 

CPU Central processing unit LOCO,1,2,3 Location number (0 through 3) 
CPUEDS Central processing unit early data strobe 

LSB Least significant bit 
CT Counter 

CTEQXF Count equals 15 hexadecimal MEM Memory 

CTEQX3 Count equals 3 hexadecimal MIR Micro-instruction register 

CTEQZ Count equals zero MM Micro memory 

CTEQO Count equals zero MML Micro-memory lower 16 bits 
(16 through 31) 

CTLSB Counter least significant bit 
MMU Micro-memory upper 16 bits 

COO-C23 Control instruction bits (firmware) (00 through 15) 

DECMAC Decrement micro memory address counter MMOO-MM31 Micro-memory instruction bits 
(00 through 31) 

DESOO-DES02 Destination selection code bits (00-02) 
MSB Most significant bit 

DlREG Direct registers selected 

DIS Display N N register 

DlSOMU Display 0 memory upper P P register 
DlS1ML Display 1 memory lower P/MA Page/memory address registers 
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TABLE 4-12. GLOSSARY OF TERMS (Contd) 

Term Description Term Description 

PNBAUDO Panel baud rate selection bit 0 SSREG Strobe select for direct register 

PNBAUD1 Panel baud rate selection bit 1 STRBCCR Strobe control character register 

PNHEXOO- Panel hexadecimal number bits STRBMMX Strobe micro memory bit 
PNHEX15 (00 through 15) STRBUL Strobe upper/lower 

PNT{EYDEP Panel key depressed 

PNLCLK Panel clock TB Test bit 

PNLCLR Panel clear 
TBRLOAD Load transmit buffer 

PNLOCAL Panel local TERM Terminate 

PNSLI Panel left shift serial input TERM CODE Terminate code 

PNTEST Panel test TMRCYD Terminate received 

PNUARTCLK Panel U AR T clock TRO Transmit register output 

PROM Programmed read-only memory TTL Transistor transistor logic 

Q Q register UART Universal asynchronous receiver 
transmitter 

Q* Q register double precision 
U/L F/F Upper/lower flip-flop 

RCPU Request central processing unit 

RDR Data ready X X register 

RDSTRB Read stroke X* X register double-precision 

RNI Read next interrupt XCR Transmit carriage return 

RRI Receive register input XENAB X register enable 

RRO-RR7 Receive register data bits (0 through 7) XHEXGR9 Transmit 

RS232 Type of transmission line characteristics XHEXLE9 Transmit hexadecimal number less than 
or equal to 9 

RTJ Return jump XLF Transmit line feed 

SBSELECT Strobe select XMIT Transmit 

SELGETMAK Select GET MAK XMITCCR Transmit control character 

SETCPU Set central processing unit XMITFCR Transmit function control register 

SR Shift register XMSB X register most significant bit 

SRL Shift the shift register left XSPACE Transmit space 

SRLOAD Load shift register fLBPEQ Micro memory address equals breakpoint 

SRR Shift the shift register right register 

SROO-SR31 Shift register bits (00 through 31) 
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IDLE 
LOOP 

OKAY 02 

3 

YES 

TMRCVD 10 

NO 

YES 

CHARDY 08 

NO 

07 

TBRLOAD 
(DEBOUNCE LEADING 
EWE) 

1A YES RESET 

BUFFER TO SR 

0206 

YES 

XMIT FCR 11 

FCRTO SR 
JUMP TO XMIT 

XMIT YES 

NO 

OC 

SET ERROR F/F 
JUMP TO RESET 

STROBE CCR 
JUMP TO RESET 

Figure 4-12. Input Operation Flow Chart (Sheet 1 of 2) 

2 ADDRESS OF 
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4-30 

DRRESET 
JUMP TO 
RETURN 

2Al-----M 

YES 

0206A 

Figure 4-12. 

RETURN 3B 

S, ADDRESS 00 
YES 

>-----r--~ 1 

TBRLOAD 

(DEBOUNCE 
TRAILING EDGE) 

CLEAR U/L F/F 
JUMP TO S 

YES 

Input Operation Flow Chart (Sheet 2 of 2) 
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>----.( 4 J CONTROL FUNCTION 

K AND L CONTROL FUNCTION 

>-__ 0 .... 5~ JUMP TO 
XMITFCR 

1-------....... -Io{IA XilIITFl'R 
ADDRESS 11 

3A~----" 

0207 

REPLACE 15 

FCR TO SR 
CLEAR SHIFT CT 
STROBE BIT COUNT 
REGISTER 

17 SHIFT SR END 
>-..:.;;::..-._~ ARot'ND 

JUMP TO CKZERO 

IH'FFER TO SR 
,JUillP TO CKZEHO 

Figure 4-13. Change/Fetch Operation Flow Chart (Sheet 1 of 5) 
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020'lA 

XMrrFCR 
LOCATION 11 

SETJ. 
AbDJO:88a, 

• NOT IlIRECT REGI8'J'ER (NOT ~--"';"--o{ NIR, FeR, OR BP/MA) . 

STIlOBEIlEL. 
.... --- REG. TWICE 

BKPT TOSR 
JUMP TO 
XMJT32 

M1RTOSR 
JUMP TO 
XMJT32 

XMJT32 
ADDRE8828 

XMJTFCR 
ADDRE8811 

Figure 4-13. Change/Fetch. Operation Plow Chart (Sheet 2 of 5) 
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LOC 3" 
DISIMU" 
STRBMMX 

REQUIRED PASS 
BEFORE SHIFT 

LOCI 
EXIT 
JUMP TO XMIT 

{
DIS OMU 
STRBMMX 

{

LOCO 
SRL 
XMSB 
INCK 
S300 

CLRCT 

l DISIML 
STRBMMX 

{

LOCO 
SRL 
XMSB 
INCK 
8300 

XMIT CONTROL INSTRUCTION AT 
LOCATION 25 TO BEGIN THE 
TRANSMIT OPERATION. 

0212B 

REMARKS 

Set MMU at STRBMMX. 

The LOC3 micro instruction transfers the contents of 
the p. register to the X register. 

WC31° III 0 111111111 0 I 011 I x I xl x 11 1110 I 0 1110 I 0 10 10 I 0 loll 10 10 I 0 I 01 0 I 
, 4 ,~"--""" ""---" ' 

A P FC30- X 
FC28 

The X register and shift register now contain: 

X REGISTER SHIFT REGISTER 

XMSB r ___ (_p_)=_1_23_4-.J1" SR31 L-1 __ 2 __ 3 __ 4 __ ~_X __ O_R_I __ GIN __ ~ 

Also force display 1. 

!'hift 16 bits. 
X REGISTER SHIFT REGISTER 

XMSB r 1 , 3 4 I_ sro. ,-_X_O_R_I_G_IN_.L.._(_P_)=_1_23_4_~ 

Clear the shift counter. 

Shift 16 bits. 

X REGISTER 

XMSB r X ORIGiN I- SR31 

SHIFT REGISTER 

L-_(P_)_=_12_3_4_~1_2 ___ 3 __ 4--J~ 

The 8300 from this control instruction also clears the SM214. 

The breakpoint controller exits and returns control to the CPU by 
generating the EXIT strobe, which sets the M field of this LOCI micro 
instruction to 00 (RTJ mode). M field equal to 00 causes the ENMM 
signal in the control 1 module to be high, disabling the controller and 
enabling the micro memory to the MIR. The T field of the micro 
instruction is equal to 000 for micro mode. 

Figure 4-18. Enter P with 1234 command (KI234:), Change/Fetch Operation (Sheet 3 of 3) 
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BREAKPOINT 
CONTROLLER 

PNlSHIFT 

l.!. 
PANEL SHIFT L_'i'f;\_~ 
REGISTER ~ 

PNlSLI 

PNLCLR 

PNLCLK 

PNLITEO-PNLITE2 

1---------( 3 r-------+i 

PNLCC (CNTRL CHAR. SW. DEPRESSED) 

DATA l!. 
DISPLAY 
(LEDS) 

UPPER 
INDICATOR 
(LED) 

CONTROL E 
CODE 
DISPLAY 
(LEDS) 

1L.2 ...... _-( 3 ~-~ OR 

CONTROL~ CONTROL~ 
CHARACTER I.&. -0- CHARACTER \4---{ 3 ~--{ 

PNHEXOO­
PNHEX02 

PNHEX03 

L..--__ ...JI+--

PNLKYDEP (PANEL SWITCH DEPRESSED) 

PNLOCAL 

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

r- ENCODER SWITCHES 

ENABLE 
(NO CONTROL CHARACTER IS DEPRESSED) 

E I? (HEXADECI- 2 
t2.. MAL O-F) .l!. 

