
An Advanced Scientific Graphing 
Calculator 
The HP 48G!GX combines an easy-to-learn graphical user interfoce with 
ad'lanced mathematics and engineering funct ioMlity. expanded memory 
capabi lity, and seven new plot types. 
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The UP 4IIGIGX, f1g. I, is a .wH>f-tl ......... gntp/tiJ1g ~....,., .. -

!Or thai """,00.... "" ea$)'-l<)-Ieom v •• phi",1 ' ...... intorf""" 
with od\'an<:<!d mat""m","," and "'I!i~"g runcliooalily. It 
is a continuatioo of "'" J!!' 2SS1 and UP 48S1SX' """"" 01 
""",I"""", .. N " h are "'-~ for hith power •• xteooahilily, 
""d Cll.<toml>.aIJil it~_ 

1l>e II!' <I8G/(lX indu<k-s imp""..,me"ts to address tho 

neOOs ofl:>o4h """"'" ' ''d odvol""'<l -.s of ><.ien'iftc and 
graphing calculators. ror tl>e "" ....... ,.. or tile ""'" "'M ,Io<,s 

0'1()( u"" ""rtIO" fUO<:tiorutJily w.'Y <>fIen, "'" CllIcuJa!Or lias a 
dialog-box4lyl<, nn·IMlH.·bbnk. ""." i"t~rf""". 

c"or , lie .... , ,,-1;0 ...... to do .. ,,-anced ,>rOblem o<>Mng, "'" 
~"""" ator ''"0," the f"lIoY,in!! rOal""",: 

• Differential <QUation ..,."",.. 
• Polynomial root nnder 

• !'inane;,,) """,,,,," '"*' ...... 
• l.ibnry of .,ngi l...ering «Iuat;o ...... d ronsIMlts 

• 1'00.';"" ...... \Sf"""-, 
• .\latrix manipulation!! 
• l.i""" aIgOO", op<>raOions. 

For til< us." who _ 'nor<' menlory ""d "xt<~.dabili'y. the 
GX '''moo has 128J( bytes or boil,· ln RAM. WIl.par<:<I to 32K 
bftcs In ,he Sand G , .. <SiMs. The " " ly <><IH>r diITe"""", be­
'ween the G .... 1 ,II< GX l. tho! h.'o ""'''\01)' coro . "". in ,1>0 
I II' 48Gx, The ",-""-"HI mem<>r)l card 0loi """"I'IS "I' 10 4M 
bY''''' Q' 1<A\1 ~ .. lI(m. 

The V .. pru"g capability ..... bcffi oxpaOOOO .. ith the . ,10.11,""" 
oh, .... , ,, .",w plOi t)'p< .... for a total or fifteen. The III' 48MiX 
has function. polar, 1""""><1ri<:, WIlk. tn>tl~ hl"'og'","" bar • 
.. ,d "'-"'ttel" plots and the III' 48GIGX has "''''"'' pi ... d ilT""",· 
tlal """"""". "", ... Held, wi ... f""' .... ~><1ri<: surf..,." goo 
map. ~lOOr. and y-<Jiee <:r<t>........,tioo plots, 

n .. m' 48S1SX rWlCt;on,.llty has beffi reoal.-..d In th. !II' 
48('o\:lX. The ""'" """"",,",10< has ,wice the RO~I and ........ ,," 
much of tl>o original rook:. The Ill' ~X and Ill' ,18GlGX 
l><><h tun-" ,he following rea!u~1 

• Uni' nwoagcmc..-.' 
o .11.,rixWri',,, 
o f"<l""lio" Wn,ec 
• If!' Soli.., numori<: "",,,,, 
o RI'S.s.yle ",ad cal<ulati<>n 

• Symbol", ''"' .... maties 
o Tlme and alan"" 
o SUoti:llkl! opernti.,.,. 
o Variable! and di~ fordo", st<>rage 
o Uoer>defUlllbIe keyboard and custom m"r" ,-, 
o 111'1. pmgnun",i' \ilI .. \iIU~ 
o rwo.w"y Infrarod <:<:>mmunk. II.,. .. II ,,~ 
o HS.232..,,-ial cob'" «mne<1.Of. 

I'.due. h on Trend. 
The ........ i<>n of the 111'48GJGX """ be traced to the Anoeric2n 
Matllen'"tl<:a1 s.x:;."y (.-I.~l<;) "''''''''ng It> J"" uory 1002. We 
had been closely follO>l;ng the t,....,.-J or ,,,log ,,,,,hoology U, 

U'" ma, h~"'a'i"" classroom becallS/.' oU, ""II,,'''''' 'earn 



I""h~k'!< r"",,,·, n,,"""_ .. ,..,..., ..... "d • cak:ul ... ",.,. 
__ • ond ~,..,.w. ~n. " ... ..,'0'" 
ond ~ """_ ond .... k I<> ~_ boIh .., 
~ oxioUn( produoc\o _ .., i\IOd __ ,ncto.r.. and 

.. _....,..kI ~ .., _ in rut""' ~ 
w~ ......... _ tI>e inI_ In 1P1<IPI<IoIt ........... .". """'" 
otooodily..-do ,....,. ....... had """" iM""-.d in ""'"""- r0.-

Il I 

,hot ,"'" In lI>t -.:.om. it boo­
...... "",_1lW ....,....- 10 '-........... product lor lI>t 
_ioo ...... ~ .. no...". oJ...lI>t IllI(Ibodt_P'"­
Jiod. llIio """IIod in 'he r~ uI on __ ....,.,. 
"""'mltl .... . group of oix ,lWho.", ... 1a prot_ ... ho 

"ookt hell' ... ~ ,lie <ak>,W", '" JI1 III" """"" of''''' 
",1" .. 110" ,..,.",,,uoily ... lid ,""0 iii'''' , .. r,.,.I"""~ on ou, 
In,pieol<'m&llon. 

DeslJ~ Obj..,UI',," 
0.., """"""" ..... oI>jrctiI.., roo Ihr ...... ............". ...... _ 
of -.. .... The -.-oftl>e liP oI8SI5X ldd ... , .... "'"' 
..,.-"" lis _. but iIs"""""""'ilf_ it_ 
ro.-b<>Ih no-n -...and rx .... loro~ -.... The no-iceo 
,_ .., .... lntln>ldoood by ,"" ... ,._ ~ rnartUaI 

""" , ,.., "''''''''",y of .... ,.,.; .... 00 ........ __ "'_~ 

,.,..1< "'" ~~ ....", had • ,,",,1,1mo .............. I"'''''g 
too .... '" """ 0"'\1" o!".",>lion; (I ... HI'"), did"" 115< rr.,q.,..nliy, 

C",&lil" • "'all'Of·1lIe an gt"I>hiJ" calclJWOl""''''' oor .. ""'OO 
<.<b:i<ct ..... w~ _ ",add """'" _oItinI "",",",UtIcs, ~ 
.. '...ctrc ~. ~ __ ittI .,.. ........ """',iuoI .., 
....uI\Oin parity .. i1h othr< ~ ~on, but we ahoo ......... 10'" r... b\>y<>n<I """ ~,, ___ "'"_ _:JIl_...u. __ 
Our 1hlnI~.., ........ o..m...c., 11><' ............ _ioes 
..... _11 Ilf "'" Ill' ~ WillI ...... odtlldonllf r-,.."."""" 
.. dtfT....,.,.ial ......... """-in& pOlynomiol root Co..:lirog. 
"""" matn. """""lot ... ",,<I f_'rs.w"",,,, lbe...t.y 
""'\Itlh,'nintC ou, poo.itioo as "'" "',,., po .... "rful ""hnicol 
tak." .... '" I" """ wooid. 

Ily ofI'.nl\ll ,...., """<10. ..... u., liP ,180 """ , .... Ill' 4IJ(;X. we 
inl .... 1«l 1<> pI<.-".....,......, at both < ..... 0( II><' ~ioo 
~ The IIP48G tw..I;"1'ri<'<' , .... ..,_a-SUt> 
....... Ill <11.,,,_ I'r<>m !he I;" """" 0I1hr liP i8SX 00' liP 
.J8S. ..,. rnokeo II><' IIP48G """"""I' ...... hh """'" ptIp/\IJ\iI 
..-..I<:IdaI.on __ ~ ~ ............. , ......... _ 

k:YtI. The III'.c>tGX ..... """" -"' roo- """"" "'-"ts, 
.. ~~ r ...... ,lmoo .. "''''''' bo,;M~" ....... 100')'.00 11.'0 pI"'I!.in 
ronI , ..... I"'" are expan<\al)l<: 1<> 4)1 bYO"" of memot)'. 

0,""01 h\l' S),>le ... 
" ClIlMoIo.l'" or roo"""I" """""I", 0)'lIl ...... prinwily a_ 
<JI """"",iGno roo- memot)' orpnizatlntI, data .. """....., 
__ """""""" ~ 0I'\Ih ..... 0( oon,"",,_ 
to .... In perf ....... __ In .<00' .... "" willi .-
..,..,_ ...... In~'-' .. awIi<>oIioo .. oon ....... _ 

"",,,. 'he ~ and ron~"_ <JI '00 .,... ... 'IIIlI.yo. 
10m. ". "" .. hard ........ """"""'" """'-,~and 
......... , 1hr~S)3Inn _...., .. ..,.......,_ 
~e/'I'tn/woIy __ ' ____ Iy_"'-"'1hr 

~ bilill 00'1 "'" 8)'SI<'tn. 

1100 "'_1"11.,... .... ( :and _ 1'1""'., .... « ....,.....) 
In Ihr Ill' ~X .. Ihr RPL "Pl""*inc 0)'!Ilt'm. n .... -.I in 
u... liP ule and 111' 28C .. 1(1 ... '-"""~Iy in. OU_ of 
""""" ",""hi""" IndU<ling ,iI<' Ill' 288, IIP~ • .00 no .... 
wi,h e.I."""" ... in ..... UP 49G!<;X. 

IW ~8GiGX I'nnd .... en"'l. 
Tho ""1 ~ ~ Ill< .,.....k>n <JItI>e <aIculator 
.. u... _ <>l ~ 00'1 tI>e .. ..,1<. II ....,k ... ""'" """"'U~ 
ItIOI .. _ .., • ......,., <>l 021_ I...,.. TIl< _ Ir3)'IO 

are odfIod 10 !he top "'Ihr.uck, ...... "-YO are ~ 
..,. .... _ r ...... u...top"',"" ...... 1<. ThIoo~"'''''' 
I" n ........ ~.,-.o_ ...... liP «oKlX Itad<. ..... 
"'.....,... .... ~ the,. arr:ulllffila (ir 0IIl') from ,1Ie.....,~ 0..:1 
<flu .. ' , .... , """,I .. (If""ll) ,<> Ihr !!laC~ . 

Th,.-", .. (lilly .. ", data.....,k in IlIe HI' ... SGJn X, This """"',..,. 
.. """"-l by ,he ....... and , ... ')'>1."'" RI'L l>rogranlltl'''. ",'too 
m"'" ",ko: """' ""'" '" oWo, ""'" """ any <>bJ«ota Ilia, """ 
....... '" ,iI<' ..... ~ preoen-.d ~!he .,.....ioo "'''J'3" 
,..., 111'1. __ .'01" eurnrI<. !he -.. ON)' 1Ia'" . , .... 
n ......... oiIll ... '"' ""'.....,t. \lion """"'" to plot !he ~ 
",. f\m<boft. The.,... .... RPI.. ~ tMt "'"'" ....... the 
_I<..,- .. po-.! _ ......,. ~ , .... """ .... "'" 
_ '" IIII' _ . """" ... rt<:OIlonllhr """'ire __ _ 
.....,~ tMt thty .. 1Ud, ~ ""' ................. fIid\ 
'" pIoo. __ 'I\lI "'" _~ fUroo1loo1, .. 0<1 """,....u,... Ill< 

n ,I\<'1WOI val .... '" pixel roonjuw.... 111\..,.. u... graph .. rom­
I)i<te ('" Ir ,M <lnIwing or ,he gnljlh .. 1!'''m'I ~''d by lhe 
.-r). ,"',,'" II .. , ..... >Oe>I U",:Wock .o,pi,~ II .. ""'"" numb"", 
tMt we ............ '" bepn with ahooId not MI" ............... m.d 

1 __ 1'" lrap, -." mq 1:'01,"", _1)'PI'f of .... _ • 

symbolic . ...... gap/Ii< "'*"'" 00'1 'he IIP.cIlGIGX lUcl<. ",. 
I)'PI'f at 0Ili0cts"'~ in the IIP.a8GKlX .................... 
«ImI*:o n"'-'O' ........... """""" ornop. bInaIy ~ 
_ ............. ~'-"' .......... ~ob;rct!. 
woiI ~ and !InI>IU<: otu<rts. n..... .... ...., '-k\IJ> 
ot,jPr1.o, Iibrsr)' ~ di~ 1 __ li>u. (Ill' 

43 olItf!C' 'l'P"<"" d o.cu..ed in """" deWlln .. r"",<X'f 2,) 

10 • k"y·",,~n"K1!oo <oIctolatllr. IIw ....... ""111< k"Y thal "'" 

..... ' ..... 11 'Q .....,.. '" 3'-'1. "'" nlO<hlno .., l ..... orrn lOIqI opl'flI-

lion, _h ... """'-. Tho Jll>.J8G.IGX ..... """'1 """"...,.,..... 
_ ...... !he.IQ ~.,.. '"' tho ~., .-. -"" '" too 
• ""'f 10 ......... ..u I .... functio:>nalitJ' ...- -.,.trc """ 
__ to _ ~..,.. 00'1 """""'-'" ThIoo .......... ,~ t ~ 

~ ....... "' ......... """ 0QI't~ The "'" row "'....,... 
on Iht ~ do>..,. '-" aIIJ'lhl". """' .... on ........ """ 
~""""'~"' ...... u_tMt_~"~ 
bot,,,", '" II><' IOCrftft. n,.,... ~..,.. _1."lI!k!<1 _~<')'t."'" 

