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CHAPTER 1
PDP-6 SYSTEM DESCRIPTION

Summary

Programmed Data Processor-6 (PDP-6) is a general-purpose digital computing system
designed for scientific data processing. The flexibility of this system permits the
user to specify the data handling capacity and the exact configuration needed to
meet his requirements. The system can be expanded with presently available
equipment or, at a later date, with equipment yet to be developed. Faster memories,
for example, can be added as they become available.

The PDP-6 system consists of processors, memories, and input/output devices.
Since each is autonomous (no device is dependent upon another for its timing), a
system configuration can include memory modules of different speeds, processors
of different types sharing the same memory modules, and standard or unique
input/output devices. All of the hardware necessary for time-sharing is built into
PDP-6.

For maximum flexibility in system configurations, the PDP-6 system is built around
two busses: processor-memory bus and processor-input/ouput bus. The memory bus
permits each processor to directly address 262,144 words of core memory, auto-
matically permits overlapping, and simplifies multiprocessor operation. An input/
output bus of a processor can service up to 128 devices.

Programming systems include a Monitor, Symbolic Assembler and Macro Processor,
FORTRAN |l Compiler, Debugging Aids, and a library of general utility programs.

Processors

A PDP-6 system can include any number of processors of the same or different types.
The Type 166 is a 36-bit arithmetic processor with many powerful features, including
16 accumulators, 15 index registers, built in floating point arithmetic, and byte
operations capability. Memory protection and relocation registers are included for
time-sharing operations.

The Type 167 Drum Processor transfers data directly between mass memory and
core memory, the arithmetic processor supplying only block or job control informa-
tion. The characteristics of the drum system include a transfer rate of one 36-bit
word in 6.4 microseconds and a total storage of 4,194,304 words on four drums.

Memory

The PDP-6 core memory subsystem permits modular expansion using blocks of
different sizes and speeds. The Type 163B Core Memory Module (8,192 words) and
the Type 163C Core Memory Module (16,384 words) have a word length of 36 bits, a
cycle time of 2 microseconds, and an access time of 0.8 microseconds. The Type 162
Fast Memory Module contains 16 words with a 0.4-microsecond cycle.

The memory processor bus permits memory cycle overlap, gives all processors direct
access to memory simultaneously, and permits easy expansion and modification of
the memory subsystem. Memory modules are time-independent of processors, per-
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mitting a processor to put a word on the bus and resume operations without waiting
for memory to write the word. When reading a word, the processor takes the informa-
tion from the bus and operates on it immediately, without waiting for the memory
to rewrite.

Maximum system efficiency is achieved when sequential memory references address
alternate memory modules. The addressed module places data on the bus as soon
as it is available in the memory buffer and disconnects itself from the bus while
rewriting, freeing the processor to store the result or seek the next instruction in a
second memory module before the first one has completed rewriting. Utilizing such
overlapping memory references, PDP-6 users can effectively cut in half the time
required for average random accesses. Multiple connections between the bus and
each memory module permit module sharing on a priority basis for multi-processor
operations.

Input/Output

The input/output bus consists of device selection, data, control, and status sense
lines. A seven-channel program-assignable priority interrupt system signals the
processor when input/output devices require service. Word count and memory
address registers are located in the processor and are available to all devices. This
reduces the cost of various input/output controls, and data block transfers may be
performed between tapes, card readers, printers, displays, and other devices where
a block transfer may be advantageous.

Program Preparation

PDP-6 design eliminates the need for off-line conversion equipment. Conversion
of programs from cards or paper tape to Micro Tape is done within the Monitor (see
below) concurrent with normal program running. The Monitor also controls outputs
to line printer from Micro Tape. Users at peripheral Teleprinters can simultaneously
prepare and debug their programs on line. The Monitor and memory protection-
relocation registers protect each user’s storage from others.

Programming System

The basic programming system for the PDP-6 consists of a Monitor, Symbolic As-
sembler and Macro Processor (MACRO-6), FORTRAN |l Compiler, Debugging Aids,
and Library. The entire system is designed to run on any PDP-6 with 16,384 words
of memory and a Micro Tape Dual Transport and Control. The programming system
is designed to take full advantage of whatever features are available in larger
systems.

TYPE 166 ARITHMETIC PROCESSOR

The Type 166 Arithmetic Processor is a general purpose processor capable of
performing arithmetic, logical and input/output operations. It uses the first 16
locations in memory as accumulators, index registers, or ordinary memory locations.
The results of each operation are transmitted automatically to one of these registers
at the end of each instruction; thus the accumulator resides in memory. Instruction
times vary, depending on the memory subsystem selected. Use of the Type 162 Fast
Memory reduces instruction times significantly: Addition, for example, can be per-
formed in 2.1 microseconds.
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TELEPRINTER AND CONTROL TYPE 626
Permits on-line programming and debugging. Provides hardcopy outputs. Is standard
Teletype equipment, operating at ten characters a second.

TELEPRINTER INTERFACE TYPE 630
Automatically scans up to 64 teleprinter (TTY) lines. Signals a program interrupt
when teleprinter needs service.

CARD PUNCH CONTROL TYPE 460
Permits on-line punching of cards in any format, including IBM, at 100 or 300
cards a minute.

CARD READER AND CONTROL TYPE 461
Provides on-line reading of standard punched cards at 200 or 800 cards a minute
in alphanumeric or binary codes.

HIGH SPEED PERFORATED TAPE PUNCH AND CONTROL TYPE 761
Punches 8-hole tape at 63.3 characters a second.

HIGH SPEED PERFORATED TAPE READER AND CONTROL TYPE 760
Reads perforated paper tape photo-electrically at 400 characters a second.

MAGNETIC TAPE CONTROL TYPE 516
Automatically controls up to eight tape transports Type 570 or IBM 729 series. Permits
reading, writing, forward/backward spacing, rewind and unload, and rewind. Uses a
Type 136 Data Control to assemble data and buffer transfers to the processor.
Longitudinal and lateral parity is checked.

MAGNETIC TAPE TRANSPORT TYPE 570
Tape motion is controlled by pneumatic capstans and brakes, eliminating conventional
pinch rollers, clamps, and mechanical arms. Tape speed is either 75 or 112.5 inches
a second. Track density, program-selectable, is 200 and 556 bits an inch. Tape width
is one-half inch, with six data tracks and one for parity. Format (200 and 556-bit
densities) is compatible with the IBM 727 and 729 series. Dual heads permit read
checking while writing.

DRUM PROCESSOR TYPE 167
Establishes a data transmission path between main memory and the drum(s). Up to
four drums can be connected to the drum processor.

MAGNETIC DRUM AND CONTROL TYPE 236
Drum stores 1,048,576 36-bit words organized into 128 tracks, each with 8192
words consisting of 64 128-word blocks. A word is transferred in 6.4 microseconds,
and the drum revolution time is 52 milliseconds.

DISPLAY CONTROL AND MONITOR TYPE 346
Plots points, lines, vectors, and characters on a 93&-inch-square raster of 1024
points along each axis. Time between points plotted is 1.5 microseconds in the vector,
increment, and character modes. In random point plotting, a time of about 35
microseconds is required per point.

DISPLAY MONITOR TYPE 343
Provides additional cathode ray tube display for multiple consoles.

HIGH SPEED LIGHT PEN TYPE 370
Detects data displayed by the Types 346 and 343 and inputs identifying signal to
the computer.

AUTOMATIC LINE PRINTER AND CONTROL TYPE 680 ]
Prints 1000 lines a minute, 120 columns a line, any one of 64 characters a column.









CHAPTER 2
ARITHMETIC PROCESSOR TYPE 166

The Type 166 is a general purpose processor which performs all of the arithmetic and
logical operations in a PDP-6 system and transfers data to and from input-output
devices. It is connected to the memory and input-output subsystems through
busses and bus interfaces.

The logic block diagram, Figure 4, shows the interconnection of the principal registers
of the Type 166, and their functions are described below. An unusual feature of the
166 is that when appropriate the contents of the AR and/or the MQ are transmitted
to memory at the end of each instruction. Thus the state of the machine, except
for the PC, the four flags, the memory protection and relocation registers, and the
executive mode status, is constantly in memory, and there are no instructions that
directly reference processor registers except the PC and the flags. Using the AR for
the effective address calculation will never destroy a partial result in a calculation.
Further, the processor is free to carry out any operation, for example, an 1/0O operation
called for by an interrupt.

PROCESSOR REGISTERS

MA (Memory Address) An 18-bit register that specifies the desired lo-
cation to the memory system.

mMB (Memory Buffer) A 36-bit data buffer that communicates with the
memory system. The MB is also used as the addend register in
arithmetic operations and contains one of the operands in logical
operations.

AR (Arithmetic Register) A 36-bit register used in indexed address calcu-
lations, as an operand register for logical instructions, and in all
arithmetic and shifting instructions. The accumulator specified by
the instruction is moved to the AR during most instructions.

MQ (Multiplier Quotient) A 36-bit register used as an extension of the AR
in operations requiring 72 bits.

Ml (Memory Indicator) A 36-bit register used to display the contents of
memory registers. The Ml register is set equal to the contents of the
memory location specified by the ADDRESS switches each time the
processor references the location.

PC (Program Counter) An 18-bit register that contains the memory loca-
tion from which the next instruction is to be taken.

IR (Instruction Register) An 18-bit register that contains the instruction
code, accumulator number, indirect bit, and index register number
for the instruction being executed.

SC (Step Counter) A 9-bit register that contains the number of times
a particular part of an instruction is to be repeated. This applies to
the shifting, floating point, multiply, divide, and byte manipulation
instructions.

HE (Floating Exponent) A 9-bit register used to store temporary results
during floating calculations. ‘

13






In addition to the registers shown in Figure 4, there are four flags important to

programming.
AR CRYO

AR CRY1
AR OV

PC CHANGE

Arithmetic register Carry O. This flag is set when there is a carry from
bit O of the arithmetic register.

Arithmetic register Carry 1. This flag is set when there is a carry from
bit 1 of the arithmetic register.

Arithmetic register Overflow flag. This flag is set when the sign of a
result is not consistent with the signs of the operands.

Program counter Change. This flag is set whenever a jump or skip
instruction causes the program counter to be incremented by more
than one during a single instruction.

See the section on instructions for setting and use of these flags.

EXEC MODE

This mode flip-flop is set when the executive program is running. In
the executive mode, the program has access to all of memory. In the
user mode (executive mode flip-flop is reset) the protection and
relocation registers specify the area of core in which programs may
be run. In the user mode illegal memory references and instructions
which use the I/0 equipment or attempt to halt the computer set the
executive mode flip-flop.

Figure 5 The Control Panel

CONSOLE CONTROLS AND INDICATORS

Lever Switches

Function

START

STOP

CONTINUE

/O RESET
DEPOSIT

Resets the program counter to the address contained in the
ADDRESS switches and starts the processor. This switch has
no effect if the machine is running.

Stops the processor at the end of the memory or instruction
cycle.

If the processor has stopped at the end of an instruction or
memory cycle, the program may be resumed by depressing
this key. The combined use of the STOP and CONTINUE keys
has the effect of a single step key.

Clears the 1/0 System.

In the THIS position, the contents of the 36 DATA switches
are deposited in the contents of the memory location specified
by the ADDRESS switches. The machine will not be stopped if
itis running.

In the NEXT position, the memory address register is incre-
mented by one, and the contents of the 36 DATA switches are
deposited in the memory location specified by the contents of
the memory address register. This key position has no effect
if the machine is running.

15
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CONSOLE CONTROLS AND INDICATORS (continued)

Lever Switches

Function

EXAMINE

READER ON-OFF
TAPE FEED

In the THIS position, the contents of the memory register
addressed by the ADDRESS switches are displayed in the
memory indicator lights. If the machine is running, it is not
stopped.

In the NEXT position, the memory address register is incre-
mented by one, and the contents of the memory location
specified by the memory address register are displayed in the
memory indicator lights. This key position has no effect if the
machine is running.

Turns the power to the perforated tape reader on or off.

Feeds blank tape through the tape punch.

