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A CYCLIC CHECK COMPUTER FOR ERROR DETECTION

I. INTRODUCTION

This report discusses the design and use of a hard-
ware device to compute from 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 in the case of the PDP-8, It is readily 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
is completed, the programmer is always guaranteed to have the
current results available when the 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-



12 bit wide characters, following IBM binary synchronous com-
munication conventions.

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

maintenance software is included to aid in hardware debugging.

II. DESIGN DISCUSSION

a. Error Checking

Probably 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 station
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



detecting burst errors which may cause several successive bits

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

generator polynomial P(X) of degree n-k , where a message

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

as a check then transmitting the K information bits followed

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

- N g
K ———® |®—— N-K —™

MESSAGE BITS —® |<— CHECK BITS —™

these binary digits as the coefficients of a polynomial in the
dummy variable X ; for instance the message 101011 is represented
by the polynomial X5 + X3 + X + 1 . To encode a message poly-
nomial G(X) , it is divided by the generator polynomial P(X) ,
where the division is formed over the Galois field of two
elements, consisting of the integers modulo two; that is, the
field consists of the two elements 0,1. Carries are ignored.

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

polynomial and is appended to the original message. Thus,

ey = QP + R(X)

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

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

nomial G(X) 1is premultiplied by Xn-K to obtain a vector



for which the first n-K components are zero (to allow sub-
sequent addition of the residue), and the last k components,
arbitrary information (message) symbols. Rewriting the above
equation, and letting F(X) equal the encoded message, we

have
Fox) = xX" %60 - RO = Q0P (X)

or since, in modulo two arithmetic, subtraction and addition

are the same,
n-K
F(X) = X G(X) + R(X)

In short, the code symbols are just the message polynomial

expressed modulo the generator polynomial 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 automatical-
ly cleared after writing a CRG register to save that 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.



4. Since the generator requires a variable execution
time depending on character size it seemed desirable to be able
to stop the PDP-8 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 }haracter 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.

ITI. 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-bit character) or word (6- or 12-bit char-
acter) mode. The setting of this mode flip-flop determines which
generator polynomial 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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I1/0 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-adjusted in the AC.
The residue register contains six mod-2 adders between 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 byte mode

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

X16 + X15 + X2 + 1

The resulting encoded message allows the receiver
to detect any burst error of length 16 or less, as well as
more than 99.9957% of all errors of greater length. The above
polynomial has the prime factors (X+1) and (X15+X+l)

Figure 1.1 represents a simplified version of CRG register

for CRC-16 block check accumulation.

Received or Transmitted Character Bits

to be included in BCC accumulation

S| 41516 (7 (8 9 (10]11112]13]14

Feedback Data

Figure 1.1. CRC-16 BCC Generation



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

utilizes the generator polynomial

X12 N Xll . X3 ' X2 P 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 any
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 CRG register for CRC-12 block check accumula-

tion.

Received or Transmitted Character Bits
to be included in BCC accumulation

2 Hl WA 3456,789J10 W%

Feedback

Figure 1.2. CRC-12 BCC Generation.

Table 1 summarizes the 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 before writing, however,

circumstances may well dictate a need for ORing. The RD ,



CLR,and WR modifiers are assigned to the sequence of IOP pulses

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

TABLE I

PROGRAM MNEMONICS AND FUNCTIONS

IOP 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
register .
Load character buf- 56 LCM6
fer, and set mode LCM8 * *
LCM12 * * *

Compute Cyclic

*
checksum 57 cce

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.



IV. PROGRAMMING AND CONTROL CONSIDERATIONS

The CRG is controlled by the resident PDP-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 multiprogramming environment, the hardware
design was tailored in a direction that allowed rapid execution
of code, 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 prior 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 allowé 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 must therefore load the character
buffer 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 reminder of

the character size. These three modifiers are assigned IOT
pulses 1, 3, and 7 respectively, since each succeeding pulse
loads the character buffer in an incremental pseudo-serial
fashion. 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 the
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 Block Check High instruction, 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 the high-order gating

instruction BCH. After all registers have been loaded,
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execution of a new checksum is started by the CCC instruction,
which is a mnemonic for Compute Cyclic Check. As mentioned
previously, this instruction also halts the PDP-8 until the

new checksum is available. The instruction following the CCC
would 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 prior 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

IOP Decoding and Device Selection

Figure 3 illustrates 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. Its output is labeled BLK+ and
signifies selection of one of the four subdevices within the
block. The block select signal is inverted and used to enable
the three IOP gates used for selection and buffering of the

IOP pulses. 1In most instances a device ANDs one of the
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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 CLEARED 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

**%%% 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 LCM12.

CHAR

UCBPTH
CLR+WR

RD
UCBPTH

NOTE BCH MUST BE USED IN THIS MODE

kkkk*% ALL DONE kkkk*k

Cyclic Check Computer—Example Routines.
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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 (LC signal), is enabled by the select out from
one of the 2-input gates located below the block select 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
various 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 IOP1l+. This
level transitions from -3 volts to ground 2.25 microseconds
after the leading edge of IOPl and triggers the AC clear,
pulse amp. If the PDP-8 is adjusted according to manufacturer

specifications,IOP4 should follow IOP1l 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 IOP4. 1If 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 the 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 the "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 load 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 IOPI,

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 PDP-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 described 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-
cution of one or more contiguous IOP pulses. This register
is automatically 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 T1
(as developed within the PDP-8), thus again there is adequate
time for the register to stabilize before any operations are
attempted upon it. IOP pulse 1 and the selection of this sub-
device load the low-order 6 bits from the AC into the char-
acter buffer and set CO05 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 IOPl. The second IOP pulse (IOP2) causes the con-
tents of AC bit 5 to be jammed into the previously set CO5
flip-flop, and AC0O4 to be strobed into C04, which is still

cleared at this time. At the same time C03 is now set as the
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new shift stop flag. Finally, if IOP4 occurs, it jams ACO3
into C03 and strobes AC00-AC02Z into C00-C02. As in all other
cases the bit immediately to the left of 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. This loading exceeds the driving capability

of a single inverter stage.

Residue Register Control

The read, write, and clear signals for the checksum
register 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-order 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 common to both modes; thus the word mode clear
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enables both the BCCLR1 and BCCLR3 lines to clear the entire
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.

The 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 enough connections to
allow three DCD gates per flip-flop. Since one pair is re-
quired for the shifting operation and the remaining gate is
used for byte mode loading operations, another method must
be used to load the register when operating in the word mode.
Thus the 12 high-order bits of the register are loaded via
a direct collector set through the gates shown in Figure 6.
The other set of gates shown in this drawing are used to
read the contents of the 12 high-order 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 Figure 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 (CCO02** outputs)
is shared by both the CRC-12 and CRC-16 block check computa-
tion, and resides between the second and third stages of the
residue register. The two 2-input NAND gates (FBTP1* outputs)
provide the required gating into 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 (FBTP1-) 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 FBTP1 signals also go to the
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first stage of the residue register. The bottom two adders on
the figure have 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 center 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 whose output is FBTAP2. When operating in the
word mode, MSIX- is 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 bus, with a logical "1" represented
by a positive level. When the gate is disabled, FBTAP2 is held
at a negative level (which corresponds 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 FBTAPZ 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 feedback 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 6. 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 is separated 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 comfertably

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 nanosecond pulses

at a 2MHz repetition rate. This clock output is buffered 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 loading 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 1l-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 character 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 (Cl1) of the character buffer. Just prior to
this (n-th) shift, the stop bit was in Cl0, and just prior

to the n-1 shift, it was in position C09. Thus, before the
n-1 shift, Cl12S through C08 are equal to zero and C09 con-
tains a one. On the n-1 shift the flag bit moves to position
Cl10 and leaves C12S to CO09 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 process is halted. Note that the entire time that
RUN was set the buffered output from RUN- holds the HOLD line
to 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 the same instruction
that loads the character buffer, and serves as a 1-bit memory
element to control the residue register I/0 gating and feed-
back taps. Recall that IOP1 loads a 6-bit character while
I0P1 and 2 load an 8-bit‘character, and IOP 1, 2, and 4 are
required for a 12-bit character. The last IOP produced for
an 8-bit character load is thus IOP2, which clears the MSIX
flip-flop. I% the character loaded is 6 or 12 bits in width,

then IOP1 or 4 is the last produced and MSIX is set.

PDP-8 Added Circuitry

The circuit diagrammed 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 infinite) I/0 cycle.
The IO RESTART pulse is normally produced within the PDP-8
at the same time that the IOP4 pulse amplifier is strobed.
This results in a T2 pulse being produced at the next CLK
pulse and normal instruction execution is then resumed. The
additional circuitry prevents the IO RESTART pulse amp from

being enabled, however, if the HOLD line is at a ground level.
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R113 Added at PF1l6
R203 at PE32. Used spare 1/3 of Module

See also: I/0 CONTROL
DEC DRAWING D-8P-0-10J

Figure 10. Additions to PDP-8 CPU.
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To accomplish this, a R113 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 strobed by CLK-
perform a jam-transfer of the contents 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- would 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 pulse amp since the RESTART SYNC FF is also
set. 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 directly from the output of
the Instruction Register decoder in the PDP-8. This negative
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 IOT instruction. This permits the use of the
processor basic timing signals Tl and T2 which appear at the
I1/0 interface but which normally may not be used with programmed

data transfers due to the impossihility of determining whether
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the contents of the Memory Buffer (from which device address
decoding is obtained) contains a legal IOT instruction, or
is actually a data word, or an external 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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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 DEC 1943 mount-
ing panel upon which the checksum 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 each circuit in the order that
they are wrapped. The output lists represent the order that
each wire is actually wrapped on a bay. The shortest wires are
put on first, followed by increasingly longer wires until the
longest is finally placed. The five columns of the output list

represent, in order:

1. The circuit name

2. The wrapping level, where 1 is the lowest (against
the panel), and 2 the highest (a second-level wrap is placed
above a one-level wrap on a pin).

3. The pin-to-pin length of the wire in quarters of
an inch. If, however, a wire run is straight down a horizontal
row of pins, then it may be connected via a solder-on bus strip
rather than a series of wire-wraps. In this case the wire run
is identified by BUS, and the run includes many rather than just

two points.
A-1



4, The first pin location of the wire run.