HEXADECIMAL _. 6 ' HEXADECIMAL 
DATA ENCODER -®-- DATA SWITCHES 

LOCAL/RE- l:­
MOTE SWITCH 

MASTER 
CLEAR SWITCH 

NOTE: THE NUMBER IN THE UPPER RIGHT CORNER OF EACH BLOCK CORRESPONDS TO THE LOGIC DIAGRAM 
SHEET NUMBER IN THE FIELD PRINT PACKAGE. 

Figure 4-19. Breakpoint Panel Functional Block Diagram 

4-48 96729000 A 



DIAGRAMS 5 

LOGIC DIAGRAMS 

The logic diagrams for the breakpoint controller and the 
breakpoint panel are located in the field print package. 

eMI 

CONT 1.2 
(CPU) 

ALU (CPU) 

8Ml [ 
(CPU) 

liD-TTY { 

TRANSFORM 

N/c 

,... AOI - A15 

~ MlROO'- MIRa!' 
3 

~ 
rvIAO/- UA07/ 

I"GO/- PG3/ 
4 

BTLW/ 

asC' 4.9152 

asc 4.9152 

CPU WIUTE 

ENMM 

MC DE LAYE 0/ 

MICRORUN 

ARENABLED 

T3 

rpll FT>'l 

CPU PROTECT! 

83001 
SMIOB 

SMI05 

SMlO6 

SMllO 

8M2041 

ALDATA14 

PNBAUDO 

PNBAUDI 

SELGETMAK/ 

CPU16 

TENAB 

T5 

8M21SI 

--" TEST I 

TEST lOGO 

TEST 3 

TEST 2 

TEST XIV 

PNRS232IN6 

PNTEST5 

PNTEST6 

PNTTYIN7 
PNLMC/ 

CON-5 

e 

(0 

® 0 MMOO - J\ti\131 

® !\-flCROMODE 
220 

CONREElIIEN/ 

0 223 
CONc.\'j"1\lIB 

35 
3 

240 95 
4 

98 253 
MC-S 

294 10 
SETSM214 

248t 291 
272 

59 
PN6TTWl'T 

60 4 
(CLRSM214/) 

72 254 1 
298 219 

5 
89 237 

13 
278 230 

12 
205 BREAKPOINT 

245 
10 

284 CONTROLLER 236 

292 
F.XSTOPNI 

285 206 
SETSM215/ 

279 53 
!NTH 1 

6 99 

207 295 
SETSMI04/ 

300 
14 

9 
100 11 

249 
299 

FC14 

262 218 
PNRS2320UT 

247 
17 PNTEST4 

29" 
297 

PNTTYOUT8 
50 

54 

64 PN6L'ARTC'LK 
9. 94 

97 

11 

7 

24" 
228 

290 

44 

5 

210 

t04 

3 

INTERCONNECTI NG 
51 GNAL DIAGRAM 

Figure 5-1 shows all the interface signals between the 
processor, breakpoint controller, and the breakpoint panel. 
Signal names and logic board pin numbers are included. This 
diagram should be useful for troubleshooting to the board 
level. 

FLEXIBLE CABLE m PNLCLK 
15 

PNLCLR 
22 22 CONT 1,2 

PNLITEO 
(CPU) 16 16 

PNLITEI 
1111 

PNLITE2 10 10 
PNLSHIFT/ 3 3 
PNlBLi 9 9 

CONT 1 PNLCC / BBEAKP(1)lT 
7 7 

(CPt') PNlliEXOO 
6 6 

PANEL 

J 1 PNLHEXOI 8 8 

~ 
PNUlEX02 2 2 
PNLHEX03 

1 1 
PNLKYDEP/ 5 5 

} 
PNLl\1CI 

14 14 
PNWCAL/ 15 15 

r-I/O-TTY 
1 ENMMWRTPNL 
2 MCDELA):"ED 

3 :MlCROSTOPI 
4 0 MICROSTART/ 

"--I 5 0 l\oRTLTINDPNL 
6 PNLRS232TN 

8MI 7 " PNLTTYlN 
8 PNLTTYOUT ~CPU) 

PNTESTI 9 0 

10 0 PROT-PNL 
11 = RDINT14/ 

1 
12 e SELSKITNLI 
13 e SELSTOPNL! 
14 TTL-SRL2! 

N/c 

t IN BASIC MOS PROCESSOR. THE CPUWRITE SIGNAL IS REPLACED BY THE CPUBKPWRT SIGNAL FROM THE ADDR/ CONTROL BOARD. 

0214 

Figure 5-1. Interconnecting Diagram (Sheet 1 of 2) 
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PINNUMBEBS 

0- A01- A15 G)MAO-MA7 

A01 271 MAO 256 
A02 273 MAl 19 
A03 275 MA2 87 
A04 277 MA3 92 
A05 263 MA4 281 
A06 265 MAS 283 
A07 267 MAG 280 
A08 269 MA7 86 
A09 225 
A10 229 

PGO - PG3 
All 260 4 

A12 258 reo 36 
A13 259 POi 39 
A14 233 PG2 38 
A15 234 PG3 29 

0 MmOO' - MIRa1' CD MMOO - MM31 

MIROO' 213 MIR21' 241 MMOO 28 MM21 46 
MIR01' 209 MIR22' 43 MM01 31 MM22 45 
MIR02' 212 MOO3' 244 MM02 27 MM23 42 
Mm03' 12 MIR24' 62 MM03 26 MM24 77 
MIR04' 9 MIR25' 61 MM04 25 MM25 78 
MIR05' 214 MIRZ6' 287 MM05 24 MM26 79 
MIR06' 16 MIR27' 286 MM06 23 MM27 80 
MIR07' 215 MIR28' 288 MMO'I 22 MM28 81 
MIR08' 250 MIR29' 293 MM08 55 MM29 82 
MIR09' 252 MIR30' '15 MM09 56 MM30 83 
MIRIO' 231 MIR31' 88 MMlO 57 MM31 84 
MIRI1' 232 MMll 58 
MIRI2' 261 MMl2 63 
MIR13' 268 MMl3 65 
MIRI4' 270 MMl4 66 
MIRI5' 69 MMl5 70 
MIR16' 21 MM16 40 
MIlU.7' 15 MM17 41 
WRIS' 224 MMl8 49 
MIRI9' 8 MM19 48 
MIR20' 243 MM20 47 

Figure 5-1. Interconnecting Diagram (Sheet 2 of 2) 
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MAINTENANCE 6 

On-site maintenance (emergency or preventive maintenance) 
is limited to the diagnosis of a malfunction to the 
subassembly level. Repair is effected by replacing the 
faulty interface card or panel subassembly with a previously 
tested spare. 

96729000 A 

SPARES TESTI NG 

All spare subassemblies must be tested upon receipt and 
retested annually. 

