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A computer simulation was generated to determine if one or more
seven (7) bit code groups, other than those codes presently in use on ALSEP,
are available for addressing additional ALSEP systems.

Two address code groups were found to be compatible with the eight
existing ALSEP addresses during error free operation. Recommended add-
resses for 5A is (0110010) and for 5 B is (1100100).

The effect of a single bit error in transmission was also investigated
using computer simulation techniques; first, for all code groups currently in
use, then for the currently used codes plus the recommended codes.

The results indicate that another ALSEP can respond and execute a
false command under certain single bit error conditions. The probability of
this happening, however, is very low- best calculations indicate this proba-

bility to be approximately 10-10 ¢ 10-11,
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PROBLEM STATEMENT

The object of this investigation was to determine if one or more seven
(7) bit code groups, other than the codes presently in use on ALSEP, are
available for addressing additional ALSEP systems. A computer simulation
program was to be used. The constraints applied in selecting the presently -
used codes were to be considered and the extent of compromise incurred by
partially relieving those constraints was to be assessed.

The codes presently in use on ALSEP will hereafter be referred to as
the Existing ALSEP Addresses (or as the Existing Addresses).

RECOMMENDED ADDRESSES

Two (2) 7-bit binary numbers, (0110010) and (1100100), have been
found that satisfy the constraints applied in selecting the presently used
address codes.

These two numbers were found, by computer simulation of the com-
mand decoder, to be compatible with the zight Existing ALSEP Addresses.
That is, if no bit-errors occur in the command word transmission {(also re-
ferred to as the command message transmission), no erroneous command
executions will take place.

Also, with the addition of a fifth ALSEP, using these numbers as the
5A and 5B addresses, the probability of an erroneous command execution
by one of the ALSEPS will be approximately the same as when only four
ALSEPS are in use.

All of the simulations and probability calculations were made with the
assumption that all four (or more) of the ALSEP's were in operation.




NO. REV. NO.

ATM-843
INVESTIGATION OF ALSEP ADDRESS CODES PAGE __2 oOF
DATE 2 Dec. 1969
BACKGROUND

When it is desired to have an ALSEP execute one of the allowed one-
hundred (100) commands, a sixty-one (61) -bit serial command word (mes-
sage) is transmitted to ALL of the ALSEP's. The command word format is
shown in Figure 1. A twenty-bit preamble containing all ones (1's) is fol-
lowed by a seven-bit address; then the seven-bit one's (digit) complement of
the command code, the seven-bit command code, and twenty timing bits (all
ones). Reference 1.

At some point in the Preamble during the serial input of the message
each of the ALSEP's will "lock on'' to the incoming signal. From that time
(not necessarily exactly the same for all of the ALSEP's) each ofthe ALSEP's
will start looking for seven (7) bits in succession that match one of its two
addresses. It is likely that more than one of the ALSEP's will recognize its
address. For instance, the command complement code may be the same as
the address code for an ALSEP other than the one addressed. In that case
the addressed ALSEP will recognize its address code at ADDRESS Bits 1
through 7 and the other will recognize its address seven bits later in the com-
mand word transmission.

To reduce the probability of erroneous command execution, not only
must an address be recognized, the next fourteen bits must, also pass, a bit-
by -bit parity check. In the command word, the seven bits preceding the com-
mand contain the bit-by-bit complement of the command. If Command Bit 1
is a "1" then Command Complement Bit 1 will be "0", etc. If there are no
bit-errors in the transmission of the command word, a parity check starting
at command complement Bit 1 will always pass, resulting in the execution of
the command represented by the code in Command Bits 1 through 7. Note,
though, that a parity check is not made by an ALSEP until after its address

is recognized.

If some bit(s) transmitted to the ALSEP's is (are) in error, it is pos-
sible that one or more of the ALSEP's will recognize its address at some in-
correct time and then make a parity check on the next fourteen bits that will
pass. For example, suppose ALSEP-2 (B) were addressed with the Com-
mand Code (0 111 110)2 and an error occurred in PREAMBLE Bit 18, then
ALSEP-1 (A) will recognize its address starting at PREAMBLE Bit 17 and
ending at ADDRESS Bit 3. The next 14 bits will pass a bit-by-bit parity check
and the command corresponding to the command code (0 001 011), will be er-
roneously executed (See Figure 3).
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ADDRESS CODE SELECTION - PROCEDURE

The procedure followed to obtain the recommended address codes is
illustrated in Figure 2. First, all of the 128 7-bit binary numbers were
listed. Eighty-one of the numbers were eliminated for the reasons enumer-
ated in Table 2. The remaining 47 numbers, called Candidate Addresses,
are listed in Table 3. The blank spaces in Table 3 were occupied by
numbers that should have been eliminated in the first pass.

The Hamuning Distance between each of the 47 Candidate Addresses
and each of the Existing ALSEP Addresses was checked. The Existing
ALSEP Addresses are listed in Table 1, and the results of the Hamming
Distance checks are shown in Table 4.

