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IN TRODUCT ION

Watervliet  Arsenal has a large var ie ty  of makes of numerical ly con-

t r o l l e d  ( N . C . )  machines . For about the past  three years a Gerber auto-

l iat i c  d ra f t ing  ma chine ( A i r l ’) ,  w t h  a H on eywell  316 mini-computer  control ,

has been used to veri fy the N / C  t a p U s . Unfor tuna te ly , no universal

language exists for the program min. ;  of a l l  N . C .  machines and in fact

almost a l l  manufacture rs di f fe r  in  the programming for their machines .

The Gerber (ADM ) method of pi~n~1’anm i i~~ obviously could not al low the

veri fi cation of a l l  types of N . C .  m rniiines .

In the f a l l  of 1975 , a mee t ing  n f  ADM and NC programming personnel

was held and it was concluded that an a t temnt  would  be made at modifying

the existing Gerber drafting orogram si that di fferent ~C m achine s  could

be veri fied. A priority list of elcvc-n makes of machine oased on usage ,

was comp iled which included the followin g:

1. Bostomatic - vertical spindle mill
2. LeBlond - CXR - horizontal l athe (small comnonents)
3. LeBlond - horizontal lathe (tubes)
4. Pratt F, Whitney Wolvotin~ 

- ver ti cal spindle mi l l
5. Lodge ~ Sbi plcv - Lathe
6. Cincinnat i Hvdrotel - verti ca l sp indle mill
7 . B u l l a r d  VT!. - vertic al lathe
8. C19-X 720 - horizontal sniiulic m i l l  and d r i l l

1~ CIM - X A6 - hori zontal spindle mill and drill
10. XLO Chucker - v e r ti~~a 1 l a t ) i e
I I .  C i n c i n n a t i  Turninp Cente hon : l i l t a I  l athe

Changes to the existing program were coninleted by 1 January 1976

enab l ing  the ver i f icat ion of the e leven machines . A description fo l lows , of

the changes made for 9 of the 11 i i i ad i ines  s ince  the Prat t  ~ W hi t ney

Wolver ine  and the Lod ge and Sh i p l U v  t api -; could already be v e r i f i e d  

-- -~~~~- -—,~~~~~~~ ~~-.-~~~~~~~~~~ - ~~~~~~~~-
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w i t h  the Gerber draftine program w i t h o u t  ch anges . A l l  changes  made ann ear

in appendices A - Il , written in the Honeywell assembly language , with corn-

nients in the ri ght hand column .

It should be pointed out that parajaeters iscd for each machine were

also incorporated in  the program for each particular machine . In this

way , when the program for a particular machine is loaded , the correct

l)ar~11i1eterS are included. Parameters di ffering from one machine to

another include the format statement for the coordinate values and the

axis select , which allow selecting X , Y or : for the horizontal and

\‘Ci’ti cal ~ixi S

Bos-rOMAT IC

Incrementa l

The Bostomatic  machine may operate in e i ther  the absolute  or in-

cremental  modes ( i . e . ,  w i t h coo rd in ate v alues e i t h e r  re f eren ced to a

f ixed zero  pos i t i on  or referenced to  the nrescnt  n o s i t i o n  of the pen) .

The changes required for the incremental mode were minor. The i n -

C l t ide d the  f o i l  oic I

1. Read  a GI . G2 , ( i ~ comma nd as a GO l , G02 • G03.

. Read on !  v Code GO!, GO2 . G03 , uP) • Gil , ~42 and i gnore  any

ot h er  code. R~~nl a G-IO , G41 , C.1 ’  is a G O l .

The C comm and in s t  r I i c  t s t h e  m a c h i  ne t o  move ci  t her  I i  n ea r l  v (GO I )  or

in a ci rc iil ar motion (GP2 cIoc kI%’i se , G03 co u nt er - c l o ck i ~i se) . As the

Gerber program cxi st ed a Cl w o u l d  he read as a Gil), w h i c h  is the code

to draw I i n e a r l v  , hut  at a scale ten times -
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The cii ;u1 9c i n i - o l v ~ on l y ~. i i : ~. n . t  u c t i e i i , ‘-~~~ ci n ; i  L-~ i . , ’, i i , a t ~~d from

t h o  1~ro;~r ain since t h i s  i i i~~t r I , c t i  ( 1  l oIn t h e  a s S i m i p t i a l l  t h a i  zero oas the

sec ond  di git ( ;in\ cede be nh i ~t l u g  the  contents  of t h e  memory location

‘ ; i i . h , n ~ t h e  C COLiC n;i hc left I p a s i t i n r i s . i ’h i : ’ IIC:a ; v l o c a t i o n  StoicS

tjiC numbe r , in base t oe , so sh~ i t  in ~: I .  i t  i~oiild f~ ll t In 1 i- i ght most

L-in ;- v hits i~~th zer os

The interpret i ng of :i C COJL by 1:t~c Gerber n r o i t r ; i r ;  is done in the

foli o .-; i n ~ manner. At a p ar t i  c u l a r  po~ ot in  t~ie 0m g) a l l , the A register

~the working rek i ; m r  of t h e  ce l O a r e  r I c o n ta i n s  the - G number  in coded

Fo rm . For exw;;p le , if a 60 se~-e th e C code , the numbe r in the A

; ( ç i  st e i  w ou l d  be an o - t n  I 11 ;) or in b i n a r y , a (~1 100 0 ( 1 ( 1  - The firs t

l O n e  bits , ~- t . i r t  l o g  I ran  vi e ri ~t t  , contain the riojit most dig it of

th e C code , i n  this casC , .i zero . Since this nni ;ib e r could be as great

a 11 0’ in decima l , whi cli w o u l d  hi- Idol in binary , four hits are

;‘~i ( u i  red to  s tar e  the ri ~l; t noe l . ii~ nh e r  of t he  C code . ‘ I he next four

it ; ; , S through ~~, r o i l  I h L  l c ft  hand number of the C n u de , in

its examp le , a si x. ihe u code is ilow compared to the coded form of 1 ’
.~ C n umb e r  i i  , ‘e;idv s t u i a ’ . I i n  a ~~u r j  i l f l  location i i i  p e n u r y , if the ~

‘ ‘
~

u -i l i t - rs i re  i - u t ! , the  ~ r n ; -  . t ,  t i e  ap prc ipr i  a t e  ~ l a c e  i n  th e

p r o g r a m s  u v l i i c h  e.~cc~,te-  t h e  c on ;  110! I ’ , : ;d .. n  t he  pr~~I c d i e  C .ode

~~l I n  t i l L ’ ,‘slii n le used l u c r e , u u , idi t cl i  i s  t ) & - i O u ’  t o  VC

n- i c i v  it a se a l  c- of  I U t )  
- t b -  p re r e l  woti I d  ~, o t o t h a t  p l a c e  in  the

orogram wh i ch e X e n l i t e s  t l i i ’ command it  a sc a l e  I ()() t i m e s  t h e  va l i ie s

i n ; - . I f  the  C code s h o t i l I  I e~~~r i ’ i i  rr  or less t h a i  the number  to
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whi ch i t  is being compare d , th e erograrn could take e i t h e r  of two paths .