PREVENTIVE MAl NTENANCE 

No preventive maintenance is required for this equipment. 
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CONTROLWARE LISTING A 

JOB,PAI\EL2,LOGUE 
;700 MASS STORAGE O~ERATING SYSTEM VER5ION 4.2 OATE Of RUN: 10/16/75 SYSTEM 10: 1700. 3 -- 32K SYSTEM (09/06175) 

ppppt'ppppppp A.AAAA.A.AAAA.A NNN N"I"I EFEEEEfEEfEEE LLL 22222222222 
ppppt'PPPPPPPP AAAA.AA.AA.A.AAA.A. NNN NNN r:O::EEEEEEEF"EEE LLL 2222222222222 
PPPPPPPPPPPPP AAA.A.A.A.A.AAAAA'" NNN N"I'J EEEEEEEEEF"EEE LLL 222222U?2222 
PPP P~P AA.A. A. A. A. NNN" NNN EfE LLL 222 222 
PPP ppP A.AA. AAA. NNNNN "INN EEE LLL 222 
PPP ppt' A.A,A. AAA NNNNNN NNN EFE LLL 222 
PPPPPPPPPPPPt' AA.AAA.A.AAAAAAA "INN NNN "INN EEEEEEEEEEEE LLL 222 
PPPPr'PPPPPPPP A.A.AAAA.AA.AA.AAA "INN NNN "INN EEEEEEEEEFEE LLL 222 
pppPr'PPPPPPP AAA.AMA.A.AAAAA NNN NNN N"IN EEEEEEEEEfEE LLL 222 
ppp A.AA. A. A. A. "INN NNNNNN EfE LLL 222 
PPP A. A. A. AAA NNN NNNNN EEE LLL 2?2 
PPP AAA AA.A. NNN NNNN EfE LLL 222 
PPP A.AA. AA.A NNN "IN'" EEEEEEEEEEEEE LLLLLLLLLLLLL 2222222222222 
PP? AA.A AAA. NNN NNN EEEEEEEEEEEEE LLLLLLLLLLLLL 2222222222222 
PPP AA.A AAA NNN NNN. EEEEEEEEEEEEE LLLLLLLLLLLLL 2222222222222 

96729000 A 



0001 
0002 
0003 
0004 
0005 
000& 
0007 
0008 
0009 
0010 
ooll 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 

PANEL PAGE OATEI 10/16175 

NAM PANEL 
~EQ MAC P2,P3,P4,P5,p6,P7 SEQUENTIAL EXECUTIO~ 

IFC ,EQ,'P7' 
VFO X8/*/2-S.Nl/l.NS/O,X2/,P2'. 
VFO X2/'P3'"X2/'P4' •• Xl/'P5' •• X4/'P6'"X7/*/2.1-S 

ElF 
IFC ,NE.'P7' 

VFO X8/*/2-S.N6/0.X2/'P2" 
VFO X2/'P3'"X2/'P4'.,Xl/'P5' •• X4/'P6'.,X7/'P7' 

ElF 
EMC 

JUMP MAC P2,P3,P4,P5,1>6,P7 UNCONOITIONAL JUMP 
VFO XA/*/2-S,Nl/l,N5/0,x2/'P2'. 
VFO X2/'P3',.X2/'P4'"Xl/'P5' •• X4/'P6'.,X7/'P7'/2-S 

EMC 
JTRUE MAC Pl.P2.P3,P4,p5,PF"P7 JUMP IF CONOITION TRUE 

VFO X8/*/2-S.Nl/l.X5/'Pl'.,X2/,P2', 
VFO X2/'P3',.X2/'P4'.,Xl/'P5'.,X4/'P6'.,X7/'P7'/2-S 

EMC 
JFALSE MAC Pl.P2,P3,P4.p5,P6,P7 JUMP IF CONDITION FALSE 

VFO X8/*/2-S.NI/0,X5/'PI'.,X2/,P2', 
VFO X2/'P3'"X2/'P4' •• Xl/'P5'.,X4/'P6'"X7/'P7'/2-S 

EMC 

96729000 A 



00~5 
0026 
0027 
002R 
002Q 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
00:'0 
0051 
0052 
0053 

0055 
00:'6 
00:;7 
0058 
0059 

0061 
0062 
0003 
0064 

0066 
0067 
0066 
0069 
0070 

PANEL 

0000 
0001 
0002 
0003 
0004 
0005 
0007 
OOOR 
0009 
OOOA 
OOOB 
OOOC 
0000 
0001" 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
001Q 
001A 
001S 
0010 
0011" 

0000 
0001 
0002 
0003 

0000 
0001 
0002 
0003 

0000 
0001 
0002 
0003 

96729000 A. 

.. 

.. 

PAGE 2 

TEST 
EGU 
fOU 
EUU 
EQU 
EQU 
EGU 
EUU 
EQU 
EQU 
EGU 
EQU 
EUU 
EUU 
EUU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EGU 
EGU 
EGU 
EGU 
EGU 
EGU 
EGU 
EGU 

EGUATFS IPI ACTUAl SI 
TRUEIOO) -

LOC COUNT 
EaU 
EQU 
EGU 
EQU 

EUU 
EGU 
EQU 
EQU 

I'IE"OT[1011 
SiolITCHUP 1021 
RUNNINGI031 
OREAOYI041 
CO'~DS lOS) 
fOUALl071 
FC15(08) 
L€910Q) 
f'p"a.1l0) 
"11'11111 
NOT J (12) 
HORZ(13) 
EWflOR liS) 
CTEQ31 1161 
CTEOI5(17) 
TfR .. lltl) 
CPU161l9) 
HEXRCVD(20) 
CTEO ... ) 1211 
CTLSIH22) 
MEM(23) 
"M(24) 
NOTF2(25) 
NOTAUTO(26) 
OIREG(21) 
CTEQO(29) 
CTEQZ 1)11 

4ND SHIfT 
LOCOIO) 
LOCI 11) 
LOC2(2) 
tOC31)) 

SRNOPIO) 
Sf'RllI 
<;'lL(2) 
SBLOADI31 

DATE: 10/16175 

UNCONDITIONAL ONE 
LOCAL/RE"OTE SW SET TO REMOTE 
NO PANEL SwITCH IS ~EPRESSEO 
MICRO-RUNNING AND MTCRO-MOOE 
DATA IS REAOY FROM IIART 
PINN€D-OUT SENSE INOT USEn) 
COUNTER EOU~LS RIT COUNT REG 
BIT 15 Of FUNCTION CONTROL REG 
XMIT DIGIT IS LT OR EQ 9 
BP-MA SELECTED 
MI~ SELECTED 
NOT J 
H • I 
ERROR F,r 
COUNTE~ EQUALS 31 
COUNTER EQU4LS IS 
TERMINATF CODE RECEIVED ICOLONI 
16 BIT CPU 
HEX DIGIT RECEIVED 
LOWER 2 BIfS OF COUNTER EQUAL 11 
LSB OF COUNTER 
MAIN ME~ORV SELECTE~ 
MICRO MFMORY SELECTFO 
FILE 2 SELECTED NOT 
BUSY OR NOT AUTO-DISPLAY 
o -CT ~EGISTER (ON THIS MOO) 
C, TER EQUALS ZERO IBITS 0-41 
C1 TER EQUALS ZEOIO IiHTS O-SI 

ENABLE 
SI-< 
01 
X 
SEI 

IUATES IP2 ACTUALS) 
r X ~EG LEFT BY 1 
• 1 TO OISlo AR 
SELECTED REG 
"ED REG TO X 

SHU. 'JFFER UNAFFECTED 
SHIFT BUFFER SHIFTEn RIGHT 
SHIFT SUFfER SHIFTEn LEFT 
SHIFT SUFFER LOADED 

SHIFT 
EUU 
EQU 
EQU 
EQU 

REGISTER ENABLE EQUATES 
SRt40PIO) 

IP3 ACTUALS) 
SHIFT REGISTER UNAFFECTED 
SHIFT REGISTER SHIFTED RIGHT 
SHIFT REGISTER SHIFTED LEFT 
SHIFT REGISTER LOADED 

<;RI'l(ll 
SRL(2) 
SRLOAD(]) 
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0072 
0073 
0074 
0075 
0076 

0078 
0079 
0080 
0081 

00H3 
001l" 
00il5 
0086 

0088 
0089 
0090 
oon 
0092 
0093 

0095 
0096 
0097 

0099 
0100 
0101 
0102 
010) 
0104 
0105 
0106 
0107 
0108 
0109 
0110 
0111 
0112 
all) 
0114 

A-4 

PANEL 

0000 
0001 
0002 
0003 

0000 
0001 
0002 
000) 

0000 
0001 
0002 
000) 

0000 
0001 
0000 
0001 
0002 
0003 

0000 
0001 

0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
OOOA 
000f! 
OOOC 
0000 
OOOE 
OOOf 

.. 

