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PROGRAMMING THE MBD HMODEL Il

by

Richard ¥. Themas, Jr.

ABSTRACT

This report describes the LAMPF Microprogrammed Oranch
Driver (¥BD) from a programmer's point of view and describes
a set of macrofastructions implemented in the PDP-11 MACRO
agsembler, suitable for writing programs feor it.

INTRODUCTION

The Micraprogramaed Branch Driver (MBD) s a
small, special-purpose, stored~program processor
fotended to serve as an interface between a CAMAC
branch and a Diglical Equipment Corporation PDP-11.
Iz has fram 256 to 4096 words of read-wrice memory,
16 birs in length, a simple arichnetic uniz, asad an
elaborate register structure, features which permie
it to multiplex a single CAMAC branch among cight
data channels to a FDP-11. The iastruetions, which
are genoerally executed within o 3S0-nsec eycle, per-
miz addition, subtrsction, maskiag, and shifting of
16~bit fategers as well as the testing of results,
oxecution of CAMAC commands, and communication with
the PDP-11 via the Unibdbus.
tion with the POP-11 arc provided:
which both procossors use for communication, read-
write access te PDP~1l core memory, and fnteryupts
to the PDP-11 CPU. While the MBD {r generally in-
tended to depend on the PDP-11 for supervisory con-
trol, program loading, and auxiliary storage, It can,

Threc modes of Laterac~

shored registers

if necessary, be operated independently.

GENERAL ORGANIZATION OF THE MBD

The MBD (Model I1) is organized around a large
nurher of programmable rcgisters. Generally, tho
intention of the design 15 that all data, whether {t
i{s data being transmitted betwecn the PDP-1) and the
CAMAC branch or control data being used for control-

ling the procedure, is held in registcrs, and the

oemory is used to kold ilastructions, copstants, and
tuffers. The registers can be classified in soveral
different ways, but Fig. 1 shows a clossification

which is useful in pilcruring the overall functioning
of the MAD.

of che device.

Two data buses forn the basic structure
Ia o normal data-transier operation,
a selected register sends {nformation over the source
bus through the arichmetic and logic unit, where it
may be modified in varfous ways, to the destination
bus and on to a (usually differcat) destination reg-
ister. Most, but net all, registers are connected
to both buscs and con both scnd and receive data.
The registers shown in Fig. 1 are divided into
five classes dapending on their functional associa-
tions. There is a group of registers which are used
primarily for communication with the PDP-11, and
these hkave been designated "Unilbus registers.” As—
other group of registers functions primarily to com-
municate with the CAMAC braach; these reglsters are
The group

shown in the diagran as "CAMAC registers.’
designated “channel registers” generally contains
coneral Lnformation (e.g., buffer address, word count,
CAMAC command) ncccasary for performing o porticular
task., There are cight fdentical stets of 14 channel
registers, but only e set is Ln use st any partic-
The inactive sets contain information
fe is

ular instant.
but do not parcticipate in the data tranafors.
by means of thasc cight sots of channel rogisters

that the branch is multiplesed among up to cight dif-

ferent tasks. A priority scheme deciden which of the
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eight sets will be active at any given time. Gener-
ally each set of channel registers is thought of as
representing an independent data channel, and hence
the name. The fourth group of registers consists of
certain miscellaneous registers which are not channel
registers and not closcly associated with either the
Ynibus or CAMAC interfaces.

poses, most typically making available to a program

They serve various pur-

information about the current state of the MBD itself.
The
one member:

£iitn class of registers shown in Fig. 1 has only
the arithmetic transfer register. It
receives the result of every data-movement operation
and is ¢n fmplied source of an argument for many in-
structfons. The properties and functions of the
registers which are of concern in programming the
MBB arc described in the sections which follow.

‘The channel registers are the only ones which
are replicated in the MBD. There is only onc arith-
metic and logical unit, one arichmetic transfer reg-
ister, one get of Unibus registers, onc sct of CAMAC
registers, and one cach of the miscellancous regis-
ters.

The eight channels are ordered by priority,
channel 7 having the highest prioricy and channel 0
the lowest. For a given channcl to be sclected and
to run, at least one of the following three condf-

tions must exist:

Logical Organization of MBD.

i. The PDP-11 (or the MED) must have requested
the channel to scart a task. Such a request sets a
bit called cthe Channel Initialize Latch (CIL) which
is one of tie inputs to the priority arbitration
Ther~ 1s a CIL bit for cach of the eight

However, since all CIL bits are reset

logic.
channels.
when an inicialize vequest is accepted, ne more than

one may be sct at eny given instant.

2. The Program Request Latch (PRL) must be set.

The PRL bit is also an input to the priority arbi-

tration logic, but it is set or cleared by the MBD
program itself. Just as with the CIL bits, theres is
one for each channel.

3. There must he a one in the graded-L bit
which corresponds to the channel, and the correspond-
ing Channel Enable Latch {CEL) must be ser. GL bizec
17 to 24 correspond dircctly to channels 0 to 7, and
each chanael has a CElL bit which can be set or
cleared under program control in the MED. The input
vo the priority arbitration iogic in this case iIs

the logical product of the GL bit and the CEL bit.

The priority arbicratien logic actually con-
tains 16 levels rather than cight, with two adjacent
leveis assigned to cach channel, thus permitting
each channel to be started in two different ways.

For each channel the CIL bit has a higher priority
than the PRL bit or the logical product of CEL and K.



If the CIL bit of a given channel is set and no
higher priority channel has any request bits set,
the channel is selected and started at memory loca-
tion 1. If the CIL bit for a channel is not set,
but 1ts PRL bit or {its CEL and GL bits are set, it
is selected and started at memozry location 0. This
two-level-per—channel priority scheme permits the
MBD to execute different instruction sequences, de-
pending on the source of the request to vun. Fur-
thermore, it permits the PDP-11 to interrupt a pro-
gram being executed by a channel and force it to
execute a different program. In this way, the PDP-
11 is able to maintain full control over the activ-

ities of the MBD.

REGISTERS
Channel Registers

Each of the eight channels has 14 registers,
16 bits i{n length, organized into two {denticai
banks. Twelve of the 14 registers are general, pro-
grammable registers in their implexmentation, al-
though they have been given names which suggest spe-
cial purposes. Two registers, the Control and Test
Registers, in each channel have special properties
which restricr their usage for general purposes but
provide special facilities for bit testing, trans-
fer of centrol, and memory reference. The six gen-
eral-purpose registers in each bank are:
ILR: Instruction Location Regisater,
DAR: ©Data Address Register,
WCR: Word Ccunt Register,
CCR: CAMAC Command Register,
GPl: General Purpose Register 1,
GP2: General Purpose Register 2.
These registers are able to zeceive and supply 16~
bit words of data iavolved in the various two-address
MB8D instructions. They are gencrally uscd to hold
the permanent information necessary te pormit a
channel to regume operation after having yielded
control of the branch to another channel, cfither
while walting for a LAM, or because acother channcl
has a higher priority., The names of the rogéstoers
suggest theidy intended usage, but there is aothing
in the design of the HBD which requires these sug-
gested usages ro be followed,

The specisl-purpose register in cach banak of
ecach channel (CTR: Control and Test Reglster} can
recelve or supply data during a normsl two-addross,

data-movement instructions, but does not participate
in every instruction in the same way the other chan-
The information is available, in
Bits 0 to 11

nel registers do.
addition, in various special ways.
(the low-order 12 bits of the register) are used to
provide an internal memory word address. There are
instructions avatlable which use this address for
accessing words in the MBD memory to load from them,
store to them, or jump to them.* The upper four
birs (bies 12 to 15) of the CTR can be tested indi-
vidually by the conditional branch instructionms.

