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ABSTRACT
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ENCORES FOR ACT I SYSTEM FOR
LGP-30 DIGITAL COMPUTER COMPILER

INTRODUCTION

Modifying and supplementing subroutines have been written for the LGP-30 digital
computer compiler system, Act 1(1,2). Called “Encores,” the subroutines include com-
piler modifications which cause the symbol table to be stored and punched out in 6000-
6163 after the object program. This modification provides space for either “Cast of
Characters with References on Request” or “Understudies,” special decimal printout
routines, to be stored in 5800-5963. Headings for each of these subroutines are printed
by programs in 3932-3963, stored following an expanded operations table. The additional
subroutines “outpt,” “addr,” and “round” fit in 6240-6263 and provide compatible hexa-
decimal or alphanumeric output, binarization of addresses at a q of 29, and rounding off
the fractional portion of numbers at a q of 29, respectively.

PURPOSE

One reason for expanding the already well-integrated Act I system was to help over-
come semantics barriers in order that both programmers and scientists unfamiliar with
computer terminology would be able to communicate with each other and with the com-
puter without translation of terms outside the computer. The desire for this close rela-
tionship developed when an analog computer data display and tape punch system was
designed by the author for use in field experiments conducted by the Ocean Sound Propa-
gation Section. Of course, data analysis is only one application of Act I and Encores.

The function of Cast of Characters is to print out the object program in deciimnal, with
optional inclusion of symbols, constants, and operations. The purpose of Understudies is
to punch out the object program in compatible decimal 1.'stead of hexadecimal in order
that it may be moved, for instance, to allow the first eight tracks to be protected in instal-
lations having record-inhibit switches. The operations table was expanded to provide non-
input typewriter output controls, breakpoint instructions, optional trace of selected locations,
a variety of meanings for “-” program input code, and the three additional subroutine sym-
bols “outpt,” “addr,” and “round.”

The Ocean Sound Propagation Section has used a system in the past which includes a
convenient alphanumeric output subroutine., Following the policy of improving communi-
cations among users, the author added a form of Herring’s program (3).

The compatible hexadecimal “outpt” routine is intended to provide more rapid access
to punched tape peripheral storage, i.e., to add a link via input and output devices without
changing existing subroutines in order to render them compatible. .The use of Act HI com-
patible output subroutines was considered; however, necessary rearrangement of the sub-
routine packages seemed an unwarranted complication.

The “addr” subroutine causes decimal addresses input via the source program to be
binarized under control of the object program and program input routine for manipulation
in source program terminology.
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The “round” operation masks off the 30th and 31st bits of words, It might find use in
accurately unpacking fixed point numbers by dividing by a power of 10, rounding, then mul-
tiplying them by the same power of 10, at a q of 29,

No “z” delays are employed in these subroutines, permitting a nonstopping, high-speed-
punch output mode of operation. Action, however, is slow enough for the typewriter output
mode to be equally satisfactory.

ALTERATIONS TO THE COMPILER

In order that the symbol table be generated at 6000 and that nothing be recorded or
erased in 5800-5963, the following alterations to the compiler are necessary:

Lo+0012 xh6000 Initialize symbol table
0103 0104 .
0303 :0304} Bypass adding xz0200 to symbol Lo
1038 xz6000 Symbol table Lo
1452 b1038 Inclusion in punchout

When using the altered compiler, dimensions are counted from location 6000 instead
of 5800. For this reason the first “dim” statement should contain a number 128 greater
than with the standard Act I,

In order that depression of the transfer control button will shift control to headings
and, subsequently, to the special decimal memory printout routines rather than again to
the compiler immediately following compiling, the 80xt4000 instruction in location 5444 is
changed to 80xt3932.

THE OPERATIONS TABLE

The symbol table for Act I and Encores appears in Fig. 1. The resulting operations
table compiled by Prelude to Act I and punched by Act I appears in Fig, 2.