Toggle Switches

Function

CONSOLE DISABLE

ADDRESS STOP

REPEAT

SPEED

POWER

MEMORY DISABLE

DATA

ADDRESS

This is a key-locked switch that disables all control switches
that can interfere with the operation of the machine.

Stops the processor each time the contents of the memory
address register are equal to the contents of the ADDRESS
switches. An adjacent indicator light is on when the switch is on.

If on while a lever switch is held down, the effect is as if the
lever switch were being pressed repeatedly with a frequency
determined by the setting of the speed knob and vernier.

Two controls that vary the repeat interval when the REPEAT
switch is on. The left knob is a six-position coarse control
giving speed ranges from 3.4 microseconds and increasing
by a factor of ten up to 340 milliseconds. The right knob is a
continuously variable fine control.

Turns on power to the processor and all equipment connected
to it.

This switch causes the pause mode operation of memory to
change to a separate read and write mode. When in single step,
the memory module is free for use with multiple processors.

Up to 36 bits of information can be inserted for transfer to
memory when the DEPOSIT switch is pressed. (May be ex-
amined under program control. See 1/0O Programming for
Type 166 Processor.).

There are 18 address switches which are used with various
keys and switches.

Indicator Lights

Function

INSTRUCTION

AC

|

INDEX

MEMORY INDICATION

PROGRAM COUNTER

Displays bits 0-8 of the instruction register.
Displays bits 9-12 of the instruction register.
Displays bit 13 of the instruction register.
Displays bits 14-17 of the instruction register.

Displays the contents of the specified memory register (see
EXAMINE lever switch).

Displays the contents of the program counter. When the
processor stops, the program counter will be pointing to the
next instruction.



MEMORY ADDRESS Display the last location referenced in memory when the machine

stops.
RUN Lights when the machine is running.
MEM STOP Lights and machine stops when end of memory cycle is reached

if STOP switch is on.

Pi ON Lights when priority interrupt system is enabled.

Pl ACTIVE Display which Pl channels are enabled.

Pl REQUEST Display which channels are requesting an interrupt.
Pl IN PROGRESS Display which channel is actually causing an interrupt.

PROGRAMMING FOR TYPE 166 PROCESSOR

For the Type 166 the first 16 locations of memory (0-17;) function as accumulators,
index registers, and ordinary memory locations. The state of the system resides
entirely in memory except for the program counter and the AR flags. There are,
therefore, no instructions which refer explicitly to the arithmetic elements of the
processor and no need to protect partial results in the event of an /0O operation.

The function to be performed by one of these 16 locations is determined by the
instruction word field in which the address appears. The processor always ad-
dresses memory in exactly the same way regardless of how it intends to use the
data. Consequently, from the point of view of the memory system there is nothing
unusual about the first 16 locations except that they may reside in a fast memory
module, a desirable though not necessary option. Depending on the field in which
the address appears, the processor uses the data received as an accumulator
operand, as an index register for the effective address calculation, oras an ordinary
memory operand. Thus, there is no need for separate groups of instructions to
perform accumulator, index register, and memory manipulations. It should be
noted that only the right halves of the 15 memory locations 1-17;are used as index
registers.

Some areas of memory are reserved for special functions and must be used with
caution. They are:

20375 Read-only memory. The contents of these locations cannot be
changed by programming.
4041, Reserved for unused operation code traps and may be used at

the programmer’s discretion.

42,57, Program interrupt system. These locations may be used at the
programmer’s discretion.

It is advisable that memory locations up to 100; be left unused to allow room for
future expansion.

There are five major categories of Type 166 Processor instructions: data trans-
mission, arithmetic and logical operations, executive instructions, 1/0 instructions,
and push down instructions (a hybrid group consisting of both data transmission
and control instructions).

The data transmission group may be divided into four subgroups: full word trans-
mission; half word transmission (particularly useful for address and index manipu-
lations); byte manipulation (particularly useful for storing and retrieving informa-
tion in segments of less than one memory word); and two miscellaneous instruc-
tions, an exchange instruction and a block transmission instruction.

17
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The arithmetic and logical operations may also be divided into four subgroups:
fixed point arithmetic, floating point arithmetic, Boolean instruction, and shift
instruction.

There are five subclasses of executive instructions: memory or accumulator
modification and testing, a group of instructions that will increment or decrement
an accumulator or memory word by one and/or test to determine a jump or skip;
arithmetic compare, a group that will compare a number in an accumulator with
a number in memory (fixed or floating point) and skip as specified; logical and
modify compare, a group.that will test and/or modify masked bits of an accumu-
lator and skip as specified; jump instructions; and some miscellaneous instruc-
tions.

The push down and I/O groups are both very small groups with four and eight
instructions, respectively.

MODES — Some instruction classes consist of basic instructions and modes.
Groups of instructions which move and/or combine information require a trans-
mission mode. Transmission modes specify the direction in which the information
is to be moved, e.g., memory to accumulator or accumulator to memory; they may
specify where to leave the results of an operation, e.g., in memory, in an accumu-
lator, or both; or they may specify what parts of the result from an operation are
to be stored, e.g., low order bits and/or remainders in floating point operations.
Finally, there is an immediate mode which directs the instruction to take its
effective address as the memory operand.

Groups of instructions which compare and skip or jump require modes to specify
the conditions under which the skip or jump is to occur.

ILLEGAL INSTRUCTIONS — lllegal instructions, that is, unassigned operation
codes which do not have zeros in the first three bits, result in no operation.

NO OPERATION INSTRUCTIONS — Some combinations of instructions and their
legal modes have no effect on the state of the machine. These combinations do,
nevertheless, result in a legal instruction code and have the effect of a no opera-
tion instruction.

UNASSIGNED OPERATION CODES — There are 64 possible unassigned operation
codes with zeros in the first three bits. When used, they cause the instruction at
location 41 to be executed. This feature is particularly useful for programmed
operators. For example, since the Type 166 Processor does single precision
arithmetic, double precision instructions could be developed and assigned an
unused code. Appearance of these instructions in a program causes the program
counter to be stored at location 40. Control then jumps to 41.

Instruction Word Format

There are two formats for the Type 166 Processor instructions, the basic instruc-
tion format and the 1/0 instruction format. The basic format is shown in Figure 6.

0 8 9 1213 14 17 18 35
S 1
T T\ \ )
Instruction Accumulator Index Address .
Part Address Indirect Register = Part
Bit Address

Figure 6 — Basic Instruction Format



All instructions, with the single exception of the 1/0, use this basic format. The
functions of 1, X, and Y, which are common to the basic and 1/0 formats, are de-
scribed below under Effective Address Calculation. Bits 0-8 specify the instruction
code, including the mode. Bits 9-12 specify the accumulator to be used by the
instruction. The farmat for the 1/0 instruction is shown in Figure 7.

0 2 3 9 10 12 13 14 17 18 35
111 1 X )'{ Y
14 N\ . . 7
Device Instruction Indirect Index Address
Selection Part Bit Register Part
Address

Figure 7 — 1/0 Instruction Format

Bits 3-9 are used to specify any one of the 128 possible /O devices, where the
processor itself and the program-interrupt system are considered to be the first
of the devices (device #000 000 O and #000 000 1 respectively for use with the
conditions-out and conditions-in instructions). Bits 10-12 are used to specify any
one of the eight possible 1/0 instructions.

EFFECTIVE ADDRESS CALCULATION

All instructions in the PDP-6, without exception, calculate an effective address using
bits 13-35 in exactly the same way. The steps are:

1. Obtain the number in the address field Y, bits 18-35. Any one of 262,144
locations can be specified.

2. If the index field X, bits 14-17, is non-zero, then add the contents of the
specified index register to the number obtained in step 1.

3. Obtain the indirect bit, I, bit 13. If it is O, the calculation is done and the
result of steps 1 and 2 is the effective address. If itis 1, then go to step 4.

4. Use the address calculated by steps 1 and 2 to obtain a new word from
memory, and go back to step 1.

The effective address calculation continues until a word is encountered with a
Oin bit 13. At that point the result of steps 1 and 2 is taken as the effective address
for the instruction.

This calculation is carried out for all instructions. When the immediate mode is
specified, if one or more indirect addresses are involved, the effective address is
not the number appearing in the address field of the word. Rather, it is the first
result of the effective address calculation as it is for all instructions.

Timing

PDP-6 processors are not synchronized by a clock. Therefore, PDP-6 systems run
asynchronously with as high a duty factor as possible for each unit. Instruction
times depend on several variables, such as the speed of the memory module in
which the desired information is stored, whether the module is busy when the
information is requested, and where the results are to be stored. Speed of execution
also depends on the number of iterations involved in the effective address calculation,
particularly since a new memory reference is required each time an indirect bit is
encountered.

The flow diagram, Figure 8, can be used to calculate the execution time of any
instruction under any set of conditions.
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HLLO Move left half to left half, set right half of destination word to

all ones.

HRRO Move right half to right half, set left half of destination word to
all ones.

HRLO Move right half to left half, set right half of destination word to
all ones.

HLRO Move left half to right half, set left half of destination word to
all ones.

HLLE Move left half to left half, set all bits of the right half to the sign

(bit O) of the left half.

HRRE Move right half to right half, set all bits of the left half to the sign
(bit 18) of the right half.

HRLE Move right half to left half, set all bits of the right half to the sign
(bit 0) of the left half.

HLRE Move left half to right half, set all bits of the left half to the sign
(bit 18) of the right half.

MODES

The source words are unaffected except in the S mode where the source word
and the destination word are identical.

Move contents of effective address to accumulator.
I Move effective address to accumulator,
Move contents of accumulator to effective address.
S Move contents of effective address to effective address.

BYTE MANIPULATION

Byte manipulation instructions permit easy access to any number of contiguous
bits located anywhere in a single, 36-bit memory word. To specify the size and
location of the byte, a pointer word is located by the effective address of the byte
manipulation instructions. The |, X, and Y fields of the pointer word (see Figure 9)
are used in the usual manner to compute an effective address which will be the
location of the memory word containing the byte. The P field specifies the number
of bits between the right end of the word and the farthest right bit of the byte.
The S field specifies the size of the byte, up to 36 bits. Therefore, the byte is lo-
cated in bits 36-P-S through 35-P.

0 5 6 11 12 1314 17 18 35

e | s B L

Figure 9 — Byte Pointer Format

To store successive bytes in memory and retrieve them with a minimum of instruc-
tions, the processor must be able to increment the pointer word. To increment,
the size of the byte is subtracted from P, moving the position to the right by one
byte. If there is insufficient room in the memory word for the next byte (P-S < 0),
then the Y field of the pointer word is incremented by one and P is reset to 36-S.

LDB Load bits 35 to 36-S of the accumulator with the specified byte.
Bits O through 35-S of the accumulator are cleared.



DPB Deposit byte, starting in bit 36-S through bit 35 of the accumulator,
in the portion of the memory word as specified by the pointer word.

IBP Increment byte pointer by one byte position.
LDBI Same as LDB, but increments pointer word before loading.
DPBI Same as DBP, but increments pointer word before depositing.

MISCELLANEOUS

EXCH The contents of the effective address and the contents of the
specified accumulator are exchanged.

BLT Moves a block of storage (source block) beginning at the location
specified by the left half of the designated accumulator to a block
(destination) beginning at the location specified by the right half
of the accumulator. The size of the block is determined by the
effective address; that is, the effective address is equal to the
last location of the destination block. The source block is unaf-
fected unless it overlaps the destination block. The accumulator
is only referenced at the beginning of the instruction; therefore,
it is not changed unless a program interrupt occurs; then the
accumulator is updated to the locations being moved. When the
break is dismissed, the BLT instruction will then resume where
it left off.

Arithmetic and Logical

Two types of arithmetic are used by the Type 166 Processor: fixed point and
floating point. Integer arithmetic, such as address and index arithmetic, is only
a special case of fixed point arithmetic. For consistency and to make possible the
use of fixed point arithmetic compare commands with floating point number, all
arithmetic in the 166 is done in twos complement binary. That is, carries from the
highest order bit are dropped, and negative nhumbers are the twos complement
of the positive numbers with the same magnitude.