The low 12 bits can alsc be loaded by a special im-
oediate address instruction without disturbing the
high-order bits. To summarize the features of the
CTR, it provides a convenient means of testing cer-
tain individual bits, it provides a means in the
channel registers for remembering the address of
and jumping to a parcicular instruction in the MED
menmory, and it provides a means of stepping through

arrays in the MBD mezory.

Unibus Zegisters

Three registers addressable by the MBD are usged
for communication with the PDP-11. All three of
these registers can both supply and receive 16-bit
vords of data in the same way that the channel gen-
ersl registers can, but since they are not repiicated,
there is no guarantee that the informacion will re-
main in thenm if o different channel should run be-
tween storing information in them und fetching it.
In addition, each register has a specific, defined
use wvhich makes it fcpractical to use it for other
purposes, oxcept for the most flecting, temporary
storage. The names of the registers are:
MDR: Mcmory Data Register,
MAR:
PDR: Prograrmed Data Register.

¥emory Address Heglster,

The memory data register is used during a transfer
to or from the FDM-11 memozy to contaln the word

which is transferred. The cozory address register

iz uscd duriag a transfer to or {rom the PDP-11 mca~
ary to contaln the address of the word in the PHP-~}L
Only full words ave transferred, and the contunts of
the MAR is o word address snstead of a byte address,

a8 1t would be in one of the PDP-i1 registers. When

¢ Nets that the MWW uses word addressoes while the
FOP-11 uses byte addrossos.



the address 1s presented to the bus, it is shifted
left one bit and a low-order zero supplied so that
a legal PDP~11 word address appears on the bus.
The high-order address bit (bit 17) is also always
made zero. Consequently, the MBD is capable of
addressing up to 65,536 words of PDP-11 memory, but
is nor able to control peripheral devices or commu-
nicate with them directly. In order to read a word
from the PDP-11 memory, the address of the word to
be read is placed in the MAR and a read command
issued. When the Unibus cycle 1is completed, the
contents of the word will be in the MDR. In order
to write i werd into the PDP-11 memory, the infor-
mation to be written must be placed in MDR and the
address placed in MAR before the write command is
The order in which the registers are load«d
does not matter. MAR and MDR cannot be addressed
directly by the PDP-11 processor.

The programmed data register is a communica-

1ssued.

tions register accessible to the PDP-11 at address
764002 and also accesasible to the MBD via its normal
instructions for data movement between registers.
The use of this register 1s defined by programming
convention. Normally, it is loaded by the PDP-il
before a channel is started up, and the chanrel,
when it 13 atarted, interprets its contents to find
out what it is being asked to do. Typically, it
indicates which of several programs in the MBD mem-
ory to execute, or contains an address in the PDP~11
memory where the MBD may obtain more information
about the task. One must be caretul not to change
the information in the PDR until it has been saved
or acted upon by the MBD. The techniques for doing
this may jinvolve the setting of flags in core by
the MBD, the generation of interrupts, the exchange
of cedes in the PDR itself,®* or the use of the MBD
control and status rcgister ready bit. Some cen-
vention must be established, however, which perwmits
each processor to determine whether the POR {s cur-

rently available for its use.

CAHAC Registars

The programmabie rcgisters which are used to
cosmunicate with the CAMAC branch are similar in

* Communicacfon through PDR siust be done with con-
siderable care, since $f the PDP~11 reads the
PDR at the same time that the MBD writes it, the
PDR will de cleared.

concept and function to those used to transfer data
on the Unibus. Their names are:

BAR: Branch Address Register,

BDL: Branch Data Register, Low Order,

BDH: Branch Data Register, High Order.

In order to perform an operation on the CAMAC branch,
the branch address register is loaded with a word

which contains the FCNA code for the operation (less

bit FP8). The format of the word ic as follows:

Bits 0 - 3: A (subaddress),

Bits 4 - 8: N (station number),

Bits 9 - 11: € (crate number, coded in three bits),

Bits 12 - 15: P (function code without bit F8).

Note that the crate number is coded; in general,
multicrate operations are not available. Bit F8 of
the function code is supplied by the command which
starts the branch operation; there are two such
operations, one issuing a function with F8=0, the
other issuing a function with FB=1. Consequently,
the MBD program must know or have a way of determin-
ing the correct value of F8 for each CAMAC command
issued. Note that the branch address register is a
write-only register; it cannot be read by the MBD,
and it must be set before each CAMAC operation, as
it is cleared by each operation.

Tne registers BDL and BDH together form a 24~
bit data register capable of receiving or supplying
the 24-bit words of the CAMAC system. BDL contains
the low-orler 16 bits of the word (bits 1 to 16 in
CAMAC parlance), and BDH contains the upper eight
bits (bits 17 to 24). BDH 18 only eight bits loag;
its upper eight bits are not used. BDH and BDL are
used on the branch just as MDR is used on the Unibus.
They supply the data word for a write instruction
and receive the data word for & read instruction.

Ia addition, the 24-bit graded-L word is left in BDH

and BDL by a branch graded-I. operation.

Miscellaneous Programmable Registers

These regirters or pseudoregisters serve spe-
clal purposes not particularly associated with either
the Unibus or CAMAC interfaces, nor are they associ-
ated wizh any particular chananel. The first of these
is the program counter (PCR), which is 12 bits in
lengeh. It 1s used, of course, in the process of
stepping through a program in mewory. It is avail-
able as a source register in normal MBD instructions,

but 1t cannot be used as a destination. It canm,



however, be stored into by branch or jump instruc-
tions. The contents read from PCR by a data-move-
ment instruction are the address of the next in-
struction in memory after the one which accesses
its contents.

A second register is the current channel latch
(CCL), which Is only three bits in length. It also
is available only as a source of data, and it con~
tains the number (from J to 7) of the currently ac-
tive channel. The availability of this piece of
information ir a program provides a means whereby
a program can determine which channel is executing
it, and makes possible, as an example, the usz of
words in memory to extend the capacity of the chan-
nel registers. This can be done by using the chan-
nel nusber as an index intoc eight-word blocks of
memory so that each channel uses a different word
in each block and does not reference information
stored by other channels.

The register address 0 serves as a source of
zerogs in any data-movement operation, and as a sink
foxr any data which 1s stored into it.