The Candidate Addresses that were at least a Hamming Distance of
three (3) away from ALL of the Existing Addresses were included in the
group of Possible Addresses, listed in Table 5. Next, the Hamming Dis-
tance between all pairs of the Possible Addresses was determined. The
results of that last Hamming Distance check, listed in Table 5, were used
to determine what combinations of the seven Possible Addresses might be
used as ALSEP addresses. Note, for example, that if Possible Address #5
were used, then only one pair of addresses satisfying the Hamming Distance
three (3) constraint would be available.

Next, a computer simulation of the command decoder which assumed
error-free transmission was used to check the compatibility of each of the
seven Possible Addresses with all of the eight Existing Addresses. It was
found with the first run of this computer simulation that Possible Addresses
#4 and #6 were not compatible with the Exisfing Addresses. Ifeitherof those
two numbers were used as an ALSEP address, with no bit-errors in trans-
mitting the command word, erroneous command executions could occur.
Further use of the ERROR-FREE- TRANSMISSION COMPUTER SIMULATION
showed that, if no bit-errors occurred in the transmission of the command
word, all of the remaining five Possible Addresses (#1, 2, 3, 5, 7) could be
used, at the same time, with the eight Existing ALSEP Addresses with no
erroneous command executions occurring. Those remaining five Pos sible
Addresses were relabled and listed in Figure 2 under the title "Compatible
Addresses't.
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Since Possible Address #5 (Compatible Address #4) was not at least a
Hamming Distance of three away from at least two of the other Compatible
Addresses, it was not tested further. Also, Compatible Address #1 was not
tested further since it was finally ('better late than never'") noticed that that
number was only a Hamming Distance of one (1) away from the alternate one-
zero pattern that is periodically transmitted. Note that with a relaxation of
the Hamming Distance constraint that Compatible Address #4 would be a
prime candidate for use as an ALSEP address.

The eight Existing ALSEP Addresses and Compatible Addresses #2,
3, and 5 were tested with the ERROR-IN- TRANSMISSION COMPUTER
SIMULATION. That simulation was essentially the same as the ERROR-
FREE TRANSMISSION COMPUTER SIMULATION except that the effects of
a single bit-error in each of the command word bits were determined. With
a single-bit-error in transmission, the two Recommend Address, listed at
the bottom of Figure 2, behaved as well as the Existing Addresses and did
not degrade the overall behavior of the group.

ERROR-IN- TRANSMISSION SIMULATION RESULTS

The results of the ERROR-IN-TRANSMISSION SIMULATION are listed
in Table 6 and 7. Note that at the top of Table 6-Sheet 1 there is a circled
number above each column. Table 6 might be read in the following way: if
it is intended that ALSEP (1 execute Command ‘2 and a transmission error
occurs in bit '3 of the command message, then ALSEP C will execute com-
mand 5 . The ALSEP 4 address will be recognized starting at bit | 6 of the
serially input command message.

An erroneous Command acceptance (resulting in an erroneous execution)
is illustrated in Figure 3. Note that the error, in PREAMBLE Bit 18, is
shown in a thick-sided rectangle. Since Xj = 0 orl for all i, there are eight
(8) 7-bit binary codes that could pass the parity check:

Intended Command Erroneously Executed
Command
0 001 110 0 001 000
0011110 0 001 001
0 101 110 0 001 0l0

0111 110 0001011

1111110 0001 111
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Of the eight intended commands, octal command codes (016), (116},
and (176) are not allowed. Also, of the eight "erroneously executed com-
mands', octal command codes (101) and (016) are not allowed; therefore,
only four out of the eight code combinations of X] X2 X3 can result in an
erroneous command exectuion.

To obtain a quick upper bound on the probability of an erroneous com-
mand execution by each of the ALSEP's, calculations were made which as-
sumed that all 4 (or 5) of the ALSEP's were in operation, that any address
was equally probable, and that any command was equally probable. Also,
the "not allowed" commands were not eliminated. With or without an ALSEP
5 (using the two Recommended Addresses), the probability of an erroneous
command execution by any given ALSEP is less than or equal to approximately
10-10. Roughly, the probability may vary between 3 x 10710 and 10-11L A
sample calculation has been included, following Table 7.

ADDITIONAL ADDRESS POSSIBILITIES

If Possible Address #7 (Table 5 - Also listed as Compatible Address #5,
Figure 2) were used as an additional ALSEP address, the added ALSEP com-
mand decoder would have two (2) to three (3) times the probability of errone-
ously accepting a command as would anyone of the other ten decoders (1A,
1B, . . . ., 5A, 5B) without the addition of Possible Address #7.

If the one-zero pattern that is periodically transmitted is less than
seventeen (17) bits long, Possible Address #1 (Table 5 - Compatible Add-
ress #1, Figure 2) may also be an acceptable address.

Since the probability or erroneous command acceptance with a one-
bit (1-bit) error in the command word (message) transmission is much
greater than the probability of a two-bit (2-bit) error in the command word
transmission, the address selection constraints might be relaxed to a
Hamming Distance two (2) separation. If the Hamming Distance constraint
is relaxed to a separation of two (2), Table 4 may be used to pick numbers
from Table 3 for further testing with the Existing ALSEP Addresses.