II",,, me"""" ~ ............ .., U ... ,,,,,,,,,,,,,,,~Iin( w.. .. 
on tho ""=" ..., chang"" by 'M ""nw ...... 
111' ~gSlSX M~mol')' C<>ntroU". Co~n," .... t1o ... 
We will oow ,_ "'" n ... .....,. """",,"In <'<>IIflIu~iom 
"""'" in "'" III' 48&SX _ how ..... _ .- in ~"pI., ... ,~. 
... II><' __ typos'" ~'I"lfI'Iod"' __ d<\'riop<d 
lor _ ~ TIl< IOn! aocIiDoI __ II><' dilf""""",,, 



.... , ''''' 

. ,_ ..... "... ............. --.. -. ";~ ••• """'""" " .... '>0<). """ ,," • 
10, "",ftlu"""", ro. ,I~' III' 
.'lSSX <>I<o,Ia" .... M""".,· _ ', 
."'.,,,,,<>. --

in eonf'll''''''km 1:>...".<"" tiM' liP ,18SI'S.~ a"d the III' 48(JGX 
.,,,1 (Ii"",...", Iw,.. U"",· Mr(''''''''('' an- u",~1 tu ,·"t'""~ .. "I 
",rme U .. expal1dffi ><1<1""", t<ctonology '0 proo.ide ~ to 
" to<al 0(4,75)1 1.)"1'" <>f ("()<Ie .. ~I d"t~ .. ' ,,,,,,,,~'''''''I,· as 
poos;ble. 

n", CI'II b,,, _hit,,'''''' nr.;t '~~~'10!)('(1 f(,.. 11,,' Ill' 71 ","I 
0bJ<'<1 ;n all Ill' caleul''',r .. ;t1C(' that t;,,,,, I\ao ",-""",I us<lul 
f('"to,""", One of'h" ",,-, ... " its ,~klrc ... co"ft,g"r.tioo, cap'" 
mlil""- All ch ip< at,ach<'(! to tI", bU" "'" ""I",rM '0 1)(. ""I(, 
'0 change. on "",on,",'" of ,t.. bu., II>< .... \,I;~ of ,.1(1""""", 
I 1\>0, ",'ok. " !'eS!>OO,"" from II\(' "hips. S.,ch " ")'51.,,, eli",i· 
'''''N. 011<:<' .. ", fo< all. ,toe inc"",..,n",,,,",, aM tlf'adactoo of 
conf'l/Uri"l!jumpel' "witch .... on cards ~ to plug in'o 
(I .. ""."10",,,. FOI" a <"' .. "" .... prod"" I; k~ • <'.l(,ul.,OI" 'h,S 
c. ,"" only. nicety, i'''. """""""y. 
In 'h" ""fly d>.>~ <>f tl", .",h ;""-,",,, (II I' 71 '0 III' =~ tl .... 
tI" "". Ii""" "'''''' ac1LIalIl-' ",,"cd aro"",l ,h.' e,l"("uil \>Oam 
""0 an)' Rlcl!, RO.II, 01" n"'''''''Y "" I~"'I 1.10 thO' ",as at· 
'a<,t..d to 'hO I,IS had '0 l><> <'lC" ",,,.,,,,,,,," "it h ,t.. "<l' in, ('l'­
face ."ached. This hod ,I>< .d"antage or allowiDS an art>i'raI)' 

nUln"", ofp"'" '0"" ""kk'tl '0 the '),>'Cnl ",ith """""""'" 
II,", 'he .n'om "',"'kll~' cal>alJk' of """'lIing all Qf ,Ik'n, In 
0I 1~ "'IIY or .. ""he" It had 'h~ "..,~. di".d".n,_ of I)U,,;nl! 
• 1'''''' I""",h,m "" .. ",10 __ "';01 i<e"'" "" ~O.II .,,,1 1(..1.11. 

In II", """"''''·se"era'ion (:I'; ch'I'. " nx,,1 numb", or n",m· 
(0)' """roll('rS ",'0'" ;oohorlMl o"boord 'I", CI'U. n .. Cl'li 
b ... "' .. 'hm. 101".11 pr<iochcalIOUf\""""- "OO" I)iMol,' hi(k!"" 
"i,l<i" 'he CPU i"",lf, "The rommn,,'ion or ex" .... 1 .. andard 

I~A.II or IW~I '<>goth .. wilh ",n' of ,h.· i",<n,.1 ""''''''I)' 
'''''''roll('''' was 'h"" .. ,\Oi, -.1"", (50 for "" ,1\(0 CI'll bus is 
N~"",n"'I) to a .'",~I3r<! bu, (k"" •. 

10, (1-. ... 51,.n<lar<l (h-\c(o imple""-... '''' ..... ,h. '"'" of ,I .. ,"",," 
(t hai is, ,h.· ",1.1",... .. ..,.., '''''''1,1,,1 loy ,toe ,i<'> 1<'<') is <lI'­
';g,-,I'<I in'" ,i'i<o (k--""'. In ,h ....... ""'I1\<"oor .. ion chi). , 1M> ,",. 
or ,1\(0 rofuroilNs ",' ''-' m .. ,k progro"'''1Od a' ,he ,in,,' of man· 
ufacl"'" sjoc" "'0 101<' ... "uctly "hat .i,,· "arl, (',"" roIl(~1 
,It~·,,-.., "'oo lv 1)(, 

"itl-. ,he od\..,." of 1'1008.1"" I", ,10" JI)' -l8SISX. ,I", c,"ut,gurn. 
'ion capaiJili'K-. of ,i'i<o ""n~ COI"roIic't'S h.d '" 1.0<' ~"_ 
fM'"INt '0 ;'",I",k· '-'I}i"l! d~' OJ~ ..... n' .si ... of '10<, memory 
ro"'rolk~ '0 ronf""" with 'Ik' ""'''"<' l.o<'i'lg pt"gg",II ... n". 
;" "'". or ,i", " .... .,. """" .. ,,,.,j """""",.;,, u ... ,hint-~"'''''"'''. 
III' I8SiSX imIM",<'n'a' ioo of II,,' .,d,il<,<l""" This resizill.ll 
f<'.to,,,,, i" a<kli'km '0 allo"'i'lg I)h.;;·i,,, of I'.rim" oi"'S, .01", 
1",,,,,,,,,,111,,, Ojopot1UlOj,y to ewJoro:o expan,led "'kt ...... 
"""Ies, "'h,,,1, ... e l\:t,,, com", '0 call ,too ',',,.,,,rM"" ,erlt,>OIo.>gJ·, 
fOl" "'..."IS ,ha, w;1I be aPI'''''''' .honll-'. 

nl<' 'hi"!iI'",eta'~.' CPl ' ~h;p has oix ""'''\Or)" ( .... "roJlors. 
In ,10., Ill' 18SX, ,,,,,",, are allocatNl '0 """m(H)' "\.lI~l<'<I 1.10, 
"y,,,",n llA.\I. port 1. port 2. and .)"'<m 00.\1. and '1><,,' i. 
Oil" """ con'roU<'f. n,e;, ("",f'll""''''"' in 11", <c....". >to'e is 
shown In I'lg. 2. "TIl<' ""'"!Of)' COf"'O!Ie", .'" """'" ." ""i,h 
tI."ir ""' ... "d iot'atioo, in ,1M> .. 10)"", sp"'" (00J00h '0 
t'tl'l'l'h). n",)· are also»ict~ as hal'in1l> .... ,,~'allo<' .. "'" 
,n "ptiorily """,, • .- h' , I .. CI>t: bus delin"i"" the (lei""", ...., 

chainNl, ,..i,h 'he ,,,,,,,It thal (lei",.,. doo,'Sl il> 11", CPU "" 

.... , 'ZIII 

• ! 
i 

"J.o:. a. I: ,...,., "i" r>Io«' "",'lou . 
.... "'" r", HI' '8>iIS.~ t'()o,~mI .. , 
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._ .... -

--
,he chain haw ,h. r, ... O!~"'ltu"ily 10 r<"S\>OOl<1 '" bu, ,,'­
~"''''' .. In 0001""""'''''''''. 1ft ~X> de,,,,,, "'" ronfll/Ul'<'d with 
",wlaW",g add" .... ""*"" ,he.,.... c~ (0 " .... CI'lI "', 
It.<- "ha;" "rr'~1i',,1y hides ,..." """" ,';;;'a'" """. In ~lgo . 2 to 
12. higt>er ,>riori'y Can be ;,,,".,,,...,"', ... , " . ..".., ,(> " .. (,PL"" 
(0,- -hl,w" ,00</> ""low." 

As >ho"." in t'l8. 2. , .... nO('<,,,-,,), <,""rolier for ')'Slem RA.lt 
,,,,k', ,II;, _lion or fto~1 show" .. <;(1'\"0""1. TIli' I, 'he 
"''' ..... ' ro" 'he ""''''' -<;(I'IerM" ,,,,,hnolqe,'. 

!'\g .• 1 .00"" n..,." ,""ail of '10<- ... ",."", llOll ","I ,1M. fir-I 
""Y ill "'h .. h il .. " .. ~l. In one..-<:lion oftII<' CO'IWM I!O~I 
U,.",,;, .", ... mbly I."guage ,'Olk- (mo>Il;- math rol""...,.j ,ha, 
""",i"", 00 RA.I! """"',.,..,. """,.", , .... ('I'll for "~,'t,,, ioIl. 
n,;, ""'''' iH""",,,,,1 ill-I''''"'' in II"" "''''.",' uml by 
sIIrinki ng "",If.,.. Ill(I'I;'1g I II< "'''mot)' ron, o<>I l~r [Of '),.,·fIO 
IlA)! "', ,"" ,I .. "' ..... ·an' >Nt1Ol. of code ,,'cml>O<ari'y "n· 
(",wN. \\1\<,. 'he ...... " ine r", i"J"" ox .. ,,,,iOIl, s)"'"m I!A~1 
os ,,~um<>d 10 ;IS oonnal ro,,~g.n·"'ion 

... """,,1(1 S<'t "I ,"'''"",>, all or which only lK'ffi ~ '0 • 
nxNl "'"- or 1000at""" ~llhh' ,)',1<'11' RA.ll. can ex""'''' ,..ilh 
'pM'" RA.II in lUl)' "' ... (of 16 "",ali",," ... , 1",'1! ""' ... y 
""-'''''''·1' .... "'" n,,, ",,,,,,,,1)' ,-"""",1 by S)""'''' IM .. II 

Fig, 1 show." """",,01 way in ~'hioh tIM' {",,,,,,,I RO~I;'" 
_'\!. In ,IU. ,.,..." ""'''' .. ~I d.,. (n~"'1y da'a ) an, «11"'" 
f""" «M'n,1 IlO~1 I~ • nwlbo. at • n ... , """,;00 i" »"wm 
RAM Me, ,I ... <'OJ))''' complete'\! .• ys'~m IL\~I i, ,"'''mo''<l 

-, ... 