5. The last pin location of the wire run.



Akkkk CYCLIC CHECKSUM COMPUTER k%% %

 CONCATCNATEC CIRCUIT LISTS

AACOO+ 1A07E,1A14E,1A23S
AACOO- 1A140,41815K '
_AACOL1+  1ACTHy1Al4H.1AZ4H
AACOL- 1AL4F,1815L
AACO2+ 1A07Ky1A14Ky1A24S
AACO2- 1A14J91B16K
AACO3+ 1A07M,1AL4My1AZ21T
AACO3- LA21Fy1Al4Ly1B16L
AACO4+ LAOTP41AL4P,18B20H,1824H,1A25h
AACO4- LAL4AN,1BLTK
__AACO5+  1B20CS,18245,1A22T,1A145,1A073
AACO5S- 1A22F,1A14R,1B17L
AACQ6+ 1A25S5,1525H,1B21H,1A14U,1A07U
AACO6- 1A14T,1B15R
AACOT+  1BITE,.iblac,y1B21591B255,1A2¢H
AACOT- 1Bi4lyislod
_AACO8+ LAZE>yi320Ny1B22Hy1814H,1B07F
AACO8- igl4Fyloler
AACQ9+ 1807K,1B14K,18225,1B2€5,41A27F
AACO9- 1814dyiBleS
AACLO+, 1A27541827k,1823H,1814M,1807VF
AACLO- 1B14L,1BL7R
CAACLL1+  1BO7P,1Bl4P,1B233,18275,91A28H
AACLl- 1814Ny1i817¢
ACOO+ 1AOEC,1ACELy1B15H
ACOl+ LAOSE,1AQEEY1BL5Y
ACOZ+ 1A0Shy1AOtH,1B1€H
ACO3+ 1AUEK,1ACEKy1B16J
ACO4+ 1A0EM,1AC6My1AL5H,1ALEN 1ALEL
ACO5+ 1AOEP,LACEPy1ALDPy1ALEJ 9 1ALSY
ACOb6+ 1ADE58,1A0065,1A106H1A1€ENy1ALEU
ACOT+ 1ADET,1AQ€ET 91AL6Py1AEJ Y LALEN
ACO8+ LAOEVy LACEV s 1ALTH 1AL TN,1ALTU.
ACO9+ 180E0,18BG0601ALTPy1ALTS 1AL TY
AC10+ LBOSE,1B0€E21AL8BH, IALEN LALEL
AC1ll+ 1805H,) loGoH ) 1ALE6P ,1A18U41A1EY
ACCt LAlSJd,i81CF
ACCLR+ 180E5P, 1B06P,1ALGF
_BACOO+ . iAQLC,LAQLBs1A07D .
BACO1+ 1A01E,1AQ2E,1AQ7F
BACO2+ 1AGLHy1A0CK1A07d
BACO3+ LAOLIK,sLAOZK,y1AQTL
BACQO4+ LAO1M, LAUZM,LAQGTN
BACOS+ 1AO01P,1A0LF,1A07R
__BACO6+  1A01S5,1A025y1A07T
BACOT+ 1A01T7T,1A027,1807D
_BACO8+  1A0iV,.1A02V,.1B07F
BACO9+ 18010,1B020,1B07J
BACL1O+ 1B01E,1BO2E,1BOTL
BACL1+ 1BUO1H, 1802H, 1BOTN
. BLlE+  1BOSF,18145,1A20L
, BC1E- 1B14R,1BO8BR,1BOSU
_BC2E+  1BQOSK.1BllK
BC2E~- 1Bi7F,18114,1810M,1806R,18CSU




A-5

¥k%xkk CYCLIC CHECKSUM COMPUTER %%

BC3E+ T 1A2CSy1BL1My1BO9N
BC3E- 1B11L,1B10R,iB10U
BCCLR1 1B27F,1826F,1825F ¢ 1B24F 41BLTF 1B08&V
BCCLR2 1A20P,1A20V,1B0O9V
BCCLR3 1B23F,1B22F41B21F,1B20F,1B17J,1B1CV
_BCH+  1A08Jy1A09M,1A10S R
BCh- 1AOSL, 1BOYH, 1B0SL
__BCL+  1ADEK,1A0SP,1A10V _
BCL- 1AOSN, 1B0SE
BCRD1+ 1A115,1BC8S
BCRD1- 1ALEMy LALTM, 1AL6M,1A15M,1AL1R
 BCRD2+  1AL11U,1B0CSS
BCRD 2- LALETo1AL7T,1AL6ToLAL5T,1815F 41B16F LALLT
_ BCRD3+  1B11k,1810S
BCRD3- LAL8F,1ALTFy1AL6F  1IALSF,1BL1F
BCWRL+ LA20M, LBZTM, 1B26My 1B25M, 1B24N 4 1824V 1B25V, 1BZEV, 1827V
BCWR 2+ 18L1Es1810N
 BCWR2-  1BL7T,1B1€T,1B15T,1B815M,181€N,1B17M,1B110
BCWR3+ 1A20T,1823My 1822My 1B21Ms1B20N 4 1BZ0V,1B21Vs1B22V, 1823V
 BIOPL+  1A2GE,1A2CCs1AL13K,1B08F,1BL1P
BIOP1- 1AUSE,1808P,1809P,181CP,LBLIN
BIOP2+ 1AL3N,1808K,1811S
BIOP2- LALOE,181701B17E,1B11K,1B1CT,1B805T,1B08T
__BIOP4+  18B11U,1BUBN,1A20K,1A20R,1A23F
BIOP4- 1AOSHy 1A10Jy1B10E,181CL 4iBL1T
_BIOT+  1BOESV,1B806V,y1Al1lH o
BIOT- LALLFy 1810k
BLK+ LAD8R, 1A0SS
BLK- LAOGR,1B10J,1B808L,1B08H,1BOEL
BMBOO+  1A020,1AC4D . _
BMBO 1+ 1A03E,1A0Q4E
__BMBOZ2+  1AQ3H,1AC4b . . _
BMBO3+ LAO3M,1AO4M
BMBO3~- LAO3K,1A04K,1A08$
BMBO4+ 1A03S,1A045,1A08T
BMBO4-____1A03F,1A04P ) o
BMBOS+ 1003V, 1A04V
BMBO5- 1A03T,1A04T,1A08U .
BMBOG6+ 1BO3E,1B04E
BMBO6 - 1803C,1BC40,1A08V
BMBOT+ 1A10P,1A10T,1804K,1B03K
BMBO7- LBO3H,1B04H, 1A08M, LAQSE o
BMBOS + 1BO3P,1804P,1A10U, LAOEN
BMBO8~- 1B0O3M,1B04M,1ALOR,LAOEF o . o
BMBO9+ 1B)35,1B04S
BMB810+ 1B03T,1804T
BMBL1+ 1EO3V,1B04V
BRUN~- 1B055,1B06S
BT1- 1B01S,1B02S,1A10M
__BT2A- 1801T,1802T
COo0+ 1A24K,1A23R, 18120
€00~ 1A24L,1A23P
col+ LBlaky LAZ4E, 1A24T
col- 1A24J31A24U
co2+ 1B12H,1A21R y1A24R
€02-  1A21J21A24F o o
€03+ 1AZ5K,1A21M,1812J
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—d%xxkx CYCLIC CHECKSUM COMPUTER ¥¥&k%k

C03- LAZ1Ly1A25L

CO4+ LAZEE 1A22KR,)B12L

€04~ 1A2244y1A25J

CO5+ 1B81eMy 1A22My1A251

C05- 1AZ22L41A25U ,
Co6+ 1A2€Ky1A25R,1812P

CCo6- 1A2€L,1A25P

Co7+ 1A26cy1A2€T418B12R

co7- 1A2€J441A20U

COo8+ 1A2iKy1Ac6R,1B12T

cos- L1A2T7Ly1AcEP

CQo9+ LAZ27€E41A27T,18B12U

Ccos- . 1AZ27dy1A270

Clo+ LA2EBK 1A2TR

Clo- 1AZELy1AZTP
_Cll+ 1A2€E

Cll- 1A3Cd, lAJON 1A28J91318591B1&J
Cla2s+ LAZ23Es1AZ23Ty1B14U o
Cl12s- 1A23JylAc5UL

CCO0+ 1815N,18¢0E,1B28E,182EH

CCO0- 1A1EC,iB15C,18B204
CCOl+  1B1ZEP,1BZOR

CCOl- 1AlEE,1815E,1B18Ly1816L ,182CF

CCOLR+ 1A11L,1B20U

CQO1S+ 1p11My1Bc0T41828Fy18B26N
CCo2+ 1BleENy1BZ1Eyib29Ey1826H
ccoz- 1AleL,18l60,1B21J
CCO2R+ 1B21L,1B19S

CCOo25+ 1821Ky1819Ny1B1GPy1BLES

CCO3+ 1B2ZKy1BZ1lR,1B1EP B
CCO3~- 1B2¢L4y1B21Py1Bl6CylAL6E
CCO3R+ 1B255,1B21U
CCO35+ 1B29F1829N,1829P,1821T
CCO4+ 1B1IN,1822E,1B221
CCOo4- LAL704,1AL5R,1B224J41B220
CCOo5+ 1823Ky1822R41817P
CCO5- 1A17E,1A155,1823L, lBZZP
CCO6+ 1815Uy1823E41823T7T .
CCO6- 1A180y1A16R, ldLBJ,LBZBU
_CCOo7+ 1BZ24K, 1B23R,1815V
ccor- 1A18Ey1A1€6Sy1824L41823P
CCO8+ . 1BléU,1B24E41B24T
cCcaos- 1A15K,1A17R,1824J,1824U
CCCO9+. . . 1B25K.1B24R.1BLEV_
CCQ9- 1A150L91A175,18B25L,18B24P
_CClo+  1B1iU,1825E,16830E,183CH CH__
cClo~- 1A16Ky1A18Ry1B25J
_CCL1+  1BZ26K.1825R,1817V
CCll- 1A16Ly1A18S,1B18D418160418¢5FyiB2EL

CClIR+ _ 1B3CS,IB25u___ =
CCl15+ 163CF,1B3CN, 163CP,1B25T

CCl2+ 1B82€6E,1B26T
CCle- 1AL7K,1B264d91B26U

- CC13+ . 1B2TKslB26R
CCl3- 1AL7L,1B27L,1826P
CClat . 1B27c,iB281 . - _

CCl4- 1A18Ky 18L7J,1329T
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#k¥k CYCLIC CHECKSUM CUMPUTER sk

