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PREFACE

The KY11-LB Programmer9s Console/Interface Module Operation and Maintenance Manual provides

the information required to operate this option in console or maintenance mode. The manual also

presents a detailed theory of operation of the interface module hardware and software components,

data on the utilization of the programmer9s console as a maintenance tool for the PDP-11/04/34

processors, and information on the troubleshooting and mamtenance of the 1nterfaee module 1tself

The informationis presentedin nine chapters:

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

Chapter 9

Provides an inroduction, general description, and overview of electrical and

mechanical specifications.

Presents a functional description of the console, operating modes, controls
and indicators, and a general discussion of 1nterface module hardware organ-

ization and software facilities.

Describes, on a detailed block diagram level, interface module functions,
registers and controls, and the functions of the MOS/LSI microprocessor.

Describes the microprocessor instruction set.

Presents a description of the M7859 Interface module to the logic level.

Provides operating information on console utilization in console mode.

Contains procedures for using the console in mamtenance mode (mainte-
nance of PDP-11/04/34 processor)

Covers some maintenance techmques for the KYll LB interface module.

Describes installation procedures for various options.

NOTES

In the material presented in this manual, the term

<processor= refers to the KD11-D, KD11-E, and

KD11-EA PDP- 11 /04 /34 processors

If the operator is not familiar with console functlons, |

Chapter 6 should be consulted.





CHAPTER 1

OPERATING CHARACTERISTICS

1.1 INTRODUCTION B

The PDP-11/04/34 Programmer9s Console and Interface module (KYll LB) provides all the func-
tions now offered with the PDP-11/05. The Programmer9s console interfaces to the Unibus (Figure 1-

1) through a quad SPC module. To use this option, the normally provided KY11-LA Programmer9s

Console must be removed and the KY11-LB Console installedin its place. The KY11-LB Console

contains a 7-segment LED display and a 20-key keypad for generatlng the console commands. Several

mdlcators are also provided for additional convenlence in monitoring system status.

| PROGRAMMER'S | | ] KD11-D
| consoLE/ |; . , ADDITIONAL AR OR |MEMORY I| INTERFACE - I OPTIONS I | KD11-E,-EA |

A MODULE | PROCESSOR |
3 KY11-LB L l ' o

11-4855

......

F9igur'e 1-1 Pr8ogrammer9s Console/ In%%zrface - PDP- 191_/04/ 34 Configuratibn

The KY11-LB Programmer9s Console/Interface module comprises an INTEL 8008 single-chip, large

scale integration (LSI) microprocessor and associated registers, Unibus control logic, and auxiliary

memory. The unit is also provided with a 20-key keypad for operator/programmer interaction with

the KDI11-D, -E, -EA via the interface module, six indicator LEDs, a 6-digit, 7-segment display for

- address or data and a dc power switch. The microprocessor communicates with a read-only memory

(ROM) which contains a number of fixed routines for use during normal console and mamtenance

~ operation.

1.2 GENERAL DESCRIPTION

The M7859 Interface module (Figure 1-2) functions as the interface between the programmer9s console

and the KD11-D, KD11-E, or KD11-EA processor, via the Unibus. The unit consists of solid state

integrated circuits with TTL-compatible input and output lines. The heart of the interface moduleis a

single-chip, large scale integration (LSI) microprocessor which executes designated keyboard functions

via programs stored in ROM memory. Auxiliary logic functions including clock, decoding and timing

circuitry, and addressing and Unibus drivers/receivers comprise the remaining logic of the board.

1-1
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The microprocessor chip is an 8-bit, parallel control element packaged as a single metal oxide silicon

circuit in an 18-pin, dual in-line package. With the addition of external clock driving circuitry and

decoding elements, plus memory and data bus control, the unit is capable of performing as a powerful,

general-purpose, central processing unit. Internal logic of the microprocessor chip is structured around

an 8-bit internal data bus and includes instruction decoding, memory control, accumulator and

scratchpad memory, arithmetic and logical capability, program stack, and condition code indicators.

Data transfer between the microprocessor chip and the remaining logic functions of the interface

module is accomplished through an 8-bit, bidirectional data port which is an integral part of the

microprocessor. An internal stack (scratchpad memory) contains a 14-bit program counter (PC) and

an additional complement of seven 14-bit registers for nesting up to seven levels of subroutines. The

14-bit addressmg capacity allows the mloroprocessor to access up to 16K memory locations which may

comprise any mix of ROM or RAM. | ,

1.3 FUNCTIONAL DESCRIPTION

The KY11-LB Programmer9s Console permits the 1mplementatron of a variety of functions through a

20-key keypad located on the front panel of the programmer9s console. Keypad functions are divided

into two distinct modes: console mode and maintenance mode. In console mode operation, a number

of facilities exist for displaying addressesand data, for depositing datain and examining the content of

Unibus addresses including processor registers for entering data into a temporary buffer for use as

address or data, and for single instruction stepplng the processor. The latter featureis espec:1ally useful

during program debugging functions. 8

Normal console keyboard functlons are not available during maintenance mode Thls mode permits

sampling and display of the Unibus address lines and Unibus data lines, and may allow the console to

take control of the Unibus to examine and deposit Unibus addresses if a processor is not present in the

system or is malfunctioning. Additionally, the maintenance function permits assertion of the manual

clock enable and display of the current processor microprogram counter (MPC). Single-clock cycling

of the MPCis also possible to facilitate step by step checkout of processor op codes and control logic

during maintenance functions. In conjunction with this function, assertion of manual clock enable

permits the processor to be stepped through its power-up routine. The manual clock enable may be

dropped via the START key at any time with a resulting dislay of the current MPC. Exit from mainte-

nance mode to console mode may be accomplished at any time by depressing the CLR key on the

keypad.

1.4 SPECIFICATIONS

1.4.1 M7859 Interface Module }Perfo'rma'n8c,e Speeifications

Operating Speed at 500 kHz

Two-Phase Clock Period 2us

Time State (SYNC) 4us

Instruction Time (Mlcroprocessor) - 12-44 pus

Word Size

Data o S 8-bit word -

Instruction 1, 2, or 3 8-bit words

Address S 14 bits |

Memory Size S | »

ROM 4 512 X 4 organized as 1024 8-bit words

RAM | 16 words by 8 bits



| Input/Output Lmes

Memory Data

~Address

~ Control (Address)
- Unibus Control |

| Mrcroprocessor Instructlon Repertorre

48 Basic Instructions

Instruction Categories

1.42 Electrical Specifications =

Power Supply

_InputLogrc Levels (all modules)

. TTL Logic Low

TTL Logrc Hrgh

Output Logic Levels (all modules)9 o
TTL Logic Low

TTL Log1c ngh

| Power Consumptlon E

Interface Module

Momtor/Control Panel -

1 4.3 Mechamcal Spec1ficatlons |

M7859 Interface Module

Board Type

- Dimensions
Height

~ Length

ProgrammerS Console (Overall Panel D1mensrons)

Width

Herght

Depth

1.44 Environmelrtal Speeific9atiohs -

Amb1ent Operatmg Temperature |

Hum1d1ty

- 1/0
- Machine

16 bits
18 bits
2 bits

| 5 »bits

~ Register Operation-
- Accumulator

PC and Stack Control

+5Vat30A
-15Vat60mA

0.0t 0.8 Vdc
2.0to 3.6 Vdc

0.0 to 0.4 Vdc
2.41t03.6 Vdc

O 14W

Quad SPC

- 21.44 cm (8.44 in)

26.08 cm (10.44 in)

47.63 cm (18. 75 in)

- 13.02 cm (5.125 in)

- 6.76 cm (2.66 in)

5° t0 50° C (41° to 122° F)
10% to 95% maximum,

wet bulb 32° C (90° F)

14
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CHAPTER 2

FUNCTIONAL DESCRIPTION

2.1 INTRODUCTION : |
Logical organization of the KY11-LB Interface module is centered around a microprocessor and a
bidirectional data bus (Figure 2-1). The 8-bit data and address bus (D0-D?7) is time multiplexed to
8permit control signals, 14-bit addresses, and data to be transmitted between the microprocessor, mem-
ory, and additional buffer registers. Two registers, the switch register and the bus address register,
contain data and addresses (respectively) to be routed to the Unibus. The transceivers permit 16-bit
data words to be loaded into the microprocessor from the Unibus via the 2-way data bus. Data flow
depends on the type of operation indicated by the keypad and the instruction the microprocessor is

<executing at a given time.

In a typical operation involving an instruction fetch, for example, the microprocessor program counter
contents are transferred to the address register in two successive 8-bit bytes. The address register
outputs activate the appropriate ROM location containing the instruction. The instruction is routed
back via the tristate transceivers and the bidirectional bus to the microprocessor for decoding and
subsequent execution. Instructions range from one to three bytes in length; the state counter decoding
is capable of discriminating between the op code types and the resulting instruction length. The micro-
processor is driven by a nominal 500-kHz, symmetrical, two-phase, nonoverlapping clock and is

- capable of responding to externally generated interrupt conditions. The data interface is a bidirectional
8-bit bus and the unit also provides four control outputs which include three state control signals and a
sync signal. The control signals are applied to external decoding logic to generate system timing states
and are subsequently distributed to the remaining interface module control circuitry. The state control
signals are also utilized in the chip for sequencing data processing operations.

2.2 PROGRAMMER9S CONSOLE KEYPAD FUNCTIONS/ CONTROLS AND INDICATORS
Operator/programmer control of the KY11-LB is accomplished through a 20-key keypad located on
the console panel (Figure 2-2). A summarized description of the key functions and other controls and
indicators is contained in Table 2-1. The table first presents those functions involved in console mode
which are primarily of interest to the programmer. A second portion of the table describes entry into
maintenance mode and presents facilities useful for processor checkout and maintenance. The
CNTRL key functions primarily as an interlock which prevents accidental inerference with other
console operations. o 8

2.2.1 Console Mode |
Detailed presentation of console mode keypad functions and their use in program debugging is
reserved for a later chapter; the various functions are outlined and briefly described in Table 2-1. The
operator indicators available for both modes are also described. Upon power-up, the programmer9s
console is in console mode. If in maintenance mode, pressing the CLR key causes a reversion to
console mode through a HALT.
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SWITCH REGISTER

s

TRANSCEIVER

BUS DATA <15:0>

HLT GRANT , :
SSYN ADDRESS/DATA BU
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|
DATA OUT

TIMING TIME STATES F
DECODER ;

ADDRESS ADDRESS
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i
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CONTROL
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INPUT/OUTPUT
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DISPLAY El _
BUS CONTROL BUS ADDRESS BUS ADDRESS BUS ADDRESS S.R.9 REG REG 3 REG 2 REG 1 CONTROL

|

I ; [ ] [ | | | |

B : {

} INIT
KEYPAD | HLT RQST TRANSCEIVER 777570

| MSYN

. |
' | v

I4 4 44l ' BUS ADDRESS <17:0>,C1, CO
\ .

| UNIBUS

11-4852 }

Figure 2-1 KY11-LB Logical Organization

2-2



P
N

R 7

DIS AD 7 EXAM DEP HLT/SS

/

Nk

LAD 4 5 6 CONT

I\ \

LSR 1 2 3 BOOT

/

CLR 0 INIT <| 1] | cCNTRL START

11-4846

Figure 2-2 KY11-LB Keypad

Table 2-1 KY1 1-LB Controls and Indicators

Contrpl /Indicator - Function

- Keyboard - Console Mcde

LAD

LSR

DEP

0-7

CNTRL

Load Address - Moves the 18-bit numberin the temporary reg-

ister into the Unibus address pointer. The temporary reglster is
then cleared and d1splayed . .

Load Switch Register - Moves the 16 lower bits of the tempo-

rary register to a register which can be read via Unibus address
777570. The switch register contents will be displayed.

Deposit 4 Causes the console to do a DATO on the bus address

pointed to, using the data in the temporary register (two MSBs

are truncated). Sequential deposits cause the address pointer to

be incremented. This key is operatlve only if the processor is
halted.

Numerics - These keys are used to enter data into a temporary

data buffer prior to use as either address or data. Use of a

numeric key forces the console to display the data held in the

temporary buffer. A 6-digit numberis generated as octal digits

are entered from the right and left shifted.

Control - This key is used on9ly in conjunction with other keys
either to prevent accidental operation of certain functions or to

provide entry into maintenance mode or other features. When

used, the CNTRL key must be pressed first and held down

while the second key is pressed. Those keys which are inter-

locked with the CNTRL key are indicated by <CNTRL-second
8key= (e.g., CNTRL-START).

2-3



Table 2-1 KY11-LB Controls and Indicators (Cont)

Control /Indicator Function

CNTRL-INIT

DIS AD

EXAM

CLR

CNTRL-BOOT

CNRL-HALT/SS

CNTRL-CONT

CNTRL-START

CNTRL-7

CNTRL-6

CNTRL-1

Initialize - Operative only if the processor is halted. Causes |
BUS INIT L to be generated for 150 ms.

| Dlsplay Address - Thls key causes the current Unibus address
pointer to be displayed. The next examine or dep051t will occur

at the address dlsplayed

| Examme-4 Causes the console to do a DATI on the bus address
pointed to and stores the data in the temporary register which is

then displayed. Sequential examines cause the address pointer

to be incremented by 2 or by 1 if the address is in the range

777700-777717. This key is operative only if the processor is

halted.

Clear Entry - Clears the current contents of the temporary reg-

ister whichis then displayed.

Causes M9301 bootstrap terminator to be activated if present in

the system. Console will boot only if the processor is halted.

Halt/ Single Step4 Halts the processor if the processor is run-

ning. If the processor is already halted it will single-instruction

step the processor. It also retrieves and dlsplays the contents of

R7 (program counter). The CNTRL key is not requiredto

Single-Instruction Step the machine.

Continue 4 Allows processor to continue using its current pro-
gram counter from a halted state. The contents of the switch

reglster are dlsplayed

Operative only if halted, this causes the program counter (R7)

to be loaded with the contents of the Unibus address pointer.

BUS INIT L is then generated and the processor is allowed to

run. Switch register contents are then displayed.

Causes the Unibus address pointer to be added to the tempo-

rary data buffer which is also incremented by 2. This allows the

console to calculate the correct offset address when mode 6 or 7,

register 7 PIC (Posmon Independent Code) instructions are

encountered

This causes the switch register to be added to the temporary
data buffer. This is useful when mode 6 or 7 1nstruct10ns are

encountered not using R7.

Mamtenance Mode - This combination puts the console into

maintenance mode with certain maintenance features available.

When the console is in maintenance mode, the normal console

mode keypad functions are not available. The CLR key causes

the console to exit from maintenance mode into concole mode

via a processor halt.

2-4



Table 2-1 KY11-LB Controls and Indicators (Cont)

Control/Indicator Function

Keyboard 4 Maintenance Mode

DIS AD

" CLR

EXAM

HLT/SS

CONT

( BOOT

START

- NOTE

In maintenance mode the keypad functions are rede-

fined with the following definitions.

Causes the Unibus address lines to -be sampled and displayed.

Returns the console to console mode via a console halt.

Causes the consoleto sample the Unibus data lines and display

the data.

Causes the console to take control of the Unibus. Should be

used only when a processor is not present in the system.

Asserts manual clock enable and displays the current micro-
program counter (MPCQC).

Asserts manual clock enable, generates a manual clock pulse,

and displays the current MPC. :

Boots the M9301. If manual clock enable1s asserted, this will

allow the processor to be stepped through the power-up routine.

Drops manual clock enable and displays the current MPC.

Indicator LEDs - Any Mode

_ DC ON

< BATT

RUN

All dc power (+5 V) to loglcis on.

Battery monitor 1nd1cator operative only in machlnes having

the battery back-up option. This indicator has four states

Off- Indicates either no battery present or battery fail-

ure if a batteryis present

On (contlnuous) Indicates that a batteryis present and

charged. |

Flashing (slow)- Indlcates ac power is ok and batteryis -

charging.

Flashing (fast) - Indicates loss of ac power and that bat-
tery is discharging while maintaining MOS memory

contents.

Indicates the state of the processor, either running or halted.

P
N



Table 2-1 KY11-LB C_ontrols and Indicators (Cont)

Control /Indicator ~ Function

SR DISP | Indlcates that the content of the sw1tch reglster is belng |
| >d1sp1ayed 3

MAINT Indicates that console is in maintenance mode.

BUS ERR | Indicates that an examine or deposit resulted in a SSYN time-
| * out or that HALT REQUEST failed to receive a HALT

GRANT. |

- DC Power Switch

DC OFF | Alldc power to logic is off.

DCON | | { All dc power to logic is on.

STNBY | DC power is provided to MOS memory only.*

*Available in all BA11-C machines. Available in BA11-K boxes which have
Battery Backup Option only. |

Table 2 1 refers to certam reglsters wh1ch are located in the scratchpad RAM. These melude the

followmg | -

. Di_spl_ay Data

Keypad Image

- Temporary Data Buffer

Unibus Address Pointer

Switch Register Image | -

-EXAM, DEP, ENB and Cl1 flagsR
S
 
N
N

Detailed d1seussron of the scratchpad RAM and its reglsters is set forthin Chapter 5.

2.2.2 Mamtenance Mode o

Mantenance modeis entered by pressmg the CNTRL key and the 1 key simultaneously. Note that the

functions performed by the appropriate keys are quite different from console mode. This mode offers

the ability to assert the manual clock enable and thus to single-clock cycle the processor while mon-

itoring the contents of the processor mlcroprogram counter.

2.3 HARDWARE ORGANIZATION

A detailed block diagram of the interface module showing data flow and controlis indicatedin Figure

2-3. The control functions shown include those for the Unibus interface and the internal data bus with

the microprocessor. The latter controls include those for reading from and writing into the RAM,

enabling ROMs 1 and 2, and reading the Unibus temporary buffer register or loading the bus address

and switch regrsters All of these functlons occur on approprlate control from the stored program and

keypad ~ |
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| Figure 2-3 Interface Module

! Detailed Block Diagram
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Under microprogram control, the data bus control logic develops the loading or reading signal for the

appropriate register and thus determines the selected input/output port via the data bus control and

the function currently being executed o

- As shownin Chapter 3 when the detailed mlcroprocessor cycle1s presented the microprocessor exe-

~cutes four basic machine cycles. They are summarlzed here to show their relation to interface module

| 8functions

1. PCI- This is always the first cycle of a microprocessor instruction and initiates the instruc-

tion fetch. The program counter is transferredin two bytes from the microprocessor to the

16-bit- interface module address register (14 bits of address, 2 control bits) to fetch the

instruction data from either the ROM or RAM A single byte of instructions is retrieved

during this cycle. |

2. PCR- This cycle may retrieve an additional byte of instruction (if the instructionis a 2- or 3-
byte instruction) or it may fetch a data byte if the indicated instruction contains only one

byte.

3. PCC - This cycle specifies the function as an I1/O operation. This machine cycle reads and

| loads the address and data registers which cause information to be read from or written into

the microprocessor.

4, PCW -This cycle controls the memory write function according to the designated address.

| Figufe 2-3 shows that the basic satellite logic and control for the microprocessor chip consists of the
f following elements:

2-phase master clock

Decoder for interface module time states

Power-up logic

16-bit address register

16-word X 8-bit RAM

1024-word X 8-bit RAM (four - 512 X 4)

Switch register (16 bit)

Switch register address decoding

Bus address register (20 bit)

~ Tristate transceivers ,

Keypad scan and display logic

Data bus control |

Unibus control and single-cycle control

Indicator control

- Halt control

These major functions are briefly described in the following paragraphs; detailed theory of operation is

presented in Chapter 5.

2-Phase Master Clock - | |

The master clock drives the microprocessor internal logic and generates the system states for instruc-

tion sequencing. The nominal 1 MHz clock frequencyis toggled down to two nonoverlapping, 500-

kHz pulses known as phase 1 (01) and phase 2 (02). Phase 1 is normally used to pre-charge data lines

and memories while phase 2 controls data transfers w1th1n the microprocessor.
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Decoder for Timing States

- The decoder element receives the state outputs SO, S1, and S2 from the microprocessor and generates

8the time states for the operatlon of the interface module A sync pulse corresponding to two phase

clock periods (1 time state)is also provided by the microprocessor.

Power-up Logic |

This circuitry activates the microprocessor, clearing its various registers and generating a clear line to

all the registers of the interface module. There are separate clears for the address register and all other

reglsters |

Address Register

This 16-bit register is the principal buffer between the microprocessor and the remainder of the logic of

the interface module. Although designated as an address register, the element also handles control data

for the Unibus, data bus, and other control functions and outputs to the bus address and switch

registers. One of its major functions is to receive the MICTOProcessor program counter contents for

fetchmg new instructions from the ROM or RAM.

RAM | |

The 16-word by 8-bit RAM gives the 1nterface module a scratchpad memory which may be read or

whose contents may be modified under program control.

-ROM

The ROM, c0n31st1ng of four 512 X 4-bit ROMs, makes a total of 1024 8 bit bytes available for the

stored programs which execute the console functions. |

Switch Register Address Decoding

This logic decodes 777570, an 18-bit address defining the switch register and a DATI on the Unibus to

cause the switch register to be enabled onto the Unibus. |

Switch Register

This 16-bit buffer register handles the data word to the Unibus.

Bus Address Register

This 20-bit register buffers address 1nformat10n between the 1nterface module and the Unibus. Eigh-

teen bits are allocated for the actual address, and two control bits indicate the direction of data flow.

Scan signals for the keypad and NUM lines for the display logic are specified by this register.