No distinction was made between floating point and fixed point calling sequences for
logarithm subroutines in order to provide more space in tracks 36 and 37. The left oper-
and should be a number; but if floating log-ln subroutine is employed, the number is not
used.

A statement number in the source program should follow “-pir.” When unprotected
program input routine 10.4 or 10.4L is in memory, the object program stores the loca-
tion of that statement in the address of the “t” instruction in 0007. Going to program
input routine and inputting “-” and seven characters will transfer control to the state-
ment with the seven characters in the accumulator.

“Trace” may be used with or without the transfer control button depressed during
compiling. Its intended use is to select printout of intermediate results while computing
with the transfer control button depressed.

“CAST OF CHARACTERS WITH RE FERENCES ON REQUEST”

The Cast of Characters subroutine is located in 5800-5963 and is under control fol-
lowing the output of its heading program in 3932-3963. Block diagrams of the subroutine
appear in Figs. 3 and 4.
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After the compiler prints out program and statement locations there is a stop in 5443.
If no decimal memory printout is desired at this point, the operator may transfer to another
location, or he may turn on the punch, release the transfer control if on, and start to punch
the object program at 0300, the symbol table at 6000, and the constants table at 6200,

If a decimal object program printout is desired, the transfer control button should be
depressed and the computer started. The output still is to the typewriter, and all hreak-
point switches are released. Subsequently, if the transfer control is left down, only the
program will be printed, omitting the heading and references. U it is released, the head-
ing and references will be included with the object program printout.

An example of the printout is shown in Fig, 5, followed by the coding of Cast of Char-
acters in Fig. 6. The pFogram in 3932-3963 employs the Cast of Characters alphanumeric
subroutine to type out supplementary information, repairs the alphanumeric routine exit,
then transfers to 5800 to initialize decimal printout at location 0300,

When the Encores compiler is in memory, a “-” program input routine instruction
will transfer to 5802 with the hex address in the accumulator. This address will be the
first location printed in decimal. If the address is the same as or greater than the last
program location, only one printout cycle will follow. During normal Cast of Characters
cycling, the last location and instruction “z0000” will be omitted, and the computer will
stop, allowing the operator to choose what he would rather do next. He may either start
the punch, use the program in memory, or alter the program first.

The Cast of Characters portion of the subroutine is optimized. The delay instruction
following the carriage return is not necessary unless the latter instruction is a tabulation
into a long, automatic carriage return, or a stop is desired before punching. When the
Reference on Request portion of the subroutine is not to be used, “xz3000” is not needed
as a constant and may be changed to “u1805;” otherwise, 5832 may be changed to “xs6331,”
L{, instead of 3000. All temporary storage is within the subroutine. Therefore printout of
track 63 contents is possible; however, an attempt to print out contents of tracks 58 or 59
damages the subroutine.

The transfer control may be depressed at any time to abort reference printouts if
desired. When it is released, an instruction having an address of 6000-6163 is interpreted
as one referring to a symbol, Following printout of the location and instruction, the sym-
bol is typed. If the word found in 6000-6163 happens to contain a non-input (e.g., “0800%)
or jam code (e.g., “4800”), that character is bypassed, preventing uncontrolled action,
damage, or stoppage. When the computer encounters an instruction having an address of
6200-6239, the word in that location is typed as a five-digit decimal constant at 29, Nega-
tive numbers or numbers greater than 99999 will not stop the computer but may contain
nondecimal characters. Instruction addresses 3000-5963 are first treated as subroutine
bridge locations, If the command is not “u,” as it normally would be following an “r0310”
instruction, a “u” ~ meaning unidentified - is typed. If the command is “u,” the table of
transfer addresses at q of 30 in track 37 is searched. If the address is not found, a “u”
is printed. When it is found, the symbol in track 36 having the same sector is typed as
the operation symbol. For examples, the following instructions would cause the resulting
typeouts:

p3200 u (stop code, not “u” instruction)
23200 u (breakpoint, not “u”)

r0305 (address not 3000 or more)
u5000 u (not transfer address)

b6001 temp. (symbol)

r0310 (address not 3000 or more)
u4900 asin (operation symbol)

56208 04963 (constant)
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For future reference, the typewriter punch may be turned on before transferring to
Cast of Characters, thereby including the decimal interpretation on the object program tape.
Since the program is incapable of punching a conditional stop and the first input word is
an eight-character “v” code, the printout will be ignored by the input routines.

