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or Produdns such i:op- oouali‘tg pr'oclud:s and.
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You have an HP-4I!

Now.. .what are you going todo with 1t ?

You bough’c an HP-4l because you were sure

thot #t could do many th'mgs. But you are not

%uite sure how to program 1t to do those ’chings.

That's whH You bough%: this book. ... ——



Well, you're right. The HP-4l can do many,

many thinss.

That's what is meant when it's called a

powerful machine. That doesn’t mean it can leap

tall buildings in a single bound, or predict the

future, or appreciate music. The HP-4l is not

a magic box. It is onlg a tool to help you

solve problems, and the reason it can be used

to solve so many different Problems 1s that

wt s very...

  

   
 



Think about it this Lay: Yyou can build. many

different things with a pile of bricks, but the

bricks themselves are very simple. The.g are the

fundamental building blocks you use to build

ang‘thing Jou want.

That's exactly what a computer like the HP-4

really is: just a pile of bricks, so to speak.

By giving the computer instructions on houw

Yo manipulaie numbers and letters, yow can

build the solution you are looking for, s’cep-bysi'ep,

brick-by- brick.

Now, when a bricklayer is finished, the bui lding

looks large and complex and very impressive ... and.

it is. The completed buflding is very useful as

well. But there’s no mystery about hous it was

done. You saus the bricklager' putting the bricks

toge ther, one-bvj-one.

That's how it is with the HP-4l. Tt’s just one simple

brick after ancther. You just need to know how to put

the bricks ’coge’cher... . So, let's mix some mortar. ?
-6~
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HowDoTHEBRICKSCoTOTEFHER2
How does the HP-4| manipulate numbers and

letters for you?

In learning this, the first thing you need to

have is a 3ood way to pic.ture tin your mind jus-l:

how the computer stores and. keeps track of

numbers and letters in its contiruous memory.

PICTURE IT LIKE THIS:
ALPHA- rosistor
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I you know all about this a\re,adg then qo on

ahead to page 8 . Otherwise ... —m8—>
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PATH BeCISTERS|——
‘ [ oisplay
Just for convenience, we |—

call numbers and letters :::::::;‘3;!&&«

“data,” and so it makes sense| C—1*

—_

1.

that a data reqister is a 0
o5

place to store data— numbers e o
f@’l‘ erg—

and letters. .     
All of the data registers are the same size.

Each can hold one number or up to six letters

(but not both at the same time).

Data registers are numbered., starting at

Q. You'll use these numbers to refer to the

registers in the computer.

So how many data registers are there?

Lell, there’s only so much memory space

in the HP-4l. You can use some (or all) of it for

dota registers - to store data. Then you canuse

the remainder for storing programs - the

-qQ-



instructions that manipulate this data. You can

change the location of the boundary between

data and program memory amjtime, as 3ou’ll see

later.

-|®-



 

 

 
OLPHN-BECISTER,

Ths specia] regz's'%er is what

helps to make the HP-4| an especially ___.___ -.

power'gul tol. With the help of

this register; the computer can

 

   

store and. manipula):e letters as well as numbers.    
Now, when we say lelters , we reaHH mean more than

just A o Z. Actually, weare regerrinj to most of the

characters you can Prooluce with a standard typewriter.

And, for this reason, we should start gll_ggg them

characters— ALPHA characters,

The ALPHA-register canhold only ALPHA characters.

Tt can hold up to 24 of these. BUT IT CAN NEVER

HOLD ANY NUMBERS.

1§ you see *12" in the ALPHA- register, this is simply

the numeral *I” sitting next to the numerd “2. Tt mayas well

be “PK. Theyre all just characters. There’s no number

twelve in sight. And if you ever try to get tre HP-Al to

do arithmetic with ALPHA characters, it will refuse to do it.



 

 

THEDISPLAY
 

 

   
         

| AuPMA-reqister

] D'»spkfi

.......T
———————— * o

1Y steck e, 5
x reaistefs <

I

Data
re,'asfi's

o2
ol  

You can think of the displag as a window. When

you look at your computer and there is nothing in

front of this window, then you can look i’hrough this

window to see the contents of some reqister.

This window we call the displag canbe “located”

over either the X-register or the ALPHA-register.

Then, if the window is clear, you see the contents

of one of those registers. But if there’s something

“in front’ of this window, then that is what Yyou

see when you look at the dis,:fiag. USuallg you

see the contents of the X-regis’cer or the ALPHA-

-12-



reflister thrgugb the d’zsplag window. But it's

possible to move the contents of any register into

the displag window o that it blocks your view

of the X- or ALPHA-regis’cer‘.
 

    
When you are looking at a number in, say, the

X-register; you can use the disp)ag to “block out’

part of your view of that register by Fixing the

decimal places that you wish to see. The d,;g_plg%

does this by rounding the number. But remember,

the displag does this screenins jus’c to chows you

the part of the number you want to see. Lt does

not c_hange the actual number as it sits in the

X-register.
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The stack registers are really just data registers.

They are the same size as the numbered data registers,

but they are named with letters (rather than numbers):

X, Y, Z, T, and L.

The reason they are called “the stack” is because

the5 are stacked. on top of one another-

The stack registers are linked together in a special
way, and theg are the most Freabuenflg used.

registers in the HP-4I.



Por Quiz

. What's a data register?

2. How many data regis’cers are there ?

3. What kind of reqister is the Z- regisi'er?

4. Hows many numbers can the ALPHA-regi ster

hold? How many ALPHA- characters?

5. If you looked. at your computer and it read

“HELLO,” what register would. you be 1ool<in3 at?

GIVE UPS>
-'5-



POV DNVSWERS
. A data register is a place tohold data. It can hold

one number orup to six ALPHA characters, but not

both at the same time (Review page 1)

2. The number of data. registers depends on the location

of that boundary between data and program memory.

That boundary is something that you can adjust (page 9).

3. The Z-register 15 one of the stack registers. It is

a data register; but it is named. with a letter to remind

Youu that it belongs to the stack - that collection of

specia“3 linked data resisters (pagelL{ ).

4. The ALPHA- reqister cannot hold any numbers.,

That's uhy 1ts called JALPHA"- it can hold on‘g ALPHA

characters. [t can hold up to 24 ALPHA characters

(Page ).

5. You may not be look'mg at any requster. Its eni'irelg

poss}b\e to have "HELLO® in the cfisp‘as and. nowhere

else (page 13).

-'6—



How DI YouDO2
Do you ‘Feel that you have a good “mental Pic.‘cure ’

of the different parts of the memory and what they re

used for ?

I§ so, then... g0 forit—
 

If not, then g0 back and. let it soak in a little bit more.

Re-read the pages that bounced off the first time.

Tt's worthit, even if it takes a couple extra minutes.



Now that you know where the computer stores

data, its time to leam how to get data into it in

the first place.

TOGGLE KEYS
The first th’mg to do, of course, is to turn on the

HP-4l. Press the [ONl key at the upper left.

Question: WJhere's the [OFF keg?

Nice trs, risht?

 

   

 

 

   

 

  Answer: There is no [OFF key. To turn off the

HP-Al, just press IONl once again.

This kind of key s called a toggle keg. 15 you

knows all about toggle keys, move to the next page.

 

 

   

 

A tosgle keg 1 any keg wWhose meaning

alternates betueen tuwo opposites (such as ON and

OFF, or RUN and STOP, e'l:c.).

Thus, if your compu’cer ts off, then the [ON kes
 

   

means ‘turn on, but if your computer is alreadg
 

  on, then the [ON keg means turn off.
 

-'8-



TO STORE SOME DA™
There are only tuwo ways to key data. into the HP-4.

. To enter numeric data (numbers), youjust key them

in and they re stored. in Ythe X—reais%en (Remember

the X—r'efiis’t:er ? Tt's one of the stack regis’cers) All

numeric data (all numbers) Qo into the X- reqister when

wu first key them in.

For example, if you want o store the number 1.2345

in the X- register; just press MEREBIHIS] and yu'redone.
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2. All ALPHA data (all characters) go into the

ALPHA-regisfer when You First keg thern in.

Eas'j to remember; rigkt? Let's see...

-|q-



Chal\ense: Enter the characters ABCDE into the

ALPHA- regls’cer‘.

 Solution: Ress [AIHA (A] [B[J[DJ[EI[APHA]

SATISFIED2

 

   

’\/-)
 

NO ¢
Think about it this way:

Angtime you press the [ALPHA keH before you
 

   

press any other ke\j, you are readv:g to enter

characters into the ALPHA- register.

When you're finished with this entry, just

press the [ALPHA keg once asa'm to restore the
 

   

computer to its normal readiness for numeric

en’ch.

 

  Notice that the [ALPF A  
 

key is a toggle key.



TFOoNCTIONS
Now that you can Pic{ure_ how the HP-4| stores data

ard how 4ow canget it into the c.ornpwl:er o start with,

it's time Yo start %Hmking about how it combines data

and. moves data around. from one regisier o ancthen:

Lets agree to call any of these “comb'ming”or

“movina-amund”ac’cions b‘j one mame:

TFUNCTIONS
A function is any action that the compud'er

takes ... per‘ioaL If this is clear, go on. —
 

ook, for examp’e, at the function called X<>Y.

(Say "X exchange Y,")

As the name implies, this function simplg exc)"\cmses the

contents of the X- and Y—reg')s{:er‘s. Thatsit. XY

doesn't do any arithmetic at all.

Now, the function + also does some’ch’mg to the X- and.

Y-reqisters,, but it combines, numbers as well as mov;ng then

around. It puts the sum of theseo res}sters nto the X- rejzsjcef‘.
—2'-



Al told, the HP-4I has well over 10D different functions you

can choose Srom.

 

Question: There are on)g about 39 kegs on the

i(e_tj‘boqr‘cl. How can we Possib)g use over Q0 different

functions 7

If you know the answer, move on. 9

First, that 90\& keg (called the "shift” keg) allows you to

change the meaning ofany key, if you press the qold key

just prior to pressing the desired. key. You dont have

to hold down this shift keg wkzle you press the de.sired

keg. Just think of the shift key as apre‘;ix" keg. This

little feature virtually doubles the number of keys as far

as the c:ompu&er 15 conc&rneo(, Jjust as a %Hpeuri{‘er‘

 

shitt key allows each key to print either upper- or lower-case.
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Challenge: Use the BEEP function to make the

computer beep at you.

Solution:

No‘Pp,ouzms2 S
 

Think about it this way:

Theld keg means just that: when you press this
 

   

keg, you ke_g the number 4 into the X~re9i5)cer‘ (or

its part of another number you re keH'mS in).

BUT, ifljou press the shift [N« keg before Press'mg

the [ key, then the computer will beep. And, sure

 

   

 

   

 

  enough, written in go\d just above the I4 key is the word

BEEP, Pressing the gald key will cause all the keys to

change their meanings to the functions written above

 

them in gofi

Notice the little word swer that appearsin your da’splag

whenever the \«egs have suntched their meanirxgs.

Notice also that the shift kea 15 G tp_gg]_e: ke.»j.

-23-



YES,But...
Even withthe chift \xe.g, we ve accounted. for less

than 80 functions on the kegboard..

What about the rest of them ? How can we tell the

computer to per{:orm them?

Well, we spe” them.[his is one of the 9reo% %Hnfls

about the HP-4I, Its ALPHA capabilities allow you to

spe“ out your instructions.

 

Cha“enge: Tell the computer o BEEPat you by

speHing out the name of the ?unc’ci,on. Don t use

5 BEEP],
 

     

  

Solution: IXEQI[ALPHA) REEP [ALPHA]         

 

 First, find the XEQ] keg. That keg is the “execute’

keg. (I¢ you say the letters X-E- Q, i-ke.vj sound like

the word. “execute, and. XEQ is short er\ough to fit

on a ke3.)
 

   Whenever you press the IXEQ] key before any other

keg, the compuier S immeo{la)celg alerted. It has Jus)c
-2‘.‘-



been told that it is about 1o be asked to do Somei'hing. '

TRY Ir Now: [XEQ
To let you know that it is lis’cening, the HP-4| r%ponds

by putting the letters XEQ into the display (and only

the displatj- not into the ALPHA- reg'zsfer‘ or angwhere

else). So those letters are now in front of that

“window,” as we called it, and. any letters that you

keg in to follow XEQ will go into Q.DJ_B the disp]mj.

Now you should see XEQ __ in your display. The

computer 15 re_adg and Laiting for your command.lo

SPe\\ angf\ning, you must be "IN ALPHA MODE." So

press the [ALPHA keg and be sure that the little word

ama appears in the digplay, Whenever this ALPHA

annunciator appears in the disp\og, the ke,gs all CJ’\ange.

their meanings—jusi as i—keg did with the [ l<f35- onlS

this +ime all the keys become letter keys. Each key

correspor\cis to a character, and these characters are

printed in blue on the front faces of the keys. Also, the
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display window moves from in front of the X- register to

in front of the ALPHA-register.

"The computer now knaws that you want to

*execute’ a function and that you are Now going,

to l ‘ 1 {SPQ It out.

o\ IRRAORIPRROP2o -

o
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in the word BEEP? But,

wait a minute! Why would you ever spell it out when

there 15 a keg waiting to be used Sor BEEP?

In this case, of course, gou’H speN it because we told.

you to spe.n . Jrue, it i1s more conuenient to use one of

the keys, i you can. For this reason, \jou'n find that

the functions you use most often do have keys of their

 
 

So you re 3o°m3 to ke

own.

But the po'm% 15, when You press a keg you. are ’cG.\\'mg

-26-



the HP-4| to execute a function-_just asit you had.

spe“eo( out that function name Using the [XEG][ALPHA]

pmcedure. And the comPcher wil respond exacjclg

 

     

the some in either cace.

So a0 ahead and keg in BEEP

Your display should now be: XEQ BEEP_ | with the
ALPHA annunciator S‘C'\n on.—mm ‘Hna’c annunaator

off by pressing the [ALPHA] toggle key once again.

It BEEP3 /
It's supposeci o beeP. Whenever Yyou §inish the

[XEQI[ALPHA] .. pr‘ocedur‘e bg i‘urn)ng ot§ the ALPHA

annunciator, you are telling the computer "Hey, HRA4! !

Im g'm'zsheol ’ce”)ng you what odo— sodo k1"

 

   

    

 

  
 

 



Suppose nous that you have some message in the

disp)ag ard you want to clear thattiindow’ so that

you can ook ’chroug\\ it and. see the X-register or the

ALPHA-regis)cer (but you dont want to ole_s%m’c; the

contents of that reqister).

Quuestion: How do LYou. doit?

Suppose, then, that you wish to clear the contents

of that register (Xor ALPHA).

Question: How do you do it ?

Or what if you are \(Qg'mg in a number to the

X- reaisfer ora string of ALPHA characters to the

ALPHA-reqister and you make a mistake (key the

wrong number or letter) ? How do you correct the

mistake without c,\ear-ing the entire contents of the

r*egister and sfar%'mg over ?

Answer: |he answer to all three of these %ues%ions:

VU3 TE EIKEY

1§ all this is review, Proc.eed to page 3|,

-28..



