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A CYCLIC CHECK COMPUTER FOR ERROR DOTECTIUN 

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 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 t7.me 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 tine 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 

3s 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 
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12 bit wide characters, following IBM binary synchronous com- 

munication conventions. 

This report will serve as a progress report for 4,hose 

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 fir c, 

followed by a brief overeli 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 

Prol/ably 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 
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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  n-k  check bits.  Thus, it is convenient to think of 

K 
•- MESSAGE BITS - 

  N-K — 
CHECK BITS 

these binary digits as the coefficients of a polynomial in the 

dummy variable  X ; for instance the message 101011 is represented 

5    3 by the pol"nomial  X  +X  +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, 

Xn'KG(X) Q(XPCX) * R(X) 

where  Q(X)  is the quotient e-.nd  R(X)  the remainder resulting 

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

nomial  G(X)  is premultiplied by  X n-K to obtain a vector 
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for which the first  n-K  components are zero (to . Mow sub- 

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

arbitrary information (message) symbols.  Rewriting the above 

equation, and letting  F(X)  equal -ne encoded message, we 

have 

F(X)  =  Xn"KG(X) - R(X)  =  Q(X)F(X) 

or since, in modulo two arithmetic, subtraction and addition 

are the same. 

F(X) Xn'KG(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/O instruction set required. 

2. The PDP-8 accumulator (AC) should be automatical- 

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-I6 and CRC-12 checksums. 
I 
1 
I 
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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 PDK o 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. 

I 
I 
I 

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 polynoraia.'1 shall be applied to the residue register and 

also enables the correct data paths for subsequent residue reg- 

ister I/O. 
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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-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)]  used is 

x16 * x15 + x2 + 1 . 

The resulting encoded message allows the receiver 

to detect auy  burst error of length 16 or less, as well as 

more than 99.9997% of all errors rf greater length.  The above 

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

Figure 1.1 represents a simplified version of CRG register 

for CRL-16 block check accumulation. 

Received or Transmitted Character Bits 
to be included in BCC accumulation 

2 ~i 4 5 6 7 8 9 10 11 12 13 14 

Feedback Data 

14 ■•(£)• 15   4 

Figure 1.1.  CRC-16 BCC Generation 
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When operating in the 6- or 12-bit word mode the CRG 

utilizes the generator polynomial 

„12   ^   Yll        Y3   t   v2 X        +X        +X     +X     +X+1 

This polynomial has the prime factors  (X+l)  and  (X11+X2+l) 

and enjoys burst error detecting properties similar to the 

first polynomial for shorter length bursts.  It will detect ap- 

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. 

I 
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I 

Received or Transmitted Character Bits 
to be included in BCC accumulation 

0 ^(J)* lj^)-» Tj^J)* 3  4  5 

Feedback 

I 
I 
I 

Figure 1.2.  CRC-12 BCC Generation. 

Table 1 summarizes ehe 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 , 

I 

I 
I 
I 
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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 

FUNCTION DVC ADR MNEMONIC 
IOP PULSE 

1     2     4 

Access to low-order 
part of block check 
(residue) register 

Access to high-order 
part of block check 
register 

Load character buf- 
fer, and set mode 

Compute Cyclic 
checksum 

54 

S5 

56 

5 7 

BCL 

CCC 

RD CLR   WR 

BCH RD CLR WR 

LCM6 * 

LCM8 * * 

LCM12 * * * 

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 irultiprogramming 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 RP.AD 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 *-l 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 

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 jUock Check Low instruction, which fetches the 

right-most, or low-order, 8 bits of the register, and by the 

BCH, for 2lock 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 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 

IOP Decoding and 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.  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.  In most instances a device ANDs one of the 

I 
I 
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ASSF.MBLER DEFINITIONS 

* 
* 

RD 
CLR 
WR 
BCL 
BCH 
LCM6 
LCM8 
LCM12 
CCC 

OPD 
OPD 
OFD 
OPD 
OPD 
OPD 
OP^ 
OPD 
OPD 

1 
2 
4 
6540 
6550 
6561 
6563 
6567 
6571 

* 
* 
* 
* 
* 
* 
* 
* 

TAD 
LCM12 
TAD* 
BCH 
CCC 
BCH 
DCA* 

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. 

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 

TAD CHAR 
LCM8 
TAD* UCBPTH 
BCH CLR+WR 
TAD* UCBPTL 
BCL CLR+WR 
CCC 
BCH RD 
DCA* UCBPTH 
BCL RD 
DCA* UCBPTL 

UCBPTH 
CLR+WR 

RD 
UCBPTH 

NOTE BCH MUST BE USED IN THIS MODE 

***** ALL DONE ***** 

Figure 2.  Cyclic Check Computer—Example Routines 
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All 
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BLK 
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dXBCL- 

BAC02 

BAC03H 

A07 A14 

Aff7 A14 

M7 A14 

AAC02- 

AAC03- 

BCH*-tJfiECLR: 

BI0P4-*1=M2-J 
A 

B" 

BIOP 
„2.25US 

OS 

^ 

Al 
GECLR+ 

BAC04H 

BACOS-i 

BAC06« 

—AAC04- 

AACOS- 

AAC06- 

LCCLR^ 
Ä29 

PWRCLR 

Ml Ai4 

A57 A14 
JTI    AAC05+    JTl 

Aü? AM 

AÖ7 AH 

BÖ7 B14 

Bin B14 

STJ? B14 

"ü|jjF'CLR+                         B07 B14 

BACll^p P[JFAAC11 

BC7 B14 

i-p* ACCLR+ 
A19        BAC07< 

BAC08-I 

BAC09< 

AACüB- 

AAC09- 

Figure  3.      IOP 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 pul^e instead of an IOP pulse, pro- 

visions had to be included in this subdevice selection  to in- 

sure that an JOT 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 JOT 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 I0P4 with a residue 

register select, OR by the recovery of level LCCLR+ which is 

formed by a character buffer select (LC+) and I0P1+.  This 

level transitions  from -3 volts to ground 2.25 microseconds 

after the leading edge of I0P1 and triggers the AC clear, 

pulse amp.  If the PDP-8 is adjusted according to manufacturer 

specifications,I0P4 should follow I0P1 by 2 microseconds. 
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however, there may be a   ._  percent variance on that figure, 

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

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 I0P4 to clear the 

AC, since the buffer lead 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 I0P4 time by the delay 

triggered by I0P1. 

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 sub^evice 

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.  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 COS as a shift stop flag.  The setting 

of this flag always ensures that this refister 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 I0P1.  The second IOP pulse CI0P2) causes the con- 

tents of AC bit 5 to be jammed into the previously set COS 

flip-flop, and AC04 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 I0P4 occurs, it jams AC03 

in*o C03 and strobes AC00-AC02 inte C00-C02.  As in all other 

cases the bit immediately to the left cf the most significant 

character bit is sst   as the shift stop flag.  Thus flip-flop 

ms 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 capalility 

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-w»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 common to bo:h modes; thus ^he word mode clear 

Dpaaimiiniiiiw HIIHJ impiwaiMU 
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Figure 5.  Residue Register Control 
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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 MS1X- 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, theie are only enough connections to 

allow three DCD gates per flip-flop.  Since one -air 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 shrwn 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 ''I."  Thus FBTP1- 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 (CCÜ2** 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 MS1X 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 ''l" 

input, the other input to the adder, CC01-, 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 FBTPl 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 wort 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 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 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 

■II.—Will! I HlllllTT- 



-26- 

with the incoming character bit.  The results of this addition 

go to the appropriate fe dback lines that drive the inter- 

stage adders. 

I 
I 
I 
I 
I 
I 

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 i 

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 u separated from the character buffer f 

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. 

I 
I 

I 
I 
I 
i 

Shi^t Control and Mode Storage 

Figure 9 is the last Tigure 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 I 

flip-flop is set by the occurrence of a CCC enable level and 

I0P1.  When this FF is set, RUN- enables the R401 clock which 

then starts producing a pulse train of 100 nanosec id  pulses 

at a 2MHz repetition rate.  This clock output is buffered by 

I 
I 
I 
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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 11-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 (Cll) of the character buffer.  Just prior to 

this (n-th) shift, the stop bit was in C1Ü, 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 one.  On the n-1 shift the flag bit moves to position 

CIO and leaves C12S to C09 all set to zero.  This results in 

STOP+ going to ground, which enables the DCD gate on the reset 

BH.IIIJU.JPMWI»  — . .. ,.-.. -—~—-l^^^——     mm*t, Mj^!^~ifi!SilS3m&*Bi*^jjji 



30- 

side of RUN FF.  The next CLK pulse then resets RUN and the 

shifting p jress is halted.  Note that the entire time that 

RUN was  et the buffered output from RUN- holds the HOLD line 

tc 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 tl*e same instruction 

that loads the character buffer, and serves as a 1-bit memory 

element to control the residue register I.'O gating and feed- 

back taps.  Recall that I0P1 loads a ö-bit character while 

10P1 and 2 load an 8-bit character, and I0P 1, 2, and 4 are 

required for a 12-bit character.  The last I0P produced for 

an 8-bit character load is thus I0P2, which clears the MSIX 

fiip-flop.  If the character loaded is 6 or 12 bits in width, 

then I0P1 or 4 is the last produced and MSIX is set. 

?DP-8 Added Circuitry 

The ci-cuit 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 iniinite) I/O cycle. 

The 10 RESTART pulse is normally produced within the PDP-8 

a: 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 10 RESTART pulse amp irom 

being enabled, however, if the HOLD line is at a ground level. 

I 
I 

I 
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Figure 10.  Additions to PDP-8 CPU. 
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To accomplish this, a Ril3 module was added at position PF16 

and a left-over 1/5 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- wouM be at ground and an 

10 RESTART pulse would not occur.  The next clock pulse, 

after HOLD is released, sets EX SYNC and enables the DCD gate 

of the 10 RESTART pulso amp since the RESTART SYNC FF is also 

se;.  The next clock pulse after that produces an 10 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 I0T instruction.  The I0T- 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- /t 

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 

processor basic timing signals Tl and 12 which appear at the 

I/O interface but which normally may not be used with programmed 

data transfers due to the impossibility of determining whether 

i 

I 

i 

executing an IGT instruction.  This permits the use of the 

- 
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the r.üntents of the Memory Buffer (from which device addre>s 

decoding is obtained) contains a legal JOT instruction, or 

is actually a data word, or an eternal memory access opera- 

tion (Data Break).  The invertrr 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 

.in inch.  If, ho.vever, 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  ase the wire run 

is identified by BUS, and the run includes many rather than just 

two points. 
A-l 
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4. The first pin location of the wire run 

5. The last pin location of the wire run. 
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PANEL  1 o  o  a m** CYCLIC CHECKSUM COMPUTER 
R01 R02 R03 R04 R05 R06 R07 R08 R09 RIO Rll R12 R13 R14 R15 R16 R17 R18 

W021M H021M W021M W021M W021M W021M W500 R121 R107 R113 R107 H005 R202 R107 R123 R123 R123 R123 

fl 
B 
C 
D BflCO BfiCOO- BNBOOt BHBOO- ftCOO« ncoo» BHCOO» ■ceo •MSIXS» LC- •HOLD» HOLD« CLN •flflCOO- CC00- CC02- CC04- CC06- 

E BflCOW BRCOl- BMBOl* BNBOW ncoi« HCOl- flflCOO* BMB07- BIOPl- BIOP2- auN- STOP- flflCOO« CCOl- CC03- CCOS- CC07- 

F GNO GNO GNO GNO GNO GNO BflCOW BMB08- ■MSIXS» «LCE* •BIQT- PCLR» •fiflCOl- BCRD3- BCR03- BCR03- BCR03- 

H m.02* BflCOZ* 611802« BUBOZ» flCOZ» fii;02> RflCOl-» •GECLR- BI0P4- LC- BIOT» •RUN* RfiCOl« rtC04« •ncoe« rfCOB« •RCIO« 

J GNO GNO GNO GNO GNO GNO BflCOZ» BCH« «LC- BI0P4- •LCIO- •RUN- •nflC02- •fiCOS« .nco?« •flC09« •flCU« 

K BfiC03-f BfiC03» BMB03- BliBOS- flCOB» ncos» HBC02-» sa» LC' .LCT. LCIOt B10PI« RflC02« CCOB- CC10- can- CC14- 

L GNO GNO GNO GNO GNO GNO BfiCOS» «LC» «BCH- LC- «CCOIR* CCO •RftCOS- CC09- CCU- cel 3- CCIS- 

11 BflC04f BfiC04» BIIBOO* Bneoa-» fiC04» RC04. RfKOS« BI1B07- BCtl* BTl- CC01S-» fiflC03« BCROl- 8CR01- BCROl- BCROl- 

N GNO GNO GNO GNO GNO GNO BflC04- BMBOB» ■BCl •CCLR* « BIQP2- •fifiC04- .flC04« •fiCOE.« ■ncoe« •RCIO« 

P BftCOS* BBCOS* Bl«04- BNB04- RC05* RC05« flf«:04-. LC10- Bat BnB07> LC« RflC04« .ncos« «nco7« .flC09» •BCU» 

R GNO GNO GNO GNO GNO GNO BflCOS- ■BLK« aBLK- BMBOB- «BCRDl- •RflCOS- CC04- CC06- CCOB- CCIO- 

S BflCOe-. Bncoe* BI1B04- BNflü4f ncoe» flCOfi-» HBCOS- BMB03- BLKt .flCti- BCRC1- •MSIX« RflCOS« rros- CC07- CC09- CCU- 

T MCO BflCO?» BMBOS- BMBOS- BC07» flC07« Bflcoe-» B«e04f •PfLB* BHB07- .BCRD2- •rtsrx- •flficoe- BCR02- BCB02- 8CRD2- BCRD2 