Tristate Gates |

These units are used to gate buffered Unibus data (16 bits) and Unibus address (18 bits) lines onto the

tristate data bus by asserting an approprlate read input line. Keypad outputs and those maintenance

lines provided for display of the processor microprogram counter are similarly buffered and gated. The

outputs are all wire ORed onto the internal data bus and apphcd as input to the tristate transceivers.

- Keypad Scan and Display Logic

This circuitry develops read and drive signals for the keypad and LED display respectwely Five read

signals developed from the scan signals are used to scan the keypad switch closuresin groups of four.

The drive signals are applied to the LED displays whose values are determined by the 3- bit NUM

input.

Data Bus Control

This circuitry performs all internal interface module control functions including RAM control, ROM

enable, and selection of input/output ports. The logic also determines system operation during instruc-

tion, data fetch, or data out (TS3) via a 32- X 8-bit ROM.



Unibus Control | | | o
The Unibus control register supervises data transfers between the interface module and the Unibus.
According to the input bit patterns to the register, data transfer from the interface module to the
Unibus, halt request, bus master sync, and other functions may be generated as required for proper
1nterfac1ng of the two elements. Two other signals generated 1n the Unibus control reglster permlt
single stepping of the processor clock. , |

Indncator Loglc | |
This 4-bit register drives appropriate console mdlcators to show certarn console states OT errors.. An
indicatoris turned on to show the existence of a bus error, when the switch register is bemg dlsplayed
or whenin maintenance mode. .

Halt Loglc
- This circuitry halts the processor under various condltlons and performs handshaklng functlons when
the console takes complete control of the bus. When a HALT from the consoleis detected by the
processor, the processor recognizes it as an 1nterrupt request. The processor then inhibits its clock and
returns a recognition signal to the console causing the console to assert an acknowledge. The console
now has complete control of the Unibus and processor and may maintain thlS COIldlthIl w1th the
processor halted as long as desired. , » »

2.4 MICROPROCESSOR INSTRUCTION SET

- The interface module microprocessor has a repertone of 48 basic instructions. Accordlng to the
- instruction type, these may range from 1 to 3 bytes (8 to 24 bits)in length. The successive bytes of a
given instruction must be locatedin sequential memory locatlons Instructions fall into one of five

- categories: . ,

- Index Register

Accumulator (Arlthmetlc / Loglcal)

Program Counter and Stack Control

Input/Output

Machine

A descrrptron of the microprocessor 1nstructlons and the number of time states requ1red for the1r
*executlon is glven in Chapter 4. | |
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'~ CHAPTER 3

INTERFACE MODULE

3.1 MICROPROCESSOR

3.1.1 General Organization
- The microprocessor sends and receives data over an 8-bit data and address bus (Do to D7) and utilizes
four input and four output lines (Figure 3-1). The microprocessor contains six 8-bit data registers, an
8-bit accumulator, two 8-bit temporary registers, four flag bits, and an 8-bit parallel binary arithmetic
unit. The arithmetic element is capable of performing addition, subtraction, and logical operations.
Additionally, a memory stack containinga 14-bit program counter and seven 14-bit words is used to
store program and subroutine addresses. The microprocessor machine cycle usually requires five
sequential states: TS1, TS2, TS3, TS4, and TSS. During time states TS1 and TS2, the external memory
is addressed by a lower and an upper address byte respectivelyto form a 14-bit address. Also at TSI
time, the program counter (PC) is incremented for the next instruction fetch cycle. During time state

' TS3, the instruction addressed during states TS1 and TS2 is fetched and during the final two cycles,
TS4 and TS3, it is executed. Figure 3-2 shows the possible number and sequence of the instruction
states. Note that for this application of the microprocessor, the interrupt function is utilized only
during the power-on sequence. -

- FROM:

ROM ~

RAM

DATA (Unibus)

ADDRESS (Unibus)

KEYPAD . 4_4

MAINT L4_

| | _ Do y EX XK, <N

FROM POWER-ON INTERRUPT | D1 | |

LOGIC , | | I 'bz 4 -

NOT USED READY| * 53 > 44444 OUTGOING
(+5 V) | " MICRO ~ ol 3STATE |o | DATA

9 PRO s D4 TRANS- > TO
01 | PROCESSOR Y. CEIVERs [ [ ADDRESS REG

FROM C o ' 4 > | > AND RAM

MASTER CLOCK 02 | | _ L-

| | D7
4e

J

SO0~

S1

4 TO

S2 > TIMING PHASE
4& DECODER

. - 11-4856

Figure 3-1 Microprocessor Signal Interface

3-1



01

2 |NN\ A I N o A N A\ VAN A\ VA Y A B/ WY A

/A 4 8 |
-

L/

SYNC

SO

- S2 N\ | \

TI TS1 TS2 WAIT TS3 STOPPED TS4 , TS5

CPU 8 LOWER HIGHER EXTERNAL - INSTRUCTION | HALT o EXECUTION _,
INTERRUPTED 8-BITS 8-BITS MEMORY OR DATA INSTRUCTION | ~ OF = .
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Figure 32 T_iming8Dia9_gramv,84,\"Michr8Op'roc8e_SSor Instruction

3 1 2 State Control . | |

The microprocessor operates as a sequent1a1 state machlne controls the use of the data bus and
according to its stored program, determines whether it sends or receives data. Output state 31gnals SO,

S1, and S2 are decoded externally and distributed to the perlpheral control log1c Table 3-1 shows the

codlng of the state b1ts to y1eld a glven phase ,,

3. 13 Mlcroprocessor Tlmmg | 2
The microprocessor machine cycleis shownin Figure 3-2. Since machlne operatlon is asynchronous

the exact timing sequences depend on the instruction executed. A typical cycle may consist of five

states. During T1 and T2, an addressis sent to memory; at T3 time, instruction or data fetch occurs; T4

and TS5 provide execution time. |

A number of microprocessoriinstructions may require -'upto three cycles and do not require the two

execution states T4 and T5. As a result, cycle lengthis variable and the state counter determines

whether T4 and TS5 are to be executed or omitted. This is accomplished via the cycle control coding

(Table 3-2)in bits D6 and D7. Cycle 1 is always an instruction fetch cycle (PCI). The second and third

cycles are for data reading (PCR), data writing (PCW), or I/O operatlons (PCC) The cycle type bits

D6 and D7 are present on the data bus during T2 time only. 3

| Table 3-1 State Control Codmg

S0 [ S1 | S2 State

0 1 0 | TI1

0 1 1 | TI11

0 | 0 1| T2

0 0 0 WAIT

1 0 0 T3 |

1 |1 o STOPPED

1|1 1 | T4

| 0 1 TS
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Table 3-2 Cycle Coding

D,D, Cycle Functlon

0 0 'PCI De51gnates the address 18 for a memory read (first byte of
instruction).

0 1 PCR Designates the addressis for a memory read data (addltlonal

| bytes of instruction or data).

1 0 PCC 8Designates the data is a command 1/O operation.

1 PCW Designates the addressis for a memory write data.

3.1.4 Transition State Diagram

Possible state transitions within the processor are shownin Figure 3- 3 Note that a normal machme
cycle would begm at cycle 1, run from T1-TS5, and revert back to cycle 1 again. The state counter

within the microprocessor operates as a 5-bit feedback shift register with the feedback path controlled

by the current instruction. The number of states normally required by each instruction is discussedin

Chapter 4.

~ (CYCLE 1) (HLT - INT + RETURN(CF)) + (CYCLE 2) (OUT + LMr)

+ (CYCLE 3) (LMI + JUMP (CF)) + CALL (CF)

CYCLE 1 4_4 e

(CYCLE 1) (HLT = INT) + RDY

4»| CYCLE2 T1 T2 T3 T4 T5

CYCLE3

T (CYCLE 2) (LM + JUMP + CALL)

(CYCLE 1) (LrM) + ALUM + ALUI + IN + OUT + Lrl + JUMP + CALL

~ (CYCLE 1) LMr

-~ NORMAL RETURN AT END OF MEM CYCLE

NOTE: CF = Failure Condition

11-4857

Figure 3-3 Transition State Diagram
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3.1.5 System Start-Up

The microprocessor of the interface moduleis running any time power is apphed to the system. When

power (VDD) and clocks (01, 02) are first turned on, a flip-flop internal to the microprocessor is set by

sensing the rise of VDD. This internal signal forces a HALT (00000000) into the instruction register

and the microprocessor is thenin the stopped state. The next 16 clock periods are required to clear

internal chip memories and other external logic and regi1ers. 8Upon clearing the registers the system is

ready for operation. If for any reason during operation, the microprocessor decodes a HALT, the

system reverts to the begmmng of the program after 16 clock periods.

3.2 INTERFACE MODULE REGESTERS AND CONTROLS (Figure 2-1)

32.1 Address Register | | |

Thisis the principal buffer register between the microprocessor and the rest of the interface module

logic. It has a capacity of 16 bits (two 8-bit bytes). The low order byteis loaded by time state TS1 and |

the high order byte by time state TS2 during each cycle.

3.2.2 Bus Address Register

The bus address register buffers address data between the interface module and the Unlbus Address9:

1nformat10n may be loaded into thls reglster at tlme state TS3

3 2 3 Switch Regnster

Similar to the bus address register, the swntch register buffers outgomg data. Thls element may also be "

loaded at TS3.

3.2.4 Data Bus Control | |

The principal function of the data bus controlis to determine interface module operatlon durmg TS3

time. It determines, through input bit coding, the type of function to be performed (i.e., RAM control |

ROM enable) or programs any of its other I /Oin accordance with the stored program.

3.2.5 Unibus Control

This register is also loaded at TS3 andis selected by the data bus control for activation at that time.

According to its input coding, U.C.R. may issue a HALT request, BUS INIT, enable4data bus-to-bus,

or generate a bus master sync in addition to other functions.

3-4
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CHAPTER 4

MICROPROCESSOR INSTRUCTION DESCRIPTION

4.1 DATA AND INSTRUCTION FORMATS | | |
Data in the CPU is stored in the form of 8-bit binary integers. All data transfers to the system data bus

L ~ will be in the same format. |

[D7Ds Ds Dy D; D, D, Dy |

DATA WORD

The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be
stored in successive words in program memory. The instruction formats then depend on the particular
operation executed. |

| ( One Byte Instructions

ID; Ds Ds D; D; D, D; Dy | OP CODE Register to register, memory reference
| ., R I/O arithmetic or logical, rotate or

return instructions.

Two Byte Instructions

Immediate mode instructions.
|D7 D¢ Ds D4y D3 D, D, Dy | -~ OPERAND

Three Byte Instructions

[D;D¢D;DsD;D,D,D;] OPCODE

. [D;D¢D;DsD;D,DD;] LOWADDRESS JUMP or CALL instructions

[X X D;D,D; D, D Ds] HIGH ADDRESS*

< B *For the third byte of this instruction, D¢ and D7 are <<don9t care99 bits.
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4.2 MICROPROCESSOR INSTRUCTIONS

4.2.1 Index Register Instructions

The load instructions do not affect the flag flip-flops. The increment and decrement instructions affect

all flip-flops except the carry.

Minimum Instruction Code
Mnemonic States D7D6 D;:D,D; D,D,D, Description of Operation

Required |

(1) Lryr, (5) 1 1 DDD S S S Load index register r; with the content

- of index register r,.

(2) LtM (8) 11 DDD 1 11 | : Load index reglster r with the content

IR R - of memory reglster M

LMr (7) 1 1 1 11 S S S - Load memory register M with the con-

0 - tent of index register r.

(3) L1l (8) O- O DDD 1 1 0 | Loadindex register r with data B ...B.
| | BB BBB BB 'B | |

- LMI - 9) 00 111 110 Load memory register M with data9

INT (5) 00 0 0 Increment the content of index register

| T (r #+ A). |

h DCr B "1(:5).; o O O DDD 0 01 | Decrement the content of index reglster
r(r #A).

4.2. 2 Accumulator Group Instructions

The result of the ALU instructions affect all of the flag flip-flops. The rotate 1nstruct10ns affect only

the carry flip-flop. A | o |

Minimum Instruction Code ~ R
Mnemonic States D.D¢ D;D,D; D,D;D, Description of Operation

Required SRR R

ADr - (5) 1 0 000 S S S | Addthe content ofindex "re8giStef r8,,'-=-'

ADM (8) 10 000 11 1 memory registerM, or dataB.. .Bto

AD PR | the accumulator. An overflow (carry)

ADI (8) 000 000 100 sets the carry flip-flop. |
~ BB BBB B BB

ACr - (5) 1 0 001 S S S Add the content of index register r,

ACM (8) 10 001 11 1 memory register M, ordata B...B to

ACI 8 0 001 100 the accumulator with carry. An over-
| (8) g B BBB BB B flowv(carry) sets the carry fllp-flop -



| | Minimum Instruction Code |
- Mnemonic | States D, D, D.,DD,DDD, - Description of Operation

~ Required - | g

o SUr | (5) 1 0 01 0 S S S Subtract the content of index register
SUM (8 10 010 1 1 1 r, memory register M, or data B . . .9 B

| | , - | 100 from the accumulator. An underflow

SUI I (s) (]; % ](; B g B B B- - (borrow) sets the carry flip-flop.

SBr 5 | | 0 '3 01 1 | S 'S S | Subtract the c9ontent of index register
SBM | (8) 10 011 111 | ? memhory registeiri\/l, or.f}fl8;)a B...B

- | » o B | rom the accumulator with borrow.

- SBI - | (8) 0 0 | 01 1100 An underflow (borrow) sets the carry

8NDr ) 10 10 0O S S S - Compute the logical AND of the con-
NDM (8) 10 100 1 1 1 | tentofindex register r, memory

NDI - » 1o o register M, or data B. .. B with the
D - (8) (]; (]; B (]; g 113 % g _accumulator.

XRr | (5) 1 0 101 S S S Comptite the Exclusive OR of the con-
XRM (8) 10 101 1 1 1 | tentofindex registerr, memory M, or

XRI 8) 00 1 01 100 data B. .. B with the accumulator.

| BB BBB BBB '

ORr 1 8(5). 1 0 11 0 S S S | Compute the Inclusive OR of the con-
" ORM 8 | 1 | 0o 110 1 11 tent of index register r, memory

B i - register M, or data B. . . B with the

ORI @) g g | ]13 ]13 g | ]13 g g accumulator.

CPr :- - (5) | 10 111 88 S 8Compare the content of index register
CPM | | (8) 10 111 111 r,,.memory register M,ordataB... B

o | | o with the accumulator. The content of

CP1 1 (8.) | (]; (]; . ]13 ]13 ]; ]13 (]; ](3) the accumulator is unchanged.

- RLC S) 00 000 010 Rotate the content of the accumulator
| | | left.

RRC | (5 OO0 001 010 Rotate the contentof the accumulator

RAL 1 (05 ; OO0 010 010 Rotate the content of the accumulator

.. | \ | left through the carry.

RAR. B B ) 00 011 010 Rotate the content of the accumulator
| | right through the carry.
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4.2.3 Progr'am Counter and Stack Control Instruetians E

RST

Minimum Instruction Code L

Mnemonic States D,D¢ D;D,D; D,D;Dg Description of Operation

- Requlred N - - | o B

4) JMP (1) 01 XXX 1 0 0 | UncondrtlonallyJump to memory ad-

o A B;B, B,B,B, B2 B, B, | dress B; . B3B2 B2

| X X | B3 B, B3'_B3 B; B; | |

(5) JFc (Qorll) 01 0C, C; 000 - Jump to memory address |

| » | 'B2 132 B,B,B, B, B, B, B3 ...B3B;...Byif the cond1tron

| X X ByB,B, B3 B, B, | fllp4flOp Ccis false Otherwise, |

o B execute the next instruction in

o | sequence.

(5) JTc (9orll) 01 1CC 000 Jump to memory address

- B, B2 B,B,B, B, 132 B, B;...B;B,...B, if the cond1t1on

X X B, B, B, B3 B3 B3 flip9-flop C 1S true 8Otherwise, execute

- - ~ | the next instructionin sequence.. -

(4) CAL (11) 01 XXX 110 | Unconditionally call the subroutine at

4 B,B, B,B,B, B,B,B, | memory address B3 ...B3B,...B,.

X X ByB;B; B;B,B; Save the current address (up one level

S o S | in the stack). o

(5) CFc (Qorll) 01 0CC; 010 | Call the subroutineat memory address

| - B,B, B,B,B, B, 132 B, B; ...B3B, ...B, if the condition

| XX B;B;B; B;B,B, flip-flop c is false, and save the current

o | ) -~ address (up one levelin the stack).

Otherwise, execute the next 1nstruc4

| | tron m sequence.

(5) CTc Qorll) | 01 1CGC4 O 1 0 Call the subroutine at memory address
o - | - B,B, B,B, B, B,B,B, " B;...B3B,...B, if the condition

| xx B, B, B"3 B, B, B, B flip4flop C 1S true and save the current

S | T | address (up one level in the stack).

| Otherwise, execute the next instruc-

- tion in sequence. | |

(4) RET (5) 00 XXX 111 - Uncondrtlonally return (down one level |

| | in the stack)

(5) RFc <(Bor)) 0 0 0C,C; 0 1 1 Return (down one level in the stack) if

| | | the condition flip-flop c is false. Other-

B - wise, execute the next instruction in

| o sequence. 8

(5) RTc (3 or5) 00 1¢CC 011 Return (down one levelin the stack) 1f

N o B " the condition flip-flop ¢ is true. Other-

wise, execute the next instructionin.

sequence.

(5) 00 AAA 101 Call the subroutine at memory address

AAAOQOQ00 (up one level in the stack). ~



4.24 Input/8Output Instructions

Instruction Code| | 8Minimum |
Mnemonic States D,D¢ D;D;D; D,D,D, Description of Operation

| Required | N - |

" INP | (8) 0 1 00 M M 8M1 - Read the content of the selected input
| | : . port (MMM) into the accumulator.

| OUT (6) 0l RRM MM1 Write the content of the accumulator
into the selected output port

(RRMMM) (RR # 00).

425 Machine Instruction

Instruction Code| Minimum _ | S

- Mnemonic States D,D¢ D;D,D; D,D;D, Description of Operation

- Required | |

@ HLT 4) O 0 00O 0O0O0X Enfer the STOPPED state and remain
| | o there until interrupted.

HL.T 4) 11 111 111 Enter the STOPPED state and remain
| there until interrupted.

NOTES:

(1) SSS =Source Index Register

3 DDD = Destination Index Register

- These registers, I, are designated A (accumulator4OOO)8.
B(001), C(010), D(011), E(100), H(101), 1(110).

(2) Memory registers are addressed by the contents of registers H & L.

(3) Additional bytes of instruction are designated by BBBBBBBB.

(4) X=<Don9t Care=.

| (5) Flag flip-flops are defined by C, Cs: carry (00 overflow or underflow), zero (01-result is zero),

sign (10 MSB of result is <1=), parity (11-parity is even).





| | | | CHAPTER S

INTERF ACE MODULE DETAILED LOGIC DESCRIPTION

5.1 INTRODUCTION
Keypad operation initiates appropriate mlcroprocessor routlnes which perform certain data transfers
within the interface module, between the interface module and the Unibus, and between the interface
module and the programmer9s console dlsplay Prior to discussing the interface module logic, the
sequences (i.e., register transfer, /O operations, etc.) which occur after pressmg a given key are briefly
described.

Figure 5- l shows the 16-word by 8-bit scratchpad RAM and its address allocatlons This datais also
summarlzedin Table 5-1. The keypad i1mage w1th1n the RAMi1S shownin Figure 5-2.

ADDRESS LA WL . |8_4..L 3 | 2 1 1 ] o

11-4853

~ Figure 5-1 RAM Address Allocations
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KEYPAD IMAGE

3 2 | 0

3 CLR LSR LAD DIS AD

4 0 1 | 4 7

< sé,. -5 |Nfi,T.?. é_" Asfi" 'i;EXAM

6 CNTRL 3 6 8 DEP

7 START BOOT CONT HLT/SS

. 11-4854

=9Figure_'S-.Z | K8eypéd,lmage -

" Table5-1 RAM Function Address Asl"si:gnm;ent's'

" Function Address (Octal) | Address Bits

Display Data - Word0 Bits 0-7

(18 bits) 8Word | | Bits 0-7

Word 2 | BitsO, 1

Keypad Image. - o ~ Word3 | Bits0-3
(20 b1ts) - - Word4 | Bits0-3

- Word5 | Bits0-3

~ Word6 . | Bits0-3

Word7= | Bits0-3

Temporary Data Buffer o 8W(})8r'd 10 - | Bits0-7
' (18 bits) Word 11 - | Bits0-7

Word 12 | BitsO,1

Unlbus Address Pointer | =~ Word13 | Bits0-7

(18 b1ts) L e ~Word 14 - Bits 0-7

- Word 15 Bits O, 1

EXAM FLAG Word15 | Bit7
DEP FLAG Word15 Bit6

ENB FLAG Word 15 Bit 3

C1 FLAG 8Word 15 Bit2

Sw1tch Register Image - Word 16 Bits 0-7
(16 bits) o Word17 Bits 0-7
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~ CHAPTER 5

INTERF ACE MODULE DETAILED LOGIC DESCRIPTION

5.1 INTRODUCTION |
Keypad operation initiates appropriate mlcroprocessor routlnes Wthh perform certain data transfers

within the interface module, between the interface module and the Unibus, and between the interface

module and the programmer9s console display. Prior to discussing the interface module logic, the

sequences (i.e., reglster transfer, I/O operations, etc.) which occur after pressmg a given key are briefly

described.