It would either compare the C code to the next lower coded number in

memory or would interpret the code based on the fact that it is greater

than one number but less than another. As far as changes made so that

C codes for the Bostomatic Incremental tape would be read correctly,

the appropriate comparisons were made , renlacing the ones which already

existed. For examp le, to read a G~12 as a GOl , the A register , which

would contain the coded form of a -12 (1000010) , would be compared to a

memory location which contains a coded 42. They would he equal so the

program would jump to the place in the program which makes a linear move

since it was desired to read a G 1 2  as a GOl . Changes made to allow for

the running of a Bostomatic Incremental tape appear in Appendix A.

BOSTOMATI C
‘
1

Absolute

The changes made to the Gerber program to accommodate the running

of a Bostomatic absolute N.C. tape included the following:

1. Read only a COl , COd , GOS , du O , G41 , dId and ignore any
other command. Read a G40, G41 , G42 as a GOl.

2. Read a Gl , C2 , (‘,3 as a CO1 , COd , GO3.

3. Read the I , .J number of a ci rciila r command in the appronriate
way .

The changes for Items 1 and 2 are the same as for the Rostomatic

Incremental and are explained under that -;i- u.-t ion . The changes needed

for the correct reading of a circular command on a Rostomatic absolute

tape , Item 3 , w i l l  now he given.

~~~~~~~~~. 
-~~~~~~~~~~~~~~~
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A c i rcti l i e  cisninand rcqui  res four di f l er e n t  numbers  X , V , I , and 3

c . t  lin- :~ . For the (ember (lr i I’ re ; , t he  \ and I v i  lu tes are the coo rdi nu t  es

o F the end p o i n t  of t h e i r  c he i  n
~t 

drawn . The I and .1 lire h o r i z o n t a l

and ye rv i c i i  di s t  r i c e s  re n n e t  i ve  I ~
- fro m the a r c  r e n t  ~‘ r to  the start —

i fl1.~ p0 l i l t O f the ir - The Bos t enl:it i c \ and Y va I I iu.’S ire  the  same is

the Gerber bitt the I and 1 a t-c the  coordinates of the center  of the

arc r e l a t  i en to  zero p o s i t i o n . The changes needed to accommoda te

this di ffe rence hecane rather i n y u ~l -~ ed. A flow chart (Fig. 1) is

Include d to help exp i u n  the progra :u;n ing . The char t  shoos the p rograin

for c a l c u l : t i n g  a new I value . ftc ;rog rannn ing foi- calculating

.1 is the s aille excc -~lt a ll X and I a rc rep laced by I and .1. The basic

approach of the p r o g r a m m i n g  was to subt rac t  t h e  Bosto rn at ic  I (or ~1)

v a lue f rom the  prev ious  X (or  \‘) value to  oh t am the  inc rementa l  dis-

t ance  from the cen te r  of the  arc  t o  the  s t a r t i n g  p o i n t , wh i ch i s the

value n eed e d  fo r  I (or  d) in thc- Gerber program ( i n  some cases , such

is when the  I v a l u e  i s  negat i ve and the 
~~~~~~~~~ 

ious  X v a l u e  p o s i t i v e ,

the  t wo  v a l u e s  w o u l d  he added to  ob t a i n  t b ’  new I v a l u e )

In order to exp lain the  programmin g changes , t h e  manner of st ey i n g

a dec ima l number in meniorv shou ld  he e x p l a i n e d .  The Ge r ! u n r  sy s tem

i l l  &ws for  a number  si th ui~ to th i-ne p1 l u ’& ’’ ~ t ci the 1 c t t  of t h e  den ima I

point and five to t he ri ght t h e  number is stored i n  t w o  memory b e t —

t hins with each location h av i ri~ IS hi t au s i ti o ns , ntui ~ ,u h i t  li esi t ien for

the si  gii - A :cro is stored id th a ll bit posi  t i ens cont a i n i n g  zero.

‘rhe number .00001 S i l l Id can t  t i n  t h e  h i  n a ry  number 00(1 000 00(1 000 (101

-- 

-
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the number .1)1)002 would lie S t u F  ci o the bjfl :ii \ nauule i - 000 000 000 000

010. th e numbe r . 1) 1 ) 0 ( 13  n u L l  I d :u r !uea  r n~ 0(u() 000 000 000 011 or in Ut  her

sords , t h e  binary number 3 (11) . This net hod of ston ng the number

Luntinue s until the ~iw-i~or~ lo cat ion i-a r - tain ~- 1 1 1  111 11 1 1 1 1  111 si t

which t inc Inc resus I ng the n uul ’lc ~ he .1000 won ii to  re a 1 in the nt-he i-

memory location and return r il is 1ec~ tion to all zeros . As the number

increased still further , t h i s  l o c i t  ion would a g a i n  inc rease  u n t i l  it

c o n t a i n ed  all ones , sit  wh i ch t ime a I i i  t h ur m c i -ease of .0000 1 w o u l d

a g a i n  add one to the other mem o-v location , su -ub i ng it a 10 and r e t u r n

the l o c a t i o n  c o n ta i n i n g a l l  ones t o  a l l  zero s . . \ nega t ive numbe r is

s t o r e d  as the complemen t  of the  most  si gni ficant part of ibc- mimi-icr

an~l the two ’ s comp lemen t of t h e least si gn i fi can t part

R e f e r r i n g now to  F i g u r e  1 , when an I v alue is found , this value

i s  stored and tests are made to sec i f X and I are negsl t ive . If they

a re n egat i v e , they a re set p o s i t i v e  by comp l e m e n t i n g  t h e  number s i n c e

i t is desi re d to work w i t h  o n l y  p o s i t i v e  nu m bers  - I f  the I and X

- - v i  I t ie s  hi eve o~ nos i t c Si ens t bee -it’e added to d i i  - u n  the inn reme ut. a

distance from the center of the arc to the stat - i u i g  no i . h i  h the

sante s u ~n for N m d  I values , the e u  Icr n u s t n-r js s u b t r L u u : t e I i  f rom

the  i s  t n t -  t o  obr u in the I ncrc re iit a I di st in ce des I red. lVh en  the

a d d i n g or stiht i - l e t  ng is done , t h e  p r u g rarn t h en  r et  u rn s  to  the m ain

program with the newly ca b  c i t l a t ed  form (~‘t I (or  3) in  a par t I ciii sir

