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1 The CADR Microprocessor

Overview

The CADR microprocessor is a general purpose processor designed for
convenient emulation of complex order codes, particularly those involving stacks and
pointer manipulation. It is the central processor in the LISP machine project, where it
interprets the bit-efficient 16-bit order code produced by the LISP machine compiler.
(The terms "LISP machine” and "CADR machine" are sometimes confused. In this
document, the CADR machine is a particular design of microprocessor, while the LISP
machine is the CADR machine plus the microcode which interprets the LISP machine
order code.)

The data paths of the CADR machine are 32 bits wide. Each 48-bit-wide
microcode instruction specifies two 32-bit data sources from a vmety of internal
scratchpad registers; the two data-manipulation instructions can also specify a destination
address. The internal scratchpads include a 1K pointer-addressable RAM intended for
storing the top of the emulated stack, in a manner similar to a cache. Since in the LISP
machine a large percentage of main memory references will be to the stack, this
materially speeds up the machine.

The CADR machine has a 14-bit microprogram counter, which behaves much
like that of a traditional processor, allowing up to 16K of writable microprogram memory.
Also included is a 32-location microcode subroutine return stack.

Memory is accessed through a two-level virtual paging system, which maps 24-bit
-virtual addresses into 22-bit physical addresses.

. There are four classes of micro-instructions. Each specmu two sources (A and
M); the ALU and BYTE operations also specify a destination (A, or M plus functional).
The A bus supplies data from the 1024-word A scratchpad memory, while the M bus
- supplies data from either the 32-word M scratchpad memory (a copy of the first 32
locations of the A scratchpad) or a variety of other internal regtsten The four clases of
microinstruction are:

ALU ° The destiqation receives the result of a boolean or arithmetic operation
~performed on the two sources.

BYTE The destination receives the result of a byte extraction, byte deposit, or
‘ selective field substitution from:one source to the other. The byte so
manipulated can be of any non-zero width.

JUMP A transfer of control occurs, conditional on the value of any bit accessible to
the M bus, or on a variety of ALU and other internal cond:tiom such as
pending interrupts and page faults, :

DISPATCH - A transfer of control occurs to a location determined by a word from the

dispatch memory selected by a byte of up to seven bits extracted from the M
bus.

‘ There are several sources and destinations whose loading and use mvoke special
lction by the microprocessor. These include the memory address and memory data
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registers, whose use initiates main memory cycles.

Some of the ALU operations are conditional, depending upon the low order bit
in the Q register and the sign of A source. Thae operations are used for multiply and
divide steps.

The main features of this machine which make it suitable for interpreting the
LISP machine order code are its dynamically writable microcode, its very flexible
dispatching and subroutining, its excellent byte manipulation abilities, and its internal
stack storage. While the design of CADR was strongly influenced by the requirements of
the LISP machine design, a conscious attempt was made to avoid features that are
extremely special-purpose. The goal is a machine that happens to be good at interpreting
the particular order code of the LISP machine, but which is general enough to interpret
- others almost as well. In particular, no critical parts of the LISP machine design (such as
- LISP machine instruction formats) are "wired in"; thus any changes to the LISP machine
design can be easily accomodated by CADR. However, there are several "efficiency
hacks” in the hardware, designed to speed up certain common operations of the LISP
machine microcode, which might not be useful for other microcodes. These are described
in later sections of this document.

'N'otl‘tlonal Conventions

All numbers used to describe bit positions, field widths, memory sizes, etc. are
decimal. Octal is used only (and exclusively) to describe the values of fields. Bits within
a word are consistently numbered from right to left, the least signif significant bit being bit
<0>. Fields are described by the numbers of their most and least significant bits (e.g.
"bits <22-10>"). -

Whenever a particular field value is described as "illegal”, it does not mean that
specifying that value will screw up the operation of the machine. It merely indicates a
value which happens to have a certain function, not because it is considered directly
useful, but because the internal workings of the machine may force certain selectors to
that value for other reasons, and the user can select this value too even though it is not
normally useful. These illegal values are described for the benefit of someone who may
wish to fathom these inner workings.

A field value described as "unused” is reserved for possible design expansion and
- should not be used in programs. Bit fields described as "unused” should be zero in
programs, for the sake of future compatibility.
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Since the use of the term "micro” in referring to registers and instructions
becomes redundant, its use will be dropped from here on in this part of the document.
All instructions discussed are microinstructions.

The following bits are treated the same in every instruction. They will not be repeated in

the individual instruction descriptions

IR(48> = Odd parity bit

IR<47> = Unused )

IR<46> = Statistics (see the description of the Statistics Counter)
This can be used to count how many times specified areas
of the microcode are executed, to implement microcode

_ - breakpoints, or to stop the machine at a certain "time®.
~ IR<45> = ILONG (1 means slow clock)

IR<44-43> = Opcode (0 ALU, 1 JUMP, 2 DISPATCH, 3 BYTE)

IR<42> = POPJ transfer. Causes a return from a micro subroutinc,
‘after executing one additional 1nstruction.

IRC11-10> = Miscellaneous Functions

0 Normal

1 Not used

2 Write dispatch memory, if opcode is DISPATCH.

3 Enable modification of the M-ROTATE field by the
location counter (LC). See the description of the
-instruction-stream hardwars.
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Sources

~ All instructions specify sources in the same way. There are two source busses in
the machine, the A bus and the M bus. The A bus is driven only from the A scratchpad
memory of 1024 32-bit words. The M bus is driven from the M scratchpad of 32 32-bit
words and a variety of other sources, including main memory data and control registers,
the PC stack (for restoring the state of the processor after traps), the internal stack buffer
and its pointer registers, the macrocode location counter, and the Q register. Addresses _
for the A and M scratchpads are taken directly from the instruction. The alternate
sources of data for the M source are specified with an additional bit in the M source field.

IR<41-32> = A source address
IR(31-26> = M source address
If IRC31> = 0,
IRC30-26> = M scratchpad address
If IRCG3I> = 1, .
IRC(30-26> = M “functional® source
' 0. Dispatch constant (see below)
SPC pointer <28-24)>, SPC data <18-0>
PDL pointer <9-0>
PDL index.<9-0>
PDL Buffer (addressed by Index)
OPC registers (see below) <13-0>
7 Q register
10 VMA register (memory address)
11 MAP[MD]
12 MD register (memory data)
13 LC (location counter)
14 SPC pointer and data, pop
24 PDL buffer, addressed by Pointer, pop
25 PDL buffer, addressed by Pointer

DWW N e

‘Functional sources not listed above should not be used and may have side effects. Sources
15, 16, and 17 are reserved for future expansion. Source 4 is the PDL buffer, indexed by
the PDL Index, and the PDL pointer is decremented, presumably a useless operation.

Programming hint: it is often convenient to reserve one A memory word and one M
memory word and fill them with constant zeros, to provide a zero source for each source
- bus. It is also convenient to have an M memory word containing all ones. These are
particularly useful for byte extraction, masking, bit setting, and bit clearing operations.
The CONSLP assembler in fact assumes that A memory location 2 and M memory
location 2 are sources of zeros. The UCONS microcode stores all ones in location 3.

The M scratchpad normally contains a.duplicate copy of the first 32 locations of the A
scratchpad. The effect is as if there were a single scratchpad memory, the first 32
lqcations of which were dual-ported. This makes programming more convenient, since
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these locations are accessible to both sides of the ALU and shifter.
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Destinations

The 12-bit destination field in the BYTE and ALU instructions specifies where the result
of the instruction is deposited. It is in one of two forms, depending upon the high-order
bit. If the high-order bit is 1, then the low 10 bits are the address of an A memory
location, and the remaining bit is unused. If the high order bit is 0, the low 10 bits are
divided into a 5-bit "functional destination™ field, and a 5-bit M scratchpad address, and
both of the places specified by these fields get written into. The next-to-highest bit in the
destination field is not used.

IR¢25-14> = Destination
If IRC25> = 1,
IRC23-14> = A scratchpad write address
If IRC25> = 0, .
IR<23-19> = Functional destination write address
0 None
1 LC (Location Counter)
Interrupt Control <29-26>

Bit 26 = Sequence-Break request
Bit 27 = Interrupt-Enable

Bit 28 = Bus-Reset

Bit 29 = LC Byte-mode

10 PDL (addressed by Pointer)

11 PDL (addressed by Pointer), push

12 PDL (addressed by Index) »

13 PDL Index

14 PDL .Pointer

15 SPC data, push

16 Next instruction modifier
("OA register"), bits <25-0>

17 Next instruction modifier

' ("OA register®), bits <47-26>

20 VMA register (memory address)

‘Zl VMA register, start main memory read

22 VMA register, start main memory write

23 VMA register, write map. The map is
addressed from ND and written from
VMA. VMAC26>=1 writes the level 1
map from VMAC31-27>. VMA(25)>=]1 writes

. the level 2 map from VMAC23-0).

30 MD register (memory data)

31 MD register, start main memory read

32 MD register, start main memory write

33 MD register, write map like 23

" IRC18-14) = M scratchpad write address
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Functional destinations not listed may have strange results. Destinations 3-7 are reserved
for expansion. ’

Note: If you write into the M-memory, the machine will also write into the
corresponding A-memory address. Therefore you should never write into A-memory
locations 0-37; this way the first 40 (octal) locations of A-memory "map into” the M-
memory. : ) :

The full details of the more complicated functional destinations are described in later
sections below. The Q register is loaded by using the Q-control field of the ALU
instruction, not by using a functional destination. In addition, it loads from the ALU
outputs, not the output bus. This means that the left and right shift operations are
ineffective for data being loaded into Q.

Programming hint: if a functional destination is specified, an M scratchpad location must
also be specified. ‘It is convenient to reserve one location of the M scratchpad for
"garbage"; this location can be specified when it is desired to write into a functional
destination but not into any other M scratchpad location. Since the CONSLP assembler
defaults the M write address to zero, it'is best to let location 0 be the garbage location.
Location 0 of the A scratchpad will also be written and is also reserved as a garbage
Jocation.
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The ALU ll;strnction

The ALU operation performs most of the arithmetic in the machine. It specifies.
two sources of 32 bit numbers, and an operation to be performed by the ALU. The
operation can be any of the 16 boolean functions on two variables, two's complement
addition or subtraction, left shift, and several less useful operations. The carry into the
ALU can be forced to be 0 or 1. The output of the ALU is optionally shifted one place,
" and then written into the specified destinations via the output bus. Additionally, the
ALU instruction specifies one of four operations upon the Q register. These are do
nothing, shift left, shift right, and load from the ALU outputs. An additional bit in the
ALU operation field is decoded to indicate conditional operations; this is how the
"multiply step” and "divide step” operations are specified. (Multiplication and division are
explained in greater detail in another section.)

IR<44-43> = 0 (ALU opcode)
IRC41-32> = A source
IRC31-26> = N source
IRC(25-14> = Destination

IRC(13-12> = Output bus control
0 Byte extractor putput (illegal)
1 ALU output
2 ALU output shifted right one, with the correct
’ ‘'sign shifted in, regardless of overflow.
3 ALU output shifted left one, shifting in Q<C31>
. from the right. : o
IR<9> = not used
IRCB-4> = ALU operation

If IR(8> = 0,
~ IRC7-3> = ALU op code (see table)
If IR(8) = 1,

IRC(7-3> = Conditional ALU op code
0 Multiply step
1 Divide step
5 Remainder correction
11 Initial divide step
IRC2> = Carry into low end of ALU
IRC1-0> = Q control
0 Do nothing
1 Shift Q left, shifting in the inverse
of the sign of the ALU output (ALUC31))
2 Shift Q right, shifting in the low bit
’ of the ALU output (ALUCO))
3 Load Q from ALU output
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ALU operation codes (from Table 1 of 74181 specifications). All arithmetic operations
are two's complement. Note that the bits are permuted in such a way as to make the .
logical operations come out with the same opcodes as used by the Lisp BOOLE function. .
Names in square brackets are the CONSLP mnemonics for the operations.

IR<6-3>

Boolean (IRC(7>=1)

ZEROS  [SETZ]
MAA [AND]
MA-A [ANDCA]
M [SETM]
=MAA [ANDCH] -
A [SETA]
Me

[XOR] M-A-1
MvA [IOR]
-A-N  [ANDCB]
M=A [EQV]
=A [SETCA]
Mv-A [ORCA]
-N [SETCM]
-MvA [ORCM]
-Mv-A [ORCB]
ONES [SETO]

-1

(MAR)-1
(MA-A)-1

N-1

M-A
(Mv-A)+(MAA)

[M-A-1]

< (Mv=A)+M

MvA

M+A
(MvA)+(MA-A)
(MvA)+M

M

M+(MAA)
Me(M-A)
M+M

H-A

[ADD]

[M+M]

Arithmetic (IRC7>=0)
"Carry in = 0 !

Carry in = 1
0

MAA

(Br-A)

M

(Mv-~A)+1
(M-A)+(MAA)+1

[suB]
(Mv-A)+He1
(MvA)+1
MeA+ ) ‘
(MvA)+(MA-A)+]
(MvA)+M+1
M+l ,
M+(BAA)+]

N+ (Mv-A)+l
MM+l

[Me+A+1]

[H+1]

[ReN+1]
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.The BYTE Instruction

The BYTE instruction specifies two sources and a destination in the same way as
the ALU instruction, but the operation performed is one of selective insertion of a byte
field from the M source into an equal length field of the word from the A source. The
rotation of the M source is specified by the SR bit as either zero or equal to the contents
of the ROTATE field. The rotation of the mask used to select the bits replaced is
specified by the MR bit as either zero or equal to the contents of the ROTATE field. -
The length of the mask field used for replacement is specified in the LENGTH MINUS 1
field. The four states of the SR and MR bits yield the following operations:

MR=0 SR=0 Notuseful . (This is a subset of other modes.)

. MR=0 SR=1 LOAD BYTE PDP-10 LDB instruction (except the unmasked bits
‘ are from the A source). A byte of arbitrary position from the M source is
_ right-justified in the output.

MR=1 SR=0 SELECTIVE DEPOSIT = The masked field from the M source is used to
replace the same length and position byte in the word from the A source.

MR=1 SR=1 DEPOSIT BYTE PDP-10 DPB instruction. A right-justified byte
' from the M source is used to replace a byte of arbitrary position in the word
from the A source. :

The BYTE instruction autamatically makes the output of the byte extractor available by
forcing the output bus select code to 0 (byte extractor output).

IRC44-43> = 3 (BYTE operation)
"IRC41-32> = A source
- IR¢31-26> = M source
IR(25-14> = Destination
IRC1I3D = MR = Mask Rotate (see above)
IRC12> = SR = Soyrce Rotate (see above)
IR<9-5> = Length of byte minus 1 (0 means byte of length I, etc.)
IR<4-0> = Rotation count (to the left) of mask and/or M source

The byte operation rotates the M source by 0 (if SR=0) or by the rotation count
(if SR=1), producing a result called R. It also uses the MR bit, the rotation count, and
the length minus 1 field to produce a selector mask (see description below). This mask is
all zeros except for a contiguous section of ones denoting the selected byte. This mask is
used to merge the A source with R, bit by bit, selecting a bit from A if the mask is 0 and
from R if the mask is 1. This result is then written into the specified destination(s).



Output of mask memories:
Right mask memory is indexed by 0 (MR=0) or by rotation count (MR=1).
Left mask memory is indexed by (the index into right mask memory) plus

octel
index

~N O s W N e

10
11
12
13
14
13
16
17
20
21
22
23
. 24
25
28
27
30
31
32
a3

s
36
37

(the length minus 1 field), mod 32.

LEFT MASK MEMORY contents

00000000000000000000000000000001
00000000000000000000000000000011
00000000000000000000000000000111
00000000000000000000000000001111
00000000000000000000000000011111
00000000000000000000000000111111

0000000000000000000000000lllllfl'
00000000000000000000000012111111.

00000000000000000000000211111111
00000000000000000000001111111111
000000000000000000000222121111111
00000000000000000000211112111111

.00000000000000000001111111111111

00000000000000000011121121111111
00000000000000000111111311111111

.00000000000000002211121111111111

00000000000000011111111111111111
00000000000000111111111111111111
00000000000001111111111111111111
00000000000011111111311111111111
000000000001111llllllllllllil!ll
000000600001111111111211111111111

/00000000011111111111111111111111

00000000111111111111111111111111
00000001111111111111111111111111
00000011111111111111111111111111
00000111111111111111111111111111
000011111ll!llllllllllllilllllll
00011111111111111111111111111111
00111111111111111111111111111111

01111111111111111111111111111131 |

11111111111111111113311111111111
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RIGHT MASK MEMORY contents

111111111112111111111111211111111
111131131113111311111111132111 30
1111111211111210221222212211221100
11131111111111211111211212111000
111111111131111113111111111110000
11111111111111111111111111100000
11111111111121111111111111000000
11111111111111111111111110000000
11111111111111111111111100000000
11111111111111111111111000000000
11111111111111111111110000000000
11111111111111111111100000000000

J11111111111111111111000000000000

11111111111111111110000000000000
11111111111111111100000000000000
11111111111111111000000000000000
11111111111111110000000000000000

" 11111111111111100000000000000000

11111111111111000000000000000000
11111111111110000000000000000000
11111111111100000000000000000000
11111111111000000000000000000000
11111111116000000000000000000000
11111111100000000000000000000000
11111111000000000000000000000000
11111110000000000000000000000000
11111100000000000000000000000000
11111000000000000060000000000000
11110000000000000000000000000000
11100000000000000000000000000000
11000000000000000000000000000080
10000000000000000000000000000000

After the two masks are selected, they are AND'ed together to get the final
- mask. This mask is all zeros, except for a field of contiguous ones defining the byte.
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As an example, if MR=1, rotation count=5, and length minus 1=7, then the right
mask index is § and the left mask index is 14 (octal). This results in a final mask '
follows: - ,

Right mask § 11118012 0200000202020111111100000
Left mask 14 00000000000000000001111111111111
AND them together = —cecccccccccecccccccccccccccnncee.
Final mask 00000000000000000001111111100000

The byte is 8 bits wide, 5 positions from the right.

Programming hint: if the byte is "too large” (i.e. its position and size specifications cause
it to hang over the left-hand edge of a word), then the masker does not truncate the byte
at the left-hand edge. Instead, it produces a zero mask, selecting no byte at all; thus, the
output of the byte operation equals the A source. The reason for this is that an overflow
occurs in calculating the index into the left mask memory, and so the final mask is zero.
For example, if MR=1, rotation count=20 (octal), and length minus 1=27 (octal), then the
right mask index is 20 and the left mask index is 477 (mod 32). This results in a final
mask as follows:

Right mask 20 11111111111111110000000000000000
Left mask 7 0000000000000000000000001 1111111
AND them together =  =e-cmccccccccmcccccccncccoae. =
Final mask 00000000000000000000000000000000
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Control

The control section of the processor consists of a 14-bit program counter (the’
PC). a 32-location PC stack (SPC) and stack pointer (SPCPTR), and a 2K dispatch
memory, used during the DISPATCH instruction. Unlike some microprocessors, and like
most traditional machines, the normal mode of operation is to execute the next‘sequential ‘
instruction by incrementing the PC.

The processor uses single instruction look ahead, i.e. the lookup of the next

“instruction is overlapped with execution of the current one. This implies that after

branching instructions the processor normally executes the following instruction, even if
the branch was successful. Provision is made in these instructions to inhibit this execution
(with the N bit), but the cycle it would have used will then be wasted.

(I2 is a branch instruction to the location of 18)

TIME ===
I | | | | |
| fetch I | fetch I2 | fetch I3 | fetch I8 | fetch I9 |
| execute 10 | execute I1 | execute I2 | execute I3 | execute I8 | .
| | | | | |
N | | |
Fetch of branch---' | | |
; I | |
Execution of branch-------ccec--. ' | |
| |
Execution (optionally inhibited) | |
of following instruction---c-cccccccccccccacaaa. ' |
’ |

Execution of instruction branched to ~~-e-ccccccceccccccccncans '

Two types of instruction affect flow of control in the machine. The conditional
JUMP specifies a new PC and transfer type in the instruction itself, while the DISPATCH
instruction looks up the new PC and transfer type in-the 2K dispatch memory. In either
case, the new PC is loaded into the PC register, and the operation specified by the 3-bit
transfer type is performed. These operations are:

Nbit  If on, inhibits execution of the next instruction, i.e. the instruction st the
address one greater than that of the transfer instruction. ' (This instruction
needn’t actually be at the address one greater, if 8 transfer of control was
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already in progress.) The cycle that would have executed that instruction is
wasted,

The P and R bits are decoded as follows:

P=0R=0 BRANCH Normal program transfer.
P=1 R=0 CALL Savé the correct return address on the SPC stack, and jump to
the new PC address. :
P=O0R=1 RETURN Ignore new PC; instead pop PC off the SPC stack.
P=1 R=1 FALL THROUGH In a DISPATCH instruction, do not dispatch.
I'MEM WRITE In a JUMP instruction; write into the instruction memory,
' and do not jump. ’

The BRANCH transfer type is the normal program transfer, without saving a
return address.

The CALL transfer type pushes the appropriate return address onto the SPC
stack. This stack is 32 locations long. It is the responsibility of the programmer to avoid
overflows. The return address is PC+2, or PC+1 if the N bit is als¢ on. Actually, if the
N bit is on the address of the instruction NOP'ed is saved, which may not be identical to
‘PC+1 if a transfer of control is already in progress. If the N bit is not on, 1 + the address
of that instruction is saved. ‘In the case of a dispatch, if the N bit.is on and bit 25 of the
instruction is on, save PC, the address of the dispatch instruction itself; this allows the
dispatch to be re-executed upon return. (Actually, due to pipelining, when the above
paragraph says PC it doesn’t really mean PC.) :

The RETURN transfer type pops a return PC from the SPC stack, ignoring the
PC specified in the instruction or dispatch table.

'~ The FALL THROUGH transfer type for dispatches allows some entries in a
dispatch table to specify that the dispatch should not occur after all. The following
instruction is executed (unless inhibited), followed by the one after that (unless the first .
following one branches and inhibits it!).

The I-MEM WRITE transfer type is the mechanism for writing instructions into
the microprogram instruction memory, and is described in a later section. (The dispatch
memory, unlike the instruction memory, is not written into by setting the P and R bits
(after all, in a dispatch instruction these bits come from the dispatch memory!); instead,
the Miscellaneous Function field is used.)

An additional bit in every instruction, including ALU and BYTE instructions,
called the POPJ bit, allows specification of simultaneous execution of a RETURN transfer
type along with execution of any instruction. That is, it does the same thing as if this
instruction, in addition to whatever else it does, had executed a RETURN transfer type
jump without the N bit on. It is the responsibility of the programmer to avoid conflicts
in the use of this bit simultaneously with other types of transfers.

. The POPJ bit should be used in a JUMP instruction only in conjunction mth
the RETURN transfer type. This will cause a RETURN operation in either case, but

_execution of the following instruction is conditional, controlled by the N bit and the

‘conditional JUMP instruction. The POPJ bit, when used in a DISPATCH instruction, is
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specially over-ruled by the JUMP and CALL transfer types. This allows you to RETURN
normally, but jump off to other code in exceptional cases, using the same dispatch table as
other dispatch instructions which do not want to return. The POPJ bit should not be
used in conjunction with writing of dispatch or instruction memory, nor with the SPC pop
and push functional source and destination. The machine doesn't bother to do anything
reasonable in these cases.
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The DISPATCH Instruction

The dispatch instruction allows selection of any source available on the M bus
[see description of M bus sources in the Data Path section], and the dispatch on any sub-
field of up to 7 bits from the selected word. The selected subfield is ORed with the
"dispatch address” field of the instruction to produce an 11 bit address. This address is
used to look up a 14 bit PC and 3 bit transfer type in the dispatch memory. The SPC-
pointer-and-data-pop source will not operate reasonably in conjunction with the dispatch
instruction.

IR<44-43> = 2 (DISPATCH operation)

IR<41-32)> = Dispatch constant (also A source when writing D-MEM)

IR¢31-26> = M source

IR<25)> = Alter return address pushed on SPC by the CALL transfer
‘type, if the N bit is set, to be the address of this

. instruction rather than the next instruction. :

IR<24> = Enable instruction-stream hardware (described later).

IR<23> = Unused

IR<22-12> = Address in dispatch memory

IR<9-8> = Control dispatching off the map, see below.

IRC7-5> = Length of byte (not minus 1!) from M source to dispatch on

IR<4-0> = Rotation count (to the left) of M source

The dispatch operation takes the specified M source word and rotates it to the
left as specified by the rotation count. All but the low K bits are masked out, where K is
the contents of the length field. The result is OR'ed with the dispatch address, and this is
used to address the 2K dispatch memory, which supplies the new PC and the R, P, and N
bits. '

If bits 8 and 9 of IR are not zero, the bottom bit of the dispatch address comes
from the virtual memory map rather than the rotator and masker. The address inputs to
the map in this case come from MD. This is primarily useful for testing pointers just
fetched from main memory for validity with respect to the garbage collector’s
conventions. IR<8> selects bit 14 of the second level map, and IR<9> selects bit 15.
Selecting both bits ORs them together.

- The dispatch constant field is loaded into the DISPATCH CONSTANT register
on every dispatch instruction. This register is accessible as an M source. The dispatch
constant field has nothing whatsoever to do with the operation of dispatching; it is merely
a convenient device for loading a completely random register while doing something else.
(Uses for this feature are discussed in a later section.)

Miscellaneous function 2 inhibits the normal action of the instruction and
instead loads the dispatch memory with the low order contents of the A memory
scratchpad location specified in the A source. Note that the A source address is the same
field as the dispatch constant field. The dispatch constant is loaded anyway, but this can
be ignored. The parity bit (bit 17) is also loaded, and it is the responsibility of the



—

T The CADR Microprocessor

programmer to load-correct (odd) parity into the memory. Normal addressing of the
dispatch memory is in effect, so it is advisable to have the length field contain 0 so that
the dispatch memory location to modify is uniquely specified by the dispatch address in
the instruction.
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The JUMP Instruction

The JUMP instruction allows conditional branching based on any bit of any M
source or on a variety.of internal processor conditions, including ALU output. (While
DISPATCH could also be used to test single.-M source bits, the use of JUMP saves
dispatch memory.) The JUMP operation is also used, by means of a trick, to write into
the instruction memory.

IR<44-43> = 1 (JUMP operation)

IR<41-32> = A source

IRC¢31-26> = M source

IR<(25-12> = New PC

IR<C9> = R bit (1 means pop new PC off SPC stack)

IR<8> = P bit (1 means push return PC onto SPC stack)

IR<7> = N bit (1 means inhibit next instruction -if Jump successful)
IR<6D = If 1, invert sense of jump condition

"IR<S> = If 0, test bit of M source; if 1, test internal condltion
IRC4-0> = If IR<5>=0, rotation count for M source.

If IR¢5>=1, condition number:

0 Low bit of shifter output (illegal)

‘ M source < A source
M source < A source
M source = A source
‘Page fault
Page fault or interrupt pending
Page fault or interrupt pending or sequence break flag
‘Unconditionally true

N DA D W N

Page faults, interrupts, and-sequence breaks are documented in later sections.

The jump condition is determined as follows. If IR<5>=0, then the M source is
rotated left by the rotation count; the low-order bit of the result is then tested. Thus, to
test the sign bit, a rotation count of 1 should be used. The jump condition is true if the
low-order bit is 1. If IR<5>=1, then the specified internal condition is tested. In either
case, the sense of the jump condition is inverted if IR<6>=1. (In particular, this allows
testing of all six arithmetic relations between the M and A sources.
' If the final jump condition, possibly after inversion, is true, then the new PC
field and the R, P, and N bits are used to determine the new contents of the PC. If the
condition is not true, execution continues with the next instruction, modulo the POPJ bit,

If both the R and P bits are set (WRITE), then A and M sources are
(conditionally!) written into the instruction memory. Bits <47-32> are taken from A
source bits <15-0>; bits <31-0> are taken from M source <31-0>. Notice that this is not
the same alignment of bits as is used for the "next instruction modify” functional
destinations (16 and 17). The reason for the odd location of WRITE in the instruction
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set is due to the way in which it operates. It causes the same operations as the CALL
transfer type, resulting in the the old PC plus 1 or 2 being saved on the SPC stack and the
PC register being loaded with the address to be modified. Then, when the instruction
memory would normally be fetching the instruction to be executed from that location, a
write pulse is generated, causing the saved data from the A and M sources to be written
into the instruction memory. Meanwhile, the machine simulates a RETURN transfer
instruction, causing the SPC stack to be popped back into the PC and instruction
execution to proceed from where it left off. Note that this instruction requires use of a
word on the SPC stack and requires an extra cycle. It is highly recommended that the N
bit also be on in the JUMP instruction, since the processor will be executing a RETURN
transfer type unconditionally during what should be the execution of the instruction
following the write. If, however, this does not conflict with other things that this
following instruction specifies, then the following instruction may be executed. Care is
required.
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Program Modification

A ‘novel technique is used for variabilizing fields in the program instruction.
Two of the "functional destinations” of the output bus are (conceptual) registers
(sometimes collectively referred to as the OA register), whose contents get OR’ed with the
next instruction executed. Combined with the shifter/masker ability to move any
contiguous set of bits into an arbitrary field, this feature provides, for example, variable
rotation counts and the ability to use program determined addresses of registers; for
example, it can be used to index into the A scratchpad memory.
Functional destination 16 (DA-REG-LOW), when written into, effectnvely OR's
bits <25-0> into bits <25-0> of the next instruction; functional destination 17 (OA-REG-
- HIGH) effectively OR's bits <21-0> into bits <47-26> of the next instruction. The place
between bits <26> and <25> is a natural dividing line for all classes of instructions. Note
that only one half of a particular instruction can be modified, since it is impossible to
write into both functional destinations simultaneously.
. When this feature is used, parity checking is disabled for the word fetched from
the instruction memory, since the OA "register” is OR'ed into the output of the memory
- before parity is checked. .

This feature is particularly useful for supplying the address of a location of
instruction memory or dispatch memory to be written into, for specifying variable
addresses in the A and M memories, and for operations on bytes of variable length or
position. Examples of these are detailed in a later section.
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Clocks -

The CADR processor uses only one clock signal. This clock loads output data
into the designated registers, and a new PC and instruction are also loaded. The only
events which do not take place synchronous with the clock are the control signals for the
A. M, and PDL scratchpads and the SPC stack. For these devices, a two stage cycle is
performed. During the first phase, the source addresses of the respective devices are gated
into the address inputs. After the output data has settled, the outputs of these devices are
latched. Then, the address is changed to that specified as the write location from the
previous instruction. After the address has settled, a write pulse is generated for the
scratchpad memory to perform the write. Pass-around paths are provided (invisibly to the
programmer) for the A and M memories, which notice and correct read references to a
location which was written into on the previous cycle but has not yet actually been
written into the scratchpad. No such pass-around path is provided for the PDL memory,
because on any cycle in which the PDL memory is written into, the M scratchpad must
also be written into, and so the next instruction can refer to that M scratchpad location,
thereby using the M pass-around path. The SPC stack has a pass-around path when used
by the RETURN transfer type, but does not have a pass-around path when used as an M
'source. The RETURN pass-around path makes it possible to have a subroutine only two
instructions long. It would take extra hardware to provide the missing pass-around paths,
and examination of actual microprograms showed that they would be very rarely used.

The clock cycle is of variable length. The duration of the first half of the cycle
(the "read phase™) is controlled by both the ILONG bit of the instruction (IR<45>) and
. by two "speed” bits from the diagnostic interface. The duration of the second half (the

"write phase”) is normally fixed. This clock serves as both the processor clock and a clock
for the bus interface, memory, and external devices.

The clock can be stopped at the end-of either phase, for several reasons. Usually
the clock stops at the end of the read phase, referred to as "wait". This leaves the clock
in the inactive high state, and leaves the latches on the memories open. The clock can
wait because the machine was commanded to halt by the diagnostic interface, because a
single-step commanded by the diagnostic interface has completed, because of an error
such as a parity error, because of the statistics counter overflowing, or because of a
memory-wait condition. This latter condition happens if a main memory cycle is initiated
while a previous cycle is still in progress, or if the program calls for the result of a main
memory read before the bus controller has granted the bus access needed to perform that
read cycle. During a clock wait, the processor clock stops, but the clock to the rest of the
system (the bus interface and XBUS devices), continues to run, allowing them to operate.
When the processor finishes waiting the processor clock starts up in synchrony with the
external clock.

The clock can also stop at the end of the write phase, referred to as "hang".
This is used ‘only during memory reads. If the processor calls for the result of a read
which is in progress but has not yet completed, it hangs until the data has arrived from
memory and sufficient time has passed for the data to flow through the data paths and .
appear on the output bus. This is also sufficient time for the parity of the data to be
checked. In the case of a hang, both clocks stop, which allows them to restart
synchronously without any extra delay. In this way, the speed of the processor is adjusted
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to exactly match the speed of the memory.
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Accessing Memor}

Access to main memory is accomplished through use of several functional .
sources and destinations. These perform three functions; first, they allow access to two
registers, VMA (virtual memory address) and MD (memory data). Secondly, they can
initiate memory operations. Thirdly, they can wait for a memory operation to be
.completed. Actually, this facility is not just for accessing main memory; it is used to
access. any device on the Xbus or the Unibus, which includes not only memory but
peripheral equipment. For simplicity the term "memory” will be used, however.

There are eight functional destinations associated with the memory system.

Four of these load data into the VMA, the other four load data into the MD. Each group
of four consists of one with no other side effects, one which starts a read cycle, one
which starts a write cycle, and one which writes into the virtual address map.

In a memory read operation, data from memory is placed in the MD register
when it arrives, and can then be picked up by the program (using a functional source). In
a memory write operation, the program places the.data to be written into the MD register
(by using a functional destination), whence it is passed to the memory.

The VMA register contains the virtual address of the location to be referenced.
This is 24 bits long; the high 8 bits of the register exist but are ignored by the hardware.
The VMA contains a "virtual” address; before being sent to the memory it is passed
through the "map", which produces a 22 bit physical address, controls whether permission
for the read or write operation requested is allowed, and remembers 8 bits which the
software (microcode) can use for its own purposes.

Except when starting a memory cycle, the address to be mapped comes from bits
<23-0> of the MD register, rather than the VMA register. The reason for this is to
simplify the use of the map for checking what "space” a pointer being read from or
written into memory points at, a frequently-needed operation in the Lisp machine
garbage-collection algorithm., _ ‘

The map consists of two scratchpad memories. The First Level Map contains
2048 5-bit locations, and is addressed by bits <23-13> of the VMA or MD. The Second
Level map contains 1024 24-bit locations, and is addressed by the concatenation of the
output from the First Level Map and bits <12-8> of the VMA or MD, The virtual address
space consists of 2048 blocks, each containing 32 pages. Each page contains 256 words
(of 32 bits, of course). Each block of virtual address space has a corresponding location in
the First Level Map. Locations in the Second Level Map are not permanently allocated
to particular addresses; instead, the First Level Map location for a block of virtual
addresses indicates where in the Second Level Map those addresses are currently described.
The Second Level Map contains sufficient space to describe 32 blocks, so at any given
time most blocks must be described as "no information available.” This done by reserving
the last 32 locations in the Second Level Map for this purpose and filling them with "no
information available” page descriptors; most First Level Map locations will point here.
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The output of the Second Level Map consists of:

MAP<23> = access permission
MAPC22> = write permission

MAPC21-14> = available to software. Note that bits 15 and 14 can
be tested by the DISPATCH instruction.
MAPC13-0> = physical page number

The physical address sent to memory is the concatenation of the physical page number
and bits 7-0 of the VMA.

_ The two maps can be read by putting an appropriate address in the MD, and
reading the functional source MEMORY-MAP-DATA (11):

MAPC31> = 1 if the most recent memory cycle was not performed because it
was an attempt to write without write permission, i.e. a 1 in
bit 22 of the second level map. )

MAPC30> = 1 if the most recent memory cycle was not performed because there
was no access permission, i.e. a 1 in bit 23 of the second level map.
MAPC30> is 0 if no access fault exists, although a write fault may
exist. Note that bits (31-30)> apply to the last attempted memory
cycle, and have nothing to do with the map locations addressed by
the contents of MD.

MAP(29> = 0 always.

MAP(28-24> = First Level Map

MAPC23-0> = Second Level Map

_ The maps can be written by using one of the functional destinations VMA-
WRITE-MAP (23), MEMORY-DATA-WRITE-MAP (33). The MD supplies the address
~of the map location to be written, and the VMA supplies the data to be written, and tells

which level of the map is being written. One register must be set up in a previous
instruction, the other is written via the functional destination, and the actual writing into
the map happens on the following cycle. There is no pass-around path and no latch for
the map, so the following instruction must not use it.

The first level map is written from bits <31-27> of the VMA, if VMA<26> is a
1. (These are not the same bits as it reads into when using the MEMORY-MAP-DATA
functional source.) The second level map is written from VMA<23-0>, if VMA<25> is a
1. Note that when writing the second level map the first level map supplies part of the
address, and must have been written previously. Therefore it is not useful to write both lt
the same time, although it is possible to set both bits to 1.

Main memory operations are initiated by using one of the functional destinations
VMA-START-READ (21), VMA-START-WRITE (22), and MEMORY-DATA-START-
WRITE (32). There is also MEMORY-DATA-START-READ (31), but it is probably
" useless. In the case of a write, the VMA supplies the address and the MD supplies the
data, so one register must be set up in advance and the other is set up by the functional
destination that starts the operation. A main memory read can also be started by the
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macro instruction-stream hardware, described later. '

The register named (VMA or MD) is loaded with the result of the instruction
(from the Output Bus) at the end of the cycle during which that instruction is executed. -
During the following cycle, the map is read. The instruction executed during this cycle
should be a JUMP instruction which checks for a page fault condition. At the end of this
cycle, if no page fault occurs, the memory operation begins. The processor continues
executing while the memory operation happens, but if any operation which conflicts with
the memory being busy is attempted, the machine waits or hangs until the memory
operation has been completed. Such references include asking for the results of a read
cycle by using the MEMORY-DATA (12) functional source, using any functional
destination that refers to the VMA, MD, or MAP, or attempting to start a read cycle via
the instruction-stream hardware. ’

The presence or absence of a page fault is remembered until the next time a
memory cycle is started, so it is not strictly necessary to check for page fault immediately
- after starting a cycle, but is good practice.

The MEMORY-DATA-START-WRITE destination is useful for doing the
second half of a read-followed-by-write operation, since the correct value is still in the
VMA. Note that it is still necessary to check for a page fault after starting the write,
since you may have read permission but not write permission.

There is a feature by which main memory parity errors can be trapped to the
microcode. A bit in the diagnostic interface controls whether or not this is enabled.
When the MEMORY-DATA functional source is used, and the last thing to be loaded
into the MD was data from memory which had even parity, a main memory parity error
has occurred. If trapping is enabled, the current instruction is NOPed and a CALL
transfer to location 0 is forced. The following instruction is also NOPed. The trap
routine must use the OPC registers to determine just where to return to if it plans to
return, since if a transfer operation was in progress the address pushed on the SPC stack
by the trap may have nothing to do with the address of the instruction which caused the
trap. This is also true of the error-handler for microcode-detected programming errors. If
a main memory parity error occurs, and trapping is not enabled, the machine halts if
error-halting is enabled, just as it does in response to a parity error in an internal memory.

When using semiconductor main memory, which has single-bit error correction, a
parity error trap indicates that an uncorrectable multiple-bit error occurred. Single-bit
errors are corrected automatically by the hardware, and cause an interrupt so that the
processor may, at its leisure, log the error and attempt to rewrite the contents of the bad
location. '
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The Instruction-Stream Feature

The CADR processor contains a small amount of hardware to aid in the
interpretation of an instruction stream which comes in units smaller than the CADR word
size. For example, the Lisp-machine macrocompiled instruction set uses 16-bit units. The
hardware speeds up both fetching and decoding of instructions by relieving the microcode
of some routine bookkeeping.

Both 8-bit (byte) and 16-bit (halfword) instructions are supported, depcndmg on
a mode bit (bit 29 of the "Interrupt Control" register, functional destination 2.) The
hardware decides when it is time to fetch a new main-memory word, containing the next
2 or 4 units of the instruction stream, and alters the flow of microprogram control. The
hardware provides a feature by which the rotator control can be made to select the
current unit of the instruction stream; this is used when dispatching on the instruction .
being interpreted, and when extracting fields of the instruction via the BYTE
microinstruction.

There is a 26-bit regtster called the Location Counter (LC), which can be read
by functional source 13 and written by functional destination 1. It always contains the
address of the next instruction stream unit, in terms of 8-bit bytes. In halfword mode
LC<0> is forced to zero. The LC is capable of counting by 1 or 2 (depending on byte vs.
halfword mode) and has a special connection to the VMA; the VMA is loaded from the
LC, divided by 4, when an instruction-fetch occurs.

The high 6 bits of functional source 13 are not part of the LC per se, but -
~ contain various associated status, as follows:

31 Need Fetch. This is 1 if the next time the instruction stream is advanced, a
new word will be fetched from main memory. This is a function of the low
2 bits of LC, of byte mode, and of whether the LC has been written into
since an instruction word was last fetched from main memory.

30 not used, zero. _

29 LC Byte Mode. 1 if the instruction stream is in 8-bit units, 0 if it is in 16-bit
units. This reflects bit 29 of the Interrupt Control register.