U GNO GNO GND GNO GNO GNO flficoe» BMBOS- PHRCLB BMBOSf 8CR02t M3IXS« nncoe« •fiC04« •ncoe« •ACOB« •RCIO« 

V BUCOB* BflCOS« BMBOS- BMBOS* fiCOB» flCOBt BKBOe- •BCL» LC« •RCOS« .fiC07« •flC09« •neu« 

B01   B02   B03   804   805   BOB   B07   B08   809   BIO   811    812   813   814   815   816   817   816 

W021M W021M W021K W021M W021M M021M wsoo R113 R113 R113 R107 R002 R401 R107 R123 R123 R123 RU3 

fl 
B " i 

r 

0 BflC09« BBC09« BHB06- Bfl806- flC09« flC09« BflC07« BLK- BCL- 

~b..  , 

-   ■•   . COO« •CLK •flfiC07- CCOO- CC02- BI0P2- ccu- 
E BRCID« BflClO« B«B06« B(1B06« nao« RCIO« flflC07« I0P1- nsix« ^CHR2« COl« flflC07« CC01- CC03- BI0P2- cu- 
F two GNO GNO GNO GNO GNO BRCOB« «BIOPl« «BCIE« •acc« «B^03- •J1B14 »RflCOB- 8CR02- 8CT02- BC2E- ■J161I 

M Bficn« BflCU« BHBOT-, BMB07 HCU« RCU« RflCOB« BLK- BCH- B10T- BCR03« C02« flflCOS« •fiCOO« W«02« •BCCLRl JlBll 

J GNO WHO GNO GNO GNO L--NO BflC09« I0P2- nsix- BLK- «BC2E- C03« .fiflC09- •flCOl« •RC03« .BCCLR3 eu- 
K I0P1- I0P1- BrlB07« BNB07« SKIP ;KIP fiflCig« «BIQP2« .BC2E« •LCIO« BC2E« «J1B14 HflC09« flflCOO- firiC02- flflC04- •CRCI; 

L GND GNO GNO GNO GNO UNO BflClO« BLK- ecM- aiQP4- •flC3E- C04« •flflClO- RflCOl- RflCOS- BflCOS- CCOl- 

M I0P2- iaP2- BMBOB- BtlBOB- IkiTREO INTREQ RRCiO« IQP4- risix- aC2E- BC3E« COS« HflClO« 8tHR2- aewc- BCNP2- FBTPl 

N GNO GNO GND GND GND GND BflCU« •BI0P4« .BC3E« •BCWR2« •BIQPl- •J1614 «flflCU- •CCOO« .CC02« .CC04« •J1B1! 

P I0P4- 10P4- BrtBOB« BnBOS« SCCLR« RCCLR« flflCU« BIOPl- BIQPl- BIQP1- BIOPl« C06« flflCU« •CC01« .CC03« •CC05« J1B1I 

R GND GUO GNO GNO GWD GNO BCIE- BC2E- BC3E- •BIQP2- C07« •BCIE- flflcoe- BflCOB- flflClO- F8TP! 

S BTl- BT1- BMB09« BMB09« BHUN- 8BUN- .BCROl« .BCB02« •BCR03« BIQP2« •J1B14 RUN- BC1E» flflC07- flflC09- fiflcn- .CC02: 

T BT2«- BTZR- 8H810« BMBIQ« HOI.D« HOUD« BI0P2- BIQP2- BIQPi- •B1QP4- COS« J1E13 •STOP« BCUB2- 8CWR2- BCyR2- CRCI; 

U GMO GNO GNO GNO GNO GUD BCIE- BC2E- BOE- BI0P4« C09« J1B13 C125« •CC06« •CCOB« «CCIO» «SIX- 

V PHBCLfl PUBCLB BI1BU« BMBll« BIOT« BIOT« •BCCLBl •BCCLR2 •BCCLP3 «J1B14 JtBM •CC07« •CC09« •ecu« •FBfP 

/ 
^ 
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OMPUTER ^*^ 
fll6 R17 fll8 R19 R20 R21 R22 R23 R24 R25 R25 R27 R28 R29 R3Ö R31 R32 

R123 R123 R123 R603 R603 R201 R201 R205 R20S R205 R205 R205 R205 R302 R113 

GIH191 Glfi22 OIH22 GIH23 

CC02- CC04- CC06- LCCLR- BIOPl» SMIFTl SMIFTl SHIFTl SMIFTl SHIFTl SHIFTl jinsoi 
CC03- CC05- CC07- ■Clfll91 rt,C» ^CT» LCE» •iC12S» •COl» .004» •CO/» .C09» •CU» BIOPl» CC15- 

BCII03- 8Cfl03- BCR03- SCCLfl» LCS» flflC03- RflCOS- CC1.R» CCLR. CCLR» CCLR» CCLfi» CCLR» LC» •CRC15» 

•flCOi» ■ncoB« «ncio» SMIFTl SHIFII LC» fsacoi» fiflC04» <WC07» fWCC9» HfiCU» CC15- 

^C07. .ncaS' •neu* nco C02- C04- .C12S- •COl- •C04- «C07- «C09- •Cll- JIR291 Cll- 

CCIO- CC12- CC14- BlOP*» CCLR» CCLR» coo» C03' C06» C08» C10» Jlfl29l •J1R301 

CCU- CC13- CCIS- BClEt •C03- •COS- Clfl23 C0O- C03- C06- C08- ClO- J1B301 

BCROl- BCROl- BCRDl- •SHIFTl •BCHBl» .C03» •COS» BI(»'4f LCT» LCE» LCS» LCS» LCS» •LCCLR» CU- 

.fiC06» ■ncos« •ncio» SHIFTl SMIFTl SHIFTl SHIFTl SHIFTl •CRCIS» 

rfC07» •fiC09» «fiCU» cm BCCLB2 3MIFTI SMIFTl •C03- «C02- .C06- ■COB- •ClO- ■ CRCI5» 

CC06- CC08- CCIO- BI0P4» C02» C04» •COO» «C02» «C06t •COB» ■ClO» a 

CC07- CC09- cCU- BC3E. LCT» LCE» nncoo- flflC02» flflcoe* HflCOB» flflCIO» «CRCIS- 

BCNß- BCR02- BCR02- .SMIFI2 •BD#»3» «KOS« nncos* C12S» COl» COS» C07» C09» CRC12» 

«flC06» mPCmt ■ncio« LCEt LCS» C12S- COl- cos- C07- C09- 

•«CO?» ■flC09» ■neu« CLK BCCtM &lfl22 Cin22 LCT» LCT< LCS» ICS» LCS» ■ •CRC 12- 

816 B17 B18 B19 B20 B21 B22 B23 B24 B25 B26 B27 B28 B29 B30 B31 B32 

R123 R123 Rn3 R113 R20S R205 R205 R205 R205 R205 R205 R205 R113 R113 Rn3 

! 

CC02- BI^- CCU- CCll- SHIFT2 SHIFI2 SHIFT2 SnlFT2 SHIFI2 SHIFT2 5HIFT2 SMIFT2 J1B281 J1B2SI .118301 

CC03- BIOPZ- Cll- J1BIBI •CCOO» .CC02» •CC04» .CC06» ■CCOB» •CCIO» tfCl2» •CC14» CCOO» CC02» CCIO» 

RCT02- BC2E- •JlBlBl •CRC12» BCCLR3 BCCLR3 8CCLR3 BaLB3 BCCLP1 B^CcRl BCCLRl BCCLRl ■CC01S» .CC03S» •ecus» 
rfC02» «BCCLR1 J1B181 FBTP1- flflCC4» RflCOe» RflCOB» nncio» flflC04» «)C06» RflCOB» flflCIO» CCOO» CC02» CLIO» 

«flC03» .BCCLR3 CU- «CCOO- .CC02- .CC04- .CC06- «CCOB- •CCIO- «CC12- •CC14- FBTflP2 F8TflP2 FBTfiP2 

flflC02- fiflC04- .CRC12' •FBTPl» FBTPl» CC02S» CC03» CC05» CC07. CC09» CCU» CC13» •J1B281 •JIB291 •J1B301 

flflC03- fiflCOS- CC01- CC01- FBTPl- CC02R» CC03- CC05- CC07- CC09- CCU- CC13- J1B281 J1B281 JlBSOl 

BCW2- BC*2- FBTFl- J1B1B2 BCWR3» BCW«» 8CUR3» BCI4R3» 8CHR1» BCWRl» BCWRl» BCWRl» FBTflP2 FBTflP2 FBTflP2 

•CC02» •CC04» .118182 ■CC025» SHIFT2 5HIFT2 SHIFTS SHfFT2 SHIFT2 SMIFT2 SMJFT2 SHIFT2 «CC01S» •CC03S» •ecus» 
.CC03» •CC05» J18182 CC025» •CCJi- •CC03- «CCOS- •CC07- »CC09- •CCU- .CC13- •CC15- CRC12- CC03S» ecus» 

necoa- flflClO- Fen- •CCOl» •CCQ3» «CC05» •CC07» .CC09» «CCU» .CC13» -CC15» HSIX- 

fWCOS- fiflCll- •CC025» •CC02R» flflCOS» flflC07» fl«.09» RflCll» rtflCOS» flflC07» Rflcog» fWCU» •FBTflP2 •CC03R» •CCUR» 

8CWZ- BCUB2- CRC12» CRC15» CCQ15» CC03S» CC04» CC06» CCOB» ecus» CC12» CC155» CC14» CC14- CC155» 

•CCOfl» •CCIO» HSIX- «SIX» CCOifl» CCOiR» CC04- CC06- CC08- CCUR» CC12- CCISR» CRCIS- CRC1S» 

.CCI)9» •ecu» •FBTPl- «FBTPl- BC*3- 8CWR3» BCUR3» BCWR3» BCURl» BCHRl» BCWRl» BCWRl» •CC15S» •CC15S» «CCISR» 

PRNEL I CtaiC CHECKSUM COMPUTER 
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Jf* « * * J^lCLi C   CH£LK.SL(>!   CQMPlJTfcR   ***** 

AACQQ» 
AACQO- 
AACOI+ 
AACOl- 
AAC02-*- 
AACOZ- 
AAC03+ 
AAC03- 
AAC04+ 
AAC04- 
AACü5i- 
AAC05- 
AACJ6* 
AACJo- 
AAC07* 
AAC07- 
AAC0Ö+ 
AAC08- 
AAC09» 
AAC09- 
AAC10+ 
AAtlO- 
AACli* 
AAC1A- 
ACOO» 
ACOH- 
AC02* 
AC03* 
ACO* + 
AC05* 
ÄtQ6±„_ 
AC07* 
ACOb* 
ACOJ* 
AC10+ 
AC11 + 
ACCt 
ACCLK+ 
BACOO+ 
BACOl* 
8AU)2 + 
BACQi* 
QALOh*. 
BAC05-»- 
8AC06+ 
flAC07+ 
E^COä+ 
EAC09+ 
 &ACliL+_ 

8AC11+ 
BClt* 
BCIE- 
BC2E* 
Bt2E- 

CCNCATCNAFEL   LlRtUlT   LlilS 

iAOJEtlAi^tiiA^jJ^ 
lAl<tLf ItllSK 
iAü7H, iAl^ihf lAii'ih 
iAIAf i itJi5L 
ittG7K,iA:iKfiA2HS 
UliJ, ilil6K 
lA37.,«l,iAiAM,lA2lT^ 
lA21f,lAl^L,iBl6L 
lAJ7^,iAUf , IbZOh, 
i/ii'«N,lbl7K 
ld2GS,ld245,lA22T, 
iA22F,IAi^Xt1Ö17L 

. JLA 25 S t i o2t)Htib2lH, 
lAl««f ,ldif;K 
i6J7tt ibxtct ib21S» 

i.di'iFt lc!lci< 
1 J 17 K , i ö i ÜLtlMlJj 
iditJfAdlci 
lA27Sflri27h,ld2jHt 
iei^L,iBi7R 
'.BJ7P, ii31fP,iüi3i, 
IblHN,1.3175 
1A-)5C «lACfcCi iJLa 1_S h__ 
lA05t,iAGcttlolSj 
lAa;h,lAOfcHfIbitH 
lAd5KfiACtK,IbifcJ 
iAJSM,iACcM,lA15ht 
lAOSP.iACc-.P.iAli»', 
lAOiSt lAQoSi lA)oi-if 
lAO=T,iAOcTfiMlcP, 
lAOSVtiACtV,iAl7hf 
leJibfIbCtbf1A17P, 
iß05i:,lbQtt,iA18h, 
It'O^H, loCoH, lAlfaP, 
lAiSJ, L61CI- 
IcOZP, itiOcP.iAlSf 
iAOiCilAO^Ct1AÜ7U 
lAOittiAJ2tiiA07H 
lAiih,iAÜ2H|lA07j 
lA0iK,lAGiiK,iAG7L 
1AJIf.f iAÜ^Kt 1A07N 
iA01P,lAOtP,lAa7K 
lAi)lS,iAÜ^flAü7T 
lAJlT,lA02T,iB07ü 
lA01V,iA0^V,lB07F 
IBÖIC,i502U,iBü7J 

lBülh,id02h,ib07N 
ibOSF,ldlASiiA2Cl 
lÖitR.läOäK.iBuei. 
i809KfIBilK 
iBi7F,lbllJ,lblOM, 

lti2^H,lA25h 

lAl4itlA0?5 

lAiAU,lA07ü 

lB2£SflA2eh 

lrtl'.Hf1807F 

lb2tStlA27F 

IBlAMf \bC7t< 

ib27S,lA2t:h 

xAl5N,iAl£L 
iAl£JflAläV 
;Altu»iA_i.6LL 
lAlejtiAltV 
iAl7NtiA17L. 
lAlVJ,iAl7V 
iAlfcNfiAleL 
lAiöJflA)tV 