Flgure 5-1 shows the 16-word by 8-bit scratchpad RAM and its address allocatlons This datais also
'summarlzedin Table 5-1. The keypad i1mage W1th1n the RAMis shownin Flgure 5-2.

RAM

. 7 | 6 | 5 | 4 | 3 | 2 | 1 ] o
ADDRESS | Bl

0o | DISPLAY DATA

1

3

4 | UNUSED |
- 

KEYPAD IMAGE

5 .

6

. 

,

10 "TEMPORARY

| o //UNUSED
12 Y Ve 22l

13 UNIBUS ADDRESS POINTER

14 .
- EX AM DEP 

/////////

s |rAc | Fiac %%ED/
L '~ SWITCH REGISTER IMAGE

17 ' 8 '

11-4853

~ Figure 5-1 RAM A.d-dre'ss Allocations
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KEYPAD IMAGE

3 2 0

3 CLR LSR LAD DIS AD

4 0o T 4 7

° i IS N 28 | rs Exam

6 CNTRL 3 6 DEP

7 START BOOT CONT HLT/SS

- 11-4854

| 'Figure,'5v§.2 <.Keypad.lmage D

" Table 5-1 RAM Function Address Assignments

(18 bits) ...

Unibus AddressxPo8_inter B
(18 bits)

EXAM FLAG

DEP FLAG

ENB FLAG

Switch Register Image

(16 bits) S

Word 12

Word 15

8Word15
Word15

Word 15

Word 15

Word 16

~ Word17

< Function Address (Octal) | Address Bits

Display Data - Word0 Bits 0-7

(18 bits) Word 1 Bits 0-7

) "Word?2 | Bits O, 1

Keypad Image = ~ Word3 | Bits0-3
(20 bits) ~ ~ Word4 | Bits0-3

- Word5 Bits 0-3

Word6.. | Bits0-3

B Word7 | Bits0-3

Témporary Data Buffer . - __',Wd8rd 10 | Bits0-7
Word 11 - -{ Bits0-7

| BitsO, 1

Bits 0-7

Bits 0-7

Bits 0, 1

Bit 7

Bit 6

Bit 3

Bit 2

Bits 0-7

Bits 0-7
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5.2 PROGRAMMER9S CONSOLE KEYPAD FUNCTION SEQUENCES

5.2.1 Console Mode8 Key Functions

NUMERICS (0-7)
1.

2.

3.

LAD

LSR

CLR

EXAM

B
-

DEP

B
W
 
N
 
=

S
A
N
G

N
*

Value of Key _ (left shifted) » Temporary Data Buffer
Temporary 4 Display |

Clear indicators.

Temporary - Unibus Address Pointer

Zero 4» Temporary

Temporary - Display

Clear/Indicators.

Temporary 4 Switch Registér'Image
Switch Register Image 4 Switch Register

SR DISP indicator is set.

Zero - Temporary

Temporary 4 Display

Clear indicators.

Pre-increment Unibus address pointer if the EXAM flag is set.

Unibus Address Pointer - Bus Address Register |
Bus Address Register - Unibus Address

Assert MSYN.

NOTE

Console waits for BUS SSYN to be retumed If

SSYN does not occur within 20 us, the transferis

aborted and the BUS ERR indicator is set.

Unibus Data 4» Temporary
Temporary 4 Display

Set EXAM flag.

Pre-increment Unibus address pointer if the DEP flagis set.

Unibus Address Pointer -+ Bus Address Register with C1= 1.
Bus Address Register - Unibus Address

Temporary 4 Switch Register

Switch Register - Unibus Data

- Assert MSYN.

" NOTE

Console waits for BUS SSYN to be returned. If

SSYN does not occur within 20 us, the transferis

aborted and the BUS ERR indicator is set.

Set DEP flag.

Switch Register Image - Switch Register
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DIS AD _ | -

1. Unibus Address Pointer 4» Display

2. Clear EXAM or DEP flag if set.

CNTRL-INIT

1. Set BUS INIT and HALT REQUEST for 150 ms.

CNTRL-HLT/SS

I. Clears BUS SACK /BUS BUSY if set and sets HALT REQUEST

2. When HALT BUSYis active, sets 777707 4» Bus Address Register

3. Bus Address Register - Unibus Address

4. Assert MSYN

NOTE - |

Console waits for BUS SSYN to be returned. If

- SSYN does not occur within 20 us, the transfer is

aborted and the BUS ERR indicator is set.

5. Unibus Data » Temporary

6. Temporary - Display

CNTRL-CONT

1. Clears BUS SACK and BUS BUSY.

2. Switch Register Image 4» Display

3. Set SR DISP indicator.

CNTRL-BOOT | |

1. Sets and clears BOOT signal <

2. Switch Register Image 4 Display

3. Set SR DISP indicator.

CNTRL-START

1. 777707 - Bus Address Register with C1= 1

2. Bus Address Register - Unibus Address B

- 3. Unibus Address Pointer 4» SwitchReglster

4. Switch Register » Unibus Data |

5. Assert MSYN.

NOTE

Console waits for BUS SSYN to be returned If

SSYN does not occur within 20 us, the transferis

aborted and the BUS ERR mdlcatoris set. |

6. Switch Register Image4 SW1tch Reglster

7. Assert BUS INIT for 150 ms.

8. Switch Register Image 4 D1sp1ay

9. Set SR DISP indicator.

CNTRL-7

1. Unibus Address Pomter + Temporary +2- Temporary

1. Temporary + Swrtch Reglster Image 4 Temporary
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EXAM

<

CNTRL 1 ~

1. Set maintenance indicator. |

2. MPC Lines (sampled) 4» Display

5.2.2 Maintenance Mode Key Functions

1. Clears indicators.

2. Clears manual clock enable, if set.

3. Goes to halt condition.

DIS AD | -

1. Unibus Address (sampled) 4» Display

1. Unibus Data (sampled) - Display

HLT/ISS »
1. Sets manual clock enable.

2. Clears BUS SACK and BUS BUSY.

3. MPC (sampled) 4» Display

1. Sets and clears manual clock
2. MPC (sampled) 4 Display

1. Sets and clears BOOT signal.

1. Clears manual clock enable, if set.8
2. MPC (sampled) - Display

1. Sets TAKE BUS signal, forcing console to assert BUS BUSY.

5.3 DETAILED LOGIC DESCRIPTION |

3.3.1 Clock Circuitry

The M7859 Interface boardis driven by an MC 4024 (E42) 1-MHz clock (drawing CS M7859-0-1,

sheet 2). The 1-MHz output at E42-8 is toggled down to two nonoverlapping 500-kHz pulses at E12-5,

~ 6, and E30, and these pulses are applied to the microprocessor (E18) input as 01 and 02. The 02 clock,

designated as KY1 CK2 H and KY1 CK2 L, is also used as a control pulse to clear system registers

and together with the sync pulse to define the end of a timing cycle.

Figure 5-1 shows the relation between the two clock pulses.

5.3.2 Power-Up Logic/Interrupt (Drawing CS M7859, Sheet 2)

The power-up logic/interrupt circuitry is comprised of E1-6, E40-10, E1-4, E36 E12, E29-1, E6, and

E26. These elements sense when the system turns on, generate the interrupt to the microprocessor

needed to start it, and clear registers to force program startup at location O.
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BUS DC LO at E1-3 initiates the function by clearing E36 which is configured as an 8-bit counter and

generates KY1 PUP 1 L. This signal is routed to the Unibus control, indicator control, switch register,

and bus address register as a master clear line. The address register is provided with its own clear line,

KY1 ADR CLR L. - o - .

BUS DC LO L puts the microprocessor in the STOP state. The counter starts counting in the STOP

state (E6, E36). KY1 STOP L and KY1 C2 L at E29-1 clock E6. E6 is a divide by two on the clock,

while E36 counts from 0-7. Sixteen clock periods are thus counted. At the transition of E36 from 7to
0, the interrupt is generated at E12-8 and the microprocessor goes into the T1I state (Interrupt). KY1

TI1I L and KY1 CK2 L then reset E12 and clear the address register via E6-6 and the system is

initialized. » | S

5.3.3 Microprocessor (Drawing CS M7859, Sheet 2) | o
The 8008 Microprocessor Chip (E18) was discussed in detail in Chapter 3. According to drawing CS
M7859, sheet 2, the unit communicates over an 8-bit bidirectional data bus via 8833 tristate trans-

~ceivers E16 and E17, with the satellite logic of the interface module. A single interrupt line is received

from the power-up logic to initiate microprocessor operations. Driven by a 2-phase, 500-kHz clock
(Figure 5-1), the element yields a 3-bit state output code, SO, S1, and S2, plus a sync pulse, to drive a
7442 Timing Phase Decoder. The latter element provides eight separate timing cycles for the sequenc-

ing of interface module data transfers and other discrete operations. L

5.3.4 Timing State Decoder | o | | |
The timing state decoder (E23) receives the state outputs SO, S1, and S2 from the microprocessor and

generates the timing states for the interface modules (drawing CS M7859, sheet 2). This unit is a 7442

4-line to 10-line decoder, with two unused outputs, that yields an 8-output sequence according to its 3-
input state code. State control coding is presented in Chapter 3. State control inputs are determined in
the microprocessor and depend on an internal 5-bit feedback shift register with the feedback path
controlled by the instruction being executed. | |

5.3.5 Address Register (Drawing CS M7859, Sheet 2) - |
The address register, the principal buffer between the microprocessor and the remainder of the inter-

face module logic, consists of four 74175 quad, D-type, double rail output latches. The low order bits

are handled by E5 and E4 which generate KY1 ADRD 0 L through KY1 ADRD 3 L (E5) and their

complements (for RAM addressing), and KY1 ADRD 4 H through KY1 ADRD 7 H (E4), respective-
ly. This 8-bit byte is the low order unit of the address or data with E10 and E28 containing the high

order information ADRD 08-13 and PC FUN 1 and 0. | - |

The data contained in the address register is routed to the following locations according to direction by
the stored program: |

1. ROM (addressof next instruction)(KY1 ADRD 0 L » KY1 ADRD8 L plus ROM1 EN L
~ orROM2ENL) LT | | |

2. RAM (addressof data to be read or written) (KY1 ADRD0 L - KY1 ADRD 3 L)

3. Unibus Control (KY1 ADRD 0 H4 KY1 ADRD 3 H) |

4. Indicator Control (KY ADRD 4 H » KY1 ADRD 7 H)

5. Data Bus Control (KY1 ADRD 9 H - KY1 ADRD 13 H, KY1 PC FUN 0 H, KY1 PC

6. Switch Register (KY1 ADRD 0 H - KY1 ADRD 7 H)

7. Bus Address Register (KY ADRD 0 H- KY1 ADRD 7 H)
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The address register is loaded with a low order byte (E4 and E5) by signal KY1 LD AD 1 H, generated

by AND E22-12 at time state TS1. The high order byteis gatedin E28 and E10 by KY1 LD AD2H
generated at E22-6 at t1m1ng state TS2.

5.3.6 ROM

The interface module ROM con51sts of E3, E21, E33 and E39 (drawmg CS M7859, sheet 3). The four

512-word by 4-bit elements are addressed so that the ensemble looks like two 512- X 8-bit RMs. E3

and E21 are activated by KY4 ROM 1 EN L and E33 and E39 by KY4 ROM 2 EN L. Address bits

KY1 ADRD 0 H through KY1 ADRD 8 H are routed to all four ROM elements with the enable 1 or 2

determining the address activated and thus yielding 1024 8-bit locations. Outputs are wire ORed with

various inputs to. give the KY2 DIN O H through KY2 DIN 7 H inputs to the tristate transceivers, E16

and E17. |

The ROM 1 or RM 2 enables are generated by the data bus control logic.

5.3.7 RAM |

The scratchpad RAM consists of Ell and E27 (draw1ng CS M7859, sheet 3) These units effectively

comprise a 16-word by 8-bit read /write memory, and serve as worklng storage for the microprocessor

programs in storing addresses and data. Datais routed to the RAM (KY1 DOUT 0 H through KY1

DOUT 7 H) directly from the tristate transceivers of the microprocessor bidirectional data bus during9

RAM write operations. The 4-bit address lines KY1 ADRD 0 L through KY1 ADRD 3 L specify the

address to be read from or written into during read/write.

Selection of the RAM for read or writeis determined by the stored program via the data bus control.

Either KY4 RAM - DIN BUS L or KY4 RAM WRITE H must be true to select the RAM. Output

lines are wire ORed with various other microprocessor input ports to be routed to the 8833 tnstate

transceivers.

5.3.8 Switch Register (Drawing CS M7859, Sheet 6)

The switch register contains the 16-bit data used and consists of four 74175 quad D-type, double rail

output latches. The four elements comprising the register are E9, E19, E2, and E15. These units feed

the 8641 bus transceivers E7, E25, E8, and E13 (respectively). Incomlng 16-bit data (KYS BB D00 H

through KY5 BB D15 H)is applled to the 8093 tristate buffers and gated by an appropriate read line

from the data bus control. Outgoing data (BUS D00 L through BUS D15 L)is gated by KY4 EN DB

L, a signal generatedin the switch register address decoding logic (sheet 5).

The switch register is addressable from the Unibus as address 777570 as described in Paragraph 5.3.9.

5.3.9 Switch Register Address Decode Logic (Drawing CS M7859, Sheet 5)
The switch register address decoding logic allows the Unibus to address the SW1tch register via a

decoding of address 777570. The logic has two outputs:

1. BUSSSYN L

2. KY4ENDB-BUSL

K44 EN DB - BUS L at E43-10 gates the data lines onto the Unibus (CS M7859, sheet 6) while the

assertion of BUS SSYN L designates that the slave device has completed its part of the data transfer.

The second stage of the address decode at E32 is gated by assertion of BUS MSYN L at E32-10.
Assertion of MSYN requests that the slave defined by the A (address) lines perform the function

required by the C lines. In this case, KY7 BB C1 H at invertor E40-9 specifies that the datais to be

8transferred to the Unibus data lines.
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5.3.10 Bus Address Reglster (Drawing CS M7859, Sheets 7 and 8)

The bus address register consists of five 74175 quad D-type, double rail output latches. The five

elements comprising the register are E67, ES7, E73, ES8, and E51. Input to the bus address register is

from the address register (KY1 ADRD 0 H through KY1 ADRD 7 H). Outputs are routed to the

display and keypad logic and to the 8641 Unibus transceivers E61, E56, E65, E55, and ES50.

A Unibus address is enabled to the Unibus via the bus address transceivers from the bus address

register by KY7 EN AR L generated at E51-11. The switch register is 8available to the Unibus as

-address 777570 via the bus address transceivers and the switch reglster decode logic. The latter func-

tlon is discussedin Paragraph 5 3.9.

E67 and E57 contain the keypad scan signals (KY6 SCAN 1 L through KY6 SCAN 6 L) whlle E73

drives the display (KY6 NUM 1 H through KY6 NUM 3 H).

Incoming 18-bit address information (KY6 BB A00 H through KY7 BB A17 H)is apphed to the 8093

tristate buffers and gated by an appropriate read line from the data bus control.

5.3.11 Data Bus Control Logic (Drawing CS M7859 Sheet 5)

The data bus control directs the reading and loadmg of the various interface module registers, the

- reading of the ROMs, and the reading/writing of the RAM. It also determines the direction of data

flowin the interface module and between the interface module and the Unibus, i.e., whether data will

be read from or be routed to the Unibus. A list of 1/O functions and associated select signals follows:

Select Signal - | - Function

READ INPUTOL o - UNIBUS DATA

READ INPUT 1L B o | ~

READ INPUT 2L . UNIBUS ADDRESS

READ INPUT 3 L - |

READ INPUT 4 L

'READ INPUT 5L - - KEYPAD REG

READINPUTG6L o ~ MAINTENANCE
'READ INPUT7L R

LDREGOH - BUS ADDR REG
LD REG 1 H ) '

LD REG 2 H | )

LDREG3H ~ SWITCHREG
LD REG 4 H 8

LDREGSH , UNIBUS CONT LOGIC

ENROM I L o ROM SELECT

ENROM2L | o

RAM WRITEH - - RAM WRITE

RAMDINBUSL - ENABLE RAM DATA

DIN DRIVERS DIS H o DISABLE DATA IN
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Specifically, the data bus control loglc decodes memory references into three areas (ROM 1, ROM 2,

and RAM) and determines whether the access is a read or write. The logic also decodes I/ O instruc-

tions and generates loading or gating signals depending on the direction of data transfer and the port

selected.

In order to facilitate understanding of the logic, the following explanation of memory address alloca-

tion and I/0O instruction operation is mcluded

'ROM 2 (E33 and E39)

Memory addressing space spans locatlons 0 through 777.

ROM 1 (E3 and E21)

Memory addressing space spans locations 4000 through 47717.

RAM (E11 and E27)

Memory addressing space spans locations 20000 through 20017.

- The two bus control signals provided by the m1croprocessor and latched with the upper byte of the

address register, KY1 PC FUN 0 H and KY1 PC FUN 1 H, determine data transfer direction and I /O

operations. The following table explains the decoding of these signals.

PC FU_N 0 PC FUN 1 | |

L L ' Memory read of first byte of instruction only (fetch)

L H Memory read of additional bytes of ihstruction or data.

H _8 H | Memory write (used only to write into RAM).

H | " L I/0 operatlon |

Memory reads and writes signify that the address register (KY1 ADRD 0 H through KY1 ADRD 13

H) contains the address of the locatlonin memory to be accessed.

The code for I/0 operations, however, srgnlfies a very dlfferent situation. Thisis due to the following

~occurring after the initial instruction fetch cycle:

1. During TS1 the content of the A register (accumulator) in the microprocessor is available on

the data lines and is latched into the low byte of the address register.

2. During TS2 the content of the instruction register (containing the I/O 1nstructlon)is avail-

able on the data lines andis latched into the high byte of the address register.

3. During TS3 of an INP (input) instruction, data on the data linesis loaded into the A regis-

ter. On OUT (output) instructions, the datais strobed out of the low byte of the address

regrster

I/O Instruction Code:

~ INP 01 OOMMM]1

OUT 01 RRMMMI
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Note that the two most significant bits of the instruction will correspond to PC FUN O = 1 and PC

FUN 1 = 0 when loaded into the high byte of the address register, thusdenotlng an I/ O operation.

| Therefore the data bus controllogic determines whether to gate data into the microprocessor during

"TS3 (INP) or to load the data from the low byteof the address reglster 1nto an output port durmg TS3

(OUT) | . | .

The 32 X 8 PROM (E34) does the initial decodlng of the type of transfer (read, write, or [/O) from the

signals KY1 PC FUN 0 H and KY1 PC FUN 1 H. If the transferis a memory read or write, it is

decoded into one of the following four signals. KY4 RAM - DIN BUSL (RAM read) KY4ROM 1

EN L (memory readin address range 4000-4777), KY4 ROM 2 EN L (memory readin address range

000-777), and an enable which is ANDed with KY1 SYNC H, KYI1 TS3 L, and KY1 CK2 L to

provide a write pulse, K<Y4 RAM WRITE H, to the RAM -

Another enable from the PROMis ANDed Wlth KY1TS3Lto prov1de the s1gnal KY4 DIN DRIVER

DIS H. This signalis normally high, disabling the driver portions of the 8833 transceivers (E16 and

E17). It will be low only dur1ng TS3 and when data transferis 1nto the mlcroprocessor o

| Two other outputs of the PROM are used for1/0 operatlons One output of the PROM (E34 7), when
8low, enables the 74154 4-to-16 decoder on all 1/0O instructions. The second output (E34-9) determines

9 whether the I/0 instruction 1s INP or OUT If the instruction is OUT then the signal will be h1gh

Note that address register bits KY1 ADRD 11, KY1 ADRD 10 H, and KY1 ADRD 9 H, are applied

to the low order inputs of the 74154. This selects which of the poss1ble ports will be used. The fourth

input, the highest order input, determines if it is an INP or OUT instruction. This input is the ANDed

condition of the PROM output (E34-9), KY1 SYNC H,KY1TS3, and KY1 CK2. Thus, if the instruc-

tion is an INP, then the input gating signal will be one of the lower order e1ght outputs of the 74154

(KY4 READ IN O L through KY4 READ IN 7L). L - o

If the PROM signal (E34-9)is high, signifying an OUT instruction, then 1n1t1ally a low order output is

selected (does not substantially affect anything) and then a high order output will be pulsed as the

gated clock pulseis applied to the high order input of the 74154. Thus, the high order outputs are

pulsed and buffered to prov1de loadmg pulses to the selected reglsters (KY4 LD REG 0 H etc. )

5.3.12 Umbus Control (Drawmg CS M7859, Sheet 5) - -
Unibus controlis accomplished via two 74175 quad, D--type, double rail output latches E52 and E64.

The stored program input bit configurations are read in under control of an appropriate data bus

control signal, LD REG 5 H. E64 D2 and D3 latches are utilized for the manual clock enable and

manual clock lines while the other six lines are Unibus control signals. o |

5.3.13 Keypad Scan Loglc (Drawing CS 5411800-0-1) | '
The logic and driving c1rcu1try for the keypad and display elementsis located on a c1rcu1t boardin the

V.rear of the programmer S console panel - -

Scan s1gnals for the keypad are generated at the 1nterface module (bus address reglster) These six lines
(KY6 SCAN 1 L through KY6 SCAN 6 L) are then routed through hex 7417 buffer drivers to the

console circuit board where they are designated as READ and DRIVE signals. As indicated by CS

5411800-0-1, sheet 2, READ 1 through READ 5 signals continuously scan the keypadin groups of 4.

