
h Q 6 E W B L E R  3 A N D  I T S  U h H U A b  

In 19- mulett-mclmrd released the world's t i r a t  al&ihanummrlc hand held 
rtWbonabl% calculator. tlm HP-416. It ptm successful a M  *la?: Tar h ~ y o n d  Aka 
designers' and its awidacturar'n ~ t a k i d n a ,  and hundreds ~f thwnantlr lnvq him 
mid &rw+m& the wrld  sim * A t  t4,m. W.e uorlj  d d e  m m l v t i t y  of umara 4% 
hzla?g to tha PPC ClUb rapL&y d w e h p d  a+raced programming tath~~iqwr for Uu y w  
calculat~r, srploitbng un?ruspected features of i t s  qa-rating 8y*hnm ppaclbly mt. 
arrrrc iptad  by i t s  kslgners,  then dccoded thqt operating ayatom and taught 
:her.sel.res to vrire and run theit own fuuctdone and progxamP 111 t m  Internal  
assenb1;l la~guam [machina cc&, machine laaymqa, m C E r 8 d L  t b w  Uwra  bra raverag' 
ds?lPAs on khe aasket,  containing PAM memory, whlch allow uacrr Lo w r i t a  &nd' 
imdht+l~ ZVI sxh Z w ~ ~ t i ~ n s  Md rwtima fo r  CkemseLves. Until th donlopmonk Di 
$95%YM&R 3 thab w*?r A d o w  and painful Fr-e.  It Eire inwlwd hand dLw thn 
i s r a t u c t l l ~ ~ ~  d s s  into sn mRW burner, burning an EPW W i ~ q a ,  f.stInp Lt, 
erwAng ft aad ratlPRlng. z?mpamXnq mu, mgslstad by UI~MIUC~~ I, h*l hmd 
singla h d  ~tfaight'tnrtrra!cd, MI* th% &mead -am& can qulEkly 1.kn rn v r i h  
and qm TwcPibn6 arid m m  u h i a  wkdm more thm PQO timas I ~ m t m r  r&h hra#r, 
and be may retain r l i  o5 ths memory ot his  41c wwlustvdly Lor daca rumrag& %b m 
O-ear of W.a ~Lzeatiy imrdib ly  gowtfd calculator - rn e m s t a r  - and Ltn.& 
prlgbralrr. a ~ta la  nor world of afflcfent pragraramlng i s  o p n  for cmqum~ 

MS!C~ISIBR 3, &=mad in th is  H-1, Ls m 4kr W l c  m m  IW 1- af 
s e t  of 41c mlcromde f u n e t i ~ ~ ~ s  & a i m d  to a M  nnd a ed the writing at  
mic-ia routiw, -a and frmctiona, and ta d w  may M n q  of u r n  $M 
v o q r m s  wd mutima dntu tb simulated ROn of Wm mst rresnt of rib* to urwa 02 
that cilculstor, t h  plug-in Itofl Wu15 s t m l t l a t u r ~  holding oxasablo mamory. 
bfSZ%BtER 3 m y  br r t s d  fin any aE t h  EPWM itonold uinulating dmvlma n o w  m~ the 
m a r k e t ,  tAb[lgh b m  St 26 mrW re arnplcryfd w i t %  *ha M o l k u r n e  lahnufmwrd w,' 
an adapbt6w of thrr H U S  

w l t k ~  As&- 3 functions, in E ~ K &  appUcatLon progran* kaying Ln 
m i d  is as sjmgle am kaylng in user code M tWJuctions. Liatingm st any M 
cr =4 Imp may JSD pbtd aa fast as t h ~  printer w q r n k ,  dimarWM.4nm 
the &u atrlsdaxd t in  *a F B ~  WOEW De Arras/~a& meaonica. %ti. ular may 'ainglm 
at*@ thm!kjh any or k!4 itnap, sitkern viaulrip or pklnting tho Inltrwtlonh RDn 
i-ges, & av $ktions of them. m y  be tbunlmded tu *Apetic c-, tt.naCarr#l b 
a s s e t t a  taw, or copied fits h e  source% B l a c k  sf M a  map bo rowd ko Uly 
Iwatim in a rn sirnulatot, astd wer mde programs may bs built  lntu m y  WM 
rn image. Fml images m y  h mpid ink the d W I  of a E t 4  m i m u l a t o t  r t  th. rat* of 4 
fuil $k inacju in 5 d s .  , 

-fir a l l  these p ~ r r r f u l  features come a l s o  a flexible rsE aP rddition*l 
microcads functions - m w a l l  krmwn, but mdat totally naw. AmongnE tha new 
fu.~ctrons are t w o  which, wherl ~ s i q w d  to keys, allow t b  keying of any W n c r  of 
~ ~ r i ~ e t i c  er m - s p t , h s k i c  i ~ n r t n r h n n .  empZeteLy replacinq rho w ~ r t u l  YMm 
( a d  afies) ~ q a m  af zhm PIC m. nm m n u i  canEains, r u l y a d  dmulhd 
h e n t b l t i w r  and instMcUlrms for ushg a11 the 49 functions et A88-B 3, 
mple te  bhlicqr~phy of mi-+ glv* wer 90 knom r d a r M ~ . s ,  FOIIIM* dnflila 
-E ~ m W e  and ~f the 41c arld i t s  miCtopedO LneLNfEiun W L ,  md r gr 
daal not=, well knem to t h e  piDnrcr micrDcadC ptogramaafs. but p r a v i 6 u z  
a-mrlable, i f  a t  a11. ' ~ y  in p widely scatterad fQ*. Mm hginning mi- 
laka the tflg, s w d  f 5 d  in :, and In its Ilarmal, a11 ho n H B u  to r l lhd  
the frmtiers of k k  therurt B u t 9  of t k  hrt  i n  pmg*ammlmg. 
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mw~iohp (Cl 1-3 by I W  M m  
J .  E* ncGe&r% ' 

ind map 'IhhkLng & C t * ~ r n  

7 3  
%n Ik mm mt &mtahhq Cha rn lar~ga known am msubmm 3, maolmta of 

tW0 mm'o, a 1'132 or 32k ubr arrd a 2716 of 16k b i b ,  m y  Bk 0f w h  U 8  h W 
a t  a time.* in n dtnb lu  devica, thq prw- 4k Uc of memery- 

hnctiML met which they ~ontkCn was primarily du8Lgmd to bo used to 
provide an operating system Lor the nLd, a verston of tha tHlebiae UhqUAp 
-t u&vrawyn (HUXJ which mas Wig& by Qtm Wi lk lna  (73441, r rcAlbor 
of m -14 d d e  SIC sub ~t may ~LSU be used w i t h  tha a mtt deaieed 
by Wson Qpwls (70191, thwgh w i t h  mwavhat hme mane. -- 

mu ita m l m  are fit- into a adtable &vie ,  h IOU- of 
m R  3 m y  ba a c w e d  Irma the W - 4 1 ~  kam in m y  thm mw~ way as 
t b s a  in my appIfcaEiOn IoH. from k h ~  few tbt are mm-~ogrammhh, they m y  
alw ba -toyed in IDutlmaa Lxmigned by t h  us=. ~ l a n  w i h t  t b  fow apclallsed 
h t c t h m  requited for jnterflrchg with tba H U  clr HK&, md dth the 
tha maindar a l l o w  a considarable atenaion of the lnbuilf mechine functions m t  the 
Qla, w o n  of tha tunetlonr availablm ta kha user owning an B%tan&& m o k C Q n a  
dub. 

MU ie ~ I b e t d ~ l n  Hmlburna, huatrdll., by II-ub m w m e t 0 ,  df 
'r(kchina tanguage ~ n b r f a c m ,  riMe dm ackuaL dxcdkry'&plm tUffrrS 

Xron that #$ B;f 0rigiML MInL A ~ r g d W ? i L G  a m ~# dl&: mquru* tYI 
~ ~ m m ~ 6 ~ l : i m o ~ a t i o n , a n d h a s g l r ~ ~ ~ ~ l s ~ b y W / g T D e  
m the deacriptlona which follow, rofmrences to Ehe M W  are to ha taken a8 

~rtferenms to the f irs t  H m  &so, d osnwrr&y, &pending m thrr kind of \mLt 

. a .  

.. . 
Mi- 

# /  

11~' * - -.Y U I ~  - 2 r r  g. .ra W W M  m J s  *t, mwm .. 
am nm, tbe.rirui&tsa mn may ba pla~ea i t  an a ~ o a a s  sm ma oparrtiag '3 inat& -&r WL*1Wc for furthsr Intor**ti&- 0" ~ m ~ .  



wlmlbln to the mll mptiencod user has generally been auprb. Srme progress m a  
rnanlm tnwards ,nraatrting Phs -rating system OF the earlier IF-67/97 by a member of 
+It- FPC Club,  T o m  ?laplac,  lata i n  the '70'e. hoping t o  be able to develop a data  
r ~ l l - r : t l n q  Jnmrlnce. *in dld rot coms mtll several ycers intor, rvntl tlion only lor 
l l r ~  41c. 

m r U n q  iron &ma techleal Informatim sbwt the dlc made available to t h e i r  
urrr'r gmup vllhln a f e w  month o E  ita release in 1979, rnemhwm of the PPC dub, 
1 m d  hy h i  1 l W lckba (3735 ) , dineovered many thousands OF m-keyable 'ayntheklc' 
Inutnhct ions  whlch mnsidsrahly exbnB.?d the inkm&d function set oE the machine. 
lmr nirli tyrs of mn-standard i n s ~ u c k i m ,  the 'by2e jumper', assignable by special 
n-thnrla t o  i t n  k a y ~ ,  was Found to read out frum program memory to the alpha 
r-q i l l  rr,  end wax lmmadiately used m the address aplce W E  plug i n  appHertion WH's 
n~v-l r r f  tb 141'-4lc'a maln o p c a t i n g  Fyatmn. Li~tlnyrr of tlia 12k worde of this ayetern 
wnrn praymrrd,  but arly oE the 'lower' a b i t s  oE the ten. 

urlnq a apacfcilly devised interface to a miaocwtplter, full 10 b l t  l istings 
urr* madm by ~cvtra l  menbers, i n e l d i n g  J i m  r>e kras (47061, artudied by h f m  and by 
A t  mn Jamb (53WF w i t h  the a id  of computer recorded opratiwls of the calculator, 
rrvt rn1tht.d with all other FPC memhr collected and diqesteti mdenbmdhg OF the 
91,. nvrmtlcn. mis Iune t im  of  each instruction ccde ran detennhed, and a sa t  of 
rnr-rnrmlcn d w l s r r l  by the t w o  for the pssLbla 1024 lnf l lv ldual  I n a l u c t i m  d e s  
(7 'U) .  01- cmpl*tm Rystem was €Loally declphcred h mid-1901. !l%? m n e m d e a  then 
In t rdt r rwl  were different frcmt Lhooe the HP-Qlc fiystem designers- h d  used, but Uley 
u r n  mpljcl b md Sntelllqible. They are wed by ASSEMBLER 3, and it i s  recommendd 
1I14C t lwy  kmme tha standard. (The task was not made easier by the fact  that =me 
I rmtvlct lons rpg~ired  two words ,  and often a following data umd. There were 262,412 
f l l s t lnct  p l l r e  OL d e s ,  i f  one l w k s  at it in that way.) 

J ~ t m  rht  pax the f lrst  Fpm interface was designed by J i m  De hrras, and 
rnarkmtd by Hand Held ~roducta - the W-t6K. w i t f i  the -32K. me f irst  m i w e  
r l lmnsnrablsrm,  i n  FWN, were w r i t t e n  s m n  after, by Mehard t o l l e t t  (4523)- In 
.Inrl#rn r y  1 7 A Z  the e a r l i e s t  uapr written microcode Eunctlona allowed thelr f u l l  
r!ttmnntlon on the HP-Qtc Itself.  The f l rs t  assemblers, also in LnN. yere written 
l n l  rr by H J c h e l  'lhwnpmn (84961. and pulckly turned i n t n ~ m b d e  vecslms. Wmt 
i n  pdIMm 3 L1 tlre descei-wbnt 

Tila +RhH mamoky aceerslble aa i C  Wm memow dwioea.raq alower on tJm seene. 
haralded by the use by P a d  Lind (6157) of an interfa* tw~aim-pter fwl inq  
I h o  4 lr: Inta mppsing that the mdes given to it by the m F e r w p t e r  r e m  c d e s  
r-kd  from a ml. lh MLDL design was p j l l i s h d  by Lynn ~ i l P d %  (73441 in March $982, 
nnrl Uin ProtoxOER was released shDrtLy after. V n t I l  then alhust all prqamming in 
m l c r m l n  bud h e n  &w by b d n g  o d e  Into a pair WE m w o ,  for -1ng in a la34 
aimll lator .  mc rhtect lon a€ Inulrf programming meant reburning the EPmM's, and 
t m r t  tnq again. With the  RON simulating RRM o f  the new u n i t s ,  that trouble wan 
a1 t m l m t m l .  mu, w i t h  PS!%34BZER 3, and the ntf /MWL or the ProtDCDaER, keylnq in, 
nmnlnq, end printLng out l i s t ings  of bicrwade rautFnen f s  as a l m p l ~  as &ing the 
r *m*  for mmal ueer RRI p r o g c a a m i n p  R i c r e e  b e  m e  of age. 

2hs mmtary w e  pssenm, whlch a l l  can m u  meqdra, making Lhs astonishlrq HP- 
4lc/cY w s n  more Llaxlhle and pmrEul, hau been due lm manyr B l l l  Ilckmr, RLchcl 
ltrlvm ( Fntmdnr af t h  Club, and @dl-r of k h  PP[: ifournal). -lea Close, Tom 
r ' n ~ l u n l l n ~ l ~ t r ,  .Tim b Arras, Dill mlb, steve Jambs, Paul Lind, Lynn WJlkins, . . . 
'11m rlnvslrltmrnt ot L h l ~  comer of the complter a c t  has h e n  made pssible only 
t t~rrnltjli x l m  anotmaua eCFortg of these md many, many others, uho fomd out things, 
t r iml  tn wdnrntrmrwl, nrrd shrad  llnselE1shly what t h y  found. 

-unrr PC-* 
me HP-4lc 19 designed to accept plug-Fn rnenory m d d e a  oC two ~ e r a l  kin&, 

RAEl memory, uhich extends the ntarage capacity oE the calculator, and IWY memory, 
holding routines or functions. me IIP-4IJcV can address up tm M k  al: words ot W:l 
mclnocy, located at wqucnt ia l  rn addressrs i n  Its mF4 mcmory skuca, f c m  p,lllfl up to 
FFFF, and up to 1024 56 bLt (7  byte) program, key assignment, timer alarm, I / O  
buffer regletera and d a t a  rsglatera in its Riln m e m o r y  spaca. O n l y  up to 9 4 2  
addresses are actually Fn me. (16 for .tatus, 128 in the Extended mct ions  w d u l e ,  
64 in the memory commm to the 41c and Q l c V ,  256 i n  a Quad W.1 module, or the extra 
memory of the 41cV, and 239 in each of the pssihle Wtended Heaori edules. me 
register  in each af the Extended Hemary modules and one i n  the &tended Eunctions 
moduLe is usod by the ormating Bystem for b t ~ t \ ~ l c J  blcmory, but rntuhte~l h~ro. * a  
rlia mnim of Y-a IIP-dlc lu3n hnJ Ian d a L ~  a~htca ill &>ptrtllx A.) 

tses of tha H ~ P I  aOanss space 
me operathg 6ystem me the calculator cpntaina 12k words of W3, lwated in 

three micro chip m t e d  i n t c m l l y .  The addresses of this part of MI rbemorj tun 
from flp09 rrp to ZFFP. Nothing is lwated at  addresses 3888 tn 3WF, utcrpt when Lbe 
n d u l a  is i n  m e  w i t h  its printer ftOH disabled, when t h i s  W 4  appars  a t  the 
blmk 3 rddrasses. and im inaccessible to the apratlng system, but the plug-Ln 
DiagrwsEic d u l u  is set at addresses from 4888 to 4FW.  'Xhe addresses iron 5PFb to 
5FfF asa reserved for the TLrner module, when plugged in, while those f r m  63113 tD 
6FFF are for the printer, whether th3 X L  unit, or the ewLier dedicated printer. I@- 
LL commands are lccated In the plug-in IL module, frm 7IQ$ ta 7Fm. Ihe  se3ainIn-g 8 
blocks of addresses are available a t  the prts, and ase assumed by any plup in  m1 
module, depending cn the prt into w h l c h  it Is plugged. Since applicauons W9's cum 
be either 4k or 8k in size, t w o  4k blocks at  addresses are asslgned to each p r t .  
W r t  1 &a the addressas B$PP to 9FF!Z, port 2 those from Alfpg to BFFF, uld sa on, 
but using ncn-i%P&mvices, every address is available at each p r t  

lml wer d a- to FU4 pmgras and h m c t k m s  
User RPIl pmqarns m employ Euncticas w r i t t e n  into tAe 12k operating system, 

or cvai labkddn plug-in ROEl's. The l a t t e r  are accessed by what are ca l l ed  XFDM 
i n e ~ t i o n s ~ ~ e l t _ t e d  FOJ), which display the accessed function or program name In 
an appiicatian.Rbn when the RC+l 4s plugged h t o  the calculator, but d y l a y  an 
Instructt& of.& form 1[FMM nn,rrrml' when the external is remwd, where  m 1s 
the assigned m nureber of the e X t d  Fon, and mm is the numbas of  the h x t i o n  In 
that FzX. 3 1  XFGM m numbers ate available (see the Us t tng  Ln Dl, md 
there may be up to 64 function8 h each Ik bkock of an m. ?he nu&rs aE tl-e 
XsMn images in tha 41c (XROM simulating) RRH sectCons oE the HLI  (WL) and af L5e 
PrototDDER m y  be s e t  by the user, but i t  is L m p r t a n t  that they not c w n f l i c t  with 
those of any application module or peripheral that may ba plugged in. If sn, the 
function in a Wf.i or simulated Rm in the lower address will b accessed, whLla t b 2  
i n  the ather R3M w L l E  k ignored. Since the dk a&ess blmk a t  which  the M u  or 
ProtoOMEn Wit4 may lm located can also c o n f l i c t  w i t h  thlt such a Rlai or almt11.1td 
W M  module, cawing a crash of the system when pvered  up, both h d s  of address 
conflict m u s t  be avoided. 

maca35s 
When an NiSEYBLEII 3 E P m  set i s  plugged into any one aC the four devices which 

can simuLate a ROH lby reading from an E P ~ ~ D F I  set), the addtess range o f  its 4k words 
is p r k  depenrXent (or set by the yser), h t  the addresa oE the W 4  in the M U  my h 
set at any valw. 1S@e the opratinq instructions for the varicus rmits.) T k  W : 4  
number of fiSEMRLER 3 is 21 (a numbar reserved by HP for user &signed applicatidn 
IIOM's), and Lt c o n d m  49 functions, whose X W M  n&rs thus run f r o m  21,fJI to 
21.49. 

When the HP-4lc looks for a called function in an xItOMr it searches tha 



tunctim &c*# Uhla.  in me11 p l w  in X m  for the XWW w S t h  Lha nunkr given 
I n  the -4 fm ca l l in9  Snstruetlon. I t  Chtn reads Lha addrem. ot  the mtmt of t h  
r a l l r d  rrmctlon frm tha flnetion rddceas table r t  ths nbrt oC the x m ,  j u m p  to 
t h t  Ibcntlon. vrd starts u c c u t i n g  khe pcogsan or Iunctlm btginning a t  that p l n t .  

EKM a-urn 
f i e  f i r a t  vord tt the lonst  addrams, xVBB (uhere X l a  uurally art dependent), 

of A TDY or ~ l n u l a t c d  m, qlws Ulc XmM Xn number, md ie IoLloued by a word 
q lv inq  thr! -her oC fmctims in the m. wbsecpnt p i r a  oC wrds ~ c h  give 
am ~r l l r*qq ,  In U T  2 order, OC one oC the mntalned functiaa.  Each imction's cPde 
c 9 : - n c r  is p r c c d d  by the M m e  o f  the function, lettered in reverse order. rich 
I * t t r r  of the  name. up t o  a m a x l m u m  of seven, Is coded  by a ROM ward st t h e  
lr<atlnn, i n t ~ n t e 1  to Sri interpreted as a c b r a c t e r .  Vp tu 11 letters eould b used 
in a luncrlw m e ,  but I t  tmctlons arc to be caprble of belnq k e y 4  into a usm, 
R r i  prqram, rm more than seven may h employed. (A  naximum or eleven can ba rent3 
out to Lh* bispIsy in a CAT 2. X i  mmr than seven arc usd, access to tho Llmctian 
from user program vould be posniblc only by Ioadlnq the part icular  X m t l  
LnsL-tlon by synthctlc means. It i ~ ,  in tact, i e a a i b l e  to use the xmt4 name in I 
r r v a m ,  prcrvited that  the Rm words after i t a  M m e  tom a mn-craahkng 6wpnc@ - 
c.?. rnnriat OK r single W. Tha mrresporrding XPM4 n d r ,  Won ~ . p 0  r d d  k 
dlmplapd bf 4 user RPlt p r q r a m  uhan the m, or ~ I m u l a t d  XWH 11 rcmowed.l 

Irmctlan aUUresr table m t  Wm a t a r t  OF M glves ttn a&eam ot ths 
m r c u t l m  entry plnt oC asck of the h n c t l m s ,  tha m a  addrums also Ldentilylng 
thr n u r t  or L5e f r m d a n  mma. tlmnFnq backwards Z r o n  the sama l x a U m .  User rods 
k r l  p p p r a m a  or hvlctlons are m t  w e d  in thi* reverse order, but start 4th We 
Ilrrt h)Zc of the Frogcam. (Mta a b u t  the aizc OK Lhe p q a m  or mutlnt, Fn thls 
cam-. Is gl?m by the tvo vords at Vls s t a r t  of Ult WH i l l e ,  i d a t e l y  pprior to 
the naln ?lohaf label.) By vr i t ing the correct words i n t o  the W of an MIA or OC r 
TrntoCmER. thm. A u-er may construct his o m  s I m u l l t e d  XFCH w i t h  srlcrocde, rma/or 
FI-1 toutlnes or  p-qrams, acc*~%siblm i n  i t s  I k  W. I 9 m  Lha gehematlc ouCl1na oC 
XmnrC #rrueavr In &pndLr PI 

Wm Rr4le/m ma a d  ins- art 
'I%* C W  -C th+ lP-41e/zv interacb w i t h  i t s  a d-rn  raaory t h w h  W e  

m I c r &  mmnd s e t  FA) The CRT itself contalnu Iior 56 bit, 14 dlgitr 
7 we r s p l s t c r s .  C, B, A, H ahd H, m 16 bi t  'program courtbr', (PF) rtglstrr cn the 
tap of a 4 l e v e l  6ubrwtinm return stack, two Iurthrr 0 b i t  *rplmtere, FF urd FI, 
Knr 'mtatus", or  ' f l a g  o u t '  and 'pariphtral flags", o r  * f l # g . ~ i n g .  There &re two 
Irtrthrr 8 b12 rcgfstcrs. T for 'tona' and W for 'kef, two 4 b i t  r c g l s t e r a ,  P md Q 
which aro used to " p i n t '  to X o c a t l o n ~  i n  A, B and C. Shrre Xm a ainqle an8 b i t  
*r*~lmtcP blu ing  thc *corditton' or 'urrp flag, used for o J n d L t l e n a L  bstm. 

mgimtsr C1 ia tha w s t  hprtant OF this set k n  vrdustand, a h -  It lm thrargh 
C Uut Iwl a d  K*l mda b r r ~ 6  as data for m t  proccraing. and through C 
t h a t  tha rmsultr  of thmt praccs~ing are sent out  to tha t i l lp lay ,  card readar, 
prlntar, If. imp, ttc.. and to IUlr memery. ( T h m  diagram o f  these CFV rqllstern In 
Ffi-wlIn R should b? m h r d l r d  In mnjmcticm w i t h  the diagram of &a 4 lc eremcrry smm 
I n  &,~.ymdlur A, and the g~ner.1 descriptlat ol the cru cowmad set in A w n &  E.) 

-* - 
'trle kmpimkq a l e r d e  pqrammet ntuuld a a m l n t  tha m b t u r e  table in 

fipylr*!tx 0, r r l t a  a a k r t  function address table, and practlsc $y w r i t l n g  a  function 
~ n m  find a slmpla mutlne. humtat4 kiltithgs ol? the 41e aperakhg eystem and aZ !4P 
n1:r.u a d  ASSF;~A?UI 3 rue availabL@ for ~ t w l y .  (She owner of hSSEHBtER 3 may make 
h l  m awn I l  s t  lnga.  !5*e t h a  descript ions  of D I f A S H  in I11 and oC t h e  a p p l i c a t i o n  
(!rrqrarn. in l v . )  

Mter  ra~ lsr inp  rLmple mu- wrftlng, tha Iitaratrtra m y  ba msultcd for 
rl.rmmm( m r n a l n g  Informntia.  U1 kmvn nCermccs a t  the data OC plhLieaUori 
arm qCv-n i n  mppenaix r. nnyond t h a t ,  i t  mhou1d be p m a l b l w  to begin nlcrocodn 
p r m v r m m l n q  umlnq only tha in2ormatlon avallablr i n  thL3 H a n d .  Every rCCort hns 
tman rnkn9- t n  m k *  it m y l e t *  in it.r*llr thouqh a d p h  I l c d  rorklnq Hfwlm!qm or thm 
Ill'-llr 1 m  asmrm*~l lrun the start .  I-* npp=nbtt F for muggcrtcd kkgrormd mrcc.r.l 

-an.thbbio-3 -- .. > 

l l w  following descriptlwm of Zha Imcklw mvailablo in -lER 3 shDuld ba 
tad in wajmction with the gamral dascripllrxl of tha mlcr- #8t of th Ifp-dlc, 
writtan by stew -cobs (SISe], printed i n  epC mchnLcal mter 19, @l-90, or the 
brief m y  in w d i x  E, and the reCerencm material listed in F. Tha 

mncmcnica used for the micr- hstructlonm u e  t b s e  devised by Steve Jacobs aMt 
Jim Qa Arras /4706] in 1981. The disassembler will p c l n t  or display the t u l l  
mnewmics, though contracted forms, avoiding the unkayable characters of thu 41c, 
are med by the assembler. wll  details of the contracted mnelsonica us& u s  given 
In the inntrwctlona tor hsSEH below. 