IBOSKtldCSt 

^^/-^TgSgE; 



A-5 

*****   CYCLIC   CHtCM>LM  CüMPuTfcK  »♦♦♦* 

ÜC3fr 
6C3h- 
8CCLR1 

BCCLKi 
8CH* 
BCh- 
BCL* 
BCL- 

_ JLCaülJL 
BCKlU- 
bCKU2+ 
BCRÜ2- 
BCRÜ3* 
BCKÜ3- 
 BCwRl*- 

ÖCWK2+ 
BCMR2- 
6CWH3* 
BIÜP1+ 
8I0P1- 
BI0P2» 
8I0P2- 
BIOP** 
B10P4- 
BIOT* 
BJOT- 
BLK» 
BLK- 
6Meoo+ 
8MB01+ 
BMB02*- 
BMB03« 
8M8Ü3- 
BMBO^* 
BM804- 
BMB05* 
8MB05- 
BMBO^* 
BM806- 
BMB07+ 
8MB07- 
BMBOB* 
BMBOB- 
8MB09> 
BafllQl 

1*2CS 
iBilL 
ie27f 

AAZW 
ie2if 
1AJÖJ 
UJ9L 
lA)eK 
I/IOSN 

iAie> 
UiiU 
lAiET 
Idlll- 
i/S18F 

U*ie 
16171 
IA2ÜT 
l/»2Sk 

1A13N 
l/410t 
itillu 
1AOSH 
18J5V 
Ullf 
lAOfiw 
IAJ5K 
IA02U 
1/>0J£ 
lAOjh 
IA03M 

JLAOiK 
IA03S 
1A03F 
IAJ3V 
1AJ2T 
lB03fc 
1B03C 

1BÜ3H 
1613? 

ieJ3S 
IB03T 

BM811+ 
BRUN- 
BTl- 
BT2A- 
COO* 
CQQ-  
COl»- 
COl- 
CC2* 
C02- 
C03* 

lt03V 
leosb 
IbOlS 
IBOIT 
1A2^K 
1A2^L 
ibl^t 
1A2AJ 
Itikh 
1A21J 
IA25K 

löHM, 
IBIOK, 
IdifcF, 
IA20V. 
id22Fi 
1A09M, 

U09P, 
IÖ09C 
IBCbS 

lb09N 
itilOu 
lb2äl-f lB2<iFtiai7hflB0bV 
Lö09y  
la2 If-, 18201-118170, IB 1CV 
iAIOS 
1809L 
iAIOV 

1A17«, 
1JC9S 
lAi71, 
IblOb 
IAi7»-, 
ititTM, 
IdlCN 
IBlfcT, 

U2LL,, 
löüüH, 
IbOdKi 
18170, 
IdCdN, 
lAiOJ, 
IdObV, 
IdiOI- 
1A(19S 
l8iOJ, 
iAC<.Ü 
2 AO^ft 
iACAt- 
lAO'if 
1A94K. 
IA04S, 
lAdP 
iACAV 

IAC<»T, 
ibCKt 
ldC4C, 

i«löM,lAlt3M,lAll(. 

IAItT,lA15l ,18i5F,iBlbf-,lAilT 

lAl6FtlAl£F,lBllF 
ib26M, 182 SM, 182^« 182^1 V, 16^5 V, 1826 V, I e27V 

1BI5T, 
ib22M, 
IA13K, 
ibOSP, 
IbiLb 
Ibi7E, 
IA20K, 
lblO£, 
1A11H 

I815M,ldl6»',18i7H,lBllC 
182lrt,lB20K,iB20V,IB2IV,1822V,1823V 
180eF,1811P   
181CP,1811K 

laTThTTBlCT,18097,IBüBT 

lA2CK,lA23f 
IdlCL,18111 

lbUtib,18ÜÖh,160eL 

lAOdis 
lAObT 

1A06U 

1A06V 
1A10T, 
IdÜ'.h, 
IdO^P, 
lb04M, 

i8Ml_ 

lbO<tK, 
lAOSM, 
1AIUU, 
lAlOR, 

1803K 
lAüdE 
lAObN 
lAOEF 

18C4V 
1B06S 
IbC2S, 
1802T . 
IA23K, 

IAIOM 

1812Ü 

lAt^L, 
1A24U 
1A21K, 
lAi'tf 
1A2US 

1A2^T 

IA24K 

I812J 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



A-6 

*«**«   tYCLIC   LritCKiL»LXiJM£iJl-fcÄ-**J?*.*- 

C03- iAiiL,lAZt>L 
CO^ iAiiE.lAÜ^H.lbl^L 
C04- lA22J,iA25J 
CÜ3 + iti lif,lAi2M,iA2 5l_ 
C05- ifii2LtlAZ5U 
C06* iA26K,lA2ÜK,ltJl2P 
CCb- lA2tL,lA25P 
C07* lA2tt,lA2tT,lB12R 
C07- lA2tJtiA2cU 
COÖ + iA2VKflAtbH.iBl^T 
C08- iA27L,iA<:cP 
C09*- iA27ttiA27T,lbi2U 
CO'i- iA^7J,iA^/lj 
C10+ iA2tK,iA27r< 
ClO- lA2eL.lA27P 
Cll* iA2dc 
cu- IAJCJ,U3CM, iA2bj,iöitr;fibiej 
C12S + iA^JbfiA^iT,Ibl^L 
cus- lA2iJ,lAij1L 
CC0>'J* iblSN,lü^Ot,lß2bt,ld2tH 
CCOÜ- iA15C,idlt)Ltlb20j 
CC01 + iÖi£P,lbiÜK 
ccoi- lAl£Cfidl5t,lbläl,idlSLilö2CF 
CC01K+ lAllL.iQ2üU 
CCüli+ iAli^,ldtOI.lö2öf,ib2bN 
CCOi* leicNtib^lct io29t:t ici29h 
CC02- iAlcL,iaifcU,iB21J 
ccoaR* ie2U,lbl9S 
CC02S+ ib2lK,lbl9N,ibl9P,lblti. 
CC03+ i622K,ldilfi,lbl6P 
CC03- Ib2kL,lÖ2iP,ibifcL,lAlfcfc 
CC03R+ iE2-;i,lH21ü 
CC03S+ lb29f ,id^9N,lbi:9P,i.d21T 
CMAt, lbi7N,ld22t1lH22T  
CCO*- 1A170,iAi3K>lb22J.lB22L 
CC05* lb2iK,ld22Kfldl7P 
CC05- lAl7£,lAlbS,ili2iL,lB22P 
CC06 + lbi5U,lri2it,lb23T 
CC06- lAieO,lAlbH,ib23Jtid23U 
CC07* _   Ibt^Kjlb^i^ilblOV 
CC07- lAläE.iAltStlu2AL,ld23P 
CCOÖ* ibltU,id24£fiß24T 
CC08- 1A15K, lAi7htib24J,lu2<tU 
CC09* lt;25K,132'»K,ldl6V 
CC09- lAi5L,lA17i,ib25L,lb2'.P 

■  CCIQJL  ^iailLUiJJiätjlöißtiiaiiH  . 
CCIO- lAl6K,lAibR,lB25J 
CCil* ltitti(.,lüZb*l IbWV 
CC11- lAi(3LfIAlbbilblbU,ldl9Utld<5Ff iB2tL 
CCUK* IbiCbfiB250 
ecus* lbJCFlib3CN,lb3CPvlb2£r 
CC12+ lB26fc.lB2faT 
CCik- lAi7Ktlb2bJ.lU26U 
CC13* iB27K,lb2et< 
CC13- lA17L,ld27L,lö2fcP 
CCU + lb27t,AÖ2bf 
CC14- lAlbK,lB<:7J,lb29T 



A-7 

H     t*. > > 

■1 >. M: x ic     % 
IM iy   Ö O 

< 4 a     <1 

o o o 
4 «« 
-4  «4  -4 
»    »■    fc 

«- it n 
-4 «n ~i 
o o u 
< CO « 
-1  *4  ^ 
ft   •   «1 
-i p«. 
<M -O -^ 
0 3 0 < < « 
-4 -« -« 

^ J U. 
m »n ■"'• 
o o o 
< < en 
>4  -4  -^ 
B     »     «» 

-* 3 -1 - 
■T * ry ^j 
u o u o 
4  4 Ui  it 
H^ ^ --   -« •    •    *    » 
-J O w -1 
A ^ -M 41 
CJ o o o 
< < T3 U -^ -« ^ -^ •   »   *   •> 
-i 3 ^  J 
4> <M fM   0 
O o o o 
< < T» "» 
-4  -4  >^  ^ »    ft    •    * 
O D -^ ^ 
w «• -n -o 
o o o ^ 
< < a -o -*«(-»-« 
ft     B      ft      ft 
1 TC  X < 
ft — -n Ä 
9 O U O 
< < « S 
W  .-4  *4  «4 

-» X -J 3 
^ -N ^ ^ 
o o o o 
4 4 «i (D 
^ *4 »4 ^1 

T X   "^  J 
»*» -n « »ft 
o o o o 
^ < qj OJ ^ -« —. ^* *   *   ft   ft 
1  T  a.   X 
M 4- fn * 
o u o u 
4  4 9« 

*   ft   tk   ft 
-» J£ J. 3 
-• J%  T  ^, 

o -• -> -» 
4 4 U 33 

ft    »    w    w 
O.  X  ->  J 
-• o 4- n 
'> o '■->   J 
4  4 V  H 

^  ^  -(  J 
M   0 •*   -> 
O O <J -3 
4 < -e « 
-• _-i   -• -• 

4. Z ^   3 3 
n m *  v  H 
O 3 O O -^ 
-» 4 -y « 4 

u. Z   X   JC >-3 OJ -> I 
«r * ft PM*-* 9 (D « 
_• o o o,*^ O O O 
<   4 « tt 4 Ä  B  D 

3 z 
mm 

< 

x a 
10 
IM .-< 
4iU 

a 3 
M »Vl 

l 
l 
l 
l 
l 
l 
l 
l 
l 
l 

4        4 

J * C x -> 
•O -u sf v* if] 
•H M ^ O O 
4 4 4 n ti 

. > > J 

U 4 

»   *   ft •■ » ft * 

^ -n j* B j ao cr o ■* v* ^« 
■g -*  -4 -g -^ -vl -N  >i _-, -<   >j 
44'0f04,3-3T   t)44 

-i      .£ l a .i .j _i ^J 

I -n *4 ^4 -4 M M   *> ■>! 
4       a JD ü -o -ri -n   i 

■      ft     ft     ft>    ft ft      ft     ft ft ft     ft     ft     M     ft     ft     ft ft' ft     ft      ft      ft     W     * ft 

m O Jl (*t 1ft -* O ■** Nl JM ^ > O f . ^ JO .1 O J* O ^ J» 'N >"> O O 1M -• •» » ?■ J» M 
rg-iOOOOJOO^O ^^^-4-4 -I .-^1 iM <n -N ■M'>J-^t>-4 M >j -4 -* o "-> 3 
4t    «-t-0TX-O'Bi'3a44X)-O1»D'D. »1><44«4t4   ^4 0 44» 

■^ Z|-3 
m « o 
-4 ^rvi 
a * ti 

■n r   r^ « -r 

< *1 TS -O T) 

X •u 

-4 • —* -4 •4 -4 * > ■k 

* 
yi 

• «,■  -4 »     ft -4 

J 

-4 ft 
a. 

ft 
T 

-4  -4 ft     ft 
-1  Z 

• -^ -4 

u. 

■^ 

3 

"4 -4 

u. 

•4 ft -4 

'_»    J  'J 

-4 ft ft   » 
3 T 

-4 ft ft -> ft 
'J K 

ft '4 -« .4 ft'  ft   ft 
3 -X  J U. 

-4 

> X 

-4 ~4 "* ft * 
-4 

u r» .»i 3 >J o o u u J* o \r IM ^ O) -u (N J\ •4 it« 4) -4 -4 ^4 ^ O 1 M sT ^ a* ^ o tl* J» >ft -4 -4 3 O O U* «I > ^n -4 *4 O4 ■J- >ft f » 
-X ■n ^J ^ -> ■« n ■^ ->j *M  -4 M o n n "t o n o -> ■%! 