.... ,,,,.., 
i 
I 

Pil. 4. eo,~-_to-m,j.." ""'lllIu­
"',.,.. 1 .... 111' j~~ """",I 

••• 
'0 i .. ,,,,,,nal ronf*,ra'iool .",,1 II ... ('<)(~. ",,,I .ko'a .r<' .,,,il. 
aiM 10 ,ho,' ".", oflho" »"""n, C(}(~'''' """~ ,hi. da" m'L" 
n'..,.m ,W,"", ,hal iI ill ",,,,,ik' "",I ~an i)o> ''''''0)-...1 by "" . 
othe, I"'<n of da'a froon <",,,,,,<! flO.lt In 'hi< "-''',",', ,his 

"""100<1,,, "'" ''''''''1'''''''' 
An",l,,'r wI<,\" '" whion "1)w",1 ROM ill used ;" .00,,'" in 
f1~ ~_ " '" .. " ,,..,..,,..,..-,,, "" 'he O"""".,,,.p,,",,,, n""hod 
"''' "'" . i I. f""-.,,. """n(".o",,, "" 11", ,'0<1<' .nd ,I!<I. ,h., eM 
"" ;''''h~ltd, h, the liP I8SX """", Ihis .')'",,,", '" U"""lIy Iif'<1 
to II", ,',,'<'utioo' or flOMP11l" R",.II ,h., IIO~WTHs are RI~. 
""""""s ,h., ""boonulO for hard adrl .......... 01 00....". whu:>e 
I>re<'i!l(' lo<"ion k 'K>< ~ ,,,-,w", in ad'1UlCe (and in 1><' ,,'ig'" 

toot ",-en b" I""""nl.) n",}' .,,' ",Id" '"" "'" w",," 10M! ",I. 
,I. ,-,.,.., ,I .. , '",,, ",,,,,,go- "' '''''''' .... 11;". [j,,", .ml ',""nlnO'", 
~ I""" <"m'''I-''''~h'o.g '~'jN'o_' ''' •• '' ,"'" ... """",-'n ~""\t 
", II, a, ,,'n 'i""" 
If, ""ring ll., ",",,,,,,",", of • HO.lfI'TR '" "" """"""', it is 
("'lOn",,,,,ltha"h~ COITCSI.""l\n8 ohjo>o'l Ii,,,, '" "-",,,-.,d 
HO.I!. 'he <*li<'<' .. <-upk-d from co",,,,1 HOM. II,,,"-'8l' "", 
mailbox. to ,t.- TtMP(lS (h'''>pOtary objN'o);u-('a, 11", atl<!n:oIs 

of its ",,'" Iocahon in II", TEMP(lB ."'. l' ,,,,,,, """n~'I. fig, 6 
"\Q"' •• coo', .. """" or" 1\"",,-,1 WO.I! '.-or<l (k<)·..-onl or 
cooum"'~I) ... it would "i", in <oow,-" HOM an" .. ropiM 
to Ih~ TEMP(lB a"-",,, Although w"'11 ,efor l>a<'k 10 f1~ 6 "'''"., 
for 00"-""''''' 'hat i" ""<lil .... ' 'Q ,he 00-",," ", .. ,f, ." a<kli· 
lioo ,.1 ,n',('(' is ",~""l 10 ,I>e i ""'I\<' in ,1M' l~M P(l8 ato'._ nn' 
I>i<'«' ill .1I1)~II'TU p""""in~ ,he obi<'" ,,,,,,II. Th", .Ilo..-s 

! 
I 

Flot, $ , c"""·_'o-, ...... ""'""" ... 
, ...... II,. .t.ij,<;/S' ".~,."I!o~1 --" 



""', t, c- It .. """'''''' 0( . MQW _ .. __ in 110)1 
and ~_"""' IOT_ ...... ~"". I L 

II,., """i ... """",,'i,'lI "'" 1«j~[j>'rH '<I an .. kl""'" '0 ch«:k 
" ... ".., ,"" ""It"" In _100 ... cup)' 0( til", """"i"g chic­
.. 'Ilfor<o n ... .....,u.oo 0( """""'" !(OM .. ,.,r"", wl\icI> ...., eall 
" __ 110M _ ............ orin l>r~~"WI' to 

_~o('ht llP~X. 

r....""",,-...,.. _0(1Iw: I!l'L ~ ... roolribultd 
...-ll' 1O,hI' pncIi<alit)'''''' ,nr_".,) d __ !(O),I 

......... ~ ..... <o<I;ng: 
• ~ ...... _, .... ~ .. ...- .................. ' ...... ~Pl ....... ' ........ of ""' ..... ,_ .. .. 
• h~lIrr'""""" 0( N". oojo(1 "",,,,,Il00 '0 01"", IQ<:.""" in 

!!A.'I .,.. !(OM 

• 1''l''Moie'''''''' 0( 'ilre<1 and looi"-"" .,,,,,"Iot, of HI'L oo,/t'CIs. 
"'1U<'tt alk>vI" (noncirrul2t) ""'""'u ..... '0 b ... ""'" ... , ..... , 
in u.. ...... fonnoL 

III' ~8GlGX .\Ie"""",, <: .... ...,1..,. eonn p .... u ..... 
Tht III'48GX ........... _0(1mponano r_.-incIudtrot 

• L'P to 128~ b\'1 .... o(_-lto .,... .... NA.\I 
• On. pIuf-ln __ drtb ... a1ty """' ........ , to u.. 1I1'.c8SX I*U 
• _'0 5I2~ 1»1" 0( ~m 110M 
• ........... '0 4M b)'l" of HA .... .,.. ItOM ... """""" ,_ usin3 
l_ry.., .... 1ard partS, 

_ .... ". 
-~a 

nw.."., ,.",""" "'lUi",,' ir";"".olJ,,, u.. ...all ...... In."'" """"'" 
........ OA\I byt<o to 4, 75~1 bytes, .. ~ ..... ...- "'"ff P'" ,---
""!lilt !lor III' oJ8('oIGX .... <;11,; lIIoc<i<>noIty ............ to IIw: 
'hi~IonD't-' ~ _ ... _,_ .... ,." 

"""""'Y""""""'" ,,_ ronhvl ......... ~ .. ld 
...., ""~ty, .". 1 *"':s til< otanolonlilP 48(;X ronftgu, 
.... 100. '"'" romroll..- _"""'" .11ocaI ... , 10 ,...,., 2 .. ,.",.. 
..... ,,' ... t.."k ,"'ik:h ronlrol , "'., U~, "",.. rotllrol .. , '" 
now allOClI,.d '0 ,_ 2. ''urthemtO''', ,, ... ", are oow .. 
"TanY .. 3.1 i.oy<!'" "' .... ,he '''''' 128~ ~, .. of .. ~, ,,,,," _~_ 

I'.limina"'" I" tI, .. ronf~ .. u... III' ~ «1'''''''' 
ROlli nolo.-.. ."",.n 01' ,hi' fIln<IlonaI~r ~..,_ In .ho 

1II'~<aIIl>r--"_"'kIy"""""""""'_ 
mibIy ~ - pIo<tirc (~"'" math """InN __ 
_ ' ..... ) aM .......... """""~ (....", tho f ... ,*_...,..,. 
«1' ......... ) s;....., u.... ..... Vt'>l __ """'" __ pIa«ot 

to....,..., _<~."., """" ..., "'""¥....,.., ..,,,,,,,,,,,,,,,,. <"<10-

1'i(UnoI"""" 'n ~'-"-1l ,rack 0( .. '~iN. ".""""- "11~ ,he ...,. ........ , ,-
Tb aln,,,hfy ,1 .. '!"'lOIn, " ·0 u. ... tIIlly •• i'IlIi" ""'''''''' , ... h_ 

nIqtoe, _Iy, ",",'."" ROM " ...... """""'" " "tit _riatf, 
modif\c.o_ 1I",tItoo' thisllimpliflatloo, ''''' nUJnb<,r of 
_ .... 1'lt><I anti """r~ _iorio " ...... Ttl It< 
___ Mo .... " , .... , tItis.U .. ~ ~_ 01' 
............. _ lOcO<io .. ,." .... r.,..1Iw: III' 48St.lX or..,. 

~ • .,.-y "'m ..... foo- ,htllw: ...... """""""" ...... 

.".8--. u... roo~"'" .. 'hi" ..... 1)'1"- on otu<oct froon 
• t;-,k 01 po<'! ~ ' 0 .................... 1'<>01 I 10 ""~. 

In "'" """""ngut«! """", ,It< ""'troll<'<' ............. 10 onl)- • 
I\at,dru' 01' bus rommands alld ...,. .. it I, """",', ~,e", for 
da, • • u, .... ' 

t ... , $ _ ,ho ..,..nT!"~"'" .. '~Ilr .... »i' .. an <>ltjrd from 
,he...,...,od hair oI'lM upper .,..."'" HOM. )" ,No """'. boOb 
I*U .... _n.utf<L 
'"I8.10_'he~ .. _~ .. .qoco_ 
,he """ half 01' ,t.. _.,....,... HOM Sin«'. ront ..... 
_ 0I1'tObo __ , ...... "'""¥ """" Cpt' _ 

\han <'OI'fi&u'" or ~, it if ol'lcto tot., :o0U)' to «<c>Y 
oltjo<u r""" o. .. .ooction, .~ro"gh • matllJo .. and.","" into 
lbe T[MI'O' an'2. 

- ---

'"' -.... -~­,,. .... , --
- -

._'"""",.... -.. ~.,-, 
-- ' .... T. TTl ' 1~(;Jl ___ ---
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r. -, 

f ' ; .. 

f 
f 

fI&. .... I'~X~1or 

--------------.~~~~.-~, -------------. 
-.. ......... 00;0<. _. _ of 

pori Z '" 11_ 

~-
." II .......... 'h~ronngllf .. ioo ,,'hen I ... oo.,mlOne<! , .... 
0011111\11 .. pI""",I ," '" all. In u. .. c .... , W only ""'~ 
..,.,.,...\0 I<) lMn ... haUoItho uf~."'~ 1(0),1 , ApIn,~ 

is liboly I" boo ~'IO row this nulerW.tlIro<J#I. mall· 
box. om..-...w," \lIo 110 .... ,,_ .... b.-~ ~ 

.1«- 12...,..,.. 'M -.dar<! HI' 48G coo/Igw'alloft. _ 10 

ldrnlical '" ~'" II 0XftJII fot """ oman...-.-01_ 
I!A)I , "lIiII- ~ lon<Jtotrktty ._< ")'1" .... Wt~. 
1ion, .. _._"...ol .... IlP48GX~ 
!heR ""' _ ........... '''''' ~ ........,. nw:I ..... <:ode ~ 
....... ...., 1M 'wo _ III r.c.. .... <:ode can boo id<ftliol 

.... eo!.. .... . 

f 
f 

""' . .. HP"*1X_1or 
__ "" oIijort '" 1II«1II_ 
'''''"OIl« half"'.".. ... k()IoI 

In Ihis < .... , ~ it pino !he att-1IlIlage or r~r __ 
to , .... ~ tu" ctioluJil}', ptUVldlng a ",.".., rt>S!ooosl, • 
Implomenlallon. 

lIard.ware Design 

'"'" ...... of 1M liP «lK;X ... ~ CPU mIp. 
Thio ...... "'" ASIC 10 __ ..... <>rI3InaI IIP11 ~ 
_. and iIo dr\dopow:'" ... ~ 10 """",....,.. olll>e liP 
.eGlGJt Thio c hip has four ad>-an_<I"o'K'ho third· """""""ctUp_1n II>e ItP-i8M>X. ft.., ~ .. ~ 

- ---
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iio_~ -,- ..... -

- ---

f 
f 
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-- fI&. 1D. IIP48GX .. __ 
Ioo_ .. ~ ... _ 
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-, _ .... ',. -• 

---
.... n«. diIT"""" {"MOS ,,.,,....,., a!Jo,o.i", ""'t<'<" .. abollty 
~ "h .... """,,, ,-.>I •• """Iaoion ci ....... "y s..-a .. t I_ 
i...,...,.. ..... ' ...... """""' ...... 1<5 ."01 .......... _'<'I ""'~ 
....... ""'" allow ,,,.. ....... ( 'I't .., .. _ .. , .. b ''''' 0JIftd 
ofllo , •• ,*,.....-. ,......,....,. --iii> ..... M • 01-.\1 11' bus 
..... Thi.rd, 11>< ......... eM ;" _ka«rd in. 100000n quad !lat. 
,""'k. ''''P«''inA It.. .,. .. "r ... ""..,;,,,y oft"" III' I~X. 

F'~ln~, ~;'h .1I11 .. ~ ""~"", ~"\<,,, ...., thl' n" ... " ... '" 10"·,",,. 
In.,,,· .. u.g II>< budgt" for 00' .... ' hard"-",,, im pr,,,,e""'''1> to 
, .... <"""",",.,,.. 
Thr r-.. ~" ....... ,"' .... , II'«oIGX U~ p .... ·'M 
oon .. _ ............. ,io. ... '" im(Iroo.,<,!he .wi" I .... ..&no. im-,_""II ~ """_ ,"'" ._Id _ ,,", ... """' 
........ ><abIe .. "'" .......... , • ......-.... ....... ...... ao."" ,"''''" 
'ioMIi,y ""'l',j.."j OIl "'"'- In d.ua .. .,..., OJ>II""<'. "" w~ 
........ «1 " ..... ",. 01' ROM ",. 1 nA~I . We.o1..o ,~ ... 'lchl ,,, aM 
"k' r""IU,1<» to ba!'k·.,,'il~h n d.,.. card 1>1L1U,,1 Illlo ... ",1 

",., I"" 
Thr II , ' .J8f.K:X ,_"., "';'h .. _ioow """""'--'" 
""', ... 111 in ''''' """'" p/I)"'"'*I ~ .. in ,"" Ill' 18S.'t. Tho< 
fI"UdI><'o pbo> and _ ... diel ...,. .. ""'. __ '0 ~ 
, .... '<><>Iin« or pIaoIl(",_ ~"""I. fu< tI..- "'"' .. , .... _ 

~".., I~. '" """"' ..... r ... hk. _ IIY\ IIII '" .. -ri!o 
""""'.,""'1>11 ........ n .. III' IRS.~ cim.ilixou'd ,1(>,011', ... ... 
",. 11,,' ... , """h ,h., il did ,"" k·.'-e ... m,,,,h I"", "' ...... , 
n-. "'..,.,.. N)00>4faim •• « ..... "" n..,,~ 0( ,I>e III' 1lII.',x;~ ,-<, .. "VI' -.;gn cb<>i<_ 

-, -• -:. 