- I memory location. The Gerber program can now operate on the ci r c t m l a r

command with the  I ( i i i  1) a Inc i n  the form requ i red (see  \ppendi x B)

~~~~~~~~ - —
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The s ub t r ac t ion  process used in the programming requires some ex-

planation . The most si gnifican t part of the smaller number is first

subtracted from the most significant part of the larger number. The

least significant parts of the two numbers are then comnared. If the

most significant parts had been equal , the smaller of the least signif-

cant parts of the two numbers is subtracted from the larger. Otherwise ,

if the least signifi cant part of the one number is less than the least

significant part of the other number , but its most significant part

is less , the sign hit of the smaller least significant part number is

set to one. A one is then subtracted from the most significant part

of the number and the two least significant parts are then subtracted.

To make a negative number (a number with a sign bit in its most

si gnificant part of one) positive , the two complement of the least

significant part is taken and the complement of the most significant

part . The one exception is if the least si gnifigant part of the

number is zero , in which case , the two complement of the most signifi-

cant Part is t a k e n  -

LeBl on d and LeB lond C X R
——

Both LeBlond machines required similar ch anges to facilitate the

veri fication of the tapes . The changes inclt idQtl the following:

- ) Treat 092, ~33 , 03-1 , 035 , as a GOT; ignore other 0

coniniands except 001 , 002, 003.

The programming needed for thcse changes was similar to the 0 code

changes made for the l3ostonmatic Incremental , which  are des c r i bed 

--—-— - ,. _ _ _ _ _ _ _— 
—
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under that section. One additional programm i ng change was required be-

cause of a peculiarit y which occurred with the GO-I command . This

command occurs in ti-me LeBlond tam e but for verification purposes , i t

was desired to ignore it. The 004 code is a modal command , meaning

i f  C04 is g ive n , a n n  s t a t e ment f o l l o w i n g ,  w i t h o u t a 0 code , is assumed

C~;4. By ignoring Cdi , no C number is. ~to red  in memory so , when

moda l i t y -  occurs with the 004 , the program finds no C number for the

statement and assumes an error , u-ii i ch is not the desired result. To

correct t h i s , a 4 was put in to  the C number memory locat ion each

time a 004 occurred (see Appendix C )

Cincinnat i Flydrotel

The Ci nc ina t i  I ly drote l  requi r ed  the f o l l o w i n g  p rogramm ing  changes :

1. C i r c u l a r  command 1 , 3 , v a l u e s  def ined same u s for

Bostomatic Absolute.

. Two statements required to define an arc .

The fi rsi- change was the same as for the Bostomat i n  Ah s o l u t c -  and is

g iven under that serti on The definin g ol  an ard - ic i  th i  t o  s t a t e m e n t

is doie in the following manner. The 11 rst stat enent has a 002 or

003 code , s th an N and Y , fol I owed by a vu inc - These v a lu e s  l u - n

the  I and 3 va lu es (t h e d i s t a n ce liar c o o r d i n s i t  e hero to the center

of the  a rc )  for  the arc b e i n g  programmed.  The N and Y , w h i c h  arc

used h er e , could  be r e p l a c e d  by - i i i  I and  -1 . The nex t  s t a t e m e n t  wou ld

not have a C code , only an N .uuid I , followed h~ a ysul tic - These values

i i i

- .- --~~~~—, - . ---- --~~~~~~~- -- p -~~~ ~~~~~~~~~ 
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I
are the coordinate of the en4 point of the arc being programmed .

The approach used to accomplish these changes was done in the

following manner. When a 002 or 003 was encountered , a one wa s

stored in a particular memory location . Otherwise , a zero is

stored at this location . When an X or Y is encountered , this location

is checked and if it is one, the X or Y is changed to an I or 3. In

this way , the program thinks it has an I or 3 value and this value

is then stored in memory . Upon encountering the next statement , it

is assumed circu lar and the X and Y values , along with the I and J

values stored from the previous statement, are used in executing the

circular command (see Appendix D).

BULLARD VTL

u The change needed for the Bullard VTL was minor requiring only

that a 003 command be a clock wise circular command and a G02, a

counter-clockwise circular command . The Gerber program interpreted

a G03 as counter—clockwise and a 002 as clockwise (see Appendix E)

CIM-X-720

The CIM-X-720 required changes identical to the Bostomatic

Absolute except for a difference in interpreting I and 3 values.

The CJ M-X-720 I and J values are modal , meaning if an I or ~J is

omitted from a statement , its value is assumed the same as the value

for I or J in the previous statement . The Bostomatic di ffered in

11



----.-—--— _-p-’--- -:=
~~~~~ 

- . - - - - - - —  - p.

~~

_ _

that if an I or ,J value is omitted , it assumes an X or Y value of the

rrevious statement for the value of I or J.

The approach used in the programming was to simnlv store I and -i

3 values each time they were tound and then reload in the proper

location whenever a new statement is encountered. ~n this way , F

a statement is a circu l ar command and an I or 3 is omitted , the

greni ous 1 or J will airead he in the proPer memory location (see

Appendix F ) .

CIM-X-A 6

The CI M -X -A 6 changes  were the sam e as the ones made for the

Bostomatic Absolute rind CI ~~1 - X -7 2 0  e x c ent  fo r  the way a 093 code is

in terpreted.  The 093 has a B v a l u e  which i s  used as an N v a l u e

e x ce pt i t  is mu l t i p l i ed  b y a factor  of 2 9 .5719.  To program for

th is  change , i f  a 093 code is encountered , i t  h as t h e B cha n ged to

an N .  The scale factor for the machine  for the X axis  is  then

changed to 29.5~ l9. The command i s then execnted and the scale

factor is changed hack to one . At the same time , a one is stored

in a part i cular memo ry location. In this was- , if the following

statei ent after a 093 has a C code thi s parti cular memory loca t i on

is checl -. -d ar , ui i f t is a one, the scale f:~ct -r for the N ax is is

• again changed to 29.5719 (see Anpen dix C).

XLO Chuckers

The XLO Chuu cker cha nge w as t h e anne  a~ for  the  Buul lard \TI.

and i S ex In i ned t inder  t h a t  sec t  ion (see Annendi x II )

12
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Cincinnat i Turning Center

The Cinc inna t i  Turning Center programming uses a plus or minus

sign before I or J values whereas the Gerber program does not use a

sign before I or J values . If a minus sign is used the program will

output an error. To correct this at the point in the program where

an I or J value is encountered , a cl~eck is made to see if the next

character is a minus . If it is minus , it is replaced by a plus

sign which will allow the correct reading of the program in the

Gerber format (see Appendix II) .

CONCLUS ION

The veri fying of numerical contro l tapes by the automatic drafting

machine has proven a feasible means of finding errors in nrograms .

With the ability to verify the eleven most used machines at Watervliet

Arsenal , the process has become much more useful. The modi ficat i on

of the Gerber draf t ing  program has shown that the cap a b i l i ty  ex i s t s

to change the program to accommodate any make of N C , machine . The

modifi cations necessary to verify the remaining N.C. machine can

• thus he made as the need arises .

13 
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APPI-.N 1 ) I X  A

bi)\ LVhiC~~~INC}~FMENTAL)

LOCATION I N S T R U C I ION C0~ s1ENT

2205 NOr Read Ci etc. as 001 e t c .

!o read only 001 , 002, 003 , 0-4 0 , 01 1 , 042 and ignore any other C
command .

2212 CAS = ‘10 2 Compare 42

2 2 13 JMI ~* , 505

2214 JM 1~ 2 2 61

2 2 15 CAS = ‘100 Compare 40

2216 JMP 2261

2217 JM P 22 6 1

2220 JMP 2253

2230 DAC ‘102

2231 DAC ‘100

14

. .~ .—. — - -~~~~



—p. 
~~

_ — - -
~~~~~

-—
~~~~~~~ ———-———~~~~~~~~~~~~~~~~~~~~~~~~~

‘ ,  . 