To form the negative (twos complement) of a number, change all zeros to ones
and all ones to zeros, then add one to the result. In this scheme, there are two
points to be carefully noted. Bit zero will always function as a sign bit; if zero, the
number is positive, if one, the number is negative. (However, this must not lead
to identification with sign-magnitude conventions.) Secondly, forming the nega-
tive by twos complement applies to floating point numbers as well as fixed point
numbers. Therefore, the exponent part of floating point numbers, as well as the
fractional part, is complemented.

Fixed point numbers are represented in binary form so that the value of a num-

ber in memory is:
(35+n—1i)
E b,2
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where b, designates the contents of bit i, and n depends on the position of the
binary point. However, since the position of the binary point is of no consequence
to the machine, two vastly different numbers may have the same representation
in memory. It is left to the programmer to establish consistent point conventions
for any sequence of operations

Floating point numbers use 1 bit for the sign, 8 bits for the exponent, and 27 bits
for the fraction. The binary point is therefore to the left of bit 9.

01 8 9 35

Exp. / Fraction

Figure 10— Floating Point Format

For positive numbers, the exponent is excess 200s. Since in Type 166 negative
numbers are always the twos complement of the positive number with the same
magnitude, exponents for negative numbers are the ones complement of the
excess 200; exponent. Floating point zeros are represented by all zeros. Floating
point numbers are considered to be normalized if the sign bit does not equal bit
9, or if bits 9-35 contain 400000000;.

FIXED POINT ARITHMETIC

Fixed point arithmetic is single precision. However, to facilitate programming
double precision, a carry from bits O and 1 will set the CRYO and CRY1 flags,
respectively. Also, the fixed point instructions will set the OV flag if the sign of the
answer is not correct with respect to the signs of the operands. For additional
conditions under which the OV flag will be set, see the IMUL, DIV, and IDIV instruc-
tions. Note that the CRYO and OV flags are not set under equivalent conditions.

ADD The memory operand is added to the contents of the accumulator.
This instruction may set the CRYO, CRY1, and OV flags.
SUB The memory operand is subtracted from the contents of the

accumulator. The subtraction is carried out by adding the twos
complement of the contents of the accumulator to the memory
operand, followed by forming the twos complement of the result.
This instruction may set the CRYQO ,CRY1, and OV flags.

MUL Multiply the contents of the accumulator by the memory operand.
If either or both operands are negative, the effect is as if the
instruction were to multiply the magnitudes of both operands
then to form the twos complement to get the answer if the signs
of the operands differ. The result of multiplication is a 72-bit
word. The high order part is stored as specified by the mode
control (see below). The low order part, except in the M mode,
goes to AC n + 1, where n is the accumulator number specified
in the instruction. This instruction may set the OV flag.

IMUL Is the same as MUL, except that the low order part of the product
is stored as specified by the mode control. The high order part is
lost. This instruction will set the OV flag on the further condition
that there are significant bits in the high order part of the product.

DIV Divide the dividend by the contents of the memory operand. The
dividend is a 72-bit word with the high order part set equal to the
contents of the designated accumulator n and the low order part
set equal to the contents of accumulator n + 1. If one or both of



IDIV

the operands is negative, the effect of this instruction is as if
division were performed on the magnitudes of the operands. The
answer is then formed by twos complementing, where necessary,
so that the remainder has the sign of the dividend, and the sign
of the quotient is correct with respect to the signs of the operands.
The quotient is stored as specified by the mode control. The
remainder, except in the M mode, goes to accumulator n + 1.
The instruction will set the OV flag if the high order part of the
dividend is greater than or equal to the divisor.

Same as DIV, except that the low order part of the dividend is
set to the contents of the.designated accumulator. The high
order part of the dividend is set to the sign bit of the low order
part. OV is possible only if the divisor is zero.

MODES

Combine contents of the effective address with the contents of
the accumulator; results to accumulator.

Combine the effective address with the contents of the accumu-
lator; results to accumulator.

Combine contents of effective address with the contents of the
accumulator; results to the effective address.

Combine contents of the accumulator with the contents of the
effective address; results to both accumulator and effective
address.

FLOATING POINT ARITHMETIC

The floating point instructions may set the OV flag if exponent overflow or under-
flow occurs. No attempt is made to distinguish between them.

FAD

FSB

FMP

FDV

Floating add the memory operand to the contents of the accumu-
lator. The number with the smaller exponent is shifted right by
the difference in the magnitude of the exponents. The fractional
parts are then added as fixed point numbers. The result is nor-
malized, and the answer given in terms of the higher exponent.
This instruction may set the OV flag.

Floating subtract the memory operand from the contents of the
accumulator. The subtraction is done by adding, as above, the
twos complement of the contents of the effective address. May
set OV flag.

Floating multiply the contents of the accumulator by the memory
operand. The multiplication is done by adding the exponents and
multiplying the fractional parts as fixed point numbers. May set
the OV flag.

Floating divide the contents of the accumulator by the memory
operand. The division is done by subtracting the exponent parts
and dividing the fractional parts as fixed point numbers. May set
the OV flag.

There are four instructions which include rounding. The rounding is done as
follows: If bit 1 in the low order part of the result is a 1, and the sign of the high
order part is positive, then add one to the lowest order bit in the high order part.
Otherwise, do nothing.
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FADR Same as floating add, followed by rounding.

FSBR Same as floating subtract, followed by rounding.

FMPR Same as floating multiply, followed by rounding.

FDVR Same as floating divide, followed by rounding.
MODES

Combine contents of effective address with contents of accumu-
lator; results to accumulator.

L Combine contents of effective address with contents of accumu-
lator; results to accumulator, remainder, or remainder and low
order bits, to AC + 1.

M Combine contents of effective address with contents of accumu-
lator; results to memory.

B Combine contents of effective address with contents of accumu-
lator; results to accumulator and to effective address.

There is one floating point instruction which has no mode control:
FSC (Floating Scale) Multiply contents of accumulator by 2%, where E
is the effective address.

BOOLEAN

The Type 166 Processor can perform all 16 Boolean operations of two variables.
The contents of the designated accumulator and the memory operand are matched
on a bit for bit basis. The resultis a 0 or 1 in the corresponding bit of the resultant
word. The Boolean instructions are listed below. The result of each instruction is
shown at the right under the four possible memory-accumulator configurations.

Memory Bit 0011

Mnemonic Meaning Accumulator Bit 010 1
CLEAR Set to all zeros 0000
AND And '

ANDCA AND with the contents of the accumu- 0010
lator complemented

SETM Set the result equal to the contents of 0011
the effective address

ANDCM AND with the contents of the effective 0100
address complemented

SETA Set the result equal to the contents of 0101
the accumulator

XOR Exclusive OR 0110

IOR Inclusive OR

ANDCB AND with the contents of both the ac- 1-0 0 O

cumulator and the effective address
complemented

EQV Equivalent 1 0O

SETCA Set the resultant to the complement 1 010
of the contents of the accumulator

ORCA inclusive OR with the contents of the 1 011

accumulator complemented



SETCM Set the resultant equal to the comple- 1100
ment of the contents of the effective

address

ORCM Inclusive OR with the contents of the 1101
effective address complemented

ORCB Inclusive OR with the contents of both 1 110

the accumulator and the effective ad-
dress complemented

SETO Set resultant to all ones 1111

MODES

Combine contents of effective address with contents of accumulator;
results to accumulator.

l Combine effective address with contents of accumulator; results to ac-
cumulator.

M Combine contents of effective address with contents of accumulator;
results to effective address.

B Combine contents of effective address with contents of accumulator;
results to both accumulator and effective address.

SHIFTING
There are three kinds of shifting:

1) arithmetic shift — performs twos complement multiplication by powers
of 2. The sign is unchanged. When going to the right, the sign is shifted
into bit 1.

2) rotate — bits leaving one end enter at the other end.
3) logical shift — bits leaving one end are lost, and zeros enter the other end.

The number of places to be shifted is equal to the magnitude of the low order 8
bits of the effective address. If the effective address is positive, the shift is to the
left; if negative, the shift is to the right. The sign is determined by the first, or
highest order, bit of the effective address.

Shifts may be of the contents of an accumulator A or of a combined word, con-
sisting of the contents of the accumulator A and the contents of the accumulator
A 4 1, in that order. If a combined shift instruction, and the specified accumulator
is 17, then location 20; will be rotated unless locations 20,-37; are read-only
memory. Consequently, it is best to avoid this combination.

ASH Arithmetic shift

ROT Rotate

LSH Logical shift

ASHC Same as ASH, except that the contents of accumulator A and

accumulator A + 1 are treated as one 72-bit word with accumu-
lator A on the left or higher order position. When shifting either
left or right, the sign bit of accumulator A 4 1 is set equal to the
sign of accumulator A. When shifting right, bits moving through
bit 35 of accumulator A enter bit 1 of accumulator A + 1. When
shifting left, bits leaving bit 1 of accumulator A + 1 enter bit 35
of accumulator A. Zeros enter bit 35 of accumulator A + 1 from
the right.

ROTC Rotate combined accumulator
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N Skip if contents of accumulator are not equal to contents of data
word.

G Skip if contents of accumulator are greater than contents of data
word.

LOGICAL COMPARE AND MODIFY

Bits of an accumulator word that are masked by bits of a memory word, that is,
those bit positions of the accumulator corresponding to bit positions in the memory
word containing ones, can be modified and/or tested to determine a skip. The
masked bits may be left unchanged, set to zeros, set to ones, or complemented.
The masking may be done by the contents of the memory word, specified by the
effective address taken directly; by the contents of the memory word with its left
and right halves swapped; or by the effective address itself. Since the effective
address is only 18 bits, it must be specified whether it is to mask the left or right
half of the accumulator. The unused half of the accumulator is masked by zeros.

The conditions under which a skip will occur are specified by the mode control.
The test is made before any modification occurs.

The instructions are:

TDN Test, masking by direct contents of memory word, no modification.

TSN Test, masking by swapped contents of memory word, no modifi-
cation.

TLN Test, masking left half by effective address, no modification.

TRN Test, masking right half by effective address, no modification.

TDZ Test, masking by direct contents of memory word, set masked
bits to zero.

TSZ Test, masking by swapped contents of memory word, set masked
bits to zero.

TLZ Test, masking left half by effective address, set masked bits to
zero.

TRZ Test, masking right half by effective address, set masked bits to
zero.

TDO Test, masking by direct contents of memory word, set masked
bits to ones.

TSO Test, masking by swapped contents of memory word, set masked
bits to aones.

TLO Test, masking left half by effective address, set masked bits to
ones.

TRO Test, masking right half by effective address, set masked bits to
ones.

TDC Test, masking by direct contents of memory word, complement
masked bits.

TSC Test, masking by swapped contents of memory word, complement
masked bits.

TLC Test, masking left half by effective address, complement masked
bits.

TRC Test, masking right half by effective address, complement masked
bits.
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Skip if:

Z > m

JSR

JSP

JSA

JRA

MODES

Never skip

All masked bits are zero

Always skip

All masked bits are not equal to zero

JUMP INSTRUCTIONS

Jump to subroutine. The Overflow and Carry flags plus the con-
tents of the program counter, which will point to the next in-
struction, are stored in the location specified by the effective
address. The OV, CRYO, CRY1, and PC Change flags are stored
in bits 0, 1, 2, and 3 respectively. The program counter is stored
in bits 18-35. Program control jumps to the effective address
plus one. (See JRST for return instruction.)

Jump and save program counter. The contents of the program
counter, which will point to the next instruction, are stored in the
designated accumulator. Program control jumps to the effective
address. (The return from this jump can be a single jump in-
struction using the accumulator as an index register.)

Jump and save accumulator. The accumulator is stored in the
effective address. The PC, which will point to the next instruction,
and the effective address are saved in the accumulator. Program
control jumps to the effective address plus one.

Jump and restore accumulator. This is the return instruction to
match JSA. The contents of the accumulator are replaced by the
word addressed in its left half. Control is transferred to the ef-
fective address.

There are three reasons for the JSA-JRA pair; to provide for subroutines with
multiple entries; to provide an easily accessible reference for getting data; and to
prevent loss of information, making it possible to nest subroutines.