As You may have noticed bg now, the onlg two

registers that the display “window” cancover’ (the

X-register and the ALPHA-register) are alsothe only

two into which you can alirec:’c\B keg data. (Hmmm...)

So the [ (backarrow) key must be allowed todo

several H\irgs.

 

   

. If you have something (a messo.se) in frort of the display

window so that it is Hocking your view of the X- or

ALPHA- register, and you want to clear that message
 

  (and. on\g that message)) then press 1. 
 

  Under these circumstances, the == means "clear 

the a{isp)alj oniH. !

2. 1§ there's nothing "in front” of our displag windou,

50 that you have a clear view of either the X- or ALPHA-

re.aisjcer) then the [&= keg means:
 

   

"Clear the X- register back to zero” if you re looking

at the X-register.

OR

"Clear the ALPHA-register “ if you'relooking at the

ALPHA- register.
- 2q_



3 If you're inthe process o} ke_\j'mg in the digi’cs o5

a number or the characters of an ALPHA string,

then the [=] key means: "Delete the last digit or

character keged in.” In other words,

RACKSPACE !}
Three different uses: Not bad for one little kefll

 

   

Also, notice that the 90|d function written

above the [= keg is CLX/A (clear X/clear ALPHA),

This means that Bd[=1 Lill either clear the X-

register or the ALPHA-reqgister depending on where

the disP\ag 15 located at the moment, Bl will

 

   

 

   
 

 

    

always clear a register as well as the display, whereas

jus)c — mmj not c.\ear QA FES;S%QF—QS N cQses l ancl

3 above.
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So, on with more and. more functions....

How can anyone remember them all? And

how to 5pe.\l them correctly:?

Suppose you Forge)c that XY has a ket_.g ofits
 

    own, and you want to spe.” it using the [XEQ [ALPRA]

procedure , but you cant remember how to spell

the name of this function, and. Bou left your

QOwners Handbook in Siberia? Q'W»;’

Question: What do 3oudo? /
a. Lump e “‘ fl

4 '.J'-'.‘:"‘r

c. Fanic > d. None, orall, of the above \

'—rfl'RO qva-vv-r;-"W‘“‘L3S

:&\&\\\\Vs\sst.QR
  RIS  

 
 

Answer: The answer is d with the "none of the

3 (CAT above“option. Instead, use (%4 [CATALOG

3), and then stop the lis’cing so that X<>Y

the displag.

Now, if you alreaalg know all about this

convenience, move ahead to page 3.
-31-
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Otherwise,... attend:

The CATALOG function tells the computer o run

brieflfl k\r\rough an internal list. The third such list,

CATALOG 3, ic a list of all the functions. One"b5-

one, in a‘phabefic.a\ order, each function name is

broush’c, very brie_flg, in front of the o(.'tspla\j window.

Now, ang’cime the HP-4! is bus'zlg ol.oing some’c\‘finfl

aujcomaJcica“g, and you want to stop it, chances are

that you can do so by pressing [RZS].Thig keg is the

“run- s)cop” keg , and it 5 called that because its a

toggle key that alternates meanings betueen “run” and "stop.”

If youve just executed CAT 3 (CATALOG 3) and

the computer is rpping down the list and you re

ua)cching brea"c\'\\esslg for XOY, relax.

First, you don't need. anacute sense of timing to

get to the proper entry. I you do choke under the

pressure ard press [R/S] to soon, the list will stop,

of course. But pressing again will re- start it.

Second, once you ve stopped the list, you can use

the (sing\e-s’cep) and (bac\cs’cep) kegs to
-32—



step forward or backward, one function name atatime,

i-hrouah the list. You can get anflwhere) using this

method , in any CATALOG.

-33-



Challenge: Adjust the computer so that you will

see 9 digits after the decimal point,wherever possible.

 

Solution: [FIX] 9

OK? Next page. —

MO 7
Remember, this is all that FIX does. You can FIX

from @ to 9 decimal places, as you wish.

   

 

Also, remember that no matter how many

decimal places you actually see, the computer still

“knows about” and works with all possible disits (10

al’coge{'her).

The HP-4| me.rehj uses the display (not any regisfer)
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Now, remember when we Promised that You would be

able to decide how many re,gis’cers the computer wouldl

have ?

[ttime to learn how to do this.

 

Cha“enge: Acljus% the total number of data

regis)cers n your computer to 20.

 

  Soluton: XEQALPHA] STZE [ALPHA] @2 Q.

OK 2 Move ahead s

Well then.... SIZE is jus’r ancther function— one

that demands a ‘t}‘\ree:cligi{ argum@{') rather than

the usual 2.

All that SIZE does is move the Par{'i'l'ion beteen

the last dota register and the .END. of program

memory. It moves this partition o that you end up

with exactly the number of data reqisters you

reQues%ed.

So, after you ask for 20 data registers, you have 20

of H’\em, r\amelj, dota reg'zs)cers QD throug\'\ 4.

35-

     

 



Cha”enge: Recall the cortents of data reg’zs%er Dl to

the X-registe.r.

 

Solution: Rey] @

O’{ ? Moveto the next page.
o

   

 -
B
 

C
   

OUBLES 2
is the recall keg. LJhen you press it you tel| the

HP-4| to recall some’c\\ing to the X-register. The computer

responds blj plac:'mg the name of the function (RCL __)

in the disp‘ag. The two blanks bg RCL are the HP-4ls

way oFasking you what register P" So, You key in
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As soon as you have given it tuwo digits, it takes otk

and does the job.



reg ster: - 37..

of the specif:ieol regis’rer Yo the X- register. STO sends

a copy of the contents of the X-regisi'er to the specitied

W
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Solution: BET0102

  

  
  

 

  
  

TO
This is the same idea as RCL—

OEASY
e,xac.de—
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/
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A

that you use the [STO] keg (STO means "“store”).

matched set.” RCL brings a Copy of the contents

Notice that, inmany waas, STO and RCL are a

  —
except

into data reg'zs)cer D2.

Cha\\enge: Store the contents of the X-reg'tsi‘er



Cha\lenge: Recall the contents of the Z-regis’cer

to the X—reg'z ster.

Solution: [RCLI[:] Z

YAWNING ? Move ahead '__’

NoTY SO FDST <
The [RCL par'l' 1S NO Problem, rig\w‘l’? But then

you have to tell the machine that the regisi'er

number s exped:ing (Fwo digi%s) 15 not Soing to

appear- Youre going to Sive it a stack regisr‘fer instead.

o do thie, press the [- ke\j. This changes the

displmj to RCL ST _ . Now the compul-er 1S expe&'mg

a STack regisjcer name— a s'mgle letter

 

   

 

 

 

   

Just press the kexj with the Z on it.

(Dont go into ALPHA mode to ge)c the Z. The

computer has a,r‘eadfl told you with "ST" that it 1s

exPecHng o letter)
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Chal \ense Recall the contents of data register Dl to

the X~re9:si'er but Yhis time dont use the [RCU] kea. 

 

  Solution: XEQ] [ALPHA] RCL [ALPHA] @ |

Tle‘ALrl, Right this way. —)

   
 

Notice that this Procezlure uses the exact same

format as when the [RCL] key is used.

First tel] the computer the name of the function

 

to execute.

It then acknou\edses your request by placi nq that

narmein the display. Then it prompts you for the

register (i.e., it prompts you for the argument of

the function).

PRESSING THE [RCUKEY IS EXACTLY

-~ LIKE PRESSING [XEQ| [APHA] RCL [ALPRA],
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Cha“enge: There is a RI(RDN: roll-down) function on

a key in the second. row.There's also a R7 (roll-up)

function, but it's not on the keyboard. Execute the

function R/

Solution: XEG

NO WB‘IN\S? Move on ——

The /character isn't Pri nted in blue on any of the.

keys, is it ? Ahbut turn the HP-Hl over.

 

        

 

That little gold picture of the keyboard Lias put

’chere to help you remember wka% 'Hwe. entire ALPHA

keyboard looks like., This is what every key and every

shifted key means when the ALPHA annunciator ison.

The /7 character is accessed bfl using the

chifted IN keg.
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[XEQ)[ALPHA] X <> Y [ALPHA  on

 

Cha“enge: Execute X<2Y without pressing the

XY keH.

Solut
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find the < and > characters ?

ion o take and what registers

(it upon.

            

 

         

               

 
 
 
 
 

 

      

   

 

Did Yyou manage to

Notice that the computer doesn
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for an argument after you have spelled the name. [t

knows exac%\xj what act

o perform

 



Chal \enge: Execute X<> L

 
 

Solution: [XEQ[ALPHA] X < > [ALPHA][-] L

If you know all this, move ahead. )

MURKY WATERS ¢
This functions name is just X<>, not XL

(there's no X<>L in CAT 3).

So you must give the computer the function name

and let it go Hnrough its routine where it puts the

name In the Aisp‘qg ard asks You for the argument. All

          

 

it knows is that it is supposed to exchange the contents

ot the X- re_gis{er with that of some other regis{-e_r.

But, jus): ike STO and RCL, t deesn't know which

register until yu supp]fl the argument(ML inths

case).

The X<> function is tokal ltj different from XOY. The

XY function was provided because it is used so often.

(Yes, you can use the X<> function and spe.c'tfg STack.

Y @Y) ag the ar‘gun@f\%. But uhg bother ?)
~42~



Challenge: Execute the function called X€ @7 (X

less than or ec&uaf to 2ero 7).

 

 

     Solution: XEQJ[ALPHA] X < = @ 7 [ALPHA

SNYOOTU GOIMEL  Gotopage 15, ==
HEMWY SEAS <
Chances are that if you had Problems with this one,

 
  

 

they Lere:

. The € notation (how to keyit in?).
2. How to keg in a @ character.

3. Forsettinfi the necessary o.

. Even if you checked the handj-dandg ALPHA

keyboar‘d on the back of your compu{'er; You couldn't

find a character that looks like €, could you @

BUT, if you checked CAT 3 you fourd X<=Q7?(in

its proper alphabe{-ical order).

Notice that you dso find X4 @72 and this does

look. similar in your disp|a3 to X$O7P, but X£Q7

means X# QD7 (X not ecgua‘ tozero?). |he # (not

-.L’s_



equal to) sign {s on the keyboard.

2. Any of the numerals @ to 9, the decimal point,

and the 55mbo|s +,—,%, and / can be obtained bg

pressing (in ALPHA mode, of course) the shift key

(Sold keg) and then the corre_spondins kefi. The

ALPHA kegboar‘d on the back shows this c’earbj.

3 Ifa ques{ion mark were not a part of the function

name, then the 7 would not appear in the CAT 3

en'krB for that function.

Don't forget — the HP-HI will not recognize any

function name that doesn’t g>_<_o_._c;’g_|% motch the

function’s name as it appears in CAT 3.
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C\‘\a\\ense: Execute the function FS?C 22.

  

     Solution: [XEQ] [ATPHA] FS 2 [ALPHA] 272

NG SWEET? Next page —3

SWEAT‘ z (Even mild dompness 7)

You Probabltj 30% into trouble with:

. The "?", Don't negleci:it.

2. The argument, 22: Whentokeyitin®

  
 

 

REMEMBER! The name of the function is what

you tel] the HP-4l. Then it asks you for the

argument.

The name of this function is FS?C, as CAT 3

will show. S0 that is all you tell the compu{'er at

first.

Then itwill prompt you for the argument (22

in this case) with two cursors.
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C\'n”enge: Compu‘ce the sine of T radians. (If

you 've never had a trigonometry course, feel free

to skip ahead to page H9.)

SOIu'honXE_Q% E'ALPHA RAD [ALPHA] 4 [] [SIN)

yo}é Movetopage 48. —-—’

  

          
  

 

The HP-4I makes assumptions about the numbers

it s asked to work on. In this case, the assumption is

about the angle it works on with the SIN function.

15 You see the little rao (radians annunciator) inthe

display, that means the number in the X-register is in

radians as far as the HP-4] is concerned. 1§ you see

sam , likewise, the computer assumes the numberis in

grads. If you don 't see any annunciator there, then the

computer is assuming degrees.

You can d'nnge what your computer assumes by execu%inae

qppropria’ce function—RAD, GRAD, or DEG. For this Problem,

you execute RAD. Then you brmg 17 into the X- regtsi'er

with the Pl function (M@ ke3) Nouw, it you press [SIN]

you s\'\oulol 38‘1: SIN (TI‘) which |1S Zero.
%-

 

    



BUTMIT! You didn't get zero! 7?1

What s wrong? SIN(T) is zero.

The prob\em here is that you didn't toke the_

sine of (505 what 7). You tock the sine of

3.141542654. That is not 1. Thats admost 7. That
the first 10 digits of.

But 11 has an infinite number of disi*:s (accoroling

to the latest information). There is po way that any

computer can ever take the sine of exac’clg T, because

a computer can on'H work with so many digit‘s.

The Po'mf ot all this is not to q}uibble about T, but

to remind you that the HP-4| keeps |@ digi{“s (whichis

usually more than enough) of any number.

So, no matter how exact you know an ansuer should

be (mathematically speaking), the computer uses |®

digi)cs of each number involved, and therefore, the last

digit of the final answer may vary from your expectations.

This limitation is characteristic of dll computers, but you

wil] seldom need to consider this at all.
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Cha“enge:—’-&l(e the inverse cosine (or "arc-cosine’) of

the number you go)c as a result for SIN(m). Then

tel| the compui:er to return its assumpfion to DEG rees.

  
 

          
 

 

Solution: P [€0s (or [XEQALPHA] ACOS A‘-PHA)) then

XEQJ[ALPHA| DEG [ALPHA

Satistied ? Next page. ——————

  

      
 

 

Notice that the name of this function (as it appears in

CAT 3) is different than the sgmbo] used for it on the key.

Notice the answer you 30%: .57@07496327. This is

‘almost zm," whichis correct, because the cosine of

‘almost = 11 radians is “almest zero, and you hod “almost

to begin with,
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Notice how the radians annunciator a\isappeared when you

executed DEG. The calculation wias done while the HP-4) was

stil| assumins radians, but now itis assum'zng degrees.
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Cha“enge: Rt “TAKE 5% into the ALPHA-regi ster.,

   

 Solution: [APHA] [TAKE [sPace] §  [ALPHA        

 

Just chec\dng to see if Yyou remember hows to put

ALPHA data. into the ALPHA-reaister (as opposed to

spe“ing a function name in the disglag).

If youre hazy at all, qo back and reviews page 20.

(mark. your place here),
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Chanenge: Look. at the contents of data

register @2 without using the RCL function at all.

 

Solution: sl | Q2VIEW

CL‘EAB ? Step this way, ——

mUbZ Well, VIEW is a “clever” function.

Iy pu’cs a copy of the contents of the indicated.

register into the display onlY.

    

 

 

 

    
In other words, VIEW puts those contents “in

front” of the display “window, so you can no longer

see “through” the “window’into the X- register.
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Challenge: Put the contents of data reqister D3 into the

ALPHA-regis)cer.

Solution: [ALPHA] [ (ARCH D3 [ALPHA

15THIS 15OHATrovcen .

“VEWHATS

I+ happens that when you are in ALPHA mode (that is- when

the computer is in ALPHAmode), not allof the keye change

their meanings to ALPHA characters, Some of them

change to different functions, and some of them don't

dnange atall, The "\ar\dfl-dandfi ALPHA keflboarcl onthe

back of the HP-4| shous these functions in white.