F’ 
— - .- ____________ - - p _- - - -

~~ 
- 

~~~~~~~~~

APPENDIX B

BOSTOMATIC ABSOLUTE (For I)

LOCATION INSTRUCTION COMMENT

15205 JST* 15675

15211 JST* 15676

15232 JST* 15676

15335 JST* 15675

15675 12026

15676 12041

12026 000000

12027 LDA * 12054

12030 CAS 133 Ch an ges take the
two ’s complement

12031 JMP ’ 12033 of the most significant
part of I , X values ,

12032 JMP 12036 if it is negat ive
and if i ts least  signi-

12033 LDA* 12055 ficant part is 0.

12034 CMA

12035 JMP* 12026

12036 LDA* 12055

12037 TCA F

12040 . i MP *  1202 6

12041 00000()

12042 lAB

12043 CAS 133

12044 iMP 1 20-16

15
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A P P I i N D I X  B (cont ’d)

LOCATI ON IN ST RU CTION COMMfNT

1204 5 JMP 12051

1 2046 L A B

12047 CM\

12050 JMI’ 120-i l

12051 JA B

12052 le N

1 2 05 3  . I M P ~ 12041

12054 15 - 25 1

12055 l~~45()

Changes to Bostomatic Absolut e program so i - I l , 42 w i l l  make pen down ,
040 pen up.

2214 JMP 22 32 I f G42

2216 JMP 2232  I f 041

2217 JMP 22 35 I f  040

2 232 IDA 1 ( 160) Load 232 (pen p o s i t i o n )
w i t h  1.

2233 STA 232

2234 JMP 2 2 6 1

2235 LDA 2 (225) Load 232 (p en p o s i t i o n )
w i t h  2.

22 3c~ STA 2 32

2237 •IMP 2261

2205 NOP 10100 Read 01 e t c .  as 001 et c .

774 DAC 2t~50

2311  DAC 15 4 00

2 120  JMP * 25 11

1540 () STh 1 54 5 2  Store -\

lb

• ._ _ _
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APPEND I X B ( c o n t ’d )

LOCAT ION INSTRUCTION COMMENT

15401 IDA 323 Store previous
Y in 775 most si g.

15402 STA 775 773 least si g.

15403 IDA 324

15404 STA 773 
I 

-

15405 LDA 321 Store previous
X in 450 mos t si g.

15406 STA 15450 45 1 least  si g.

15407 LDA 322

15410 STA 15451 
_______________

15411 JMP 15433

15433 LDA 15452 Reload .-\

15434 NOP

15435 JMP* 774 ~Jump back

777 DAC 15150

2516 JST* 777

15150 P~L

1S~ 5 l JM P 15360

15152 lAB
~1akc l eas t  si g .  p a r t

15153 TCA I po~~ if i t  was neg .

15154 SSP

13 1 55 l A B

15156 STA 15320

151 57 1. 1) -N 15450

_ _ _  

1
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A 0 I ’ I . N I ) 1  N B ( C i l a t  ‘d

1 N S I k H C r I O N  CO~~~~LNT

13 l i~~ SM! Che c k i f  N is iie ~~.

t 5 l ~~~1 I 5 2 -~ 
- -

13 1o2 [1)-N 4 51

15163 I CA M a k e  l e a s t  si g.  pa r t
of X p o s i t i v e .

iS lo - ) SSP

15165 S I A  154 51

15166 IDA 15320

13 1o 7 JMP 15 2 30

15170 S I A  13320

1 3 1 7 i  L 1)A l5 4 5 ( )

15172 SPL

15173 •JMP 15176

15174 LI l A 15320

15175 •JMP 15230

15176 SIA 15321

1 5 1 7 7  L I lA  1 5 - 1 5 1

15200 i-N

15201

13202 5 1 - N  I - 2 ~ I

15203 LD~\ 1 : - L • t )

15204 SPL Ch eck most s i g .  part
of N , I

15205 CMA

15206 5 I A  15 !5l~

--——

~

——-
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APPENDIX B (cont ’d)

LocArIoN INSTRUCTION COMMENT

15207 LDA 15320
V

15210 SPL

15211 CMA __________________

15212 AOL) 15450

15213 STA - 
I

15214 lAB If X and I
have opposite

15215 ADD 15451 signs add them
subtract them .

15216 SMI

15217 JMP 15226

15220 SSP

15221 STA CAPI+1

15222 IDA CAPI

15223 ADD = 1

15224 STA CAPI

15225 JMP* 15150

15226 STA CA P I + l

15227 JMP* 15150 __________________

15230 SMI

15231 JMP 15233 If  X and I are
both pos i t i ve  or

15232 CMA negative si gn.

15233 STA 15320

15234 IDA 15450

15235 SMI

19
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A P P E N D I X  B (c

LOCAT ION INS TRUCTI ON COMMENT

152 36 JMP 13240

15237 JMP 15335

15240 CAS 15320

15241 JMP 15550

15242 JMP 15S14

15243 L1) A 13320

15244 SUB 154S0

1 5 2 4 5  5 A CAP I

15246 LAB Subt rac t  them

15247 CAS 15451

15250 JMP 15303

15251 JMP 15303

15252 SSM

15253 SUB 15451

152S4 51.-N CAPI+1

15255 LDA CAPI

15256 SUB = 1

15257 JMP 15330

15261 SI JB 15320

15262 ST~\ CA P I

15263 lAB

15264 SlA 15501

15263 WA 15- 151 t 
-

20
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APPFNI )I\ B (con t ’d)

LOCAT ION I NSIRIJCT ION COMMENT

15266 CAS 1550 1

152(, 7 iMP 15300

152Th iMP 15300

1527 1  SSM

15272 SUB 15501

15273 STA CA P I + 1

15274 LI )A CAP I

15275 SUB =1

15276 STA CA P I

15277 •JMP* 15150

15300 SUB 15501

15301 ST~N CA P I + 1

15302 JMP* 151 50

15303 SUB 15451

15304 SL A CAP1 + I

15305 • JM P ~ 1515 0

I 53~0 ~ I A  1537 0

l S 3~ 1 lAB Store I value

1536 2 S I - N  15471

15363 lAB
Check i f  1 is neg .

15364 SMI i f i t  is , make least

s ig .  part  of number

15365 IMP 15170 po s i t  I ye , up to 2 0 2

I’

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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N - I ~H l l l I i N  Co~tMlINI

1~~~ () . ] ~~) I 15 152  
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15335

is  -~~~~~ S f.\ 1 543i)

13:37 - i~I i’ 52 - 1 . 1 illc ~-e statcnlc nts

~1ac ed here - - e iu e
15330 5~ ,\ L\Ci ~ uflt Ii~~s ~i-u1 d not

St l Y  In 1 o~ at 
-
~

1553 1 ~- 1H I S L S I

t s • 1 - ;  $113 1532u

1 3515 S :s C-N i

15316 1\~

155 17 C \ S  I S I S ]

13320 0 ! ’  + 1

I 33 2 1 0-1 15327

• 13322 51 \ 155 ( 1

1552 3 I 5 \  1515 1

13524 503 13501

15525 SI- N C- \ Pi + l

I 5:;26 -*  [5 1  ~

15527 5- 1( 1) 5-151 
V

15530 H N l , A 1 0 + !

15531 ‘- li -
~~ 1 5 1 5 0

1 555u 51(I) I 332t)

1533 1 - I - N  (5- ’. .
-

~~ 2 2
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A P I O . N D I X  B I • t ’  d i  I

LocArloN INSTRUCTIO N

15552 lAB

15553 S I5\ 15501 I 

-

15554 LP .\ 15$5I

15555 CA S 15501

13556 011’ 15300 -

15557 ~I MP 13300

lSSo () SSM 
-

1556 1  SUB 1 5 5 0 1

15 562 011’ l327 S

I
t
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A P R I - N I ’  3

R u- ’ 04.3! .\(~$)i ~5FL ( F • -, i -  -1)

L OC AF I ON I N. -~ I ~u 3t \ 1LN !

150 ’s 05 1 A

130- 1 1 I S l A  i :~~7

1 5 0 6 2  - J . -
~ 131:74

153-10 1 ( P3

1 5o73 12000

l3~~Th 12013

12010 1)00 000

1 2a 01 ) I .-\ ~ ‘3

1 2 0 02  3. 35 163

1201)3 . i~1 1~5)0~ Ch anges t a k e  ‘~~~~
-

t% ~O S c o mp l em e n t
12)’)) .00’ 1201 )) -~f t h e  most 51 1- n i .-

I i  C a n t  pa t t  ü t  -1
1 ) 3  7 73  

~ u a I u e ~ - i t  •t  i S

1 . ~ ;a t i ye an d  j I t - -

1 b O o  1 M \  l e a s t  si gn i f i  c a n t
p ar t i s  (1 

- —
•01!’— 12 401

1 2 0 1)  1 1 . 3 7Th

1 2 (111 R.A

121 )1 2 , R ) ) ’  1 1001)

1 2 1 ) 13  ( 100000

2i ) I - 1  l A B

_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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.- \ P P E N I ) I X  B (corit’d)

LOCATION I N S I R U C T I O N  COMMENT

12 015 (:As 133

12016 JMP 12020

12017 J M I ’  12023

12020 lAB