The name8 PF the  ASSEMBLER 3 functions will appear In the display ,  or be 
prlntad, w b n  ILSSEWLER 3 i s  insarm An m HLI, car in ona of the other five kids 
of I W I  aimlclarinq mlts, a d  CAT 2, or the UgCr language, RRE routine, 7CAT2Aw i s  
-ut& Their cktucrkpriona are @van Ln the order of their appeatamc* in CAT 2. 
(mr applimtlonr progrmo, wr i tun  wlnq A S S W U R  3. .ra w, md the nu n ~ ~ l . l  

T3-m bamcriptim which follow pivm tln # u ~  of uach fkubctton, its number, 
imadiamly b l o w ,  than b l o w  that, i t s  utocutlon mtq p i n t  In t h m  mimulatad  X U Y -  
Ths last three d i p i t s  anly are givsn, since the tLr8t digit will depend on tha  
assigned 4k block at which ASSEMBLER 3 is located, and on t h e  dsvlce in which 
#SSWeUX 3 l e  usad It i s  important to rolaedr, when w ing  k X E W 3 L t R  3 functions 
for uritinq m l n o m d a  mutlnes IntP an M U  cr tha equivalentr mt m use 2 1  l o  the 
ID number of tha HW WlDn RRn image, e speeLdy  i f  it I s  set a t  a lower addrema t 5 m  
kSSm&LUI 3, for those new runcrime w i l l  ba access4 in mmtarmec to tbma w i t h  
the sams XF~W pupbar. I n  ~ ~ L E R  3. (See L) 

a * . .  * * . . . * . . a * *  

3 'Rdrrio not, atrlcay rpcakinp, m t d o n  in tha m e t  a t  h U ,  thsuqh 
/1,00 .,' - it p l y  ba a n t e n d  a s ~ t h c d e  t w o  k w  KIP kr ustr WDqracl. ft 

088 t 3 . t  will have m eftact at a l l ,  It# "mutine' wmruirtLng only.of a shgls 
m. Ih. m.dC m y  rn may ba go wed i f  it. d o  i. much If mt, u a r h  Ln tho 

.Iwrll'l i n v = G k a .  rcsulr- 
" 

I .  

m fMtp14w8 the valw d uch of t h  56 bit8 h X hy t h  logi~al %duct 
m Z l , O l  of t h  value. of th. 56 pkirs of mnespondLng b l u  kr X md Y. f i l s  
837 i r  carried out for .vary b i t  oC the 56 bit @ra in tha rlgiutsrr.  
Mter tha opratlon of thla fmctlon, each qlwn b i t  h x Is s e t  i f  both $1- of tha 
mssaspndLng p l r  uura sst before uecutlon, and is otharuisa d-. o r i g M  
valm QI x wuwrltms mnt X ,  a 4  2 ud T u o  ~ h a n g a l  

guppae that x contrinm [ r igh t  jumtifimd. as mlwmym, mnd w L t h  th- leadlnq 
r-# w p p r e a d  tho b- numbarr 

101 1011 01101 tm5afi161 
and Y ecrnblnrr a i l  1000 lrol. ( - 3 8 ~ ~ ~ )  
i h e  result In X dll bar 001 l o a o o r o o  t-184161 

OR Thm a p r a t l o n  PC thi. f u n c t i o n  in vary similar to that 03 LXD, 
X m  2rr02 forming in x the disjmctlan of  k h  bit  p a i n  of x ud Y, wervriting 
83F the contents OK X. Each bit  in X i m  sat on u l t  Irm tha r w t l n a  i t  
aithac both of the oorrespndnq bits In X and Y w a r n  sct on entry. 1C -t in 
ei ther ,  i t  w i l l  ba s e t  i n  X on axlt. X C  clear i n  bath, I t  is c l e a r  an exit. The 
o r i g i ~ l  X weruritss I p s t  X. Tha etaek l a  nor lifted. and Y, Z Md T u a  mchanpL 



w"mu M difCCted by thd righLADnt four digits OK X, WWtl appanda rn al- 
xm! 2t,03 the address and mna of a Zmctirm in  m X m .  X must m t a l n  tho 
3:*q address, i n  the  Funct ion  Address Table, o t  the  adtltsse of tl ie 
Ilnctlar. M tc i  exwut ion ,  X v i l l  mnhln tr~c adarcan of tho arl4rrr;. ot tha nmt  
Iunctlorr I n  tha XRC)I.I. r, 2, 'Sand M s t  X a r r  unchsnqnd. The rou t lne  h l o u  w i l l  
p r i n t  out tha a4dressea nn.3 narncs of th Cunctlm.p In m %KIM at the 4k block XUFfl 
i C  the he* d i g i t  X is entered In response to the prompt. (Thin routine la for 
Lllustratlon mly. and v l l l  crash the 41e i f  thera La rm x m  a t  the sMress, or 
crash somctlmts utter listing zht contained fmctiona. Sea the application rouclnr?, 
%CATLA" tn W.1 J f  t k  blaek h a p m a  to $e empty, t h  calmlator v i l l  loek up for 
at Ieact  45 n - m d s .  frsntlcnlly searching for a blt 7 of a ten b i t  uord h l c h  i a  
wt, and Iinding mw. If t h l n  m u r n ,  p l l  out ASEMIIWR 3 from W p t t .  . . 

llm M o n  kldr- Tabla of an PM. 
The first word of an XROU, at addr-ss XCIC, gives We XAOH I D  humbur. me 

s m d  uord glvcs the n W r  ot fmtlms i n  tlr WWl, Includlnq the  me ot Ulc 
X t O M  - XROfl xx,r l .  fn pa ir s  of words, f r o m  the thkrd  word on, thera t o l l o w  the 
a d d r e s ~ c s  of thc first w o r d s  of t h e  funrtiona i t  contains. Jf the address of a 
micro&-- funckim Is mbc, thr t w o  rw* w i l l  t ~ k e  tht Corrnr $#la, w, wher~ the 
24.1 Somat for xepresentlnq thn ten b i t s  is wed lmclruppwwl by IcZXMFiWR 3). and 
a, b and c a r e  hex digits. When Ule fumctio FF.C (RPH1 code, the address 
taken the form 3Ua. pbe. fie s e d  d l q i t  of t word det@rmlnru )low many 
proopts. The order i n  which thesr adrlrcsscs a Imctims rww La Lhat 
cji-JF~ by a CkT I .  M t e r  the l a s t  adrGrsr n I  a *re shovld ba two nulls: 
p23. WPnl usas this etwcture to r c p r t  t m c t m n  mmes a d  sddrelzaea. l - 7 ~  m m o  of a 
microopf? flmctlm Is g i n n  by thr rords I m m d i s t o l y  p his m n t y  .are-, 
a t  tho rate ef m e  l e t t e r  pr word, thr fr t trrz  at t M  q qiven in raverw 
order. Ths name o f  a user routina In an xwm Ie qlvan Iobrl l ah l ,  cdd 
into t b  words start ing w i t h  th- m t r y  adrkess. n > e  t r  which precede Vat 
glob1  l a b 1  qIve data a b u t  Lh length of the mutlna =or anm loadlnp i n t o  W, 
vh-rher tl~e rmtlne im private, etc. Wrnl -111 aim rccPgnise and a w o p r i a t c l y  
&cl#ter We wimps OC thege user routine  function^. 

If X rmt.lnm, MY, 6Bm ti&. W W #fl $0 PC ap n), the FhT mldrusa of t h  
address o f  the ~ r l n t e r  Ron name. l tbe  f l r s t  p r i n t e r  ' function'. i n  the above 
d t x r k k d  sense).- thcn tha -m; "6258 -FFUW&-" will ba a-& tu uhatav@r la  
In alpha. If X m t a l n a  WeC ( i n  ih rlghtmoqt dLgite), und t J ~ c  Extended r'lactlarcl 
modul.! 11 In p o r t  2, "A58F NICLRISC", w l l l  be rpp-nded to a l p h a  - Lhs function 

is the 5th. Iwnetirxl Ln ths W4, and i t a  a c t m l  cxecutlng coda stmrta  a t  
mrfdrrss X580, where X la  p r t  depndent (X  tAlrrs vrtLws t r m  8 t o  F l o r  & four 
p r t s ,  t k  d d  values for the wpp-r dk. the N-n ¶gr t lm lortc.  3 - k   inter a d  IL 
Iunctlacl  r l l l  qlve valuaa or 6 and 7 respctLvely.) 

XZaH Along with DfSASH, th in  is m a  of the most mmplelt  functicrns i n  
x m  2t,04 U S U ~ I Z R  3. It allows the user to key rnltmtdn lnstruct iona (and 
1C3 &ta words1 of all m e d d  types i n t o  the Rnn rnmory OF thc H W M I J ,  
or of the  ProtoCODER. mch e x e c u t i o n  o f  nSSEfi aCIects the aaaembly of a, whola 
knstruetlm In micr-e, men those conalstlng of more than me uord, 

Zha Iollowing ia  not a &mcrLption at the Cull set of microcade Insttuctimu, 
only a h z c r l p t l o n  of tha manner of Ihcir assembly and lmdlnq h k o  an external Plln 
memory derlgned to almulate errtermdl mM. (mr a more complete description o l  the 
m i c r d  l n s t n r t l o n  sat. see m n d l x  E and the a t a d  retecencen i n  nppndlx F.) 

mm qnratian of hsm 
Ztw -nld of t h  Inauuctiom whleh Ia tp b o d  la-L-1 (Into tlx* 

n-lru. or P r o m )  is entored into Urn al@m r@qi~t=. lur m e  Ins truc t iw ,  
needed parameterm may be keyed elthct into alpha as mnemonic or as hex diqlts 
(depending on the Inatruct im) ,  lol loulnq tho Instntction -c, or given, In 
decimal t o r r ,  i n  X. When ASSEH As executed, the  required code tor the whole 
instruction ( 1  to 3 vordsl w i l l  be wrl t ten  Into tha Rhn af m ULI, and alsa lnto the 

1 stack - for uw w i t h  thc protooodtr. Rge tlmn contaLns Ws naxt ad&css i n  the XWY4 
imaqe RAM w c a ,  X eontltns the cvrcent address, r i g h t  ~ust~tlcd, ColLoved by the 
tcn b i t  wrd storad U~ere. If tha InsWucUar lccrdmi into un M t l  RAY was tuo or 
tlu- w o r d  long, Y snd 2, r e n p c t l v e l y ,  w l k l  mnraln tlwao pcecdinq words an4 
their utorlnq ~ddrm~st. i n  mn. Alpha retainm the  mnemonic, whosa Clrsc S A X  
characters are in  T. 

Iba w=lm mtml &star. 
me h e x a d c c i ~ k  address at which A s W  16 to w r i t s  to tho M U  has t0 ba ltorud 

in the r ightmat  four digi ta  of q p  Mtor S M  w r i t e s  the cPde tor ththa hltructim 
to the  H L I ,  it increments Rg to p i n t  t o  the  HL.1 FIAH location for the n e x t  
i n s u u e t i m ,  and raturna conuof to rha w r ,  or ta the Rrm -am f c m  whicll it 
has been called. 

T h m  aeaamblmr proqram, "MF, b l o w  in TV, almo ramdm out and displays t h e  
current h t r u c r i c m  a t  ttra addrcssad locatlm. 'Iha user then may alther &ad and 
o v a r u r i t a  it by keyinq i n  r different inmtsuet lon ,  or  prssa WS. to sea t h e  
f o l b v i n g  1nstrucUm. *SF, m Sean, behaves In alwst the sama way as the 41c 
operating eystem when keying LR user WN mde, exkept Lh.t [WS] replaces A 
cornpadon "JET w readi ly  $a writtan. Kb. ?h entry of an instruct ion -r i t e s  
m y  e x i s t i n g  instructlan a t  tha address, it La mt Arise- Jn programmLnq tlils is 
l i k e  the aldcr HP machimo - a+ Wa -25. 

I M h q  lrssw fot ~~ mtry* 
w m, a  it^ w i r r g  oi t t ~  S ~ A C ~  w i t h  w d - a  or 

m i e d  instruct loru tht urn kaing nntard .  Thc f o l l o w h g  a-t M m  w i t h  each 
ELIBE in tucn. 

lhsn urn aaP clnssaa of demcda htructloru, kuwn u classas # to 3, 
vbta  Wa etas# i# rktermhd by t h  last tuo bits ot the inrtructlm word. Thew 
four e laascs  wil l :km treated separately. M y  a t t e m p t  to enter an i n s t r u c t i o n  
mnemonic whlch MSBl dpes not reclgnLse w i l l  result h the u m r  mes5aqc lxrr W 
being dtuplapd, i f  flag 25 l a  clear, Ma flag 25 w i l l  h cleared, i f  s e t  

(11 mjirrg c- u -- 
Thera era four t y p e s  of C l a s s  Q Instructlon~, distlnquishad herr by t h e i r  

prameter t yp8 ,  't*, 'b, 'I? Md 'miecsllanswem, an go identiflcd In Tabls fl of 
th. Clasu J Lut tuct lona  ao pa4 of Stavm Jambs' article, and i n  &pndLx G 

(a) -uIs v i a  t y p  'I- parawttrs 
E n t e r  the  i n s t r u c t i o n  into alpha, I o L l o w e d  by a spaea, and then the 

parameter. ma prameter can ba sntered in  hex In dm, or In decimal in X. 
depending on vhsthsr  or not tba calculator is In nlpl~a roda when M S E H  i a  
executed.  'KR F" keyed inta alphr has the wma effect u keying "RR * intp 
alpha. arrd 12 i n t o  tha X regl~tsr.  Uvly ins7suctimr which rqdra a p a r m t e r ,  
m u s t  have a mpaca Lrnr&diately f o l l o w i n q  the instruction, even when the 
parameter Is  keyed h t o  Lhe X register, When using " A S 9  (see IV), w e  WS ta 
enter  Urn InstructLon, or bypass tha existing k i s t r u c t l o n  i f  no entry is made. 

tb) L n a t r P E t t o ~  w i t h  type 'd' pararetrra 
The cnly instnrtton w i t h  a type ' d  prameter la "ISIT. Puranabrs for 

thia instructlm differ frum tho- of typa 'P in that t h s y  m u r t  ba keyed in- 
the alpha registar as he* numbers. Since the actual fharactet V n c e  "USA 
canyt be keyed i n b  Alpha ("IT Ls mt keyable), the htrucrion is keyed i n  a+ 
"LD [mte the space), followed ty the parameter. 

( c )  -MOM mlth t y p  'li paramem 
3 - t - m ~  lnstrrrtions ara the *m' md WtXT h t n ~ t l o n a  for accassinq the KC4 
of tha 4)c frrm a mitre mutine. Slnca " 4-' ('a-1 cannot be keyed i n t o  



a l g h  frm ths 'keyboard. the character *4* I n  used in Its place. Ttm rcglatar 
post-fixes m y  km m n t f r d  Into alphr, or entered lntn  the X regletet i n  Urn way 
a l r e a d y  demcribcd, a# numbara I r o a  C to 15. Tabla 1 glwsa the alpha and X 
frqlmtet equivalents for keying typs 'r" p+ramatmrs# 

TABLE It Type 'r' p a r m e t e r a  

. .. -- 

O - T  8 - P  , 
l - z  9 - p  
2 -  1 0 - I - C * )  
3 - x  1 1 - a  
4 - L  1 2 - b  
5 -  1 3 - c  
6 - H  1 4 - d  
7 - 0  1 5 - . n  --- 

1E an ill@ rcqlstlr p s t i i *  11 wtacmd lnto d+, ''W FARM. will $s 
d l r ~ l a y d .  

(d l  Miscellmemm instruetion#. 
'Ihwgh theee knstnrtions do in fact  tmva pramtarn, thsir llneaoniee d 

d y  be krycd Fn up to the po in t  w h e r e  t h y  M c a s  distlnct Z m  thr of my 
other of mIncellaneolu hstncUons. fie tollovlng tabla should b a s d  ma 
a gulde. Vw shortened tom of the inatruct lon on the left Is essential, tha 
portLon to the s i q t i t  i s  optional. Thus t h e  instruction "SETHEX" could bc 
mlterd by * 5 W  alnne, or folLowpd hy any cbrac t t r s  a t  a11 - i t  d d  wm 
b- rntered a s  *StTtIARRY*. The addllionml ch*raetsrm will hm ignorad.  ( I t  
c m w e i v e ,  b y  in " s r m x w  i t  ~u u i a b )  

0 1 
c 4  I 
c<>a I 

H- 1 
QM I 

con I 

f I 
SivS I 
ST< t 
sn: 1 

I T S  1 
c<>s 1 
X 1 
Rm 1 
s m  P 1 

mQ a 
7P 1 

7L I 
n 1 

m A  L 
Dr. t 

s m  1 

s m  I 
csm I 

12) u 1 fnstructions 
l h e m  a m  w n  'ab~f~w* #q and m bumti-. mmy - m d  Lntm am 

I I I  r)ls Nnetlm fat V 3! m T M e  

folbwk (m t h  .pa- Collowi1~3 thm melonie)t 

a) b) --*' "XXQ 

C )  -7t?Zm = 
dl -7Ma 

'llm .p.cr m w t  b. Collowd by +hs d s n i t a i  ailing addte.8. Aich b s  tD ba q t v m  In  
h d e c l u l  digit., -parated by tile apace from the ins-cn -ic, a.g. as 
'?Wm 2AF9.. ~t i e  not p o n d b l m ,  thin t L m e .  to us9 X for t h m  caEYad sddrass An 
decimal f0lm. 

rn colhd In m, at1 ELW 1 5natnrtlonr n tw w r r b  long. Mkhqh luSSW 
autanatlully w r i t s .  t h  oodar into  the- MLI, it will a l w  vrltm t h m  f i rs t  word [in 
thr form mmauww) hto rha X rmqlntac and thr w-d rord into am Y reqlrter, Lvth 
right j u s t i f i d ,  urd ear usor flag 16. (79rse toiltucnm may ba uscCuL 1 C  tl~a a&,s 
are to ba printad whlla a routlne Is b l n q  assembled, and would hs ossentlal w l r a  
wirq a motoCOOEn grey aay be used in a program, ta mimic rn program entry with a 
pcintar w t  fo e l k  or mW.1 

(M mrt (re1acaubl.l m* .pd 613's 
6 h  M EUDt device can be 6et to any Qr pgm of 10n rn-ry in t h  W k  Ran 

mmrrory mpcm of tha QIC, tha normat Uaan 1 hstruetlwra Ira uscles. for calling 
rubroutlnom In tho u n n  4k bloek of ion addroe. flues. A calk tm dm *ldrmsm hSE3 
may op.rara p s t f s c t l y  uhm the bl-k usad I. that F c r s  MBJ to KFF, b ~ t  It mu14 
land In  empty addxsssea, or in ~ o L h a r  W M  altagcther, I f  tha m a  A block Is mt 
belng u s e  HP m'm with fixed address blockm & mt suffer Iram khin dieadvantav, 
and it Im mt twces-, ot -60, for the mmlnCcama a itgelt. filar. m a  routines 
i n  tha maLnCr.ae uhich b u s  hen pcerldKG to mercome Lhlm problea, W g h  there ara 
a num$ar of drawbacks in uwbq theat 

a) fprt depcndwt jump Fn*trwtLuu  n r m  thtma wrdm in lsngth, 

b) Ttm CPU c reglrtar a n t c u r t .  -0 lost. ud C m y  rot h uimd to errry dam ta 
t h o  ea1l.d aubroutlna. {Us* anothar CW cagisrer, raneebering char the 

rubroutins m u t  be urittan with this Ln arLnd.1 

F) Tha CHI must ba in wt prior b th. tlrecution of t h m  ert kpendmt  
jump. 4-a has tn h a " S m *  instruction prior to tha call, vlrh no 

lnEa~~anLng,~~pVQF,  %ugh this is mr m e s s a r y  i f  tha CPU LLfudy happrw 
ta ka in HEX m 4 e . j  

dl Port dapandent j u m p  cannot b. usmd conditionally In th. umurl direct 
m a m a r ,  though W a y  can ba bypassd  by a relative jump froa higher up i n  tha 

program. Tf an a t tempt  la made ta use thto after mnli l t i imals ,  Ihs mmd m d  
t h k d  vwa of the prt depn&nt XQ, a tX will $a Lntwpratsd a8 orblm~Y, 
.Inglo word, ~ ~ s l b l p  crash indwLng instructions. 
Port dep%nbpnt jumps are m t e r t d  I n t o  tho alpha rsglster as 71p -, or rX1 ", 

iolloved by the called addrsan in herrdezimal  d l g i t k  (mts tha tollowlrag W 
prefix m-ic.) ?hs carry f lag  m u s t  alvaya ba clear. The address called can h 
either three or tour digits long, as keyed in, s k u  ths f irst  d i g i t  11, ud m u s t  ba 
ignored. Eg. "XQ 8496- i n s u r t s  enz~ctly rha same vorda a. "XQ 496". whan met by Lhs 
execution of M Instrucl lon,  the carry flag rill remain set only for tha umtIon 
of  the next word.  Whatever that may b, I t  w i l l  h clssrcd (unless ra-t by that 
nmxt inatruct1on.l A test fo r  a condition, then, must Immedlrtsly Cellow the 
command w h e e  artcoma is ta be tested. Thair d L t i o n a L  usa requkres r subtmrtuge: 

Othar *ass -1-d by 
Iprt deptrndent XQ'B and W'S call fined main frama acklresses, krL there ara  

other such addresses recognlscd by ASSEU and DZSASM. gfEP and 7584 prt masraqo in 
display. I*w masaga s h l d  rollnu the SBR call, m d  tha Ikrst digit af the l a s t  
charactar aC the message s a d  start with a 2. !~h menuaqa ruru f o r w u d  in memory, 



m t  in rwerse llka t h  Imctlun M m h  1-C IS lged for p l t l i m ~  aalnframm error 
rn"-rl-r Into dlcplay. ualng a M h l e  I n  Lha mnrntrawa I. Vhlch mcnnngn l a  'to ba 
d l z f l a p r l  la bftarmlnorl by a datr wrJ Iellovinq mlt a a!n -11. Calln to Z Z Y S  u l l l  
t r f a t  the m e s n a p  lo bc displayed r a  am error mtsrsge. Thla m t l n s  t e n t s  Ctmq 25, 
and uIlL cauec an error halt. (Other routlnes in the 1L m o d u l e  are similarly 
r e ~ i d . )  
t 4 )  C l a ~ g  2 hsbmztium 

The mnemonics for claas  2 inmlructions a l s o  constst ot a p r l Z i ~  and 4 
parameter, spec1 Cying the f lvLd at the C W  register or reqiaters on which the 
dcsiqnated ap~ration la to take place They era entrrad by keying In ma p r a I i x  
m v m m i c ,  a sp-ca, a d  thcn the- E l ~ l d  prameter. 1mclmal prramster -1ng 1n x I n  
n-t a v a l  lab1 - . I  L.g. "A<>C ALL", 'LSIIFR A". "A-A-II SX". Some tie Ld aprct f lcatlona 
c-nSi tn vnP.ny~hle ctmractfrs, a d  Ulrsr! may aimply b? antttcd rtlnn uging hS.Cm. m r y  
w i l  I ,  bcr,:.rcr, IE printed, or seen in a l p ~ i ,  when tha resulting eale is &tsass&lsd 
by D I w : 4 r  

TAWE lIIr Class 2 field parmeters  

BU R 
6- SX 
R i  RC 
ML W 
P 9  P-Q 
X S  XS 
n n 
EIS HE 

m r  --- 
X f  an illegal f i e l d  parrracbr i a  kaycd In, Ulsn tha error p s 8 ~ q a  Intae P W '  

w i l l  b d i s p l a y d ,  and bham aa normal crror messagrs ih Una the 'back armw' key 
to clear,  rrIIEy, p~mss WL 

ISE ClaM 3 instrrrtions. 
mesc are the rclatlm jump instrmtium- lln jrap d h m  c~ bs pirm in hpt 

digits in mlpha, or Ln & c L m n l  form I n  X, Ln thc fmillar alternative umys. fks cnly 
dlftrrence i s  M a t  thtra Is no mead t o  e n t e r  a space i n  alpha h t w c n n  t h o  
1rrstrwtLon nnd Vie jmp dlntrvlce, tl-ough &in¶ m wlll cam m ham. 

mr -pfe, jump h c k  63ip wor* when 'earw L et, Lry in alther -x-3P 
or 'JC, r l t h  4 3  in the X rq i s t er .  Ths jump dlatmca, if keycd Intm alpha, must bs 
given ulnq m mte MA no 109s k h - i  t w o  digLU, men when ths distance is less t h n  
16 word- mr urampls, tp j m p  backwards ELve words when carry ia not net,  key in 
"xZ-35" to dm, or "W tn aalphs, and -5 to X. The "-* character m u s t  d w a y s  ba 
t h ~  th ird  ch-wacter f r o m  L k  right i f  the jump Is n q a t i p s ,  and the dls24nce IB In 
al+. A 9' sign n c ~ d  not be krycd h fot p s l t l v e  jumm - it is assumed by tha 
routLne. I t  li. m C  n s a s u r y  to b y  in tlm *C' I n  *J?C', s l m  ASSM testa thc 
m n d  charntmr trm the lcft ta m a  i i  it in 4 "17, 6 s s u m L y  t h a t  I t  Is a "SHC* 
oth~rvise. For example, a jump forward of 2E [hcul, when carry is not B s t ,  d d  ha 
k c ~ d  In M d t b r  "J2k. or as "JtXZE". (lmt why not .ro~naniaa an key stmkeml) 

Etror -rpd. 

1 5  Lhp diamnce is qteatrr lhan +6aI1, or less t h n  '641e. W a  messaga CSW 
TXi" r i l l  k diqslaycd. 'Back m u ' ,  and ra-enter th Instructlcn. 

(6) *eylnq in data v ~ d s  
311- In n-c*a%~ry for kin d l r q  a d  entry of t h  t v ~ t l o n  srtlrcoa tshlo Ithn 

t'I.TJ, hn4 wlere ~kln i n  tn b? rend Lnla C by tlie p r e ~ l l n g  inrtru~tlon (wu~lly *ID1 
9 . X " ) .  m vrite i n  thcsa words, tlm data atring (kn a1-1 by a mlon - e-q. 
to key I n  J E ~  (hen), place C!JtC' i n t o  alpha. Such data must  always ba I n  
hcxadeclmal characters, nrnd is lranalated 4s such. Imtnrtime muld y?nerally b? 
c n t c r d  I n  this way, rmther than by t t m  use o I  mnemics, and It nny k simpler to 
do so v h ~ n  keylng in long routines. It the  function HEXKB E m  used it Is easy to 
c-k wrrect entry from the &isplay bCora p h l n g  WS. 16- "W&i$C' h N.) 