As each READ s1gnalis applied to check for a pressed key, a corresponding DRIVE signalis simulta-

neously generated and applied to the appropr1ate transistor in the LED d1splay circuitry (CS 11800-0-

1, sheet 3) o o r

A pressed key thus results in activation of 1 to 4 lines. This information'is rout9e'd out through J1to the
interface module and appliedto the _data_bus for eventual read-into the miroprocessor. |
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5.3.14 Indicator Logic (Drawmg CS M 7859, Sheet S)

8The indicator control consists of a single quad D-type, latch configuration, 74175 (E68) and four 7417

open collector inverters (E69) for driving the panel indicators. Input bit coding KY1 ADRD 4 H

through KY1 ADRD 7 H via the stored program determines which of the following panel indicators

are turned on: .

BUS ERR1.

2. SR DISP

3. MAINT

4. BOOT

5.3.15 Halt Logic (Drawing CS M7859-0-1, Sheet 9)

The halt logic allows the console to obtain control of the Unibusin order to perform Unibus transac-

tions. Control of the Unibus is passed to the KY11-LB from the PDP-11 processor via a HALT

REQUEST and HALT GRANT sequence. Use of the HALT/SS key initiates a program sequence

within the KY11-LB to issue a HALT REQUEST to the PDP-11 processor. The procesor will arbi-

trate the request and at the appropriate time will respond with HALT GRANT. The reception of

HALT GRANT H by the halt logic direct sets the HALT SACK flip-flop on E63-4, causing BUS

"SACK L to be generated at E62-13. The set output of the HALT SACK flip-flop (E63 5) sets up the

8data input of the HALT BUSY flip-flop (E63-12).

The reception of BUS SACK L by the PDP4ll processor will cause it to drop HALT GRANT H.

When the Unibus becomes free (unasserted BUS BUSY L and BUS SSYN L), the E63-11 will be

clocked, setting the HALT BUSY flip-flop. This, in turn, asserts BUS BUSY L through E62-10 and

causes the RUN indicator to be turned off via the 7417 buffer (E66-12). This logic operates in the same

manner if the HALT GRANTis generated not by a HALT REQUEST from the KY11-LB but by a

HALT instruction in the PDP-11 processor. The output of the HALT BUSY flip-flop (KYB HALT

BUSY H) can be tested by the microprocessor program to check if the console has control of the

Umbus before performing Unibus transactions.

The HALT SACK and HALT BUSY fhp flops are direct cleared by either BUS INIT L from the
Unibus or by the signal KY4 CLR BUS L which canbe generated by the microprocessor program.

Clearing these flip-flops relinquishes control of the Unibus to the PDP-11 processor.

The signal KY4 TAKE BUS L, which can direct set the HALT BUS flip-flop, allows the micro-
processor program to perform Umbus operations without first obtaining the Unibus through a legal

request. This signalis only used during maintenance mode operatlon of the KY11-LB to bypass a

failing or hung processor.

5.3.16 Buffers (Drawing CS M7859 Sheet 4)

5.3.16.1 Tristate Buffers (8093)- The following units, which are gated by read input signals from the
data bus control, buffer 1nput data from several sources.

Unibus Data

Unibus Address

Keypad Register |

Maintenance Inputs (from processor microprogram counter).b
l

Outputs from the 8093s are wire ORed and sent to the trlstate transcelvers w1th the ROM and RAM

data as KY2 DIN 0 H through KY2 DIN 7 H.

5.3.16.2 Tristate Transceivers (8833)- These units buffer data between the mrcroproeessor b1d1rec-

tional data bus and the satellite logic of the interface module. | |
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| CHAPTER 6

CONSOLE MODE OPERATION

6.1 INTRODUCTION

This chapteris a recapitulation of all console key and indicator functlons Operatlon use, and exam-
ples of the utilization of each key are presented. Key operations are divided into console mode and

maintenance mode. Examples of console sequences to demonstrate the proper use of the KY11-LB are

presented together with further notes and hints on operation.

6.2 CONSOLE KEY OPERATIONS

This section describes the operation of each keyin a step-by-step procedure. The readeris assumed to

have read earlier chapters as some descriptions include the use of keys previously described.

A notation for each key will be introduced in each description and is enclosed in angle brackets < >.
These notations are used extensively in Paragraph 6.4 to describe various sequences of key operations.

<CLR> - Used to clear an incorrect entry or existing data.

1. Press and release the CLR key. |

2. The display (six digits) will be all zeros.

3. Clears the SR DISP, BUS ERR, or MAINT 1nd1cators if on.

Numerics 0-7 - Used to keyin an octal numeric d1g1t (v through 7).,

1. Press a numeric key (0 through 7).

2. The corresponding -digit will be left shlfted into the 6-digit octal display with the previously

displayed digits also being left shifted.

3. Release the numeric key. |

To enter the number <xxxxxx>, e.g., 123456'.

Press and release the CLR key (000000 will be dlsplayed)

Press and release the 1 key (000001 will be displayed).

Press and release the 2 key (000012 will be displayed).

Press and release the 3 key (000123 will be displayed).

Press and release the 4 key (001234 will be displayed).

Press and release the 5 key (012345 will be displayed).

Press and release the 6 key (123456 will be displayed).o
k

=



The number has now been entered. Leading zerosdo not have to be entered.

<LSR> - Used to load the switch register (accessible as Unibus address 777570).

1. Press and release the LSR key.

2. The d1splay will show the data loaded and the SR DISP indicator will be on.

To load the number 777ie.,<LSR 777> into the switch register:
1. Press and release the CLR key.

2. Key in the number 777.

3. Press and release the LSR key.

4. T77 Wlll be dlsplayed and the SR DISP. indicator will be on.

<LAD>- Used to load the Umbus address pomter prror to performmg an EXAMINE DEPOSIT or

START

1. Press and release the LAD key
2. Display will be all zeros.

To load address 200 1. ¬., <LAD 200>

Press and release the CLR key.

Keyin 200.

Press and release the LAD key

<Displayis all zeros.B
N

 
=

<DIS AD> - Displays the current contents of the Unibus 'address pointer.

1. Press and release the DIS AD key.

2. Display will show the current Unlbus address pomter

To perform the sequence. |
LAD 400

DIS AD

. Press and release the CLR key

Key in 400.

Press and release the LAD key (d1splayis all zeros)
Press and release the DIS AD key.

Display shows the 400 from the Unibus address pomterD
 

W
 
N

<DEP> - Used to dep031t a number 1nto the locatlon pomted to by the Un1bus address pomter

1. Processor must be halted (RUN1nd1cator off) otherw1se keyis 1gnored

2. Press and release the DEP key.

3. Display shows the data deposited.

6-2
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To deposit <DEP XXXXD (e.g., 5252) into location 1000, the sequence is as follows:
L
W

4

LAD 1000

DEP 5252

Press and release the CLR key; 'g
Keyin 1000.

Press and release the LAD key.

Keyin 5252. ,

Press and release the DEP key.

<EXAM> - Used to examine the contents of a location pointed to by the Unibus address pointer.

1.

2.

3.

Machine must be halted.
Press and release the EXAM key.

Display shows the contents of the locatlon exammed

- To examine general-purpose regrster R7 (program counter) at Unrbus address 777707 the followmg

sequence is used: . |

e

LAD 777707

EXAM

Press and release the CLR key

Keyin 777707.

Press and release the LAD key.

Press and release the EXAM key.

The contents of R7 will be dlsplayed

<CNTRL>- The CNTRL keyis always usedin con3unct1on with some other key When 1t is used 1t

must be pressed and held down while the second keyis pressed and released | | '

<CNTRL-HLT/SS> - Used to halt the processor.

1

3.

4.

Press and hold down the CNTRL key.
Press and release the HLT/SS key.

Display will show the current contents of R7 (program counter) and the RUN 1nd1cator w1ll
be off. | |
Release the CNTRL key.

If the processor is already halted the use of the HLT / SS key wrll srngle-rnstructlon step the processor |

(The CNTRL keyis not requ1red to smgle-mstructlon step the processor once halted )

1.

3.

Press and release the HLT/ SS key.

Processor will perform one instruction and halt. | |

Display will show the new current contents of R7 (program counter)
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<CNTRL-CONT> - Used to allow the processor to begin running from a halt. . - (

1. Press and hold down the CNTRL key

2. Press and release the CONT key.

3. Processor will run unless a program halt instruction is encountered. The RUN and SR DISP
indicators should be on and the contents of the switch register should be displayed. If a halt
instruction was encountered, the indicators will be off and the program counter will be
displayed. o o

4. Release the CNTRL key.

NOTE |

(i the processor is already running, use of

"~ <CNTRL-CONT>> will resultin the switch register

being displayed; there will be no other effect on the

processor U R R

<CNTRL BOOT> Used to mrtrate runmng of M9301 Bootstrap program - | | | ( <

Processor must be halted

Press and hold down the CNTRL key.

Press and release the BOOT key. o

Processor should start running (RUN 1nd1cator on) the bootstrap programselected on the
M9301. | o |

E
a
l
a

NOTE |

For more information concerning the M9301 Boot-- - | |

strap program, consult the system users guide. =~ .~ . 5 (

5; Release the CNTRL key

<CNTRL START> Used to start theprocessor runmng a.program from a g1ven startmg address

Processor must be halted otherwise keyis.ignored.

Press and hold down CNTRL key. ~

Press and release the START key. SRR 8 8

RUN indicator will be on unless a halt 1nstructlon i encountered The SR DISP 1nd1cator
.« « -should also be on and the contents of the switch register: should be displayed.. | (

5. Release the CNTRL key. = | R :

B 
R
N

To start runnmg a program at locat1on 1000 the followmg sequence 1s used

Press and release the CLR key R T T T S TRV R P T R

Keyin 1000. S - | - ~ .

Press and release the LAD key. . Ce T e e e ,

Press and hold down the CNTRL key T S S

Press and release the START key.. R TS N IO S DI RGO - .

Release the CNTRL key.Q
M
P
W
N
?
f

<CNTRL-INIT> - Generates a Bus Initialize without the processor starting.

Processor must be halted.

Press and hold down the CNTRL key.

Press and release the INIT key. | ,

Bus Initialize will be generated for 150 ms. (
Release the CNTRL key.R

d
l
h
a
i
i
a
d
l

> 
e
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<CNTRL-7> - Used to calculate the correct address when a mode 6 or 7 register R7 instruction is
encountered.

- 1. Press and hold down the CNT L key

2. Press and release the7 key |
3. D1splay will show the new temporary reglster wh1ch contarns the old temporary reglster plus

the Unibus address point or plus 2.

See 'Paragraph 6.4 foran example.

<CNTRL-6>- Used to calculate the offset address when mode 6 or 7 1nstructrons other than register

R7 are encountered. | | o e

1. Press and hold down theCNTRL keyl
2. Press and release the 6 key.

3. Display shows the new temporary reglster Wthh contains the old temporary plus the switch

register.

4. Release the CNTRL key.

See Paragraph 6.4 for an example.

<CNTRL-1>- Used to enter the console into maintenance mode Malntenance mode should only be

used as an aid to troubleshooting hardware problems. Maintenance mode provrdes no helpin debugg-

ing software problems. S , |

1. Press and hold down the CNTRL key

. Press and release the 1 key.

3. MAINT indicator will be on and the MPC (m1croprogram counter) will be sampled and

displayed. _ - oy

< 4. Release the CNTRL key

6.3 NOTES ON OPERATION < |
An erroneous drsplay will result if, while the processor is runnlng and the switch.reglster is bemg

displayed, a numeric keyis pressed. Although the SR DISP indicator will remain on, the d1sp1ay no

- longer reflects the actual contents of the switch register. 1If at any time while the processor is running, it

is des1red that the switch register contents be displayed, the CNTRL4CONT keys should be used.

As a general practice, prior to entermg a new 6-digit number and if the displayis nonzero, the CLR key

should be used to initially zero the d1splay |

In order to s1ngle-1nstruct1on step the processor from a glven startmg address, the program counter
(R7) must be loaded with the starting address using the Unibus address of R7 (777707)i.e., to s1ngle-
instruction step from the beglnnmg of a program starting at locatlon 1000, the following sequence is

necessary: | |

LAD 777707

DEP 1000

- CNTRL-INIT (if des1red)

HLT/SS

HLT/SS

etc.
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The console requires an 18-bit address Thisis especially 1mportant toremember when accessing device

registers (i.e., 777560 instead of 177560). Otherwrse an erroneous access to memory or to a nonexistent

address will occur. o

The Unibus addresses for the general-purpose registers can only be used by the console. A PDP-11

program using the Unibus addresses for the general-purpose registers will trap as a nonexistent

address. Also, internal registers R10 through R17, which are used for various purposes (depending

upon processor), may beaccessed by the console through Umbus addresses 777710 through 7 777 17.

The BUS ERR indicator on the console reflects a bus error by the console only. The 1nd1cator will not

reflect bus errors due to other devices succh as the processor,

6. 4 EXAMPLES OF CONSOLE SEQUENCES | |

This section combines key opcratrons wrth example sequences to demonstrate the proper use of the

KY11-LB Programmer S Console | | |

The following sequences use the notatiOns for 'key operatiOns as described in Paragraph 6.2.

The angle brackets < > will be used in the sequences to 1dcnt1fy the display contents after the
operation is performed ie., LAD 200 <0>

1. Press and release the CLR key.

2. Press and release 2 key.

3. Press and release 0 key.

4. Press and release 0 key. »

5. Press and release the LAD key.
6. 000000 will be dlsplayedin the 6- d1g1t readout

Example 1

This sequence uses the examine function and the swnch reglster Umbus address 777570 to read the

8contents of the SW1tch register. .

LSR 123456 | : .<123456> I

EXAM o R ».f<123456>9<

DISAD - <LT77570>

LSR 777 o L1T>

EXAM o <TTT>

Example 2

This sequence 8demonstrates the use of the followmg kcys LAD DIS AD LSR, EXAM DEP,
CNTRL-START, CNTRL4C()NT andCNTRL4HLT/SS |

This example loads the followrng program 1nto memory, whlchis then runto demonstrate various
operatlons . -

Program | Memory Location/Contents

1000/13737 ;Move the contents of

1002 /177570 | - theswitch register to
1004/1014 ~ memory location 1014

1006,/0000 S ;Halt - |

1010/137 | | Jump to location 1000

1012/1000 | 7

1014/0000



T
N

- Sequence |

- DEP 13737

DEP 177570

DEP 1014

- DEPO

DEP 137

-DEP 1000

DEPO

LAD 1000

EXAM

EXAM

- EXAM

EXAM

EXAM

EXAM

EXAM

"DISAD =

LSR 123456

LAD 1000

CNTRL-START

LAD 1014

EXAM

DEPO

EXAM

DIS AD

LSR 125252

CNTRL-CONT

LAD 1014

EXAM

DEPO

LAD 1006

DEP 240

EXAM

LAD 1000

CNTRL-START
LSR 70707

CNTRL-HLT/SS

LAD 1014 |

EXAM

HLT/SS

HLT/SS

~ HLT/SS

LSR 05252

HLT/SS

LAD 1014

EXAM

<0>
<13737>

<177570>

<1014>

- <0>

<137>

<1000>

<0>

<0>

<13737>

<177570>

- <1014>

<0>

<137>

- <1000>

<0>

<1014>

<123456>

<0>

<1010>

<0>

<123456>

<0>

<0>

<1014>

<125252>

<1010>

- <0>

<125252>

<0>

<0>

<240>

<240>

<0>

<125252>

<10707>

<0>

<10707>

<052525>

<0>

- <052525>
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- Example 3

This sequence demonstrates the use of CNTRL-7 and CNTRL46 The followmg dataare loaded into

memory:

- 1000/177

1002/100

1004/000

1006/5060

1010/1020

1104/1006

RO = 777760

The sequence to load the datais as follows:

0>LAD IOOO

DEP 177 <177>

DEP 100 <100>

DEPO0 <0>

DEP 5060 <5060>

- DEP 1020 <1020>

LAD 1104 <0>

DEP 1006 <1006>

LAD 777700 <0>

DEP 777760 <777760>

Sequence

LAD 1000 <0>

EXAM - <177>

EXAM - <100>

CNTRL-7 <1104>

LAD <0> |

EXAM <1006>

LAD <0>

EXAM <5060>

EXAM - <1020>

LSR <1020>

LAD 777700 <0>

EXAM <T777760>

CNTRL-6 - <100006>

LAD - <0>

EXAM - <177>
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CHAPTER 7
- MAINTENANCE MODE OPERATION

7.1 INTRODUCTION |
This chapter covers the keypad facilities of the programmer s console available for hardware malnte-
nance of the processor.

7.2 MAINTENANCE MODE KEY OPERATIONS

The following definitions apply to a subset of the same keys used in console mode however the
functions and operatlons differ from thosein console mode. In general, console mode functions are
not available whlleIn maintenance mode, and many keys have no functronin maintenance mode.

NOTE

Maintenance mode operation is mdlcated by the

MAINT indicator being on.

In order to use the hardware maintenance features avallablein malntenance mode the maintenance
cable (11/04) or cables (11/34) must be connected between the KY11-LB interface board (M7859) and
the corresponding processor board (M7263-11/04, M7266- 11/34, M8266-11/34A, or

- M8267-FP11A). An exception to thisis the 5 (maintenance mode) operation which allows the console
to examine or deposit into memory or device registers without the processor bemg e1therpresent or
functional. - | n. - | | |

DIS AD (Maintenance Mode) -~ Used to display. Unibus address lines.

1. Press and release the DIS AD key. - |
2. Unibus address lines will be sampled (read once) and displayed, i.e., d1splay w111 not be

updated as address 11nes change. | | . | - o

EXAM (Marntenance Mode) Used to d1sp1ay Unlbus data hnes

1. Press and release the EXAM key. |

2. ~Unibusdata lines will be sampled and displayed.

HLT/SS (Malntenance Mode) - Asserts manual clock enable and displays MPC (mlcroprogram
counter).

1. Press and release the HLT/ SS key.

2. Manual clock enable will be asserted.

3. MPC will be sampled and displayed.



CONT (Maintenance Mode) - Single microsteps the processor through one microstate and displays

the MPC. | | | i ,
/"
_<
\\

<

1. Press and release the CONT key.

2. Manual clock will be pulsed.

| 3. New MPC will be sampled and displayed.

BOOT (Maintenance Mode)-~ Boots the M9301. If manual clock enableis asserted, the M9301 routine
will not be entered but because the M9301 simulates a power fail the processor will power up through -
location 24.

1. Press and release the BOOT key.

2. The display is not affected. If manual clock enable is asserted, the MPC is now at the
beginning of the power-up sequence. To see the new MPC, use the HLT /SS key

START (Maintenanc8e Mode) - Drops manual clock enable.

1. Press and release the START key. B | - S Q
2. Manual clock enableis released. - - | - SR

3 MPC w1ll be sampled and dlsplayed

CLR (Mamtenance Mode) Returns console to console mode operation.

I. Press and release the CLR key.

2. MAINT indicator is off. .

3. Processor should halt. B

4 Program counter should be dlsplayed N | ) | (

5 (Mamtenance Mode) Allows the console to take control of the Umbus if a processor is not in the

system o

1. Press and release the 5 key. | . .

2. The MAINT indicator will be off (console mode operation now).

3. Console attempts to read the program counter whichis not present and therefore the BUS

ERR indicator will be on.

7.3 NOTES ON OPERATION | S | - - (
If the smgle-mwrostep featurein maintenance modeis to be used it is preferable that the processor be
halted prior to entering maintenance mode, if it is poss1b1e Thisis because the assertion of manual
clock enable, which turns off the processor clock if it is running, cannot be synchronlzed with the
processor clock. Therefore, if the processor is not halted, the clock may be running and the assertion of
manual clock enable may cause an erroneous cond1t1on to occur.

In orderto single-microstep the processor from the beginning of the power-up sequence, the following -
steps may be used: |

1. Halt the processor if possible.

2. Use CNTRL 1 to enter mamtenance mode. |

3. Use HLT /SS to assert manual clock enable (RUN indicator should come on).

4. Use BOOT to generate a s1mulated power-fail (will not work if M9301 is not present in the
system). | (
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Use HLT/SS to display the MPC (microprogram counter) for the first microstep in the
power-up routine.

Use CONT to single-microstep the processor through the power-up routine. (The new MPC

will be displayed at each step.)

Unibus address lines and Unibus data (see NOTE below) lines may be examined at any

microstep by using DIS AD and EXAM, respectively. Use of these keys does not advance

the microprogram. To redisplay the current MPC without advancing the microprogram, use

the HLT/SS key. :

To return from maintenance mode, use the CLR key.

To single-microstep through a program, the program counter (R7) must first be loaded with

the starting address of the program as in smgle-mstructlon stepping the processor prlor to

entering maintenance mode.

NOTE

Because the data transfer occurs asynchronously

with the processor clock, Unibus data will not be dis-

played on DATI in maintenance mode when using

the console with an 11/04 processor. Unibus data on

DATO on the 11/04 and both DATI and DATO on

the 11/34 will be displayed.