I 
I 

..... , II, ,W _~ 01·"""'''''''' ') 

"""""'''''''''' 
no., ILUI i ...... _ from~K t,oyt ... ln ,1>0-111' I8SX '0 L28K 
1»1<'0 in I .... III' lSGx. ,,'hit. ,he III' L8() ........ ned 1M ~ 
~K-b)1~ <fUr. no .. diIf ............ Me .. · ..... ,lor G >0>(1 II ... GX 
""'" ''''0 ..t. ..... ;rc.s. ~_. ~ 1 __ """" _ .. ion 

10 .... ·..., ,iw' 1\Inrti<Ins .... .-ofU ... G .. '" lIM' G~ • • ,. 
""'-'11 II", ,,,,,,,,,,, larniIy"s " W'",", ......... S«ond. ,ho-

<ti"""""'" I" !lAoII ..... """, .. 100 • ""Y for "'" """"'I."or 1(' 
~, .... '" .. 'h .......... I' i • • G " ... GX. II IIw ,'aIcnla,or .. ' .... 'h" 

RA~I ""', n",1!; "" I)' ~K 1»'"", ,h"" ,1M'''' .. i ll ,~~w be " 
",n,·in ,Iota """I 1, .. ",Jk-d. 111110 ,h" lof ......... "'" ,,,,. '""', ...... 1 
...........,.,. ""' ....... _., ......... "'n"", .... Th<' IU..\I '''"'''''1 
_I>o<:<ot>eo .. in,,,",,,, prodoon L.l ..... idonuf ...... >0>(1 ""''',. 

"""' ........ """, ......... """m ....... ror r ..... ~ on 
lIM' 1Il'-'8G 

NOM C~.,,~~ • 
no. Iii' '180 IUMI G~ .....,... • .,..",,,,)n ,(O~1 code .... . ".'1 
.bo """'" • """"",,01 Mm,l, boartI. 111"" 'h" ";m,,111It< 
,\ox"" .......... ,. nW'luf>duri.n," .... ...,..k ron'n.>i, I ...... 
, ... , ................ -. lbrlll' 18G~ RAM chop .... 1dr. 

.... , """'" ,""" ,t... dlip """" .>1"" Ill' L8(), ,"":t!K RA.\I .. 
ii, . :I81>in _o(I<.IIJ .... ~ (SOI'~ -"" ,lIP 1$1; .......... 

... :J2.pin SOl' ""'~ <"OOfomo 1<> thooJI:DF.C pino<ot ~ 
" I28K ""'''''' ...... _ .. ,hoi ....... , I'>',ra ""if> ",,\t<1 Ii".. 
at '''" :10. 1'hio <1"" ... """ .. , ~" h~ .n''''''>jt pins I U"'~o.<eI' 
28 0( , ..... ",.11, ... !lAoII ,,, "w'rill)" 101, .. J ,"roo,gh ~ o(lh.! 
~.,. tIt>_. Th<' e ..... <hlp ... """ of , .... ItI'.J8(;X J!A.II 

i 
I 

• 

•• - ..... ,"'*, 

-- riO. n . liP I!IG ... M>rd --



'''''lei"", ,he V"" li"~ of ,t.. III' «. ~")! dup, ."d oi l ,,[,he 
OIl .. " Ii",,,, "'" piOOll,·eompatil,", 

n ... <l1IT"",,,,,,, In I'hy,k.1 pa.-kl<g<' "'id,h also IK"I"<I a 
prol:>lem, The foil p,"'e."" on 'ho ~il'<""il """'" h,," IQ be 
,,,O<Iifi,'<I to """"1~ RA)I chips "ith dlIT~""\I I<-art ",,,,,i''8" 
"""'"'" Ih<-I''''-'k''l!l~, TI ... i",,,,,.'<Ii.a,~ ""'I""''''' "'as simply to 
"M~h 'he ol'al""",,,,,-,1 pauen ... 11",..","<'>". ,hi.. "", .. lIed I. 
,h~ foi l ~",e'.Ii"g ~'ell und"r 'he body "I ,he 128K chip. a 
";'ua'ion ,ha, """ld h.\'(, IN! '0 00101", hOtW''1I ~'I""'e ,he 
.....kIt', I""'" ron,,,,,«1 tile I"'" body. 1"11;" .. "",.1..1 by "'"''Il 
''''0 d ilT" ..... ,' ""I'k' Ol<""dl. on ,1'0 m"'Uril<"<uring Ii .... , " 
I>a>'~ of5Old .. , i. ","I oro ,ho blal,k oi",,,i' booml b"I"", """" 
""" 1ootk:<1 "" '0 ,lie ""'nl, " """"I ,.".dl deru"-,,,lI>o pattern 
o/'ho solder .-e, i''''' .. , a .ilk "'"....11 ""'''''~O 'h< 1,.U,·m 
of i"k "" a shin. Il)' using a diffo",., ",,,,,dll'""''''' f<.>O" 'ho; 
G "",I GX <'in',,;' I""",,,, ".~ rol\1ro1 ,I ... oogi"i\I loca 'io. of 
,I", so~<k', ",,""0 and .""1' it 01" from u,""" ''''' 128~.l)y>e 
11")1 body, 0."", all ,I", components an' loaded onl0 tt.. 
";"",;t board and ,00> "" .... , b 1 ..... >:'<.1 '0 a "001,,,,, """e • • 
dango, might agai" exiS[ 10 .. 'he ."101,,, to no .... u"dor ,h<, 

I"'" I",,!y . .-""", .. ,,,1,'. 'h' ""to"" of ,ho! " ..... ruu, ... ,,1 "",,"" 
"" ~""" (ho UA.\I ~I ""d ,ho cil"<"l,i' b<tar<1 loll 'e,.1s 10 
~.,,'" ,,'" sol,l<-, (0 pool OT wkk to (he I<-ad ""lIer 'Mn 
"1,,,,,,,1,,'8 "'1'O$j U\(.' (''''''!(lOI ... 1 foi I l..d. 

TI", poock3$ing of ,lie HOM ehip "'a.. al."" ~1oa1\8"<I bo:'l,....,.. 
(h<' HI' I&SX and ,he liP 48Gx. Th~ SX u .... 1 • "'IU"'" 52.1'ill 
<1'",,1 Hatp""k f.,.. i'" 2OG~ ~)1,.,. of progr;t'" dat .. TI,~ rod. 
>i.., OIUK' III' ~8GX '" doubled '0 r;1?K 11)1"". Its I""'k>&o is 
• • 'l2.p;" SOl' 1'''''11", 128~·b).,-, ~I\M dup, Their ronunoo 
,,,,,,~c «.'Ilgu".("" at,,,,,,.-.,J ... 'v e"' ... ·"~ ' ••• ,.', ' i" (I",' 
1''''''''.'''''( of tho t .. ·o ~hil" ;UKI il\ 'h" ",,"illK ,of sW"" .. i"" 
IK1,,''''II lhe",. 

U"" of" standaro SOl' no~1 Moil' alo<.o allo ..... 1 ' .. '0 ..... ' ,K\(.' 
IIno' I'rogrn,,',,'aIM (01'1') Ro)l, in I"",otyl''' calculators. 
.1.1\ an' """" ,he ,."''''' ... mi<'ond, ......... "'''' "" • l rv ... """'~le 
EPI!U)I, To ge' the .. ,miro..-luctor chil' i,,'o "'\ SO!~ hoW' 
,~w. ,lie .""",1""""" onuts the ramiliM gla.", ,,·indo ... i" 

(h.' ~hi JI. "" ",n"g (IK' "'~ w,' i" "'''''''''' I~"";'" The """,,It ing 
~O)I i. "" I",,!(eo" e""",ble, 

lil>k'ally .• 1'''''1'''-1 ""1><'<1,,1,, """,i ,,"' "'0"( hs bo:'l U'""" code 
... 1 ..... ",.1 ,II<" .. art of I,rodt""""'" (ha( Ilo)l. eon 00 
b"ill "'i,1I ("" .. ,n .. '"", "",I<- "',iI(·i". TI", ...... ofOTI'>I on 
(hi. proje<1 m( ,t.. ...... ~'i""l Ii,,,.. r""" ""-",11,, IQ ,la,;.", t·", 
,"'e pro<otyp" run, 100 (in", bet"'em ""'" a\"allability ",,,I 
"""10<..1,,,;1,1 .. "" oroly 0 fe ... hoot>. 

The III' -I8('.(a ("J~I ",""it>~·m. II.' hW""" , • .Idr"", bit. At~ 
,,;(h an .. kl i,iooai chip ena,,1<- IlIIe. eEl. 1"lIe o';":i''''' idea 
... "" '" a llto ... Iu(u", "I .... \"ioll of ,be 111' ,IS f""ily. ~i(I,,-... '" 
,I><' • lal#r 110)1 chip or (0 include an addi'ional ""'''\00")" 
mawed , .... ·k.". By (I", ("'''-' (lie liP I8G1GX .... 'Sign was rom· 
pleto. ~'" hool M("i,k<l '0 ,Ito bolh. We OOub~'<I IlOM 1021' 
10) ...... and we ",~""I " .. nk '''' i '~h i "g to 0.,,1 110ft 2. Two 
",,""I U!;)i()I:; chi"" ,.."'" ",I<\NI 10 ,h. 1!OIlr<I (0 tIo!",,,I(ipl€x 
,I .. .,., >ig.w.. TI", (;<"0 chips are a quad NAND chi" and • t.., 
I) fi,!>"n"", ";,,,ilar to (lie ", .. ndard TIl. ""'~, ",.. lIlulli· 
1"e';IIS is _"""~I"",,,I hy Sin,ply 1<oggIIII.@,,",,,,,rotbi( In· 
• ide (he Ill' -ISGlG,x CPU. To '~'lI\ultiple, tile A, I and CEl 
.ignal .. " .• ""''''Iop<d ~ protocol lor milToring (ho .. ate of 
ll1e i"'ontal bit '0 "'''' olll ... ""\('n,,,1 I) n;1"~""" Th,' NANO 

)ta(.,. handlo oignaJ <iemll]tiIM' illg. .,,~ [II< n:"",inill,g r"", 
n;1~Rot'" 1"'10 a ",*,to, ror (he <anll~'" 2 bank """I"""" 

0, her lJa rd ,,'ore Chonge. 
",.. " . rollOftS 01 (I", Ill' 48SX .. we ~,,-'<I loc """"" 
""'''>0<)' canis. &\'"",,1 u'Hc",d h"'''' ... e," ",I'ph'<l (0 I''''''' 
,ide .,""mal ,-I<k'O ~Is 10 dn,'o "'\ enlargeo1 "i""lay ror 
c""",,,,,,,,, " .... Oro ,he tiP 48(OX. 'ho ,ldro Ii"""'ff "".i ..... 1 
only on card pon l. 00, "" .... 11,,,"2, U,,, ,'i(k", Ii""" "'" "'" 
1'"",,,1 10)" row ",kh(ioool odd" ... Ii",,, Tho ')'lItem !10ft ... "", 
allo,... ,he canl ill 11011 2 10 bo> ... !><I',·i,1e(! ;'''0 I:l8K·bj'" 
_lioo", with each S<.'ction t..,a te<l "" a ,il1W1i pllls· in canl 
flw bank .. 1.-.:' .,ltIn"", Ii"", 10:"1''' up '0 :n ,,11 ... 1 ping. 
I .... i. carrll"'" 2, yiehling a """'iIl\IIII\ c ... d size o! \,\1 bWo< 
In 'he ph'~·i" 1',011. \\-,,10 ,lie ~O)I, IlMoI, and plug,in options. 
an III' 48(;,\ can ...,.,.. 4.98(1,7:)(; byI .. of "" ..... 0<1 dota. 

Sill"" (I", io."I " io" "I (lie III' 4ll I"mily of cak:ulal"",. liquid 
Cl)'SOal di. .. 'I .... (<:('hnology I"", __ '<I.iWllrK""tly. The 
disj,IO)' in (ho III' 48G!(;X Pl"O'oi<l<s imj)l\l"('<j ,i";Mi,)· by 
h"I'I"O'o~""'l\ts In pixel ron'rnst. ",.. dC.play .. (hin"..-'''''', 
belo, ,,. Th'" "lIa,,8" in ~ 'hi<"""'" 0«1,.,.,. ,he loamIl .. 
t>o<" .. """ ,I .. loix~1 "'i(h i" U", dOlt>laY and its!lha<low on (ho 
"'aJ" I"", of ,t.. <Ii"pl ...... [n (I.,. Ill' ~IJ:'jX. (he pi.el ron(""" 
,..". lowor and the shadow "'as '101 ,lark 1'10"#' 10 "a' .... 
prolok"", I"" in ''''''i,lS (ho! ne ... II P -I8(',JGX ,li""IO)' '"~"'" 
,'an",,,, ligh' ",,,,Ii,,,,\$, ..... 10uo<11M( """,10,,' eff""ts II""," 
(ho d"",1oy han! to..-ad. "'th 'he 'hinn", gla", 110 ... "" ... 1. 
(he pi"'1 ",0<1 IIS.ru.do ... "1'1""""" one image. and the 
oIoa<!o~' 110'" ... 1"",,-,," U ... "I~"'_"'" oft"" 1,1",1 . 