“UNDERSTUDIES”

An optional decimal memory printout program may be loaded in 5800-5963 with its
headings program in 3932-3963. Understudies (Fig. 7) is similar to Cast of Characters
in that it prints locations and instructicns in decimal and includes printout of symbols
referred to by the object program; however, here the similarity ends,

The Understudies subroutine is headed by loading limits and instructions. The object
program, properly modified, can be moved up to the initial region location designated by
“dim”® statements. The maximum start fill instruction therefore is

region Li - [program Lf - (program Li - 1)].

The Understudies subroutine does not modify any addresses, so the modifier must be three
tracks smaller than the start fill instruction. If subroutines are used with the object pro-
gram, all return addresses must be changed to program Lo + 0010, the N temporary stor-
age addresses must be changed to program Lo + 0012, and trace subroutine must return to
Lo + 0005, Subroutines may be altered by loading a tape of start fill plus instruction sets
after the subroutines to be used are loaded and /Lo of program is stored by program input
routine,

The Understudies program does not print out constants, operations, or “u.” Follow-
ing carriage return and printout of location, each object program instruction is tested.
If the command bits are all zero (“2”), then “,0000001’ ” and the word in hex is printed
with a conditional stop. The check sum printout routine of the compiler is employed to
output 1 at 2, 1 at 30, breakpoint delay, and stop instructions, since all happen to be posi-
tive and contain “0” bits in their command portions. “p” instructions and instructions
having addresses greater than object program Lf are typed with (a) leading spaces to clear
the remainder of the location out of the accumulator on reloading, (b) an x to prevent modi-
fying, and (c) conditional stop. An instruction having an address 6000-6163 is followed by
the symbol in that address. All other instructions are assumed to be modified and are
preceded by spaces and no “x.” After typing the final instruction, “xz0000,” control is
immediately transferred to the compiler, which punches the symbol table and constants
table on the typewriter in hexadecimal, each with a check sum.

The object program is unchanged in memory, so it may be used immediately or, if
desired, punched out in hex at 0300 by transferring to location 5445. Understudies uses
the address printout routine in the compiler to type locations and one space, but uses its
own address printout routine to type addresses and conditional stop. Hence, interrupting
the program cannot alter Act L.

If the object program is to be moved in order that it can be used with protected pro-
gram input routine, it shouldbe remembered that “outpt,” “addr,” and “-code” operations
then will not work. The first requires subroutines which use constants in unprotected
program input routine; the second must “r-u” to program input routine binarization sub-
routine; and the third must alter an inhibited instruction in order to function.

“OUTPT”-“ADDR”-“ROUND” SUBROUTINE PACKAGES

Since the compiler directly stores symbols of up to five characters at a q of 30 by
n-multiplying the six-bit input word, it is convenient to store alphanumeric symbols using
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the source program. Furthermore, non-input typewriter codes and delays may be assem-
bled by the compiler if appropriate symbols appear in the operations table, The author
reviewed a POOL* program by Mr. Herring for alphanumeric output and condensed it for
this subroutine package.

Symbol “outpt” for alphanumeric words differs from the alphanumeric output in the
Cast of Characters subroutine by omitting protection against non-input codes (Fig. 8).
Starting at the left, six bits at a time are shifted into the track portion of a p( ) instruction,
p0000 instructions are bypassed, being interpreted as missing character codes of stored
symbols having less than five characters. An example of source program and result is:

outpt’temp.’ ’
2'print’temp’ ’ temp. 662,15 F
ucase’outpt’ F'lcase’ cr’ '’

If an alphanumeric symbol is not to be replaced by a number in memory before
reloading the object program, it should not be identical to the symbol used to represent
the number storage location in 6000-6163. A period or space, for instance, might dif- .
ferentiate one from the other.