The function youjust executed is "ALPHA- recall” ARCL.

Now, put the HP-4l back into ALPHA mode to see Lhat happened.

 

        

 

Notice that the contents of reg'xs)cer D3 were added

to the characters that were a)readg in the ALPHA- reg’zsr}'er

(ramehy, TAKE 5)



C\r\allenge: Recall the contents of the X- regis{'er to

the ALPHA- regis%:er.

 

-] X [ALPHA

  
 

ARCL

  

.

    ALPHA] ™,

o

 

i:;?\:\So
O

use theisten;
?

Remember, to spec;fig a stack req
O

 
 

 
  

decimal point L

ARCL needs an argument,just like many cther functions.

You treat |i+ the same way whenever You see the computer

an argumen{'.for
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Chad lenge Arrange {hinss so that you are \ook'mg ok the

contents of the ALPHA- recjzsler without bemgn

ALPHA mode.

  

    Solution: [XEQ APRA] AV/IEW (AFHA

QUESTIoS? No?t——>
    

  

YESS
Just like the VIEW function, AVIEW f{ills the

display so that the register behind the "window’ is no

longer visible. The on)g difference between VIEW

ard AVIEW is that AVIEW uses the contents of the

ALPHA- regis’cer (VIEW uses the contents of data

resisfers— including the stack resi sters),

Because there is no doubt about which regis’cer AVIEW

is using, it doesn’t need an arswner&.

Also, notice that AVIEW is onthe ALPHA kegboar‘d.

You can execute it that way. (However, the keflboarcl

function could not be used to solve the d’tdlense as we

posed it. Try it and you'll see uhg.)
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C\\a\\enge: Add, thatis, gppg,flci the characters "‘ABC”

o those a\reaa\\j in the ALPHA- regis)cer:

  
 

  Solution: ALPHA] [S.) APPEND] A RC [AtPHA
      
  

 

APPEND is a 1<e3 on the ALPHA kegboarcl (because

it pertains to the ALPHA—reg’zsfer). LJhen You press

the APPEND key, the HP-4[ is instructed to “pretend”

that you are sualo{en\H in the middle of an ALPHA

data enjcrg—- as it you had jusi: entered the currert

contents of the ALPHA- regis):er.

Then, you can add characters simp]vj by spelling

them out , or you can delete characters, one-bg-one,
 

   usmg the [= keg.
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Cha\\enge: Key the number | QQQ0, QQQ inko the

X-register without using the (11 or (@ (zero) keys.
 

   

 

    Solution: [EEX
 

 

 

  EEX] means " enter exponent;’ and it is used to express 

numbers in powers of |Q,

So, |@°=[*|@°= l, DR,2D (note the six zeros),

and this represents the amount of money, in dollars,

that we plan on making 55 writing this book.

For ancther example, 1.35* 1072 =0.00135, and

Yyou would. ketj it in as [ ] 31 [5] [EEX] [3] [CHS
   

         
  

 Notice that when you press [EEX] before any

number key (as in the above solution), the computer
 

       puts a one (I) in for you. The kefls’l’.rokes 1[EEX])[G

are the same as J'usf EEX||le].
 

     

One more ’chinsz You may sometimes see a number

like 8.2 *10® written as 8.2 E &, (T}\e E stands

for “exponen)c.")
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Notes

l. The on}i,, way ¥o tell the HP-‘H that you are

Sped Fnj}r\:? a fonckjon name - rqther thar s/'mp/j

kcyi N a bunch. of characlers to ¥he ALFPHA-

/‘ty‘s'z:?f- /s to vse the [XEQ] kg.

 



So, you've seen some kegs{'roke combinations, and

the keys are a!reaolg get’cing some individual

Personali’cies.

But let's talk ’curkefi,here..

 

No calculator is worth its weiflh{ in
——

Penc.i\ lead. if You. can’t use it e.gec’c'nvelg

_jus’c to do arithmetic. So...
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The stackis a special set of five data reqisters that

is found on most HP calculators. This stack is what

makes HP calculators so much eosier to use than the

other leading brands. The main reason HP caleulators

are easier to use is that when Bou’re dot nq \eng’ch\j

caleulations, your intermediate results Se’c saved Sor

Yyou au’coma’cica\\g; thus you arent Forced to use

paren'}:\r\eses 10 Sr'mcl ‘H\rouflh a bis,?cfi:, }'\a'trvj ectucrfior\.

So, hous does it workP Well, the Ouner's Handbaook

often refers to a block d’xagmm that locks like this:
T

2
Y
X

 

 

   L 
This is an excellent way to picture the stack inyour

rmind, so we will use this methed, too. Also, let's agree.

that , unless we speci?kaflfi mention the \:regis’cer,

we will be referrinq to the X, Y; Z, and T-registers when

we use the word. " stack..”
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Now, as you remember (from page 19), WHENEVER

you keH in & number: you are keging it into the X-resister.

ALL NUMBERS ARE KEYED INTO THE X-REGISTER

Once Bou've_ Pu’c a nurmber into the X-register,

THEN you can store it or add it , etc.

 

Cha\\ense: Set up the X-,Y-,7-, and-r"reg'zs’cers

as g’O) \ows.
 

  

.8_|T
e)2
LYY3B

3.4 X
 

 Solution: 8 ENTER 6.9 [ENTER} |2 .4 [ENTER|3.9 

Nows, i¥ Lou ’c‘horoughlfl understand this, and You

trud\j want to 5l<ip a fine discussion of ENTER] and

[CIX], then go ahead to pooe olf.

OTHEBWISE—
-0~

 

 



 

  So, what is the famous ENTER keg? Well, before we

get to that, there is a certain phrase we'll need to

 

"STACK-LIFT
Stack-lift is the process by which each of the

values in the stack gei: lifted. one notch.

/To never-never land (gone §or good)
  

 
se
4—;   

  

Notice that the original value in the T-register S

gone Cor 9ood after a stack-lift.
  

    



“But when does this stack-lift happen? How do I

know whether it's going to happen when 1 keg ina

number ?”

Well, i§ the stack-lift does occur when you key in

a number, that means it was readg-anci- able to do

0. We say stock-lift was “enabled.”

But, if the stack doegn't lift when you key ina

number, then we say stack-litt was “disabled.’

So, the question you're reoNH ask'mg 1s: "Howdo I

know when stack-1ift is enabled and. when it is

disabled (i.e., when the stack is r_eggi\a to lift and when

t's not)P

You should use this rule: There are only tuo things

you will commonlfl do to the computer to DISable

stack-litt. Those are:

rese
or press [CLX], 

Now we're readH Yo discuse ENTER], ——>

-b2—



“S0, the ENTER function leaveg stack-lift

DISabled right ? What else does itdo ?”

It does two t\n’mgs (in this order):

. First, it pgfi_q:ma a stack-lift.

2. Then, it disables stack-lift.

Look at the first tuso sieps \n our solution.
   

___:?_4___1' ____zc___T ___:.':u___T

L __Te___|Z o_|4 ___fa_|2Z
LDY ota__|Y .8Y

Pa X 8 X 8 X        
 

 L, 8 1L ENTER] —

(2 means: “We don’t know what's in there , and we don't care”)

The first stepis to key-in the number 8. No mystery,

righ’c ? It goes into the X-reaister.

Now, when we press ENTER], a stack-lift is

gr?ormgd, (reaarouess of whefl'\er stack-}igt was

enabled ordicsabled). So our stack islifted. That

1S, a CopY of the Bis sent to the Y—reg\s‘ce.r; and,

the other values are bumped up one notch.
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ENTER    Now, also disables stack-lift, so that if the

next step is one where a number is recalled or

keyed in to the X-register, the stack won't lift.

The value formerly in the X-register just gets

rep\aced. bfl the new value |, and the cther

registers aren't touched.
  

      

    

____?_I_:___T ____?_b___T

_._ta__|Z IS4
.8y =Y) 4
8 X 69 |X

Leq—J

Watch once asain:

s_|T XT T []T
LTe_..|Z IY4  __%a__|2 | __fa_|Z
_-_.?3--- Y ---.?.“.-- Y ---.8.-..-Y L.--..8.--_. Y

Pa X 8 X S X .9 |X         
  

 

 

 

 ENTE  Think obout it this way
X-register in the Y-regisfer and. bumps everflthinfi

else up one notch (lifts the stack). But that value in

the X—-register Is a sitting duck if the next step

performed is a recall (RCL) or the keBinS-in of another

numbenr

makes a copy of the

-6[.{-



Here is a comp\ete dio.sram of the sdlution to the

last dna“ense. Studfl 1t until 5ou're. comfortable

with the ENTER function.

z T ?c. T ?b
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While we're on the subject of o\isab\ing si:ack-’i{:t,

let's mention [CLX

CLX also does two t\nings.

' | It replo.ces the number in the X—-re.sis?:e.r

 

   

with a 2ero — without o\isi:urbirg angfi'\'er

else.

2. Tt disables stack-lift.

So, both ENTER and CLX |eave stack-lift

disabled. But theg both do very different things

before that:

ENTER disturbs the whole stack..

 

       
‘\ 7

,///-7/‘ . py o/

%. % / A

ENTER and CLX are the onlfl tuo commonlfl used

functions that leave stack-lift dicabled.

-bb—

 

   



Your stack should
 

1.4  3.9
 

ook like this:

T

Z
Y
X

 

Cha\lenge: Replace the 6.9 inthe Z-register with

a 5.5.

So)utionHere 's oneoFman5 solutions: [R
 

XY  [CLX
 

  XY   
G| |ALPHA   
  

R?7

 

   

 

  ALPH
 

?IECE OP CAKEIT'B a bigqer piece (page &9).
 

So here are more useful functions for

manipu\ating the stack, rig\nt 7

Look at the stack diaarams on the next poae

and observe how these functions accomplis\‘\

their task. It will be easy Sor yow o see w)'tg

we cal| them * r‘oH-uP”(RT), “roll-down” (RY) , ard

“X exc.hange Y (XOY),

- 6?_



 
   

      
 
   

  
 

   
 

 
  

'8e|t [3av [34a]t [.39_]t
L _e.4_|2Z _8.2_|Z |_8.0_|Z  _8.20_|Z
_12.4Y __e-9_Y _12.4_Y 12,4|Y

3.9 |X 12.4 |X .9 X 2.9 |X

__.3.9_|T 3.9T 8.2|T
__8.9|z 8.2|Z |_5.5|4
12.A_ly __5.5_Y 2.41Y
5.5 |x 124 X 3.9 X         

55—Lxoy—SL—s Rt —3

Remember, RT is not on the ke.gboard)so you. use

the (XEQI|ALPHA] proceclure.

Now, what would ko.PPen if you Pressed [STOl @2

after EX1? What would the stack look like after

you keBeol in 5.57

Lell, Pr‘essins ST0] @2 wsould store @.0 in

resis’cer‘ D2 ard leave stack-lift g&a_b_\gd_ . After

kew:jing in 5.5, the stack would look like this:

8.0 |T
j_p a» o -» o @ W )

1.4 [Z
2.0 |Y

s a» a» an > an a» =

5.5 |X

Since @2 leaves stack-lift endbled, the ctack

would lift when you kegec\ n 5.5. Evera common

function exc:ep‘}: ENTER ard CLX leaves stack-lift enablgd.
-8~

 

    

  

 

   

 

   

 

   



Your stack is now set up like this:
 

_8o|T
.5512z
124Y

3.9 X   
 

Challenge: Let's reverse the order of the values

in the stack.

Solution: There are many woys o accomp)isk

this, the most straigh’cfl)ruard of which is

Pmbab\\j RY IXOY RYXOY]RY.
  

          

I§ this settles well with Yyou, move on ahead.

Otherwise, Tollow the s’cep-bxj-step solution belous;

then take a break. When you return, re-read. from

    

          
  

 
  
  

   

a oouP\e poges bock.

80T [3a]t [33q]t [5517
"851z [[(8e]z [Be]z [[3492
T2.a_|y [Css|y [Cmally  [C8rely

39 |X 12.4 X 5.5 (X ‘2.4 |X

L—R—N——R—|
 [Ozalr [ZaT [3a_lr

| [[5s5]z [[&85]z [LHl]z
T34y [[&oy [B5_]Y

J 8.2 |x 3.9 x 8.0 |X          

 
 

RY|——TL— Z()Y]J‘——a RY7
       



Your stack is set-up like this:

3.9 |T
12.4 |Z

5.5 1Y
————————

8.2 [X

 

   
 

Question: What is the value in the Y-register

ofter you press It ? The T—resisi:er?
 

   

 

  Ansuer: After you press 1, the stack looks 

 

like thie: 0_.3.9_]T
- _._3.9_1|2
_Jd2HY

3.5 X   

OK? o To PAGE 72
The functions +, —, %, +, and y* operate on the

X-ard Y- registers.T\wa’c 15, th35 take the value in

the X- resisi'er ard the value in the Y-register ard.

combine them as speci?ied b3 the function.

 

The result stays in the X-register and the

stack “drops.” The value in the Z-reqister drops

to the Y-regisi:er, and the value in the T—reaister

drops to the Z- reqister.
-70—



Note that the value in the T-register stays

the same.

The y* function is named so that it

tells you what it's olOing. From the name, you.

can see that it raises the value in the Y-reg'tster

o the power of the walue in the X- registen If

2 is the value in the Y-regis‘ces; and 3is in the

X-register, then pressing will return an 8

(Uhich i 22) to the X—regis’ce.r.

It would be nice if 2 and &) were named in

a similar mannen because in thege functions,

 

   

 

 

   the order of Y and x is impor‘%an‘l‘. Thel=

function could be named Y= X, and the divicle_

function could be named Yx, because these

names sowld be more descrip‘l‘ive. But that

lon't how ’chev:g 're named, so just remermber:

 =) means Y-X ( the number in

the Y-register minus the number in the X-register);

= means 7x .
 

   



Your stock 1s 5et-uP like this:
 

   

3.9T
3.9|2

o_l2.41Y ,
13.5 |X and youve just come

from the last c\'\a\le_rge (a couple pages back).

Cha”ense: LJi thout touc)'\ins any of the

number kegs) get the 8.0 (that used to be

in the X-register) back into the X-register.

 

 

    Solution: sl [LASTX

Are you com¥ortable with the L- register 7

Go to page TH.

 

 

Are you t\ninking,“ What-in-L is the L-reqgister? ¥

LJell, allow us to introduce you to this u.n'lqbue

member of the stack.
 

 

  

‘
3

X
<
N
-
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The L-register is where the last X-value is

automatical 15 saved after the execution of many

functions that operate on (or cho.nse_) X. So,

¥ you wish to recover the last X-value, just

press [ris] [EASTX],

Most functions that c}\o.r\ae numbers (like +

%, COS, ¥*,...) save x in the L*regis’cer'. But

functions that move numbers around (like STO,

RCL, X¢Y, RT,...) donot sove x in the

L- register.

