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A CYCLIC CHECKX COMPUTER FOR ERROR DETECTION

I. INTRODUCTION

This report discusses the design and use of a hard-
ware device to compute _-rom an input message stream a residue,
modulo a program-selectable polynomial, which serves as an error-
detecting check over the message itself. The purpose of this
device is to free the support processor (the Data Concentrator
PDP-8 in this case) from the software overhead burden of check-
sum computation, which may require up to 500 microseconds per
input character iu the case of the PDP-8. It is readiliy pos-
sible to compute the same checksum by hardware methods in 4
microseconds! In addition, the reduced time required allows
the computation to be accomplished in real time rather than
task time, thus allowing simpler programming conventions.

The cyclic check generator is composed of two registers
which are loaded and read under program control. The character
register is loaded with the new input character and the residue
register is loaded with the last computed residue (zero for the
first time through). After executing the start command the pro-
cessor then reads the new contents of the residue register to
obtain the current check digits. Since the cyclic check inter-
face holds the PDP-8 in PAUSE state until checksum computation
s completed, the programmer is always guaranteed to have the
current results available when tlie residue register is read
after initiating computation. The generator is capable of operat-

ing in three different modes to compute the residue on 6, 8, or
-1-
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12 bit wide characters, following IBM binary synchronous com-
munication conventions.

This report will serve as a progress report for *hose
interested in project technical progress, and as a maintenance
manual for thoce responsible for future system maintenance.
Basic design discussions and objectives will be described fir «
followed by a brief overzli equipment description with detailed
logic explanations and programming considerations. Finally,

maintenance software is included tc aid in hardware debugging.

II. DESIGN DISCUSSION

a. Error Checking

Prouably some of the most important developments, in
the area of error-detection and error-correcting codes, over
the past decade have pertained to cyclic codes. Encoding pro-
cedures for these codes are relatively easily implemented in
hardware using a shift-register with feedback connections, or
they may similarly be emulated by software techniques.

This method of error checking, called cyclic redun-
dancy checking (CRC), is always done at the receiving staticn
and is computed over each physical message block, excluding
only certain control characters under special circumstances.
The CRC technique is a much more powerful means of block
checking a message than is a longitudinal-redundancy check or

mod-2 add over the message stream. It is especially useful in
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detccting burst errors which may cause several successive bits

or even whole characters of the message to be altered.
Algzbraically a cyclic code is defined in terms of a

generator polync.mial P(X) of degree n-k , where a message

of X binary digits is encoded by appending n-k binary digits

as a check then transmitting the K information bits followed

by the n-k check bits. Thus, it is convenient to think of

N —
K —®» |®—— N.K ——»

MESSAGE BITS ~—*® [*— CHECK BITS —*

these binary digits as the coefficients of a polynomial in the
dummy variable X ; for instance the mcssage 101011 is represented
by the polvnomial x> + x>+ X + 1. To encode a message poly-
nomial G(X) , it is divided by the generator polynomial P(X) ,
where the division 1s formed over the Galois field of two
elements, consisting of the integers modulo two; that is, the
field ccnsists of the two elements 0,1. Carries are ignored.

The remainder R(X) from the above division becomes the check

polynomial and is apperded to the original message. Thus,

x“'KG(X) = Q{X)2(X) + R(X)

where Q(X) 1is the quotient «nd R(X) the remainder resulting

from the division of Xn'KG(X) by P(X) . The message poly-

nomial G(X) 1is premultiplied by x""X 40 obtain a vector

~",




for which the first n-K compcnents are zero (to .'low sub-

sequent addition of the residue), aud the last k components,

arbitrary information (message) symbols. Rewriting the above
equation, and letting F(X) equal .une encoded message, we
have
n-K . 3
F(X) = X G(X) - R(X) = Q(X)E(X)

or since, in modulo two arithmetic, subtraction and addition

are the same,
F(X) = x"¥ex) + R(X)

In short, the code symbols are just the message polynomial

expressed modulo the generator p.lynomial P(X).

b. Design Objectives

In order to obtain a flexible interface for the cyclic
redundancy generator (CRG) the following design objectives were

set forth.