The graded-L register (GLR) holds the bit pat-
tewn which 1s read by a 86 operation on the branch.
The upper eight bits of the register are not addres-
sable by the MBD, but are used to cause the various
channeis to run on demand from the branch. The
lower 16 bits (bits 1 to 16) appear in a register
which can serve as a2 destination in a data-movement
instruction but not as a source. The effect of set-
ting a bit in GLR is to generate an interrupt to the
PDP-11 if the bit is the leftmost one in GLR which
has a corresponding one in MSK. These 16 bits are
associated with the 16 interrupt vector locations
at byte addresses 400 to 475, and if a bit 1is set
in register MSK (see section entitled Registers
Accessible to the PDP-]11 below), an interrupt at
the associated vector location is generated at pri-
ority level 5. If GLR has bits set by a GL opera-
tion and a program subsequently stores a different
pattern into it, while the MBD is in the process of
generating the hrrdware-produced interrupt, the re-~
sults are unpredictable. If a program stores a bit
into GLR and then permits the MBD to execute a GL
operation (see Exit Commands below), the bit set by
the software may be cleared, and again results are
not predictable. A hardware flag permits the MBD
to determine whether it is safe to change GLR.

Any word in the MBD memory may serve as a source
or a destination in a data-movement operation even
though the source and destination fields do not con~-
tain enough bits to address memory directly. A spe-
cial code in these iflelds (octal 17) causes the MBD
to obtain the address of the memory word from the
low~order 12 bits of CTR of the currently selected
register bank. Note that since there is only one
code and only one CIR can be referenced on any given
instruction, a single instruction move from one mem-

ory location to another is not possible.

Arithmetic Transfer Register

The arithmetic transfer register (ATR), a 16-
bit register associated with the arithmetic and
logic unit of the MBD, is not, strictly speaking, a
programmable register in the same sense as the other
registers described up to this point. However, it
is an implicit operand of many instructions, and the
result of each data-movement operation is left in it.
0f all the registers in the MBD it most closely re-
sembles in its functions and usage the classical

computer accumulator register.

Registers Accessible to the PDP-1]1
Four registers are accessible to the PDP-11 via
Unibus addresses. One of these, the PDR, is also an
internally programmable register of the MBD and has
already been described in the section entitled Uni-
bus Registers. Since the PDR has two diiferent ad-
dresses depending on whether it 1s referenced by
the MBD or the PDP-11, it has been given two differ-
ent names in the documentation and in the assembly
macros. When referenced by the MBD, it is called
PDR: when referenced by the PDP-11, it is called
PDX (external address of programmed data register).
The control and status register (CSR) is the
chief means by which the PDP-11 controls the activi-
ties of the MBD. It is by setting bits in this reg-
ister that the MBD Is started and stopped, channels
are selected, etc. The fields in the word which are

written into by the PDP-1l are:

Bit O: Single-cyvcle mode,
Bit 1: Reset,

Bic 2: Channel initialize,
Bit 6: Interrupt enable,

Bits 8-10: Channel number.



The fields which can be read by the PDP-11 are:

Bit 6: Interrupt enabled,

Bic 7: Ready,
Bit 13: Branch error,
Bit 14: Bus error.

Note that some of the bits which can be written in-
to by the PDP-11 cannot be read back. The meanings
of the various fields are indicated below:

If bit 0 of
CSR 1is set to 1, the MBD is put in single-cycle

1. Single~cycle mode (bit 0).

mode. This state is similar to the single-step
mode of a computer; it executes only one instruction
at a time (on command from the PDP-11) instead of
running continuously. This bit should be set only
in conjunction with an initialize function (See bit
2 below). The MBBL should not be switched to a sin-
gle-cycle mode while it is running.

2. Reset (bit 1). If a 1 is stored into bit
1 of the CSR, the MBD is reset; all channels are
stopped, the program counter is cleared, and request
and enable latches are cleared. Reset also puts the
MBD in single-cycle mode and clears the initialize
latch; it overrides the channel initialize bit (bit
2).

3. Channel Initialize (bit 2). If a l is
stored into bit 2 of CSR, the channel whose number
appears in bits 8 to 10 of tiie same word is initial-
ized. That is, a latch (CIL) is set requesting the
selected chanunel to be started by executing the in-
struction of memory location 1. If at the same time
the single-cycle bit is set to 1, the MBD will be in
If the

single-cycle bit is 0, instructions are processed

single-cycle mode with the channel selected.

automatically without need of further attention from
the PDP-11.

4. Interrupt enable (bit 6).
terrupt-enable bit is set to 1, the MBD will be able
to interrupt the PDP-11. Otherwise, the commands in

Any time the in-

the MBD which generate interrupts will have no ef=-
fect, LAM's which are trancmitted directly through
to the PDP-11 will have no effect, and the error

condition will not interrupt. If the MBD 1s to be
capable of interrupting the PDP~11 on a continuous
basis, effectively each word stored into CSR must
have the interrupt enable bit set to 1. The last
command received is the controlling one, and so a
new command with the bit set to zero will disable

all interrupts. Note that the interrupt enable bit

can be read as well as written so that a program
can determine the current status and preserve it.

5. Channel number (bits 8-10). This field is
used only in conjunction with the channel initial-
ize function to indicate which of the eight channels
is being selected.

6. Ready (bit 7). The ready bit indicates
that the MBD is ready to accept a new command. Its
principal use is tc indicate to the PDP-11 that a
previously issued channel initialize function has
been accepted and that it is safe to issue a new
one. When an initialize command is given, it may
not be accepted immediately, because the MBD may be
busy with activity on a different chanmnel. The
ready bit remains a zero until the selected channel
actually begins executing the instruction at memory
location 1. This point is mainly important because
part of the initialization process may involve trans-
mitting information via the PDR, and the ready bit
tells the PDP-11 when it is safe to store in the PDR
new information intended for a different channel,

A reset command sets the ready bit, and acceptance
of an initialize command sets it. The ready bit is
a l at any time there is no CIL bit set.

7. Branch error (bit 13). In the event of an
error the MBD generates an Interrvot to the PDP-11
at vector location 540. If the error was a branch
timing error, the branch error bit is set. Note,
however, that the branch error bit is cleared at the
beginning of any branch command. Thus 1if the MBD
continues operating after a branch error has oc-
curred, and issues a subsequent branch command, the
bit may be cleared by the time the PDP-11 can test
it.

8. Unibus error (bit 14). If an error inter-
rupt is due to a bus error, bit 14 of CSR is set.
Once a bus timeout occurs all Unibus operations in
the MBD will be aborted until the PDP-11 issues a
hardware reset instruction.

The third register accessible to the PDP-11 is
the instruction register of the MBD. 1If the MBD is
in single-cycle mode, any instruction stored into
the instruction register is immediately executed.
This feature permits relatively easy loading of the
MBD memory and simplifies diagnostic and debugging
programs.

The fourth and last register in this class is
the mask register. The graded-L bits 1-16 are



connected to the PDP~11 interrupt vectors 400 to 474

via the register GLR.