OUTPLUT LISTS

Cll+ LAZoE SINGLE I/C CR TEST CCNNECTICN
CCL5+ 1B27R SINGLE 1/U CR TEST CUNNECTION

RUN+ LAloH SINGLE I/G UK TEST CCNNECTICN



Bk Rk ¥ LLIC CHE j TER dkkxkk

BAY 1 TO BAY L, LEVEL 1

SHIFTL 1 BUS 1A 23C 1A 28C
GND 1 BuUS 1A OlLF 1A Q¢F
_BCRD3- 1 BUS 1A 15f 1A 18F _
CCLR+ 1 BUS 1A 23F 1A 2&F
GNO._.. 1 BUS 1A 0lJ 1A Q€éJ
GND 1 BUS 1A 0lt 1A Q€L
BCRDL- L _BUS 1A 15M 1A 1gM
GND 1 BUS 1A 01N 1A Q¢N
CSHIFTL 1 BUS 1A 23N 1A 2IN
GND 1 BUS 1A 0O1R 1A Q¢€R
_BCRDZ2=-_ 1 BUS 1A 157 1A 187
GND 1 BUS 1A 01U 1A Q68U
SHIFTZ2 1l _BUS 18 20¢ ig 27C
BCCLRK3 1 BuUS ig 20F 18 23F
BCCLR1 1 BUS 18 ¢24F 1B 27F
BCWR 3+ 1 8usS 18 20WM iB 23M
BCWR1+ 1l BUS 1B 24M 1B 27M
SHIFTZ 1 BUS 1B 20N lg 27N
BCWR 3+ 1 B8US 18 20V iB 23V
BCWR 1+ 1 BUS 1B 24V 1B 27v
"GlA191 1 001 1A 19C 1A 19E
MSIXS+ 1 001 1A 0sC 1A O9F
CCl5- i 031 1A 3Ct . 1A _30H _
GND 1 001 1A O1F ia 01J
GND 1 001 iA 0¢eJ 1A Q€L
J1AZ91 1 01 1A 264 1A 25K
_GND 1 001 . 1A QlL__ 1A QOIN
GND 1 901 1A OeN 1A Q¢€R
BLK+ 1 001 1A 08R. 1A Q09S
Jiglsl 1 001 18 16GE LB 18F
CCOO0+ 1001 18 28E iB8 ¢8H
CCO2+ 1 0ul iB 26k 18 29H
_.CC1l0+ 1 001 iB 3Ct 1B 30H _
GND 1 001 18 03F 18 034
GND £ 001 iB 04F 1B 044
GND 1 001 i 0lJ ig 01t
GND 1l 001 18 024 i8 02¢
GND 1 001 i3 054 1B 05L

_GNO. 1 001 ig _0é6J 18 _0¢€L
i

GND 001 18 03L 18 03N
CGND_ 1001 1B 04L__ 1B 04N _
J1B182 1 001 18 LSV 18 18N

GND 1 001 18 OIN 18 01IR
GND 1 001 18 05N 1B 05R
GNO ~1._00i1 18 Q€N 18 0¢R
J1813 1 001 i8 137 18 134
_.GlA22 1 002 1A _21C 1a 22C
BACOO+ 1 002 iAa 018 1A 02C
_BMBOO+ 1 002 1A 03C 1A 940
ACOO0+ 1 002 1A 050 1A Q¢C
k= 1 002 1A _10C 1A 1GH
1

HOLD + 002 1A 11cC 1A 120
.. BACO1+ 1 002 1A OlE 1A Q2c
BMBO1+ 1 002 1A O3E 1A 04t



A-10

wkxk%x CYCLIC CHECKSUM COMPUTER kkxkk
ACOLl+ 1 002 1A 05E 1A Q¢E
BACO2+ 1002 1A OlH 1A 02H
BMBO 2+ 1 002 1A 03H 1A 04k
ACO2+ 1 002 1A 05H 1A 0¢H
BCH+ 1 002 1A 084 1A 09M
- 1 002 1A 09J 1A 10L
Cli- 1 002 1A 3¢J 1A 30M
BACO3+ 1 002 1A 01K 1A 02K
BMBO 3~ 1 002 1A 03K 1A 04K
ACO3+ 1 002 1A 05K 1A 0¢K
BACO4+ 1 002 1A O1lM 1A 02M
BMBO3+ 1 002 1A 03M 1A 0Q4¥
ACO4+ 1 002 1A 05N 1A 0¢éN
LGS+ 1 002 1A 27M 1A 28M
BACO5+ 1 00z 1A Olp 1A 02P
BMBO4— 1002 1A 03P 1A 04P
ACO5+ 1 002 LA O5F 1A 0¢P
_BMBO7+ 1 002 1A 10°P 1A 107
GND 1 00z 1A O1R 1A 01U
_BACO6+ .1 002 1A O1S 1A 02§
BMBO4+ i 002 1A 03S 1A 048
ACO6+ 1 002 LA 058 1A Q¢S
LCE+ 1 002 1A 22S 1A 210
_BACO7+ 1 002 1A ClT 1A 02T
BMBO5- 1 002 1A 037 1A 0471
ACO7+ 1 002 1A QG5T 1A Q€T
BACOS8+ 1 0032 1A OLlV 1A 02V
BMBO5+ 1002 LA 03y 1A 04V
ACO38+ 1 002 1A 05V 1A €V
_GlA22 1 002 1A 21V 1A 22V
LCT+ 1 002 1A 23V 1A 24V
LCS+ 1 00z 1A 26é6v._ 1A 27v_
BACO9+ 1 002 18 01C 1B 02C
BMBO6- 1 002 1B C3C 18 040
ACO9+ 1 002 18 050U 18 0¢&C
_BLK-_ 1 002 1B O8C 18 08k
cClli- 1 002 18 18C 18 190
_BAC10+ 1 00z 1B OlE 1B 02E
BMBO6+ 1 002 16 03E 1B 04E
AC10+ 1 002 1B 05E 18 Q¢E
GND 1 002 iB8 OlFf 1B 02F
J1Blé 1002 1B 12F 1B 12K
BAC11l+ 1 002 1B OlH 18 02K
BMBO7- 1002 ___ 18 03H 1B 04H
ACll+ 1 002 1B 05H 1B Q&H
FBTAP?2 1 002 1B 284 1B 28M
FBTAPZ2 1 002 1B 2$4J 18 30J
[oP1- 1002 1B 01K 1B 02K
BMBOT+ 1 002 18 03K 1B 04K
SKIP 1002 1B 05K 1B 0€K
FBTP1+ 1 002 1B 19K 1B 20K
ccol- 1 002 1B 18L 18 19L
10P2- 1 002 18 O1M 1B 02M
BMBO 8- 1 002 1B 03M 1B 04M
INTREQ 1 002 1B 05M 18 0¢eM
BC2E- 1002 18 _10M 1B 09R
BCWR2- 1 002 18 16M 1B 17N



A-11

kkkk CYCLIC CHECKSUM COMPUTER k%
FBTP1- 1 002 18 18M 18 18R
GND._ 1 002 18 02N 1B 03R
J1Bla 1 002 iB 12N 18 128§
10P4~- 1 002 18 01°P iB 02°P
BMBO8+ 1 002 18 03P 18 04°P
ACCLR+ 1 002 1B 05P_ 18 Q€P
BIGPL- 1 002 18 09P 18 1iQp
€CO25+ 1 002 18 1P 1B 185
GND 1 002 1B 02R 18 02y
GND 1094 18 04R 18 04U
BT1- 1 00z 18 01S 1B 02§
_BMBO9+ 1 002 18 03S 1B 048
BRUN- i 002 1B 05¢ 18 Q¢S
8T2A- i 002 18 01T 1B 027
BMB1O+ 1 002 i 037 18 047
_HOLO+ 1002 16 0571 18 06T
BIOPZ- i 002 1B 097 ig8 107
BCWRZ- i 002 1B 1leT 18 171
CCl55+ 1 002 18 271 18 28v
CCL55+ 1 032 18 301 1B 29V
GND 1 092 13 05U 18 0€L
PWRCLR 1 00¢Z 18 01V 18 02v
BMBLl1l+ 1 002 18 03v 18 04V
‘BIOT+ 1 002 18 05v_ 1B Q0€&vV
FBTPL- 1 03¢z iB 1l8v 18 16V
SHIFT1 1 003 1A 230 1A 22k
J1A301 1 003 1A 30C 1A 30K
8MB0a7- 1 093 1A 08tk 1A 08M
CCLR+ 1 003 1A 23F 1A 22K
CRC15+_ 1 003 1A 3CF 1A 30N
BIOP4- 1 003 1A 0OSE 1A 10J
ACO4t. 1 ..002 1A 15H 1A _15N_
ACQO6+ 1 o002 1A 16k 1A 1éN
ACO8+ 1 003 1A 17hH 1A 170
AC10+ 1 003 1A 18k 1A i8N
CSHIFTL 1 003 1A 21k 1A 21F
ACO5+ 1 003 1A 154 1A 15P
_ACOT+ 1 002 1A 1ed 1A 1€P
ACO9+ 1 003 1A 174 1A 17pP
ACll+ 1 003 1A 184 1A 18P
BCL+ 1 003 1A 08K iA Q9P
_BIOP4+. 1003 1A 20K 1A 20R
CO0+ 1 003 1A 24K 1A 23R
_L06+ 1003 1A 26K 1A 25R
cos+ 1 003 1A 27K 1A 2¢R
€10+ i 003 1A 28K 1A 27R
Co0- 1 003 1A 24L 1A 23P
€06~ 1 003 1A 261 1A 25°P
co8- 1 003 1A 27L 1A 2¢P
Clo- 1 003 1A 28L 1A 279
SHIFT1 1 0903 1A 23N 1A 22P
CLK 1 003 1A 16P 1A 1SV
BCCLR2 1 003 1A 20°P 1A 20V