The “addr” and “round” subroutines help delay the exit from either “outpt” subroutine
so that either high-speed punch or typewriter output can be used. The “addr” subroutine
is simply a transfer to the binarizing section of 10.4 or 10.4L program input routine and
return. Constants and fixed point numbers in the object program are at a q of 29, whereas
program input routine codes are at a g of 31. Therefore transfer is made from the “addr”
subroutine location to a point beyond the order to n-multiply by 1 at 29, The “round” sub-
routine contains one extract instruction to mask off bits 30 and 31. Since its transfer
address is listed in the operations table, Cast of Characters can include printout of the
operation as it can with “addr” and “outpt” operations.

The “addr” and “round” subroutines follow the “outpt” subroutine at the same transfer
addresses when combined with the compatible hex “outpt” subroutine (Fig. 9). Four bits at
a time are shifted into a p( ) instruction, the hex character identification bit is added, and
eight characters - forcing previous contents out of the accumulator - and a conditional
stop are printed,

PACKAGING

Act I and Encores have been packaged along with debugging prog rams, bootstrap with
check sum, and supplementary programs to form the following twelve-tape library in the
possession of the writer:

I Prelude, Operations Table, Compiler, Cast of Characters
II Bootstrap II with Z, Program Input Routine 10.4L, Index Instructions
and Constants, “-” code to Cast of Characters
m Symbol Table
v Alphanumeric/Hexadecimal Subroutines, Bootstrap 1
v Loader and Linkages, Trace-Float-Unfloat, Floating Decimal,
Fixed Point Input-Output Subroutines
V1 Floating Point Subroutines
vl Fixed Point Subroutines
VI Program Input Routine 24,2
X Decimal Memory Printout and Hex Punch
X U, of Mich, Trace
XI React
X1 Understudies

‘An LGP-30 user’s organization.
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React is a one-track assembly (Fig. 10) for use without the compiler to help write effi-
cient programs employing Act I subroutines.

SUMMARY

Changes have been made to improve readability and increase the versatility of Act L,
No difficulties have been encountered other than remembering to increase the first “dim”
statement number by 128 and to refrain from using subroutines requiring 10.4 or 10.4L
PIR when protected PIR is used.

REFERENCES
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3'0'dlo’hro'hio!!

+'1l'blo'aro'hio’’

-'1'blo'sro’hio"’

x'2'blo'nro'mea’'0307 'hio"!'
/'2'bca’'0308'dro'mlo'hio'’

when 'O '

less'3'blo'sro’ "’

grt'3'bro'slo’’

equal ‘3'blo"sro'tia’'3'sca’ 31k

trn'O'tro’’
abs'3'bro'tja’2'uja’3'cea' 306 'sca' 306'hio’ "
read '¥'rca’'0310'uta’5700'hro "

print '3'blo'hca'0312'bro'rca'0310'uta's800" !
stop'O'zca'0’’

iter'sud’
f+'1'blo’hea’0312"bro ' rea'0310'uta’ 5200 ' hio' '
f-'1'blo’hea’0312'bro'rea’0310'uta’' 5300 hio !
fx'2'blo’'hca’'0312'bro'rea’'0310 'uta’ 5400 ' hio "’
f/'2'blo'hca‘0)12'bro'rcu'O)lO'utn'5328'}110' !
finp'3'rea’0310'uta'5502'hro '’
fprt'3'bro'rea'0310 'uta’5700" "
flo'3'blo'hca’0312'bro'rea’0510'uta’ 5137 'hio''
unflo’'3'blo’'hca'0312'bro'rea’0310'uta'5100 thio' '
er'3'pea’1600 'zca' 0000 !

tab'3 'pea’2L00 ' zca'0000" !