28 Bus Reset. This reflects bit 28 of the Interrupt Control register, which is set
to 1 to reset the bus intérface, the Unibus, and the Xbus.

27 Interrupt Enable. 1 if external interrupt requests are allowed to contribute
‘to the JUMP condition. This reflects bit 27 of the Imermpt Control
register.

26 Sequence Break. 1 if a sequence break (macrocode interrupt signal) is
pending. This flag does nothing except contribute to the JUMP condition.
This reflects bit 26 of the Interrupt Control register.

Bit 14 of the SPC stack is used to flag the return address containing it as the .
. address of the main instruction-interpretation loop. The hardware recognizes a RETURN
transfer with SPC<14>=1 as completing the interpretation of one instruction and
initiating the interpretation of the next. The instruction stream will be advanced to its
next unit (byte or halfword) in the cycle following the RETURN transfer. (It is delayed
one cycle for obscure timing reasons.) This cycle is free to also execute a useful
microinstruction, provided it does not use the LC, VMA, MD, and associated hardware.
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Advancing the instruction stream increments the LC, by 1 or 2. If a new word
needs to be fetched. from main memory, the unincremented LC, divided by 4, is
transferred to the VMA and a read cycle is started. A fetch can be required either
because the LC points at the first unit of a word or because the LC has been modified
since the last instruction stream advance (a branch occurred). It is legal for the
instruction which does the RETURN transfer to modify the LC, and a fetch will always
be required. If no fetch is required, the RETURN transfer is altered by forcing SPC<1>
to 1, skipping over two microinstructions which, in the fetch case, check for a page fault
(or interrupt or sequence break) and transfer the new instruction stream word from MD
into a scratchpad location. '

The instruction stream can also be advanced by a DISPATCH instruction with
bit 24 set. In this case, no alteration of the SPC return address occurs. The dispatch
should check the NEEDFETCH signal, which is available as bit 31 of the LC functional
source, to determine whether a new word is going to be fetched. If a fetch occurs, the
DISPATCH should call a subroutine to check for page fault and transfer the new
instruction stream word from MD to a scratchpad location. If no-fetch occurs, the
DISPATCH should drop through. The instruction after the DISPATCH may then
operate on the next unit of the instruction stream. This feature is provided to facilitate
the use of multi-unit instructions. '

The remaining hardware associated with the instruction stream feature
implements miscellaneous function 3, which alters the M-rotate field to select the current
unit of the instruction stream from the current word, which should be supplied as the M-
source. This applies to any operation which uses the rotator: BYTE instructions,
DISPATCH instructions, and JUMP instructions which test a bit. The instruction should
be coded for the unit (byte or halfword) at the right-hand end of the word. In half-word
mode, IR<4> is XOR'ed with LC<1> to produce the high-order bit of the rotate count.
In byte mode, IR<4> is XOR'’ed with (LC<1> XOR LC<0>), and IR<3> is XOR'ed with
LC<0>. The effect, since the LC always has the address of the next instruction, and the
bits are numbered from right to left, is as desired. In halfwerd mode, the low half of the
M source is accessed for the even instruction, when LC<1>=1, and the high half is
accessed for the odd instruction, when LC<1>=0,



- » The CADR Microprocessor

Multiﬁlicntion, Division, and the Q register

The Q register is provided in CADR primarily for multiplication and division. It
is occasionally useful for other things because it is an extra place to put the results of an
ALU instruction, and because it can be used to collect the bits which are shifted out
when the OUTPUT-SELECTOR-RIGHTSHIFT-1 operation is used in an ALU
instruction. ' '

The Q register is.controlled by two bits (IR<1-0>) in the ALU instruction. The
* operations are do nothing, shift it left, shift it right, and load it from the output of the
ALU. (It loads from the ALU rather than the Output Bus for electrical reasons.) When
the Q register shifts left, Q<0> receives -ALU<31>, the complement of the sign of the
ALU output. When the Q register shifts right, Q<31> receives ALU<0>, the low bit of
the ALU output. The Q register is also connected to the Output Bus shifter; when the
Output Bus is shifted left, OB<0> receives Q<31>, the sign of the Q. These
interconnections are dictated by the needs of multiplication and division.

Multiplication in CADR is a simple, 1 bit at a time, shift-and-add affair. The
hardware provides a conditional-ALU operation, MULTIPLY-STEP, which is ADD if
Q<0>=1, and SETM otherwise. This is used in combination with SHIFT-Q-RIGHT and
OUTPUT-SELECTOR-RIGHTSHIFT-1. Initially the multiplicand is placed in an A-
scratchpad location and the multiplier is placed in Q. 32 MULTIPLY-STEP operations
- are executed; as Q shifts to the right each of the bits of the multiplier appear in Q<0>. If
the bit is 1, the multiplicand gets added in. The results of each operation go into an M-
scratchpad location, which is fed back into the next step. The low bit of each result is
shifted into Q. Thus, when the 32 steps have been completed, the Q contains the low 32
bits of the product, and the M-scratchpad location contains the high 32 bits.

This algorithm needs a slight modification to deal with 2's complement numbers.
The sign bit of a 2's complement number has negative weight, so in the last step if
Q<0>=1, i.e. the multiplier is negative, a subtraction should be done instead of an
addition. The hardware does not provide this, so instead we do a subtraction after the last
step, which is adding and then subtracting twice as much, which has the effect of
~ subtracting. Note that this correction only affects the high 32 bits of the product, and
can be omitted if we are only looking for a single-precision result. Consider the following
code. (The CONSLP assembler format used is explained later in this document.)

s Multiply Subroutine. A-MPYR times Q-R, low product to Q-R, high to M-AC.

mPY ((M-AC) MULTIPLY-STEP M-ZERO A-MPYR) . iPartial result = 0 in first step ‘
(REPEAT 30. ((M-AC) MULTIPLY-STEP M-AC A-MPYR)) ;Do 30 steps
(POPI-IF-BIT-CLEAR-XCT-NEXT :Return after next 4f A-MPYR positive
(BYTE-FIELD 1 0) Q-R) ‘
((M-AC) MULTIPLY-STEP M-AC A-MPYR) ;The final step

(POPJ-AF TER-NEXT .
(M-AC) SUB M-AC A-MPYR) ' sCorrection for negative multiplier
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To multiply numbers of less than 32 bits is also possible. With the same initial
conditions, after n steps the high n bits of the Q contain the low n bits of the product,
and the remaining bits of the product are in the low bits of the M-scratchpad location.
Two BYTE instructions can be used to extract and combine these bits to produce a right-
adjusted product, if the numbers are unsigned.

Division is a little more complex than multiplication. It too goes a bit at a time,
using a non-restoring algorithm which either adds or subtracts at each stage. The basic
idea is to keep subtracting the divisor from the dividend, shifted over by different
amounts, as in long-division by hand. If the subtraction produces a positive result, it "goes
in” and a quotient bit of 1 is produced. If the subtraction produces a negative result, it_
"fails to go in" and a quotient bit of 0 is produced. Instead of backing up and not doing
the subtraction, we set a flag that too much has been subtracted, and add instead the next
time. This works since the weight of the divisor on the next step is half as much, and B-
(A/2) = B-A+(A/2). The "flag" is simply the complement of the quotient bit produced,
except for the first step when the flag must be forced to OFF.

Division does not handle 2's complement numbers as easily as multiplication
does. The algorithm essentially requires all positive numbers, however the hardware
automatically takes the absolute value of the divisor by interchanging addition and
subtraction if the divisor is negative. It is up to the microcode to make the dividend
positive beforehand, and to determine the correct signs for the quotient and remainder
afterward. The sign of the quotient should be the XOR of the signs of dividend and
divisor. The sign of the remainder should be the same as the sign of the dividend.

Initially the positive dividend is in the Q register and the signed divisor is in an
. A-scratchpad location. Appropriate conditional-ALU operations are used in conjunctior

with the SHIFT-Q-LEFT and OUTPUT-SELECTOR-LEFTSHIFT-1 functions. An M-
scratchpad location receives the result of each step, and is fed back to the next sten. This
location initially contains the high 32 bits of the double-length dividend, or G it the
dividend is single-precision. At each step, the OUTPUT-SELECTOR-LEFTSHIFT-1
operation brings the high bit of the Q into the low bit of the M-scratchpad, bringing up
another bit of the dividend. At each step, the complement of the sign of the ALU output
represents a bit of the quotient and is shifted into the low end of Q. After 33 steps, Q
contains the positive quotient (which is why it is called the Q-for-quotient register). The
- reason why it takes 33 steps rather than 32 is a little difficult to explain. The quotient bit
produced by the first step, if 1, indicates "divide overflow”, and is not really part of the
quotient. When using a single-precision dividend, "divide overflow™ can only happen if
the divisor is zero, since the initial operation is zero minus the absolute value of the
divisor, which is negative unless the divisor is zero.

What is-left of the dividend after all the subtractions is the positive remainder.
The last step does not use OUTPUT-SELECTOR-LEFTSHIFT-1, so that the M-
scratchpad will receive the remainder rather than the remainder times 2. If the "too
much has been subtracted” flag is set, it is necessary to do one final addition to correct
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the remainder. This addition simply undoes the previous subtraction, not also doing a
new subtraction, because of the omission of the left shift.
The ALU operations for division are:
DIVIDE-STEP The conditional add or subtract described above, SHIFT-Q-
LEFT, and OUTPUT-SELECTOR-LEFTSHIFT-1. Q<0>=0 serves as.
the "too much has been subtracted” flag.
DIVIDE-FIRST-STEP Identical to DIVIDE-STEP except that the "too much
has been subtracted” flag is forced to be off.
DIVIDE-LAST-STEP Identical to DIVIDE-STEP except that the OUTPUT
SELECTOR LEFTSHIFT-1 is omitted.
DIVIDE-REMAINDER-CORRECTION-STEP The conditional add or subtract
logic is used, except subtract is turned into SETM by invoking part of
the multiply logic. The exchanging of add and subtract if the divisor is
negative then applies, doing the right thing. No shifting occurs and Q
is unchanged.
Division of numbers smaller than 32 bits can be accomphshed in less than 33
steps by sufficiently careful shifting of the inputs and outputs.
To illustrate how it all fits together, and show how to do the sign-correction,
here is the code for 32-bit division, with a double-precision dividend, in the CONSLP
format explained later in this document:

+ Division Subroutine. :
s M-AC and M-1 are the high and low words of the dividend, respectively.
: M-2 13 the divisor. The quotient is in M-AC, the remainder in M-1.

DIV ( JUMP-GREATER-OR-EQUAL M-AC A-ZERO DIV1) ;Check for negative dividend

(JUMP-NOT-EQUAL-XCT-NEXT M-1 A-ZERO DIVO) ;17 so, change sign
{(M-1 Q-R) SUB M-ZERO A-1)
((M-AC) SUB M-AC (A-CONSTANT 1)) ;Borrow from high if low is zero
" DIVO . ((M-AC) SETCM M-AC) :1's compiement high dividend
(CALL DIV2) ;Now, call positive-dividend case
(POPJ-AFTER-NEXT (M-1) SUB M-ZERO A-1) ;Make the remainder negative,
((M-AC) SUB M-ZERG A-AC) ;and change the sign of the quotient

; Divide routine for positive dividend.

DIVl ({(Q-R) M-1) sLow dividend to Q-R
) oIv2 ((M-1) DiV!DEJIRSY-STEP M-AC A-2) sFirst division step
4 (JUMP-TF-BIT-SET (BYTE-FIELD 1 0) Q-R DIVIDE-OVERFLOW) :Error check
(REPEAT 31. ((M-1) DIVIDE-STEP M-1 A-2) :Middie division steps
((M-1) DIVIDE-LAST-STEP M-1 A-2) ;Final step, quotient tn Q-R
((M-1) DIVIDE-REMAINDER-CORRECTION-STEP M-1 ‘A-2) ;M-1 gets remainder
((M-AC) Q-R) : sExtract quotient from Q-R
(POPJ-AFTER-NEXT = ;Return after next, but 4f

* POPJ-GREATER-OR-EQUAL M-2 A-ZERO) ; Giviser 13 negative,
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((M-AC) SUB M-ZERO A-AC) ; changs sign of guotient
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" The Bus Interface

The Bus Interface connects the CADR machine to two busses, the Unibus and
the Xbus. The Unibus is a regular pdp11 bus, used to attach peripheral devices, especially
commercial devices designed for the PDP11 line. The Xbus is a 32-bit bus used to attach

‘memory and high-performance peripheral devices, such as disk. The bus interface also
includes the diagnostic interface, which allows a unibus operator, such as a pdp10, a
pdpl1, or another lisp machine, to control the operation of the machine, hardware to pass
interrupts from the Unibus and the Xbus to the processor, the logic which arbitrates the

- Xbus, and the logic which arbitrates the Unibus in the absence of a pdpl1 on that bus.

The Bus Interface allows the CADR machine to access memory on the Xbus and
devices on the Unibus, allows independent devices on the Xbus to access the Xbus (only),
and allows Unibus devices to access Xbus memory (through a map since the Unibus
address space is not big enough.) Buffering is provided when the Unibus accesses the
Xbus, to convert a 32-bit word into a pair of 16-bit words.

The CADR machine sees a 22-bit physical address space of 32-bit words. The
top 128K of this, locations 17400000-17777777, reference the Unibus. Each 32-bit word
has a 16-bit Unibus word in bits 0-15, and zero in bits 16-31. There is no provision for
using byte addressing on the Unibus, nor for read-pause-write cycles.. The 128K
immediately below the Unibus, locations 17000000-17377777, are reserved for Xbus I/0
devices. Locations 0-16777777 are for Xbus memory.

The bus interface includes a number of Unibus registers which control its various
functions:

Spy Feature

Unibus locations 766000-766036 are used for the Spy feature, which is described
in detail elsewhere. These locations read and write various internal signals in the CADR
machine, and provide the necessary hook for microcode loading and diagnostics.

Two-Machine Lashup

Two bus interfaces may be cabled together with a single 50-wire flat cable for
maintenance purposes. One machine, the debugger, is able to perform reads and writes on
the other machine's, the debuggee's, Unibus. Through registers on the Unibus (such as
the Spy feature), the debuggee may be diagnosed and exercised. By using the debuggee's
Unibus map (described below), the debuggee's Xbus can be exercised. The following
locations on the debugger's Unibus control this feature:

766100 Reads or writes the debuggee-Unibus location addressed by the registers below.

766114 (Write only) Contains bits 1-16 of the debuggee-Unibus address to be accessed.
Bit O of the address is always zero.

766110 {Write only) Contains additional modifier bits, as follows. Thae bits are reset to
‘zero when the debuggee’s Unibus is reset.
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1 Bit 17 of the debuggee-Unibus address.

2 Resets the debuggee’s Unibus and bus interface. Write a 1 here then
write a 0.

4 Timeout inhibit. This turns off the NXM timeout for all Xbus and

~ Unibus cycles done by the debuggee's bus interface (not just those
commanded by the debugger).

766104 (Read only) These contain the status for bus cycles executed on the debuggee’s
busses. These bits are cleared by writing into location 766044 (Error Status) on
the debuggee's Unibus. They are not cleared by power up. The bits are
documented below under "Error Status”.

Error Status ‘

766044 Reading this location returns accumulated error status bits from previous bus
cycles. Writing this location ignores the data written and clears the status bits.
Note that these bits are not cleared by power up.

1 Xbus NXM Error. Set when an Xbus cycle times out for lack of
response.

2 Xbus Parity Error. Set when an Xbus read receives a word with bad
parity, and the Xbus ignore-parity line was not asserted. Parity Error is
also set by Xbus NXM Error.

4 CADR Address Parity Error. Set when an address received from the
processor has bad parity. Indicates trouble in the communication
between the processor and the bus interface.

10 Unibus NXM Error. Set when a Unibus cycle times out for lack of
response.
20 CADR Parity Error. Set when data received from the processor has bad
parity. Indicates trouble in the communication between the processor
" and the bus interface.
‘40 Unibus Map Error. Set when an attempt to perform an Xbus cycle
through the Unibus map is refused because the map specifies invalid or
_ write-protected.
The remaining. bxts are random (not necessarily zero)

Interrupts ‘

The bus interface allows the CADR machine to field interrupts on the Unibus, if
no pdpl1 is present. If a pdpl1 is present, its program can forward interrupts to the
CADR machine in a transparent way. The Xbus also can interrupt the CADR machine.

- The following Unibus locations control interrupts and the Unibus arbitrator:

766040 Reading this location returns interrupt status, as follows:
1 Disable Interrupt Grant. If this is set, the Unibus arbitrator will not
grant BR4, BR3J, BR6, and BR7 requests. It will continue to grant NPR
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requests. Powers up fo zero. -

2 Local Enable (read only). 1 means that the bus interface is arbitrating
the Unibus. O means that a pdp11 is present on the bus and is doing the
arbitration. o :

1774 Bits 9-2 contain the vector address of the last Unibus interrupt accepted
by the bus interface or simulated by the pdpl1 program.. _
2000 Enable Unibus Interrupts. A 1 here causes bit 15 (Unibus interrupt) to
be set when the bus interface accepts a Unibus interrupt. This bit is not '
reset by power-up. . ' ,
4000 Interrupt Stops Grants. A 1 here causes bit 0 (Disable Interrupt Grant)
to be set when the bus interface accepts a Unibus interrupt, thus
preventing further interrupts until the CADR machine has processed the
first interrupt. This bit is not reset by power-up. '
30000 Bits 13-12 are the "interrupt level” for purposes of Unibus granting. The
mapping to normal pdpl1 levels is: 0->0, 1->4, 2->5, 3->6. To simulate
level 7, turn on Disable Interrupt Grant. These bits are not reset by
power-up.
40000 Xbus Interrupt (read only). This bit is the interrupt-request line on the
Xbus. '

100000 Unibus Interrupt. A 1 indicates that a Unibus interrupt has been
accepted by the bus interface or simulated by a pdp11 program, and is
awaiting processing by the CADR program. This bit clears on power-up.
Note that the interrupt-request signal to the CADR machine is the OR
of bits 14.and 15.

766040 Writing this location writes into bits 0 and 10-13 (mask 36001) of the above
register. This is used to change the "interrupt level” and to re-enable acceptance
" of Unibus interrupts after processing an interrupt. '
766042 Writing this location writes into bits 2-9 and 15 (mask 101774) of the above
register. This is used to simulate Unibus interrupts and to clear bit 15 (Unibus
Interrupt) after processing an interrupt. '

Locations between 766040 and 766136 not mentioned above are duplicates of other
locations, and should not be used. ’

Unibus Map

Unibus locations 140000-177777 are divided into 16 pages which can be mapped
anywhere in Xbus physical address space. Each page is 512 16-bit words or 256 32-bit
words long, the same size as the pages of the CADR virtual memory. The first 8 pages
can be addressed by a pdp11, while the second 8 are hidden under the pdp11 1/0 space.
The Unibus map is intended to be used both as a diagnostic path to the Xbus and for
operating Unibus peripherals that access.memory. . _

Each Xbus location occupies 4 Unibus byte addresses. It takes two 16-bit Unibus
cycles to read or write one 32-bit Xbus location. 16 buffers (one for each page) are
provided to hold the data between the two Unibus cycies. As long as each page is only in
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"use by a single bus-master, the right thing will happen.

An additional feature is that writing an Xbus address of 17400000 or higher
through the Unibus map writes into CADR's MD register. This provides a 32-bit parallel
data path into the processor for diagnostic purposes. These Xbus addresses are otherwise
unusable, because they are used by the processor to address the Unibus.

Unibus locations 766140-766176 contain the 16 mapping registers. 'Note that
these power up to random contents, and should be cleared by an initialization mutme
‘The bit layout is:

100000 Bit 15 is the map-valid bit. If this is 0, this mapping register is not set up,
and will not respond to the Unibus; NXM timeout will occur and an Error
Status bit will be set. ‘

40000 Bit 14 is the write-permit bit, If this is O, this mapping register will not
respond to Unibus writes; NXM timeout will occur and an Error Status bit
will be set.

37777 Bits 13-0 contain the Xbus page number. These bits are concatenated mth
bits 9-2 of the Unibus address to produce the mapped Xbus address.



38 | ‘ The CADR Microprocessor

The Xbus

The Xbus is the standard 32 bit wide data bus for the CADR processor. Main

memory and high speed peripherals such as the disk control and TV display are interfaced

to the Xbus. Control of the Xbus is similar to the Unibus, in that transfers are positively
timed and (as far as the devices are concerned) asynchronous. The bus is terminated at
both ends with resistive pullups of 390 ohms to ground and 180 ohms to +5 volts, for an
effective 123 ohm termination to +3.42 volts. At ground, each termination draws 28 ma.
for atotal load of 56 ma. The bus is open collector, and may be driven with any device
capable of handling the 56 ma. load. The recommended driver is the AMD 26510, which
also provides bus receivers.

A typical read cycle begins with placing the address for the transfer on the -
XADDR lines and the parity of the address on the -XBUS.ADDRPAR line. The -
XBUS.RQ line is then lowered, initiating the request. The responding device places the
requested data on the 32 -XBUS lines and the parity of the data on the -XBUS.PAR line.
Should it not be convenient for the device to produce parity (as in the case of 1/0

_registers), the device may assert -XBUS.IGNPAR to notify the bus master that the
transfer should not be checked for correct parity. The responding device then asserts -
XBUS.ACK, which remains asserted until the -XBUS.RQ signal is removed by the master,

Write requests proceed identically, except that the master asserts -XBUS.WR and
the data to be written on the -XBUS lines along with the address lines. All bus masters -
are required to produce good parity data on writes.

Deskewing delays are the responsibility of the bus master. In particular, it is the
responsxbﬂny of the bus master to assert good address, write, and data lines 80.ns. prior to
asserting -XBUS.RQ, and these lines must be held until the -XBUS.ACK signal drops in
response to the master dropping -XBUS.RQ. Responding devices are allowed to assert -
XBUS.ACK at the same time they drive read data onto the -XBUS lines. Thus, masters
should delay 50 ns. after receiving -XBUS.ACK before dropping -XBUS.RQ and strobing
the data. Responding devices are required to drop -XBUS.ACK immediately after -
XBUS.RQ is no longer asserted.

Normal bus master arbitration between the CADR processor and the Unibus
requests is handled by the bus interface. Devices on the Xbus which must become bus
master, such as the disk control, do so by asserting the -XBUSEXTRQ signal. When the
bus becomes free, the bus interface responds by. asserting -XBUS.EXTGRANT. This
signal is daisy chained between bus master devices on the Xbus, coming in on the -
XBUS.EXTGRANT.IN pin and leaving on the -XBUS LEXTGRANT.OUT pin. Within
each device, the decision is made whether or not to pass the grant onto the next device.
Unlike the Unibus structure, the decision on whether to pass grant and the act of
becoming bus master happen synchronously with a master clock signal distributed on the -
‘XBUS.SYNC line. ,

) When a device initiates a request, it immediately asserts -XBUS.EXTRQ. At the
falling edge of -XBUS.SYNC it clocks the request signal into a D flip flop which we will
- call REQ.SYNC. When -XBUS.EXTGRANT.IN goes low, the device asserts -
XBUS.EXTGRANT.OUT unless it has either the REQ.SYNC flip flop set, or is already
the bus master. At the next falling edge of -XBUSSYNC the device which has both -
XBUS.EXTGRANT.IN and REQ.SYNC set becomes bus master. The device should
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immediately assert —XBUS.ﬁUSY and may immediately begin asserting address lines for a

transfer.

~-XBUS.BUSY may be dropped asynchronously, after the slave device drops -

XBUS.ACK in response to the master's request. 4
The -XBUS.EXTGRANT.IN signal must be terminated with a resistive pullup of
180 ohms to +5 volts within each device which does not simply connect it to -

XBUS.EXTGRANT.OUT.

XBUS Signal review:

Data lines:
-XBUS<31:.0>
-XBUS.PAR
-XBUS.IGNPAR

Address lines:

-XADDR<21:0>
-XADDR.PAR

‘Cycle control lines:

-XBUS.RQ

-XBUS ACK

-XBUS WR

Mastership control lines:

-XBUS.BUSY =
- bus master. Only the bus interface examines this line.

-XBUS.EXTRQ

32 data lines, low when data is 2 one.

Parity of the 32 data lines. Required for writes.

Ignore parity signal, may be asserted by any device for
a read. ' A

22 address lines, low for address bit a one. -
. Odd parity for the address. '

Asserted by the master to request a read or write

- Minimum of 80 ns following stable -XADDR, -XBUS WRITE,

and -XBUS data.
Asserted by the slave in r&ponse to -XBUS.RQ No

. - .. delay necessary following assertion of good read data.

Asserted by the master during a write cycle.

Asserted when a device other than the bus interface is

Asserted on a -XBUS.SYNC clock edge, dropped

. asynchronously after -XBUS.ACK drops.

Asserted when a device other than the bus interface
wishes to become bus master. Asserted asynchronously, may
be removed asynchronously after the device becomes master,
but before dropping -XBUS.BUSY.

-XBUS. EXTGRANT IN  The daisy-chained mastership grant signal. Must be

‘pulled up to +5V with a 180 ohm resistor. -

XBUS.EEXTGRANT.OUT Asserted initially by the bus
interface, synchronously with the -XBUSSYNC edge. The
signal may be subject to synchronizer lossage, since it is a
clocked version of -XBUS.EXTRQ which is not synchronous



Miscellaneous:
- -XBUS.INIT

-XBUS.SYNC

-XBUS.INTR

XBUS.POWER.OK
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with -XBUS.SYNC

When low, resets all devices. This is low during power
on and off; and when the machine is reset. '

Synchronization clock for mastership passing and other
desired purposes. Devices become bus master synchronous
with the edge of this signal. The request will normally follow
the edge by 80 ns.

Driving this low requests an interrupt. All devices are
required to initialize to a non-interrupt enable condition, and
are required to have interrupt enable and disable bits which
can selectively enable interrupts from that device. The
"requesting interrupt” state must be readable in one of the
device control register bits. ,

This line is HIGH when power is stable. It
remains low for 3 seconds after power comes on, and goes low
3 seconds before power is turned off.
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: Error Cl\ecking

Al mternal memories in the CADR machme have parity checking. If bad parity

is detected, the machine is halted, if that is enabled. The processor always completes the
current instruction, and clocks the next one into the IR, before halting. This is done to
simplify the timing and to ensure that it halts with the scratchpad memory latches open. -
It means that the data with bad parity will.no longer be on the busses once the machine
stops. Furthermore, one incorrect instruction will have been executed. The OPC registers
can be helpful in reconstructing what must have happened.

Upon initial power-on, error halting is disabled, but it is expected that as soon as
thc bootstrap program has initialized all internal memories it will enable error halting.

Main memory parity is checked .and can either halt the machine, cause a
microcode trap, or be ignored, depending on mode flags in the diagnostic interface.

The data paths do not have any redundant checking. When the machine is
bootstrapped it runs some simple dxagnosttcs designed to detect solid failures in the
memones and data paths. ‘
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Self Bootstrapping

When the machine is powered on it resets itself and the Unibus but does not
automatically start up. A bootstrap sequence can be initiated in any of several ways. The
diagnostic interface can command one. The diagnostic display panel, by grounding one
wire, can start one. This is intended to be connected to a push button. The bus interface
can start a bootstrap by grounding one wire. The chaos network interface, if it receives a
certain sequence of messages from the network, will "push the boot button." The 1/0 .
board recognizes a special set of keyboard commands (left and right control-meta) as a
boot signal. The character typed along with the left-right control-meta is available to the
bootstrap for selection of software options.

The bootstrap sequence starts by resetting the machine, which will halt it if it is
running. It turns on RUN, which will not do anything yet since the clock is stopped. It
sets the machine to its slowest speed, disables parity traps, error halts, and the statistics
counter, and enables the PROM (read-only) control memory. The trailing edge of the
boot signal allows the clock to start, causing a trap to microcode location 0, just like the
memory parity error trap. Location 0 of the PROM receives control. It must clear all
internal memories (filling them with good parity), reset the Unibus (before first using it),
enable error halts, set the machine speed to its normal value, run some diagnostic checks
to be sure the machine is working to some extent, load the microcode from the disk, load
the initial contents of main memory from the disk, and transfer control to the normal
microcode at its start address by going over the Unibus and manipulating the diagnostic
interface. A

If the diagnostic self-test fails, the microcode goes into a loop, and the value of
the PC can be read from the diagnostic display to determine what the problem seemed to
be. . :
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Interfupts and Sequence Breaks

Interrupts are hardware signals to the microcode - typically the microcode
transfers data in or out of a buffer in main memory. When the signal requires the
attention of full Lisp code, a sequence break is triggered. This consists of setting a
sequence-break pending flag in A-memory, and, if a defer-sequence-break flag (also in A-
memory) is not set, setting the hardware sequence-break flag. This flag is tested at
various convenient points such as macroinstruction fetch, and causes the microcode to .
turn off the flag and enter the sequence-break routines. The sequence-break flag is tested
by the same jump instruction that tests for page faults and interrupts.

Interrupts can be generated by both the Xbus and the Unibus. The exact
protocol is documented in the section on the bus interface. .

Sequence-breaks are software signals indicating the need to run the scheduler (a
'Lisp program). A sequence-break suggests that the condition for which some process is
waiting may have become true. The scheduler checks all processes for runnability, and
also checks if it is time to perform periodic actions which are not full processes. Lisp
programs can defer sequence-breaks to protect critical areas, while still allowing interrupts
so that real-time response at the lowest level is preserved.

~ Access to virtual memory in the Lisp Machine software environment is viewed as
a primitive operation. Regardless of the actual location of a memory datum, the fetch of
that item is continued. This view considerably simplifies coding of the system, but
imposes moderately high potential latencies in responding to sequence breaks. Interrupts
are handled entirely at the microcode level, and the response-time for these will be quite
short.

The mtetruptconttol register, writable by functional destxnatlon 2 and readable
in the high bits of LC (functional source 13), contains three bits relevant to interrupts,
Bit <27>, INTERRUPT ENABLE, allows the external interrupt signal from the bus
interface to be seen by the JUMP instruction. Bit <26>, SEQUENCE-BREAK, is the
sequence-break flag which is testable by the JUMP instruction,

Bit <28>, BUS-RESET, generates a RESET signal on the Unibus (BUS INIT L)
and on the Xbus (XBUS.INIT L), and resets the bus interface, when it is written 1 and
then 0. The machine also resets the busses when it is powered up.

Bit <29> is used by the Instruction-Stream feature.
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The Statistics Counter

The statistics counter is a 32-bit counter, which increments whenever an
instruction with bit 46 = 1 is executed. When the counter overflows from -1 to 0 the
machine stops, after completing execution of the instruction which caused the overflow.
(The stopping is under control of an enable bit in the diagnostic interface.) Bit 46 is
always O in instructions from the PROM. -

The statistics counter can be read and wmtcn using the diagnostic interface. It
provides several facilities.

It can be used for metering, to measure how many instructions are executed,
possibly restricted to a certain subset of the microprogram. The microcode debugger and
console program has commands to set and clear the statistics bits in areas of control
memory.

It can be used for breakpointing, by setting the counter to -1 and turning on the
statistics bit in those instructions which have breakpoints set on them.

It can be used to find obscure bugs, by setting the statistics bit in all locations of
control memory, and setting the appropriate number in the statistics counter to cause the
machine to halt just before the point where the error appcars, so that it can be single-
stepped through the suspect microcode.

The statistics counter is loaded from the Instruction Write Register, rather than
the normal diagnostic bus, because of jts 32-bit width. Effectively it loads from the M bus
with a 1-cycle delay. It is probably not possible for the machine to use the statistics
counter on itself, although clever ways might be found.
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The Diagnostic Interface

The diagnostic interface occupies 16 Unibus addresses. It includes a 16-bit
diagnostic bus which can be used to read and write various portions of the machine.
There are 16 readable locations, and 8 writable locations. A readable location and a
writable location at the same address have no relation to each other. The diagnostic bus
is used by debugging and maintenance programs, including the "console” program. and in
a few cases by the machine itself during bootstrapping.

First we will describe the readable locations. These are sometimes called the
"spy feature.” Naturally, most of these are somewhat meaningless if read while the
machine is running.

766000 IR<15.0>. The low 16 bits of the currently-executing instruction.
766002 IR<314-16>4. The middle 16 bits of the currently-executing instruction.
766004 IR<47-32>. The high 16 bits of the currently-executing instruction,
766006 not used | |

766010 OPC. The OPCs are described below.

766012 PC. The current program counter, which is the address of the next instruction to
be executed. ,

766014 OB<15-0>. The low half of the output bus.
766016 OB<31-16>. The high half of the output bus.

766020 Flag Register 1. This provides various signals associated with starting and
stopping the machine. When the machine stops due to a hardware error, this
register tells what happened. The bits are:

<15> = -WAIT. 1 if the machine is running or runnable, 0 if it is waiting
for memory. See the discussion of Clocks for the exact meaning of

WAIT.

<14> = .VIPE, Normally 1, 0 if the level-2 map had a parity error at the
last clock.

<13> = -VOPE. Normally 1, 0 if the level-1 map had a parity error at the
last clock.

. <12> = HIGHOK. 1 if the high runs in the machine are all valid, O if
some are not. This is essentially a power-supply check, and a
check for broken wires. ’

<11> = -STATHALT. ' Normally 1, 0 if the machine has been stopped by
the statistics counter.

<10> = ERR. 1 if an error condition is present. If ERRSTOP is on in the
mode register, the machine is stopped.
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 <9>=SSDONE. 1ifa single-step operation has been completed.

<8> = SRUN. 1 if the machine is trying to-run_(but it may be stopped by
a parity error, by a wait condition, or by the statistics counter).
<7> = -HIGHERR. 1 if there was HIGHOK at the last clock.

. <6> = -MEMPE. Normally 1, 0 if there was a main memory parity error

that was_not caught by a trap at the last clock.

<5> = .IPE. Normally 1, 0 if there was a control memory parity error at
the last clock.

<4>= .DPE. Normally 1, 0 if there was a dispatch memory parity error
at the last clock.

<3> = -SPE. Normally 1, 0 if there was an SPC stack parity error at the
last clock.

<2> = -PDLPE. Normally 1, 0 if there was a PDbbuffer parity error at
the last clock.

<1> =-MPE. Normally 1, 0 if there was an M-scratchpad parity error at
the last clock.

<0> = -APE. Normally 1, 0 if there was an A-scratchpad parity error at-

_ the last clock. '

766022 Flag Register 2. This register contains flags associated with pipelining and some
miscellaneous control signals which the debugging program likes to see. The bits

are:

<15> = unused

. <14> = unused

<13> = WMAPD. The previous cycle said to write the map, and this cycle
will.

' <12> ="DESTSPCD. The previous cycle wrote into the SPC stack by using

a functional destination (as opposed to a CALL transfer).
<11> = IWRITED. The previous cycle did an 'MEM WRITE type of
~ ' JUMP instruction, and this cycle will write control memory, do a
RETURN transfer, and NOP the following cycle.
<10> = IMODD. The previous cycle used the "OA register” to modify this
cycle's instruction, or this cycle's instruction came from the
DEBUG-IR (see below). This flag inhibits parity checking of the
IR.
<9> = PDLWRITED. The previous cycle caused a write into the PDL-
buffer, and this cycle will do it.
<8> = SPUSHD. The previous cycle caused a write into the SPC stack,
. and this cycle will do it.
<7> = unused
<6> = unused. :
<5> = IR<48>. This is the parity bit of the IR.
<4> = NOP. The instruction currently in the IR is not really being
- executed; this cycle is a NOP cycle.
<3> = -VMAOK. The last attempt to start a main memory cycle was not
sqcmful because the map indicated a page fault.
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<2> = JCOND. 1 if the jump-condition is satisfied. Meaningless if the
. instruction in IR is not a JUMP instruction.
’ <l-0> PCS1-0. These 2 bits select the next PC (the address of the
instruction after next) The encoded values are: ' .

0= SPC<13-0> the SPC stack.
1 = IR<25-12> the address specified by a JUMP instructnon
2 = DPC<13-0> the dispatch memory.
3 = IPC<13-0> the PC+1.

M<150>. The low half of the M-source selected by the instruction currently in
IR. ‘

M<31-16>. The high half of the M-source.

A<150>. The low half of the A-source selected by the instruction currently in
IR.

A<31-16>. The high half of the A-source.
ST<15-0>. The low half of the statistics counter.

ST<31-16>. The high half of the statistics counter.

Here is a description of the writable registers of the diagnostic interface.

DEBUG-IR<15-0>. The low 16 bits of an instruction supplied by the diagnostic

~ interface.

DEBUG-IR<31-16>. The middle 16 bits.
DEBUG-IR<47-32>. The high 16 bits.

Clock control register. Resetting the machine sets this to zero. The following
bits exist: _
<4> = LDSTAT. Setting this to 1, then clocking the machine, causes the
+  statistics counter to load from IWR<31-0>, which loaded from the M
. bus on the previous clock. .
<3> = IDEBUG. Setting this to 1 causes the IR to load from the DEBUG-IR
instead of the PROM or the control memory, when the machine is
clocked. The primary way that the machine can be manipulated
through the diagnostic interface is by executing instructions using this
mechanism.
<2> = NOPI1I. Setting this to 1 forces NOP. This allows you to clock the
~ machine, for instance to transfer DEBUG-IR into IR, without the
present contents of the IR causing unwanted side-effects by getting
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_executed as an instruction. NOP11 does not prevent the PC from
getting changed (in fact it will be incremented), and it does not prevent
previously-scheduled pipelined writes from happening.

- <1> = STEP. Setting this to 1, when SSDONE is 0, causes the processor clock
to run for one cycle, and then set SSDONE. Setting STEP to O clears
SSDONE. (Both of these operations really take several cycles of the

* clock to complete.) STEP is the way that the diagnostic interface
"clocks” the machine. Note that the main clock is running all the time,
even when the machine is stopped. STEP generates a single processor
clock, in synchronism with the main clock.

<0> = RUN. Setting this to 1 causes the machine to start nmmng. You first
use STEP to set up the state of all the registers and memories, the PC,
and the IR, then turn on RUN. The first instruction executed is the
one you left in the IR,

766010 OPC control register. Resetting the machine sets this to zero. This register
contains some bits which need to be used by the console program in order to
completely restore the state of the machine from a saved state. The bits are:

<2> = OPCINH. Setting this to 1 inhibits the OPCs from being clocked by
the processor clock. This bit must not be changed except when the
clock is high (i.e. the machine is stopped). The process of restoring the
OPCs consists of setting OPCINH, then getting the 8 values into the PC
by executing JUMP instructions, and transferring those values into the
OPCs via the OPCCLK bit. Once the OPCs have been restored,
OPCINH remains set so that they will be undisturbed while the rest of
the machine state is restored. Just before starting the machine, set

. OPCINH t0 0.

<1> = OPCCLK. Setting this to 1 and then to 0 generates a clock to just the
OPCs. This is used to read out the 8 OPC registers without disturbing
the state of the rest of the machine,

<0> = LPC.HOLD. Setting this to 1 prevents the LPC register from loading

' from the PC register when the machine is clocked. This is used in

restoring the LPC. The LPC is a duplicate copy of the first OPC
register, used by the IR<25> t‘eature of the DISPATCH instruction.

766012 Mode register. Resetting the machine sets this to zero. This register enablu
various features and controls the speed.of the clock. The bits are:
<7> = PROG.BOOT. Setting this to 1 starts a bootstrap sequence.
<6> = PROG.RESET. Setting this to ] resets the machine. Reset stops the
machine by clearing RUN, forces the clock to stop until the RESET
 operation is over, clears the pipeline flags which cause things to happen
in the next instruction, and clears the Clock, Mode, and OPC registers
of the diagnostic interface.
<5> = PROMDISABLE. A 1 here disables the PROM. A O here replaces the
first 1K locations of control memory with the PROM.
. <4>=TRAPENB. A | here enables main memory parity errors to cause
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microcode traps to location 0. A 0 here causes main memory parity
errors to be treated the same as other parity errors, -
<3> =STATHENB. A | here enables overflow of the statistics counter to

: halt the machine.

.<2> = ERRSTOP. A 1 here enables hardware errors (HIGHERR and various
parity errors) to halt the machine. A O causes it to continue blithely
on.

- <10> = SPEED<1.0>. These bits control the speed of the clock. The ‘
ILONG bit in the microinstruction also affects the speed, slowing it
down by 40 nanoseconds. The speed coda are:

0 = Extra Slow
1 = Slow

2 = Normal

3 = Fast

766014 not used.

766016 not used.

The OPCs are a set of 8 registers which remember the last 8 values of the PC.
This pravides a useful history for debugging. It is also used by the microcode itself in
certain frap-handling routines. You can only read the last of the 8 OPCs, which is what
the PC was 8 clocks ago. Special control is provided over the clocking of the OPCs so
that they can be read out without di so that they can be saved and restored by the
microcode debugger. This is described above under 766010.

The OPCs can be read both by the diagnostic interface and as a functional
source, for maxxmum ﬂexlbxhty

The bus interface provides a special path by which the MD register may be
loaded. This provides a parallel source of diagnostic input data. After loading MD,
instructions can be executed via the DEBUG-IR to transfer the data to the desired
destination. .