1. There must be generality without an extensive
I/0 instruction set required.

2. The PDP-8 accumulator (AC) should be a':tomatical-
ly cleared after writing a CRG register to save th.t program-
ming overhead.

3. The CRG should accommodate several different
character sizes and be able to compute at least the IBM-com-

patible CRC-16 and CRC-12 checksums.
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4. Since the generator requires a variable execution
time depending on character size it seemed desirable to be able
to stop the PDF-3 processor for the required time, rather than
following the start command to the CRG with the maximum re-

quired number of NOP's.

These objectives were met with the resulting hardware
constructed within 3/4 of a standard DEC 1943 mounting panel.
In addition, minor modifications were required to the PDP-8
to allow the hold off, or extended pause, facility to be im-
plemented. The allowed input character sizes to the CRG were
restricted to only three widths consisting of 6,8, or 12 bits.
The choice of a character size by the programmer results in
the appropriate generator polynomial feedback taps being set
up, as well as enabling the correct register gating paths for

input and output.

III. SYSTEM DESCRIPTION

A general block diagram of the main CRG registers

is shown in Figure 1. The character buffer is loaded with the
incoming message character prior to computing the new residue.

As this buffer is loaded a mode flip-flop is also set according-
ly to either byte (8-tit character) or word (6- or 12-bit char-
acter) mode. The setting of this mode flip-flop determines which
generator polynomia’ shall be applied to the residue register and
also enables the correct data paths for subsequent residue reg-

ister I/0.
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1/0 transfers to or from the PDP-8 AC are automati-
cally routed from or to the residue register according to the
current mode setting, with all data right-adjuste< in the AC.
The residue register contains six mod-2 adders btetween various
stages for implementation of two different checking polynomials.
The appropriate adders are enabled by the operating mode, set
up at the time the input character is loaded. In the b)te mode

of operation the generator polynomial [P(X)] wused is

x16 . AIS ; xZ . 1

The resulting encoded message allows the rec=iver
to detect auy burst error of length 16 or less, as well as
more than 99,4%697% of all errors cf greater length. The above

xlS

polynomial has the prime factors (X+1) and ( +X+1)

Figure 1.1 represents a simplified version of CRG register

for CRu-16 block check accumulation.

Riceived or Transmitted Character Bits
to be included in BCC accumulat.on l

— ,
1}-?»2 S|4 s[s 7'8 9 |10|11{12]13]14 15| mdan

Feedback Data

Figure 1.1. CRC-16 BCC Generation




Wher operating in the 6- or 12-bit word mode the CRG

utilizes the generator polynomial

x12 . x11 . x3 R x2 s X o+ 1

11+X2+1) ,

This polynomial has the prime factors (X+1) and (X
and enjoys burst error detecting properties similar to the
first polynomial for shorter length bursts. It will detect ar-
burst-error length of 12 or less, and detect more than 99.995%

of all bursts of greater length. Figure 1.2 illustrates the

operation of the JRG register for CRC-12 block check accumula-

tion.

Received or Transmitted Character Bits
to be included in BCC accumulation

o-@-.|_1 2 (sd 34]5678910 ¥ ——8] )

I Fcedback

Figure 1.2. CRC-12 BCC Generation.

Table 1 summarizes che PDP-8 IOT assignments for this
device. Only the residue register can be both read and written;
the character buffer is written only. Note that the write into
the residue register is a ones transfer or "inclusive-or," thus
the register normally would be cleared befcre writing, however,

circumstances may well dictate a need for ORing. The RD
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CLR,and WR modifiers are assigned to the sequence of IOP pulsss

so that micro-operations are performed in the order listed.

TABLE 1

PROGRAM MNEMONICS AND FUNCTIONS

I0P PULSE
FUNCTION DVC ADR MNEMONIC 1 2 4

Access to low-order
part of block check 54 BCL RD CLR WR
(residue) register

Access to high-order

part of block check 55 BCH RD CLR WR
registcy
Load character buf- 56 LCMé6 e
fer, and set mode LCM8 k X
LCM12 G G G

Compute Cvclic

. 57 CcC a
cnecksum

Note that the character buffer is loaded in a pseudo-serial
fashion with a few more bits of a character (assuming a

character size greater than six) on each successive IOP pulse.
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IV. PROGRAMMING AND CONTROL CONSIDERATIONS