Due to hardware changes, the M8266 module will

gate the AMUX lines onto the Unibus when manual

clock enableis asserted and a Unibus transactlon is

not occurring.
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CHAPTER 8

KY11-LB MAINTENANCE

8.1 PRELIMINARY CONSIDERATIONS

The followingis a guide to locating possible problems on the KY11 LB

1. Power Switch Failure - If the power switch fails to control the pdwer 'supply, check cable
7011414-2-2 (BA11-L) at J2 or cable 7011992-0-0 (BA11-K) at Faston tabs TB4 and TB5 on

the bezel- mounted board to ensure that cable(s) are securely and correctly installed.

If the power switch does turn on the power supply (fans turn) but the DC ON indicator does
not come on, check cable 701 1992 0-0 (BA11-K) at tabs TB6 and TB7 on the bezel-mounted

~ board.

If the four indicators on theleft Slde of the keypad are all on, then the cable 7012214-0-0
connecting the bezel-mounted board to the 1nterface board (M 7859)is probably pluggediin
backward on one end.

If no display and none of the four indicators are on, then check cable 7012214 0-0 at J1 on
the bezel-mounted board and M7859 board to ensure that it is eorrectly and seeurely8
installed.

Note that there should be no cables from either the bezel-mounted board or the M7859
board attached to the backplane. The connection at the backplaneis for use by the KY11-
LA Operator Console only. | |

If the RUN indicator is on but there is no display and no responsefronr the keypad, the
problem is probably at the M7859 Interface module. Check the module to ensure that the
microprocessor chip (E18) is securely installed in its socket.

If the display works and the console responds to the keypad except for the BOOT key, check
that cable 7011413-0-0 is properly connected to the M9301 and to the bezel-mounted board

at tabs TB1 and TB2.

If the display MPC, single microstep, etc. functions in maintenance mode do not work

correctly, check that the cable(s) from J2 and J3 of the M7859 are properly installed.

NOTE

These cables should be installed only for mainte-

nance of the processor. By disconnecting these cables

for normal operation, the effect is that the mainte-

nance functions are nonoperative except for the

TAKE BUS function.
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8.2 M7859 FAILURES |

In general, there are two levels of poss1ble failures on the M7859 module. The first level and most

difficult to fixis themicroprocessor and its support logic which constitutes about 1/3 of the logic. The

second level is failures which occur in the perlpheral logic constituting the Unlbus 1nterface and the

display/keypad interface. These are generally easier to troubleshoot.

Generally, a first level failureis readily apparent and will usually be indicated when no dlsplayis on

and the only indicators on are DC ON and RUN |

A second level failure, although easier to troubleshoot is not always readily apparent as it may only

occur on certain key functions or may be data dependent. A failure on the display/keypad interface

would be indicated by odd displays, row, or column failures on the keypad. The Unibus interface can
be tested with a good confidence level by loadmg the switch register with a 123456 data pattern and

then reading it back over the Unibus by examining locat1on 777570

The following1is a guide to troubleshootmg a failing M7859 module. Generally, the minimum equ1p-
ment neededis a dual trace osc1lloscope with delayed sweep.

1L ._Check that 9 Vis ava1lable at pin l of the mleroprocessor E18

2. Check that the clock frequencyis 1.0 MHz + 2% at the test point, TPl The frequency can

~ be eorrected if needed by adJustmg the var1able res1stor at the top of the module

3. Check that the two clock signals are at E18-15 and E18-16. These clocks should be 500 kHz

8frequency with nonove_rlappmg positive pulses of 0.5 ms dutatlon (Figure 8-1).

E18-16 01

E1815 02 | " | - l |

"FIG X

11-4858

i Figure 88'-1' _Cloek Wavefo_rms'
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Check the signal at E18-18 which should be at logic low. If the signalis high the micro-

processor may not have responded to the interrupt request on power-up. If the signalis

toggling, this may be indicative of a different class of problems discussedin the following

paragraphs.

The M7859 logic is such that if the MiCroprocessor encounters a HALT instruction and goes
8to the STOP state, peripheral logic will automatically try to restart the microprocessor from

location 0. Hence, if there are problems in the microprocessor support logic, such as address

or data failures, time state decoding failures, etc., the microprocessor will not follow the

program and generally encounters a HALT instruction. |

The general technique to solve this class of problems is to sync off of the signal STOP L and
to use delayed sweep to track addresses backward to find the specific failing address. A

quick check of the number of times TS1 L is true between the times that STOP L is true will

- give an idea of how far into the program the failure occurs. In general the easiest techniqueis

to use the TS3 L s1gna1 as a visual key on one channel while using the other channel to probe

addresses data, timing signals, etc.
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v " CHAPTER 9
KY1i-LB INSTALLATION

9.1 KY11-LB DESCRIPTION
The KY11-LBis a programer9s console option for both the 11 /04 and 11/34 CPUs. It replaces the

KY11-LA (operator9s console) whichis the standard console on 11/04s and 11/34s. The hardwarein

the KY11-LB option is exactly the same for both the 11/04 and 11/34. The KY11-LB contains a bezel

assembly (consisting of a keypad, 7-segment display, indicator lamps and ON/OFF switch) and a
separate SPC quad interface module (M 7859). Also, three loose piece cables: two 10-conductor, 45.7
cm (18 inch) long cables and one 20-conductor cable. The two 10-connector cables are not required for

normal console functions and should only be installed when using the consolein. maintenance mode.

9.2 CPU BOX TYPE

PDP-11/04s and 11/34s are availablein both the BA11-L 13.4 cm (5-1/4 1nch) box and BA11-K 26.7

cm (10-1/2 inch) box. The difference between these two boxes creates the only differencein installing

the KY11-LB. In allcases, the 10-conductor cable, running from the operator s console to the CPU

backplane, is not used and must be removed when the KY11-LBis installed. Itis extremely 1mportant

not to connect thls cable to theKY11- LB as a short circuit may result. -

9.3 CPU DIFFERENCES

The 11/04 is a single-module CPU (M7263). The 11/34 is a 2-module CPU (M7265 and M7266).
Maintenance mode connections between KY11-LB and 11/04 are made on the M7263. Maintenance
mode connections between KY11-LB and 11/34 are made on the M7266 (Figures 9-1 and 9-2). Note
that all figuresin this procedure show the M7266 module (11/34). Thisis done because the hook-up .

for normal KY11-LB operation is the same for both CPUs. |

To identify cables and part numbers for cables, refer to Figure 9-3.

9.4 BAI11-L 13.3 CM (5-1/4 INCH BOX) INSTALLATION

1. Remove the operator9s console (KY11-LA), noting to which Faston tabs the M9301 is con-

| nected. The connections will be to the same tabs on the KY11-LB. The cable from H777
Power Supply plugged into J2 on the KY11-LA will plug into J2 on the KY11-LB. The cable

from the CPU backplane to J1 on the KY11-LA must be removed. No connection is made
from the backplane to the KY11-LB.

9-1
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KY1i-LB INSTALLATION

9.1 KY11-LB DESCRIPTION

The KY11-LB is a programer9s console optlon for both the 11 /04 and 11/34 CPUs. It replaces the

KY11-LA (operator9s console) whichis the standard console on 11/04s and 11 /34s. The hardwarein

the KY11-LB optionis exactly the same for both the 11/04 and 11/34. The KY11-LB contains a bezel

assembly (consisting of a keypad, 7-segment display, indicator lamps, and ON/OFF switch) and a

separate SPC quad interface module (M7859). Also, three loose piece cables: two 10-conductor, 45.7

cm (18 inch) long cables and one 20-conductor cable. The two 10-connector cables are not required for

normal console functions and should only be installed when using the console in maintenance mode.

9.2 CPU BOX TYPE

PDP-11/04s and 11/34s are availablein both the BA11-L 13.4 cm (5- 1/4 1nch) box and BA11-K 26.7
cm (10-1/2 inch) box. The difference between these two boxes creates the only differencein installing

the KY11-LB. In all cases, the 10-conductor cable, running from the operator s console to the CPU

backplane, is not used and must be removed when the KY11-LBis 1nstalled Itis extremely 1mportant

not to connect thls cable to theKY11- LB as a short circuit may result. .

9.3 CPU DIFFERENCES -

The 11/04 is a single-module CPU (M7263). The 11/34 is a 2-module CPU (M7265 and M7266).

Maintenance mode connections between KY11-LB and 11/04 are made on the M7263. Maintenance

mode connections between KY11-LB and 11/34 are made on the M7266 (Figures 9-1 and 9-2). Note

that all figuresin this procedure show the M7266 module (11/34). Thisis done because the hook-up .

for normal KY11-LB operatlon is the same for both CPUs.

To identify cables and part numbers for cables, refer to Flgure 9-3.

9.4 BAII-L 13.3 CM (5-1/4 INCH BOX) INSTALLATION

1. Remove the operator9s console (KY11-LA), noting to which Faston tabs the M9301 is con-

| nected. The connections will be to the same tabs on the KY11-LB. The cable from H777

Power Supply plugged into J2 on the KY11-LA will plug into J2 on the KY11-LB. The cable

from the CPU backplane to J1 on the KY11-LA must be removed. No connection is made

from the backplane to the KY11-LB.
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CONNECTS TO J2 ON M7859 -
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20 CONNECTOR
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10 CONNECTOR

o I

PART #70-11411-1D-0

(18 in. LONG) ; 8 PART #70-12214-0-0

PART #70-11411-0J-0

(8 in. LONG)

s
k
ls

e

Figure 9-3 Cables

LENGTH 2" 4" =+ 1"

11-4851

2. Install M7859 (KY11-LB 1nterface)in any SPC slot (within CPU backplane) and connect it
to the KY11-LB bezel as shownin Figure 9-4.

| 8 CONFIGURATION NOTE

The M7859 consumes 2A at +5 V and can only be

plugged into the CPU backplane. |

WARNING

When doing any reconfiguratmg of the CPU back-

plane that might be necessary to make room for the

M7859, be sure that the M9302is never installedin a

modified Unibus slot (which resultsin short circuits).

9.5 BA11-K 26.7 CM (10-1 /2 INCH BOX) INSTALLATION

. Remove the operator9s console (KY11-LA), noting to which Faston tabs the M9301is con-
nected. The connection will be the same tabs on the KY11-LB (Figure 9-5). You will notice
that J2 on the operator9s consoleis not used on the BA11-K box. The signals and voltages
that come in on this jackin the BA11-L box come in on Faston tabsin the BA11-K box. The
cable connecting the CPU backplane to J1 on the operator s console must be removed and
no connection from the backplane to the KY11-LB is made.

2. Install M7859 (KY11- LB 1nterface)in any SPC slot (with CPU backplane) and connect to
KY11-LB bezel as shown in Figure 9-5.

~ WARNING

When doing any reconfigurating of the CPU back-

plane that might be necessaryto make room for the

M7859, be sure that the M9302 is never installed in a

modified Unibus slot (which results in short circuits).
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SW ENARED STRIPE

J1 TB1 TB2 TB3 TB4 TB5

' PROGRAMMERS CONSOLE KY11-LB

T

TB6
J2

TO M9301 ==

3 THIS CONNECTOR NOT USED

Figure 9-4 BAII-L
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9.6 MAINTENANCE MODE HOOK-UP | |
To utilize the KY11-LB as a maintenance tool for troubleshooting the CPU or system, additional
cable(s) mustbe installed. The 11/04 requires one additional cable and the 11 /34 requires two addi-
tional cables. o A

PDP-11/04 (Maintenance Mode Cabling) | -
The 11/04 requires only one additional cable for maintenance mode operation. This 10-conductor
ccable (Part No. 70-11411-1D-0) connects J2 of the M7859 to the unmarked male connector on the
M7263 (11/04 CPU). The cable (70-11411-1D-0) has a pointer on each end to indicate pin 1 as shown
in Figure 9-3. Install the cable with the pointeron the end of the cable lined up with pin 1 on the CPU
module (M7263). Pin 1 on M7263 is called out on Figure 9-1. Points on J2 (M7859) and the cable
should also be lined up. o | . T e

PDP-11/34 (Maintenance Mode Cabling) | | N
The 11/34 requires two additional cables for maintenancemode operation. Both cables are the same
and are the same part as is used on the 11/04. See Figure 9-3 for part number.

~ NOTE N

~ Maintenance cables for both 11/04 and 11/34 are all
45.7 cm (18 inch) long, 10-conductor cables.

When installing maintenance cables connect J2 (M7859) to J1 (M7266) and J3 (M7859) to J2 (M7266).
The pointers on the cable and board must be matched at both ends of the cables. |
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KYLILE FROGRAM RT-11 MACKD YUMOR-10 QOILAI2E PAGE 1

1 sMACROS FOR 8008 W/vsr74 FAGE L
2

&YllLB FROGRAM RT-11 MACRO UMOZ2-10 QO L1325 PFAGE 7

")

»KYilLBhPRQGRfiH RT-11 MACRO WMOZ-10 00813325 FAGE 8

3 000000 CASECT

5} 000000 R0
&y 8 JTITLE KYLILE FROGRAM
& 000000 REGO=0

7 Q00001 REG] =1,

£ QOQO0R RE G2

5 OO0003 O RERBE=3

10 OO0004 |

11 QOO0

1.2 000004

14 QDOOO3

15 OOOO0Y

14 OOOA0Y NUMO=NUMOX

17 QOGA03 NUME=NUM2X

1.8 QOO402 NUMZ=NUM3EX

19 HO0A0] NUM4=NUMAX

20 QU400 : NLIMS = MU M5 X

21 OO0 Y6

e, GOo001 DIB
X OOOO00 DL B

24 00000 STARTS KRBT 10 SINITIALIZE PO OTD 10,

QOOO0 015

25 D000 BEGING LHI 240 SFRESET H REGISTER TO FOINT TO RéaM (40 AND TO SET

00001 O5 & 9

OOODR B0 ,

28 : A OFLAG (2000 TD ENARLE ADURESS 7727970 TO RE DISFLAYED

27 . , SN FROGRAMMED MALT. | '

2800003 LLT 20 SFRESET L REGISTER TO FOINT TO RAM.

00003 ObE :

Q0004 020

29 00005 JME QVER

OO0 104

QOOV0E 013
QOO OO0 |

30 00010 JME BEGIN
SO001D 104

o001l 00,

OO0 2 000 |

3100013 OVER LET 0 SZERD REGISTER F.

00013 (4&

G0Nl 4 D00

32 00015 La SZERD REGISTER A,

OC01LS 304 . - |
S 33 00014, BEGL LM §ZERD MEMORY LOCATION (RAMY FOINTED TO BY REGISTERS H & ..

00016 ZR0 , 4

34 Q0017 ool FPOFECREMENT REGISTER L.

00017 061,

35 00020 JES BEGL SUUME BACK UNTIL RAM I8 ALl ZERQDED.

OOOR0 120

QOO 016

DOORD GO0 ,

36 00023 DIGEFL: DAl DIsPLs SOALL DISFLAY SUBRRDUTINE (STAYS IN DISPLAY SURROUTINE
D002 106

OO0 OF

ODORE 000

KYLLLE FROGRAM RT-11 MACRD YMO2-10 QG RTRE FAGE &4

A-2



./
/4

8\
\\

; 
v

[ v 
.

g
 
A
N

~
3

8 SLIMTIL A REY T8 DEFRESSED DR & PROGRAM HALT QCCURS,
8 000246 AP KEYSEY yRETURNSG FROM DISFLAY SUBROUTINE TO »

QOO24 1 QA

QOORAZ 17
QO30 200 9

3% eJLMFTO O KEY SERVICE ROUTINE,

A7 0003 DLSFLS: LA M SUTHBFLAY SUBROUTINE,

00031 305 | | , |
43 PLOAD H REGISTER INTO REGISTER & AND MASEK
44 : . SFOR FROGRAMMED HALT FLA&G BIT.
A5 OO0 | NI 200 SIFOBIT IS NOT SET DO NOT TEST FOR FROGRAM

D002 (44 | -
0008 200

46 0004 -

DOOE 1,50

OQG3G 05

HJTE NXT s HALT.

0054 000

47 00037 IME REGS POTHERWISE CHECK FOR MHaLT BUSY BETING SET. (KY11-LE
GOO37 113 : 

'
48 0000 MO A0 P18 ASSERTING BUS BUSY).,

QOO A0 {344 |
Q0041 040

49 00042 JdTE NXET

D042 150

D043 05

00094 D0

S0 00045 | LHI 40 SOLEAR FLAG BIT TO PREVENT FURTHER SERVICTING
00045 05 &, . ' |
D004 (340

5 SOF THE MalT BUSY FL ~
s 0007 JHEHLTE FGJLMEP T THE MALT SERVICE ROUTTNE,

D004 104 
' |

DO (7

OO0 010 »
5X0005 KT S LT & SOTHERWISE CONTINUE THE DISFLAY ROUTINE.

Q0052 026 
'

QOOEE Q04

NETE

5 4 , PLOAD REGISTER O WITH & & A% A DISFLAY DIGTT COUNTER,
OO0 LA E FMAGK OFF THE KEYSERUICE FLAG STORED IN REGISTER.

00054 304 
|

Sa QO ,

G005 044

¥ SO0 - -
50005 LE & PREEN SERVICED BT I8 STILL DEFRESSED,

G005 340 ' | o
HEOO006D LI PERESET REGISTER D WITH a 1 TO BE USED A%A& STRORE BIT.

GOOA D3 |
DO0E ], 01 | .

58000457 DISF2T Lal o L GPRESET REGISTER & WITH B ZERD,
QOCESE G

NI 200 Ple THIE BIT WHEN SET INOTCATES THAT & KEY HAY

QO

QOO DO |
L0 (0044 | DUT REGO FOUTFUTS THE ZERD TO TURN OFF THE OTSELAY.

00064 121 ) - . -
&1 00065 LLT © FRRESET MEMORY FOINTER REGISTER L T0O ZERD

00065 066 | 
|
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&2

&3

Q0084

000647

Q00&7

Q0070

Q0070

Q0071

G 00072

00073

Q0074

Q0074

00075

QOO7%

Q0074

VOO&

73 QQ077

75

7é

78

79

g0

81

83

83

8é

g7

ROOYY

00100

00100

Q0101

Q0102

QOLO2

Q0103

O0LO4

QOLOY

QOLOG

QO10&

00106

00LOY7

00110

00110

GO111

00112

QO113

00113

00114

< 00115

Q0115

00116

0116

OOL1L7

QO117

Q0120

QOL21

00121

Q0122

Q0123

Q0124

Q024

Q00 .

307

044

007

123

303

303

002

330

016

Q03

106

XX

Q00

302

Q74

00l

1350

137

Q00

004

001

360

113

Q44

Q17

150

13é

QOO

257

RYLLLE FROGRAM

LA M

NDOT 7

ourT REGL

La I

OUT REGO

L.y I

RILG

LID A

LBl 3

Cal. SHEFTL

STE DISP4%

AL 1

ST DSR4

XR M

RT=11 MACRD UMO2-10

sTO PICK UP THE CDNTENTS OF THE FIRST LOCATION IN RaAaM.
sGET THE CONTENTS OF THE FIRST LOCATION IN RAM.

sMASBK OFF THE LOWEST 3 BITS AND

sOUTFUT TO THE OISFLAY.

SLOAD THE 0 REGISTER INTOQ A REGISTER aND QUTFUT

STO TURN ON THE FROPER DIGIT OF THE DISFLAY.THIS

T

sWILL ALSD SELECT & FPARTICULAR COLUMN OF THE KEYFAD

70 BE READ BADK LATER.

SGET THE CONTENTS OF REGISTER D AND ROTATE LEFT

sTO SET UP TO TURNON THE NEXT DIGIT.

SLOAD REGISTER B WITH A 3 TO FABS TO THE SHIFT

FOUBROUTINE WHICH WILL SHIFT THE DIFLAY DATA 3

SFOSTTLONS.

SON RETURN FROM SHIFT SURBROUTINE» LOAD REGISTER

SA WITH REGISTER C AND CHECK FOR A 1 T0 SEE IF LAST

SOIGIT I8 RBEING DISFLAYED.

SIF LAST DIGIT I8 BEING DISPLAYED JUMP OVER KEYFAD

SINFUT ROUTINE

SOTHERWISE.Al A 1 70 REGISTER A (CONTAINING REGISTER ©)

AND LOAD MEMORY FOINTER TO FOINT TUVKEYPQD TriaGE

s AREA OF THE RAM.

s INFUT A COLUMM FROM THE KEYFAD AN

s MASK FOR 3IGNIFIGQNT BITS.,

SOHECK FOR NO KEYS UEFRESSED OTEHERWISE

SCOMPARE AGATNST THE CONTENTS OR THE RAMIKEYFAD

0013125 FAGE 8+
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M
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N
J
r
4

88

89

Y0

Y4

7

00125

Q0125

Q0126

QOLA7

Q0130

00130

Q0131

00131

00133

QOL3Z

2 00133

00133

00134

00134

Q01 3%

001364

001364

00137

00137

Q&4

P

?9

100

102

103

194

105

104

107

o8

10%

110

00140

00140

00141

00142

00143

Q0143

0G144

Q0L 4%

001 4%

0146

0146

0147

QLEO

0150

21351

0152

0153

0183

Q154

Q154

0185

1A

D156

Qs

G1&0

Gl&l

Q&

O1L&2

0163

D1L&E

Q1 &4

Q1 éd

QL &S

QL &a&
A o 3

vl ad

150

132

000

040

040

040

113

044

0Ly

370

Gl

110

Q&

Q00

004

016194

o '3 s

RL B ARN

Qlé

V04

106

S35

Q00

.....