In the Ouner'’s Handbook, around page 25@,

there's a list ofthe functions which telle Whether

 

  
 
 

H’xeg save x (the number in the X—register) in the

L-resis’cer. 1§ Hou.'re wondering about a particular

Functon, thats the place to look.
VY

7

 

   

"
)

    
     
    

   
S

™ . ////7 W ’ Z

7 Z L . ’/// . 7LL ?
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Now we are cjoing to supplfl you with a few more

cha”enges to helP you olevelop a'feel” for the stack.

It will take a little time before all the motions

become automatic. But now you know when to use

ENTER and when ENTER isn’t necessary. Plus,

you know that many intermediate answers are

aw\.omaticaflg saved in the stack.

Take a few deep breaths, and relax before you

Pr'oceeol. (A lotus position, somewhere close to

the center of your )ivinsroom, may be appropria)te.

while working the next few pages.)
é\ ) KA 2C Z .\,[f(v\)fi\"/
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doesn't it?)(Looks tough,

bfl-step solution

calculate the answer:

+(5»7) - 72

9% (13*- 5)

Solution: 3.955395944

)

 <+T

then ski,o ahead to page 74.

It you got that answer the first time and you

Chal \ense: USinS on’H the stack (no paper or

don t want to look at the step
)

numbered data registers)

to this problem,
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Challenge: Evaluate /3+(5%7) - 72

Solution: 3 [ENTER] | 5 ENTER] 7/
 

 
»*

 
+

   

 

VX
 72    

and the stack looks like this, step'bg-step.

 

   

 

   
 

 

 

   
 

  

 

   
 

 

   

 

   
  

 

      

 

   

 

   
 

   
 

 

    

 

   
 

 

eT sT 2T |__Pa_|T
____?_b___ Z ____?_a___ Z ____?_q___ Z ____3____ Z

CZYy [D3T]y [3y [ETy
3 X 3 X 5 X 5 X

3—3 L, ENTER]—b— § 71— ENTER]—7

2T |PaT _PaT [Fa_]T
____3____ 2 ____2:___ 2 ____?_4___ Z ____?_q___ 2

oS5Y 3Y __2a_|Y L__7a_|Y¥Y
7 X 35 |Xx 38 X .16 X

T—— T ] —3' 7]—J

|Pa_1Z __Pa|2

--b..'.lg’_.. Y ...._.:?.?.-- Y

72 X -05.84 X

72__7L___., —7
   

Notice that the stack litts when you kenj in 72,

but it doesn't lift when you keg inthe 5 or the .

It You don't understand why the stack ifts in one.

case and doesn't in the other, review page Gb.
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Chal\enge: Comin3 from the last page, evaluate

 

/38 - (2
9 *(13*-5)

  

           Solution: 9 ENTER] |3 (%LAS=] Bl [=
   

    

    

                

 

 
 

    

    

                

 

 

  

         

 

 

 

    

And the stack? Well, it looks like this:

__a__|T .t_|T __a__T  __fa_|T
| __fa_|Z ___Ja__|Z e5.84_|Z _-65.84|Z
%_Y __Te5.84]Y L8y .9.__|Y
v38-~72 X 9 9 X 13 X

72 |L 72 |L 72 |L 72 |L

.q— T13—
oT 6584|T |Ces.84| T _65.84 | T
|-65.84|Z __.a.__12 |T65.84 (Z _-65.84{Z
LAY __leaY 8.Y __65.84]Y

169 X 5 X {64 X IH76 X

I3 0 3L 5 v e L
H— 5 S,[— X—|

[
| -e5.84 | T

|"65.84|2

|-95.84|Y
-Q.94 |X

v 476 |L

075    

Were showing ‘rounded-off” versions of the

numbers. |heres rea”5 @ digi’cs in each register.

-7 '(-
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Answer:Well,ifyoujustdidthecha“enseonthis

page,thentheL-registercorttains4.OO,

However,ifYouare3u5tskippingaroundforthebonus

ponts,youared’tea:):inslAndwehavenoideawhats
 

inyourL-register.YoucouldtryVIEWL()|ViEW  
 

 :L),thenpress=]tocleartheolisP)aH

“window.Nows,moveontothenextpage(except

youcheaterswhoares\dppingaround).

;41101934-7
IHLNISLUWM
INOTLSANGSINOY
 

'agua![O42YRdjompuoG/obodo3»70qob‘moN

'LhbSbLESSh€St43Msuv3ypuo‘IF|,*uorM|og
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Cha”ense: Caleulate A. (¥5)*

B. (35)°

 

      
 Solution: A. 3 [ENTER[ENTERISE3 )Pl Y gzves @.843

B. 3 ENTERISE 3BT gives D.216 

 

  Uh\j don't we press [ENTER after [? Would it

make a difference if we did press 7

 
 

 

The reason we don't press IEN  TER] here is because

stack-lift is left enabled bwj the [£] function. The

only difference that would result by pressing

ENTER) here is that we would have pressed an

unnecessary key. Thus, we wsould have wasted

an essertial fraction-of-a-second of our lives

(not good). [ENTER] leaves stack-lift disabled , so

the extra would have ro effect on the

result.

 

 

   

 

  
 

 



Challenge: Let's say that you have a list of 100

numbers that starts out 3.96, 5.12,9.4I, 10.67...,

and you need to divide each of these numbers by

4O (the same as multiplfiing bH ©.025), Makins use of

the fact that the _Fregister doesn't change when

the stack “drops,” outline an easy way to accomplish

this task.

Solution: First, fill the stack with @.@25

(HO (%] ENTER ENTER])then use this sequence:
 

        

 

 
 

        

 
 

 
 

      

 

 

 
 

        
 

  

 

|_9.025|T |_2.225_  _©-225|T
| _9.225|2 |_9.025_ __9-925|2

 _@.@25|Y __9.925_ |_2.925|Y
3.906 |X @.094 511 |X

__%.025[T _2.025
__@.225|Z _0.225
__@.@25|Y _2.225_

@.128 |X .009

¥ —L X —I' 9.9—L—

 

      
 

 

 

Similarly, i ¢ You had a list of numbers that you

wanted to subtract 3 from, you could fill up the

stack with —3's and use|H.

- 80-

 

   



TEST
. Without usins the [ENTE keH, confiqure the stack

as SUCl’l:

 

   

 

........

a a»> a» w» a» an e o)

   

2. Using the numbers in the stack from the above

problem (don't key in any numbers), compute:

(3.5-2.2)"+4.7
N

3. Compute (H5% COS (45)2 (the little ° means

'desre_es - [XEQ]|ALPHA DEG [ALPHA )
 

 

        

 
 

H, True or false? The sequence [CLX QLCX]O

CLX] @ [CLX] @ wil| eged:ivelg clear the stack-

registers X, Y, Z, and T.
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)16
 

 STO  
 

Ay.swtiss
 

XOY  XY 3   3.5
 

    
 

 

 LPHA   2.2

DO 4.7 is one posssz)chH.THe trick here is

that the execution of almost any function other

than ENTER or CLX) leaves stack-lift enabled.

Thus, when you do some‘thing like

_@, theneven PYESS  

 

  
—
 

 XEQ]  RAD (or

to clear it away) the

campufer ASSUMES 3ou're done keflfns in the

previous number and stack-lift is enabled.

)
3) 45

 

 Rl     
 

 

 

  

 

         

 

           
 

—FJFIXEQ[ALPRAIR7 [ALPHA] [H] (X OY]E]= 3.9938

COs) [his) [LASTX] 6] 3] o] 71 = 3. 16883

‘i) False; CLX leaves stack-lift disabled , so the

2eros are not Pusheol up into the <tack. Though

it's rqre13 necessary, you can clear the stack bfl

executing the function CLST, or you can dear

it by pressing D
 

 ENTER  [ENTERIENTER]. 
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PREview PROBLEA)
You are given a list of 1@ data shown below,

and you know from your previous studies of latin

that a datum is | piece of data. Your mission,

should you choose to accept it, i1s to run each

datum through the formula:

32+ (L———"W )7(datum)z.

LWhat kegstrol«es Would you use each time?
 

Data: 25, 44, 64, 12, 3, 9, 5, 26, 3|, 33
 

 

 

 
 

 

  
 
 

— T L% % % ) 7 .
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   Answer:PNJusdx) 9 12¢) 44 [=] 7B6 320+
(Uhew!)

If we run the first datum through these keystrokes,

the stack looks like thic:

         
 

 

    

   
 

               
 

 

 
 

      
 

 
 

 

 

   
 

   
 

                 

  

      

 

    

    

  
            

 
 
 

  

 

      

 

 

 

    
 

%T %_|T %_|T eT
et_|Z ._|2 |__Ta__|Z —_2a_|Z
__Fa__Y e|Y 625 Y __625_|Y

25 X 6L5 |X 25 X 5 X

P4 L 25 L 25 L 25 |L

25—b— [X§—IF— [LAsxI xl—7
—

__Pfa__|T __PaT  __fa_|T PT
__625 _|2 __fa__]2Z 625|<Z ___ta__|Z
S__]Y 625_Y __A45__1Y _@25_|Y

q X 45 IX Hd4 |X 1,223 |X

{25 L 3 L q L o8 L

(i

|__Pa__|T e_T PT __Pa_|T
_625__|Z |__Pa__< __Ja__|Z __2a__2
Cvees|Y [e2sY [__Fe_|Y  [73L74]Y

7 X 1.170 X 731.47% X X

i 44 L 7 L .J70 |L 170 |L

7—3, p—L SR —T—s 32__3]
—

--_.;;s.-_; Nou, qo ahead and run each datum
e . ) .
sY through this sequence (that's nine more).
763.974 X ,

{3z v HINT: If you Egé @gd Hrs’c, Hou.H

+ find an easy, timesaving way to do thie.   
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In the Preview pmblem, you Lere faced with a list of

data. that you had ko run , Piece-EH—Piece, num\:er-\ofi-number;

through a sequence of keas’cmkes. The result that you

got from the keystroke sequence. will depend on the orisinal

number- In otherwords, each unique number input to the

sequence of keystrokes will return a unique output.

The input is the number that enters a. process, and.

the output is the number that results from that

process. In the above cose, the process s the sequence

of kegstrokes.

We could substitute the word “proarom” for the

word " process,” because what is a program but a

process that is carried out by you ard. the c,ompw‘:er v

So the keystroke sequence is a program.

It may come as qui’ce a shock toyou when you realize

that you have alread5 created a program. The kegs}ml(e.

sequence you cleve]opeci as a solutionto the preview

problem is o program.

At the preserfl:, thie program 15 recorded. in your

mird (and a couple pages bock ), When Yyou work. H\rouflh
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the Formu,a:

32+ ( q_)%;g_)? (datum)*

first, you must "call up” the program in your mind and,

with the help of your fingers, work through it, step-by-

step, starting with
 

 X*   and endmg with

BUT...
HERE IS A BETTER WAY.

Uhg cludter Lour mind with the numerous kegs’croke

sequences reqbdred Yo resclve your common mathematical

problems ? Lhy not keustrokeg in the

continuous memory of the powertul HP-4| 7

 

 x. 

 

 
GIvVE I A

™—
 

 

 



Challenge: Key in a program that you can use to

solve the equa’tion: 7

(ou’cpu’c)-'- 32+ (%’E) (input)*

Before we spell out the solution tothis challenge, e

will describe a couple of things thateveryone should

know about program mode on the HP-4I.

PROGRAY) POINTER
First, we will describe the program Poin{-er. This

pointer is what the computer uses to remember

where it is in program memory. There is onlyone

program pointer, and the HP-HI always knouss where

it is. The HP-4l users, however, are occasionantj

unsure of the position of the program Po'm{-er. But

this uncer’cain)cg 15 eas'dfi remedied bg going into

program mode and looking ok the clisp‘alj.

When you turn on the HP-4I, it wakes Up 1IN

what's called "RUN mode.” To put the HP-A| into

progrom mode, press [FRGM]. To put the computer back

into RUN rmode, press PREM)agpin . [PRGM] is a. toggle key.
-.88-

 

  

 

    



For now, you need to position the program Poin%er

to the erd of pragram memory. The easiest way todo

this is just [GTAIL] L], The HP-4] will dusplaa

PACKING for a short while.

SIZE
Next, Pu’c the HP-4| into program mode. The displag

shows: @@ REG nnn, where nnn 1s some two- or

 

    

three:digi?: number. The number nnn shows 4ouw

how many empty registers that you have dllocated

for proammming. If nnn s QQ, Lou have no room

allocated for s)coring program ines.

Go Hflrough this exercize. to set the number of pragram

registers to 1@. First, XEQ “"SIZE" @@ (from rowon,

ctuoi:e marks (") in kegs’croke and program hs?:mss mean

[ALPHA] and theg correspond to the T in the dzspafi)

SIZE @@ means that you have no memory

allocated to data. regis)ce_rs. Get imto RUN mode and press

ST0] D@. You il | get the message. NONEXISTENT. Data

register DQ doesn't exist because it is not a\\ocafed.Trg

STO @2. You get arcther NONEXISTENT. You have
-Bq-

   

 

   



no memory allocated. to data regisi:ers.

Go into program mode ard the displa\j will show

@@ REG nnn. Since you have no memory allocated

to data regisi:e.rs, all your memory is allocated to

program si:orage. For our purposes, set nnn eclua] to

1@ b\fl the fol \owin3 sequence:

XEQ “"SIZE" (nnn-10).

So, it nnn =046, you set the SIZE o 036.
 

7
- -~

7
S e

 

IRPR DIDOIR, 7»;9'{%7’/7'///(/"g,7¢-;:€//m,v-;r.3':zv. OO9"7/7-:’7’,77?',‘7

\(\\'N \’<K \%‘fl%\\%‘@;@})“\'\," /‘:‘3@/’SRR S S RBSOAC LR, /';,,':/,6

77

¢HESTENTR
é///TTSG) )
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THE PERWAVENT END.
Press the [SST] kefl. The disp\ag will shows

 .END. REG 10. This is the permanen)c END o§pr03ram

memory. This is the thing Hhat Yyou move around when

you XEQ "SIZE." The .% prececl‘mg and Hlouir-g

the permanent .END. dis?:'mgu.ish it from a

regular' program END (keep reaclma)
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Your memory is now set up like this:

 

 

Program Memory

(10 empty reqisters)

mm —p ° EN Do

pointer
 
 

Data registers

(nnn-l@ of them)

 

 

 

   
    
 

Notice that the proqram pointer is Posi%ionedto

the permane.rrE END. of program memory, and this is

what appears in the displafi. So, in oddition Yo the X-

and ALPHA- reqister, the disp\o.g “Lindow” can be

pos'z%'zoned over any line in program memary, as directed,

bg the program pointer.

Nou, key in [] ©@@. This moves the program

pointer back to line @@. The clisp}afl sows @D REG Q.
...q'..

 

 



Here is the solution to the PreviouSIS posed

chauenge; this is one program you can use to solve

, 7
(output)= 32+ (%} (input)*

(notice that this is the same equation we referred. to in

the preview prob\e,m).

the equa’cion:

Be sure that Your c,ompu.’ce.r is in program mode !