■n -4 f\»^J  '«l 'J -N -4 •M -4 - Al 3 ^ -» .4 J -4 

u 
-4 

4 
-4 -4 

* 4 
-4 -4 

4 4 
-4 

4 
-4 

4 03 
-4 

1- n 4 4 4 4 
^4 

4 
-4 

« :J XJ ai 
-4 

01 -u 4 
-« 

4 
■4 -4 -4 -« 

iu o n 
-♦    ^   -4 

4 4 
-4 

^ 4 
"4 

4 
-4 

4 4 
-4 

4 OJ OJ 4 4 
-4 

cn 4 
-4 

4 4 
-4 

4 
4 -4 

4 
-4 

♦   4' ♦    I    ♦! I   ^  ♦    |   ^4      1 | 
♦    IXuM ♦ IM nj A, m & ^4 -4 9 (Vm -^ 
hft (ft tft UV ^   £        -4 .4   4-4<ci.'\*4rgrs*.j 
-4i-4«*-«(j-'^*J*-»>J,-'ta-»~>-444JQ 
J «j u ». * o J -i x « at OL vtu-u-t^4^a*z 
u ^> v; o u ** u u u UA* u. a. ^ j> o '.' ^ ^ 

I 
I 
I 
I 
I 



A-8 
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J*****„C YCL iC _CHcLKbi.M   CuMf U1 tH   «***♦ 

OUTPUT   Lii>rS 

Clli- 
CC »5+ 
RJN+ 

iA2ot ilNGLt   I/t   LH   TcSl 
18».7K SIWoLt   1/Ü   CK   TtST 
i^l^H SlNOLt    I/L   ÜK   TIESI 

CCNiVhCriLK 
tL^l\dCTIa^ 
ct^^tCTlC^ 

HCHL 



A-9 

..Ltlti I_t& _**♦♦♦  

bAY      I   TU   BAY      1,   LtVtL   I 

SrilFTl    1 bUS JLA 23C 1* 2bC 
GND       J BUS 1A Oif 1A OtF 
BtRU3-    1 BUS Irt 11 IA 18F 
CCLK*     J BUS 1A 2.. IA 2faF 
GNU       1 BUS 1A Ü1J IA 06J 
mo              1 BUS 1A OIL IA OtL 
BCRÜl-    1 BUS 1A Ibe IA IBM 
GNU       1 BUS 1A 01>\ IA OtN 
SHIFT!    1 BUS iA 23N iA 27N 
GNO       1 BUS IA 01^ IA OtK 
BtRU2-    1 BUS iA i3T IA UT 
GNO       1 BUS iA 01U IA 06L 
SH1FT2    J ._ BUS iö 20 c IB 27C 
BCCLK3    1 l  BUS iti 20F IB 23F 
BCCLKl    1 l  BUS lu Z^f IB 27F 
BCMKa-f    ] .  BUS lb 20K IB 23« 
dCWKl*    ] BUS lb 24K 16 27P 
SHIFTS    1 BUS iö 20N it! 27N 
ecMKi-t-  ] L  BUS IB 

IB 
20V IB 

13 
23V 

BCWKi*    ] BUS 27V 
G1A191    ] L  OOl IA 19C iA 19£ 
MSIXS+    1 k  OOi IA O^C ii A 09F 
CCli-     i i     001 IA 3Ct IA 30H 
GNO       1 i  001 IA Olf IA OU 
GNO       1 . oöi  iA OcJ IA 

IA 
OtL 

JIA291    i i  001 IA 29K 
GNO       ] L  001 IA OIL IA 01N 
GNO       1 I  OOi IA OcN IA JtA 
BLK*      ] L  OOi iA 06* iA OSS 
JlBlol    1 L  001 ib 1SE ie 1BF 
CCOO + L  001 —ÄJL 2aE 16 2BH 
CC02* I  001 ib 29t lb 2W. 
CCIO*     1 L  001 IB 3Ct lb 30H 
GNU       J i  001 lb 03F lb CJJ 
GNU       J i     001 iß OAF IB OAJ 
GNO       J L  001 11« 01J 16 OIL 
GND      : L   001 lb O^J IB 02L 
GNU       1 I  001 IB ODJ IB 05L 
GNU       J L  0^1 IB 06J IB OtL 
GNU       J L  001 IB 03L iB 03N 
GNU       ) L  OJl IB 04L 16 04N 
J18182    1 I  OOi in 191» IB IBN 
GNO       ] L  001 IB 01N 16 01« 
GNU L  00. IB O&N IB 05« 
GNO       ] L  OOi IB OtN Aft ota 
J1B13     ] .  001 ib lil IB 13L 
GIA22     .] I  002 IA 21C IA 22_C 
BACOO+    J L  002 IA 010 IA 02C 
BMBOO* L  002 IA 03L IA 040 
ACOO+     1 L  002 IA 05ü IA otc 
LC-       1 t  002 IA iOC iA ICH 
HÜLD*     ] L  002 IA lit IA 120 
ÜACOl*    1 I  002 IA OH iA 02c 
BMBOl«    J i     002 IA 03E IA Ott 
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♦♦♦»* CYCLIC CHECKSLM CüMPuTEK ***** 

AC01+     ] L  002 1A 05E 1*. OtE 
BM02*    I l  002 1A OlH IA 02H 
BMB02+    ] L  002 1A 03H 14 04»- 
AC02*     ] L  002 1A C>H 1A 06H 
BCH*      ] L  002 1A OBJ IA 09H 
LC-       1 002 1A 09J lA 101 
Cll-      1 .  Ü02 1A 3CJ IA 30.»* 
BAC03*    1 L  U02 1A C1K IA 02K 
BMBOä-    1 L  002 1A OJK IA OtK 
AC03*     i I  002 1A 

1A 
03K 
OIK 

IA 06K 
bAC04+    ] I  002 IA 02M 
BMB0 3+    1 L  002 1A 03M IA 04K 
^CO".*     1 I  002 1A Of»»' IA Öt¥ 
LCS*      1 t  002 1A 27M IA 28f 
BAC05*    i i  002 1A 01P IA 02P 
aMö04-    J i  002 1A 03P IA 04P 
ACOD*     ] L  002 1A ObF IA OtP 
ÖMBO?*    ] i  002 1A IOP IA IGT 
GNU       1 002 1A 01«« IA 01U 
BACOb*    J L  002 lA 01S IA 02S 
BHBCK+    i i  0J2 1A 03b IA 'J4S 
ACOb*     1 L  032 1A 05S IA 065 
LCt*      i I  002 1A 22S IA 21C 
BAC07-»    1 I  0J2 IA C1T IA 021 
BMBOü-    1 I  002 iA Oil IA 047 
AC07*-     ] L  002 IA 05T IA Otl 
BAC08*    ] L  002 IA 01V IA 02V 
BHB05*    ] I  002 IA 03V IA 04V 
AC08*     1 L  002 IA 05V IA 06V 
G1A22     J L  002 IA 21V IA 22V. 
LCT*      i L  002 IA 23V IA 24V 
LCi.*      ] k  002 IA 26V IA 27V 
BAG09*    1 I  002 IB 01C 16 02C 
BMÖ06-    i L  002 IB C3C IB 040 
AC09+     J .  002 IB 05G 16 06C 
BLK-      1 002 lb OBC IB OBF 
ecu-   ] L  Ü02 lb lac IB 19C 
BAC10*    ] l  002 IB 01E IE 02E 
BMBOb*    ] L  002 lb 03E It: 04E 
AGIO*     ] l_A02  lb Obt 18 üfct 
GNO        1 L  002 16 OIF IB 02F 
J1B14     ] L  002 IB ISJ IB 12* 
BACH*    1 L  002 IB 01H Iß 02H 
BMB07-    J L  002 IB 03h 16 04h 
AC11*     ] L  002 IB C5Fi 16 06H 
FBTAP2    ] I  002 IB 26J 16 28M 
FaTAP2    3 L  002 IB 2<iJ IB 30J 
IOP1-    J L  002 IB OIK IB 02K 
ÖMB07«-    1 L  002 lb 03K IB 04K 
SKIP     J L  002 IB GJK 16 06K 
FBTP1+    1 L  002 IB 19K IB 20K 
CC01- I  002 IB IBL IB 19L 
1ÜP2-     ] L  002 IB 01M IB 02M 
BMBOtt-    i L  002 IB 03f 16 04H 
INTKtQ    1 L  002 lb OSK IB 06M 

BCZfc- L  002 IB 10M IB 09R 
BCWR2- I  C02 IB loM 16 17F 
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♦♦♦♦♦   LVCL1C   CHFLK.SLH   LUMPUTtrK   **♦♦* 

FbTPl-    1 002 lb IBM U' IBK 
GNU       1 002 lb 02N IB 03« 
JlBlt     1 00^ IB 12N IB 12S 
Iü>>4-     I oo«; 10 01P IB 02P 
BMBOQ*    1 i  0Ü2 id 03P IB 04P 
ACCLR*    1 002 iB 03P IB OtP 
BlOPl-    J .  002 IB 0<*P IB 10P 
CCOZS*          1 002 IB 14P IB IBS 
GNU       1 Ü02 16 02« IB 02t 
GND       1 .  OOiL iö_ 04* IB 04li 
BT1-      1 0J2 IB OIS IB 02S 
BMBOV*    ; .  002 IB 03S Iß 04S 
BRU»<-     i L  002 IB OSS IB 06S 
BT2A-     i 0J2 Id OIF 16 021 
ÖMBiQ*    1 002 id t3T IB 04T 

JiQki)*     1 _ 002 _ Iß 051 IB Ö6T 
B1ÜP2-    J 002 IB OS)! IB I0T 
BCWK^i-    J k  002 IB ItT IB I7T 
CClaS*   i L  002 IB 27T IB 2BV 
CC15S*    1 .  00 2 iB 301 IB 29V 
GNU       i i OJ«: IB 0511 IB 06L 
PWÄGk*    ] 002 18 OiV IB 02V 
BMB11+    J L  002 IB 03 V IB 04V 
BIÜT*     j I  002 Id 05V IB J6V 
FBTPi-    I L  002 4.6 law IB 19V 
SHlhTl    ] L  OOJ IA 23i: IA 22»- 
J1A301    ] I  00:» 1A 30C 1A 30K 
BM6D7- L. 013 

IA 
Obfe 
23F 

IA 08f« 
CCLK* L  003 IA 22K 
CRC15* L  003 JA 30f IA 30N 
BIQP^-    ] I  003 IA OSK IA I0J 
ACCH* I  002 IA 15H IA 15N 
A 1.06+ L  002 lA 16>- 1* ItK 
AC 08* L  003 iA I7h IA 17N 
AGIO* I  003 IA let- IA iBN 
SHIf n L  003 iA 2ih iA 2IP 
ACOb* L  003 IA 13J IA I5P 
AC07* L  00 3 IA lej IA 16P 
AC09*     ] L  003 IA I7J IA 17P 
AC11* L  003 IA ItlJ IA 18P 
BCL*      i I  003 IA OBK IA 09P 
BlUP't*   J L  003 IA 2 UK IA 20R 
COO* L  003 IA 24K IA 238 
C06* L  003 IA 26K IA 25R 
COB* I  003 IA 27K IA 26R 
C10+ t  003 IA 28K IA 27R 
COO-      J L  003 IA 2^L IA 23P 
C06-     J i     003 iA .261_ AA J.5P 
COB-      J I  003 IA 2 7L iA 2fcP 
CIO-      J I  003 XA 2BJ., .. IA 2JP_ 
SHIFT1 L     003 IA 23N iA 22P 
CLK L  003 IA 1VP IA i9V 
BCCLR2 I  003 IA 20P IA 20V 
JlB2dl L  003 iB_^8t .IB. 28K 
J1B291    J L  003 IB 29C IB 29K 
J1B301 L  003 lb 30C 16 30K 
MSIX+ L  003 IB 09E IB 09f 
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♦♦•** CYCL1L CMttKiL« CCMPUTEK *♦**♦. 

BlOP^-    1 
CCOU*    1 

003 
L  003 

IB 10E    IB 10L 
lb 28F    IE 2ÖN 

CC03S+    1 L  003 lb 29F    IB 29N 
CC11S*    J L  003 IB 30F    IB 30N 
FßTPl-    J L  003 lb 19h    16 20L 
CC02S*    ] .  003 IB 21K    16 19N 
CC03+     j L  003 lb 22K    16 21R 
CC03*     J i  003 IB 23K    IB 22« 
CC07*     J L  OOi lb 24K    16 23R 
CC09+     ] L  003 IB 25K    IB 24R 
CC11+     i 003 lb 2feK    Id 25R 
ecu*   ] L  033 Iß 27K    IB 2tR 
BC3E-     1 L  003 IB 11L    IB 10R 
CC03-     ] L  003 IB 22L    IB 21P 
CC05-     ] L OOi 13 23L    IB 22P 
CC07-     j l  003 lb 24L    IE 23P 
CC09-     J .  003 lö 25L    16 24P 
CC11-     1 003 ib 26L    16 25P 
BCWR2-    ] L  003 lb 15P    IB 15T 
FBTAP2    ] 003 lb 29»«    16 28S 
G1A23     1 L  OO-ii 1A 23C    1A 23L 
Ct09-     ] L  OOS 1A 15L    1A 17S 
CC11-     i 004 1A UL    1A IBS 
LCS*      J I  004 l.\ 26^    1A 25V 
BMBOS*    1 .  004 1A OBN    1A 10t 
SHIFT2    1 C04 lb 20C    lb 20N 
QCM.<Z+            ] L  004 IB HE    IB ION 
BC2E*     1 .  004 16 OSK    IS UK 
CRC12*    ! I  004 id IdK    16 181 
BCWR3-»    ] L  004 lb 20K    IB 20V 
aCrtfxi*    ] .  004 IB 24M    16 24V 
GNU       ] L  004 lb 01C    16 03L 
Jläl4     ] L  034 lb UV    lb 14V 
RUN-      1 i  005 A HE    1A 13J 
C02-      ] I  005 1A 21J    1A 24P 
C12S-     i I  005 1A 2JJ    iA 23L 
COl-      ] L  005 iA 24J    1A tML 
C07-      ] i  005 lA 2tJ    IA 2tU 
C09-      J L  005 IA 27J    IA 27L 
CCOÖ-     1 I (LOi_ IA 15K    IA 17R 
CCID-     1 L  0J5 iA i6K    IA IbR 
dCRü3*    I L  005 la   lih   lb 10J> 
AAC09-    ] L  005 lb 14J    IB 16S 
CCO't-     I I  005 lb 22J    IB 22C 
CC06-     J L  005 IB 23J    IB 230 ■ 

ccoa-    ] L  005 IB 24J    IB 240 
CC02R*    ] L  005 IB 21L    18 19S • 
BIUP4*    1 I  005 lb 08IS    Iti 110 

\ 

AACll-    ) I  005 IB 14N    Id 17S 
LOT*      J I  006 IA 21c    IA 24^ 
LCE*    ; I  006 IA 22E    IA 25C 
C12S+     ] L  006 IA 23E    IA 23T 
C07+      1 006 IA 2cE    IA 261 
C09*      ] L  006 IA 27t    IA 27T i 
BMBOB-    ] I  006 IA UBF    iA 10H i 1 W4-          ; i  006 1A.22J    IA 25J 