If the Hamming Distance constraint were relaxed to two (2), Com-
patible Address #4 might be a prime candidate for use as an ALSEP add-
ress. The reason for this is explained under the heading "ADDRESS CODE
SELECTION-PROCEDURE!".
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COMMAND DECODER SIMULATIONS - GENERAL DESCRIPTIONS

The ERROR-FREE- TRANSMISSION Simulation Program assumed
that no transmission errors occurred. The program simulated the serial
input of the command word into each of the ALSEP Command Decoders,
the check by each of the Command Decoders for address recognition, and
the bit-by-bit parity check of the next fourteen bits if an address was recog-
nized. If the parity check passed, the program would print out sufficient
data to reconstruct the situation that would cause the erroneous command

execution.

Each of the Command Decoder addresses (i.e., A and B) was treated
as an independent ALSEP. The affect of that simplification was to allow the
A (B) or B (A) half of a Command Decoder to respond after the other half
had already recognized its address.

The command word included, in succession, each of the addresses
under test (including the Existing eight) in combination with each of the 128
possible 7-bit codes that could be inserted into the seven (7) Command bits.
For each address-command combination, a comparison against each of the
addresses under test, including the eight Existing ALSEP Addresses, was
made starting at each bit position of the "incoming''command word.

The ERROR-IN- TRANSMISSION Simulation Program was essentially
the same as the other simulation except that a single bit-error was included,
in succession, in each position of the command word. That is, the ERROR-
FREE-TRANSMISSION Simulation Program was run with the content of the
error position in the command word containing the complement of the cor-
rect bit value. The error position was varied from Preamble Bit 14 through
Timing Bit 20. A quick visual inspection of the command word format would
show that an erroneous command execution could not be caused by a single
bit-error in any of the first thirteen Preamble bits.

ERROR-FREE-TRANSMISSION SIMULATION PROGRAM

Appendix A contains an illustration, entitled COMPUTER STORAGE,
of the major ERROR-FREE-TRANSMISSION Program variables.

The Address List contains all of the addresses to be tested in a given
computer run. The number of address, R, is a variable read into the com-
puter prior to reading the list of addresses.
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The Command Storage is a '"'seven-bit" binary counter. Each "bit"
is stored in a separate computer storage location. A counter simulation
routine in the program increments the command from (0, 0, 0, 0, 0, 0, 0)
binary to (1, 1, 1, 1, 1, 1, 1) binary by steps of one (1), and resets the
counter. The counter goes through a complete cycle for every address in-
serted in the command word. (Actually, the addresses are varied in the
inner program loop and the counter is stepped in the outer loop.)

The Command Complement contains the one's complement of the com-
mand. The command complement is loaded after each change in the com-
mand.

The Command Word: (Abbreviated) is a 48-bit binary vector. Note
that the first thirteen Preamble bits have not been included in the simula-
tion and that the command word bits have been renumbered with W(I) equal
to command word bit (I + 13).

Whenever a parity check is passed, a printout occurs which includes
the command code that passed the parity check ('"command recognized''),
the intanded command (in decimal form, labeled "Command in Command
Storage' or "CICW'") and the numbers "I", "J", and "K'. The number "IV
indicates the starting position in the abbreviated command word of the re-
cognized address. The numbers "J'" and "K' refer to the address list
which appears at the beginning of the output for each run. The number "J"
is the number of the recognized address, and "K' is the number of the in-
tended address.

Also in Appendix A are the flow chart and program listing for the
ERROR-FREE-TRANSMISSION Simulation Program. The program was
written in the GE 400 Series Basic Language.

ERROR-IN- TRANSMISSION SIMULATION PROGRAM

The major variables of the ERROR-IN- TRANSMISSION Program are
the same as for the ERROR-FREE Program except that it was found that the
Command Complement Storage could be eliminated (complement of command
obtained while loading abbreviated command word). Also, a new variable,
"ERPOS'"(Error Position), was added to mark the position of error insertion.

In the ERROR-IN- TRANSMISSION Program, only those conditions af-
fected by the error were tested. Those conditions are outlined in Appendix
B "Program Execution Parameters'. Also in Appendix B are a list of com-
puter storage {of the variables), a flow diagram showing the modifications
made of the ERROR-FREE Program, and a program listing. The program
was written in the IBM System/360 Fortran IV language.
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TABLE 1
EXISTING ADDRESSES

ALSEP Binary Address Number
(Command Decoder Address Code (For Simulation

Number) Number Programs)

1A 1011000 1

1B 0011000

2A 1001110 3

2B 0001110 4

3A 1101001 5

3B 0101001 6

4A 0010101 7

4B 0110101 8
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TABLE 2

KEASONS FOR IMMEDIATE "ADDRESS" ELIMINATION

Alternate 1, 0's or a Hamming Distance of one from alternate 1, 0's.
Already used as one of the eight existing addresses.

