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CHAPTER 1
INTRODUCTION

1.1 SCOPE

This manual provides the user with theory of operation, programming information, and schematics necessary to
understand and program the BM792 Read-Cnly-Memory (ROM). The level of discussion assumes that the reader
is familiar with basic digital computer theory.

Although the input and output signals of the ROM are carried by the Unibus @ , it is beyond the scope of this
manual to describe the Unibus itself. A detailed description of the Unibus is presented in the PDP-11 Peripherals
Handbook.

1.2 GENERAL DESCRIPTION

The BM792 is a 32-word read-only-memory (ROM). The diode matrix and address selection circuits that consti-
tute the ROM are mounted on an extra-width quad-board module. This module is inserted in either one of the
two small peripheral controller slots in the PDP-11 processor or in one of the four slots in the DD-11 peripheral
mounting panel.

The ROM is available either unprogrammed (designated BM792) or preprogrammed (designated BM792-Y X,
where the letter in the X position identifies the program). The unprogrammed module can be programmed to
form code conversion tables or contain frequently-used mathematical values and subroutines. These applications
of the ROM provide an access time of 100 ns, which can increase the program speed.

Preprogrammed ROMs are used for implementing small standard programs required in PDP-11 System operation,
such as bootstrap loaders for paper tape or DECtape. The preprogrammed ROMs that are available at publica-
tion of this manual are described in the Appendices and listed in Table 1-1. As additional preprogrammed ROMs
become available, additional appendices will be published to describe them. ’

@ Unibus is a registered trademark of Digital Equipment Corporation.
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CHAPTER 2
DETAILED DESCRIPTION

2.1 BASIC OPERATION

The ROM diode matrix contains 32 16-bit words, each of which can be applied to the bus under program control.
The ROM responds only to a DATI from the Unibus, DATO, DATOB, and DATIP are ignored. A block diagram
of the ROM is shown in Figure 2-1.

When both a DATI and a ROM address are sent to the ROM, the word in the addressed location of the diode
matrix is applied to the Unibus. When the ROM address is received, the 5-bit code on address lines AO1 through
AQ5 is decoded to apply a signal to the cathodes of the diodes in the addressed word location. The word in the
addressed location is transferred through the output buffer to data lines DOO through D15 of the Unibus.

VAN

ADDRESS
A<06:17> |SELECTORl  rnopg
DATI RECOVERY
MSYN SIGNAL
32x16
unigus| SSYN DIODE Burren
MATRIX
WORD
a<ot:o5> [SELECTORL hrhopE
DRIVER |
SIGNAL
D<00:15>

\/ 11-0299

Figure 2-1 ROM Block Diagram

2.2 ADDRESS SELECTION

The address word format for the ROM is shown in Figure 2-2. Octal addresses for the ROM must be of the
773XXX format. The ROM reads-out only full 16-bit words and does not issue byte data; thus, address bit A0O
is not used.

The addresses arc further divided into eight groups, which are determined by address bits A08, A07, and A06 and
listed in Table 2-1.



WORD SELECTION

ADDRESS 8x4 =32
GROUP  — \
0CTAL Y _ R
ADDRESS 7 3 3 0-7 0-7 0-7

—_———— e ————— ———— ——
ADDREBSI$|17I16|15 14|13|12 " I10lO9 OBIOTIOG 05|O4|O3 OZlOLl

11-0298

Figure 2-2 ROM Address Word Format

Table 2-1
ROM Addresses
Address Word Bit Preprogrammed

A08 | A07 | Aoe | Address Ranges ROMs

0 0 0 773000 - 773076 BM792-YA

0 0 1 773100- 773176 BM792-YB, YD

0 1 0 773200 - 773276 BM792-YC, YE, YF

0 1 1 773300 - 773376 BM792-YH

1 0 0 773400 - 773476

1 0 1 773500 - 773576

1 1 0 773600 - 773676

1 1 1 773700 - 773776

In a PDP-11 System, only one ROM module can be used for each of the eight address groups. Jumpers on the
module are connected in a configuration that causes the module to respond to its designated address group.

For example, when a ROM module is to be addressed in the group 773400 - 773476, bits A08, A07, and A06 of
the address word contain binary 100 as shown in Table 2-1. The bus lines for these bits are shown connected to
the circuits of the ROM in Figure 2-3, a simplified logic diagram of the address selection circuits. Figure 2-3 also
shows the address selection circuit jumpers connected to respond to address group 773400 - 773476. Asserted
bus lines are low and unasserted bus lines are high, so that the output of gate E12 at pin 14 is high and the outputs
of pins 2 and 3 are low when a valid address is received. Each of the three outputs from the E12 gates is exclusive
NORed with a low or a high level, depending on the jumper configuration. The outputs of the three E13 gates
must be high to accomplish address selection; therefore, the jumper configuration shown responds to addresses in
the 773400 - 773476 group.

The signal, which results from the decoding of bits A08, A07, and A06, is gated with a signal generated by the
decoding of an address in the format 773XXX and receiving MSYN (Drawing D-CS-M792-0-1). The resulting
signal (pin 10 of gate E17) is gated with a signal generated by the decoding of a DATI on the control lines.
Therefore, pin 8 of gate E17 provides a low output signal when the ROM address, MSYN, and DATI are asserted
on the bus. This signal at pin 8 is used to accomplish the following in the ROM circuits (see Drawing
D-CS-M792-0-1):

1. Assert SSYN on the bus.

2. Activate the word selection circuits.
3.  Provide a gating signal to the output buffer.

2-2
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Figure 2-3 Simplified Logic Diagram of ROM Address Selection Circuits
for Addresses 773400 — 773476

2.3 WORD SELECTION

Bits AO5 — AO1 of the address word are decoded by the word selection circuits to select one of the 32 word lo-
cations in the diode matrix. A low-level signal is then applied to the diodes in the addressed word location, re-

sulting in 16 bits of data being read out on the data bus lines.

Because address bit AOO is not connected to the ROM, byte addressing is ignored and a 16-bit word is read onto
the bus regardless of the state of A0O. In the octal coding of the address, A0OO is considered in designating the
last octal digit. Therefore, the addresses of the words in the ROM use the following sequence:

773X00
773X02
773X04
773X06
773X10
773X12
etc.

An address of 773X01 would address the same location as 773X00, and 773X03 would be the same as location
733X02.

A simplified logic diagram for the word selection circuits is shown in Figure 2-4. This diagram illustrates how
the circuits operate for a 773X04 address. Table 2-2 is a truth table for the Binary-Coded Decimal (BCD) de-
coders that are shown in the diagram and on Drawing D-CS-M792-0-1.