1 CO 5-      I I  006 IA 22L    IA 250 i. 

I 

1 
1 
1 

-: >= 5i*»r,»~,*a~am,TOTO^" 

t 
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BCR02-    1 ,  006 1A 151 IB 15F 
GMD      1 OQo 1A 0611 10 OSF 
AAC07-    1 .  OOo lb KC 18 15S 
CC12+     1 OOe lb. 2fc£ IB 2tT 
AAC 08-    1 I  00c Li   14F 18 UK 
8CCLKJ    1 I  006 id 20F iB i7j 
AACIO-    J L  00c 18 l^L IB 17R 
CCvH-     1 L  007 1A 17C IA lt.B 
CCOo-     j I  007 1A 180 IA 16R 
CC05-     I L  007 1A 17t IA IbS 
CC07-     i 1  007 iA IdE IA 165 
C04*      J I  007 1A 25E IA 22R 
LCS*      1 I  007 iA 20F IA 22L 
LCIQ-     ] L  00 7 IA 11J IA ObP 
QCKÜ1- I  007 U l-jf IA   L1R 
BCL-      J 1  007 IA OSN 18 09L 

AACO0+ I  00? IA 2i>S Id 25K 
AACOS^    i L  a07 IA 2ci IB 2th 
AACiO*    ] L  0J7 IA 27i IB 27H 
CC14*     1 I  007 iu 27fc IE 2bT 
CCläk*    ] L  OJ7 lö 27U IB 30V 

_kCt .   . i OOd IA OSK IA 13P 
C03*      J L  OOe iA 2&K IA tiV 
C03-      1 L  Odd IA 2iL IA 2i.L 
AAC04+    ] L  OOd 18 20F IE Z'+h 
AACJ5*    J L  OJd lb 20i IB t<i 
AAC07*    1 1  OJd lb 2ib 16 235 
AAta«*  . J L- 00d_ 

L  OOd 
.id 22b 
18 2JS 

IB 26S 
AACII^    1 lö 27S 
PCLR*     J l  009 iA läF IA 09T 
BLK-      ] I  00-i IA CiR 18 1ÜJ 
CC03+     J I. 00s 18 2CE 16 13N 
ceo**   1 I  OJs 18 21E 18 IcN 
CCD4*     1 L  009 18 22E 18 17N 
8Clt+     J L oos id OSF IB l^S 
ecus*       ] L  CO"i IB 30P IB 2bT 
CCO L  010 IA ObL IA 13L 
BCH- 1  010 IA OSL IB 091- 
CCUR*    J L  010 18 30S IB 25i. 
CLK I  Oil IA 13C IB UC 
ccoo- L  Oil IA 15C IB iSC 
CC02- L  Oil IA 16C IB ItC 
CCOl- I  Oil iA 15E 16 15E 
CC03- 1 Oil IA 16Ü 18 IfcE 
aCRü2" 1  Oil iA 11T IB 16F 
MS1X- I  Oil IA 13T IB 09J 
AAC06- L  Oil iA l^T IB 15R 
JCHK3.*  ...J L  Oil .1Ä_29J_ ,_ 1J 23M 
CRC12- 1  Oil IA 30V IB 2dF 
B10P2-   J L OU 18JL7E _ ._.i.B ilR„ 
CC01*     ] L  Oil 18 IbP 16 ZOK 
GECLR- I     012 IA 08H IB 100 
LCIO* I  012 IA UK IB 1CK 
AACO^e- I  012 _U^AN „IHHL- 
ÖCRÜ2+ I  012 IA lit 16 09S 
BC2E- I  012 IB 17P IB ILL 
BClfc- L  012 IB 080 ie IHR 

I 
I 
I 
! 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 
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*****   CyCLiL   CridCKbLM   CüMPbTfcR   ***** 

I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
I 
I 

LC* L     Gi3 1A   20E IA 1JV 
dlüT- 1     013 1A    llf 1Ö ICH 
LO 1     013 1A   2'JF IA 23h 
AAC02- L   013 .. 

L     014 
.-_LÄ_ijy  

iA   14C 
lb .Ic« 

AACJÜ- Id 1ÜK 
AACJ0+           i L      014 1A   07t IA I4t 
AAC.n- L      0i4 IA   UF Id IbL 
AACJ3- L      014 irt   ^L^ IA 14L 
AAC01+ I      014 iA    07r iA 1««H 
AACJ2+ L      0i4 iA    07K IA 14K 
BIÜH1+ L      014 IA   13K Id OöF 
AACO 3+ I        OiH IA   O'lf IA i4i« 
AAC0^+           ] L      014 IA   07F iA llP 
CKC15> + L      OIH IA    3JP id 2-9L 
bCKJl+ I     014 iA   lib Id ObS 
UClä- L      0*4 IA   iC.S M 260 
AACJb* L      014 Irt    lit. id 21F 
AAC57+           ) L      014 Iti   07t id 14c 
AAC09+           j 1      014 Iri   0/K id 14K 
AACii+ I      0*4 iu   0/F Id 14F 
dCKJi-           i L      015 iA   IPF id liF 
ÖI0P2+           i 1      015 IA   i3.\  id UdK 
BCCLKI           ] L     015 iti   24F id 17F 
CC03J*           ] .      01b iti   2SP Id 2ir 
BiQPl-           J .      Oic i A   0 ■» c id OdP 
AAC05- L           Öi6 iA   ,12? *A 14R 
iHIFT2 1     Ole iA   i«if Id 27C 
CCOo*             ] I      016 lb_2jJL  

i.ü  2^c 
IB 
Id 

J5_L _. 
CCOd*             3 L     011 160 
CC13* L     016 Iti  23E ia 17L 
AACia*           ] L      Olfc 18   14F id .I'dh 
CC03R>           ] L      016 Itl   2^5 id 2lL 
610P1*           ] L     017 U   20C lA 2SE 

SH1FJL1        J I     017 
.      017 

 IA   1^ lA 27N 
AACJ5+           ] IA   145 IA 22T 
BiüP2-           J 01Ö IA   13E iB 170 
STUP*             i Did IA   13c IB 14T 
8C»<K1+           1 016 IA   20M Id 27M 
MS IX*             J L      016 IA   13S id 19C 
eC3fc*             j Olo IA   20b 16_ ilf 
AACiO*           1 l     016 lb   2JF IB 14^ 
LCCLR*           ] 01S 1A   19C IA 2<if 
ACC+                ] .     0i9 IA   19J Id 10F 
C02*               ] 019 IA 2;s 1   /J i2H 
CC12-             ] L      02C IA   J.7K lb 2tJ 
CC14-              1 L     020 IA   1ÖK id 27J 
Cll-               J L      021 IA   28J IB 186 
CCLK4             J 1     021 IA   21K IA ION 
ecu-         J 021 IA   17L IB 27L 
CC15-             i .     021 IA   1ÖL IS 27P 
.05*               ] L      021 IA   2^ IS 12M 
«SIX-             1 021 id   2dK ÜL Idli 
LCT+               J i     022 IA   10K 1A 21S 
CKC12*          J 1     022 IA   3CT IB 19F 
CC01K+          i L     023 IA   ill. IB 20C 
CC01S*         J 023 IA   11M iB 2or 
C01*               1 024 ' IA   24t iB 12E 

■■ 
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♦**»»   CYCLIC   CHtCKSCC.   CUMHUTtK   *♦**♦ 

BAY      l   TU ÜAY l. LtVcL 2 

tc- «1 ojt _  1A iOJ-   _. iA   OSJ 
4.C + k 031 1A O^K IA   OöL 
JlAjOi l O'U iA JOK IA   30t. 
CKCla* l JJi 1A 3CN IA   JOP 
Ö1ÜH2- l 00 i lil 17C 16   i7c 
ÜNÜ *. JOi lb Oif ld   OU 
GNU L OJi iö 0^»- ib   J2J 
GNU l OQi lb OSf lü   Obj 
ÜNJ c OJi lb OtH IB   OtJ 
Jlblöi c COi In Ich IB iah 
GNO c 0)1 Id JJJ Ifc   OJL 
GNU d ou iü O^iJ Ifi   O'.L 
Jld^di ^ 00 i id L-i** lb   2dL 
Jlü'dvi c DOi iii 2^K 16   2^L 
JlöiOi l yji In iJK Id   30L 
GNÜ I. 001 l.i .-   L IB   01N 
CNü c 0)1 ib O^L IB   02N 
GNÜ l 001 lei OJL iü   ObN 
'JNU 2 OJI irt OcL ld   OtN 
GNÜ ■> OJi ib Oii'N IB   03K 
Jlöi82 1 OJI la IdN IB   löP 
CCO^i* t. 001 lu i>.N id   i'iP 
CCOiS* 1 JJI iÖ t^N iü   dt 
ecus* c 00 i Hi JÖiN Id   30P 
iHlFTi l 0)2 IM 21n iA   lew      . 
CCLK* 2 002 iA 21^ AA   22K 
LCS + 2 002 IA 2t»' IA  27* 
SHil-Ti 2 00 2 iA 2i»3 iA   22P 
LCS* 2 00 2 IA 25V IA   2fcV 
CU- 2 0)2 10 iök ib   IdJ 

GNU  ^ 002 iü OJF JB   O.^F 
BCKÜi- 2 00 2 ib 13F iB   itF 
BLK- 2 002 IB OBh i.B   JdJ. 
öCri- 2 002 .i.ö 09i- IB   09L 
PblA^t 2 00 2 ib 2bj IB   29J 
FriTAPZ 2 0J2 Jb 30J IB   30M 
JlÖi^ 2 002 iü 12K iB   i2N 
CCOi- 2 002 1b 19L id   2CP 
BCwK2- 2 002 iB l^H ib   Itf 
j-tirAP2 2 0J2 1b 26f iB   29M 
GNU 2 002 1b OH:. 16   05« 
aiopi- 2 002 lö OäH 18   09P 

jiMÜL 
2 

002L 
00 2 

_.    .10  Ok« lb   O4K 
GNü 1H 04^ IB   ObC 
GNü 2 002 L6 Ü6i< IB   06C 
BCifc- 2 002 ib OaH IB   OBb 
ucie- i. 002 IB OSK IB   O^U 
BC3t- 2 002 lö IOK IB   IOC 
ßlüt>2- 

2 00 2 
 )3_ 

1b 
_il.8  It-ÜJ 

FBTPl- löH lb lav 
J1B14 2 002 IB 12i i.b   12V 
BIOPZ- 2 002 irt OdT iß   09T 
ÖCWR^- 2 002 itA UT IB   ItT 
GNO 2 00 2 lü C1C IB   02C 

I 
I 
I 
1 
T 

I 
I 
! 

I 

: 
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*****   CYCLIC   CHhCKSL^   CÜMPUTfcK   ***** 

GNO 2 002 IB 03U IB 0*U 
CC15S* 2 002 IB 28V __ IB 29V 
Cll- 2 003 1A 28J 1A 30M 
ec* 2 00 3 1A OSM 1A 10$ 
AC04* 2 033 1A 15N it 15li 
AC06* 2 003 1A 16N 1A ieu 
ACOÖ* 2 003 1A 17N 1A 170 
AC 10 + 2 003 1A 18N 1A 16L 
LC* 2 003 1A 13P 1A 13y 
CRC1^+ 2 003 IB ISf IB 16K 
FÖTPI- 2 003 IB ISI- IB 18P 
BC2t- 2 003 18 11J IB 10M 
CC13- 2 003 18 27L IB 26P 
BC3£+ 2 003 18 UM IB 09N 
fllUPl- 2 003 18 UN IB 1CP 
LCT + 

2 
00* 1A 2*M 1A 23V 

ACL* 00* 1A 09F 1A 10V 
BLK- 2 00* 18 OdC 16 10J 
BI0P4- 2 00* 18 10L 18 UT 
LCT* 2 005 1A 21t 1A 21S 
LCE+ 2 005 1A 22fc 1A 22S 
AC05* 2 005 1A 15J 1A 

1A 
15V 

AC 07* 2 005 lA 16J 16V 
AC09* 2 005 1A 17J 1A 17V 
AC 11* 2 005 1A 18J 1A 18V 
BI0P4* 2 005 1A 23M 1A 20R 
CC12- 2 005 18 26J IB 26L 
LC + 2 006 1A 20E 1A 23»- 
COl* 2 006 1A 2*E 1A 2*T 
C02+ 2 006 1A 21R 1A 2*R 
CCll- 2 OOo 1A 18S 16 18C 
CC04+ 2 006 18 22E IB 22T 
CC06* 2 006 IB 23E IB 23T 
CCOtt* 2 006 IB 2*E IB 2*T 
BIOPl* 2 006 IB 08F 16 UP 
cni4- 2 006 Id 27J IB 29? 
BI0P24 2 OOö IB 08K 16 US 
C05* 2 007 1A 22K 1A 25T 
ÖMB05- 2 007 1A 0*1 1A 080 
CC01- ^ 007 IB 15E IB 18L 
G1A22 2 008 1A 21C 1A 21V 
3MB03- 2 008 1A 0*K 1A 08S 
BMB06- 2 008 1A 08V IB 0*C 
AAC06-» 2 008 IB 21h IB 25H 
AAC08+ 2 008 Id 22h IB 26H 
AAC10* 2 008 IB 23H IB 2 7H 
HSIXS+ 2 OOS 1A 09F 1A 13L 
BMB04* i 009 1A 0*5 1A 08 T 
BACOO* 2 010 1A 02C 1« 07C 
B10P4- 2 010 1A 10 J - u. LQ£_ 
MSIX* 2 010 1A 13S 18 09E 
BAC07+ 2 010 1A 021 18 070 
BAG08♦ 2 010 1A 02V IB 07F 
BAC09* 2 010 18 02C _l 8. 07 J 
CCOO- 2 010 IB 15C 16 20J 
LCOZ- 2 010 18 iec 16 21J 
CC03- 2 CIO IB 16E IB 21P 

I *sMw=wt*«W<IPHBÄKr3 
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CCIO* 
CLK 
BACOl* 

2 
I 
Z 

_2- 

010 
OIL 
Oil 

BAC33> 
OAC0<(* 
BAC05» 
BAC06+ 
LCS*- 

CCli- 
BAC10* 
BACH* 
CC03* 
CCO 5* 
AAiM*. 
AAC05- 
AACOi* 
IUP1- 
I0P4- 
AAC03- 

I 
z 
z 
z 

Oil 
Oil 
Oil 
Oil 
Oil 

1B   23E IB   30E 
iA  13C 1A   I9t. 
1A   02t IA  07F 
IA   02H IA   07J 
IA   02K IA   07L 
IA   02^ IA  07_N 
IA   02F IA  07R 
IA   0?,> 1A^ OJT  _ 
IA   Z^-.U IA  27V 
IB   UC IB   17H 

2 
2 
2 
2 
2 

Oil 
Oil 
on 
on 
Oil 

.2     QU 
2 
2 
2 
2 
2 

_2. 