There are several maintenance indicators (light-emitting diodes) scattered around
the-machine. Inside the front door, near the lower-left-hand corner, are 5 octal displays.
These show the current value of the PC. The decimal points on these displays show
various interesting conditions. From left to right:

1 - PROMENABLE. Indicates that the current instruction is coming from the PROM
~ rather than the writable control memory.

2 - IPE. Indxcat& that control memory had a parity error at the last clock.

3 - DPE. Indicates that dispatch memory had a parity error at the last clock.
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.

© 4.-TILTO. lndiataMthempormainmemoryh&dapudtyeno’utthelatcloct.

5 - TILT1. Indicates that the A-scratchpad, the M-scratchpad, the PDL-buffer, or the
SPC stack had a parity error at the last clock.

There is also provision for indicators for the various error conditions, "the
machine is really running,” and the status of the disk interface. The location of this
indicator panel, and whether or not all machines will have one, is not yet determined. .
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The Disk Controller

The Lisp machine disk controller attaches from 1 to 8 disk units of the "Trident™
family to the CADR machine’s XBUS. The 1-unit version consists of one board, and 2
second board is added when more than one disk unit is to be used. The two versions are
almost program compatible.

Interface Registers

The disk controller is operated by reading and writing four 32-bit registers which
are on the XBUS. These are normally at physical addresses 17377774-17377777, which is
just below the Unibus. The address can be changed by changing jumpers. Many bits in
these registers refer to the "selected unit", which is that disk unit whose number is
currently in bits <30:28> of the disk-address register.

When read, the registers are:

0 STATUS -

- <24:31> The block-countcr of the selected unit. This tells you its current rotational
position. Reading of this segister is not synchronized to its incrementation, so
you must read it twice and check that it came out the same both times.

<23> Internal Parity Error. This indicates that parity of the bits seen at the disk

- and parity of the bits seen at the memory failed to agree; something must have
been lost inside the controller someplace. The Read All and Write All '
commands cause spurious internal parity errors. The Read Compare command
causes a spurious internal parity error if it sets Read Compare Difference (bit
22) and the the disk data and the memory data differ in parity. This error
does not stop the transfer.

<22>  Read Compare Difference. This indicates that data from memory and data
from the disk failed to agree. This bit is undefined unless the command is

. read-compare. This error does not stop the transfer.

<21> CCW Cycle. This bit being on in combination with Memory Parity Ecror
or Nonexistent Memory Error indicates that the error happened while fetching
a CCW, rather than while reading or writing data.

<20>  Nonexistent Memory Error. Indicates that memory (or other XBUS device)
failed to respond within 15 microseconds. This error stops the transfer.

<19>  Memory Parity Error. Indicates that even parity was read from memory (or
other XBUS device). This error stops.the transfer.

<18>  Header Compare Error. Indicates that a block-header read from disk failed
to have the expected value. This may be because the disk head is not
positioned at the proper place, because the disk is not correctly formatted, or
because the header wasn't read correctly. This error stops the transfer.

<17>  Header ECC Error. Indicates that the error-correcting code of a block
header failed to check. Unfortunately most header ECC errors show up as
header compare errors instead. Maybe this can be fixed? This error stops the
transfer. Header ECC Error also happens if an attempt is made to continue a
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read or write operation past the end of the disk.

ECC Hard. Indicates that the error correcting code discovered an error, and
was unable to correct it. The data read from disk is wrong, try reading again.
This error stops the transfer. :

ECC Soft. Indicates that the error correcting code discovered an error, and
was able to determine which data bits were in error. The program can correct
it, see the ECC Register for how. The error correcting code will correct any
single burst of up.to 11 erroneous bits. This error stops the transfer. :

Read Overrun. Indicates that data arrived from the disk faster than it could
be stored into memory. This error stops the transfer.

Write Overrun. Indicates that memory did not supply data fast enough for
the disk. “This error stops the transfer. : :

Start Block Error. Indicates that a start-of-block (sector pulse) happened at
a time when it should not have. Either the disk is incorrectly formatted or it
is generating spurious sector pulses. This error stops the transfer.

- Timeout Error. Indicates that a disk operation took longer than 2.5
seconds. This error stops the transfer.

Selected Unit Seek Error. The selected unit is reporting failure of a seek
operation. This error stops the transfer. Reset the error by using the
Recalibrate command.

Selected Unit not On-line. The heads are not loaded, the disk is
not powered on, or there is no disk at the specified unit number. This error
stops the transfer.

Selected Unit not On-Cylinder. Generally indicates that a seek is
in progress on the selected unit. Not an error. If the disk goes off-cylinder
during a write operation, a fault will occur. If it goes off cylinder during a
read, presumably a header-compare error or an ECC error will occur.

Selected Unit Read-Only. The status of a switch on the disk. Note
that the read-only status can only change to reflect a change in the switch
when the drive is not selected. Storing into the Disk Address register

. momentarily deselects the current unit so that it may update its read-only

status from the switch. Writing while the disk is read-only causes a fault.
Selected Unit Fault. Indicates either trouble with the disk or a
programming error, see the Trident manual. This error stops the transfer.
Reset by using the Fault Clear and/or Recalibrate commands. This error
lights the Device Check light on the drive. ' '
No Unit Selected. This error stops the transfer. Happens if no

 disk is plugged into the selected unit number, or the disk unit is powered off

or "degated".

Multiple Units Selected. This error stops the transfer. This
indicates that more than one disk drive is selected, or the wrong drive is
selected.

: Interrupt Request. 1 means the disk controller is asserting -
XBUS.INTR.

Selected Unit Attention. Reset using the At Ease command.

Attention indicates seek completion, recalibrate completion, initial loading of
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the heads, seek incomplete error, or an emergency head retract. "Implicit™-
secks do not cause attention.

<1> ~ Any Attention. Some unit has an attention, you have to select
them one after another to find out which.
<> Not Active. 0 means the controller is busy, 1 means it is ready to

accept a command.

1 MEMORY ADDRESS
<31:24> not used
<23:22> Disk type. 00 Trident 01 Marksman 10 unused 11 Trident (old control)
" <21:0> the address of the last memory reference made by the disk control. This is
the address of a CCW if CCW Cycle is on in thc status register, otherwise the
address of a data word.

2 DISK ADDRESS

<31>  not used '

<30:28> Unit number. In the 1-unit version, always zero.

<27:16> Cylinder number. A T-80 has 815. cylinders.

<15:8> ‘Head number. A T-80 has 5 heads. As it turns out, only the bottom 6 bits
' of the head number can work (this is a feature of the Trident.)

<7:0> Block number. A T-80 is usually formatted with 17. blocks per track.

"Block" is mostly synonymous with "sector".

When a transfer is terminated by an error, the disk address register contains the
address of the block being transferred when the error occurred. When a transfer
terminates normally, the disk address register has the address of the last block
transferred.

3 ERROR CORRECTION REGISTER-
<31:16> Error pattern bits.
<15:0> Error bit position+1.

When a soft ECC error occurs, this register tells where in the last block transferred
the error was. The disk address register has the disk address of the block containing
the error, and the command list pointer points to the CCW which points to the
memory page containing the error. The error pattern should be XOR'ed into the
contents of memory at the specified bit address; it may overlap across a word
boundary. Note that the bit position is off by 1; the first bit in the block is bit 1.

You should not write any register while a transfer is active, excépt for using the Reset
command to stop a hung transfer, and even then you should expect to lose.

When written, the registers are:

0 COMMANS |
Writing the command register does NOT initiate a transfer, unlike most disk
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controllers. Use register 3 (START) to initiate a transfer, after setting up the other
registers. However, writing the command register does reset the various error flags.
Note that the command register cannot be read back. :

<31:12> not u#e,d

<{1>

<1>

<>
<8>

<7>

<6>

<5>

<4>
<>

Done Interrupt Enable. Enables not-active (bit O of the status register) to
cause an interrupt. The interrupt will keep happening until you clear this bit.
(This is really an idle interrupt rather than a done interrupt.)

Attention Interrupt Enable. Enables any-attention (bit 1 of the status
register) to cause an interrupt. (The interrupt will only happen if the
controller is not active. While the controller is active you couldn't do
anything about it anyway.) The interrupt will keep happening until you select
the drive and give an at-ease command, or clear this bit.

Recalibrate. In combination with command 5, causes the disk to return the
heads to cylinder 0.

Fault Clear. In combination with command S, resets. most fault condtttons
in the disk.

Data Strobe Late. For recovery of margmal data,

Data Strobe Early. For recovery of marginal data.

Servo Offset. For recovery of marginal data, offsets the heads slightly. Bit
4 controls which direction. Note that this is somewhat kludgey, if you try to
seek while the heads are offset you get a fault.(use command 6 first to clear
the offset.) Transferring more than one block at a time while in servo offset

" mode, or even retrying a transfer without first doing an offset clear, will

probably cause a fault. Of questionable worth anyway. Writing while the
heads are offset causes a fault.

Offset forward. 1 means offset forward, 0 means offset backward.

1/0 Direction. 1 means from-memory, 0 means to-memory. See below for
valid combinations.

<2:0> . Command code. The following combinations of bits are valid commands

(here expressed in octal), Note that bits 10 and 11 may always be turned on,
and bits 4 through 7-may be turned on in any reading command.
0000 Read. '

0010 Read-compare. Reads from both disk and memory, and sets bit 22
of the status register if they don't agree.

0011 Write. N

0002 Read All. Reads all bits of the disk starting at the specified
rotational position. Note that internal parity errors will occur
spuriously during this command, and that it will not automatically

.advance heads and cylinders. See the description of disk
formatting below.

0013 Write All. Writes all bits of the disk starting at the specified
rotational position. This is intended for formatting the disk, see
below. The caveats under READ ALL apply to WRITE ALL also.
In addition, it doesn't really write quite all of the last page;
somewhere between zero and seventeen words will be lost.
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0004 Seek. Initiates a seek to the cylinder specified in the disk address
register. An attention will occur when the seek completes. Note
that this command is not logically necessary; the controller always
initiates a seek if necessary at the start of a data transfer command.
The read, read-compare, and write commands also will seek in the
middle of a transfer when necessary. The seek command is
provided so you can overlap seeks on multiple units.

0005 At ease. Resets attention on the selected unit,

1005 Recalibrate. Seek to cylinder 0, without assuming the current
position of the heads is correct. This is used to correct a seek
_error, and as part of error recovery. Recalibrate resets some error
conditions in the drive, and causes an attention when complete.

0405 Fault clear. Resets most error conditions in the drive.

1405 This probably does both a Recalibrate and a Fault Clear.

0006 Offset clear. Take the heads out of the offset state. This does not
wait for completion, but the next command will,

xxxT This is a reserved command, and will currently hang the controller,
causing a timeout error (bit 11 in the status register.)

0016  Reset. This stops the current transfer and resets the controller.
This command takes effect as soon as it is stored in the command
register; no store in START is required. After storing a Reset

.command you should store 0 in the command register to turn off
the reset condition. Use of Reset while a transfer is in progress
isn't guaranteed not to do strange things.

All commands except for the xxx5 group and Reset wait for completion of any
previous seek operation on the selected unit before starting. Thus even the
Seek and Offset Clear commands can take finite time before the controller is

" ready for the next command.

1 COMMAND LIST POINTER
This is the address of a vector of Channel Command Words (CCWs) which
specify what memory pages, and how many, are to be transferred to/from
disk. Only bits <15:0> of the CLP can count, so if you try to carry across this
boundary your command list will wrap around.

The format of a CCW is:
<31:24> not used
<23:8> Main memory address of a page
<T:1> " not used
<0>  More flag. If this bit is 0, this is the last CCW in the list. If this bit
is 1, there is another CCW in the following locstion.

2 DISK ADDRESS - ’
' See the description of the digk address register under reading. Note that in the 1-unit
version, the unit number bits <30:28> are ignored and regarded as always zero.
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{

3 STARI:
© Writifg anything at this address initiates the operatlon specxfied in the command,
~ disk address. and command list pointer registers. -

Disk Structure

Each disk block contains one Lisp machine page worth of data, i.e. 256. words
or 1024 bytes. You can transfer up to 65536. consecutive disk blocks to non-consecutive
memory locations in-a single operation, or you could if the machine supported that much
main memory. A T-80 has 815. cylinders, each with 5 heads (tracks), each with 16. or 17.
blocks depending on how you feel like formatting it. A T-300 is the same except it has
19. heads.

Formatting

- The format is determined by the program that uses the Write All operation to
format the disk, within the constraints determined by the hardware. A track contains
(approximately) 20160. bytes (on a T- 80 or a T-300). Jumpers in the disk are set to give
17. sector pulses per track, or one every 1164. bytes, with a little left over at the end of
the track. :

Everything goes low-order bit first and low-order byte first. Note that bits in the disk
controller are the complement of bits seen by the drive. Thus all bits in the Trident
manual should be thought of as complemented.

The format of a block is:
(sector pulse here)
PREAMBLE - 53. bytes of ones.
VFO LOCK - 8. bytes of ones.
SYNC - a byte containing octal 177
HEADER - a 32-bit word as follows:
<31:30> next block address code:
0 following block on same track
1 block 0 on next track (next head)
2 block 0 on head 0 of next cylinder
3 end of disk
€29:28> not used, should be zero
<27:16> cylinder number, used to verify that the
disk is positioned to the correct cylinder.
<15:8> head number, used to verify the head selection.
<7:0> block number, used to verify the rotational position.
HEADER ECC - a 32-bit checkword.
‘VFO RELOCK - 20. bytes of ones.
SYNC - a byte contajning octal 177
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PAD - a byte containing octal 377, which is here to fix
a bug in the logic for read-compare. (Ugh)

DATA - 1024. bytes of whatever you want.

DATA ECC - a 32-bit checkword.

POSTAMBLE - 44. bytes of ones.

~ To format the disk, you should do it one track at a time. Lay out in memory
the bits to be written on the track. Truncate the length to a multiple of a page, but make
sure that the last 17. words don't matter (in general you will be writing 19. pages, or
19456. bytes, leaving about 771. bytes at the end of the track which may not get written,
depending on how full the fifo is when the operation terminates. Depending on the block
‘length chosen, you may not get a chance to fully write the last block, but as long as you
get into the data area it will be all right. Do'a WRITE ALL command of this data, with
a disk address whose block-number field (bits <7:0>) is zero. Ignore any internal parity
error (bit 23 of the status register.) You can verify it by using the Read All command
(but the internal parity and read-compare features will not work), or you can use the
ordinary write and read commands. You must compute the ECC check-words manually.
The polynomial'is x~31+x~29+x~20+x~10+x~8+1 [if I understand this logic correctly.)

Note that, when using Read All, there is some ambiguity as to precisely where
the data read starts. It is unlikely to line up the bytes on byte boundaries. The first
several microseconds worth of data will be missing or corrupted.

Debugging |

Connector J11'is provided for a flat cable to an LED display, with the following
useful signals on it. These are ground when inactive, 15 milliamps at +3 volts or so when
active. ' '

1  Read Active. The controller is active and bit 0
) of ‘the command register is 0.
2 Write Active. The controller is active and bit 0
of the command register is 1.
3 Seek. The selected unit is not on-cylinder.

4 ~ Transfer Lossage. This is the IOR of Timeout, Read
' Overrun, Write Overrun, Memory Parity Error, and
Nonexistent Memory Error.

L] Format Lossage. This is the IOR of Start Block Error,
Header Compare Error, Header ECC Error, and Reset.
6 ECC Lossage. This is the IOR of Hard ECC Error and
~ Soft ECC Error. ,
7 Disk Lossage. This is the IOR of Multiple Units Selected,

No Units Selected, Selected Unit Fault, Selected Unit not
On-Line, and Selected Unit Seek Error.
8 Spare. This probably does not light up.
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<<Here insert a one—pag.e table of instruction formats and so forth>>
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‘the expression program is evaluated to produce the symbol'’s value (which may be
conditional on the context in which it appears). Expression programs are discussed in a
later section. - -

Instrnctlons

In general, CONSLP assembles a list into a data item by evaluating all the
elements of the list and adding them up. There is a fairly rich language for specifying
complex expression programs and assigning symbolic names to them; for now, however,

. we will merely use the symbols predefined by CONSLP. CONSLP also allows the fields of
an instruction to be written in almost any order, but we will describe only the
conventional order for writing them,

The general form of an I-MEM instruction is:

(<pop s> (<destinations>) <(operation) <(condition)
C(M-sourced <(byte-descriptor) <(A-source) (target-tagd <(other fielids))

The <popj> field is POPJ-AFTER-NEXT to specify that the POPJ bit be set.

The <destinations> field may be an A or M memory tag, or the name of a functional

destination, or both an M memory tag and a functional destination.

The <operation> specifies the instruction type, and possibly other fields (such as the jump

condition) as well. '

The <condition> may also be a separate field, though it usually is encoded as part of the

operation. :

The <byte-descriptor> describes the byte to be used in a BYTE or DISPATCH
ﬁinstruction. ) :

Vrhe <M-source> and <A-source> specify the sources; these may be tags in the appropriate
memories, or, for the <M-source>, the name of an M multiplexor source. '
The <target-tag> is an I-MEM tag for JUMP instructions, or a D-MEM tag for
DISPATCH instructions.

The <other fields> can be such things as the Q control and Miscellaneous Functions.

A Many of these fields can be omitted, and CONSLP will default them
appropriately. If the <operation> is omitted, then ALU is assumed, unless a <byte
descriptor> is present either implicitly or explicitly, in which case BYTE is assumed. If
only one source is present in an ALU instruction, then an opcode of SETA is supplied for
an A source, and SETM for an M source, thus causing a simple movement of data. If the
A source is omitted in a2 BYTE instruction, then location 2 in A memory is assumed
(which is supposed to contain zero).

Here are some examples of instructions, with commentary. We assume the
convention described above for A and M memory tags.

{(A-FOO) M-BAR) imove from BAR in M-MEM to FOO in A-MEM

(CALL ZAP) ;do a CALL transfer to instruction ZAP (N bit set)
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((A-FOO) SUB M-BAR A-BAZ)
;subinct A-u'l from M-BAR, put result in A-FOO

( JUMP-EQUAL -XCT-NEXT M-BAR A-FOO LOSE)
: ‘tJump to LOSE 1f M-BAR equals A-FOO; N bit is cleasr,
s 30 instruction after the JUMP is executed
; whether or not the JUMP succeeds

(POPJ-AFTER-NEXT (M-FOO) MEMORY-DATA)
iput data from memory intc M-FOO,
; and slso POPJ after next tnstruction

({M-SAVE MEMORY-DATA-START-WRITE)
' ADD MEMORY-DATA A-ZERO ALU-CARRY-IN-ONE)
. ;add one to the read memory data,
; transfer to write memory data and M-SAVE,
>; and begin writing the data into main memory
+ ot the address already in the VMA

Literals

CONSLP provides a facxhty for specifying literals in the A and M memories.
The constructs

(A-CONSTANT Cexpression>) and (M-CONSTANT Cexpression))

may appear as an A source or M source specification, causing CONSLP to allocate a word
in the appropriate memory, assemble the literal expression there, and use the address of
that location as the source location. If the same constant in the same memory is
referenced many times, CONSLP will assemble only one copy of it. Two constants are
considered the same if their final binary values are identical, regardless of the source
expressions which reduced to those values, The zero constant is treated specially, and
made to refer to location 2 of the appropriate memory (hence the user should reserve
these locations as constant sources of zeros). Similarly the -1 constant is made to refer to
location 3 of the appropnate ‘memory.

Byte Specifications

Rather than requiring the user to calculate the rotation count and length (minus
1) fields for BYTE and DISPATCH instructions, CONSLP provides a uniform method for
specifying a byte in terms of its size and position jn the word; CONSLP then calculates
the fields appropriately.

The simplest way to describe a byte is with the BYTE-FIELD construct:
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(BYTE-FIELD <size in'bits> <position from right>)

For example, (BYTE-FIELD 5 0) is the low five bits of a word, and (BYTE FIELD 7 §) i is
the seven bits abovc them The two arguments to BYTE-FIELD must be constant
integers,

Another way to descnbe a byte is:

(LISP-BYTE <ppss>)

where the low two octal digits of <ppss> are the size and the next two are the position.
The argument <ppss> is evaluated as a LISP form (see below under "Expression
Programs”™).
When a byte specifier appears in-an instruction, the op-code is defaulted to
BYTE, and the type of byte instruction defaulted to "load byte". If specified elsewhere
in the instruction, the op-code may be DISPATCH instead; the dispatch is based on the
specified byte. The op-code may-also be JUMP, but only if the byte is one bit wide; this
means that the jump will test the specified bit of the M source.
When CONSLP assembles the final instruction, it constructs the rotation count
~and length minus 1 fields on the basis of the byte specifier and the operation to be
performed. For JUMP, DISPATCH, and "load byte” type BYTE instructions, this
involves subtracting the byte position from 32 to obtain the correct rotation count.
(Recall that CADR rotates words to the left.) If Miscellaneous Function 3 (LOW PC BIT
specifies half word) is enabled, then the position (which should be less than 16) is
subtracted from 16 instead. For “"deposit byte" and "selective deposit” type BYTE
instructions, the byte position itself is used as the rotation count. The length minus 1
field for BYTE and JUMP is computed by subtracting 1 from the byte length, unless the
“byte length is zero, in which case zero is used. (Note that CADR cannot really handle
zero-length bytes, but CONSLP allows them to be defined on the theory that the "next
instruction modify” feature may be in'use. Programs which use this feature must be
aware of the hackery which the assembler pulls, and allow for the actual values of the
fields at run time.) The DISPATCH instruction has a length field instead .of a length
minus 1 field, and so no subtraction of 1 is performed for it.
- Here are some examples of the use of byte specifiers:

((M-X) (BYTE-FIELD 7 4) M-Y)
: ;extracts & 7-bit byt‘. 4 bits from
i the right, from M-Y, and puts this
: byte right-justified in M-X. The
" ; A source i3 defaulted to 1, which
; should be a constant zero so that the
: other bits in M-X will be zere.

(JUMP-IF-BIT-SET (BYTE-FIELD 1 3)'n-w QuUX)
;Jump to QUUX 1f the *10" bit is set in M-ZAP

. : (DISPATCH (BYTE-FIELD 3 0) M-ZAP DTABLE)



e e

63 The CADR Microprocessor
suse the Yow three bits of M-ZAP to index
; into the dispatch table DTABLE

It is possible to create a symbolic name for 2 byte field by using the ASSIGN
pseudo-operation: :

(ASSIGN LOV-HEX-DIGIT (BYTE-FIELD & 0))

Siﬁce this is a comtﬂon operation, another pseudo-op exists for the purpose:
(ozr-nﬁn-rmo <smo1>' Cbyte size> Cbyte positiond)

For example:
(DEF-DATA-FIELD LOV-HEX-DIGIT 4 0)

It is‘also possible to associate a name with a byte field in a particular register.
One way to do this is to sum the byte specifier and the name of the register:

(ASSIGN CONDITION-CODES (PLUS (BYTE-FIELD 4 0) POP-11-PS))
(ASSI16N TRACE-TRAP-BIT (PLUS (BYTE-FIELD 1 4) PDP-11-PS))
(ASS16M PRIORITY (PLUS (BYTE-FIELD 3 5) POP-11-PS))
This case too is common enough to warrant a special pseudo-operation for the purpose:
(DEF-BIT-FIELD-IN-REG (symbol)> <byte size> <byte positiond C(register))
For example:
(DEF-BIT-FIELD-IN-REG CONDITION-CODES 4 0 POP-11-PS)

(DEF-BIT-FIELD-IN-REG TRACE-TRAP-8IT ) 4 POP-11-PS)
(OEF-BIT-FIELD-IN-REG PRIORITY 3 § POP-11-PS)

Note that the <register> had better be in the M-scratchpad. With this definition, it is
only necessary to mention, say, PRIORITY, in an instruction to cause an appropriate byte
reference to occur:

{(A-PRIORITY) PRIORITY) ;extract the PRIQRITY byte from PDP-11-PS
: and place 4t right-justified in A-PRIORITY

By special dispensation, it also works to use such symbols in the destination field. The
appropriate DPB is assembled.

Two more pseudo-operations make it easy to define names for many consecutive
bits or fields in a register.
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(DEF-NEXT-FIELD Csymbol> Cbyte size> <register>) .Sp This defines <symbol> to be 2 byte of
the speicified size, in a position to the left of any fields already defined by DEF-NEXT-
FIELD. If this is the first DEF-NEXT-FIELD for the specified register, then the field
position is zero (at the low end of the word). For example: :

(DEF-NEXT-FIELD REL-OFFSET 8 IBM-1130-INSTRUCTION)
(DEF-NEXT-FIELD TAG-FIELD 2 IBM-1130-INSTRUCTION)
(DEF-NEXT-FIELD FORMAT-BIT 1 I1BM-1130-INSTRUCTION)
(DEF-NEXT-FIELD OP-CODE 5 1BM-1130-INSTRUCTION)

‘would be entirely equivalent to:

(OEF-BIT-FIELD-IN-REG REL-OFFSET 8 0 IBM-1130-INSTRUCTION)

. (DEF-BIT-FIELD-IN-REG, TAG-FIELD 2 8 IBM-1130-INSTRUCTION)
(DEF-BIT-FIELD-IN-REG FORMAT-BIT 1 10. 18M-1130-INSTRUCTION)
(DEF-BIT-FIELD-IN-REG OP-CODE § 11. IBH-IISOJISTRUCTIOI)'

.The pseudo-operation:
(DEF-NEXT-BIT (symbol> Cregister))

is entirely equivalent to:
(DEF-NEXT-FIELD Csymbol)> 1 (register))

and so allocates a single bit. It may be intermixed freely with DEF-NEXT-FIELD. For
example:

(DEF-NEXT-FIELD CONDITION-CODES 4 PDP-11-PS)
{DEF-NEXT-BIT TRACE-TRAP-BIT POP-11-PS)
(DEF.-NEXT-FIELD PRIORITY 3 PDP-11-PS)

The construct:
(RESET-BIT-POINTER Cregister))

may be used to reset the pointer into <register> used by DEF-NEXT-FIELD and DEF-
NEXT-BIT. This is useful if the data in <regnster> can have several different formats.
For example:

(DEF-NEXT-BIT C POP-11-PS)

(DEF-NEXT-BIT V PDP-11-PS).

(DEF-NEXT-BIT 2 PDP-11-PS),

(DEF -NEXT-BIT N PDP-11-PS)

(IESET-IIT POINTER PDP-H PS)

(OEF- IEKT-F IELD CO'DITION-COBES 4 PDP 11-PS)
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(DEF-NEXT-BIT TRACE;T!AP-I" ‘POP-11-PS)
(DEF-NEXT-FIELD PRIORITY 3 POP-11-PS)

(DEF -NEXT-FIELD DST-REG 3 POP-11-INSTRUCTION)
{DEF-NEXT-FIELD DST-MODE 3 PDP-11-INSTRUCTION)
(DEF-NEXT-FIELD SRC-REG 3 PDP-11-INSTRUCTION)
(DEF-NEXT-FIELD SRC-REG 3 POP-11-INSTRUCTION)
(DEF-NEXT-FIELD OP-CODE 4 PDP-11-INSTRUCTION)
(RESET-BIT-POINTER POP-11-INSTRUCTION)
(DEF-NEXT-FIELD BRANCH-OFFSET 8 PDP-11-INSTRUCTION)

{ DEF -NEXT-F IELD BRANCH-CONDITION 3 POP-11-INSTRUCTION)
(RESET-BIT-POINTER PDP-11-INSTRUCTION)

Dispatch Tables

When assembling into the dispatch memory (i.e. (LOCALITY D-MEM)) it is
necessary to use two special pseudo-operations, START-DISPATCH and END-
DISPATCH, to allocate blocks of dispatch memory. These pseudo-operations specify the
length of the block required, and CONSLP undertakes to pack the various odd-sized
blocks into the dispatch memory in an appropriate mhanner.

The typical form for a dispatch block is:

(START-DISPATCH (log2 of size> <(constant data))
<dispatch table tag)
{first word of table)

"Clast word of table)
(END-DISPATCH)

The <log2 of size> is the number of bits that will be dispatched .on, that is, the logarithm
-base 2 of the size of the dispatch block. The <constant data> will be added into each of
the words of the dispatch table; this is useful for the P, R, and N bits (which in CONSLP
are called P-BIT, R-BIT, and INHIBIT-XCT-NEXT-BIT). The END-DISPATCH is
logically not necessary, but is used for error checking. Exactly the correct number of
words must be assembled between the START-DISPATCH and END-DISPATCH, or
CONSLP will give an error message,

As.an example of a dispatch table, consider this code:

(LOCALITY M-MEM) ‘

POP-11- INSTRUCTION (0) ;HOLDS SIMULATED POP-11 INSTRUCTION
(DEF-NEXT-FIELD DST-REG 3 PDP-11-INSTRUCTION)

(DEF -NEXT-FIELD DST-MODE 3 POP-11- INSTRUCTION)

(DEF-NEXT-FIELD SRC-REG 3 PDP-11-INSTRUCTION)

(DEF-NEXT-FIELD SRC-REG 3 PDP-11-INSTRUCTION)

(DEF-NEXT-FIELD OP-CODE 4 PDP-11-INSTRUCTION) -
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(LOCALITY I-MEM)
( HISPATCN~CALL-XCT-!EXT DST-MODE 0-DST-MODE)

(LOCALITY D-MEM)
(START-DISPATCH 3 P-BIT)

D-DST-MODE

(DST-REGISTER) iRO
(DST-REG- INDIRECT) ;0RO
(DST-AUTO- INCREMENT) ° ;(RO)+
(DST-AUTO-INC- INDIRECT) 0RO+
(DST-AUTO-DECREMENT) ;-(RO)
(DST-AUTO-DEC- INDIRECT) : :0-(RO) -
(DST- INDEXED) : sN(RO)
(DST-INOEXED- INDIRECT) © ;ON(RO)

(END-DISPATCH)
Note that the use in I-MEM of the op-code DISPATCH-CALL-XCT -NEXT is purely for
cosmetic purposes, to indicate that the P bit but not the N bit is a constant in all of the
dispatch table entries; it is otherwise identicql to the DISPATCH op-code.

Standard Operation Cades

.CONSLP supplies-a large number of initial symbols for various operations,
particularly for the various conditional jumps. While it is possible to define different
ones, use of these standard ones is naturally encouraged. (These symbols are defined in
the file LISPM; CONSYM >.)
" ALU Operations

The standard ALU operations supplied by CONSLP are:

Boolean _

SETCH set to complement of M

- ANDCB AND together complements of both M and A
ANDCM ~ AND complement of M with A
SETZ : set to zeros
ORCB OR together complements of both M and A
SETCA ~ set to complement of A
XOR XOR (exclusive OR) M and A
ANDCA . AND M with complement of A

ORCH OR complement of M with A
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EQV ' EQV M and A (complement of XOR)

SETA © . set to A

AND B AND together M and A

SETO ' set to ones

‘ORCA - OR M with complement of A
IR ‘ OR.M and A (inclusive OR)

SETH - set to M

~Arithmetic

" ADD M plus A (two's complement addition)
SuUB M minus A (two's complement subtraction)
MM ' M plus M (two's complement addition) -
M+M+] M plus M plus 1

MeA+l M plus A plus 1

M-A-1 "M minus A minus. 1

M+l " Moplusi

Conditional Arithmetic
MULTIPLY-STEP
DIVIDE-FIRST-STEP
DIVIDE-STEP
DIVIDE-LAST-STEP
DIVIDE-REMAINDER-CORRECTION-STEP

The conditional ALU operations for multiplication and division are explained.in detail in
a later section.

The output bus selector field dcfaults to 1 (output bus gets ALU output). The
other two choices must be specified explicitly:

OUTPUT-SELECTOR-RIGHTSHIFT-1
OUTPUT-SELECTOR-LEFTSHIFT-1

The Q control field of an ALU instruction may be specified by using one of
these symbols:

SHIFT-Q-LEFT shift Q left (shifts inverse of ALUC31)> into Q<0>)
SHIFT-Q-RIGHT  shift Q right (shifts ALUCO> into Q<31))
LOAD-Q load Q from output bus

'If none of these is present, the default is to do nothing to Q. (Instead of writing LOAD-
Q. one may write Q-R in the destination portion of the instruction. This does not mean
that Q is a functional destination; it merely forces the operation to be ALU, and forces
the Q control field to be LOAD-Q.)

' The carry field may be specified by ALU-CARRY-IN-ZERO or ALU-CARRY-
IN-ONE. Note that the SUB, M+M+1, M+A+1, and M+1 operations have ALU-CARRY-
IN-ONE as part of their definitions, so it is not necessary to specify it explicitly.
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BYTE operations

If a byte specifier is present in an instruction and the op-code is not explicitly
forced to be JUMP or DISPATCH, then the op-code is BYTE by default, performing a
"load byte" type of operation.

To get a "deposit byte" type operation, the symbol DPB is used; similarly, to get
a "selective deposit", SELECTIVE-DEPOSIT is used. For example:

((A-FOO) DPB M-BAR (BYTE-FIELD 3 6) A-FOO)
;8 true-PDP-10 style DPB; the low octsl
; digit of M-BAR replaces the third lowest
; octal digit of A-FOO.

((A-ZAP) DPB M-BAR (BYTE-FIELD 3 6) A-FOO)
;;imilar,.but the result is placed in
: A-7AP. A-qu is not altered.

((A-ZAP) SELECTIVE-DEPOSIT M-FOO (BYTE-FIELD 16. 8) (A-CONSTANT -1))
+A-ZAP gets a copy of M-FOO with the high eight
; bits and the low eight bits replaced with all ones
; (alternatively, 1t gets a copy of the -1
i with the middle 16. bits replaced with
; the corresponding bits from M-FOO)

DISPATCH Operations
Four op-codes are defined in CONSLP for dispatching:

DISPATCH

DISPATCH-CALL
DISPATCH-XCT-NEXT
DISPATCH-CALL-XCT-NEXT

- These are provided purely for cosmetic purposes, since the actual dispatch action is
controlled by the dispatch table. CONSLP makes no attempt to check that the "correct”
op-code. is used with a given dispatch table. By convention, the XCT-NEXT versions are
used iff the instruction following the dispatch instruction will be executed (N bit not set),
and the CALL versions are used if the P bit is set.

To specify the value of the 10-bit "immediate argument” which is loaded into
the DISPATCH CONSTANT register, one may use

. {1-ARG {expression)) ;immediate urgumnht '
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in the dispatch instruction.

There is a special ps-eudo-op to facilitate use of the DISPATCH CONSTANT to
pass a small, constant number as an argument to a subroutine. The form

* ((ARG-CALL FOO) (I-ARG BAR))

generates a DISPATCH instruction to a one-word table containing a CALL-type transfer
to FOO, and puts BAR in the dispatch constant field of the dispatch instruction. FOO
may then use the READ-I-ARG functional source to pick up and act on the argument.

Miscellaneous Function 2 (write into the dispatch memory) is specified by the
symbol WRITE-DISPATCH-RAM.

JUMP Operations

CONSLP defines a large number of names for the various JUMP operations.
These are all built out of a logical progression of pieces:

{(type> <condition> <{xct next)

The <type> may be either JUMP, CALL, or POPJ, meaning that no bits, the P bit, or the
R bit is set. The <condition> may be one of the following:

IF-BIT-SET
IF-BIT-CLEAR

EQUAL

NOT-EQUAL

LESS-THAN -

GREATER-THAN

GREATER-OR-EQUAL.

LESS-OR-EQUAL

IF-PAGE-FAULT

IF-NO-PAGE-FAULT |

IF-PAGE-FAULT-OR- INTERRUPT

IF -NO-PAGE-FAULT-OR- INTERRUPT

IF - PAGE-FAULT-OR- INTERRUPT-OR- SEQUENCE - BREAK
IF-NO-PAGE - FAULT-OR- INTERRUPT-OR - SEQUENCE - BREAK

If omitted, the <condition> is assumed to be "always". The <xct next>, if present, is
~-XCT-NEXT; its absence denotes the presence of the N bit, which inhibits the instruction
after the jump if the jump is successful. The three parts are connected by "-",
Examples of these operations:

CALL-LESS-THAN
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JUMP-LESS-THAN-XCT-NEXT

CALL

POPJ-IF-BIT-SET

CALL- IF-PAGE-FAULT-OR- INTERRUPT
CALL-IF-BIT-CLEAR-XCT-NEXT
JUMP-XCT-NEXT

POPJ-XCT-NEXT

The POPJ-XCT-NEXT operation is not to be confused with POPJ-AFTER-NEXT, which
may be used in any instruction to set the POPJ bit.

Jump instructions which perform an arithmetic comparison should have both an

A and an M source; the sources are compared. Jump instructions which test a bit shoulgl
have an M source and a byte specifier for a 1-bit byte to test.

Functional Sources

14

g W N

25
24

=)}

10

11
12
13

The following names are supplied by CONSLP for the various functional sources:

READ-I-ARG The dispatch constant
MICRO-STACK-PNTR-AND-DATA SPCPTR and SPC contents
MICRO-STACK-POINTER Byte specifier for bits <28-24>
MICRO-STACK-DATA Byte specifier for bits <18-0>
MICRO-STACK-PNTR-AND-DATA-POP  Like 1, but pops SPC stack
MICRO-STACK-POINTER-POP Like 1, but pops SPC stack
MICRO-STACK-DATA-POP Like 1, but pops SPC stack
PDL-BUFFER-POINTER " PDL-pointer register
PDL-BUFFER-INDEX PDL-index register
C-PDL-BUFFER-INDEX PDL-buffer addressed by index
C-PDL-BUFFER-POINTER PDL-buffer addressed by pointer
C-PDL-BUFFER-POINTER-POP PDL-buffer addressed by pointer, pop
OPC-REGISTER ' The OPCs

Q-R Q register

VMA VMA register - -

MEMORY -MAP-DATA MAP[MD]

MEMORY -DATA MD

LOCATION-COUNTER LC
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Functional Destinations

The following names are provided by CONSLP for functional destinations. Note
that some of them are the same names used for sources; CONSLP distinguishes usage by
context.

LOCATION-COUNTER ‘ LC

INTERRUPT-CONTROL : Interrupt Control Register
C-PDL-BUFFER-POINTER  Pdl location addressed by PDL POINTER
C-PDL-BUFFER-POINTER-PUSH Push data onto pdl, increment PDL POINTER
C-PDL-BUFFER-INDEX ‘ Pdl location addressed by PDL INDEX
PDL-BUFFER-INDEX PDL INDEX register

PDL-BUFFER-POINTER PDL POINTER register
MICRO-STACK-DATA-PUSH Push data onto SPC stack

OA-REG-LOW Next instruction modify, bits <25-0>
OA-REG-HI v ) Next instruction modify, bits <47-26>
VMA ' VMA register

VMA-START-READ , - VMA, initiate read cycle
VMA-START-WRITE VMA, initiate write cycle
VMA-WRITE-MAP VMA, MAP[MD] « VMA

MEMORY - DATA MD register

MEMORY-DATA-START-READ MD, initiate read cycle

MEMORY -DATA-START-WRITE MD, initiate write cycle

MEMORY-DATA-WRITE-MAP MD, MAP[MD] « VMA

The symbol Q-R may also be used as a destination; it causes an ALU instruction
to have its Q control field to be set to "load Q from ALU output”; this is equivalent to
specifying LOAD-Q in the instruction. Do not use the output bus shifter in connection
with Q-R as a destination!
Operations Common to All Instructions

The symbol for the POPJ bit is POPJ-AFTER-NEXT.

Miscellaneous Function 3 is denoted by LOW-PC-BIT-SELECTS-HALF-WD,
(This feature is described in greater detail in an earlier and a later section.)

Expression Programs in CONSLP

Wherever an expression may be used in CONSLP, the following arcane forms

~may be used. In particular, the value of a symbol is normally an expression instead of a

simple number. Whenever an expression (or a symbol with an expression as its definition)
is encountered, it is evaluated according to the following rules:

<number> ' - Evaluates to itself.
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(PLUS <expl> <exp2>) Adds together the two expressions, and combines their
properties (such as byte-specifier-ness).

(DESTINATION-P <exp>) A conditional: if encountered while assembling a
destination, returns the value of <exp>, and otherwise
NIL.

(SOURCE-P <exp>) A conditional: if encountered while assembling a source
' (M or A), returns the value of <exp>, and otherwise
NIL.

(DISPATCH-INSTRUCTION-P <exp>) A conditional: if encountered while assembling a
: DISPATCH instruction, returns the value of <exp>,
and otherwise NIL.

(j UMP-INSTRUCTION-P <exp>) - A conditional: if encountered while assembling a
JUMP instruction, returns the value of <exp>, and
otherwise NIL. '

(ALU-INSTRUCTION-P <exp>) A conditional: if encountered while assembling an
‘ ALU instruction, returns the value of <exp>, and
otherwise NIL. '

(BYTE-INSTRUCTION-P <exp>) A conditional: if encountered while assembling a
: BYTE instruction, returns the value of <exp>, and
otherwise NIL.

(NOT <conditional>) - Negation. <conditional> must be one of the above
conditions! forms.

'(OR <cond1> ... <condn>) Like a LISP OR, returns the first non-NIL conditional.