For address 773X04, binary code 000 10 is applied to the word selection circuits on address lines AO5 — AO1 as
shown in Figure 2-4. The D input of BCD 1 receives a low signal from the address selector circuits when address-
ing and bus signal conditions are satisfied. All inputs to BCD 1 are low with the result that output O is low (refer
to Table 2-2). Output 0 of BCD 1 is connected to input D of BCD 2. The other inputs of BCD 2 are as shown in
Figure 2-4 when address 773X04 is received. Table 2-2 shows that output 2 of BCD 2 is low with the input signal
configuration shown. Output 2 of BCD 2 is connected to the cathodes of the 16-bit positions of location 04 in



the ROM. The signal levels on the cathodes of the other 31 word locations are high. Thus, only the diodes in
location 04 are forward-biased, allowing the word in this location to be read by the output buffers and applied to
the Unibus. '

TO CATHODES
OF DIODES IN LOCATION 04

L
00000000
01234567

E22
BCD2

A B _C D
LH|LL

773X04

0 (H) BUS AO3 L 9c
10

9

<

E16

S

1L BUS AO2 L 12c

Y,

E16

g
\

BUS AO1 L 6

0 (H) E16\2
7[..J /
o (H) BUSAOAL 114 . . .
1o | E14 A [
- mE £ig |
o(n) BUSAOSL 5 | seor
- g 3 c 2
E14
4 =L
L g D 3
FROM
SQEEETESE LOW WHEN 773XXX ADDRESS,

MSYN, & DATI ARE RECEIVED
11-0296

Figure 2-4 Word Selection Circuit for 773X04 Address

2.4 DIODE MATRIX AND OUTPUT BUFFER

The BM792 ROM is supplied with a complete diode matrix. A diode is wired into each of the 16-bit locations
of all 32 words. The binary content of each word is determined by the presence or absence of the diodes; thus,
the user can program the module by cutting out selected diodes. Presence of a diode in a bit location produces
a binary 1 and absence produces a binary 0. The preprogrammed ROMs are manufactured with the diode con-
figuration required for their programs.

A simplified logic diagram of the diode matrix and the output buffer is illustrated in Figure 2-5. The low output
buffer gating signal is present when the ROM address, MSYN, and DATT are asserted on the bus (refer to Para-
graph 2.2). The word select signal is low when the particular word location is selected by the decoding of bits
A0S — AO1 (refer to Paragraph 2.3).

Diode D492 for the DOI bit is in the circuit and is forward-biased. Therefore, a low level is gated with the out-
put buffer gating signal, which results in the assertion of a low level on bus line D01 to signify a binary 1. The
diode for the DOO bit is cut out of the circuit. Therefore, a high-level signal is gated with the output buffer gat-
ing signal, which results in the assertion of a high level on bus line DOO to signify a binary 0. The remaining bit
positions in the word are read out on bus lines D02 through D015 at the same time. The configuration of diodes
for the bit positions of the word determines the binary content of the word read out on the bus lines.

24



Table 2-2

BCD Decoder Truth Table
Input Output
A B D 0 1 2 3 4 5 6 7
L L L L L H H H H H H H
H L L L H L H H H H H H
L H L L H H L H H H H H
H H L L H H H L H H H H
L L H L H H H H L H H H
H L H L H H H H H L H H
L H H L H H H H H H L H
H H H L H H H H H H H L
L L L H H H H H H H H H
H L L H H H H H H H H H
L H L H H H H H H H H H
H H L H H H H H H H H H
L L H H H H H H H H H H
H L H H H H H H H H H H
L H H H H H H H H H H H
H H H H H H H H H H H H
L=Low
H = High
TO REMAINING
DIODE POSITIONS
OF THIS WORD LOW
OUTPUT
ANODE BUFFER
RECOVERY GATING
SIGNAL +5V SIGNAL
D
R15
4 .
e ' 13 BUS DO
D495 j 5j>— E7 1 OUTPUT
D492 >—O
L
RI6S
7
o T - 10 BUS DOO o UTPUT
D528 ¢ | E8
e )

LOW
WORD SELECT
SIGNAL - 0295

Figure 2-5 Diode Matrix and Output Buffer, Simplified Logic Diagram
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2.5 ANODE RECOVERY CIRCUIT

The anode recovery circuit (see Figure 2-6) provides a voltage surge to the anodes of the diodes in the matrix
immediately after a word is read out. This voltage surge charges the capacitance of the diode in the matrix and
ensures that the anode lines in the matrix are at a high level for the next read out.

Transistors Q1, Q2, and Q3 (see Figure 2-6) are turned off when the ROM is not being addressed. Pin 8 of E17
goes from low to high when the bus addressing signals are concluded. The high signal turns on Q1 and subsequently
Q2, which provides the positive voltage surge to the anodes of the diodes in the matrix.

Transistor Q3 of the anode recovery circuit is used as a clamp. When the voltage surge from the collector of Q2

reaches a high enough value, Q3 turns on and grounds out the surge.

+5V
8.2K
PIN 8 TO ANODES
B—s OF DIODE
OF E17 MATRIX
Q3
R27
100

11-0367

Figure 2-6 Anode Recovery Circuit
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CHAPTER 3
PROGRAMMING AND OPERATION

3.1 GENERAL

The ROM operates in a manner similar to other memory devices that can be included in a PDP-11 system. When
the ROM is used for storage of constants, the processor may be programmed to address the appropriate ROM
location for the required constant. When the ROM is used for storage of a subroutine, a jump instruction is used
to get into the subroutine and place the first address in the program counter. Then the program counter is
changed to address the other sequential steps in the subroutine. The last step of a subroutine stored on the ROM
should be either a jump instruction to a location out of the ROM or a return from subroutine instruction.

3.2 PROGRAMMING THE ROM

Programming the ROM is accomplished by cutting diodes out of the diode matrix in the configuration required
for the binary data words to be used. The diode must be removed for each bit position that is to read out as a

binary 0.

The physical orientation of the diode matrix with respect to the addresses and the bit positions is shown in Figure
3-1. Address 773X00 is shown with diodes removed in a configuration that reads out the binary word 1 010010
011 101 011. With Figure 3-1 and a binary listing of up to 32 16-bit words, the user can program his ROM mod-

ule.

The ROM module must also be programmed to respond to one of the address groups determined by address bits
A08, A07, and A06 (refer to Table 2-1). Figure 3-1 shows the locations of the three sets of address-bit jumper
terminals which are labeled W1, W2, and W3 on the ROM printed circuit board. The relationship between the
jumper terminals and the address bit is as follows:

W1 A06
W2 A07
W3 A08

Jumper wires are connected across each of the three sets of jumper terminals on an unprogrammed ROM when it
is shipped from the factory. The jumper wire must be cut out from between the two terminals for each address
bit (A08, A07, or A06), that is a binary 1 in the ROM address used.