The mask register provides a

means for the PDP~11 to control the interrupts it
will accept in this group. If a bit in the mask

register is a one, the corresponding interrupt is

enabled.
A summary of the MBD addressable registers is

gilven in Table 1.

TABLE I

ADDRESSABLE REGISTERS

Name Adr (octal)
ILR [¢2%
DAR 02
WCR 03
CCR 04
GP1 06
GP2 07
CIR 05
MDR 11
MAR 12
PDR 16
BAR 15
BOL 13
BDH 14
PCR 10
CcCL 15
00
GLR 10
MEM 17
ATR
CSR 764000
PDX 764002
IR 764006
MSK 764004

CHANNEL REGISTERS

Instruction Location Register
Data Address Register

Word Count Register

CAMAC Command Register
General Purpose Register 1
General Purpose Register 2

Control and Test Register

UNIBUS REGISTERS
Memory Data Register
Memory Address Register

Programmed Data Register

CAMAC REGISTERS

Branch Address Register
Branch Data, Low Order
Branch Data, High Order

MISCELLANEOUS PROGRAMMABLE
REGISTERS

Program Counter

Current Channel Latch

Source of Zeros

Graded-L Register

Memory Word (address in CIR)

ARITHMETIC TRANSFER REGISTER

Arithmetic Transfer Register

REGISTERS ACCESSIBLE TO THE
PDP~11

Control and Status Register

Programmed Data Register

Instruction Register

Interrupt Mask Register

INSTRUCTIONS

Instructions in the MBD are sixteen bits in
iength and may be in any of seven different formats.
Generally, the instruction word is divided into four
four-bit fields. The leftmost field, bits 12 to 15,
always contains an operation code. The remaining
three fields are interpreted in different ways and
in some cases combined into larger fields, depend-

ing upon the operation code.

Data-Movement Instructions

The format for this class of insiructions con-
sists of four four-bit fields as indicated below:

Hexadecimal grouping: 0000 CCCC SSSS DDDD

Octal grouping: 0 000 CCC CSS SSD DDD
"0" indicates bits of the operation code; "C" indi-
cates bits of the control command; "S" indicates
bits of the source register address; and '"D" indi-
cates bits of the destimation register address.
Instructions of this class play a dual role; they
generally move information from one register to
another, possibly modifying it in the process, and
they may command functions, either internal or exter-
nal, which do not involve internal data movement.
Thus, the format allows two operation fields and two
register address fields. The first operation fileld,
bits 12 to 15, indicates the data-movement function}
the second, bits 8 to 11, indicates the independent-
ly specified control command. Any control command
can be combined with any data~movement operation.

The register addresses are those indicated in Table I.
Most, but not all, registers can serve as both
sources and destinations; see Section III for details.
Several registers are less than sixteen bits in
length; unused bits in these registers yield zeros
when the contents are accessed as sources. The
names, numeric codes (in octal), and definitiomns of
these instructions are given below,.

MV: 00: Move. Move the contents of the source
register to the destination register. The contents
of the source register are not changed.

INM: 0l: Increment and Move. The contents of
the source register are incremented by one and then
stored in the destination register and in ATR. 1If
the source register 1s a channel register other than
CTR, the incremented value also replaces the original
contents of the source. This feature makes it pos-

ible to wmaintain in channel registers PDP-11 address



pointers which can be updated and moved to MAR in a
single instruction.

DEM: 02: Decrement and Move. Decrement the
contents of the source register by one and store
the result in the destination and in ATR. If the
source is a channel register other than CTR, also
replace the original contents of the source by the
new result. This instruction is the complement of
INM.

AD: 03: Add.

metic transfer register (ATR) to the contents of

Add the contents of the arith-

the source register and store the result in the
destination register and in ATR.
SB: 04: Subtract.

ATR from the contents of the source register and

Subtract the contents of

store the result in the destination register and in
ATR.

IOR: 05: Inclusive Or.
of the contents of ATR and the source in the desti-

Store the inclusive OR
nation register. Leave the result in ATR.

EOR: 06: Exclugive Or.
of the contents of ATR and the source in the desti-

Store the exclusive OR
nation register. Leave the result in ATR.

AND: 07: And.
the contents of ATR and the source in the destina-

Store the logical product of

tion register. Leave the result in ATR.

The secondary, or control, command is optional.
If no control command is required im a given in-
struction, the control field is set to zero. The
control command symbols, numeric codes (im octal),
and meanings are as follows:

RDR: 0l: Data Channel Read and Release, Hold-
This command initiates a Unibus read
(The data~

ing Unibus.
of the word whose address is in MAR.
movement operation with which this instruction is
associated can be the one which loads MAR.) The
bus is reserved, the word is transferred to MDR,
and the bus is released.

WIR: 0z: Data Channel Write and Release. This
command initiates a Unibus write into the word in
PDP-11 memory whose address is contained in MAR.
The bus is reserved, the word written from MDR, and
the bus released. This command is the complement
of RDR.

RDH: 03: Read and Hold.
a Unibus read of the word whose address is in MAR.

This command initiates

The bus is reserved (if the MBD is not already

holding the bus) and the word is read. The MBD re-
tains control of the bus at the end of the transfer.
Use of this command and its complement, write and
hold, (see below) permits faster transfers between
the MBD and the PDP-11 memory than would be possible
if the bus were released after each transfer. How-
ever, no other device ~ar use the Unibus for any
purpose while the MBD maintains its reservation, and
maintaining the reservation for an extended period
of time can result in other devices (such as disks
and magnetic tape units) losing words which they are
in the process of transferring. The reservation is
released by executing the RDR command to read the
last word in the block (see above) or by executing
an exit command (see below).
WIH: 04: Write and Hold.
ates a Unibus write to the location whose address is
in MAR.
ready holding it) and the word is written.

This command initi-

The bus is reserved (if the MBD is not al-
The MBD
retains control of the bus at the end of the trans-
fer. The same cautions apply to the use of this
command as to RDH, described above. The reservation
is released by using the WIR command to write the
final word in the block (see above) or by executing
ing an exit command (see below).

BCO: 0S5: Branch Command with F8 = 0. This
command initiates a branch operation for which F,C,N,
and A are contained (having been previously loaded
or being loaded by the data-movement instruction
associated with this command) in BAR. The function
in BAR lacks the CAMAC function bit F8; this command
specifies that F8 for the function equals zero
(CAMAC read or write operations).

BCl: 06: Branch Command with F8 = 1. This
command initfates a branch operation for which F,C N/
and A are contained in BAR. It specifies that the
value of F8 for the CAMAC function equals one (CAMAC
operatiocns with no data transfer). This command is
the complement of BCO.