Ch>o'W" w I~""C pano were not [><rrnl"e<!, e<...,pt w'w,,,' 
'w ......... ",.. TI.., hock c_ of the HI' <l8GJGX "'l',io«l ~ruu_ 
TI ... ~haoW!S w,'"" a ll a.cc","pli"J",,1 lo)' "uking "'01011 .... """" 
"1,,,,,, 'ex( Oil (I", ,,,,"01 """"'" oha"l!<"> 01" adttilions, (he 
affoctod arp. or 'h" ,,101<1 u'"" ,hilb,d ."'''Y. " 1, .. "<'0 ,,1 .... "<·1 
w,.. 1'""",1 i",o (he hole (0 make a ,,.,of ..... m. "",I tI~, f,."" 
"r U,'" f'\e'" I'''''''' ...... ,~d .... 1 <.>0" in""';""", "' i(l, ,he new to, · 
("",," and {"",umo. The 11<'" back eo.", 00>11'> Kl<>nl;fy ''''' 
differell"' .. bet"'<'01I car<il>Orts I .n<l 2. updates ,he C<>p)l­

ri&hl lufon" ....... " ",kls a noork i,O<II<-,,(i"lI that (lie III' 
-I8('J(;X «Impl"", .... ith Mexico's importation laVo.,., .. ~I "'kl!< 
an ""'a I"... co",(",,,i,,,,1 '!OJ,..","(e. The custoouiz<..1 nan,.,· 
"la(C is • I'''''' oJ n~'al ,,'IU, .. nl<)Sl,·, "" "'''' ";,\e. n ... '"U>' 

I,""". "ame""" be c"g" .. "O<\ 0<1 (ho plate and ",(",,1>00 (0 
an ;IW'l ...... of (he I",c~ ~ ..... Th .. is the """'" """"'P1.(c 
illI<!d 0" III". palm'OI> COI"I"'le' !","ill'. 

'!l\l.' resul( "I (hc>e cllang"" is a romP"(O' pia,lOflll ,hat Os 
""-"" I", .. ',.,-fullruu, its I""~. "' "'011 ... ,11«1 10 ,he 
.nh,,"ct'd .... " il\(ell""", .k" .. olopo..1 by ,ho ... nw"",, "'am, l" 
n""", • .., ..... (iI,· lor both (I", u,",r.,1<1 to., de>Jign ol\j(inCCl", ""d 

Os lNt< 'XP<'fl.<i,.., 10 prod,,...,. II .... "00 "" • ~ lip" 

gnode ",,01 bocame a n,*" prodOCl iml"",·cnW"(. 

Use r In te rface 

\\,(h e .... of I<"amlng .rul ease of.,.., 'he primary goal. lor 

,00> ""w HI' 48GJGX c.kulalor. (he..,..". i.lor!""" and IruU\)' 

bui lt· in al~~i"a'ioll' haw """" largely rroo"tg.~'<I . 

l"p~1 jQ,""", pro"id" the common stal1ing 1>Oin( lor (he 
,,,-,,,' ",,,I ..,,,,rill,·" "l~'lkolior" i" 'h<' III' <l8GJGX, I.ookins 



",,,,,II Ii"" dL&loK 100""" In on "'..,.. .'Ioclntoslt or Mie""Klfllt 
"'1ndowlo I'C, input forJO! pr<>'o'ido • 1I11·1n-lhe4oIan" guitle 
".lhe Input ' .... 01.·<1 for. ~ pi"" ~ 
...... ~ ...". 'or...w.c on thM ........ 

" ............ 1111 ... ~ In ., .... olar """" and 100-
)Ii<'IdI1Ion .......... r""" __ .... _.- .... de\"doptd 
__ .·twrofpop-up ...... UtAaofLWI ........... 

II," ..... """"""'S''''' input locus. 

We ~lf<i "'_ 00ru to mokt looodback ,,, Ill< .... ' 
""'''' ",",Iq<'~ wilhi" ou, mcr.oAIngly crowded dispIa,y 
..,....,. M...,., bG>: .. :or..-.- OIl "'I' 0( wha,<!Ve< 'lie .... , Is 
w<><kll\l on and pro>i<k! ........ llexlbi.lity lor l""""'i«I ..... 
.......... 1 _!han tho '~I ... , n:«><l-""' .. Ion ........ "..,. 
_11>01"'-"'. ",.,. _ ~., tho ('<lftlH.I thM ao1 

_ ... Ioot .. """ .......... ~hon><ns 
wIthb> .. ~1orI. 

In ..... F_. 
Nt """" (""'" "",,'ido>< ..... h .. ..-... h' .." ........ ,.,..., ..... , 
10 .. app/ka6oo and __ "'-I"""'il 1M uoer to di"l<'( 

0<1\""', 
\buaU,v, on inlX'i form """col .... of (..., tlg. l~) 

• A Ulk! """"""l\Iihe fonn. pu_ 
• 0... Of """" IIoId8. typocaIJ)' "'Ih txplanao"" """"Is. which 

""' ...... to goth« and ~ ...... Inp>t 
• " """ lin< thM _ tho ...... ~ in tho ~ -• ~ .... ...". thM JlI'O'I_ """" """'- tor "-0<I<inC \ritIun Of 
m~"'IN-l __ 

t:.cto I .... ,.. f""" fodd <2Il "".,.... of I'wr l)'l_ M(l<OI ;""'" 

1_ ad! .. "'" Sot ....... and 1'0 1, ... * inpull~ ron­
taIn ..,.,.,..... ~ alilyp". 0( I\oIcIs. 1YIJi_ .... ,....,. to enl.,,­
&1\>ItrW)' 1I!'.J8GJGX oI.»rcts Ilk . ..... numbeno and nulri<'es; 

11M- <OI:o;jt« l)'l>O'S ""' .. -ed "'" ..,eel""' to _h ,exl fWd. In 
.... II. 0 ~'" Ilcld Is .- '0 .... 1 ... on oIann _In ,"" 
Soc,..,. __ 'omo. 
"'.".,. • oqIe __ ........... 10 ""!l"o-.d,/ioIr _ 
_ ...... '" ~ im.,..iod input _ to """ _ uoer 
_ lb ........ an """Y In • Iiot Ik!Id, • .-..... is dis­
pIof<d. In fie. 15, .list I\cld 10 _ ... ~ tho 1rattSf ... 
_ In ,be 110 T,_ Input lorm, 

Son>oIImeI ooI¥' .. .,plC)'tlO-no, """""1on1 1)1" 0( clloi<-o 
10 ~<I. FoO"lru. .. 'e lUJf' dodfltld4, tIt. i6 sJoo .. ,. how 

1M <Wff\O"li'~ (~) r",1d ill u...d 10 "'''''if)- .... he'''''' or .... 
on e""'"" ,"OriaI)Io """"It! be "' ....... 'lin .... , 

MESSAGE: "LUNCH AT r10'5" 
TIME: 12 : 013: 013 PM 
tATE: 8/26/94 
U'EAT: Hone 

"LUNCH AT ~10' S" 
PM 

lhe 1" .... 1" InPUI I""", tho N_ l\ekl ka .. """,blned tIeId lhat 
"""""" _ ""'- to t:.. ~ .... ,he ........ of txIoUl\I 
l iP 48G{:X .-or PC ...... to he......" .... ( .... Fi&- 17J-

.... ,t:.. nsu- w_. ndt of 1M ~ _ !\tid types 

.... _od wIIh It a -"od ........ kf)' thM tnwn It.. 
~r..t....,ollhol.lIeId 'I ..... ThIoI ... ~ ioan ~ 
pan at_ .... mainl.Oined. nIcuIotoo- ~.fIonction. 
")10 U"oj ... ..,. .. ","" 11><' 00I'0ItaInt<> at • ...... n dlo!>loY...:I 
wIIIt no "",nli, 'It doviee. In 011"" ~ .. ....,. in",rf,",,". 
>'buoI ~"''''''''"' "'lCh "" l;.t .,.", .. -. ..... "",lva,od by """"'" 
<Iic"" to ~Ilclt diff .... ,,' I>e/'.' ...... fro<" IId"._ In tho liP 
«JGX. lhe ........ ron"" octs .. tho l>QIntlrlj( de\~, lriU<'<"-..... ,he_ l:>o!ha>iGtl.o7 ~ (J\<o~le"""" ""'ton I~ ...... tIeId. ~.tll _ atlht w.... types 

nAT' New 1 CHK' 3 
'ARITY:None _G~RI-I 

t'lnally ... -""" arbotnryinput ill __ but IoCi<oI ~ .,.. 'IL ~~ .... _ .... __ __ ... _.~....! ~' .. rt«ds""'~ In 



I t~~';i~,. XUT: New 1 CMI(: 3 
~A~ITY:None !!I D~kloI 

.LA': Hewl UK: 3 
~A~nT: None ~ay~w 

01' 11<1100 lOll!!",," h.'ps (he ....... ""V\p'~ an l '~"" I""" 

"""""'~ 
Soo'nr input r ...... """'" ...". perf_ ~ 
~1o<~._In-., lft l"" __ """ 
01 .......... _ ...... 0""" ~_ input fonnopeD­

....... 10< '-'in«' ~ 0.- ........ n r""", ~ 1M 
~ l)'pOI_ ",.-._ t<1 __ \ly~ 

.,.. ....... ...,k to aIcul.ate or .-lilY ..... Id , ....... 

Ch_lIou. 
a- Ix .. .,. ore ...,.;I to .... k~. choI", In an Inpul (om, 
Jillt nolo!. "..,. ...., oloo ..... , In ..,.. suIljocI .... as to """""" 
• .,.,ltIc oppIica<ion from .....,.,. ~ t,.. 18 oOOws 1M 
..-box 111M io ~ .'hm ,''' $14' My 10 pr-.l to 
pft'fonol-.iollrol ~ 

,.,., .. ,l_._ •. n • .-_ .... __ 

n. Slnq l e- '.-'ar ... 
4: Frequencies'H 3:. Fit data.~ 
2 SU",/flary st.at. s .. , 
l ' H7 ____ IrDJ .. 

\\'hton ';"""'- """,I,..,. c_ 1>0>: .. (OM Iod<>d< ""l' 
.,.. ... 01.....,....:0<1\_ real ....... ~~.....,.,. __ 
""""'"'"'" rot ~ .......... io ........ IT. nIIIXI"",,,,-_ 
box __ .'illI • uu., "' ... ~ .,..,.r.iIII)', and .. 

................ u{_ fia, L9~ 

M __ elk>~ .. 

101.,.., b:)xH...., .-.I prirnarib' for _ilIA"""" that 
"""'"" .. , ......... 1)Of""" " ... )(:_u .... rOO' ..... "1 .... , if 11><,..... 
""""'!JIlI to ."" .... ,...:1or in .he ~ n.,1d of , .... ...." . .. 
i"I"~ ronn, • "~box ",'1"-"'" 10 Mum' th_ """ .. <:>Itt., """""m (_ ~,.. 2l;) 

s.on.. owIInolono ...... _ ........ boJeN to p.-. addit"""'" 
IlIfonnaUon. Yo.- eumpIo, In .... s.tlQooMo input r-. .... 
_ ..... pr..- INRI any tiJno _ • ..,......,., has t...... ,_ 
to -.. ,tor .......... and .t.o ..... inr _ k .... """"'_ 
(_ flc. 21~ 

I",.., " ..... I .. pl.,.,,,,, ,,,tion 
I'or ,"" II I' <l8SlSll, .. 'e ~ OIl 1I1~. tool caII<d tile 
l>afWll/!toritod "",,,,. loop' to >p<.'<'d """,..,..,,,,", of .... ~. 

I",elf..,."" ouch as """ MoUri,Wrilt'f by .u'onlllll'llI ""'U,~, 
k<")' "'Ill .,.,..". Iuondl~ and d;"play n.....,., ........ ",.. "'put 
f<>rmo 1111"" no'" Ill' ,l8G'(llt e .... bnoco 'hlo ~-u. r"",­

tile """" forms ~ b. ~ ow ... """" "I>I)I~ 
~od ~it""".ep f_ ... _..,....... 
onatI<"Bcl ............... input ... Ir)' __ cl.,.,...,..... 
".. input r.,.".. ........ brinp ...... romo ~ to >II _ 
11 1>48(lIGlt~ 

.... 1\1 ... """""'1)' f~ tlIe -" cl owI_ dewiop-
" ..... by ...... ..,.". comma"d Inpu' tall"', 11",;"put forms 
""!lin< ..... iooa> ........ ,.,., .-.. for ,"" """,,,,,,,..uloo tIu4 
I>el.," """m .... U,., Ill' .t8("Jt;1l for """" of....,. Sf,,,,,, an im· 
I_It ........,.., of our ~ towards <>ur..,... for the 
<aIcu.Iou>< ...... '" be f_k fn>nl l ypI<o.l-.-. 1Iwoo~ 
tile ~ 0)'010. w<: t\eoIp>OO tlIe ...".. furmt ~ 
i'h)m IhO ~ up to be hiSbIY~, "This "*'..,. 
Ull"I' ...... "lin.~ _by_in« 

".. , f. .",. -,. _. -..... _ boo! 