AOBJP

AOBJN

JRST

Increment both halves of accumulator by one, and jump if the
result is positive. (See the Miscellaneous Instructions.)

Increment both halves of accumulator by one, and jump if the
result is negative. (See the Miscellaneous Instructions.)

Jump and restore. (See the Miscellaneous Instructions.) Bits
9-12 (accumulator address) determine the effect of this instruc-
tion as follows:

If bit 9 =1, then reset or enable the current priority interrupt
channel.

If bit 10 =1, then halt.
If bit 11 =1, then reset OV, CRYO, CRY1 and PC change flags.
If bit 12 = 1, reserved for executive mode.

This instruction, with bit 11 set to 1, may be used as a return
instruction to match the JSR instruction. The JSR stores the OV,
CRYO, CRY1, and the PC Change flags in bits 0-4 of its effective



JFCL

XCT

PUSH

PUSHJ

POP

POPJ

CONO

address E and jumps the program control to E+ 1 to enter a
subroutine. The subroutine may then be terminated by a JRST to
E indirect, which will restore the flags and program counter.

The purpose of the executive system is to control and protect the
utilization of routines permanently stored in memory, such as
assemblers, compilers, and library routines, and to permit on-line
editing.

If designated flags are set, then jump and clear flags. (See the
Miscellaneous Instructions.)

The flags are designated as follows:
Bit 9 designates the OV flag.

Bit 10 designates the CRYO flag.

Bit 11 designates the CRY1 flag.

Bit 12 designates the PC Change flag.

The PC Change flag is set whenever the PC is incremented by
more than one to enable program flow tracing.

MISCELLANEOUS

Execute instruction at effective address. The instruction at the
effective address may be another XCT instruction. Thus, chains
of XCT instructions are permitted. (See the Miscellaneous In-
structions )

Push Down Instructions

The contents of the effective address are moved to the next
location on the push down list, that is, the location to which the
address part of the accumulator is pointing + 1. The accumulator
is then incremented by one.

Accumulator incremented by one. The contents of the program
counter, which will be pointing to the next instruction, are then
moved to the next free location on the push down list, that is, the
location to which the address part of the accumulator is pointing.
Control then jumps to the effective address. This instruction will
set the PC Change flag.

The last word placed on the push down list, that is, the contents
of the location to which the address part of the accumulator is
pointing, is moved to the effective address. The accumulator is
then decremented by one.

The last word placed on push down list, that is, the contents of
the location to which the address part of the accumulator is
pointing, is moved to the program counter. The accumulator is
then decremented by one. This instruction will set the PC Change
flag.

Input-Output Instructions

The effective address is transferred to the device control register.
For the significance of the bit configuration see the specific device
write-up .
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INPUT-OUTPUT PROGRAMMING FOR
TYPE 166 PROCESSOR

This section is concerned with the use of the Type 166 Processor as an |/O proc-
essor. For details of the /O system see Chapter 4. Here we will be concerned only
with the use of the 166 1/0 commands along with the use and control of the 166
Priority Interrupt System.

There are four basic 166 instructions for controlling the 1/O devices; that is, for
generating the six command pulses described in Chapter 4. They are:

CONO Generates the conditions out sequence.
CONI Generates the conditions in sequence.
DATAO Generates the data out sequence.
DATAI Generates the data in sequence.

Of the remaining four commands two are equivalent to CONI followed by an in-
struction to the processor to test and skip. They are CONSZ and CONSO. The
remaining two, BLKO and BLKI, are instructions to the processor to control the
repeated execution of DATAO and DATAI commands to the 1/O system.

The use of these instructions will be illustrated by programming examples for a
generalized device. For their use with actual devices, a device number must appear
in bits 3-9 of the instruction word. (See the 1/0 Instruction Format, Figure 7.)This
number may be generated by a device mnemonic.

Further, the significance of the bits in the effective address used with a CONO
instruction and the significance of the bits read into the contents of the effective
address by a CONI instruction must be known for each device. Finally, due con-
sideration must be given to the number of bits which can be transmitted to the
data register since information to be transmitted from memory to the device must
appear in the n low order bits of the memory word, where n is the length of the
data register. Similarly, due consideration must be given to the number of bits
which the device will transmit to memory through the processor. All of this required
information may be found by consulting the individual device write-up in Chapter 4.

Up to 126 1/0 devices may be attached to the 166 through an 1/0O bus. The reason
for the restriction to 126 devices, rather than 128, is that the processor and the
processor’s priority interrupt system are considered to be two 1/O devices as
follows:

Processor

Device Number 000 000 O
Mnemonic APR

The following I/O instructions may be used to refer to the processor:
DATAI Reads the 36 data switches.

CONO Bits 20-35 of the effective address have been
assigned the following significance:

20 If a 1, turn the executive mode off.
21 If a 1, turn the executive mode on.
22 If a 1, reset the lllegal Instruction flag (For

executive mode).
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23

24
25
26
27
28
29
30
31
32
33-35

If a 1, reset the nonexistent Memory flag
(For executive mode).

Ifa 1, turn the Clock Count Enable flag off.
Ifa 1, turn the Clock Count Enable flag on.
If a 1, turn the Clock flag off.

If a 1, turn the PC Change Enable flag off.
If a 1, turn the PC Change Enable flag on.
If a 1, turn the PC Change flag off.

If a 1, turn the OV flag enable off.

If a 1, turn the OV flag enable on.

If a 1, turn the OV flag off.

Assign a priority channel to the above
processor flags.

If a priority channel is assigned to the processor flags, an interrupt will occur on
that channel if any one, or more, of the following conditions hold:

1. If the lllegal Instruction flag is a 1.

o B WD

If the non-existent Memory flag is a 1.

If the Clock Count Enable flag is a 1, and the Clock Count flagis a 1.
If the PC Change flag enable is a 1, and the PC Change flag is a 1.
If the OV flag enable is a 1 and the OV flagisa 1.

CONI Bits 21-35 of the location specified by the effective
address are set as follows:

21
22
23
25
26
28
20
31
32

To a 1 if the executive mode is on.

To a 1 if the lllegal Instruction flag is set.

To a 1 if the non-existent Memory flag is set.
To a 1 if the Clock Count enable is on.

To a 1 if the Clock Count flag is set.

To a 1 if the PC Change enable is on.

To a 1 if the PC Change flag is set.

Toa 1 if the OV enable is on.

Toa 1 if the OV flag is set.

33-35 Set to the priority channel assignment.

Priority Interrupt System

Device Number 000 000 1

Mnemonic PRS

The 166 Processor will honor interrupt requests on a priority basis if it is not com-
mitted to its current instruction by having finished the effective address calcu-
lation. Otherwise, it will honor the request as soon as the instruction is finished.
The processor honors the request by executing the instruction in location 40 4 2J,
where J is the channel number. The program counter is not affected by the inter-
rupt unless the trapped instruction is a jump instruction. If a jump, it is left to the



programmer to save the program counter if he has any intention of returning to
the interrupted program sequence.

The priority interrupt system is controlled by the CONO and CONI instructions by
referring to device number 000 000 1 and setting bits in the effective address
as follows:

23 If 1, clear the priority interrupt system.

24 Activate an interrupt on the channels selected by bits 29-35.
25 If 1, turn on the channels selected by bits 29-35.

26 If 1, turn off the channels selected by bits 29-35.

27 If 1, turn off the priority interrupt system.

28 If 1, turn on the priority interrupt system.

29-35 Ifa bitis 1, it selects the corresponding channel, with channel
1 in bit 29 to channel 7 in bit 35.

CONI only
28 If 1, the priority interrupt system is on.
29-35 If a bitis 1, the corresponding channel is on.

Once an interrupt has occurred on a given channel, the channel must be dismissed
by a BLKI or BLKO instruction, or a JRST or CONO instruction. (See the instruction
descriptions for details.) If the break is not dismissed, there will be no further
interrupts on lower priority channels. While servicing a device, the channel may
be interrupted by a request on a higher priority channel. If so, the service to the
lower priority device can be resumed by the instructions which dismissed the
channel.

Input-Output Programming

Since the purpose of this section is merely to discuss the use of the 1/0 operations
of the Type 166 Processor, particular |/O devices are not considered. Rather, the
discussion and programming examples are presented for a generalized device.
All that is required is that the device be defined sufficiently like the devices found
in a PDP-6 system.

For some degree of definiteness, consider a generalized input device. The device
is like those for the PDP-6 system in that it has a control register and a data register.
The operation of the device is completely specified by bits of the control register
which may be set by a CONO instruction. Further, the device control module can
set some of the bits to reflect the status of the device, and the device may be
requested to place the contents of the control register on the data lines by a CONI
instruction. Finally, a DATAI command will cause the device to place data from its
data register on the data lines for transmission to the processor.

The device may be turned on to read one character by setting the Busy flag (a
designated bit in the control register) to 1. When the character is ready in the data
register, the device clears the Busy flag to 0 and sets the Done flag (also a desig-
nated bit in the control register) to 1. A DATAI instruction will result in the con-
tents of the data register being transferred through the data lines to the processor
followed by resetting the Busy flag to read the next character and clearing the
Done flag.

If a priority channel has been assigned by a CONO instruction, which places a
channel number in the low order three bits of the control register, setting the
Done flag to 1 will cause an interrupt on the assigned channel.
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When using 1/0O instructions, we must include a device number or a device mne-
monic. In the examples which follow for the generalized device, we will use the
mnemonic MNE.

Such a device could be programmed without the priority interrupt system as
follows:

CONO, MNE, Y
CONSO, MNE, X
JRST, .—1 .—1 means this location minus one.

DATAI, MNE, E

The CONO instruction transmits the effective address Y to the device control
register to set the Busy flag and to specify the operation. CONSO matches the
effective address X against the contents of the control register to detect when the
Done flag is set to 1. JRST is an unconditional jump to CONSO. When the Done
flag is set, the program skips to the DATAI instruction which reads the data in
and moves it to location E in memory.

In the priority interrupt mode, the same operation can be carried out as follows.
The priority interrupt system and channels are turned on by a CONO instruction.
Then, using channel 1 we could write the following program:

CONO, MNE, Y+ 1, + 1 to assign Pl channel at location 42,
and beginning at INPUT

INPUT, EMPTY REGISTER FOR PROGRAM COUNTER AND FLAGS
DATAI, MNE, E
JRST, 10 @ INPUT

Where ( is an assembler symbol meaning jump indirectly to the location specified
by the right half of location INPUT; that is, resume the interrupted instruction.

In this way the program could continue without waiting for the device. As soon as
possible after setting the Done flag, the JSR at location 42 is executed. The control
jumps to INPUT +1 with the flags and C(PC), still pointing to the location of the
interrupted instruction, stored in INPUT. The DATAI is executed followed by the
JRST. The number 10 in the accumulator field sets bits 9 and 11 to dismiss the
priority channel and to restore the flags and program counter. It is important to
note that, unless bit 9 is set, the channel will not be dismissed and it will be impos-
sible for an interrupt to occur on all lower priority channels. Further, it may be
desirable to add an additional CONO instruction to disconnect or disable the pri-
ority. channel. Otherwise, additional interrupts will occur each time the device
finishes reading in a new character.

To read in a block of information, the BLKI instruction may be used. Assuming the
pointer for the BLKI has been properly set and is at location E, that is, the left half
of location E contains the negative of the size of the block and the right half con-
tains the location of the first word of the block minus one, there are two options.
Without the priority interrupt:

CONO, MNE, Y
CONSO, MNE, X

JRST, .—1 .—1 means this location minus one.
BLKI, MNE, E

JRST, MNE, .42 .42 means this location plus two.
JRST, .—4 .—4 means this location minus four.



When the entire block has been read in, BLKI causes the next instruction to be
executed. Until then, it skips.

Using the priority interrupt system:
CONO, MNE, Y 4 1, + 1 to assign channels at locations

42 and 43:
42, BLKI, MNE, E
JSR, MNE, OFF

The BLKI instruction will automatically dismiss the priority channel after the word
of data has been read in unless it is the last word of the block. If the last word, the
JSR following the BLKI is executed. The sequence of instructions to which the
JSR jumps must then dismiss or turn off the interrupt.