12021 CM - N

12022 JMP * 12013

12023 l A B

1 2 0 2 4  I L - N

12025 JMP * 12013

776 l A C

2 5 12  151 *  ~~~

1 5000 P E

15001 ii ) 13670 
______

15002 13 3
‘l ike leas t  sig .

15003 ( 3  p ar t  I and -)
- - )1(~ S it 1V C it t h e ’.

1 311!).) Si’ were negat I t e

15005 1 10

1501)6 SI-N 15320

1500 7 I l ’ \  775

15010 SMI

15011 iMP 15( 134

25
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A P I ’ C N D I X  B (co n~~~j

LOCATION iN S  I RIJCT I O N  COMME NI

15012 I 1)A 773

15013 10-1

15014 033

1501 5 HA  7 73

15016 LI ‘-N I S S b i i

15017 M l’  1 5 ( I ~~,o

15020 STAN 15320

1302 1 L I ) A 7Th

15022 HI

13023 . l ’ ! i ’  13~ 2o

15024 I A 1 53 1 0

13025 C- lI ’ 131)1 )! 1:

15026 51,1 15

15027 l I i .\ ~73

• l a O IO I .

15031 ~.5!’

15032 STAN 773

15033 IDA 15321 
____________

15034 531.

15035 ( M N  Add Y and J
i f  bo th  are

15036 S I N  ~~3 p o s i t i v e  or
both n e g a t i v e .

15037 1 1 . 1  15 S20
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APPENDIX S (cont ’d)

LOCATION INSTRUCT ION COMMENT

15040 SPL

15041 CMA

15042 ADD 775

15043 STA CAPJ

15044 lAB

15045 AE )D 773

15046 SMI

15047 iMP 15056

15050 SSP

15051 STA CAPJ+ 1

15052 LDA CAPJ

15053 ADD =1

15054 STA CAPJ

$ 15055 JMP* 15000

15056 STA CAPJ + 1

15057 JMP* 15000 
_____________________

15060 SMI
Subt ract s m a l l e st

A 15061 JMP 15063 from largest i f
J and Y have opposi te

15062 CMA values .

15063 STA 15320

15064 L l)A 775

15065 SM!

27
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AP P EN L ) I X  I Lont  0)

LOCAl ION IN STRUCT ION COMMENT

15066 iMP 15070

15067 NP 15340

15070 CAS 15320

15071 -NP 15111

15072 JMP 15532 V

15073 1.0- N 1 5 3 2 0  —

13074 SU B

15075 S I A  C A P ]

15076 LAB

15077 (.15 773

15100 -01P 13133

15101 iM P 15133

15102 SSM

15 103 SUB 773

1510 1 S I A  L \ 3 J + I

15105 I O N  CA) ’ .)

15106 ~MB = 1

15 107 ~ ç•\ \ 3 J

15110 ) M i I *  I O’OO

15111 SO) )

151 12 ‘~‘F .-\ C. \P. J

25
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i S i l  6 110

~~ S N  153 (2 1

1 5 1 1  I N  ~ Th

J 5 J J 1 ,  I. \ —
~ ~ A:,3 f l

1.3 1 [
V
i ‘-1! i s  13 1 ’

5130

1~~1 .- 1

1 3 1  _ 2  - i - I-I 1 .

1 S I 2 - 3!  L \ P . 1 +

! . t ’ N  C- C S!

i _ _ I . ’ , 1-,~Il) = I

I _ — I In — — ( \  ) 3 3 1

15,121 , iM~ * 1 , 1 , ) ,!

S I l l ,  1330 1

‘ i _ I ~
— - N \ ( ‘ . I • I

131 . 2  .04)’ 15000

a :3 .3 S u B  773

151. S - i ~F\ ~:\ i. ’~~1 
-

‘

1 5 1  63 -~ - ‘  I 130 (0’

~1 N

1. H J I  - - 1 .1 7Th

_  - 
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III

.\!‘Ii.NHI\ B ( c o n t ’d )

LOC A TION INS ! i i ! J LFIO ~ COMMENT

15342 01” 1 1-01!)

1S370 Si -N 15172

13371 l A B

15572 511 154 73

13373 (NB

l S 3~ -1

j5375 .1’S!’ 15020

1537n JMP 1 50015

23 10 .011’ . 5S12

25 17 NOP

2 52 1) N I ) I ’

15532 SUB 15320

15533 S I .-N CAl’ .)

1335) 1 31)

13335 C~~iS  775

15536 ~I I ~ + 1  4
15S.7 1 111 I u 13 V -

15540 S I N  13301 ‘ 
-

15541 l , 1 ) - \  773

13542 SIJ B 155 0 1

15 3 - 13 1:1,1 ( \l ’!~~l

.60 
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\ I ’ ! ’ I N I )  IX B ( c on t ’ d )

LOCAl I O N  I NVS ( RI)C’IION co’p-j NI

133 -1 1 .0-lI’’ 1S00U 
V

IS5 45  SUB 775

1534o .JM3 ~ 15000

15547 IMP* 15001)

To read only  001 , G02 , 003 , c ; ) ) ) . 04 1 , 042

2 2 1 2  ( A S  = ‘ 102 Compare 42

2 2 1 3  011 * ‘ 50 5

2 2 1 - 1  J ]’-I P 22 o 1

2215 CAS = ‘ l O O  Compare 4 ) )

2216 JMI’ 2261

2217 JMP 226 1

2220 iMP 2253

2230 010 ‘102

2 731 .30 ‘100 
V

2 2 5 - I  . 011’ ‘505

51
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Al ’ I ’ u N I  I 
~, C

0! 3 iS iS 4

LoCA ’F I O N  IN S l IThC i I ON COMMLNl

277 7  22 2  G92 t rea t  GOl ,
gI-c-atcr ( 0) 2 i gnore

2213 lI-Il ’ SoS 033, 11-I , 35 tn-at
GO l 025 , 2o i gnore

2571 1 0’S’ bIul

2 153 15 S’ i ’  I b u l

2 2 - 1 1 ‘.0 - 10Th

2253 . J N I S  7 1 1 3  If G04 load 2332
with a 4.

i 1 (  2331

2 31 1 STA 2 3357

ISIS .0)1’’ 305 
_________ _______

2 7 2 2  J \ l 1  2 3 1 6

2 3 16  LEON 2332 If ERNG error about
to be printed check

2 5 1 7  C- NIl  2 3 3 1  i n 004 mode , i f  yes ,
do not p ri n t I R N O .

2320 ,J’-1[’ 2741

2.151 - 1MP~ 303

2522 .1’S)’ 2 7-1 1

57551 i-N C - )  - —- - -  - -  - 

210 - I . R f l ’  ~~3 153
I F G c o l I c  t Ii- r than

2 32 3  I k-N 00-4 , ‘, ike 2332 :er.’

~o 135 0 ~~
- i i  p r i n t  -

2324 HI 2332

2.323 (MI’ 2170 
— - —- -. — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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1, INC I NN\ II IIYUROTLL

(Changes to Bos to rn a t i c  ~N bso l  - ‘  ,.- O i - a t  ‘ i :u - (0 , - s r .

LOCA liON INSTRL (C l10’~ I

2242  lS t Ou

2277  JMP~ 22-I c 
. V

15600 STA 15605

15601 LD\ 160 I f  ( ,02 , 1 ( 1 3  store
a 1 .

15602 ST-N 15606

15603 LL) .-~ 15605

15604 J~4[)* 1561) 7

15605 Temp storage for A

15606 000000

15607 2351 
- _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _

2212 IMP 22 33

2 2 5 4  J ’l l ~~ SOS

2244 15610 -N xis date

- 
h e c k  i i 002 , 1103

2071) 1) 1 1 *  57 .1 1 i f~ es go I Sn . -’O ,
i t  no go I So-I 7.

156 10 S I N  13 1, 1) 5

15611 L ! \  15606

1 5 6 1 2  CA S 1 60

1S613 mt’ 15613

15614 iMP I So2O

15615 ~M l’ I o ’ - ) 7

33

~ 
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. \ : ‘ I I  ‘. 3 1j 5  [1 (cozit ‘U)

LOC.- \ ’( ION I NI-~ 1 010. 1 !  1)5 ( UMML NT -:
13o20 U . N  1 5605

1 3 r 21 ( 3 3  5 6 7  nI l - a re w i t h  X
I-

16522 il -Il ’ 131 ,57-I No

15t~23 U”’ 1-,n ’I 1 cs

150 2-) I .1 1717 1 Make i t  a J

15625 .01 * 13o20

I Shl o 2500

lSr ,2 7 1211 27! Make it an I

15n30 .J ’ Sr ’  l S o 2 o  _______________________________

224 3 1 3n31

257t~ 1 JMP * .72-I a 
______ —

15631 SuN i SnoS

15o32 11)-N 133 If 1101, s t o r e  0

S F;\ 1 :‘o,)o

1 Sn _$— 1 113,1 1 To- OS 
H

1 5o35 .J MP 7 ) 3

Il- I l ’  1 S ol o  
_____________

1 SOSh LOiN 3)’.)
St or-c prev i ous 1 , .1 .

15o37 57. -N 1 5 3 0

1 Sn (0 1.0 -N -‘OS

3- I

- — ~~~~~~~~~~~~~~~~~~~~~~~~~ 
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LOCATI ON 133 I 1-111 ( 71 10’ ; ( .OMNLS ]

15641 STA 15571

15642 12 -3 306

15645 S I A  15572

15644 Lft ’~ 307

15645 ST,\ 15573

15646 .JMP 15663

15647 NOP

15650 LDA 1S57 !)

15651 STA 304

15652 LilA I55 ’l Load previous 1 , 3.

15653 S1A 305

15654 LDA 15572

15655 STA 306

15656 LI)A 15573

~5657 5 5 - ’,

15660 1V0-\ I SnOS

i S n O l  J M P *  I 5 6n2

15662 2430 
V

15663 LP A 1560n

15664 CAS 160

15665 JMP 15667

15666 JMP 15670

V s .- , T

V

~ 