(BYTE-FIELD <size> <pos>) As described earlier, defines a byte with the given size
' and position from the right. ‘

(LISP-BYTE <ppss>) - As described earlier; if ppss is written in octal, then this is
like (BYTE-FIELD ss pp). If <ppss> is not a
number, then it is a LISP expression (not a CONSLP
expression!), and is evaluated in LISP,

(BYTE-MASK <byte specifier>) Value is a word which is zero everywhere except for
‘ being all ones in the specified byte. This is a kind of
‘conditional, in that it returns NIL if the byte
specifier doesn't really specify a byte.
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(BYTE-VALUE <byte specifier> <value>) Value is a word which is zero everywhere.
except that it contains <value> in the specified byte.
This is a kind of conditional, in that it returns NIL if
the byte specifier doesn’t really specify a byte.

(OA-HIGH-CONTEXT <word>) Assembles <word> as an instruction, and returns
the high half (bits <47-26>), as if for use by the OA
register feature (next instruction modify, functional
destination 17).

(OA-LOW-CONTEXT <word>) Assembles <word> as an instruction, and returns
_ the low half (bits <25-0>), as if for use by the OA
. register feature (next instruction modify, functional
destination 16).

(FORCE-DISPATCH <exp>) ° Returns value of <exp>, but also forces the
! instruction to be a DISPATCH instruction. A
conflict causes an error.

(FORCE-JUMP <exp>) ‘Returns value of <exp>, but also forces the instruction
to be a JUMP instruction.

(FORCE-ALU <exp>) Returns value of <exp>, but also forces the instruction
to be an ALU instruction.

(FORCE-BYTE <exp>) " Returns value of <exp>, but also forces the instruction
to be a BYTE instruction,

(FORCE-DISPATCH-OR-BYTE <exp>) Returns value of <exp>, but also forces the
instruction to be a DISPATCH or BYTE instruction.

(FORCE-ALU-OR-BYTE <exp>) Returns value of <exp>, but also forces the
) instruction to be an ALU or BYTE instruction.

(I-MEM-LOC <tag>) - Returns the address represented by <tag> in locality I-
: MEM as a right-justified value.

(D-MEM-LOC <tag>) | ' Rett;rns the address represented by <tag> in lecality D-
MEM as a right-justified value.

(A-MEM-LOC <tag>) Returns the address represented by <tag> in locahty A-
: ' MEM as a right-justified value.

(M;MEM-LOC <tag>) Returns the address represented by <tag> in locality M-
, ‘ MEM as a right-justified value.
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(EVAL <lisp exp>) Returns the result of evaluating in LISP the S-expression
<exp>.
(FIELD <name> <value>) ~ Makes a note that the field <name> has been specified.'

then multiplies together the values of <name> and
<value>; if <name> has a LISP CONS-LAP-
ADDITIVE-CONSTANT property, this is then added
in. (This obscurity is the primitive from which all.
field specifications are made.)

(ERROR) Error if this is assembled. Useful in conditionals.

‘As examples of how conditionals might be used in expressions, consider these
definitions (which are similar (but not identical) to the ones actually used in CONSLP):

(ASSIGN Q-R (OR (SOURCE-P (FIELD M-SOURCE 7))
{FORCE-ALU -3)))

" (ASSIGN MEMORY-DATA
(OR (SOURCE-P (FIELD M-SOURCE 12))
(FIELD FUNCTIONAL-DESTINATION 30)))
(ASSIGN MEMORY-DATA-START-WRITE
(OR (SOURCE-P (ERROR))
(FIELD FUNCTIONAL-DESTINATION 32)))
Miscellaneous Pseudo-Operations
Several identical words may be assembled consecutively by saying:
(REPEAT <count) C(word))

‘The location counter within the current locality may be set by

(LOC (valued) ;sets 1t to (value)
(MODULO <nd>) " ;advances it to the next multiple of <n)

If the MODULO operation is used in A-memory, wastage is avoided by filling in the
skipped-over locations with constants.
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CADR Features and Programming Examples

In this section the various features of the CADR machine are examined and
discussed in detail. An attempt is made to give some feeling for how each feature fits
into the overall structure of the machine, and the purposes for which the feature is
intended. Short programming examples using each feature are presented.

Timing - The N Bit and the POPJ.Bit.

Because CADR fetches the next instruction at the same time it is executing the
current one, by the time the effect of a JUMP or DISPATCH is known the instruction
following the JUMP or DISPATCH has already been fetched. Unless suppressed by the
N bit, this instruction is executed before the instruction branched to. The effect of this
on programming is that one should "code the branch one instruction sooner”. The
mnemonics CONSLP provides for the various branching operations normally set the N bit,
.thus doing the straightforward thing at the cost of wasted cycles; one must append "-
XCT-NEXT" to the mnemonic to clear the N bit and so bum the code.

For example, consider these two pieces of code:

((A-FOO) XOR M-BAR A-F0O) A +XOR M-BAR into A-FOO

(JUMP-IF-BIT-SET MUMBLE MUMBLIFY) ;branch on MUMBLE bit
(JUMP-IF -BIT-SET-XCT-NEXT MUMBLE MUMBLIFY) ' ;branch on MUMBLE bit
((A-FOO) XOR M:BAR A FOO) ) ;XOR M-BAR into A-FOO

- These both perform an XOR and conditionally jump to MUMBLIFY, but the first one
- wastes a cycle if the JUMP is successful. Notice the convention of "exdenting” an
instruction which is under the influence of an. XCT-NEXT to make it more visible.

If a CALL transfer type is executed, the return address saved on the SPC stack
depends on the N bit:

(CALL TME-SUBROUTINE) ;call, N bit set
({(A-FOO) XOR M-BAR A-F00) sreturn here after call
(CALL-XCT-NEXT THE-SUBROUTINE) call, N bit clear
((A-ARGUMENT) ADD M-BAZ A-FOO) 1do this before entering the subroutine
((A-FOO) XOR M-BAR A-F0O) © ;return here after call

If the N bit is set, PC+1 is pushed on the SPC stack; otherwise
PC+2 is pushed.

The POPJ bit may be set in any instruction.
It causes a RETURN transfer, but only after the next instruction has
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also been executed:
ADD - THREE -WORDS ;subroutine to add'together A-1, A-2, and A-3
((M-RESULT) A-1)
(POPJ-AFTER-NEXT (M-RESULT) ADD M-RESULT A-2)
((M-RESULT) ADD M-RESULT A-3)
Again, the idea is to specify the desired control "one instruction early".

Consider the following program:

STARY (JUMP-XCT-NEXT FOO)
(JUMP-XCT-NEXT BAR)

FOO (JUMP-XCT-NEXT FOO)

BAR (JUMP-XCT-NEXT BAR)

When started at START, it will go into an infinite loop alternately executing FOO and
BAR. Effectively it is in two "jump point" loops at the same time! -

Byte Manipulation -

By using M location 2 (by convention a source of zeros) with a BYTE
instruction, one can clear any bit or field of bits in any A memory location:

((A-FOO) DPB M-ZERO A-FOO (BYTE-FIELD 1 31.)) ;Clear- sign bit

It is often convenient to reserve another M memory ‘location to contain -1 (all ones), in
order to be able to set bits easily:

((A-FOO) DPB M-ONES A-FOO (BYTE-FIELD 1 31.)) iset sign bit
In a similar manner one can write a routine to extend a signed 24-bit number to 32 bits:
SIGN-EXTEND ;extend 24-bit number in M-NUM
(POPJ-AFTER-NEXT POPJ-TF-BIT-CLEAR M-NUM (BYTE-FIELD 1 23.))

((M-NUM) SELECTIVE-DEPOSIT M-NUM (BYT;-FIELD 24. 0) (A-CONSTANT -1))

‘Another way to do this, which doesn't réquire the use of POPJ, is to use OA modification
to select whether the M source is M-ZERO .or M-ONES:

({(OA-REG-HI) (BY?E-F!ELD 1 23.) M-NUM) ;low M-source bit gets sign
((M-NUM) SELECTIVE-DEPOSIT M-ZERO (BYTE-FIELD 8 24.) A-NUM)
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This requires that M-ZERO and M-ONES be an even/odd pair.

Normally bytes can only be loaded from an M source. However, it is possible to
load a byte from A-memory, provided that it is at one end of the word, by the following
trick:

(DEF-DATA-FIELD X-FIELD 6 0)
(DEF-DATA-FIELD ALL-BUT-X-FIELD 32 6)

((DEST) SELECTIVE-DEPOSIT M-ZERO ALL-BUT-X-FIELD A-FOO)

The Instruction Stream

<<Some new stuff should be written for this>>

The SPC Stack

The SPC stack is 32 locations leng, each location containing 19 bits (plus parity).
It is indexed by SPCPTR, a 5-bit up/down counter. It is used primarily as a microcode
subroutine return stack, but besides the-14 bits needed to save a microcode PC there are 5
bits for software use, one of which is the bit used for the macroinstruction pair fetch
feature mentioned above. - :

SPC Stack Location - 18 15 12 9 6 3 0

| l | | | | |

| | |

| 5 | 14 |

| ] ]
| |
Software bits---ccccccccccacaa. ! |
‘ |
Saved return address--------ccccccmccccmccocccana. !

There are two ways in which to write into the SPC stack memory; both of them
also increment SPCPTR, thus causing a push operation. A JUMP or DISPATCH
performing a CALL transfer type (P bit set, R bit clear) causes a return address to be
pushed on the stack as described earlier. The five software bits are set to zero. Writing
into functional destination 15 (MICRO-STACK-DATA-PUSH) pushes the low 19 bits of
the output bus data onto the SPC stack. .

The SPC stack is read by a JUMP or DISPATCH performing a RETURN
transfer type (R bit set, P bit clear); the low 14 bits popped off the stack are put in the
PC, and the software bits are ignored, except for bit 14-which causes NEXT-INSTR. It
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can also be read as M functional sources 1 and 14. The first (MICRO-STACK-PNTR-
AND-DATA) merely reads the data (and SPCPTR) on the top of the stack, while the
second (MICRO-STACK-PNTR-AND-DATA-POP) pops the stack after reading the data.

There is no way to explicitly set the contents of SPCPTR. However, a good
trick is to use the following loop:

FOO . ((M-TEMP) MICRO-STACK-POINTER-POP) ;get just SPCPTR
(JUMP-IF -EQUAL M-TEMP A-ZERO FOO)

A better trick is to use the following loop, which not only is shorter, but is recursive
rather than iterative, and has the important advantage of being more obscure:

FOO (CALL-NOT-EQUAL MICRO-STACK-PNTR-AND-DATA -
(A-CONSTANT (PLUS 1 (1-MEM-LOC F00))) FOO)

This is a good thing to do on initialization so that the stack will begin in a known place,

thus aiding debugging via the diagnostic interface.

_ There is no provision for detection of SPC stack overflow or underflow. It is the
responsibility of the programmer to avoid nesting subroutines to a depth greater than 32.

The PDL BUFFER Memory

The PDL BUFFER is intended to be used as a special-purpose cache in the Lisp
machine to contain the top portion of the Lisp pushdown stack. It has 1024 locations of
32 bits, and can be indexed by either the PDL POINTER or the PDL INDEX. PDL
POINTER is a 10-bit up/down counter, while PDL INDEX is simply a 10-bit register.

The PDL BUFFER is manipulated through various functional sources and
functional destinations, The PDL POINTER and PDL INDEX registers may be read and
written. (On CONS, these could only be read together, but on CADR they are read '
separately to facilitate doing arithmetic with them without the need to extract a byte
first.) The contents of the PDL BUFFER location addressed by the contents of PDL
INDEX may be read and written. The contents of the location addressed by the contents
of PDL POINTER may also be read and written, and in this case the PUSH and POP
operations may optionally be done by incrementing or decrementing the PDL POINTER.
The pointer decrements after reading and increments before writing, so it always points to-
the topmost valid location. '

It doesn’'t work to specify both C-PDL-BUFFER-POINTER-PUSH and C-PDL-
BUFFER-POINTER-POP in the same instruction. On the other hand, the same effect can

~always be achieved simply by using C-PDL-BUFFER-POINTER for both source and
destination instead. ' '

There is no provision for automatic overflow or underflow detection on pushes
and pops of the PDL BUFFER. In the Lisp machine, the PDL POINTER is checked on
entry to every function, and at a few other necessary places. If there is insufficient room
left within the PDL BUFFER for a maximum size frame, some of the PDL BUFFER is
stored into main memory to make room. If there is also insufficient space left within the
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virtual memory allocated to the PDL, a PDL-OVERFLOW error is signalled. Similarly,
the function exit code decides whetheér to pull some stack back in from main memory.
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The clock can be stopped aL the end of either phase, for
several recsons. Usually the clock stops at the end of the read phase,
referred Lo as "wait". This leaves the clock in the inactive high
sltate, and leaves the latches on the memories open. The clock can wait
because the machine was commanded tc¢ hall by the diagnostic interface,
because a single-step commanded by the diagnostic interface has
completed, because of ar error such as a parity error. because of the
statistics counier oveiflowing, or because of a memory-wait
condition this latter condition happens if a main memory cycle is
initiated while a previous cycle is still in progress, or if the
program calis Tor the resnlt of a main memory read before the
bus controller has granted the bus access needed to perform that read cycle.
During a clock wait. the processor clock stops, but the
ciuck Lo the rest or the system (the bus intertace and XBUS devices),
cunlinues to rur, allowing them to operate. When the processor
Tinishes waiting the processor clock starts up in synchrony with the external
clock.

Trhe clock can alsc stop at the end of the write phase, referred
to as “"hang". This is used only during memory reads. 1f the processor
calls for the resulil of a read which is in progress but has not yet
compieled, il hangs until the data has arrived frcm memory and
sufficient time has passed Tor the data to flow through the data gaths
and appear on the output bus. This is alsc sufficieat time for the
parity of the data Lo be checked. Tn the casc of a hang, both clocks
stap, which alluws Lhem 1o resiart synchreonously without any extra
delay. In Lhis way, the speed of the processor is adjusted to exactly
match the speed of the memory.

€4The Bus Interfaceel

fhe Bus F¥nierface connects the CADR machine to two busses,
the Unibus and the Xbus. The Uaibus is a regular pdpll bus, used to
attach peripheral devices, especialiy commercial devices designed for
the PDPIT line. The Ybus is a 37-bit vus used to attach memory and
high-performance peripheral devices, such as disk. The bus interface also
includes the diagnostic interface. which allows a unibus operator,
such as a pdpl0, a pupll, or another lisp machine, to control the
operation of (ke machine, hardware tn pass interrupts
from Lie Uaibus and the Xbus to the processor, the logic which arbitrates
the Xbus. and the togic which arbitrates the Unibus in the absence
of a pdp1l on that bus.

The Bus Interface allows the CADR machine to access memory
o the Xbue and devices on the Unibus, 3llows independent devices on the
Xbus Lo access the Xbus (orlty),. and allows Unibus devices Lo access Xhus memory
{through & map since Lhe Unibus address space is not big enaough.)
Buffering is provided when the Unibus accesses the Xbus,
to corvert a 32-bit werd into a pair of 16-bit words.

<<More to come>>

Cover how te pregram the various frobs from the Unibus,
initialization. map structure.

Page 2
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The Xbus is the standard 32 bit wide data bus Tor the CADR processor. Main
memory and high speed peripherals such as the disk control and TV
display are interfaced to the Xbus. Control of the Xbus is similar to the
Unibus, in thal transfers are positively timed and (as far as the devices are concerned)
asynchronous. The bus is terminated at both ends with resistive pullups of 390 ohms to
ground and 180 ohms to +5 volts, for an effective 123 ohm termination to +3.42 volts.
At ground, each termination draws 28 ma. for a total load of 56 ma. The bus is open
collector, and may be driven with any device capable of handling the 56 ma. load. The
recommended driver is the AMD 26S10, which also provides bus receivers.

A typical read cycle begins with placing the address for the transfer on the
-XADDR lines and ihe parity of the address on the -XBUS.ADDRPAR line. The -XBUS.RQ
Tine is then lowered, initiating the request. The responding device places the requested
data on the 32 -XBUS lTines and the parity of the data on the -XBUS.PAR line. Should it
not be convenienl for the device to produce parity (as in the case of I/0 registers), the
device may assert -XBUS.IGNPAR to nolify the bus master that the transfer should not

be checked for correct parity.

The responding device then asserts -XBUS.ACK, which remains

asserted until the -XBUS.RQ signal is removed by the master.

Write requests proceed identically, except that the master asserts -XBUS.WR and
the data to be writien on the -XBUS lines along with ihe address lines. A1l bus masters
are regyuired to produce good parity data on writes.

Deskewing delays are Lhe responsibility of the bus master. In particular, it
is the responsibility of the bus master to assert good address, write, and data lines
80 ns. prior to asserting -XBUS.RQ, and these lines must be held until the =-XBUS.ACK
signal drops in response to the master dropping -XBUS.RQ. Responding devices are
allowed to assert -XBUS.ACK at the same time they drive read data ontc the -XBUS lines.
Thus, masters shouvld delay 50 ns. after receiving -XBUS.ACK before droppin? -XBUS.RQ

L

and strobing the data. Responding devices are required to drop -XBUS.ACK

uncdiately

after -XBUS.RQ is no longer asserled.
Normal bus master arbitration belween the CADR processor and the Unibus

requests is handled by the bus

interface. Devices on the Xbus which must become

bus master, such as the disk control, do so by asserting the -XBUS.EXIRQ signal.
When the bus becomes free, the bus interface responds by asserting -XBUS.EXTGRANT.
This signa] is daisy chained between bus masler geviceS on the Xbus, coming in on the

-XBUS . E

TGRANT.IN pin and leaving on the -XBUS.EXIGRANT.OUT pin. Within each device,

the decision is made whether or not Lo pass the grant onto the next device. Unlike the
Unibus structure. the decision on whelher Lo pass grant and the act of becoming
bus master happen synchronously with a masler clock signal distributed on the -XBUS.SYNC

Tine.

When a device initiates a request, it immediately asserts -XBUS.EXTRQ. At the
falling edge of -XBUS.SYNC it clocks the request signal into a D flip flop which we will
call RFQ.SYNC. When -XBUS.EXIGRANI.IN goes low, the device asserts -XBUS.EXTGRANT.OUT
unless i1 has either the REQ.SYNC flip fTlop set, or is already the bus master. At
the next faliing edge of -XBUS.SYAC the device which has both -XBUS.EXTGRANT.IN and

RFQ.SYNC set becomes bus master.

The device should immediately assert -XBUS.BUSY and

may immediately begin asserting address lines for a tramsfer. -XBUS.BUSY may be dropped
asynchronousiy, afier the slave device drops -XBUS.ACK in responsc to the master's request.

The -XBUS.EXTGRANT.IN signal must be terminaled with a resistive pullup of 180 ohms
to +5 volits within each device which does not simply connect it to -XBUS.EXTGRANT.OUT.

Signal review:

data lines:

-XBUSO through -XBUS31
-XBUS .PAR
-XBUS . IGNPAR

address lines:

-XADDRO through -XADDR21
~XADDR . PAR

cycle control lines:
-XBUS.RQ

~XBUS .ACK

-XBUS .WR
mastership control lines:
~XBUS .BUSY

=XBUS . EXTRQ

~XBUS .EXTGRANT . IN
-XBUS .EXTGRANT . 0U1

Miscellancous:
-XBUS.INIT

~XBUS . SYRC

~XBUS. INIR

32 data lines, low when data is a one
pafity of the 32 data lines. Required for writes

ignore parity signa]. may be asserted by any
device for a rea

22 address lines, low for address bit a one

<<this needs to be decided... "is this required?>>

.

Asscrted by the master to request a read or write
Minimum of 80 ns following stable -XADDR, -XBUS.WRITE
and -XBUS data ,

Asserted by the slave in response to -XBUS.RQ
No delay necessary following assertion of good read data

Asserted by the master during a write cycle.

Asserted when a device other tham the bus interface

is bus master. Only the bus interface examines this line.
Asserted on a -XBUS.SYNC clock edge, dropped asynchronously
after -XBUS.ACK drups

Asseried when a device other than the bus interface
wishes Lo become bus master.

Assertied asynchronvusly, may be removed asynchronously
after the device becomes master, but before dropping
-XBUS . BUSY

The daisy-chained mastership grant signal. Must be pulled
up with 180 ohms to VCC in the device.

Asserted initially by the bus interface, synchronously
with the -XBUS.SYNC edge. The signal may be subject

1o synchronizer lossage, since it is a clocked

version of -XBUS.EXIRQ which is not synchronous with
-XBUS . SYNC

When low, resets all devices. This is low during power
on antd of I, and when the machine is reset.

Synchronization clock for mastership passing and other
desired purposes.

Devices become bus masbler synchronous with Lhe edge of
this signal. 1he request will normally follow the
cdye by 80 ns.

Driving Lhis low requests an interrupl.
ALl devices are reguired Lo inilialize Lo a non-interrupt
cnable condition, and arc reguired Lo have interrupt

Page 3
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enable and disable bits which can selectively enable
interrupts from that device. The "requesting interrupt®
state must be readable in one of the device control
regisier bits.

XBUS . POWER . 0K This line is HIGH when power is stable. It remains low
for <<xx>> seconds after power comes on, and goes low
<<xx>> seconds before power is turned off.
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LISPM Bus Interface CADR1;BUSINT UML 25-MAR-81 0822

sssesss NP MAP *e3ssss

26510 26510 7415244 93548 8304 SIP180/3
XD XD XBD BUSPAR , LMDATA LMDATA
x X x X x X
F30 E30 D30 C30 B30 A30
26510 26510 7415244 93548 8304 SIP180/3
XD XD X8D BUSPAR LMDATA LMDATA
X X X X X X
F29 - E29 D29 c29 B29 A29
26510 26510 7415244 93548 8304 SIP180/3
XD XD XBD BUSPAR LMDATA LMDATA
X X X X X X
F28 E28 D28 cag B28 A28
26510 26510 7415244 T 29701 8304 74L5240
XD XD XBD WBUF LMDATA LMADR
X x X X X X
F27 E27 D27 c27 827 A27
26510 26510 29701 29701 7415244 7415240
XA XA RBUF WBUF BUSSEL LMADR
X X X X X x
F26 E26 D26 C26 B26 A26
26510 26510 29701 29701 7415244 741.5240 *
XA XA RBUF WBUF BUSSEL LMADR
X X X X X X
F28 E25 D2s . €25 825 A25
26510 93548 29701 29701 7415244 7415240
XA XAPAR RBUF WBUF BUSSEL LMADR
X X X X X . X
F24 E24 D24 C24 Bz4 A24
26510 93548 29701 7415244 - 7415244 74L5240
XA XAPAR RBUF RBUF BUSSEL LMADR
x x x X x X
F23 E23 D23 ca3 B23 A23
26510 7415244 7415244 7415244 8304 SIP180/3
XA UBXA RBUF RBUF DBGOUT DBGIN
p 3 X X X X X
F22 E22 D22 c22 B22 A22
26510 7415244 7415244 T 7415243 8304 8304
XA UBXA RBUF BUSSEL DBGOUT DIAG
X X x X X X
F21 E21 D21 c21 B21 A21
26510 .74LSZ44 74586 7415244 74500 8304
XD UBXA REQERR BUSSEL DATCTL DIAG
X x XXXX x XXXX X

F20 E20 D20 c20 B20 A20
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CADR1; BUSINT UML

LISPM Bus Interface

3/25/81 08:22:36

CADR1;BUSINT UML

sssssss N]p MAP sssssss

25-MAR-81 0823

Page §

DM8838 7415244 7415244 7415244 74504 7415374
uBD UBD BUSSEL BUSSEL DATCTL DBGIN
x x x x XXXXXX X
F19 E19 D19 Cc19 B19 A19
NM8838 7415244 7415240 74551 74832 7415374
UBD UBD UBINTC DATCTL DATCTL DBGIN
x x x XX XXXX X
F18 E18 D18 Cis B18 Al18 ;
T DM8838 7415244 7415374 74551 74502 745241
uBD UBMAP UBINTC DATCTL DATCTL DBGOUT
x x x xx XXXX x
F17 E17 D17 Cc17 817 A7
T DM3838 741.5244 251525189 74L5244 74508 25152519
uBD UBMAP UBINTC . REQERR REQTIM DBGIN
x x x x XXXX x
F16 E16 D16 C16 B16 A6
DM8838 29701 74L574 74564 8304 745139
UPRIOR UBMAP UBINTC DATCTL REQERR DBGIN
i x x XX x x xo
F15 E15 D15 C15 B15 Al5
74538 29701 74L574 74851 74574 74510
UPRIOR UBMAP UBINTC DATCTL RQSYNC DBGIN
XX00 X 33 XX xx XXX
Fi4 El4 D14 Ci14 B14 Al4 -
74538 29701 74LS74 74510 T 73502 74504 :
UPRIOR UBMAP UBINTC RQSYNC XA DBGIN
XXXX x 33 XXX XXXXXX XXXXXX
F13 E13 D13 Ci3 B13 A13
T DM8s38 ] 29701 745133, 745260 74502 74508
ULA USMAP REQU RQSYNC DBGOUT DBGOUT
x X x xx XXXX XXXX
F12 E12 D12 Cc12 B12 A12
DM8838 745258 74504 74564 74551 74500
UBA UBMAP UBA REQLM REQLM DIAG
x X XXXXXX x XX XXXX
F11 E1n D11 c11 B11 A1l
T DMg83s 745258 745174 74564 74574 MTD100
UBA UBMAP UPRIOR REQLM REQUB DBGOUT
x x x x N xx x00
F10 E10 D10 C10 B10 A10
T DM8e3s 74508 745472 TD100 D250 74532
UBA REQLM UPRIOR REQLM REQUB DBGIN
x XX00 x x x XXXX
FO9 E09 D09 [£:1] 809 A09
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LISPM Bus Interface

3/25/81 08:22:36

CADR1:BUSINT UML

sssssss NP MAP **ssnss

25-MAR-81 0823

DM8838 745133 25152519 74504 74574 745175
URA UBCYC UPRIOR. REQLM UBCYC RQSYNC
X X X XXXXXX XX X
FO8 E08 Do8 cos BO8 A08
DM8838 745139 25152519 MTD100 : 74504 745260
UBMAST UBCYC UPRIOR REQU CLM RQSYNC
X XX X XXX XXXXXX XX
Fo7 EO7 D07 co7 BO7 A07
DM8838 745260 74510 74551 D100 745175
UPRIOR UBCYC UBMAST REQUB RQSYNC RQSYNC
. X XX XXX XX X X
FOb E06 D06 Cco6 BO6 A06
745133 74504 74500 74520 74511 74502
UBCYC UBINTC UBINTC REQU RQSYNC RQSYNC
X XXXXXX XXXX X0 XXX XXXX
FO5 E05 D05 cos BO5 A05
TD250 74532 74S74 74511 745241 74500
uBCYC UBINTC UBMAST DBGIN DBGOUT REQU
X XXXX XX XXX X XXXX
Fo4 E04 po4 Co4 BD4 A04
74500 745138 74L574 741.527 74504 74L5112
REQU UBCYC REQU UPRIOR REQTIM REQERR
XXXX X XX XXX XXXXXX ox
FO3 EO3 D03 €03 BO3 A03
74502 74508 741574 74LS74 74 276 745288
REQU UBINTC UBMAST UBMAST REQERR REQTIM
XXXX XXXX 33 XX x x
Fo2 E02 D02 co2 B02 AD2
mioo 74500 MTD100 7415163 7415273 7415124
REQU UBMAST UBMAS T UPRIOR REQTVIM REQTIM
x XXXX XXX x x x0
Fo1 EQ1 DOl co1 BO1 A01

Page 6



AL: CADR1; BUSINT UML 3/25/81 08:22:36 ’ . Page 7

LISPM Bus Interface CADR1:BUSINT UML 25-MAR-81 0823
sssssss EDGE CONNECTIONS Flags: (# Output, @ Terminator, ---- Dedicated ground, ++++ Dedicated power) ®sessss
-A- -B- - -C- -D-

A1 -XBUS35 Al -XBUS5 #|A1 UB NPG IN #]A1 '
A2 +5 . QVH+++++ttddbdtbbb A2 45, ov++++++++++++++++++ A2 45 QV4+dttbtbttt bbbt bt A2 45, 0Véstdtttddbtddddbbt
B1 -XBUS34 B1 -XBUS4 #]B1 UB NPG OUT #|81

B2 -5.0V B2 -5.0Vv B2 -5.0V B2 -5.0V

C1 -XBUS33 C1 -XBUS3 #]C1 -XBUS RQ #|C1

C2 GND===-s==cwccnmn—conae C2 GND C2 GND: == |€2 GND----=-==-m-cmomcoeen
D1 -XBUS32 D1 -XBUS2 #1D1 -XBUS ACK #|D1

D2 -XBUS31 #]D2 -XBUS1 2 -UBD15 H 2 -UB BR7 H #
E1 -XBUS30 #|E1 -XBUSO  #|E1 -XBUS WR #|E1

E2 -XBUS29 #]E2 -XBUS PAR #|E2 -UBD14 H #]E2 -UB BRE6 H #
F1 GND F1 GND F1 GND F1 GND

F2 -XBUS28 #|F2 -XADDR PAR #]F2 -UBD13 H #]F2 -UB BR5 H #
H1 -XBUS27 - #]H1 -XADDR21 #|H1 -UBD11 H

H2 -XBUS26 #|H2 -XADDR20 #]H2 -UBD12 H HZ -UB BR4 H #
J1 -XBUS25 #1J1 -XADDR19 # -XBUS IGHPAR

J2 -XBUS24 #]J2 -XADDR18 JZ -UBD10 JZ

K1 -XBUS23 #1K1 -XADDR17 1 ~XBUS lNIT #1K1

K2 -XBUS22 #}K2 -XADDR16 KZ -UBDS #}K2 UB BG7 IN #
L1 -XBUS21 #1L1 -XADDR15 #1L1 -XBUS EXTRQ #lL1 -UB INIT H #
L2 -XBUS20 #{L2 -XADDR14 ' #{L2 -UBD8 H 2 UB BG7 IN #
M1 -XBUS19 ] #|M1 -XADDR13 #|M1 -XBUS BUSY #1m1

M2 -XBUS18 #{M2 -XADDR12 #{M2 -URD7 #|M2 UB BG6 IN ¥
N1 GND N1 GND N1 GND N1 GND

N2 -XBUS17 #]N2 -XADDR11 #IN2 ~UBD4 H #{N2 UB BG6 IN * #
P1 -XBUS16 #|P1 -XADDR10 #]P1 -XBUS SYNC #1P1 +12.0V

P2 -XBUS1§ #|P2 -XADDRY 2 -UBDS H #|P2 UB BG5 IN #
R1 -XBUS14 #|R1 -XADDR8 #|R1 -LM BOOT H R1 +12.0V

R2 -XBUS13 #|R2 -XADDR7 #|R2 -UBD1 H #|R2 UB BG5S IN #
S1 -XBUS12 ~XADDR6 #]S1 -XBUS INTR #IS1 +12.0V

52 -XBUS11 sz ~XADDR5 #]S2 -UBDO H #]S2 UB BG4 IN ¥
T1 GHD-=-=-=-- ST T1 GND-——-==-==-====- STETT(T1 GhD---- T1 GND:

T2 -XBUS10 #]T2 -XADDR4 #]T2 -UBD3 H #]T2 UB BG4 IN #
U1l -XBUS9 # 1 -XADDR3 - #ut -XBUS POHER RESET H #lul

U2 -xsuss #{U2 -XADDR2 #{u2 -uBD2 #juz

V1 -XBUS? #]V1 -XADDR1 #1V1 -XBUS EXTGRANT OUT #1V1
V2 -XBUS6 #{V2 -XADDRO #{V2 -UBD6 H #

—] —] —] —] —] —]
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Page 8

ssse=x* EDGE CONNECTIONS Flags: (# Output, @ Terminator, ---- Dedicated ground, ++++ Dedicated power) ®vsssss
-E- -F- -J01- -J02-
Al ) A1l 01 CLKO #]101
A2 +5.0VHHHHbbbbdbbbt bttt (A2 45, OVA+++tbtbibiititist |02 -MEMRQ H ejo2
B1 B1 . 03 -LM ACK H #103
B2 -5.0V B2 -5.0V 04 LMX GRANT #]04
C1 -UB ADR12 H #|C1 05 LMUB GRANT #]05 B
C2 GND---=-=-===-- m——————— C2 GND====-==emmcceamceaan 06 XBUS REQUEST #]08
D1 -UB ADRi7 H #|D1 -UB BBSY H #]07 LMUB MASTER #1107
D2 -UB ADR15 H #|D2 08 C1 our #]08
E1 -UB MSYN H #]E1 09 XWR #1109
E2 -UB ADR16 H #{E2 10 -FREE H #{10
F1 -UB ADR2 H #|F1 GND 11 NXM TIMEOUT . #]11
F2 ~UB C1 H #|F2 12 -ANY PAR ERROR H #112
H1 -UB ADR1 H #]H1 13 ANY GRANT DLYD #]113
H2 -UB ADRO H #H2 14 MSYK IN #]14
J1 -UB SSYN #]J1 -UB NPR™ H #]15 MSYN OUT #1156
J2 -uUB CO H J2 16 SSYN IN #]16
K1 -UB ADR14 H #1K1 17 SSYN OUT #117 i
K2 -UB ADR13 H #1K2 18 UB REG CYC TO #]18 I
L1 -UB ADR11 H #|L1 19 UBXRQ #]19
L2 L2 20 UBX GRANT #j20
M1 M1 -UB INTR H #]21 -DEBUG IN REQ H el21
M2 M2 22 DEBUG ACK #|22
N1 GND N1 GND 23 DBUB MASTER #123
N2 -UB ADR8 H #]N2 24 NC #l24
Pl -UB ADR10 H #P1 25 NC #]25
P2 -UB ADR7 H #{p2 26 -- 26
R1 -UB ADRG H #IR1 77 —---mecm-mmsmeosoomeeiT 27 -
R2 R2 28 ~=mmemc-cemememaea- -=ee |28
ST 51 20 —-------m-m---ees === 129 -
sz s2 30 -mme-mseememeeeee 30
T GND------- e TT GND-----------emommooos 31 --—- 31
12 T2 -UB SACK H #]32 comemceeaenoan smemeenae 32
U1 -UB ADR6 H 71Ul 33 —--mmmeeemmeooeTeIoITET 33 =T
Uz -UB ADR4 H #U2 34 mvomememseeeoeae 34 --
V1 -UB ADR5 H #]V1 35 [
V2 -UB ADR3 H #]V2 LOCAL ENABLE 2}36 -~--- et 36
. 3] mmmmmmmmemmSoeeTE TS 37 - -
38 38
| l 39 = |39 mmmmmeemeemeeemToITes
40 ———- 40 ---=--n- mremmemeee ~———
41 4] —-mSTee e ———eeet
42 semmmmeemeeeoe cmmmmmmes |42 cemeeees R
43 —mommmmmemoeo e 43 ~-=-= B
44 = 44
45 - T |45 —-ece-em--er —TeeTee =S
46 46 -~
a7 47 —-e--eemeoos R S
i 48 —m-eemeee —mememcecooe -- 48 =-emesmnonee meeemem———
I I 49 -= 149
50 50
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LISPM Bus Interface
#eesses EDGE CONNECTIONS

CADR1;BUSINT UML 25-MAR-81 0823
Flags: (# Output, @ Terminator, ---- Dedicated grcund, ++++ Dedicated power) ®*essss

=-Jo3- -J04- -J05- -J06-
01 01 01 DRDO #]01 DBDO #
02 02 02 DBD1 #]02 DBD1 #
03 03 03 DBD2 #103 DBD2 #
04 04 04 DBD3 #|04 DBD3 #
05 05 05 DBD4 #]05 DBD4 #
06 06 06 DBDS #]06 DBDS #
07 07 07 DBD6 . #1107 DBD6 #
08 08 . 108 DBD?7 #108 DBD7 #
09 09 09 DBD8 #109 DBD8 #
10 10 10 DBDS #{10 DBDS #
11 11 11 DBD10 #1111 DBD1O #
12 12 12 DBD11 #{12 DBD11 #
13 13 13 DBD12 #]13 DBD12 #
14 14 14 DBD13 #|14 DBD13 #
15 15 15 DBD14 #115 DBD14 Ed
16 16 16 DBD15 #]16 DBD15 #
17 17 17 DEBUG IN AO @17 DEBUG OUT AD #
18 18 18 DEBUG IN Al €118 DEBUG OUT A1l #
19 19 19 DEBUG IN WR @]19 DEBUG OUT WR #
20 20 20 -DEBUG IN REQ H @]20 -DEBUG OUT REQ H #
21 2] ==sesmsccccceommee oo 21 DEBUG IN ACK #]21 DEBUG OUT ACK e
22 =--eesesessescscecoaooe 22 =m-wmeressccmoemcceomnn 22 NC #]22 NC #
I 23 m-esmmsssceecomcmcaooo 23 NC #]23 NC ¥
24 ~-mececeeesecccscooonon 24 =emcemmesessccocccconao 24 NC #]24 NC #
25 25 we-memmeem e e 25 NC #125 NC #
26 =e--sosscmsmcccecconaon 26 ~e-sosccomccmccc e 26 ---- 26 -- - -
2] mmemmmeeseseccecc—eemeae 27 m==--seemmmmemcocooooo 2] meemmesrecrccmccicmnanee 2] ~==eemesececec—cooeeao
28 mm-emvesecmcmscoclienoeon 28 messmosecccccoceccanaan 28 ---mesemsescccececoooon 28
[ IR el 29 ~-=m-mcesccocecccconeao 29 ---- -- 29
30 30 --=--ee- 30 30
31 ) I an 3] ~emmmemeemcc s e 31 =---ecemesme e no oo
32 32 meemmmeesecccccc e 32 =emmmssmccocooooee 32 - -
33 33 -- 33 mevmseomccmcc e 33 --
34 34 mmmseemer e R h L F R ittt
35 35 meeemmeeememacc e 35 mmmmemeec oo 35 -
36 36 ~mmmeomemeceac e 36 -~memmmmemeseeoeoo 36 -
37 K A 37 =e--emmecmcccncccnccnan 37 mmemememesmeecce oo
3t 38 ~meemsesemccccccccena 38 mmewmcssscccecocomenonaa 38
38 39 -mesececcocomcmccmcenae 39 ~---- 39
40 40 -- 40 === |40 - - -
I ! L e 41 --
42 ----- 42
l I 43 ==-eesceceo-o == |43
44 ~oe-meccmrrocemcceccrana 44
45 -ce-ccccmmecmcccneaaas 45 —ocecsencmir e cneianee
46 -~~~ 4p ~ewmmmsmscscsecocnnenoe
, 47 -- |47 ~
48 --memmcececsmcccmcoonne 48
I I 49 49
50 -~ 50 -
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LISPM Bus Interface CADR1;BUSINT UML 25-MAR-81 0823
»ssaxss EDGE CONNECTIONS Flags: (# Output, @ Terminator, ---- Dedicated ground, ++++ Dedicated power) 9*sssess
-J07- -J08- -J09- ~J10-
01 SPYO #]01 GND . 01 -ADR15 H 01
02 SPY1 #]02 -MCLK7 H @|02 -ADR14 H 02
03 SPY2 #103 GND 03 -ADR13 H 03
04 SPY3 #|04 GND 04 -ADR12 H 04
05 SPY4 #]05 SPY ADR 1 #]05 -ADR11 H 05
06 SPY5 #]06 SPY ADR 2 #|06 -ADR10 H 06
07 SPY6 #]07 SPY ADR 3 #]07 -ADR9  H 07
08 SPY7 #108 SPY ADR 4 #{08 -ADR8 H 08
09 SPY8 #109 -SPY READ H #109 ~ADR7 H 09
10 SPY9 #]10 ~SPY WRITE H #]10 -ADR6 H 10
11 SPY10 #]11 -BUSINT LM RESET H #]11 -ADR5 H 11
12 SPY11 #]12 -LM BOOT H 12 -ADR4 H 12
13 SPY12 #1113 -LM UNTBUS RESET H 13 -ADR3 H 13
14 SPY13 #]14 LM MEMDRIVE ENB #|14 -ADR2 H 14
15 SPY14 #]15 -LM POWER RESET H 16 -ADR1 H 15
16 SPY15 #]16 NC #]16 -ADRO H 16
17 -1.M GRANT H #117 NC #]17 -MFMRQ H @17
18 WRCYC @18 NC #/18 -LM ACK H #]18
19 LM INT #119 NC #1119 -LOADMD H #119
20 MEMPAR FROM LM )20 NC #}20 -LM IGNPAR H #|20
21 - - 21 —e-mmemmmmmeemsemooos 21 21
22 =mmmmmmesssessmceeceeo- 22 mmmmmmssssessceeccoee == l22 22
23 mmmemseememmececceoooooo 23 mmememmeeeeeeeooo mm————- 23 23
A 24 mmmsmemmemeececeees --- |24 24 :
25 - - 25 -- 25 25
26 - -- |28 26 26 ===--em-en R D
27 mmemmimmmmm—eeceo—eeoe 27 =-=-- 27 - == |27 memmmeeeeesecmceeeeoe ---
28 - 28 --- - 28 28 -
28 29 ---sseseseseoeee mm————- 29 =memmoe-seess——ccoeoono [ I --
30 30 ~mmmeemmemeeeeeeee i K L 30 ~---emmeeseeeman m——————
31 31 memmmmmmmmeceeoe e === 31 mmmemeeeemem e S e
32 32 w—————— 32 ~emmmeememeecoceceene 32 -
33 33 33 —-mmmemmememememsTIEes 3F memmmmeemmIeTe T II ST
34 34 34 e emenee —-m——— ----- |34
35 35 35 -wm-eesemeocomoaone === |35 mmmmmemccecce e eae
36 36 36 =-=mmmmemm—- - === |36 -=-e-m-emceescocesocene
37 37 37 -m-momcememmeomoocoonoo 37 mmeermeeceeec e
38 38 38 semesmmssestescoccecoae 38 -- me——-
3 39 39 39 --c--mcmeeccmc e
40 40 40 40 --
| LR
42 -
| l 43 --wmeeeseececccc e 43 --me-meeeencsceeeseomo-
44 44 -
45 == |45
46 46
47 47 ———
48 48 -
49 49
50 --- 50 --mmmeseemesccmnnecacns
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LISPM Bus Interface CADR1;BUSINT UML 25-MAR-81 0823 ‘
ssesses EDGE CONNECTIONS Flags: (# Output, @ Terminator, ---- Dedicated ground, ++++ Dedicated power) *®ssess
-J11- -J12-
01 MEM31 #]01 MEM11 #
02 MEM30 #]02 MEM10 #
03 MEM29 #]03 MEMQ #
04 MEM28 #|04 MEM8 #
05 MEMZ27 #]05 WEWT ] 7
06 MEM26 #|06 MEM6 #
07 MEM25 #]07 MEMS #
08 MEM24 #]08 MEM4 #
09 MEM23 #]09 MEM3 #
10 MEM22 #]10 MEM2 . #
11 MEM21 #|11 MEM1 #
12 MEM20 #]12 MEMO #
13 MEM19 #]13 MEMPAR T0 LM #
14 MEM18 #|14 -ADRPAR H
T15 MEM17 #]15 -ADR21 H
16 MEM16 #|16 -ADR20 H
T17 MEM15 #[17 -ADR1S R
18 MEM14 #]18 -ADR18 H
19 MEM13 #]19 -ADR17 R
20 MEM12 #|20 -ADR16 H
21
22 meemeseeemeeeeeeeeeeo
23 ~memecemecoeoooooooTooT
R
25
26 =m--eeemcmeeemcecoanee
27 —emmmmmeemoes
28 -
29 --
30 -
[ R T
32 “--
I
34 mmemreseemmemee e
35 35 =
36 36 m-emmmmemmecem—cccceeee
37 —mm-meseomoTIIITEESTS 3T —mmmemmoeTErIe e
38 Smmmmmmcmmmcmeeeeccenen I b
39 39 —--mmmmemomeemoooeoes
40 40 --