  

 

  

 

   

 

   

 

   

 

  
 

   

Ke%-in Disglai

B "FIRST” @l LBLTFIRST
[x7] DL X72
LASTX @3 LASTX
= Q4 SQRT
9 @5 9
X D6 *

44 @7 44
+ 08 /
o/ Q@9 7
y* ‘@ YfX

% || %

32 |2 32
+ 13 +
 

   

Remember, the cLuo)ce marks around the FIRST in

line @l mean: press the APHA kevj.Bven   



So, up to nous, we ve shown that the oan ’ching You

have todo to writea program to solve the equcfl:ion:

(outpu’c)z 32+ (q‘)é.,i_fl__—):(inPU{)z

is Yo figure out the keystrokes necessary toget an

ansuser, put the computer nto program mode., keg i

a label, and then go H\rough the keystrd(es. Notice

that, except for the label at line @1, the kegstrokes

for the program FIRST are identical to the

kegs)crokes orisinal ]3 cleue\opecl to solve this e%ua%’zon

in the preview problem.

The LBL we put at line @I is important and it is

a_la.g_g_gg good to pt,d: a LBL of more than one letter as

one line of any program. This allows you to access (call)

the program using GTO or XEQ. |Bl's are

discussed. in more detail later, But, for now, remember

that o. LBL of more than one letter should th.fl%fi

be included ina program.
 

     Finish off the program 53 Press'ms [GTOI[-][].

This places a normal END (different than the
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permanent .END.) at the end of the program FIRST.

And it positions the program Poin‘cer to the end of

program memory.

Your memory looks like this:
 

 

 

 

Program MemorJ

(7empty reajisters)

N h FIRSTLBLTFIRST ote that the prosrn‘m R

. takes up about 3 reysters o%

® pf'osrc\m memofgo

END

prograr‘::\t r -~o Line @0 13 d""fl‘ there as the

m e OEND. first line of every program,
 

 

Data resisters

(hn-1@ of them)

 

o2

ol

oo

 

   
 

 
 

  
  



Whenever you see the Permcmen{: .END. in your

disp\atj, your program pointer s Posii'ioned to the last

program In memory. There 1o on’g one .END. and it

appears at the end of the last program in memory

There can be numerous mormal END's in memory.

The normal END sepo.m)ces one program from another

program. If your program poin{'er 1S posi%ioned to one

program and you want to jump to another program,

 

you have o calla labe| in the other program.
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Question: Inrun mode, what are tuo Lays to posi)cion

the program Poirfi:er bo line @@ of the current

pnogram?

Answer: [GT0] [[] Q0@ or [RIN
  

      
 

 

 

Lhen you are Posifioned toa program, you can

aluags move the pointer to any line of that program bg
 

  using the [GTO] [ l<e3 sequence.THs works regam\less
 

of whether you are in progrom mode or run moede. So,

if you want to go to line 20, kefl [cTo][:] ©2Q. T°3°

to line 125, key [E01 (1125,
When youare in run mode, the [KTN] function sends

the program poin)cer to line DO of the current program,

 

    

 

     

 

   

 

 

 

 

 

  
  



QuUIZ
. What are tuwo Lays todetermine where the program

pointer is in program memory?

2. The formula for the volume of a sphere is 3 R?, where

R is the radius of the sphere. Write a program to compute

the volume of a sp}'\ere gven its radius. |hatis, write a

program to solve the ectua%ion: ou’cpu)c = 55"11" (3npu{)3.

3. How man5 Permanen’c .END.’s are there in program

memorfl

. Lhat happens when you are in program mode,Houve

just finished keying in a program, the END is showmsin

the dzsplafl, and. You press the [SST] key?

5. What Happens when you pressMY

6, Urite a program to take the value in reqister @3,

divide it bB the value in reqister @4, and add that

to 4 times the walue in register Q2.

7. Trueor false ? The clisPlalj “window" can be

positioned on)g over the X- or ALPHA-register.

 

     



AAMSWERS
. The first way to determine where the program pointer

 

  1S In program memory is to press the [PREM l(eg to Put the

HP-4| into program mode. The line number that is in the

disp\ag is where the program pointer is.

There is another way that we haven 't mentioned

yet, and that is to press and hold down either the [SST

key or the kefl. The line to which the program

pointer 15 Posi{'ioned will appear in the displafl.Then,

after holding the keH down for a shert while, a NULL

uill appear in the displaa,to tell you that the computer

 

 

   

will now ignorg the commanrd sPec'z§'zed bB the ke::'

Bou are holc‘ms c\oun. So, i:}\e_ HP'L“ !&9."_\1 Per‘;orm

the SST or the R/S uhen you let up the \(25.

2. QILBLTVOL @4 LASTX Q@7 *
23 Q5 / 08 PL
@3 Y/X Qo 4 Q9 *

Lines @2 ard @3 cube R, lines @4 and @5

divide R by 3, lines @6 and @7 multiply by 4,

ard. lines @8 and @4 mu]tipl}j by PI.

-qe-



3. One.

4. The program Poin%er moves to line @l of your

program (try it).

5. The computer puts a normal END statement on any

program in memory that doesn't a]readg have an END.

Then the program pointer moves to the END. of

Proarm mem.or‘g.

6. Ol LBL™TQU @5 4
Q2 RCL @3 Q6 RCL 02
Q3 RCLA Q7 %

AH/ o8 +

1. False; the disp’ag *window” can be situated. over

any Ine In program memory,as well.
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The HP-4l uses labels as points of access o a

program. o, whenever the program )ooin%er ic

jumpins more than ore line in program memory, it

is headed Sor a label. Lhen you warded to run

the program “FIRST” you keaed in the command

XEQ “FIRST.” This caused the program Po'm)ce.r to

Qo zippinfl through program memory N Qa

sgs%emaflc. fashion searc.\'\ing Sor the label “FIRSI”

Lhen this label was located, the compu{er besan

program execution at that line.
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Quesfion:—rrue or ‘;alse? U"\e_n ‘H’leg emerse

from the womb, most people knous the difference

between a S\OBOJ label ard. alocal label.

Answer: False , ... next q)uesfion?

Next Question: Which of the go”owing are

local labels and which are globallabels™

@l LBLTFIRST

@2 |LBL Ol

@3 LBL B

Q4 LBL 'Q

@5 LBL 99

@6 LBL "99

Answer: @2, @3, and @5 are local labels.

The rest are global labels.

If You knows all about lobels, Pr‘oceEd to Poge 10.
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LABRELS
There are two types of labels —global labels

and local labele. Global labels are used for

jumping between programs. Local labels are used

for jumping within a program. LBLTFIRST is o

global label. You can always tella g\obal labe by the

little T that shows in the display (7 for "text”)

righ)c before the letters in the label.

GLOBAL LLABELS
A global label consists of one to seven ALPHA

characters. However, the sing\e. letters A th rou.jh

Jard a b\—»rough e are reserved as local labels.

But almost every other kegboard character

or combination of characters is allowed as

o g\o\:a\ label.

GLOBAL LABELS CAN BE ACCESSED

FROM ANYWHERE IN PROGRAM MEMORY.
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LOCAL LABELS
The most important ’ching to remember about

local labels is that they are local. The only time

the HP-4| can “see” a locallabel is when the

program Poin)cer 15 posi’cioned to the program

that containg that label. Tf there is an END

statement betweenthe program pointer and a

local label, the HP-4l il never find thatlabel.
 

Cha\lenge: Write a program that will start at

zero and count continuously (pausing at each number)

until it is s)topped by Pressing.

Answer: (GTO..)
@l LBL"COUNT @5 |
Q2 @ Qo +
@3 LBL @I @7 GTO Ol
QHPSE «¢om momm pse evm)

With line @7 (GTO @) in your disp\afl, press SST.

The permanent .END. should show up in your

disp\awj. This means that the program with
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LBLTCOUNT is the last program in memory.

LBLTCOUNT is @ gl_gb_g_l label. LBL @l isa

local label. Press B [EAT] || You will see that

LRLTCOUNT is the last entry in your program

ccfi:a\og (CAT 1). Only 8\0\:0\ labels and END

statements ghow-up in this co:ka\os. LBL @\ does

not appear in CAT | because it is a local label.

Get out of program mode and then press

XeEQ]“COUNT" It works! Line @2 loads a zero into

the X—-refiister. Line @3 serves as the be.SiminS

 

    

 

   

of the loop. Line @4 momerfi:aril\tj disP)aHS the

contents of the X- register, ines @5 and 06

add | to the X~re9i5‘l'er, and line @7 serds the

Pfl)fir‘am POin‘ter U.P '}.'O 'ine @3 tO repea{ -the )OOP.

This quves the effect of counti ng-

Stop the program (RZ]). Key in 5 and restart

the program by pressing XEQ @l. The program

starts counting at 5.

 

-{@5-



 

  Now press R/5] o stop the program; then press

GTol [ [ Kefl in 12 to the X-register and

restart the program by Pre_sslfimXEQ @l

WALT & NV
Question: UHB did we Se‘t o. NONEXISTENT

when we tried to XEQ @I7? LBL @] existed.

just a secord ago!

 

 

       

 

   

 

Ansuwer: [t still exists , even as you are
 

       reading this. But pressing croli-lll put an

END on the COUNT program and moved the

program pointer to the .END. of program

memory. Since LBL @l is a local label, the

computer can no longer “sec” LBL Q.

LJHENEVER THERE IS AN END STATEMENT

BETWEEN THE PROGRAM POINTER AND A

LOCAL LABEL, THE HP-4| WILL NOT BE

ABLE TO FIND THAT LOCAL LABEL.
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LJe can move the program poin{'er. to the g]obal

label COUNT by pressing [G10] " COUNT.”

Now there's no END statement betiwseen the

program Poirficer' and LBl @I, <0 press XEQ DI,

 

The program starts 2ncremerx‘l'ir5 the X-register‘

once agan (—Clever‘, these natives ).
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WHY USE A G1L.OBEL LABEL?
Use a global label at least once in every program

and at any point. in a program thatYou want to be

able to access from ancther program.

You can call a global label from anywhere in program

memory, by using GIO or XEQ. If you do call a

Slobql label, using a GIO or XEQ statement,and the

program poln’cer' doesn't have to Jump over an END

statemert to get to that global label, then you may

be using Slobal labels incorrecflg.

Global labels take up lots of memory space , so it

is best to use them conservat'lvelg. ,

Also, when the HP-4I searches for a Slobal label, it

starts at the Permanerfi: .END. and searches backwards,

one at a time, thmugh your list ofglobal labels. Tt can

toke o while to §ind a 3)oba\ label, espec'zan\tj i your

memory is chack-§ull of global labels.

Also, the HP-HI adlwaug has to search $or glabal

labels, whereas with local labels, it may dready’know”

hows Sar tojumgto et there.
-‘08-



way Use A LOCAHL LABELS
Use local labels to make jumps within a program. A

program that uses local labels to make internal jumps

will run faster and take up less memory than would

that same program if it used. globallabels for

internal jumps:

let's say that at the top of one of your programs

you have the g‘obal label] PRGM| and at line 10, You

wart to jump to the top of the program. Don't use

GTO "PRGMI. Instead put a. numeric local labe)

(like LBL @3) after LBLTPRGMI| and use GTO @3.

You ac’cua”g save memory by do'mg this, and the

final program will run faster.
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O &TO AV XEQ
We've mentioned GTO and XEQ statements, but

we haven't clarified. when you would use a GTO in

a. program and when you would use an XEQ.

GTO(go to) and. XEQ (execute) statements

are both used for branch'mg Yo somewhere else

in program memory The difference between GT0O

and XEQ is best explained by re%err'mg Yo the

twso programs belows:

Ql LBLTSONG Ql LBLTTN
@2 GTOTTN @2 TONE 9
@3 BEEP @3 END
@4 TONE @
@5 BEEP
@6 TONE A
@r BEEP
@8 TONE 8
@9 END
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Challenge: Kevj in the tuwo programs on the

previous poce.

Solution: With your HP-Hlin program mode,

\4.85 the go”ow’mg:

Kggstrokes
 

  

 
 
 

   

 
 

    
 

  
 

 

   
      
 

 

  

 

 

 

 
 

    

    
 

    
 

 

 GTO| -     

 

  
 

 

   

 

   

 

   

 

   

 

   

 

   

 

   
 

   

Laply
%) LB [AtPRA) SONG [ALPHA Q| LBLTSONG
. [GTO|[ALPHA] TN [(APRA ©2 GIOTTN
[~[BEEP] @3 BEEP
xeaJ[AacPrA) TONE [APrA)l Q @4 TONE @
.| [BEEP @5 BEEP

XEQ) APHA] TONE [AcPra] 4 ©6 TONE 4
%.) [BEEP @7 BEEP
(XEQ)ALPHA] TONE [APRA] 8 08 TONE 8

Now press GTOI)[] or XEQ)“END.)

~s] [LBU [ALPRA] TN [ALPHA Ol LBL™TN
XEQ] [ALPHA] TONE {AwenA] 9 @2 TONE 9
=] CTO| A

PReM] (get out of program mode)   

If you oet a NO ROOM or TRY AGAIN message,

you'll have to set a smaller SIZE (fewer data

regis-hers means more program memon:Q or clear

away some programs, using the CLP function.
=



Now, run the program SONG (XEQ “SONG”).

Note that al’chough you kege.d in all those TONE

statements, all you get is one note. Put your

computer into program mode. The d’xsplazj shows

LBL TTN, So what Happened when you ran

the program SONG™?

Well, what \noppened is this: [he computer

started. execu.fing at LBLTSONG) but since the

second line of that program was GTO TN, it

ju.mped to LBLTTN and followed these instructions.

When it got to the END statemert in the TN

program, it stopped. So the G10 at line @2 of

SONG was like a $ork in the road.

Thats what a GTO statement is-a fork in the

road. It's no temporary sight-seeing trip. lt's a

heavy commitment.

When the pointer jumps to the specif ted label,

it Sorgets all about where it jumped from, and it

just Sorges on, following whatever instructions it

encounters.
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Challense: Now, g0 back and c\*nnge line @2 of the
SONG program to XEQTTN.

Solution:
 

 PRGM
 

 

(Get into program mode)
  

’\i

            
W [GTO) [-] [APHA] SONG [AtHA]  (Move the Poin%er

 to the SONG Prosram.)

SST]

&

 

 

  

(Move to line ©2)

(Delete this line)
 

 

XEQ     
  

ALPHA] TN [ALPHA] ( Kg5 in the new line @2)
  PRGM  (Get out of program mode.. ) 

 

Now execute SONG.

This time , it does alot more | doesn't it ¢

And if you listen, you'll hear TONE 9 (high pitd\)

before the first BEER The pointer jumps to

the TN

returns

proqram, sounds theTONE q) and. then

to the point it branched from inthe

SONG program, to continue on From there.

How did it know to do this™?

Well, that's what XEQ reallY means: “Start
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from this point, search for this label, and when

you find 1k, follow Yowr nose '):Hrouflh the

instructions after it UNTIL you encourtter

either a RTN statement or the END of a program.

From there, you must return direc’c\g back. to

this point (do not. pass GO) and continue on

from here.”

Note that even when You pressed the keys

to XEQ“SONG, you were telling the computer

this same thing.

But when you gave this instruction, it wasn't

doing anythinq at the time (just sitting around)

50, when the program poin)cer reaches the END

staterment at line @9, it returns and takes up

where it left off- do'mg nothing. Lt stops!