III T h  tmctlon tick m 31 m EImwXItM 

(7) my- tn S o n  
R r l m  fortura a n  cnly b usmd w i t h  UW0a tIUDt*a), Md mt w i t h  tht -R 

nnctlon w a r n  M-a usually tadlous to key in, sLnca tlw rpda tor each ctraracter In 
tlm M m t l  has tp be workad wr, and then mntarud In ravarse or&?. -1 ulll taka 
car* .or a11 thlm wcrk. % key In a function name, precede k h  m m a ,  in a I p t ~ ,  by a 
' 5 '  charrctmr. E.g. i t  t l i m  Cunctlon is to bn ca l lad  "KYZ". t h u ~ r  kny '$s\'Z* i u l t r r  
alylm. No morn than G cl~aractarm may bo k o p l  In in thls way. If a' xsuvwt c l ~ ~ r 3 s t u ~ -  
nama In rPpuird, the l a s t  six characterr (uhlch mrae first in U m  n u m t r i w l  order 
of t h  k i e t l n g ) ,  crplttinq &the Clrst ctlaracter o l  the w e ,  can $e keyed in w i n q  the 
above m e t h d ,  but the  f i c s t  character of the name r u s t  be keyed in am data (as 
deecrLbed in (6) above]. 

An arramplm r k l d  mka M a  clar. It t h  function Mare -' i m  Lo bs 
koyad In, w i t h  it. haot l a t t w ,  "kl*, at mLlrura N O D ,  r n ~ l  Its I l r * n t  l m . P t r t ,  W. .lt 
CB91, the IOLlOulnq atarm sliould bu Eaknn. wa s u p p s a  hcre  that  tllu wsrr  cuila 
routlm *ASs" [see XV) 1s b i n 9  employed, and that the addressee from, and includuy 
a B D  M a  m f~ '~Ytipty, oonralnhg cnly d l % ,  $g#. 

(I) tier tho addmsa prcnlpr: *C88~$Pg 7" 
(21 m y  In ' $ o m m  m d  W S  
I 3 1  s o  the address prompt1 *Lg93 pBg 7". 
(41  Wy i n  *:BP3" (for rhe htttr "C' aa a 'm' duraerar), W s  
( 5 )  Usinq W F A T  I IF X V I .  or ~ n u A l  Ma, bd41 t h t r  n e w  CunCtlon e m s 8  to tha PM!. 

Iha m n c a  of Lnltruetlmm emtarad. whsn di-lcd will bat 

caclo mtr "nm 
CBBE BPP p* 
=SF 812 '!T 
carp gt9 -Y 
CS9l le1g "P 
a 9 2  B%F *O* 
CB94 p03 T 

D m  ?hi. rowtirw vill mmd out, om at a Urn* tons par uxreutiu~l, & 
X ~ Z 1 , 0 3  w o r d l o f m i c ~ m u t l n a a b e t v a ~ . n y  t b m w r m p c I t l d s d ~ o r  
X P  nlmulated Km) addtssaau, print kbsa w~cds (in hax digit., In 214 
bit m t ) .  and dMapaaarbla the words ,  1.- pravide, at user optkon, kha htU D x  
at-rar/Jaeobl msponic, i f  an h t r w t l o n ,  or tha data item. If data. T h  result will 
km prhtd, if a printer i s  rxmrrectd, or viewed If mt 

-?h .scond I. mwh cote usaful when dlmaesembllng without a prlntar, s I n u  t h r m  is 
no rcrol l lng In the alpha register. The address Is only ~nomentari ly dlsplaysd, 
lsasdlately f o l l o w e d  by ttm Snriuucrlon. {Ttie addream display parial &pendo cn the 
raspnee Um OI Uu @ d a r  c a l 4 a t r r r . )  

DIsRssl -&id adjusts th. mntenm of we* register %p Ihs format aZ 
itu mntents i e  

t N m l T E e m e a  
for tha I4 digitm, nm an alpha s t r i n g  with algn digit of 1, where CCCC Is the 
addfese of ths h t r r r t i a n  axle that l a  h u t  ta ba disassembled (it wmld ko the 
s t ~ l n g  addre- for a run), EEEE is the addfitwe a t  which DISnSII l a  to crop, M 
la the address at rhlch ths last character of the Wt functim name following m, 
etarrs, ard H im the n& or charrctars, loss one, in t h  next Ilnetiar name. 

man uLnq t h  WN ruutlne b15*, FFFF s H a m  takan cara ot by HEPSFN {:m 
P w c t l a n  H a m e l  a t  lins 19. (Sam p.23 b a l o w . )  Tha unar merely ham to till in= - 
p-wpta f& rhs start and end addressas. 

If NWPFM is mt executed ktfore using DX- d l y  ( a f t u  h s  k c n  
otormd l n t a  Apgl, then function names will not  be printed, but wlll inmtaad bs 



m!slcadingly Blsassrmbled as mmal mxchlne cads imstruetlonlt. rn malts tht m s t  oE 
D1<.-<, thsn, pl.~sr! thr! s t - c t l n ~  and Elnlnhlnq a+lrcne-a a t  tha rtqht of bqg, awl 
rxccuts t l r m r .  u l l l  d~tarnlna t h t !  v n l m  Cor H and m, sncl tmnrt khnm in 
Pup. II olraritlny manwl ly ,  IIAXrJ 10 um~tuZ Cot m.inufncturlnq t h o  P#$ conta~bls ,  or 
OAJE d d  b? w d  Wsa X > $  V, m a b  the result m alpha atrlog. 

ma 0lrSv.a mq amtmls. 
Rf memplcrpinq flags ~ p g  to n5, thm user a l m  ha* c ~ t r o l  over vhcthsr or mt 

lputincs are dtsasr,cmbled a A  Inatruet lm,  or as &*t.a. If Elag Fgg la  clear, then 
the n m t  word is disassembled as an InstrHctlon. IC it im mt, the next word is 
p r m s s e d  arr data. Mta can b interpreted In Reveral different uaya. according to 
the ~attings of Claqs Fgt To F#5. me priority glvan to tliem flags i n  am foltouna 

nag #0: Pie r a s t e r  ratrol Flag. Whm khia 11 char, t h  nrut rord i a  dias~sefibled 
as &n Instruction. When it Is set, lndiratlnq t?ut thc next word 18 a data 

item. the s e t t l n q s  of the tollavlng fZ.lqs determlm thm nature of the rermltlng 
interpretation. ( r f  PSI i~ clear, the mettlnqn of the flags lauar Ln V L i m  l l s t  m a  
I p r C d .  1 

mag #ZS k%-n wt, the n t x t  word only Is pmcessed su dab, a d  the mrrtapndlnq 
eharactar whlcb is d i p b y e d  or prlnttd Ir dependent on tha aattinqa of 

f l a y s  ~ Y W I  021 

Plaq 841 Used for  displaying or printing arror mmrmagmm in WH1m. whan DIsnsM 
encounters any onn e l  the ~ c v m r a l  Xp ea1Zn to arrar masoage d ieploy  

southcn Ie-g. tn the mainframe t h l a  f lag ,  and Claq flu, arm ~ t .  ma menaaqa 
is then lntr?rprtterl as, n aeqvcnce of alplw ite~lrs. W e  the error mr?seuge h a  h e n  
printed, tlaqs pg arad 85 w e  cleared. 

Ilaq $51 tm-3 for printing fmctlon mma* Mag 85 and PI! ara mat by ntmm, mttcr 
finding, on rwlsultinq kdm tontrmls  of rfglater QI& that tha next unrd Is 

the last clraract?r of thr next Swrctlon m m e  Fthuqlr the first n m w r t r c n d ) .  mca 
the Lmctlen name ia prl r~tcd (Lha m e  lrogth Is qlven, by the val ua at tt, In Wp), 
Ilaqs 1B and 85 ere clci+fed, and m t 4  is automatlcrtlly call4 by DISnSn. 

Flap I29 )rhen ott, cwythlng im p r a a s u d  an normal FuSeff dam, ptinting wt tho 
d a  and tha aypmprlmtm charrcter. Inpart Sras dpha wing  Inrtnrttonv 

In user cad* program, the d e s  lor characters in wrl ara  diff+rsnt Lrnm the mrmal 
&TI1 values4 It may be mrlvenlant ta lrrrvr thls LL.rg not, slncs a llmtlng will 
than s k u  rha m I L  charact~r  placed I n  C after a 1DI 5hX Lnstructien. f ~ t  may ba In 
preprat lon  Cor, lmdinq lnta the 11- reglstar.] ms ~ m 8  thlnp applira In Urn woo 
of flag pl. 

FInq 1 1 1  W!u!n thlm C l q  la wt, a~rryOtlnp i n  p r i n t d  aeenrdinq te tha l l u  Irm 
cbractnr d n s  - *re A 1, D - 2, atc. (According tP wimt Imm ccaa tm 

lm b u n  a? Uls cluraclsr ubl*, 6w ~ O t l d P f O ,  or PPmJl6, p57. 'lha table 
11 r a l d u c a d  In nppmdlx t) 

P l m e  $1 tm FS all daarr word i l  ~ i n t d l  out w i t h u t  anp m m i a  ac 
at all - prwllkd thrrt flap L?$ in w t  

wx mnns a matched plr w i t h  tlm next flarctlm+ Mtvme tha dceiwtl caFa 
4 6 ttha =It dl) of tha rlg1rtnost character i n  slpha ta X, l i f t ing  
7 D l  t l ~ m  mzaek. t W s  m l m u l . 3  mt h confused 4 th Lhe function A m  of tlte 
X - h c t i o n a  mo9ule. which ream from Wo f e r t ~ n o n t  cl~aractar i n  slplra, ckleting it, 
w h i l e  placinq I t s  .&!?XI character m b e r  I n  X M$ l i f t i n g  tha stack.) 

B h  appends to alpha the chSt9Ct~r vhuaa ASCXX coda La gLvon by Che 
mu8 27.07 decimal number In 1. The stack I s  undlsturbud. (The beliaviour l a  
ar l  m c t l y  Uia same as for tha X ~wretiorm nm.1 

Iff  %a Sunctlm BeC 

OCmaM l l ~ i m  takes r &ha1 Mlnber (ruylnq An vaLm Crw P ka 99991 in x, 
XRDM 21,06 and replecea it by its hex&ckmal countccpart &I X, w l r h  the d l j l t a  
13F aC tho  rneult r l q h t  jus t l f lo* l .  

Olrkr wrmimta of W > O l H  $awn thn nra.zr+* WWlSrFXl* Kk*r  x r.thwu L i t  r.\,.t.s:i 
or 999. lhDeu ysualty called up tlu mainframe rout lna at f l Z ~ 3 ,  ulllch, Llka t!ria 
frtnctidn, W s s  a floating p i n k  number, bur from the CPU regirter C. Since L ' l ~ s  
verslm of khe mutlne takes the oalulusr of the number in X with r e s m t  tr, 4335, 
the result cannot h greater than ITF. V a l r r a  greeter thn  9999 will give m %T ff 
RRNGF error m e w - .  l lw,  original ralwu of x -writes mst X. 

DIM W TMa i m  the lmerim of the- p r d l n q  K u u c ' t l o n .  ~ t n  last rluea diqitm 
K f M  I l , W  I S M )  of x ata rsad rs a I~ex~llocImal nunkr, tlia & i w L  hpriVxlclrt 
114 ~ v e r w r l t e a  I, whose original value o v e r w r i t e s ,  Ln Its turn, the 
mat. DI ma x. 

LP55 Ussr. flag 55. f L  a printat l a  pra+cnt awl i a  plug+ in, Flag 55 
21,lO w i l l  mrmaLly ba w t  Lmder thosa mndltions it will aqain be set by 

XI the aperarlng eystam as m a  ae program e*wtian halts - if &e old 
printer i m  hinq used. Tha IL printer vIll allow f laq 55 Lo remain clear. (CIebrlr~q 
tlag 55 Speds up the klrecurlon of RPN user rode when n printer la axmectcd.) 

=!i sarr flag 55. W a  will wt be clsarcd when -am r d n q  b l r r  
m 4  l l , l l  warm Wugh r printer I s  rot plugged in. It allows a m i n p  pregram 
3(a to m e t  flag 55 after 4 s tre tch wer which It hks been clwecl to 
sped cprat ien.  

m Clmarr all dk Rhn amory of tha CUDL, if m l y  ui* ia 'plugged in, and 
xmq a1,lZ d y  that of tha Ht&IJHU at t h  lovsst a&esa IC -re Phan one is 
@a3 plugpad in .  In  order to avoid accidenlll c learing,  it returna %\a 
muesaga %TA 6 - l  a l e s @  tha letters *W are fwnd in alpha. CnWRG4 he6 no such 
aafaquard. ThIa r o u t i n e  i n  fact c a l l s  up CQPYROM, and copier from tha aapty 
addressee 4ppBto 4WF to thc H W t  Drlrcution t l m e  €or both 1. of th. o r k t  at 4 
seconds. I f  C t R d n  i n  downloaded into the I U H  of an Ht1. and Lhan er;ecuted from 
thera, tha calculator w i l l  crash ( W L  out tho H t I  to clear.) 

m With Uw fallowing ccmplaraentary h a i o n ,  this I& on6 ot t!! oldast 
x m  21.13 of apcl .1  functlma written by PIC membetk  Ths first wrsims of 
OD4 C U X  and aEMOE were written, in bynthetlcs, by Bill I c lck~s ,  thalr 
Inventor, h 1979. l t w  f i rs t  m i c r o f o d s  v e r s i m c  were written by Jh Dt Urari, M d  
ware- in tha f i r s t  PpC msmbac written functions in J I M  11L 

aae take. a ntrinq of haxadeclnsl. charactars Irm the alpha rtqists*, rind 
plarrs tha h e x a d e e l ~ a l  diqits mrrespnding to tho- c k a c t r r s  i n  tbu right of x. 

ill al@u contains the claxacter sequence *33FA16m7245Oa", m E  vIkl replace 
the mntmnts of X by the 'rm-mmaliaed numkr* 

whern th. ~ u h r  at  hex d l q l u  in alpha la lens than 14, the dipits from w i l l  
$e coded into X right-justifled, wlth zeKles to the  l e f t  me s t a c k  l a  l i f t e l ,  i f  
d l e d  on m u t i n e  entry. Earlier m i c r e e  mrsfcne el -E wervrota  tha amrents  
.of X, bnd the dLfrsrence here s h d d  be noted. 

OBmOg hm Its name sugqoats, t h e  inverse of CODE. The contents oC the  x 
X m  21,ld resister are truarlated lntn  their 14 hsxadeclrnal munterplt& i n  
ODE dm. N - b  Is indIfrerent uhethcr Leading zeroes are present  
in aI* or not, m E  w i l l  alvays leave zacoes Fn alpha correspndinq to Ltadtnp 
+ e r a s  In X. 

I l l  f ie  €Unction Set 



anl'UB Packs memory aC the  d l e ,  then compiles a11 W ' s  and XEQ's in the 
XF31 21,?5 praqran [ i n  I l c  WU1) I t  which the 4 l c  is Currently p i t i d .  Ttm 
M.3 dieplay ahqua t h r  message 'PhClt tK' ,  Coklow@d by the message 
'C3:1PIt11#7. K)w?.n p1n~c.l in an RlTt pcgarn,  El vlll c a p l l e  thc mntents  oC tllr? f l la  
i n  whIch  i t  Ia located .  

m Capfes any 4k. ot 4 t  scetion of r ~m i n t o  the Ann of an PIWRW. 
KFJ1 21,16 f i e  p l ~  address ot the t h a t  la to b q i e d  has to be I n  Lhe X 
69: r~qlatcr, In decimal form (El to 15). on mtry to the routine. This 
a l i o ? ~  the contents or a Wfl, or a l  an EPROM net ,  t o  be loaded in to  M L t  RAN, 
krc.* id~d that th- function is available from mevhere. This is a function which 
s k ~ l d ,  i t  mly for this reason, hl i n  aU mW4 s e t s  %ugh dk IVY4 words haw to 
kx! mpicd, th is  function ntns wry qdckly, taking only a few s e n d s  to mmpleta 
Its c p c a t i o n ,  Shere can be minor nvoldabls trouble in atore for thn mwaryf  I t  
m,?172:1 is cbc-nlmdd lnto the PMI OK an M U ,  and then exccuted trm there, tha 
cAeulator w i l l  crash when Iks mtrrutlng d e  Is avcrurltten. l%is can ba rvolded iC 
it i s  c a l l e d  rrm m a t - s i m u l a t t d  IWI, or from an Address In almulated Rm lowt than 
t5.t to vhieh the ntr Alvt Is t w t  [clear, as 4 t h  CLliWt, by prlllng the W t I  ptup.1 

C W m  If a pr1nt-r i m  pr-sent. this routine will p i n t  tha mtmm ot Um 
X W I  27.17 alpha rrglsttr, but i f  there is no printer, it will instead &splay 
4E3  those contcnes.  f t  a printer is present, it will only print the 
ccrnrents OK t h ~  alpha register, and t h e y  w i l l  HOT be displayad. [ ~ h s  function 
mnsukts the sett ing oE tha primtar exlatence flag, f lag 5%) 

V f W h  Places  the alph. regimtar Intn the dlnplry. and m a  c m Y  t b t  *Is 
I 2 Kunctlon Is an a l t a r ~ t i ~  to thE iamll lnr AVIEU, which p i n t s  ukm a 
105 prlnrer 1s prcsrnt, and flag 2 1  la E e t  VI6srA tqnoces the nettLnqs of 
bsl9 flag 21 and flag 55. 

~ Z S S  Givtn a RW a*sm in badee imal  dlplta, right juat i f ld  I n  5 9 ,  
3 2 1 9  DISS finds the word loeated at  ttut address, d e d e e  It, and p l a c e  
.45 7 thr result in NJlth mc Incremented address Irr returned tn Pgg. 'Ihe 
:omat In d p ' u  i s  "ktqA w K T ,  w b ~ c  MM Is the address. a d  WWW La the vord a t  
:;&h, in 244 Karnat. [ W s  is verf l i k e  tha a14 X o M n ,  a3 U ~ e d  in a short routine 
to t o r m a t  the word st the  mddress, with the  addrema, i n  a usabLa form.! 
To lllustrater 

(11 mmte ~ ~ x l r a  
( 2 1  K ~ Y  in mn. ws* 
( 3 1  sM PB. 
( 4 1  m*mH! DfSS. 
I S  1 S-c i n  the dlsplag "VCCl FP6 ". Thfh i a  tithe addrasm, and the code, oC tho 

secanrl vord of M B. 
(61 mecum DISS aqaln, to 6ee Ln t h  diwlay *PPC2 m5 ", h third rord or H*l 2. 

f- mcalls the current progarn @Inter, and that only (the aubmutinm 
Y=< 21,20 returns are left bhind) from sutur  reqlsttr  b, placing It In  X, but 
llj3 i n  n;4 Eormat. (Thla 1s needed Zor use with RCWYTC, G M O T S I :  and 
c;5rm) nr format 1s the mme a s  regIater b form.rt, except that the byte number 
( d y F  in &&led -hen the program a h t e r  is h M. Wlwn p i n t l n g  ka IW1, there is 
m d;[fetentt .  [The re~ l r l -n t  format, but of the p t n t e r  only. IS ttrt same as i n  
re7ist.r b.1 This rb?s mt plat? the suhrwtlne returna i n t o  X, only the j-alnter, 
a d  thus allows, with the use of h m p n l o n ,  m. STD b type jumps, w i b u t  the 
Zlsa+~antagos which tlwse me- haw. h9 currently implemented, the trscutiar o f  
GTI7C rctrlsvea mom than just the program p inter  In H f l  fur mat^ i t  collect5 a l s o  
j m k .  a ~ p r e n t l y  Esmn the e rcgleter. Suppae that  klw contents OF c arm ?d 18 B t  69 
1 F 51 M. m, executed a t  Lhe top of the tap t i l e  I n  p r q r a m  m r m o r y  will give bl f 
69 1F dB I 1  81 FB. Only the L a s t  I Lve digits ace ne-. and used. 

m'm2 'Ih. 1nwr.a of G s  'Ih. program -tar (PC), In 'kYq fo-t in tha 
3WW 21,21 s iqht  of X, is tranefomed into teqtstar b format, and ~epLacas cha 
C7d progcam po inter  in b. The subrouclne Stack Is rot d is tu rbd  a t  a l l .  
Tho p intar  in thh format mny won h e t u r 4  a; an al+% a t r l t q  uith  tlw LQV at 
X>S. aottEry t l ~ l  nSqn r l l . l l t  or X tr, 1. Tim lb%luty of r11.q OC Ltw.:t,a Lvn It: t h a t  
FVOII l C  ttmt.H: 1. exwutcd I n  om rwLiw, W P l W  nly tr+plavc CIw lulnrer, cahislly a 
jump k k  to h t  same LocaLim, but w i t h  a submwtLna stack pcerarved, 

f- 1Fsmprarily hlt.6 a m l n g  -am, ud secleflnes tha key--3 tor 
X m  21,22 hexadecimal dlqlt entry to koth dphd and X, l i t r i n g  the ~ w t .  A p a r t  
hW Crom WS and tlm ' h c k  rrrou', tkw on ly  raspnaive  kcys are tlv ten 
cl lglt  knya [a to 91, nnd nlplm k. to F. Prchlram rr~wutltwi la ~t.skuat.,L ly' WF, .ltt PI' 

nnlry .  P r e s n l n r  %t11Zc, IC/S' w i l l  axlt, and h n l t  yrorjraln rxcvutiun. On E X L ~ ,  ,X 
eant~lns t h o  CODE1t1 coiltents of alplra. ( T h e  r o u t i n e  actually calLa up CODE as 8 
sulrroutins.) %ha calculator -8 to 6TAwhr tmda between key stroksa, MJ will turn 
off attsr 10 minutes in the normal way. 

xr Iu probably bast to think of thia  primarily sa rn Eunctlon whtch eaablee 
harr&eiaal entry to X, Cha d i q l t s  f l o w i n g  In. &a k e y d ,  Ctom c h  right, wit? alplu 
canta in lr iy ,  on ~ x i t ,  thm DECODE'd contenta of X. When assigned to a key, and 
e~ecutcd i n  tEm moda, an WS r e r m l ~ t e e  d i g i t  entry, h t h  to X and w alp%. The 
prauims  eolltent~ of alpha are stlli .displayed durinq mtry, ttm ncwly k e p d  dqi ts  
appearing to their sight he when In alpha m a ,  or numeric mode, #e " b c k  acre*', 
key a l loua  deletion o l  a Last enterad d ~ g i t  or chiracter, m here U m t  key Veleces 
the l a s t  entered dig i t  ANl  charactar. R/S and shifted WS act m r  in identifa1 wags - b t  w i t h  a a i q L e  except imr  i f  m cntrlas u e  made a f te r  the fmcuan i r  ailed 
up, W S  (or chifted ~ S I  wit, w i t h u t  ntartlng prog~sm ming at aU,  l l f t  the 
stack, placing zero i n  X, and c l e a r  the contents of s lpha .  The dispLay  of t h e  
prevlom contents of alpha i s  M wre tlmn that, a dlsplay, thwgh m l l k a  the usunL 
AvfW display, the {merefy) displayed charactare there may bd deleted, fram chc 
rlql~t ,  one by om. m e  f irst  description of operatlm is rm mt true of the a : t d  
microcode owration of zha I u n c t l a n ,  bur the second a l l o u s  HEX- to $a seen as 
belonging w i t h  its 1-1 companions: X+Y, Y-X, SXL, SXR, dnd the r e s t  They d, but 
da not have hare, a f e w  otller acLthmeticaL C w c t l m s  wlthwt ~ r m a l i s a u o n .  (Yho 
ever tbuqht r a  uadd $e able, one day, #imply to enter non-mcaallued numberr f r 4  
the keybwrd Ln guch 4 simple m m e r l l  

XMaVm 'Lhla mill lneart r hyta, ma mpacltiad by it# decimal numbr in X, 
X m  2?,23 i n t o  a locatlm detmrnlnsd by tha c~ntsntq of Y.  LLke the m a M r a n a  
870 control led,  program inatruet ion entry, I t  opens a mpacm o t  rcven 
bytes  whur thm t a c p r  l ocat ion  Is mt m u p i e d  by a null, and then lm& the &mired 
bytm in the first bjte of the. seven cleared. If the target  locat ion is nuU, 
b y t a  is loam wltl'uuc f i r s t  opmlnq up a space of haven nulls. f c  Lhvs mrr iea uuL 
a l l  ot the necessary buscheeping effected try normal program funcrlon entry. 

r has b anUln Lhe p ~ ~ ~ r a m  polntar, i n  M?4 format (SW Ibov*, undtr m), as 
p s i t h d  at the- byro preceding tha Inslructlon rhLch rould be vl tved in prq'ram 
aPde. 

' ~ o  ma m n m ,  to the instrucuen 8- vhlch tha we is m tu loadd, 
w i t c h  b run ede and execute GFFPC. Key the ckci*al byte n w h t  into X (lifting 
the M M  format p in tar ,  obtained by m, into Y ? ,  and execute n;sBYTE The &sired 
bfle w E l l  b. loaded Lnto remwy k f x e  the previously vieued progtam instsucucn. 
51~3%- the s t a c k  Is drapped by DISDYTE. and the UM pintar ,  p r e v i w s l y  in Y, tut now 
in X has b c n  Incranentd ta p i n t  Lo tha next bite,  the - rat ion may be rtptc-3 ,  
w F h u t  cont inua l ly  neeJing to w e  m. nre p r e v l w s  contents of X ace to be found 
in -st X. 