ret'0’'rro'’

use '0'uro'’

bring 'O'bro’*

add'0'aro’ "

subtr'O'sro'’

mlt'O'mro'"

ramlt'O'nro’’

div'0'dro*’

extrt '0'ero’’

hold'O'hro'’

clear'O'ero’’ .

atadd'Q'yro'"

rdhex ' 3'cca’ 306 'pca’ 000 {ca 0000 hro'*
8in'3'bro'rea’'0310 uta’'o08 'hio' !
cos'3'bro’'rca’0310'uta'4915 'hio'*
atan’3'bro'rca’0310 'uta't939 hio"’

sqrt ' 3'bro'rea’0310uta ‘920 'hio'
asin’'3’'bro’'rea’'0310 uta'hglhis hio**
acos’3'bro'rea’0310 uta'b95% hio' !
eexp'3'bro’'rea’0310 uta'i926 'hio'*

10exp '3 'bro’rca’0310'uta‘'h933 'hio’ *

1n'3'blo'hca'0312'bro'rea’0310 uta ' 495k ' hio !
log'3'blo'hca'0312 bro'rea ‘0310 'uta ' 4958 ' hio'!
outpt '3 'bro’'rca’'0310 ‘uta'6240" "
addr'3'bro’'rea’'0310 'uta '6256 'hio' !

round ' 3'bre'rea'0310'uta 6258 'hio’
-pir'O'bro'yca‘'0007" "’

trace '3 'bro'rea’0305 'uce 5000’

ucase '3 'pea ' 0800 'zca 0000

lcase '3 'pea’0LO0 ' zca 0000
color'3'pea’1200'zca ' 0000’
bkap'3'pea’2000'zca’0000""

cdstp '3 'pea’3200'zca ' 0000

bph '3 '2ca’0k0OO" !

bp8'3'zca'0800" '

bpl6'3°'zca'1600" "

bp32'3'zca'3200' "

Fig. 1 - "Encores” symbol table

s
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Fig. 2 - “Encores” operation table
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SYM. TABLE
BINARIZE NO. ~1 INCR SIZE
 COMPUTE ADDR) _ OF TABLE
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Fig, 4 - Altered “Act I” block diagram
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. 000L000
dimcampBo0
sler

reada
iflom;fa
tab

readd
3flob;fh

tad
fprt {sqrt [faf+b]])
usesl

1 0322 t 0356

80l Q322
symb 6000+
cons 6200+
dmpo v ref
if tran on
0307 1 at2
0314 1at30

0300 bO315
0301 w0318
0302 20300
0303 u0305
030k 20001
0305 u0305
0306 20000
0307 20000
0308 20001
0309 20000
0310 uobhls
0311 z0000
0312 20000
0313 20000
0314 20000
0315 ®0315
0316 hox02
0317 10300
0318 a030k
0319 y0305
0320 0306
0321 w0302
0322 pl6ne
0323 20700

0324 r0310

0325 u5900 read

0326 h6000 &

3327 ©6200 00004

0328 ho312

0329 b6000 a

0330 10310

0331 w5137 flo

0332 h6001 fa

0333 p2koo

0334 20000

0335 r0310

0336 u5900 resd

0337 h6002 b

0338 b6201 00003

0339 h0312

0340 6002 b

03h1 ro310

o3k2 w5137 flo

0343 h6003 fb

034k paloo

0345 20000

0346 B6OOL fa

0347 ho312

0348 6003 1B

0349 10310

0350 u5200 f+

0351 10310

0352 uli920 sqrt

7353 ro310

0354 u5700 fprt

0355 u0322

V0390300’

1033 * r0343 100300 10314 '0000k ' r0314 ' 120000000
ooooh"roégo""ooooe'qosbJ'

J0308 ' £0300 ' 9031020314 '10318' 10308 81000 !
30328 £3g00 ' J3500'13q00' JO330'13J00 30328 ' £330k *
J340k '81800* 130328 £3g00' 53308 13q04 ' 0330
13308130328 £3394" 13304 '01800' ' 13304 ' 10330 "
13403 * 30328 £3400 30323 1315030328 ' £3900 ' £0358 *
121436691 'v0053500 !