The CRG is controlled by the resident PNDP-8 super-
visor via four sets of IOT instructions. These were sum-
marized in Table 1 in the previous section. Since the device
will be used in a rultiprogramming environment, the hardware
design was tailored in a direction that allowed rapid execution
of cocde, in order that results could be rapidly obtained and
the CRG and DSR program freed for other users. For this
reason the register load instructions result in the PDP-8 AC
being cleared so that another word may be fetched as rapidly
as possible, without necessitating a pricr clear of the AC.
Similarly, the CRG automatically "stops" the PDP-8 in the
PAUSE state while the new checksum is being generated. As soon
as results are available, the PDP-8 is allowed to execute the
next instruction, which would normally be a READ of the residue
register to obtain the new checksum just generated. This
technique allows the results to be obtained in the shortest
possible time, without the need for NOP's or JMP *-1 loops,
to timeout the computation period required.

The first thing required of the program, by the CRG,
is information about the subsequent mode of operation, that
is, what check polynomial should be used and what gating
paths should be set up for transfers into and out of the residue
register. The programmer m.st therefore load the character
bufrer with the incoming character, since this act sets the
CRG mode flip-flop, and determines all following actions

-10-
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until another character of a different mode is loaded. The
character load and mode set instruction has been designated
"LCM" for Load Character and set Mode. It is modified by one
of three digit suffixs, namely 6, 8, or 12 as a reaninder of
the character size. 'These three modifiers are assigned IOT
pulses 1, 3, and 7 respectiveiy, since each succeeding pulse
loads the character buffer in an incremental pseudo-serial
fashirn. After the character buffer has been loaded, the pro-
grammer is free to load the residue register in any order con-
venient. Gating to and from this register is automatically
routed from the appropriate bits in the AC depending on the
mode setting. Note that all information is assumed to be right-
justified in the AC on input, and is placed thusly on output.
As the 8-bit character-oriented checking polynomial is of de-
gree 16, a 16-bit residue register is required to compute tke
checksum. The two bytes of this register are addressed via

the BCL for Block Check Low instruction, which fetches the
right-most, or low-order, 8 bits of the register, and by the
BCH, for 3lock Check High instsuction, which handles the 8
high-order, or left-most, bits. Since the 6- and 12-bit char-
acter sizes utilize a checking polynomial which is 12 bits wide,
a whole PDP-8 word is used to contain the results. Further,
since the input to the residue register is on the high-order
side, this register may be read and written via a single trans-
fer between the host processor, using thre high-order gating

instruction BCH. After all registers have be~n lcaded,

e
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execution of a new checksum is started by the CCC instruction,

L

which is a mnemonic for Compute Cyclic Check. As menticned
previously, this instruction also halts the PDP-8 until the

new checksum is available. The instruction following the CCC
Wwould normally be a read to obtain the new contents of the
residue register. Figure 2 demonstrates some sample program-
ming sequences which compute a checksum under either mode of
operation. The programs are intended to be imbedded in a multi-
programming environment, thus the previous residue contents are
assumed to be pointed to by the two indirect vectors which
would be set up pricr to entering these sections of code. By
convention, the residue is always reset to an all-zero value

before computing a check over a new message.

V. DETAILED LOGIC DISCUSSIONS

10P Decodingﬁand Device Selection

Figure 3 il’ustrates the IOT and device address de-
coding for the RCG. Since there are four device addresses re-
quired to control all registers and to start checksum execu-
tion, this field of four is decoded as a group by the 4-input
gate at module position A08. 1Its output is labeled BLK+ and

signifies selection of one of the four subdevices within the

e

block. The block select signal is inverted and used to enable
the three IOP gates used for selection and buffering of the

IOP pulses. In most instances a device ANDs one of the

K A L e et

—
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RD
CLR
WR
BCL
BCH
LCM6
LCM8
LCM12
cCcC

* % % * * ¥ %

* % % * * * * *

OoPD
OoPD
OPD
OPD
OPD
OPD
OPu
OPD
OoPD

TAD
LCM8
TAD*
3CH
TAD*
BCL
cccC
BCH
DCA~*
BCL
DCA*

TAD
LCM12
TAD*
BCH
ccC
BCH
DCA*

Figure 2.
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ASSEMBLER DEFINITIONS

1
2
4
6540
6550
6561
6563
6567
6571

8-BIT MODE OF OPERATION

ASSUME UCBPTH POINTS TO HIGH-ORDER 8 BITS
OF CHECKSUM, AND UCBPTL POINTS TO THE
LOW-ORDER BITS OF THAT SUM IN THE UCB.