U l t h  aTpe md INSBYre asslqwxl ta keys. m gytes prqraa a t  all i a  n d s d  
to & w h a t  that C- program did. Mmqh one i e  uelrally a t  Zha p i n t  h program 
where the bytes arm baing inserted, it i s  antirely p6sFble m be a t  a different 
p s l t i o n  whils mcsying out Lka ina~rt lonh  SLacrr Yls bytal loaded b t o  p r q d m  



mmory am placed &fore r Sumtiah, eautterplrt Inntmztlara lmdd will 
hlw r -tank line numkr. f i  GFI#: La ewecuttd in an ltPN w a n ,  just b r F m  a 
juilp to a diLCerent Foqraa fi le,  th~ latter may rrite prwjrarn corle back i n t o  ths 
ur1qiaal t l lc  - e ~ c t l y  i n  t h  fnad m s  monncr, tn follnw ttn lnm'tmctlar 
whlch obtnlnsd the ( n o w )  rddrenscd Eocatlon. Tlm nafcty oC thlm l l a a  In tlm 
iw~c t ion  oC byte-. rather than the w e r r r l t i n g  uhlch wery  proad Bytes program with 
a l l  of its predecrssors h n s  done. Tha called t i l e ,  into  whIch the coda i s  to $a 
writ tm.  m i d  bc as ~larple  as t h i n :  LBL " M C ,  GFTFC, m. Iha wri t ten  d a ,  In  
this case, i s  simply i n s e r t 4  between the and tha END. Lpad nytes, axa a 
"lurherinq elephant ~f a program", r e d d  to a p l r  of key assiqnmental 

iWppee Ih*t t h  irint*uetlon ~ r r r n t l y  vie-4 In F q a m  m%fa 1. 25 610 H, and 
a PEL lr 1. wantcd In the preccdlnq line. Switch to RON, pram. GmPC, k e y  In  144 
(KT,!, DISI)YE. 118 (I), R1Snm. Switch to P K H ,  nee 25 W. H, SST. s e w  26 $m H. 
f h l s  16 very useful  Ear v r l t  lng non-standard t e x t  l ines .  When exscutcd from a 
m n l n q  pq-ran ,  it l a  best to lacnta ths brqet  flla lover in CAT 1 order than the 
r r l t l n g  f i l e  - to amta reptit ion of lmdinq after every #wen *a. I- te 2h8 
npning of 4 window o t  seven null&) 

Wcalla any byte Crm M. Uke msYre, thls me#  Uw sadream af  tha 
XWJl 21,24 wanted byte  I n  Mt4 format, umually as obtalned by G n P C .  with the 
tM5 prngram p l n t e r  p s l t i a n e d  ao d e s c r l b d  above tor  fnSOYsE. f h ~  
I rrlcnl led] d?ef nal byte numbr  Is retun& to X. l l t t l n q  ths 1414 Cormat p i n k e r  to Y, 
w h ~ l o  the Incrpmtnted address pknter wcrwritas r. 2, T md r a n t  X am ultauchad, 

S'lUmT storm a given byte In RAZI. mrmat~ decimal  hyta number In  X, w i t h  
m 21,25 the arldress at which t h  byte i s  La ba lmdrd, h format, tr 1. 
%7 The W l o u r  othervise 1- tha m e  am for EISBm, t m p t  Wt my 
tr&a a t  the tasqet lmatlan is -writtan. 

mest three Cunctlms shDlrld b uahd in ~ o g r m a  mly u l W  v a t  -re. ~t is 
f a t a l l y  msy ta write a m a n  which fills memory rlth jwik, or which wcmlbm 
i ts mrller Lims. The fkrst kind I s  I l l u e t r & t c d  by thr folloutng: I ~ L  El ,  m, 
100,  I3SBYFE. GM 61. ETID. A f t e r  one run It Is L O t  Ul, GETPC, X>Q7, X>p7, 100. 
INSBYTE. GM F1. Elm. The i n s e r t i n n  of byte 11I, x>U7, happen* tvics, mint& t h e  
EArst InsertIan LrJmp%d thc RISnW htrut t fon  &WI paat thr? f logram p i n t e r ,  to 
r ~ ~ c u t e  a ~ a h  - as can b m e n  by SSTinq. Since the bumping &wn stream Is w&ls 
tn recompile the GIO th- enrly part oL the qrowlnq pragram file Is mt rerun. 
?en m r d s  wing w i l l  pLace a b u t  60 ins trucLims  i n t o  Ihe program Cite. with 
cateful use, e c l m t  of the mder-aplorcd cle l iqhts  of the almost foratten &Ig 2 rould 
IF recaptured: wri t lnq  a prcqrarn l n t o  o m  E i l a  from amther. for cnampla. 'la surt, 
m~se GTPZ in a subroutine p~sl'-imed at kh start oC the f i l e  lnlo vhich coda 14 ta 
k* urltt.cn, and usa it ln the u r i t i n q  program. R.ISDYTE i s  strongly reconmmenchd for 
usa, t a t b r  than SiTSjYTe, In much a cane. 

m A m-p~nm.rrv lb la  fmctlar. M c h  h r  rn progr- or mtlna 
X m  21,26 name, I n  a manner almilar to that of CLP, COPY, etc., and Iwda a 
9% 6, RIW progtam Ism the normal prqlram U W  of a dlc 
into tiv ol an MtDL T h  rrrrultlng program Ln the HWIJMLI  may h! rtm Ln Wa 
M ~ P  VBY as any FRI F o g c a m  In a N. 01 mUy Lo InNP, X must m n d n  the address 
I n  the HUIIJHU RAH at w h l c h  the p r v a a  is to L* l a a d d .  The toutlne t lrrt  calls 
W : P Z U ,  then laads is rhtsesulng prqram. 'L?ISI display #how$ " P W I C ,  TOHPfZttG", 
" 3 # Q I t C .  m g h  tllere i n  more to Its ust than thIs nlnqle oprat ion,  Lor c k y e s  
nay h v a  to be mad* W ths orlglml program hetote Imding. to a1Pew the result ta 
run proprly, t h  eventual X m M  image may ba t r e n a t ~ r r ~ d  to EPW's ,  for use i n  a 
p r m a n e n t  form, or dDunloaded onto cassette  tape. me UM of R!i?4 programs Crm 
simulated K I : ~  has the &wrnrms ahantage of freeing a l l  or thc 4 1c memory for the 
storage of kta. 

Zhe u--A d mas 
?%ere hae rn be at Isa~t OM g l o h k  l & L  a t  tho start OK tho pmgram 0 bs 

LOfiDPlea. It thim cornlition La not a&, the Clrat t w o  bytmo aE thr program, nr 
. loaded by m, w i l l  be turned lam (imzant] garbage. Thera m y  ba mra than c n m  
qlobl. labal, and there may be global m a  and GIU's, -ugh the l a t t e r  arc mt 
remmlasndml, blng pratty alou in macution. If tlwrru is rw mwa tl~.%.lrt r N h S  ?~Zc%Ix>l 
l a b 1  [ a t  idla star t  oC t114 psogt~m LO LIO ~ c c l ) ,  A I ~  no n i @ u  X W s  r*tpl lcd tr) 
look tor globiLs In TOn, lhen lmding i s  quite stralghtZoruard. 

Tharm a r m  t w o  uayr i n  vhich alpha XEQEm mmy k changed into (thair 
eorresponblnql XWn's. (Consider the chanqe that m i g h t  ba radm to turn X E ~  "PWWF - which will cAPl up tl!e printer usfr d o  routine It mmas, but by uslny 6 Lytrr, 
and baing mhu to oparste - into XROH *PRPf4f', u i n g  on ly  2 bytau, m d  executing 
qdckly - 29, Id when tlm printer I& not pl-d into Um 4 1c.l 

(1) 4 m u a l l y  changing each alpha to m XRU4 w i t h  tho aid  Of the preyram "XI* 
(for "wran MPVr - see Saction XV) and t h  m l c r d  mwtinn cUWl [alw ylvea 

'In fV3. Zhn X M  numberr of &he desired m ' o  which r l l k  replaa We Currant ylobrl 
m a  must be b u n .  

iii. )isy In the DI ID nwnber (a*. 29 for Ehe printer, 23 for Yla f lu a l l .  
e, Iunetion nuarber. 

v. A t  t h  proapt "PRESS SSI". h l t  t lm SSP kay to mwa Wa proqrrm printer 
back to the oclqlnal program. Switch to proyram moda to sea the &air& 

XlPn d m .  SSP to u e  the now abandoned al@w ctrtng vhich tha cleared gEobl  
ZEQ -mimed. Thla M d  m w  h- h l e t e d  

vi. Ropeat t h l a  procedura Ccr a l l  alpha Xq)'s. Note t h a t  tha plug-in RON 
mntalnbq the correspwrdlnq functions need riot ba plug@ i n  to carry out 

W e  aperation. 

{ I )  T h  second muthod changes a l l  alpha XEQ'm to XROM.8, without user 
inunenLlon,  but Ula correapDndlnq FUN mdules must b% plugged In. Ib*'o\-er 

m y  h the p r q r a m  uhicts la b l n q  mobltlcd, and vhich calls a ql&l l a h l  
h the mas pcwqram w i l l  rot ba rwlsed. I t  this is Um casa. the Frcyram must  ht 
loaded twice .  Tha pracedura Is 6impLy to XEQ XQ,XR. (Sen IY.)  The name oC the 
proqram, or any l a b 1  insl l le  the program, must be in ths alpha t e g i a t a r  tn the 6k;re 
manner aa ks required of many oE tha X-mctions. If  there happens to bs &? &l& 
Xtp in tbe pcoqrals to be l a d e d ,  but them is no correspnding function nana In W1, 
an may bn ascertained by w n l n q  CAT 2, i t  u l l l  ba necessary w revise it, replacing 
it w i t h  rho uantsd XWrl code, in rile mmnner duscrlbl In [ I )  sbwa. 

mfrhar m a w  m v i ~ s s  ths f m t i ~ n  address- tabla, h t  this can ba ettected by 
tollowing t h s e  step:  

t. hs* address a t  which the program wae loaded Into the HW should h 
placed i n  the right oC x. 

it .  X a p  APPLHL E-0 N.) 

A l l  ot t h  -1s i n  ths program -4 mu bs appended w ths functiun d d r r s e  
-1% the FAT. (Kb Earliur versIone of AperBr, r q u l r e d  pore m p l e x  o p r a t l n i ~ ,  
now *n care of $y the ability of rhis verrlon w oprate directly rm the WCN 
imags i t s a l f ,  rather than only cn the o r l g i ~ l  In  tha 41c ARW spscs.) FaiLiny t iw 
usa of these specill Cunctlms, tha w h o l e  operarim can be carried uut mai~rw l ly .  
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I T ~ P  full pr~ccdur* i s  deserihed for the masochist i n  Appendix G.1 The manual 
p r d u r e  Is l i k L 1 a  trouble w h n  khem a r t  only a few hart m a m e  to be lmdcd, 
but it Is quits t l m a  c m s w i n g  and error when programs are lwq and cmplex. 
Ihu-xer It mmy bs of ~ l l m m  v a t w  to mklm throuqh t h l a  mppdlx ,  mlnes it rot m l y  
,#1v.i3 M irJr.a 9l th.! w r k  C~PTICII wt lr/ t h u v  ~ ~ n m n I E n m  r ~ t l l l l r n .  hut a l m  (IIVC. 
an account of the rc.gulhing XW structure, useCul I f  a umr d e  routine In an x m  
image needs revision. 

m UeMagAll 
If an HW Is not rmmsctd, "HO RAW is displaysd. 

Wm.7 Prports, as LI condltlmal, whether there Is an H m  in tlm ~yarem. It 
K m l  Zt ,Z7 so, the  Iirmt, or loweat addcmnu i n  the  MM-slmul*tLng mn i a  
84X retumrd to tht X csgistrr - right justified. If na H U n  Is present, 
the follouing ihs trwt icm will IE skip@. !When the M U  is disabled, the anaver 
will ba W ,  though it may r t i l l  be c l e d  by UBX4, w i t h  the necessary "OK" I n  
a l + - l  

wxnw *!is finds and retwnl t lw  address o t  Urn next  Zurctlan kn - by 
X N I  21,28 ~eirchkng thraugh Ihe Iunctlcn addresa table at the start of tln W 
775 [ t h e  FIIT) for the n e x t  function following the current l o c a t l o n  
p l n t e d  tm by the numbr In rtgla-r  Rgp rssult is placed In the t e x t  multq i n  
Fzp. (br &tails of zha Iomrr. nea under DlsMH, cn p ll.) 

Mn h mn-mrmalising recall.  Return* to X, but r i m t  normallsation. 
21.29 the cont tnta  of the register whosa Irelative. user] address, in 

I t F  decimal f o r m ,  *am prsvIously i n  X. The stack i a  lifted. When the 
a3drcss in X is ncgrtivr, It retuna te II the contmta of tha register having that 
absolutc dtclmal address. { P l F n  u l th  7 In X will hsvt the mame effect a9 Kt, Il, as 
R X  D.W X ,  h t  mt changing the -tents  of Rg7, or the transCerred m t e n t a  in any 
uay. w f t h  -7 in X, the ef fect  w L l l  b thc m e  a6 that of Kt K Note that m, fm 
X, 4 t h  7 i n  X a d  the w t a l n  a t  regaster T CRBU addraaa #BPI, mid norraaLlss the 
cu~tmnts of H1 

tUT0 '2hc comtcrpmct of NRII. M s  tha a m t c n t n  OF I i n w  tha ragister 
XWJ4 11.30 u b e  rslatl~s arMitss im glwn by 4 p n l t l v a  mubar in X ,  but i n t o  a 
C52 r q l n b r  w h o s e  absolute address voulrl be given by a ncgativu rmmbsr 
in X. A 8  the former, t h l r  i m  a luxury, but a s  tha l a t t e r ,  a necessity. For non- 
mrnallsing rtorlng, the ordinary SID fmction (SR) IHD Y, vhen y is p~sltivc) l a  
ju-t  as gs+d. thtmalisinq only wcur3 when the eontents QE a register llave to bs 
m+J hy tlre mainframe rwtines. and dDca not occur when direct (synthetic or . tack) 
status recalls are wed. 

C h o n  a lour *Lqlt frrm arMrtua, N, ZoIlnvcd by a mrd Ww i n  244 
xmi 21.31 tormat, i n  tha last  s w m  diql t s  of X ( a s  IWUAWWW), PCWm uLll w l t a  
45D UWW into 11- i n  any protoCmER uhlch La connectad ( w i t h  davlce 
select U). 

mm and RIDm 
Ot thy nert  %M twt ines ,  one, m)AIX;, h ~ s  h n  rwlmed and f lu r l t ten  t r a  it6 

original versLon bjr Paul Cind and the designer of the HtM, Lynn Wi lk ins .  Tiw other, 
A t f ; > B Y ,  Irum the same source, has bccn Wren over mctwngEd. W i t h  tlle me of &sa 
two r n l c w e  m u t i n t s ,  any blak of words Crm a m, or from a simularfd IwU, may 
be read into m seqwnce or data reg i s ters  or fhe 41c for storagp on rlata cards, on a 
cassrttc tap, or tor reloeation {or lmding l  i n  the Rnn ef an HUlL IMLI). me block 
may later bc reL~lded Lntn n m  RfrH at the same locattun as that from vhiclr I L  was 
rcad, qr a t  rht nnmc l * ~ a t l o n  Ln a r l l f f ~ r ~ n t  Pk llOn &ddraum bloek (a ilttferant p r t ,  
In  eCtectl, or into a t o t a l l y  diCIerent locatim. 

I t 1  'Rra mctim set )iSS- 31 OPeRKTDJe I N W t C H S  

t*. I m n t i o n  of thsm tvo mutima eorapletmly m l d  Um pmble~  of m l c r d a  
routins prchmp and mmraqa, and at the s a m e  time aLnoar maplets ly  elirimtcd many 
aerioum nlcrods editing dif  I i cu l t i aa .  Rotor* the MIDL  was dam lqned. and t h r s n  
mutinem for itm uee warn urittnn, I i s t l ogs  and h i n t  ePkYl's h t  b n  the u i ly  
mean* of swehanga of &. In a d d l t h ,  tcdipua ed i t ing  at 1iatlnya. and reburninq 
of E P R * l ' m  had h nedad for every d f i c a t l a .  (mr tho deCin1tkvs f i r s t  acmmt  
at thee* routinam, see the s r t i c l e a  by Lynn Yilkina and Paul Llnd In tha PPC 

li~tsd h h) 

mH11 01 rntrp to UEG>RDU, I rwt mntrln the addreas OI the header 
X X M  21,31 registar of a block  of data reqf stars holdlnq the coda to k 
W-6 tranaCsrrad to the R l l W  of an RLI. They may be loadetl I n  three 
mmt-t WY., d e w  on t tm  af I. 

( I )  H. Wm smrd & 10 l oadd  Into tha onma luxt iano aa t l u ~ h r s a  Iron w h i c h  
It was originally read by the cmpanion rcrutlnc, ~m>m 

(2) I containo one hex d i g i t  (C to s), r i g h t  juatltimd. (The cmL'cl Corm, 
which may be gemrated by mntmrlng k b  hex digit  in to  alpha, and uccutlng 
QlOe) fie atore4 mds i6 lmdsd in- the Bame addrrases as W s e  frcrm 
vhlch it WM mad, but m u  i n  the I k  blmk specitled in Y. 

131 Y m t m L n 8  a tout digit mddraa*, right jumtltled. (lgain, the CODE'd 
for*.) Tbu mmred mda i n  loaded in- tha MLI, ntart ing trora the l m t l o n  
givm in Y. ('Ihia muet,  of raaw, km a =Lid addresl, In ttm 4k b l a k  to 
which tho HI,I la oeLE 

llpatt fror t b  W reglmr, mch rsglstsc In tha block o t  rcglstara Crom 
which the coda i a  read contalnm up to 5 words, ateted i n  the form of an alpha 
otring, m t l y  of a r*lrrstaodmd k i n d  'Iha header rtqletcr ie at  Lhe larent address 
oZ the b l a k  of ragintern, ~d w n t a i n a  details af  the b l a k  mire, tha number of K@l 
uords, and thair criqinal addreamas i n  Ron, or I n  simulated mn. [See 110@l>WE 
below. 1 

vfiarn rrr i o  t h  nimhr of ngistar5 uwd, including dm ka&r IWelf,  sssa is dwr 
a t a r m  -M frm which the Bequance ame, and rum is the nusbec of words in rhe 
file, L e m  1. A l l  'three a m  haxadeeimal. 1t uikl usually b v e  hen generated by 
IOHH3B& when the O a h  b l h  was o r i g i ~ l l y  r& f rm Am, or f ron  stmuiared Wn. 

m l l B O  will read tha mntenta af a seguenea oC wwds frrm Ta3n memory, 
XRM 21,33 Md 1-d theD Lnta a n p c i f i d  net of data rcgintere 'Iha -tents of 
B92 x arpd Y give tha addrtasea fran which tha sequence of flrxJ words a m  
to ba mad, and tha etart PC tha block of regletars  into which they  Are to be 
atoted, w i t h  Iiva words in each r q i a t e t .  x contains the starting aWmsa a€ t h  
blrrck of storags reqistem, r h i l a  Y m t a i n a  the hexadeclml numbcr SSSSUY, right- 
j u a t l t l d ,  w b r m  8Ss9 ia ths starting addrcsa of Lhe block of uords, and IUL is the 
4&w8 oC tha l a e t  word f ie  simplest  method of Imding, uslng o l d e r  mi- 
imctionm, rae tP key S S S t U L  lntn al-, m m t e  m, key the n w b e r  a€ the f irst  
of the ahring regletarm into X Md axecut4 RMrTtITi 

 ha &ddraan of the Laat data raglatar uesd is left I n  U S T  X. l?aing the 
hnctlmu in hSIIEnBWR 3, Ft i r r  mu mrrch Faster to euecute I-, key in thc pair of 
addrtasea (SSsaULL), WS,  key in the starting uaac registar number to X, and 
s x ~ t a  RYI>RDG 

that tha h e t i o n  is u a n t d  in the HL~. Ron a liating, it Is 
faun4 tc Eun from X I 4 5  (X belnq prt depndent) t o  X176. Key w, X, 1, 4, 5, X, 
1, 7, 6, RjS, 3 (firnt data registar), IIOH>kB& mat X mntaias 13, the m s  of 



t!w l a s t  dam register wd. The eoda I s  m w  In rcgimterr gS to 13. w i t h  F3 45 the 
badrr.  'fhc sack  is whan*, and ths read out mutlne c m l d  mw ba loaded to 
casr@tte,  or t~ cards, or l n t o  ths M U ,  uminq thin data. w~ is tht header reqlster. 
rhlch m u  m n t a i n s  

8 ,  or I t  r q l ~ t e r s  hvm been UBCd, the ~ m i v  H f e e u  Itoa which t h i s  carw van 
K f 4 i .  and the rmmbsr at  wcds rrad war El+1 (hex), or 50 [decimal).  

MlOX This i s  a ravistn wtsfa or the routine. originally wri t ten  by J i m  
x':ll 2 1.34 D? Arras, Mown as xC>133?. OM of the CmCtlonm in the ZIrsZ redl ly  
C9 7 avai lable ,  user w r i t t e n  EPROM net, known as JLMROU IH, (See  thrn 
hlbllography,) ~t a w n &  to tha riqht or X thm vnlm of th* rord at the addreas 
givnn by the four hex dlglta a t  the r i g h t  of X on entry to the routlnc. M s t  X 
contains rot Lhe ariqtnal valvl oE X, but that va lw hxadeefmally incrcmentcd. TIlum 
if X m n t a i n a  (MY) 

 or^ entry, m d t  it wlH mtaLn 

vherr rn id Zha u d  lmtd a t  [kt*) *ddtrsm aLml. Iast X mw oontaine 

R- Wads tha vord frm the rlghtnwt thr- digits O f  X h Z o  tha HLX3VnLf 
X W 4  21.35 d d r t s s  glvm by t h  four hu diq l t s  in x tn thc I m d e t a  laPt of 
C33 that word. ?bus tI K mntaIns the h@&Laal digits 

the uwrd nnn w i l l  bc lmdd Ln the Rlrn of Ow K W F J  a t  mtldrcss Lt i m  tlm 
m ~ c t  h v e r s e  of fa3n)X. ~ c r t p t  Lhat x is werwrltten by tha k e m e n t s d  .ddraas, 
ak(d*l),  w h i l e  m t  X m l l u m  ths prmipun v d w  of X. 

Rm Civm .n XrOH ntabar in baelmaL Iars in tb x raglrtmt. t h i m  mhrmm 
XPLIq 21.35 Lnfornatlon r v r d l n g  that XpDn to the m-ek, prwldd that ths m 
3 i 9  ~ 1 s t ~  It It h e  mk, ths furretion opratrre am a oondittonal. aml 
instcad oZ r x m t i n g  WE n m t  uwr etep, SUP i t  ma inlomation rrturned tn tha 
.;Lack gives f3-e n m h r  of functiow i n  Y, and tl?e FAT addrss. 1t.h address, in the 
Fwlction Address Table) o t  the sddrtss of  the Ilcst tunctlon In the X K H  to tha last 
f ~ u r  d t q l t s  of )(. (The m r r e c t  format for the i m m e d i a t e  use oC m.) The stack is 
IlrtPI, and Z ecd T ~onmin their orlqlnal m n t ~ n t s  unch,ulgcd. Tm XAW numbr $ B  

p l a c d ,  as i t  s b d d  be for any well r~qulatcd fwction, in b s r  x. If rxmmtml from 
the keybard, "YES m d  "W are displayed - w i t h  r e d l y  obvious meardngr 

R]a T h i ~  Iaxaa a pair w i t h  the Collowinq tunetion, M R .  Ibtatea the  
X w I  21.37 digits of x t o  tha Lett, movinp Ihs mantisma sign digit  to the 
ROE psit lm of the lednt mignitlcant 6 1 9 l t  of ths u r p a e n L  

Emforor . b e d s f  gh ij M a n  
M t e r ~  be de fg hl jk h im 

W x  Rotate tha digiEm of E to the RlghL. The r i g h t m a t  diqIt  oC X is 
It.38 rotated into the lcftmst digl t  psttim, and the rfmaintng digits 

OD7 arr di~placed to Uls r lght  XI Lho conten t .  oC X berore uceutlon ara 

111 l t m  m t i o n  Sat 

m shift k h  oDntanw of X Latt a-m b l t  The % b l t ~  oC X arm shittmd t o  
X)1I1S Zl,39 &a Left of llle reql~t=rT towards tha mantissa sign, 'rh* la fmst  b i t  
7m Is lost, uld a null bit, is shifted In  from the rtqht  

6UI A nuat i n r n r ~  oC Qa. but thLs ant th bitm at f are mhtttd to ths 
XIMH21.4e right, thmrlghtrvlstbit ,  tha l e a u t r l q n i f l c a n t b i t o f  t h e m p ~ n e n t  
7F5 d l g l t ,  Ir lost .  and a n u l l  b i t  ku moved I n  from the  lclt. to tha 
pravimm pait ion ot the most slgniflcant bit of the mign diplt. Tha rightmost lrlt 
of rh. a x p n u i t  L m  loat. (Tha rputina~/funrtionm UKlr u e  rmt QUlte inverses, slnca 
wecutinq tha p i r  loses the lefmost, or the rightmoat bit. depending on the ocdcr 
of wecution.) wed am a pair, bits or dlql te  may h clwed frola t i ther  end of x, 
and w i t h  the aid of RXL and RXR the cleared prt icm may be -Hi to any location. 
any digit may be mtilted sighr or latt, pchcessed, d ruplaced. 

DS film Ia thm mlaocoda  frmctlan w h i c h  uam briefly h m  as NrALPKL 
XraW 21,41 (see F E C ~ ? ~  113, p5d. l  The sign digit of X i6 changed from vhatwmr 
76h vdue it po~viously had t8 the v d u e  lr h m n v e d n g  th6 Contents 
oL X to 4 [usually non-standard) alpha  s t r i n g ,  aElnuing them to ba s tored and 
recalled from mar registers wLttvlut  normallskng Wing glace. The rmalnlng dlqits 
a+%  changed 

I*i Sffacts r hemdaciaal oddlclm of the eontents ot X and Y, ylaclnq 
XRCH 2 1 , l t  t h  r a d t  In X. The r m k  is ~ o t  litred, but X i m  cnerurittan by the 
€115 mm, uhilm the origLMl v a l w  ot X averurltas Last X. 

Y- I  U t r a c u ,  haxadechally, the contents of S C ~ O P  t h J ~  of Y ,  leaving 
11,43 the result in X. The original  value of X raplacus U w t  X. Y i s  

all? mchanged, and tha stack is mt dropped. 

KWP Takes t h m  onams m a p l e a s n t  of the- -tents of X. ' l h i m  inverts mery 
XFum 21.44 bit of tho X registar, and paired w i t h  CIM) 4 OR m i g ? ~ t  well have 
820 been callad urn. Suppose x contalns Ff FF UU gg FF FF VU. After 
subjactim Lo 1CHP i t  vilL instead conmln Blf LIB FF FF flu flfl tT. The three fumElons 
t u r m  a ~ ~ a p l s t e  s e t  for lightnlnq logic -rations on 5.6 variables a t  the saze u ~ e ,  
since m y  yuth funct ion may k defrneJ i n  terns of IOT rim e l t l ~ r  KiI) ar O L  

m Taken the two's complement of the contofits of X. (The one's 
x m  21,4S mplemant,  plua one.1 
830 

426 d3F 449 453 
n ~ e s e  t d m s  dscoda Lha last n dlglts of the fourteen dlqltc: of X, w h e r e  the 
v a t m  of n is as indicated I n  the lndlrldual function mmes, and apprnds the &ed 
result to t lm cantents of aim. rC tlm n u h r  in X happens to be 

ah Ed ef qh i j  3c 07 

1-D w i l l  4ppend "7" to dlh, 3-0 vLll append 'OD?", and co a. 