EX1l: 10: Exit 1.

channel which executes it to terminate execution,

This command causes the

clear the program counter, and permit the channel

priority lopic to determine whether a hipher prior-
ity channel requires service. The channel will
resume executing instructiomns at memory location
zero whenever its priority is highest. This com-
mand, in addition, sets the program request latch

(PRL) for the channel which executes it. Whenever




any exit command is executed, the branch demand line
(BD) is tested automatically by the MBD. If BD=1,
the MBD issues a read graded-L command (BG), thus
reading the GL pattern from the branch. This pat-
tern 1s loaded into BDH and BDL as well as GLR. If
one of the high-order eight GL bits is a 1, it may
cause one of the eight channels to begin executing
instructions. 1If BD=0 and there is no request for
any channel to rua, the MBD goes into an idle state
continuously monitoring BD. It will be started
ejither by a LAM or by an initialize command from
the PDP-11. Execution of an EX1 command guarantees
that the program will resume execution.

EX2: 11: Exit 2. The Exit 2 command causes
the channel which executes it to stop executing in-
structions, clear the program counter, and permit
the priority logic to determine which channel should
execute instructions next. This command, in addf-
tion, clears the program request latch (PRL) asso-
ciated with the channel which executes it and sets
the channel enable latch (CEL). These operations
put the channel in a state such that it will not re-
sume executing instructions until the LAM which {s
assoclated with the channel becomes active, Essential
ly, this is a "go to sleep and wait for LAM” command.

EX3: 12: Exict 3. The Exit 3 command, as do
the previous two exit commands, causes the chaanel
which executed it to stop execution, clear the pro-
gram counter, and permit the priority logic to de-
termine whether there is another channel ready to
run. In addition, it clears the channel enable
latch, which may have been set by a previously ex-
ecuted Exit 2 command. The channel will not run
again unless the program request latch for this
channel has been set or it is restarted by the
PDP-11. Normally, this command terminates a pro-
gram which is LAM-driven, and it is expected that
cthe channel will be restarted by the PDP-11.

EX4: 07: Exit 4. The exit 4 command, as do
the other exit commands, causes the channel which
executed it to stop executing instructions, clear
the program counter, and permit the priority logic
to determine whether there is another channel ready
to run. In addition it clears both the program re-
quest latch and the channel enable latch (PRL and
CEL) for the channel so that the channel cannot

resume execution except in response to an initial-

ize command.

INT: 13: Interrupt PDP-11. The PDP-11 is inter-
rupted at the interrupt vector associated with the
currently active channel at level BR5. The MBD pro-
gram continues executing instructions.

Cl: 1l4: Channel Initialize. This cormand per-
mits one channel to initialize another, and it is
intended for use when the MBD is running as a stand-
alone processor, wich no PDP-11 attsched. The low-
order three bits of ATR are interpreted as a chan-
nel number, and the channel initialize latch (CIL)
for the corresponding channel is set. The new chan-
nel cannot begin executing instructions, c¢f course,
until the one currently running issues an exit com-
mand. As in the caxe of an initialize command from
the PDP-11, the initialized channel begins execut~
ing instructions at location 1.

BKO: 15S: Use Bank O Registers. Each channel
has two sets of identical registers which are call-

ed bank 0 and bank 1. This c« d causes

by

quent instructions to refer to bank 0. The daza-
movement instruction in which the bank is switched
should not refer to a channel register, since it is
not certain which bank will participate. All the
exit commands and the channel initialization process
set the register~bank mode to bank 0.

BK1: 16: Use Bank 1 Registers. This command
causes subsequent data~movement instructions to re~
fer to the bank 1 channel registers. The same cau-
tion applies to its use as to BKD above.

BZ: 17: Generate BZ. Issue a BZ command on the
branch. Normally, BZ is issued only when starting
up a system, and this command is more likely to be
issued in a single-cycle mode under control of the
PDP-11 than by a channel rtunning autonomously. How-
ever, this command is the means by which BZ is issu-
ed to the branch, and it can be done by a channel if

necessary.*®

Several no-operation instrucrions are immediately
apparent in the MBD. 'MOV 0,0" has the side effect
of clearing ATR, which may sometimes be a disadvan-
tage. The operations “IOR 0,0", "ECR ©, O" and "ADO,
0" permit a control command to be issued, and leave
all the registers intact. The assembly macro "CON"

generates the instruction “EOR 0,0" and may have a

* BZ is also issued to the branch by the PDP-11
hardware reset, as when the start switch on the
PDP-11 is depressed.



control command specified in the variable field or
not, as the programmer wishes.

In addition it frequently happeas that one
wishes to move the contents of the ATR to some oth~
The macro "DEP dst* (depssit ATR)

generates the {nstruction "EOR @ dst" to perform

er register,

this function. DEP may, of course, have a control

cormand associated with it.

Branch~on-Condition Instructions

The two branch-on-condition instructions have
eighe-bit address ficlds in the following format:
Hexadecimal grouping: 0000 CCCC AAAA AAAA
Octal grouping: 0 000 CCC CAA AAA AAA .

"'9" indicates bits of the operation code; "C" indi-
cates bits of the condition code; and "A" indicates
bits of the address field. Since the address ficld
contains only eight bits, conditional braanches are
constrained to operate within a single, 256~word
page cf the M3D memory. The operations, their
numeric codes (in octal) and their descriptions are
given below:

BCT: 10: Branch on Condition True. Branch to
the word addressced by the address field if the con-
dition tested by the condition code is true. Other-
wise, execute the next instruction in sequence.

BCF: 11: Branch on Conditfon False.

the word addressed by the address field {f the con~

Branch to

dition sr~lected by the condition field is false.

Otherwise, execute the next instruction in sequence.

The conditions which are tested by these two opera-
tions indicate the status of Unibus operations,
branch operations, the state of certain bits in ATR,
and the state of certain bits in CTR. The condi-
tion names, their numeric codes (in octal), and
their meanings are given below:

BDF: Q0: Branch Demand Flag.
is true if the CAMAC branch is currently generating
a demand, i.e., if the signal BD s a 1.

DCB: 0l: Data Channel Busy. This condition
indicates whether a previously initiated unibus

This condition

operation is still in progress. It is necessary to
test and be sure that the Unibus is not dusy in or-
der to be sure that data has arrived in the MDR af-
ter initiating a data channel read operation. It

is also unsafe to initiate any data channel opera-

rion unless it is certain that DCB is false.
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Furthermore a transfer may be garbled if the regis-
ters MAR and MDR are used while the data channel is
busy. It is possible, for example, for one channel
to issuc a write command followed immediately by an
exit. If another channel becomes active immediately,
the data channel write activity may still be in pro-~
If the new channel modifies MAR or MDR be-

fore the completion of the write, the write may be

gress.
done incorrectly. Conscquently a program must be
sure that no transfer is in progress before using
MAR or MDR.

BRB: 02: Branch Busy.

whether a previously initiated branih operation is

This condition indicates

still in progress. The same disc!pline must be ob-
served with respect to the branch as is observed
with respect to the data channel. Information read
by a read function does not arrive in BDL and BDH
until BRB is false,” and ft is not safe to initiate
a new branch operation untll BRB is false. If a
channel initiates a branch command and then exits
before it is complete, the MBD will not issue BG
while the command is in progress even though BD=1,
If CIL for a channel is set, then thai charnel will
become active and no graded-L cycle will be execut-
ed even though BD=l. Under these circumstances a
high-priorizy LAM could be missed even though an
exit command is executed. If no CIL bit is set, the
MBD will complete the command and then execute the
GL operation.