At location OFF a blank register could be followed by a sequence of one or more
CONO instructions to turn off the device and/or priority channel and/or a JRST

instruction.

Several devices can be assigned to the same channel, such as several Teletype
stations in a time-sharing system. For this situation the instruction, in location
40 + 2j, executed by the interrupt is a JSR to a subroutine. The subroutine con-
sists of a sequence of condition skip instructions which examine the control
register of each device assigned to the channel and jump to instructions to service
the device whose Done flag is set. If only one device is serviced, and more than one
is calling for an interrupt, then the other devices will immediately call for an inter-
rupt when the channel is dismissed.

So far 1/0 programming has been discussed for a generalized input device. Pro-
gramming for output is sufficiently similar to be given no separate detailed expla-
nation. However, there are some minor differences. For example, rather than
turning on the device with the same CONO instruction that sets the mode of opera-
tion, priority channel, etc. and waiting for the Done flag to give a data transfer
command, with an output device we set the mode of operation with CONO and let
the first DATAO instruction turn on the device and set the Busy flag. Further, the
meaning of an interrupt is different for an input and output device. To be specific,
consider the transfer of a block of data using the BLKI and BLKO instructions.
When the JSR instruction following a BLKI is executed, the device has finished its
present assignment. If, for some reason, it is desired that it not get the next word
of data, a CONO instruction may be given immediately to clear the Busy flag. In
contrast, when the JSR following a BLKO instruction is executed, the DATAO
command has just been given, and the device will probably still be busy. |f some
other action is desired, such as writing an end of file on tape, we must wait for
the Done flag.
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CHAPTER 3
MEMORY

PDP-6 memory system configurations can be of almost any type, depending on
system need. One processor can address several memory modules, and up to four
processors can address a single module. Each module can therefore be a component
in up to four memory systems.

The basic characteristic of any configuration is that each processor is connected
to its memory modules through a bus. A function of the module is to recognize its
address, to read and write information, and to put appropriate control information
and data on the bus for the processor. Once it has received its instructions, the
module performs these functions independent of the processor. In reading or writing,
once the data has been taken off of the bus, the bus is free to carry requests from
the processor to other memory modules.

To a processor, the memory system appears as one homogeneous unit. The processor
simply places the appropriate data and/or commands on its bus and awaits the
response of the memory. Should another processor have a memory request in
progress in the same module, the later request is delayed until the module is free. Up
to 262,144 words of memory can be directly addressed by one processor.

PDP-6 memory modules are of two types: Type 163 Core Memory (8,192 or 16,384
words, 2-microsecond cycle time) and Type 162 Fast Memory (16 words, 0.4-
microsecond cycle time). In all memory configurations connected to the Type 166
Processor bus, the first 16 locations in memory are used as accumulators, index
registers, and ordinary memory locations. Since the processor makes constant
reference to these 16 locations, the use of fast memory here causes a significant
increase in system speed. Figure 11 shows a typical memory system.

TYPE 166 >Additional
PROCESSOR Modules
TYPE 162 TYPE 163C TYPE 163C
FAST CORE CORE
MEMORY MEMORY MEMORY
(16) (16K) (16K)

Figure 11  Typical Memory System

MEMORY FUNCTIONS

The processor can make three kinds of requests to memory: read, write, or read-
pause-write. In each case the processor places the address of the module on the
five module address lines and a request cycle signal on the request cycle line. It
also specifies one of the functions to be performed, as described below. If the module
is free, it returns an address acknowledge signal within 0.4 microseconds. If the
module is busy, the processor waits until the module is free to acknowledge.



If the processor wants information from memory, it gives a read request, and when
the data is available in the memory buffer, the memory module control places it
on the bus. At the same time the memory module control sends a read restart signal
to the processor, causing the processor to take the data off the bus. At this point
the processor is free to continue its operations, which may be a new memory request,
while the memory completes its cycle independently.

To write information into memory, the processor places the data on the bus along
with the write request. As soon as the processor receives the acknowledge signal
from the memory module, it is free to continue its operations. Again, this may include
a new memory request.

The read-pause-write function can be used to advantage when the processor is to
take data out of memory, perform a short operation (anything except multiply, divide,
or floating point arithmetic), and store the results back in the same location. Read-
pause-write is specified by requesting both read and write. When the processor
receives the data and the read-restart signal, it performs the operation while the
memory module remains connected. When the operation is completed, the processor
places the results on the bus along with a write-restart command. It is then free to
continue while the memory module completes its cycle.

ADDRESS SELECTION

Address selection consists of dividing the 18-bit address in the memory address
register into a module address and a word address. The 5-bit module address is
placed on the 5 module selection lines, and the word address is placed on the 14
address lines. As can be seen, the 5-bit module address and the 14-bit word
address share 1 bit.

The exact method of determining the 5-bit module address depends on the system
configuration. In general, four of the module address lines are connected to the
four high order bits of the memory address register, while the fifth line is connected
to any one of the fourteen low order bits. The fifth line is used in memory over-
lapping, as explained below.

Each module may be set to respond to one or more designated addresses by jumper
connections within the module interface. The addresses are determined at each
interface separately. Therefore, during the course of multiple processor system opera-
tion, different processors may address a given module by different sets of addresses.

A fast memory module added to the memory system replaces the first 16 locations
in core memory for all processors connected to the fast memory module. When the
fast memory module is addressed, bits 18 through 21, containing the module selection
bits, are 0, and bits 22 through 31, the high order bits of the address selection, are
also 0. Sensing this condition, the processor sends a fast block signal to all memory
modules, which enables the fast memory and inhibits the core memory. The first 16

locations in the first core memory module may, of course, be used by another processor
not connected to a fast memory module.

MEMORY OVERLAPPING

In an asynchronous system it is highly desirable to interleave memory addresses in
modules so that consecutive memory references are made to different modules.
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For example, all even addresses can be assigned to one module and all odd addresses
to another. The processor can then address a request to the other module without
waiting for the previously addressed module to finish its cycle.

Since it is impossible, in general, to know where the next memory reference will be
made in relation to the present one, there is no way to guarantee that the next
reference will be to a new module. However, statistically there is a gain in performance
if interleaved address ranges are assigned to different modules.

In PDP-6 memory systems the size of the interleaved blocks of memory locations can
be any power of two from 1,024 to 8,192 depending on which of the 14 low order
bits is connected to the fifth selection line. The module interfaces are set to
respond to zero or one in the fifth position, depending upon the addressing scheme.
When the fifth selection line is used in this manner, the module gets the word location
part of the address from 13 of the 14 low order address bits and from 1 of the 4
remaining high-order selection bits.

MEMORY PROTECTION

A PDP-6 system can be concurrently shared by two or more users. In this case, the
users’ programs are assigned blocks of memory storage which may be any length
from 512 to 262,144 locations in powers of two. Since an erroneous address in one
user’'s program might destroy part of another’s program in memory, automatic memory
protection is provided.

The Type 166 processor contains two 9-bit registers, the protection register and
the relocation register. When the system is in the protection mode, the contents of
the protection register are compared with the high order nine bits of each memory
address requested by the program. If any bits have ones in both the protection register
and the memory address, an error is signaled and the memory cycle does not take
place. If no error occurs, the address sent to the memory system consists of the
original nine low order bits and the bit by bit inclusive OR of the contents of the
relocation register and the high order nine bits of the requested address.

Before running a program in the protection mode, the protection register and reloca-
tion register are loaded by the executive program.

MULTIPLE PROCESSOR SYSTEMS

There are many possible systems in which more than one processor uses the same
memory module or modules. Two examples of multiple processor systems are
described below. In all such cases, the memory module bus interfaces are assigned
priority levels: one interface has the highest priority, another the second highest, and
the remaining two interfaces are alternately assigned the third highest priority.

Figure 12 illustrates a system in which two arithmetic processors share one memory
module. A typical use of this configuration would be where incoming data was to be
processed by A, using information stored in modules 1 and 2, then transferred to B
for final processing in connection with information stored in modules 4 and 5.

Since a PDP-6 processor can be any device that has the proper interface to its memory
bus, a drum processor can be combined in the system with an arithmetic processor.
This combination is especially effective in time-sharing applications where core
memotry capacity may be limited. In Figure 13, one user's program is operating in
the arithmetic processor and memory modules 1 and 3, while another user's program
is being loaded into module 2.
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Memory Timing

MEMORY MODULE TYPE 163

The Type 163B Core Memory Module contains 8,192 36-bit words, the Type 163C
contains 16,384 words. The timing sequence for both is shown in Figure 141,

Memory
Ready
Data Start for
Memory Memory in Write New
Request Acknowledge MB Cycle Request
L L 3 1 ]
{ 1 I I L
0 04 08 12 20

Figure 14 Type 163 Core Memory Internal Timing

Note that the data resulting from a read request is available in the memory buffer at
0.8 microseconds. At that time memory will signal the processor to take the data
and proceed with its operation. During the write cycle, the data which has been read
out of the specified memory location is written back into the location.

The write only mode of operation is exactly the same as the above except that the
processor places data into the buffer register and is dismissed as soon as it receives
the acknowledge signal, that is, 0.4.sec. While the memory goes through a read cycle,
the contents of the buffer are not changed so that the information placed in it by the
processor is written into the memory location during the write cycle.

In the pause mode of operation, the write cycle, shown above as beginning simul-
taneously with the end of the read cycle, will not begin until a signal is received
from the processor.

MEMORY MODULE TYPE 162

The Type 162 Memory Module contains 16 36-bit words of flip-flop memory with
a cycle time of 0.4 microseconds. Acknowledgement and data are available at the
end of this time.

EXECUTION TIMES

The time required for the processor to execute a given instruction must include the
time required for all necessary memory references. Consequently, the speed of a
PDP-6 system depends on the memory configuration and on how it is utilized. Chapter
2 contains a flow diagram for calculating all instruction times and a table sum-
marizing instruction times assuming various locatiens of the instruction and data.
The following diagram illustrates the reduction of total instruction time that results
when instruction, accumulator, and operand are in different memory modules.
Assume that the instruction is in core memory, the accumulator in fast memory, the
memory operand in a different core memory module than the instruction, and that
the result is stored in the accumulator,

1. Nominal times; actual times may be shorter.
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CHAPTER 4
INPUT-OUTPUT

PDP-6 input-output systems consist of up to 128 devices, which may include dif-
ferent types of processors, connected in parallel through a common bus to a single
processor. The processor, in addressing any |/O unit, sees only the interface of the
single bus. Unit selection is done by placing a device number on separate lines of the
bus. Each |/0O device control has its own built in logic circuitry to decode its own
device number and respond to an 1/O command only when its own number is on
the lines.

There are only four functions performed by the 1/0 control units: take initial conditions
from the data lines, place status bits on the data lines, take data from the data lines,
and place data on the data lines. To carry out these functions, the 1/0 controls are
provided with separate data registers, control registers, and status registers.

The data registers vary in size from 6 to 36 bits. In the case where the data registers
are less than 36 bits they are connected to the low order lines; that is, data enters
and leaves the processor accumulator in the low order bit position.

The control and status registers vary in size up to 18 bits, and for most units are
the same register. The processor is able to specify the function it wishes the device
to perform by loading initial conditions into the control register, or it can determine
the current state of any device by requesting that it place the contents of the control
and/or status register on the lines. Whenever a device has a separate status register
in addition to the control register, the status register is assigned an additional
device number.

In the PDP-6 there are only four basic 1/0 instructions corresponding to the above
four functions:

Conditions Out (CONO) Set the control register to specify the operation of the
device.

Conditions In (CONI) Transmit the contents of the control and/or status register
to the processor.

Data In (DATAI) Transmit the contents of the data register of the device to the
processor.

Data Out (DATAQ) Transmit the contents of the 1/0O register in the processor
to the data register of the device.

The complete |/0 instruction consists of bits to specify one of the above commands
along with a 7-bit device number. Four additional instructions apply only to the Type
166 processor, such as skip on given conditions from the status register. They do
not issue any new commands to the 1/0 system.