Tem 12 IN 12 IN
il i i
BUS 0—17: BUS 12 ——F: BUS 24——F:
BUS 1——F: BUS 13— BUS 25 —F:
BUS 2 ——F5: BUS 14 —F: BUS 26 —5:
BUS 3—H:° BUS 15—H: BUS 27 —fi:
BUS 4 ——B: BUS 16 —3: BUS 28 ——5:
BUS 5 ——p: BUS 17 —p: BUS 29—
BUS 6 ——1: BUS 18— BUS 30 —i1:
BUS 7 ——15: BUS 19 —15 BUS 31 —j15:
BUS 8 —4: BUS 20 —H14 BUS 0-11 PAR ODD—14:
BUS 9 —13: BUS 21 ——113 BUS 12-23 PAR ODD—H3:
BUS 10—H2: BUS 22 —}12 GND —H12:
BUS 11—Hi1: BUS 23—H1 ) a0 —u1:
PE 10:}—nC PE 10: |——NC PE 10:}——BUS PAR EVEN
. PO 9:}——BUS 0-11 PAR 0DD PO 9:}——BUS 12-23 PAR 0DD PO 9:——BUS PAR ODD
c30 c28 c28
CBUS BUS PARITY 10-DEC-1980 10:04 Al: CADR1; BUSPAR




7415244 7415244 l 7415244 l 7415244
TS BUS DVH TS BUS DVI TS BUS TS BUS DVR
unx15 ——p 18——BUS15 I —p 18}——BUS11 w7 —p 18}-——BUS7 wI3 ——p 181——BUS3
uDI14 —H4 16f——BUS14 UDI10 ——4 16 ——BUS10 un16 —Hp 16|——BUS6 w2 —H4 16|——BUS2
uD113 ——F 14——BUS13 upi9 —F 1a}——BUs9 w15 ——p 14}——BUS5 w1 ——F 14——BUS1
un112 —8 12}——BUS12 uDI8 ——B 12 }——BUS8 unIs —s 12|——BUS4 wIe—_8 12}——BUSO
UB16+BUS L——f1 -AENB 1 -AENB 1 -AENB 1 -AENB
WBUF 15 — 11 9——BUS15 WBUF 11 ——11 9F—BUS11 WBUF7 ——11 9——BUS7 WBUF3 —11 9f——BUS3
WBUF 14 ——13 7—BUS14 WBUF10 ——H13 7—BUS10 WBUF6 —H13 7—-BUS6 WBUF2 ——H13 7—8US2
WBUF 13 ——15 5—BUS13 WBUF9 ———115. 5 f-——BUS9 WBUF5 ——15 §—BUS5 WBUF1 ——115 5 f——BUS1
WBUF12 ——17 3}———8uUs12 WBUFg ——Hh7 3}——BUS8 WBUF4 ——17 3——BUs4 WBUFO ——H17 3}——BUSO
UB32-4BUS L 9 -BENB 9 -BENB 19 -BENB 19 -BENB
B26 B25 B24 B23
7415244 7415244 7415244 l 7415244 l
IS BUS D TS BUS DV IS BUS TS BUS D
unI15 — 18 BUS31 UDI11 ——p 18}——BUS27 L7 —p 18——BUS23 I3 —p 18}——BUs19
UDI 14 ——H 16}——BUS30 i1 ——H 16f——BUS26 uI6 —4 16|——BUS22 w2 —p 16}——BUS18
w113 —F 14}——BUS29 uo19 ——F 18|——BUS25 un1s —p 14——BUS21 w1 —F 14+——BUS17
unI12 ——8 12}——BUS28 uDI8 ——B 12f—BUS24 wis—8 12}——BUS20 w10 —8 12}——BUS16
UB32BUS L——f1 -AENB  -AENR 1 -AENB [t -RENB
GND ——H11 9——BUS31 GND ——{11 9}—BUS27 GND ——11 of—BUS23 GND ——H11 9p——BUS19
GND ———H13 7}——BUS30 GND ——H3 7}——BUS26 GND ——H13 7H——BUS22 GND ——113 7H——BUS18
GND ——f15 §|——8US29 GND ———H15 5 ——BUS25 GND ——f15 5 ——BUS21 GND ——15 §——BUS17
GND ~———f17 " 3}—Bus28 GND ——17 3p—BUS24 GND ——117 3—BUS20 GND ——17 3}—BUS16
UB16-8US L 9 -BENB [9 -BENB [9 -BENB fs -BENB
c21 cz20 c19 D19

CBUS

BUS FROM UNIBUS

10-DEC-1980 10:05
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vce vee vee vce vce vce
22UF 22UF 22UF 22UF 22UF 22UF
_L 15v 15V 15v 15v _I_ 15v __L 15V

I c3081 I CO;!OI I F3081 I F2381 I F1501 I Fo7e1

CBUS

BYPASS CAPACITORS 10-DEC-1980 10:06

Al: CADR1; CAPS




ATED———MEM31
AD>———MM30
. <dI=D>—MM29
I MEM28
D> MEM27
LTI MEM26
TTE=D———————HEM25
=B MHEM24
dD————MeM23
TP MEM22
<D M2t
COEOD————MM20
G MEM19
JEID—————MEM18
D HEM17
ATEOD————MEMI6
dIOD————————MEM15
LLEID——————HEM14
AEID——HeM13
ALEZD—MEM12

CADR: BCPINS
to 1AJ1

XBUS POWER RESET 12(16)

A= MEM1L
AZ2D—————MEMIO
=DM
TEED————————MEM8
J7———MM7
AZD——MEMG
D M5
AZEB————MEMs
A=D——Hm3
AZAD——MEM2
TNl
AZAD——MeMo

AZTD—————MHEMPAR TO LM
JAZ=1)——————ADRPAR L

JIZ=15)——————RDR21 L
AZI————ADR20 L
AZAD—————MDR19 L
JAZqD>—————ADRI8 L
AETD——R17 L
QZzZD—————ADR16 L

CADR; BCPINS
to 1BJi

330/470 OHM
8 PIN SIP

wreye 20192)
merLky o 318
memrQ 442

Hi 15-308(12)]
ur 15-302(14)

A22620

-

ADR15 L
E=2D>———ADR14 L

<WE=D>— ADR13 L
TED———HROR1Z L
QT ADRI1 L

JOF=5)——————ADRIO L
GF—D———————ADRY L
NE=F>————————ADRS L
/= R0R7 L
o I)————ADR6 L
G-I D————————ADR5 L
QIa=12)——————ADR4 L
TR 1D——————ADR3 L
FOEID————ADRZ L

g=ID————ADR1 L .

<TEI=18)——————ADRO L
<ﬁ§jz>————————ﬂﬁmw L

QLD 1M ACK L
QEID——————1L0AMD L

SPYQ —————————J0 71>
SPY| ————— (072>
SPY2
SPY3 e8>
SPY4 75>
SPY5 e (U7-6>
SPY6 =D
SPY7 ————o——— 078>
SPY8 ———————07-0>
SPY9 e 7-10)

GND ——————(E-D

MCILKT L <082
GND ————————<J08-3>

GND ————————J5-2>

SPY ADR 1—————(08-5>
SPY ADR 2 o JUB-5>
SPY ADR 3——————08-D
SPY ADR 4 (OB~ B>
SPY READ |L—————0B-D
SPY WRITE L——————CJ08-10)

SPY10 ————————07-11> BUSINT LM RESET |————J0B-1D

SPY1 ——————q 1D

LM BOOT | Ji8-12>

SPY12 ————————J(7-13> LM UNIBUS RESEV l—————(8-12>
SPY13 ———————(J(7-12> LM MEMDRIVE ENB———————JB-12>
SPY14 ———————(7-15> LM POWER RESET l——————(8-15>

SPY15 ——————Q07- 16>
LM GRANT L (N7=17>
WRCYC ——————< 718>
M INT D713

QE=ZD——————1M IGNPAR L MEMPAR FROM IM———OT2D> *

CADR: BCPINS
to 1CJ1

TO 3AJ1
CADR; BCPINS

NC ——————(08-16>
NC e 08-1D>
NC ——————<J08-18>
NC ———————08- 19>
N —————— B2

T0 5AJ1
CADR; MBCPIN

CBUS

CABLES TO PROCESSCR

10-DEC-1980 10:04
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OTD——C1xo
LGOTED———MEMRQ L
QO3 IMACK L
JUI=Z>————LMX GRANT
COIZE>———1MUB GRANT
{NI=5>———XBUS REQUEST
{JOZD—1MUB MASTER
JOI=8>———C1 out
LD xuR
JOI—1>———FRFE L

GO T D———NXM TIMEOUT
QI=12>———ANY PAR ERROR L
QOI=ID———ANY GRANT DLYD
QO=JD—MSYN IN
LEZIR—MSYN ouT
JOCI—SSYN IN
DITD———5SYN OUT
JOI=I>—UB REG CYC T0
WID——UBXRQ
JUI=Z0————UBK GRANT
QUI=ZD———DEBUG IN REQ L
72— DEBUG ACK
<TWIZD—DBUB MASTER
A=ZD—NC
FEIZD—NC

cBUS

TEST POINTS

8-SEP-1978 13:11

Al: CADR1; CTP




EV2D————1OCAL ENABLE
LRD———1tM BOOT L

$D—w0o L

CRDO—uBD1 L

LZD>————u802 L

CID>—w03 L

THD———uBDa L

CED——ue05 L

CQ>—BD6 L

CD>——w07 L

@D>——us L

@j—-‘m L

@D——-.u;mu L.
CHD—p11 L
CED>——un12 L
LID—BD13 L
CEDO———BD14 L

CRD—w015 L

CED—UB MSYN L
ECID—B SSW L
ED>——wmB Co L

CED—wmc1 L

<€HD——UB ADRO L
<HD—uB ADR1 L
€FD—UB ADR2 L
E¥2>——UB ADR3 L
EZD>—UB ADR4 L
<ED——UB ADR5 L
<EID—UB ADRG L
EFD>—UB ADR7 L
@}———-—-' UB ADRS L
ERD——UB ADR9 L
EPD———UB ADR10 L
G[D>—UB ADR11 L
ED——UB ADRI2 L
GXD——UB ADR13 L
GRD——UB ADR14 L
<€D2D>—UB ADR15 L
CE2D——UB ADR16 L

<EOD——UB ADR17 L

CAD>——UB NPG IN

CED—B NPG OUT

QDD>————UB BR7 L

QEZD>———UB BR6 L

QF2D>—UB BR5 L

QHZD>—UB BR4 L

QD—B INIT L

QKD>—UB BG7 IN

Q>——UB BG7 IN; (OUT)

QFD>—UB BG6 IN

QEZ>——UB BG6 IN; (0UT)

QBZ>—UB BG5 IN

QRZ>—UB BG5 IN;(OUT)

QZD>———1B BG4 IN

QID—UB BGA IN;(0UT)

<EOD—UB BBSY L

<EID—UB NPR L

<EHD———UB INTR L

EI2D>—UB SACK L

CBUS

3-CCT-1978 07:16

UNIBUS SPC CONNS

Al: CADR1; CUBUS




THESE SIGNALS MUST BE
JUMPERED OVER TO CORRESPONDING

_XBUS RUNS
BED>———-XBUS PAR BEZ>———-XADDR PAR T0 Cn2 CCD———-XBUS RQ
) LED————-XBUSD GTD————-XADORO 10 CE2 LED———-XBUS ACK
D>———-xBUS1 LGVD———-XADDR1 10 CF2 CED———-XBUS WR
BED———-XBUS2 LD~ XADDR2 T0 CH2 CID———-XBUS IGNPAR
ED>——6ND GD——onp GCD———-XBUS3 GUD——-XADDR3 10 €32 LED——-XBUS INIT
ED———GND LFD—6Nd GED——-XBUS4 BTD———-XADDR4 10 CK2 LLD—-XBUS EXTRQ
GRD———GND QHD——GND GED——-x8USS FZ2D>—————-XADDRS 10 CL2 LAD>————-XBUS BUSY
ED———6ND QID——6ND AZD————-XBUS6 FED———-XADDR6 T0 (M2 CFD———-XBUS SYNC
GLDO———GND ECDO>———a6n0 &ID————-XBUST GRD————-XADDR7 10 CP2 CSD—-XBUS INTR
ED——w B Sh et WD——-xouss GD——-x00rs
GND——GND EHD———6ND @UD——-XBUSY QFD>———-XADOR9 10 CH1 LID——-XBUS EXTGRANT OUT
GID———6ND ED—6ND G- XBUS10 GFT>———-XADDR10 XBUS POWER OK
LCD>——6No FEO>——anp EED———-XBUS11 GED>———-XADDR11 <CUD——XBUS POWER RESET L
TD———GND ED——Np EED——-XBUS12 " GFD———-XADDR12
CED>——0 EED——GD QRD>———-¥BUS13 GHD————-XADDR13
CID———n ED——ain EED———-XBUS14 GD>————-XADDR14
EPD——-XBUS15 Q[D>———-XADDR15
ED——-XBUS16 GEZ>————-XADDR16
LPD———+12v @DO——-XBUS17 GED———-XADDR17
EDO—+12v FH>—-XBUS18 QID———-XADDR18
L5ED——+12v EAD———-XBUS19 EID—-XADDR19
A D—-XBUS20 <GHZ>——-XADDR20
ALD—-XBUS21 <GHD>——-XADDR21
@ED——-5V EED——-XBUS22
ED—-5V @D—-XBUS?3
LRD>———-5V EID-————-XBUS24
STtV ED————-XBUS?5
Go——-5v GHD———-XBUS26
Eo——-5v @HD——-XBUS27
@ED——-%BUS28
GED—-XBU529
@45V GED——-XBUS30
GRD——45V EDD—————-XBUS31
CED———45v EOD——-xBUS32
QED—45V @CD———-XBUS33
EED———+5V EED——-XBUS34
EAD——+5V BAD—-XBUS35
CBUS XBUS BACKPLANE CONNS 10-DEC-1980 10:09 | Al: CADR1;CXBUS




UBX GRANT—I=] 74500 Mg
f: 820 UB32+BIIS L

BUS -» iM

IMX GRANT-—&S =
_ O XADDRDRIVE &
UBX GRANT—==

WRCYC —L=has04 >0Rs LMWR L
Cos LMRD

LMRD — 324504 >o= LMRD L
o8 LMWR

c m——5i%mm L
cos UBRD

¢ IN—QE%WR AL
‘s UBRD A

UBRD u_ua%wm L
Cos UBWR

74551
AMD
UBX GRANT A—=
uBRD A—h= "

— 6 BUSWUB L

LMRD =
ci8
74551
. AND-OR
| INVERT |
UBX GRANT A: D=
A
UBWR ——B=

b o I
LMX GRANT ——=
AR ——b=

SELECT pEBUG—L5]
vero A—32]

UB REG CVC To—33]
vBRD A—2s) "
—  PRE—UBDRIVE L
WRITE paTA + —83] |7
“ur 1-14—55f
HI 1-14

MSYN IN
UB17-14=MAP
UBRD A
HE 1-14—15]

+=UB.MAP . SELECT A UBRD

Cc15

74551
AND-OR
L INVERT

UBWR —P=
A
WRITE THROUGH—10=

LMUB GRANT—13=
LMRD —1=

— 032 1816-+BUS L

A= A .
L6 ) = _WRITE THROUGH
WRITE THROUGH L G :

B20

DBUB MASTER—p=
DEBUG IN WR—p=

LMUB GRANT—H=
IMWR —P=

DBUB MASTER L¥=

SELECT SPY 1=
SELECT DEBUG L-3=

CBUS

DATA PATH CONTROL

10-DEC-1980 17:33

Al: CADR1; DATCTL




<CED—0800
EED——DBD1
FEZD—DBD2
{E=D———0603
<IEED>—0BD4
GozE>—DBD5
TED——DBD6
JED———nBD7
JE=D——DBN8
EID——DBD9
<E=D—DoD10
{ED——bBD1
{ETD———DBD12
ETD———08013
GEETD>———0RD14
<EZoH—nBD1s
<EID——DEBUG IN AD
{IZZ1D—DEBUG IN A1
(CE=T0————DEBUG IN WR
(EEZ———DEBUG TN REQ L
(LE=ZD————DEBUG TN ACK
TEEZD——NC
EZD—NC
TEZD—NC
TEZD>—NC

180/390 OHM
8 PIN SIP
TERM

2z ——DEBUG IN A1

3 L—DEBUG IN AD

4: L pEBUG IN WR

5: |—DEBUG IN REQ L
6: -—DEBUG OUT ACK
7:

A2203

EUDLOCAL ENABLE—-120

A3

GROUND TO CONNECT
PDP-11 T0 UNIBUS

7415374 7815374 PETSI515 ]
OCT REG OCl" REG b0 REC
i
2
DBDIS——B 0  2f——UAUIE oEDT—p 0 2——UuA08 ® L"c
DBDI4A—G 1 5}——uA015 DBD6 — 1 5b——uro7 ; o LLDEB"G TIMEQUT INH L
DBDI3 L, 6 o1s DBDS L . e o —L-0 ens 2 1 DEBUGEE RESET L
I 15-30-18 v g3 e
DBD12—B 3 9}—UAO13 DBD4—f 3 9l—Un05 5
: oeo3 —10. oo B—nc
DBy —N3 4 12}——uno12 oBD3 —3 4  12}——unos
. oeoz—411 g1 P—ne
DBD10—HN4 &  15F—uA011 DBDZ —14 5  15{——UAO3
oep1 1312 g2 fllnc
DBD9 ——h7 6 16/——UADI0 DBD1 ——H7 6 16}——UAO2 ™ s
DBD8 ——f18 7 19——UACY DB —Hf18 7 19}——Uno1 DBDO—HI3 03 F-UA017
DBUB MASTER L—8] -oUT ENB
;|
DB ADRO CLK L——11 CLK? 11 CLKt DB ADR1 CLK L e CLke
DBUB MASTER L 1 -OENB L -OENB GND~ -CLK ENB
DEBUG RESET L-12|-AsvN CLR
A9 A18 A16
.
4 wAY
DECODE
745139
-3 B—lli ADRO CLK L DB ADRO CLK L-
-2 Pi-pB ADR1 CLK L DB ADR1 CLK L
-1 Fi-DB READ STATUS L DB READ STATUS L
- L
0 DB NEED UB L DEBUG ACK
DEBUG IN A1-L]  SELs 1
DEBUG TN A0-2] sELO DBUB MASTER— "
SSYN To-25
DEBUG IN REQ 1-1 -EnB
RESET L
A5

LOCAL ENABLE L

LM POWER RESET L— =0\ 74508 5
=y A12
-LOCAL ENABL
UNIBUS INIT IN-S5] A11

RESET
sRESET 70 BUSSES
:RESET ARBITER

DEBUG RESET L
:RESET DEBUG INTERFACE

=—BUSINT LM RESET L

:RESET PROCESSOR

CBUS

DEBUGEE DATA PATH

10-DEC-1980 10:25
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SELECT DEBUG L—*

A13

100 NS DELAY
Al0

SELECT DEBUG—LE]
]

SELECT DEBUG—2= -
- RE_DEBUG ACTIVE
SELECT DEBUG DLYD-=
DEBUG ACTIVE = oM= 00 ENB L
DBUB MASTER—I= :

pBuB MAsTERL:]
DEBUG TN WR—1Z]

22 SELECT DEBUG DLYD

SELECT DEBI 0= i
o) 74598 Y= pepus ssyn
DEBUG OUT ACK—"{ aj2

745241 l
'S BUS

uBA 4—P
UBA 3—H
UBA 2—F
UBA 1—P

18
16
14
12

GND —1i -AENB

UBA 2—11
UBA 3—113

SELECT DEBUG-35]

74500 V5=
SELECT DEBUG DLYD-25]

All 7

W N ©

HI 15-30—19 BENB

bCTAL XCVR beiaL xcvR
TRI STATE TRI STATE
And304 AnB304
wo 15— a1 81 f—uBD15 wo 7—2 a1 B1 f5—D0BDY
wo 14— a2 B2 fr—oBD14 wo 6—* a2 B2 br—oBo6
wo 13—3f A3 B3 f7—CED13 wo 5—3 a3 B3 f—po05
wo 12—4 A4 B8 f——DpED12 wo a—4 as B4 [—nBos
wo 11—5 A5 85 j——DEDIL wo 3—>={ a5 B5 |=—DBD3
wo 10— A6 86. r—DBD10 wo 2—58 a6 B6 |7—DBD2
o 9—20 A7 B7 fx—DBDO wo 1—2 a7 87 f=—pBD01
uoo 8—A a8 B8 0808 wo 0—=2 As B8 {>—DBDO
w -+ oesus— A s 8 5
8o ens L—2q enp out 2Q ns out
DEBUG -+ UD L
822 B21
W - DEBUG
45241 ]
T3 BUS
—SPY ADR 4 NC —p 18}—nNC
—SPY ADR 3 NG — 16}—nC
—SPY ADR 2 NC —p 14—HC
—sPY ADR 1 ¥ —F 12}—nc
NC—11 -AENB
—DEBUG OUT AD e —Hi1 9l—uc
—DEBUG OUT A1 WC —H13 7—Nc
L—DEBUG OUT WR XBUS PAR IN—15 5—HEMPAR TO LM
—DEBUG OUT REQ L DEBUG ACK—17 3]—DEBUG IN ACK
HI 1-14—l9 BENB

A17

804

JE=D>————DBNO
JGG=2>———DBD1
J0E=3>——DBD2
<J06=2>——DBD3
EH>—DBD4
<JWE=E>——DBD5
JG=D—DBD6
JEB=B>—D8D7
<J06=—DB08
JOE-1D—DBD9
{U6-iD—DBD10
J06-12>—DBD11
{J0E-1>—DBD12
JOG=1D>———DBD13
{JO6-15>—————DBD14
" J0h-16>———DBD15
G=TD——0EBUG OUT AD
<JU6-18>————DEBUG OUT A1l
JOG-19>———DEBUG OUT WR
JBG-20>———DEBUG OUT REQ L
{J05-ZD———DEBUG OUT ACK
THZD—NC
0623 NC
TEZBD>—NC
TE=ZBD>—NC

CBUS

DEBUGER DATA PATH
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oCTAL xcﬂ bcat XcvA
TRI STATE IRL SIATE
AnB304 An3304
wo 15— a1 B1 fr—sPY 15 wo 7—Y a1 81 fr—spy 7
Wo 14—21 A2 B2 f—SPY 14 wo 6—2{ A2 B2 frr—SPY 6
wo 13—3 a3 B3 [7—sPY 13 wo 5—3f a3 B3 f=—spy 5
wo 12—4 a1 B4 fz—spy 12 wo 4—4 a¢ Ba f=—spy 4
wo 11— A5 85 f=—SPY 11 wo 3—>51 a5 B5 L=——sPY 3
wo 10—F8 a6 B6 fr—sPY 10 wo 2—F8 a6 B6 fr—spY 2
‘ wo9s—2X a7 87 fr—spr o wo 1—Lra7 87 fr—spy 1 .
wo 8—5{ a8 B8 [—spv 8 . wo o—= a8 B8 fr—spy 0
wwr—Y A 1l a8
SELECT SPY L—2C ENB OUT |— 2 ens our
A21 A20

seLecT spy—L0sf N S RERD L
. ) wsrD—3=] a1
SELECT Spy 1—1l2q) SELECT SPY
: A3 ,

CBUS DIAGNOSTIC BUS 10-DEC-1980 10:26 Al: CADR1; DIAG




16817
TRI-STATE
BUFFER
7415244
MAPVALID : WRITEOK—LH]

UB MA <21:8>~—-L-

N OUTlF———UD0 <15:0>

wMAP » UDG L—C] ENB

16 PAGE MAP
g o
UBA <17:0> L (UBMAP) XADDR <21:0> L
U8 MAP WE—C W ENB
PGEE.S;%ESI::::: SV Ao O
o <17:0>——9 WR DATA
BUS m BUS
18 BIT P —UBFN <3:0> 22 BIT
UNIBUS ADDRESS AGE ADR 77 BIT 0C XCVR
XCVR 8838 TRI-STATE 26510
oy BUFEER
UBA DRIVE L—(JENABLE ."_’m-sum?—— RD ADR 7415244 XADDR DRIVE § ——(CJENABLE
N ot T T (uBMAP) . N Ut N0 2Ll Ly T &—ne
UB ADDR -+ XBUS L- EHABLE
17 BIT —(
IV TRI STATE (BA) . (x»)
BUFFER
781.5240 .
(UBXA)
LMADR + B L———C] ENABLE
— ™ UAD <17:1> : GND
’ 77 BIT 27 BIT
1NV TRI ADDRESS
(LWADR) 93548
ADR <21:0>L Qmw or Il PARLTY $—XAD.PAR
LM ADR » XBUS L—(C] EMABLE
16 BIT
RRGISTER
7413374 (LMADR) L (XAPAR)
DEBUGEE

DBD <15:0>—% IN
UAD <16:1>
CB ADR CLK—$ CLK

DBUB MASTER 1—CJ £xp oUT
(DBGIN)

CBUS DATA PATH - ADDRESS 25-MAY-1978 16:41 | Al: CADR1; DPADR




XBUS <31:0> L

37 BIT a2 BT 37 BIT
"k e B2t R ||
RI_BFR
7415244 26510 An3304 T
BUS PAR ODD—b pAR ODD IN ol oo A B + ~MEM <31:0>
. ENB[O—XB » BUS L EnB [D—XDRIVE L A+ B¢—BUS > LM
ENB our [D—LHBUS ENB L
(BUSPAR) (x80) (x0)
(LMDATA)
BUS <31:0>
16 BIT
B1-DIRECT
XCVR
ERROR STATUS fna304 -
—tA B y———DBD <15:0>
ot A +» Br—UW » DEBUG
ERR + UD0 L——CJ EnB ouUT £ _out [O—DBD ENB- L
(DBGOUT)
(REQERR) .
81-DIRECT
NTBUS INTERR -DIREC
CONTROL ﬁ"{gm
UDI <15:10>—$ UR INT — .
< DISABLE INT GRANT —* @ SPY <15:0>
B s eopn o
SPY ENB 1
LOAD INT CTL REG—$ CLK STAIUS e out|)-
out (DIAG)
UDE <8:2>—+¢ INT VECTOR
INTR IN DLYD—9 CLK VECTOR 16 BIT
TRI BFR
INTC DRIVE L ENB QUT 7415244
(UBINIC) T
£ng [O—W0I » OO L
(uBD})
T PRE— 37 OIT
READ BUFFER Titsans
29701 6 BIT 1‘3;%6} WBUF <15: 0}
RBUF WE L—C] wE 1RT BFR B i RIGHT
UB PN <3:0>—9 ADR 7415244 8338 out
RBUF <31:16> UD0 <15:0) .
N our IN Ut v W oyrg—UDlsl5:0 - LEFT
(RBUF)  UB.READ.BUFFER 1—C] Exp UB DRIVE—(] ENI:; s UB32 -+ BUS END
: (BUSSEL)
(16 BIT ] (uBD) i
" TRI BFR 32 BIT
7415244 TRI BFR
L 7415244
[ N ouT UBD <15:0> L s
BUS » UB L: ENB out —
(RBUF) GND — LEFT
uB16 + BUS—C] enp
(BUSSEL)
CBUS DATA PATH - XBUS DATA 25-MAY-1978 16:47 | Al: CADR1; DPDATA




7415240 7415240 7415240

1S W 15 TNV 1S TNV

BUS DVR BUS DVR BUS DVR
ADR11 L —2 -0 UAD12 ADR7 L. —2 -0 & ynos ADR3 L —2 -0 [8&—uaos
ADR10 L—4 -0 UAO11 ADRG L —2 -0 UAOT ARz L —4] -0 f8—uno3
ADR9 1 —8] -0 f—unoto ApRs | —84 -0 uA06 mrtL—E -0 h4—-—uuoz
LT — -0 f2—uynoo ADRS L —8] -0 f2—unos A0RO 1 —8 -0 f2—uyno1

LMADR+UB L—L  -AENB U _nens |

mrin t— 0 B—xaonn wor7 L—1 - oo P——xno7 mps t—4 -0 P—xn03
ADR10 L —13; -0 [L—xn010 ADRG Lj;j -0 f——xa06 apRz L —13] -0 f——xa02
ARy L —18] -0 P—xnoo ADRS L -0 f—xn05 AoR1 L—13 -0 P—xa01
Aors L —12 -0 B—xao8 rCYp—i -0 P——xn04 aoro L—1L -0 B——xa00

e Bl

A27

ADR <21:20> APPEAR
ON CADR1i; UBINTC

Wi -BENB

A26

191 -BENB

AZ5

7415240

1S TNV

BUS DVR
ADR15 L —2 -0 [&—ua01s
ADR14 L—3Y -0 6 —uaois

ADR13 L —Y] -0 4 —uno1s
ADR12 L—8 -0 [2—uno13

1

-AENB

ADR15 L~ -0 P—xa015
apr14 L —33] -0 [l—xa014
ADR13 L —13] -0 P—xa013
aoR12 1— -0 P—1xn012

A24

7415240
1S ThY
6D —2] -0 fi—nc
6hp —4 -0 M
GND -0 M4
ADR16 L -0 f2—uno17
IMADRUB L—Y  -AENB
ADR19 L —14 -0 P—xa019
ADR18 Lj -0 f—xa018
a0R17 L—1 -0 P—xa017
mris L— -0 P—xaot6
LMADR-XBUS L—‘Q-L-m-:nn

IQI -BENB

A23

cBUS

10-DEC-1980 10:27

Al: CADR1; LMADR

ADDRESS FROM LISP MACHINE




OCTAL XCVR
TRI STATE
Am8304

sus 31— a1 B1
BUS 30—2| A2 B2
BUS 29—4 A3 B3
BUs 28— a1 B4
BUS 27— A5 B85
BUs 26— A6 B6
BUS 26— A7 B7
Bus 24— As B8

ir—MEM N
g —MEM 30
ﬁ—-MEH 29
g——MEM 28
FMEM 27
TZ—NEM 26

IS—MEH 25
T—HEM 24

Bus » t—14 A 5

BUs Evs L—2Q Ews out

B30

180/390 OHM
8 PIN SIP
TERM

180/390 OHM
8 PIN SIP
TERM .

MM 3 —2018)
MM 2 A7)
Mem 3 —2(16)]
mem 4 —8(15)

A30820

A3083

OCTAL XCVR berat xovl beraL xovd
TRI STATE TR STATE TRI STAIE
AmB304 AmB304 AnB304
Bus 23— a1 B1 fr—wem 23 BUS 15— A1 B1 fr—MEM 15 Bus 7—U A1 B frg—wEm 7
BUS 22—2 A2 B2 fp—mEM 22 BUS 14— a2 B2 fr—weN 14 BUS 6—2 A2 B2 f—MEM 6
BUS 21— A3 B3 b—heM 21 BUS 13— A3 B3 fr—MEM 13 BUS 5——31 A3 B3 f——MEM 5
BUS 20—2 As B4 b——wEM 20 BUS 12—4| At B4 [——MEM 12 BUs a—=4f g B4 f——mEm 4
BUS 19—2{ A5 BS f=———MEM 10 BUS 11— A5 BS f=—MEM 11 BUS 3—S{ A5 B5 fr—MEM 3
BUS 18—C1 A6 B6 l—MEM 18 BUS 10— A6 B6 fz—MEM 10 BUS 2 A6 BG f—MEM 2
BUS 17— A7 B7 L=—MEM 17 BUS 9—Z A7 B7 [——MEM 0 BUS 1 A7 B7 Jor—MEM 1
BUs 16— A8 B8 fr—wMem 16 Bus 8—Af 28 B8 f—wem 8 BUS 0 A8 B8 [—MEM O
1l ass AU As 5| RF RS
29 e our 2¢ ens our 24 e our
B29 B28 B27
180/390 OHM 180/390 OHM 180/390 CHM 180/390 OHM
8 PIN SIP 8 PIN SIP 8 PIN SIP 8 PIN SIP
TERM TERM RM TERM
MEM 12 —2(19)] MEM 18 —24] MEM 24 —-2(19)] MEM 30 ——2]
MEM 13 —2(18) MEM 19— MEM 25 —3(18) MEM 31 ——35
MEM 14 -2017) MEM 20 ——24 MEM 26 —2(17) NEMPAR FROM LM—2:
eM 15 —2016) MEM 21 —51] MEM 27 —B(16)] ne —84
wem 16 —8(15)] MM 22 —8:f MEM 28 —B(15)] Ne —E4
e 17 —2014) MM 23— MM 29 -2014) N —14
A29820 A2983 A28820 A2803

NOTE: MEMPAR TO LM is on DBGOUT

CBUS

10-DEC-1980 10:27

Al: CADR1; LMDATA

PROCESSOR DATA XCVR




29701 29701 29701 29701
1S NOM INV TS NON INV TS NON INV TS NON INV
16 X 4 RAM ' 16 X 4 RM 16 X 4 RAM 16 X 4 RAM
Bus3at —4 1y 01 Pi—RBUF31 Bus27 —4] 1 01 Fi—rBurz7 Bus2a—4 1 o1 Pi—puur23 Bus19 —4] 11 01 Pi—RBUF19
Bus30 —84 12 02 fi—rpur30  Busz6—8 12 02 [i—raur2s  Buszz —84 12 02 fi—rpur22  BUSI8—E4] 12 02 [“—rBUF18
Busz9 —184 13 03 Pi—npur29  Buszs—1 13 03 Pi—rour2s  Bus21—1Y 13 03 Pi—rpeur21  BUS17—&4 13 03 Pi—RBUF17
BUS28 —12: 14 0s [li_ppyr2s  Busza—2i 14 o4 i ppur2a BUS20 —12:f 14 o4 Ml—psureo  Busi6—12i] 14 os [ _ppuri6
-uspnas —1 A3 1] a3 14 a3 L a3
-uspNze —184 a2 15: a2 15:4 p2 154 a2
-uspN1s —144 Ay 14 oy 144 a1 14:4 a1
-usPNoB —13 ng 13:] pp 134 a9 13:4 a0
RBUFWE + —34] -wRITE 3 _wriTE 3 wrITE 3] WRITE
oD —24 -k - 2 -ce 2] -ck 23 —ce :
026 D25 D24 023
7415244 7415244 7415244 7415244
1S BUS DV 1S BUS DV TS BUS DVR TS BUS DVR
RBUF31——F 18 uno15 RBUF27 —F 18 D011 RBUF23 ——F mI:unm RBUF19 ——F 18/——UD03
RBUF30 ——H 16}——un014 RBUF 26— 16|——UD010 RBUF22 —}t 16 UDoB RBUF18 ——} 16——UD02
RBUF29—F  ° 14}——UD013 RBUF25 ——F 14}——1p09 RBUF21 ——b 14}——p05 " RBUF1I7—F 14——upo1
RBUF28 ——B 12}——uw012 RBUF24 ——B 12}——wos RBUF20 ——B 12}——uno4 RBUF16 —— 121000
UB READ BUFFER L——f1 -AENB i -AENB i -AEnB 1t -AENB
BUS15 —11 9f———UD015 BUS11 ——H11 9}——uwo11 BUS7 ——H11 o}——uno7 BUS3 —1 9f——up03
BUS14 ——h13 7——wo14 BUS10 ——13 7}——upo10 BUS6 ——13 7—u0s . BUS2 ——3 7}——wvo2
BUS13 ——}i5 5|——upo13 BUSO ——Hi5 5|——wo0e BUS5 —15 5}——un05 BUS1 ——15 s}——uo01
BUS12 ——f17 3f——un012 BUS8 ——17 3p——uno8 BUS4 17 3 D04 BUSO ——17 3f——UD00
BUS+UB L 9 -BEWB 9 -BENB h9 -BENB o -BENB
c23 c22 D22 p21

CBUS

READ BUFFER

10-DEC-1980 10:28

Al: CADR1; RBUF




BUS PAR Ml:jj .74886 2 3=
MEMPAR FROM =/ D20 "
IMX GRANT A-45;

MR 2=

aorear 0EQN N -
XA0 PAR EVEN 1! D20 _
X GRANT A-52

BUS PAR EVEN—1=
XBUS PAR IN—3=

XBUS IGNPAR IN L

LMX GRANT A—9
MEMPAR FROM LM—
~LMX GRANT—H=
BUS PAR EVEN—7F=

o oK LM PAR ERROR
I XB PAR ERROR ANY PAR ERROR L
= 2 5 0 f—1M PAR ERROR LM ADR PAR ERROR
805 —3d -cix
BT 1-14—4q
7;?:8 . 3 o [—IM ADR PAR ERROR
INT BUSY T80 L——8d o1k
I 1-14—Lg ¢ 7415244
1S BUS DV
xBUS REQUEST—ZI 3™ 15 xg wit ERROR
' Jic -Cix XB NXM ERROR—P 18}—UDO 0
W1 1-14—p12d ¢ XB PAR ERROR—4 16—Un0 1
1 19—
UNIBUS REQUEST J o PS-us M ERROR LM ADR PAR ERROR—Fb 14—Uno 2
i TiMeEcuT L—+18q ik UB NXM ERROR—B 12—upo 3
Wi 1-14-10g
UB ERR DRIVE L—f1 -AENB
HI 1—14-11( -SET .
RESET ERR L;—Jc -CLR LM PAR ERROR—11 9—Uno 4
s UB MAP ERROR—13 7}—uo 5
-FREE—15 5—uo 6
g HI 1-18 WRITE THROUGH ENB—17 3—upo 7
LO:
11 74[551019' X PAR ERROR UB ERR DRIVE i—19 -BENB
-XBUS REQUEST 1—13iqc 16
1 o3 |
GND K- L hC
4:
RESET ERR L —
[TRI STATE
An8304
XB NxH ERROR—H A1 B1 f5—DBD 0
% g XB PAR ERROR—Z] Az 82 fz—DBD 1
o iEMra —
W INVALID 1550 €02 UB MAP ERROR LM ADR PAR ERROR—2] A3 B3 |ry—DBD 2
Us NXM ERROR—Y A4 B4 |—DBD 3
-0 M PAR ERROR—| A5 85 |rr—DBD 4
UB XBUS T100-35] cLke UB MAP ERROR—E{ A6 B6 Jz—DBD &
RESET ERR L—45{ —cLR -FREE—L} A7 87 [rDBD 6
HE 11418 -seT WRITE THROUGH ENB—2] A8 B8 k>—DED 7
03 )
ur1-1a-14 A s
DB READ STATUS L—Lq] EMB oUT
B15

CBUS

10-DEC-1980 10:40

Al: CADR1; REQERR

ERROR LOGIC




17 400 000- TOP 128K OF &M PHYSICAL ADDRESS

17 777 177 IS 1/0 TO UNIBUS -
. XBUS IGNPAR I 74502 N\oli 1M IGNPAR L
ADR=UNIBUS LMUB GRANT—22 B12
- apr21 L —1=¢Y

ADR20 L \
ADR19 L —35Q) nggo =
ADR18 L—'m’-o——/

AR17 L —132Gy

MEMRO L
-XBUS REQUEST -UBX GRANT L LM MEMDRIVE ENB
74551 — 3=} .
Jass1 INT BUSY T80—— BI3  ;FOR UB-MD HACK
| IMVERY | | S - |
UXRQ ——p= . HI 1-14—42
p——— T ® e
LMX GRANT A—10= e 12 74564 . 74564
UBXRQ - - 4 ’ Aot oL
LMX GRANT A—Z22 A A4 i "
= DATA DESKEW XBUS REOUFSTj' enp 10z}
E09 =l A A
a Cis N TIMEOUT—22 ne —9=
-uB 10 Mp—4= DELAY ) )
MsYN IN—32 5 . ™ | |
XWR —35] UB MD LOAD—35]
= -1 A =1 A
£09 xeus Ack v—1g| eyt 2] -LOADMD ACK—25]
: 82— L0ADMD L
20NS
408S
60NS
8ONS
1005
co9

XBUS REQUEST—15]

C10

CBUS XBUS REQ & ACK 10-DEC-1980 17:18 Al: CADR1; REQLM




32X8
PROM
745288

079: p—NC

067: |—PROM UNUSED

056: [——PROM HUNG TIMEOUT
045: —PROM NXM TIMEOUT

s 034: —TIMEOUT 3
023: —TIMEQUT 2
PROM UNUSED—B 0  2}—UNUSED TIMEQUT 012: —TIMEOUT 1
PROM HUNG TIMEOUF— 1 5f—HUNG TIMEOUT 001: —TIMEQUT 0
'PROM KXM TIMEOUT—§ 2 6—NXM TIMEOUT
SELECT DEBUG—B 3 9 h4: A4 .
) " TIMEQUT 3—N13 4 12 13: A3
TIMEQUT 2—14 6 15 12: A2
TIMEQUT 1—f17 6 16 11: Al
vee “ vee TIMEQUT 0—18 7 19 - —f10: A0
7415124
DUAL VCO
ouTh- 11 CLK+ GND —15:-CE TBP 18S030N
i -CLR
Joawce 1 jVC0 CAPL_ A02
deree o2 |- CAP2 sot
“1-ENB
] Gno
HUNG rmmnuwc TIMEQUT L
B03
N U 00 pr BH2ec . NXM TIMEOUT '@.' NXM TIMEOUT L
2] __.| }_ (19} . B03

Bo3e1

CBUS XBUS & UNIBUS TIMEOUT ' 10-DEC-1980 15:26 | Al: CADR1; REQTIM




UB READ XBUS L5-0\ 74500 N33
UB WRITE XBUS LAeE Fo3

UBX GRANT A—45]
xack —3=4

INVALID L

74500 {5
FO3

co7

100 NS DELAY

UB XBUS T100

a UB XBUS TO

DELAY FOR MAPVALID

20NS

0=

UB READ XBUS L—i2Q

-WRITE THROUK

UB REG CYC T250

17 400 000 to
17 777 777

‘{H"gli ARE de?DDRESSElswgﬂAT ARE MAPPED ONTO UNIBUS
THEREFORE THEY'LL MEAN UNIBUS TO MEMORY DATA REGISTER

uamaza —14
uBMAZO — £
uBMA1e —34
usmMA18 —44
wma17 —3:

UBXRQ —&4

unm——lkz@ﬂ'—m ML
wsyn IN—10

HI 15-30—14] ) ‘
HI 15-30—12%
HI 15-30—13:]
HI 15-30—34]
HI 15-30—38:]

CBUS

10-DEC-1980 15:36

XBUS REQUEST FROM UNIBUS

Al: CADR1; REQU




- U4 UB MASTERASE! 0 con\ys
v - LMB RQ
HIGH 128K ADDRESS & MEMRQ A1z

LMNEEDUB ( EARLY LM NEED UB
74551
AND-OR
I | LHVERT |
UNIBUS REQUEST—Bs=
ClX L A HI 1-1443=
HI 1-14—10= A 13’ 74586 M1z ysyn our
HI 1-14 DB NEED UB—T13=
.| 100 Ns pELAY |, A D20 )

DBUB MASTER——A=] cor 2z =

€06

DELAY
50NS INCS]
D250

NXM TIMEOUT—2= :
ssyn 10z 7$2 =213 InPUT  [—SSYN TO

sons  fl2=ssyw 150

BO9

CBUS LM & DEBUG TO UNIBUS 10-DEC-1980 15:23 Al: CADR1; REQUB




XBUS EXTRQ IN—24]

i XRQS
L—_XROS

UJJBRQ——-&‘-

L 1 MBROS
B LMUBROS

uBxro —123

L0 yBxROS
L _yaxrgs

ne —1a:]

14: __nc

GRANT RESET L—A4
CLK L

Cike

-INT BUSY L

A08

~XBUS BUSY IN L

[—INI BUSY

208s 22— Nt BUSY T20

LMUBRQS L—1EQ)
-XROS 1L.—REC)
~UBXRQS L—E¢)
FREE L —1250)
GND 1320

LMXRQ L—22Q)
-xrgs L—11=¢y
-UBXRQS L—10=0)
-1mBRos L—E2Q)
FREE L—25¢)

XBUS EXTGRANT OUT

745260
Dz-usx GRANT SET
745260 Ng=
o LMUB GRANT SET
745260 \g<
P LMX GRANT SET
cLko —35
FREE —52

100 NS DELAY

co7

QUAD FF
745175
4 0 F—uBx GranT
UBX GRANT SET—24 p .
-9 Pi—-uBx GRANT
s IMUB GRANT
vus crant ser—35 p ¢ .
-0 Pi—-1mB GRaNT
; o JlOi—iMx GRANT
tMx GRANT SET—I2Y p ]
-Q [Mi——1mx GRANT
. o fEinc
ne -] p .
GRANT RESET L—14  -CLR -
= L
74500 V5= AG6
A04

UBX GRANT L.