"' ..... nl\lr _ lnto u.. input 1<>mII 0IIICit .... ~ to 
.,.~ -..1ln,<"rl'\aI ,,"1.0. I.:...' ............... U ..... ,~ 
by ~ -..1_ 1o......,-eI eo. ....... -"" _I<.,-~ 
_ hI:ch-.... .-I ........... ......to .. ..,..,.,....10<1 of. n.Id ""'I)< 

1._ ...... U ..... osuaIIy~by~ ............. 
....-II. _Ilnf: a ~ 1IeId .... 1}',"',...,...,. ..... 
pIa) .. " ....... "",em.! ... ,,',,' ""'" !,;w, 0 half """"n...­
"""" iI • .-maI "' ......... all '" ~'hl<1> &1\. ~. 

" ..... ,' I",," oppIications "a" <"I..t .. "I", any '" all form·""'el 
,~'-...... uch ... ,1I1e d"",J.",y.,.. n..·~1 <~,"" .... uch a!O displa)ing 
• 1 .. 11' 11, ... l :;.ch _ 10M afltld pl1ltt"<l .... -...ci>',,1 wi,h 

k ... '" oM .... '1 .... rom. 10M oJ<>no 1'_."" _..t "'I'h 
~. " .. ) ............ on ",_ -. U ... owrop~~ 111'101 ...-Iom, 
protf'<I .... Is caIkd _ilh .. idmtlf'ylo\J .... _ ........,.,. ""'" 

~--_I{I .... ~--
~I""""''''''' iI."" ...... 'AUlIO ...... 1np.o! 1"".,._ 
..... If it ......... ooru... """ .... _. I .... ~ pori""",, 

,,.,. """"'" _."""" .. '" """"'" TIIUL In ohio.........-. "''''lI 
"' .... " n"" ~ U .... """,,"' fomo or n~1<I ~" .... '" 
",",~m,1n< II """""' bella>"",," '" ' ...... I .. d , ,,,,",, ha,,"Ies ,n. 
.~'"'" ,,,,,,,laJly "nIl' if it ..... ', """00,,1«"1. II a I""" '" I'wM 
I .... no.> ,""",,,m "'·ha>"". " .p,,<."In... ~ ,kl."11 proc<."<l"'" that 
quickb" """""~ fAt.S{ 10.> oJl , ... ",,1_";"" 

Th<- ..--on ror. form ~ ...... ond ...... 1pIo ...... 01 _ 

<Iurn • ,,,"","", , .... """'"' of """ornUmon ,hroughout 
IItr Iomo. __ n.Id """""'"'" only <.ioKb I",.,.. 

........... ,hal pr<Uin '''''' _......, I .... ""'" ~ooty 
rn..-b I", form ...... ..-I ................. oJ""" .......... poo< • " Is 
........ by 0 ~' <:"''''''_ form lhM """kl 00"'""'·..., 
I""" 10.> ~ , .... ",,",,, "WnIM"r qoln5I a "'",by lioI. 0( 
",,,,,I .. 1<1 tldd rornbir .. h,,, .. 

~.", 'h~ III' 4SG/GX p.ojec, .... n .... "''' .",-..1"" loye ' uf 
" .... l.,ily not ""II>I<.-..t by ,/I(> In,,", lam .. ffl(i .... Ile<."a.­
w~ -.aI" .nd ....-a.."ted '" U$ObiI.iI)" fo....n...,k ai_ ""'iii"" 
<"OIIt ..... ~ to prodlK"liuol. """ ...... ""crt..,. d<t.oib 
f",.....-t........,. _ ,,_ ~ 10....- dtang<. k ...... 

~".~.I"" ... ~n_ . ..nct .... _ 

• "ltl-I •. ___ .... _b<oo 

.... ioIion bel",..", ~'" _I " ·,-II __ oOO .... k!o-

......to. vt,l", and .... ,>os...-. IIo)moir, 1nIom .... 1oo and 

............,'""_ ...... .-- .... fff ..... _"'"' .. ..., 
cItIonIIrc ~. w~ "".....,.,... .,.. 0( ............... .,... ,hal 
....... ffIIbo<Iio<I in "."", ....,cakdl"'_I • .,..~. W.-' _n(ruIfoo_ ~ ,~_il""IO"",lymili. 

por , ... rff<'<U of ...... intNf~..........,. 00 ,1M- un<\o>rl)"iflll 
prob!t<t,_i". futldionalit)". 1'...- .. ""'''' ..... """ 1/1'. " 'ord 
In 'h<·l~"'Ut .. ,,,,, .. I .. ,,,,, r,,,, two I"" oln'".., , .. k 0( ,..-"",ji"1l 
''''' ell",",,1 00';",," .01 plot r-d"~'· Ir'.>on ",,1("11 1 ,,'.,.- ""."lQI)" 
51, ..... ''''' wo.d has no presumlAIons ..... ,' 10,,,,· . ,," "'he" i' 
willlK" caIl..<l .el"""""" '0 It ..,...~'I,.. ( .... oft,,, ........ ) 
<hluW'<1 """""I ... th< f_ populatint ,"" '*'<lII'IlI inpu' 
ron" ...,.... ,."'_ ""'-

c_ 1Io~ '.pIe_ ... ,Io. 
n.....- _ ...... is ''''Y ...,., kk~ ,Itr inpUI_ 

'""", .... 1'00- """""_iuoI. u." ~ ......... ppi)' a _1'_ .... 'hol"-'"'o'lG~ 
" loatu .... of rt-.ooo..· OO~ .. tha' oI' .... ~In.... 'I,..; ...... is ''''"" 
",~"~'_t.·a'·ily II .... ' by lI ... , buil,·;" OWU"''''1oos--<>f i'"",,, 
,hot "","",,,,"I'''~ both d,spI"l' ... , ,~ .... ,"'",,' ,lal>I. ~Or <"""", . 
pie. ,,-IOf"n ... """" n,._~. ,.dia,,8. 00- Jr>O<l8---<. 
10 "" ~ In ~ input Jorm.., ,"" _ 00. ong; ... 
~pIoin ~"'" 1'<'1 __ 1111._ """ ...... , .... _oop_. "ntiod .. " .. ,,,_,ho'­
lor ,".wlIioCottortlinJ! 10 u." .... _.,..... _ ... ..,w-"" 
u...x, ......... of_ 

R~."lt .. , .... h.n'~ ..... (,,,,, .• 
Inl,W 1, ... "<11"",k from Iht «I\I<1Ol .......... hioo<y romm,"" 
On" , ..... ""ito ..... ~ thal ,II ..... of 1'~,"1 1"",1S and 
,. "" ....... >IliNII ,..,., Inl..-rae<' .... " .... ,," I"", ...... tJy U!lJlro'~"<l 
,n. ..... ' of .... of lh< 111' -IS(;J(;X "' .... ,I ... III' 4SS!SX, 110"'-
..... "t". ''''' ptIlh .. ~ tool< 10 thill """"""" .... " .... " ... ~ more 

-"""'''' ""'" "'. p\anIIo«I-
t::._ .... _ originally c ..... I ......... ,,,,,' ... 10 
..,., ... '" tho funttlonaIil)" of ~ ""- in ...... .,.....,... ~ 
, ............. 10 boo. k")'...,.".,.,.... dour_'I)" to ""'''''YP'' 
..,.. .....,-Inl<rla«.- _ ,.;dIy. IuJ ,1\I'Ir _ ..... y inopl); 

II .. <>rilllnaJ .....",. ofiotpuo I....,..,. ..... '"<'0'''''''- ro,""ar~ 

'" ,"" """ 1I .. ~ ...,... ,lIoy. ".~ ~"'" Inl"" r ......... to "" ''''' 
.. .. wi ..... """""" II)' ", hidt .. ~)I i<o' ...... "",I..,,.Ila,a for . 
wk, 0.....,.. n ...... Inpul rum" ~·,,"~'I~· di""Iayt.1 as ''''''''''" 
~ ,,'I'h," It.' """,.,," 0( """,her. UlM",n".d, .. ~~ic"lon 
",,"oxl This oritinaI COOC<."I~ Is .. ~~"'I ............r"lIy 
'~'1Io ,""","",",,,,_ •. ", ..... 1))1<. in tho M<>"",,>" 
1_ .......... NEW .. ....-.I to ................. ,_ . ... 

..... lomo is -.:I to,... th< .., ......... 10<1 ""IIIin<I ( .... fi3. 
22~ In 11."""'""" """ ...... ""'" ""only ,,,,,,," u..,. in.,.. 
..... foo-tot: _ ... data. ~ 'M 1"",,- or......". (OK) .... 

f<>ml. "ntIo .......... "'" elf ........ _"" """ oM _ .-J 
lor ,,,,,..,;pw input form dosie>. 

IuJ ''''' Il!'tIi<'<1 00.-.. """"'. """ ......... , It bt><"" ... ,,.. .. _ U,," 
Oil I"I~II ron" rotl.1 . "'''' not only ... Infom>."",,, IJOII",,,,,. 
I." oJ,jO _ ""'<1ioo ~ Inl'''' fom .. ,h". ,,"",low .. , 
fmm ""'pl. d131", bo . .. 10 fUll ·n...\Jc"t "p\>lic.,1o<I 

..... 1""''' ........ 



In' ..... 'i~ly. "., n....,.. <~ .. ,g .. ,,, 'he i"l'n' f .... ms engine 
".~ ... ,~ .... "''''' de$irabk! '0 "'I~"'" 11;(,1, """. «*. I,....,.... ,rw.,..,,,,,,, "finpu, form fWlC,iona)i'y ,en\ai,,,"<l 
al,,'''Y'' da'a mao>agffilffil ... '" (loe ,~'cn.s ru>,,,,,,iwion ".,.. 
OWliro.dec1iw.1y ,,·h .... """""I '" cnhan<. awU"",,,,,, 
fonn" 

In ..... ril ... n""' ....... I .... "'""l-<h;I'."._ box engi".. " ... 
'",""'"Jlly o>r<"S<'<l in." """iee '"" a ""..-enul _ f .... li"_ 
S1) 1<, ~ppl ie~li""" lik. 'he ~I~",ory Uro"''''r, 

n~' ,.",,,bin.,ion of Ie .... f .... .-, ."",,13r<l f""'",.., ...... for 
inl~" fom", and """" .... 1"" .. Mil high rusw,ni .. bility 
'''''''ro invaluable dUring ,he calculator~, ",fi",""""'. 
Throo'ghoo.,' Ih. ,,,itldi. ponioo of ,"" proje<1, whffi Ihe 
basiaI had ~" .... ,1etI ~'" """'}' uS<'!" i",,,rf,,,,,, (Irooillo "-ere 
Slm WlCIe..-. " .• were able '0 1)""01)1," """' ....... qui.,.I)' 
OI~I ",ati"'i<ally by "'SI""oI<ing ~~'-"" R"!IpOIIlO'.'S, 

1'r"n.latioo file< "" .... """'ber ( .... "Ioj"'...,... elTon ']"'II'Ie II"-,1 
"" .""" , .... <I .. i"" .,od inopl,>mon'ahon """;"8 '0""',""" 
flQ..-"''''', ",e """'10<1 01"<>< ti,,", ,hal ,Ioe" ",-emead ea..m 
""', .. duplK'a'ion 01 rode and in.fI'i<;iffi<;' '0 ero<>p i"lo 'M 
inl.rr ..... hct"' •• .-n ,I", i"p,,' I"m'" and 'I~ calcula' .... nwn_ 
roam .... We add"""",1 '10;" iso'''' ,,-hNo) P"S"ltJle by "",!Jng 
,1011'1<> "",) sM. rode .ub>o.i,utions while ""';"8 III<" inter­
roc., concep •• In,,,,,,, '" .,.nabl<> hlgh-<'<lllfid<""" e«1e d<feet 
r",,,,, late in ,lie proj<'<1_ In .rr<:<1, we " ... 10 • <"'*" ""'" .... " 
n",i"ta"U<IJIlity ancl high perfo, ... """, 1M' stili ",mai,", • 
COI""",O,..;aJ "'10k amoIlg ,II<> HI' 4SG/GX <It~..,Ioj.,,,," 

3D Plotting 

n... lu""ho.wiIY """"ril>ed I" Ihis """,jon i,. -"-'"'' of 3D 
II'"I"'ing ,"~I ,ie,.-ing u"l ili .. for ,he Ill' '!8G/GX_ We IU>(I 
,,~"'raJ "'!\II,..,,, .. ,,,, I" COIlSi<:ler in ~""'i~ ,"""" roo,ti..,. 
Our aim" ,,= 'M' lhoy t:><> P<l;'chologi("~II)' ,'If,>cti,,, aM 
""lUire only •• mall amounl of «:><.Ie_ 

In c>q>lo>ing ,,-,,,al i"'I"" ""h,,>QUt .. 00 a '-me'y of "' • • 
d", ..... "" found 'hot ine", .. ing -mol"", (1"a)'~"""«I, 
1'hoI\g""",*'~ hi<id<n.iine, .. e.) in 'he gral'hic.II'''-"$('n,a_ 
,ion of fnnction. "ft"·o l...,.;,wl"" did ,o<>t ,""""""";Iy roITt_ 

""" ,,'i'h " ........ 'iug.,., ... of COII'p,,-i\ension. The III' 4SGK;X 
rooti""" """""""' II ... _nUs 01 so",. of.~ experi",en'. 
(;,,,,Iucling lin ..... to<<>mpl",;oo ... an im,,,,,,,,,, fOctor), 

All of III<> aD plo"i"l rou"nes a,., i",rndOO as .. an' ...... ex· 
tc,osjons of II,,, other buil'·i" plOlli"lI ",iii,;. .... In I""'irul ... . 
",,-,y sh.,., .he """'" stand",,1 u • .." in'orr""" 01,<1 an- ,",I ... ,~I 
as <il'ern"'i"" pl,~ 1;v<'5, Th. 3]) plotting """,i""" are SLOPE· 
fl(LD, WlREFRIIME. YSlJ(:E. PComOUA, GRIOMAP. and PAASU!lFACi. 