Priority Interrupt System

Since a device can only take data from the bus, or place data on the bus, upon
simultaneously receiving its own device number and a command from the processor,
there is no danger of conflicting usage. However, it does raise the question of how a
device can signal the processor if it needs immediate attention. For this purpose a
seven channel priority interrupt system has been provided. Any number of 1/0O
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The punch can operate in one of two modes, alpha or binary. In the alpha mode, the
eight bits of the data register are punched in all eight holes with ones only punching
holes. In the binary mode, the eighth hole is automatically punched and the seventh
hole punch is suppressed. The low order six bits in the data register are punched
in the remaining holes.

Since the punch data register is only eight bits, information to be punched should be
located in the low order eight bits of the 1/0 registers of the processor.

An automatic timing switch prevents punching for one second after the first setting
of the Busy flag to allow the motor to reach punching speed. If no data-out com-
mands appear for five seconds, the motor is turned off.

The control register configuration for the perforated-tape punch is given below.

r i

r Conditions Out

30 31 32 33 34 35
A A LN J

Alpha-Binary  Busy Done . v
Mode Flag Flag Priority Channel
(Program Interrupt) Assignment

Conditions In

)

If bit 30 is O, the punch is in the alpha mode; if a 1, the punch is in the binary mode.

To program, use a conditions-out instruction to set the mode bit and the Busy flag to
start the motor, followed by a data-out command. Additional data-out commands may

be given when the Done flag is raised. The data-out commands will clear the Done
flag and set the Busy flag.

PERFORATED TAPE READER TYPE 760
Device Number: 104, (001 000 1)
Mnemonic: PTR

Depending on the guide setting, the perforated-tape reader is capable of reading
photoelectrically 5-, 7-, or 8-hole perforated-paper tape at 400 lines a second. The
figure below shows the timing for the reader.

0 1 2 25 0 255075 10 125150
MS 1] | | I
}single Character Time f——— Word Time - -

(6 Characters)

o b -

pe— - 1

Busy ° ] B 0= B

“‘Reader
Engaged” 1 1

FETCH
DATA
COMMAND

DATA
AVAILABLE I I

ALPHANUMERIC ON "‘CHARACTER” MODE

*The next '‘fetch data'_’ command must be given during this 400 microsecond interval to
keep the Reader running at maximum rate
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The reader can operate in one of two modes, alpha or binary. In the alpha mode, all
eight holes are read into the data register, and the device clears the Busy flag and
sets the Done flag. In the binary mode, a line of tape is read only if the eighth hole
is punched. The seventh hole is ignored and the remaining six are read. Six rows
are read for each read command, and the results are assembled into a 36-bit word
in the data register. The first line goes into the high order bits, and each succeeding
line goes into the next lower order position. When the word is complete, the device
again clears the Busy flag and sets the Done flag.

The control register configuration for the perforated tape reader is given below.

f Conditions Out vl

30 31 32 33 34 35
A A A )

Alpha-Binary  Busy Done L v
Mode Flag Flag Prlorlt_y Channel
(Program Interrupt) Assignment

Conditions In

If bit 30 is O, the alpha mode is specified; if a 1, the binary mode is specified.
To instruct the reader to read one data word, set bit 30 to O or 1 and bit 31 to 1 with
a conditions-out instruction. When the data-in command is given. the Busy flag is set
to 1, and the Done flag is cleared causing the reader to get the next character.

CARD PUNCH CONTROL TYPE 460
Device Number: 1104 (001 001 0)

Mnemonic: CP

The Card Punch Contro! Type 460 permits punching standard IBM cards at 100 cards
a minute. Following is the control register configuration for the card punch control.

1= e
I« Conditions Out—;l

26 27 28 29 30 31 32 33 34 35

FF § 1 T ,

Card Hopper Stacker Not Busy Done v
Error Empty Full Ready _Flag Flag Priority Channel Assignment

(Program Interrupt)

,|= Conditions In

To program the card punch, 80 words are transmitted 12 times a card. The first
time the words are transmitted, bit 24 of each word is loaded in sequence into an
80-bit buffer by the card reader control module. Then row 12 is punched. The next
time the 80 words are transmitted, bit 25 of each word is loaded into the buffer to
control punching for row 11. This process is repeated with bits 26-35 until rows 0-9
have been punched. A 1 in any bit means punch a hole.

To begin punching a card, a conditions-out instruction should be used to clear the
Done flag and set the Busy flag. Setting the Busy flag will move a card into punch
position. The Busy flag will then remain set until the entire card has been punched.



When the card is in position, the Done flag is set to request one word of information.
The data-out command transmits a word of information and clears the Done flag.
When the control module has finished reading the appropriate bit into the buffer,
the Done flag is set to read the next word. When all 80 words have been trans-
mitted, the row is punched before the Done flag is set to request again the first
word of the sequence. Finally, when all 12 rows have been punched, the Busy flag
is cleared by the device.

CARD READER TYPE 461
Device Number: 114 (001 001 1)
Mnemonic: CR

The Type 461 Card Reader reads standard 80 column cards at 200 cards per minute.
Cards are read on a column by column basis.

The card reader reads in one of two modes: Hollerith or column binary. In the
Hollerith mode the 12 bits of a column are converted to a 6-bit code. The column
binary mode transmits the 12 bits of a column in unaltered form. In the Hollerith
mode six 6-bit characters are packed in a word, and in the binary mode three 12-bit
characters are packed in a word.

In the Hollerith mode the first word is composed of columns 1 through 6, the second
of 7 through 12, the third of 13 through 18, etc. for a total of 13 words.Fig. 16 shows
the Hollerith card code. In the column binary mode the first word is composed of
columns 1 through 3, the second of 4 through 6, the third of 7 through 9, etc. for a
total of 27 words.

Zone
Digit No Zone 12 11 0
no punch blank + [&] — 0}
1 1 A J /
2 2 B K S
3 g Cc L T
4 4 D M u
5 5 E N Vv
6 6 F (0] W
7 7 G P X
8 8 H Q Y
9 9 ! R YA
8-3 = [#] . $ 3
84 (@] ) (O] * (%]
Figure 16 Hollerith Card Code
The control register for the card reader has the following layout:
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Figure 17 Teletype Eight Level Code
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LINE PRINTERS TYPE 646 AND 680
Device Number: 124 (001 010 1)

Mnemonic: LPT

Two on-line printers are available. The Type 646 Line Printer is capable of operating
at a maximum speed of 300 lines a minute, while the Type 680 Line Printer may
operate at 1000 lines a minute. The control register configuration for both line
printers is:

,l= Conditions Out ———D'

30 31 32 33 34 35

T '

Y
Priority Channel Assignment

Not Busy Done
Ready Fiag Flag
(Program
Interrupt)

'y

X

Conditions In

The line printer accepts a data word consisting of five seven-bit bytes contained
in bits 1 through 35. Bit O of the data word is ignored. Each byte has the following
format:

i 00— [|= Character

»l
>

it 1—m f f T L v 4

Printout  Suppress Stop Space Channel Control
Bufier Line Now
Spacing

Control Byte

When the Done flag is set, the five bytes can be transmitted to the data register of
the printer by a data-out command. This command will clear the Done flag and set
the Busy flag. The printer will process the bytes from left to right. When all five
bytes have been processed, it will clear the Busy flag and set the Done flag to
request a new data word. The data word may consist of any combination of characters
or control bytes. The printer will assemble characters in its print buffer until it
encounters a control character with the print buffer bit set to 1. At that time, all of
the characters assembled in the buffer will be printed on a single line, and, unless
the suppress spacing bit is set to 1, the printer will space. No more than 120
characters should be transmitted to the printer without an appearance of a printer
control byte. The 121st character will be ignored. The buffer is cleared after printing
so that lines will be filled out with spaces if less than 120 characters are given for
the next line.

The stop bit in a control byte is set to 1 when no further printing is to be done. When
this is encountered, the printer is disconnected.

The printer uses the printing portion of the ASCIl character set and is therefore
compatible with the printer-keyboard (see Figure 16).



SPACING FORMAT AND CARRIAGE CONTROL — Whenever spacing occurs (the
spacing suppress bit is 0 in a control byte), the printer spaces until a hole is seen in
the carriage control tape channel specified by the least significant three bits of the
control byte.

Any carriage control tape may be placed in the printer, but a tape in the following
format is supplied as standard:

Channel No. No. of lines to next hole
0 1
1 2
2 3
3 4
4 6
5 11 (1/3 page)
6 33 (1/2 page)
7 66 (full page)

In addition there are four blank lines on the control tape before the line which has a
hole in channel 7 (top of form) to insure that the bottom two and top two lines of
each page are always left blank. This leaves 62 printing lines per page.

INCREMENTAL CRT DISPLAY TYPE 346
Device Number: 130, (001 011 0)

Mnemonic: DIS

The Type 346 is an incremental display with point plotting, line generator, vector,
and character generator modes. The display must be used with the interface for
PDP-6. Display Monitor Type 343, a slave display, can be used in addition to the Type
346 to provide additional cathode ray tube displays for multiple consoles.

The control register configuration is shown below.

Conditions Out

i

le
[

25 | 26 27 | 28 | 29 | 30 | 31 | 32 }| 33 34 | 35

FF & F F . X g

Y Y
Light ~ Edge Stop Done |nitialize Special Data
Pen Flag Flag Flag Pl Channel Pl Channel
Flag  (Program (Program (Program Number Number
(Program Interrupt) Interrupt) Interrupt)
Interrupt)
[ Conditions In =

Bits 25-28 cause an interrupt. However, unlike most devices for the PDP-6, two
priority channels may be assigned. The Done flag, bit 28, requests an interrupt on
the data Pl channel; the remaining interrupt flags request an interrupt on the
special Pl channel.

The Light Pen flag is set by the pen whenever it is in use and detects a spot on the
scope. The use of the Edge flag and the Stop flag will be explained in the discussion
that follows.

Whenever any interrupt occurs on the special Pl channel, the programmer has the
option of resuming operation with the existing conditions, or he may initialize the
display by setting bit 29 to a 1 with a conditions-out instruction.
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The Type 346 display is controlled by 18-bit control words, which are packed two to
a PDP-6 memory word. The parameter and X-Y formats are shown below.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

LP Inter
Set Set Set PARAMETER MODE
x | Mo | o fonae | EEJEne IStopfon fox xSl sco |sefiRe | e | b |
able P PM-000
—— e — . . e 3 y
MODE bléii\}l‘rr STOP SCALE INTENSITY
o m | | m|setlen |
° 1 2 LP aglhe NT Xo Xi X2 Xs Xa Xs X Xz ). X
X-Y MODE
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
001
1 Set Lp !
Mo M, M: LP EI';I- NT Yo Y Y2 Ys Y4 Ys Y Y Ys Y
able
\ v );_w J C “ > )
AXIS MODE LIGHT & CO-ORDINATE
PEN Z
}—
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In the X-Y mode the horizontal and vertical coordinates are identified by a O or a 1
respectively in bit one. All data is transmitted to the display as 36-bit words; the
display control examines the left 18 bits first, then the right 18 bits. The order in
which the X-Y words appear is not critical; however, when both horizontal and vertical
words must be used to set up a single plot, faster operation is achieved by having
the vertical word in the left half.

The bits in the X-Y mode have the following significance:
Bit O Presently unused.

Bit 1 Axis index. Must be a O to indicate a horizontal coordinate, a 1 to indicate a
vertical coordinate.

Bits 2, 3, 4 These specify the mode of operation for the subsequent data. These bits
are stored so that all data words following a single control word are inter-
preted in the mode specified by the previous control word. An escape mech-
anism is provided in each mode in order that the display can be forced to
return to the control word mode for a change in position, parameter, or mode.

Bit 5 This bit enables a change in the light pen enable status, bit 6.

Bit 6 Subject to bit 5 being a one, this bit enables the light pen when a 1, disables
the light pen when a 0.

Bit 7 Intensify; if a 1, a single point will be plotted at the specified coordinates.

Bits 8-17  These bits specify the horizontal or vertical coordinate, subject to the axis
index, bit 1.

The bits of the parameter mode format are interpreted by the display as follows:

Bits O Presently unused

Bit 1 Presently unused

Bits 2-4 Mode bits which have the same significance as bits 2-4 of the X-Y mode.
Bits 5, 6 Light pen, with the same significance as bits 5, 6 of X-Y mode above.
Bit 7 Stop bit; if a one, the data request is inhibited and the display halts.