INT BUSY T40 L
HUNG TIMEOUT L

CBUS

REQUEST SYNCHRONIZER

10-DEC-1980 11:32

Al: CADR1; RQSYNC




8838 8838 8838 8838 8838
BUS XCVR BUS XCVR EUS XCVR BUS XCVR BUS XCVR
NC—F:.  6:}—NC uA015 —.: 6:——uBa15 w11 —F: 6:——uBA11 uA07 —F: 6:——uBA7 un03 —F: 6:——usA3
c1 our 2 3: c1 N UAD14 ——b: 3:——uBA14 UA010 ——F: 3:f——uBA10 uA06 ——p: 3:f—umA6 woz —p: 3: f——umAz
w017 —Ht1:  10:}——usa17 UROI3—11:  10:}——1BA13 URO9 ——H1:  10:|——UBAY uAs —H1:  10:—uBAS A0l —Q11:  10:}——UBA1
UR016 —f14:  13:}——uBA1G UAO12 —14:  13:}——uBA12 URO8 ——H14: . 13:}——UBAS unos —is:  13:——umas 6ND —14:  13:}——uBno
n—-yp: B UB ADRIS L—4: B UB ADR11 L—J: B UB ADR7 L—H: B UB ADR3 L—H: B
-8 ¢1—H: UB ADR14 L—t: U UB ADR10 L——f: UB ADRS L——11: UB ADR2 L—f1: U
UB ADR17 L——H2: § UB ADR13 L—H2: S UB ADRO L——f12: S UB ADRS L—112: § UB ADR1 L——f12: §
 UB ADR16 L5 UB ADR12 L—H5: UB ADRS L——15: UB ADRS L——115: UB ADRO L——15:
UBADRIVE L——: -ENB : -ENB : -ENB : -ENB b: -ENB
GND ——7: -ENB 7. -ENB ; 7: -ENB . -ENB . -ENB
F12 F11 F10 ¥09 Fo8
12: @A 15
0= ;A 14
E—-UBA 12
-UBA ©
-UBA 8
Pz _ma 7

D11

CBUS

10-DEC-1980 11:32

Al: CADR1; UBA

UNIBUS ADDRESS TRANSCEIVERS




h-8 DECODE
745138
WRITE
-7 —nc
-6 JE—RESET ERR L
UB WRITE BUFFER L -5 POi_roap INT CTL2 REG L
4 WAy -4 [0 INT CTL REG L
DECODE .
| 74574 - 12:
745139 w17 —25{ p Q fz—WRITE THROUGH ENB 3 T
-2 P38 ERR DRIVE L
-3 JS—SELECT PAGE L DA T RR DR
-2 P—SELECT DEBUG L . “Q pz—-WRITE THROUGH ENB T —
ura7 —14 ‘ -1 Pi— SELECT INTERRUPT L RESET ERR L—35{ CLKt :
A6 —2:] . -0 BisEiEcT sY L LR R —3  ser2
UBA15 —34 HI 1-14 =l -SET )
B — A - 4 s A 2—%H  sEL1
—4 766 000- 6—34] 1 R
UBA13 —55 766 177 wA 5—25  sgio 116 WORDS EACH B08 UBA 1 SELO
-usa12 —E4 .
Ura11—ZL 745133 353 1:]  _ewg HI 1—14—-5-' CE2
| ko8 ~ SELECT INTERRUPT 1—24  -CE1
una10 —10:] ) . UBRD - ) o
-upag —L13 E0?7 UB REG WRITE PULSE—I=
-usAg —124 03
—usa7 —13]
MsYN 1N —144
HI 1-14—183] SELECT SPY L .
" SELECT INTERRUPT L
SELECT PAGE L:
g UB READ BUFFER L petay |
DECODE UB WRITE BUFFER L 0250
’ HI 1-14
3 B im R xeus L W 11 INPUT  |——UB REG CYC TO
-2 [ML—yB WRITE BUFFER L HI 1-14 o .
-1 i B READ BUFFER L HI 1-14 SORS E UB REG CYC T50
-0 {218 READ XBUS L HI 1-14 U8 REG CYC T100
W 110 UB REG CYC T150
_ . UB REG CYC T200
140 000 c1 N3] spa HI 1-14
177 7177 N B REG CYC T250
-uBA17 1 —42¢) SELO HI 1-14
-uBa6 L —L=0
w15 L1020y “ENB )
woate L —Bs UB REG CYC T150—3% UB REG CYC T150 L
< €07
6D —220
UB REG CYC T50 U5 REG WRITE PULSE
PAGES ARE 512 16-BIT WORDS LONG 0B REG CYC T150 PuLS

THE FIRSY 8 ARE ACCESSIBLE BY A PDP-11,
THE OTHER 8 ARE SHADOWED BY 1/0 ADDRESSES

CBUS UNIBUS SLAVE RESPONSE 11-DEC-1980 14:57 Al: CADR1; UBCYC




8838 2838 3 8838
BUS XCVR BLS X BUS XCWR BUS XCVR
UD015 ——5: 6:}—10I15 wo11 b : 6: o111 o7 —k: 6:—UupI17 UDo3 3 6:—UunI3
w014 3: ——uni14 w010 ——Fp: 3: |——0I10 D06 ——f 3:——UDI6 unoz —f 3: ——up12
wo13 —Hfi1:  10: UDE13 w9 —fit:  10:}——unI9 UDo5 11:  10: UDIS U0t —H1:  10: ——UDI1
wo12 —fi4:  13:}—wi12 wos —i4:  13:}——wnI8 D04 ——fid:  13:f——UDI4 Ubo0 ——Hf14:  13:}——UDIO
-uBD15—p: B -UBD11—H: B -UBD7 —: B -UBDI —H: B
-uaD14 ;v “UBDI0——H: U <UBDG ——1: -UBD2 —1: U
-UBD13——12: S -UBD9 ——i2: § -UBDS —12: S -UBD1 ——12: S
-UBD12 ——Hi5: -UBD8 ——15: ~UBDA —15; -UBND ——H5
UBDRIVE L——: -ENB : -ENB : -ENB : ~ENB
GND ——7: -ENB - D: -ENB : -ENB 7: -ENB )
Fi9 F18 F17 F16
7415244 l 7815244
1S BUS IS BUS DV
wi 15—} 18}——uno 15 wi 7—F 18}——Uuno 7
wi 14— 16}—wo 14 w1 b—} 16——Uuno 6
wI 13—F " 14}—up0 13 wi 5—Fp 14}——Uno 6
wi 12—B 12}——un0 12 wi 4—38 12}—Uun0 4
UDI + UD0 L——1  -AENB 1 -AENB
wi 11— 9f——UD0 11 w1 3——H1 9}——ub0 3
w1 10—3 7——uno 10 © wi 2—H3 7p—up0 2
I 9——H15 5———U00 9 wI 1—Hh5 5——UD0 1
w1 8—H7 3f—u00 8 wr 0—Hh7 3——UD0 0 -
DI + D0 L 9 -BENB 19 -BEND
E19 18

CBUS

UN!BUS DATA TRANSCEIVERS

10-DEC-1980 11:33

Al: CADR1; UBD




upi15 —25]

741874
D Q

HI 15-30 -ASYN CLR

D16

uio

DISABLE INT GRANY

INTC DRIVE L—j

1 -OENB

—-UB INT = y——DISABLE ENT GRANT L
LOAD INT CTL2 REG 1—25] LOAD INT CTL REG I-
RESET  —15] RESET L
A=)
D15
ENABLE UB INTS: 12 NC INT STOPS GRANTS——]
-0
INTR SSYN 11=] cuxs INTR SSYN—
132} _cin
HI 15—30—195-L-SL HI 15-30
D15
.
7415374
OCT REG
P—iEVELY
5 eveo wI9—->p 0 2——u009
12__INT STOPS GRANTS WIg— 1 5——uoos
15 __ENABLE UB INTS wI7——p 2 §——Uo07
wns—-Hiw oo U013 Wig—-sp 3 9005
wiz—411 o1 B—uwo12 WIs—3 4 12/——U00S
wiit—3 g2 l—won WId——q4 5 15—
wrio—813 03 4—wor0 WIB—7 6 16/——1003
INTC ORIVE L—8 —ouT ENB WIz—H8 7 19/——1002
LOAD INT CTL REG 1—3 cLkt
oun —1Z -cik ens i1 CLke

D17

7415240
1S 1NV
US
NC — -0 B——HC
e —4 -0 fo—nc SEE CADR1; LMADR
ADR21 L —H] -0 [—xno21
AoR20 L —B] -0 f2—xa020
LMADR-XBUS L—L|  -AENB
XBUS INTR IN L—L1Y -0 P—uwoo14
B INT L—13 -0 f—u0015
DISABLE INT GRANT 1—19 -0 P——un00
LOCAL ENABLE 1—1Z -0 P—upo1
INTC DRIVE L—‘ﬁi' -BENB

HI 16-30

LOCAL ENABLE—I=]

UNIBUS INTR IN—"3%]

D18

74508
E02

INTR IN

CBUS

10-DEC-1980 11:34

Al: CADR1; UBINTC

UNIBUS INTERRUPT CONTROL




29701 29701 29701 29701
1S NON INV TS NON TNV TS NON INV TS NON TNV
16 X 4 RAM 16 X 4 RAM 16 X 4 RAM 16 X 4 RAM
- uoris —&4 1y 01 Pi—mapvaio w1 —44 11 01 Pi—unmaro w17 —4 n 01 Pi—usmals wis—44 n 01 P—usMa11
uoria —84 1o 0z fE—wriTeOK  wOII0—9i 12 02 f—usmats wis —&4 12 02 i—uBma14 wiz —84 12 02 [E—usmato
vor3 —104 13 03 P—usmaz1 upre —1244 13 03 E—usmar7 wis —12 13 03 fi—ummal3 w1 —124 13 03 fi—uBMa9 \
uoi1z —12:4 14 ot Pl usmazo upis —124 14 0 fli—ymmie wis—124 14 04 fli—usmarz uoro —12: 14 04 fli—ypmas
-usPN3a —L a3 14 a3 14 a3 14 a3
-uBPNZA —12 A2 . 154 p2 18:4 a2 15:4 a2
-uspnia—14:] ap 184 p 14 py 144 pq
-uopnoa —13i ap 13 no 134 ap 134 a0
uBMAPWE L —3i VRITE 3} wRITE 3 _wRITE 3id wRITE
onp —24 e 2 ok 2: ce 2 e
€15 E14 E13 E12
D 2 IN buap 2 IN |
?‘nlo ELECT] ELECT] 7415244 7415244
D ote LY, SELEC 1S BUS TS BUS DVR
UBA13—M:~ L PER—. wma-—uf O B2 oonss MAPVALID——b 181——00 15 UBMA 15— 18}——uno 7
usas 135 upas —134 WRITEOK ——H4 16——UD0 14 UBMA 14—} 16——UD0 6
UBMA 21——F 14——00 13 UBMA 13—F 14}——UD0 5
ueatz 112 o b : warz—d b MA 20 —— 12 wo 12 uBMA 12— 12——Up0 4
10 i -UBPNZA i -UBPNZB uemA 20 B
UBA3 & 1 uBA3 —i0i]
UBMAP + UDO L——11  -AENB UBMAP » UDO L—H1  -AENB
—5: 5]
v —E 0 b UBA11 1 ° b .
usaz —84 1 usaz —E:] 1 UBMA 19 ——11 gp——Un0 11 UBMA 11 ——11 9p——uUuD0 3
UBMA 18 ——H13 7——wo 10 UBMA 10——713 7}——U00 2
—2 i
UBAO—E 0y owon wa—E 0 b s UBMA 17——115 5——uno 9 UBMA § ——115 5——UD0 1
war—3] ¢ vear—3 g UBMA 18——17 3f——uo 8 UBMA 8 ——17 3}——wo 0
SELECT pAGE—Li  sEL Ll se UBMAP + UDO L——h9 -BENB UBMAP + UD0 L——N9 -BENB
o151 e 15 _ewp E17 E16
11 E10
CBUS UNIBUS MAP 10-DEC-1980 11:35 Al: CADR1; UBMAP




MNEEDUB —22]
-LM UB SELECTED—IS] wpG IN ¢ —1dsg NPG IN
-1M UB MASTER—LI:] E05
3=
06 NEED LB—3= BUS READY
-DB UB SELECTED—42]
-DB UB MASTER—35]
|4z
74500 =
. LM UB SELECTE 52| oy LM UB SET MASTER L
LM BUS REQ L—2=(] Q 2 p 0 LM UB SELECTED
[_1z]
7AS00 k32 0B UB SET MASTER L
-LM UB SELECTED DB UB SELECTED——=2 E01
NPG2 IN—35] -
M RESET 1 —35]
HI 1-14—15]
NPG1 OUY ’
I 1z 100 ws oELay |, _
NPG2 IN 122 _npe2 IN T100 DB UB MASTER L—135-0\ 74508 .
Dot . Oll=pg RESET L
-DB NEED UB L—lcEQY B16

;TRY TO KEEP MASTERSHIP
. :IF WO ONE ELSE WNATS IT

8838
~LOCAL ENABLE BUS XCVR
(=
74500 Vg2

-1 weeo us-25| nos . b : 6: SACK IN
LM UB SET MASTER L 74500"\11= N . sBSY IN

sMEMRQ TRAILING EDGE E01 : '
NPG2 IN MSYN OUT——H1:  10:}——MSYN IN
NPGZ IN T100 SSYN OUT—14:  13:}——SSVN IN

-1.MUB GRANTED

-UB SACK—f1: B
-UB BBSY—1: U
-UB MSYN—12: S
-8B SSYN~——15:

DB BUS REQ 1—22dp DB UB SELECTED

~DB UB SELECTED

NPG1 IN—32]

DB RESET 1 —35]
HI 1-14—15]

GND ——P: -ENB

WITH <x:LM npg:NPG2> 6RD ———y7: -ENB
WITH <x:DB npg:NPG1>
................... . Fo7
x.RQ: BUS REQ, NPR;
npg.IN: set x.GRANTED;
npg.IN+100ns: [x.GRANTED: set x.SELECTED, else NPG OUT]:
x . SELECTED v x.MASTER: -BUS REQ, -NPR:
x . SELECTED: SACK OUT: ‘
assert SACK OUT: (OLY): -npg.IN
-npg.IN A -SSYN IN A -BBUSY IN: BUS READY:
BUS READY A x.SELECTED: set x.MASTER:
= x .MASTER: BBUSY OUT, x.RESET:

nrG1 n—1 3 . x .RESET: clr x.GRANTED, clr x.SELECTED;: R

8 - . -x.RQ: clr x.MASTER:

NPG IN
| 3: 100 NS DELAY
NPG1 IN =

D01

NOTE: NPR is synchronized on UPRIOR and
generates NPG IN if LOCAL ENABLE.

cBUS UNIBUS MASTERSHIP 10-DEC-1980 13:21 | Al: CADR1; UBMAST




7815244 7415244 7415244
1S BUS S BUS IS BUS DVI
GND ——p 18 NC UBMALS ——p 18 XAO15 UBA9 ——p 18}——XA07
GND—H# | 16——NC UBMA14 ——11 16———XA014 UBAS —H 16}——XA06
uBMAZ 1 ——F 18}——xA021 . UBMA13 ——F 14———XA013 UBA7 14}——XA05
UBMA20 ——$ 12— XA020 UBMAL2 ——8 12——XA012 UBAG ——B 12}——xa04
UBADDR-XBUS L——fI -AENB .  -AENB i -AENB
UBMA19 ———11 9}——2XA019 UBMA11 —11 9——xA011 UBAS ——H1 9——xa03
UBMA18 —13 7H——xa018 UBMA10 —13 7}——XA010 UBA4 ——113 7——XA02
UBMA17 —15 5——XA017 UBMA9 ——15 51———XA09 UBA3 ——15 §———XA01
UBMA16 ——17 3}——XA016 UBMAS ——H17 3p——2xn08 UBA2 —17 3——XA00
UBADDR+XBUS L——19 -BENB ho -BENB fs -BENB
E22 E21 E20

CBUS

UNIBUS ADDRESS TO XBUS

10-DEC-1980 11:36

Al: CADR1; UBXA

.




512x8
TS _PROM
745472
[\ S— 'NOTE: GRANT TERMINATION TO 180 OHMS
D6 [Ny INT GRANT ;(NOT USED) IS PROVIDED BY UNIBUS TERMINATOR
D5 [2—ANY GRANT
o4 s64p LOCAL ENABLE L: =
- - - 9 = -
03 P—BG5P _ 7)73538 N3= 18 Bea N
BG40 L—f 22 ¢f OC
vz P—Beop
1 |Jl—B67P : | 8
Do B wpGP - C) 74538 \g= UB BG5S IN
’ BG50 L —-25¢f OC
e | e
LR -DISABLE INT GRANF—IY} A AL OUTP pUAL_outPUr
. : 00 f—— -BG40 Q0 f——nc
-CLEAR GRANT—IB] a7
Br4 —14:] 9. pran LevEL1 —1] A6 01 &——-BG50 01 B NC BG60 L —
sRs 14z 12 gas LEVELD s oNp —2-0 ean Q2 f2—-BGE0 6D —2-0 ENB 02 B2—-ANY GRANT DLYD
o L h0:  peen S W 1-14—18) iy o3 PS—-gG70 HI 1-14—18 v 03 BB—-npeo
. . —1 —1 B —
S  B—wm orso—2 3 BGAP 10 Q0 BG40 NC n NC BG70 L
wor 4 SR P BesP—A411 g1 f—8gs50 Ne—34n o1 f—nc
sack 1N—di 2: sacxp - im—2 a1 Beep —1Y12 2 fl—gss0 -ANY Gmnrj:]xz 02 fl—pny GRANT DLYD A 4538 N\az
wio—3| a0 se7p —1813 o3 [4—gGr0 NPGP 13 o3 M—npeo NPGO L =g O
. . —8] )
oK L —2 LKt GND GND g QUT ENB F14
: CLK L CLKt CLKt NPG OUT L =0 -
ur1-1a—Ld op o0 CE 17 [ . ] 82— B NPG OUT
-ANY GRANT DLYD L- -CLK ENB -CLK ENB =g
D10 po9 CLEAR GRANT L_ -ASYN CLR 19{ -ASYN CLR : F14
TBP 18542N D08 D07 .
4BIT CIR
7415163

1c 8 —GraNT TIMEOUT

838 page o
nc—Bd13 pafllixc 180 o o ®
nc—3412  pz iy B NPG OUT—L —AAA— vee )
390 BUS REQ——F: 6: ——NPR 6D ——F: 6:]——BRa
nc—3dn pr iy GND | —AAA— UB NPG IN
) . GND ——: 3:}——8R7 GND ——p: 3:}——NPG IN L
nc—3dr0  po i
F1301 GND ——f11:  10:}——8R6 RESET —11:  10:}———UNIBUS INIT IN
. G —Hh4:  13:}——BRS GND —14:  13:}——UNIBUS INTR IN
H1 1-14—10 enp ¥ 180
2 HI 1-18—H A~ vee
1 £NB P we —2 NC UB NPR L—t: B B BRS L—H1: B
wo1-e—3 ope e UB BR7 L——1: U UB WPG IN—1: U
~ANY GRANT L—Li-sYNC CLR : 8 1B BR6 L——12: S UB INIT L—12: §
Kk L—24 cLke UB BR5 L——1i5: UB INTR L—rj15:
co1
GND ——P: -ENB LOCAL ENABLE L——B: -ENB
GND ——47: -ENB GND ———{7: -ENB
F15 F06

cBUS UNIBUS BUS GRANT 10-DEC-1980 13:15 | Al: CADR1; UPRIOR




wis—4 n 01
vz —84 12 02
vor1 1% 13 03
up1o—12: 14 04

L wBUF2

15: A2

14; A

13: a0

701 29701 29701
7S NON INV 15 NON TNV 1S NON INV
16 X 4 RAM 16 X 4 RAM 16 X 4 RAM
wis —4 11 01 Bi—wnur1s wi —44 5 01 Pi—wBUF11 wi7 —44 11 01 Pi—WBUF7 °
wis—& 12 02 fKi—wnuri4  wito—E8 2 0z fi—uBuF10 wis —8 12 02 fE—wBUr6
w3104 13 03 fi—wsur13 wie—104 13 03 fi—uwpure wors—1U 13 03 P—unurs
wiiz—124 14 os iUz wis—1&] 14 ot i wmurs wor4 —124 14 04 fli—ymurs
-uspnaa—14 a3 1 a3 -uppn3s —1 A3
-uBpN2A—13:] pp 15 np -uspN2B —13i A2
-uspn1A—144] Ay 18w -uspnis—14: A1
-uspnoa—13: ap 13:4 pp -uspnos —L3:] Ao
WBUFWE t —3 -WRITE A _write 4 -wRITE
e —24 -ce 2: ce 24 -ce
c27 €26 25

A —wRITE

c2a

CBUS

WRITE BUFFER

10-DEC-1980 11:37

Al: CADR1; WBUF




26510
0C BUS
XCVR
ow—4d o B xpus BUSY IN
oo—2d 1 B xpus ExTRQ IN
XBUS EXTGRANT our—ild 2 10: e
e 3 B ypus IR IN
-0 —XBUS BUSY L
-B1 [ XBUS EXTRQ L
82 Pi——xBUS EXTGRANT OUT L
83 P xpus IR L
e —124  _pwp
F22
26510
0C BUS
XOWR
RESET —4 0 R nc
cko—3d 1 Biwe
ap—1l] Lm—— XBUS ACK IN
LM POWER REsET—134 3 [y
-0 Pi—xBUS INIT L
-1 Ji—xBUS SYNC L
-82  Pi——xBUS ACK L
-3 [l xByS POWER RESET L
avp —124  _pap
F23

LM POWER RESET

26510 26510 26510
0C BUS 0C_BUS 0oC BUS
XCVR XCVR XCVR
xBus REQUEST—E4 o Pi—ne xmoe—4] o BN wmots—A4 o Pi_nc
XAOR PAR oUT—24 1 Ry xmois—24 1 P xone—34 1 Pl
xpoz1 -] a2 Oz e x017 114 o 10:__nc xao3—ily 2 0
xoz0—ddd 3 fA ¢ mote—ddd 3 Py xoz 134 3 Ay
-B0  f<—-XBUS RQ -0 fi—-XADDRI® -B0  [—-XADDR15
-B1 L"—""XADDR PAR -B1 h‘—'xﬂmﬂlﬁ -B1 Zz—-"-xl\mﬂl‘
-B2  PS——-xADDR21 -B2 i XADDR17 -2 [i—-xaDDRI3
-3 [&i_xappR20 -3 PR xapDRI6 -83 i xappRIZ
XADDRDRIVE L—124]  —gng 12 _eng 1234 _ewp
€26 F26 E25
26510 26510 26510
, oC BUS 0C_BUS 0C_BUS
XCVR XCVR XCvR
xao11—44 o B¢ xa7—44 o Pl xwo3—44 o Pi—nc
xnot0—84 ;. Py xao6—24 1 By sz —84 1 By
xog—ily o Oy xos—1d o [ e xmo1—1ld 2 [0 ¢
xa0s—ldd 3 pAL e xa0s 13 3 fA e xa0—134 3 A ¢
-80  Pi——-XADDR11 -B0 XADDR? ’ -0 P<—-XADDR3
81— xapDR10 -B1 XADDRG -8t fi—-xADDR2
-8z Pi—-XADDRY -82  [i—-XADDRS -B2  fi——-XADDR1
-3 P& xapoRs -B3 i xaADDR4 -3 [8i—_xanpRo
XADDRORTVE L—32  —png 122 g 12:1  _eng
F25 F24 F23

CBUS

10-DEC-1980 11:52

Al: CADR1; XA

XBUS ADDRESS TRANSCEIVERS




12 1IN 12 IN
ey ey
XAQ 0 ———j7: XAQ 12—
XAQ 1——F: XAQ 13—F:
XAQ 2 ———F: XAO 14——F:
XAQ 3 ——H: XAQ 15—
XAD 4 —B: XAD 16 ——:
XAD § —p: XAQ 17—
XA0 6—H1: XAO 18 —1:
XAQ 7 ——15: XAQ 19 —15:
XAQO 8 —ii4: XAO 20—14:
XAD 9 ——13: XAO 21 —13:
XAQ 10—i2: GND —12
XAQ 11 —11: 11:
PE 10:}——NC PE 10:}——XAD PAR EVEN
PO O: PO 9:——XAC PAR ODD
E24 E23

XAO PAR EVEN-——Q———XA0 PAR 0ODD L
XAQ PAR ODD——Q——XAO PAR EVEN L

XAO PAR

EVEN———————XADDR PAR OUT

CBUS

XBUS ADDRESS PARITY

10-DEC-1980 11:49

Al: CADR1; XAPAR




[741.5244 I LMLSZM v g4L5244 l 7415244 l
TS BUS DV TS BUS D 1S BUS IS BUS DVI
XDI31 ———7p 18—8BUS31 XDI23 ——p 18}——BUS23 XDI15 ——p 18——BUS15 X017 ———p 18f——BUS7
XDI30 —3 16}——BUS30 XDI22 —H 16|——BUS22 XDI14 ——4 16———BUS14 XD16 ——p 16——BUS6
XDI29 ——F 14}——BUS29 XDI21 ——§ 14p——BUS21 XDI13 14——BUS13 XD1§ ——5 14}——BUS5 N
XDI28 —p 12|——BUS28 XD120 —8 12}——BUS20 ° X112 —8 12p——BUS12 XDi4 —p 12|——BUs4
XB+BUS L——J1 -AENB i -AENB il -AENB 1 -AENB
XDI27 —11 9——BUS27 XDI19 —i1 9——BUS19 - XDI11 —11 9——BUS11 XDI3 ——1 9——BUS3
XDI126 —13 7——BUS26 XDI18 ——{13 7}——BUS18 XDr10 ——3 7p——BUS10 XDi2 ———13 7p——BUS2
XDI26 —15 5 [——BUS25 XDI17 —15 5}——BUS17 XDI9 —15 5——BUS9 X011 ——15 5|——B8BUS1
XDi24 —A17 3—H8us24 XDI16 —{17 3p——BUS16 X018 ——417 3p——BUS8 XDIO 17 3 BUSO
XB+BUS L ——19 -BENB 19 -BENB 19 -BENB 9 -BENB
D30 029 D28 D27
CcBUS XBUS TO BUS 10-DEC-1980 16:06 Al: CADR1; XBD




26510 26510 26510 26510 26510
0C BUS 0C BUS 0C BUS oC BUS oc
XCVR XCVR XCVR XCVR XCVR
w—44 o RBi—nc sussi—44 o R—xpimn Bus27—34 o Pi—xpr27 Bus23—4d o Pi—xpre3 pusio—3d o Ri—xonio
e —34 1 B xBUS TGNPAR IN Busao—24 1 Pi—xpI30 Bus26 —2H 1 Bi—xproe puszz—=24 1 PBi—xprez Busis—d 1 Pi—xpris
o 15-30—4q 2 By Buszo—1ld 2 Lm.__ XD129 Buszs— 2 i _yppos pusz1—114 2 AL _yppog pust7—d 2 P yppyy
xsus AR out—id 3 P4 ypys par IN pusza—14d 3 1A _yppeg pus24 —13d . 3 [l _ypros pus20—334 3 P4 _yppap susie—134 3 Al ypie
-0  Pi—nc -0 Pi—-xBuUs31 1 -0 Ri—-xpus27 -B0 P -xBUS23 -0 Pi——-XBUS19
-1 fA—XBUS IGNPAR L -1 [—-xpus30 -81  [i—-xBuUS26 81 [Li—-xBus22 -1 fi—-xpus18
-8z Pi—-xBUS WR -2 fi—-xBUS29 -82 i xBUSZ5 -B2  Pi—-xBUS21 -p2 i -xpUS17
-B3 -XBUS PAR -g3 P8 —_xpuses -3 [ _xpusza -3 [8i - ypus20 -3 [Bi-xpusie
xoRIve L—12  _gng 124 _eng 124 _pnp 1231 _enp 124 _ens
F20 E30 F30 E29 F29
26510 26510 26510 26510
0C BUS 0C BUS 0C BUS oC BUS
XCVR XOR XCVR XCVR
Busis—4d o B —ypns susui—2d o RBi—xomn us7—34 o Bi—xor7 Buss—4y o Bi—xni3
pusia—3d 1 B ypnua Busio—24 1 B xprio Buse—24 1 Pi—xoie sus2—2 1 P2
pusia—ild 2 QU _ypp3 suso—11d 2 Al _ypnyg puss—1d 2 R _xprs pusi—ld 2 [y
suisiz—3d 3 M4 yppp suss—3d 3 P4l _xprg susa—134 3 [ yppa puso—1dd 3 [lA_xppo
-B0  Pi—-xBUSI5 -B0  Pi—-xBUS11 -B0  Pi——-XBUST -80  P—-xBUS3
-1 JLi—-xgus14 81 fE—-xBUS10 -1 f——-xBUS6 -1 J—-xBUS2
-B2  Pi—-xpus13 -2 fi—-xBUSO -8z - xBUSH -B2  [—-xBUS1
-3 i xpusi2 -3 [Bi—_xpuss 83 PEi—_xpusa -B3  [Ri—_xauso
xpRIve L—124  -Enp 122 _png b H 124 g
£28 F28 E27 F27
CBUS XBUS DATA TRANSCEIVERS 10-DEC-1980 11:50 Al: CADR1; XD




AY: CADRIO; 10B UML 12718780 10:49:28 Page 3 °

LISPM 1/0 BOARD CADRIO; I0B UML 18-DEC-80 1049

sssssss DNIP MAP *sssses

75116 75118 7415374 7415374 741574 7415164
10BKBD TOBKBD 10BKBD 10BKBD 10BKBD 100KBD
X X X X XX X
F30 E30 D30 €30 B30 A30
741574 | 7415244 7415244 TA5378 7415569 74LS164
IOBSER I0BSER I0BCSR 108KBD 10BMS2 10BKBD
XX X X X X X
729 E20 D28 c29 ) B29 A29
745276 745374 7ALS244 7AL510 7415560 | 74L5164
CLK60H CLK6OH CLKTOD 10BKBD T0BMS2 10BKBD
X X X XXX X S
F28 E28 D28 (%13 B28 | AZ8
7415244 7415244 7405175 741574 7415569 | JALS14
CLK6OH CLK60H 10BCSR 10BCSR 10BMS2 10BKBD
X X X XX X OXXXXX
F27 E27 D27 c27 BZ7 AZ7
731.5374 741.5374 T 741508 7415109 7418560 | 7ALS86
CLKTOD CLKTOD 10BKBD JOBKBD JOBMS2 10BMS2
X X XXXX XX X XXX0
F26 ¥ D26 €26 B26 A26
7415374 7ALS374 741532 74 37 74L55669 | 7AL514
CLKTOD CLKTOD 10BCLK 10BCLK 10BMS2 T0BMSE
P 3 X XXXX XX00 X XXXXXX
Fo5 E2% D25 C2% " TTB2% AZE
74 393 74 303 7405163 T4LS244 7415560 T4L5374
CLKTOD CLKYUD 10BCLK 10BMS? IOKMS2 10BMSE
: XX XX X x X x
F2% (¥23 DZ4 C24 B22 AZ4
74 393 74 303 74 393 7ALS74 TALSBO TALS374
CLKI0B CLKTGD CLKTOD I0BCLK 10BMS2 | 10BMSE
XX XX XX xx XXXX X
F23 E23 D23 ¥R 823 A23
745163 7415183 74 353 74LS13E 7415244 7415374
CLKTIM CLKTIM CLKTOD 10BCLK CLK1OD T0BMSE
X X XK x X X
F22 E22 D22 €22 B22 A22
7415163 7ALS193 741574 745163 T 7415138 25152521
CLKIIM CLKTIK IOBSER CLKTIM CLKEOH 1OBMSE
X X XX X 3 b
FZ1 21 21 31 R 131 [X3}
7 DMEB3E 7405138 1 741514 T _DUMMYZ0 7415174 25152521
10BXCV 10BADR CLKEOH CiK6OH LMUCON T0BCSR
X X XXX000 X X E

F20 E20 D20 €20 B2¢ A20



AI: CADRIOQ; IOB UML

LISPM 1/0 BOARD

12/18/80 10:49:28

CADRIO;IOB UML

ssseses )Ip MAP *sesass

18-DEC-80 1050

DM8838 745133 7415244 745133 7415164 74L5193
10BXCV I0OBADR LMDATP LMUCON, LMTURN LMTURN
x X x x x x
F1g E19 D19 C19 B1S A19
DM8838 7415244 7415244 7415138 7415164 T 74L5193
I0BXCV LMDATP LMDATP LMUCON LMTURKN LMTURN
x x x X X x
F18 E18 D18 ci8 B18 Al8
DM8838 T 74L524% 7415244 74LS244 T wMc1a88L 7415193
I0BXCV LMDATP LMDATP LMDATP 10BSER LMTURN
13 x x x x x
F17 E17 D17 C17 B17 Al7
74838 |  [[----=-=- 74LS244 7415244 MC1489L 7415161
IOBINT LMDATP LMDATP 10BSER LMTURN
XXXX mm————— x x XXXX x
F16 El6 D16 Cigé B16 A16
74538 s=—===e- 74832 74500 74574 EXAR-CL
TI0BCSR LMRCTL LMTBFC LMMODU IOBSER
xxxx|  fl==---- - XXXX XXXX XX x
F15 E15 D15 C1s B15 A15
745175 745260 745112 T 74500 74504 ————————
IOBINT 10BINT LMTURN LMYBFC LMTBFC
x xx xx XXXX XXXXXX -
F14 -E14 D14 €14 B14 Al4
TD100 74504 745112 2505193 74 165 cwete -
IOBINT T0BADR LMTBFC LMTBUF . LMIBUF
x XXXXXX . XX B 3 x cmmmmnas
F13 E13 D13 C13 B13 Al13
74S00 T 731500 DUMMY 2515193 74 165 2651
10BINT IOBINT LMMYNM LMTBUF LMIBUF IOBSER
XXXX XXXX x x x x
F12 E12 D12 [$¥3 B12 A12
74LS10 74L502 P SIP100 2515193 TD100 TD25
IOBINT TOBSER LMMYNM LMTBUF LMDETC LMDETC
XXX XXXX x R 4 x x
F11 E11 D11 Ci1 B11 A1l
DM8838 74508 T DUMMY 3147 74508 745288
IOBINT LMRCTL LMMYNM LMTBUF LMTBFC LMMODU
x XXXX x x XXXX x
F10 E10 D10 cio B10 A10
.| DM8136 T 10250 74 279 9401 74504 745112
I10BADR I0BADR LMRCTL LMYBUF LMDETC LMMODU
x x XXOX x XXXXXX XX
FO9 E09 D09 o9 BO9 AD9