J1B281 1003 1B 280 1B 28K
J1B291 1 003 18 23C 18 29K
J1B301 1 003 18 30C 18 30K
MSIX+ 1 003 18 0SGE 18 O9¥




A-12

Fuxkx CYCLIC CHECKSOUM COMPUTER X%k¥%%

BIOP4- 1 003 18 10€ 1B 10L
CCO1S+ 1 003 18 28F 1B 28N
CCO35+ 1 003 1B 29F 1B 29N
CC1l1S5+ 1 003 1B 30F 18 30N
FBTP1- 1 003 18 19H 18 20L
_CCO25+ 1 003  iB 21K 1B 19N
CC03+ 1 003 18 22K 18 21R
CCO5+ 1 003 1B 23K 18 22R
CCOT+ 1 0032 1B 24K 1B 23R
CC09+ 1 003 1B 25K 1B 24R
CCll+ 1 003 1B 26K 18 25R
CC13+ 1 092 1B 27K 1B 2¢R
BC3E- 1 003 18 11L 18 10R
CCO3- 1. .003 18 22L 1B 21P
CC05- 1 003 18 23L 18 22°p
cco7- 1 003 18 24L 1B 23P
cco09- 1 003 18 25L 18 24P
CCli- 1 003 1B 2¢€L 1B 25P
BCWR2- 1 003 18 15M 18 157
_FBTAPZ 1 003 1B 29M 1B 285
GlA23 1 004 1A 23C 1A 23L
CC09- 1 004 1A 15L 14 178
cCll- 1 004 1A léL 1A 18S
_LCSH+ o1 004 1A 2¢M 1A 25V
BMBO8+ 1 004 1A 08N 1A 10U
CSHIFTZ 1 Q004 18 20L 1B 20N_
BCWR2+ 1 004 18 11E 18 10N
BC2E+ 1 004 18 0SK 1B 11K
CRC12+ 1 004 18 138K 18 181
BCWR3+ 1 004 1B 20M 1B 20V
BCWR L+ 1 004 1B 24M 1B 24V
GND .1 004 1B OlL 1B Q3L
J1Bl4 1 004 18 12V 1B 14V
RUN- 1 005 iA 11E 1A 13J
co2- 1 005 1A 214 1A 24P
L128- 1L 005 1A 234 1A 23U
col- 1 005 1A 244 1A 244
07— .1 095 1A 2&d 1A 2¢€U
c09- 1 00% 1A 274 1A 27U
ccos- 1005 1A 15K 1A 17R
cCcl1o- 1 005 1A 16K 1A 18R
BCRD3+ 1 005 18 _1iH ig 10S
AACO9~- 1 005 18 144 1B 1éS
_CCO4- 1005 1B 22J 1B 224
CcCo6- 1 005 iB 234 1B 23U
CcCos- 1 005 1B 244 1B 24U
CCO2R+ 1 005 iB 21L 18 195§
BIOP4+ 1005 18 08N 18 11U
AACL1- 1 005 18 14N 18 17S
LCT+ 1006 1A 21E 1A 24N
LCE+ 1 006 1A 22E 1A 25¥M
Cl2S+ 1 00¢é 1A 23E 1A 237
COT+ 1 00¢ 1A 2¢E 1A 26&7
CO9+: 1 006 1A 27E 1A 27T
BMBO8~- 1 006 1A O8F 1A 1O0R
C04- L 00¢ 1A-224 1A 254
c05- 1 006 1A 22L 1A 25U



A-13

AACOT+
AACO9+
AACL1i+
PCLR+
BLK-
CCOO+
CCO2+
CCO4+
BClE+
_CCLlLS+

CCC+

0J38 1g 215 18 258
008 18 225 1B Z¢€S
008 1B 2335 18 27S
909 1A 13F 1A 09T
005 1A G6R 18 104
0% i 206 1B 15N
09s i8 21¢€ 18 1¢N
009 1B _c¢lE 18 17N
00¢ i8 OSF 18 14S
Co0S .. 1B 30P 18 257

BCRD2- 1 006 1A 157 18 15F
_GND 1 006 1A 06U 18 05F
AACOT- 1 006 1B 14C 18 15S
CCl2+ 1 00¢ 18. 2¢E 18 2€T
AACO8- 1 00¢ iB 14F 1B LER
.BCCLR3 1 006 ig 20F iB 17J
AACL0- 1 0©Qe 1B l4al 18 17R
(LCQ4= 1007 1A 17C 1A 15R
CCo6- 1 007 1A 18D 1A 1eR
CCO5- 1007 1A 17¢ 1A 158
ccor- 1 007 1A 18E 1A 1eS
04+ 1007 1A 25E 1A 22R
LCS+ 1 007 1A 20F 1A 2z
JLCI0=- 1 007 1A 11J 1A 08P
BCRD1- 1 097 1A 15 1A LIR
BCL- 1097 1A QSN 18 0Gu
AACOo+ 1 007 LA 25¢ 18 25H
JAACO8+ 1 007 1A 2eS 1B 2€k
AACLO+ JEVIVE 1A 275 iB 27H
LCl4a+ 1 007  ib 27 _ 1E 287
CCL5R+ 1007 s 27U 18 30v
LC+ 1008 1A 05K 1A 13P,
Co3+ 1 00¢ 1A 25K LA 21w
C03- 1 0038 1A 2iL 1A 251
AACO4+ 1 003 iB 20F 1E 24H
T AACUS + 1 003 lb 208 18 248
1
1
1
i
1
i
1
i
1
L
1

010 1A 0O8C 1A 13L

.BCH- 1 01C 1A 0SL 18 0SE_
CC1l1R+ i 010 18 30¢ 18 254
CLK 1 011 1A 13C i 13C
CCo0- 1 011 1A 150 iB 15C
CCOo2- 1L 01l 1A 1¢6C 1B 160 _
CCOo1-~ 1 011 iA 15E iB 15t
LCO3=_ 1 Q11 1A 1l6E 18 16E
BCRD2- 1 011 iA 117 18 lef
MSI X~ 1 011 1A 137 18 0SJ
AACO6- 1 9Jii 1A 1471 18 15R
_BCWR 3+ 1 011 1A 2071 iB 23M
CRC12- 1 011 1A 30v 1B 28°F
BIOP2~- 1 011 18 _17E i 11R
CCO1+ 1 011 iB 15°P 1B 20R
GECILR- I 012 1A 08k iB 100
LCIO+ 1 012 1A 11K 18 1CK
_AACO4~ 1l 012 1A 14N 1B 17K
BCRD2+ 1 012 1A 11U 18 09S
BC2E- 1_012 18 _17F 18 11J
1

BC1lE- 012 1B O8R 1B 14R



A-14

*Epkx CYCLIC CHECKSUM COUMPUTER %4k

LC+ 1 013 1A 20E 1A 13V
. BI0T- 3 013 1A 11F 18 10k
LC+ i 013 1A 29F 1A 23H
AACD2- 1 013 1A 144 18 1¢K
AACOO- 1 0l4 1A 14C 18 15K
AACOO+ 1 0l4 LA O7TE 1A 14E
AACO1- 1 014 1A 14F 18 15L
AACO 3- 1 014 LA 21F 1A l4L
AACO L+ 1 0l4 1A OTF 1A 14H
AACO2+ 1 014 1A 07K 1A 14K
BIOP L+ 1 0l4 1A 13K 18 08F
AACO 3+ i 0l4 1A OTM 1A l4M |
AACO 4+ 1 0l4 1A 07F LA 147
CRC15+ 1 0l4 1A 3GP 1B 294
BCRUL+ 1 0i4 1A 115 1B 088
_LRCL5=- 1 014 1A 30S 18 28U
AACOG6+ 1 014 1A 14l 18 21k
AACOT+ 1 0l4 18 O7E 1e 14t
AACO9+ 1 0l4 13 07K 18 14K
AACLL+ 1 0i4 is 07F 1B L4F
BCRD3- i 015 LA 15F 18 LIF
BIOP 2+ 1015 1A 13N 1B 08K
BCCLR1 1 015 1D 24F 18 17k
CCO35+ 1 015 1B 2P 18 217
810P1- 1 Ole iA 0SE 1B 08P
AACD5- 1 0Le 1A Z2F IA 14R
SHIFT2 i 01¢ 1A IST 18 27C
__CCOo+ 1 0le 16 23E 18 15U
CCO8+ 1 0l i 24t 18 16U
cClo+ 1 dle 13 25 18 17L
AACDB+ 1 0lé 18 14k 1R 22H
CCO3R+ 1 016 18 28S i 2l
BIOP 1+ 1 017 1A 20C 1A 2GE
SHIFT1 1017 1A 19V 1A 27N
AACO5+ 1 017 1A 14 1A 221
BIDP2- 1 018 1A 1J0E_ 1B 17D
STOP+ 1 018 1A 13t 18 14T
__BCWRIL+ 1018 1A 20M 18 27M
MSIX+ 1 018 1A 138 18 19U
BC3E+ i 018 1A 2058 18 11w
AACLO+ 1 018 18 23k 1B 14N
__ACCLR+ 1 91§ 1A 19C 1A 25N
ACC+ 1 019 1A 194 18 1OF
€02+ 101G 1A 21R 1B 12H _
cclz- 1 020 1A 17K 18 2¢d
CCl4- 1 020 1A 18K 18 274
Cll- 1 02l 1A 284 1B 18E
CCLR+ 1021 1A 21K 1A 10N
CC13- 1 021 1A 17L 1B 27L
__CCl5- 1 021 1A 18L 18 27P
co5+ 1 021 1A 22M 1B 12M
MSI X~ 1021 iB 28R 18 18U
LCT+ 1 022 1A 10K 1A 21S
_______ CRC12+ 1022 1A 3071 18 19F
CCO1R+ 1 023 1A 11L 18 20L
CCOLS+ 1023 1A 11M 1B 201
Co1+ 1 024 'iA 24t i 12E



A-15

dwexk CYCLIC CHECKSUM _COUMPUTER &k

BAY 1 TG EAY 1, LEvch £

A= 2 DOl 1A iUk 14 0SJ
c+ 2 001 1A 03K 1A D8L
JIA301 2 091 1A 30K 1A 30(
CRC15+ 2 001 1A 3CN 1A 30P
Blop2- 2 001 18 17C 1€ 178
GND 2 J0) 15 O1F 18 01d

_.GND 2 091 18 0Z2F 18 024
GND 2 001 18 O5F 18 054
GND 2 091 18 0¢eF 1B 0ed
Jlslsl 2 001 16 1&F 18 18k
GND 2 D91 18 034 1B 03L
GND 2 001 16 044 18 04L

S JiB2sl 2 001 18 23K 18 280
Jlazal ¢ I01 13 29K 1B 29L
J18301 2 201 15 30K 18 30L
GND & D01 13 01L 18 O1LN
GND 2 0)1 i OcL 18 92N
GND 2 001 18 UoL 13 95N

CGND 2 001 i8 DeL 12 0€&N
GND 2 0d1 i 03N 18 O3R
J18182 2 001 18 18A 18 18P
CCO2S5+ 2 001 16 190 ig 19p
CCO3S+ 2 001 1B ZSN 18 29¢
CCL1S+ 2 001 158 3Qn 18 30P

SHLIFTL . 2 092 1A 2ln 1A 22H
CCLR+ 2 002 1A 21K 18 22K
LCS+ 4 002 1A 2¢eM 1A 278
SHIFT1 2 002 1A 21P 1A 22p
LCS+ 2 002 1A 25V 1A 26V
cll- 2 002 18 18E 18 184

_GND 2 90¢Z 18 03F 18 04F ,
BCRDZ- 2 092 it 15F 18 1eF
BLK- z 002 16 08k 1B 0OBL
BCH- 2 002 18 09k 1B 0%L
FBIAPZ 2 002 18 284 . 18 294
FBTAP2 2 002 18 304 18 30M