The tollovlnq mirromda and 'uaer coda' [UW) mutines  ara not includad i n  
APFSlRLER 5, h t  tlkllr use rl l l  greatly cnhancs a d  simplify & employment of many 
ef the t l ~ [ c t l m ~  I n  it. rapxrat ly  In writing and 1oading.routlnw into ths n t t  

FsRnr. This routine w i l l  rand Cha Laeation or w a r y  qlobal la-1 in an Whf 
program l o a d 4  into  tha IUH of an HLI. and append the addres~es, in orbar, 

to rha FAT a? the X m z l  imaqe in the PAM of the U t t .  

m r  % l m d i n g  adrlrew.. as tar m, in her d i g t t ~ ,  right justlCled in ths X 
rcgleter. WPtnf, (Ssc m16-1B alnw.1 B h W l l U E l t l  It i m  qulta easantlat to glvs 
Wrr mrrut address i n  X. W y  error 1a l l k a t y  to scramble the FhT and othervimc to 
plod*se  rpl l te  wpredlttsble results, ulth this k c t i o n  lmldnq For, and 'finning' 
s l p m  latrls, then w r i t i n g  further addresses t8 t h e  FAT. 

WYXR ~ h l . r  rautlna w l l l  chanqa a l l  alpha xw'm to XROU'~,' vhera this la 
pzrsible. I f ,  for rrxampls, XEQ "CFrPC* 15 entered into program vhan 

fSWIIlIEA 3 ?s nst &\-ailahla to the system, and W3SEFf!ItrR J L m  dmeq!ontly plugqod 
111, X p X R  ul i l  cll~ngc tl= 'XEQ Z m ' *  to 'CErFC. Tlla sama result will te oLullnod 
bllm tlla a,t&aased H1H r w l l n e  Ir  In user &r. P.9. 'm "PRPLOT" w l d  bs cbnged 
irt3 ' X r n l i  " P 4 P m m ' .  

R F W  h e  $1- repisrat mhould mntain m y  global label in t h  p q m m  ta ba 
reursd. Tf alpha l a  clrsr, the function defaults to the program a t  rhlch fm-41c 
Is cmrently p s i t l m d .  fC the program specified Is a uRcr c d a  -am In an 
or X M V  I n a q ,  then "tin7 w l l  L be disp layd .  TC there in no proqram, an v c i f  i ed  I n  
a ! * ~ ,  Zhr message *HCNMfmr' will Im displayed. 

mil mutine rill a w d  th. addream of a Cmetiar to Lhs pnT, qtl*.n dm 
s k r t  address of *a flattion i n  Pg# (Ln the sams Carmat am l a  used by 

ASSEMI. A f  car kcyinq in a lunction namo, using ASSEM, exacute UPDFM,  and the 
mildress of ti-at MUO will imm&.imtsl~ tn appendad to the n\T. 

nmr %a aaatesr or tha first wrd after the fmeCiw name, rlqht juatifiad i n  
Q;lg. N a  aC-sa i n  Fgg will b4 unchanqd, to a l l o w  the m t l n w d  unr of mEH. 

rn IC*ntlcml I n  owratlon to rn a*, but na pasking takmr p l ~ *  - m l a a m  
#are i n  Lnsuffletant r m m  for tha inser td  ala [For uas w i t h  m.1 

mfun I h r s  w i l l  MM the program p l n t e t  to a uaer d m  -am in  l m ~  u v ,  
reqardlrsm of the arfginnl p l i t t o n  of thc p i n t s t .  

IHPVP 'tha adheam, In m, to vhlch tho pointwr 19 to eD d, right jwiiisd 
I n  thn X rapimtsr, hut in n H  t o r a r t  Obtain tho addream by GETPC. 

'OTS' A t  tha pmpt "WhRT mb, key in tha addranm, in k, W8, thbn tha 
end ddreem, W% fZ rm apzillc bltiy Adreem 11 ~ A n t d ,  PJI w i t h u b  

keying any diqlm thF second t l m e ,  or place 0 In X. lh Irrvsrmim at  l lnm 9 1  TO 15 
places dm ha1 ring sddress a t  FmP. Sst the unet £lag8 as for Dl9Eift .  (9s plZ.) 

"m' m p r a  far Ols rtartlng mMrm@a tor &a entry in tlrs rumr of  CDIS", 
Uicn pronuptm r ~ r  Inrtructlonm. FromaIng W9 l n h ~ e  tho addrelad word 

u n e h a n w ,  allawltq SSFlng Clrmrtgl~ a routinm. chccklnq far  nocwury rauialma. Psy 
I r i  wn rr.*s .is ~ a - n c r l h - , !  kuidcr h!;srA an m'6-l t s t~ lvs .  

62 CF 633. 

69 TONE f 
I t  HEXKB 
12 RCL C 

13 DECODE 

1 6  RRCL Y 
17 -1- F M T  

28+L8L 83 
2 1  DZSFISM 
22 GTO 03 
23*LBL "RSS 

24 -ST.FIRT R 

@a08 2 4 ~ ;  ~ F s C I  9 
8BSC 303 JHC 8SC6 -06 
#BUD 28L 1fSET 1 

37 PROMPT 
3a FC? 23 

4 0  FS?C 2f 
4 1  FISSEM 
4 2  G T O  O i  

8 9 1 1  Bar: Wltl It?: 
LBLTDfSSUB 



%xm' prompta fo r  the m numhar c 
w i t h  a l l  startlng addrrssem 

slit 4se ~ H C K U  14cq 

8112 Of8 C O W  RLP 

UQFC 198 CyR R t l  11 21 898 ?HCWP t64l 
PUFO BRA R O C  Rt I I?E  FtC C O R  Rt l  
FPFE Q?! I:C nL1 IllF 2J8 PEA! R I P )  
FWF 2CS 

81PF PfiB AO% #( 
1102 1BR P=C II( 8133 2Cl ?B*U RCL 
8113 110 11I SLW 8131 2AB JUC 8189 -tB 
UIW @ I F  -t-  &I35 89C 'F$ET 5 
8195 016 A=t l  l S  8136 29F Jt 8189 -a 
0 t R 6  361 ?P*t S1K 8137 P7B H=C RLL 

1159 QR4 ?HCXQ 29Vl 

Bill 8 lE  E O B  LI 
0113 3F8 COS1 W 1144 88C ? M P  2R3 

I m. thm rn 9/5 p i n t m  mt 0 o s t a l w ,  
,f the mnta ined  functions and pmqrhma 

I n mnvanlenca m u t i n o  lor ISSambltng i n  Hex. no eolana arm nmadsd. 
tromptIncj a t  tha R t n r t  i n  a m 7 r  "ffiS', and %a for t h ~ t  mutlnm, m word 

may b latt rmclwn~pporl ly W E  wlth m I n p t .  h r  kuylng lonq m . W n ~ o  fron m l lmtlng, 
t h i s  1. m t ~ h  i n a t . r  than ba lnq  "hSS', 

Prompte for the beginning and and addressam of a b l o c k  of - d m  to ba 
w t n l ,  ul l f rq  Imm. ttwn ptompcn Lor the arldcerrs of r tartjet block rn hnld 

fha cnrlrr. ' l i s r  block Irr u, l . rnrr l  va t h b r  I lc  Imr4 Ir~sut ibn,  rod cx,picri lack  to Xbfdl 
A m h i p  Clem tlvura, 

25 

BIEE 1tC I C R  I !  8182 338 FETCH StX t222 & t S  8212 3 M  C 0 4 T  P 
DIE2 086 &=R 5$5( B29J 362 ? A # [  1R , 822E 888 ?HCXO 2255 8243  681 C l W  5 

8246 2FB YPITE tRTR 
B l E 6  ZiC:?FSfI 9 8281 B1C PC@ 3 9221 W R I  !KKP 8113 8241 % 4 E  [;I AEL 

B Z l B  218 FAN SLCF 
BllO 2J6 C=C#I XS 8281 248 SET8 3 

B Z l A  2bb t:t-l S I X  

Yt- Baa tha Inatructlon. for  th u6n of IDNIP. p.17 b s -  

TV hpplicarion p r q m  and mutines CSSMLtfl 31  O P ~ T I I T ;  INSTRCTI(II3 

I5 STOBYTE 
1 6  X <  >'t 
17 I t ISBXTE 
18 R.1 
1 9  "PRESS S 

S T "  
28 PROttPT 
21 CLiC;HI.I 
22 E I I D  

I 
01 * t S C  " MOV 

E-  
82 "BEG EHD 

03  HEXKB 
84 G 
05 R O M P R E G  
&3& " Y O  " 
07 HEKKB 
88 B 
69 REG>ROP1 
1 8  Eldn 1 1  I fOD 

12 X< > Y  
LBL'PIOYE 13 R.P 4 E  BYTES 

EHI) 1 4  X C  >Y 

01*LBL " X I "  
02 X c > Y  
85 640  
b 4  + 
09 6 4  
06 + 
0 7  + 
Gt3 R C L  )! 
09 35; 
1 0  ST/ Z 



-3e may hn prlntad out by wing thn a ~ l l c a e l r m  mltlrm m*en~2H, glvan nbovo, 
lhrm Is w r y  I i t t l o  upcm ta n p r a  in  MSEHHtER 3, and tkre mutinon, while- canpact, 
nra  wbjsct to revision i n  later w r a l m s  t h a t  may lm r a l s n s d .  nemrdlnqly, tlla 
addresses given b l o u  are t b s n  ot the lirst relearn M i y ,  qtvnn lmre lo assist 
t h o s e  In terrsted in dornloadInq them onto crrfia, or prlnting them fo r  study 
yurpsrs. Plly rhc Jast three  digit^ of kha a&dresjvu are given. 'lha f lmt  Gepnrls 
on the p r t  Into whbch t k  mM ~lmufat5ng d q i c e  i s  plugged, or rn the setting of 
o&rchainq =vItchcn i n  Lha unlc, an I n  tha eana of t h  Am-IS& 

It w I l l  bc mtrd t h a t  mmc of tha rcrutlrrs l i s tad  h a l o w  ara mtarrd. If theam 
arm dounloaded and wr i t ten  tn an WLE w ProtooJner, wrn burnt into an f?PRW, t h y  
vl l l  rmt  execute 4% Intended, a i m  ?heir called routIncs sra not st t h o  utpctpd 
addresses. mutines which do not call up w y  others, as Is Indicated in tho table, 
may he freely u s 4  i n  this way, always keeping within tho b d a r i r s  OF ~ I q l r t  
prouctlcn. The use OF the o t b r  tumtim~ v l l l  normally rrrquin extenaim edltlnq, 
h u +  uh-n t h l r  mtlcd flvtctlma arm at tho e u ~ s c t d  sddr+nnrm, thn rcmalndrr oC 
thr  X F l M  may I- chanpl .  mrrn I u  aaolntnncf Ln Lhla arm - From tho full anmtatd 
l l s t l m ~ 3  of A S S m R U R  3, available Kscn PPC U e l h n s .  

m r r :  WhUc the nwtrra  emn b l o w  am tJmm of tlm narsd M m 6  fn 
-la 3, they uU1 mt m s i l a r L l y  match thoss of fimctLau W c h  it. amtnin~ i t  
acms5f-l trim a dlffermt EPm ~ t ,  of rrom the FWI of an H W U I . . I  or Pro- 
Uhrn uaing a routlnn m t a t n t n g  auch a function. delete it, n n b  raksy i f  tha 
fwn&cm la to bc w i t h  a differart EPIUI( or with lrON slmplathg TUn- Tt I s  81- 
p.;sli%lo t h t  tJa idemtlcally mad tlmcdtion wt Ll mt brim the mama p r o p c r t i r !  a¶ .  
t l m  In  hS!ZHmm 3. mt t h  rwtLM ENIPM~Y beform uaing W dEtermIna vhether 
them am any glrh dUf-. 

mble lvt naetlon adllrcusss of 3 rwt inea .  ------- ------- -- 
XFDH metion Starting PPC KM r XtWl Function Wrting PPe AI*l 

1 .  nmv! atldrcss tquivalent t F b .  name addreem eqUiV*letIt 
- 

21,QO WWtXR3 088 .. r 21.25 SmertPI 867 *taut?l 
21,Ql h'.V 837 - r 23,26 IMDP . 99E - 
21.02 OR 83P - 121,2'1 W ~ L ?  B4h .. 
21,OJ mFIH 3rd - I 21.28 WXlTH 1 1 5  - 
21,04 ATSM 1C3 - 1 21,29 Hn3L * 41F -!a* 
21.05 D t S m  * dCP - r 2 1 , 3 0 H m  C52 "Ellg 
z 3 . a ~  l u x  703 TD' r Z I , ~ I  p ~ w m  468 - 
21101 XSR * 7EI "OC* r 21,32 Ra;>UX4 BF6 - 
21,oa rro>anl* i 3 r  - . 21.33 m4,m tr92 - 
21.09 B11:,RCD 114 - :21 ,34  raYI>Y U11 - 
21,lO (IF55 7C I I I 5 4 ~ 3 9  - 
?1,11 SF55 7CO *IF'[?) 1 21.36 TCM7 3FU - 
21,12 ClJrH RD3 - r 21,3? RXL BOE - 
21,13 OXlE * O M  "w" r 21.38 TRR 807 - 
211t4 DWODE [I nE *MP r 21.39 SKL 7ED - 
2 1 " t j  IXrWlW * h62 - 1 2t,d0 EXR 7r5 - 
2 1 , ~  mirm 894 - I 21,41 X)S 76A - 
21.17 N I P &  400 - 1 21'42 X*Y  815 - 
2P.lB VIE*'& 105 - r 21*43 T-X B1P - 
21.19 DISS 4flF - t 21.44 1- B2B - 
11.20 GFTPE' B5B * ~ ! ~ [ 7 )  1 21,45 M 4 P  030 - 
21.21 fVrff C74 nSbg17) 1 Zllrlh 1-D 4 26 - 
21.22 l h .  ADP - r 21,4f 2-0 43P - 
21.21 P S R Y P E  B70 - 1 21,4A 3-U * 449 - 
21.24 r h ~ l m r ~  nd5 - 2 1 , ~ ~  4-n 453 - 

I_1_-*- __-*-*--I1-_ I ------- -.11-13..----.IC31111----- 

- ---- 
WM* Rnctlml MpLaMtlm 
----P--"-- ------------ -- 
ImTPOVM)  &SSM M attempt w#s made U, enter a m m d c  uhlch W L ~  

did mt r-lse. (Pa* 7.1 

'IODrW1 N5SW A jump diubncm i n  oceara of 63 urn& focuud, or 61 
hckuard wail given i n  alplra or in X. {See prge 10.1 

m mPrm EL- no F F L ~  RNC pr*surt, or not m d l d  

3-HE IHSBYm  to Rw4 h r  na out 

TRIMiAm XNsnYrE Wa just p k 6 d  - onawaqsaent to usur 

m W S r  R I S B m  VimL intoraatka fn ~ h t u a  reglrzar c ham bean 
FlWWrE destroyed. 



a P P E u D I x  h 

T b t  a d d r e o m  o p e r a t i n g  o p a c s  

Iw-alc/cv m ncm~ry space 11~-4lc/m ~ ~ r * l t y  

T+m M l c  operatam an 8nd with two entlrely dtstZnet a d h s s  npacclr. me is 
-ally anly -led by m mmmy &EL, and tha other w i e d  by RAn. fhc RW 
epcd Is addressed by tlm microprcmsmr of the 41e through %It@ l a s t  tm bits of'the 
m i  snd cxpmnt  d i g i t s  of tha C reqtster a€ t h e  CPV. ' ~ L Y  allows t h  addressina af 
218: or 1014 Locntlons, a t  eaclr of whlc l l  tl~nrn c m l d  km n SG bi t ,  14 tlkqlt, 7 i-ytq- 
xegiatmr. Tha contents of any sucli nddrcsecd reg i s t er  may hs read i n t o  t h r  C 
reglmter, or werwrltten by the contents of the C reqister. Indlvldml byte* In e 
regLeter are MndLed only by r ~ d l n g  the whole df Zhr reyluter to C, treatinq the 
individual byte, and writing the result  back to the nriqlnnl  l a a t i o n .  (The adrlrcrs 
OF a byte holdlnq the next lWN praqram instructton to  bc r~ccuted l a  kept In 
reqisttr b of status whlch lulds, rlUl register a, the w e n t  pr~gram p i n t e r  and 
the n i x  level nubroutlne return stack. Even then, the ulwla of b is read to thc rn 
reginter  C for fetching t h e  next proqram inecrvction byte, and s t i l l  ham to h= 
iwlated w i n g  the reqlstar b Infomatlrrn.) 

T 
x-v FFFPI mrt 14 1 

1 mt 4k 1 W r c s a  
d u l e  
no. 2. 

I 

x-ry 
module 

769 JOl l - - - - - - _  I 
768 305 I 1 mpty H r F s Z  - 1 
767 2Ff1 J6 Dnpty addresses I 

1 
7 5 1  I W i t h  Ws mH addreas spa=, tha mikuatlm t* dlEFermt. mf being a w e s s t d  

eithrr thmragh rr 16 b i t  winter i n  the CFU, backed by a 4 level subroutine r e t w  
aMck, also  in the mu, or through regletar C. W i t h  Ib bI ts  at its d i s p ~ l ,  641c 
words of FbM memory may b? addressed. 

- - - - - 4 1 239 registers 1 m. 1. I 
513 3 1 )  ----- I 1  

C F F ~ ]  , r t )3 , 
5 1 2  2001 1 b t - 3 8 r F s T - 1  
5 1 1  lFF1 mp or 1' r q l s k e r s  I + CoaRl 4k I 

I I 
I BFFF! Port12 , mta aceaus ta #M words iu effcctml through the sign and-nt aC nglsttr  

C of the  CW, and individual ROM wcrrdu nay be read into c by a sptelal C W  
Inrrtruct~on, called by WP, CXISn.  .(In Jacobs nnemonica, F E K I t  SLX.) Each a i  the 
words of We FOM n * m q  s p c a  I r  (orpcted to b) ln  bi ts  In  length. They mag b 
treated either aa data or as l n s t n s c t i c n s ,  bcinq k i n d l e d  as data cmly when rmd 
through a pointer i n  C ( In  d i q i t a  3 to 6, the 'addrc.rs f ie ld' ) ,  under control of 
m r d a  from tho Ramc data qan fran uhleh Lhcy are read as instrrrtlms by Lhe CPU, 
or whm '1osdr.r into the sign and urpDnent d ig i t s  of C from the folloving word by a 
W I  inatructAcn. 

1 I 
enna I 

I. hFFFl 
I 

I hOfl0 l 
I@-4le/W 9FFFl 
ar p a d  I 
module 90RR I 

Port li 1 
uppr III  ] 1 I Register RRB 

m t a i n + l  s - =  I = r = a i r I 
The my ke dimztd bD atkhas dkftermt 16 reqimtrr b l a b  OF PAPI spa- 

[MS[ICF, folbuml by tha adsress of  the Zlrst of t h  161, and thm dbrectecl to any 
ana ot tha rcqlstars vithin those b l m k a  A R E A ~  Instrvetlon rill t h n  m W  any one 
of Ule 16 to reqlaLer C, uhlle WRIT DATA vill avcrurita the mnmntr of mt address 
from G f i n n l l y ,  tha  instruction FOP will read to C the top, and thus the larrt, 
aMreas from tha subroutine return atack to the addrear field of C, and drop the 
atsck. WS!! h s  the xaveree. 'Ibqether Lhty a l l o w  cvmplccd xQ'5 and W a r  and the 
raadtnq of mquences of b l a k *  of Ran vorda as data. 

.m.+ 1 m r y  , E-N D . i 
1 1 u m ~ l l l l l m * I 1  
II I 10 registers slams 1 

I P l m l l l l m l l l l  

Ttm a*acul ia  sC R3l inatructiara, whether in tlPH user Dodr m In mi-, 
pracecdm fran Lower to hiqhsr numbared addreusme, though t h a t  o t  I U M  R n t  cod# 
v e d a  from hlghtr to lower clddrensee. 

Spare . . . I 
I = I I P C I I I I I J  

AufEer space 1 
L I I I I . 1 1 1 1 1 J  

~ c y  e s s l q m n t s  1 
I VlUS=l 1 

3000 1 I 
I 2FFFI system , 

I 
Extended nlnctlans I 
RfrH - 320 registers I 

64 0401 I 
6 J  03FI 1 

r m t v  addresses II 

1 Status r g l a t e r s  I 

1-56 OILS---I 
(14 dig1 ts, 7 bytes) 



T h e  C P U  m t r u c t u r m  a n d  r m q l m t m r m  

The tolloutnq diagrna rhwr the Interm1 raqlatera of  ths 110 CPU. "maas ara 
quite dirt lncc $mu khu reg l~ tcra  of ~I'IQ ?aM rnaaory npocm on which rho CPU opratss, 
knd tha 41c wuld s t l l k  pprfora i n  4 limited mmer even w i t h u t  any OF that RNI 
memory. The diagram ale0 rhous, thouqh In an incaaplata form, tha dynamia q 

intcractlen of these raqistmrs. D w  armus Indicate olttmr pa*. of &ta f l o w ,  or 
paths of cmuol. I t  6 M d  be mted that it ia tithtr, through register C, or under 
the control o f  rrplgter C that Information Is directed through the C W ,  and inm snd 
wr of I t .  l n w  I t  f r w  Rm and PnH, and w~ of I t  u, Lha dlsplsy, tho pcintar, t l ~ a  
ra&r, and ta tha zcat ot the world- 

t o n d l l l m l  
or Carry 

W l l e / N  8 T U  mgtmtorr md fnformation Flm 
( M c o r  J. schwartr, January 1 9 U l . )  

m r a  im sow mfl l c t  ahmt rhe specific CPU mqlmtoro a t  tha d l n p ~ l  oC tho 
microcad- proqrarrmer. D i Z l a r e v t  rafarences give dafforent accamta. lSea tha 1tP- 
Journal for Huch 19W, the RO-tI Hanml, Stova Jambsm PICIN a m w t  and Saka 
Schvartr I n  tlie PPC Southwest Confarencc proceedings. Other  nourcas a re  more 
authorktat~m, and have becn usad as s quid8 here. It l a  p s s l b l e  to render all or 
tlaese conaiatenL. ) 

I h g k m t u  C 56 hita/ll diqlrl/l warn. mi. 18 t h  w i n  rsgimtsr of th. CPU, 
and i t  i a  through t h i n  t h a t  the  majority of opsr&tiona ard  

prfomd.  ( s e m  ths f o l l o w i n g  Appndlx.) W n  m r d s  may ba read .a data, PAM may be 
read or warurlttan, a d  adclxessed, peclpherals may bs read OK w r i t t e n  to, stc. C 
interacb dlrectly w i t h  most ef tha other tw registers, r e  emtrolled by IndivlduaL 
microeods ~nstructlons, or d c r  tha direction of the rw pointer registers, P end 
p If  such a cwipr Imn i s  OC MY help. tha noarest analogus m C ia the mia played 
$7 the X reylster  i n  t.he ruqt dmaaln. % mntenta or C aro continmruly clrculalad 
c * ~  tlha m k n  wptt+m h, Cho l l n o ,  .~~.molbla at tho p r t . ,  h v n  bo MTh. 

mgistars A and n 56 bttn/l4 dlgitmn byter. Tbemr interact v i th  C and wlth 
eaebther. mclr -tents may br wchanqed 4th. e m p r e d  w i th ,  

addad to ar copled from those o l  C over any range, as detarmlncd by IndLviduaL 
Instruetlms. w r  by the p l n t c r  rcqiutcr~, P nnd p. While C l a  the main rpqlstrr for 
sritlrmntleal oj~ratlwls, IC i n  m l y  In m j ! m c t l o n  4 t h  A n~itl  I1 tlr.rt mr-;rt t*f t lvrr  
aritl~rnnticnL olarntions can, La cnrrlntl out. 

Raglotam H and W 56 bCtuIl4 dIgltu/ l  bytes. ficmc are used tor mrorago and recall 
only. They may be eoplrd t o  C. or C r a m  C. Individual part*  

cannot interact w i t h  C. mink at them ns urr~lul for -catch 5 T  temprary storape 
only. 

mgirten P and p 4 bita, me dig i t  m l y .  f isse r r e  mly u 4  to p i n t  to digits 
i n  C, or i n  C togPthW w i t h  A ( r  D mtly. IWly Fn.'" t!W rm*lrctm\l 

wintar [which i a  then h u n  rrn W 1  la  usually In ;se a t  a tim, except ulren the 
interval betwean the digi t -  they p i n t  to i s  to bt oprated m. mey may he used as 
colmters, decrcmmtlng each time they are cmpluy~d .  Treit i n i t i a l  w a ? w  Is  not 
determind through C. but by IndlvLdual insttuetims. 

lh -111( onmmr, PC 16 bits, 4 diqIts, 2 bytes. Thie holds tlm address of tht 
mle-s lnstructim evrrrntly brinu addrcrrsrd, and Is 

incminontnl 8ft6c thmt Inntructlm hna \urn r~ tc l r r l  fran 1 ~ ~ 1 .  ~ t s  valr*. miy 1-Y 
plrhsd onto tha .ubmutlne return stack, nnd n p l a r r d  by the rightmoat r l j y l t s  of C. 
or read to thoma dig l ta  ef C, allowing comptcd Xpk and W W s .  When an XQ or WIU 
Lnstructicm 19 m - t e d ,  Its  value In p s h d  cnto the SBR s t a c k  and r e p l a n d  by 
the  read valuu, as i n  the case of an XQ. or s i m p l y  overrrltten Ln the case oC a 
m. 

lh SBR 8t.ck 1 16 Mt r@qIstrrs. The 'mtbroukfnc r c h r m w c k .  'lhig l r  a sat 
of four raqlatcr., arrarged i n  a 'first in, F i r s t  w t '  pattern. 

mm M ~ U O  of f l ~  Im plahcd onto Utn stack for an xg, wad I m m  the stack for s BRI. 
Tha lamt lwsl i n  cleareel to taro vhan ths atack drops. 

mqimter O 8 biw, 2 dlglts, 1 byte. Uncd only Cot t e m p m r y  storaga of part of 
the C registar, as dtreet*d by P or p or both. Ofrsn urrd to hold 

prt of tha illmqs Whils any two dlgi t r  of C may he storcd ul, or recalled f r w  G. 
rm meilrlrmetic operstima or other o p r a t t m a  may ba effected btrem t d C. 

m t ~  m  met^ i. ~onr l i c t  wet  ths mitt or this ~ g i a t c r ,  but the -1 
(narch l 9 B O l  and the ether sources suggtst 14 b i t s  only. rathcr than 

tlm 76 cIaimd by J a b  Schwartt. S i m  t h s e  bits may be indlvidualky net, cleared 
and tcutcd, am ' f lag.  13 to r, they m i q h t  k e  considarcd m req ls t r r ,  but d y  B of 
thcm, the "rqual s y s t t m  ilaq~", I ta  8, may bc manlplstcd as a blmk - through the 
npamnt ot C. lri Store Jambs' ac-t oC the lnswctim ~ e t ,  ST is t h i ~  group c l  
B flags. The 0 are d m  used ta mntrol the dlstlnct B bit  'rtgtatec', varlausly 
c a ~ l t r l  IT', or 'Tans' [but a180 ca l l ed  'SO', or 'Flap mt'l, to operate  the 
'bPnd-rb. mwa are u s m l l y  copipd to T from f l a y  0 to I .  Flag QlWSU/Tbr;e/T 1s 
normally then, a copy oE flags a t o  7.  19 beat  thought of am this block of B 
flags.  

t l m g h 1 3 I 2 1 1 1 0 . 9  9 7 a 5 4 3 2 1 B --- ----- - qua1 s y s t a  S l a p  - 
F l a g  I n  - rf --------- 

n a p .  fJ  tu ?O M Hgmd hvm tkr iollavlm~ wiqnlt:eance~ 

Flap 13 8mt1 ~ I * I  m l n g .  
f l a g  12 net1 Private prwam. 
Plsg 11 matt Stack Lift anabld. 
FPaq 10 net8 prwaa pointer i n  a!. ( m n l n g  W# d in m.) 
Flaga 9 h BI Speeial roles, I? m y ,  net m. 
Flagu 13 to B mny mly bs w e ,  e l s a d ,  or tmted, hat flog. 7 te P m y  bs mad or 
written from tho anpmsnt of C. Ha strwld, tlwn, r a t  

annarullx a: I h m  r ~ l !  *trrctl~rn and rcrristrr# 3r -T- m m 1 m  



mgistur T This In m a blt raglatar. a of nmqa ? f $ at Sr, \rwd tlr .and 
W the beeper, to the 'mnd.r9, as HP call i t  'Iha m n t n n t s  of t h i s  

ragiater .uy  ba ~ t t  fr- C, (V c l e d r d .  me d r  of t imaa  they are aet and cleared 
psr second derarmrnss tho pitch of tha +merat& Tare. settrng m11 bit .  of T to 1  
'rurna the bcnder m', claarfng thar turns It off. n j a  period im daterrainad by ~JIE 
n u h r  of m a c r d d  insuuct ims between UIO on and the off. tha duration by ttm 
n w h r  of G?;aFF's. 

 ha ~y buitar r+~, XY mi. IS m a bi t  register bldirq *h. 'hy flrgma, c for thL 
row in which r key iu located, 4 for thm column. Thia i a  

)-dad w i t h  A & P.F31 L1K to each k e y  uhrn the key i m  depsmsaed. TtKl kay, and the 
currant function r~signed to tha key Ia then d s c e r m i n e d  by softuaro c o n t r o l .  
Cnmglnq Lhe s o t c w ~ r s  than r & t i ~ s  tha key. {Saa tha rwtina MEmB of PSSEnBlPR 
3.1 The mntarrts of LY may ta r-d tP C trj the mmmd KY.) 