Also, you can think of all the functions as

having built-in RTN statements. So, aSter

perFomfling fi’\em, the HP-HI returne to what

it Las do'mg previouelg, whether it was runn'zrg

a program or‘ju?E sitting around.

-114-



So, all the Sunctions are just one-step sio\e—trips.

In fact, that's what any XEQ rea”g is. Itsa

side-’crip that i'empomr'ilg branches execution

Yo another p\&ce urntil a RTN or END is

encountered.

And, no matter how twisted the pa’ch ge%s)

the compufer can even remember its pa%}‘\ back.

thmush o “lager‘s” o§ XEQ's , like this:

OILBLTPILE 16LBL 06 A mess, right ?
Q) XEQ ©2 | BEEP
@3 RTN 18 END But the XEQ
Q4 LBL 02 never ?orgets‘.

Q5 XEQ @3

Qo RTN

Q7 LBL 03
08 XEQ @4

Q9RITN
| @ LBL @4

|| XEQ @5
12 RTN
|13 LBL @G

) \

|5 RTN T BHALLRTN
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Dear ALPHA,

Yes, but sometimes 1 uant my

programs to branch and sometimes

I don't. 1t all depends on the numbers

that come up as results.

What dhould Ido?

Sisne&

Ann Bivalent

Dear Armn B.,

REddD ON—>
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CISION-WAING
PROCHANS   

/ '/ //////

/ ‘/// /// \\\\\\\

/////{//

 



Stop and think for a moment about the design

of this book:

We, the authors, wanted. to write a self- paced

instruction manual on programming the HP-4). The

ke5 phrase here is SELF-PACED: We don't know

how fast you learn details or concepts. So we

had to write a book that would satisSy students

of either extreme - slow and methodical or quick

and. intuitive-and everyone In between.

So we wrote a P[Qgrammegi book.

Review a bit: In the §irst section, we hadto

asswre that some reoders were notuet farmiliar

with the computer s stack logic, ALPHA-register;

or Sunction execution. But todlow for those

who did knous these concepts dlready, we put a

hittle messoge here and. there, saying, N effect:

“If you alreodfl know all this stuff, skip dhead

to page XX.o _—
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So a person can find exact])j where in the book.

he or she needs to be in order to start learning-

in a very short searth~ no matter how fast or slous

his or her learning is.

This 1o called 5o\vir9 the “Senera\ case, thal is,

where your learming habits were unknown, but where

those very habits could always qualisy you. Sor one

of the provi&ed Options.

But howdid we vaiole Yhose. op%ions P

Well, we asked questions of you, the student,

and then we gave you directions based. upon

LOur ansuJers.

This is called “conditional testir\a” becauvse

we test You with a question, ard. the

instructions we qwe you afterwards are

conditional (‘che5 depend) UPON Loansuer 1o

the test.
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Le have a very power‘;ul tool here in corditioral

’ceg}cirg. Thege tests can he]p make programs (or

books) fFlexible enough o accommedate a wide

variet)j of cases (or students).

The HP-Hl has functions that are conditional

tests. The conditional test Sunctions are all those

that contain question marks (?) as part of their

function names. These Sunctions all work s'zmi\ar]gz

1§ the answer to the question acked is ues,’

then the computer continues , performing the

next program step, eT<.
)

But, ¥ the answser %o the q’uesfior\ S ‘no,

 

 

then the c:omptficer sk'zes he sfi:ep immed'za)ce)g

ow'mg the conditional test.
% *

S /%5

| e

Nz
     

  
 



lLet's try anexamp)e..

Remember that little program called “COUNT”

(on page 104) 2 You kegeci that in and ran it as a

demonstration of howa GTO statement ard

a label can be used to form a confinuouslg ioop'mfl

program. That version o5 COUNTwill just keep

Qoing unctil you sop 1t

But SUppose we Try this:
 

Cha“enge’. Use Q Conditiona\ test to c)flar\ge

the program <o that 1t will count up to a. certain

number (5&5 |@) and then au‘toma’dcal\fi stop.

 

   

Solution:

@ LBLTCOUNT 08 X=Y7
02 0 @9 STOP (RaAE)
Q3 S0 00 © RDN (&)
H @ ||
@5 LBL @ 1+
06 PSE 3 GTO Ol
07 RCL 0O 4 END 

Plain er\ough? Move 1o pace |25.
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Not ultra-lucid? Studg it abit....

Q| LBL "COUNT
02 10
03 STO 00

After the lobel, we store the number 1@ in

reqister DQD. Lhen the computer gets o 10, Lse

want 1t to s%op counting-

Q4 ©

LJe want Yo start the count value ot zero.

05 LBL Ol
Ob PSE
Q7 RCL 00
08 X=Y7
09 STOP

After pausing to display the cwrrent count

value in the X-register, the progrom recalls a

copy of the end’mg value (10) to the X-reg'zs‘her‘,

which bumps the currert count value to the

 

Y-regis\:er.

Then , atline 08, the conditional test acks

the question, " Ls the value 1n the X-reonster
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equal to the volue inthe Y-register ?”

If the answer to this question is “NO” (as lorgas

the cumrent count value in the Y-reg'zs%er hasn t

reached |0@ ge'c‘:)) then the STOP statement will

be skipped. The computer will ap on to perform

lines @9 H‘\muflh I, which add | to the current

counter value and, at line 12, it will go to the

top of the loop (LBL @) ond continue.

However, when the count value has reached

1@, the answer to the test is “YES <o the

STOP statement is performed ro halt the pragram.

Notice some‘china about this program: You

can ckange. the )eng’th of the count slmphj bg

c_\r\ansing lines @2 and OA.

-124-



Bonus Questior\: Suppose Uow want i’he Pr'oamm

To count up to the number Uou ke}j N r‘zghi’

beSore you run it. How do you do this?

‘waibaid ayy und noh 240499

ut ey noh SNA Jenayoyrt RS M QQ OLS

al_{:(. uax_u_ Z@ augl ‘aq.araq :_ramsuv snuog

 

So, we' ve used a conditional test to make

the COUNT program more SFlexible. In this case,

the test compored the value in the X- register

with that 1n the Y-register.

But there's another kind of corditional test

that doesnt have ana%h’znq to do Lith the

X-register. This test s called a flag conditional

Yest.

BiGHT...

... WHATS D FLAG 2
H
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Funn5 you should ask , because that's the next

topic.

Simpltj put, a flagis an indicator which has

just two possible values : Set or Clear. (Call it

true-or-false, up-or-down, ues ~or-no, |-or-0,

us-or -them, whatever you want.)

These indicators - these flags- are stored off

by themselves, not in data registers. There are56

flags in all, and you can check any of them to see

it they're set or clear; But there are only 30

that you can change iF youdontt like what you. see.

The other 26 are controlled b3 the HP-4I.

And out of the 30 you can control, only

(HQSS @2 -10) mean rothing to the computer.

The other 19 9\0.95 each instruct it todo sane{'h'zrfl.

For examp\e, i5 You clear 9\0.3 26, Yyou are

telling the HP-4I to turn off its beeper, s that

it will no longer sound BEEP's and TONE s.
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So you have |1 ‘F\aas whose meanings How

can determine bg the wWay you. use them in

your programe.
 

Cha”ense: Suppose, the one PSE (pause)

statement in the latest COUNT program is not

long enough Sor come users, and You want to

gwe them more time to view each number. So you

decide to let the user chaose one or tue PSE’s,

as Sollows:

I§ the user keys in a. negative number as

the upper limit of the count, this will be

taken Yo mean that two PSE’s are desired.

Otherwise, i5 a Pos'ztive number is ke}jeo\ N, onl\j

one PSE s desired. (In either case, the count

will be displayed in positive numbers. The

negc&ive Sign juS% means:  two pavses, p)eose.”)

GOTTHAT 2
Use a fla% to he\p you solve this one ....
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Solution: Here's ore Way:

Q] LBLTCOUNT | PSE
02 CF Q0 |2 RCL Q0
03 X<@7 13 X=Y"7
Q4 SF 00 |4 STOP
05 ABS |5 RDN
Q6 STO QO 16 |
Or @ [ +
@8 LBL @ 18 GTO 0l
09 PSE 19 END
1@ FS? 00

SEE How THIS WORKS 2
Then skip ahead to page I3l.

OTHERWISE ... —>
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@! LBL "count
02 CF 00

Remember, when you execute COUNT, the

value in the X-register tells the HP-HI both hows |on3

to keeP counting and whether to pause once or twice

in each looP.

So, after the label, the first thing to do is to clear

the Flag we're qoing to use. Then we know the §lag

LJas ini’ciallfl clear; and 1§ we §ind that it is set later in

the program, we knows it was set by the program-not

prior to rumning the program. This is cdlled

“initiali21 ng” the §lag.

D3 X<Q7
Q4 Sk 00

Next, we test to see it the walue inthe X-register

is negative, using the conditional test X<@7 (Is the

value intre K-regjister less than zero?) 1§ YES, do

line @4 and continue. I NO, gkip line @4 and

cortinue.

 

So, if the input value is negati ve (which means
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that tuo pauses are desired), then ?\QSQ0 oets set.

@5 ABS
Qo STO 00

Here, we store the absolute value of the input

rumber (this is the “positive version” of that

number) in register @. This will be the ending

count value - the upper limit,

 

From here, the rest of the program Proceed.s as

usual, except for one minor change. At line 98, we

have owr pause: 28 PSE | but look at lines @9 and

1@.

@9 FS? 00
@ PSE

Here's where we use our flag: The second pause

s executed. onls i§ the answer to the ?las corditional

test is “YES! This works out just right, because

flae @D was set if the input Las negative, and the

neqative nput meamttwo pauses, P\easeJ
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Sor %:\ags Q| ‘throuah QH.

appears in the displag. This convenience also works

Notice that i§ ‘}\08 QD is =et, a li ttle o (zero)

Ctuesfion was asked.

remember a. YES-or-NO ansuer long after the

F\ags are \'\o.fldfl this Wy, Theg're a aood way o



Loo? COUNTERS

Now we're 3oin8 to take a look at a very convenient

pair of functions that cando tuso useful things at once.

. The3 can Provide a. counter for program loops.

2. Thefl can allows exiting from loops after a given

number of ccles.

The two functions are 195G and DSE which mean:

“Increment and Skip i$ Greater than,”

and

“Decrement and §_k’tp i _Ec{ual to or less than.”

Thefl each demand. an argument ~ a data resisi:er

nunber or stack resister letter— because the3

oPera'Ee on the number contained. in the named

regis‘ter‘.

HeReS WHAT HAPPENG...
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When the computeris told to 159G @2 (Sor exomP\e),

it does the ?o\\owingz

. It looks at the number inregister @2,

particularly at the integer portion (the portion

to the left of the decimadl Po’mt), and. the first

Tive 0\13‘1 ts of the fractional portion.
 

Let'’s suppose the number in reg'zs‘):er QDL is:

27.05712

2. 1t takes the digite inthe 4™ and 5™ decimal

places (here theyare | and 2) and. makes a. number

out of them: 12 (welve).

3. It adds (Lncrements) this new number to the

'm_)cgg_&r Por’don of the or'tg'ma\ number

2(+12=39, so the new number is:

39.05712 in reqister Q2.

4, Final lvj , the HP-Hl makes a little comparison. [t

takes the integer portion (39) and comparesit to the

number that appears in the Sirst three decimal

places (@57 §i§t5- seven). T\nen, if the 'mi:eger‘

-133-

   

  

   



portion is Greater, the line ollowing 156 @2 would

be E_)kipped.

Thus the name:Increment and Skip i Greater than.

186G
This all sounds pretty complicated, but let’s try

some more exomples, and You con start thi rlkir\% about

it Jike thise

Questior: “ What number should T store in

register QO <o that repea’ced executions of 15G @O

will help me to count from 10 o 27 b3 357"

 

Answer: 1@.02703

Question:What number chould go there to

count from @ to 9 b3 I's P

 

Answer: ©.0090| or Q099! or

Q04900 or 009

As you can see, because the most common way

of c.oun’c'mg 15 baj I's, the increment is assumed to

be | if the forth and §ifth decimal P]ac:es are zero,
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Now, the ISG and DSE functions don't $orma

pregram \OOP all bg themselves. Theg still need labels

and GJO’s and all that. For e.xample, how would

you write a program }oop Yo count from zero o

nine , b»j one's 7

Ol LBLTTRYIT
02 .04
03 LBL Q|

@L' ISG X (remember how to key this in?)

@5 GTO 0l
Q6 END

How about from @ to 100 bg He?

@l LBL "WORKS
DL .1002H
@3 STO 02
Q4 LBL Ol
@S I%G @2 (Note: @2 refers to a data register)

@6 CJ’TO @‘ (Note: @l refers o a LBL)

@r END
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How about a 3oop that counts down From 200 to

29 b»j 7s P

QI LBLTOKIDOKL
Q2 200.22907
03 LBL @5
@4 DSE X
05 GTO 05
06 END

Now, these don't pause to disp)a}j anything, but

they all work the same way. Let’s laok at the last

case: |he number that's be'ms decremented. is

200. 02927
The first time throush the loop, DSE X subtracts

( from 200 to get 193. Then it compares this

193 t0 29. Since 193 is not E_qual to (or less than)

29, ro skipPing Takeg P\ace. The GTO @5 s

Per?ormeol) ard. around we go agoin.

Now the number in the X-reg'zster s 193.02997.

So DSE X subtracts 7 from 193 to et 186. But

186 is still greater than 29,50 no skip. And here we

go again, arourd and arourd the \ooP, sub%racfing
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and comporinse

Fino”g, the value in the X-register hag been

reduced to 32.02907. This time, when DSE X

decrements this X-value bfl o, e get:

25.92907.
Lell, 25 is less than 29, <o the skip tkes

place. The GIO is sk'zpped, the loop is exited , and

that's all she wrote.

 

 

 

Remember-.

ISG meang Lncrement (add) and S_\(ip 1§ Greater

than.

DSE means Decrement (subtract) and g_ktp 35

_E_c‘ua\ Yo or less than.
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Well, you knew it was coming, 50 let s get on with
1t.... Go for broke!
 

C\'\a\\enae: Rewrite the COUNT program just once

more (this is the last time— Ues, we Promisel

Rewrite it so that it uses 19G. The enchng value

should still be speciSied in the X-register (negatives

still mean an extra pause), but the amount of the

increrment should be in the Yreqister.

So i Yyou want to count to 39 btj 3’ with bwo

pauses, you'll key in 3[ENTER] 39 [CHS) [xEq] “COUNT.
  

       

Solution: (one of many po ssibilities)

O LBLTCOUNT 08 XOY 1S5 INT

 

Q2 CF @0 @9 | ES o PSE
Q3 X<Q7? Q0 / { FS? 00
Q4 SF 00 ]+ 8 PSE
Q5 ABS |12 STO00 q ISG 00
0 | E3 13 LBLOI 20 GTOQ|
o7 / |4 RCLQ® 2] END

See how it works? Then exit, stage righ% (to paoe 43).

Ldant a closer look.? OK,, next poce. —_—
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Now the First §ive steps of the program are noth'mg

new, right?