L16

143

QOO

4

QOO0

A04

074

0l

03

KYLLLE FROGRAM N N )

NIGH32

NIGF4%

DTSFA4%52

ARRV

JTZ

INF

NDE

JEE

L]

ouT

LRI

Gl

L.ty B

FT

MR

NISF3

KEYS

17

K]

0

REGO

SHET

200

DTGP

0

UMOE-10

sT0 CHECK THAT THE KEYFAD IS STARLE,

$INGREMHNT8REGI$TER EBY THREE IF THE KEY I8 HEPRESSEHo

SDOES NOT MATCH THE RAM CONTENTS. REGISTER E WILL

FRE TNUREMENTED BY ONE IF THERE IS A MATCH.,

FINFUT THE COLUMNOF KEYFAD AGALIN AND

yMASK FOR STGNIFICANT RBITS.

sSTORE IN KEYFAD IMAGE AREA UF8RQM9FUR NEXT TIME.

FNECREMENT THE DISPLAY COUNTER AND |

FIF NOT DONE JUMF BACK AND DISFLAY NEXT UIGLT.

v IF o oALL DIGITS HAVE BEEN DISFLAYED AND KEYFAD HAS

sREEN REAXy LOAD REGISTER A WITH A ZERD aND OUTFUT

T TURN DISFLAY OFF.

JLOAD REGISTER B WITH & & TO BE FASSED TO THE SHIFT

FRUBROUTINE. SIXK MORE SHIFTS ARE NECESSARY TO

FFINTSH SHIFTING AN 18 BIT NUMBER (SIX DIGITS)
s THROUGH 24 BITS OF MEMORY IN THE RaM <3 WORDS).

PUET THE CONTENTS OF REGISTER E aND CHECRK '

s LF O ONLY KEYSERVICE FLAG TS SET (KEY ND LONGER DEPRESSED)

v IFONO KEYS ARE DEPRESSED REYSERVICE FLAG 18 CLEARED,

g OTHERWISEy CHECK REGISTER E FOR & 1 DR A 2

s 0L OR 2 KEYS ARE DEFRESSED AND ARE STARLE)

AN TF TRUE RETURN FROM DISFLAY SUBROUTING70 SERVICE

QOTLII2E PaGE 84
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111 0147 CRL 2 C o BTHEKEY BEING DEPRESSED.

""" 074

170 0

D17 0N R o : 8 ,

113 el ST (T FETAY TH DISPLAY SURROLITIME

0172 104 | " o B

0173 031

0174 olele

) ' ' . SIEY SERVITE ROUTINE .

HIS ROUTINE DECODES THE CONSOLE MODE KEYS

O JUMF TD THE FROFER ROUTINE TO FERFORM

HE FARTICULAR FUNCTION ASS0CTATED

TTH EACH KEY. _

RESET REGISTER B TO ZERD.

- (5
.8

; 5T

7 BT

| 3T

119 5 W

120 0175 O KEYSEVE LRI O S

0175 0lé

0176 Q00 , , s ' | . : |

121 0127 LET 200 PEET KEYSERVICE FLAG TO INDICATE THAT KEY HAS BEEN SERVICED.

0L 046 | S : " - | ' o o

0200 200 |

122 0R0otL LLT A SHEET UF MEMORY FOINTER TO THE KEYFAL ITMAGE AREAS,

0ROl V&b&

OROR 003 o : | ~ | - 9 :

123 0203 LA M FEET THE FIRST COLUMN OF KEYS FROM THE KEYFAD IMAGE

0203 307 ' |

124 0204 :

0204 OFR

125 0R20% YD DISEAD SOOLUMN INTQ THE CARRY BIT AND JUMF TD THE SERVICE

S 0R05 140 - » | | o

0206 344

0ROV 010 » -

126 0210 - CRAR : FROUTINE FOR THAT KEY IF THE © BIT I8 SET. OTHERWISE

0210 O3 | | - o

127 0211 JTE LADY FROTATE TN THE VALUE OF THE NEXT KEY AND S50 ON UNTIL

021 140 |

O21R 205

0213 DL0 - " - - |

128 0214 - Rak o o UETHE WHOLE COLUMM HAS BEEN CHECKED.,

0314 032

129 0215 JTC L8R

0R15 140

0216 A

o217 0L0 :

130 0220 AR

QR20 Q032

131 0221 JTE CLRL

QR 140

ORRR 327

OR23 Q010 |
132 0224 CIN L 0 BAFTER WHOLE COLUMN HAS BEEN CHECKED INCREMENT THE

QR4 04H0 - '
133 022y B LA M - PMEMORY FOINTER AND GET THE VALUES OF THE NEXT COLUMN

0RR5 307 |

134 0226 -

OR26 032 . '

135 0R27 JTC NUMY SREYS TN THE SAME MANNER.

KYL1LE FROGRAM RT-11 MACRO UMOZ-10 QOLL3IRE PAGE 8+

RAR FAREAOF RAM. ROTATE THE VALUEOF THE FIRST KEY IN THAT
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138

139

140

141

142

143

144

14%

1464

147

154

1355

KYLLLR

Q227

0230

Q231

0232

0233

Q233

(0233

Q234

QAXéH

(0236

0237

Q237

02440

Q241

DRB

Q0243

0243

0243

D244

Q4%

Q246

G246

0247

Q247

QGRG0

(250

(SPEEVN

0251,

0252

Q2R3

Q254

Q254

0255

0255

Q256

Q257

Q&0

0260

0241

0261

Q262

02863

D64

Q264

QR&EE

Q&5

(EETLY)

Q2867

DE720

Q270

Q27

Q27

QR

Q72

Qa73

Q273

140

220

Q1L

032

140

001

Q01

032

140

107

Q01

1ad

FROGRAM MR

RAK

ST NUM4

KAk

STE NUMIL

CRAR

ATE NUMO

IN Lo

LA M

RAR

ST EXAMI

ST NUMS

STE NUME

KAk

STCOTINTTL

TN L.

L& M

AR

CJTE DERL
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140

141

162

163

1464

165

166

167

148

169

170

171

0323

0324

0324

Q325

0325

Q3326

Q327

0330

0330

0331

0332

0332

0333

0334

03

140

023

0LO

140

213

VL0

Q32

140

QHH

Qol

032

140

130

QL0

045

Q00

104

Q23

Q0

R

ST NUME

it

AT NURMA

TN L COPNOTE THATTHE CMTRL KEY I8 TMNOT HECUDED'HERK

LA Mo PEECAUSE 1T 185 USEDIN CONJUNCTIONWITH KEYS YET T0

AR | SRE DECOUDED,

JTC HLTL |

RAR

JTC CONTY

JTE BOOTI

JTEBTRTIL

LET © BIT IS ASSUMED THAT THE CNTRL KEY HAS BEEN DEFREGSED

JMEDISFL #SINCE ALL OTHER KEYS HWAVE BEEN DECODED. KEYSERVICE-

SFLAG18 CLEAREDS0 THAT A SECONDKEY MAY BE
FIECODED TN CONJUNCTION WITH THE CNTRL KEY.

SEHIFT SURROUTINE . S
PTHIS SUBROUTINE 18 USED TO SHIFTTHE DISFLAY

CSDATA AREA OF THE RaM (FIRSET 3 LOCATIONS) B
STHE NUMBEROF BIT FOSITIONS. FASSED THROUGH

MAGRKRD UMOE-10 QOIL3L20 FAGE &8+



180 o | - SREGISTER I,
181 0335 SHFTL: LLIT 3 o _

0335 0bhé -

-~

o

0336 003 o - | .

182 0337 | LAl © | SHET UF MEMORY FOINTER TO THE MOST SIGNIFICANT WORD

0337 Q06 | A : |

0340 000 | . B

183 0341 KAk . CHPLUS ONE, ZERD REGISTER & AND ROTATE TO CLEAR THE

0341, 032 | - | o 8 , -
184 0342 ' ne ol SOARRY RBIT.

0%42 061 S o ' o | . .

185 0343 SHFTZ: LA M . SOECREMENT THE MEMORY FOINTER AND GET THE FIRST

0343 307 ' - | | '

184 0344 . AR FWORD TO BE SHIFTED,

0344 032 - 8 :

187 0345 o LM oA ; . SROTATE TO THE RIGHT SAVING THE LSE IN THE C RIT.

0345 370 | | - - o

188 0346 | ue . o FRESTORE TR MEMDRY THE SHIFTED VALUE,

0346 061 | | - ~

189 0347 |

0347 120

GRH0 X438

0351 000

190 0352 LLT 2 PR ONOT DONE JUMF BACK.

0352 Ohé

OR53 OO - - A -

1991 0354 | L& M | STHE LSRR OF THE LEAST SIGNIFICANT WORD I8 NOW IN THFE

0354 ZO7 ) | | | |

192 0355 CRAL SO0 RIT OBUT SHOULD BE IN MSE OF MOST SIGNIFICANT WORD.

0355 ORD 8 | - A

193 0354 | RRC | SMEMORY FOINTER I8 RESET TO MOST STGNIFICANT WORID

0356 oy | | . ' | ' | -
194 QF57 - LM A SAND © RIT SHIFTED INTO L&ER. THE WORD

O35 370 - | - | < | .
195 0360 - | e R | FIS THEN ROTATEDTO FUT LB CINTOMSR FOSITION,

0360 a1 | o o |

1946 0341 , JEZOBHFTL FEHIFT COUNTER I8 DECREMENTED AND IF DONE RETURN

0361 110 , , . - )

0342 335

0343 00 | )

197 0364 RET PEROM SUBROUTINE,

0Z64 D07 |

SEE S GHFTZ S DECREMENT MEMORY FOINTER TO NEXT WORD AND

lvle | o FMODE TEST SUBROUTINE., |

201 4 FTHIS SURROUTINE IS USEDBY VARIOUS KEY

202 - SHERVICE ROUTINES TO CHECK IF THE ONTRL KEY

203 | FHAS REEN DEPRESSED FRIOR TO SERVICING THOSE

204 o SGREYS WHICH REQUIRE THE CNTRL TO 2

205 | PRE USED. | |

206 03F45 S MODTETY LLID & 8 FEET MEMODRY FOINTER TO KEYFAD ITMAGE AREA AND

0365 b . . . o

0366 00é | _ : | |

207 0XE7 . LA M FOET WORD CONTALNING THE VALUE OF THE ONTRL KEY.

0367 307 | | o I

20E QAP0 NI 10 STEST FOR THE CNTRL KEY aMb IF NOT DEPRESSED

D370 044 ) - '

KYLLILE FROGRAM RT-11 MADRD UMOZ-10 OO132E PaGE 84
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233

a34

238

284

S37

a3

eyg

Qadsd

NIV6

DAY

CrA 00

400

0N

0401

AR

O3

403

Gas

G404

A0

Q40N

LA

0406

0407

0407

040

0411

0411

Q412

0412

0413

0413

0414

0414

Q419

Q41

Q414

0414

0417

Qa7

Q420

0420

42

Q42

0422

Q422

0423

0423

0424

010

150

23

DO

007

QL

SRR,

B

ARV

010

SNRY

P BN

il

S!

003

V&G

010

307

022

370

26O

Q7

W2

70

G&HQO

Z07

023

KY1L LLE FROGRAM RT -1

NLIMX 3

NLIMS KT

p dot 1208

MMX S

MLIMAXT

TSE

WL

WU2

MLS

NUMXS

HATE DTS

IN W

TN R

TH W

TN B

LN R

IR

eoo
MAC KD UMOZ-10

SRETURM TO DISFLAY ROUTINE, DTHERWISE RETURN TO SERYICE

FROUTINE WHITGH CalLLED.

s NLIME R T HUUTfNE4,_ 9 = .
s THES ROUTINE GENERATES THE. FROFER 3 BT

FDTGEET WHEN A NUMERIC KEY I8 DEPRESSED AN

sLEFT SHIFTS IT INTOD THE

s OF THE R&Mos

FINOREMENT THE % Ffilfif[fi TRTER THE CORRECT NUMBER

TEMPORARY AREA

v (I TIHE&'UEPENHING UPUN-THE NUME R LD IKEY D RESSET

QNUTE'THE=fl'REHIETEH_NfiH-GhEfiREH AT THH LG NN NG

FOFO THE KEY SERVICE ROUTINE.

CPPRESET REGESTER C WITH & & A & SHIFT COUNTER

FROTATE THE THREEE WORDSOF THE8TEMPUHARY ARE A ONE

yRIT AT fi.TIMEy,THHHH8TIMES hRUUND S0 THAT &l THREE'wflflflfi _

s MAVE BEEN SHIFTED THREE TIMES,

DOTLILRE FAGE 8+

A-10

+SHET THE MEMORY FOINTER TO THE TEMPORARY AREA IN THE RAM. -



23X

247

248

249

250

291
YTy
abe v At

253

PAHZ

264

263

Q404

G420

Q425

Q426

0427

0430

Q0430

04351

D433

0432

0433

0433

0434

0435

0435

0434

0436

) 0437

0437

0440

Q441

Q0441

0442

0442

0443

0444

0444

h 0445

0A44%5

04464

Q444

Q447

D447

G450

Q450

Q451

0451

0452

0453

Q453

0454

0454

Q455

QA5Y

DANE

Q45A

0457

0460

0460

0461

021

110

Q07

Q01

Q& &

Q10

307

044

370

201

370

006

000

135

066

010

AL7

LX)

J27

Q&0

337

Q&G

Q00

371

QHO

A73

Q&0

373

104

023

RYL1ILE FROGRAM

SEZNUMX

LT 10O FRESET MEMORY FOINTER TO LEAST SIGNIFICANT WORID,

L. M CPEET THE WORD AND ZERDT THE LEAST THREE SIGNIFICANT

NOT 370 COSRITS,

Al I FAND TN THE THREE BIT DIGIT FROM REGISTER B AND

.M A y RESTORE TN MEMORY.

LAT O yCLEAR DISFLAY INDICATORS.

QUT REGS

sMOVE ROUTINE :

FTHIS ROUTINE I8 USED TO MOVE THE TEMFORARY

vAREA DR THE SWITCH REGISTER IMAGE AREA OF

STHE RAM TO THE DISPLAY AREAOF THE RAM.

I 10 sOET UP MEMORY. FOINTER TO TEMFORARY AREA OF RAM.
L

MOV ¢ L.L.

MOV2 S LE M | §LDQH THE NEXT THREE WORDS FROM RAM INTO REGIETERS

IN I sBy Gy AND I,

LLT O PRESET MEMORY FOINTER TO THE DISFLAY AREA OF THE

LM oE SRAM AND Luhn REGISTERS By v AND I BACK INTO MEMORY.

IN L. | |

LM C

IN L.

JMFE DTSR, y OO BACK TO DISFLAY ROUTINE,

RT-11 MAOCRI UMOZ~10 QQF13E2E PAGE 8+
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LhHS

2 &

A

270

271

L
R

]

TM
,

.
,
 

¢

s (
8
]

........

KYLLLRE

D4 &2

Q0463

0463

DALA

QA&

D446E

0446

D447

Q470

Q47

Q471

D47

0473

0474

0475

0475

0474

0474

0477

0500

0500

OHOL

0501

OHO

VETK:

0504

0504

05 0%

504

QULOY

Q507

0510

0511

0512

05132

Q%513

Q514

0514

QI

0515

DIH1b

0517

03517

Q50

Q&2

QOO

QO&

200

1A%

DO&

QOO0

26

QLo

104

342

Q010

Q&b

Q13

307

Q44

L00

1350

130

Q01

FROGRAM

BOOTLS

AR<

y BLOT ROUTINE _ :

FTHIS ROUTINE SETS AND CLEARS THE BOOT BIT

O REGIESTER DISFLAY ROUTINE.8 $JUMFS TO SWITOCH R

CAL MOTST sCALL SUBROUTINE TO CHECK TF CNTRL KEY IH DEPRESSED.

Gal, HLTST sCAall SUBROUTINE T0O CHECK IF PRUQE%SUR TS MALTED,

LHIT 240 PEET RBIT IN M REGISTER (2000 TO LOOK FOR PROGRAM

FHALTS . )

LAl 200 pobT O THE BOOT RIT.

QUT REGS

LAl O

OUT REGS | CCLEAR THE BOQT EIT{

CAl. TIMER sWATT.

JME GRS | ?JUMP TO SWITCH REGISTER DISPLAY ROUT INE ,

s lxaM ROUTINE., _

s THIS ROUTINE TH USED TO SERVICE THE EXéM

P IEY.

Cal, HLTST

LILT 15 s CHECK THAT PRDCESSUR I8 HALTED,

L. M SGET LOCATION 15 FROM THE RAM AND CHECK IPF

NI 2040 s THE EXAM FLAG I8 SET. IF IT I8 SET THEN

ST EXAMZ s THE UNIBUS ADDRESS WILL BE INCREMENTED BEFORE

RT=-11 MACRO UMO2-10 Q013825 PAGE 8+



/
8
\
\
\

291

298

293

299

300

301

X002

303

204

305

S04

307

308

309

310

Q522

Q523

0523

Q524

Q525
() |-uCae I Pl

v alwd

0526

Q&3

Q530

0530

531

O3

DGR3

OHE3

0334

QEH3EG

DGR

QG536

DI36

WHd7

Q540

Q540

QG4

QU542

0543

0543

0544

Q545

Q544

0546

Q547

Q&GO

OS5

QEG1

RIS

0553

Q5HG3

QUE%H4

09%4

QUHHG

Q3HE

OET-

Q557

Q357

OH&0

QH&Q

0561

O5&2

Qiad

G363

Q5HG3

106

174

001

307

Q44

03

200

70

108

230

Q1

104

04D

D01

EXAM2

INCATS

Q&b

013-

004

Q01

370

DA

Q&

D00

KYLLLE FROGRAM RT-11

Cal. GFRTI

CAl. ITNCAD

CAL. BADLD

LA M

NI 3

ORI 200

LM A

CAl. OaTll

JME MOV

B A

LA M

AT 1

LMA

IN L

LAT O

AC M

L A

MAGRKRO UMO2-10

FREING USED. CHECK TO SEE IF IT SHOULD RBE INCREMENTEI

sRY ONE (GENERAOL REGISTER) OR BY TWO,

sLLOADG BUS ADDRESS FOINTER (RaM) INTO THE UNIRUS

yalIIRESS REGISTER,

yMAGK OFF THE TWO DATA BITS AND SET THE EXAM FLAG

200 IN LOCATION 185).

pGALL THE DATLD ROUTINE AND JUMF TO THE MOVE ROUTINE

G TO DISPLAY THE NEW DATA,

s IMOREMENT ADDRESS SUBROUTINE,

s THIS SURROUTINE INCREMENTS THE UNTRUS ADDRESS

yFOINTER TN THE RaM RBY 1.

FADDG A L TO THE LEAST SIGNIFIGANT WORD

vOF THE UNTRUS AUDRESS FOINTER (LOCATION 13)

FAND THEN AUDS THE CARRY BIT INTO THE NEXT TWO

sWORDE. THE TWO LfiB9S8IN THE LAST WORD ARE MASKED

PAS SIGNIFIGANT (18 RIT ALDRESS).

QOT1AI2E PAGE 8+

- A-13



314

A%

Alé

317

318

319

320

KteR]

LYese

32X

324

325

326

327

328

329

3XO

341

D544

0564

QG&S

DG

Q&&b

QB &7

Q567

Q570

QEZ0O

Q571

QEH72

0572

Q573

Q573

0574

0574

0575

0575

0574

0577

0577

0600

0601

0601

0607

0603

0604

0604

0605

0605

0606

06046

G607

0&10

0610

0611

0612

QAL3

0&13

Q&14

Q614

Oals

0615

0816

0&617

0617

0&20

060

006

Qo0

2l7

044

Q03

370

07

307

044

Q03

074

003

110

224

GOl

O&l

307

AQY7

044

2HO

Q74

300

KY11LE FPROGRAM

NIL 3

GFRTLS LA M

NIOT 3

CRI 3

S GFRTE

S GRRTY

o L

LA TM

NOT 340

CFI 300

RT-11 MACRO VMOZ-10 Q03133125 PAGE 8+

§GENERQL REGISTER TEST SUBROUTINE.
THIS SUBROUTINE TESTS THE UNIBUS ADDRESS 9 S T AU

FEOINTER TO SEE TIF IT I8 IN THE RANGEQF SR I |
SGENERAL FURFOSE ADDRESSES (7727700777717,

s IF LT IS5 NOTA GENERAL REGISTER ALDRESS

STHEN THIS SUBROUTINE WILL INCREMENT THE

SANDRESS RY ONE,IF IT I8 IN THE RANGE 1T
sWILL NOT INCREMENT AT Al .

//
fl
fi
\_
.v
<.

y ARE ATDRESS BITS 17 -AND16 ONEDLT

FND.

YES.

FARE ADDRESS BITS 1S THRU & ONESGT 8 ' o - (i

NG

Y ES .

pORE ADDRESS BITS 7 aND& ONES AND

SRITS 5 AND 4 ZEROES?T o e

A-14
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- 
~

N

342

343

344

345

3446

348
349

350

- 351

352

353

354

385

356

357

358

359

3460

361

362

363

364

365

3466

3467

348

KYL1LE

0621

0621

0622

0623

0624

0624

0625

Q626

0627

0627

0630

0630

0631

0632

0632

0633

0634

0634

Q635

0635

0636

06346

0637

Q640

04640

Q&41

0642

0643

0643

0644

Q644

0645

0645

0646

0646

0647

0647

Q650

0650

0651

0651

08652

0653

0654

0654

0655

0654

0656

150

27

001

106
151

001,

007

QO4bb

010

Q06

010

133

113

044

020

150
257

001

101

370

060

103

370

060

Q06

Q00

370

133

125

Q07

FROGRAM

JTZ GFRT3

GFRT2: CAL. INCAD.