CHAR

UCBPTH
CLR+WR
UCBPTL
CLR+WR

RD
UCBPTH
RD
UCBPTL

FETCH NEW INPUT CHARACTER

SET 8-BIT MODE AND LOAD CHAR BUF
NOTE AC CLEARELC BY LCMB INSTRUCTION
WRITE IS AN INCLUSIVE OR

BCH INSTRUCTION ALSO CLEARS AC

THIS CLEARS AC ALSO

START COMPUTING NEW CHECKSUM
GUARANTEED TO BE DONE BY NOW

NEW CHECKSUM BACK TO UCB

**xxx ALL DONE AT THIS POINT *****

6- OR 12-BIT MODE OF OPERATION
THEY DIFFER ONLY IN THAT 6-BIT
MODE IS SET BY LCM6, WHILE

THE 12-BIT MODE IS SET BY LCMl2.

CHAR

UCBPTH
CLR+WR

RD
UCBPTH

NOTE BCH MUST BE USED IN THIS MODE

% ok % kK ALL DONE *hkhkhk*n

Cyclic Check Computer—Example Routines.
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Figure 3. I0OP Address Decode AC Buffers.
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buffered IOP pulses with its own subdevice select to form a
useful signal. Each of the block subdevices, except the char-
acter buffer (IC signal), is enabled by the select out from
one of the 2-input gates located below the block seiect de-
coder on the drawing. Since the character buffer clear signal
uses a PDP-8 basic timing pulse instead of an IOP pulse, pro-
visions had to be included in this subdevice selection to in-
sure that an IOT instruction was really being executed by the
processor. Thus the LC signal goes true only if the BLOCK is
selected and the subdevice is selected and an IOT instruction
is being executed by the PDP-8. The IOT instruction signal

is derived internally in the PDP-8 and is brought out as an
extra lead on the high-order AC input cable. This is further
discussed in the latter part of this section under the heading,
"PDP-8 Added Circuitry." As mentioned above, the subdevice
selection outputs are further ANDed with IOP pulses at the
varbus devices themselves to form the desired gating or control
functions.

The PDP-8 AC clear signal is formed at the lower
left-hand corner of the drawing by ANDing IOP4 with a residue
register select, OR by the recovery of level LCCLR+ which is
formed by a character buffer select (LC+) and IOPl+. This
level transitions from -3 volts to ground 2.25 microseconds
after the leading edge of IOP1 and triggers the AC clear,
pulse amp. If the PDP-8 is adjusted according to manufacturer

specifications, IOP4 should follow IOP1 by 2 microseconds,
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+20
-40

thus the delay is set to clear the AC after the latest ex-

however, there may be a percent variance on that figure,
pected occurrence of the leading edge of I0P4. If in doubt,
this delay should be set high (longer) rather than low. The
AC may even be cleared as late as the next computer cycle, as
the soonest it could be manipulated would be at Tl time, if
the next instruction were one of the operate group micro-
instructions.

Note that although in th~ one case the AC is cleared
as the residue register is being written, due to the storage

time of the register DCD gate inputs there are no problems

as tae '"rug is pulled out from under." When loading the

\ character buffer, it is not possible to use IOP4 to clear the
AC, since the buffer lcad command may be executed using only
one, two, or all three of the IOP pulses. Thus the AC clear
signal LCCLR+ is developed just after IOP4 time by the delay
triggered by IOPIl.