~~~~~~~~~~~~.
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\~‘ !‘ l  3- 15 1) (c~’nt ‘5. 
V

N I -  EN I N - 1  15k 1 1 - . 3 1 130-11. 3

1 SooT ’ .I~,1 , V * 554

1SnT () I l k ,  133

- 5 ’  -\ ISnon

13o72 ‘1-11’’ 505

.,0

-~~~~~~~~~~~~~~~~-~~~~~~~~~~~~~-— - —~~~—-—p- --~~~~~~~~
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A P i l  15) ! 5 I .

0111_ S ‘ 5 - )  ‘ I  I

LOCA l h u N  11,5 [3 ! ! ’  105 nOMSII .N I

‘ ‘57 c2 75

0.1!’ 2 2 7 u

‘I

_ _ _ _ _ _  —~~~~~~~~~- - —.~~~~~~~~~— --- -- - -~~~~ -
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A P P F N D I X  F

C 1M -X-720
(Changes to Bostomatic ~bso1ute Program)

LOCATION I N S T R U C T I O N  CO~~1EN1

To make 1 , 3 , modal

15435 JMP 15600

15600 LISA 3) -I

15601 SlA 15370

131’02  LI SA 305

15603 S’I~”. 1337]

1560 4 LISA 306

15605 -ITA 15572

15606 1 11,1 307

15607 ,\ 15573

15610 JMP* 7 7 )

Al 
2 3 3 1  1 56 1 1

2070 JME ” 2 .53]

156 11 SI N 1 56T,~
‘1

1 5 n 12  k I ’ - \  1557 ()

15613 31 , 1 30-)

156 11 1.0.3 13371

31~1 305

15616 1 1 1 3  1 ‘.72

—Ii-’

- -  - _-_-- . p. 
_ _ _
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-\!‘414,0I 5 F (coot ‘d)

LOCA l ION I ; T h  0 [ [u N

1 3 n 1 7  S i - )  306

V 

13o20 I l l  1537 1

15621 S I - I  3~17

1562 57 I , lo\ 15670

15623 J ’Si ’  1 .~o 2 -2

1502 -)

2230 ‘16( 1

2213 .11-11 703

2214 11-I l ’  °3 if  70 or g r e a t e r
t r~- z t  as 001.