A Hamming Distance of one from one of the eight existing addresses.
A string of one's followed by a string of zeroes or visa versa.

All zeroes.

All ones.

Hamming Distance one from (1111111),.

Hamming Distance one from (0000000);
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ZB /A ok 1B 2%, %3 1110 000 ¥ X; %y [TIMING BIT 4 |ADDResS BIT &
3 A 1B K ¥y X3 1000 OI1l % %, Lg |pREAMBLE BT 19 |PREAMBLE BIT |7
3A 2 ¥, Yy ¥ g 110 DO 1%, ¥,%;3%y |PREAMBLE BIT 20 |PREAMBLE BIT 18
3 A 4A ¥, %, ¥30101 IO 10 %, %, X3 |PREAMBLE BIT |9 [PREAMBLE BIT |7
34 48 WKy HKgXqa ¥a X Xg || OX, KNy Yo Xs Yog |ADORESS BIT "7 ADDRESS BIT 2
34 5 B K K2 K3 Xg ks gl | o%, Uz Ky Xg X5 Ky |AODRESS BIT 3 [ADDRESS BT 2
3B 4-A X Ky Ky¥eg s Xgl | O, % 343 Xg XsKg |AVDRESS .BIT 7 |ADDRESS BIT 2
4A T2A 00 2B | m ¥, #3KaAsXg | | O Uy ks La KsK(|ADDRESS BIT 5 |ADORESS BiT 2
4A ANY appReEss | 1 01010) AVY o;a"’ng’z&_}%ﬁpg’ 7 SAHE AS £Rdon
4A 5 A Xy %, ¥ %q |01 010 %, 7:1_7.3 ¥q |TIMING grr 2 Huonfss Bar 4 F

PRIV

® FOR ALTEENATE WE /wfza TR It BIT /%775;@4/

!



7/_98u‘:’ 6 - SHEECT 2

ve X

ALSEP INTENDED | ERROVEGUS COMMAND | INTEUDE b POSITION OF | STARTING POSITIO

RECOGQNIZING | ALSEP EXECUTED COMMAND ERROR v THE I~ COMMAND WORD

ADDRESS ADPDRESS CBINARY ) CBINARY) COMMAND worl}oF RDDR.RELZG.
4.4 54 1%y xq 11 OIO %, %, X3 Xq |CoMMAVD BT 2 |posress giT 4
4 A 5A x, Ky % Xg 11 | COO KK, Kz Xq. |CMND CHPLT 8ir 2] ADDRESS BT 2
4B (A 2R /B X, %2 %3 X¢ Xg Xg | | O ¥aX3 Xy X5 Xg | ADDRESS B1T & |ADORESS Bit 2
43 38 [ ] O %% Ky Xy | XY Ky %400 | |PReAMBLE BIT (B|PREAHBLE BIT 18
4R ALY lto 1 o1 O] ANY TiHIVG BT 18 *|Thané BT 18
5A 4A 010 ¥, X3%g (¢, X3 % 1 O PREAMBLE BiT | 8|PrepmBLE BIT 18
5B WOrE ANY SINGLE BrT

K FOR ALTECARTE pPNE)ZELO  TAILINE Br7 FRTTERA .

61 23eg
€P8-WLIV



Tr8Le 7
| THVTEMDED |ALSEFP
ALSEP RECOGMIRING

ADDRESS ADDPRES S

IA 28

4A

1B 2B

3A

4B

2A 34

4+ A

28 | A

4-A

2A 2 A

28 2A

48

4A 3A

i 3B

5A

48 34

5A 4A

58 2A

34

ATM-843
Page 20.
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Spmrie Chectecation—  crrovcous COHIMMPMD EXE Tl ON

LET [E = ALSEP (CormMAKD DECODER NUPMBER) 2R Wikl ERRONEIUSLY
RECOGMIIBE TS RIPRESS LMD A COMMAND ,

PROBARBILITY
oF BT

P ERRIR 1V
CTRANS MISSLO

THEN | FOoR EXISTING ADDRESSES oty
Y or COMMANDS wm-r) ,
-ACoweD BE ExEcLTED, ) ’

!
Prolk (£) = [E:, (# exesTING ﬁbDRf.x (#ap: RitowERLY
' AN
INTENDED ALSEP commAan oS

RDDRESSES THAT
wiTH A 8:7’—5&&’92
1A/ T'RﬁUSH:SStoM,

CotulD RESULT sn
gyfp 24 ErRorMrEOLUSLY
XECLUTING A COrMAVP .