.. 

PAGE ) DATE: 10/16175 

SHIFT 
EQU 
EQU 
EQU 
EaU 

EQU 
EQU 
EQU 
EaU 

EQU 
EQU 
EQU 
EQU 

Eau 
EQU 
EQU 
EQU 
EQU 
EQU 

INPUT. DATA MUX. 
HIf!IT(O) 
ENOARND C 1) 
XMSB(Z) 
RUFFER () 

FNA8DMA(0) 
FNABFCll) 
FNABMIR(2) 
ENABPMA (3) 

HEXGR9CO) 
HEXLE9(1) 
AODR(2) 
XMITCCR C) 

COMPULlO) 
rLRUL C 1) 
flI Sl ~LI 0) 
flISIMU (ll 
OISOML(2) 
OISO~U() 

AND X~IT MUX ENABLE EQUATES (P4 ACTUALS) 
ZERO FOR H. ONE FOR I 
END AROUNO SHIFT 
MSfl OF X 
SHIFT eUFFE~ REGISTFR 

DMA FNAflLED 
FUNCTION CONTROL REG ENABLED 
~IK fNABLED 
FlP-MA ENA8LED 

XMIT HEX't,REATER THAN 9 
XMIT HEX LE 9 
XMIT ADDRESS FIELD 
XMIT CONTROL CHAR RFGISTER 

CO~PLIMENT UPPER/LO~ER FIF 
CLEAR UPPER/LO~ER Flf 
FORCE DIS 1. SET M~L AT STR8M~X 
FORCE DIS 1. SET ~MII AT STRBHHX 
SET MML AT 5TRBMMX 
SET MMU AT STRBMMX 

COUNTER ENABLE EQUATES CPS ACTUALS) 
EQU ~AME(O) COUNTER UNCHANGED 
EQU INCK(l) COUNTER INCREMENTED BY 1 

STROBE 
EQU 
EQU 
EaU 
EQU 
EQU 
Eau 
EQU 
EQU 
EQU 
EQU 
EUU 
EQU 
EQU 
Eau 
EQU 

EQUATES (P6 ACTItALS) 
NULL(OO) 
5300(01) 
TBRLOAD(02) 
ORRESETCO) 
5TRBCCR(04) 
CLRSR(05) 
CLRCT(06) 
EXIT (07) 

5SREG(08) 
STRBULII0) 
5ETERRClRlll) 
5 TRBMI~X I 12) 
CLRBUSY (}3) 
5ETRCPU (}4) 
LOADCT(lS) 

NOT USED 
ENABLE 5300 TO cPu L5B 
LOAD xMlr RUFFER REr, 
OATA RE~DY QESET ANfl SET RUSY 
STR04E CONTROL CHAR REGISTER 
CLR SHIFT REGISTER 
CLR COUNT, RD STROH~. STROBE BCR 
EXIT FROM CPU 
STROgE SELECTED REGISTER 
STROgE UPPER/LOwER F/F 
SET ERROR FIF 
STRORE MH UPPER/LO~FR FIF 
CLEAR BUSY. CLEAR EQROR 
CLR TIMING CHAIN (SET RCPU) 
LOAD COUNTER WITH AnDRESS fIELD 
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PANEL PAGE 4 DATE: lOn&I7S 

0116 • ADDRESS FI~LD EQUATES IP7 ACTUALSI 
0117 0040 EQU kHEXGR915401 HEX GR 9 AND CONTROL CHAR 
OllA 00)0 EOU KHEXLE91Sl01 HEX LE 9 
0119 002A EOIJ (STAIHIi2AI ASTfRISI< 
0120 OOOD EOU XCRI5DI CHARRIAGE RETURN 
0121 OOOA EOU XLFISAI LINE FEED 
0122 0020 EOU JSPACEIS201 SPACE 
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PANEL 

0124 
0124 POOOO 0090 
0124 POOOI 0006 
0125 
0125 P0002 01E8 
0125 POOO) 0000 
Oleb 
0126 POel04 02)0 
0126 P0005 3612 
0127 
0127 P0006 0334 
0127 P0007 ISlE 
0128 
01Z8 P0008 047C 
01211 .. 0009 0015 
0129 
0129 POOOA 0580 
0lo!9 POOOR 0011 
0130 
0}30 POOOC 0684 
0130 POOOO 0008 
0131 
0131 POOOE 07110 
OPl PODOl' 0108 
0132 
0132 P0010 08C8 
0}32 POOll 0010 
0133 
0133 P0012 09BC 
0133 POOl3 0001' 
0134 
0}34 P0014 OA03 
0134 POOlS OOOE 
0}35 
0)35 P0016 OBFC 
0135 POOl7 0000 
0136 
0136 poola GCaO 
0136 P0019 OSRI' 
0137 
0137 POOlA ODaO 
0137 POOIa 0201' 
0139 
0139 POOIC OE56 
013a POOI0 BaDE 
0139 
0139 POOlE ol'ao 
0139 POOIF OIBa 
0140 
0140 P0020 103C 
0140 P0021 01112 
0141 
0141 P0022 1180 

A-6 

PAGE 5 DATE: 10/16/75 

S JTRUE DREADY ...... rHKRF.'.. JU .. P II' DAn. ROY OR SWITCH OOVN 

JTRUE ~IOTAUTO ...... 5 JUMP II' BUSY OR ~T AUTO-DISPLAY 

UKA... Jf"ALSE ~OTJ ••• OISO~J •• 5TR8HMX.JLOC SET NNU. JU~P If' CC IS J 

Jf"ALSE HORI ••• CLRUL •• STRBUL.KL JUMP If" NOT H OR I 

SALSE CTEQZ •••••• RFPLACE JUMP If" COU~T NOT EQ.O 

..... XMJTf"CR 

CHKREM JTRUE REMOTE •••••• CHARDY JUMP II' RE"OTE 

SEQ •••• TaRLOAO OEBOUNCE LEADING EDGE 

CHARDY JTRUE TERM ...... TMRCVD JUMP IF TERMINATE C·,)OE (COLONI 

JTRUE ERROR •••••• RFSET IGNORE IF ERROR Flf" SET 

JTRUE HEXRCVO.SBLOAD ••••• ENTERHF.X LD BUF~ER. JU"P IF HEX 

JTRUE CTEQZ •••••• Sf'TCC SKIP IF COUNT EQUALS ZERO 

ERRORLOC JU,," •••• SETERROR.RESET SET ER~OR FIr 

SETCC JUMP .... STRBCCR.RESET STRORE CONTRC~ . "'R REGISTER 

ENTERHEX JF4LSE CTEQX3.SBL.SRL.BlJFFER.INCK .... ~ TO SHIFT REG 

.... ORRESET .RETURN RESET At~C Jl, IQ R!;TURN 

TMRCVO JI'ALSE ERRtlR .. · ... ORRESET.OKAY JUMP r 

IIMITI'CR JUMP .SRLOAD.ENABf'C •• CLRCT.XMIT32 ,. 
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PANEL 

0141 P002) 0)213 
0142 
0142 P0024 1268 
0142 P0025 0011 
014) 
014) P002" DFC 
014) P0027 0010 
0144 
0144 P002A 1458 
0144 P0029 5014 
0145 
0145 P002A 1580 
0145 P0028 0)16 
0146 
0146 P002C 169C 
0146 P002D 0018 
0147 
0147 P002E 1780 
0147 P002F 9818 
014A 
0148 POO)O 1880 
0148 POO)l 001A 
0149 
0149 P0032 1982 
0149 POO)l 8818 
01!>0 
0150 POO)4 lARD 
0150 POO)5 88114 
0151 
0151 P0036 IB74 
0151 P0037 0016 
0152 
0152 P003!! lC80 
0152 P0039 0411 
015) 
0153 POO)A lOBO 
0153 P003A 0527 
0154 
0154 P003C lE6C 
0154 P003t) 0040 
0155 
0155 P003E IFFC 
0155 POO3f" 0021 
0156 
0156 P0040 2058 
0156 P0041 lC20 
0157 
0157 P0042 2128 
0157 P004) 0023 
01!>S 
0158 P0044 2280 
0158 P0045 F328 
0159 