3-1






ADDRESSES
T73X76

773X70

T73X60

773X50

773X40

773X30

773X20

773X10
773X06
773X04
773X02
773X00

W3 (A08)
JUMPER

TERMINALS

w2 (A07)
JUMPER
TERMINALS

w1 (A06)
JUMPER
TERMINALS

. S R e R - P

il

BUS DATA LINES |pis | pia D13 | D12 |D11 |D10 |DO9 |DO8 |DO7 |DO6|DOS |DO4 |DO3 | DO2|DO1 |DOO
BINARY 4 0 1 o] 0 1 0 0 q i q 0 1 0 1 1
OCTAL | 2 2 3 5 3

DATA WORD FOR ADDRESS
773X00 FOR DIODE
CONFIGURATION SHOWN

Figure 3-1 Physical Locations of Addresses and Bits

in the ROM Diode Matrix







CHAPTER 4

ROM ENGINEERING DRAWINGS

The following engineering drawings are applicable to the BM792 ROM:

Title

ROM Diode Matrix M792
ROM Diode Matrix M792-YA
ROM Diode Matrix

ROM Card Reader Bootstrap
ROM Diode Matrix

ROM Diode Matrix

ROM Diode Matrix

Cassette Bootstrap ROM

Drawing No.

D-CS-M792-0-1

D-CS-M792-YA-1
D-CS-M792-YB-1
D-CS-M792-YC-1
D-CS-M792-YD-1
D-CS-M792-YE-1
D-CS-M792-YF-1
D-CS-M792-YH-1

Rev.

Page

43
45

4-9

4-11
4-15
4-19
4-23
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APPENDIX A
BM792-YA PAPER-TAPE BOOTSTRAP LOADER

The BM792-YA ROM is shipped with jumper wires connected for address group 773000 - 773076, and its diode
matrix is preprogrammed for a paper-tape bootstrap read-in-loader program. The BM792-YA can only be used in
a PDP-11 System that has at least 4K of read-write memory and either a Teletype® (KL11) or a high-speed paper-
tape reader (PR11 or PC11), or both. If neither the high-speed reader nor the low-speed reader (Teletype) is
available, the paper-tape bootstrap loader program will not function properly.

An absolute loader or dump program contained on a bootstrap format paper tape (described in Chapter 5 of the
Paper-Tape Software Programming Handbook, DEC-11-GGPA-D) is loaded into read-write memory by the paper-
tape bootstrap loader. The sequence of operations used by the paper-tape bootstrap loader is:

1.  Determines which paper-tape reader is available. Checks the high-speed reader first and then the low-
speed reader. The high-speed reader is considered unavailable if no tape is in it.

S8

Determines the size of the read-write memory of the system.

3. Stores the device address (determined in Step 1 above) in the last location of read-write memory.
This action is required by the absolute loader program.

4.  Loads the absolute loader program from the bootstrap format tape into the read-write memory.

5. Jumps to program loaded, as specified on the bootstrap format tape.

The paper-tape bootstrap loader program and the absolute loader program require the use of 96 locations at the
high end of the read-write memory. Memory locations 4, 14, 16, 20, and 22 are modified during the operation
of the paper-tape bootstrap loader program. Also, the illegal memory reference (bus time-out) trap at location 4
is used extensively by this loader.

A program listing for the paper-tape bootstrap loader is provided in Table A-1. Hardware addresses in the PDP-11
use 18 bits with the result that bits A15, A16, and A17 are considered in designating the most significant octal
digit of the address. The software assembler program uses 16-bit addresses so that only bit A15 is used to desig-
nate the most significant octal digit of the address. Therefore, the addresses in Table A-1 are listed as 173XXX
instead of 773XXX.

The operating procedure for loading a bootstrap format paper tape with the paper-tape bootstrap loader is:

Step Procedure
1 Set the HALT/ENABLE switch to HALT, then to ENABLE.
2 Place the bootstrap format paper tape in the reader to be used, with the special tape

leader placed over the read head.

3 If the high-speed reader is to be used, set the switch to ON.

. ®Teletype is a registered trademark of Teletype Corporation.



Step Procedure

4 If the low-speed reader is to be used, set the high-speed reader switch to OFF and
set the low-speed reader switch to START.

5 Set the starting address, 773000, into the SWITCH REGISTER.

6 Depress the LOAD ADDR switch.

7 Depress the START switch. After a short pause, the paper tape should read in.
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Table A-1

BM792-YA Paper-Tape Bootstrap Loader Program

173022
173004
173910
173014
173016
173020
173022
173024
173026
1730239
173232
173236
173249
173042
173044
173046
173059
173052
173254
173060
173062
1730266
173070
173072

173074
173276

PLEETR
308922
200023
200004
IRPBI6
208977

177558
177560

J127ay
a127e2
212723
705012
230742
113726
714304
2p5714
100775
710712
312776
110444
140601
210114
$11192
705214
185714
189376
116412
205214
122227
201366
105222
209142

177562
177550

160002
200006
173100

200024

030002

323875

lREGiSYERS USEDI R4,REZ)R3,R4,SP

#160060,R)
#Ho,R2
#DEV+4,R3
er2
PC,e(K2)
PC,SP
«(R3) R4
®R4

DEVL

PG, 0RZ
#24,5p
R4, =(RL)
SP,R1
R1,@R1
aR1,R2
aR4

aK4

12
2({R4),@R2
mKy
H2,#375
LOOP
(R2)+
w(R2)

JADDRESS POINTER
JTEMPORARY STORAGE
JTEMPORARY STORAGE
JDEVICF POINTER
JSTACK POINTER
JPROGRAM COUNTER

JH1GH SPEED READER ADDRESS
J)LOK SPEED READER ADDRESS

JSET MEMORY CHECK Eiw 1S
JTRAP VECYOR 1S LOCATION 476

JPOINTER 70 QDEV]CE ADDRESSES

JCLEAR TRAP STATUS AT LOGATION 6

JSET TRAP ADDRESS IN LOCATION 4

JSET UP STACK OUT OF THE WAY

J)GET DEVICE AODRESS

JCHECK AVAILABILITY OF DEVICE

JBRANCH [F HSR 1S OUT OF TAPE (BIT 15)
JRESET TRAP ADDRESS AT LOCATION 4
JSPERTAL ADDRESS USED AS MASK LATER
JOP MEM CHK} READER STATUS ANDRESS |S MOVED
JSET R1=X7752, MASK IN SPz24 .
JSTORE QWN ADDRESS [N POINTER

JGFT BYTE POINTER

JENABLE READER

JTEST DONE BIT (BIT 87)

JWATT UNT]L READY

JTHEN PICK IT UP AND STORE [T

JBUMP POINTER

JSTORED JUMP OFFSET?