INB: 03: Interrupt Busy. This condition indi-
cates whether the MBD is attempting to interrupt the
PDP-11.

rupt unless INB is false.

One should not attempt to generate an inter-

* Any given physical CAMAC branch will have a max-
imum time for execution of a branch cycle. It may
happen therefore that the time to execute a given
sequence of instructions exceeds this time and elim-
inates the need, in some cases, to test BRB. Shar-
ing the branch highway with another controller (e.g.,
Jorway 72) may result in the branch's being busy for
some time after a program begins execution but be-
fore it issues a branch command, and the completion
of the BG cycle which starts a program may require
appreciable time after channel startup. HNeverthe-
less, there does exist a maximum time for branch
busy to be true in such systems. In contrast there
is no guaranteed maximum time for a Unibus opera-
tion, and therefore one should always check DCB be-
fore initiating an operation on the bus.



NF: 04: Negative Flag. This condition is true
if the high~order bit of ATR contains 1.

2F: 05: Zero Flag. This condition is true if
ATR contains zero, unless a shift (of length great-
er than zero) intervenes between the instruction
A shift in-
struction sets 2ZF to false regardless of the con-
tents of ATR.

ZLB: 06: Zero Low Byte.

if the low byte of ATR contains zero, unless a shift

loading ATR and the test imstruction.

This condition is true

instruction (of length greater than zero) intervenes
between the instruction loading ATR and the test in-
struction. A shift instruction sets ZLB to false
regardless of the contents of ATR.

CF: 07: Carry Flag. This condition is true if
the carry bit from the most recent arithmetic oper-
ation was a 1 and there have been no intervening
register-load operations, store operations, logical
operations, or shift operations. Subtraction is
done by adding the ones complement of the subtra-
hend plus 1 to the minuend. If this procedure pro-
duces a carry out of bit 15, the carry flag is set.
The decrement and move instruction (DEM) always pro-
duces a carry except when the source register ini-
The other instructions affect
MY, LCI, LDP, STP, and
EOR sets

tially contains zero.
the carry flag as follous:
LDT set it to true. 1IOR sets it false.
the flag to the same value it would have as if an
AD instruction had been executed with the same input
values. All shift instructions will set the flag
false 1f the shift count 1s greater than zero, leave
it unchanged otherwise. The AND instruction sets
the carry flag to true if the following iogical
function is a 1, to false otherwise. CF=R15(T15' +
R14(T14' + R13(T13' + R12(T12' + R11(T11l' + R10(T10'
+ RI(IT' + RB(T8' + R7(T7* + R6(T6' + RS(T5' + R4(T4’
+ R3(T3' + R2(T2' + R1(T1' + ROTO' Y)NNNMIMIN.
Rn represents the nth bit from the register input,
Tn represents the nth bit from the ATR.

QF: 10: Q Flag. This condition is true if the
Q response from the most recently executed branch
command was a 1.

XF: 11: X Flag.

X response from the most recently executed branch

This condition is true if the

command was a 1.
OF: 12: 0dd Flag.
the low-order bit of ATR contains a 1.

This condition is true if

GLB: 13: GLR Busy. This condition is true if
the MBD is attempting to interrupt the PDP-11 due
to a bit being set in the low sixteen bits of the
graded-L word (GLR). If the logical product of GLR
and MSK 1s nonzero, the MBD tries to interrupt the
PDP-11, and this condition is true until the pro-
cess is complete. An MBD program should not alter
the contents of the GLR unless GLB is false, and it
should not exit after setting a bit in GLR until
GLB is false.
dictable. Note, however, that if the PDP-1l is

operating at a level of 5 or above, the wait for

Otherwise the results are not pre-

the interrupt to succeed may be quite long.
Cl2: 14: CIR Bit 12. This condition is true
if CTR bit 12 contains 1.
Ci3: 15: CTR Bit 13.
if CTR bit 13 contains 1.
Cl4: 16: CTR Bit 14.
1if CTR bit 14 contains 1.
C15: 17: CTR Bit 15.
if CIR bit 15 contains 1.

This condition is true

This condition is true

This condition is true

Jump Via CTR
JVC: 12: Jump via CIR.

tion permits a jump or branch command with the

This single instruc-

branch address held in the rightmost twelve bits
of CIR; its 16-bit code is

Hexadecimal grouping: 1010 0000 0000 0000
1 010 000 000 00C 00C.

In normal operation, memory location zeroc always

Octal grouping:
contains a JVC instruction. Before a channel exe-
cutes an Exit command, it loads CTR (in bank 0)
with the address of the first word of the next seg-
ment of its program. Since a channel normally re-
sumes execution at location zero, the JVC instruct-
ion there immediately branches to the correct place
to continue the program. And since each channel
has its own individual CTR's, each channel can be
executing from a different part of the program at
any given time. This feature 1s also available for
use during ordinary program execution, of course,
and provides a convenient subroutine return facility,

as an example.

Load and Store Instructions

The load and store instructions provide one of
the two ways to load and store in the MBD memory.

(the other is via indirect memory reference with the
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address held in CTR.) The format of cthese instruct-
ions is

Hexadecimal grouping: 0000 AAAA AAAA AAAA.
0 000 AAA AAA AAA AAA.
"0" represents operation code bits, and ‘A" repre-
The load and store instructions

Octal grouping:

sents address bits.
operate between MBD memory and either ATR or PDR.
If the MBD is in single-cycle mode, PDR participates
in the operation; 1f in run mode, it does not. In
the single-cycle mode the load operarion loads the
contents of the addressed memory word into both ATR
and PDR in both ATR and memory. In the run mode
the load operation loads ATR only, while the store
operation stores the contents of AIR into the ad-
dressed memory word. The names, octal codes, and
meanings are given below:

ST: 13: Store. Store the contents of ATR or
PDR in the MBD memory word selected by the address
field. At the end of the operation ATR always con-
tains the word stored.

LD: 14: Load. Load ATR (and PDR, if in sin-
gle-cycle mode) from the MBD memory word selected

by the address field.

Shife Instructions
A single shift operation with four modifiers

permits the contents of ATR to be shifted up to 15
bits right or left, logical or circular. The for-
mat for this get of operations is:
Hexadecimal groupimg: 1101 TDOO CCO0 NNNN,
Octal grouping: 1 101 TDG 000 OON NNN.
1" jndicates bits which contain 1; "0" indicates
bits which contain 0; “T" indicates the type of
shift (logical shift or rotate); "D" indicates the
direction of the shift (right or left); "N" indi~
cates bits in the shift count. The names given the
operations, their numeric codes in octal, with the
1 and D modifiers set off from the operation code
by a period, and the descriptions are given below.
"Logical shift" means that zeros are shifted into
the register; “rotate" means that bits shifted out
of one end of the register are shifted into the
other. The carry and zero flags are set to the
false condition by all shift operations if the
shift count is greater than zero.
SLL: 15.4: Shift Left Logical.
of ATR shifted left logically the number of bits

The contents

given by the shift count.
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SRL: 15.6: Shift Right Logical. The contents

of ATR are shiftcd right logically the number of

bits given by the shift count.
SLR: 15.0: S$hifc Left Rorate.