96729000 Ai 

PAGE 6 DATE: 10,.6175 

JLOC JFALSE NOTAUTO •••••• KMITFCR JUMP IF AUTO-DIS. AND NOT BUSY 

CTEOZ •••••• OTHER16 JUMP IF COUNT EQ 0 

JFALSE CTLS8 •• SRR.ClRUL.INCK.STRAUL.- POSITION DIGIT NUM 

~EPLACE SEQ .SRLOAD.ENABFC •• CLRCT FCQ TO·SR. STROBE B[T CT REG 

CKEQUAL JTRUE F.QUAL ...... CKJ JUMP If' BIT COUNT EQ BIT CT REG 

JUMI' .SRL.ENDARND.INCK •• CKZERO SHIFT END AROUND 

I..KJ JTRUE NOTJ •••••• CHr,BIT SKIP IF NOT J 

JUMP SBL.SRL.BUFFFR.INCK •• CKZEQO BUFFER TO SHIFT REG 

CHG81T SEQ .SRL.HIB[T.INCK CLR OR SET RIT 

CKZERO JF ALSE CTEOO •••••• CKEOUAL JUMP IF COUNT NOT EQ 0 

JUMP •••• SSREG.XMtTFCR STROAE SR TO FCR 

OTHER16 JUMI' •• COMPUL •• STRBUL.SETi6 COMPLIMENT UPPER/LOWER f'1f' 

1I.L JFALSE OIREG •••••• NOTDIREG JUMP IF NOT DIRECT QEGISTER 

JTRUE CTEQZ •••••• CKBPMA SKIP IF CT EQ 0 

Jf'ALSE CTLSB ••• ENABFC.INCK.SSREG.- STAOBE SEL. AEG. TWICE 

CKBPMA JFALSE BPMA ...... CK"'IR SKIP IF NOT BKPT-MA REGISTEA 

JUNi' .SALOAO.ENABPMA •• CLRCT.XMIT32 BKPT-MA To SA 

CKMIR JFALSE MIR •••••• XMITFCA JUMP If' NOT MIA 
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PANEL PA.GE 7 DATE: 10/16175 

0159 P0046 232C 
01!;9 P0047 0011 
0160 .JUMP .SRLOAD,ENAB~IR •• CLRCT.XMIT32 MIR TO SR 
0160 P004A 2480 
0160 P0049 E32!1 
0161 "MIT .JF"ALSE CPU16 •• ,.,CLRCT,XMIT32 .JUMP IF" 32 BIT CPU 
0161 P004A 254C 
0161 P004R 0328 
0162 .JTRUE MM •• ,."XMIT12 .JUMP IF" "1M 
0162 P004C 26EO 
0162 POO40 0028 
0163 SEll 6 SEQ .... LOADCT.l" SET COUNTER TO 16 
0163 P004E 2700 
0163 P004F" 0790 

-0164 "MIT32 .JTRUE REMOTE •••• ,.CKI'"CI6 .JUMP IF" REMOTE 
0164 P0050 2884 
0164 P0051 002!! 
0165 .JF"ALSE CTEQ31 •• SRL.FNOARND,INCK •• o SHIFT 8ITe; TO LITES 
0165 P005? 2940 
01 65 P0053 9829 
0166 TOEND .JUMP •••• CLRBUSY.FNOXMIT CLEAR 8USY F"/F" 
0}66 P0054 2A80 
0166 P0055 06BA 
0167 CKF"C15 .JTRUE F"C15 ••••• ,TOFNO SUPPRESS XMIT IF" F"C15 SET 
01 67 P0056 2BAO 
0167 P0057 002A 
0168 SEQ •• ADDR"TBRLOAO.XCR TRANSMIT CHARRIAGE RETURN 
0168 POO5'! 2COO 
0168 POOS9 2100 
0169 .JF"ALSE NOTAUTO"",.SKPLF" SKIP LF" IF" AUTO-DISPLAY 
0169 P005A 20"8 
0169 P005B 002F" 
0110 SEQ .,AOOR"TBRLoAO.XLF" TRANSMIT LINE F"EEO 
0110 POOSC 2EOO 
0110 POOSO 210A 
OPI SKPLF .JF"ALSE ERROR."".NOERROR .JUMP IF" ERROR F"/F" NOT SET 
OPI POOSE 2F"3C 
OPI PODSI'" 0031 
0172 SEQ .,AOOR"TBRLOAO.XSTAR TRANSMIT ASTERISK 
01 72 P0060 3000 
OP2 1'0061 212A 
OP3 NOERROR SEQ .,XMITCCR •• TRRLOAD.XHEXGR9 TRANSMIT CONTROL CHAR 
OP3 P0062 3100 
OP3 P0063 3140 
0174 HEXDIGIT SEQ .,A.OOR"TBRLOAO,XSPACE TRANSMIT SPACE 
0174 P0064 3200 
0174 P0065 2120 
Oli'S .JI'"ALSE LE9"."CLRBuSY,GR9 .JUMP IF" GREATER THAOj 9 
0175 1'0066 3324 
o11s 1>0067 0686 
0176 SEQ "HEXLE9"TBRLOAO.XHEXLE9 TRANSMIT HEX OIGIT 
0176 P0068 3400 
0176 P0069 1130 
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PANEL PAGE R DATE: 10/16175 

0117 JUMf> ..... SHIFT4 
0171 P006A 35f\O 
0117 P0068 0031 
017s GR9 SEQ •• HEXGR9 •• TB'lLOAO. XHEXGI!9 TRANSMIT HEX nIGIT 
0178 P006C 3600 
0178 P0060 0140 
0179 SHIFT4 JFALSE CTEQX3 •• SRL.~NOARND.INC~ •• • SHIFT 4 BITS 
0179 P006£ 3154 
0179 P006F 9831 
0180 JFALSE CTEQO •••••• HEXOIGIT SEND AGAIN IF COUNT NOT Ea 0 
0180 1'0070 3814 
0180 POO71 0032 
0181 SEQ •• ADOR •• TBRLOAD.XSPACE TRANSMIT SPACE 
0181 POO72 3900 
0181 POO71 2120 
0182 t.NDXMIT SEa •••• CLRCT CLEAR COUNTER 
0182 P0014 3ARO 
0182 P0075 033>:1 
0183 I<ETURN JTRUE REMOTE ...... 5 RETURN IF REMOTE 
0183 1'0016 3B84 
0183 1'0071 0000 
0184 JTRUE DREAOY ........ WAIT SWITCH OPEN 
01';4 1'0018 3C90 
01l\4 1'0079 003C 
0185 SEa •••• TBRLOAD DE80UNCE TRAILING EOGE 
0185 POOH 3080 
0185 1'0018 013E 
0186 JTRUE NOTAUTO ...... S RETURN IF NOT AUTO-OISPlb.Y 
0186 P001C 3EE8 
0186 1'0010 0000 
0181 JUMP •• CLRUL •• STR~UL.S CLEAI~ U/L F IF 
0187 P001£ 3F80 
Oltl7 P001F 1500 
01bfl NOTOIREG JFALSE RUNNING •••••• STOPPED JUMP IF STOPPED OR MACRO-f.40DE 
01b8 P0080 400C 
0188 1'0081 0042 
01!:19 JUMP •••• SETERROR.XMITFCR SET ERROR. JUMP TO XMITFCR 
01H9 1'0082 4180 
0189 1'008) 0591 
01"0 STOPPEO JTRUE CTEaz ••••• SETRCPU.FETCH JUMP IF COUNT EO a 
0190 P0084 42FC 
01"0 P0085 0150 
01"1 SEQ •••• CLRCT CLEAR COUNTER 
0191 POOfl6 43RO 
01 9 1 P0081 0344 
01 92 JFALSE CTEQ15.LOCO.5RL.XMSB.INCK •• * SHIFT 16 BITS 
0192 1'0088 4444 
0192 P0089 A844 
01"3 JFALSE MM ••••• CLRCT.NOTMM JUMP IF NOT MICRO '1EMORY 
0193 P008A 4560 
0193 P008'1 0348 
0194 JFALSE CPUI6 •••••• NQTMM SKIP IF NOT 16 BIT CPU 
0194 P008C 464C 
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PANEL 