Page 4



AI: CADRIO; 10B UML

LISPM I/0 BOARD

12/18/80 10:49:28

CADRIO;I0B UML

sssssse DNIP MAP ®sssese

18-DEC-80 1052

Page &

T DMB136 74574 74574 74551 74502 745374
IOBADR 10BADR LMRCTL LMTBUF LMTBFC LMMODU
X XX XX XX XXXX X
FO8 E08 D08 c08 808 ADE
DMBB37A 74537 74500 9401 7415164 T 7815164 |
10BXCV 10BADR LMRBUF LMRBUF LMRBUF LMRBUF
X XXXX XXXX X X X
FO7 E07 D07 €07 BO7 AC7
DMBB37A 745251 2505193 74574 7405161 745112
10BXCV LMMYNM LMRBUF LMRCLK LMRCLK LMTCLK
X X X N XX X xX
FO6 E06 D06 €06 B06 AOG
745251 74551 2505193 74537 74LS5161 EXAR-CL
LMMYNM LMRBUF LMRBUF LMRBUF LMRCLK LMTCLK
- X XX S XXXX X X
FO5 E05 D05 ({13 (113 A0S
7405161 74500 2505193 2147 TD100 26502
LMMYNM LMUCON LMRBUF LMRBUF LMDETC LMRCTL
X XXXX X X X AX
FO4 E04 D04 C04 BOA A04
74LS161 74500 74504 TD250 745163 T OOMMY |
LMMYNM LMRCTL LMTCLK LMRCLK LMTCLK LMLNDR
X XXXX XXXXXX X X X
FO3 E03 D03 T03 BG3 A03
74L5161 745158 74510 T 74508 74574 261531
LMMYNM LNLNDR LMMODU LMRBUF LMDETC LMLNDR
X x XXX XXXX XX XXX
F02 EO2 D02 €0z BOZ A0Z
74511 745174 745287 74574 74504 261533
LMMODU LMMYEM LMMYNM LMDETC LMRCLK LMLNDR
oxo X X XX XXXXXX XXXX
FO1 EO01 DO1 €01 BO1 AD1



hl: CARRIO: 108 UML 12/18/80 10:49:28 Page 6

LISP¥ 1/C BOARD CADRIO;IG8 UML 18-DEC-80 1053

eescses LDGL CONMECTIONS Flags: (# Output, @ Terminator, ---- Dedicated ground, ++++ Dedicated power) ®eeesess
-A- ) -B- -c- -D-

Al Al ] Al NPG.IN® |A1
A2 + dhdbd bttt A2 e b A2 +5.0V 444 A2 +5, OVttt ttddtitd
Bl B1 B1 NPG.IN® B1
B2 B2 B2 -5.0V B2 -5.0V
C1 C1 C1 C1
cz - c2 'cz GND #|cz GND ;l
D1 D1 D1 . IDl l
D2 D2 . iD2 -D15°* #|D2 -BR7*
El El El El
E2 E2 Iez -D14* #lEZ -BR6* l
F1 F1 F1 NC #|F1 NC ¥
F2 F2 F2 -D13* #|F2 -BR* #
Hi H1 H1 -D11* #[H1
H2 H2 H2 -D12+ #|H2 -BR4A*
Ji1 J1 J1 J1 . l
J2 Jz Jz2 -pio* #]32
K1 Ki K1 K1
K2 - K2 K2 -Dg* #|K2 BG7.IN®
L1 L1 L1 L1 -INIT®
jL2 L2 'LZ -Dg* #{L2 BG7.IK* l
T Wi Wi Wi '
M2 M2 |nz -D7* wluz BG6. IN® ’
L3 K1 N1 NC #|N1 NC [
Nz N2 N2 -Dae #|N2 BG6.IN*
F1 P1 P1 -BOOT* #|P1 +12,0V
B2 P2 P2 -D5* #|P2 BG.IN®
Tri R1 R1 RT I
R2 R2 . R2 -D1* #|R2 BG.OUT* *
S1 $1 ) S1 ISI
52 S2 . S2 -Do= #1S2 BG4.IN®
T memmm e T IR TT ---emsmmemcoooemomeomet T1 GND------—=--em-mmmaes #[T1 GND-----=-remmmmomoe ¥
hz Tz 12 -D3* #|T2 BG4, IN*
Ul , TH 1 ‘ Ul
uz luz iuz -b2* ¥#luz
Vi

Vi VI v Vi
v? v2 Jvz -pee #|v2

! | ! ‘ B

R (S PINRNEN (U |FSSNII | UUS PO | | ——

! I
I l
| I
| l
l I
I I
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LISPM 1/0 BOARD CADRIO:;IOB UML 18-DEC-80 1053 )
ssessss EDGE CONNECTIONS Flags: (# Output, @ Terminator, ---- Dedicated ground, ++++ Dedicated power) sssssse
-E- -F- -J01- -302-
Al GND #|A1 . 01 GND #]01
A2 +5, OV4tdddddbddddttddtd A2 45, DV4ddddidddddbdidad 02 INTERFERE+ 02
B1 Bl 03 INTERFERE- 03
'82 =5.0V B2 -5.0V 04 GND #|04
C1 -A12* C1 05 RCVR.DATA+ 05 I
C2 GND #]C2 GND-=---=cmmcsmcccncoan #]06 RCVR.DATA- 06
D1 -A17¢ D1 -BBSY* #]07 GND #107
D2 -A15* D2 08 TRANS.DATA+ #|08
E1 -MSYN* E1 H SYNC 09 TRANS.DATA- #]09
E2 -A16* E2 V SYNC 10 GND #|10
F1 -A2¢ F1 NC #111 11
F2 -C1* F2 12 12
H1 -A1* H1 13 13
H2 -AD* H2 14 14
J1 -SSYN* #1J1 -NPR* 15 15
J2 -co* J2 16 16
K1 -A14* K1 17 17
K2 -A13* K2 18 . 18
L1 -Al11® L1 198 19
L2 L2 ; 20 20
M1 M1 -INTR® #121 21
M2 GND #{M2 22 22
N1 GND #]N1 NC #]23 23
N2 -hg* N2 24 24
P1 -Al10* Pl 25 25
P2 -AT* P2 26 GND #|26
R1 -Ag® 3 77 GND: #27
R2 R2 28 GND #1128
S1 S1 29 GND #|29
S2 GND #|S2 30 GND-=--+ #{30
T1 GND--=-==-e=mrmeommmooos #]TL GND-----—=-m-mmmeoooeos #]31 GND- #131
T2 T2 -SACK* #|32 GND #|32
Ul -A6* u1 33 GND -- #{33
U2 -A4e u2 34 GND #{34
V1 -Ab* Vi 35 GND: #1356
V2 -A3* V2 POWER LINE ~4 36 36
I = 37 37
38 38
39 ' 39
l l 40 40 ~=mmmmsesmemcmeeeeeeae l
I I 41 41 I
42 42
I I 43 43
44 44
45 --- 3p ~—--e-me-cose-ceeseseic
o les 46
47 47 -
48 48
I I &

80 8 I




AL: CADRIO; IOB UML

LISPM 1/0 BOARD

ssecers EDGE CONNECTIONS

12718/80 10:49:28

CADRIO:I0B UML ’
Flags: (# Output, @ Terminator, ---- Dedicated ground, ++++ Dedicated power) ®essses

18-DEC-80 1053

Page 8

-J03~ -J04- -J05- -J06-
01 H SYNC 01 01 GP10 01
02 V SYNC 02 02 GPI1 02
03 FH1 03 03 GP12 03
04 04 04 GPI3 04
05 05 05 GPI4 05
06 06 06 GPI5 06
07 07 07 GPI6 07
08 08 08 GPI7 08 ]
09 09 09 GP18 09
10 AUDIO+ * 10 10 GPIS 10
11 KBDCLK+ * 11 11 GPOD #]11 I
12 KBDIN+ * 12 12 6PO1 #|12
113 SVERB 13 13 GPO2 #]13
{14 *VERA 14 14 GPO3 #|14
15 *HORB 15 15 GPO4 #115 I
16 *HORA 16 16 GPO5 #|16
17 *HEADSW 17 17 GPOb #[17
18 *MIDSW 18 18 GPO7 #|18
19 STAILSW 19 19 GPOB ¥|19 I
20 20 20 GPOS #}20
71 71 21 21 ]
22 ----- 22 22 22
23 FH2 23 23 23
24 24 24 24
25 25 25 25
26 26 26 26 - ---
27 - 27 =127 27 3
28 --- 28 28 m-meeseommecemcmaaen 28 ~--mcememmmcemcccmnaaas
29 20 290 29 '
30 AUDIO- * 30 30 =-emsmecmcccmcecoccneas 30
31 KBDCLK- ®--c---mmmcommn 31 31 ----- == 31
32 KBDIN- * 32 - 32 32
33 GND #]33 —---m--eomomesoooIoooos 33 - 33
34 GND=--=--se-coccmcmaean #|34 smmcemee e eas 34 ccemmeecmmeme s 34
35 GND #]35 35 35
36 GND #|36 36 -- |36
37 GND = #137 37 37
38 GND #{38 38 38 --
739 GND #139 30 39 l
40 40 40 40
41 a1
l 42 42 ~-
43 43 --
43 44
I I a5 [
46 46
a7 a7
48 48
49 49
50 50 -~




AI: CADRIO: IOB UML

LISPM I/0 BOARD
sesxees EDGE CONNECTIONS

12/18/80 10:49:28

CADRIO:10B UML

18-DEC-80 1054

Page 9

Flags: (# Output, @ Terminator, ---- Dedicated ground, ++++ Dedicated power) ®ssessse
-367- -J08- -J0g- -J10-
01 GPIO 01 GPOO #]01 EIA DATA OUT #]01
02 GPI1 02 GPO1 #]02 EIA DATA IN 02
03 GPI2 03 GPO2 #]03 EIA RTS OUT #]03
04 GPI3 04 GPO3 #1104 EIA CTS IN 04
05 GPI4 05 GPO4 #105 EIA DSR IN 05
06 GPIS 06 GPO5 IIOG EIA DCD IN 06
07 GPI6 07 GPOS #]107 EIA DTR OUT #]07
08 GPI7 08 GPO7 #|08 08
09 GPI8 08 GPO8 #109 08
10 GPIS 10 GPOS #|10 10
11 GPI10 11 GPO10 #]11 11
12 GPI11 12 GPO11 #j12 12
13 GPI12 13 6P0O12 #]13 13 l
14 GPI13 14 GPO13 #|14 14
15 GPI14 15 GPO14 #]15 15 .
16 GPI15 16 GPO15 #]16 16
17 GPOO #1117 GPIO 17 17
18 GPO1 #]18 GPI1 18 18
19 GPO2 #1119 GPI2 19 19
120 GPO3 \# 20 GPI3 20 20
[ 21 21 21
22 - 22 22 22
23 23 23 23
24 24 24 24
25 25 25 25
26 26 26 GND: #]26
27 27 27 GND! #127
28 28 28 - 28
e 2§ —=- s s 29 29
30 30 b 30 30
3] --emeeeeeeemmeemooonol 31 - 31 3] —--mmemee s
32 32 == |32 mmemeereeeec oo 32 memmeeemeeem e
33 —o-momeeeeer = |33 mmmeeeeeeemsmeomesesae 33 == -== 138
34 m-mmmmemmeeeccacooae - 34 ---- 34 --- |34
35 ----- 35 35 35
36 36 36 -~ 36 -
37 37 --- 37 37 -
38 mommemesmmmeesecieceee- 38 38 3g -~
30 --- 39 == [3F mmeemememmoeosTee s 38
40 40 --- 40 40
l | 41 41
42 ----- 42 -
43 23 --
44 44
45 45
46 46
l 47 47 '
48 48
49 19 ===
50 50 -~
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LISFM 170 BOARD CADRIO:IO0B UML 18-DEC-80 1054

sssssss EDGE CONNECTIONS Flags: (# Output. @ Terminator, ---- Dedicated ground, ++++ Dedicated power) ®eessss
-a11- -tz

01 01

02 02

03 03

04 04

05 05

06 06

07 07

08 08

09 09

10 10

11 - 11

12 12

13 13

14 14

15 15

16 16

17 17

18 18

19 19

20 20

21 - 21

22 mmmmmmeee- 22

23 --- 23

24 24

25 --- 25

26 26

27 —mmmememesemeeessaaeen 27

28 - 28

29 29 -
30 30

3] —emmememee et 3] -meemmmmmeemoeeimseeoT
32 mmmmmmemmemeeeee o 32 ~mmmmmeeeeeceecceaenean
33 —-mmmmmmee T r T KX

34 s---c-ecorocmccmcccanan 34

35 —-mmmeIoeoeTe T 35

36 - |36

37 37

38 - 38

30 ---=--em—eodooooooTToT 3g

40 40 ---

|
I
I
I
I
I
I
I
|




vee vee vee 6P10 ——QIED 6P10 ———<TT=1> GPOD ——JCED
2 _L 22uF 22UF orn ——JE=D> 11— 6p01 ——J0B=D>
15V 6riz ——J= GPI2 ——QO7-D 6PO2 ——JU5-D
I €0581 I C1581 I 2581 P13 ———J05-> 613 ——qI=D> 6P03 ———(E=D>
- iy = : P14 ———JE55) P14 ——J07-5> 6P08 ————<JOE-5>
- 6P15 ——J5-6> 6P15 ——<0T-6> GPO5 —————JUE6>
—JBD —=D —{ED
T GPIG GP16 GPOB
1l _JK_ b 617 ——<5B> 617 ———J-D> 6p07 —JiEB>
SER RROY 1 vee GFI8 <T5D> GPi8 D GPO8
2 19 —0Y —ED>
H3 % vee GPI9 GPI9 GPC9
DSV hg ; —051D D —JEID
e ' : vee GPOO GPL10 Gl:()lo
——@ID —@ D —QEID
omiosw—AL I BT oo
o 16 _yec GPO1 ——(05-12> 6PI11 ———7-12> 6P011 ———JUB-12>
5 vee P02 ——(IETD oPi12 ——QIEID 6P012 ———JIE-TD>
6P03 — (051D 6P113 ———0T-1%> 6P013 ——(JE 1D
60 Hz U._..vcc
1 6P08 ———JU5-15> 6P114 ——J0T-T5> 6P014 ——JBE-T5>
2 P05 ———QIE 1D P15 ——Q7=16> 6P015 ——(IE-T6>
. P06 ——Q05-1D> 6po0 ——J-1D> 6P10 ——JOB-TD
6ND S
2.5 VAC, 60 Mz
150 ohm ser fes w0 P07 ———IEID 601 —— WD P ——IEID
6P08 ——J05-19> 6Po2 ——T-1D Gr12 —J0E-1>
o> POWER LINE t+
6p09 —— 520> 6P03 ——0T3D> 6P13 ——QUE=2D>
330 Ohm, 1/4W .
H1.C —Lagag—uee
;USED IN IMICLK BO3e1
DECODE
7415138 7415244 gtaz;m
-0 i—nc 745374 745374
Ry GPIO 3 UB0O GPI8 b 18 UB08 pocite a0 REG
o GPI1 ——f 16}——UB01 P19 ——ft 16{——UB09
-2 P 10AD INTERVAL '
] 6P12 —F 14——UB02 P10 ——F 14}——umoi0 Wio—p 0 2}——cPoo wis—Pp 0 2}—Gros
-3 2 wRITE GP1 :
. 1TE GP10 GPI3 —H 12}——umo3 6111 ——P 12}——B011 wil—yp 1 5k——GPo1 W9 —yu U 5f——crog
-a L _peap YOO LW
. WiR2—yp 2 6}—aroz wino—yp 2 6f—cpror0
-5 [ _reAD TOD HIGH i
o e s ~READ GPIO——H1  -AENB ~AEND Wi3—38 3  9of—GPo3 witi—$ 3 9o}—Gpo11
6 ). UBI4—13 4 12}—GPO4 Wrz2—Ah3 4 12——G6P012
) -7 ~READ GP10 GPI4 —H11 9o}——uB04 6PI12 ——f11 o}——1m012 BI5 —HN4 &  15——GPOS w113 —14 5 15}——GPO13
WRLIE 153 GPI5 ——H3 7}——uB05 GP113 ——A13 7}——m013 WI6—H7 6  16}——GPO6 \BI14—NT 6 16}—GPO14
')——-ZAJ
UBADOR2 ] 52 GP16 ——15 5 }——UB06 GP114 -——f15 5}——B014 WI7T—h8 7 19}——0PO7 WBI5—H8 7  19}—6P015
| UBAORI—") S1 P17 —H17 3l—uso7 o115 ——h17 3}—uw01s
“SHLECT.768120—""1 -ENB ~WRITE GPIO——11 CLKe i1 CLke
D . “ERE -READ GPIO 9 -BENB 9 -BENB 6Ny — -OFND " -OENB
Wiz —E& g
¥27 27 ¥28 E28
B21
1/0 BOARD 11-DEC-1980 19:30 | Al: CADRIO; CLKG60OH

60 CYCLE CLOCK & GPIO




7415193 7415193 7415103 7415193
-cRY [JiZinc -CRY JZinc -cRy i -cRy [lZinc
-pRw  J3: TR H— B i -pRw i INTERVAL OVER
vsia—2d  p Pionc wir—% p owc wm—3 p Fix wins—4& p i
stz 1] ¢ Ry wmie—14] ¢ Pioxc wero 18 ¢ fiac wia—10y ¢ P
w1 —i{ 8 Riwc wis—i 8 R wie—L{ 8 P wra—d g Rienc
[TTOR 2 R S w8y 4 R TICE - R v w2124 A R
ms—S onr e | I3 —84 onT up ni3 —3 onr vp n13 —84 oat wp
16 USEC CLk—%] oNT DN 4:} ont on A:d onr e 4 oNT DN
e —14 crear 1440 crear 144 ciear 14 crear
-Loan INTERvAL—LLs] -gaD 114 —om 114 -rom 114 —(om
F21 £21 22 22

.

4BIT CTR
745163

1c f2i—3 usec o1k
-CLK TOD BUFFER- :

an—8d53  pa fling
e —2d1z  p2 fi—1/2 uskc ik
ap—4d1  py iy
READ TOD SYNC ap—3dp  poMix

HI32ibs  Q fb—CLOCK READY
INTERVAL OVER 1-dils

74279
L0AD INTERVAL 11 -R

- BOARD. SELECT

~READ T0D LOW—=25

MCLKt —335]

0o9 ~CLK TOD BUFFER s —195 eng ¥

w13 —ZLi eng p

nis -4 -pe
w3 —d -cir
MoLKr ~—2H cike

170 BOARD INTERVAL TIMER 11-DEC-1980 18:40 | Al: CADRIO; CLKTIM




i DURL l 7&’31 DUAL
D 007 0 [E—10m5 D ﬁ:mm b PE—scu1s
) c 1006 ¢ f=—roma ¢ fE—ion2: ¢ f=—scL1a
8 [L=—yo05 8 [2=—7op13 B {20021 B 0= sci13
A =004 A f=—7on12 A fl=—Tonz0 R A fl=sore
1003 —L32enurs o011 —13=fcounts 10019 —13=coumTs ToD27 :ﬂ'—‘jcama sct3 —13=lcours scr11 —3=leounrs
onp —122f cyp 16 USEC CLkenp —122f cip o —122 o1 o —122 i p mm—ﬂil CLR onp —122f cip
D PEe—1003 1] 0 PE—T10019 0 PE—Tv0027 D PE—scL3 0 SCL11
c tP—‘s—mtrz ’ [ ¢ PE—1on18 C PE=—T10026 C [&—sci2 c SCL10
8 E——_—-—vqu B 8 f=—1ion17 8 PE—r10025 B fE—scu1 B SCLY
A 10D0 A A PE—T0D16 A T0D24 A PE—sCLo A 5C1.8
3 uske cek—A=lcomrs T0D7 —AElCouNT+ voo1s —1=fcoumrs 10023 —A= T 60 Hz —3=lcounTs | scL7 —A=counte
e —23 cLr G0 R N0 —22{ cLr o —2 cir . G —_zl_ch G o
F23 £23 Fau E24 D22 n23
%uszu , 7415244
3 BUS DVF 1S BUS DVR
orY RS ok ps oce Rte ot At SW7—F 18— UB07  SCLIS—p 18—
SCLE —h 16——UBD6  SCL14 ——H 15, 18014
Tomn S wmon Tos—>h o 2 w3 T0IE—B 0 2}—1m00  TD2a—>B 0 2}—usos SCL5 ——F 14}——1B05  SCL13 ——F 18——11013
Wwol—p 1 s—uB01t TS ——§ 1 5——wmo9  TOPUT—p 1 5——mort  TON5—U 1 5—um0e scLa —Fp t2}——uBos  sci12—p 12——wi012
002 —— 2 6——B02 TODIWO—F 2 6F——UB010 100I8—F 2 6f——mo2  TODZ6—f1 2  &6l—wo10
T003——38 3 9——UB03 TODI1—F 3 9 ——UBO11 TOD1I9——B 3 Of——UMO3 TOD27——$ 3  9—UBO11 -READ SCL——J1 -AEKB i -AENB
TODA—13 4 12——UBO4  TOD12—13 4 12}——1B012 TOD20—3 4 12}——URO4  TON2B——N3 4  12}—UBO12
YOD5——H4 5 15——1BO5  TODI3—fi4 § 15——1BO13 TOO21—N4 5 15}—BO5  TODZ9——Nh4 5 15}—um013 SCL3 —11 o}——uB03  SCL11—Hi1 9}—1B011
1006 ——Hh7 6 16—uB0o6  Toous—h7 6 16}——ub014  TOD22—N7 6 16——ww06  TO03I0—N7 6  16—umo14 SCL2 ——h3 7}——usoz - scuio 3 7 UB010
ton7——H8 7 19}——uB07  TODIS—B8 7 19 8015 TD23——18 7 19——we07  TOD31—h8 7  19}—UB015 scL1 —Hi5 sl—uB0ot  scLo—i5 5{——UB09
SCLO ——f17 3l—usoo  scLs—17 3——usos
~CLK 10D BUFFER——11 CLKt 11 CLKe 1CLke 1 CLKe
-READ TOD LOJ————F -OENB h -0ENB -READ TOD HIGH—} -OEMB h -omm -READ SCL—119 -BENB ts -DENB
F25 €25 F26 E26 p2s B22
1/0 BOARD TIME OF DAY CLOCKS 11-DEC-1980 10:50 | Al: CADRIO; CLKTOD




CGDO—-0° EED>——-n0* CBRD—NPG.IN*
ED—nc
CHD———nNc CD>——-n1* EHD———-A1* LED—NPG.oUT*
€ID—6Np
QCD>——6ND LD>—-02¢ EED—-n2* QOD>—-BRT*
QED—Nc ' )
CED—HC D——-03° ED——-n3 GED——-BR6*
QD——acN0
EED——GND LD———-pa* ED—-As* QOFD>———-BR5*
ED>——6ND
EHD>——GND CED———-p5* ED>——-A5* GHD————-BRA*
D—an
ECSD—an - CD>——-n6* AD—-A6° QAD—-1NiT*
CAD——a0
D>—onn LD—-n7* GFD>——-are QGED——8G7.IN®
CID——nc
HD——nC 4D>—-n8* EHD—-A8* QL2D>—867.0U1*
aD——o )
LED>—-19® | EED——-n9* D>———BG6. TN
LED>——-5v CD——-n10° EED—-A10* CHD>—BG6.0UT®
GBD—-5v
EED>——-5v CHD—-D11* ED—-A11* QPD—BG5. IN®
EBD>—-5v i
LHD>—-D12¢ ED—-A12¢ QR2>——BG5.0UT*
CED———145V LTD—-n13e ERD>—-M13* P5D>———BGA. IN®
PAD———45V
EED>———+5V CED——-D1A* ED—-Al QID>——BGA.0UT®
EBD>—5v
4D>——-pi5* ED——-A15* 4DD——-BBSY*
GED—-A16° EID——-NPR*
FED———-H5WN* aD—-a1710 EHD—-1INTR®
EID——-s5"N* ED>——-SAck
@25——-c0°
aD—-o1* CED—-s00T*
HEX SPC SLOT BACKPLANE CONNECTIONS 15-SEP-1979 10:41 | Al: CADRIO; HEXSPC




SELECT KRD OR MOUSE -
CHAOS 55VN L

10D SSYN I

READ 10D HIGH 1-%

Y
-atye 124
-a1se 1044
-a15e -8
-A14¢ 34
-a1ze 14

A5 (BUS)
a4
A3
A2
]
A0

o 13
enn 114
onp &4

o A4
o 2]

BS
R4
83
82
B
BO

-S18

Fo9

B: _poaRD . SELECT

~-A12* Ji:.
_“ll. 12.;.
—A‘o‘ 1”-;-
- 90.5.24
-M. —a-'&
~A7e L

A5 (BUS)
A4
A3
A2
Al

:764000-764177

i3 185
ni3 114

HI3 "1"
ni3 244

8 WAY
DECODE
7415138

-0 Ji--SFLECT. 764000
042 _sErECT. 764020
-2 J3i _sELECT. 764040
-3 P2 _SELECT. 764060
L1 _se1ecT. 764100
RO sErecT. 764120
0 _SELECT. 764140
. SELECT. 764160

I~

-~

B

<«

~

ARG -3 53
BADDRS 24 s2
wanra-Li 51 -SELECT. 764140————-SELECT.CHAQS
BOARD. SELECT L-44{ —eng
o -3 -Ew

-Resev -4 np

E20

UNIBUS.C1—————-READ

E13
mno.smcrnoum.sam L
£13

READ GPIO L ~
SSVN.OK BOARD. SELECT-ZZ; N.ouT
WRITE GPIO L 7 =
READ SCL. 1. 2 Woam.wlm L
SER SSYN L
;This looks useless but
HI3 icauses the initiate-transmit
wia d ~BOARD. SELECT L :read-my-# kludge to win
Hi3 ——BOARD . SELECT FOR REAL
I3 CHAOS SSYN CHADS SSYN L
D20
1/0 BOARD 11-DEC-1980 18:41 | Al: CADRIO; IOBADR
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[T
745138
-0 F25-READ.KBD.LOW L
-1 [-READ. KBD . HIGH L
-2 B< Reap. MOUSE. Y L
-3 25 READ MOUSE. X L
-8 Ll ci rex. AUDEO ©
-5 L0 REF . KBD/MOUSE .CSR L
-6 fiNeC
-7 e
uBADDR3 -2 53
UBADDRZ 2 52
weaoori ~4] 51
SELECT kBD OR Mousk -3 -ews
SELECT. 764100 L2 -ENB
ui3 -5if eng
c22

823

~SELECT . 764100

-SELECT. 76410 =
s 128 741586 ~SELECT. 764100 L

1 USEC CIK

~SELECT.764100 L

REF . KBD/MOUSE .CSR 1—1=C -
. OP=—KBD/MOUSE . CSR. CLK ¢
WRITE L-25()

D25

REF . KBD/MOUSE .CSR 1—2Q] -
. - F=—READ. KBD/MOUSE . CSR L
READ L-<2Q

025
4BIT CIR
7415163
e fEine

nc-813 p3filinc
w2z pp
w44y pr finc

c25
wc -0 po finc
-KB CLK+—1= -
13 103 ewg 1 HI3 "’ e
L eng p 25
w13 -2 -pe
w3 -1 —cip

1 USEC CLK-24 cLks

i/0 BOARD

KEYBOARD, MOUSE CLOCK SYNC

11-DEC-1980 11:09

Al: CADRIO; IOBCLK




9UAD FF
45175

uBI3 —44

Pi—CLOCK INT ENABLE
Bl ne

urI2 —55

L KBD INT ENABLE
B e

usr —124

L0:MOUSE INT ENABLE
11;__uc

usro —134]

JL3:_REMOTE WMOUSE ENABLE
4. _REMOTE WOUSE ENABLE

-RESET—14
KBD/MOUSE . CSR. CLK+—24

-CLR
CLKe

-CLICK . AUDTO—35,

D27

———AUDIO

26 L.
urs —34 ¢ ofi—nc

5152521
B-BIT CMPR
-£QuaL l2— oot
’ snuj:j 87
SR12 6
sr13 —14] g5 §'“4!L'u§§2‘£3‘ %3.'3
saue—12| g and Shitt off.
SER INT ENABLE——p 18 UBO? sr10 —3Y g3
CLOCK READY——}8 " 16}——~unos sro — B2
KBD READY——F 14}——umos srs —3 p1
MOUSE READY——F 12}——umo4 sr7 —3 Bo
nia —1 a7
. -READ . KBO/MOUSE .CSR——11  -AENB ura —15f ag
nis —13] a5
CLOCK INT ENABLE—11 o—UuB03 Hia —1l ag .
KBD INT ENABLE——h3 7}——wmo2 o —2 a3
MOUSE INT ENABLE——i5 §}——UuB01 e —Y az
REMOTE MOUSE ENABLE—T17 3}—umoo e —34 a1
’ 68D —2{ A0
~READ . XBD/MOUSE . CSR——H9 -BENB EOC. KBDt — 3 -END
TRI0
029
BOOT .
ot @ aoore
F15
H13 0=
KBD READY—L -
L xm.mzo
KBD INT ENABLE
wous STATUS cHancE—2i1a S o Pi—mouse RERDY 555
KB ok —Aife o

D26
CLOCK READY "
- CLOCK. IREQ
CLOCK INT ENABLEF—E=
D26

170 BOARD

KEYBOARD & MOUSE CSR

11-DEC-1980 21:51

Al: CADRIO; IOBCSR



-SELECTED L=

SER. [REQ
ne KBD. [REQ ™2 = KID/MOUSE . TREQ
. sy MOUSE . TREQLZZ :
D25
xnn/mouse . 1Reg-2: o °F .
PUSE- oy - GRANTED L—32() GRANTED 1K Ohm, 1/4W
’ T2 HI.V 5 vee
. - F1681
ser.meg-8d o O T
Q N -
-86. IN-1=(] BG.IN
. - €13
cwmos. tregl2s] o O IO
0
crock.reglds p O
0 bE
274  cCLOCK €12
BG. I3 crke 270 CHAOS
. 264 SERIAL s
CLR 1REQ L1 -ctR 260 KBD/MOUSE
F14
DELAY ’
2005 1
100
8338 .
UNTBUS as.m—liL INPUT
XCVR
ssynour-24 9 Pi-ssyw.iw 20NS
weter-2d ¢ Biowng 40NS NC SeLECTEDL3= -
i
msierdli o R0 pgpgy eons  f=nc -masTER 122
-ne.ourddy 3 [y 8ONS
-BUSO  fHi--SSYN® 10085
-BUS1  f—-INTRe WSTER
-pus2  f2i-ppsye
-sus3  fLiipg.oute
oLy  -Ews
e -2 pns CLR IREQ L “MASTER
F10
180 Ohm. 174w
RG. 0uT* —L A agr—vrc

(e
F 1081

1/0 BOARD UNIBUS INTERRUPT 11-DEC-1980 10:39 | Al: CADRIO; IOBINT




6N —<J0I=D>
INTERFERE+—J01-2>
INTERFERE- —J01-2>
GND —C01-D>
RCVR.DATA+—J01-5>
RCVR.DATA-—01-6>
6N —J01=D>
TRANS . DATA+—D1-B>
TRANS . DATA-—D1-0>
&N —Qi-ID>

A2D—6N
{OI=ZD—6ND
QLEZD—GND

<L=ID—GND
<W=ID—onn
<TL3D—GND

=D—ewn
DIEBH—0

LISP MACHINE CHAOS NET

CONN TO TRANSCEIVER

17-DEC-1980 11:10
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Consoie Cable €3002
75118
UIFF LINE
SDECOMMET J3-23.30.31,32 XCVR
DIMEN SE TWISTED-PALIR WIRIWG A -
P ) S——) Y7, P kBoIN+ —-LdR- RO
PeT) S— Y [ KBDIN- —&-BRT
TEID———KBOCLK+ KBDIN RC-2RC
T KBDCLK- * wiadigs  ppe
TEETD———KB0INs © ok didng  pos
QUI37>———KBDIN- * DATA BITSd2: oP-
HI& o-
H SYNC
43 ;SYNC'S ARE MACHINE WIRED E30
T v SYNC ,
A¥D,

mE—MECI VIDEQ+

FH1

MECL VIDEQ-
FH2

5118

7!
DIFF LINE

F30

;KBDIN GOES LOW TO START

sRo —144]
KB CLKs —123]

xBoIN —13:] a

Hi4

EOC. KBD*

7415164 7415164 7415164 74LS374 7415374 7415374
8 BIT SR 8 BIT SR 8 BIT SR ()c'fs‘ar_(; OCT REG OCT REG
H f3-—SR16 H E3z—SR8 H E5=—SR0 SR17 b 0 2f—uw00 SR —B 0 2|——unos Ssfi——PB 0 2}—unoo
5 fr—SR17 G f7r—SRe 6 sk SR18 1 s}—wn01  SRI0—F 1 S——UB09 SRz—H 1 5}——umBO1
F fi=—SR18 F Eiz—SR10 F =SR2 SR9—— 2  6}—02  SRU——F 2 601w SR3I—7F 2 602
E hpm—SR19 E F5-—SR11 E hp=—SR3 SR20——B 3 9}——1n03 SR1Z——B 3 9}——UBO11 SRA——B 3 9}——uB03
D E-—SR20 D E—SR12 DSR4 szt 3 4 12}—wos  SRI3—3 4 12}——wmo12  SR5——H13 4 12}——UR04
C pz=—SsR21 C p=—5R13 C p—5R5 SRz ——14 5 15}——1B05 SR14—14 5§ 15}——UR013 SR6 —H14 5 15——UBO5
KBL SR IN-——‘-Z- N B pgr—S5R22 SRIG——LE—‘ L] B Lz—SR14 SR8 —1z] IN B I=—5R6 YR23——f7 6 16}———UBOG SR15 ———f17 6 I6}——Un0o14 SR7 ——f{17 6 16}——UBO6
ma—2t A j—SR23  Hi4 e L h—5R15 ms—2m a h=———SR7  kBD SR IN——18 7 19}——UBO7  SR1I6—I8 7 19——UBO15 SR8 ——f18 7 19}——1B07
O T L e < LU SE— RV FOC KBt ——Hh1 CLKe h1 CLks h1 cuke
¥ ClK’—Jﬁ CLKe 8 cixe ——Ett_'(_'__ ~READ . KED.HIGH——H1 -OFENB ~READ.KBD.LOW——1t -OENB h -OENB
A29 A30 A28 D30 c29 c30
1/0 BOARD KEYBOARD CONTROL . 12-DEC-1980 02:16 | Al: CADRIO; IOBKBD




aL5248
1S BUS 7415569 7415569 7415569
3-5 CIR 3-5 CIR 3-5 CIR
e p— 18——Bo15 CIK CRY m—-g Ne CLX Ry pa—c CLK CRY ne
MOUSE HEADSH——}1 16— 1014 -1 -1c I e f—nc
MOUSE MIDSW—F 14——uws013 e — " 5 p—uo3 an—8 5 f—uso7 e —8 5 o1t
MOUSE TAILSW——F 12— w012 GhD ¢ M—uo2 an—3 M igos on—3 ¢ 4 __mow
6D 3 fe—uwmo1 on—A4 g UBO5 on—=4 g E:um
_READ. MOUSE.Y——4  -aeng |+ GND A IS _imoo on—3 L 1804 en—3 5 UB08
o0 —1 ™ egy I L e ‘
1 7
NEW VERB ——111 ol——uB015 ~VERENS -CEP U _cer -CEP
NEW VERA——H13 7—mot4 KB CLkr—38 cixe 4 cike 4 cuxe
NEW HORB——15 5——n013 vERUP —L /1w L yps-on UP/-DN
NEW HORA —17 3—uB012 wia—4 o Y om W onp
wis—A 5 oip I s er A s cr
12 1 1
-READ.MOUSE . X——N0  -BENB ~READ.MOUSE . Y—L4ouy um[ L out mal —L outr enp)
i HI4 -A CLR 3 Ao | 3 _a cr
c24 B24 B25 876
7415569 7815569 7415569
VERUP 3-S5 CIR 3-5 CIR 3-5 CIR
vE
oK cry PE—nc CLK cRy fA—uc CLK cRY f&—nC
VERENB e e 2 e fo—nc
6N b Ri—uno3 oND b fd—umo7 o0 —E 5 R—mon
GND ¢ M—wmo2 an—>=8 o P4 igos oo —3 o [ _morp
GND B AE—uo1 a—34 5 PE—imos ao—4 5 i _ypoo
GND a [&—umoo o —3Y A B5 imos ap—Y o 16 _ypos
Np —14™ " egy 2 ey T
HORUP -HORENB —L _cep -CEP I cep
__10= ‘ 18 cikr—2 cipy 4 g 4 ke
QLONORA . ] 1 1
2] 741586 s HORUP w/-CH UP/-DN upP/-DN
NEVHORB -HORENS 1 M
0 ne—Y o -LoAD -Loan
S A26 e —3 g g A s cr Y 5 an
OLDHORE 2% ~READ. MOUSE . X—LL1_oyy e A our ey A our ewn
) e A2 nid -A QLR 2 -A CR | 8] _a cr I
B27 B29 B29
I/0 BOARD MOUSE 2 11-DEC-1980 18:46 | Al: CADRIO; I0BMS2




*VERB ———<03-1D>
*VERA ———03-1>
*HoRE ———JOT1D>
*HORA ——J05-10>
°HEADSW ————J03-17>
*MIDSW ————JTI-1E>
*TAHSW ——OT T

ND ———T3-3D
G ———JT3-38>
&N ——OTH>
VD ———J=30>
Gp ———J03-3D
6N ——— 0T
o ———(ET

REMOTE MOUSE ENABLE i——11 -OENB

R
N—TB 0 2——NC

SRl ——# 1 5[——NFW VERB

SR2——F 2  6——NEW VERA

SP3——B 3 9——NEW HORB

- SR4 ——N3 4  12|——NEW HORA
SR5 —f14 5 15 ISE HEADSW

SR6 ——q17 6 16 MOUSE MIDSW
SR7T——18 7 19 € TAILSW
EOC.MOUSE® —t1 CLKt
A23
o
NC B 0 2p——NC

VEPB——§# 1 5|——NEW VERB

VERA——11 2 6 NEW VERA

HORB ——8 3 9f——NEW HORB

HORA ——13 4 12}——NEW HORA
HEADSW ——114 5 15}———MCUSE HEADSW

MIDSW ———17 6 ‘IGEWSE WMIDSW

TALISW——18 7 19 TAILSW

KB ClKt —11 CLK?t
-REMOTE MOUSE ENABLE i——{1 -CENB

A28

7415374

OCT REG
NC——PB 0 2—NC
NEW VERB———} 1 S5}——0LD VERB
NEW VERA——]1 2 6}——0LD VERA
NEW HORR——8 3 9}——0ID HORB
NEW HORA——13 4 12}——O0LD HORA
MOUSE HEADSW—1t4 5 15——0LD HEADSW
MOUSE MIDSW——17 6 16}——0LD MIDSW
WOUSE TlIlSHf——‘la 7 19}—O0LD TAILSW
KB CLK# —11 CikKe
GND ———{1 -OENB

A22

251.52521
B-BIT CM

MOUSE STATUS CHANGE

onp —1
NEW VERB
NEW viRa—14]
NEW HORE —12]

B4

NEW HORA —2 B3

MOUSE HEADSW—L
MOUSE MIDSW—2]
MOUSE TATLSW—3

B1
80

enp —1L
oD vers —13]

o1p vera—A3

o worg—Ail
oD Hora —&
o HEADSW—F4
oD Mipsw—4

oD TAILSW—2]

A7
A6

3

z 2

A2
Al

GNp —4)