GFRT3:- RET

DATIL: LLT 10

LAl 10

QUT REGS

ITNF REGS

NDOT 20

STZ BUSERR

DATIZ: INF DELE

LM A

IN L

INE TRHE

LM A

IN L

LAL O

LM A

OUT REGS

OUT REG2

RET

SYES.

.fiNU,,INUREMENT fifiDRE$S BY ONE.

SsOATY SURBROUTINE.

s THIS SUBROUTINE FERFORMS A DATI ON THE -

SUNTRUS ADDRESS FOINTED TO RBY THE UNIRUS ADDRESS

FREGISTER.THE. RECETIVED DATA IS LOADED INTO |
3THE TEMPORARY AREA IN RAM. o

SET UF MEMORY FOINTER TO TEMFORARY.

$HET RBUS MSYN BIT.

§Hfi$ BUS SEYN REEN RETURNED?

INOy REFORT RUS EHRUR{

SYESy FROCEE, ,'GET LOW BYTE OF UNIRUS

SOATA AND STORE IN MEMDRY.

SGET HIGH BYTE OF UNIRBUS DATA AND

SSTORE IN MEMORY.,

$ZERD LAST WORD OF TEMFORARY.

JCLEAR BUS MSYN BIT.

yDROF UNTRUS ANDRESS LLINES.

RT-11 MACRO UMOZ~10 00213325 PAGE 8+
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369

370

371

372

373

374

376

378

379

380

381

383

384

385

386

387

388

389

320

391

393

394

0657

Q0&G7

06460

0661

0661

V662

0662

0663

0664

0664

0665

0665

0664

D&b6

Q667

Q0470

0671

0671

0672

0673

0674

0&H74

0673

0676

0676

0677

0677

Q700

0701

0701

0702

0702

0703

0704

0704

Q705

Q706

Q707

Q707

0710

D711

2 0712

0712

0713

0714

Q715
o e g gt

y, 4
(.!l k4 I I

0716

006

020

1.3%5

006
000

133

19

ks Nee \-,

104

332

010

106

362

010

Q0&

Q00

135

O&b

Q1Y

207

)44

100

15O

218

GOl

106

174

OO0l

106

157

Q0

307

KYLILE FROGRAM

RUSERR$

DEFT¢

RN S

RT-11 MACKRD UMO2-10

L.AT

ouT

LAT

OuT

QuT

JMF

CAL.

LAl

QU

e

MLTST

M

20

REGS

0

REGS

REGD

CLE?

REGié

LLT 1%

CNDE 100

ST DERE

CAL GFRT

CAl. ITNCAD

l.A

ORT

M

10

FUNITRUS ERROR SUBROUTINE.

THIS SUBROUTINE SETS THE BUS ERROR D
sINDICATOR AND TERMINATES THE UNIBUS TRANSACTION.

SSET RBUS ERROR INDICTOR,

SDROP BUS MSYN. )

SDROF UNIBUS ADDRESS LINES,

G0 CLEAR THE DISPLAY.

STEFOSIT SURROUTINE., o
FTHIS ROUTINE SERVICES THE DEFQOSITT KEY}
SOHECK FDR{PRUCESSUR HALTEX.

SCLEAR THE INDICATORS.

GSET UP MEMORY FOINTER AND CHECK HEPHSIT Fl.AG,

CFFIRST HEPD&IT?~

s YES.

PND. CHECK FOR GENERAL REGISTER.

P INCREMENT UNTEUS ADDRESS FOINTER.

SHET THE BUSC1 RBIT fIN RaM) T0O I fiiflfiTD@
00313IRE FAGE 8+
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395

394

397

398

399

400

401

402

403

404

40%

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

0716

0717

0720

0720

0721

0721

0722

0723

0724

0724

0725

0726

0726

0727

0727

0730

0731

0731

0732

0733

0733

0734

0734

0735

0736

0736

Q737

0740

0741

0741

0742

0743

0744
0744

Q745

0746

07446

0747

Q747

Q750

Q750

Q751

Q751

Q752

0752

Q753

Q753

0754

0754

0755

&4

010

370

106

344

001

066

015

307

044

003

064

100

370

066

010

106
361

001

104

042

001

- 0bb

013

307

12

060

307

1A

060

307

KRYL1LER FROGRAM

CAl. BADLD

LM A

LLI 15

LA M.

NDT 3

ORI 100

LM A

LLI 10

RADLLS

RT-11 MA

CAL TATO1

JMF MOV

LLT 13

L.A M

QUT REGO

IN L

LA M

QUT REGL

ORI 4

CRO UMOZ-10

0 BLDAL THE UNIBUS ADDRESS REGISTER.

SSET THE DEFOSIT FLAG.

fRESET MEMORY PQINTER TO TEMFORARY AREA OF RAM.

sCALL THE DATO SURROUTINE USING THE TEMORARY AREA

A5 DATA. DISFLAY TEMPORARY AREA.

FUNIRUS ADDRESS REGISTER LOAD SURROUTINE,

yTHIS SUBROUTINE LOANS THE UNIEBUS ANDRESS

yFOINTER FROM RAM INTO THE UNIBRUS AlDRESS

FREGISTER AND ENARLES THE REGISTER ONTOQ

§ THE UNIRUS, ' ' ' )

sSET UF MEMORY FOINTER TO UNIBUS ARDRESS FOINTER,

SMOVE FIRST WORD TO UNIBUS ALDRESS REGISTER.

SMOVE NEXT WORD TO REGISTER,

GSET.THE ENABRLE EIT.
0011325 FAGE. 8+
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Q755 Qb4

0756 004 9 -. _ - R _

421 0757 OUT REG2 sLOAD LAST FART OF REGISTER.

0757 125 | _ . -
422 0760 RET

0760 007

420 . s LATO SUBROUTINE. D o

426 0 FTHIS SUBROUTINE FERFORMS THE DATO. o

427 FHEQUENCE FOR DEFOSET AN START KEY FUNCTIONS, .

428 0761 DATOL: LA M SGET FIRST WORD FROM MEMORY(FROM TEMFORARKY ON DEFOSITS

0761 307 ' o | -

429 0762 OuT SRILR FAND UNTRUS ADDRESS FOINTERON STARTS) AND L OAD

0762 127 | S : ' A o . : |

430 0763 IN L yLOW BYTE OF SWITCH REGISTER.,

0763 060 | L | S

431 0764 LA M O FGET SECONID WORD OF DATA AND LOAD INTQO

07464 307 8 : = fi

4332 0765 QUT SKRHE _ - FHLIGH RBYTE OF SWITCH REGISTER.,

0765 131 | | | . .

433 0766 L L.al 4 COFSET BIT TO ENABLE SWITCH REGISTER ONTO

0766 006

0767 004

434 0770 o

0770 133

435 0771 LAL 14

0771 006

0772 014 « ~ e |

AZ6 0773 OUT REGE ~ JASBERT RUS MEYN.

0773 133 . ,_ -

437 0774 o ~INF REGS PRUS BSYN RETURNED?T

0774 113 - | , D

438 0775 CIMF MEM2 P JUME DVER ROM MEMORY ROUNDARY .,

0775 - 104 SRR T S e .

0776 001

0777 010 BRI

439 1000 NOF

1000 300

440 1001 MEMZE NDI20 .

1001 044 .

COUT REGS 0 STHE UNIRUS,

10032 020 '
441 1003 JTZ BUSERR §ND.,

1003 150

1004 257

1005 001 |

442 1006 LAT 4 PYES

1008 004 |

1007 004 | : .

443 1010 COUT REGS SOROF BUS MSYN.

1010 133 | | A

444 1011 LAT ©

1011 00& :

1012 000 | 8 | - - o

445 1013 OUT REGS FOROF. THE SWITCH REGISTER ENARLE.

1013 133 | | ~ | | A - |

446 1014 DUT REGS SCLEAR THE UNTRUS ADDRESS REGISTER AND REMOVE

KY11LE PROGRAM RT-11 MACKD UMO2-10 001AIRS FAGE 8+ 0 R A



460

461

462

463

- 4464

465

4466

467

469

470

468

10714

1015

1015

1016

1014

1017

1017

10RO

105

10RD

Loa23

1023

1024

1024

1025

L0224

1026

1027

1030

1031

1031

1032

1033

1034

1034

1035

10348

1036

1037

1037

1040

1041

1041

1042

1042

1043

1044

1044

1045

1046

1044

1Q47

1047.

1050

10%1

1051

1052

1063

1054

1054

113

044
040

110

010

Q44

040

110

Q067

QUT REGL

QuUT REGO

CAL SR

CHLTL R INF REGE

NDT 40

JFZ 681

CAL MOTST

§81 ¢ LAT 41

OUT REGSH

HL.T1S5: LAl 1 - -

OUT REGS

HLT2: LCI O

LET 12

HLT2G30 INF REGS

NOT 40

JFZ HL T3

010

021

KYL1LR PROGRAM

ne ©

RT-11 MACKRO VMOZL-10

FFROM- THE UNIBUS.

CALL ROUTINE TO REPLQCE THE CONTENTS OF SWITCH REGISTER.

SHALT ROUTINE. ' 2 . . '

FTHIS ROUTINE SERVICESTHE HALT/SINGLESTEF

SKEY FUNCTION AND ALSD SERVICES A FROGRAM

SHALT BY THE FROCESSOR. o : _

FI1S FROCESSOR ALREADY HALTEDN?

FYES, DO SINGLE STEF FUNCTION.

SNO. IS CNTRL KEY DEFRESSED?

$IS HALTED IT WILL FROCEED ONE INSTRUCTION,

sDROF THE CLEAR BUS HIT}

PEET UF A TIMING LOOFTO WALT FOR HALT

8 SGRANTS8IN CASE FROCESSOR I8 DOINGA RESET .

HALT GRANT RECETIVEDT

FYES,

$NO L DECREMENT COUNTEFR .,

00313125FAGE 84
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471

472

473

474

476

477

478

479

480

481

482

483

484

485

486

487

488

489

420

491

492

1055

106

1056

1057

1060

1060

1061

1061

1062

1063

1064

1064

1065

1066

i 1067

1067

1070

1071

1071

1072

1072

1073

1074

1074

1075

1075

1076

1077

1077

1100

1100

1101

1102

1102

1103

1103

1104

1105

1106

1106

1107

1110

110

044

010

0oLl

110

046

010

104

287

Q01

006

000

135

006

307

121

L1064

365

QQ0

106

3462

010

106

KYLLLR FROGRAM

HL.T3.:3

INITLS

RT-11

SJEL HLTR2E

nc R

JEZ HLTDE

JME BUSERR

L.ATL O

OuT REGSE

L.AL 307

QUT REGO

LAl 377

OuUT REGL

Lal 7

ouT REGZ2

CAL DATTL

SMEF MOV

CAL. MOTsT

CAL HLTST

Cal. INITX

MACRO VMO2-10

s DONE. COUNT?NO.

SNECREMENT COUNTER,

STIMED QUT®? NU;

yYES, GO TO BUS ERROR ROUTINE.

?RECEIUED:GRQNT.NUN:CLEAR INDTCATORS .

FLOAD UNTRUS ADDRESS OF FC (R7) (277707)

FINTO THE UNIRUS ANDRESS REGISTER AND

CFENARLE ONTO THE UNIRBUS.

SCALL THE DATI SURROUTINE.

SNISELAY THE BC.

SINIT KEY SERVICE ROUTINE.
s THIS ROUTINE SERVICES THE INIT KEY

sFUNCTION. '

SCHECK THAT OCNTRL KEY HAS BEEN DEFRESSED AND

sTHAT THE FROCESSOR 18 HALTED..

PCALL THE INITIALIZE SUBROUTINE.

0013325 FAGE 8+
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20 130

21 010 | |

23 L.al 1 sDROF THE BUS INIT RBIT LEAVING THE MHALT REQUEST

L1222 006 ' ' e

L1323 [elok] ,

494 1124 ouT REGH sBIT SET.

1124 133 : '

495 1125 JHFE DTSE

1125 104

1124 PN

1127 Q00

494

497 : :

498 SR INITIALYLZE SUBRDUTINEQ_

499 STHIS SURROUTINE SETS THE RBUS INIT

500 ' sRIT FOR 150 MILLISECONDS. THIS 1S5 USED

w0l , SRY THE START AND INIT KEY FUNCTIONS,

502 0 INTTX: LAl 3

Q 00& : -

1 003
)

453

ODUT REGS SOSET ROTH BUS INIT AND HALT REQUEST BITS.

TIMERS LEBI 12 s FRESET COUNTERS FOR & 150 MILLISECOND DELAY.

.3? INITX2: ¢ C | : s DECKEMENT COUNTERS AND RETURN WHEN DONE.

907 1140 JFZ INITX2

908 1143 LeR

509 1144 8 JEZ INITX2
1144 110

1145 137

1146 010

510 1147 RET

1147 007
511

512

513 o SSTART ROUTINE,
514 | 3THIS ROUTINE SERVICESTHE START KEY FUNCTION
515 » - B FRY LOADING THE FC (R7) WITH THE UNIRUS
516 | CFADDRESS FOINTERyGENERATING BUS INIT, AND
517 | PALLOWING THE FROCESSOR TO . CONTINUE.
518 1150 STRT1: CAL MOTST JCHECK THAT CONTRL KEY I8 DEFRESSED AND
1150 106 | | E |

1151 365

1152 000

519 1153 CAL HLTST 5THAT FROCESSOR I8 HALTED.
1153 106 - | | |
1154 362

1155 010 |

KYL11LE FROGRAM RT-11 MACRO UMO2-10 0013525 PAGE 8+
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920

21&

92

PEN

[~}
4 A'.! 4

G925

1156

1156

1157

11460

1160

1161

11862

1142

1163

1163

1164

LL&s

116

Lldé

1166

1167

528

929

930

931

3%

933

934

535

534

527

538

539

540

941

RYL1LE FROGRAM RT-11 MACRD VMO2-10

1170

1170

1171

1171

1172

1173

1173

1174

1175

1176

1176

1177

1200

1201

L2011

1204

1203

1203

1204

1204

120%

1206

1206

1207

1207

1210

1211

056

240

QO&

307

006

377

123

006

QL7

1325

Qb6

013

LQ&

3461

001

106

130

010

004

Q002

133

Q0&

Q00

133

104

261

010

106

345

000

T

240

Q06

Q40

CONTLS

QuT

LAl

auT

LAT

CaAl.

auT

AT

QuT

JSME

CAl

LHI

LAT

240 -

307

REGO

377

REG1

17

REG2

13

. TATOL-

INITX

REGS

O

RE GBS

SRINTSF

MOTET

240

40

SRESET FROGRAMMED HALT FLAG (200).,

s L.OAD ADHRESS OF FC (277707) INTO THE

sUNTRUS ADDRESS FOINTER.

§SET THE ENfiBLE BIT*(4) AN THE:

$BUS CL RIT CLOY.

FOET THE MEMORY FOINTER TO UNIBUS ADDRESS FOINTER

y AN CALLATHE.DQTU fiUBRUUTINE,

FOALL THE INITIALLZE SUBROUTINE TO GENERATE

fiBU8>INITIGLIZE.

SOROF BUS INIT AND HALT REQUEST BIT&S AND SET BUS |

sCLEAR BIT. THEN DROF BUS CLEAR RIT.

s JUMF TO SWITOH REGISTER DISFLAY ROUTINE.

s CONTINUE ROUTINE.,

A THIS ROUTINE SERVICES THE CONT KEY FUNCTION.

vy CHECGK TF.OTHE UNTRL KEY IS DEFRESSED.

s RESET FROGRAMMED HALT FLAG,

y SET THE BUS CLEAR BIT T'(J ALLOW FROCESSOR |

013125 FAGE 8+
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~

SHa

399

G360

[ .,

10L

S63

963

964

T

bbb

67

968

969

970

971

572

1230

1236

1231

1232

1232

1233

1233

1234

1234

1235

1235

1236

1237

1237

1240

1240

1241

1241

1248

1242

1243

13244

1245

1245

1246

1247

13250

1250

12351

1252
g YRS

1253

133

RDO&

Q00

133

104

261

010

V&G

QL0

A07

060

ALY

Do

QLé

370

066

0lé

317

RYL1ILE FROGRAM

QUT REGS

LAl O

QUT REGE

JMF BRISR

LGRL LT 10

JME SROTSF

SRILLOG LI L1é

LB M

RT-11 MQCRU UMO2-10

STO.CONTINUE, TF THE PROCESSOR IS ALREADY

y RUNNING THIS WILL HAVE NO EFFECT.

SJUMF TO SWITCH REGISTER NISFLAY ROUTINE .,

yLOAD SWITOH REGISTER ROUTINE.,

yTHIS ROUTINE SERVICES THE LS8R KEY FUNCTION,

LOADSG TEMFORARY aAREA INTO THE SWITCH

FREGISTER IMAGE AREA THEN LOADS THE SWITCH

SREGISTER aND SETS SR DISF INDICATOR,

S SET MEMORY FOINTER TO TEMFORARY AREA AN

yMOVE TWO WORDE TO REGISTERS A AND .

s RESET MEMORY FOINTER TO SWITCH REGISTER

yA AND I,

sCall. THE SR OLOAD SUBROUTINE AND

g JUME TO SWITCH REGISTER DISPLAY ROUTINE,

ySROLOAD SUBRROUTINE.

sTHIS SUBROUTINE LOADS THE SWITCH REGISTER

sWITH THE CONTENTS OF THE SWITCH REGISTER

y IMAGE. AREA IN RAM.THIS SURROUTINE IS USED

yRBY THE LOAD SWITCH REGISTER ROUTINE ANU

FAFTER DATOS TO RESTORE THE SWITCH REGISTER.

yOET MEMORY FOINTER TO SWITCH REGISTER IMAGE AREA

sAND L.OAD THE LOW RBYTE OF THE SWITCH REGISTER

00813325 FAGE 84
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w73 L1253 o LAR v COBWITH THE FIRST WORD,.

1253 301 o - - _

974 1254 OuUT SRLE

1254 127 o .

9739 12586 IN L.

: 1255 Q&0

976 1256 S

12856 307 , : S S v

977 1257 OUT SRKEHERE 8 CFWITH THE NEXT WORID FROM MEMORY .

1257 131 - : o o Lo

978 13260 :

1260 Q07

LA M ' ¥ L.OAD THE'HIGH.BTTE'HF THE SWITCH REGISTER

RET

- G579

H80 | S : 8 T ' |

a8l o FOWITCOH REGISTER DISFLAY ROUTEINE, .

82 : 0 FTHIS ROUTINE MOVES THE CONTENTS OF THE

u83 o , ' SSWITOH. REGISTER IMAGE AREA OF RAM TO THE

%84 8 - : S DITSFLAY CAREA DF RAM AND SETS THE SWITCH

G8y R : L REGISTER DISFLAYED(SR DISH) INDTCATOR.
586 1261 SROTISFS LT 16 - ' : o S o B

L2861 Qbéd

1262 016 A

587 1263 LCE O

1263 Q26 8

1264 000

988 1269 L& M

1265 307

989 1266 CINL

L26b Q460 .

990 1367 LB M

12467 317 _ .

991 1270 SRW N ¢

1270 Q&b

1271 000

a9 1272 , .M A

1372 370

G593 1273 : IN L

1273 Q&0 ; :

594 1274 LM B

1274 371 .

G998 1275 IN I

1275 Q&0

994 1276 .M

L2760 372 :

597 1277 , L.AaI 40

1277 006

1300 040 : _ '

o998 1301 COUT REGS

1301 135 o .

599 1302 _ v UM DS

1302 104 o IR :

1303 023

1304 Q00

H00 : |

601 : » R - , » o

602 3LUfifl fiHDRfi$S ROUTINE, S o ,

&H03 o ' A s THIS ROUTINE fififlvlflfiS.THfi Al KEYVFUNGTIflN,

RYLLLE FROGRAM RT-11 MACRD VMO2-10 Q0313325 PAGE 84 S . ' C
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\

960

M

56l

963

G64

S67

968

969

970

971

9732

1226

1227

1230

1230

1231

1232

1250

1250

1252
o Ty

I .\83 ) rz

133

D0OG

Q00

104

010

&G

010

0850

D& b

Qlé

A70

Q&6

106

2E0

010

104

261

010

066

016

317

RYL11LE FROGRAM

QUT REGS STO CONTINUE. IF THE FROCESSOR IS ALREADY

LAl O s RUNNING THIS WILL HAVE NO EFFECT.

QUT REGS

JMFE BRI SF SJUMF TO SWITCH REGISTER DISFLAY RO UTINE .

sLOAT SWITOH REGISTER ROUTINE.

yTHIS ROUTINE SERVICES THE LSRR KEY FUNCTION,

sLOADS TEMFORARY AREA INTO THE SWITCH

CREGISTER IMAGE AREA THEN LOADS THE SWITCH

SREGISTER ANl SETS SR DISF INDICATOR.

LERLS LLIT 10 SSET MEMORY FOINTER TO TEMFORARY AREA AND

s MOVE TWO WORDES TO REGISTERS A& AND RB.

y RESET MEMORY FOINTER TO SWITCH REGISTER

s IMAGE AREA AND LOAD MEMORY FROM REGISTERS

IN L A AND R

LM R

GAL BRI yCall THE SR OLOAD SURROUTINE AND

JME SROTSE s JUMF TO SWITCH REGISTER DISFLAY ROUTINE,

ySROLOAD SUBROUTINE.