1IF ( 80F commarps THAT cowucp BE EXECUTED ) 1S REPLACED By

(F# o 7-Bir PRTTERXS THRAT Colidd PASS THE BIr-8v-BIT PRRITY CHECK)J
THNEN  Prob [E) Gowdcd BE (ESS THAN SR EQUAL To THE
RIGHT NAND 3I1DE o¢ THE E@u ATIe N fimost plways “less then”)

‘ i - Y -t0
Prob (£) £ [é*('éx -,‘fﬁ,)]xm 7 = JAx10 z /0

A

/NCcLuDinvG THE PAIR 20F RECOMNENDED paEw ADPRESSES

X Ceuer BE Zxec.
TRANS IS oA

|
Prob (E) £ Z (7«77’14—“9'5 AOURS. #of AltowED

HOE Cormanld THAT PRPGARILITY oF
) X BIT- ERRER 1A/

Cwspa g MDD S

P le) £ [éx(,-';x%ﬁ@*' 3*(,%><7§3]x o7
/o

i
= /2 Xio
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1 ATM-843

A-1
COMPUTER STORACE
ADDRESS L18T ¢ FoR Evampee
FIRST ADORESS ALY v A0L7) RLSEP (A
SECOVd PDDRESY CR@1) e /9(31'7) Asep 18
’ L]
[} ’
’ ]
' R
, Q1) - - AR7) acser ()8
R th npDRESS A% ’ (3
ki i
rosT
StaNIfICART LsB
BIT (t5B)
COMMAVD SToRAGE: Cc
ey, CQ, /e, c(7)J
f 1
MsB 358
CHMPMABMD COMPLEMENT ! TC
NG, NRI, e 0, NE)
HMsB LSB
COMMAND weoRrRD . (ABBREVIATED)
c¢ TIFIAE TRAILING
35 4|42, ... Le1| &7

Wi, -, Wl wra)/'--,zuﬁ#)/ warg), oy wm)ﬂ A2 2),--- VX18) w34, .-, wie)

W, - - W(8)  HAKES UP THE ABBREVIATED CortrhnD
WORD THAT WillL BE LooKER AT /& THE PROGRAM




ATM-843
A-2

SHEET /
IMITIARL) 2 ATION

) DEFINE DIMENSIONS
OF THE_MATRICES
—a a) READ R

D AR'7)
ceN
: N (7)
FIND oufl Hou/ wi(48)
HALY ADDRS. |. - .
PRE T GE D coap APDRESsEs: |
COADED , AELT) AL LT

) SET commanp
TO ALL ZEROES,
C(3)=0, ALLT

4 SET CcomHAND
COMPLEMEMNT

T0 ALt LNES

Mr)=1 pLL T

S ser PREAMBLE
AND TIMIMN&
BiTs To Rl
owEs (Vo eRROR
CASE)
we)=1 fFok
I=45739,98

b) privt RODR. (ST

/N COMHAP D
COUMPLEHENT
LOUTIM E =
SHEET 2




ATM-843
A-3

SHEET 2
COMMRMD COMPLEMENT RouTIr/E

START GENERATING THE
COHPLEMENT OF THE
CCoOMMARND

NO

COMPLEMENT OF (CoMMAVD
HAS BEEN COMPLETED

T FRom

IMITIRL | ZRATION =
EET

SHEET Z INSERT 7THE COMMAND AND THE

COMHMALD COMPLEME VT /INVT O

THE CoHHAND (oRD

FFR P=1TZ?
LET WI(PHE)= NP
LET wWiPtal) = ¢cP)
NEXT P

&

ADDRESS |NSERTIOR =
SHEET 3




ATM-843
A-4

SHEET 3
ADPORESS INSERLTION RowriMNE

ADDRESS
CorPRRISOM =
SHEET %

ADD ONE
To THE Avic YES
COHHAND ~

SHEET &

INSERT ARAPPRESS swreo
ComitRivD WORD

(REFERS TO RIDR.

FPR H=) T@& 7 OF RLSEP Fok
LET W(H?) = ﬁ(/{, y%i wHICH THE CoMm,
MEXT # /S IWTENMDED)

APDRESS (oMPRRISON
SKHEET




ATM-843
A-5

SHEET 4
RDDRESS COMPARRiSON ROuTInE

@9

ADDRESS
IUSERTIVM~ v
SHEET
3 T=1
NO
I=X+¢1
Jti
YES

CoMPARE ADDRESS (X)
To. CoMMAND
WoRD BITS

| For X = [ TE7
/E WCT-14X)<> A3, %) THEN

no, NEXT X

vo (vext (nstractuw) T THRouGH I +4
NoT

COHPARE

CoMPARE .

[
5o leo{cs)

PRRITY CHECK
SHEET &

MOTES : i /
D I 15 THE NUHBER OF THE FrasT of ?C
THE SEVEN Birs 26 THE ABEREV/ATED
2 V% ARE
MMANDO o IRD THAT PARITY CHECK
BEIMNG CoMPRARED wiITH THE
SHEET &
ALSEP ROPRESSES .
B K DESIGUATES THE RIDRESS
oA TAE CormAND WoRrRpD