012 
012 
012 
012 
013 
OUL 

I0P2- 
AAC04* 
AAC05* 
8MBJ7* 
AAC06+ 

AAC08* 
BCCLRi 
AAC10+ 
BlOPl* 
RUN- 

CCO'i- 
CC06- 
CCOB- 
CC10- 
BMBO»* 

AAC09* 
AAC \* 
BMBJ8- 
HSIX- 
CCOO + 

_SSA1±. 

2 
2 
2 
2 
2 
.2_ 
2 
2 
2 
2 
2 

CCOIS* 
AAC0.9* 
'■.C07* 
CC09* 
ecu* 
CC15- 
CC05- 
CC07" 
CC09- 
BCCLR1 
AACOO* 

IB l^C 
IB 02E 
IB 02H 
IB 16P 
IB 17P 
iA 2&H 
IA 1AR 
IA 221 
IB 06E 
lö 08M 
IA 1AL 

„JIA 08Ü. 

IB 25P 
IB 07L 
IB 07N 
18 21« 
IB 22R 
IB 2^H_ 
IB 17L 
IB 24S 
IB O^K 
18 02P 
IB ItL 
18 O^H 

013 
01A 
Oil 
014 
01A 
014 

IB OBJ 
IA 14P 
IA 07S 
IA iOT 
IA 07U 

OlH 
014 
014 
Olö 
015 

1B 07h 
IB 17J 
IB 07K 
IA 20C 
IA 13J 
_iA Hf — 

015 
015 
015 
015 
015 
JLL4 

IA 15R 
IA 16R 
IA 17R 
IA 16K 
IA 10U 

IB 20T 
IB 22„S 
IB 15M 
lb Ji6y 
IB 17V 
IB 27P 
IB 23L 
ItL 241. 
IB 25L 
iö 08 V 
IA 23S 
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*****   CVCLIC   cHLCNiLC   Ci/HtuLfcK   ***** 

ACD<f + t Oib i A i:i»- iA JcK 
COi* a Oiü i« t^p 1U ItiJ 
ACO'J* c Uia IA il - P iA I'jf- 
HrtKCLK J Jic 1A O'iij io U2V 
AAC11+ C Oio m i'tP t.0 2jb 
ACJ7* c t)ili iA icP IA 2tl 
CKcia* c 'Ji.'» i'5 iSJ iLJ 2SL 
AALJi* c '-**.'* i'V Uh iA 24n 
ACOo*- u ■Jt J IA 1th i/s JcS 
AAC )<:♦ c DJO I« l'«K iA 2ii 
ttLlcf c J«.'.) iA 20L i.J IHS 
C04^ c o^; iA ttK is UL 
ACJJv J ÜiCl iA ÜCb io lin 
LCt* i. u24 1^ lot- iA 214. 
ACOt* 0^1 u Cch m ItiH 
BIOT + 

.*■ Oi* 1« iih ifi JtV 
AC0d + c O^i i ■« i7r iA OtW 
ACOJ* L ^lii i« CcK iri UJ 
311- c 0<:i iA UP ia JtS 
AC09> L. O^i IA 17^ i d OiC 
CUS* C O^i iM i^T ia KO 
HULÜ* c Ji.4 IA iil id 3tT 
ACOI + i 'JLi. iA Ccc j J iSJ 
CDO* i. itt. IA 2Jt< iö 12Ü 
ecCLH^: c Ot^ iA 20V id 'JSV 
ACU* c d^i iA idh id Otc 
äiup*»* t. 0^4 iA 2JK iß J«,M 
ACli* Ci 0<^ iA IrH id JC(- 
COo«- £ 0^7 IA 25K id l*.P 
ACcLi<* £ •J2J i- 1 »r id OcK 
COd* *; c<:c *A 201» id i2r 
COT* 2 02« iA 2t( 10 i2K 
C09* £ Oil iA 27 f id i2t; 

I 

52Ü   wl*fcS   «.iC   tbi.LC,   -ü.ii:   Wh.CC 

CAKUi PUNChfct 

NUrtdE«   ÜF   eLSS   iTKlPb 20 

NUMiicK   üf   «HAPi 52Ü 

(UTAL LtNGTh üh WlRt 22; 

gig^PHMtMHWiii»«*—• rJll 
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APPENDIX B 

CONNECTOR MAPS 
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APPENDIX B 

JONNECTOR MAPS 

The following figures document the I/O cable connec- 

tion locations and the I/O signal names as they appear on the 

J 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-8 

SIGNAL 
NAME 

INTERFACE 
CONNECTION 

ASSERTION 
LEVEL 

SIGNAL 
NAME 

BACOO+ 

BAC01+ 

BAC02+ 

BAC03+ 

BAC04+ 

^AC05+ 

BAC06+ 

BAC07+ 

BAC08+ 

BAC09+ 

BAC10+ 

BAC11+ 

IOP1- 

IOP2- 

IOP4- 

BT1- 

BT2A- 

PWRCLR 

A01D,A02D 

A01E,A02E 

A 1H,A02H 

A01K,AC2K 

A01M,ÄC2M 

A01P,/»02P 

A01S,A02S 

A01T,A02T 

AOIV .AC 21' 

6010,8020 

B01E.B02E 

B01H,B02H 

B01K,B02K 

B01M,B02M 

B01P,B02P 

B01S.B02S 

B01T,B02T 

B01V,B02V 

o 
o 
■o 

■o 
o 
o 

o 
o 
o 

-•» 

BAC0(i: 

BACl(i: 

BAC2(i; 

BAC3(i: 

BAC4(1 

BACS(i: 

BAC6(i; 

BACTfi; 

BAC8(i: 

BAC9(i: 

BAC10(1) 

BAC(li; 

I0P1 

I0P2 

I0P4 

BT1 

BT2A 

B POWER CLEAR] 

Figure 82.  Connector Map. 
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CYCLIC CHECK COMPUTER PDP-8 

SIGNAL 
NAME 

INTERFACE 
CONNECTION 

ASSERTION 
LEVEL 

SIGNAL 
NAME 

BMBOQ* 

BMB01+ 

BMB02+ 

BMB03- 

BMB03+ 

BMB04- 

BKB04+ 

BMB05- 

BMB05+ 

BMD06- 

BMB06+ 

BMB07- 

BMB07+ 

BMB08- 

3MB08* 

BMB09-)- 

BMB10+ 

BMB11+ 

A03D,A04D 

A03E,A04E 

A03H,A04H 

A03K,A04K 

A0oM,A04M 

A03P.A04P 

AOSS.AO^S 

A03T,A04T 

*03V,A04V 

B03D,B04D 

B0.iP.,B04E 

B03H,B04H 

B03K,B04K 

B03M.B04M 

BC3P,B04P 

B03S,B04S 

B03T,B04T 

B03V,B04v 

-o 

-o 
-o 
-o 
-o 
o 

■o 

o 

-o 

o 
o 

BMB0(1 

BMB1(1 

BKB2(1 

BMB3(0 

BMB3(1 

BMB4(0 

BMB4(1 

BMB5(0 

BMB5(?. 

BMP6(0 

BMB6(1 

BMB7(0 

BMB7(1 

BMB8(C 

BMB8(1 

BMB9(1 

BMB10( 

BMB11( 

Figure 33.  Connector Map. 
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CYCLIC CHECK COMPUTER PDP-8 

SIGNAL 
NAME 

INTERFACE 
CONNECTION 

ASSERTION 
LEVEL 

SIGNAL 
NAME 

AC00 + 

AC01 + 

AC02 + 

AC03 + 

AC04 + 

AC05 + 

AC06 + 

AC07 + 

AC08 + 

AC09 + 

AC10 + 

AC 11 * 

SKIP** 

INTREQ** 

ACCLRi- 

BRUN-** 

HOLD* 

BIOT* 

A05D,A06D 

A0SE,A06E 

A05H,A06H 

A05K.A06K 

A05M,A06M 

A05P,A06P 

A05S,A06S 

A0ST,A06T 

A05V,A06V 

B05D,B06D 

B0SE.B06E 

B05H,B06H 

B05K,B06K 

B0SM,B06M 

B0SP,B06P 

B05S,B06S 

B05T,B06T 

B05V,B06V 

-o 
o 
o 
-o 
-o 
o 
o 
o 
o 
o 
-o 
o 
o 
o 

o 

AC 0* 

1 

2 

3 

4 

5 

6 

7 

AC 

AC 

AC 

AC 

AC 

AC 

AC 

AC 8 

AC 9 

AC10 

AC11 

SKIP 

INTERRUPT 
REQUEST 

CLEAR 
AC 

B RUN(l) 

HOLD 

BIOT 

Some DEC Documents Refer to the AC Input Lines 
as thn "IM". 

Not Used by Interface. 

Figure 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 fadliiy 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 

bcth the word and byte mode.  Finally the generator is exercised 

by computing a checksum over 4096 characters using first the 

C:RC-12 generator polynomial, then the CRC-16 polynomial.  The 

results so obtained are compared against software-generated 

checksums for ac-'^acy. 

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. 

C-l 
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201   CYCLIC   CHFCK   COMPUTPR   -   TEST   OQUTlJjES  

**it*0***i:t*-*********tt^t*lt* ********************************** 
* 
* CYCLIC CHECK CCMPUTFR - TEST ROUTINES * 
♦ PAGE   I ♦ 

_* *_ 
************************************************************ 

******»**»**»****♦♦******»*>♦**♦****»*******■>** ***»*1'*t***** 
1                                                                  "                                ' *" 
_* ...   PPPftRAM   STORTING   ADDRESS   ..« ♦ 
*  0200  ♦ 
* * 
*****^****€*******^********^******^***********i.************~ 

0010 
0010 

AXP1 OS 
10 
i 

C020 OPT. 20 

SAVE APEA 

0020 
0021 

TEMPI 
CHRCNT 

OS 
OS 

1 
1 

002? CNT OS 1 

CO^MCN CONSTANT POHL 
* 
* 

0023 
0024 
0025 
0026 

C040 
JMöO 
0?00 
0240 

K0040 
K0100 

OC 
OC 

004C 
0100 

K0200 
K0240 

OC 
OC 

0200 
C240 

0027 
0030 

0377 
4000 

K0377 
K4000 

OC 
DC 

0377 
40C0 

0031 
0032 

7401 
0377 

K7401 
M7401 

DC 
DC 

7401 
0377 

0033 
0034 

7540 
7764 

M0240 
MOO120 

OC 
OC 

7540 
7764 

0035 7770 MOOOSO DC 7770 

* 
* 
* 
* 

THROUGHnUT   THESE   PQUTINES   THE   REGISTER   BEING 
TESTEO  WILL   RP OISPLAYEO   IN  THE   AC  UPON  A 
HALT.      IF   A   REGISTER    IS   LONCER   THAN 
12   BITS,   THEN   IT   WILL   SE   DISPLAYED   IN 
BOTH   THF   AC   ANO   MQ  PFGISTERS.      SFE  CODE 

0200 
*_ 

'* 
* 

0200 
0201 
0202 
0203 
0204 

7200 
1334 
3010 
73 H 
3021 

FOR SPECIFIC DETAILS. 

ORG 200 

PROGRAM INITIALISATION 

TAD CPLFP 
DCA     AXR1 
STA+CLL+RAL 
OCA CHRCNT 

POINTER TO CRLF MESSAGE 

■2 TO AC 

■K'» 
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201 CYCLIC CHECK COMPUTFR - TFST ROUTINES 

0205     5-^3 JWP» CRLF INITIALIZE   TTY 

02C6 7200 
020? 3022 
0?lo     7040 

REGISTER  READ/WRITE  CHEC* 

CHECK   B, ,s   MODE   RFAO/WRITE 

TART     CLA 

0211 
on2 
0213 
0214 

6563 
"v *P_ 
7402 
7240 

0226 
0237 

7200 
65*-: 
65^1 
7440 

OCA 
CMA 

CNT 

LClffi" 
S7A 

ZEITi  CNT   (LOOP  COUNTER» 
SET   AC 
SET   OYTE   MODE.   377 TO CHAR  BJJF 
LOAO   SHOULC   CLEAR   AC 

HLT 
STA 

*♦  AC  CLEAR   ERROR 

0215 
0216 

6544 
7440 

BCL + WR 
SZA 

LOAD  9CR-L0 
AC   SHOULD  BE   ZERO 

0217 
0220 

740? 
7200 

HLT 
CLA 

*♦   AC  CLEAR   ERROR 

0221 
0222 

6541 
7040 

BCL+RO 
CMA 

0223 
02?4 

0027 
7440 

AKO 
SZA 

K037/ 
AC  SHQULO  CE  ALL   ZERO 

02*: 7402 
♦ 

HLT ♦*   BCL  RFAO/WRITE   ERROR? 
♦♦  FAULTY  BIT  POSITIONCS»   LIT 

CLA 
8CL*r   R 
BCL+K 
SZA AC   SKULf)  ECUAL   ZE«0 

0232 7*02 
* 

HLT ••  BCL  CLEA     ERROR.   ALSO POSSIBLE 
*«   THAT  READ   IS   IN  ERROR. 