Like the ",II<>, plotting roo,"""", <ill ,I;(, 31) plot"US roulin". 
,,' ..... ''''' II"" ,"" 1I",,,ion of int~"-'" i .. ,.,..,.1 in EQ.' ~\'''I"", 
Ihey a,.,,,,n,,, by der.nU. ,11M 11 .. f"nc'ion is r<p"",,,"'«1 .. 
an ""1'""",100, in ,be 11Iriabl .. X .,od V-fur exan'ple, n.I' _ 
.in(n.,,) ;" "",,,-,,,,,,,<'<1 as Sll>(X. I,) in En. 'I1IC US<> or <>I""r 
",riab\<> nam", is i>'<"';.\td 10<" by inpu, form options 0< by 
,he ~OEP and OiPiNO ,,,-,)--,,=to. 
\\1<11e Ih;" ... ,,;t"", Is ,~lcd -;)D PI"";",, - • W'er m",,, ,,"OU1ri 

J,., -, i.uali""'''''l leellni<!<><-'< fo< r",oct"'IS "I ''''0 ,.,.rubles. -
Thi, ,,'Ol>lrl "'" 1'r 'he I"-""""",il'o I;"'" of.1I>' gn<J>h 01 ~ ""a. 
lar f"nction of ,,..,, I.,..;.bl .. (WtREfRAMf). the .Jicinll lie",. of 
a ",,01.,. 1",octK>rl "f,,..,, l-,uiab!es (YsutE). tI\(· """,,,,,'_n,,,,' 
lieW of a ..,.w f>.,,\(1;On of,,,,o ,-ariables (Pl:OmolHt), 'be 
sJov< im"",,,,,.,ion of a ..,<ilar hln<1lol1 or,,..,, ,-..n.bIes 
(SLOPEflElO). ,he '''''PIli'l!! grid ,'isualiza'ioo of. ("'0-,,,,10<"-
1'3l\k>d functio" 01("-,, ,,,oiabl, .. (GRIDMAP), and ,be image 
graph of. ,hree-,,,,,,,,,,,-..Iu<'<l !\J,oction or ''''0 ,'aM""les 
(PARSURFACE) 

Gi'"n ,m. writy orpU'l\Q6('. Ihe .. is """s.Kk-rabJe ",-enap in 
tI~'gJoOOl panO'"-",erS(Options)",,,-,1 ill ~ronl"- n-..... 
plotting par,,,,,,,,,,,. "'" 8t<>"cd III ,II<" l-ariable WAR, analog<u< 
'0 PfAll, 'n .. "lain do .. """'lire Slorro In WAR ,"""'~bcs "'" 
";.,., t<>1""'~ , a «'Von I" _""" thre<-<lime, .. iorutI spa<:<' 

in wloch most of Ihe lisw.li .... 'lc.>' .. ot'"'" (_ FlJl. 2:1), 

VPAR qU""II';"" ,..,.,,,,,11"'8 the 'ie"""'lo",,, .... : 
• x.." ""d X .... , """'rolling 'he "'i<~h of lhe lie",. ",Iume 
• Y,. and Y...- COI"roI liUS til. <k>i>'b "r 'he ,i.,,' ,"OI,n'" 
• r_ .. ~I 7_. "'""roiling ,I .. I;(,~, of ,be lie..- 1'<>Iume 
• x.. V ... and 7 ... lhe roordil13'" of (I .. ~II" pO/HI. 

I" ""~Iih"n 10 11 .. "", Vl'AA ""'",.;,'" otber Q<JaI"i';"" , ... <1 h)' 
.(Hne of the ",n'ineo. n-"", 

• XX .... and XX.."" all al'ematil'" X inl"" .... '8", ,,"'-'<110<" 
GRIDMAP .nd PARSURFAC[ 

• rr,., and I'y ...... an allemat;l.., Y Inl~" '''''g<', used for GRID. 
MAl' .. ~I PAIlSURFACE (root. ,hal lhis di!!ers fl"<>m ,II>' Cn,",.,1t 
Sui,c3D in''''1'n',alio>,) 

• .~x mod N~ the numb<-r of X an<l \' i""",n""""k'Sir«l. "" .. l 
in .11 or (II(' "",.i""" h""e.o of or in combill.'ioo, ,,'i,h RES 

SIOPiflEl U 

".,., SIOP'EFIEIO "lot 1.>1'" drowsa "'''ice of line '''gmen'' 
w~ _lopes "1,,_nl u.e fl"octioo 1"aI, .. '" II .. " ",nter 
point_ l",.ng SLOPEFt!lO to ~ f(x.y) allo"', )'()(jr C)'C '0 pi<k 
out in'egral run-.. <)f'II<" di!!e"·,,lial ,,~ .. tion dyM • • f(x.y~ 
It I> quite ..,.,ful in u'''''''''',"~Ii''8 'he or\>i'''''l' """"'ani I" 
",,';(Ioril"at il"()S. 

, , , ....... 
I 

'. D " '" C~ 
-'I""' .... to. ;~::- • _.- • 

to..~ z.I 



Tho numbr< of I;dtioe pointo "".,..,.. ill <\oIonnin«IlI)' N • 
..... ,tI< .. 0I'I'\bt1" of"'~ poinu Pf't" <OIumn It ~ 
bt Sp Tho Input ..p:.n _plod It pven bt X ... < X < x....., 
..... V_ < YeV .... 

Tho ....... fonn ill this caor...."... ......... to: 
• OIooooeorerur,'" ~ ... ~ ror~ _'0 

",""I,,"*,I 
• Chooo<o tho """'"" of"'" ."" ,_ (\d<'1Itloal to 1NO£1 

and I)fPlNO) · c_ X,.,. and x.,.,. (&'f",,', ,n .... ,. <,"\lIM" ,'1\1\ ... or 
_6 It no <urren, " .. "") 

• 0I0000e Y_and Y", (<Iofault to tI>oi.~ vaI"".or_ 
If no <ul'ftftl val",,) 

· a- IV, and No (deWdl to tl>tIt ""'"'" """" or 13 _ 8 
if.., noonnt ,'2Iuoe) 

• \'niI')r -... "'- KAOIAN$, DlWU. or GAAO$""""'. 

ItI ,...,. .- ror $LIIPtfIRD,"" arrow ...,...Iwnt> .... ....­
I\'utO _""" pOint to ~ potn, -"InI I>0(Il ~ <:<>0r­
dinal .. oft .... .."plo point and ,1M' ,'aI ... of tho ~:at ,Il00 

"'". Ex"""". "'.bl_ lletermi .. ~lhI<oIly wlOO11\c. all ooIuli<.>no 
0( 'M dllT .... no..laI equatioo <bid! • oln(") witl\ initial ~­
tlonJ 3.0< I(O) <3.1 .....". 2.11 < 1(' ) < :U for 011 t in (0). 

kWiM: ct.oooo. SllIf'UIEID plot Iypt! _ ""er SIN!l·O_ 
.... <u ........ ....-o--t ................. _~ "*"'-_x ...... ~,~_O':-O .. x....2 .. 
x...,U .. Y __ 3..11. Y .... \"'n~ IWIWIS.-. and 

draw""' .......... M,...... in ~'lc. 24. 01.- til of 'M iN ..... 
""",","In this ""'"'" _ .. "'" wi""""" fie_ ~ .... 
'OP or ''''' ""''''''', Tho ... f" .... not oil , .... lnt~ <u ..... "'lSiY 2,8 <: . (1) < 3.6 for. In 10.21. 

wtM'fllAMf 

Tho WlIWIIMIl plot type d ...... 0/\ ~,.. ~, 
3D plot of. wlr<:fram<o n><><IoI el ..... .... rt.ee _.....:I bt 
~ . II:",,), Tho 1'Imction-.,._br .... =-....- ill 
~ in ....... ..;u, N, -.pia In _ ..- ..... s,. ...... 
pIf!Iln __ Eado~iII~~"" 

QO\jo tho.- 1CIftn...",. tho 1ine-~""''''''.-.pIe 
..... tho.,.. poionl (_ FIJ. 25). 

Nel.CIlbor\fI( IIIU01pIeo on: """.....,."" II)' .. l"aI&tc' h,_ Tho 
oaml~'" ~ It _.....:I by.I\< ,_ of u ... '''''''' ",I· 
"",~ (X"". X ...... Y...., Y lor). 1lIc! ..... i"" of t"" vie",' .,,,,,." ..,_tod In the PIC! GIOIl (~~ and ......,. 
"" tho display Os dtlormi.....:l b, .... Pf'll<'<1i(1n of ,t.. n. ... 
""'''''''' on .... .-~ (_ ~'" 25). 

'--"k'f-- • 

--
1'ItI. 10 .• _i .. fIn'Ioo<tioo 01. fOOl" in , .......... "'""'''' ""'" ""' ...... ..,....,. 
1lIc!1nput form "1lIis~ -... the ...... to: 

• 0-or ........... ~...... ' on lor 1M fwI<\lool to 

" .... ~ • a..o.- ..... .-.... of tho tWO _:arbblfs(ldttl6<al to tMl!, 
..... OUfNO) 

• 0- x.... ..... x.... (dfhuIt to tMIr."."..... ,,,,,". or 
IUVfG 11 rIO <u""'" val",,) 

• ~ Y __ and Y lor (defoun to u..,ir cum", ,:aI"", or \"lING 

II no <UnT'" '· ... ""l 
• Ch"""" z..... ond ~ ( .... r.ul' to '1\<1. "" ... w ' ... h .... Q' 

<101..,1, "'NIG 11.., """"'" ,-uu.) 
• ClIo.- )(", V" ..... 1.., (...r""" to 1I>tI. C\IFftftt val .... or 0-

- I . (l if.., """"'" _) 
• o-N ...... N,Cdrbuktothftr.........".-or 13_8 

If.., """"'" _) 
• \'tri(y __ "'-IWItAHS. OlGM!S, or GAAO$ m<><Ie. 

In .....,.. _ for __ 1M.....,... kryO.Juntp the ""..­

I\'utO oampI< pOint to """pie point ."d the dlspby in<b<.oI .. 
oil '''''''' roor<Ii~ .. ofth< ..",p'" point. 

~ • • "'P .. Pr""' ... : o.,c.,nnl"" "",,,,.,0I1y ,,·hell .. , ''''' our!""" 
""ftntd by . . .. - ~~ • y' ko, :at ,ho or\&In. """""" ""IP. 
""""*""' <Iown. or nei<htr. 

~ Ch<>ooo! WtIIEFf\lME pIoIlypt! ............ x· .... "ll·M"· 

10"' .. """ """"'" ~ CIoo<.-I ..... '. thr in<Irp<n-
_ ..... ~,_a..--lrorx....lfor 

~ _. rory_, forY ... -1 ror~""'1 rorZ-'" 
"'"' tho __ "",,,,,,,,.......,..,..s. "'" """"- ClIo.- ~ ro. )(", 
_10 for Yo. ..... 3 for z.. to iP'" 0 <I ........ ~ "", ... of the 
crar>h, M -.. In ~"I& Z'/, "'" crar>h dlS!llaytt. '""",kroy 
-'<1N!'..-1IIdo Os neitl\", cor",,,. nor """""',~ at ,t.. C>fiIirt. 

New Interactive Features 

~ pletu ... ..,,_ .. 1Ii<tI ill _ ... au_1y 

.. """ -"'" _ <Ira .... or bt I""""",, tho ~ tto-r. 01-

..,... tht ...... to ""....,. _ ..... ~ ..... nil """'" 

--
f'II.H.1t<1 ...... 0( __ _ 001 .,.._ ... _ ... _ 



1'\01, IT. _' .... ~ uI,~ <10"'''''' ,10 .. """ •• 1'", . '" ~oM"'. 
y' .,,~ , ...... ,,>!un .. 1- 1.1 1><1· 1,'1><1 1.11 _I<y.' f""" (( 10.3) 

,110 <,.. Iv.i", "round """'II ,he arro" ""~' '''''''' _long ,n. 
ItJlII)I>. .... , pI<1" .................. ($ .. ""' ... doC><. .......... 0<1 oim... 

"'" ............ ;. ... <"aIru1.., _""'" -"" .. lin<liP\C ,"" 
<k'ri'lIU' ... ., ,110 ...,...I\aiB Iocat ...... 