_J1Bl4 0 2 ..002  1b 12K 1B lZN
cCoi- 2 002 16 15L i 2¢P

. BCHR2- 2. 002 1B 15HM 1B 1lép
FBTAP2 2 002 18 26M 18 2GM

LGND 2002 1B 04N 1B 0O5R
BIOP1- 2 002 18 089 18 09P
GND 2002 18 01R 1B 02R
GND 2 002 18 04R 18 05U

. GND 2,002 i 06R 18 0&éy
BClE- 2 002 18 08R 18 08U

. BCRE=~_ 2 002 1B 0YR 18 09U
BC3E- 2 002 15 10R 18 10U
BIQP2- 2 002 18 11R 1B 107
FBTP1- 2 002 1B 18R 18 18v

_.J1Bl4 2 002 1B 125 L8 12V
BiopP2- 2 002 18 087 18 0ST

L BCWRZ2=- 2 002 iB 157 1B 1leT
GND 2 002 18 C1lu 18 02t



A-16

¥kxk%k CYCLIC CHECKSUM COMPUTER X¥¥%x

GND 2 002 1B 03U 18 04U
CC155+ 2002 18 28V 1B 29V
Cll- 2 003 1A 284 1A 30M
BCH+ 2 003 1A_OSM 1A 10S

- ACO4+ 2 003 1A 15N 1A 154
__ACO6+ 2 003 1A LlEN LA €U
ACOB+ 2 003 1A 17N 1A 17U
__AC10+ 2 003 1A 18N 1A 18U
LC+ , 2 003 1A 13P 1A 13v
CRC1Z+ 2 003 18 16¢F 18 18K
FBTP1~ 2 003 1B 15k 1B 18M
_.BC2E- 2 003 18 11J = 18 10M
CCl3- 2 003 18 27L 18 2¢P
__BC3E+ 2 003 1B 11M 1B OSN
BIOP1- 2 003 18 1IN 18 1CP
LCT+ 2 004 1A 24M 1A 23V
BCL+ 2 004 1A QGF 1A 10V
__BLK- 2 004 18 08C 18 10J
BIOP4- 2 004 18 10L 18 117
_LCT+ 2 005 1A 21k 1A 21§
LCE+ 2 005 1A 22t 1A 228§
ACO5+ 2 005 1A 15J 1A 15V
ACO7+ 2 005 1A led 1A 1év
__ACO9+ 2 005 LA 174 1A 17V
ACLl1l+ 2 005 1A 184 1A 18V
__BIOP4+ 2 005 1A 23M = 1A 20R
cClz- 2 005 18 2¢&4 18 2¢€u
LC+ 2 006 1A 20E 14 23k
COol+ 2 00¢ 1A 24E 1A 247
€02+ 2 006 1A 21R 1A 24R
CCll- 2 0006 1A 18S iB 18C
_CCO4+ 2 ..006. 18 228 18 22T
CCO6+ 2 00¢& 1B 23t 18 237
CCOB+ 2_00¢ 1B 24E 18 247
BIOP1+ 2 006 18 0s8F iB 11P
_CCl4~- 2 006 18 274 1B 29T
BIOP2+ 2 00¢ 16 08K 1B 118§
_CO5+ 2 007 . 1A 2¢:M 1A 251
BMBO5- 2 007 1A 041 1A 08U
CCOo1- ¢ 007 1B 15E 18 18L
GlA22 2 008 1A 21C 1A 21V
BMBO3- 2 .008 1A 04K 1A 083
BMBO6- 2 008 1A 08V 18 040
__AACQO6+ 2 008 1B 21k 1B 25H
AACO8+ 2 008 18 22K 1B 2¢H
AAC10+ 2 008 18 23K 1B 27H
MSIXS+ 2 006 1A OSF 1A 13U
BMBO4+ 2 009 1A 0435 1A 081
BACOO+ 2 010 1A 02C 1A 07C
BIOP 4~ 2. 010 1A 10J ig 10€E
MSIX+ 2 010 1A 13S 18 0SE
BACQT+ 2 010 1A 021 18 07D
BACO8+ 2 010 1A 02v 18 O7F
BACO9+ < 010 18 0ZC 18 074
CCOo0- 2 010 18 15C 18 20J
CCO2~- 2010 iB _16C 18 214
CCO3~ 2 010 1B 16t 1B 21P




¥kdk%x CYCHIC CHECKSUM COMPUTER ¥%kdkk
CC10+ 2 010 1B 25t 1B 30E
CLK 2 011 iA 130 1A 19P

BACO1+ 2 011 1A 02E 1A O7F
BACOZ+ 2 0l1 1A O2H 1A 07J
BACO3+ 2 0l1 1A 02K 1A 07L
BACO4+ 2. 011 1A 02N 1A O7N
BACO5+ 2 011 1A 02°F 1A O7R
_BACOG6+ 2 011l 1A 025 1A 077

LCS+ 2 011 1A 22U 1A 27V
BCWR2~ 2 011 18 110 18 17M
CCli- 2 011 1B 19C 18 25°P

__BACLO+ 2 011 _ 1B 02E 18 07L
BACl1l+ 2 011 18 02H 18 Q7N

_CCO3+. 2 Oll 1B 1¢€P 18 21R
CCO5+ 2 011 18 17P 1B 22R
AACO4+ 2 012 1A 25H 1B 24H
AACOS5+ 2 012 1A 14R 18 17L

AACOS+ 2 012 1A 22T 1B 24S
I0P1- 2 012 1B O8E 1B 02K
I0P4-_ = 2 012 1o _08M 18 02°P
AACO3- 2 013 iA 14l 18 1¢L
2
2

BMBO7~- 013 1A 08M 18 04H
I0pP2- 013 18 08J 1B 02M
AACO4+ 2 Ol4 1A 14P 1B 20H
AACO5 + 2 0l4 1A 07S 1A 14S
BMBO7+ 2 0l4 1A 10T 1B 04K
AACO6+ 2 0l4 1A 07U 1A 14U
AACO7+ 2 014 18 14¢E 1B 218
AACO8+ 2 O0l4 18 07k 1B 14H
_BCCLR3: 2 0l4. 18 174 18 10V
2

AACLO+ 0l4 18 O7M i i4v
BIOP1I+ 2 015 1A 20C 1A 13K
RUN- 2 015 1A 134 18 133
AACO3+ 2 015 1A 14V 1A 211
CCOo4- 2 015 1A 15R 18 224

_CCO6- 2 015 __ 1A _léR__ 18 23J
CCco8- 2 015 1A 17R 18 24J

. CC10- 2 015 1A 18R 1B 254

BMBO8 + 2 015 14 10U 1B 04°P
AACOT+ 2 016 1A 2¢H 1B 258§
AACO9+ 2 016 1A 27H 18 268
_AACL1+ 2016 1A 28H 1B 275

BMBO 8- 2 01¢6 1A 10R 18 04M
_MSIX=__ 2 0le 1A 13T 1B 18U
CCOo0+ 2 016 1B 2CE iB 28¢
CCO2+ 2 016 1B 21€ 1B 29E

CCO1S+ 2 0leé 1B 28F i8 207
_AACOS+ 2 016 1B 14K 1B 228

CCo7+ 2 0ls 18 23R 18 15V
. CCQ9+ 2 016 1B_24R 1B 16V
CCll+ 2 016 1B 25R 1B 17v
CC15- 2 011 1A 30H 1B 27°p
CCO5- 2 017 1A 15S 18 23L
. CCO7~-__ 2011 1A 165 18 241
cCo9~ 2 017 1A 175 18 25t

. BCCLRL1 2 017 1B _17H 18 08V
AACOO+ 2 018 1A 14¢ 1A 238
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ACO4+ 2 018 LA i5F 1A D&V
CO3+ Z 018 1A ZLiM iolad
ACOS5+ i D1y iA 0EP 1A 15P
PWRCLR 2 0lé& 1A 090 i6 02V
AACLL+ 2 I8 s 14p i8 238
ACOT+ ¢ 01y 14 Lep 1A Q€T
CRCLu+ £ ULy 1B 167 18 26U
AACO L+ c020 1A 14K 14 24H
ACUS6+ Zo02y LA léh 1A 0ES
AACO 2+ ;020 14 14K 1A 248
BCle+ J02) 1A 20L 18 148
CO4+ z 029 LA ZeR g 1L
ACJOO+ Z  0cl iA Vel lB 15H

ne

LCE+ 021 1A 1CF 1A 214

ACOZ+ 2 021 1A G&h ig leH

_ BI0T+ ¢ 021 1A llk LB Jev
ACO8+ 2 021 A 17m 1A 0ev
ACO 3+ PR LA Qek 18 léd
BT1- 2 0zi LA 10¥ 18 0¢¢
ACO9+ i 0z 1A 17F 18 06
CleS+ Ui LA 237 i3 14U

. HULD+
ACO1+
CQ0+
BCCLRZ
ACl0+
BIOP4+

_ACLi+
Clo+
ACCLR+
COg+
COT+
09+

C0¢ée 1A 11C 18 O€Tl
022 1A Cec 13 154
N2E 1A 23R 13 120
Vil LA 20V 13 09V
024 LA gk 18 06t
024 1A Z0K 1B O8N
024 1A lgb 1B U6k
927 1A 25K 1B Lip
Dl LA L3F 13 0¢P
G2é WA 26K e 12T
028 1A 2eT 1B 1zR
031 1A 271 L8 120

[NCEE ST NI N A N NOR OB \CR I Y

520 WIRES a@ell $52.0Cy adal5 478,060

CARUS PUNChED ...’.'.7.;.;.;7.”;. o C’

O NUMBER OF. BUSS STRIPS eeesees 20

.QO‘MB PC:;{- UF wikﬁlrj.) V.W;V;w. 2906009009090 520‘ o

CTOTAL LENGTH OF WIRE eesesees 2

N
laS]
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APPENDIX B

CONNECTOR MAPS

The following figures document the I/0 cable connec-
tion locations and the I/0 signal names as they appear on the
checksum adapter side of the interface and on the PDP-8 side
of the interface. The tables should be self-explanatory and

are not further discussed.
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CYCLIC CHECK COMPUTER PDP-38
SIGNAL INTERFACE ASSERTION SIGNAL
NAME CONNECTION LEVEL NAME
BACOO0+ A01D,A02D —_— BACO (1)
BACO1+ AO1E,A02E —_— BAC1(1)
BACO2+ AO1H,A02H —_— BAC2 (1)
BACO3+ AO1K,A02K —_—> BAC3(1)
BACO4+ AO1M,A02M _— BAC4 (1)
BACOS5+ AO1P,A02P —_— BACS5 (1)
BACO6+ A01S,A02S _— BAC6 (1)
BACO7+ AO1T,A02T —_— BAC7 (1)
BACOS8+ AO1V,A02V _ BACS8 (1)
BAC09+ BO1D,B02D _ BACY (1)
BAC10+ BO1E,BO2E — BAC10(1)
BAC11+ _BO1H,BO2H — BAC(11)
I0P1- BO1K,BO2K — I0P1
I10P2- BO1M,B02M —_ > I10P2
I10P4- BO1P,BO2P —_— I0P4

BT1- BO1S,B02S —_—. BT1
BT2A- BO1T,BO2T > BT2A
PWRCLR BO1V,BO2V —_— B POWER CLEAR

Figure B2.