Wio 'madar f lagm C mi* i m  6 singlm bit rsql=t.r, ar t L q ,  vhI& l a  .at whan 
&era I n  carry digit gemrated by any arithnatical ot 

mprrlaon graratian. Whon nt, Lt ranainr w for tha naxt InatmbXIon only, a d  
m u s t  r l w a p  b baested lmmediataly by c b  n a x t  I n s t r m i o n .  ~ 6 c  tecaats of C arb 
combined w i t h  the lnsrrwl t lm ullpsa erracution 1a to be eandittonal on rh. muto of 
C. klam of tho possibil ity ot m t u s i o n  with reglutcr C, rhta i a  parhapa b a t  
called 'carrym. 

I h u e  Is, af muram, wrn to tho CW than ttm o~tlecticn at  I t s  reqlstm, but 
rhara is am heed here tor that iurthur mtall, a bawlad* ot It not being && 
for af l i c r a n t  mierrnode pio@rnsxnq. (S?e thn l lP4wn~1 for Mrieh, IllBCI for rha 
L~~llezr description lo the p l l i c  -In. ) 

Iha tall~uinp diaqram Cran a k a  Sehwrrtt' ~ n n u a y  9983 Alamry af mi-0 
Informrrlrm s b u o  the structure and f ie lds  oC the A, B *nd C ragilters of Lho IIP.  
d l c / #  [PU, w i t h  ths Jambs' mnmmarbics for thc i n a ~ t i m a  which &tsraine dl0 

f l a l d  of oparatlon w t h e m  ot E l a s s  a.6, 8.I: md ciare  2 Lnsuuctlm~. An account o t  
the -tarpart, of rhem- for oarller ealcukatpr# apfrearmd in tho tP-Dlgat  for 1477. 
 as tlla biblioqcaPCy in & m i x  F.) Hate rhmr tha h i t  n d r s  g i v ~  i n  thm dlagran 
b l o u  ara the Inversa o t  the t tag n w h t a  of Lhs flsq mglmtar, raqismr d, at €he 
IIP-4lcicV. F l r q  numlrr Od !a b r t  numhr 53 of raqimtmt d, f l a g  numbsr 21 1a b i t  
nurnbcr 34, etc. 

Flald: - Hybblafil 

nr (nanalrar I l p n )  11 53-15 I Salmstml )otntav (P or 3) 
n (nant l swa) 3-12 11-51 pR Ak Mrbbl. p l n r m d  t o  I 

X 5  (Erponmnk Slqn) t a-11 II4- Frcr nybblm O up t o  nybblm R 

x .or I? t~nponmnt) 0-l 0-7 P-Q Frm Pth nybblr t o  Qth nybblm 

&or (hdJr.#81 - 6  1 2 - z t  @MI+ At nfihla II  mnd II+1 

5511 t ~ m p .  I Cup. Slpn) 0-2 0-1 l 10el.- l o d  4 t  nfbblm II mnd dmcraumnt II 

~ L C  [Cntlrm 1agl8tmr) 0-11 0-55 ILCT ?. lalmer a l c h  pnlntar I s  rctlva 
sccr p 

- 
It the ~ m r t  of 7982, jmt a year htom tho vrlLlnq eC tlw prcxnt -1 

m n ,  Lhe oituatfm waa simpla. 'lhfra was rnly me K W  slmulabr  on the m a r k e t  - 
tlle I l m - l h ~  my wantlng to writs mlcroeode h s d  to hand burn the lamt 9 bltn OC W C ~  
word into an EPIIIIH, thun conblna t l ~  f i r s t  t w o  b l u  ol each grwp 01 C o u c  w o r d *  i n t o  
a a l y l a  byte fqr bvrntry In amtlur VWl, plby the r e a u t t  i n b  Cha IQIP-tSY., and 
try it out. .mere ware rm other ways. A year later sverythlng f r o m  an IL drlven 
EFW3bi burner m mssetta amrage of xmM imaqes I r  aval lahlt. What la needed? fie 
i o l lowing  summnty may h e l p  

L L WH sirnufabr. film may bs el that  . hn EPFbY4 W d  a l m u l a h ,  or 
ii. n Imn-holding trvJ mimula tor ,  or 
lii. R cnmblnation sf i and L i .  

- t i )  Ih la  imrolws wlrq a mllas slmufatot, an e l m  or w-ax a worn 
InterFnm and ProlPEPm3I, or a Hountaln a-wter simulator. !Bme kind of 

mR0W btmner l a  also needed to write  r o u t i n e s ,  untess ueer i s  rnnte-tt t? rsc' 
~~m'rn wrLtten by others. m Hclburna used an klM 65 r o m p e r  w i t 5  nn m-1 
burner -it far early r?xprrlrnentatton. tater the British made, 6 4 - d m t a  a r t y  2 
EPmH b u m  and mplar uar hwght and uaed extenel valy.  and d n g  h FEZ ua* 
still needed. later, routine- i n  f U S l C  wre  vrlrtsn (by  Rtchard collettJ for the 
small  Australian &signml and manufactured Mferohes, and an lntarfaca d m i d  6m 
allow routine5 written uelng a BASIC assembler on the nicrotga to b lmdcd  inm Qhe 
mEty 2 for $Irmlnq, and for mm4'a read by &a mfg Z to be fed le the nlcmbea 
for dlaassarnbly. Later, using a n  L6 interface, ~ P i l O l 4  Images uara sent to the 
Mler9Fwe f rom n 4tc for  tapld dlsaesenbXy and tarision, and blck v, the gJrrY 2 
khrowh a 231  tnterface for k m l n g .  Huph eC IlssmnrER 3 vas vrltten chis way, 
t h g h  Michael 'rlmrnpmn wsed a P r O t d I X K R  C u r  m w h  of MI w l y  work. F O r t U M t e l  y ,  
! m a t 4  w i n g  le very rimplrr w i t h  the Fat ty  2, whlch is dm mvenient  for m4mr 
rwiaims. 

(ii) llss an nu, an MLaL r or W t a L  fr, a R O ~  (dth YmtnrRhT mitJ, ar a 
Hountatr comflttr W B 5 5 $ A  w i t h  Ulelr "PAM A M  01 Imit'. the WB54$L Ihe 

third ard fourth nD not require m y  mliOn mit  IOC q-eratlm,  #mu$ thm U- 01 at+ 
an R!XXMBGER 3 makes tJm task of Imdlng code enomwsly mmlrr. The f i r 3 t  tnl an1 
the laqt accept WR3Nmu In addltlon tu the RIlH they b l d .  mu M U .  thc HIDL I, vl tb 
t h e  H w n t n t n  Capitcr mit, cnrr b l d  m!Wl'a In  addit ion b thnir =.I. 

( i l k 1  use an HLI a U w t  I, bolh oC h i c k  aoeapt SI( of ~ R W U ,  crt c motnrJ3FI 
w i t h  interfsm unit and ProtoEPW, the l k s t  for bldlnq tho mai*s of 
3, or a MrxmtAin Cmpliter m i t  - or usm a OaZla~ m i t  The PITA md Lha 

Mountaln Qornplter unit arm tho mout mmraniat ,  b l d i n ~  m t h e y  &, 411 01 EPTtCnhm in 
tho former, and CP 16k Ln tha latter. fha M U  i r  vohahly tha most -mnlwl 
plrchama for domlapnant  plrposcs, Lhugh the UounIaLn Complter ult ,  w I U l  ths &LI- 
on mb~ i o  M T y  a m p t l t l v a  i n  prtca. mmplatd, or prt devalcped m l c r a o d a  or ussr 
d s  PCJH imagaa may In uterad an easaetta and lmded tn lur( far m a  or further 
revision with any of theas tmmhhatlons, W h  Lhs use of the A S Z S I B L E R  3 hmctlua 
v l l l  lrvaka t h i m  task vary mueh aimpler. 

B. X -tor intrrrfmesd t WH . M a t a r  tor met- u fW4 m U t o r .  
6uch 4 aymtam ie &mcrim by F a d  L h d  in FFC PdwLieal Mtc¶ I. 73, md ail 

mrller mlt Ln ppe mchnical MtM Ill. (Serr tha albllgrphy.1 FWiW13 &bcribes 
a 4k M Y  unlt, lnkarlaccd to the compter, w h i c h  may hold an assembler for v r l t i n g  
m r l m  trr the m t h n r d  EM, tran &felt, i n  I t J  turn. I t  may b4 read a s  RW by the 41c. 

C. % Rtchard mllett m y m t a ,  m a  &scrlhsd a m ,  ur ~Lal lar .  
R)r burnlng DltlXF'm from m y  nt t h a a  I W C  olmulaclnq uyamn. dm a E'fW 

k t r ~ r  or ldountafn Compltor m l d  Im owd. mrs #lvl tbt there I r a  cmpstlmrr tn 
h99EH~LRl l  J .on tho rn.rrkuat, tfi* 1lrrL of thoma bein9 produomd by Pugat Bound 
mogtamnlnq. D a t ~ C t m  appaar in nppmrttrr P. 



A P P E H D f X  PI X R O H  n u m b e r i n g  a n d  r t r u c t u r m  

n6 s r m m m x ~ ~ ~ r m  w JIP-41c x m  m c m  
-----*-***----------------- 

EJ!-- -E!!2 F-"----x-%2E.. 
Wmt P I  SEU A 19 
SCAT a I M L U  19 * 
SlJKVm fl3 AVIATIM 19 * 
FINRN=e 04 K N I T O R  . 1 9 * t  
S P I W W ~ ~  ps ETRIB I9 
C I H  At& 06 C P K  1981 2fl 
S C l c r A  PI MSWLER 3 2 1  
Sw.FSS 88 I t -DLWL II  
1 I 1 1 i :  HI Pg I /O 23 - These t w  k r m  
&*~Es 19 I k D W  24 - s a i n g t e  8k 
c P P ~  1w1 la * - M ~ I  2s 
X3 L ED 1P -TIHE- 26 
REUESF 11 - ClNiIE 17 
PWIICNE. 12 *S m 28 
1II1rn 13 I - C l L F M -  
IUIVIC 14 IIP-IL HDOIM) 
P L T W  15 - P l u m  29 
P!iTlaL 16 u W , R E R o E R  39 
P ~ ~ S E R  n 'PPC m 2 31 
PmlTER 18 ------- -I-- 

t mly A ma11 nvnbcr of thFl m, an eu ly  
verslm ot rhs ILWr IICPI, =re wb., and 
Ltey .ra wt stocked or m l d  by W. 

lhose marked with mtariskm b r a  their idcntiCyfnq Mlmbor, .nd rot b uwd 
l n  t h  H F 4 t c f c ~  rt tha aamo t i m e .  Of tm, Lunctlcnr vlth th. - 11m 1D, that a t  
the leb*et alWrasa (La. i n  the louelt rmmbcred prt)  rill bs accessed first, md 

' thu orher Ignored. f t  i a  refommended Uut 21 sharld Im usd, es cis11 for WFU4 
srrs, miens t h e w  is l i b l y  m be a a n t l i c t  w i t h  [say)  ami ih5 i  that tila 
n u h c  01 a Cunction in an EPMU, ec h a m image In Un RAn of an nLI nhwld,  eo 
f a r  a s  I. ,mn~ib le ,  be the anmu ma that or any lunct1on uLth tha l a m 8  nama and 
opcatim. m i a  w i l l  & w i d  tha need ro *a-kay t b  xRan tommands If  accmeslng 4 
function cK a program (In uecr wdn, RR() writtrn w i t h  a d l t f e r s n t  DmU sot. (Sea 
Ula dlrcuselona of Uwsa laattar* in PPCM Kcom 814 onwardm.) It 10 necrrauary to h 
q u l t s  c luar  a t o u t  thm t w o  klnda o t  confllctm pommlblaa t h a t  of addraam mpaca. 
avoidabla by tha rwr, .nd of f w t l o n  numbers. To th. latter thers mu neema 
tn Le m mluuon - tbe tlrae for agreed aturctuda ia long p m t ,  m d  m f 1 L c S  im 
wuvoidab1a. 

While mulactian of m ID h r  1. up yl tho asar or Um M U ,  ilwrd 
whan emplvylny a R7H or an f;rM set, when the ~ l t r b a r  im u&lm ta Lre chmgal, dart 
mC h r r t l n q  now u'Lam iullr, t l l m  X ! O n  In tr&r in a W Impa, am i n  en H1.I or 
ProUlrXlCIEh m y  b. c lmnged at the dlecretlon oC tlm war. (Changs th. Imxadacimat 
nuraber a t  d d r e m  MOB.) me trouhls b r a  la U m t  RPH routines ualng tha tmctlonm 
Ln the wit ~ 1 1 1  need r t d l t l n ~  by delet ion and rekeying OF a l e  w t ha t  they may be 
remursd rn the r e - n h r e d  f4AH Image In tha M U .  

X R O n  S T R U C T U R E  

arm k t s d  a t  wble 4k bloch o t  eddm#mk 7tm Sowwt m l d m m n a m  in  an 
*#h'.I, and a tar  of rha hlglwst hava speclal Iunctlonr~. The samaindar may bs filled 
in m y  way. mb l w t l o n a  In the 4k blocks m w t  bs filled by ten b l t  wards, giving 
210 dtffecsnt m f s .  m y  nay be read as Instructions, or as rLphanumeric data. The 
Collouing summary, .r lrpt6d E r a  Jake ~ c h w a r t r '  Januaq 1983 PIC mCarenea paper, 
chould bs *upplem.ntud Ig t h a  mtutly of an npp1lcatLon Ron, m.g. tilo Extended 
Fmulcttona module. A listing emn eaaLly ba prrrprsrld by uring rhm ASSEnnLER 3 
tunctaui. VISA%. 

!mcalativa 
address [hex) nmction oC e at that &*a* 

-- ---- --------------- 
XBUB 'Ihs KllW Itt  n m h r  I n  h c x a k h l  d ig i ts .  
XPB l ma n m h r  OF lunetianu in the  mr, 

l m l u d l n q  t)ra X m  n m .  
Xm-3  Adrlrass of XFW nime. 
VPP4-5 kdciress a€ fLrst routina, pr~gtm. *tc. 
XW6-7 Address of secorrd routlnc, em. 

m w 

xga2 + m 
XU83 + 2n ~dlddrce8 aC nth. routfne. 

Md. aC Fm4 wm. 

11 

m. o t  Fn. I 1  

Ma. of m. @2 

Xm4-A S p c l o t  htermpt jump l o c r t i m .  
XFFB-E Kw nama abbreviation ud reviaion 1. 

1E.g. CRlD, k731E. e k . )  
mPP #F1 checkwn for dIbgnosti~ n x U m  IUR. --- -----------*----------*---- 

' I t  "11 a9 an '1 .b as .I *J '2 a q  *v 
I) r p lhsn tlra Cmetim la In m l e d ,  t dwm in uwr RR1 mda. 

Whsn ths ffrmt m d  (in 244 Iormatl 1. m, *nd t h  strpnd ffFT, t h  addrela is €in, 
and tho rwtim Is In microrode. (x-nmctlons m.) !hen the f irst  w r d  Fs 200. tl~a 
eacorrl PA*, tho adksss  11 Ph 1, and the routhe ia i n  usat d o .  tPrin-r "PRTW' . )  

1M wrth mad am data 
lmr uordo may ta rar4 am numaris dau in m vlriaty PC wmy., and th. rmsultm an 

ragimter E of the ElV mid eitlmr bs traatad as dectmal or hexadzclad. fat a l l  
& t a  in nuaerier &or* am Iunetion M m e g  tW qlobal lahela. m i c t d a  lunctianaJ, 
mon@aqne €or a l p 8  display aK var lws kinds - atror rness~vys and prompts. ?Hla Inst  
movan FFI t o  uf t h  word 4utermino O m  cl~aractmr vhlch wlLl ta dlapEmycd or pr 1ntc.l. 
Xn user c d a  N+1 pmyrsma ths ~ l p h a  charactats In L a b l a  r d  prompt I lnm,  m ~ . ,  a19 
4 c t l  by t lm normal A T I I  v a l t c s  t i m  hnxadocim*l). A l l  otter alpha urllnq IoLlors 
tlrn utbla Intnr. 'lt~a d(up1ayud form Le t l l f  l ~ r n r ~ t  from tha pr lntn.1 f i r m ,  Znth l u 4 r . j  
given I~ere .  



n l h  9 and B t  U b n  a Us4 vorrl I s  th¶t rot t b  last ehJrscttr oC r rum, t )wm tva 
L l t r  * i l l  dctermlnm tho rmmkr of pcvapt llncs uhich ri l l  a w t  when dm - Ir 
that of a system funcum. Otharriee them t w o  bite am always claat. 

n i t  7:  'Ihls i a  nornrlly e l m  unlms tha l;m uord. ae M al#u &t* it-, is h 
l a s t  of a Zrnction mame [tha a 4  w r d  at tlra Locrest addrasr). 

B A U  6 b #I *M dammine the rpc i f l c  chrrccmr, m~oording to tha trbla h b w .  
The v a l w  aC bit* 6 to I Ir &m the aids, t h a t  of blta 4 to C along the top. Am 
represented h Lhe ha*adacLmal 241 Corn, abc, b rm-s frm 6 tp 4, c Crrw fl to F. 
tare thst some have a difteranr: printed Cora fron their display form. I h m  displayad 
i u r m  tela-d, appars  b s  tha printed form. m% HP-4lC/cV 'ASCII' hcirral nkamhc of 
tla characttr Is h l o u  a t ,  on th third k i n a .  ThSa ir ths byte n w  tor the 
rharac tcc ,  tsqulrcd for L u  dleplry ar printing itom t a x t  r t r i n q .  m d  tho *I* 
crgistas. 

0 1 2 3 4 5 6 7 t l 9 1 a C D E P  -------- ---- ----* ----" 
e ~ s c n ~ r c t i ~ ~ ~ t n u o  

O @ A B C D E F G H I J K L H N O  
M 65 66 67 hB 69 70 71  7 1  73 75 75 76 77 78 79 

Usw mda fwr=rion - 
me address for en- ur tlm ewecution or a Mar d o  mutlm or p r o q r ~  In  WI 

4s t h t  read from tha tunction address table, described h e  on p3S.  In rhe case 
~f h r h  arrrocork and routines. the address given i a  ikut o l  the t l rs t  byte or 
word at the routine. mr u e r  oode mutines the m e  la glven kn the f i r s t  glohL 
label. When the S i r s t  i t e m  in the routlne i6 itsel C a glcbal lakl, the alpha string 
Ln the l a h l  bectlmes the cll the functlcn. It is preceded by tro wrds, g l v l n g  
data h u t  the length of the muLlne for bornlading p u p s e a ,  into the 41c IWt. In 
Uir printer, tor example, the address of CPRPILC' is 601L nre actual characters are 
at 6O;l  w 6q45 4 t h  al- characters In InL 'PWlaT'J. 6030 bids l a .  where 0 3  la  
trw md% for &e glotal prefi*. Ttle routme, then. actually bcgLns at 6010 a t tcr  
a l l .  me I in the starc ot rhe X W  word s~gnifles that the byte [ B  bita) f o l l o w i n q  
m that word, is the f i r s t  byte of an FW i n s t r u c t l a  m a  next word ac 603E Is 000, 
the i i r s t  zero Indicating that the 00 byte is NOT the only, or first byte of an 
i n s t r u c u c n .  (In Rlln, t h i r r  byte, w i r h  the l a s t  p u t  of the- prcctdlng byre, normally 
contains the global l b L  chalnlnq dla-e to the next global instruction h e .  i n  
memory. lkre there i s  nona, end I t  is ser to zero.) next i s  OP7, the text pretl* 
fo r  the alpha lnlnl, then 000,  the f l c s t  mra tu s b w  M a  is W T  tha sole, or f l rs t  
k s e  of an instrucAon (the orher two zeroes f i l l i n g  tha key aselgnmant b p s  for t h  
labull, then the words 050, 051, 050,  OdC, 0 4 ~ ,  054 - tha zeroes a t  t b e l r  s t a r t  
h v i n g  the pravlou significance. tlw remaining hytea bainq the =If valuilp for P, 
R, P, C, 0, T. The I o L l o w l n g  wards aru: WC, lr6, D I E ,  O Q I ,  040, 045, 020, 03P - 

to Obde t h  t e x t  l i n e  "NhHE ?", IOE, 188, 191, OOB to code tha following 
instructlma - WIT, m, 11. and m on. 

nlerocods ivruon - 
?ha nnmas ot  mlcmeada ~ m c t l m  dlffor. Ttm addrcsm or n mlctkwmk- flu*-t ILW. 

mu glverr by thn F ~ T ,  l a  Wt of thn first w ~ r d  nt cxccutlnq d s .  l l w  name o t  the 
tunctlcln read* backwardm I r o n  th ls  l o c a t i o n ,  u i t h  its f i r s t  lcttet coded. In  
accord- w l t h  the a h  table, by the w o r d  &fore tha FAT a&rcss. I t s  last letter 
Is siqdfled by b i t  amen of the d n g  w r d  being net. Rrr f m a m  m$ of t.5e 
printfx has the address M O D .  me three prccedlng words are 030 at M O A  - the last 
letter, X, 012 a t  6h08, A, and I 1 0  a t  6hOC. the  Eirrt letter, w i t h  b i t  B set to 
signify a non-mammabla  function, for the f i rs t  letter, P. 

(ns or the moet Ca- set3 was JfnFW4 IlL Hcre are pasta bC its liatlngt 

BOOU OM: 1Dmmbsr f 2  l b ~ C l m  
BOOT 016 22 fmctions, imludlng the nam .(hm 16). 

Addrmss of X m  -, mWRTI lH, X m f  12,0b, at 8039- 

0030 ORB 
0031 031 
8032 020 
8033 OOD 
8034 OOF 
8033 012 
0036 ona 
8037 009 
8038 DOh 

BOOR om 
ROBR 00r 
B O W  012 
WAD 03t 
eons ox 
nOnF 01B 
8090 04E 
8091 270 
8092 O F 8  

*H1 mat letter of XRM mm. 

I .  

"nu 
-03 
OR* 
"M* 
*I1 
"J " First letter cr t  XRM mum. 
KIH Addrses aI XlDH nams i n  fh TAT. 

W" M m t  l s t k a r  of - aC the .tulctlm X r l m .  
"@ 
-u- 
->* 
'C* 
"X" Pimt letter of -. 
C-O llLG first instructlm of ths fundm I l c r m .  
w s m  
w 3 ( X )  



A P P E N D I X  E r  T h o  m i c r o c o d a  i n a t r u e t i o n  a e t  

'ihis short Bummary of tlsa HP-Qlc/cV IPS- i n s t r w t l o n  6er is intended as a 
Iamiliarising gulde only. A wre  mmplets a-t of their bit structure l a  given i n  
Steve Jacobs' PFC T u c h n l c a l  Hotem #9 articlee, but f u l l  desctiptlons of t l l n i r  
operatieno have nor yet h e m  published.  though thars  l a  an sxcallent ntnrt (in 
Fr+nchl In Jean-hnlel  Ladln's ~xcsllrnt hu Fond cb la HIP-4lc. !l?m scanmt lwra  i a  
ahpted, 4 t h  hi8 prminalon, from Jake Sehwartr' cxncias s w s y  in him 1IP-41 
Baslcs SUmDlary. 