0}94 PODS!) 0048 
0}95 
0195 POOSE 4782 
0)95 POOSF 264S 
0}'I6 
0}96 P0090 4844 
0}96 P0091 A848 
0197 
0197 P009? 495C 
0197 P009) 034C 
0198 
0198 P0094 4A80 
0)98 P009o; 1648 
0199 
0}99 P0096 48Rl 
0}99 P0097 364C 
0200 
0200 1'0098 4CE6 
0200 P0099 004E 
0201 
0201 P009A 4082 
0201 P0098 004E 
0202 
0202 ~)009C 4E4C 
0202 P0090 0053 
0203 
0203 P009E 4FRO 
0;>03 P009F 0052 
0204 
0;>04 POOAO 504C 
0204 POOAI 0052 
0205 
0205 POOA2 5100 
0205 POOA3 0790 
0206 
0206 POOA4 5240 
0206 POOA5 A802 
0;>07 
0207 POOA6 535C 
OZ'j? POOll7 3657 
02u8 
0208 POOAR 5480 
0208 POOA9 1655 
0209 
0209 POOAA 55111 
0209 POOA'! 3656 
0210 
0210 POOAC 5683 
0210 POOAD 0357 
0211 
0211 POOAE 5783 
0211 POOAF 1658 
0212 

A-IO 

PAGE 

SEQ 

NOTMM JFALSE 

.)FALSE 

SEQ 

SEQ 

CKF2 JTRUE 

SEQ 

CK32 JFALSE 

FETCH JFALSE 

SEQ 

JFALSE 

:>KIPSAIIE JFALSE 

SEQ 

SEQ 

SEQ 

NOTMEM SEQ 

SEQ 

9 DATE: 10/16175 

LOC2 •• DISOML •• STR8MMX X REG TO MMU. SET MML 

CTEQ15.LOCO.SKL.XMSB.INCK •• * SHIFT 16 BITS 

MEM ••••• CLRCT.CKF2 SKIP IF NOT MEM 

.. DISIMU .. STIlBMMX FORCE DI-SPLAY 1 

LOCl •• DISOMU •• STRBMMX DIS. 1 TO ADDRESS BUFFER 

",OTF2.LOCZ ..... C1(32 X REG TO SEL REG. JIJMP IF NOT F2 

LOCZ EXEC LOC2 AGAIN TO WRITE INTO F? 

CPUI6 •••••• SKIPSAIIE JUMP IF 32 RIT CPU 

..... SAIIEX 

CPUI6 •••••• SaVEX JUMP IF 32 8IT CPu 

•••• LOADCT.l'" SET COUNTER TO 16 

CTEQ31.LOCO.SRL.XMSB.INCK.S300.* SAVE X REGISTER 

MEM ••• DISOMU •• STIlBMMX.NOTMEM JUMP IF NOT MEM 

•• DISIMU •• STIl8MMX FORCE DISPLAY 1 

lOCl •• DISOMU •• STRBMMX DIS. 1 TO ADDRESS BUFFER 

LOC3 •••• CLRCT READ FROM MEM 

LOC3 •• DISIMU •• STRBMMX SEL REG TO X. FORCE DISPLAY 

o REQUIRED PASS BEFORE SHIFT 
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0212 pO ORO S880 
0212 1'0 OBI 0059 
07.1 ) JF"ALSE CTEQ1S.LOCO.~~L.XMSS.INCK.S)00.* SHIfT 16 BUS 
0213 POOBZ S944 
021) ;>00B3 A8D9 
0~14 JF"ALSE CPUI6 ••••• CLQCT.~OTCPU16 JUMP IF" NOT 16 BU CPU 
0214 POOS4 SA4C 
0214 POOSS O)SE 
0215 JF"ALSE MM ••• DISIML •• STRRMMX.NOTCPU16 JUMP IF" IIIOT 14M 
021S POOB6 SBM 
021S POOS1 065E 
0216 SEQ LOCl •• DISIMU •• STRBMMX MML TO X. F"OkCE DISPLAY 
0216 POOBB SC8l 
0216 1'0089 1650 
0217 SEQ 0 REQUIRED PASS BEF"OR~ SHIF"T 
0217 P008A SOBO 
0217 POORIJ 005E 
0218 NOTCPU16 JF"ALSE CTEQ1S.LOCO.SKL.XMSS.INCK.S)00.* SHIfT 16 BUS 
O<,IB POOBC 5E44 
0218 POOBO A8DE 
0219 JUMP LOC1 •••• EXIT.XMIT OIS.1 • 1 TO O[S.I. EXU CPU 
0219 ;>OOBE SF"Bl 
0219 POOSF" OlAS 
0220 END 

PGM= OOCO« COM .. 0000 01 OAT .. 0000 C 01 
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E QUI VALEIltCES ----.-----.---.--------