Connector Map.



CYCLIC CHECK COMPUTER PDP-8
SIGNAL INTERFACE ASSERTION SIGNAL
NAME CONNECTION LEVEL NAME

BMBOO+ A03D,A04D
BMBO1+ AO3E,A04E
BMBO 2+ AO3H,A04H

BMBO3- AO3K,A04K
BMBO 3+ AO3M,A04M
BMBO4 - AO3P,A04P
BMBO4+ A03S,A04S
BMBOS - AO3T,A04T
BMBOS+ AO3V,A04V
BMBO6 - BO3D,B04D
BMBO 6+ BO3E,BO4E
BMBO7-.| BO3H,BO4H
BMBO 7+ BO3K,B04K
BMBOS- BO3M, BO4M
BMBOS8+ BO3P,B04P
BMBOO + B03S,B04S

BMB10+ BO3T,BO4T
BMB11+ BO3V,B04V

—< | BMBO(1)
———— | BMBI(1)
—< | BMB2(1)
———< | BMB3(0)
———< | BMB3(1)
———<> | BMB4(0)
— < | BMB4(1)
—— | BMBS5(0)
——— | BMB5(1)
———<> | BMB6(0)
—— <> | BMB6(1)
——— < | BMB7(0)
— | BMB7(1)
———— < | BMB8(0)
—— | BMBS(1)
——— < | BMBY(1)
———<> | BMB10O(1)
—<> | BMB11(1)

Figure B3. Connector Map.




CYCLIC CHECK COMPUTER PDP-8
SIGNAL INTERFACE ASSERTION SIGNAL
NAME CONNECTION LEVEL NAME
ACO0+ A05D,A06D —_— AC 0*
ACO1+ AOSE,A06E —_— AC 1
ACO2+ AO5H,A06H _— AC 2
ACO3+ AO5K,A06K _— AC 3
ACO4+ AO5M,A06M _ AC 4
ACOS5+ AO5P,A06P —> AC 5
ACO6+ A05S,A06S _— AC 6
ACO7+ AOST,A06T _— AC 7
ACO8+ AO5V,A06V — AC 8
AC09+ BO5D,B06D —_— AC 9
AC10+ ° BOSE,BO6E —————> AC10
AC11+ BOSH,BO6H —_— AC11
SKIp** BO5K,BO06K —_— SKIP
INTREQ** BOSM, BO6M ——— | INTERRUPT
REQUEST
ACCLR+ BOSP,BO6P _ CLEAR
AC
BRUN- ** BO5S,B06S —— | B RUN(1)
HOLD+ BOST,BO6T _— HOLD
BIOT+ BO5V,B06V —_— BIOT

* Some DEC Documents Refer to the AC Input Lines

as the "IM",

** Not Used by Interface.

Figure B4.

Connector Map.
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APPENDIX C

DIAGNOSTIC PROCEDURES

Included as part of the Data Concentrator support
library is a binary tape for certifying the performance of the
cyclic check adapter. The program tests the loading, clearing,
and reading of all registers, as well as the clearing of the
PDP-8 AC. The shifting facility of the character and residue
registers is also checked under 6-, 8-, and 12-bit character
modes. The mod 2 adders between stages are then checked along
with the feedback tap control, with the generator operating in
both the word and byte mode. Finally the generator is exercised
by computing a checksum over 4096 characters using first the
CRC-12 generator polynomial, then the CRC-16 polynomial. The
results so obtained are compared against software-generated
checksums for accuracy.

If the test halts, the faulty register is normally
displayed in the AC (plus MQ, depending on register length).

See the program source listing for additional comments, es-
pecially with regard to the probable course of the error. After
a halt, the program may be restarted with the processor CONTINUE

key. Register clearing is taken care of by the routines.
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201 CYCLIC CHECK COMPUTFER - TEST ROUTINES

e ek sfe e sk e ek ks e s e sk st sk sk stk esle st e ek sl Skok sk e ok ol ok sk sl ok o e sl sk o ok kol skoke ok

* *
* CYCLIC CHECK CCMPUTER - TEST ROUTINES *
* PAGE 1 ’ *
* ' *

Sk sk ek sfoofe ke sk skokok kKoo ok sk ook kok kol sk stk e ok ok slolokolok otk skoolok sk dkolok okl deokok

e de sl e ek stk sk ek ok skeok ookl ek sk Aesieodele st ok kol ok e ok ok ool ok skl ok ko

* *
* ees PROGRAM STARTING ADDRESS .. %
* === 0700 -——- *
* g *

e e oo Sede Sk ek ok gk e kv ek ok ok ok o ok deolk ok ok sk desk sk sk ok ok ok Seolok ok kool ok ok ok Kok

0010 ORG 10
0010 AXR1 DS 1
€020 ORG 20
*
* SAVE AREA
¥
0020 TEMP1 DS 1
0021 CHRCNT NS 1
0022 CNT 0§ 1
4 )
*
* COMMCON GONSTANT POOL
*
*
0023 (040 K0040 0C 004C
0024 0100 K0100 DC 0100
0025 0200 K0200 DNC 0200
0026 0240 K0240 DC €240
0027 0377 KO0377 DC 0377
0030 4000 K4000 DC 4000
0031 7401 K7401 DC 7401
0032 0377 M7401 DC 0377
0033 7540 M0240 DC 7540
0034 7764 MD012D DC 1764
0035 7770 MDO0SD DC 7770
*
%
* THROUGHOUT THESE ROUTINES THE REGISTER BEING
* TESTED WILL BE DISPLAYED IN THE AC UPON A
* HALT. IF A REGISTER [S LONGER THAN
* 12 BITS, THEN IT WILL BE DISPLAYED IN
* ROTH THE AC AND MQ REGISTERS. SEE CODE
% FOR SPECIFIC DETAILS.
*
0200 ORG 200
*
* PROGRAM INITIALIZATION
E-3
0200 1200 CLA
0201 1334 TAD CRLFP POINTER TO CRLF MESSAGE
0202 13010 DCA AXR1
0203 7344 STA+CLL+RAL -2 10 AC
0204 3021 NCA CHRCNT
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0205 5733 JMP®  CRLF INITIALIZE TTY
*
*
%*
% REGISTER READ/WRITE CHECK
%
* CHECK BYTE MODE READ/WRITE
*
0206 7200 START CLA
0207 3022 DCA CNT ZERQ CNT (LOOP COUNTER)
0210 7040 CMA SET AC
0211 €563 LCcMB SET BYTE MODE. 377 T0 CHAR BUF
0212 7440 S7A LOAD SHOULD CLEAR AC
0213 7402 ALT *% AC CLEAR ERRDR
0214 7240 STA
0215 €544 BCL+WR LOAD BCR-LO
0216 7440 SZA AC SHOULD BE ZERO
0217 7402 HLT *% AC CLEAR ERROR
0220 7200 CLA
0221 6541 BCL+RD
0222 7040 CMA
0223 0027 AND K0377
0224 1440 SZA AC SHOULD BE ALL ZERO
0225 1402 HLT %% BCL READ/WRITE ERROR?
* *% FAULTY BIT POSITION(S) LIT
0226 1200 CLA
0227 6542 BCL+CLR
0230 6541 BCL+RD
0231 7440 SZA AC SHOULD EQUAL ZERO
0232 7402 HLT #% BCL CLEAP ERROR, ALSO POSSIBLE
* #% THAT READ IS IN ERROR.
0233 17240 STA 7777 70 AC
0234 6554 BCH+WR 377 70 RCR-HI
0235 7440 SIA BCR LOAD SHOULD ZERO AC
0236 7402 HLT #% AC CLEAR ERROR
0237 6551 BCH+RD DID ONES GET THERE
0240 7040 CMA
0241 0027 AND K0377
0242 7440 S7A AC SHOULD BE ZERD
0243 1402 HLT #% BCH READ/WRITE ERROR?
: * #% FAULTY BIT POSITION(S) LIT
0244 1200 CLA
0245 6552 BCH+CLR CLEAR BCR-HI
0246 6551 BCH+RD
0247 7440 SZA DID IT WORK?
0250 7402 HLT *% BCH CLEAR ERROR. ALSO POSSIBLE
* %% THAT READ IS IN ERROR.
*
*
* NOW CHECK WORD MODE READ/WRITE
*
0251 17200 CLA
0252 6567 LCM12 SET WORD MODE
0253 7240 STA
0254 6554 BCH+WR LOAD BCR THRU WORD GATES
0255 7440 SZA AC. SHOULD BE CLEARED
0256 7402 HLT #% AC CLEAR ERROR
0257 7200 CLA