¥yTHIS SURBROUTINE LOADS THE SWITCH REGISTER

sWITH THE CONTENTS OF THE SWITCH REGISTER

y IMAGE AREA IN RAM.THIS SUBRROUTINE IS USED

sRY THE LOAD SWITCH REGISTER ROUTINE AND

sAFTER DATO9S TO RESTORE THE SWITCH REGISTER.

SKRILLD G LT L1é ySET MEMORY POINTER TO SWITCH REGISTER IMAGE

LB M

RT-11 MACRO VMO2-1 O 00813225 FAGE 84
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HO0

601

602

&03

13253

1253

1254

1254

1255

1255

1256

1256
oq ey

.I. A nad

1257

1260

1260

1261

1261

1262

1263

1263

1264

1265

1265

1266

1266

1267

12467

1270

1270

1271

1272

1272

1273

13273

13274

1274

13275

13275

12764

1276

13277

1277

1300

1301

1301

1302

1302

1303

1304

301

127

0460

307

131

007

O6é

Olé

Q2

000

Q&0

317

066

000

370

Q460

371

060

372

006

040

135

104
023

SROTSES

LA K

OUT SRLE

IN L.

lL.A M

OUT SRHE

RET

4 - o
~

L.ALl 40

O OUT REG&

M DS

000

- KYL1LE FROGRAM RT-11 MACRD VUMO2-10

BWITH THH FIRET WORD,.

3 1L.OAD THE'HIGH.BYTE OF THE SWITCH REGISTER

GSWITH THE NEXT WORD FROM MEMORY.

$NITCHAREGI&TERZHISPLAY_RUUTINE. -

THIS ROUTINE MOVES THE CONTENTS OF THE

SWITCH REGISTER IMAGE AREA OF RAM TO THE

1ITSFLAY AREA OF RAM AND SETS THE SWITCHI
REGISTER NISPLAYED(SR DISF) INDICATOR.

-

y

a

y

a

y

A

y

A

¥

§L0fifl flflHRE$S.RUUTINE;v,
FTHIS ROUTINE SERVICESTHE LAD KEY FUNCTION

00313125 PAGE 8+. o | .
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HO4

&HO0H

&HO6

&HO7

408

s509

410

411

H12

H13

414

H1EH

Al

618

419

H20

PR

ST

&%L.

H3G

631

1305

1308

1306

1307

1307

1310

L1310

L1311

i L
8

s 
o
f
a
is

I

R >

>, >,

P
o
T
a
d
 

f
u
d
 
f
a
d
 
f
.
3
 

T
a
3
 

£
4
3
 

£ 
2
T
 

L
3
 
L
t
 

s 
o
o
y
 
o
4
o
s

m
w
&
h
a
c
f
h
m
m
w
m
m
f
)
w
h
k
w
m

\

334

A3H

1340

1340

1341

1341

006

Q00

Q&b

01O

Q&0

317

GHO

244

Q03

L.ATNL ¢

060

040

060

D0H

000

S R

Qéyd

QLO

060

Q&0

370

104

KYL1ILR FROGRAM

CLEL S

RT-11

LAL

auT

LM &

IN L

.M &

AT

auT

.M A

IN I

LM A

IN L.

LM A

JMF

MACRKRO

yRY MOVING THE CONTENTS OF THE TEMFORARY
FAREA DF RAM TO THE UNIRUS ADDRESS FOINTER
PAREA OF RAM AND RY ZEROING THE TEMFORARY

y AREA . N S ' ,
O s CLEAR ANY INDICATORS,

REGé&

10 y MOVE TEMFORARY T (J UNTEU 5 ADDRESS FOINTER.,

0

REGS

10 | v SOLEAR THE T EMFORARY AREA.

MOV

UMOZ-10 00313525 FAGE 8+
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632

633

634

&H35

&H3b

&h37

638

4639

640

441

b42

643

b44

640

644

&47

6548

549

6HS0

&HE 1

652 ]

1343

1343

1344

1344

1345

1346

1346

1347

1347

1350

1361

13%1

1352

1352

1353

1354

13%54

1355

1355

1356

1357

1357

1360

1341

042

001

006
000

135

Q&b

Q1S

307

Q44

Q03

370

06bé

OL3

104

044

Q01

113

044

040

150

0

000

007

Qb6

Q06

LDISHALD? LfiI»Q

HMLTHT?

NUM¢

307

044

010

150
004

RYL1LE FROGRAM KRT-11

DUT REGS

LT 13

LA M

CNDT 3

L.M.A

LILT 13

JME MOVER

INF REGS

NIOI 40

JTZ DISFL

RET

LLT 4

LA M

NIT 10

JTZ NUMIX-

MACRDO UMOZ-10

sDISFLAY ADIRESS ROUTINE,. o

FTHIS KOUTINE SERVICESTHE DIS AD KEY }

SEUNCTION. IT MOVES THE UNIRUS ADDRESS FOINTER

$TO THE DISFLAY AREA OF RAM. 9 o

FCLEAR INNICATORS.

SCLEAR EXAMINE ANI DEFDSIT FLOAGS,

PRET MEMORY FOINTER TO UNTRUS QHDRE$$»PDINTER AN

§JUMP.TG MOVE ROUTINE TO MOVE THE DATA INTO DISPLAY.

sHALT TEST $UBRUUTINE. ~ 8 .
FTHIS ROUTINE TESTS TO SEE IF THE

FRROCESSOR I8 HALTED. L

v 1S HfiLT'BUSY8SET?

sNO. GO TO DISFLAY,

SYES. RETURN.

FONTRL. KEY DEFRESSED?

PNO. GO TO DIGIT 1 ROUTINE.

00113125 PAGE 8+
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!

459

660

661

H62

563

s64

665

66&

b&67

568

H&69

H70

471

L7275

576

477

578

L7%

L80

1400

1401

1401

1402

1403

1403

1404

1405

1405

1406

1406

1407

1410

1410

1411

1411

1412

1412

1413

1413

1414

1414

L4LE

1416

1416

1417

1417

1420

1420

1421

1440

1440

1441

1441

1442

1442

Q01

Q56

040

Q06

100

135

ObHé

000

115

370

060

117

044

QL7

370

06O

074

Q00

106

031

QOO0

016

Q00

Q44

200

&6

003

207

032

140

107

011

O3

O

KYLLLE FROGRAM

MAINTLS: LHI 40

LAT 100

OuT REG6

LLT O

INF REGS

LM A

IN L.

INF REGY

NOT 17

LML O

MATNT2: CAl LESF1S

LEL O

LET 200

RAk

ST MOTSAN

Rk

RAF

Rk

RT-11 MACKRD UMOZ-~10

FYES: MAINTENANACE MODE!D!

S00 NOT LODK FOR FROGRAMMED HALTS AND

FHET THE MAINTENANCE MODE INDICATOR.

SREAD IN 12 RITS OF MFC AND HIQPLAY.

pCALL THE DISFLAY SUBRROUTINE.

FTHE FOLLOWING I8 THE KEYSERVICE ROUTINE

sFOR THOSE KEY FUNCTIONS fiUfiILfiBLE IN

s MALINTENANCGE MODE.

8002i3125'PfiG£ 8+



&H81

L83

683

684

685

486

&87

4H88

489

690

691

492

L93

&H94

&P

496

L97

HP8

HP9

700

701

1443

1443

1444

1445

1446

1444

1447

1447

1450

1450

1451

1451

1452

1452

1453

1454

1455

1455

1456

1456

1457

1440

1461

1441

14462

14462

14463

1463

14464

1464

L4465

14465

1466

1467

1470

1470

1471

1471

1472

1473

1474

1474

1475

1475

L4776

1477

1500

L5000

1501

LE01

1502

1503

1504

1504

15035

1506

1507

060

307

032

140

126

011

032

140

201

011

060

060

307

032

140

1632

011

O3

140
143

011

032

140

207

011

032

140

173

011

104

022

011

RYL1LE FROGRAM

STC MOLR

IN L

IN L

LA M

RAR

JTC MIOSDAT

RAK

JTC TARKRUS

IN L.

IN L

LA M

RAR

ST MHLT

FAR

JTEC MCONTL

RAR

ST MROOT

RAR

JTC MSTRT1

JHF MAINTZ

MOISAD: LLI ©

MACRD UMOZ2-10

PREAD IN UNIRUS ADDRESS
00313 FAGE 8+
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1507 VEE

13510 000

702 1311

1511 10%

703 1512

1512 370

704 1513 :

13513 C&0

708 1314

1514 107

7046 1815

1SS 370

707 1516

1516 Q6O

708 La17

1517 111

709 1520 |

13520 044

13521 Q03

710 1522

AR PESE 37Q

7201 1523

1523 104

1524 Qa2

1525 QL1

/ 7212 1532

.& 1526 Vb &
o 1527 Q00

713 1530

1530 101

714 1531

T
N

71E 1532

A 8 1587 D00

1540 164

158l £y

15439 AN)

1543 00E

13544 300

KY LLLE FROGRAM

P

1L MaCRD

INF REGZ

LM oA

IN L |

INF REG3

LM A

IN L.

INF REGA

NIVE 3

L A

SMFMATNTZ

P
y
g

R S ]

.M TM

AN

TN TR

LA &

I L

Ll o

SMF A THTE

LAl 300

DT REGES

Lal 100

QUT REGS

WML DOYLIERE Al

PREAD TN UNIBUS DaTa LINES AND DISFLAY.

SARSERT MANUAL CLOCK ENaBLE AND MANUAL

sCLOGCKR RLTH.

VOLEAR MaNUal. CLOCK BIT.

SR

A-29



730

731

732

733

734

735

736

738

739

740

741

743

743

744

LG54

1 EEE

L3586

LE56

157

LEG7

LE&0

Loa

15&2

L&

LEH&3

L84

L34

13565

1565

1546

1567

1567

1570

1570

15271

1572

1573

1573

1574

1575

1575

15764

1576

1577

1600

14601

14601

1602

14603

1603

1604

1604

1605

1606

14607

1607

1610

Lé&ll

Lé&1d

1612

L&l2

1613

14614

1614

14615

1615

10

00

oLl

QOS5

Q00

1A%

104

QA7

10

1LAQ

o st

Q&

100

133

104

Q01

QL1

006

Q00

133

104

Q01

011

Q06

Q20

133

104

154

QL1

Q04

200

135

Q04

Q00

13%

104

MULRS

MHLT3

MSTRT1:

TAKRUSS

MEOOT

SME

LAl

LT

AME

L.yl

QU

LAl

auT

JMF

AT

ouT

JMF

LAI

ouT

JMF

LAI

QuT

LAT

QuT

SMF

KYLLLE FROGRAM RT-11 MACROD

MAINTL

Q

FebGiey

HL.T 1%

REGE

100

REGS

MAINT1

REGS

MAINT1

200

REGS-

O

REGS

MAINTL

UMOZ2-10

s CLEak THE MAOTNTENANCE MODE INDICATOR <AND

sJUMP DUT OF MAINTENANCE MODE VIa THE HALT ROUTINE..

SASEERT MANUAL CLOCK ENARLE AND CLEAR BUS BITS.

s OROF CLEAR RUS RIT,

s DROF MANUAL CLDCK ENABLE.

FSET TAKE RUS RIT AND

yJUMF OUT OF MAINTENANCE MOTIE|

FOET AND CLEAR THE BEOQT RIT.

FAGE 8+

A-30
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8\
V' 

\\

1616

1617

745 1620

1620

1621

746 1622

1622

747 1623

1623

1624

748 1625

1625

1626

1627

749 1630

1630

1631

750 1632

1632

1633

751 1634

1634

752 1635

1635

753 1636

1636

754 1637

1L&37

1640

73539 1641

1441

706 1642

1642

797 1643

' 1643

758 14644

1644

759 1645

1645

760 1646

1646

761 1647

1647

762 1650

1650

1651

L&E2

763 1653

1653

1654

764 1655

1655

765 1656

1656

1657

766 1660

166G

001

Q11

046

006

307

044

010

150

376

Q00

0246

002

066

014

307

Qb6

010

202

207

370

060

301

217

370

104

047

001

Qb6

006

307

044

010

1350

KYL1LE FROGRAM

NUM7 ¢ LLT &

LA M

NOT 10

STZ NUMZX

LCT 2

LLI 14

AL LB M

ne L

LA M

LLT 10

ALl C

ALl M

LM A

IN L

LA E

AC M

LM &

JMF MOV

NUM& ¢ LLT &

L& M

NI 10

JTZ NUMGX

RT=11L MACRO UMOZ-10

OUNTRL KEY DEFRESSEDT?

sNOS GO TO 0IGIT 7 ROUTINE.

sOFFSET ANDRESS CALLCULATED RBY ADDING THE

yUNITBUS ADDRESS FOINTER TO TEMFORARY FLUS

5TWO.

STITSELAY ANSWER IN TEMFORARY.

sCNTRL KEY DEFRESSED?

yNOs GO TO DIGIT 6 ROUTINE.

00313125 FAGE 8+
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Lé&éL

1662

767 14663

14663

1664

- 768 14665

1665

14666

768 1667

1667

14670

1&71

770

771

KYLLILE F

BYMEOL T

TM

BADLI

2007

CLiL

DATONL

DEFL

DIGH]

DIisk3

NISFS

EXAM2

GRFRT3

HLT1

HLT2S

INTTX

REYSH - =

L.ALL

MAINTI

MCLLR

MOSOAT

MHL.T

METRTI1

NUMOX

NUMZ =

NUM3X

NUMS =

NUMeX

NXT

REGI

REG4 =

REGY? =

HRILSF

DRI

HTRTL

» ARS,

ERRORS DETECTEDS

i 15380,FREE COR

377

OO0

0Ré

000

066

017

234

Q11

010161010g

ROGRAM

AR

a1elelelole

GO0/ 44

QQ0463

001327

000003

QQO761

Q00671

QOOOL3

000132

QQOL&63

QOQEA0

QQO6H2Y

Q01023

001046

001130

QO000%

Q01305

001401

Q01554

QO1526

QO15H62

Q01573

Q004035

000403

000402

= Q00400

Q00377

QGOOSHY

= Q00001

Q00004

Q00007

Q01261

QOL250

Q01150

QOL672

QOOGOO

104

000

Q01

WORTS

TEXTvTEXTmMHOOfifivTEXT

X

LT O

LLT 17

AME Al

« ENTI

AL

REGTN

RUSERR
CLR:?

DATIL

LR HF

[EFR

TS5

=

GFRTI

H

HL.T 1S

HL.T3

INTTXZ

KEYSEVY

LGSR

MATNTZ

MCONTL

MOTST

MOV1

NUMX

NUM1

NUMZX

NUM4

NUMEX

NUMY7

TAKRUS

Drsra

RT=11 MACKRD UMO2-10

Q014634

Q00001

QO0&GY

Q01332

QO0630

= Q00001

3

Q00715

Q00031

Q0134

= 000004

Q00574

= Q00005

001037

Q01067

001137

Q00175

001230

Q01422

Q01543

000365

Q00442

000407

Q01371

000403

000401

- 000400

001620

Q00013

Q00002

Q00005

Q00335

000004

Q01034

Q014601

sYES. SET UF ME

s FLUS ZERD.

FAGE 8

E

BEGL
r

CONTI1

DATITR2

ORLE

DISFAD

IR S

ANET R I

EXaMl

GPFRT?

HLTST

HL. T2

INCAD

INITL

L.

M

MEOOT
MOTSAT

MEM2

MOV2

NUMO

NUMLX

NUM3

NUM4X

NUM&

NUM7ZX

REGO

REG3

REGS

CSHFT2

HRLE

BTART

TIMER

A-32

SWITOH REGISTER

sTHATS IT FOLKS!TH

= 000001
Q00014

= Q00002

Q01212

0004643

000000

001344

Q00082

QOOS07

000&24

Q01362

Q01042

Q005G

001111

= Q00006

000007

001607

Q01507

Q01001

000444

= Q00405

000404

= 000402

000401

Q01653

Q00376

= 000000

2 Q00003

= Q00006

Q00343

= Q00003

QO0000

QOL1LA3

IMAGE T0O

MORY PUINTER TO ADD

TEMFORARY

XN
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7493 BINARY COUNTER

RO (1) RIC1) R2(1) R3(1)

12 ~ los 08 "

J 1 J 1 J 4 J 1

4qT 4qT 4q{T 4 il

- K 0 K 0 K 0] K 0

CLR

14 01

CLKBC CLKO LOGIC DIAGRAM

02 |03

"1

, R3_(1 ) 4

R2(1) P4

03
» R1(1) o

.02 CLR

12
RO(1) p4

CLKBC CLKO

TO1 T184
VCC= PIN 05

GND=PIN 10

7493 TRUTH TABLE

(SEE NOTES)

CLKBC OUTPUT.
INPUT PULSE | .. Rt R2 R3

| (] (O] (o

0] 0 0 0] o)

| I 1 0 0 o)

2 0 1 0 0

3 1 1 0 )

4 0] 0 1 0

5 1 0 1 0]

6 ol1]1}|o0

7 1 1 1 0]

8 0 0 0 1

S 1 0 © 1 Notes:
10 0 1 0] 1

1 1 1 0 ; 1. Truth table applies when 7493 is used as 4-bit ripple 4 through counter.

12 0 0 1 1 2. OQutput RO(1) connected to input CLKO.

13 1 0 1 1 3. To reset all outputs to logical 0 both pins 02 and

14 0 1 1 1 03 inputs must be high.

15 V1 4. Either (or both) reset inputs Rg(1) (pins 02 and 03)

O:=LOW 1= HIGH | must be low to count.

IC-7493
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8641 QUAD BUS TRANSCEIVER | |

The 8641 consists of four identical receiver/drivers and a smgle enablmg gate in one package for

~ interfacing with the PDP-11 Unibus. The transceiver drivers are enabled when ENABLE A and

ENABLE B are both low. The other input of each driveris connected to the data to be sent to the

Unibus. For example, when enabled, DATA IN 1 (pin 2) is read to the Unibus via BUS 1 (pin 1).

Durmg a write operation, data comes from the Unibus as BUS 1 (pm 1) andis passed through the

receiver to the device as DATA OUT 1 (pin 3). -

BUS 144 © e
DATA IN-1 4244 BUS 4

DATA OUT1 44 . DATA IN 4
- BUS 234 -~ 4opataouT 4

DATA IN2 44 - sear BUS 3
DATAOUT2 44 DATAIN3

ENABLE A 44 DATA OUT 3

GROUND44] ENABLE B

[4 BUS1

ENABLE A4 DATAQUT1

ENABLE B

IC -8641



74154 4-LINE TO 16-LINE DECODER

The 74154 4-Line to 16-Line Decoder decodes four binary- coded 1nputs into one of 16 mutually-

exclusive outputs when both strobe inputs (G1 and G2) are low. The decoding functionis performed

by using the four input lines to address the output line, passmg data from one of the strobe 1nputs w1th

the other strobe mput low. When elther strobe mput is hlgh all outputs are high.

BCD

INPUT

FOR DECODING

D3

D2

D1

DO

74154

STB1 ~STBO

BRET:

f15

fi3

-
4
h

[
~ J

s
o

4
.

i

+5V= PIN 24
GND=PIN 12

Notes For Demuitiplexing:

- Inputs used to address output line.

- Data passed from one strobe input

" with other strobe held low. Either

strobe high gives all high outputs.

A
3
2
3
3
5
3
3
3

16 OUTPUTS

1 OF 16 MUTUALLY

EXCLUSIVE OUTPUTS

DECODED FROM BCD INPUT
WHEN BOTH STB1 AND

STBO ARE LOW |

IC-74154
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74175 QUAD STORAGE REGISTER

-

DATAJ

INPUTS

13
D3 R3(1)

R3(0)

~<1p2 R2(1)

R2(0)

<R1(O)

RO(0)

74175

D1 R1(1)

DO RO(1)

CLR CLK

A

TRUTH TABLE

INPU

th

D

T

OUTPUTS

th+1

R(1)R(O)

H
L

H L

L H

th =Bit time before

clock pulse.

th+1=Bit time after

clock pulse.

DO
RO} (2)

(1)

R

CLK (o)4>°
CLEAR

Q

R1l (7)

(1)

R1

CLK (0)f4=
CLEAR

15+

14

10 (4)
4 DO o4

11

. POUTPUTS

6

|2
| D10

(12)
D2o

03<§J3)

(9)
CLOCK o4

B4

R2 (10)

(1)

R2
CLK 0)4=

CLEAR

()
CLEAR

Pin (16)= V¢, Pin (8)=GND

Q

D3
R3] (15)

(1)

R3
CLK (0)}4o°

CLEAR

|

IC-74175
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KY11-LB Programmer9s Console/Interface

Module Operation and Maintenance Manual

EK-KY 1LB-MM-001

Reader9s Comments

Your comments and suggestions will help us in our continuous effort to improve the quality and usefulness of

our publications.

8written, etc.? Is it easy to use?

| What is your general reaction to this manual? In your judgment is it complete, accurate, well organized, well

What features are most useful?

What fau_lté do you find with the manual?

Does this manual satisfy the need you think it was intended to satisfy?

Does it satisfy your needs? 8 Why?

Woul,d.yo,l_l_,plv.e.ase_indic8gte any factual errors you have found.

Please describe your position.

Name 4_4 _ Organization

Street - B _ Department

City 4 State Zip or Country
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