ATR arc rotated left the number of bits given by the

The contents of

shift count.
SPR: 15.2: Shift Right Rotate.
of the ATR arc rotated right the number of bits

The contents
given by the shift count.

Load CTR Ismediate (LCI)

LCI: 15: Load CTR Izmediate.
provides a quick and casy way of placing an address
constant in the lower bits of CTR. The format {is:

Hexadecimal grouping: 1110 AAAA AAARA AAAA,
1 110 AAA AAA AAA AAA.

When the instruction is exccuted, the low-order

This instruction

Octal grouping:

twelve bits of the instructicn itself are moved in-
to the low-order twelve bits of CTR, and the result
is left in ATR. The carry flag (CF} is cleared.

Jump (JP)
JP: 17: Jump.

dard unconditional branch instruction, with 12-bie

The jump instruction is a stan~
address. Its format is:
Hexadecimal grouping: 1111 AAAA AAAA AAAA,
Octal grouping: 1 111 AAA AAA AAA AAA.
Since BCT and BCF have only eight bits for their
address fields, they can transfer control only with-
in a 256-word page. In order to transfer control
between pages, one of the unconditional jumps, JVC

or JP, must be used.

Table II gives octal represeatations of the
various fields of the MBD instructions shifted to
the appropriate positions in a 16-bit word. The
table is uscful for reading octal dumps of MBD code
as well as for writing instructions directly in

octal,



TABLE II
OCTAL REPRESENTATION OF INSTRUCTIONS

Operatfon Control Gendition Saurce Destination
000000 MV 0000 BOF 0G0 e
010000 INM DR 0400 BC8 020 ILR ol IR
020000 DEM L1 ] 1000 BRB 040 DAR 02 DAR
030000 AD RDH 1400 INB 060 WCR 03 Wch
040000 53 ®TH 2000 NF 100 CCR 04 CCR
050000 IOR [ [¥] 2400 2F 120 CTR 05 CTR
060000 E0R X1 3000 ZL3 140 GP1 06 GP1
070000 AND £X4 3400 CF 160 Gp2 07 Gp2
100000 acT EX1 4000 qQF 200 PCR 10 GLR
116006 BCF EX2 4400 &F 220 MDR 11 HDR
120000 JvC EX3 500G OF 240 MAK 12 MAR
130000 ST INT 5400 GLB 260 BDL 13 DL
140000 LD (41 600G Cl2 300 BDH 14 BDH
150000 SLR BXO 6400 C13 320 CCL 15 BAR
152000 SRR BK1 7000 C14& 34D FDR 16 PDR
154000 SLL -4 7400 C15 360 MEM 17 MEM
156000 SRL

166000 LCI

170000 J?

ASSEMBLY OF M3D PROGRAMS

Assexhly of MBD programs is a relatively simple
matter with PDP-1l macroassembler*. With this as~
sesbler one can assemble MBD code into normal PDP~
il cbject modules. They are then linked and loaded
into the PDP-11 with programs which in turn load
them into the MBD. The symbols used in writing MBD
code are those used in this report. Each operation
is defined by macro definitions available to any
program, and all the register names, control com-
mands, and conditions are predefined. Because the
MBD uses full-word addressing, while the PDP-11 uses
byte addressing, one cannot usc the normal assembler
instruction labels for MBD code. A word location
symbol has been defined, and symbols which are te
label locations in MBD programs must be equivalenced
to the current value of the word-location symbol ($)
instead of simply labeling the instruction. Macro-
11 defines a label as a byte address, which has a
value twice as large as the corresponding word ad-

dress, and is therefore unsuitable for use in the

* See Macro-l] Assembly Programmer's Manual, DEC-
11-UMACA-A-D, Digital Equipment Corporation,
Maynard, Massachusetts.

HBD. This word iocation counter, which has the
symbol 5" always contains the address of the cur-
rent instruction or, when the processing of an in-
struction has been completed, the next instruction.
Thus, in order to label a word in the MBD program,
one might write

SAM = §

W ILR, MAR

These twoc lines of code give the symbol “SAM" a val-
ue which 1s equal to the word address of the MV in-
struction immediately following. Using this scheme
for asseabling and lcading MBD programs yields ab-
solute assemblies only. There is no facility for
generating or loading relocatable cbject code.

The conventions which have been adopted with
tegard to the order of the fields in MBD instruct-

ions are:

1. The principal MBD operatfon appears in the nor~
mal instruction field. This is followed by a
variable field (as in PDP-11 instructions) which
specifies any remaining parameters of the in-
struction.

2, 1In data-movezment instructions, the subflelds
are: source reglster, destination register,
control command.

3. The control command field can be left blank, in
which case a control field with value zero (no
operation) is assembled.

4. In branch-on-condition fnstructions the branch

address precedes the condition code.

The MBD instructions and their fields in assembly
format are listed below. Subfields of the variable

field which are optional are enclosed in square

brackets.
MV src,dst[,ctrl]
INM src,dst],ctrl]}
DEM src,dst[,ctrl]
AD src,dst[,ctrl]
SB sre,dst[,ctrl]
IOR src,dstl,ctrl]
EOR src,dst{,ctrl]
AND src,dst{,ctrl]
BCT adr, cond
BCF adr, cond
Jvc
ST dst

13



PRI AT Ty

LD src

SLL cnt

SRL cnt

SLR cnt

SRR cnt

LCI adr

Jp adr

CoN {etzl]
DEP dsc[,cerl)

Two paseudoinstructions, defined for convenience in
programming, are listed above. The operation CON
is defined as EOR 0, O[,ctrll; it is a data-move-
aent operation which does not change any registers
and is intended to be used when a control command
is to be issued without any associated data-move-
ment. The operntion DEP (deposit contents of ATR
in destinacion) is defined ag EOR 0,dsc{,ctrl); it
ig one of the scveral operations which will move a
word from ATR to a normal destination register.

Five data reservation and definition wmacros
have been defined so that the value of the word lo-
catiocn counter, $, can be maintained through such
definitions.

Space Reservation:

RSWD exp. This macre reserves the number of
words specified in the variable field and sets both
$ and . (the PDP-11 location counter) appropriately.
Data Definition:

ocT
data, equal to the value of the expression.

The macro OCT stores one word of
$ and .
If the expression con=~

€xp.

are updated appropriately.
tains numeric fields, they are taken as octal num~
bers.
DCM
data, equal to the value of the expression.

The macro DCM stores one word of
$ and

If the expression con-

exp.

. are updated appropriately.
tains numeric fields, they are taken as decimal num-
bers.
DATA
one word of data for each expression in its variable

expl,exp2,exp3,...The macro DATA stores
field up to a maximum of 20, The normal radix con~-
ventione of MACRO-11 apply to numeric fields. §
and . are updated appropriately.