SHEET 5§
PRRIT ¥ CHECK

wm+r)=1-wm+r\+7) No

ATM-843
A-6

ADPRESS (OMFPARISON
SHEET 4

¢S

J
ConTINUE
SHIFTING

CommAND
WoRDp TO

Yz Y+

NO >

PARITY CHECKS =~

Es
Y VALID CoMMAND

PRINT

W(.MH‘H Commnand

. ECOGMIZED
w(M+20) R
/n{%Jé’df o mmn/ 4

¢
“Commanct [ry CommanA 57‘0\«*4(,( 4
x Checemalt) h

LTI

SEE (F
ArnottHER
RLSEF
Lt L
RecCogNitE
AN ADDRESY

v}

= S*ar{//) posil‘lo'u 07(’ reéu?n,%éof 4&/’1-’.{_;
o, Z recogn e

I
9 v o
o, 2 £ /4/@”6/@6{

Y

acheclres s,

azllress s hLited a2 :té'r?zo/ oqzz/:uf




SKHEELT &

ADPD ONE TO COMIALD RoUTINE

HIGHT LUSE
o 1o
STATE MEXNT
HERE T2
EXTEND
PR & @A 14

cio
¢ 20
€20
%o
Ccs52
c6o
c70

FAR Z=7 T | STEP -]
IF <C®)=0 THEN C&O
LET (&)= O

NexT Z
sSTOP

LeT ¢(2) =1
Gg ¥ €O

COMMANMD COoOMPLEMENT
SKEET 2

ATM-843
A-7

THE V&ECTOR
USED TO STORE
THE CommRAr D
IS TREATED
As A BIrvARY
UP-Count &R,

THE COUMTER.
COoUXMTS FRoOM

(ecovvovo),

TO
Crrsrr7 777,

AETER £pcld
IWEREENr 0 F
V¥ THE ROy aE
TRANMVSFERy e

o €9

wiEr ADLC

/5 EMTERED

ot T C(I)/N‘/CD}
= (/177277),

cal -, ) 7 ser
To (coooldp),

AND THE STOP
commAND |T
EXECUTED,




ATM-843
A-8

ERMR— Fk’Eé:‘- 7;41115/4153‘/0/\/ §/Ma¢ﬁ7'/a;t./ P/czg; RRAM — syee7 /

VERStorJ Z (LANGUARGE | G.E~400 SERIES Mséc) |

9 LET B=0O
10  pth (€705 WM(7)y W(48), A(20,7)
20 Refo R
30 MA7T READ ACR'7)
+o  MAT C=ZER
so  MAT N= C@BN
60 MAT W =C@gMN
70 F@R IT=/) 78 R
80  PRINT “ADODRESS *“; I,
90 FPR T=/| T &6
100 PR/NT ACIT,T);
/10 NEXT T
120 PRINT ACZ,'7)
130 NEXT I
/40 G TP 320

2/0 REM CBMMAND CPHPLEMENT RPUT/INE
220 F@PR L=/ TS 7

230 LeT WNMCL) =/-C(L)

290 NEXT L

320 FoOR P=/ 7& 7

330 LET WIP+/4)= N(CP)

340 (LeT WIP+21) = C(P)

350 NEXT P

B60 Q@ TH 410

40 REM HADDRESS INSERTIEN ROLeTINE
420 LET K=O

440 (LT K= K+/

450 ZF K>R THEN /370

470 FpR H=/ T 7

480 LET W(Ht7) = A(KH)

490 NEXT H

500 GP T 620

©10 REM PApPRESS CPMPRRISEN RPUTINVE
6a0 LET I=I

E¥0 LET T=)

6o FIR X=I| T@ 7

670 T W(ZI-/+X) <> A(TX) 7THEN 20
680 WNMEXT X

690 ILF IT=8 THEN 78O

655 GBTH /O




ATM-843
A-9

EhROR-FREE -TRAVSMISSION SIMULATI o FRogrAM — stresT 2
Veka‘mu p-d '

760 FPR X=[ TEZ7

790 IF A@X) <> ALK, X) THEMN 1//0
goo NEXT X

Q20 LET =T+

946 IF T>R THENM 270

950 Q@ TP 660

970 LET L =x-+]

990 IF TIOR8 THEN F4O
100  GB TH 60

/110 REM PRAR/TY CHELK RIUTINE

1120 LET H=T

1¢30 LET Y =17

1140 TF WCMtY) = )~WlHtY+7) 1wer 220
1150  LET Y=Yt

(160 ZIF YD13 THEN (/80

/170 Q@ TE (/O

(180 PRINT ¢ CFHHMAND RECBEGNIZED 7
(190 FPgr X=M+19 TZ M+I9

(200 PRINT w(Xx)

210 MNEXT X

1215 PRINT WMt 20)

/1220 PRINT ¥ CBMMAND &0 CIMMAND STIRAGE 7;
1230 PRINT 1B

1240 PRINT “I= ;I ,%T= “; T, ks “; K
/2945 PRIMT ““CTCW? )

1250 ForR Ga=22 Tg 27

1352 PRINT W CG)

/255 NEXT G

1257 PRINT W(C2E&)

1260 ap T 20

1308 REM ApD GRE TH C@HMOND RIUTINVE
1310 FErR 2=7 T7& / STEL —/

1320 IF CC )= THEN /130

1330 LET C(2)=0

1340 MEXT =2

/380 S7OP

1360 LT C(2) =/

136 (LET B= Bt/

1366 PRI LT E

1370 G& T R/IO




ATM-843
A-10

Lraor-Fres—Thivs Hirsston SiMucarion TRoceArt — Skeer 3

Version Z

/400 DATA (Wo. 0F RIIRESSES , R)

/MO  DATA L9,L45L800

/420 DATA QY00 0

/430  DATA LS G HYyLo

1490 VATA 8o 0, 4//90

1950 DATA" [ 4,0,1,051

/960  DATA N

1970  DATA 9,9,19,3|

(960 baTA 9 0l Shel .