DEF • LIllIE: NAME VALUE REFFRENCED AT LJNE NUMBER 

0000 J OOFF (000255) 
002" TRUE 0000 (000000) 
0027 REMOTE 0001 (OOOOOl) 0130. 0164. 0)83 
002'1 SWITCH 0002 (0000021 
002'l RUNNIN 0003 (aOOOO31 0188 
00:\0 ORfAOY U004 1~000041 0124. 0184 
0031 CONoS 0005 (0000051 
0032 EQUIIL u001 10000071 0146 
0033 FCIS 0008 (0000081 0167 
0034 LE9 UOO'l (UOOOO'l1 0175 
0035 BP"IA UOOA (0000101 0157 
001" MIR OOOB (0000111 0159 
0037 NOTJ (JOOC (0000121 0126. 0148 
00311 HOi'! UOOo (000013) 0127 
003'l ERROR OOor (000015) 0133. 0140. 0171 
0040 CTEQ31 vOIO «()00016) 0165. 0206 
0041 CTEalS 0011 (~00017) 01'l2. 0196. 0;>13. 0218 
004~ TERM U012 (000018) 0132 
0043 CPUI6 U013 (000019) 0161. 0194. 0;>02. 0204. 0214 
0044 HEXRCV 0014 ("00020) 0134 
0045 CTEQK3 0015 (0000211 0138. 0179 
0046 CTL58 0016 (UOOO<'21 0144. 0156 
0041 MEM U017 «(JOOO23) 0197. 0207 
004'1 "1M u01~ (000024) 0162. 0193. 0;>15 
004'l NOTr2 U019 (000025) 0:>00 
0050 NOT AUT UOIA (UOO026) 0125. 0142. 01 69. 0186 
0051 olREG 0018 (0000<=7) OiS4 
005;> crc:ao vOlO (000029) 0151. 0180 
0053 CTEOl vOIF (00003}1 0128. 0135. 01 4 3. 0155. 01'l0 
0056 LOCO 0000 (000000) 0192. 0196. 0;>06. 0213. 0218 
00'>7 LOCI uOOl (llOOOO}l 0199. 0209. 0;;>19 
00'>8 LOC2 0002 (000002) 01'l5. 0200. 0;>01 
005'l· LOC3 u003 (00000) 0;>1 O. 0211. 0;>16 
0061 SBNOP IJOOO (1100000) 
006;> SRR 0001 (QOOOOll 
0063 SBL 0002 (000002) 0138. 0149 
0064 SRLOAD 0003 tUOOO03) 0134 
0067 SRNOP 0000 (000000) 
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006~ SRR 0001 (0000011 0144 
0069 SRL 0002 (0000021 0138. 0147. 01 49. 0150. 0165. 0179. 0192. 0196. 0206. 0211. 0218 
0070 SRLOAD (J003 (0000031 0141. 014<;. 0158. 0160 
0071 >-IIBP 0000 (0000001 0150 
0074 ENDARN 0001 (0000011 0147. 0165. 0179 
007S XMSA 0002 (~OOO02) 0192. 0196. 0;>06. 0213. 0218 
0016 BUFFER U003 (000003) 0138. 0149 
U078 ENABDM uOOO (UOOOUO) 
0079 ENABfC 0001 (0000011 0141. 0145. 0156 
00'30 ENAAMI u002 (UOOO021 0160 
00'31 ENA!:If'M U003 (llOOO031 0158 
00~3 HEXGR9 0000 (0000001 0178 
0084 HEKLE9 0001 (0000011 0176 
OOIlS AODR 0002 (000002) 016'3. 0170. 0172. 0174. 01111 
00'36 XMlTCC 0003 (000003) 0173 
OOIlA COMPUL 0000 (000000) 01<;3 
0089 CLRUL UOOI (0000011 0127. 0144. 0ltl7 
OOClO DISIML 0000 (UOOOOO) 0;>15 
0091 OISIMU 0001 (0000011 0198. 0208. 0711. 0216 
0092 D1S0ML 0002 (UOOO02) 0195 
0091 OISOMU U003 (UOOO03) 0126. 0199. 0;>07. 0209 
009A SAME UOOO (000000) 
OOCl7 INCK uOOI (000001) 0138. 0144. 01 47. 0149. 01<;0. 0156. 0165. 0179. 0192. 0196. 0206. 0213. 0218 
0100 NULL 0000 (000000) 
Dial 5300 0001 (~OOOOll 0206. 0213. 0;>18 
0102 TBRLOA 0002 (ilOOO02) 01310 016A. 01 70. 0172. 0173. 0174. 0176. 0178. 0181. 0185 
0103 ORRESE (J003 (000003) 0139. 0140 
0104 STRbCC U004 (000004) 0137 
010S CLRSR UOOS (ilOOO05) 
OlO6 CLRCT U006 (0000U6) 0141. 0145. 0158. 0160. 0161. 0182. 0191. 0193. 0197. 0210. 0214 
0107 EXIT (J007 (uOOOO7) 0?19 
uI0A SSREG 0008 (000008) 0152. 0156 
01;)9 STR8UL OOOA (uOOOI0) 0127. 0144. 0153. 0187 
0110 SETERR U008 (0000111 0136. 0189 
0111 STRR'IM OOOC (000012) 0126. 0195. 01 98. 0199. 0207. 020~. 0209. 0211. 0215. 0216 
0112 CLil'lUS UOOO (aOOO13) 0166. 0175 
0113 SETRCP oOOE (000014) 0190 
0114 LOADCT uOOf (000015) 0163. 0205 
0117 KHEXGR U040 (000064) 0173. 0178 
Oll~ XHEXLE U030 (000048) 0176 
0119 XSTAR 002A (ilOO042) 0172 
0120 XCR 0000 (uOOOI3) 016A 
0121 XLf OOOA (0000101 0170 
0122 XSPACE 0020 (0000321 0174. 0181 
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SYMROLS -----
DEF.LlNE NANE ADDRESS REfERE"CEO ~T LINf' NU~dER 

0124 5 0000 0124~ 0124, 012" 0125, 0175. 0126. 0126. 0127. 0127. OI2A. 012A. O12Q, 0129. 0130. 0130. 0131 
0131. 0132. 0132. 0133. DIll. 0134, 01)4, 013S. 0135. O13~, 0136. 0137. 0137. 013A. 0138. 0139 
01 ~9, 0140, o I 'to. o 14}. 0141, 0147, 0142. 0143. 0143. 0144. 0144, 0141:;, 0145. 014"', 0146. 0147 
0}47. 014B. OlltA, 0149, 0149, 0150. 0150. 0151. 0151. DIS? 0152. 01530 01;3. 0154. 0154. 0155 
0155. 0156. 0156, 0157. Ol'i7. 015~. 0IS~. 0159. 0159. 0160. o lbO. 0161. 0161. 0162. 0162. 0163 
0164, 0164, 01bS. 01",. 011,,,,. O16t'), 0167. 0161. 01&8, 0169. 0169. 0170. 0171. 0171. 0172. 0173 
0174, 0175. 01 75. 0176. 0177. 0171, 0178. 0179. 0179, a lAO. OIAO. 0181. 0182. Ol"?,. 0183. 0183 
01 ~3, 01849 O} a4. 0185. Olt6. 0186, OIM. 0186. 0187., 0187. 01A7. OIAR. 0188. 018Q. 0189. 0190 
0190. 019\. 0191. 0192. 01 "2. 0193. 0193. 0194. 0194. 0195. 0195. 0196. 0196. OIQ7, 0197. 0198 
Ol9A. 0199. 01-19, 0200. 0200. 0201. 0201. 0202. 0202. 0203. 0203. 0204, 0204. 020';' 0206. 0206 
0?07. 0207. 0708. 0208. 0209. 0209. 0210. 0210. 0211. 0211. 0212. 0212. 0213. 0213. 0214. 0214 
0;>1 S. 0215. 0716. 0216. 0217. 0217. 0218. 0218. 0219. 0219 

012" OKAy 0004 0140 
0130 CHKREH OOOC 0124 
U~!3;> CI1A~DY 0010 0110 
013" E~RORL 0018 
0137 sncc OOIA 0135 
Onti E"TEkH OOIC 0134 
0139 RESET ODIE 0\13. 0136. 0137 
0140 T~~CVD U{l20 0112 
0\41 XMITFC u022 o l?q. 0\42. 0152. 0159. 0189 
O14i? JLOC U024 0126 
014<; REPLAC U024 0128 
Olio" CKEQIJA UC2C OISI 
O14A CKJ 0030 0146 
0\';0 CHGqlT U034 014A 
0151 CKZEkO 0036 0}41, 0149 
OIS-' OTHE"I 003A 0143 
0154 KL 003C 0127 
0157 CK8PMA 0042 0155 
0159 CKHIR 0046 0157 
01"1 XMIT 0044 0~19 
0163 SETI6 004E 0153 
0164 XMIT32 0050 0}41. 0158. 0160. 01610 0162 
016'" lOc.NO 0054 0167 
0167 CKfCI5 0056 0164 
0171 SK?LF - 005E 0169 
0173 tJOERRO 0062 0171 
0174 HEllOiG 0064 0180 
0178 GR9 OOIoC 0175 
0179 SHIFT4 D06E 0177 
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0lA2 ENOI("'I 11014 01 f,6 
OHI"l "ETURN "016 01')9 
o I'll! NOTOIR 11080 0154 
0190 ·STOPPE 0084 0lA8 
O19f. NOT""", 0090 0193. 0194 
0200 CKf2 0098 01 'H 
0202 CK32 009C 0200 
0204 fETCIi OOAO 0190 
0206 SAVEl( IIOA4 0203. 0204 
0207 SKIPSA 1I0A6 0202 
0211 NOT""E"" OOAE 0207 
0211! NOT CPU 1l0BC 0214. 0215 
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A l P H A ~ E T C A l S 0 R T 
" F 