Both W w a r  code and m i c r a P d %  -tines and instructions are coded I n  Iffl 
memory by ten b ~ t  words. The mrrespndlng rnieromde instructtons separate i n t o  four 
classes, distinguished by rha values of rhe last two (least aigrtificant) bit& 

C l a n  1: Twr wrd absoluts mnditional Xa/Ollfo4m. 
U m r e  a word ends in the binary digi ts  01 it in truatad am t h  tirlrt of a tun 

vord condltlwlal 'execute' or . p  to' instruction, with tha 16 bit target addrese 
~ i v e n  by the f~rst & diglta (b blow) of the word, togethat vith the f irat  elght 
bits (CD) of the follouinq word. file l a s t  two b i t s  of the s e m d  word deccrmine 
which of tha folloulng four l a  intended: 

$Z W2 XQ hero If the bit IS FUT/IB get, executm ths nubmut ins  which 
pl  7C XQ AeCD start8 at addrtas WD. Cm?tC" - *In rhe 'carry' bit not setl"l 
18 ?TlC a AECD I f  the 'carry' b i t  IS HUl'/fS set, jump to addream hnCU and 
11 7C 03 ABCa continua execut ion there. fh7C' *re tha 'carry' b i t  set'lml 

Class 31 word d l t l o n u l  relatiw jmqm. 
%ere a word ends in tho three binary dlqits &I!,  I t  im a mIngls word -rand, 

a mdl t loml  jump, where Urn condition rkpcnds on the value of a, and the dlrrwnca 
backvsrd ur torward, as g l w n  ky chc v a l u c ~  af t k  Clrst seven blt.8, ks cvrkrl I n  
two's cornplrment form. me maximum &stance lorward i s  3Plb lines, and bckuards 
4Ol6- [6310 foruard, Wl0 h c k . )  

;;: 2 Jmp Corvardfbckward m mrds i f  'carrym bit imt 6uE 

''I JC - J- fcruard/bac~-rd m m~dp i t  *carsyl bit set. 
111 JC -on 

CZssn P: Hiecellan- 
me last tuo h i t s  of a class p instruction word are clear, BP. There are four typesr 
g ,  m i s c e l l a n e o u s  (type 51, B and C. The a c t u a l  type h a r d l y  m a t t e r s  when using 
~ E H B ~  3, mince the d i n g  of the words from the ir  keyed memnlca Is sL1 taken 
care of by the ASSM routines 

Class p:P. The parameter  type is Indicated by the l e t t e r s  'f', 'd' and 'r' (See 
-7-a), which zue used here to represent the actua l  her digits in instances DL: 
these mnemonics. 'h words for these instruct-lons are distinguished by the value of 
the 5th to 8th bit ,  wbre the psrameter t o r  each of these i s  given by the  f i r s t  four 
[ m a t  siqnif icant) bi t s .  These instructions take tha form: pppp i L I i  W, vherc 
ranging in value from 0 to F [ in  mst Easeel, is &te paramcterPpostfiu', and I i l i  
l a  the lnstructlcnfpreClx". (Tl~c vallree of the w r r e s p d l n g  words are not given 
here. If  needed, consult  the Jacobs a r t i c l e s .  See the e n d  of t h i s  Appendix for 
furchar mmrnents m this! 

Ph operation. (Other Class p NDP'8 are U.Rsm Sea helow.)  
Clear f lag f [I to 13fD). 
Clear all B bits  PC ST t~ P (- flags @-?I. 
5et flag f (U ta 13/01. 
C l e a r  key f lag  Iset w h  a b y  i s  pressed). 
W s t  f lag  f (g  to 13/0), and se t  carry ~f flag I is set 
%st key €lag, and set carry i f  key Claq set. 
b a d  the d iq l t  addressed by the currently selected pintar H (a of P or 
Q) w i t h  d I 0  to 15i'F),  and decrement R 
Test whether the currently selected printer ha5 the value f (9 to 13/01, 
and set carry if true. 

hppndlx E: ?he  HICK^^^ In.5tructIm set mRfBLER 3: OPERATI& INSPWXTPICNS 

Oeerement t b  currently selected pointer, R. 
S?t the currently t w l e t ~ d  plntrr ,  R to value fq 
Increment the currently f i c l e c t ~ d  p i n t e r ,  R 
Select peripheral P (P to lS/F). This dieables the CPU, a l lov ing  tha 
prlphcral to aemme mntml. 
copy thn ent ire  mtmtir or C into !mH rrglstfr r (p to 15Pl of thn block 
of 16 selected by a prevlo~is PAM !SUT. (S-r Class P.C.1 
' k s t  s p e c i f i e d  TI  (Peripheral Flag Ln) regiBter b i t  f i (B to 161. If the 
biVILag i s  ept, the carry h i t  is set. 
COW thp m t r n t s  of thv rl*stgnated PhM register ia khe m r e n e l y  e l e c t e d  
b l d  of 16 into t (The c o n t e n t s  of C are overwritten.1 
btata the d i g i t s  of C ta the right bj f IF  ta 13/D) dlgita 

ma H l s ~ a l l a n s ~ u a  Clams p inntruetlons. 
Isme Table II cn p B  for thn W M O L E R  3 almrt totmr or t h n ~  mn~montes.1 

elan0 P.6 h or 12, takinq tha fomr pppp $If$  PU. ( I n  442  form: X h k )  

W @RI+ Cqq the t w o  digits of C designated by U ( the mrrently elect& p l n t r r l  
and R+1 i n t o  R e g i e t s r  G. 

GIG ~ R I *  Copy the I3 bita at G aver the tun dlgfts of C h l g n a t a d  by R and W?. 
C<X: PRI+ hchange the t w o  digite of C d r s i g n a t d  by A arrl R*t w i t h  the B h i t s  uf G 
H=C ALL Copy C to M, wcrvrit ing The pr~vlou?t mntentm of H. 
C-N ut C q y  M to C, werwri t ing  the previous -tents ~f C. 
Cr>M hLL b c l m n v  tha m n t m t s  ut C w i t h  U n ~ m  of ?I. 
F%r Copy tha contpnte of the First 8 bits of t h e  .ST reglater  I n t o  the T 

[ M ' l  reqister, wrrvriting its previmls m t e n t s .  
SIME Copy the c o n t r n t e  of t h e  T rpgletrr into the f i r s t  €I bits of the ST 

register, overwriting t h v  ptevirnrs m t p o t n .  
SP<>T Exchange thr mlrtents of the flrst B b i t s  of SS w I t h  tho= of T. 
!XW XP tPm We t w o  m p n e n t  di$ts of C into the first 9 bi ta  of ST, mrwritLng 

W P  prwiws contents of ST. 
XP Copy the c o n t e n t s  of the first B bits of 1nt.n the -t diglts of C, 

c v w w r i t i n g  the prevlous mntenta of h s e  dtqits. 
C<SFF XP Drcbgr? tht aqmnent digits of C with the contents c E  the first B blts of 

ET ( f l n g  P to 7 are exchanged w L t h  Cs v e n t  digits). 

Clams 0.8 h q r m p  of t5 m i s c e l l ~ s  C l a a n  B, type 8 In~tructlons. 
 CAB n l l  ~ V T  tha  b i t  pittern: IN$ p$. (In 442 form: X 8 F )  

h p  the BubrwtInr! stack, losing thc q* return address. 'Ibis tffccti l*ly 
converts a previous XQ instruction into a GO Instruction, s i n c e  the 
program cwnter is unchancpd. (KIN a l w   pop^ the submukine stack, but 
places the p& addrrss into  thr p F m  tounter.1 
Go i n t o  ' l i g h t  mlerp' - 1.e. standby mode. In a running program this 
instruction must b- f o l l o w e d  hy a HOP. ( In  '1 iqht ~lcsp' t h r  CPU is 
inactive, b a t  t h r ?  dinplay i n  on, with thm k e y b r d  mmiturcd by a scan 
maintained hy the dlsp lay  chip.) 

P Sleet Lhe fcur b i t  r ~ q i s t e r / p i n t e r  P as th! currently active p f n t e r  tp 
the  dlqits of C, ctc.  {En the Jacobs mnaaonics, the c u r r e n t l y  active 
p l n t e r  is referred to as R1 

EM3 Q Splect  Q as t h  currently active pint@r/-t~r, R 
?P=Q St carry i f  the I p3 ln t~ r )  ua1wu of P m d  a r e  identical. 
7-T Fst carry i f  httery M P ~ A ~  is lcw. 
A-nr-F (rl-r a l l  dIgitB of A ,  B and C to wm. 
WIU AlBt Copy the addrese f t ~ l d  [ d i g i t s  6 to 31 af C ante the program countpr. 

E f f e c t i v e l y  an ' I n d i r e c t '  mTm, whose address  m a y  then be a computed 
addreas, shuntrd to  these digl ts  aftrr cmptatia. 

IT= KV Copy to t h e  k r y  f i e l d  ol C (rllqlts 4 and 3, the l e a a t  siqniClcant two 
d i g i t s  of t h e  mantissa) f r o m  the  key buffer, overvritIng w h a t  was 
prrviously there. The l a s t  key pressed may then be Identifier1 Crrw thr new 
mntenta of thrsp [Hqlts.  

SEtWX S p t  the ari thmet ic  acction of the CPU to operate i n  ItEX morle. [ U n t i l .  
c a n m l l d  by a muncerprt ' S m ' ,  all arithmmtlcal command3 will t*? 
executed i n  hexadecfmal/binary mmle.1 



a t  the arith~ratic =tion Of t h  CK# to -ram in binary- & i ~ 1  
6, whcn operattrmm a m  carried out in bass 10. 
Tum display of f .  

IISm T t q q l a d l e p 1 a r ~ - c n t o & f , o t f  tom. 
X RIM Return f r o m  avbroutine I t  carry nut. (Ths *tack im popped, it. top 

replacing t b  currant program axnter. 1 
7K: RM Fkturn fran Bubmutina i f  carry 10 clear, if it ia E#T wt. 
mu I h c m d i t l d  m. 

C l m u  P.C. A vrwp of 13 w l l a n a c r u  Class I, typa 13 instnxtiuu. 
Wmm all take t h m  forpa f l l P  gP. (In 442 forma IPCP.1 

W AU. Cnpf a l l  dlglta of C to raglmbr N, cuervritlng th. prnvioru rmtantm of 
H. [This l a ,  affectlvely, a ST0 N. though the 'N' here ia the N of tha 
CPV, not lhat of a1p)ul.l 

ALL CDpy Zhe c ~ t m U  of N ul C, -nit- th old mmt# Of C (Mdocpua 
m FCL. for this Is a lie to C . )  

C<>M AU. hchanlg  conteretn or N w i t h  those of e. (Heithar a m  ht.) 
f D T  Sbx I m d  t h  ten b i t  word following TNRIXS lnruuct4m's location, into tho aim 

and expxrent dlgira of C, o~ervritinq the prwirxla matents d thaea thtee 
diglta. That naxt word, ba inatructlon, I* then .klppd. Tha word 
folloving any LOI SCX L u m e n  a data word only  - u n l a u  thnra is a jump to 
that wrd bj r prwioua W I O  i t a  addreus. 
Push the 16 bits/Q dlgits of the address fiald of C Ldtgita 6 tp 3) cnta 
the s u b r o u t i n e  re tu rn  atack. When the  naxt RTN 18 encountared, this 
lnormdly  new) addrmra is tha one to which there rill bs a 'RM'. uhila 
Lhe previpus Lrmediata F W  address is that to be m a d  to on tha next RIK 

POe lrOR Pop the eubroutine return stack, overwriting tho addrenu field of C 
I d ~ g i t s  6 to 31 by t k  16 blta of the (up to then) p n d l n g  RRJ addcaea 

CaEO This oommnd w r i t r e  from the key buffer, h l d i n g  tha 8 bita Identifying 
t k  Isst-peened key, onto o n l y  cha last B t i e a n t  significant# bits oC t;he 
program counter. Suppasa tha program counter had tha  valua abcd. Tho 
effect is that aC a jump, PIIOn the address W P  Co the addresa aMrk, where 
kk is tha code for t h a t  l a s t  pressed key. The jump is to a spec i f l sd  
location I n  the current 356 block of addramsee. This may be- uaed te 
identify (and thsn execute) a*lmands e n t a d  fraa the keyboard. 

M SUX Set the address oC the block of 16 W regis-rs into which or frcw which 
their -tents pay be uritten or read by register C 'Ihe addresit of the 
loreet  numbred rag1at.r or the b h k  Ir  W a n  frm kha siqn and upran t  
dlql ts  of C 

WILETg Cow war tFn anten- of tlm lowaat U M  mqietar of the block 
of F3M registera currently selected, t lm entire ~ur*ent mntanh PC C 

F E l U i  5cX Copj t b  W word at the address glww in tha ADR I l e ld  Idig:ta 6 to 3) of 
C, mw the W n t  diqits Islw and exponent) of C 

e3C (1R A Qveruritee each b i t ,  n, of C by the ' l oq ica l  OR' of that b i t  and the 
matching b l t  of I), Mmr -tion, blt  n of C w i l L  ba set i f  either w 
both of b i t  n of C and bit n of A uem nut before axecution. IF neither 
were set ptevioualy, b l r  n remains clear. (See t h o  account of tho 
hSSEHSLER 3 function 'OR' m p 5 )  

M Mm A O v e r r r l  tas each bit n of C by the  logical  'AND' of aaeh n b i t  pair of 
registers C dnd h Each b i t  of C w i l l  be set aftar -tion only I f  h t h  
oC the b ~ t a  n i n  X and C w a r e  mt bfore -ti-. X t  w i l l  hs clmrd, or 
reaarn claar c t h e r w i a a .  

SRRl 6ux Sleet tiw prl-at qmAflmd by t t m  antmntm of ths W field of C 

mrsl 'Ibis is not OM of W m  wmd && h tar as t h  Cfll im m w d ,  it is 
a MP, but i tm dabaim m h h m  by t b  circuttry of the b l l r a  -wee it  
to load data into 6- RhM: tha mntante of the laat ten b i b  of Ssx ara  
copid into W at  the addresu given in the address field of C 

Class 2 Instmctiona, field spectffed. 
k3 messnice, all of these imtructiars haw bth a *fix a d  a p o s f f l x .  l+q haw 
thr bit etructurst iiti ifff tC, vhere ths P i = &  f ive  bl*eTiiii I detarmins, or 
- t i t u b  tI'w 'pretlx' or i n m m r t i c n ,  and f f f  c k t s r a r t ~  tlm 'pontflx'. 'Ihts qivem 

32 1-52] p n f h g  or fimctlcna, and 6 1-23] pstffms or operands, for a total OF 
255 possible I n o t r u c t l o n s .  [The pomtfixea are qivep in Table 111 on p.10.) t h e  
lnsuuction pre f ixes  are given b c b w .  Note Lhst an instructim is a carried mt 
on or i n  the f i e l d  specifid by the pstFLr. Thug A O C  SCX exelmnqes only the three 
ucmncnt  d i g I t a  of  A m d  C. thr rems1nrk.r of tllras rpqliFters b i n 9  tmdSsturM. l l w  
a c i t h m t t c  operatima fire carried mt in  the w m k ,  k a d r e l m a l  tblnnryl ar ck-claul 
( K O  - Ulnary W c d  tmcimal). to which t h  CRI urns lart net .  I f  a car ry  bit  s p i l l s  
w e t ,  fi hae k tff=ct mtslde the sclrctd Cisld. but the carry Clog, *c.*rryn r i l l  
instead ba set, and may t h n  be tested by the Iollouing i n s u u c t i a .  me same is 
true for teats. Ikmemher: the carry flag rrmaIns set only for ths immediately 
Eol~ovknq instruction. Wh*n It m l d  mt haw been net by the prendinq instruct ta t  
or teat, a negative confltloml Instruction becornea an absolutr i n s t r u e t l o n  - e-q, 
7Fh: 03 will then Lx, an unrrondltional jump I n  the Mme circumstances, a p3siZtm 
conditional instruction vill never be executed - itn condition vill never tm 
sat is f ied.  1 

claaa 2 PrarLm. .Opscat.ions ara carried out on Lhs mlfied fLtlds only. 

Earry i a  mt Yhtn them irr m wcrflov. or u n d t r f l w .  

clear mll digim of h a t  rho f ie ld specifid. 
Clcar  all digits aC B at the f I a l d  specifled. 
Clerr a l l  d l g I t s  of C s t  the f i e l d  syczclf id. 
Emhangs the mntents nf CI w i t h  those OC 8 a t  the I l e l d  #pac i f i ed .  
O v r m l t a  B at  the mpcICled f i e l d  with the m t r n t m  of h at that f i e ld .  
Exchange the  m t e n t s  of A at tho ~ p ? c i f i e d  f i e l d  u L t h  the m n t e n t s  of B 
a t  the specltlrd f i e l d ,  
Overwrite the mnteots ot C a t  tha specified fIeld w i t h  the cxmtants oC €I 
a t  the apccif ied f ie ld .  
€%change the =tents of C a t  the upeeltied Cltld w i t h  ths mntenta of B 
a t  tht p c i f i e d  f ie ld .  
Ptcruite the contents of A a t  the spcified f i e ld  with tha m n t m t a  of C 
a t  the epcit led f i e ld  
Add the m t c n t s  oC B a t  #e s p c i f l d  f le ld ta ths -tent3 v t  A a t  the 
mpcitied tield,  laavinp thc result 3.n 1 - at the spelfled tield. 
M d  C tm A - at the ~ p c i f k d  field. 
Increment b by one a t  the s p c i f l e d  f i e ld .  
Ribtract t h  -tents of B a t  the tpccificd f i e l d  ftoa the contMtn OC A 
at the s p c i E i e d  field.  
mbtract m from tJw m t e n t s  a€ A a t  the spceified f i e ld .  
Rtbtrsct the mntmts OI C a t  the s p c i f i e d  Field From the contents of & 
st the spr?.clfled f i e ld ,  leavinq Lhs result in R. 
CbubEt tht m t e n t -  of C a t  the a p c l f i c d  f i e l d .  
M d  the contents of A at the sp.?.clIied f i e ld  to tM erntents of C 4t the 
s p c i  l i ed  f l e ld .  
lner-t C by ms a t  tha . ~ c i f i t d  Il*.ld. 
S ~ b U a c t  the contents of C at Zhe spce~fled f i e l d  from tht mntmu or A 
at thr spclCltd f leld, leavinq the re~12ta In C. 
kcranent C bj me a t  thc s p e c i f l d  f fel.d. 
Replace the contents oC C a t  the specified f i e l d  by the  arithmetic 
c m p l e m t  af C at that lietd. 
Wplscr  t h  Rntnntm OF C at the field with the ms-mmplemcnt of  C at 
wlr! C l t l d .  
S t  carry IC B la ncn-zero at the apccIZled Cicld. 
s t  carry if! C is non-zero tha the s p c l f l c d  t ie ld .  
5pt mrry i f  A is less than C a t  khe spciticd ClcLd. 
5pt carry if A is less t h r n  R at the sp?ciCllcd f i e l d .  
Set carry If A is mn-zero at the specified f i e ld .  
Sc?t carry i t  h is not equal to C a t  the s p c i f i c d  field. 
Shirt ths a n t e n t s  of the ppeclC1cd fleld oI A cnc digit to the riqht. 
Shift thm R m t e n l s  of the s p e t f i e d  field of B rn d i g i t  to the sight. 
Shift thc cpntenta ct the r p c l f i d  fleld of C o n e  digi t  to the right. 
h i f t  the amtents of the s p c i f i e d  field of A cw digi t  ta the left. 

Appndix Er mlhr Wcrocode iastrw-ticn set 31 O w -  D I a J E I  



A t  tha dlgit ~olntcd to by th wlus of tha ~ u r a n r l y  mlecksd p i n w  - 
me of tha two I b i t  rtgistera.  P and Q. 
Pie sign utd a-nt d i g i t s ,  dlgltn 2, 1 and 
The field c o n s i s t i n g  of a11 the dlqltm Crom thmt dsalqnatsd by tha 
currently melectld p in ter ,  up to the r igh t  hand - a*pDncnt - end of tha 
r r q i u t ~ r .  
ma fleAd mnainting of mL1 14 dig:-. 
Tna f i e l d  w n s l s t l n g  of a11 of tha d l q l t n  frm Wt &nlgnattd hy tha 
valuc of P up u, and including that desiqnatd by tho value oC $+ 
?ha t l s l d  mnslstlng of the e x v e n t  dgn, dig i t  2, mly. 
me f i e l d  consrating of the ten m t i s s a  digits,  diqita 12 to 3. 
ma fieEd mnsaatlng of tha s ing le  dlqik, 113, ths wntinaa aiqn sly. 

There are a d r  DC vorb eo t n r  mt b u n  to ham any sffcct, and rmt famd tc ba 
used i n  any np routines. Though they niqht then ba used am MOP*., t h I e  Aa not  
rcconmended. Clasm It pppp $001 8F, where ara a11 rem ia the standard NOP, brt 
w h c r e  pppp p P t h l m  a l ~ o  sterna to bv. m e f f e c t  ft may h tbt the last 6 of the 
rm b i u  m l y  arm mnsu1t.d. lb affect h a  beso noted for Clams $t pppp l l P l  lBPl or 
for tl-e class 8 :  plB, 118, 216 318 g1P. 1Tp and 280. I f  m y  opra t ion  ia f m d  for 
theat, l e t  ths PP[: T e c h n i c a l  k t e s  cdltors h o w .  mere are a m a l o u d  etfecta when 
the values of some ot the parameters or p i n t e r a  are wtside their rxpccted range5 - 
rheuqh IS5En dstccta most Illaqal v4lu.k f i r m  art  no f l a g s  14 or IS, for cxampla. 

U I P R W Q X X  P I  U i e r o e o d l n g  d e v i c e m r  
r a I m r m n c a a ,  a n d  m o u r c a  a u t e . r i a Z a  

The dntallm cC non-lTP nces~mnrl*n find thr otlr.-t lnParmatinn qlvrn h ~ l o w  vrrr 
lnllnrml t r r  In mrrwt sn n l  hpril l ~ f t 3 .  H. apkiinlmtm Ir a f l v n l  m tt* II'lr nrs-$irm.y. 
Writs to the adachssss which arm given Ior up to date inlarrrratlm. 

l a )  me M t  simulabr. mis IB a sm*H bnt. quim w i t h  rn m b r t  
mrd terminating In a plug uhieh iu  Inserted Into one of the p r t s  of the 

MP-41e. Into t h i s  box a capsule, holding myuhere Cram 4 to 16k aE EPPDM's m y  tF 
pluggod. The 19nlt .  with s i n q l r  t a p s u l ~ ,  - s t *  VSS299, ulth LhSS49.95 Cot extra 
cnpoulss. Dnllas provlrla M E P K H  1nirnm.r mrtvim, t rans fer r lnq  rrsrr prqruma re 
EPROn'm Xn thc correct format, a t  WS40 lor a 4k E P m  uct, and W f B O  for m 16k 0 t h  

'Ihey are mnufacturad by1 

tb! 'lhs F i M F l C K  and -3211 %st are r lmulatm,  capable of holdlnq tPflOn 
netn of up to 16K words, i n  tha ease of the HHP-16K. and up to 32K words in 

t h o  caw or Um lUlP-32L Like tln mllaz I*m simulators, they contalln no urcr MFt. 
ma IUtP-1bK la CsSISO [approximately), ths MtP-J2K la llSf195. m s a ,  with other m- 
HP periphrrals tor ths HP41c/cV. are manufncturd by 

(el l lm PmtoOWgR. Ihlo  11 a unit for uaa w i t h  tho R o t o s ~  I m k c r ,  ft 
eontainm 4k of  ten bit M U  words, into which. equipped w i t h  suitable 

amttuars, a I l e  user can w r i t s  m i c r m d e  ar RIH user cult! (in the a w l a t e  fUH 
formaC). The sortrare needed is m l n l m a l ,  but vr l t tng  i n  cede m a n u a l l y  can IM 
ttruou*. me R o t o S u m  W r m F A C E  wIll a m p t  athrr m i t a  made by the =ma fim, 
the most rn lcvant  of which brp,  Is the RotoEPROn u n l t  This w i l l  accept up t o  161: 
of f t ~ n  bit]  E P W ' s  In the anme manner as thc W-1611 and the DFUM FDH Simulator, 
and m y  be wed  at khs snmc t i m e  as t b  h o t d I O O E R .  and vim the same m w n a  
m l t  In  arrkr to make use o t  tho p v e r f u l  functions of WSEHBLER 3, an IMWWACE 
and 4 PmtoCODER m d  to ba mrpplernrnted vith a ROM s imulator - the RoroEF!XM, or 
one of the  weaver o r  Dallas u n i t s .  The ProtoSYSTEPl IIHTERFACL is USS150, thr 
b0-R WS175, and Zhs Prot&PW IRS75. l h ~ s c .  vith other h t o -  units. am 
availabln Itmi 

ld)  Sha W, t h  Ma- fanguacp ZntaSscc. mi8 is tha vtrulm ot the PI= to 
which rcfenncc has h e n  ma* througbt, and a l w  WE mit for which Zhc 

main  routine. OF ASSEMRLER 3 haup been w r i t t e n .  I t  containu. in its present 
realisation. apace for 4K o f  ten b i t  RkM uarda, and dk af EPROM. Ift would h 
pesiblc t o  extend either mectlon, thouqh not om the prement, mmodi f I td  board.) 'lhe 
c i r d t  tnard m y  be plrchaaed on its nvn, m p l r t s  w i t h  f u l l  mssembly and uprat ing 
instructlms, for as40 (p lu .~  pcking postllgc sna inrmr-1. or as a Fully h i l t  up 
unit, complete w i t h  balte*ic*, case nnd an LqSMRTXR 3 E P W  p i r  and Hanuak. far  
AS199 taqhin plus p e k i n g ,  iesurnncn and pstarp;. W r l  tr t o  the m ~ u l a c t u r t r s :  

MlcmbauL -ts, 39 scntftn 6t. Mill tbrth. Victorla, k s t r a l i a  31- 

(01 T k  M m  11. II Fully h t l t  mkt, a later verafm or the HUX T, vhtch was 
deoalbad in thn tW Journal In March 1MI. W 3 .  l l l l n  Inti-r \rmlm hr* 

not rtquirr tha use of  any EPROn's a t  a i l ,  and may h lmdd with m l c r m e  Irom Lhr 
llnadornd 41c, may hawe its c d e  read mt tp raglcpters, l m d d  m cassette, ete. It 
holds Bk of simulated Rnn f ten  b i t  w o c d ~ l ~  and la avai lable  from: 

nppcndIx FI &vices. m f a r e w s ,  sources 



7be UM f i r m  4- othr acmssorias for tho I l c ,  prtsumbly Ineluding 
listed ahm. 