JNOT YET

JYES, ALL DONE

1GB EXECUTE A4S BRANCH

ADDRESSES FQLLOW = D0 MOT CHANGE TWE OKRDER

RisX

R28%2

R3s%3

RéaX%4

SPsXé

PCaX%7

HSR=177550

LSRE177560

STARTY mMQV
MQV
MOV
CLR
MOV
MQVB

DEVLY MQV
TSY
8M1
MOV
MOV
MoV
B]C
MOV

LOOP1 MOV
INC
TSTH
8PL
MOVB
INC
CMPB
BNE
INCB
JMP

JDEVICE

DEV? LSR
HSR

JOW SPEED READER
JH1GH SPEED READER







APPENDIX B
BM792-YB BULK STORAGE BOOTSTRAP LOADER

The BM792-YB ROM is shipped with jumper wires connected for address group 773100-773176, and its diode
matrix is preprogrammed for a bulk storage (disk or DECtape) bootstrap loader program. The BM792-YB is
used in a PDP-11 System that has at least 4K of read-write memory and one or more mass storage devices, such
as disk or DECtape.

The actual bootstrap loader program, stored in the first 256 words of a disk or DECtape, is transferred from the
device into read-write memory by the BM792-YB program. The transfer is started from location O of the device,
and the loaded routine is assumed to be operative at read-write memory location 0. The BM792-YB program
jumps to location O after a satisfactory completion of the transfer, so that there is automatic starting of the
actual bootstrap loader program. If error conditions occur during the running of the BM792-YB program, the

program starts over again.
The sequence of operations used by the bulk storage bootstrap loader is as follows:

1. It determines whether the device is a disk or DECtape from the address set in the SWITCH REGISTER.
2. If the device is a DECtape transport, it moves the tape until the front endzone is sensed.
3. Itreads 256 words stored in the device, starting with address O of the device.

4.  The loader then stores the 256 words in read-write memory sequential locations, starting with
location 0.

5. The loader checks for errors and starts the program over if any errors occur.

6.  The loader then jumps to read-write memory location O for automatic starting of the actual bootstrap
loader program.

A program listing for the bulk storage bootstrap loader is provided in Table B-1. Hardware addresses in the PDP-11
use 18 bits; thus, bits A15, A16, and A17 are considered in designating the most significant octal digit of the ad-
dress. The software assembler uses 16-bit addresses; consequently, only bit A15 is used to designate the most sig-
nificant octal digit of the address. Therefore, the addresses in Table B-1 are listed as 173XXX instead of 773XXX.

The operating procedure for use of the BM792-YB bulk storage bootstrap loader is as follows:

Step Procedure
1 Set the HALT/ENABLE switch to HALT, then to ENABLE.
2 Set the ROM address, 773100, into the SWITCH REGISTER.
3 Depress the LOAD ADDR switch.

(continued on next page)
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Step

173100

173104
173186
173116

173114

1731206
173122

173126
173138
173132
173134
173136
173148

173144
173146
173150
173152
173154
173156

BEGIN
START

Procedure

Set the address of the word count register of the disk or DECtape to be used into the
SWITCH REGISTER. The standard addresses for the word count registers of the DEC

devices are as follows:

RC11 Disk
RF11 Disk
RK11 Disk
RP11 Disk
TC11 DECtape

777450
777462
777406
776716
777344

Depress the START switch. The disk or DECtape data should then read into the read-

write memory.

Table B-1

BM?792-YB Bulk Storage Bootstrap Loader Program

3 REGISTER ASSIGNMENTS:
000000 RO=%0
200001 R1=%1

5

013701 MOV @#1775705R1
177570
900085 BEGIN: RESET
010100 MOV R1,RO
212710 MOV #-256.,@R0
177400
820027 cMP RO,#177344
177344
001007 BNE START.
B12740 MOV #4002 5 - (RB)
004002
205718 TST eR®
198376 BPL .2
005749 TST -(RB)
100363 BPL BEGIN
922020 cMP (RB)Y+,(RO)+
P12748 START: MOV #55,=(RD)
000005
185710 TSTB 8RO
100376 BFL .2
80S710 TST eRo
100754 BMI BEGIN
105010 CLRB eR0
200137 JMP 040
200000
900001 -END

80000 4R RO =2000000

0800 40R . = PPBR62K

B2

SREAD SWITCH REG FOR ecoco»
3FORGE CLEAR IF RETRY
3e00sDEVICE WC ADDRESS
3SET TO READ 256 WORDS
31S 1T DECTAPE?

INO«
3YES.

GO TO START
MOVE TAPE TO FRONT

3WAIT FOR ERROR!

31S IT ENDZONE?
3NO. TRY AGAIN
JADJUST POINTER
3NOW START ACTUAL READ

SWAIT FOR DONE
JERROR ENCOUNTERED?
3IF SO START OVER

3FOR DECTAPE»STOP TRANSPORT
3GO TO ROUTINE LOADED

R1 =%000001



'APPENDIX C
BM792-YC CARD READER BOOTSTRAP LOADER

The BM792-YC ROM is shipped with jumper wires connected for address group 773200-773276. Its diode
matrix is preprogrammed for loading binary data into the PDP-11 memory from cards using the CR11 or CM11
Card Reader. If the data represents a PDP-11 program, the program can be automatically started upon comple-
tion of loading. The BM792-YC is used in PDP-11 Systems that have at least 4K of read-write memory and a
card reader.

On the card that is read, each pair of columns (column 1 and column 2; 3 and 4; etc.) beginning with column 1
contains two 8-bit bytes which represent one 16-bit word. Also a control bit can be contained in the second
column of a pair. The eight bits that represent each byte are punched or marked in rows 2 through 9 of each

column.

The first column of a pair contains the high-order byte (PDP-11 bits 15-8) of the word and the second column
of the pair contains the low-order byte (PDP-11 bits 7-0) of the word. A control bit punched or marked in row
0 of the second column of a pair designates that the word in those two columns is a new Loading Address. Each
Loading Address must be equal to zero modulo two because loading must begin at a word boundary in memory
rather than a byte boundary. Loading is accomplished one word at a time, thus a new Loading Address can
appear anywhere on the card. However, a Loading Address must be in the first two columns of the first card
read.

The absence of control bits in rows 12, 11, 1, and 0 of the second column of a pair designates the word as a
Data Word to be loaded into the PDP-11 memory. The Data Word can represent a machine instruction or data.
After each Data Word is loaded into memory the current loading address is incremented by two.

A control bit in row 1 of the second column of a pair designates the word as a Transfer Address. When a Transfer
Address is read, the bootstrap program issues a RESET and branches to the Transfer Address. The card which
contains the Transfer Address passes through the card reader, but no other Loading Addresses or Data Words are
read from it.

A program listing for the card reader bootstrap loader is provided in Table C-1. Hardware addresses in the PDP-11
use 18 bits; thus, bits A15, A16, and A17 are considered in designating the most significant octal digit of the
address. The software assembler uses 16-bit addresses; consequently, only bit A15 is used to designate the most
significant octal digit of the address. Therefore, the addresses in Table C-1 are listed as 173XXX instead of
T73XXX.



The operating procedure for use of the BM792-YC card reader bootstrap loader is as follows:

Step

1
2
3

Procedure
Set the HALT/ENABLE switch to HALT, then to ENABLE.
Load the input hopper of the card reader with the cards to be read.
On the card reader set the MODE switch to REMOTE.