@ LBLTCOUNT
Q2 CFQO
Q3 X7
4 SFOQ

5 ABS

Le test $or a negm‘:ive number and adjus?: §‘0.500

accor‘clinglfl. If we're counting to 34 by J's)as stated

in the d’\o”er\ge, flag DQ Lould be set Sor tuo pauses.

Q6| E3
or /

Now, instead of storing the erding value, we are

qoing to use it to create the index number $or cortrailing

the 169G \oop. As you recal |, the erd’mg wlue 1n the

ISG loop 19 the §irst 3digits Yo the right of Yhe decimal

point.

So we divide the given end'mg value, 39, bxj 10,0

(ie., by |X1@° or | E3, all the same thing). This moves

the 39 over to those 3decimdl places just tothe r"zgh‘):

of the decimal point: 39+ 1E3=.039.
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08 XOY
29 | ES
|0 7/

Next, we exc.ho.nse the contents of the X and

Y- regis’cers so that we can horse around a bit with

the increment value. Since Yhe incremert value in

oan 195G index number i olwags found at the

fourth and §ifth decimal P‘O.ces, we have 1 divide,

b5 l@@)@@@ to move it there. Qur exomp]e wncrement

was 3. So, 3+ |1 E5=,00003.

I+
12 STO 90

So now we sum the contents of the % and Y- requsters.

039 +.00003=0.03903

And, THAT looks like an index number that will

he\P us court from @ to 39 by 3s. So we srore

1t in reqister 9, read5 to use as our counter:

 

Now, there's only one page le§t in this section, and.

we're doing the best Lie can to keep you Srom getting

bored .. While we're on the subiect o boredom, have o
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ever tried hanci\e’c’cering an entire book like this™?

Bog, the ’c\'\ings Feop\e will do Sor moneg‘.

So, where were we?

13 (BL @l 16 PSE
4 RCL 00 1t FS? 00
15 INT |18 PSE

Here,we start the ‘loop with a label. Then,we

recall the current counter value, lop 55 the

fractional Por‘):ion with the INT Sunction, and

do the usual charade withthe PSEs.

9 195G 00
20 GTO 0|
2l END

And here’s the Pago-fi: That 15G Q0 il

iIncrement our counter each time ’chrough , test 1t

 

 

and decide (correctly,or course) when to skip the

GTO Ol, thus END'mS the count.
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In the “naked program” section, you took a series

o§ kegstrol@s and. turned. them into a program. Now,

let’s see how to make progroms more “Sriend)5’,’ via

the ALPHA mode.

The HP-4| qives you the capabili’cg to make

programs user-friendly with a little help Srom ALPHA

strings and built-in functions suchas PROMPT, AVIEW,

and. ARCL. Ue'll qo into qory detail about these

built-in functions in a little bit. Nou, let’s discuss

ALPHA s’crings

ALPHA s’crmgs are messages or; in some ccxsesn

just a collection or strmg of characters—THIS

IS AN ALPHA STRING TIME="?"TIME2PM:

‘BLARNEY- are all ALPHA strings. You can use them

in your programs to prompt for input, label your

output, or even to tell you what’s aong on in the

program while it's running,

In program mode, your HP-41 will alwags

dispiag ALPHA strings with a little 7 Preced'mg

them. The only Place this little 7 (text mark) will
144



appear is Preceding ALPHA ctri ngs and. glg@ ALPHA

\abels.(ln a listins in the Standard Applications

book, the little T that appears in your displag wil]

be rep\o.ced bfl c&uoi:e marks (") surrounciing the

ALPHA s‘krins or Slobo.\ Iabe].)

In the “naked pr-ogramn section, you developed.

a. program to solve the ec%uai'ion: .
ouTPuT= 32+ (LHER) (INPUT)?

The program to solve 1t was:

@l LBLT FIRST o8 /
Q2 X712 Q9 7
03 LASTX |@ Y/'X
Q4 SQRT | *
05 9 2 32
Q6 * 3 +
Q7 44 H END 

To run the program, you just keged in a value

of INPUT (let’s use INPUT=4H), then you used XEQ

ALPHA] FIRST BLPRAl, and. out would pop the answer

   
 

     

 

      

(OUTPUT=32.03,if your ol'zspla}j 1s set to FIX 2).
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Simple enough to remember, rig\rfi;? But, what i$

you shelved the program for a while and didn’t

use it ? Then six months down the road, you. needed

to use it again , but you {:orgo‘c how it worked.. Thats

where ALPHA strings step in. They make the

program  help Lou remember how to use it.
 

Cha“ense: Let's put a fews ALPHA strings into

the program labeled. FIRST, Incert aSew proqram

lines so that the program Wil prompt for an 'mPu’c

by displaying “INPUT=7" and label the output with

“OUTPUT = nn.nnn” where the ns represen)c the

numerical answer.

Solution:

@l LBLTFIRST @6 SQRT ] 7 6 TOUTPUT=
Q2L TINPUT=? @7 9 12 YPX 17 FIX 3
@3 PROMPT @8 x 13 * 8 ARCL X
Q4 X72 29 44 1432 19 AVIEW
@5 LASTX 1@ / 5 + 20END

 

If you know all about this, turn o page H9.
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GORY DETAILS
Okay,it's tha ’cimBe'.o‘\\PT

PROMPT is used in a program to stop the program

ond display whateveris in the ALPHA- register at

the time. In the program FIRST, 1t will stop and

d’zsp‘atj “INPUT=7?. That’s your cue to ke5 in the

value Sor INPUT (try H). To have the program

start running again, press R/S]. The program

Will then use the value H just exad:]g like it did

before you Pwl: in the prompt. PROMPT does not

change the stack or the actual caeulation of the

program. Iz jus?: halts the program Sor some

inSormation. The HP-4| qoes on its merry Way as

 

 soon as You. press [R7S),

CL
ARCL recalls Qro??regisfer the contents of

that register ard. jons 1t to the erd of whatever

1S aJreaaig in the ALPHA*reSis‘):er. Yow can speci?g

either a numbered register or a stack register. (I§
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you have trouble keging in ARCL X or ARCL Z, turmn

to page 38.) Ln the program FIRST, we used

ARCL X %o add the contents of the X-register o

the contents of the ALPHA-reaister, which was

OUTPUT=.

AVIEW
AVIEW dislo\afls the contents of the ALPHA-register:

Then, inthe program FIRST, the END stops the

program. So,‘ the final disp]ag ($or INPUT= 4) looks

ike this:  OUTPUT=32.03I"
 

Now, ang’cime You want to run the program

FIRST, all you need to do is load it into your HP-4l,

(if it's not dready in there) and. press (XEQU] (ALPHA F
—

IRST [ALPHA], The program will tell you what 1t

needs ; then it will label and display the answer

for Yyou.

 

     

 

   

How much friendlier canyou ge’c?
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GORY DETAILS Tr
In order to be anexpert with ALPHA mode on the

HP-41, you have to knowsa Fews more things. You have

10 know when o use CLA and when it isn't necessary

to use CLA. You have to know how to add. %Hings o

the ALPHA-regis’cer- without des%roging what's in

there already. You have to know how 1o

Progmmma%ica”g turn ALPHA mode on and of5. And

you have o know houws to store and retrieve par% or

all of the ALPHA-reqister.

If you a]reo.d5 know all these things, then skip

ahead, o page 154,

CLY,ABRCL, Avd
You know that when Bou’re in RUN mode and.you

press the [ALPHA keg, then press a letter keg, whatever

was in the ALPHA- regisfer Prior to Pressing the

letter key is cleared auway. So, whenever you just

click irto ALPHA mode, it isnt necessary to clear

the cortents of the ALPHA-reqister before you start
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%Bping. It's cleared awl:omc.%ical)g.

The same is true in programs. That 1S, unless

you make an effort 1o preserve the contents of

the ALPHA- regisi‘er‘, a. program line that is an

ALPHA string will completely replace what's in the

ALPHA—reSisw\:en So it's not necessary to use CLA

before an ALPHA strina.

BUT:
1§ you want to preserve the contents of the

ALPHA-register and. odd. a. character or string of

characters to thase contents, then you have to use the

APPEND character (F) as the §irst character of the.

addition.

The ARCL $unction s a kind of “aPpencfing" function.

The Prosramline: ARCL 14 s like saying * take the contents

of reqister 4 and append. it to the contents o ALPHA.”

ARCL aluayg odds  onto whatever is in the ALPHA-

regis’cer‘ at the time. So, if Uou want the ALPHA-

register clear before You ARCL some‘ching > Yo hawe

o use CLA.
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Let's clear the §03 with some chal lenses.
 

Challenge: Write o program that will prompt for an

input with the message “AMOUNT ?”, then cfisplag

that input in the ?o\\ow'mg Cormat: $amount CREDLT.

So if you input a 5, itwill disp\o.s $5.00 CREDIT,

And if you inpuj; a ll,i’c U'LHdisP'a.B $12.00 CREDLT.

Solution:

@1 LBLTPR 06 ARCL X
@2 TAMOUNT? @7 "+ CREDIT
@3 PROMPT 08 AVIEW
Q4 7% @9 END
25 FIX 2
 

Line @2 rep\aces whatever is in the ALPHA- reqister

with the ALPHA s’cr'mg “*AMOUNT ?”. Line @3 halts

the pregram and. disp\afls the conterts of the ALPHA-

reqister.
After you keg n the amount (to the X- register

of course) and press R78), line @4 replaces the

s’cringuAMOUNT?”wl’ch the stringu?fi: Lines @5 and
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@6 odd the contents of the X-register to the

ALPHA-reSis%er inthe FIX 2 format. Line @7

adds a space and the word.“CREDITto the

ALPHA-reSister‘ (the APPEND character is found

on Yhe shifted K key in ALPHA mode). And

line @8 displays the message.
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Challenge: Change the program PR so that 5

you input a5 at the pr'omp?: AMOUNT?,, it

will dxsp\ag 5.00 FEET.

  

Solution:

LJRONG RIGHT

9l LBLTPR @l LBL "PR
@2 TAMOUNT? D2 TAMOUNT ?
03 PROMPT ?3 PROMPT
OH FIX 2 04 FIX 2
05 ARCL X 05 CLA
06 ' FEET 0o ARCL X
07 AVIEW Q7 '+ FEET
08 END 08 AVIEW

9 END

The point here is that, because ARCL X adds

the contents of the X-register to whateveris

in the ALPHA-register, a CLA needs to be

inserted before the ARCL X o 9@& the righ‘t

o\tsp\wj In the prewous version, line @4 (™$)

replaced the s’crms'AMOUNT? that was aJreadBin

the ALPHA-regls%er So you didn't need a. CLA.
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ASTO Avd ASHF
ASTO stores the §irst six characters in the

ALPHA-reSis’cer into a speci‘; red register. ASHF

chifts evergthins in the ALPHA- reqister six spaces

o the leSt (it lops of¥ the first six characters).
 

Challenge: Writea program that §ills the ALPHA-

register with the letters A through X (24 letters),

then stores these letters inregisters @l to O,

then Promp’cs the user for an input (INPUT="73),

the stores the square-roct of that input, i re.gis'):er

DD, then restores the letters A throu.s\'\ X to

the ALPHA-register. (This is onlya drill.)

 

Solution:

d LBLTFUTILE 08 ASTO 03

@2 TABCDEFGHIJKLMNO @9 ASHF
93 THFPQRSTUV\W X ® ASTO @4

Q4 ASTO 9l | TINPUT=?
Q5 ASHF 2 PROMPT

Q6 ASTO 02 3 SGRT

Q7 ASHF |4 STO 09 —>
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|5 ARCL @l 8 ARCL @H
l6 ARCL 02 9 AVIEW
|7 ARCL @3 20 END

6oT 112 MNEXT PAGE—>
NEEP SOME ExPLAMATION?
The §irst 10 lines store the letters A through X in

data registers Ol through @4 (six letters per reqister).

Don't ‘;orgei the APPEND character (F) in line @3.

Lines |l through 14 prompt for an input and store

its square-root in reqister DQ. And the restof the

program brings the letters A through X back irnto the

ALPHA-register and disPlasz them.

Borus Question: Why don't we need. a CLA

betuween lines 14 and |57

UW gpwoa.qv buI.L{thuv o saysnd puo 133soo

“PHATY 34t sifis Rppzepdwes 3oy) ueastoai-yHTy
Y3 01Ul ybraiq 9q |1 sueIRIOY Jmog -hauama £0

|00 © 1SI3333] 9 PPO |1M SIIYY hy 410 §0 Y03 MOou2

35T033q \/7D) © PISU FUOP M :4eMSUy SMuog
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AON¥OOFF
AON in a program will turn on ALPHA mode.

AOFF turns it of¥.

Ifa program stops with ALPHA-mode on, then

the disp\aH “window” will be sitting over the ALPHA-

reqister rather than the X-requster. So, as lonqg as

this window is clear you will see the contents of the

ALPHA- resis’cef‘.

AON and AOFF, a\ong with STOP are handfi

functions when prompting Yor alphanumeric input.

With these functions, Sor example, a program can

ask you a yes-or-no clues’cion,o.rd Lou can respond

with Y or N for an answer.

Nows,let's take a close look at the AVIEW function.
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MEWAV FLAG 21
In programs FIRST and FUTILE (poges 464 15H),

when the computer encourtered the AVIEW

nstruction, 1t désplagecl the contents of the

ALPHA-re.Sister and sw\:opped.. Actua\lg) in both

programs, there wasn't much choice,since AVIEW

was the last executable statement. But suppose

you had AVIEW's scattered throughout the prtgmrri?

Llould it stop at every AVIEW encountered?

(QUESTIONS,QUESTIONS))
Ina program, when an AVIEW is encountered,

the status of flaq 2| determines whether the

program halts or continues. [} flaa 2l is set, AVIEW

wil] cause the running program to stop and. displa5

whot's in the ALPHA-register Then [R78] has to be

pressed. to continue the program. I flag 2l is dlear,

AVIE\A/ will cause the contents of the ALPHA-reSisjcer

to be displa5eci while proaram execution continues,

1§ you have a printer, you' | want to s%udg
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more about *flqg 2, flag 55, and AVIEW. But since

we are dealing only with the computer itsel§ (no

extra attachments), the above explanation is all

we can o¥Ser,

When flafl 2] is set, AVIEW acts like PROMPT,

HeavY seosP Calmthem with this example:

2! LBL"CALM 08 TONE 2
02 "THIS IS AVERY Q9 TONE @
@3 "+ SHORT ONE |0 CLD
@4 AVIEW 125
@5 TONE 9 12 SQRT
Q6 TONE 4 13 END
@7 TONE 5

With program CALM kegeo\ N o your HP-4l,

set ‘?\Qs 21 (SF 2]), clear the X-register; and. run

the program (FEQ)“CALM"). You should see the

display: THIS 15 AVERY SHORT ONE. But

what happened to the song? And where 15 the 5

that should be in the displo.5 when the program.

 

stopsP

Well, because §lag2l was set , the HP-HI
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stopped. when it encountered the AVIEW instruction

at line ©H. Put your HP-4l into program mode,

and ajou.‘\\ see that 1t's waiting patien):)g at

line @5.