2215  .01!’ 2 2 3 )

I

31 1
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A P P E N I ) I X  C

C 1M-X -A 6
(Changes to Bostomatic Absolute Program)

INS TR UC FIO N COMMENT

13 4 3 3  J MP 15600

15600 LISA 304

15601 STA 15570 To make 1, 3 , K ,
modal

15602 LE ) A 305

15603 SI1 1 3571

15604 LISA 15306

15605 ST~\ 15572

15606 LISA 307

15607 STA 15573

15610 Jf ~J~ * 7 . 4

2331 15611

2 i ) 7 () J M P *  2 3 3 1

156 11 S I - N  15670

15n12 LISA 15570

13n 13 S I - N  3 0 1

15614 LISA 15571

• 156 15 STAN 305

15616 L0.-\ 15S72

13n17 STA Son

150’2 () LIlA J5 5~ 3

- 
V 1 5o21 3 - 3  307

p. 

- 0 )  
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‘~I i l N D  I S  (1 (coot ‘U)

l s~, l I 0 i L i  (UI - . ‘~~ ‘511 A l

13n2 2 lisA 1567i’

15o23 0.10* 1 5 5 u 2 1

1362-I 2430

2 2 3 5  S I  \ 23 0 1

2 .~36 k I l l  2 3 i 0  I f  503
ace  B Iv  5 .

2237 0-13 11 )1 (1)

224 0 ‘ML 2 LI

2241  - 01I 22 -I I

22-12 LISA 2301

2243 3M ) ’ 206-I

2 2 4 - I  1 ( 1 .-N 2301

2245  CAS .7- ) :  ( I I )

55 if PT ~ O ,. I

V 

2 2 1 7  . IM! ’  22 3 1

2Th() I ’ S ) ’  ~~‘L- )

22 51 LI eN 1n~ ( X I

- t 2 2 a 2  I ’ l l  2 0o- I

2213 110* 5(1 ,

22.7 2 .0-10’

2 (Iol IMI ’ 1 7 3 1 3

12, 3. -

‘1
1 1

- - i - ~~~~~~~~~~~~~~~~~~~~~~~~~~ .a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — p  -P  _._.
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A P P E N D I X  11 (cont ’d)

LOCATION IN STRUCTION COMMENT A

12635 CAS 167

12636 ,JMP* 12700

12637 JMP 12641 Check if it is a X.

12640 JMP* 12700

12641 STA 12701

12642 LIS A 12702

12643 CAS 101

12n44 JMP 12646 Check if GOl after
a 1193.

12645 JMP 12650

12646 L IS A 1 2 7 0 1

‘~~ ‘~ JMP* 12700
12650 LDA 160 Change SF to 1 when

GOl af ter  G93 and
12651 STA* 1270 3 X occurs .

12652 CRA

1 2653 STA* 1270- -I

1 ;  
1 2 6 5 4  LISA 1 27 0 1

12655 .JMP * 12700

- ‘ 12700 2 2 35

12701 Temp . storage for A

12702 1101 a f t e r  1193 f l ag

12703 10125

12704 10126

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - --- --— —
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1~~ O f l t ’ d )

I1 ~e.N I ION I 1-15 OUt . II .3 3) .’’S’-lI .N I

2 _ Si

.5517 22 -  
I 

-

/ 7~ I

2212 AS 22.- (7777j ) 3 > m p i r c  C codt- .

221.5 . ‘1 - -

217 1- ! k 2.-RI ~

221 5 3 111 ’ - 2.526

.55 in lie N I3~

2 2 1 7  SIT -N 2 SoU

222 1)  WI

2221 n i -  22 .-’ (03)

2 2 2 2  .110 * : ‘‘ ) 5

.7213 ,, 

2 2 2 )  ( TAN l o I S  ( 2 5 5 6 !  ( ‘1) )  V

212. 1 Ml ~~~~~~

JML 711

.IMi :23. 5

2]a~ ( 3 3  = 1

22 . ’ - )  . 11-n SoS

V 
22 1 !’ • J 1 k

. p . . V

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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APPENDIX 11 (c on t ’d)

LOCATION iNSTRUCTION COMMENT

2230 STA 2301

2231 LISA 101 (1)
If 1193, store

2232 STA 2300 1 in 2300.

2233 LISA 2301

22 34 JMP 703 
____________________

2326 12710

12706 2301

12707 15656 ______________________

12710 STA* 12706

12711 LISA 12702
Check if 1101 a f t e r

12712 CAS 101 a G93.

12713 JMP * 12707

12714 JMP * 12730

1271 5 JMP * 12707 _________________

12730 2216

12731 15627

12732 2300

lSn 2o JMP * 15666

12716

-3-3 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ VVPrn_ P V~~~~~~~~~~~~~~~~~~~~
.
~~~~~~~~~~~~1
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Al’P ! _ N O I  S C ( c u l i l  ‘ U )

I.OCA’[ 1(15 1555 O t I S ’  1(15 (‘0M7.11.3 i

12 17 16 01 . 3

127 (7 SIA 12702

1552)) .I ’S ) A k  12731

12740 LO..Y 1.732

127-1 1 0.33 I oh

12742 JMP* 12730 t .heck i f  it  a 119:5 .

12743 JMP 12 .- ’ 25

127- 14 111 12730

12743 ST.\ ( 2 7 1 12

12735 2 1 2 - )

- —- - - p .
12 7-In CR~\

12 747 ST.\ * 5 51 1 3

12/5u LU -N 12735  I i  (0~ .5 , ch iin g~ ~c’~~)-
l a c t o r .

1 2 1 7 3 1  -~ l .\~ 155 11)

12752 . 1111’- 1 2 . 50

1-
IT  N I o ~ 

— ,

15637  S I  ,\~ I o SI ’ Set sc a l e  to 1 .

15660 u:0.-N 1-1 )11 ’- )) )

1560 1 S1’,Y I o S  1

156o2 .011’ 13- 1 55

15477 1. 7 1 1
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A P P E N D I X  C (cont’d)

LW.TAT I ON IN STRU C I ION COMMENT

15625 ST\ 15646

15o2o JM P * lSnn O

13 62 7  STr \ * 1565) )

15630 IDA 13~ 3~, - -

15o31 STA 17’nSI

15032 I O N  iSo IS, V

15633 .JMP* 1565-I

15o50 1( 1 125

13 0 5 1  1 0 1 2 n

1.0~5 1 2230 V

I

1 3 n 52  000000

15653 212- 1

a

1~ ’

___  
_
~~~
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3011 - 31 11 5  II

O I N C I N I - .~\ i  I 1) l I- 17’, I N t . O L TI t 1 , 11

L O C A I I I W  i.NSII -01155101\ . CO1- IML.\ I

31)2 130 ‘ 1~ 0U!), I

773  I ) AC ‘ 1 - 1 - 2 7 5

773 Nt : ‘5532

776 010 ‘SS 34

7 7 7  ‘50 ‘ 1 4 - 1 1 . 3 ______

552 1 J11!’~ ‘ 777 JU ’-I I’ on nega t ive ~-a 1ue
check if character

1-)4n 3 01 . 3 1 56i~ 169 , 1 be for e  minus  is ~~~

1 - I - I n )  . (~ \~ _______

1446 5 - I M O  ~3 1-Wv I c  3 , K .
-I

14466 . IMI’  3 Yes __________

1- 1 4 6 7  .J ’Sl’~ ‘ 7 7 3  No __________________

14.470 GAS ‘2 2 2  Check i f  i t  is a K .

1 2 1 7 1  0-1 ’ ‘7 7  N o t  I , 3, K. 
V

1 2 2 7 2  .1 ’S! ’ i Yes

1-1-173 1.03 ‘ 26)) It i s  a I , .1 , K , re-
p )  i c e  ‘v .i •

144~ I . l \ 1 I *  ‘~~76

1) 4 7 5  l I ~,\ ‘2 0 ( 1  L e a v e  j t a~ .i - .