On the card reader depress the RESET switch and observe that the associated green
indicator lights. The card reader is now on-line.

Set the starting address, 773200, into the switch register.
Depress the LOAD ADDR switch.

Depress the START switch. After a short pause, the card reader should read the data
on the cards into the computer memory.
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Table C-1

BM792-YC Card Reader Bootstrap Loader Program

C O N U B G

173200
173292
173206
173210
173214
173216
173228
173222
173224
17323¢
173232
173234
173236
173240
173242
173244
17324¢
173252
173254
173256
173260
1723262
173264
173266
173272
173274
173276

173228
raA400
“31¢30
“40p0C
aQng@p
“)0gol1
37932
canEnd
2NAgI4
[ dul kg
177160

29090°
12790
012921
n32y21
011371
735210
405093
275224
"31027
ac1372
11571@
134373
112303
151103
ni5404
132772
121761
21475
na3gez2
14302
033757
a1M322
779755
£31ga7
6n1775
P02¢05
273113
g del2 3 !

1771s¢

81420

94300¢

9UPBIY

04002p

0:042p
601029
24003g
17716p
173262
173216
17322¢g
200027R
P0002pR
go0B21R
060032R
000D 3R
0CD024R
173220
173224
173266
173232

;CR BOOTSTRAP

.=173200

BITp8=400

BITE9=1000

BIT14=40000

RO=%0

R1=%1

R2=%2

R3=%3

R4=%4

PC=%7

CRS=177160

START: RESET
MOV #CRS, R@
MOV RO, R1
RIT #B1TCBIBITO9, (R1)+
BNE START

NEXTC: INC @RQ

NEXTV: CLR R3
CLR R4

TESTCD: BIT RO, 481744
BNE NEXTC

WAITC: TSTB @RQ
RPL TESTCO
SWAB R3
BISB @R1, R3
coM R4
BMI WAITC
CMPB @PC, 1(RL)
BEQ TRANSF
8GT DATA
MOV R3, R2
BR NEXTV

DATAL MOV R3, (R2) e
BR NEXTV

TRANSF: BIT @RO, #B1744
BEQ TRANSF
RESET
JMP ®@R3
LEND

JCR STATUS REGISTER ADDRESS

JCLEAR ALL PRESENT DEVICES

;LOAD STATUS REGISTER ADORESS
FMOVE 70O RY

sTEST CR READY AND GET CRE ADDREES
SAND WAIT FOR READY, OMsLINE

JREAD A CARD

;CLEAR DATA CONTENTS

5 AND COLUMN FLAG

;18 CARD DONE FLAG SEY

JYES, READ A CARD

;18 COLUMN READY FLAG SET

iNG, WAIT FOR EOLUMN AND/OR CARD DONE
JREARRANGE THINGS

JAND GEYT THIS COLUMN

518 THIS SECOND COLUMN OF PAIR
sFIRST, GET ANGTHER

;TEST HIGH BYTE QF CRE

JROW 4 1S TRANSFER FLAG

JROW @,480 IHPLIES DATA

JOTHERWISE ROW @ri IMPLIES LOAD ADD
JAND START NEW PAIR

iSTORE DATA WORD

SAND GEY NEW COLUMN PAIR

JWALIT FOR CARD DONE

PN A TIGHY LOOP

3 THEN CLEAR CR FLAGS

JAND TRANSFER T0 LOADED PROGRAM







APPENDIX D
MR11-DB BULK STORAGE BOOTSTRAP LOADER

The MR11-DB is a 64-word bootstrap loader for the following bulk storage control devices: RF11,RK11, TC11,
TM11, RP11, and RC11. This option can be used in any PDP-11 system. It includes a feature of special value to
PDP-11/45 systems that are equipped with MS11 Semiconductor Memory (MOS or bi-polar) Systems. On those
PDP-11/45 systems, the KB11-A start vector for power up can be selected for bootstrap load from any of the
above-listed devices, except the TM11, which loses vacuum on power fail.

The MR 11-DB option consists of two programmed ROM diode matrix modules. The M792-YD ROM Diode
Matrix stores the first 32 words of the bootstrap loader program at addresses 773100-773176. The M792-YE
ROM Diode Matrix stores the second 32 words of the bootstrap loader program at addresses 773200-773276.

Table D-1 is a program listing of the MR11-DB Bootstrap Loader program that is encoded on the two ROM diode
matrix modules. PDP-11 hardware addresses use 18 bits. The software assembler uses 16-bit addresses. There-
fore, the addresses listed in Table D-1 are listed as 173XXX, instead of 773XXX.

KEY START LOADING
Operate the MR11-DB Bulk Storage Bootstrap Loader as follows:

1. Set the HALT/ENABL switch to HALT, then to ENABL.

9. Set the console switches to the starting address assigned to the selected bulk storage device control,
as listed in Table D-2.

3. Press LOAD ADRS.
4.  Press START.

The processor will start executing the bulk storage bootstrap loader program at the selected address. The pro-
gram loads the first 512 words from unit 0 into memory, starting at memory location 0. After the bootstrap is
loaded from the bulk storage device, the loader program causes the processor to start executing the bootstrap at
location O.

NOTE
When magnetic tape is the bulk storage medium, magnetic
drive unit 0 must be selected and positioned at the load
point.

Loading from Disks — The program starts at the selected address, then branches to a common routine that resets
all Unibus devices. Thus, disk address registers and current memory address registers are initialized to 0. The
pointer to the device’s word count register is located in R1. Then, the word count register is loaded with the 2s



complement of 512. The device command to read and go is issued to the device command register. As the 512-
word record is read into memory from the disk, the loader program checks for errors. If an error is detected,
the entire routine is repeated, starting at the selected address. When no errors are detected and the last word has
been transferred, the PC is cleared, and the bootstrap is executed, starting at memory location 0.

Loading from Tapes — The program starts at the selected address for DECtape or magtape; then branches to a
common tape routine which first resets all the device registers. Then, the device’s word count regiéter (or byte
count) is decremented by one. If the routine is entered from the TC11 address, a first command is issued to re-
wind the DECtape to the forward end zone. If the routine is entered from the TM11 address, a first command is
issued to advance the magnetic tape one record. After the specified operation is done and checked for errors, the
program branches to the common disk loading routine that reads a 512-word record into memory from the se-

lected tape storage device.

POWER UP LOADING

The MR11-DB provides for automatically loading a bootstrap program from a pre-selected bulk storage device
during the power up sequence. This feature is provided for PDP-11/45 systems with MOS or bipolar memory
and no power backup. The KB11-A Central Processor Unit in those systems has a start vector jumper field lo-
cated on DAP module M8100. Table D-3 lists the start vector jumper connections required to select the specific
MR11-DB starting address for each type of bulk storage device.