S Y M 8 0 l S 

ADOR OORS ijPM' 0035 BUFFER 0076 CMAQDY 013? CH(;'l1T 0150 CHKPf" 0130 CK32 0702 CKePM. 0157 CKEQUA 0146 
CKFZ 0700 CKFCIS 0167 CKJ 0\4R CKMIR 0159 CKIERO CISI CL"~US 0112 CLRCT 0106 CLR~R 0105 CLRUL 0089 
COMPUL OOR~ CONn~ 0031 CPUl6 004) CTEOO 005~ CTf01<; 0041 CTEII11 0040 CTEOX) 0045 C.TEOl 0053 CTLSB 0046 
DIREG 0051 DISO"L 0092 DI~OMU 0093 DISIML 0090 DISI"U OOQI OWE4DY 0030 DRRESE 0103 EN'~O'" 0078 E"'RFC 0079 
ENABMI oo~o EN.a~M 0081 ENUM"N On74 ENDX"I Ol~~ EIIITERH 0138 EOUAL 0032 ER"OR 0039 E"PORL 0136 EXIT 0107 
FCIS 0031 FETC" 0204 GR9 O\7R HEXOIG 0174 HEKr,~9 0083 HfXLF9 00B4 HfXRCV 0044 HIBJT 0073 HOIII 0038 
I 0000 INCK 0097 JLUC 0142 KL 015. Lf9 0034 LOA~CT 0114 LOCO 0056 LOCI 0057 LOCZ 0058 
LOC3 0059 Y.E~t 0047 MIt< On16 MM 00 •• "'OfRRO 0173 ~OUUT 0050 NOTCPU 0218 IIIOTOIR 0188 NOTFZ 0049 
NOTJ Dry 37 NOTM~M 0211 NOTMM O}Q? WLL o} on O~AY 012~ OTHFol 0151 RE.OTE 0027 R~PLAC 0145 RESET 0139 
RETURN 0183 RUNNIN 0029 S 0124 5300 O}OI SA"'E 009"- SAVfX 0206 SAL 0063 SHLOAD 0064 SBNOP 0061 
591< 0062 SET1' 0163 SETCC 0137 SETERR 01\0 SErRCP 0113 SHIFh 0179 SKIPSA 0207 SKPLF 0171 SRL 0069 
SRLOAD 0070 SRNOt' 0067 Sf,l;.( 0068 SSREG 010. STOPPE 019n STRACC 0104 STRB"''''' 0111 STRRUL 0109 S~ITCH 0028 
T91<LOA O}02 TERM 004? T."CVO O}40 TOE~O 016~ TRUE oon XCR 0120 '.;EKGil O}17 XHEXLE 0118 XLf 01Zl 
XMIT DI61 XMIT32 0164 XMITCC 0086 XMI TfC 0141 '''S8 0075 XSPACE 0122 xSUR 0119 
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UART DETAILS B 

This appendix contains the detailed descriptions of the 
operating characteristics applicable to the UART terminals 
(table .B-1), a functional block diagram of the UART 
(figure B-1), and the controlware program listing of the 
breakpoint controller. The UART provides the RS232 
communication interface between the breakpoint controller 

and RS232 compatible peripherals. The controlware pro­
gram sequences and controls the breakpoint controller 
operations. For a detailed description of the controlware 
format, refer to the paragraph on Breakpoint Controller 
Controlware in section 4. 

TABLE B-1. UART PIN DESIGNATIONS AND DESCRIPTIONS 

Designation Pin No. Description Function 

RRD 4 Receiver register A high-level input voltage, Vm ' applied to this line disconnects the 
(RBRD) disconnect receiver holding register outputs from the RRS-RR1 data outputs 

(pins 5-12). 

RRS-RR1 5-12 Receiver buffer The parallel contents of the receiver register appear on these lines 
(holding) if a low-level input voltage, VIL , is applied to RRD. For character 
register data formats of fewer than eight bits, received characters are right-

justified (RR1 = LSB) and the truncated bits are forced to a low 
output voltage VOL. 

RPE 13 Parity error A high-level output voltage, VOH , on this line indicates that the 
received parity does not compare to that programmed by the even 
parity enable (PS) control line (pin 39). This output is updated each 
time a character is transferred to the receiver buffer register. RPE 
lines from a number of arrays can be bussed together since an output 
disconnect capability is provided by the status flag disconnect (SFD) 
line (pin 16). 

RFE 14 Framing error A high-level output voltage, VOH, on this line indicates that the 
received character has no valid stop bit; that is, the bit following 
the parity bit (if programmed) is not a high-level voltage. This out-
put is updated each time a character is transferred to the receiver 
holding register. RFE lines from a number of arrays can be bussed 
together, since an output disconnect capability is provided by the 
status flag disconnect (SFD) line (pin 16). 

ROE 15 Over-run error A high-level output voltage, VOH, on this line indicates that the data 
received flag RDR (pin 19) was not reset before the next character 
was transferred to the receiver holding register. ROE lines from a 
number of arrays can be bussed together, since an output disconnect 
capability is provided by the status flag disconnect (SFD) line (pin 16). 

SFD 16 Status flag A high-level input voltage, V IH, applied to this pin disconnects RPE, 
disconnect RFE, ROE, RDR, and TBRE, allowing them to be bus-connected. 

RRC 17 Receiver register The receiver clock frequency is 16 times the desired receiver shift 
rate. 

DRR 1S Data received A low-level input voltage, V IL' applied to this line resets the DRR line. 
reset 

RDR 19 Data ready A high-level output voltage, VOH' indicates that an entire character 
has been received and transferred to the receiver holding register. 

RRI 20 Receiver input Serial input data received on this line enters the receiver register at 
a point determined by the character length, parity, and the number of 
stop bits. A high-level input voltage, VIH, must be present when data 
is not being received. 
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TABLE B-1. UART PIN DESIGNATIONS AND DESCRIPTIONS (Cohtd) 

Designation Pin No. Description Function 

MR 21 Master reset This line is strobed to a high-level input voltage, V IH, to clear the 
logic. It resets the transmitter and receiver registers, the receiver 
holding register, RFE, ROE, RPE, and DRR, and sets the serial output 
line to a high-level output voltage, V OH' 

TBRE 22 Transmitter buffer A high-level output voltage, VOH, on this line indicates that the 
register empty transmitter holding register has transferred its contents to the trans-

mitter register and may be loaded with a new character. 

TBRL 23 Transmitter buffer A low-level input voltage, V IL ' applied to this line enters a character 
register load into the transmitter holding register. A transition from a low-level 

input voltage, VIL, to a high-level input voltage, V IH , transfers the 
character into the transmitter register if the register is not in the 
process of transmitting a character. If a character is being transmit-
ted, the transfer is delayed until the transmission is completed. Upon 
completion, the new character is automatically transferred simultan-
eously with the initiation of the serial transmission of the new 
character. 

TRE 24 Transmitter A high-level output voltage, VOH, on this line indicates that the trans-
register empty mitter register has completed serial transmission of a full character 

including stop bits. It remains at this level until the start of transmis-
sion of the next character. 

TRO 25 Transmitter The contents of the transmitter register (start bit, data bits, parity bit, 
register output and stop (bit), are serially shifted out on this line. When no data is 

being transmitted, this line remains at a high-level output voltage, VOW 
Start of transmission is defined as the transition of the start bit from 
a high-level output voltage, V OH' to a low-level voltage, VOL' 

TR1-TR8 26-33 Transmitter The character to be transmitted is loaded into the transmitter holding 
register, register on these lines with the TBRL strobe. If a character of less 
data inputs than 8 bits has been selected (by WLS1 and WLS2), the character is 

right-justified to the least significant bit, RR1, and the excess bits 
are disregarded. A high-level input voltage, VIH, causes a transmis-
sion of a high-level output voltage, V OH' 

CRL 34 Control register A high-level input voltage, V IH, on this line loads the control register 
load with the control bits (WLS1, WLS2, RPE, PI, and SBS). This line may 

be strobed or hard-wired to a high-level input voltage, VIH. 

PI 35 Parity inhibit A high-level input voltage, VIH, on this line inhibits the parity genera-
tion and verification circuits and clamps the RPE output (pin 13) to 
VOL' If parity is inhibited, the stop bits immediately follow the last 
data bit on transmission. 

SBS 36 Stop bit(s) select This line selects the number of stop bits to be transmitted after the 
parity bit. A high-level input voltage, V IH, on this line selects two 
stop bits; a low-level input voltage, V IL ' selects a single stop bit. 
Selection of two stop bits when programming a 5-bit word generates 

, 1/5 bits from the UART. 

WLS2- 37,38 Word length These lines select the character length (exclusive of parity) as follows: 
WLSI select WLS2 WLS1 Word Length 

0 0 5 bits 
0 1 6 bits 
1 0 7 bits 
1 1 8 bits 

PS 39 Parity select This line determines whether even or odd parity is to be generated by 
the transmitter and checked by the receiver. A high-level input volt-
age, VIH, selects even parity; a low-level input voltage, VIL, selects 
odd parity. 

TRC 40 Transmitter The transmitter clock frequency is 16 times the desired transmitter 
register clock rate. 
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