00072 01572 ' H000L ' 01501 'wwner www) 1000026w8 ! vCJ33q00"
00010 ' 0000 *wnnnanne] ' 0000001] 'v0183q£0"
ou‘JGq,jz'wwwa q1740q30 17099k * ro728 £116!. 370030 'q2320q30"
0000 ' *12glds *709w0 ' 02w80 ' 63k I8’ £1184 1 13kK0 !
f}l}fl{g l:%(llh '26K7885. 1 26k78851 126K 7885¢ 1 26KT7885¢ 'q3¢30 ' £3390"
2548

Fig. 5 -

“Cast of Characters"” printout

13



weifoad  sisjdeieyd jo ised, - 9 g

NAVAL RESEARCH LABORATORY

14

,0000000" \SIEBTP (/qx0qe  ,2U6TI008 £§

UOTIWOT IOUT 03 ,T0gTR 43 SSQLE  (TC6TS 2% sBurpedy 15K 266 14
uopIwol  ,THgTa 29 a .Mnomﬂ 5} et #5000
iSINORIWMD § 6T < JNVISNOD 65918 ,66£614 05 £8 yound X ¢
62 1® T ,0¢QT® [¢3] 0000T .oamm 65 1T000000° Fromi w oosa 12575000
Inumod  {06Ta 66 000T ,0nST2X g5 sTqw J 00097x H
™A TepTy Qs 00T ,9¢TOZX L3 TR T +BE05000
21w T ,o06Tu L ol ,0100ZX Q5 aaou sswddq CHTX +€OCH000!
Ju—— pxoA L, ToWLa 14 n, @N.Euﬂ T .Mmooﬁn mm e i
P 0f W 2 4$  ,T000000° uM JURAd fou  LlEgTn g Sncm ewdA roc .
anowrwp wdte 7zl g S0 HOMVES 594 ,gT6T3 €S 4 oty +£0TH000
Jeyo yndug-uou “iIoqe 94613000 ¢S 0010ZX  ,0TQTS 24 STOQu{S *3TUT ,000GUX OM000¢
6219 1 .wwoan 26 qne 10u £,n, 30U ,LCQTe w© o 2t
0X0ZX  LEAT® % 00oTHdX ,LCQT® 0% aredar + FELT  ,TORSIX0Q €9
[ )4 ,n5615 oS prwmoo L TIgIG 6 WOSIWT,  LNOLPEYO 20
00€aTX  SC6TR 6n LINVISNOD 6629-0029 ,000T3 an ‘u NTE0  1006F0LKO TO
LT 3™ T ne6mm oM 002X ,TTQTS Ly W21 T, HEHCATPO 00
poa  (T29T9 in CTOBRAS £9T9-0009  (SH6T% on w LOZOw  90MOLNO 65
INUNOD L COETH oy 0020ZX ,5T61S 43} Wuo uw,  ZBTIQlZL @<
62 1w - ,@C6Ta [ (NS €965-0006 64013 m WTd 3T. WJ6QLOSE2 LS
IO TOBAS  TeQT™ L 00072X QTS h e N G YA
ToquAs  ,2222q < SsaIpPe oM 2n . odwp, ,ogT¢fbre <C
[ ]a otk 2n uoTIWOT 22272 ™ WH0029u  2OTTHOSHE %S
"I T - 01 00T0ZX ,0TQgT8 ™ ssaIppe 72222 o4 w SU, ogbcBTda (¢
(Toquss do)q  ,gréTa oy UOFIBOOT JDUT 03 2 6TR % WRIO00.  (OTTHOTHE 26
Iieur Ammp  ,60QTS & N3P ,00047X ¢ . WA, ,GQ2IIRIL TS ,ZT00000°