0233 
.•,-:34 

7240 
6554 

STA 
BCH+WR 

7777   TO  AC 
377   TO  BCR-HI 

0235 
0236 

7440 
7402 

SZA 
HLT 

BC^  LOAD  SHOULD   ZERO  AC 
**  AC  CLFAR   ERROR 

f.237 
U240 

6551 
7040 

BoH*RO 
CMA 

DID  ONES  GET   THERE 

0241 
0242 

C0?7 
7440 

ANO             K0377 
SZA                                  AC   SHOULO  BE   ZERO 

0243 7402 
* 

HLT *•   BCH  READ/WRITE   ERROR? 
**  FAULTY  BIT   POSITIONIS)   LIT 

0244 
024,. 

7200 
6552 

CLA 
6CH4 

0246 
0247 

6551 
7440 

BCH* 
SZA 

0?50 740? 
i 

HLT 

i 
i 

CLEAR  BCR-HI 

DID   IT   WORK? 
•*   BCH CLEAR   ERROR.   ALSO  POSSIBLE 
**   THAT  READ   IS   IN   ERROR. 

NOW  CHECK  WORD  MODE   READ/WRITE 

0251 
0252 

7200 
6567 

CLA 
LCM12 SET  WCRO  MODE 

0253 
0254 

7240 
6554 

STA 
BCH+WR LOAD  9CR   THRU  WORD  GATES 

0255 
0256 
0257 

7440 
7402 
7200 

S£A 
HLT 

AC  SHOULD BE  CLEARED 
♦♦  AC  CLFAR   ERROR 

CLA 

m 
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201 CYCLIC CHFCK COMPOTFR - TFST PQUTINF's 

0260 6'; «si 
70«0 
7««n 

HCH+RD 010   WCRO   GFT   THERE 
0?bl 
0262 AC   SHOULD   RF   ZERO 
0?i3 7«0> 

* 
HLT **   PPAO/KPITE   GATE  OR   LOAD   ERROR 

*♦  t'ULTY   BIT   POSITIONISI   LIT 
026« 
0265 

^200 
65S2 

CLA 
Br.H*CLR 

ÖT66 
0267 7««0 

3CH*p,n 
SZA DID  RFGISTF"  CLEAR   WORK 

"0270" 7«02 
* 

HLT **   «CH  ClEA«   ERR01.   ALSO  POSSIBLE 
**   THAT   READ   IS    IN   ERROR. 

* 

NHW   CHFCK   THE   SHIFTING   CAPABILITIES 
OF   THE CHAR   PUF   4N0  nCR   REGISTERS. 

SHIPT ^  r.HECK 

0271 
0?7? 

7700 
6S61 

cu 
LrM6 SFT   6-RIT   WTRfj  MÜDE 

0273 
027« 

107« TAO              K01CC 

0?7'5 6«>71 
* 

ccc START   CHFCK   SUM   COMPUTATION.   IF 
PROCESSOR   STOPS   HERE,   THF   POP-fl 
•HnLO«   riRCUITRY   HAS   MALFUNCTIONED 
PR   TH=   CHECK   AOAPTQR   RUN  FF   HAS 

* 
• 

N'JT   RFSFT   \r   SHfFT-END  CNT. 
THIS   IS   TrtDF   FOR   ALL   "CCCS". 

0776 
0277 

6151 
7110 
7««0 
7«07 
7670 
7«02 

3CH*pn 
CLL^OAR FLAG   S,-OULr'   NOW   BE   IN   LINK 

0300 
0301 

S7A 
HIT 

1=   AIL   "HSF   IS  OK,   AC   SHOULD-O 
♦♦  OAT   SHIFT  COUNT,JAMS,   OR   ADOERS 

O'O? 
0303 

SNL+CLA 
HLT 

NOW   CHECK   FTP   FLAG   PIT 
*«   PROBAPLV   HAD  AOOER   O*»  CBUF 

* 
* SHIFT P   CHECK 

0^0« 6563 
* 

LT.^P SCT   p-piT   RVTE   MCOE 
030'; 
0306 

7001 
65S6 

I AC 
BCH+CLO+WR St.   FLAG 

0307 
OMO 

65«? 
6571 

BCL+CLR 
rrc 

0311 
0^12 

65«1 
7110 
7440 
7«02 

9CL+PD 
r,LL*BA« 

FLAG   SHOULH   NOW   BE   IN  LINK 
FLAG   SHOULD   NOW   BE   IN  LINK 

o?n 
031« 

SZA 
HIT 

AC   SHOHLO  =   0 
•*   RAO   SHIFT   CNT,JAMS,OR   ADDERS 

0315 
0316 

767 0 
7«0? 
7620 
7402 

SNL+ri A 
HLT 

NOW   TEST   FOP   FLAG   (L*l) 
**   fUO   SHIFT   CNT,JAMS,OR   ADOERS 

0M7 
0320 

SNL+CLA 
HLT 

NOW   TEST  FOR   FLAG 
*♦  NOT   THFRF.BAD   ADDER   OP   CBUF? 

* 
* SHIFT 12  CHECK 

0321 1C30 
* 

TAH K«000 17TH   BIT   rLAG 
0322 
0323 

6567 
65«!2 

LCM12 
BCH+CLR 

032« 6571 ere 
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?01   CYCLIC CHECK CnMPUTPR -   TEST RmJTWFS 

0125     6551 SCH+RO 
0^6     101? 
O???     7450 SNA 

M7^01 
AC   SHOULOsO 

OHO     5715 
Olli      1011 fÄT 

MTAPTP 
K7A01 

nK...nN  TO   NEXT   PAGE 
RPSTH^F   AC 

OH?      740? HLT *♦   RAO   AOOEP  OR   CBUF? 
* 

♦ 

♦ 
CONSTANTS 

0131 
O^l^ 

1004 
1C3? 

0115     OtOO 

C»LF       or 
JCUFP DC 

PRNT1 
C0M1F-? 
MTAOOW 
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201   CVCl IC   CHPfK   CPMP'ITFR   -   TFST   RITtTINFS 

0400 

************************************************************ 
* 
* 
* 

CYCLIC   CHFCK   CCMPUTrp   -   TEST  ROUTINES                  * 
PA^.F   2                                                                                                   * 

*«*******«******«*«***«:,>««*«******«*«*********« ************* 

__.  OPT, 400 

NOTF: 

__  
AOOPP   1    IS   rtFTW^FN   BCR (11)/BC» ( 1 5)   E   CBUFdll 
AOOER   ?   IS   RETWEFN  RCRCO)    ANO  BCR(1» 
ADOEB   3   IS   (JPTrtE«^'   BCR(l)   ANO  RCR(2) 
'.OOEP   4   IS   «FTHFFN  RCR(2»   ANO  BCR{3> 
AOOFP   5   IS   RFTWFFN   BCR(IO)   ANO  BCR(ll) 
AOOER   6   IS   RFTW^EN   RCRdS)   AND  BCR(16» 

- - 

-^ — NtlW   C'<PCK   THF   «On   2   AODERS   DERIVING  THE 
FFFCRACK   FROM   oCRIl!). 
TFSTS   AODF^S   1,2,3,4,AND  5 

7?00 
6567 
655? 
6571 

MTAOÖW 

0*0   MOT   ?   -   WO^P   MOOF 

0400 
04,,;i 

CIA 
0   TC   ADHFR   INPUTS 

0402 
040^ 

!^CH4CL,» 0   TC   F3   TAP 

0404 
0405 

6551 
7440 

RfH+RO 
S7A BC^   0-11    SHOULD  EQUAL  0 

040ft 7^02 
* 

HLT ♦♦   A10FO   ERRORS? 

* 
* 

o*i *r}'} 2 - wo^o MnoF 

040 7 
0410 

7200 
1030 

MTA01W CLA 
TAO K4000           1    IN   FOP   LAST   SHIFT 

0411 
0412 

6567 
6552 
6571 
65M 

LtMl? 
R.-H+CLP 

LCAO  CHAP   BUF   AND   SET   MODE 
0   OUT   FOR   1   DN   F8TAP 

0413 
0414 

CCC 
^CM+i>0 BCR   0-11   SHHULO   =   7401 

0415 
0416 

1032 
7450 

TAO 
SNA 

«7401           (-K74->1J 
OCFS   IT 

0417 
0420 

5222 
1031 
74Ö7 

* 

JfP 
TAO 
HIT 

MTAlOW        YES.. 
KT'.Ol           NC... RECONSTRUCT   AC 

0421 **   AOOER   ERRORS? 
*»  CORRFCT   AC   =   7401 

* 1+0  MOD   2   -   WORD  MDOF 

0422 
0423 
0424 

7200 
6567 
7130 

* 
HTA10W CLA 

LC"12 
STL+RA«? 

INPUT           0 

OUTPUT   I   FOP   1   ON   FBTAP 
0425 
0426 

6556 
6571 

BCM^CLR 
CCC 

♦•WP 

0427 
0430 

6551 
103' 
7450 
  

nCH+RO 
TA" M7401           BCR   0-11   SHOULD   EQUAL   7401 

0431 SNA DfJES   IT? 

± .iar.f-a9M(BMBwii» 
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0432     5235 
0433 
0434 

JMP MTAHW YES.. 
1031 
74 D2 

T40 
HLT 

K7401 KC...Rf:r,nNSTRUC. 
♦♦   AODPR   FRRORS? 

AC 

Ö441 
0442 

* ♦ ♦•  CORRFCT   AC   =   ''401 

1*1  wnn  V vmn MOD IE 

0435 7200     MTAUW  CLA 
0436 1030 TAO K*000 I   IN  r!N  I AST   SHIFT 
0437     6567 
0440     7130 

Lr.M12 
STL+RAR 1   HUT   FOP   0  ON   FBTAP 

0443 
0444 

6556 
6571 

RCH+CLR+WR 
CCC 

65'!1 
  Z^JL 
0445     740? 

SCH*«»ri 
S7A 
HLT 

BCR   0-11   SHOULD   EQUAL   0 

*♦   AOTPR   ERRORS? 
*♦  CHRRFCT   AC   "   0 

NOW   CHECK   THE   AOnFRS   DERIVING  THE 
PFFCRACK   F^OM   RCRd1?». 
TESTS   AODE^S   lt3i   AND  6 

0446 
J)447 
0450 
04S1 
0452 
0453 
0454 
0455 

o*o fan ? - PYTP »»nnF 

7200 
6563 

HTAOO« 

655? 
6542 
6571 
6551 
7450 
5257 

CLA 
LCW» 
9CH+CLR 
RCL^CLR 
r.r.f 
qcH»Po 
SNA 
JMO 

SET   9YTF   Mnnf, 
O'S   FQI   PiJ   TAP   ANC   ADDER   INPUTS 

SMOULH-O 

MROCl f:K..THFN  CHECK   ADDER   6 
0456 740? 

* 
HLT **   AfMSR   i   «NO/OR   3   ERROR? 

*♦   CORRECT   AC   =   0 
0457 
0460 

7200 
6541 

KBooi CLA 
BCL+RO 

0461 
0462 

7110 
7620 
5266 
6541 

CLL+RAR 
SNL+CLA 

BCRHS)   SHOULD  HAVE   BEEN  0 
WAS   IT? 

0463 
0464 

JMP 
BCL+RO 

MTAOIB YES.. 
PUT   LC-BCR   IN   AC 

0465 7402 
* 

HIT *♦   ADDER   6   FRROR 
*«   CORRFCT   AC   =   0 

• 0*1   «tno ?   -   PYTF   MODE 

0466 7?00 
* 
MTA01B CLA 

0467 
0470 

1025 
6563 

TAT 
LCM8 

K020C I   IN  FOR   LAST   SHIFT 

0471 
047? 

655? 
6542 

BCH^fLR 
8CL+CLR 

0   OUT   FOR   1   ON   FBTAi» 

0473 
0474 

6571 
6551 

CCC 
RCH^RD 

STOP   THE   WORLD   I   WANT   TO  GET  OFF 

0475 
0476 

1C33 
7450 
5302 
1026 

TA') 
SNA 

H0240 <-K0?40» 
AC   SHOULD  EQUAL   0 

0477 
0500 

JIM» 
TAD 

MBOU 
K0J40 

IT   DID.   THEN  CHECK   ADDER   6 
•*   ERROR   RFCUNSTRUCT   AC 

0501 7402 Hl.T **  ADCFR   I   AND/OR   3   ERRORS? 
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0501 
0^04 
0505 

6541 
7010 
7^3 0 
5310 

* 
M^on 

0AI> 

JMO 

ÄOOFR ~ 

MTA10H 

**  rn^RFCT   AC   =   o 
6   CHFCK 

RCR(i5»   SHOlTLO   EQUAL   I 
IT onrs 

050«S 
0 50 7 

7004 
"»40? 

* 
* 
* 

RA|. 
HIT 

i+o vro 

CH.nr.   RFCnNSTPUCT   AC 
AO^PR   6   FRRPR 
**  CHRRFCT   AC   =   0001 

■>    _    RVTF   MOPF 

0510 
0511 
^   ? 
0 ^i? 
0514 
0515 

7?00 
«5(S1 
f55? 
»0?5 
6546 
6571 

MTA10B CLA              INPUT 

TAO             KO^OO 
nri+fUP+Wfli 
cm 

C   TDR   SHIFT   8 
SFT   RYTF   MOOE 
0 TP  annfo«;   i  ANn 3- 
1 OUT cnp  1  ON FBTAP __ 

0516 
0517 

6551 
lO-»' 
7450 
53?4 
10 ?6 
740? 