START VECTOR PROGRAM OPERATION

The start vector jumpers on the DAP module select bits SV(07:00) of the start vector. Bits SV(01:00) are always
0. High-order bits of the starting address are generated by CPU sign-extension logic, blocking bits 11 and 8. A
hard-wired address 773XXX with the SV(07:00) offset is generated. The power up sequence uses the resultant
address to load the PC and PS from the address pointed to by the start vector.

For example, jumper selection of the RK11 provides start vector 260. The resultant address, 173260, accesses a
location provided by the MR11-DB, to load the PC with starting address 173110 and the PS with 000340. The
bulk storage program loader proceeds to load a bootstrap from the RK 11, with the CPU operating at priority
level 7, which prevents external devices from interrupting the program.

INSTALLATION

PDP-11/45 Systems — Install the M792-YD and M792-YE modules that comprise the MR11-DB option in two of
the three spaces reserved on the CPU backplane for small peripheral controllers. The quad-height slots are desig-
nated 26, 27, and 28. Refer to Table D-3 and remove jumpers W1 through W6, as required, from the DAP
module to select the bulk storage device that is to provide the bootstrap program during power up.

NOTE

The TM11 must be restarted manually, with the tape
drive positioned at the load point. Therefore, power
up start vector selection is not provided.

Other PDP-11 Systems — Install the MR11-DB modules on a DD11-A Peripheral Mounting Panel that is con-
nected to the Unibus by an M920 Unibus Connector module.



Table D-1
MR11-DB Bulk Storage Program Loader Listing

173126 a10732 RF111 MOV %7,%2 JFIXED HEAD DISK (256KW)
1/310¢ panes5i 8R OTHER
173124 177462 177462
173188 rnga7s 5
173116 12772 RK111 MOV %7 ,%2 JMOVING HEAD DISK (CARTRIDGE)
1/311c 29445 B8R OTHER
173414 177426 177406
173116 a7z75 5 JCOMMAND WORD
1/312v 2107922 TC11: MOV %7 %2
1/3812¢  ©nng17 BR TAPES
1/3124 177344 177344 JADRS OF WORD COUNT
173128 ~a3pas 5 JLAST COMMAND
1/313L 74333 4003 JFIRST COMMAND
1/313¢ 1770322 100020 }DONE MASK
173134 p24gn0 24002 JERROR MASK
1/3130 2104792 TM111 MOV %7, %2
17314k 733410 8R TAPES
1/314¢ 172524 172524 ;ADRS OF BYTE COUNT
173144 agnpr3 60003 JLAST COMMAND
173148 pegp1l 60011 JFIRST COMMAND
173156 £n9200 208 JDONE MASK
1/7315¢ 140g29 100020 JERROR MASK
1/3154 214722 RP111 MOV %7, %2 IMOVING HEAD DiSK (PACK)
173156 371423 3R OTHER
1/3160 176716 176716
JCOMMAND WORD (5) IS THE RESET
173lo¢ @775 TAPES: RESET
1/3164 1717220 MOV %2, %7 JGET THE ADDRESS OF THE BRANCH
173166 35720 TST (@)e 5%@ TO POINT AT LAST COMMAND
173176 12001 MOV (@)re, %1 JGET THE WORD €OUNT ADDRESS
17317¢  an5311 DEC (1) JSET UP FOR ADVANCE & RECORD
173174 @m5920 TST () JMOVE %@ TO FIRST COMMAND
173176 ¢12¢41 MOV (B)e.=t1) JCOMMAND WORD 7O COMMAND REG,
173204 a31pil B1T (), (1) 1LOOK FOR DONE INDICATORS
173222 an1776 8EQ -2 JNONE SET, TRY AGAIN
173204 195720 TST (B)e JOONE FIRST COMMAND, CHECK FOR ERROR
173286 n31p41 RIT (@),-(1) 1LOOK FOR SET ERROR BITS
1/321¢ 71426 BEQ OTHER INO ERRORS = TRY THE READ
1/3¢1¢ arag12 AGAIN:  JMP (2) JRERUN FOR ERRORS
1/3¢14 173108 RFVEC: RF11 JRF11 POWER UP VECTOR
1/3216 721340 340
1/3226 o1av@2 RC111 MOV %7, %2 JFIXED HEAD DISK (64KW)
17322¢  @amagl BR OTHER
1/3¢24 177450 177459 : 1 ADRS OF WORD COUNT (COMMAND®2)
JCOMMAND WORD (5) 1S THE RESETY
1/3220 0r7g35 OTHER: RESET
173236 010200 MOV %2, %0 1%8 TO POINT AT WORD COUNT ADRS
1/3232 (0p5728 TST (0)9 JPOINT TO ADDRESS
173234 p1ogal MOV (@)e, %1 JWORD COUNT ADRS TO %1
173236 012711 17703p MOV #=1000, (1) 5LOAD WORD COUNT
1/324¢ giipét MOV (B),=-(4) i COMMAND To COMMAND REGISTER
1/3244 32711 12022p BIT #1002008, (1) JCHECK FOR ERROR OR DONE
173256 241775 BEQ \=4 JIF NEITHER, KEEP LOOKING
1/3¢5¢ 10a757 BMI AGAIN JERRORy TRY AGAIN
173254 05097 CLR %7
173256 q28p20 2 JFILLER
1/326K 173110 RKVEC: RK11 JRK14 POWER UP VECTOR
173262 rB340 340
1/3264 173220 RCVEC: RC11 JRC11 POWER UP VECTOR
173266 007340 340
173270 173154 RPVEC: RP11 JRP11 POWER UP VECTOR
173272 0p9340 340
173474 173120 TCVEC: TC11 1TC11 POWER UP VECTOR
173276 @70340 340
cA0g?1 .END




Table D-2
Starting Address

Bulk Storage Device Control Starting Address
(octal)
RF11 (for RS11 DECdisk) 773100
RK11 (for RK02 DECpack) 773110
TC11 (for TU56 DECtape) 773120
TM11 (for TU10 Magtape) 773136
RP11 (for RP0O2 Disk Pack) 773154
RC11 (for RS64 DECdisk) 773220

Table D-3
Power Up Start Vector Jumper Connections
Bulk Storage Power Up Jumpers on DAP Module
Control Device Vector Address w1 w2 w3 W4 W5 W6
RF11 773214 In In Out Out Out In
RK11 773260 Out ~ Out In In Out In
TCl11 773274 In In In In Out In
T™11 None - — — — — —
RP11 773270 Out In In In Out In
RCl11 773220 Out Out In Out Out In
MAINTENANCE

Diagnostic program MAINDEC-11-DZMRA-D is provided with the MR11-DB Bulk Storage Bootstrap Loader
option. The diagnostic program can be used to troubleshoot and maintain the MR11-DB hardware. The avail-

able tests are:

PRGO: Logic Tests
PRGI1: ROM data dump
PRG2: Single ROM address read data loop

These tests can also be used to check data reliability and as a post-installation checkout procedure. Complete
operating procedure is described in the MAINDEC description supplied as part of the diagnostic program
package.