JfBamanan o L TON0000* (par373uoprum) 0, 00THX  U¢ Iswg 01 ,0095TX  0f
L0005X I SEaIpPR ~.523 01 2T o I5w Iredex  (9AGAX 6y
J9T002X x ax02s  ,T2PTH 49 doot ,#{oon an
Jo0fuzX ¢ Toquis 2222 " TSP ,T000ZX Ly
4000 " L T000000 1000¢ Xopun JI0q®  ,206T009 (¢ 62 1% T,/ Hh00® o
STV 0002 ¢C 000CZX 0.3 2¢O T¢Lusx [ Ja .tno0a <y
A3sur Ammp Colgax ssoIppw 01914 <1 °33% aPBrIred ,C2oTdX 4
Z8UT WP, G5QTS % 4 TO00ZX oL andano wqdTe |, h66nX <™
oMy, :3Tqe3 Ul j0u ,)¢QTm o5 Zisur sutad 03, TI9TR o2 066X 2y
do axau 3531 03 ,gT6T2 652 aveds « 207 3upad  LEiTm ge pIoA usa® |, 2722Q 1%
TI YoT9E CO.CQX  ,2C6TS g2 Wl Le 1ndano WATe AhO5IX on
{ 1o (81614 pri UOTIWOOT  THETQ e 1965 66
52 1w T ,559T o2 puwod dn 328 TIQYC 52 JPYETULS |, 6h00% o
[ Ja.aouy tou ,gréTa 2 00T0=  ,OTTs L4 PIoa PPO 22229 i<
ToquAs dn 138/320q8  ,0n6TIO0R 42 000Uz Q612 @ [ ]a ,THOOL oA
62 3@ T ,06QTs I 9 1® T ,Q0gTe it 62 1 T Lhoo® 4
{ ]q Zoup :Ippe 2ou  ,G26TR 2 SS3JPPe 1B ploa [ ] o [ Ja *arus 6004 w
SSAIPPe  ,ongTe 2 12ogT o2 12009 «<
Cogozx  ,TT6T o2 pIoa [ Ja ,mgrd ot *oen *Tax 02 doas 14002 Fe 0065200
0f 2® T ,556TU 61 ssaxppe  OongTL 2] 12C6£000 ¢
(*33 T + apo0 Jo o1)a [ ] et uerLonaysul 22279 it
Jpoo> do Tetay  ,gréere T ©salppe 1§91 01, TEgTM o1 e R § L0V N0
*SA0 HOHWAS 00LnAX ,HT6TQ at aveds + Jppe jutad L [CLTR 5T
L0020ZX 133 WSHLTS T
uopIINIIEUT AIAP ,00LLaAX T SsaIpP®  ,0M3Ta [2s
{dxa)s dn 398 ,TopTm <1 AeTsp  ,0H00ZX k19
62 1@ T 55918 T JajonIwyD puwmmcd ,z222d T
Mrap C9gaTX T By pummod 00102 ot
[ 18 50614 ot uound Xsy 03, SHuIn 60
1187p sutad | zz2zd £0 doig  ,000000C QO 11000000 ¢
18933 T06Tn 0 JPAYSIUTY wou L LTIQTY Lo
{uT.V) 00r0ZX ,CCET® Lo 51 sexBoad *[qo ,TfCusX )
[ ]¢ 60614 90 uoyIwooT  ,THQTA S0
Jepurmmal  ,TegTd 50 A3 ,00062% "0 0 $0gTA
1397 supxd 60613 "o *X0 03U qws Jo A c4oTdXx  ¢o
*230 wydre/ (dx3)s [ J <o (uotionaisur)a ,LTIQTA 20
pIoA ,Tegla 20 62 1% T ,06QT® 10
{ 4 ,6061£ ™0 €9207x  Lomoq 00gT  ,000%000"