-ENB

1/0 BOARD

MOUSE INTERFACE

11-DEC-1980 11:43
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MC3488
MC1459 +12v ——Hhdz DIF 0SC
EIA DATA IN——hz IN  -CUT 3=——T1TL DATA IN -V ——dz -V 5.0688
NC = RC NC = IN  -OUT 3zf——KC Wz pET5.0688 Wiz
EIA SR IN——Hz 1IN -OUT 6=}——TTL DSR IN  TIL DIR GUT—H= N1  -OUT 6= |——EIA DIR OUI
NC b= RC HIL, b= (W2 Al5
EIA CIS IN——110= IN  -QUT 8z}——TTL CTS IN  TTL RIS OUT D= [Nl -OUT Bz}——EIA RTS OUT
NC b= RC HI1 ——10= IN2 2651
ETA DCD IN——13= IN  -QUITis{~——TTL DCD TN  TTL DATA QUT——f12= (1  -OUT11=}——EIA DATA OUT UART
i L — Hit 3= mzan RESET —SMALA-TY  pesy pReLk  PULAL3-8) 5 gGag Mz
Reap 1 —A3EN  pp -RxC  PRIA14-8) ye
-SELECT. 764160 L- SELECT. 764160 1—ALOZY ¢ -Txe  PALIA) g
. UBADDR? —1Q(ALZ-6Y  ay -p1r  PAALSIS) . pir our
SELECT 764160 123 i uBADDR1 —12018) g -rrs PAUALEL) 1 pis our
uso? —8(A125Y 7 -psp A1) py psp In
1/2 USEC CLx—35] 1/2 uskc cLk—iiz) usog -LALIEY  pg s pHB——n ors
usos -B(A13-17)  pg oo PO yyopep e
uBoa —S(AL45) g -RroY  JLA(4)_ orR RROY L
uBo3 ~2{AL4=16Y  py -troy Jlo(8) ¢
SELECT. 764160 1—MEq SELECT. 764160 veoz LALIZY - pp -ty AU —uc
ugo1 28(A14-13Y - o 48y para our
003 usop 21(A14-14)  p, pp  PAIAS1S) g1y pATA TN
RS-232 CONNECTOR 12 ! A2
Rif NUNRERS vsI7 SER INT ENABLE
TERMINAL  MODEM .
2 3 EED——FIA DATA QUT KBD/MOUSE .CSR . CLK+—11=] -SER INT ENABLE (et
3 2 OE>————FEIA DATA IN .
4 §  {0U=3)——FIA RTS OUT UBL7 ——p 18}——UBO7
[ 4 NFD———————EIA CTS IN RESET L UBI6 ——+t 16 }———UB06
6 20  <QUH>——EIA DSR IN UBI5 ——F 14}——UB0S
g 8,20 {QI-H————FIA DCD IN : UBI4 ——$ 12}—UB04
20 6 <Jo=-———————EIA DIR QUT SER INT ENABLE - SER. IREQ )
1 1 GEID>—————— SER RRDY L -READ L——f1  -AENB
7 7 @ED————aw e
female male uB13 11 B 9——UB03
;Wire across {rom Xbus by hand ) UBI2 —13 7}——UB02
PDO—12v UBI1 ——H15 & f———UBO1
usto —h7 3——usoo
-READ L——19 . -BENB
29
1/0 BOARD SERIAL COMMUNICATIONS Al: CADRIO; IOBSER
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8838 8838 8838 8838
UNIBUS UNIBUS UNIBUS UNIBUS
XCVR XCVR XCVR XCVR
wos-2 o Pimiis woi-24 ¢ wor- o Py wos-2 o Piwis
wore-24 1 Piomna wo-24 1 usos -2 1 PBi-wmre woz-24 1 Pz
wozdl] 2 Rliggna woodly wos 1y 2 MOiymgs wordlyd 2 figp
worz 144 3 gy wosldy 3 wosdd] 3 fgp woold 3 Piygpo
-Buso  fi—-pise -BUSO -guso  fi--p7e -BUs0  fi--p3e
-8ust  [H—-p1ae -BUS1 -Bus1  fLi—-pee -pust  [Li—-pae
-pus2  Jl2i-pyae -BUS2 -pus2  [lZi-pse -pus2  fli-pge
-sUs3  flas-pize -BUS3 -Bus3  flii-pae -pus3  [L8z-poe
-DRIVE.UNIBUS-L{  -ENB L e FH L] -ens
-2 - L H ) :H L H T
F20 F19 : F18 F17
.
8837 8837 -
HEX BUS HEX BUS
RCVR RCVR
-Age —p: 6: —UBADDRG -INITs —F: 6:|—RESET
-A5® —B: 4: |—UBADDRS BG. IN* —3: 4:|—-BG.IN
-As —11: 2: }—UBADDRS -C1* —4i: 2: —UNIBUS.C1
-
GND —7: -ENBB GND —J : -ENBB NPG. IN® NPG.ouT
BG7.IN* BG7.0UT*
£l L]
-a3*—hi:  10:}—usaoDR3 NC—A1:  10:}—NC BG6. IN BG6.ouT
id il
-A2¢ —13:  12:}—UBADDR2 N —h3:  12:}—xc BG5. IN B6. 10
id L ]
-A1*—HN5:  14:}—UBADDRL NC—I5:  14:1—NC 864. 1N B64.ouT
BG.OUT* BG5.0UT*
- . ] 1]
6 —P: -ENBA oM —b: -ENBA BR BRS'
Fo7 06
390 Ohm, 1/8W
& —orer—BG. e
0682
i/0 BOARD UNIBUS TRANSCEIVER 11-DEC-1980 11:16 | Al: CADRIO; IOBXCV
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7415244 7415244 I
. TS BUS DVR 1S BUS
TDONE —p 18}—uB07 RDONE —F 18}—B015
TABORTED—H 16}—UB06 CRCERR —} 16|—uB014
TIEN—F 14}—UB0S GND —F 14—UB013
RIEN —$ 12}—uB0s LSTCNT3—B 12}—uB012
-11RCSR—1 . -AENB 1 -AENB
i)
GND —11 9f—uB03 LSTCNT2—H11 9|—UuB011
MATCH. ANY . DEST—H}13 7}—UB02 LSTONT1—H13 7}—u8010
LOOP .BACK—15 5}—uB01 LSTCNTO—15 5—UB09
TIMER. TEN—17 3—uB0O GND —f17 3f—ueos.
-11RCSR ——tg -BENB to -BENB
D16 D17
7415244 7415244
IS BUS 1S BUS
RD7 —p 18}—uBo7 RD15 —§ 18}—-UB015
RD6 —H 16}—UB06 RD14 —H} 16—UB014
RD5 —F © 14—uB05 RD13 —F 14—B013
RDA —B 12}—uB0A RD12—B 12}—uBo12
-11RRBUF—J1  -AENB - L -AENB
RD3 —f11 9p—UB03 - RD11 —j11 9}—uB011
RD2 —f13 7}—UB02 RD10 —13 7}—uB010
RD1 5 §—UuB01 RDO —i5 5}—UB0Y
RDO 7 3—UuB00 RD8 —17 3—uB08
-11RRBUF 9 -BENB ts -BEND
E17 Ei8

7415244 l 7415244 |
TS BUS TS BUS
MYHT —p 18—UB07 MY#15 —p 18}—UB015
MY#6 —4 16 —UB06 MY#14—1 16—UBO14
My#5 —F 14}—u805 w#13—Fp 18}—UuB013
was—Bp 12—UuB04 a1z —p 12}—UB012
~11RMYE—N  -AENB 1\ -AENB
w3 — 9—uB03 wra11—1 9|—uBo11
Mya2 —h3 7}—uB02 My#10—h3 7}—UB010
wyr1 —5 5—801 MY#9 —15 s}—usoo
wywo —h7 3—usoo wY#s —7 3}—usos
-11RMY#—19 -BENB ho -BENB
p18 p19
Euszu l 7415244 l
'S BUS TS BUS
RBCT7 —p 18}—UB07 GND —P 18}—UB015
RBCT6 —4¢ 16/—UB06 D —p 16|—UuB014
RBCTS —F 18|—umos5 GND —F 14}—uB013
RBCT4 —B 12}—uB0s GND —B 12}—us012
-1IRRBICT—H  -AENB b -AENB
RBCT3 —H11 9—B03 RBCT11—11 9}—uBoi1
RBCT2 —H13 7H—B02 RBCT10—H13 7}—UuB010
RBCT1 —15 5—us01 RBCTO —H15 5}—uB09
RACTO —A17 3—usoo RBCTS —f17 3}—usos
-11RRBTCT—H9  -BENB [9 -BENB

LISP MACHINE CHAOS NET UNIBUS OUTPUT
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CLK
DATA IN_X ALY ANY %

ock L J
SAMPLE J
eewerk I
RAM WRITE ADDR CNTR
RIPPLE

SAMPLE should be timed to occur in ‘the middie

of the data part of the cycle.

Normally, this will be .75 of the cycle time

less 15-25 ns. LOCKOUT END should be 5 ms earlier.

[.)ELA"Y‘ 10 AVOID (NERI.AI’ HI"I -CBLBSY

E NORMAL MODE OF OPERATION

TRANSCEIVER DELAYS FALLING
EDGE MORE THAN RISING EDGE

SDLYD
NC o p= e NC NC LOCKOUT END
NC  PE—GENCIK END NC p—SDLYD2 Ne  BE-sampLe
DELAY DELAY
oo™ A
INPUT I T R
208s  fll2yc
A0NS NC
6ONS NC
BONS NC
100NS NC
B0A B11
co1 JUMPERS JUMPERS A1
8 MHz 8 MHz JUMPERS
------------------------------ 8 MHz
5(8) -> 20 ns 12(15) 3(6) -> 20 ms 12(15) ____________________
3(8) -> 40 a7 3(6) -> 25 ns 8(11)
®r = "o 4 WHz 5(8) -> 20 ns 6(2)
4 MHz  TTTTTTEmmmmmmmmmeTos
____________________ 3(6) -> 60 ns 10(13) 4 MMz
5(8) -> 100 ns 8(11) emeee
3(6) -> 60 ns 10(13) 3(6) -> 15 ns 10(13)
5(8) -> 10 ns 4(7)
LISP MACHINE CHAOS NET DETECTOR 13-AUG-1980 09:46 | Al: CADRIO; LMDETC




$=261532

261533
LINE
RCVR

RCVR.DATA-—24 [
RCVR.pATA+L] -1
INTERFERE+-84] |
nTerFere--L1 -y
o H
vl o °
nc i) g
welsf o °

0 Pi-RcvR.DATA.IN L
0 P INTERFERENCE IN
ui.m:

L3: yc

iz -4 e
w12y g

AN

gJAD 2 IN
ELECT IN
745158

RCVR.DATA.IN 114 ap

. -A BZimip.n
Te.n.our 13 Ay

INTERFERENCE INL1: BO R
. ) -B L INTERFERENCE
mln" Bl

nc -3 co
] -¢ N
e -84 c1

we -24 po
. -p finc
we -3 n1

1oop.Back-34  sEL

ool e

E02

261531
LINE
DRIVER

0 Pi—TRANS.DATA-
-0 PE—TRANS.DATA+
o Pinc
-0 Pi-nc
o [y
5
. 0 [Min
(o ha:

oo -4 1
I =

T H

an-44
-voop.sack 1124  —ews

A02

INTERFERE+~L4]
RCVR.DATA+-ZY

R.RC +.
4+
t.m:—t:h;

w1 -
w2 -84

LISP MACHINE CHAOS NET LINE DRIVERS
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32X8
PROM
745288

067: —NC

8 D N

I3
N

-
o

-
2]

‘HIL TBUSY —{14: A4
TDATA D—{13: A3
153 —$2: A2
152 —Hi1: AL

TS1—10: A0 |

GND —15:-CE

A10

T 145 _
OB= —SET TDONE L
11CLRTDN PEQ)

B10

N O s W N =

3

745112
—TBUSY L J-K FF
—TDATA D A
L —pRECHARGE ENABLE ;consTANPS|-OVE L1 S )
coLListon-3] Q0 Pi-asoRt
—PROM cLOCK - .
ABORTDN 2] K -Q  Pi—-aBORT
—p out :
w118y g
—1s3
_— -Fetke 14 cuke
—151 A0
745112
JK FF
un ikl g
musydly 5 0 PS—TABORTED
enl2d x o fiw
TReser 1144 g
-asort 134 ciks
A09

TBUsy —1= i
ORE—TOCLKe

PROM CLOCK—H=

INTERFERENCE 1—25(
TBusy L-8=Q

E04

@ 0= coLLisTON

BO8

LISP MACHINE CHAOS NET SERIAL MODULATOR
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{ristai] anIT IR
ore 4ELECTO|
SWITCH ELECTO 7415161
AN .
ROARD.SELECT 0 | e 44 po 1c f8ine
1000 B(3) vy . s L wvmo ul,
—bs :
h(a) : — . .
- 10-pi v w0 —ps 14 L—mn &2 | wc-8413  p3 iisons
SRRl Mz N0 —hs 43 mv#2 1f , ¥ [MveBIT w3412 pz lRaistontz
a3 oM —F+ — 42 r we By 4 L wc-4idn  p1fBsisronnt
s o0 —F+ — 1= v all TT I nc-2410  po MisTowTo
RL8) Mg oD —bs — 30 il 13 6
- —U=
PLO)wmyye 0 —be ——o- —wrms 12:] 5 i1 184 eng 1
ko i : -ract L eng P
phe D1282 precr2 -2 serz wi1 -2 pr
DIP !msmt rrocT1 18 spry -11.5Avs.60-14 -cLr
SWITCH ELECTO 1L - .
745251 PRBCTO SELO ITS.ME Oll= CLKt
wm’l.ﬁ
1000 R(18) N0 —h+ — —16= L e . D03 Fos
obm | wina s C—wis precT3 -1 ~ce o
B (17) yye13 6N —p+ — ~45= v 1
-pinkL16) . — 2
1A U e  — L) TR £06 4BIT CTR 4BIT CIR
(15 /a3 LAY A | ' T4LS161 74L5161
was G —Hs _/—1..-  S— 3 PRBCT.TC
U(14) - = - . .
Mo oo T T, | o e L 1 Tc i
|16 KR FPIN m—m—/—n_ e 5
— 13:
b(12) — = 6 . . . . .
m::" S __/_w s, wc-8i13 3 fllipracrs w813 p3 fling
—p+ 9= 7 . . . .
" @0 —wms w2412 pz feipracrz w341z ;2
o120 D1082 o] wc-2411 p1 f3iprecnt wc-2411  p1 [Bipracrs
’ pRact2 10: stL2 w-210 oo Mpracro nc-3410  po f4precra
:SIPS are 750-101-RIK precT1 104 sp1g
11
precto 1] sero T 10:{ g 1
7: 1;
ENB P ENB P
-precT3-L4 -cE ]
win -84 -pe 1 -pE
745287 HEX FF
256 x 4 F05 145174 -caLasy -4 -cin L] -cr
T MY TURN DIFF . .
| R gy | f—wiron'so pa PRICLK? -24] CLKe 2:1 cixe
wr.B1T-2 a0 Qo ha:  15: RS1
roata-8 a1 g1 s h3:  12:}——RS2 F02 Fo3
watcH. ANy DEST-Lf a2 g2 Plipest marcH PRECT.TC—i1:  10: PRIWBEG
rrimec-4: a3 g3 Pi-snc siB NC —F: 7:}—nc
prECTA -3 A4 NC—H: 5:}—NnC SRC STB-1= _
pRBCTS 24 A5 ne —p: 2:—nc GENCLK 25 S—L0AD. MY TURN L
rs1-Ld a6 04
re2 154 a7 PRICLKY —J: CLKt DFST MATCHAY -
. . B=_ 115 .ME
o 134 _gwp HI1—1: -CLR GENCLK-35
o 144 e :
€01 cuz Doz
D01

LISP MACHINE CHAOS NET FIND MSGS DESTINED FOR ME 13-AUG-1980 09:54 | Al: CADRIO; LMMYNM




255193 2515193 2515193
U/D CNTR U/D CNTR U/D CNTR
NC—15: 0 3:}—RBCTO NC—H5: 0 3:—RBCTA NC—15: 0 3:|—RBCT8
NC—7: 1 2:}—RBCT1 NC—1f1: 1 2:}—RBCTS Nc—H: 1 2:}—RecTo
. nC—0: 2 6:}—RBCT2 NC —H10: 2 6:}—RBCT6 . NC—10: 2 6:|—RBCT10
NC—p: 3 7:}—RBCT3 NC—P: 3 7:}—ReCT? wc—p: 3 7:}—neorn
-BOR13: ROWEND L -BOR13: -BOR13: |—NC
_ -CAR1Z: -CARI2: -CAR12: |—NC
Rocuu _|
O h: D : Cor ;oo
Rro.FIRST+122.Q)
- RICLKy—F: U . cur cwr
02 p—h1: - 1:-LD 1: -1D
RRESET —14: CLR h4: CLR 14: CLR
Doa D05 D06
[
DO +
rBCT11124 A1q
134 7415164 74L5164
RBCT10 A10 SERIPAR SeRoPAR
recro 144 pg
rectg 154 ag M 13=}—rn7 M 13=|—RDI5
recT7 184 a7 ’ G 12z}—RD6 QG 12=}—RD14
recT6 124 A OF 1i=}—rD5 QF 11=}—rn13
recTs -84 s 0F 10=}—RD4 QE 10=|—RD12
recTa-5Y as W 6:f—rD3 W 6z}—rn11
recT3 -4 a3 9401 oC 5=}—rn2 o 5:z}—Frp10
“RACT — b= CRC GEN i
8 Az}—RD1 B 4s|—ro9
RACT — i o -
Q 12e}—nc 0 3=—FR00 A 3=f—FRD8
ERR 13=|—CRCERR
S 1= DIN ) T DIN l p= DIN
RDATA i C A= b= clxs h= DIN RD7 = DIN
ROCLKt ~22-C3
RRESET —z CLR
- _PRE ROCLKt —P= CLKt CLK?
RO.FIRSTt—P= -CLR = -CLR
HI) —J10=
oe 11 —10= CWE

BO7 A07

LISP MACHINE CHAOS NET RECEIVER BUFFER
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4BIT CIR 4BIT CIR
7415161

7AL5161
1c fnc T Ay
wc-8413  pafliag wc-8413 3 L aporion
wc-312  pz fli-cmesy A w81z p2 [RisorisIc -CBLBSY A-SE oB=_cpLpsy
we-Ady pr iae w-4dn pr By o
w30 oo fline w30 oo i A p, 0% _moRTOM

. . 801
mmsv—ﬁ ENB T ~ABORTON ENB T cBLBSY »cnu;sv
1 ENB P A ENB P
. BO1

urz -2 pg 3 _p

.o.m -4 —cr -8 -1 —cn
Feike 24 cixe 24 cixe ‘
B05 B06

GENCLK —1% _
‘ O22—PRICLK®

——pracT ©05
F=—-PRACT
~PRECHARGE ENABLE I-
DELAY
50NS_INCS
250 _
GENCLK
ceinsy L2 e = RICLKY
50NS T+—RACT COBRITE PREVIOUS BIT INTO
iMEMORY, THEN CLOCK
iPRECHARGE 1S :ADDRESS CNTR, ETC.
33 FCLK'S et
o3

€06

LISP MACHINE CHAOS NET RECEIVE CLOCK : 13-AUG-1980 09:48 | Al: CADRIO; LMRCLK




11 rp BF—1= -
-READ. DONE—2=

E10

-11reeurF L—84-5 ¢
78279

RoweND L —35 g

GoT.oNE L—18:{-5 @ f—nev BUSY

BN

[ RO.FIRSTH

THIS PRE-DECREMENTS THE SILO POINTER
1 WHICH THEN POINTS TO THE FIRST BIT

RRESET
sCLEAR BUFFER ADDRESS, COUNTER

LISP MACHINE CHAOS NET RECEIVE CONTROL

13-AUG-1980 09:48 | Al: CADRIO; LMRCTL




TICLKe

5
INITIAL BIT, START SHIFTING TSREMPTY
. CHS = %= —TICLK?
i . Cuke ;CLOCK _FOR INPUT
TSRLOAD L——= : : 0 fi—-snempry C14 FHIT SR
: -0 fi-tsrewery ’
RESET L—15-Q -
O¥=——SET TSREMPTY L
TOCLK? Q
:Avoid various hung states
B10

ToONE 142 0 f5i-Od  WRITING CRC WORD
R H o
, {WRITING SOURCE . . :
o l {(NEXT To LAST WoRD) oolZd x g [i--ov 0 SENOING MESSAGE
02 - wone 114 g
TIWENDY —13: ke
B4
DA

TRESET .

sLOAD SOURCE # & START XMIT :RESETS CRC GEN & XMIT ADR CNTR

-11XMF o = :ANY LOAD OF BUFFER »
-1 IWTBUF 453 : sUSUALLY LOW
c15

r—————UB+TSR

C15
;LOAD XMIT BUFFER
O - 1sRLOAD;
ISRD'PW CAIJSE(SWS)M,LOAD OF XMIT SR
cis
. le

w23y S oBi e iimrs makes 1T wIn wim poPLIS .
WHICH DROP DATA
SIMULTANEQUSLY (E.G. LISPM)

-TSR.SSYN

—-TRESET

~TSRLOAD —

LISP MACHINE CHAOS NET TRANSMIT CONTROL 13-AUG-1980 09:49 | Al: CADRIO; LMTBFC




2515193 2515193 255193
U/D CNTR /D CNIR U/D CNIR
NC—15: 0 3:}—TBCTO NC—Ti5: 0 3:}—TBCTA NC—Hi5: 0 3:}—TBCT8
NC—ft: 1 2:}—7BCT1 w—fi: 1 2:}—mcrs N —*H: 1 2:}—7BCre
c—0: 2 6:}—TBCr2 NC—H0: 2 6:|—TBCT6 NC—H0: 2 6:]—TBCT10
- NC—P: 3 7:}—TBCT3 NC—Pp: 3 7:}—1BCT7 NC—pP: 3 7:4—TBCTI1
-BOR13: -BOR13: -BOR13: |—TODN L
-CAR1Z: TIWENDY L -CARIZ: -CAR12: |—NC
TocLkr —h: cor h: CDr :
TICLKY—b: cur b: CUt b: CUt
HI1 —11: LD 1: -0 1:-D
TRESET —14: CLR 4:CIR 14: CLR
cn c12 c13
g P
Q 9 Q o: mcr111zy ang
-0 7:}b—nc 0 7:}—wnc mcrio 3 o
mcro 4 a9
wi7 —5: UBI15 —Fp: s 1Y ag
UBI6 —F: UBI14 —F- 1Ber7d8H a7
w15 —H: UBI13 —H: meis Y ps
s —p: w12 —f: mers -8 a5
B3 —Hua: UBI11 —14: . TBCT4-2H  As
wiz —Hh3: 8110 —A3: mera-4Y a3
w11 —2: w19 —h2: merz-34 a2
UB10 —H11: uBI8 —H1: men -2 a1
o cen mero-1 no
o —Hho: N ho: 1N
TICLK —F: CLKt : CLKt Q 12= Y py
GND —15:CLK+ 5:CLKY ERR 13=}—NC Ticike -8 v
~SR-UNIBUS : -LOAD 11= DIN e 10H e
hs CLKs
B13 “TRESET —i= CLR 10
HI1 —p= -PRE
-CW 0= CWE
GND —P= 52
GNP —F= 51
N —Pp= SO
co9

LISP MACHINE CHAOS NET TRANSMIT BUFFER

13-AUG-1980 09:49
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FCLK? —rcuu
D03 MIRE
sTO GEY

10
DIP 0SC S
SHE i woiks
32 Wiz 3 12
3 1S
P2:{y R0 inc
0% Pu 06
4BIT CIR
745163
1Cc fi

FCLKt

; Used to generate the 1 usec clock

wi.c-8413  p3fling
wr.c-2r2  p2 fling

70 il w4 py e
GET DES[RED SPEED - _3:|

ni.c 48 e v

FCLK? UBCCHS CLK?
ur.c-14 evp p ~FCLKt -UBCHS CLK#
-FCLK’L -PE FCLK* -UB-CHS CLK*
nr.c-14 -cr
2: cike
B03
1K Ohms, 1/4W
nl.c—b\mﬂ—vcc
- Bo3en
LISP MACHINE CHAOS NET TRANSMIT CLOCK 17-DEC-1980 11:19 | Al: CADRIO; LMTCLK




"My Turn" Counter

- 7415193 7415193 7415193
-cry & -cey s -cRY f2inc
-rw s -prw fldi -BRW  finc
wosT ADR DIFF.3-3] p  [enc wost Ao DIFF. 7- 2 p Paomy. ruRwe wost AR DIFF.11-2]  p [owc
WosT AR pIFr.2104 ¢ Bionc wost AR DIFF.61 ¢ Piong wosT ADR DIFF. 1048 ¢ Bl
wost AR prFf.1-Li| B Piowe HOST ADR DIFF.5-1d B Ri-nc : wosT AR preF.o-di 8 Pione
nosT ADR prFe.ol8 .4 Pioyc wost AoR prFF. #1584 A Bionc HosT ADR DIFF.8l8d 4 Pinc
wiz -2 ot P S ont P 2 onr P
MY TURN cLk+-4d ont o 4 onr ow 4 ont DN
o 184 ciean 143 cLear 14 crean
10AD .y Torw 11:] _omp 1 o 1 o
a7 a8 Ate
:DEFAULT IS MYTURN.MOD 2¢7 OR 64 USECS
. 4BIT CTR
7415164 7415164 THsel
8 BIT SR : 8 BIT SR LOAD.MY. TURN L
‘ L — Lo: )
¥ [3zHOST AR DIFF.7 W ) niz 11y g Pt TURN cLxr
6 k—HOST ADR DIFF.6 6 foohe HI2 d1a  p3 flenc 13: %“f‘“
FEqHOST ADR DIFF.5 Fohpone iz p2 fine -camsy 1230k qffi-ne
E | HOST ADR DIFF.4 £ g i pr i "
R DIFF. D T ADR DUFF.11 -Ad1p  po flei F '
1] F:—-K)ST AD 3 E*HOS ADR GND NC iz
€ f—HOST ADR DIFF.2 C fz—HsT AR DIFF.10
IN 8 [=—HOST ADR DIFF.1 2 IN B [—HOST ADR DIFF.9 d Ewn T
MY TURN DIFF . E HOST ADR DIFF.7 = ;
IN A f=—HOST ADR DIFF.0 IN A h=—HOST ADR DIFF.8 HI2 ENB P
-My . TURM FREQ 1-2f -pE S-MY . TURN FREQ L
vz -2 -an =] -cin wiz 1 _cr e
pricLke 821 cike = CLke rousze 23 cixe
: :1 USEC CLOCK
B18 B19 a16

LISP MACHINE CHAOS NET MY TURN TIMER

13-AUG-1980 09:51 | Al: CADRIO; LMTURN




8 WAY
DECODE
7415138

-0 135y 1ResR

- -1 g ruve
-2 35 -1 1RRBUF
-3 L2 -y mrBTCT
-a Pl gqwcsr
-5 2y 1wrBUF
-6 Pi—nc

-7 fi-ne

wisus.c1-34 s3
uBRDDR2 24 52 -
waor1 -1 s1
-SELECT.CHAOS-24{ —enm
-UBADDRE L-93] _gnp
waoore £ ens

:THUSY readback
: has been Tlushe

-RESET —MZ-0
- O -INET
-11.2074<2Q

HEX FF
7415174
wiz-3dp  po
w4 B
usia 812 - pp i
usis Midy3  p3
gorodddie pe
NC 415 11
wesr -2 cike
-CLR

-RESET 14

WCSR R
= O -
I8 T1CLRTDN

Do7

CHAOS . IREQ

LISP MACHINE CHAOS NET

UNIBUS CONTROL

16-DEC-1980 22:05
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Al: CADRTV: LMTV4B UML

LISP Machine TV Board

12/07/80 23:52:47

CADRTV; LMTV4B UML
sxsrees DIp MAP sssssss

07-DEC-80 2352

26510 74L5299 2118 2118 2118 2118
XBDATA RAMSHF RAMD RAMC RAMB RAMA
x x x x
F30 E30 D30 Cc30 B30 A30
26510 74L8374 2118 2118 2118 2118
XBDATA RAMREG RAMD RAMC RAMB RAMA
X X X x
F29 E29 D29 Cc29 B29 A29
26510 74L5299 2118 2118 2118 2118
XBDATA RAMSHF RAMD RAMC RAMB RAMA
x X X X
F28 E28 D28 c28 B28 | A28
26510 74L5374 2118 2118 2118 2118
XBDATA RAMREG RAMD RAMC RAMB RAMA
X x x x
F27 E27 D27 ca27 B27 A27
26510 741.5299 2118 2118 2118 2118
XBDATA RAMSHF RAMD RAMC RAMB RAMA
X X X X
F26 E26 D26 Cc26 B26 A26
26510 74LS374 2118 2118 2118 2118
XBDATA RAMREG RAMD RAMC RAMB RAMA
X x X X
F25 E25 D25 C25 B25 A25
26510 74L5299 2118 2118 2118 2118
XBDATA RAMSHF RAMD RAMC RAMB RAMA
x x x x
F24 E24 b24 C24 B24 A24
26510 74LS374 2118 2118 2118 2118
XUDATA RAMREG RAMD RANC RAMB RAMA
x X X x
F23 E23 p23 ca23 B23 A23
251825621 7415299 2118 2118 2118 2118
XBADR RAMSHF RAMD RAMC - RAMB RAMA
x x : x : x
F22 E22 D22 c22 B22 A22
25152521 7415374 2118 2118 2118 2118
XBADR RAMREG RAMD RAMC RAMB RAMA
x X X b3
F21 E21 D21 c21 B21 A21
25152521 7415299 2118 2118 2118 2118
XBADR RAMSHF RAMD RAMC RAMB RAMA
X X x X

F20 E20 D20 c20 B20

A20

Page 3



AL: CADRTV; LMTV4B UML

LISP Machine TV Board

12/07/80 23:52:47

CADRTV:LMTV4B UML

sssssss [P MAP sssssse

07-DEC-80 2353

251.52521 7AL5374 7118 7118 7118 7118
XBADR RAMREG RAMD RAMC RAMB RAMA
X X X X X X
F19 F18 D19 1o B10 A19
7415240 7405299 7118 7118 7118 7118
XBADR RAMSHF RAMD RAMC RAMB RAMA
X X X X X b 3
Fi8 18 Dig tis B18 AT8
FALS240 TALS374 7118 7118 7118 7118
XBADR RAMREG RAMD RAMC RAMB RAMA
X X X X X X
Fi7 [%¥] D17 €17 B17 A17
TAL5240 7415299 7118 7118 7118 7118
XBADR RAMSHF RAMD RAMC RAMB RAMA
X X X X X X
F16 16 D16 16 Bi6 AT6
76510 TAL5374 7118 7118 7118 2118
XBDATA RAMREG RAMD RAMC RAMB RAMA
X x X } 3 X X
15 35 D15 T15 B15 A1
76510 JALST4 898-3-R2 868-3-R2 398-3-R2 B98-3-R2
XBDATA XBCTL RAMBUF RAMBUF RAMBUF RAMBUF
X XX X X b3 X
F14 14 Pia cid B14 AT4
745138 74500 7415244 74537 T 808-3-R2 745241
XBCTL XBCTL COLOR RAMCAS RAMCAS RAMBUF
X XXXX X XXXX X X
F13 35 P13 €13 B13 A13
75052510 745374 74500 75152539 745253 745253
XBCTL XBCTL SYNCLK RAMCAS RAMADR RAMADR
x X XXXX XX X X
F1z 3P p1z t12 B17 A1Z
7AL5248 74532 TH100 74537 745253 745253
COLOR COLOR RAMCAS SYNCLK - RAMADR RAMADR
x XXX0 x XXXX x X
F11 11 D11 til Bi1 ATT
74504 745139 74508 7315163 7AL5568 JAL5560
XBDATA XBCTL SYNCLK TVMA RAMADR RAMADR
XXXXXX XX XXXX X X X
F10 E10 P10 t10 B10 AT0
745257 745241 74537 7415163 7415163 7415163
COLOR COLOR SYNCLK TVMA TVMA TVHA
X X XXXX X X x
F09 09 D09 €09 509 A0

Page 4



AI: CADRTV; LMTV4B UML

LISP Machine TV Board

12/07/80 23:52:47

CADRTV;LMTV4B UML

sssssss NP MAP *esssss

07-DEC-80 2353

Page 5

10105 74128 74504 EXAR-CL 745283 745283
ECLCLK ECLVID RAMADR ECLCLK TVINC TVINC
oox XX00 XXXXXX x x
FO8 EO8 bos cos BO8 AD8
10124 10124 745374 7418377 7418377 74L8273
ECLCLK ECLVID SYNCLK SYNADR SYNADR TVINC
X X X X X
F07 EO7 Do7 co7 BO7 AO7
10124 10124 745288 7415569 74LS569 7415569
ECLVID ECLVID SYNCLK SYNADR SYNADR SYNADR
X X X X X
F06 E06 D06 Cco6 B06 ADG
DUAL-SIP DUAL-SIP 74L5244 745472 7415374 7415374
ECLSIP ECLSIP SYNRAM . SYNRAM SYNADR SYNADR
X X X x X
FO5 EQ5 D0S Cco5 B0S A0S
10102 10141 74551 25152539 2147 2147
ECLVID ECLVID TVMA SYNREG SYNRAM SYNRAM
XXXX x XX xx x
Fo4 E04 D04 Co4 B804 Ao4
10212 10141 74504 745374 2147 2147
ECLVID ECLVID TVMA SYNREG SYNRAM SYNRAM
X0 b XXXXXX X x
F03 E03 D03 co3 BO3 A03
10136 10125 74L.5175 T4LS669 2147 2147
ECLCLK ECLCLK SYNREG SYNREG SYNRAM SYNRAM
X X X x X
Fo2 E02 D02 co2 BO2 AD2
10121 T DUAL-SIP 74510 7415669 2147 2147
ECLVID ECLSIP SYNREG SYNREG SYNRAM SYNRAM
b3 X XXX x x
FO1 [1:} Do1 o1 BO1 AD1
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LISP Machine TV Board CADRTV:LMTV4B UML 07-DEC-80 2353
sswesss EDGE CONNECTIONS Flags: (# Output, @ Terminator, ---- Dedicated ground, ++++ Dedicated power) ®e*eeses
-A- ~B- -C- -D-
A1 -XBUS35 lAl -XBUS5 llM Al I
A2 45, 0V4++ttttdtddtdtrd et A2 +5. 0VH++++dttttttdd ittt A2 45,0Vttt tttbitbdbbbit A2 +5 . 0V++ttdtdttdbddbb bt
B1 -XBUS34 B1 -XBUS4 #|B1 B1
B2 B2 B2 B2
C1 -XBUS33 C1 -XBUS3 #]C1 [%)
C2 DEVADR 17--====--~cm=e- C2 DEVADR 17----===-co=mco- C2 DEVADR 17---=~-----=mun C2 DEVADR 17-=--===ecmee=x
D1 -XBUS32 D1 -XBUS2 #|D1 . D1
D2 -XBUS31 #]D2 -XBUS1 #iD2 -XBUS.RQ H #|D2
E1 -XBUS30 #JE1 -XBUSO FIET E1 -COLOR CLX H #
E2 -XBUS29 #|E2 -XBUS.PAR E2 -XBUS.ACK H #|E2
F1 DEVADR 17 F1 DEVADR 17 F1 DEVADR 17 F1 DEVADR 17
F2 -XBUS28 #]F2 -XADDR.PAR F2 -XBUS.WR H #|F2
H1 -XBUS27 #|H1 -XADDR 21 H H1 -XBUS.EXTGRANT.IN H1 -LOAD COLOR 0 H #]
H2 -XBUS26 #]H2 -XADDR 20 H H2 -XBUS.IGNPAR H #|H2 {
J1 -XBUS25 #]J1 -XADDR 19 H J1 -XBUS.EXTGRANT.OQUT J1 -LOAD COLOR 1 H #
J2 -XBuUs24 #}J2 -XADDR 18 H J2 -XBUS.INIT H #|J2
K1 -XBUS23 #]K1 -XADDR 17 H K1 XBUS.POWER.O0K K1 -LOAD COLOR 2 H #
K2 -XBUS22 #|KZ -XADDR 16 H K2 -XBUS.EXTRQ K2
L1 -XBUS21 #1L1 -XADDR 15 H L1 L1
L2 -XBUS20 #{L2 -XADDR 14 H L2 -XBUS.BUSY L2
M1 -XBUS19 #M1 -XADDR 13 H M1 M1
M2 -XBUS18 #]M2 -XADDR 12 H M2 -XBUS.SYNC M2
N1 DEVADR 17 N1 DEVADR 17 *IN1 DEVADR 17 N1 DEVADR 17
N2 -XBUS17 #|IN2 -XADDR 11 H N2 N2
P1 -XBUS16 #IP1 -XADDR 10 H P1 Pl
P2 -XBUS15 #|P2 -XADDR 9 H P2 -XBUS.INTR H #|P2
R1 -XBUS14 #]R1 -XADDR 8 H R1 R1
R2 -XBUS13 #JR2 -XADDR 7 H . R2 R2
S1 -XBUS12 #|S1 -XADDR 6 H S1 S1
§2 -XBUS11 #}S2 -XADDR & H S2 s2
T1 DEVADR 17-------------- T1 DEVADR 17-------------- T1 DEVADR 17--=~=~--mceeeo T1 DEVADR 17-----=--------
T2 -XBUS10 #|{T2 -XADDR 4 H T2 12
U1l -XBUSS #lU1 -XADDR 3 H Uil -XBUS POWER RESET H #|Ul
U2 -XBUSS #jU2 -XADDR 2 H uz2 uz2
V1 -XBUS7 #V1 -XADDR 1 H vi Vi
V2 -XBUS6 #{V2 -XADDR 0 H v2 \'74

I I

I |
I I I
I | |
I | I
I I I
I I !
I I I




AL: CADRTV; LMTV4B UML

LISP Machine TV Board

12/07/80 23:52:47

CADRTV;LMTV4B UML

07-DEC-80 2353

Page 7

sesxxs+ EDGE CONNECTIONS Flags: (# Output, @ Terminator, ---- Dedicated ground, ++++ Dedicated power) ®ssssse
-E- -F- -Jo1- ~-J02-
Al Al . 01
lAZ +5. OV4ddtddtddtbdtttdit  |A2 45, 0V4+++tdidsdtitsdist |02 02
B1 B1 03 03
B2 B2 04 04
C1 C1 05 05 }
C2 DEVADR 17------=--=-==- C2 DEVADR 17-----===------ 06 06
D1 D1 COMP VIDEO OUT 07 07
D2 D2 08 08
El E1 -BLANKING (FUDGED) H  #]09 09
E2 E2 TTL VIDEO DRIVE #]10 10
F1 DEVADR 17 F1 DEVADR 17 11 11
F2 F2 12 12
H1 COLOR VALUE 0 #|H1 MECL VIDEO OUT #]113 13
H2 H2 14 14
J1 COLOR VALUE 1 #|J1 -MECL VIDEO OUT H #|15 15 |
J2 J2 16 16
K1 COLOR VALUE 2 #|K1 COLOR 0 17 I
K2 K2 18 18
L1 COLOR VALUE 3 #|L1 COLOR 1 #119 19 I
L2 L2 20 20
M1 COLOR VALUE 4 #IM1 COLOR 2 #121 21 I
M2 M2 22 22
N1 DEVADR 17 N1 DEVADR 17 23 23
N2 N2 24 24
P1 COLOR VALUE 5 #]P1 COLOR 3 #125 25
P2 P2 26 26 =---cse-essemcemcanocon
R1 COLOR VALUE 6 #|R1 COLOR 4 #127 - 27
R2 R2 28 28
S1 COLOR VALUE 7 #}S1 COLOR 5 #]29 29 ~--emmccccmcnecce e nee
s2 sz |30 smeeeeeecemccecee e 30 =--sesmesesmesccsoneooo
T1 DEVADR 17---~---=-cccmnn T1 DEVADR 17--~===-=c-=c--" 3] mcemmcmmomocooooiaootos 3] mecceommitomcecnnconaas I
T2 12 32 -messcesemccccccncacoan 32 --e-cecssemecccc e
U1 HSYNC OUT #]U1 COLOR 6 - #]33 e-- KRR e e I
uz Uz 34 meeemeeemeem e 34
V1 VSYNC OUT #]V1 COLOR 7 #]35 -—-m-emmmmm- 35 ---e---m-omeesseceoooes
v2 ve 36 - 36 -
S 1] eeeccccacccccsnece e - 37 ~crcscmccrcmaccnccnce-
38 38
I I 39 meemseccemmcsocancoone 39
40 40 --
a1 31 ~-mmmmmeremmemmeemmeoes l
. 42 42
43 ~ve-smemececesccocmcnao 43
l 4 44
a5 a5 —<
46 46
47 =----mmm—mmmscmeeoooaos 47 -~ I
48 48
39 —-e--em-----omeoooooes 9 -
50 §0 ---emeccoccoconeconooa-
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LISP Machine TV Board CADRTV:LMTV4B UML 07-DEC-80 2354 :
s#ssxer+ EDGE CONNECTIONS Flags: (# Output, @ Terminator, ---- Dedicated ground, ++++ Dedicated power) ®ssssss
-J03- -J04- - ~J05- -J06-
01 01 01 01
02 02 02 02
03 03 03 03
04 04 04 04
05 05 05 05
06 06 06 06
07 07 07 07
08 08 08 08
09 [1] 09 09
10 10 10 10
11 11 11 11
12 12 12 12
13 13 13 13
14 14 14 14
15 15 ' 15 15
16 16 16 16
17 17 17 17
18 18 18 18
19 18 19 19
20 20 20 20
21 21 memeessssmeme——— 21 21
22 ===s-esssssseceseceoooo 22 =mmmmsssssseescceosseos 22 22
23 23 - 23 23
24 24 --- 24 24
25 =emssesessessccocoonoao 25 S-— 25 25
26 26 m--m-mememeemesceooeooo 26 26
27 ====- 27 ==memesmmcsooeone 27 R ] 2] =esesemesssesccscccnocns
28 --- 28 - == |28 mmmemeeeee e ees 28 ---
29 ----- 28 == |29 mmmmmmmmm T e T 29 —mmmmmmmmemeseee e
30 -=--- 30 30 ===== |30 =-ccssmecscecccescoonae
3] me-memecseosescocnoscono 31 mmsemescsmcececcanooon 3] =--emmemreemmsecmeoaooo 3] w-mmeemcmeeccccc e I
32 32 === 32 -~ 32 - -
33 - 33 -~ 33 == ]33 se-eeessonnmotoiaaaae
34 mmmmm e 34 ~memse mmee-eemenemeeeae 34 mmmmmeeemmeeee e 34 mmmmmemmmmmcececceeeen.
35 ~mmmmeesdecesecocnooooo 35 -~ 35 —memmemscesscecoooncoon 3§ ~-mmememmemcescee e l
36 -wmssesmeemeeo 36 36 36 --wm-ecemesseccsscecaoe
37 mmmmmmmmeereToTeTEeET 37 mmommemmememooomeooEoes 37 mmemmmmmeoTs 37 -
38 ---mmwescesessccecoonn. 38 --- 38 -- 38 -
39 35 30 —-m—m oo e 39 --
40 : |40 ~---- 40 40
41 --- A1 -
42 42
! ' 43 43 —ccecmmcceeemmemmmeean
44 44
45 85 =eemceerccma e
46 46 -~
47 J] <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>