Bit 8 Interrupt on stop. Only if this bitis a 1 will the display interrupt the pro-
gramming device on a stop.

Bits 9, 10 Presently unused.
Bit 11 If a zero this bit inhibits the setting of the scale bits, 12 and 13.
Bits 12, 13 These two bits control the size of the character in the character mode

or the scale in the vector and increment modes.
Bit 14 If a zero this bit inhibits the setting of a new intensity level.

Bits 15, 16, 17 Used to select one of the possible intensity levels.

POINT PLOTTING MODE — This mode can be used to plot individual points located
at random on the tube face. Whenever a new point is specified by the control word,
there is a set-up delay of 30 microseconds.

THE INCREMENT MODE — in the increment mode an 18-bit data word, whose format
is shown below, will cause the plotting of four successive points. These words are
packed two to a PDP-6 word and are transmitted as 36 bits to the display. The
display interprets the left 18 bits first followed by the second 18 bits.

Es- | ! INCREMENT
cape NT M?(VE L-R MQVE D-U
MODE (110)
[§ Yy J L v (¥ v \ - J
#1 POINT #2 POINT #3 POINT #4 POINT

Each point is specified with four bits which describe the direction of motion about
the current spot location. With four bits, one of eight possible points immediately
adjacent to the present spot location can be plotted. Each point requires 1.5-usec
plotting time. Four zeros in an increment character inhibit motion in either direction,
and no point will be plotted. To increment the spot without intensifying, the intensify
bit, bit 1, is made a 0.

Once the display has been programmed to the increment mode, all incoming data is
interpreted as increment mode data. Escape from the increment mode is accom-
plished by making bit O a 1. When the escape bit has been enabled, the four
specified points are plotted, and the display returns to the parameter mode prior to
the next incoming data cycle.

The vector continue mode enables the drawing of straight lines from any given point
within the matrix to the edge of the screen with a single instruction. Any direction
subject to the maximum (or minimum) delta-Y delta-X ratio can be achieved. An
escape to the parameter mode and a request for data automatically result from a
vector continue mode cycle.

When the scale bit is enabled, the X and Y registers will be incremented by two
whenever a point is plotted. This has the effect of double spacing the points.

An Edge Flag signal is provided whenever the edge of the screen has been violated.
An illegal Edge flag will stop the display while inhibiting the data request; a legal
Edge flag, for example, at the end of a continue cycle, will not inhibit the data
request. In either case, escape to the parameter word mode automatically occurs. The
flag is reset when new data arrives.

THE VECTOR GENERATOR TYPE 341 — The vector generator used in the vector
mode provides a means for displaying straight lines between two points without
specifying any in-between points. The vector mode data word, whose format is
shown below, consists of eight bits of delta-X information, eight bits of delta-Y
information, an intensity bit, and an escape bit. These words are packed two to a
PDP-6 word and are transmitted as 36 bits to the display. The display interprets the
left 18 bits first followed by the second 18 bits.
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AY AX
Delta-X and delta-Y each comprise seven magnitude bits and one direction bit. Since
the display area consists of a 1024 x 1024 point matrix, the maximum length vector
which can be drawn with a single instruction is + one-eighth of the display width.
There is no limitation for a minimum length vector. Each point requires 1.5-micro-
seconds plotting time.

The escape and intensity bits are used the same in the vector mode as in the incre-
ment mode.

THE CHARACTER GENERATOR TYPE 342 — The character generator provides a dis-
play of characters. Each character or symbol will be encoded with 6 bits, packed 6 to
a 36-bit word. Of a total of 128 characters, the alphabet contains 123. Two characters
are used in a pair of case-shift codes to achieve the required encoding capability.
Upon specific character-like commands, the character generator also is capable of
performing the space and carriage return functions which utilize two more char-
acters. Escape from the character mode is accomplished with a character-like code
and accounts for the 128th character.

DATA CONTROL TYPE 136
Device Number: 200

Mnemonic: DC

The Type 136 Data Control is an intermediate device between the processor and
other external devices such as tape controls. The 136 serves as a data buffer stage
and as a control device relieving the processor of exercising detailed control over the
transfer of each individual transfer of data to and from the external device.

As a data buffer, the 136 assembles units of data from the external device, where the
units may be 6, 12, 18, or 36 bits, into single 36-bit words for transfer to the processor.
Similarly, it accepts 36-bit words from the processor and transfers them to the
external device in groups of 6, 12, 18, or 36 bits.

As a control device, the 136 is capable of controlling up to 6 devices, one at a time.
The 136 sends and receives all signals to and from the device necessary to control
and synchronize the flow of data between the device and the buffer register. Also, it
signals the processor when the buffer register is ready to send or receive a full

36-bit word.
Figure18 shows the logical flow of information through the 136.
1/0 BUS
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CONTROL . DATA BUFFER
REGISTER - T REGISTER
TO DEVICES 1(36) FROM DEVICES
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©) I DEVICES ®
58&6
(12, 18, 36)

Figure 18



For output, information is transferred from the 1/0 bus to the data buffer register
where it is held until the data accumulator is ready for a new word. The information is
then automatically transferred to the data accumulator and the data buffer Request
flag is set to get more data from the processor. The data in the data accumulator is
then sent to the desired device.

For input, information is transferred from the device to the data accumulator where
it is assembled into a complete 36-bit word. It is then transferred to the data buffer
register for transfer to the processor via the 1/0 Bus.

There are three ways in which data can leave the accumulator for the device, or
enter the accumulator from the device. Which way is chosen depends on the device

being used.

Devices 1 and 2 are 6-bit character oriented devices which can be run in two directions
{microtape). Upon receipt of a Take/Give Character Left signal from the device,
either six bits of data leave bits 0-5 of the accumulator for the device, if output,or
six bits of data from the device enter bits 30-35 of the accumulator, if input, and
the accumulator is shifted left six places. If the device were running in the opposite
direction, it would issue a Take/Give Character Right signal in which case a similar
sequence of events would follow. However, data would leave the accumulator from
bits 30-35 and enter bits 0-5 followed by shifting the accumulator right. When all
six characters have been shifted into, or out of, the accumulator, the accumulator
Request flag is set to request a transfer of data between the accumulator and the data

buffer register.
Devices 3 and 4 are 6-bit character oriented devices which can be run in one

direction only (magnetic tape). They are exactly like devices 1 and 2 except for being
unidirectional; they issue Take/Give Character Left signals only.

Devices 5 and 6 are unidirectional devices as are 3 and 4. However, they may be
12-, 18-, or 36-bit devices. Following is the control register configuration for the
data control:

/ |l - .
<€ / Set by conditions-out inst )l

20121122 23|24 25| 26]|27|28|29|30| 3132|333} 34|35

[} v ) [§ v I Y I\ v J
Number of characters Buffer Data Data In/ Packing Device Priority Channel
Assembled - 1 Accum-Accum-Buffer Out Mode Number
Data ulator ulator Request
Missed Move Request
|< Readable by conditions-in and ,'
conditions-skip instructions

Bit Assignments:

20-22 The number of charactersassembledor remaining in the data accumulator minus
one.

23 Missed Data. This flag is set to one if the external device attempts to initiate a
transfer of data out of or into the data accumulator before the Data Accumulator
Request flag is cleared.

24 Buffer-Accumulator Move flag is a synchronization flag for the movement of data
between the data accumulator and the data buffer. Data is moved when both the
Move flag and the Data Accumulator Request flag are equal to one.

25 Data Accumulator Request flag is set to one when the correct number of characters
have been assembled into the accumulator or shifted out of the accumulator.
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26 Data Buffer Request flagissetto one when datais available in the buffer to be moved
to the processor or when the buffer is ready to accept data from the processor.

27 In/Out If O, data is to be transferred from the external device to the processor.
If 1, data is to be transferred from the processor to the device.

28-29 Packing Mode
00 For six 6-bit units of data
01 For one 36-bit unit of data
10 For three 12-bit units of data
11 For two 18-bit units of data

30-32 Device Numbers 1-6.
33-35 Priority Channel Assignment

For output, the Buffer Request and the Data Accumulator Request flags should be
set to ones and the Move flag to zero. A 1 in the Buffer Request flag will request the
transfer of data from the processor, either by causing a priority interrupt or by being
tested by a conditions-in instruction. When the data is set in the buffer, the Request
flag is cleared resulting in the setting of the Move flag.

Since the Accumulator Request flag and the Move flag are both 1, the data is moved
from the buffer register to the accumulator, the Data Accumulator Request flag and
the Move flags are then cleared and the Buffer flag is set to 1, loading the buffer
with a second word of data and again setting the Move flag.

The above sequence of events can be occurring while the external device is being
made ready to receive data, for example, a tape unit being brought up to speed. As
soon as the external unit has requested all the information from the data accumu-
lator, the Accumulator Request flag is set and the above cycle is repeated.

For input, a conditions-out instruction is used to set the Move flag to 1 and the two
Request flags to 0. As soon as the external device has requested the transfer of
sufficient data to fill the accumulator, the Data Accumulator flag is set to 1. Since
the Move flag was previously set to a 1, data is then moved to the Buffer Register,
the Accumulator Request flag is cleared to accept the next unit of data from the
external device, and the Move flag is cancelled. When the contents of the Buffer
Register have been transferred to the processor, the Buffer Request flag is cleared
and the Move flag is reset.

The data control may be used in or out of the priority interrupt. In the latter case,
data flow is synchronized by examining the status bits with a conditions-skip
instruction.

Micro Tape

Micro Tape is a bidirectional magnetic tape system in which data is written on, and
read from, the tape in accordance with a prerecorded block format. Five tracks of
information are recorded redundantly making a total of ten tracks on the tape. Two of
the tracks are used as a timing track and a mark track. The timing track is used to
synchronize reading and writing with each line of information on the tape appearing
adjacent to a timing mark. The mark track is used to identify the type of information
to be found in the three data tracks.

Figure 19 shows the sequence and types of data on the tapes.

Only the data words and block marks are transmitted to the PDP-6. The remaining
words on the tape are used as control and error detection information by the Micro
Tape control.

The blocks may contain any number of data words depending on the prerecorded
formats. Indeed, each block may contain a different number of data words. However,
block lengths of 128,, are considered to be standard format for the PDP-6.






86

The Micro Tape system inciudes a programmed mode of operation called “Write
Timing and Mark Track” and a manual switch which both permits writing on the
timing and mark tracks and also activates a clock which produces the timing track
and flags for program control. Unless both the mode and the switch are used
simultaneously, it is physically impossible to write on the mark or timing tracks. A
red indicator light will be lighted on all transports connected to the appropriate
control when the manual switch is in the “on” position. In this mode only, information
channel 1 (high order bits 0-5) is also connected to the mark track channel. There-
fore, in one pass of the tape, the timing track, mark track, block format, and block
mark numbers are created. Since part of the data word must be reserved to produce
the mark track, it is impossible to write intelligent data in the information channels
at the same time. For this reason, two passes are required to write the information
for block mark identification, one in forward direction and the second in the reverse
direction. Once the format has been recorded, the user is able to use the Micro Tape
system for actual data storage; this tape is defined as prerecorded tape.

The actual mark track which is written on the tape (see Figure 19) was selected after
careful consideration and provides many functions, such as:

a) Program synchronization

b) End of block detection

¢) Error checking and prevention

d) Protection of control information

e) Block and word addressability

f) Automatic bidirectional compatibility

g) End of tape detection

h) Variable block format

i) Inclusion of marks to allow expansion for various word lengths.

One other unique feature of the mark track is that the six control marks before the
data marks are ‘“‘complement obverses” of the six control marks after the data
marks.* The data mark is the complement obverse of itself. Thus, when reading in
the reverse direction the mark track window sees exactly the same thing in both
directions since the flux reversals on the tape are opposite to those when reading
forward and the bits are read in the reverse order. No special logic is required to
distinguish the format of the tape in either direction.