00202  ,$T61a 0061 100850004




NAVAL RESEARCH LABORATORY

0004000 0323 , 0000001 00000000"
-dime ox2h 10310
slcr 0325 xu5900'
reada 0326 xh$000'a
Ufloa;fa 027 xbr.200"
ab 0528  hos3l2!
readb 0529 xbb000'a
3flch; b 0330  ro3lo'
tab 0551 xu5137"
fertsqri[rar+fo)] 0332 xh6001'fa
usesl 0333  xpzhoo*
02534 ,0000001" 00000000!
10322 £ 05 0555 10510'
0536 xu5900!
801 0322 0557 xh6002'b
PUNCH ON: 0336  xb6201!
smaxiéi39 0500 less 035  h0Z12!
0300  b0315' 0340  xbfi002'D
0301  uC318! 0341  ros10*
0302 ,0000001" 00000%00" 042 x15157"
0303  u0305* 0343  xhGOL3' b
0304 ,0000001" 0000000 Ot xpekoo!
0305  uu0s' 034% ,6000001" QOO00VOC!
0306 ,00000C1" D¢ O3 xb60U1! ra
0307 ,0000001' 20000000" 034t horie!
0308 ,0000001" 00OO000L ! 0348 xbr.OC3' b
0309 ,0000001" 0O0UC00C" 09 rosic!
0310  xuOG4s! 0550 xus200'
0311 ,0000001' 0OOVUCOO' 0351 ro3lo*
0312 ,0000001' 0O0CC000" 0352  xuly2c*
0313 ,0000001" 00000C00" 0355 rozlo*
0314 ,0000001' 0000CLOO2' 0354 xu5700"
0315  a0515' 0355  u0322',0000001" 'v005 3J00"
0316 ho302' 00072'01572" 00001 01501 wannaniwJ ' 000020wE ! v0033q00"
0317  u0300* 000100000 ' wwwwwww J * 0000001 vO183q£0*
0518  a0304' 011 36q 2" wwwwnnnv) * Q1740 30" 70994 * 10728 £1168" 93700q 30" g2320q 30"
0319  y0305' 0000J ' q3kg0q 30" 12glk ' 7T00w0* 02wBO* 63k JB* £1£64 " 1 3kk0"
0520  b030! FLr768' L1B1LE 20k 7885 1 26k 78851 20k 7885 26k 7885 £ 93¢ 30" £3390"
0321  u0302' 207 Sy
0322  xplHoo*

Fig. 7 - “Understudies” printout



16 NAVAL RESEARCH

LABORATORY

;0006240*

/0006200" ko xc0306!
Ly 006 3!
k2 xc0312'
4 x00306!
bk moo61'
45 £0060!
b6 yoolg'
47 x80029"
LB 00501
(%] pzzzz!
50 xb0306!
51 *xn0135°
52 xe0306'
53  xb0312'
54 xm0029*
55 £00u2!
56 Xr0063"
57  xu0051!
58 e0062!
59 xu0310"

x26300!

,0000003! 61 4ooo!
62 wnavwwyt
63 wwnnwq)'

;0000135' x20016"

.0000000"

word (OUTET)
-5 at 29
counter

word

1 at 17
x%6300

pl )

1l at 29

no character?
alpha character
word

lat25

word

counter

1l at 29

5 characters:
delay (ADDR)
binarize
ROUND at 29
exit

patch

Fig. 8

Alphanumeric

“outpt’ -“addr”"-"round”
subroutine package

Fig. 9 - Compatible hex
“outpt”-"addr"-"round”

subroutine package

s0beho”
,000L2001 Lo xe0306'  word (OUTPT)
41 bOOE3! <8 at 29
L2 xc0312'  counter
43 xb0306'  word
Ll xmO156' 1 at 18
4s «0060'  x26000
L6 a0061'  x20200
b7 yool8' p[ )
u8 pzzzz' hex character
49 xb0306' word
50 xn0135' 1 at 27
51 xc0306'  word
52 xb0312' counter
53 xa0029' 1 at 29
sk took2! 8 characters?
55 xp3234' cond. stop
36 xr006%' delay ADDR
57 xu0051'  binarize
58 e0062' ROUND at 29
59 xu0310' exit
60 x26000°
H1 x20200!
,0000002' 62 wrwwwwwd"
63 wwwwwwqQ'
;0000155: x2z0004'  patch
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