C-5

201 CYCLIC CHECK COMPUTER - TEST ROUTINES

0260 6551 BCH+RD DIN WORD GFT THERE
0261 7040 C MA
0282 7440 SZA AC SHOULD BF ZERD
0263 1402 HLT *% RFAD/WRITE GATE OR LOAD ERROR
* 2% FAULTY BIT POSITION(S) LIT
0264 1200 CLA
D265 6552 BCH+CLR
07266 £5871 8CH+RD
0267 1440 SZA DID REGISTER CLEAR WORK
0270 7402 HLT %% BCH CLFAR ERROR. ALSO POSSIBLE
* *% THAT READ IS IN ERROR.
o*
E 3
*
* NOW CHFCK THE SHIFTING CAPABILITIES
* OF THE CHAR RBRUF AND BCR REGISTERS.
sk
* SHIFT 4 CHECK
*
n271 7200 C1La
N272 6561 LCM6 SET 6-RIT WLRD MODE
0273 1074 TAD K0100
0274 6556 BCH+CLR+WR
0775 6571 cce START CHECK SUM COMPUTATION. IF
* PROCESSOR STAPS HERE, THF PDP-8
* THOLDP' CIRCUITRY HAS MALFUNCTIONED
#* R THE CHECK ADAPTOR RUN FF HAS
* NOT RFESET AT SHIFT-END CNT.
* THIS IS TRUF FOR ALL %“CCC'S"™.
07276 6551 3CH+RN
0277 T110 CLL+RAR FLAG SHOULD NOW BE IN LINK
0300 7440 SZA I ALL ELSF IS 0K, AC SHOULD=0
0301 7402 HLT % RAD SHIFT COUNT,JAMS, OR ADDERS
0302 7620 SNL+CLA NOW CHECK FCOR FLAG BIT
0303 7402 HLT % PRARARLY BAD ADDER R CBUF
* SHIFT 8 CHEGK
%*
0304 65563 LeMe SET 8-RIT RYTE MODE
0305 100 IAC ,
0306 6556 BCH+CLR+WR SET FLAG
0307 6542 BCL+CLR
0210 4571 cce ' :
0311 6541 BCL+RD FLAG SHQULD NOw BE IN LINK
0312 7110 CLL+RAR FILAG SHOULD NOW BE IN LINK
0213 7440 S7A AC SHOULD = 0
0214 7402 HLT %% BAD SHIFT CNT,JAMS,0R ADDERS
0315 7620 SNL+CLA NOW TEST FOR FLAG (L=1)
0316 7402 HLT %% BAN SHIFT CNT,JAMS,0OR ADDERS
0317 7620 SNL+CLA NOW TEST FOR FLAG
0320 7402 HLT %% NOT THFRE.BAD ADDER QR CBUF?
%*
* SHIFT 12 CHECK
3 .
0321 1€30 TAD, K4000 12TH BIT FLAG
0322 6567 LCM12
N323 H5H2 BCH+CLR
0324 €571 cee
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0325 6551 3CH+RD

N226 1032 TAD MT7401

0327 7450 SNA AC SHOULD=D

0330 5735 JMP MTAPTR NOKseoN TO NEXT PAGE

0331 1031 TAD K7401 RESTORE AC

0332 7402 HLT ¥% BAD ADDER OR CBUF?
* CONSTANTS
*

03332 1004 CRLF als PRNTI

N334 1031 CRLFP DC COMLE=-2

N335 N400 MTAPTR DT MTACOW
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Sk Ol ot e ol sk s ok S kol ok ok skode otk sk ek kol ko kst skl okt ok dekalokokok ok ok ko ok

* *
% CYCLIC CHECK CCOMPUTER - TEST ROUTINES *
* PAGE 2 *
* %

e Sk e e e ek Sl sk eololslole sl sk ok koo ok el kol e s ook sk ok skaleok ok ok s e sk okok sk ok kokokok dok

0400 0RG 400
%
* NOTF:
x ADDFR 1 IS BETWEEN BCR(11)/BCR(15) & CRUF(11)
* ADDER 2 IS BETWEFN RCR{Q) AND BCR(1)
% ADDER 3 IS BETWEFN B(R(1) AND BCR{(2)
* ADDER 4 IS BETWFEN BCR(2) AND BCR{3)
% ADNDER 5 IS BFTWEFEN RCR(10) AND BCR{11)
* ADDER 4 IS RFTWFEN BCR{15) AND BCR(16)
*
*
* NOW CHFCK THF MOD 2 ADDERS DERIVING THE
% FFFCRAGCK FROM RCR{11).
* TESTS ADDERS 1924344 4,AND 5
*
* 0+0 MOD 2 - WORN MNDF
*
0407 7200 MTAOOW CLA
0401 4567 LCMY2 0 TO ADDER INPUTS B
040? 6552 RCH+CLR 0 TC F3 TAP
0402 6571 cce
0404 /551 RCH+RN
0405 7440 SZA BCR 0-11 SHNULD EQUAL 0
0406 7407 HLT %% ADDFER FRRORS?
*
N * 0+1 MOD 2 - WORD MNONF
*
0407 77200 MTAOIW CLA
0410 1030 TAD K4000 1 IN FOR LAST SHIFT
0411 56567 LCM1? LCAD CHAR BUF AND SET MODE
0412 6552 BCH+CLR 0 QUT FOR 1 ON FBTAP
0413 6571 £ce
0414 £551 RCH+RD BCR 0-11 SHOULD = 7401
0415 1032 TAD M7401 (-K7401)
0416 7450 SNA DCES IT
0417 5222 JMp MTA1OW  YFS..
0420 1031 TAD K7401 NCs o » RECONS TRUCT AC
0421 17402 HLT %% ADDER FRRORS?
* #*% CORRFCT AC = 7401
%
* 1+0 MOD 2 - WORD MNDFE
%
0422 7200 MTA1OW CLA INPUT 0
0423 6567 LCM1?2
0424 1130 STL+RAR QUTPUT 1 FOR 1 ON FBTAP
0425 €556 BCH+CLR+UWR
0426 6571 cce
0427 6551 RCH+RD
0430 1032 TAD M7401 BCR 0-11 SHOULD EQUAL 7401
0431 17450 SNA . DOES 17?2
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0432 5235 JMp MTA11W  YES..
0433 1031 TAD K7401 N, . s RECONSTRUCT AC
0434 7402 HLT #% ADDFR FRRORS?
* %% CORRECT AC = 7401
b-4
3 1+1 MOD 2 - WORD MODE
¥*
0435 7200 MTAl1W CLA
0436 1030 TAD K4000 1 IN ON LAST SHIFT
0437 6567 LCM12
0440 7130 STL+RAR 1 OUT FOR O ON FEBTAP
D441 €556 BCH+CLR+WR
N442 4571 cee
0443 6551 BCH+RN BCR D-11 SHOULD EMUAL O
0444 1440 S7A
0445 71402 HLT %% ADDER ERRORS?
* %% CORRECT AC = 0
&
* N
* NOW CHFCK THF ANDFRS DFRIVING THE
¢ FEFCRAGK FRNOM BCR(15).,
* TESTS ADNERS 1,3, AND 6
*
* 0+0 NOD 2 - RYTE MODF
*
0446 7200 MTAQOB CLA
0447 £563 LCHR SET RYTE MODE,
0450 6557 BRCH+CLR 0'S FOR F3 TAP AND ADDER INPUTS
0451 6542 BCL+CLR
0452 A571 ree
0453 6551 RCH+RN SHAULN=0
0454 7450 SNA
0455 5257 JMD M30C). 0K+ .THEN CHECK ADDER 6
0456 7402 HLT %% ADDER 1 AND/OR 3 ERRNR?
% *% CORRECT AC = 0
0457 7200 MB001 CLA
0460 6541 BCL+PD
0461 7110 CLU+RAR BCR(15) SHNULD HAVE BEEN 0
0462 1620 SNL+CLA WAS IT?
0463 5266 JMP MTAOIR  YES..
0464 6541 3CL4RD PUT LO-BCR IN AC
N465 7402 HLT %% ADDER 6 FRROR
* %% CORRECT AC = 0
*
* 0+1 MOD 2 - RYTE MODE
%
0466 7200 MTAOIB CLA
0467 1025 TAD K0200C 1 IN FOR LAST SHIET
0470 6563 LCM8 '
0471 6552 BCH+CLR 0 DUT FOR 1 ON FBTAP
0472 A542 BCL+CLR
0473 6571 cce STOP THE WORLD I WANT TO GET OFF
0474 6551 BCH+RD
0475 1033 TAD M0240 {-K0240)
0476 7450 SNA AC SHOULD EQUAL 0O
0477 5302 JMp MBO11 IT nIn. THEN CHECK AODDER %
0500 1026 TAD K0240 %% ERRNR RECONSTRUCT AC

0501 7402 HLT *¥ ADDER 1 AND/OR 3 ERRORS?




201 CYCLIC CHECK COMPUTER - TEST ROUTINFS

% . ¥* CORRECT AC = O
0502 6541 M3011 RCL+RD  ANDFR 6 CHECK
n503 7010 RAR e
0804 7430 S7U T TTTTTTUTBCRU(I5) SHOOLD EGUAL 1
0505 5310 JMp MTA10R IT NOES
N506 7004 RAL OH, 04, RECONSTRUCT AC
0507 7402 HLT ANDER & FRROR
T T T % CORRECT AC = 0001
%
) T ) T140 MCH 2 - RYTF MOpE T
*
0510 7200 MTAI10B CLA INPUT C FOR SHIFT 8
0511 €563 LCMR SET RYTE MNDE
0512 €552 BCH¥CILR T Y0 ADDERS 1 AND 3T
0512 1075 TAD K0200 1 QUT E0OR 1 ON FBTAP
0514  £546 T BCUHCLR+WR T
0515 6571 cce
0516 6551 BCH+RD
0517 10323 TAD M0 240 (-K0240)
0520 7450 SNA T TUUAC SHOULD FQuUAL O
0521 5374 JMp MR101 IT DCES, THFEN CHECK ADDER 6
0522 1026 TAD T TTTUK02407  E2RQOR. RECONSTRUCT AC
4522 7402 HLT X% ANNFR 1 AND/OR 3 ERRORS?
* *% AC SHOUYLD = 0
0524 6541 MR10]1 BCL+°D ANNER A CHECK
0525 7010 T T Rae T e e
0526 7430 S7L BCR{15) SHOULD FQUAL 1
0527 8332 Mo TTTTTMTAIR 6k T
05320 7004 R AL PESTORE AC
0531 7402 HLT %% ADDFR 6 FRROR
* %% AC SHOULD = 0001
* .
% 1+1 MCH 2 - RYTFE MONE
%
0532 7200 MTA11B CLA
0523 1025 TAD K0200 1 TN FOR LAST SHIFT
0534 £563 LgMe
0538 6557 T BCH+CLR T
0536 1025 TAD K0270 1 OUT FOR 0 (N FBTAP
0537 6546 BCL+CLR+WR
0540 £571 cee
nN541 €551 BCH+RD
N542 7450 SNA AC SHCULD FQUAL 0O
0542 5345 JMp MB111 CK, THEN TFST ADCER 6
0544 7402 HLT £% ADDER 1 AND/OR 3 FRRORS?
* %% CORRECT AC = 0
0545 7200 MR111 CLA
0546 6541 BCL+RD
0547 7450 SNA BCL SHOULD = 0
0550 5353 JMP Loop CK..THEN ON TN CHECK LODP CODUNT
0551 7402 HILT %% ADDFR A ERROR
* %% CNDRRECT AC = O
0552 7200 CLA
0553 2022 LOOP  1S7 CNT
0554 5757 JMPx PTR1 BACK AND DN IT AGAIN
0555 5756 JMD COMP1P  DONE, THEN ON T0O NEXT PAGE
%