~. V""er c.-. H.I ... 
'Tho liP l8SiS..~ ~ .. """iIIj( """'" "' ... ,...,..oi""" lor II", 
III' 48GK0~. n... <I'OoOO1w", """""I to boo f-..,.. to f_ M-oo 
.... 1I~'l' """ .... 1 • .00 10 O<'COOlU>t:><J.,,· .. kk'" n'''''Hooality 
..... h "" ,noel''1I"",1 """'Ii',,- Th., ~ hol< rook- oriltinally 
,'."", rr.." H~' III' 2S ... 1 """ _" """,,'.11 .... 1 .. ~I "oodin"d 
"'~r ,t.. )'1''''''. 10\ ,I", HI' 28. mool of It.. ........ I,,", rod" ,"'''' 
,,'ri/'ro Ito hltd>""IO<ro ........ ,bIy ... _ .nd onually con· laIt.'" 10 .......... call«I SlOW "iU<h ... b<Ioiod......,.. .... tt! .. 
Hl1. .. brouo ... cal ... SlOW ............. 1«110 _ thr <ross 

hal", _ 'n to an __ ..-. TI ...... of,1\io .-ord 

...... ditM<~ <IonI'1I tho pr<>ee>O of pM'''' , .... """'" fi'<>m 
,t.. 111'28 '0 "' ...... thr .,..-11r I8AA>X ~oIa¥ TII<'R 
• ..,..11""U'.......-..~ "'" III'48roi\lX I"""" ".""" 
,,'~ "'M"~ '1')'1<" '" 8f-.:1 "I' ,wioo; ", .. ""100,, and .. Wtffi 
" .• ...,.,~I J"" n"d , ..... ,"""'" $L(IW ",.t llok. j, .... " 

11.· f",Ii,,, of 'I,.. ....... hai", '"" ,ho,), """ ..... 1 "' .. 10"1""'''''''' 
by dwl,lClnJ[ ,,,., ro<\<> "" 1,,", 'he Ii".' 11M"'''''' ,un,i,,, "'" 
........ I ...... 011., "' .. pix" &n<1 """i"IC '''''''' "" aI ,"" ... x, 
pi'ri it .~"i"tiud. ToOo ,t.... all ,two <"aIru1ot1on< «"1'';'''''' 
lor """'InlI ...... ...,,. """" 1><1"", '"mini , .... ~ ..... 011. 
I 'nfon_<'b'. 'Il< ....... <Ii>pIq on ,"" III' t8G1GX tno<Io« 011 ._ .... ' ,j_ f .... """'.-. .. all..,.., io .. tJriIhI ....... 1 """ 

........ rono ..... ,1w> """ 1l1'4SS'!U ""'oIa¥. h takft~ 
lor IoUI.'''' '0 'urn dar!<. Th"", .,urn of ,t.. .'<JI1l to ....... ..,., 
fode I. """int """"',..,.. ,,'.,. .,." .. k.1 (>\I' by 'Il< _ . 
om,", """"""orioIks. n.. " ... <an ,wk." ,he di""'II)' by 
001.11,,, ,10"',, ,Il.· ON ~<'Y ~OO 1'"",,1.'8 II ... k.')' .. r"", U,""", 
"' .. ,k" " 'ill "lake <I", """;''11 <"""" I .. ,,,, ..... ie, '" ... "', 

~ aIonaa~ "ith ,t.. ............. I_.sad",,· 
..."... ~ ,two """"'$ funclion "' .... .,.. ....... ....,cd at "'..,." 
.,.... "" in .n..ct thr $) ...... RPL protnm ........ _ 'urn 

""" .... "' .... to ,"" ...... ..d! poinI ol'''''~ This .... 
qui ..... ......-I'ul.., .... ion to......" """'~ .... """ to ~ 
, .............. k, .. iIictt ... _~. 'Tho~ .... 
tOr 'nci", 'Wl' .. "h , .... dirr~ ..... , pIol \)1"'"- n... """'" 
d" .......... k.,~ il\ 'Il< pt'QI ..... )·I;", ~"" "'j", ..d! pIol 
'11"' ... ~I n ... n ,I ... ",~"""";a'" I'''''''''''''''''''' 1 ... ~_lln .. 0<1 
<",.1, ... ", ,,'I .. , ,,...,. "",,~, Is "",~,t "". I, "'qUI",1 qui ... 
IJI\ of ''''''ri,l", '0 I",plem .. '" ,h" ubJ<cI.<l<\m,,"1. ... "nsibi<' 
al~""",,h """"""" m .... k Mil ... "'isllo'll <,"""' !v.I< rod. bool 
I_ioo.,q ~,.~ """'rill", .... opIirru.;", fo<.op«'<I 

... 0<1 ""' ........ 

".Imotl"" 
n.. iI.NIIUolf "",.,_01 .. a ~ ,hal ..... __ '" ~ 
and ,hal ,two -. rould ...... wnu. .... In ......-111'1,,........ 
............ ' .... buI .. ..,_~Ior' ......... ofron,~ 
Alo<>, k .. .- .. put of \ ..... .,..:11) pIol,inS- I, ....u .... ""'" 
,hal ..,-0<11)' fIlU _*';cs ~ Into ,"" PItT <li>loIa¥ -It ""kk way '0 VI .. aned "'i'h anm .. ,""" .. HI p...,.. f'ltIUR, 
'0 gu I" II .. Io,""""'i"" grav/I"", .",i"""" .. ",, "'''''r<')'''' 
"'lll IN: ....... '0 < ....... " """'" ,Met"" .. '" ""i""". 1_ lOll. 
'''"' 001. '0 """ "" ,"" .. ~ ........ ~ ... d .... "·it!.J ,ood< In 
" 'hi<h pi",,!> .... ,"""'" on ... """" .... ,.... .-'. , .... ""'"" 
........ l ''''''' """ UP. _ .... "'A, arM! rijIht arro" kto) .... _ _"'*"' ....... pn'$I $10'0 ... 0<1 • ....,. of)'OUr picnono to 
' .... _C ... d'IU .. ~pn'!IOSf(J __ .."... 
,I\io I...,.,..,. ..... """inning '0 todd 10)UW _ ..... it,.... 
hal ... 1",,~If'" of pi<i~ "" ,"" .... k. /lillY oIx of.hem. 
I're!oo t.\IICf.L ' " w.w ,'''' PltTtft "m1""' ...... ~, _t)<>o, "ill 
•• ,,, 't..ll., pi<1u ..... ,~'J<'<'lS "''''''11 "" \I", ", .. k. 'I"h<) ..... 
<'l<lk"1 GH()Ib. "hk-h ,,01,,", f<)l" ~"'I'h"", ,~>l<'rts," To ,,"" 
In.. ,,"IIMI[ <",,,,n, ... ~ aII)'~, ""." ,n ,~, "' ,"~or ,be ""'" ... , 
<" GIIOIIo (ror " .... '11*', _I tI",,, (MTU It ~(>\I <TO",,,,,,.;,. 
pic""",,). , ...... 1_ ,he ,,"lMAn k<'l\ wllk'h l"'" ,,'111 ru.lln 
, ... G ................. ,,"', .... PftG .... _ l".......wsof"" ... """" 
"'~I """"" ,,,,,,. ... 'Il< AIIIIU.!( "",., __ , n .... '1I/'OoqIh -
Mat hematics 

S<~;'noI n ..... ' .... lhffiuIkaI f".w"", ,,· ....... ~""I Iv' ........ ,II<> 
", ... 1> ...r1l.' ",t,,,,.,;"',aI """" .. .. ,," '0 "","i, Of ",C<'<'d 
.,.,..,.....~'"'Ij,,~ /"",,,,,,,, , ... ,""'b' ;n,,,,I\,,,,,,\ by"", "",,,,,,.i· 
,ion. 1~ ' .... I<'-orr. " ...... f", and Inl'K1'i"'" from ~ari"". 
""" .",,1ObI<' pialt"""" " ....... ....,."......i< ..... ~ .00 ... ""_ soli· 
"' .......... """"'" fo<"""" ..-:II""" bul "'" .""'" '" ,be liP 
oI&".'S.~ ..... -.1 " ............... ~~ 

o...IJt:n a.d I.plu • .,n,ation 1 .. -. 
'Tho111"~X iolUg'1f!<l ., 1 ................... .-1 m .. "",,, .. ';',,,, • 
................. I .. O&UM'<'<i'\lI ......... ionaI n ... ~ .. WI.' hot><'d • 
....... '0 ochk"" """" ""'""""" in hiII>"'"""'" "'''"ot>«'<1 
pi ..... ,...,,, "," ''''''''' In ''''''''' ",wi""", .. " .. rain, ... "", 0«.' 

".,,1 "I"'~ ,ooIs, ill,"",,"i,,~ """n.."",kal ,,,.1 
"ootk-I h\.ll ..........,"" 1 .. ""("'",,, .... I" tI .. """""'"' 
A •• Pl."1oc<>P'aI ,ooL "'" caiculato<'Jo.........,. .... 1 ""i"hili'y 
or< _ ....... ~ SS"'""'ofox ....... lon .. ~ 
.,... """"""*'Y '0 , .... '_1 .... , .... """""", .. I ~ Ttl 
_ ... """ ac=oq _ ",1_...,. ""'_ionaI _ ..... _10 ... _"".-11 ........ _"" than 

1)1_ 1 ... "_ ..... _ T1Iio V-.... '"""'IWUoy it hiddm 
from''''' ............... .. · ............... ~,I ........... a. ... _ 
", ,n. ~1<:aI"'t ....... SO) I ......... 110<10 <"01' be 'wot'd to 
,....,;, ,...0.. 

0.... "'''''' .. Qf """""I'lI! ",.,i,,,",,, """"U ...... y .. wi "'lialJili,y .. 
to ,,·.,1 .t.. ('Um'I" Ii,. ..... ....., .. "I """"" "ilh <'I"''' ", .. cial· 
""" '0 <>I>wn , .... '- "",,110<10. ""'" ("~"""""" , ........ ""J,. 
od. f",,,, """".h, \\'~ "" ... "",010)"" I"'" ~h in ,he 



User \ 'ersions of Inte rface Tools 
...... __ 01 .. ___ ....... __ • --_... ,,-. __ ... _-... _---_ ... _ ... -• _hII_,. .. ___ ......... _ ....... 
- ... , ... tIWIOt.-._ ....... _ .. -..-.. .. -----........... -.-
1 .. _ boo _ M ... .,.._ ........ 6oofIo< ___ _._fA .... 1 .... ...... ""' __ -1hO_"""G---.... _._''' __ ''*_Il00 
""_1000 _ _ ....... _,.~_~._. ... _ .. -...... - .... __ ... _ .. -..... _-_ .... _ .. __ ..... -_ .. _~_IJI. ___ ~_ ... _. 
-" ... _---._"... .­n.o""'_ .. ..-... _ ........... __ .. _ .... _.-
f .. ~fA ... __ ,_ "'-._ ..... _ .... 
_ ...... ___ t>r _bo>It ... _ 

n. _ II'III CHIX'$(_"""_", __ _ ""'_._. _ .... Il00_-'''''_'''_ ____ .. __ ...-._or_ .. __ n_ ... ______ ... _ ---_ ... -............. -_ ..... -.... _-_ ....... _ .......... _ ... .. -_ ... _ ... _---,. ......... _--.... _,-_. __ .. _ .. -
.............. __ .. _ .. I ....... ._ ...... ."""_ ..... --..... -.. -",,---, ... ~ .. -.,.. ....... _ ... ____ __ 101_".,.,.. -.." ... 

'", ... - "'"" ~......., .. '11'~ "'" .. ,."" ... ", _ ....... ~ ... 

1_ .. ill> """"""'" buo i, .-an "" 1l........."...."",qI. '"'4"'>_". 
... 1 noIQ'. 

AMI,...,. .. ..,......., ~ .. _ .. ,,,""""'" " .... , 
«lIIII""' .. Il",,oI liI>r.vWs.-.l b)' , .... I'I">f~ ......... Of\r 
""''''''''0\)'. _,...,., .. om 1.1bI1<'<IutI.w. hI""""'..., .. _ 
,hal ",""""M ,Ile C'Um'I'Il """" n( ''''' "" _ I .. _ • • tIe>,,",,~ 
nlo'," .. " ''''''n . .. ", '''' ..... hbrarios "",. too ""'" ,h,,""ly I" 
'~I"'!'lI, ,h.'Y ~"" a( ... ",,," I.,,,o.k· hld>"~"h'Y n""'""'" ",.1 
1001 .... "."" .. ,"'''' ,0., ,,1.·nj,.hMo,c<ly """,1 facili''''~ """". 
'''-11 '~\1 ,h..-k~M''''''' """'-"<I" ..... at ", ... ,_. \\'~ found ,Ile 
IAI'M' I( lilJrwy' ol f'Olf1'RA).: 77 """,...;",oJ Iii ...... oIg.,lonr. 
.......... '''~.,. I .... i<uIao1y .......... In ,"" f'<'!IOI'd. 
,.. ........ ,..- ...... ....- .............. ....-,...'0_ ... 
IIM<'t)' IUId ... 1_ ............... _ In "1diI"", "" ,"" 
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