I 1-176 1’S! ‘773 
—

47
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WATERVLIET ARSENAL INTERNAL DISTRIBWIION LIST
May 1976

No. of C2pies

COMMANDER 1

DIRECTOR , BENET WEAPONS LABORATORY 1

DIRECTOR , DEVELOPMENT ENGINEE RING DIRECTORAT E 1
ATTN : RD-AT 1

RD-MR 1
RD-PE 1
RD-RM 1
RD-SE 1
RD-SP 1

DIRECTO R , ENGINEERING SUPPORT DIRECTORAT E 1

DIRECTOR , RESEARCH DIRECTORAT E 2
ATTN : RR-AM 1

RR-C 1
RR-ME 1
RR-PS I

TECHNICAL LIBRARY 5

TECH N ICA L PUBLICAT iON S f~ EDITING BRANCH 2

DIRECTOR , OPERATIONS DIREC TORATE 1

DIRECTOR , PROCUREMENT DIREC TORATE 1

DiRECTOR , PRODUCT ASSURANCE DIRECTORATE 1

PATENT ADVISORS I

‘ V
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EXTERNA L DISTRIBUTION LIST
December 1976

1 copy to each

OFC OF TIlL DIR. OF DEFENSE R~E CDR
ATTN : ASST DIR E CTOR MATE RIALS US A RMY A RMT COMD
f l lE  Pl NTAGON ATTN : AM SAR -PPW- I R
~ A S I l I N T f O N , D . C .  20315 AM SAR -R IS

AM SAR-R D G
CI ) R ROC K I SLAN D , I L  61201
(IS ARMY F ’.-5~~-AUT MV COMD
-\)TN : AM 1)T A - 1)L CDR

- \ M S I - \ - R K M  MAT LAB US A RMY ARMT COMI)

~ARRF . N , ~-.I1SillGAN 48090 FLD SVC D I V
AR~~OM AR~ff SYS OFC

CUll ATTN : AMS AR-AS F
PICAT I NNY AI1SON AL ROCK ISLANE), IL 61201
\TTh : SARPA-TS - S

SAR PA-VP 3 (PLASTICS CDR
TECH EVAL CEN ) US AR MY EL CT COMD

DOVER , 5.1 0780 1 FT MONMO UTH , Ni 07703

C1)R CDR
FR AN K F ORD ARS EN .-\L REDSTONE ARSENAL
ATTN : SARFA ATTN : A MSM I -RRS
PHILADELPHIA , PA 19137 A~~MI-RSM

A LABAM A 35809
DIRECTOR
US ARMY B A L L I S T I C  RSCH LABS CDR
ATTN : AM XBR-LB ROC K ISLAND ARSENA L
AB E RDEEN PRO VING GROUND ATTN : S A R R I - R D D
MA RYLAN D 21005 ROC K ISLAN D , I L  61202

CDR CDR
US ARMY RSCH OFC (DURHAM) US A RMY FGN SC IEN C E l~ TECH CEN
BOX CM , DUKE STATION ATTN : AMXST— SD
ATTN : RDR[)-IPL 220 7TH STRE F ~T N . E .

DURHAM , NC 27706 CHARLOTTESV ILLE , VA 22901

CDR DIRECTOR
WEST POINT MIL ACADEMY US A RMY PDN EQ. AGENCY
ATTN : CH~ -2 , MECH ENGR DEPT ATTN: AMXPE-MT

WEST POINT , NY 10996 ROCK ISLAND , IL 6120 1

I-
CDR 

P

I-IQ , US ARMY AVN SCH
ATTN : OFC OF THE LIBR ARIAN
FT RU CKER , ALABAMA 36362
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EXTERNAL DIS TRIBUTION LIST (Cont)

I c o ’v  to caL-h 2 cop ies to each

CDR
1 1 . - \\V-\ L (~P’~3 LAB US ARMY MOB EQUIP RSCH ~ DEV COMD
t O l l. ) - , ‘S-N ) - W ( ENC E D I V ATTN : TECH DOCU CEN
N I I N :  Ml.  I ) . M LYEVAC FT B ELVOIR , VA 2 2060

‘
~ ,N 22448

CDR
)~ j l ~I 1 LIII US A RMY MAT RSCH AGCY
1~ \ N I .  0301) l A B  ATTN : AMXMR - TECH INFO CEN
NI 3: 410 . M1ICU 1) IV WA TE RTOWN , MASS 02172

I \1JON , I) . C. 2 0375
CDR

( I I I  ( 1 0 1 - I  WRIGHT-PATTERSON AFB
\~ A I. R— S :ll LAB ATTN : AFML/MXA

ii ) l ) I . 2 1 ’-  27 ( IIO C IJ L I B .  1 OHIO 4 5 4 3 3

~. 3 0 1 ) 1 3 0 1 0 5 , I).C 20375
C DR

‘.-\s .\ S C I E N T I F I C  U~ TECH INFO FAC REDSTONE ARSENAL
‘0 BOX 8757 , AflN : ACQ BR ATTN : DOCU E, TECH INFO BR

11 .-NI -r i  1-lORE /WAS II I  NGTON INT L AIRPORT ALABAMA 35809
\IAOYIANI ) 21241)

100 ( 551 :  METALS INFO CEN
; - ~1 FEL LE INST ITLJT E

3( 13 l i N t ;  WI:
C O l U M B U S , OH IO 43 2 0 1 12 copies

\t -\N1II I F .  PRADO / G. ST1SSER CDR
L.- \ t R L N C E  LIVER MO RE LAB DEFENSE E)OCU CEN

• I’D BOX 808 ATTN : DDC-TCA
I . I V L R M O R L , CA 94550 CAMERON STATION

ALEXANDRIA , VA 22314
11)1 . ROBERT QUATFRONE
O I l I E r , MAT BR
US ARMY R E S GROUP , EUR
H)’\ 65 , FPO N . Y .  09510

- - 31) 1) : : PLEA SE NOTIFY CDR , WATERVLIET ARSENAL , ATTN : SARWV-RT-TP ,
W A T E RVL I ET , N . Y .  12189 , IF ANY CHANGE IS REQUIRED TO THE ABOVE .
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