0556 €600 COMPIP DC RCWM1
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0557 €210 PTR1 DC START+?2
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* %
* CYCLIC CHECKX COMPUTFR - TEST RDUTINES %*
% PAGE 2 *
* %

A e ek sk el gl sk okt ol sl st deodeok dolodk skl ool sk siololstole siolkok seotolotoloteol ol ok kol kok ok

0600 nNRrRG 6500
* ’ NOW LFTYS CHECK OPRRATION BY COMPUTING
* CHFCKSUM 8Y SOFTWARF AND HARDWARE METHODS
# THEN CCMPARE THE RESULTS.
%
% RESTIRUE CHECK - WORD MOOE
% GFNFRATOR POLYNIMTAL :
% XEE12 4+ X&E%11 4 X%%3 + X&3$2 + X + 1
0600 3370 PRCWM] OCA WCNT -4N09% TN LOUNT
0601 3355 NCA RPGHT 7ERD HARDWARE RESIDUE SAVE AREA
0502 2357 NeA BCHBUF  LIKEWISF TN SOFTWARE RESIDUE
0603 1370 RCWM?2  TAD WCNT USF THIS AS INPUT CHARACTER
0604 /567 Lev12 SET 12-RTT WORD MODE
D6C5 1355 TAD HGHI
NANE £554 BOH4CL R+ WP
N6DT  ARTY cee
NA10 A5R1 ACH+RD
0h11 3355 neA HGHT SAVE HARDWARE GENERATED RESIDUFE
X%
% NOW LET'S COMPYTF IT BY SOFTWARFE
0612 1034 TAD M0012n (=12 NDFCIMAL)
neE12 237 NCA SCNT SET UP SHIFT, COUNTER
0A14 1270 TAD WONT INPUT CHARACTER
0615 3267 nra CRUF PRESFRVE INPUT CHARACTER
0416 1357 RCWM3 TAD  RCHBUF  FETCH BCC RESINUE
0617 7110 CLL+RAR SAVE LSB IN LINK
0620 32357 NCA BRCHRIIF
0421 1247 TAD CRUF GET CHARALTER
06727 7010 2 AR CHAR LSB TO LINK;BCC LSB TO AC(0)
0423 7510 SPA THIS + NEXT FORMS XNR BETWEEN
0624 7020 LrL LSAR'S NOF 3CC AND CBUF
D625 3347 nCA CRUF SAVF CHAR
0&24 74720 SNL 1S FFENRACK BIT A 1
0627 5242 Jmp RCWM4 NMewo
NA20 1257 TAD BCHRUF  YES..MORF WORK TO BE DONE
0631 903 AND K7401 XOR FBTAP INTO BCC
0632 7041 CIA
0633 7104 CCLL+RAL
0634 1357 TAD BCHRUF
0635 1¢ TAD K7401
0636 2371 I1<7 SCNT RUMP SHIFT COUNTER
0637 5217 JMp RCWM2+1
nN640 3357 DCA BCHBUF  SAVF FINAL RESIDUE
D641 5257 JMD RCWMS
0h4?2 2371 RCWM& 157 SCNT BUMP SHIFT COUNTER
0643 5216 JMp RCWM3 BACK FOR MORE SHIFTS
0R44 1355 TAD HGHI DONE.,THEN LET'S COMPARE RESULTS
0645 71041 C1A
0646 1357 TAD BCHRUF
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0647 7650 SNA+C LA ARE THEY EQUAL?
0650 5257 Jrvp RCWMS YES..
0651 1357 TAD BCHBUF  ND...THEN SFT UP AC & MQ FOR HALT
0652 7421 MQL SOFTWARE RESIDUE TO MQ
0653 1355 TAD HGH1 HARDWARE RFSIDUE TO AC
0654 71402 HLT *% ERROR IN RESIDUE COMPUTATION,
*
0655 17200 CLA
0656 5261 Jmp RCBM1 4096 TIMES ARQUND THE
0657 237G RCWMS [S7 WCNT MULBERRY BUSH. i
0660 5203 JND RCWM?
*
E3
*
* RESIDUF CHECK - BYTE MODE
* GENERATOR POLYNOMIAL =
* Xx%16 + X*k*15 + X*%2 + ]
*
0661 3355 RCBM1 DCA HGHI ZERO ALL THE RESIDUE SAVE AREAS
0662 3356 DCA HGLD
0663 3357 NCA BCHRUF
0664 2360 0CA BCLBUF
* NOTE: THF FIRST TIME THROUGH WCNT
> SINCF IT JUST OVERFLOWED.
0665 1370 RCBM2 TAD WCNT INPUT CHARACTER EMULATOR
0666 6543 LCM3 SFT 8-BIT RYTE MODE
0667 1355 *TAD HGHT LCAD RESIDUF REGISTERS
0670 6556 BCH4+CLR+WR
D671 1356 TAD HGLC
0672 6546 BCL+CLR+WR
0673 6571 cce
0674 6551 BCH+RD SAVE HARDWARE GENERATED CHECKSUM
0475 12355 DCA HGHI
0676 6541 BCL+RD
0677 3356 nca HGLC
*
* NOW LFTYS COMPUTE IT RY SOFTWARE
0700 1035 TAN MOO0SD (-8 DFCIMAL)
0701 3371 DCA SCNT SHIFT COUNTER
0702 1370 TAD WCNT
0703 2367 CA CBUF
0704 1357 RCBM3 TAD RCHBUF  FETCH LEFT-RYTE
0705 7110 CLL+RAR SAVE LSB IN LINK
07C6 3357 NCA BCHBUF
0707 7012 RTR
0710 7012 RTR
0711 1360 TAD BCLRUF
0712 7110 CLL+RAR LS8 OF RIGHT-BYTE TO LINK
0713 3360 NCA BCLBUF
0714 1367 TAD CBUF FETCH INPUT CHARACTFR
0715 7010 RAR GET IT'S LSB
0716 7510 SPA THIS + NEXT FORMS XOR BETWEEN
0717 7020 CML LSB'S OF BCC AND CHAR
0720 3367 DCA CBUF SAVE CHARACTER
0721 7420 SNL IS FEEDBACK BIT = 1?
0722 5342 JMp RCBM4 ND...LIFE IS EASY
0723 1360 TAD BCLBUF  XOR FR LINE INTO BCR(15)
0724 17110 CLL+RAR
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0725 1020 CML
07726 7004 RAL
N727 3350 DCA BCLRUF
0730 1357 TAD RCHRUF ~ NCW GET HIGH-BYTE
0731 0026 AND KQ?240 XJIR FRTAP INTG HIGH BCC
0732 7041 C1A
0723 7104 CLL+RAL
073 1357 TAD RCHRUF
NT35 1026 TAD K0?240
N736 2371 157 SCNT HAVF THERF REEN 8 SHIFTS?
0737 5308 JMP RCBM3+1 N, ..THEN GN BACK
NT&0 3357 nCA BCHBUF — YES..SAVE FINAL RESIDUE
0741 5344 JMP QCRM5
0742 2371 RCBM4  1S7 SCNT HAVE THERE BEEN 8 SHIFTS?
0743 5204 JMD RCRM3 NeeoBN BACK
0744 1355 RCRMS TAD HGHI CCMPARE RESULTS
0745 7041 CIA
D746 1357 TAD RCHRUF
N747 1256 TAD HGLND
075C 7041 cia
0751 1250 TAD BCLBUF  LIKF A RIS 90T OF HONEY
0752 7650 SNA+CLA AT SHCULD FQUAL O AT THIS POINT
N753 5342 Jmp RCRME CK
0764 7407 HLT #% ERRNR [N RESIDUE COMPUTATION.
* % FXAMINE THE NEXT FOUR LCCATION
o % *% 70 RECOVER THE CONTENTS OF THE
* ¥% HARDWARE AND SOFTWARE CHFECKSUM
* *% REGISTERS,
755 HGHI NS 1
0756 HGLT DS 1
0757 BCHBUF DS 1
074D RCLRUF NS 1
N761 57656 JMP % RACK
0762 2270 RLCRMA- 1§57 WCNT HAVE WE DONF THIS 40S6 TIMES
0763  H245 JMP RCAM? NOT YET,
07A4 5765 JMpx QUTPTR YES..
4
* CONSTANTS
0765 1000 OUTPTR DL OUTPRT
N766 0206 BRACK NG START
*
* VARTARLES
>k
nN767 CRUF DS 1
n770 WONT DS 1
n77 SCNT DS 1
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0200 END 200
APFRANG CROSS-PEFERFNCF L ISTING
AXR1 0010 0202 1701 1Q04
RACK 0766 C7¢61

RCHBUF

0757 0607
n734

0615 0620 0463C 0634

NT740 0744

D640 0546 0651 0663

D704 D706

0730

TRCLBUF 0760 0A&4 0711 0712 0723 0727 0751
REGIN 1014 1011

CRUF 0767 NALS 0621 0625 01C2 C114 0175
CHRONT 0021 1204 1003 1097

CNT 9022 0207 0583 T T T
COMP1P 0554 NRES

CaMl T 1017 1018 1017

COMIE 1073 0324 1017

CAMIP 1015 1000 1000

CRLF 231 0205

TCRLFP 0324 Q201

HGHT N765 0601 0405 0411 0444 DA52 D61 DAAT 0675 0744

HGLD

0785 (662

NATY 0677 0747

K0C4C 0022

K0100 0024 0273

KO200  0ONPS 04467 0513 0532 0874

KO24C 0024 N8O0 0527 n731 CT735 -
KN377 0027 0222 n24)

K4000 0030 0321 0410 0436 o
K7401 0071 €231 0427 0421 0621 0638
GEL) 0553 0550

MBNO01 0457 0455

MROIT ~ 9502 0477

MB10D1 0624 052)

"MB111 0545 0542 T o
MTAPTR 0225 0320

MTADNR 04456

MTACCW 0400 0335

MTAOLR  04k6 0463 T )
MTAOIW 0407

TMTA10R D510 0508 )

MTAICW 0422 0417

MTA112 0532 0507

MTALLW 0435 0432

MOCCRD 0025 €700

MO0120 0024 0412 -

M0240 0033 D475 0517

M7401 0032 0326 0415 0430

NUTPRT 1000 0765

DUTPTR 0765 (764

PRNT1 1004 0333 1014

pTRY 557 N&84

RCBM1 0461 0456

RCAM2 0665 0763

nCRAV3 N7N4 C737 0743

RCBM4 0742 0722

RCAMS (0744 0741

RCBMA 0762 0753

RCWM1  0AN0 0556
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