(90 DRTA CFirST ' #L0REss 7o BE CHECKED)

/S¢0  DATA (Sécowp 7 v - - 2
j  wth = e - “ )

1600 LMD
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ATM-843

L . B-1
FRO &RA M ExXeEcuTioN. ?ﬂenMé‘reﬂ‘s ;
FOR S/faac ATioN lNcLaAM/é
Rﬂuxhzsszou ERRSOR.
) | 95 ekPpsE 28
,‘9 FoR
7 s errPpgs <€ R P 7 LIS CRAES
3 Fonr
22 £ ERPPS £ 28 =, P<T< 2]
Comments: (Z7em 89 Tr&EM )
D /S ERPFSL 8, 29% c—wﬁfsszg I SIMULRTI/ON DOKE
FIAXNLALL Y,
) ID> ERPES I SAME 0S LOTRAMSKMISSLON =& RROR.
Sime e ATI0M. '
3) IO } AWy SINELE (PR MULTIPLE)ERROR v THE

Commanvd ( Birs 22 Tolz) wteld ConvERT T 7O

ANOTHER CoreprAVD (SiwCE RLl 1RL PosstBLE AOY,
wERE ConSDERED) THAT oAS CHECKED iw THE
Wlm TRANSHISTLON ~ERROR S/IAAULULATION.




o ATM-843
B-2

COMPM?’EQ SroRﬁéE FOR ERROR-IMN-TRANSHISSION SiMULRTION

ADDRESS LIST .

ADORESS | ALD - /?(1,7)‘ ALs&EP /A
ADDRESS 2 A1) oo H(Z,']) LHesep 18
p ‘ ' .. - .
ADDRESS 8 algd -+ ABT) ALSEP A
It q A(q/ n..- F)(‘?, 7 PossiBLE RODRESS ¥ 3
“ 0 alig) Alio'T) o - &7
” 7] : ﬂ(”jl)u. ﬂﬂf)')) s “ w |
COMMA LD STORAREE
fcm Cee ()

ComrAnd worD i (4BBREVIATED)

SAME As FokK ERROR-FREE - TRRMSHISSION S1MHULATION




t ATM-843
B-3

FroGramv HopiricaTions | sweer s - ¢ .
INITIRL12ATION ‘

1) DIHEUSIONS Al27) , €7, wWee2)

2) READ R
3 ReEAD RDDRESS 15T
ACL1 “oe A0,7)

ACRL), o) ACR)
4) PRIMT RDIRESS Li1sT

g oo omev o 71 RS
ERPFS =9 ol of grimcclitson

Q PRINT ERRCR PIsiTion I

TRAUI FER To &ERPLS CIRITE AND
BACK TO /a0t7:4L1287e08/ C2) ,

7) SET CoHMMAMD TE RLL REROY
c@x)=9o I://--./7
g) SET CopmrMApuD “CORD TO AlLL OHES]
wA(E)=] I=9/.,,/42.
9) ST (DewmAL) Corman) To 2ZERI]
Dc O




ATM-843
B-4

fkaskﬂm ﬁaﬁlf‘/cﬂrzops ¢ SHEET A
COMMAND ComPLEHENT ([ COMMNAND JUSERTION)

) WSERT COMMAND CoHPLEHENT
IWTO  THE COMMID WoRD’

WPtH) = |-dP)  , P=),...'7

2) IWSERT CoMMAND WTo THE
COMMAND WORD.:

WIiPtZ)= clP) , p=lw-,7

4

z 1S SER/S SRS

W(EKPES) = /)= W(ERPOS)

1




ATM-843

B-5

FroGres Hooif 1cATions © sueer 3 '
BODRESS (NWSERTIWOA b

w(errgS)=| - W(ERPDS) | ; For 9 < ERPOSL /4

(9




FroGrom HopieicATons ¢ sweer 4
FDORESS ComrPARISON 9

HADD ONE TO cCoHRMAAJD

&

Co
R0
C3¢
o 17
c§C GF TH (ERPFS /NCREMENT)
CEO wmoT CHAVGED

C 65 JWCREMENT (DECIMOL) COMHMAND
€66 PRILT (DECIMAL) COMMAND

Cw . Not CHANGELD

NOoT CHRAVEEPD

ATM-843
B-6




ATM-843
B-7

FRoGrAm [HoviFCaTIoNS | SHeer &

ERROR POIITION | NCREMENT

?