The end marks on either end of the tape illustrate this bidirectional ability even
better. As the end marks are complement obverses of each other, only that end of
tape will be recognized at which the tape will physically come off the reel if further
movement continues. Thus, no special hardware is needed for opposite ends of the
tape, and there is no harm in coasting into or turning around in the end zones. Errors
will be indicated only if attempting to go further into the end zone. The particular
bit structure of the end marks is a repetitive one, so that any shift of three bits in
the window will appear as another end mark. This makes it virtually impossible to
pull the tape off the reel in any of the normal modes.

TYPE 555 DUAL MICRO TAPE TRANSPORT

The Type 555 Transport consists of two logically independent bidirectional tape
drives capable of handling 260 foot reels of 34 inch, 1.0 mil Mylar tape. The bits are
recorded at a density of 375 (-+60) bits per track inch. Since the tape moves at a
speed of 80 inches per second, the effective information transfer rate is 90,00Q bits
per second, or one 36-bit word every 400 microseconds. Traverse time for a reel of
tape is approximately 40 seconds.

*The complement obverse of a word is defined as the complement of a word with the bits read
in the reverse direction, e.g.: 010110 (26) and 100101 (45), 001000 (10), and 111011 (73).



The 3% inch reels are loaded simply by pressing onto the hub, bringing the loose
end of the tape across the tape head, attaching it to the take up reel and spinning a
few times. Individual controls on the transport enable the user to manipulate the
tape in either direction manually. The units can be “dialed” into a particular
selection address.

There is no capstan or pinch-roller arrangement on the transport, and movement
of the tape is accomplished by increasing the voltage (and thereby the torque) on
one motor, while decreasing it on the other. Braking is accomplished by a torque
pulse applied to the trailing motor. Start and stop time average 0.15-0.2 seconds
and turn around time takes approximately 0.3 seconds.

RECORDING TECHNIQUE

The Micro Tape system uses the Manchester type polarity sensed (or phase modu-
lated) recording technique. This differs from other standard types of tape recording,
where, for example, a flux reversal might be placed on the tape every time a one is
desired. In the polarity sensed scheme a flux reversal of a particular direction
indicates a zero while a flux reversal in the opposite direction indicates a one. A
timing track, recorded separately in quadrature phase, is used to strobe the data
tracks. Thus, the polarity of the signal at strobe time indicates the presence of a
zero or one. Using the timing track on the tape as the strobe also negates the prob-
lems caused by variations in the speed of the tape.

With this type of recording only the polarity, not the amplitude of the signal, need
be considered, thus removing some of the signal to noise problems and allowing
the use of read amplifiers with high uncontrolled gain. This recording also allows
the changing of individual bits on the tape without changing the adjacent bits.

Reliability is further increased by redundantly recording all five of the information
tracks on the tape. Figure 20 shows the placement of this track. This is accom-
plished by simply wiring the two heads for each information track in series. On
reading, the analog sum of the two heads is used to detect the correct value of the
bit. Therefore, a bit cannot be misread until the noise on the tape is sufficient to
change the polarity of the sum of the signals being read. Noise which reduces the
amplitude would have no effect. :

MICRO TAPE CONTROL TYPE 551
Device Numbers:

210 for Control Register
214 for Status Register

Mnemonics:
UTC for Control Register
UTS for Status Register

The Type 551 Micro Tape control contains all of the read and write circuitry as well
as the circuitry for black detection logic and motion control logic. The 551 is
capable of controlling four dual microtape transports or eight tapes. Unlike most
devices which take their commands and data from the I/0O bus directly, the Micro
Tape controls work in conjunction with the Type 136 Data Control. Therefore, the
551 is controlled by both the control register and its status with respect to the data
control.

Data transfers between the 551 and the 136 are on a 6-bit character basis. The
data is assembled in the Data Control to form a full 36 bit word before being trans-
ferred to the PDP-6.

There are four modes of operation which require that the user either provide informa-
tion to the microtape system or accept information from the microtape system.
These are governed by the Micro Tape Control Type 551 and are:
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In order to synchronize the control, the mark track is read by passing the bits through
a 6-bit ‘moving window’ which shifts bit by bit as the tape moves. A decoder
associated with the window interprets the pattern present, and takes appropriate
action within the control.

The control register configuration is shown below. This register is set by a CONO
with device #210 or read by a conditions-in instruction with device #210.

R 3

Set by CONQ 210

2021 22}23|24125]26]27|28]29|30]| 31}32|33]34}35
1l R N —— D N —
~N
Enable Turn Enable
Tape ON/OFF Time Initial Control Unit Pl
End Selected Flag Time Function Selection Channel
Flag Enable Unit Move Delay
Job Forward/
Done Reverse
Flag
I.lz Readable by CONI, CONSO, CONSZ 210 =Il

The bit assignments are as follows:

33-35
30-32
27-29
(000)
(001)

(010)

(011)

(100)

(101)

(110)
(111)

25-26

24
23
22
21
20

Sets the priority interrupt channel (1-7, = no interrupt).
Unit selection (0-7).

Tape Control function encoded:

0
1

Select unit and motion. No data transmission.

Read all tape as a single record, beginning with the next, reverse block mark
found.

Read block number gives a 36-bit block mark number and moves to job done
status.

Read data, and move to job done status if the data control is no longer accepting
data or is delelected from the Micro Tape control.

Write timing and mark track as a single, continuous block (The mark track is a
copy of channel O on tape). The WTM ENABLE switch must be ‘‘on’ within
the control.

Write all tape as a single record beginning with the next reverse block mark
found.

Write Block Number (36 bits) and move to job done status.

Write data and move to job done status at end of block if there is no more data
to transmit from the data control.

Specifies 0, 20, 160, or 300 ms. Wait before transmitting any data, sets the
Time Flag at the end of 20, 160, or 300 ms. 00 = 0,01 = 20,10 = 160, 11 = 300.

Interrupt enable the Time flag.

Move FORWARD/move REVERSE. O = Forward, 1 = Reverse.
STOP/START the selected unit. 0 = STOP, 1 = START.
Interrupt enable the Job Done flag.

Interrupt enable the Tape End flag.

Below is the configuration for the status register. This register is cleared whenever
a CONO, 210, is given. it may be read by a conditions-in instruction with device
number 214,
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(=1

g CLEARED by CONO 210 ;J‘
Dela Test Conditions Incomplete]  \yriti g i Illegal Tape Job
e Block e ) Tee | Eve! | operstion| End Done
Progress | Request Active Nult T'g{‘asg'e' ON Flag Flag Flag
25 26 27 28 29 30 31 32 33 34 35

Readable by CONI 214
}: CONSO =]]
CONSZ
35 Job Done flag — signifies a task has been completed, and may be used to
interrupt the program if Job Done Enableisa 1.
34 Tape End flag — Set to a 1 when the tape moves into its end zone and may be

used to interrupt if the Tape End Enable is a 1. When the Tape End flag is set,
the unit control flip-flop is turned “‘off’’.

33 lllegal Operation flag — Set if a write command is given, and a reel is write
protected. Also set if no units or more than one unit is selected. The flag causes
an interrupt.

32 Parity Error — Set if an error occurs.

31 Time flag — Set by the completion of the specified time delay and may be used
to interrupt if the Time Enable is a 1.

30 Writing ON — A test condition which is a 1 during writing operations.

29 Incomplete Block Transfer flag — Set if a complete block has not been trans-

ferred, either by deselection of data control from Micro Tape control or data
control is receiving or transmitting no more data.

28-27-26 Test conditions which specify state of the control. The control is in the null,
active, or request state.

25 Delay in progress (test condition).
Figure 22 shows the operation of the Micro Tape control.

MAGNETIC TAPE CONTROL TYPE 516

Device Numbers:
220 For Control Register
224, 230 For Status Registers

Mnemonics:
MT For Control Registers
MTS For Status Registers 224
MTM For Status Registers 230

The 516 operates with the 136 Data Control and 520, 521, or 522 transport inter-
faces. Operating through the 520 series interfaces, the 516 will control a maximum
of eight transports to provide IBM compatible magnetic tape input or output.

Tapes may be written or read at 200, 556, or 800 densities depending on the trans-
port connected. Tape speeds are 75 inches a second or 112.5 inches a second. At
these speeds and densities the time between characters is: 66 psecs, 24 psecs,
and. 16.6 psecs for the 75 ips speed; 44 psecs, 16 psecs, and 11 usecs, for the
112 ips speed.

All tape functions are transmitted via the PDP-6 1/O Bus to the 516 Control by a
conditions-out instruction setting the control register. Functions transmitted to the
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The control functions defined are:

REWIND
The selected transport rewinds tape to the load point and stops.

REWIND/UNLOAD
Tape is wound off the take up reel of the selected transport.

WRITE

N characters may be written from consecutive or nonconsecutive locations of
memory into one record. Binary (odd) or BCD (even) parity may be selected. When
the write function is given, all BCD characters 005 will automatically be changed
to 124. Otherwise, BCD 004 would be written as blank tape and could not be
detected within a record except for the fact that a Status flag would indicate a
missed character read while writing. All characters are read and checked for parity
while writing. The LPCC (Longitudinal Parity Check Character) that is written is
compared when it is read. Separate Status flags are provided for both types of
possible parity errors.

WRITE END
OF FILE

Write EOF is an automatic instruction and does not require the use of the 136
Data Control. The end-of-file mark is written 17, BCD. It is automatically detected
during a read or space instruction.

WRITE BLANK
TAPE

Writes a full reel of blank tape to end point. To write 3 inches of blank tape, the
programmer gives a write EOF command and then a space back command. In
either case, the 136 Data Control is not needed.

READ

N characters may be read in either parity mode. When the read function is given,
all BCD characters 12, will automatically be changed to a 004. An additional
read buffer is incorporated into the 516 design for generating a longitudinal check
sum that is compared with the check character when it is read.

Whenever the specified word count is exceeded in the PDP-6, the 136 Contro! is
disconnected from the 516, but the 516 may not finish its function until ERF
is seen and the proper shut down delays have completed. If the word count has not
overflowed before the ERF is seen, the transport is shut down unless the command
hold register contains another command. If so, the word count may overflow within
the next record. This implies gather reading or read continuous.

If a record ends containing a character count, not a factor of six, then the remain-
ing characters will be transferred, right justified from the 136 Data Control to the
PDP-6 when the ERF signal appears.

READ COMPARE

N characters are read and compared character by character with words stored in
the PDP-6 memory. The 136 Data Control sends characters to the 516 where the
comparison takes place. The comparison is performed in the LPCC read buffer.
In this case, the LPCC is not read or compared. This function combines the capa-
bilities of the read and write functions. An inequality sets the Read Compare
Error Status flag.

SPACE FORWARD

OR BACKWARD

All spacing is done without the use of the 136 Data Control. Spacing forward or
backward one record is automatic. If a bit is specified, tape is spaced until a file
mark is read. Spacing continuously in one direction is achieved by loading the
command hold register before the previous space command has been completed.
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N0 AN -

34

137
274

099
199
398
796
592

368
737
474

899
799
599
199
398
797
594
188
376
752
504
009
018
036
073
147
294

179
358
717
434
869

WoNOTO_WN=O I

1.0

0.25

0.125
0.062
0.031
0.015
0.007
0.003
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Powers of Two

625
812
906
453
226
613
806
903
951
475
237
118
059
029
014

003
001

250
125

031
515
257
628
814
907
953
976
988

497
248
624
312
156
578
789
894
947
473
236

25

125
562
281

320
660
830
915
957
478
739
869
434
717
858
929

232
616
308
654
827
913
456
228
614
807
403
201

550
275
137
Cc68
034
017
508
254
627
813

5
25
625
312
156
078
039
519
759
379
689

422
711
355
677
338
169
084
042
021
510
755
377
188
094
547
773
886
443
221
610
805
402
201
600
300
150
575

25

625
812
406
703
351
675
337

334
667
333
166
583
791
395
697

924
962
981
490
745
372
186
093
546
273
136
068
534
767

5

820
910

5
25
125
562
281
140
570
285
142
571
785
392
696
848
924
962
981
490

25

625
312
156
578
289

822
411
205
102
051
025
512

5

25

125

062 5

531 25

265 625

132 812 5

566 406 25

783 203 125
391 601 562 5
695 800 781 25
847 900 390 625
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