1f 1 The  Hrmntmln Crrrplt.rr IIP-tfi LPllrm Frngrmnmr, HCYYSWT.A. mnd IIIW-4 10 
A~qllcallan M n m r y  6yatum (IW emulatr~r ), HC$$5511A. Urllnq r l r  Ilriyrnmtlr, 

TPi3IH9a m y  be ma& directly from the HP-dlc, using thc IF-ll, mls aIlows prmancnt 
EP-9 mpies to be made of user wri t t en  XIlOn images developd cn any of the RhJl  XFDM 
s~nulators f t  i s  described as able to burn any E P W ' s  up to the neu 27 128 ( I &  x rt 
blts.) 'Ihe projected prlce for the Programmet 18 VS5450. Rre KUp55f8A, allows up t o  
16k of EPR)EI memsy to be Installad. l % k s  hs pro jec ted  to -t S 195, and m y  be used 
with up t~ 16k af FAM, for which a PMl b r d  Is required, a t  115 $95. Up to ten 6115 
CMOS chip8 lMCPP595A a t  51.20 ~ c h l  may bs inmu1 lad. to give 16k of W. ?%is umld 
.piear w k e  unlt Ilke t h o u  ma& by i iad lrld PTductu ahxi b l L a a  Dwnlopmcntm, 
but using m m m o n  clrcultry to al lau t h  bddlrlon of the RCIW. mtarage, In t h e  fMnner 
of th. M U  and I t s  o ldar  brothr, t h m  HLDL A 4k EPIIW Jet amuin ing  ttw a p r a t i n g  
~ C t v a r e  Is inctdad 5n the prlce. Tha PAM b r d  Is dtriynrtsd a. the MCPP59Ph, and 
plugs i n w  the E P M  u n i t  mess witr are manufactured b: 

Mountain CMnpltcs are also propglnq to provide c u s t a  wcltten mi-, .nd a 
k n r  mrvica for Rltl, .im11ar to oflared by Weavmr ud DsLlam. 

t q )  Puget. Savrd Ro~r.araing. opraeea as desiqnsrs of brdwaru, and uriteca of 
software for tha W - 4 l c / c V  system. %heir productm are expected ul imluda 

tPFMPl sets b i d i n g  m i c r d e  routine., but iw d e t i l l i s  ware avai labla a t  press tima. 
W f L t t  tot 

(h) mrc mftrara, and parhap brduars, wILl bo Sarthcarinp from map minkinq 
Sfturrm, tha pr-ro of ISSU.IB1W 3, hn-cementa UllL appart Ln PPC 

lkchnierl lbtcs Othctwlse  write to: 

mPK:Jarrnrl 
ma arallablm literature an the eubjeet of ricrmeode, end on the &wleu8 

allovlnq i t s  use by 4 lc  ownera, 1. quite axtenrive, but almst Inacceaslbla outside 
the major progrrmrnahle c a l c u l a t o r  usEr group In t h  wotld, PFG mi. group war f irst  
termed in 1974 when h f i r s t  hurdheld proqrmmrble calculntor, the HP-65, usm 
released by Heulcct-Packard. It was then b u n  as the 65 Users' Club, chnqed i t s  
mmc t o  the PFC c l u b  in 1978, and WM Incorporated In 19B2. -get 4 uide ran* or 
other a d v i t ~ e s ,  It p b l l s h c s  what was oriqlnally c a l l e d  65 Hoces. tut k a m e  the 
PFC Jwrnal I n  1978 HA& oniy om or t w o  exceptions, therm was nothing I n  p r i n t  on 
n l c r m  [€ha M m s  o t I q i ~ L l y  given by newlct t -Packard to ths v a r i w r  assembly 
language, or machine codes of t h e i r  g e n e r a t i o n s  of hand hold ca l cu la tors ,  h t h  
prqammahle and m-proyrammablel outside of the pages of ths PPC Journal lsnd tha 
65 Notesl, unt i l  1 9 B h  

RT Journrl 1. muailable anly ta maabcrm 8f the PpC Club, at an n-1 
subscription which var ies  round tha  w o t l d .  For a #ample copy. and mernbarrhlp 
application forma, write to 

rncloalng r o  A4 mlxsd mlt-aMreszied atamp2d a n v e l a p  ltuo -n, aimfil ,  ar 
hterna t iwu l  sump -hers for the appropriata amomt). 7lm same w t e r l a l  i m  
available tram P€C nsltaurne. 

mwcr l -  
me n e l k o u r ~  Plaptet oC Iha PPC Club, PPC llslhmw, starced i t s  o m  uaara' 

Appandl* Fr D w i c e a ,  references, pouras 3: OFERATIE INSTW~FIW 

phllwtlon, 7kehical tbtes, in 1919, and h a m  plblishcd Informallon m Lhe 
mrbjcet of nitroeode trun 1980 on. Subserlptlons are a 2 0  anntrally, and hack iml 
are available a t  AS10 p r  net, glun plstage. (klrrnail rates en back lasuer run t o  
wnll ovnr 1510. d-pmdlng on thn destinatlon.j Sfnd Ronk ChequEs or mwlsy orc-rs, 
m a h  myable t o  PIC Halbouma, to; 

R.M. E a h .  BDlr 15, -. Wetaria, Uwtxn.Ua 3168. 

PPF* 
f i l e  i s  a qmving 'neuslrttet", cdlted by Jesn-Dantef M n .  now an a c a l l t n t  

perjdieal ,  p b l t s h e d  by members OF the Tmlouse Chaptrr of t h  PPC Club ft has had 
original ma2erial. on m i c r e ~  fran t M  r a r l y  Issrws. e e r i p t l a ,  150 Frams, by 
alr  mtslds Fxanca, tOOF i n  - a m .  Write to 

h y  wantlnq to w a r n  In tht HP-4lc/etr microcode u W d  h v n  8 graw ef 
the oprat inq 6ystmm of t h a t  mnchlne. GUttubla t a k a  are  

Jarett, 11. M I  synthetic F m q d r q  mde Easy. 
IS-X, t5QO A m . .  Hnnhsttan Baaeh, California, U.S.A., 1982.1 

F R  Xnc. ?ha PPe B n u a l .  
(Pub l l~M bj ePC, ?ha manmL for the P#: uritten, Ik Custcm RM. SFm -1 

% lat ter  11 ttm &td tht only plblicatiar to givt any klnd of intr&u&lon ta thc 
aubjtet of m l c d  pr~gramminq. In  thlr it ia quite superb, w i t h  well W h t  out 
diaqramm oC the Em, ot p r v a m  Elov and d c t a f l d  &scriptions of the i n s r r u d m  
set. I t  also f~mctimm ns an intrductipn to Lk g z r n t i n q  s y s t m  of the W-41c, and 
to the mubject mf synthetic programming. a knorledqo of which i s  e s n e n t l a l  t o  
s r r t w s  m i c d  work. S v o n q l y  r e m m m r n W ,  and still w r y  uscful tvrn to Ihose 
k n o r l n y  no French n t  a l l .  Thp Operating Wenual of the PtotaCOOFR has a fairly 
m p l e t e  denerlptlon uf m l c r d l n q ,  but use. th t  PUMAS (HP) rmemlcm. though the 
mtandard PIC Jacub/Da Rrraa n n ~ m t c s  are alm mt& 

It must $s strtsstd thak the ablL1t.y to w r i t e  m i c r o c o d e  presupposes r full 
uderstandPng of the primiplsm of operation o I  tlle W l c f e V .  Any aC the four texts 
abwe wi l l  impart this h u l ~ d g c .  Thn most efficimt vriting of mch mutimu will 
also require an understanding or aynthctie proqramming. 80th  of these  may h? 
ohmined iron atudy of Um FK Faln Manual, which m t a i n s  e x n L l r n t  articles on the 
oprat ian of We d l c  and on synthetic programminq. In n d d i t l a ,  the dxymentatia el 
the PIT FOH mutlnca and pr-ams spprmehes ~omplttmess ,  and the im mutines and 
proyramm f u l l y  represent the 'n ta tc  o t  the art' at the Lime ob its publication. 
S i m e  it uas released LrFore the l a t e r  HP atce*sories were rtleascd, m m s  of Lts 
routines can Interterc w i t h  tht uw of te.q.1 t h ~  timer d u l r ,  and study of t b  PFC 
J o u r ~ l  From 1981 on is recomrnencld 

tr )  -d- md pa- 

A l l  of  tka )mavn refer- are qLwen h l n w .  but a byinner ir  a d v l s d  - w s  
only t b a e  marked 4th an asterlslr. Hany ot the followhq w e r e  pimcering et?ort==, 
a n  mrnmonly plagved w i t h  errors, and n h l d  'tp used w i t h  cawtion. This compilation 
started frm the mLy other biblioyraphy which has appeared i n  print ,  that i n  the 
Llnd-Wilkinm article 'M-Code, Hardware and Software'. The authors have k e n  
innovatma in mr. than one vay . . . 



3). Anmymu ll-a H(IIW U n t i n q .  
(Awailnbla Pxm PFC Helb3urna. PFC C.lifamlr.) 

43 BaLlsy, B. T i m  nDdul8 Urn- a d  I/O Buffer. 
(PFC Journal, V5R17Pll* 1982.3 

6). P+ddLn,  C. i h i n ,  P. 
mo hicromdings: MWSTA and ESSrh. 
(PPC m h i c a l  Notes 113, m.01-83.1 

1 3 )  CDllatt* R. (iattinpl Into a Pbra-Wxmdliscd CAT. 
[PPC TMhl-l M t S U ,  I B ,  w.44 

131 Q o l l ~ t t r  R C rnehi . ,  3.E.  
bant B i t s  or nicmoo8s 
(FR1 Technical k t c s  17, p.ss.) 

a)* mlletts R t -, n. 
Ikrd Fklbolirrw lllcrqwqrm?nlng on %fty 2. 
( P I T  Twlhnlcnl mtns 113, yp.53-5.) 

221 CbDk, H.J. ,  Fichter. 6.U. L Whicker, R-Em 
fns ldt  tht M w  PPcket C%leulaWra. 
(HewLett-Packard Journal, Novanbat 1975, fp.8-12.1 

Z 3 ) m Q w l a , H . ~  T - l r s Y W ~ y c o d e s .  
[PPC Journal, WHfPl6, 1991. Rho P#: Wchnlcal hbtes, b13, p.3. ) 

24). -la, H. Opcratlng -1 For tlm ProtuXWXR. 
[ P r o m ,  Inc.. 19023 

25) Qw1ey.W.L t M a ,  P. 
R k k a t  Slted Rnmt W e h l ~  mt I l r u i ~ S B  and --* 
(Heulett-Tacknrd Journal* Hay, 1913, w.2-m.1 

31) Eghrt, W.L fkrmnl Calculator Kilprltlrrr- (I-1V) 
{ttwlrtt-Pnckard Journal .  f r  nay r977, ~ 2 2 - 1 4 .  
111 June 1977, pp.17-20. 1111 November 1977, pp.22-23. 
JY; ~ p r l f  1978, ppZ9-32.1 

3 , Q W k t c h s s n ,  RLntcr, Fkader. Wand and Minfram r\mcriarn- 
I P E  'Fechnical Fbtes, 14, pp43-4.1 

34) m, R.Q. tlP-dle Readout fhraeter Table. 
(PPC *Itchnlcal Notes 16, p. 57. and PFC Jaursal. WWdP10. 7981.1 



R P P E W D I X  F t  U a n o s l  Urns  a t  L O A D P  

79). bth, C. 1~ m ' r  a d  ltlW X I I W ' m .  
(PIT Technlul  thtem I I 3 ,  p.20.) 

a51 Tmq, C.C. Thm .P.r-1 -tarm t A mlly W q r d 1 0  hekat Calmlaw. 
(I-kwlett-Packard Journal, May 1974, m.2-7. ) 

861 w - y , ~ . ~ . ,  w, ~ . c m ~ q , e . e .  
'Ra 'mwarful Ibck=tCnlm; h ClaeUonIa 
Calculator O'bkllcnges tha Slide hlm. 
(Hawlett-Plcbrd So-1, J w  t972, p 2 t f  .) 

V u i w s  Mhcr utlcles in t t ~ ~  KP4uwnnl are worth d t i n g r  
On t h e  Mand - January 1981, and on t h e  original UP programarble, thm HP-9100s. 
Septemkr 1958 FarthcunLnp issues at PPC Technical notcs u a  pl-d to arntain 
m y  uticles cm microcode, pn ricFoFade uritinq and alraady written r w t i n o k  

W m r a r s o t t M m  
Csrrvmieot mathDds are glvm in *&ton If1 fur the use st m5F. but thry 

rquira thn una oC traetlrmn alrrntb l o n t l d  Into the HLf. V i m  tallowllrn I-A~IVR, 
though t a d l w a  mmpt Ior tlm shortpat ot rwtinrs ,  a l l o w s  that lmding vtthout the  
w e d  for thd ues of auxiliarles. Thlm Ia not a f u l l  SDS mmpil lng syatem. h t  
rsttwr a mmpromles. mere are rastrictlons cn the mtructure of p m a m s  that may bc 
LannPsd, seflccted in the cbublc loading prondures that  m u s t  h l o l l o v d .  

(1) Iha m a f a  must rtart w i t h  a global 1-1, otheruisc khe first tun bytea of 
M U  PAM vhew Lha e a r n  1% loaded w i l l  ba turned to rubbish, and tha praqraa 

w i l l  not ba abla to b (nPY'ed. 

(21 Tim 4Mmss in tbn H t f  a t  which loading in to beqln has fI-t to be placed In 
X. Ilhc area In tPm ?MH memory of ths MLI must, of murse,  bs tm tor loading. 

Taka Earn not to mtur i ta  a i s t i n q  p r m a m a  hccute W D P -  0'1 the prompt "raRllP 
,", p e a s  ALPW k e y  h the Mme o t  m y  global labcl in the w a r n  to ba ZICWDP'ed. 
and t s r m i n a t a  antry by p r e r a l n q  ALPHA again.  I t  the program p i n t e r  is in the 
program rile to h loaded. simply press A m U t  t w i c e .  ICoFlpre CDPP, U P ,  etc.1 tMDP 
then ~ p l e t e n  uxccutlon. 'lhs f i r s t ,  u n n v i s p d  mm 16 p l ~ c c d  i n  the M U  RAH. 

(3) ~ C l l l m l o n ~ s ~ l . ~ t D u ~ r a p i & ~ y . ' Z b d o m r  

i .  5 h  TAT adQra6 of tha Flrst label Is t r a  m t a  than t)w addreas in X uwd 
u b m  W P  i~ cal lmi .  Thls addresn mmt be acMd to the PhT, and tlm I of 

Eulcticns, in the d word a t  thc H U  RM, hmesed L y  an. b t e  that the 
IXrst uord of the p l r  of adflresa words Sn thc FAT must  b g l n  w i t h  2, It awt 
be of the form 2x31 I thr  f i r s t  b i t  of the t e n  m u s t  IF stt). It  there a r c  any 
mora global labalu in the proqram, t h y  must tm added ss Iollowmr 

ii. mists tha ILrnt qlahl  label of the pegram in Jle W- 

lii. t b  global label i n  Lha HLI, SsP to t h  e g l o h l  label (GID m 
slay bc Used, krt not Cm *!?. Ihe  Flmctlm Mdres¶ Table has not F C  

bean revissd.3 Switch t o  RUN mods, Pxecute GnW. DECODE the rcault. This 
addmas, l ~ m s  one, m u s t  be p l e d  in the FAT for that l h l .  & p a t  the p s r  
for any remaining labflm. mtlng Wen as you q ~ ,  and revise the FAT to add the 
addreesta, nclt Z w ~ t t i n q  to lnerpass  thP n u m b e r  of EunctIons In tha scmnd 
word. mls numhr has to IncLud~ thp name ol the m H  imnqe, a* w e l l  as tjo-c 
of ILs mnta lned  t ~ m c t i o n s .  Eemrmbrr  aim to make tha first uord o I  an addreas 
s t a r t  w i t h  a 2. (See nppndix L) 

(41 If thara at. any 11EQ's In the program that i s  b i n q  loaded. c a l l i n g  global 
-1. in the mama ptqcarn, they s b l d  now ba e h a n d  to m ' b  I% slma has 

tm be h s  for any which call routins or p r m a m r  in other as p t  unloaded user 
-am*. Mte, b w c t n r ,  that cal la  to q l o l n l  laLrls are much slower t h a n  

c a l l a  to Iocal  labsls. 1f the calls ere marla in the saw program f i le ,  it i n  btttcr 
to have a local lahl immedLately after the glob1  L a k l .  and call the program or 
mtlna using Ws 1-1.1 % da mr 

I. If lt baa mt mIrwdy b t n  h e ,  ZMDP thm pOyrdas  with itn -6, into  
tha MLI. 

Si. Rit the ad&essea of  all the global l&fs In On mpy oC the -am, 
am fust lmdd lnto thc RAtC of th HLL, i n  the m i m  Addctss fable. 

Ui. In t t m  PAN program, wkleh u b u l d  still be I n  th@ 41e, change a l l  tht XEQ'm 
20 XROn's, ulwre naassary. OperaUng m each qlnbl  lab1 In the ptagram,  

called from w i t h i n  the umme proyram,  delcta i t .  Bt~ppinp thtouqh the program.  
dolrrtm and rekay rrch of l t m  c n l l l n g  XEQ'm [chnving rtlrm, in sa ri;ring, Into 
XFDH'ol. Fsutora the labal, and repeat the wpration for csch of the rtmlntng 
( c a l l e d )  glob1 labela 

first glahl lakl wlll h u e  bctn dclettd at atep 11, and will n e w  med to 
ba r e p l a d ,  i f  rhls haa not already been b e .  



o. Rwlsm t h  Rvlction Mdrasa hble in t h  mma way as bCoru. I l h a  lation 
of m a m  of tha global lrbals may hvm been chmgcd. * I P M ' m  taka up only 

two md m y  rmphced mm of two or threo t l m m  Ch. length.) 

5 m r a  lnvt b. auqh rms for t h  w a r n  to fit in b a t w e e n  thr l a d i n g  addmu 
In t k  a r m 1  IHH of th HW, .ncl L t a  end (at =I. Fai2ur. tu obssrve thl8 

w i l l  result In a futlle attempt to write to ths next QI pgt, and mrvr%tlng or ths 
interrupta- Running any program KO l a d a d  1s absolutsly quarantcad to produca 
craphes. 

(65 l h c r e  n u t  bs m END. rather Chvl t h  to Uw file from which tkm -am 
Is to be l o a d d  b d i n q  Iron Pha last fi le i n  me- will leave wasted mllm 

bfor *  its FzM nra 

brae-8 in *r.bic numerals ara to pp &a, in omall M a n  to Vm fW 
paps of the amat, in capital Roman tp -ma, and by capital letters to ths 
Qpendlces. Zm i n d u  i m  intmdml ta ha useful. rather than twhamtlm . . 

- -------- ------------_____I- 

M i o n  RlDn M r k r a s  Scc r beUm Iwr*l Mdrcas See 
Mllld No. tb .  Fsge psge - -- ----- -*+-- 

1- 31,44 BZB 21 t LMDP 21.26 99E 16-18, $0-51 
Xne 21,45 830 11 t -7 21,27 84A 18 
1-0 21.46 426 2 t  a 21.28 7 7 5  18 
2-0 21.47 43F 21 r N K L  21,29 d t r  18 
3-0  21,dB 449 21 t NSi'U 71.10 C5S 18 
4-0 21.49 453 21 r OR 21.02 83F 5 
mNU 21.01 837 5 1  P3m 21.31 460 18 
WPRI 21.03 MB 6 1  POfPC 21,21 C74 15 . 
MSM 21.04 1C3 6-11 r m m  21.24 8 4 5  16 
WS- 3 21.00 ORB 5 r 11.32 PFb 18-99 
A>X 21.06 m3 12 r ~7 21,36 8 20 
LCD>BTN 21,00 t3F 13 Y 21.33 892 ?B-19 
BlWBCD 21,09 $14 13 t m X  11.34 C47 20 
a 5 5  z i , t a  X I  13 1 R ~ L  2 1 , ~ ~  POL 20 
C U a M  21.12 an3 13 r WA 21*JB B O t  20 
COOE 21.13 O N  13 I SF53 21,11 7CA 13 
CrSIPIlZ 21,15 A 6 2  74 ! m I T I I  21.25 857 16 
mpyca*l 21.16 894 14 1 $Xt 21,39 7m 21 I 
8 Y I T W  21,lf 488 14 I SKR 21.40 7 21 
DECOOe: 21,14 ODE 13 s V x E M  11.15 105 14 
DI- Z1,05 &F 11-12 r X>A 21,07 ?El  12 
OISS 2f,19 Q A F  14 ? X > R m  31J5 CIS - 10 
m3-X 21,2[1 B 5 B -  14 t X+Y 21,42 815 21 
WrXKB 21,22 ADF 15 r Y-X 21,4J g l F  21 
I H S B Y m  21,23 R70 15 r X>$ 21.4t 7 M  1 1  - 

I 



m e . .  .pw or I i P 4 l c / r . v  
2,  3, Eyrp. A, 1&-9 

-em. rpca  PC r*n ai.udator# 26 
krnomtcd Y l l t L n g r  =* P 
Wlicatlon r t w t i ~ m  17, IV, 22 

19PLBL 22, 23 
'ASS" TI, 23 
"USH* 24, 23 
-Llt5- 22, 2 1  
CDISSW' 22, 23 
m PAM 22, 23 
.crOEiD 22, 25 
-.WlrE" 25 
UPDFAT 22, 25 
LXChTUm 23, 2 1  
'XI-  17, 25 
w m  22. 23  

hSfiL)I 

*ration 7 
Conuol rcgistar 7 

I M P  11 
X31P 21 
1-0 31 
Z-D 21  
3-0 IT 
4-0 21 
mu 5 
rsPRl 6 
hssm 6-1 1 
LS-m 3 5 
h > X  12 
E D > B M  1 J  
BlN>B=D 13 
CF55 13 
C m  13 
W E  13 
W U b  14 
O m  14 
C n M  14 
D m E  13 
D1SAS.I 11-12 
DlSS 14 
CrrK 14 
HEjOg IS 
1 1 1 S B m  1s 
U b W P  16-18. C 
H W L 1  18 
m 18 
MgZ te 
rn 18 
OR 5 
Ern I0 
FVEX 15 
FCLBnZ 15 
REC>AM 18-19 
rn? 20 
m R D C  18-19 
m > x  20 
RXZ 20 

N I R  
6F55 
sm0m 
SXL 
SXR 
V I M  
X >A 
x > m  
X I Y  
r -X 
n>$ 

= S r n f E R  3 
hrnctlonr #.H rhOv.1 
Function r d d r c ~ ~ r  
Listings 
aubroutlrn - 
With ProtoODDER (W KMw) 

liblioop*y 
Block m i n p  
Ityt* jronpsr 

Control flag8 12 
C m t ~ ~ 1  r8qimL.r. 

rSSm 7 
Dl- 11 
DISS 14 
hwmn 18 
Header, WE)-, 19 
UmFhT 22 

mu (of HP-ClC/#) I .  3-4 
Addcussing 29 
Flags  01 31 
FL?glutara 4, El, 30 
Strwturm C qwration 

3-4, A. 29. B, T 

Data .pa-, #W md #tW 38 
D l s a a s d e r ~ ~ ) ,  al- 5 
h i o e a  

&Xn 65 33 
hSSMetm 3 

Proqrammtra i i  
Cowrlqht i i  
EPIIPI' . 1, Lv 

W 1 6 K  1, 33, 1 1  
l m - 3 2 ~  1,  33,  41 
W 4 l  EpRln W $ h h t a r  

1, 33, 41 
HP-67/97 1 
nicroba 13 
rant (tlw ma, Z1 1 
W L  f I  I, 33. 41 
W 1, 33, 1 1  
Wachim Ianqm- bvmlapnanr 

IaboraEory - see UK%. 
hchim Lanqrrage Interface - see HLX. 
mhin -tar I1M slrmlatm 

1, 33, 42 

F~I' 31 61  DI C 
kviston by A P m e L  22 
Wnual reviaion e 

Rnctlon address mble - sea FRT 
hrnction search 3 

U c m a d e c i ~ L  mrithnatlc - * c a r  
X4Y, Y-X, etc., cup. 2t 

t l u a d c c i w l  aaarmbly 24 

hmmdwem 
4m4I'fSFOP 1. 41-2 
oallan 0emLapant Symtemr 1, 41 
Heulett-Pacbrd ill I, i v  
lilcrohsud Devel-ts 1. 41 
m t n l n  w t e r  42 
F. H. Ur?avct fi A m m i a t O m  1, 41 

m m m t  (see m~3, PWKJ 14 
Fleaary &es - nre KU fi I W i  &Its 
w d e  - see also! M a e .  bch ine  

langua-, Asmmbly mnquage. 
MC, mintrm, code, wrd, 
-rating mystem. mmmnlcr. 
i o s u u c t l o n  d e .  

D a t a  mrds 10 
OlarssmbZero 5 
UISLW flay pontmls 12 
Functions F 
Funct Ion  ~ m e m  10 
ntstory - on 41e 1, XI, 19, 33 
I n  W m ' a  1 
Instructim cia-s f ,  
Instivetion s e t  E 
J w  I n s u u c t 1 o n s ~ ' m  9 
Hicrocodc m n g  3 
W s n l E a n m s  lnstructiona 8 
V r a t l n g  aySt*m 1 
Weognlsed rddremeam 9 
Words 1 
XQ' B 8-9 

w e #  - for al-I - NXmErKR 3 S r  7-11 - 11F 2 - P€'E/De hwaa/;laeobe 2,  E - MSRl sturt f o r m  7-8. 10 
Standard lsnt im 2 

Wllms 
Jolm aDnne A. IkwllertNtW i i  
'Rm CaduaLlader ( 3502) 3 
Charles Ckose (3878) 2 
Richard ODllett (45231 ip 33 
Hrlson Qmla  (7019) 1 
J I m ' C r  Arras (47061 2, 5, 13, 20 
R t r w  J;IEO~W I5JSIIE 2, 5 
B i l l  l o l b  (2651 2 
Paul Lind (6157) 2. 18, 33 
John Wechte F33241 I 
Gporg~ N e n c h  i i  
'lb Napier 1 
Rlchmrd Nclsrm ( 1) 2 
Jake Fdwartz I IBZPI  ii , 31, 32 
Hichel 7?m?pm t84961 ir 33 
FUcha~l mrer (98071 1 
Bill w l c k c s  (37351 F ,  2, 13 
Lynn Wilkins (7344) 1. 2. 1B 

r m ~ ~  - ~ * r  flmctim 5-6, 11 
lrtm or W n - N o m l i a e d  Wmber I 3  
W P  5 

PPe club 
F K  Journal 
FIII m 
PIC TwlmleaL Hokn 
PFCdl' 
Printer flags 
R I n t e r  tlmctimls 

RAFI admasrres - ma: Mdresm 6pcs  
w w  3 
PAM tmamryt msduIem 3 
rn addrcsssu [ ~ c s  a lw Wress qua) 

3. 5, a* 
m- 1, 3 
rn m ss Crnctian 5 
TW rlrmlatura 3, ? 
FM't 1lntLngs ii, 3 
m - w s a  lblid~ btat i tm t 

SU3 #n Qnplling R f ~ t a p  49 
Synthetic instructions 1 
Synthetic R q a n d n q  10 43 

h e r  RFH &nes in bmgssr 
atem IMOP, 16Cf., O, 6 

Mer Ianguayo - see PEtr 
m T 2 h  
m * s  

Standard m m h t l n g  
Capcity 
hmetlon Mdresa Tabla 
S t r u C t W C  
I D  Wmbr 

xrar*r Instruction tHP-Qlc) 
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