Frrys = ERPOS |

weerdshe— { FROML Prog. Modids, SHeET!
IMITIRLLZRAT L QA

PRIVT ERPYS

IWITIRLIZATIoV

zTE IR ()




FORTRAN IV

9655
JC5¢E
9Cs7
oCcs58
005%
JCeC
€061

ce2
0063
OGo4
0C658
JC66

JCs7
¢C68
0C6s
QC7C
0071
9C72
0073
0C74
Q¢1E
0C76
017
JC78
0Cis
3€8C
Jcal
3082
0C33

L

LEVEL

213

502
503

504

1, MOD 4 MAIN DATE = 69325
Y=Y+1

IF (YaGTa13) GUL TO 213

GO T3 212

IPC1l4a=1PC+1l4

IPC20=IPC+290

WRITE {€,532) (WIL)L=1IPCl4,IPC20)

FORMAT (19HOCOMMAND RECOGNIZEC,4X,712)

WRITE (€,503) DC

FORMAT (17H INTENDED COMMAND 6X ,13)

ARITE (€4504) 1,J,KkERPOS

FORMAT (3H I=, 13,5X,%'Jd=%, 1I3,5X,'K=', 13,5X,!ERPOS=",
GO TU 2Cé

C ADD GNE TGO CCMHMAND

214

1C8

216

505

215
200
506

DO 1CE  [=1,7

12=8-21

IF (C{IZ).EQsQ) GO TO 216
Cl12)=0

CONTINUE

GO TO 215

ClIZ)=1

DC=DC+1

WRITE(645C5) DC

FORMAT (1H +1I4)

GO TO 2C2

ERPCS=ERPCS+1

WRITE (€,536) ERPCS

FORMAT (7THOERPCS=42X,12/)
IF (ERPDSeLE.26) GO TO 2C1
STQP

END

12/748/12

13)

PAGE 0002

ATM-843"
B-8

-



’k ERPZS = 21 TO 26

ATM-843
FORTRAN IV G LEVEL 1, MO0 4 MAT N DATE = 69325 12/48/712 PAGE 0COl1 B-9
0771 DIMENSION CU7)yWla2¥,A112,7) 10
002 INTEGER Aoﬁ,’)CvERFCSvPvRvaxvalvH
PESRE] READ (5,46(3) R 30
D234 SGGC FUORMAT (11 D3) 40
QC.i5 DO 181 I=1,R 50
N350€ READ(5,6C1) (AT 40} d=1,T) 60
aclev 6G1l FURMAT (711) 70
OCCéE 101 CUNTINUE 80
97229 DQ 10C 1=1,R 90
021cC WRITE {(6,500) To(ALI yJ)yd=1,7) 100
3C11 500 FORMAT (8H ALDRESS 2Xy9I2,6X,712) 11¢
actle 10C CONTINUE 120
ac13 ERPGS=21
3014 G0 1O 2C¢ 140
0ClL% 201 DO 102 1=1,7 150
aC1l6 Clil)=0 160
CL7 102 CONTINUE _ 170
oC138 DO 193 1=8,42 180
9C19 W(Il=1 190
0nzZo 1C3 CONTINUE 200
JgCz1 0C=0 210
0C2e GU To 232 220
C  COMMAND AND COMMAND CONPLEMENT INSERTION 230
CG23 202 00 104 ©2=1,7 240
024 WlP+14)=1-C(P) 250
2C25 wW{P+21)=C(P) 260
2C2¢ 104 CONTINUE ' 276
2527 ALERPCS) =1-WIERPES) : 360
©C28 GO T 203 280
C ADCRESS INSERTICN 290
QC2% 203 K=( 300
JC 3¢ . 2C9 K=k+1 31¢C
0c231 IF (KeGTaR} GU TC 214 320
a2 DG 165 H=1,7 ' 33¢
¢33 WIF+T)=A(KyH) 340
IC34 105 CONTINUE 350
QC3s GU TU 294 370
C AODRESS COMPARISGN 38¢C
0036 204 1=¢ 390
cr2y 216 J=1 40C
2GC38 2C7 DO 1CEéE Xx=1,7 410
SC39 IX=1-1+X 420
0040 IF (WlIX)eNEsA{JyX}} GO TO 2CH 430
204l 1C6 CONTINUE 44C
1¢42 S50 TJd 211 450
XC45 2C6 J=4+1 460
2C44 IF (JeGToRY GG TC 2C3 470
345 GG TO 207 48C
QC4é€ 208 I=1+1 490
qcat IF (IeGT,ERPGS)Y GU TL 229 5G0Q
GCag IF (IeGT,15) GG TC 239 510
3C+S o3 TU 217 520
C PARITY CHECK 530
achs{ z11 1PC=1 54C
ITE1 Y=1 55C
tTiZ 212 1y=I+Y 560
D0n2 IYi=Iv+7 570

374 IF (WlIY)oNEe (L=w{IYT))) GSU TC 2C6 580