The 12 buffers on the lower right-hand corner of

the drawing are used to obtain both polarities of the AC out-

put signals. Note that the input buffers are W500 emitter-

| followers which have minimum loading effects upon the PLP-8
AC. These were used since there are several other DEC-pro-
vided devices across the AC lines, as well as the Data Con-

centrator.
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Character Buffer

The 12-bit character buffer is documented in Figure
4., The discerning observer will note that it actually con-
tains 13 bits. The thirteenth is used as descrived below for
a flag bit to stop shifting operations. The character buffer
is loaded from the AC in a pseudo-serial fashion by the exe-
cuticn of one or more contiguous IOP pulses. This register
is autcmatically cleared prior to loading by the CCLR+ line.
This clear is developed by the selection of this subdevice
and the occurrence of timing pulse Tl. Recall that the first
IOP pulse does not arrive until 500 nanoseconds after Tl
(as developed within the PDP-8), thus again there is adequate
time for the register to stabilize before any operations are
attempted upon it. ICOP pulse 1 and the selection of this sub-
device load the low-order 5 bits from the AC into the char-
acter buffer and set COS5 as a shift stop flag. The setting
of this flag always ensures that this register contains a non-
zero value. Shifting is stopped by a detection circuit (des-
cribed within Figure 9) that determines when the character
buffer has gone to zero, indicating that the loaded character
has been shifted out. If the buffer is being loaded with a
character size greater than 6 bits, then additional IOP pulses
will follow ICPl. The second IOP pulse (I0OP2) cacses the con-
tents of AC bit 5§ to be jammed into the previously set COS
flip-flop, and ACO4 to be strobed into C04, which is still

cleared at this time. At the same time CO03 is now set as the
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new shift stop flag. Finrlly, if IOP4 occurs, it jams ACO03
in*o C03 and strobes AC00-AC02 intc C00-C02. As in all other
cases the bit immediately to the left cf the most significant
character bit is set as the shift stop flag. Thus flip-flop
Cl12S is set as the flag.

All of the control pulses required for this register
are developed at the bottom of Figure 4. The signal LCS+ is
produced by a pulse amplifier, due to the DCD gate loading of
seven flip-flops. Tnis loading exceeds the driving capatility

of a single inverter stage.

Residue ngister Ccontrol

The read, write, and clear signals for the checksum
regicster are detailed in Figure 5. Note that there are three
sets of control signals developed while there is only one
residue register. The various signals are required to handle
the gating and control which must be present for the byte and
word modes of operation. The "1" suffixed group is responsible
for controlling the low-.rder byte of the residue register
during byte mode operations, while the "3" suffixed group is
responsible for the high-order byte in the same mode. The "2"
suffixed group is used during 12-bit word operations on the
residue register. Since the word operations overlap both
bytes of the residue register, some of the operations

can be made commcen to bu:h modes; thus *he word mode clear

AR LA No—— e o pa s o -
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Figure 5. Residue Register Controi.
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enables both the BCCLR1 and BCCLR3 lines to clear the entirec
register. Since the four low-order bits of the residue
register are not used by word mode operations, they can be
cleared with no consequence.

Trhe MSIX+ and MSIX- signals appearing at the left-
hand edge of the drawing are the outputs from the mode flip-
flop. When MSIX- is true (-3 volts) the CRG is operating in
the 6- or 12-bit (word) mode. Recall that this flip-flop
is set by the execution of the LCM (Load Character and set
Mode) instruction.

In order to conserve on module space, the residue
register was constructed from R205 flip-flops, which consist
of a pair of flip-flops on a single board. Due to the pin
restrictions, however, there are only ennugh connections to
allow three DCD gates per flip-flop. Since one rair is re-
quired for the shifting operation and the remaining gate is

used for byte mecde loading operations, another method must

be used to load the register when operating iu the word mode.

Thus the 12 high-order bits of the register are loaded via
a direct collector set through the gates shown i1r Figure 6.
The uvther set of gates shcwn in this drawing are used to
read the contents of the 12 high-crder bits of the residue
register into the AC. These two sets of gates are enabled
by the appropriate set of signals derived from Figure 5.
The inputs and outputs are configured for a direct transfer

between the AC and residue register.
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Residue Register Mod 2 Adders

The seven mod 2 adders required to implement the
various checking polynomials are diagrammed in Figvre 7.
According to normal signal-naming conventions, the + or
- sign following a circuit name indicates the respective
voltage level which will be present when the associated lead
is "true" or contains a logical "1." Thus FBTP1l- is at a
negative (-3 volt) level when a logical 1 has been inputted
through one of the 2-input gates.