  

BCH+RO 
TAO 
St Ä 
JMO 

HLT 

MO?40 

MniOi 
K0?40 

(-KOP40» 
05?O 
05n 
05? 3 
05?-» 

AC   SHDHLO   rcu^i    0 
IT   iiCFS.   THFN  CHtCK   AOOFR   6 
FORpP,   PFCCNSTPUCT   AC 
**   AOOFP   1   ANO/OK'   3   EPPHPS? 

05?4 6541 
7110 
7430 
533? 
7004 

MR101 BCL+T« 
KA" 

,MO MTA1 Irt 

*«   AC   SHPUI.O   =   0 
AOOEP   6   CHtiCK 

05?5 
05?6 
05?7 
05^.0 

PC (15)   SHOHLf)   FCUAL   J 
CK 
pcSTnpc   Ar 

05^1 740'' 

7?00 

• 

* 
* 
KTAllR 

HIT 

CLA 

1 + 1   ^n 

**   AC   SHOIII. D   =   0001 

05'^? 

?   -   RYTF   Mpnc 

05?? 
0534 

1025 
6563 
655? 
10?5 
6546 
6571 

  
TAO 

HCHttLP 
TAO 

KO?OC 

KO-'OO 
♦WP 

1    »M   «=0«   lA^T   SHIFT 

051«: 
05^6 1   PUT   FOP   n   UN   FBTAP 
0517 
0540 

act ♦rt" 
err 

O^l 
054? 

6551 
7450 

^CH*PO 
SNA AC   SMfULO   FfiUAL   0 

054-» 
0544 

0,:45 

5145 
74r> 

7?00 MB111 

JfP 
MLT  

CLA 

VRIU CK,   TH=M   TPST   APCCR   6 
**   AOOFR   1   ANO/OR   3   FRPQPS? 
**  CORRECT   AC   =   0 

054ft 
0547 

6541 
7450 
5153 
740? 

7'>00 

'3CL+R0 
SNA BCL   SHPULO   =   ) 

0550 
0551 

JKP 
HI T 

LOOP rK..THFN   PN   TO   CHFCK   LOOP  COUNT 
**   AOOFR   6   cRRnR 

055? 
* 

CIA 
♦ *   CORP FCt   AC   =   0 

0553 
0554 

70?? 
5757 
5756 

C60"Ö 

I COP IS7 
.IMP* 

r.NT 
PTP.l BACK   4M0   00   IT   AGAIN 

05f-.5 
* 
cr«PiP 

cn*"oip 

PCW«l" 

DPNE,   THM4   rti   TP   NEXT   PAGE 

055f 

ijagnaHjtyjiBnw— 
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0557  C^lO  PTR1   DC      START+2 
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****** 

* 

.•***««««***«««* **«**««* *««*«*««♦«<<*«««*♦♦*♦♦♦*»»« ****** 

  CYCLIC   1 
PAGC   3 

* 
".HFCK   C0MPI.ITFP   -   TFST   PDUTINES                  * 

« 

0600 OPT,         6or) 
«                                         NOW   (.FT 
*                                      CHcrKSlI' 

t!«*****A*t**4^*«** **««*** ************* 

•S   CHFC<   CPPRA7IUN   PY   COMPUTING 
**   BY   SOPTWAPF   A^O   HAROWARF   MrTHQDS 

— 

* 
*   

THPN   COMPARF   THF   FESULIS. 

^FSirilc 

CFMFfAT! 
X**1' 

r.H^K   -   HOPO   MCOE 
ii?   »OI.YNOMf Al S 

* 
* 

>   4   X**11   ♦   X**?   +   X**2  +   X   ♦   1 

0600 
0601 
060? 
060^» 
0604 
06C5 

3^70 
315^ 
'IS? 
1370 
6^67 

PCWW7 

OCA 

TAO 
Lr*i? 

WCNT 
HGHI 
RC^IUF 
WCNT 

HGHI 

_4TQf   jr   COUNT 
7P»n  MARDWA^E   PESIOIJF   SAVE   APEA 
LfKFWISF   Tn   SOFTWARE   PESIOUE 
USF   THI«;   AS    INPUT   CHARACTER 
S^T   17-R1T   WCMD   MCOE 

■'i *,()(■ 

0607 
6556 
6^71 
f^Sl 
^355 

* 
* 

err 
^cH+i'n 
or. 4 HGHI 

NOW irri 

0M0 
0611 S'WF   HAPOWARE   GPNE-tATEi)  RESIOUF 

'S   CilMPUTF   IT   BY   SOFTWARE 
061? 
0^1' 

1034 
3^7' 

PCWM3 

T/SO 
nc.\ 
T«n " 
r)r\ 
TAD 
r.LL + PAP 

?'001?0 
SCNT 
WCM'T 
CB'ir 
BCHBtF 

»-1?   HFC I MAI 1 
S^T   U»   SMIFT   COUNTER 

0614 
0615 
0M6 
0617 

l-,70 
3367 
1^57 
7110 

INPUT   CHARACTER 
P^ES-RVF    INPUT   CHARACTER 
FETCH   BCC   RCSI0U1E 
S'kVF   LSR    IN   LINK 

06 20 
0621 

3357 
1^67 
7010 
7^10 
7020 
3367 

  
OCA 
TAU 

nc« 

ptrmnr 
CRUF GCT   CHARACTER 

06" 
06n 

CHAR   LSB TO   LINK;BCC   LSB   TO  AC(0» 
THIS   ♦   NFXT   PORNIS   XOR   BETWEEN 

06. . 
06?5 CUF 

LSB'S   Oc   BCC   AND   CBUF 
SAVP   CHAR 

0626 
0627 

7420 
524? 

  

SNL 
JMO Br.wM4 

IS   FFFOBACK   BIT   A   1 
\r... 

06'»0 
0631 

'^57 
3031 
7041 
7104 

TAO 
AMO 

RCH^UF 
K7401 

YcS..MnPF  WHRK   TO   BE   DONE 
XOR   FBTAo   INTO   BCC 

0632 
0633 

CIA 
CLL+rAL 

0634 
0635 

1357 
IC31 

T«0 
TAO 

BCHftUF 
"7401 

0636 
063 7 

'371 
5?17 
3357 
5?57 

I «7 
J^P 

SCNT 
PCW«»3*1 

RUMP   SHI^T   CUUNTER 

0640 
0641 

OCA BCH9UF 
RCW«'5 

S4VF   FINAL   "ESIDUE 

064? 
0643 

2371 
5?16 
13 5^ 
7041 
1357 

Pr.WM4 SCNT 
RCW«-» 

BUMP   SHIFT   COUNTER 
BACK   FOP   MORE   SHIFTS 

0644 
0645   

TAO 
CTA 

HGHI nrNF..THEN  LET'S   COMPARE  RESULTS 

0646 TAO BCHBUF 
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0647 7650 SNft+CLA ARE   THFY   FOUAL? 
0650 
0651 

5257 
1357 TAD 

RCWM5 
BCHBUF 

YES.. 
NO...THEN  SET  UP   AC   £   MQ  FOR   HALT 

0652 
0653 

7421 
1355 
740? 

MOL 
TAH HGMt 

SOFTWARE   RESIDUE   TO  MO 
HARDWARE   RPSIOUE   TO  AC 

065A 
* 

HLT ♦*   ERROR   IN  RESIDUE  COMPUTATION. 

0655 
0656 

7200 
5261 

CLA 
JHP RCBMl 4096   TIMFS   AROUND  THE 

0657 
0660 

2370 
5203 

ftC-.IHf. IS? WCNT 
RCHH2 

fULBERRV   BUSH. 

* 
* 
* 
* RESIDUE CHECK  -   BYTE   MODE 
* GENERATOR   »(ILYNOMIAl ! 
♦ X»*16  ♦   X**15  ♦ X**2  ♦   1 

0661 3355 
3?56 
3357 

* 
RCBM1 OCA 

OCA 
OCA 

HGKI ZERD  ALL   THE   RESIDUE   SAVE   AREAS 
066? 
06«? 

HGLO 
OCHHUF 

0664 3360 
* 

OCA BCLBUF 
NOTE:   THE   FIRST   TIME   THROUGH   MCNT 

0665 1370 
* 
PCBM2 TAO WCNT 

SINCE   IT   JUST   OVERFLOWED, 
INPUT CHARACTER  EMULATOR 

0666 
0667 

6563 
1355 

LC"8 
TAO HGHI 

SET   8-BIT  BYTE  MODE 
LCAD   RESIDUE  REGISTERS 

0670 
0671 

6556 
1356 

BCM«CLR*WR 
TA9            HGLC 

0672 
C«73 

6546 
6571 

5CL*CLR+WR 
CCC 

0674 
0675 

6551 
3355 

BCH+RO 
OCA HGHI 

SAVE  HARDWARE  GENERATED  CHECKSUM 

0676 
0677 

6541 
3356 

BCL+RD 
OCA HGLC 

* 
♦ NOW  LPT« S  COMPUTE   IT   BY   SOFTWARE 

0700 
C701 

1035 
3371 

TAO 
OCA 

MOOOBO 
SCNT 

(-8   DECIMAL» 
SHIFT  COUNTER 

0702 
0703 

1370 
3367 

TAO 
DC A 

WCNT 
C9UF 

0704 
0705 

13*57 
7110 

»»CBM3 TAO 
CLL+RAR 

BCHBUF FETCH  LEFT-BYTE 
SAVE  LSR   IN   LINK 

07C6 
0707 

3357 
7012 

OCA 
RTR 

BCHBUF 

0710 
0711 

7012 
1360 

RTR 
TAO 8CLRUF 

0712 
0713 

7110 
3360 

CLL+RAR 
OCA 8CLBUF 

LSB   OF   RIGHT-BYTE   TO   LINK 

0714 
0715 

1367 
7010 

TAO 
RAR 

CBUF FETCH   INPUT   CHARACTER 
GET   IT'S  LSB 

0716 
0717 

7510 
7020 

SPA 
CML 

THIS  ♦   NEXT   FURMS  XOR   BETWEEN 
LSB'S  OF   BCC   AND  CHAR 

0720 
0721 

3367 
7420 

OCA 
SNL 

CBUF SAVE  CHARACTER 
IS   FEEDBACK   BIT  *   1? 

0722 
0723 

5342 
1360 

JMP 
TAO 

RCBM4 
BCLBUF 

NO...LIFE   IS   EASY 
XOR   FB   LINE   INTO   BCR(15» 

0724 7U0 CLL-»RAR 
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07^      70?0 C^L 
0T>f>      7004 R/SL 
07?7    "mn OCA rtci^ur 
07?0 nS7 TAP Pf.HRUF        NCW   KFT   HIGH-HYTE 
0731 00?6 AIVO K07<»C X^n   F^TAP   INTO   HIGH   BCC 
073:1 7041 CIA 
07'<3 7104 CU.+PAl 
07?A nS7 TAD             BCHRIJF 
0735 lr?6 T&n_    K0?A0               
0736" 2*7! IS'             SCNT H4VFTHEPF   "EEN   P   SHIFTS? 
0737 5^0^ JMP RrH^3»l      Nn...rHFN   GH   BACK  
07*0 3^57 "ÜCÄ             RCHHUF YFS..SAVE   FINAL   RESIDUF. 
07AI 5^44 J^^»             RCRM^  
074? ?371 PCRMA      IS/ '  SCNit ' "HÄVE   THEPF   BEEN   fl   SHIFTS? 
074? 5',04 J^^              RC«^^ Nf:...Gn   9ACK 
07^4 1^55     PCR,»'5     TflO HGHI CrMPARF   RPSMLTS 
0745 7041 C^I_Ä  

■07A«> 1357 TAO     RCHBIJF 
07^7 1356        __I^^_  _HJ?lfL_ _.  
075C 7041 CIA 
0751 1^60 TAO     RCtaUF   LIKP \   RIT, "OT OF HONEY 
07«;?  7A';o SNA+CLA AC SHCULO r OUAL 0 AT THIS POINT 
0753  536? JVP     RCPVfr    CK 
075Ä  TAO? HI.T *« FRRH" IK   RESIDUE COMPUTATION. 

* «♦ FXA^INE THE NEXT FOUR LCCATION 
* ** TO oprovt^ THF CONTFNTS OF THE 
* *« HAROWARE ANO SOFTWARE CHECKSUM 
♦ ** «FGISTERS, 

0755 HGHI OS 1  
075A        HGLC OS      1 
07*7        BCHBUF OF      1 
07^0        RCLRUF OS      1 
0761 5766 „Jy^jL.     _^^!< _ _         
076? 2370  Pr.HM6 "IS>     WCNT    HAVE WE OONF THIS 4096 TIMES 
07fa 5?65 JV^ RCR^7    NOT YET.  
0764 5765 JMP*    OUTPTR   YES.. 

* 
* 

CONSTANTS 

0765 
0766 

1000 
0'06 

OUTPTR or 
BACK   OC 

UUTPRT 
STAOT 

* 
* VARIABLES 

0767        C3UF   OS      1 
0770 WCNTDS      1 
0771 SCNT   OS      1 
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HPPRAN'n   ^"rS^-PrFFFPNrP   I.ISilNG 

AX.OI 

RTHBUP 

"rXfjF 

r.oMiF 

0^10 

C7«? 

C7^^ 
10l*> 

C7M 

1011 

TO!   ICO« 

061*.   O6?0   O'^r   Of 3«   0^41   n'>46   OC'ül   0'J63   0 70«   070(1.   0730 
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