Module schematics, parts lists, and component location drawings for the M792-YD and M792-YE ROM Diode
Matrix modules are located in the MR11-DB engineering drawing set. Module Schematics of the two modules

are also provided in Chapter 4 of this manual.
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APPENDIX E
BM792-YF BULK STORAGE BOOTSTRAP LOADER

The BM792-YF ROM is shipped with jumper wires connected for address group 773200-773276, and its diode
matrix is preprogrammed for a bulk storage (disk or DECtape) bootstrap loader program. The BM792-YF can
only be used on a PDP-11 System that has at least 4K of read-write memory and one or more mass storage de-
vices, such as a disk or DECtape.

The actual bootstrap loader program, stored in the first 256 words of a disk or DECtape, is transferred from the
device into read-write memory by the BM792-YF program. The transfer is started from location 0 of the device,
and the loaded routine is assumed to be operative at read-write memory location 0. The BM792-YF program
jumps to location 0 after a satisfactory completion of the transfer, so that there is automatic starting of the ac-
tual bootstrap loader program. If error conditions occur during the running of the BM792-YF program, the
program starts over again.

The sequence of operations used by the bulk storage bootstrap loader is as follows:

1. It determines whether the device is a disk or DECtape from the address set in the Switch register.

2. If the device is a DECtape transport, it moves the tape until the front endzone is sensed.

3. Itreads 256 words stored in the device, starting with address 0 of the device.

4. The loader then stores the 256 words in read-write memory sequential locations, starting with location 0.
5. The loader checks for errors and starts the program over if any errors occur.

6.  The loader then jumps to read-write memory location 0 for automatic starting of the actual bootstrap
loader program.

A program listing for the bulk storage bootstrap loader is provided in Table E-1. Hardware addresses in the
PDP-11 use 18 bits; thus, bits A15, A16, and A17 are considered in designating the most significant octal digit

of the address. The software assembler uses 16-bit addresses; consequently, only bit A15 is used to designate

the most significant octal digit of the address. Therefore, the addresses in Table E-1 are listed as 173XXX instead
of 773XXX.

The operating procedure for use of the BM792-YF bulk storage bootstrap loader is as follows:

Step Procedure
1 Set the HALT/ENABLE switch to HALT, then to ENABLE.
2 Set the ROM address, 7732XX, into the Switch register.
XX Equipment
00 RK11 Disk
06 RF11 Disk
14 TC11 DECtape

(continued on next page)
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Step Procedure
3 Depress the LOAD ADDR switch.

4 Depress the START switch. The disk or DECtape data should then read into the
read-write memory.

Table E-1
BM792-YF Bulk Storage Bootstrap Loader Program

IREG%STERS USED

900020 R@a%

20089l Ris%d
173200 212701 177406 RKBQQTH MQV #177606,R1 }SET UYp RKLLl ADORESS
173204 (000405 B8R BEGIN
173206 042741 177462 RFBOOTH MOV #177462,R1 y}SET UP RF11 ADDRESS
173212 200402 BR BEGIN
173214 @L2701 177344 DTBOOTS MOV #177344,R1 $SET UP DECTAPE ADDRESS
173229 @@A@25 REGINI RESET
173222 alp190 MOV R1,R@ JSET WORD COUNT
173224 342710 177400 MoV #=08h, s ER0 JTC READ 256 WCKDS
173238 420827 177344 CMP RO, 8177344 31S THIS DECTAPE BOOT?
173234 204007 HNE START §1F NOT, SKIP SEAREH CODE
173236 21274@Q 0p4v02 MoV #4002,=(R0) JSEARCH BACKWARD
173242 285710 TST eRp 5LOOP UNTIL
173244 100376 BPL ,m2 JERROR FLAG
173246 205740 78T ={R@) pIF NOF YEND ZONE',
173250 100363 B8P, BEGIN JTRY AGAIN
173252 222020 CMP (R)+ ) (REY JRESFT RK
173254 212740 00ABYS STARTH mMQV #5) e (KD) }1SSUUE READ CoMMAND
173260 105710 TST8 eRY pLOOP UNTIL
173262 1080376 BPL @2 JREADY
173264 ¥@5710 TST eRa 3 IF ERROR,
173266 102754 BM1 BEGIN 1TRY ABAIN
17327@¢ 4@8@025 RESET §STOP ANY TARPE MOTION
173272 200137 000000 JMP ARE 1G6 70 THE BOOT
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APPENDIX F
BM792-YH CASSETTE BOOTSTRAP LOADER

The BM792-YH ROM is shipped with jumper wires connected for address group 773300-773376, and its diode
matrix is preprogrammed for a tape cassette (TA11/TU60 Cassette System) bootstrap loader program. This
quad-sized module is one of the Small Peripheral Controllers (SPC) and can be mounted in any SPC slot in a
DD11-A, DD11-B, or most PDP-11 family processors. Any PDP-11 System that has 4K of read-write memory
and a cassette can use the BM792-YH.

The actual bootstrap loader program, stored in the first 128 bytes of a cassette tape, is transferred from the
cassette into read-write memory by the BM792-YH program. The bytes are consecutively read from the cassette
and loaded into memory locations O through 177 (octal). When the loading is complete, program control is
transferred to location O so that the loaded program can be executed. At the point when the program control

is transferred, the cassette is positioned at the end of the second block of the first file so that the loaded program
can continue to read in additional data.

The sequence of operations used by the cassette bootstrap loader is as follows:

1. The cassette is rewound and then spaced forward one block. This action skips the header block
(normally 32 bytes) associated with the first file and positions the tape at the second block of the
first file.

2. The BM792-YH program consecutively reads 128 bytes from the cassette tape into read-write memory
locations O through 177 (octal).

3. The first byte read is compared to octal 240 (NOP) and if it does not equal octal 240, the program
comes to a halt at location 173350. To restart the program from this halt, the CONT switch is
depressed.

4.  After the 128 bytes are read, the loader program checks the TA11 error bit (block check error, off-
line error, etc.) and if an error is detected, the program comes to a halt at location 173350 and can
be restarted by depressing the CONT switch.

5. If no error is detected, program control is transferred to location 0 to execute the loaded program.

A program listing for the cassette bootstrap loader is provided in Table F-1. Hardware addresses in the PDP-11
use 18 bits; thus, bits A15, A16,and A17 are considered in designating the most significant octal digit of the
address. The software assembler uses 16-bit addresses; consequently, only bit A15 is used to designate the most
significant octal digit of the address. Therefore, the addresses in Table F-1 are listed as 173XXX instead of
T73XXX.