The adder in the upper left corner (CCU2** outputs)
is shared by both the CRC-12 and CRC-16 block check computa-
tion, and resides between the secend and third stages of the
residue register. The two 2-input NAND gates (FBTPl* outputs)
provide the required gating invo this adder. The MSIX signals,
derived from the mode flip-flop, enable the appropriate gate
with a negative level. When the generator is operating in the
word (6/12-bit) mode, the MSIX- signal is at -3 volts. Since
an enable signal, NANDed with a positive logic level from
CRC12 or CRC15, produces a negative output (FBTPl-) for a *1"
input, the other input to the adder, CCOl-, is taken with a
negative assertion level from the previous stage of the residue
register. This results in a "1" on either adder input being
represented by a minus level. This is done only for ease in
logic understanding, since dissimilar levels on the inputs
could be equally well used if the output leads from the adder

were interchanged. Note that the FBTP1l signals also go to the
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first stage of the residue register. The bottom two adders on
the figure hive similar input conventions, while the middle
three are just the complement with positive levels {(ground)
representing a logical "1" input.

The upper right adder precedes the last stage of
the residue register, and is used only when operating in the
CRC-16 (byte) mode. It is a simple circuit which, although
always active, does not interfere with word mode operation
since the last (right-most) bits of the CRG are not used by
this mode.

The cent2r three adders in Figure 7 are used only
during word mode operation, and are thus disabled unless that
is the current mode. Disabling is accomplished via the 2-
input NAND gate whcse output is FBTAP2. When operating in the
word mode, MSIX- i: at a negative level and the gate feeds
the output from the CRC-12 input adder through to the inter-
stage adders on the FBTAP2 bns, with a logical "1" represented
by a positive level. When the gate is disabled, FBTAP2 is held
at a negative level (which cecrresponds to a logical "0'" con-
dition). Since an exclusive-or on two variables, where one
is identically zero, results in an output which is equivalent
to the other input variable, the interstage adders act as
direct connections between stages when FBTAP2 is negative.
This of course is what is required during byte mode operation.

The bottom two adders form the summing junction for

addition of the least significant bit of the residue register
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with the incoming character bit. The results of this addition
go to the appropriate f¢ dback lines that drive the inter-

stage adders.

Residue Register

Figure 8 is the actual residue register complete
with shift connections and input/output gating for byte mode
operation (word mode gating was documented in Figure Q. Note
that the design of the register results in two essentially
identical sections, each 8 bits wide. As mentioned before,
the only line aside from the shift pulse that is common
between the byte and word mode is the register clear, which
is enabled for both prior to a word mode write. The pulse
line for this register 15 serarated from the character buffer
shift due to the driving capabilities of a pulse amplifier. A
total of 29 flip-flops is a few more than can be comfortably

driven.

Shift Control and Mode Storage

Figure 9 is the last figure for the CRG, and is com-
posed of two sections. To the left appears the shift control
circuitry which determines the number of shifts that will be
produced to execute the checksum generator division. The RUN
flip-flop is set by the occurrence of a CCC enable level and
IOP1. When this FF is set, RUN- enables the R401 clock which
then starts producing a pulse train of 100 nanoser id pulses

at a 2MHz repetition rate. This clock output is bhufferea by
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two pulse amplifiers which produce SHIFT1 going to the char-
acter buffer, and SHIFT2 which is routed to the residue re-
gister. As mentioned above, this is required due to the DCD
gate loading on the shift line. The total lcading on that
line exceeds the driving capability of one pulse amp. At each
clock pulse the RUN flip-flop is strobed in order to stop the
clock if the shifting operation is finished. The flip-flop
will be reset though, only if the 1ll-input AND gate sampling
C12S through C09 finds that those bits are all zero. Since a
shift stop flag was set when the character buffer was loaded,
we are guaranteed to have a non-zero value in that register
until the loaded character is shifted far enough. Also since
zeros are shifted into the left end of the register, we know
that it must eventually assume a zero value. Note that the
last (let us say n-th) shift required of this register results
in the most significant bit of the character being transferred
from the low-order position of the claracter buffer to the
high-order position of the residue register. When this is
done the shift stop flag will then be resident in the least
significant bit (Cll) of the character buffer. Just prior to
this (n-th) shift, the stop bit was in Cl10, and just prior

to the n-1 shift, it was in position C09. Thus, before the
n-1 shift, C12S through C08 are equal to zero and C09 con-
tains a ore. On the n-1 shift the flag bit moves to position
C10 and leaves Cl25 to C09 all set to zero. This results in