FCNA
bines its four fields into a single FCNA word, as
required for the MBD. The first field gives the

function code, the second the crate number, the

expl,exp2,exp3,exp4. The macro FCNA com~

third the station number, and the last the subaddress.
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The full function code is written in the firse field,
and bit F8 (s eliminated by the macro. If the fields
contain numeric canstants, they are taken as decimal.

To use the asscmbly facilities deseribed above,
it is necessary to have the LAMPF version of the
systen macro file, SYSMAC.SML, available to MACRO-11l.
Then it is necessary only to usc the macro call fa-
cility to call one macro and then invoke it in order
to define all the symbols and special facilities

needed for an MBD assembly. Thus,
MCALL  MBD2PG
MBD2PG

These two lines of code are required to prepare
MACRG-11 for assembling MBD code.

Note that the macro MBD2PG defines all the
symbols used in this report for operations, control
codes, conditicn codes, and registers. Consequently
ane should be cauticus in using these same symbols
for other purposes in a program. T' .s feature makes
it possible, lhowever, to construct symbolic MBD in-
structions as literal operands in a PDP-11 program.
Por further details see a licting of the file SYSMAC

smL{1,1}.

PROGRAMMING CONSIDERATIONS

Since the MBD is a very general device, rela-
tively little can be said about how it should be
programmed. Certain features of its design, how-
ever, require a few rules to be followed. Whenever
a channel is initialized by the PDP-11, it begins
executing instructions at location 1. Conseguently,
the code which begins at location 1 will normally be
common to all channels and will, at a minimum, have
to determine which of several different programs the
channel is to execute. When a channel begins exe~
cution after having executed an e¢xit command, it be-
gins at location 0 with the bank 0 registers select-
ed for use. Location 0 always contains a JVC in-
struction; whenever a channel executes an exit com-
mand from which it expects to return, it loads its
bank O CTR with the address of the inmstructiom at
which it wishes to begin at its next turn, When the
priority structure permits the channel to run again,
it will begin with the JVC at location zero and then
branch immediately to the desired location in the
channel program.

A channel is started by moving a word contain-

ing the initialize function (bit 2 = 1), the channel



aumber, and 1f desired, the enable-interrupt bit to
CSR. Sipece all channels begin exescuting code at
the same place, memory location I, the channel sust
have a means of distinguishing various tasks. An
easy way to do this is to have previously loaded
PDX wicth a one-word message which will serve to
guide its future sctivities. 1In order for real-
time Tasks to proceed, & program should execute an
exit command fairly frequently. When any exit i»
executed, the chantiel 3tops momentarily and the 3D
signal on the branch is tested. 1f BD is & one,

the MBD automstically issues 3G to the branch and
teads the graded-L word fnto 3DH, BDL, and GLR. The
channel priority logic then selects the highest pri-~
ority channel which has a request to run and starts
it executing instructions at memory location zera.
If a channel program does not contiin exit commands,
there is ae way that any other channel can run, no
mitter what ice priority may be; there is no inter-
rupt facility in the usual sense. Before & channel
issues an exit comsand, it must be sure that all the
information it requires to conZinue execution s in
its channel registers, as only these are guaranteed
not to be changed before it regains control.

The correct operation of the MBD in the modes
described above depends on the program counter (PCR)
contaiaing zero when a channel begins executicn.

In normal operation there will be no trouble with
this, as PCR is cleared by a reset or by any exit
command. However, it is possible to start the MBD
without resetting it after executing instructions
in the single~cycle mode, and under these circum-
stances PCR may not be cleared. When a channel is
started due to its having its channel initialize
latch (CIL) on, the program counter is incremented
by one and the instruction at that address is fetch-~
ed. Consequently 1if the program counter does not
inicially contain zero, the wrong program will be
executed. If an application requires switching the
MBD from single-cycle to run mode without resetting,
an instruction to clear the program counter should
be executed just before switching to the run mode.

The channel normally interrupts the PDP-11 to
notify it of the completion of a task. However, the
interrupt facility is quite general; an interrupt
may be issued at any time for any purpose. A chan-
nel can interrupt at its dedicated vector location

by executing the INT control command. It can also

interrupt at zny of the sixteen lawer Gl positions
by storing into GLR. lote also, that the MBD can,
if it wishes, modify the contents of latertupt vec-
tors 30 as Lo vske a single vecror point, at dif-
fezent times, to different imterrupt serviceru. All

MBD interrupts are at level BRS.

TALE 11X
IMTERRUPT VECTORS

400 Sl Bit 1
404 GL B1e 2
416 GL Bit 3
414 GL dit 4
420 GL Bit 5
424 GL Bit 6
430 GL Bit 7
434 GL Biz 8
440 GL Bit 9
444 GL Bit 10
450 GL Bie 1l
454 GL Bit 12
460 GL Bi¢ 13
464 GL Bir 14
470 GL Bit 15
474 GL Bir 16
500 Channel ©
504 Channel 1
510 Channel 2
514 Channel 2
520 Chanrel &
524 Channel 5
530 Channel 6
534 Channel 7
540 Error Interrupt

Sample Initialize Program
The program below is given to illustrat. the
MBD assembly language and to illustrate the kind of

process which must necessarily reside in the first
few words of the MBD memory. The program starting
at location 1 loads ILR from PDR, assuming that the
PDP-11 has previougly loaded PDR with the byte ad-
dress of a block in core where will be found values
for loading CTR, DAR, WCR, and CCR. It then fetch~-
es the first four words out of that block and loads

the registers before executing an Exit 1 command.
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10
11
12
13
14
15
16
17
20
21
22
23

SRL

DEP

BCT

INM
BCT

SRL
DEP
INM
BCT

BCT

SRL
DEP

VAR FLD

PDR,0

ILR
ILR,MAR,RDR

$,bC8
MDR,CTR

ILR,MAR,RDR
$,DCB
MDR,0

ILR,MAR,RDR
$,DCB
MDR,WCR
ILR,MAR,RDR
$,DCB

MDR,0

CCR,EX1

sINITIAL JVC

;PUT CONTENTS OF PDR IN ATR.
;CHANGE BYTE ADDRESS 70 WORD
ADDRESS

;STORE ATR IN ILR.

sMOVE ADDRESS

TO MAR AND INITIATE DATA CHANNEL
READ

iWAIT UNTIL READ PROCESS FINISHES
;STURE WORD WHICH WAS READ
INTRO CTR

;READ NEXT WORD

;WAIT FOR COMPLETION

{MOVE BYTE ADDRESS TO ATR.
;CONVERT TO WORD ADDRESS
;MOVE ATR CONTENTS TO DAR
sREAD NEXT WORD

;WAIT FOR COMPLETION

$MOVE TO WCR

;READ NEXT WORD

;WAIT FOR COMPLETION

;PUT WORD IN ATR

;CONVERT TC WORD ADDRESS
sPLACE IN CCR AND EXIT
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