The BM792-YH program has no provisions for initializing the system since it does not issue a RESET instruction.
Initialization is necessary because other devices may issue interrupts or an internal processor option may be en-
abled. When the BM792-YH program is started from the console, initialization is performed because the START

F-1



(Sd) SNLYLS dNsy3IMO4! Pyeapy

(0d) HOLlo3aa dnayaMOdy 10085

Y3914 40 SGHOM OmMit 'y

§891+0v 3y 376VL ONIFSUTI+UVINL el + pOvep2e

09+%207d UMVMuO4 3D0YdS 094UV Gl + Lidbwgld

Ls3nnad Y3 4SHVYEL+AOY Iy UOFORTImIY+sENT ! Gbe + LObeLRY
3ilAg Mo JLA8 HOTHY

2 0L dWnrt 9d 890

Y0443 NO L9YH OL HMONVEB! d0lS 1W8

¥OHy3 ¥u4 WOIHO! (gd) LS.

INNILNOS N0 Lyvisdy! 14183y Y&

HU¥y3 NO LIOvH!¢ LAvm

ILAE HIHLONY Gv3d oo ‘vihnd 41¢ 24007 b3y

jBP20 39 0TNOHS Ov3m 31A9 Lsdldt PE0 LY 8dWD

A¥OWIW OLlw!l VLIVO GVayt (28) ' (Ud)2 8A0W

ORYWWOO 318VL MIHLONY Aul !SANIW d1¢ 14009 W8

MILNIOd AYUWAW FONVAUY! 24 doNI

_ 435 10N 3¥v slld 41 HOnwvug! 2duo ols

SOvL NI SLIg9 Ls30Jd ¥I4sNveL UNV ACV3Y LS3L! (2y)'sY gLls

LiNo N3IHL ‘3ATLVYOIN 81 UNVWWOD 41 3N00 IWa

TTIvLl OL 37AvL WOY4 ONVWWOD JACW! (pu)'4(Tyd) gAOW

s¥ 01 sllg L3531 IN0OW! SHY 4 (TH) BAOW

OVI4 VIVO ONV ¥3iN[Od AHOW3W! ~ed'aLew AOW
3768YL ONVAWOD 40 SS3YCAV sC90H Ty TH!‘e3ztgviz aqv
01d H04 3snt TH¥0d AOK

o¥3z LING LD373s! (2y4) 92

TTvl 40 SS3duov sQT0H BY( AN‘@RAGLLT# AOW

peesLys’
gy

1¥0L03A
UyoM®
g¥OM*
gyOM’*

a¥OM'
1378yl

$9NO0Q

1d0LS

124001
174007

t1d183y
1100g)n

L%®0d
VAT
2%egy
T%etY
p%e=pd

weigo1g 1opeo] dexnsjoog 9139sse) HA-T6LIND

I-4 3[qeL

ganoee

eABeen
2noeee

CLS00D
268000

aneLLy

AN AT
puaeelt

Brovay
beaeTs
sTveaw
By9ite

LPBsaR
veLom
Brisge

Sellge
padene

L9LT00
Leswet
210911
eLLRYT
202501
9LLYIB
gredet
STYO07T
B1721T7

eaTeTT
20LeTr
104298
10L0%0
210500
enLzTe

Lnpone
cpedug
cuoome
Tro0dn
gueoon
PageLT

9LELLT
PLERLT

9L88.7
9928LT
TITIA;
2998/%
2985841

gogegLt
96£€(T
peeeLT

eaesesLt
gefelt

9v£ELT
2veeLT
98881
peEeLT
208847
BeESLT
928841
pZeeLT
2zee/1

zeeLT
pIEELT
81e8LT
9088(7
gLt
geeELT

S NP T In
MM WM

o=
¥ <

Qi 00
MM

oo Jlo 8
oo

ooy

O M 0
NN

-
[QUNaY}

< N0 PNDO O™
v vivd v

i aAa Rl o

F-2



switch initializes the system prior to starting. However, if the BM792-YH program is started by a program
transferring control to location 173300, then that program must issue a RESET instruction prior to the JMP
173300.

Normally, the PDP-11 processor’s power-up vector is address 24/26; however, processors such as the PDP-11/40
and PDP-11/45 have jumper selectable power-up vectors that allow the vector address to be set to an address
within a restricted range in the highest 4K-words of Unibus address. The power-down vector remains at 24/26.

The BM792-YH provides a power-up vector at address 173374/6. When the power-up trap sequence executes
with a vector address set to 173374/6, program execution begins at 173300 with a priority level of 7.

The operating procedure for use of the BM792-YH cassette bootstrap loader when the cassette is operating from
cassette unit number O at the standard octal address of 777500 is as follows:

Step Procedure
1 Write-lock the cassette for security.
2 Mount the cassette in cassette unit number O (left-hand drive unit on the TU60).
3 Set the HALT/ENABLE switch to HALT, then to ENABLE.
4 Set the ROM address, 773300, into the Switch register.
5 Depress the LOAD ADDR switch.
6 Depress the START switch. The cassette data should then read into the read-write
memory.

The operating procedure to bootstrap load from cassette unit number 1 or from a cassette unit other than one
at the standard octal address of 777500 is as follows:

Step Procedure
1 Write-lock the cassette for security.
2 Mount the cassette in the selected unit.
3 Set the HALT/ENABLE switch to HALT, then to ENABLE.
4 Set the RO address, 777700, into the Switch register.
5 Depress the LOAD ADDR switch.
6 Set the address of the cassette unit into the Switch register.
7 Depress the DEP switch. This loads RO with the address of the cassette unit.
8 With the Switch register still set at the address of the cassette unit, depress LOAD ADDR
switch.
9 Set the octal designation for the cassette unit number into Switch register (000 for unit

number 0 or 400 for unit number 1).

10 Depress the DEP switch. This establishes bit 08, the Unit Select bit, of the TA11 Com-
mand and Status register.

11 Set the R7 address, 777707 into the Switch register.

12 Depress the LOAD ADDR switch.

(continued on next page)
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Step
13

14
15

Procedure

Set 773306 into the Switch register.
Depress the DEP switch. This sets the PC to the BM792-YH restart address.

Depress the CONT switch. This starts the processor without system initialization.
When started at address 773306, the BM792-YH program uses RO to reference the
cassette registers but does not modify RO or the Unit Select bit.

When the 128-byte program is loaded from the cassette into the read-write memory,
this 128-byte program determines whether read-in will continue from this same cassette.
RO and the Unit Select bit can be modified by the loaded program so that a different
cassette can be accessed for loading.
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BM792 ROM
DEC-11-HBMAA-E-D
READER’S COMMENTS

Your comments and suggestions will help us in our continuous effort to improve the quality and usefulness of
our publications.

What is your general reaction to this manual? In your judgment is it complete, accurate, well organized, well
written, etc.? Isit easy to use?

What features are most useful?

What faults do you find with the manual?

Does this manual satisfy the need you think it was intended to satisfy?

Does it satisfy your needs? Why?

Would you please indicate any factual errors you have found.

Please describe your position.

Name Organization

Street Department

City State Zip or Country
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