STOP+ going to ground, which enables the DCD gate on the reset
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side of RUN FF. The next CLK pulse then resets RUN and the
shifting p.vcess is halted. Note that the entire time that
RUN was .et the buffered output from RUN- holds the HOLD line
te ground. This signal returns to the PDP-8 where it maintains
the CPU in the PAUSE state until HOLD returns to -3 volts.
The MSIX flip-flop is set by ti.e same instruction
that loads the character buffer, and serves as a 1l-bit memory
element to control the residue register I'0 gating and feed-
back taps. Recall that IOPl loads a 6-bit character while
IOP1 and 2 load an 8-bit character, and IGP 1, 2, and 4 are
requivred for a 12-bit character. The last IOP produced for
an 8-bit character load is thus IOP2, which clears the MSIX
fiip-flop. If the character loaded is 6 or 12 bits in width,

then IOPl or 4 is the last produced and MSIX is set.

PDP-8 Added Circuitry

The ci=cuit diagraimmed in Figure 10 has been added
to the PDP-8 processor used with the Data Concentrator and
fulfills several functions. First it allows external devices
to request a "long" (would you believe iniinite) I/0 cycle.
The 10 RESTART pulse is normally produced within the PDP-8
a: the same time that the IUP4 pulse amplifier is strobed.
This results 1n a T7 pulse being produced at the next CLK
pulse and normal instruct.ion execution is then resumed. The
additional circuitry prevents the IO RESTART pulse amp itom

being enabled, however, if the HOLD line is at a ground level.
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Tigure 10. Additions to PDP-8 CPU.
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To accomplish this, a Ri13 module was added at position PF16
and a left-over 1/3 of a R203 flip-flop at position PE32

was used. The HOLD line is inverted and the two signals are
then run to two 2-input NAND gates which when strocbed by CLK-
perform a jam-transfer of the conterts of the HOLD line into
the EX SYNC flip-flop. HOLD is thus sampled every 750 nano-
seconds by the CLK line. If the HOLD line had been down when
RESTART SYNC was set then EX SYNC- wou'd be at ground and an
I0 RESTART pulse would not occur. The next clock pulse,
after HOLD is released, sets EX SYNC and enables the DCD gate
of the IO RESTART pulsc amp since the RESTART SYNC FF is also
se:. The next clock pulse after that produces an IO RESTART
and the processor is off and running again.

The second circuit documented provides an external
device with a positive signal that the processor is currently
executing an IOT instruction. The IOT- signal is derived
from an inverter which is driven direct'y from the output of
the Instruction Register decoder in the PDP-8. This negat- re
level is then buffered and inverted to form a positive asser-
tion level signal called BIOT, which may be sensed by an ex-
ternal device to determine when the processor is actually
executing an IGT instruction. This permits the use of the
processor basic timing signals Tl and 12 which appear at the
I/0 interface but which normally may not be used with programmed

data transfers due to the impossibtility of determining whether
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the contents of the Memory Buffer (from which device address
decoding is obtained) contains a legal IOQOT instruction, or
is actually a data word, or an ex*ternal memory access opera-
tion (Data Break). The inverter shown on the diagram was
acquired from an unused 1/7 of a R107 module at location

PD31 in the PDP-8 mainframe.
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UTILIZATION MODULE LIST AND CIRCUIT NAME MAP
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APPENDIX A

UTILIZATION MODULE LIST AND CIRCUIT NAME MAP

Wire-wrap output documentation is reproduced on the
following pages. First is a circuit map of the DPEC 1943 mount-
ing panel upon which the chicksum adapter has been built. Note
that all module outputs are denoted by an asterisk on the draw-
ing. The module types are noted at the top of each module posi-
tion.

Finally actual wire-wrap instructions are reproduced
as an aid to device reproduction, The concatenated circuit list
documents all pin connections for each circuit name. The con-
nections are serially listed for cach circuit in the order that
they are wrapped. The output lists represent the order that
e<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>