Nows, with Flag 2| cleared (CF 21), run CALM.

You'll see the ALPHA display: THIS IS5 AVERY

SHORT ONE. Then Hou.’H hear the tune, and. then

the program will finish with a5 in the X-register:

To borrow a roble phrase ard twist it for our

purposes: Jo set or not to set Slag 2]? That is

the question.

You can write preqrams so that their actions

depeno{ on the cratus of flog 21.

Incicientq\|5, the VIEW function behaves

the came as AVIEW in its dependence on flag 2],
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ADBESSING-    
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So, what is all this stuff — “indirect addressing? !

LWhat's wrong with direct addressirg (whatever

that is)7?

WJell, here's how it worke:

 Picture a baghful young man who 1s qoing on &

bind. date. OF course, he called a dating service

that caters especia”g to 5}15 People. Therefore, he

was not qwen the address of the Younq lng , because

this is much too Personol to divu\se to just anyore.

Instead, he was told the address of her brothers

home. There (i5 he meets with the brother's

approval, of course) he would be given her actual

address.

The dcx’cins service has told him mc_lm_gg‘flg how

to Se't Yo his dates home: He was told what

address *o o to inorder to obtain her address.
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Now, at the risk of removing o bit of romance,

the instruction $rom the da’dng service 1s like a

RCL IND instruction — like RCL IND @@, for

example.

The brother’s address is 00.(He “lives” in

resis’cer 00.) The number in reqister DD is the

address of the young \odS.
 

Question: But how do you keg in RCL IND @I ?

 

  Answer: R Fia] Q]  
 

 

Lhenever you uant to speci?g an indirect

adclress, press the [Mis keg before the addrecs.
 

   

  

  

 

 

 
 

 

7 G2
7 o :

14 N
| /'/) ) ///7 |777 A > 7

é/;/// / Vil

I <‘ \ 24|

TNITTT77777772777777 3 > \
     

 

 

777777777777077777

  

  

   

     AW///W/////////////
@' ‘ \ ‘ 7 ':: ,/ ?! v/:

A .B 2 \ /

» N 7) o {

7l / - XX g
7777777/ /7/, U %% %4,//2

 
 



Chanenae: Set up your HP-4| so that the value

in the X—register is 29.7 and the value in register

Al 1s 3. Now, it you execute the function:

STO IND @1 |, what happens?

Answer: The computer will store the number

29.7 into r*egis‘cer Q3.

EASY? 0K —>
A little s}‘\akg? (That's O K - blind dates tend

to be a bit shakg at §irst..)

 

Here's what happens:

STO IND @l says: “STORE the value inthe

X-register into the register whose address is

indicated bg the contents of reqister 2\.”

So, the HP-Al takes a copy of the 29.7 thats

sitting in the X-register and goes to look. at

register Ol. There it finds the number 3. Then

it knows where 1o put the 29.7-into regy ster Q3.
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Let'’s trg ancther...
 

Cho“enge: Star’cing with the results §rom

the first try and, ws'ms indirect oddressing

onl Y, store the number 29.7 into register @0Q.

Solution: @

RCL IND 0@l

STOIND Y (

NO ?BO’BLE)\\S7
PROBLEMNS 2 WATCH -
First, we keged a @ into the X- r‘esister‘.

Then we peryormed RCL IND @l which places

29.7 into the X-register Ui)cting the @ into the

Y-register). Here, the indirect odd.ressing works

 

       

 

exact!y as it did in the first example—on)g it does

a. RCL instead of a STO.

Then comes STOIND Y, A copy of the contents

of the X-register is stored into the register indicated by the

Y—register: That indicated. reqister is Q0.
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CETIING TREHAMG OF I £
Also, keep inmind. that indirect addressing Ljorks

$or other functions besides STO and RCL.

In fact, it works for all the functions listed on

pages |97 and 198 of the Owner’s Handbook.

For example, SUppose You have a program with

206 sections (each with a numeric label and a KTN

statement) - one for each letter of the alphabet.

Each section is supposeci to do some calculation

about how much space and. ink each letter reabui res

on a certain ’cgpe of Pr'irfier. The program migh’c look

ike this: @I LBLTLETTERS
Q2 L[}L Q|

RTN
BL @2

RTN
BL 03

~lbb~

[BL 25

RTN
(BL 26

END



Each of these sections will do a different

calculation, but for each input (each letter), there'’s

onltj one section that appl es.
 

Question: What's an easy woy to tell the HP-4|

¥o choose the proper section for a Siven letter?

Answer: K95 in the number of the letter you want

(1 Sor A, 2%or B, ..., 26 for Z) and then use:

XEQ IND X.

UNDERSTAND 2 —>
No? Watch what \naPpenS:

Let's say you want Yo caleulate dl this Soocl stufs

Sor the letter K.

You would kez:s in the number Il (Kis the eleventh

letter, right?).
Now, when you use XEQ IND X this %ells the HR4I

to “execute the section whose label is indicated in

the X-register.” In the X-register, it finds the number

I, o it executes the section with LBL II.
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Remember that the numeric labels in the Jast

example are local labels, so the program Poin%gr would

have Yo be Posi’cioneci to the program LETTERS before

the HP-4| could §ind them.
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Also, Lou can execute ALPHA labels indirectly

bg ASTO rina the characters of the label in a data

or stack register and then using XEQ IND, with

that register as the argument. The ALPHA labels

here are limited. to a maximum of six charactere

because that’s all you can store in a register-

(Ungor{uncfce\»j , there is no XEQ IND ALPHA

function, so You must store the label in a reqster Sirst.)
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As a good Firalexample, heres a....
 

Chal\enge: Lrite a short progqram (1@ steps or

less) thot stores the integers @ ‘chrough 19 in

regis’cers @ through 19, respective.]fi.

Solution: Here's one way to do it:

Ol LBL'FILL 06 STO IND X
02 .0 19 07 RDN
03 |BL 26 08 15G X
Q4 ENTER 29 GTO Q6
05 INT |@ END

I§ you have the SIZE set below 020 data

registers, you' | et a NONEXISTENT if you run this

program,because you will not have enough data

registers. Change line @2 or d’\ange the SIZE and it

should. work.

1§ you were able Yo write this program without

\ooking at the solution, go to page |73.

If it was a s’crusgle, 90 to the next page —>
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Ol LBLTFILL
2 .919

First, after the \abel, we put the number.@19

into the X-resisten This is qoing tobe the index

number Sor the ISG loop , and. its also going to

act as an index Sor indirect s’corage. (Rememben;

D19 )5 the same as 0.0 19 and, as an I19G index,

it also acts the same as ©.019Q1 )

@3 LBL 0o

Now we put ina local label at the head of the

repeai:ing |ooP. Notice that everytime the label i

reached, the index number must be in the X-reg'tsi'er.

 

 

@4 ENTER

Inside the loop, the §irst Hfling todo is to make a

Copy of the index number in the Y- resis’cer‘.
 

@5 INT

Next, we extract the integer Por’cion of the index

number in the X—register. For example, if that number

-170-



is 0.0 19, the INT function proo[uc.es the number @

in the X- reoyster,
 

Qo STO IND X

Here's the eleqant part: STO IND X says “store

a. copy of the value in the X-register into Yhe reqister

indicated bg the X—regisfer. " 1§ that number is @

then @ gets stored. in reqister Q0. If it's 19, it

gets stored. in reqister 19. So the very number

you wartt o store is also the one that tellg the

Compuier where to store it!
 

Bonus Question: Lhat would happen i§ we used.

STOINDY at line @6 ?

€10°S =(TTb'S-)=(G) =G "55ppr Pipur o sy
" FoYR 30 “UoIsuan am.;gsod Y3 Puv) fromhuo (UO}‘.LJOd

ebayut sy hjuo SI3PISUOD Bugssa.xppo 32941pW

Mg JagsbauL Ay Ut 5Toym Jo uorgiod Jsbayw

22 §0 hdoo v suroRues Jaysibeay By| bunp awos ayz

fipooxe Op |(13S p[mom woboud ay| :1amSuy smuog
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Now o wrap things up:

@7 RDN .

Le bring the unmolested. version of the index

back down from the Y-register to the X-register:
 

08 15G X
29 GT0 06
| @ END

Now we increment this index and,as you

remember from the “Decisionmaking in Programs’

sectwon, the new in’ceger Por’cion of the index is

compared to the first three digits of the fractional

portion. I§ the 'm’ceger Por’cion S grecfcer, then

GTO @6 is skipped, and we're done. But, if the

integer portion is less, then there's no skipping)

and GTO Qo sends the program pointer back. o

LBL @6, with the new)g—'mcremen’cecl index sittinq

in the X—regisfer.
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At this Poin’t in the easy Prosra.mminfi course,

yow know the following;

. You know how to execute any function given the

name of that function. You are no longer cnfused

by the "name” of a function andthe “argument’

of a function ( page 4E).

2. You know how to Piciure in your mind the

memory structure (data registers, program

memory, stack registers, d’zspla\j, ALPHA- register)

of the HP-4| (pase 8).

3. You knows how the stack works (Po.ses 58-80).

4. You know the difference betuseen keying ALPHA

data into the ALPHA- register and keying a

function name into the display. Both of these

things are done in ALPHA mode, but theg are

completely different (pages 25, 56, 144-145).

5. You know that when we're discussing programming

and we use cluo’c.e marks in a kegstroke list’mg,
 

   
 those cluote marks mean: press the |ALPHA keg.
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b. You know when your computer 15 in RUN mode,

and. when it’s in program mode. You know hous

to get from one mode to the other (page 88).

7. You know (with a little contemp}crtion) houws to

qo from anw to a sequence of keggtmkes

to a slmPle., linear (one time ‘through) program.

You know that you can use a program like this

to run great hordes of data through an equation

bg simplg enterin3 Yhe datalas inpufl and

pressing the [R/S] ke.wj (Paae 92).

8. You know about ALPHA prompts and AVIEW

and using ALPHA data in a program (Pages IH7-159),

 

9. You know that certain functions are " yes or no’

questions (like X=@7) and that if the answer to

these questions is no, the follouwsing line in the

program will not be executed (page_ 121).

|@. You know that you canuse these conditional

test functions as a basis for mak'mg decisions

N a program (Pages 122 -125).
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1. You knows about program branching. You know

when to use a GTO statement and when o

use an XEQ statement. You know when to use

0. 3\oba| label and. uwhen to use a local labe)

(pages 10 to |15).

12. You know whot a “loop” is ina program and hous

to conditionally branch outof a loop (pages |35 yo l4])

13, You know how to move arcund. in program. memory.

You know how to use the CAT | function to

position the program pointer to any global label

or END in program memory. You know what RTN

does in RUN mode. You knows how to use the

GTO 1 function and you know what GTO L

does (Po.aes 33,125, 96-99).

4 You have a good feel'mg for what flaqs are and

 
 

       

 

how to use them (Page 126 to |3D.

I5. Youw know how to turn the HP-4| off without

pr-ess'mg the [ON kea (H'mt: xea] “OFF")
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16. You know that nowhere inthe balconfi scene

does Juliet wonder where Romeo is (Act1l, sceneii)

Well, anyway, you know all these things plus

o few others. S0 it's time to delve into the

purpose of this book... program development

(You didn’t knowyou were still reading the

introduction, did You ?).

Qur first challenge will be a ?a’xrlg common

application. Checkbook. balancing is some’ching

that most of us have had experience with (ot

least the attempt is familiar). So togethere

can develop a fairly extensive checkbook- balancing

program to incorporate many aspects o5 HP-4l

programminq.
 

7 ~

     

  
     

 

  
 

 

-177-



Cha“ense: There are three major si:eps to

ba\ancing your checkbook.. Write down these

three steps.

Solution:

. Find the balance from the last time you

balanced your checkbook.

2. Add all the deposits ard interest since that

time. Record the balance resulting from each,

addition,

3. Subtract all checks and charses. Record the

balance $rom each check or charge.
 

ASter Per‘;orming the above three steps, your

checkbook wsill be balanced. Basically, what we've

done here is defined the process by which we

balance our checkbooks, in terme that are easy

for us to understand.

You could take this list of three checkbook

balancing steps, hand it to one of your friends,

and. they could Follow 1t with no proHem.
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In a sense, our checkbook- ba’ancing program

\S complete. LJe understand the problem) and

with these three steps, we've developed a

solution, or program,, to handle the prob)em

WELL,THAT WAS EASY!
Question: What would happen i¥ you were to

 

exp\o[m a recipe Yo a small child (Hto ( years old)

in the %\\ow'mg manner©

“Get a cup of flour, 3 cup shor’cenmg
 

 2 teaspoon salt, atab]espoon of sugars hen

cut the shor’cemr\g into a mixture of the {lour,

salt, and. sugar; urtil the chunks are about the

size of peas. Next, add a cou,ole table_spoons oS

cold water and blend with a fork. (not too much).

Shape ,the doug)'\ into a bal }J and roll it out and.

VOILLA ! Pie crust (m)."

Ansuwer: |he child would be dumbfounded.
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Never t\'\eless, this is the Lsay we think. As we

d.evelop and. Sain experience n ii‘;e, many of the

details of d.afl-to-danj tasks become automatic—

theg re%u.ir‘e no consclous thou.s}\t Driving a car s

a. prime example of details becom'mg automatic

(especian\\j a car witha standard transmission).

It takes patience and effort to explain

SOmet\'tins to a small child. We actual Ig have to

slow down gur thinking process and analgze each

step.

1§ You. Luere exp’aining our pie crust recipe to

a. small child, the first step of the recipe would

probably translate into something like this:

“Now listen, here is a one-cup measure (note

the visual aid.). Go over to the flour can and.

scoop out one cup of flour. You'll have to use

this knife to level of§ the To,o SO You have

exact15 one cup of flour.” So you see, it takes

more words and more effort to exP)Q'm Q

process to a small child, because a child’s
- 180~



thinking process is less complex than ours.

The “thinking process” of the HP-4) (or of any

com)outer) s far less comp)ex than even that of

a small child. In order to program the HP-4|

to do a task, we first have to e.xpand the

steps by which we do things into many more

steps, each much simpler- Ln other words, we

have to translate our complex thinking process

into simple terms that the HP-HI understands.
 

       7'LK)2I&
44’::‘" 5;2;:0 0,0 )

/)
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Challense: Rewrite the three_ Chec_kbook- balar\cins

s’ceps in terms that are closer to the way the HP-4|

“thinks.”

Solution:

l. Prompt for initial balance

2. Store initial balance in a numbered, register.

3. Prompt for the Input of either a check, charse)

deposiv‘;, or interest.

4, If the 'mpwt is a check or c)'\o.r‘se , subtract it

from the balance.

S If the input is adeposit or interest, add it to

the balance.

o. Disp|a5 the new balance.

. Go back to step 3.
 

Your solution to this question may vary

considerablg from ours. Here is where you start to

develop your own pregramming technique.

Everyone will approach a solution inasligh’dlj

different manner. However, for this first program,
-182-



it may be easiest for you to follows Fairlvcloselg to

You can see that what was three Senera) steps

our deve\opment techrfzabue.

into seven more detailed. steps. Eachhas evolved

of these seven steps carries a simpler concept than

each of the original three. And each of these

to the language of
))

sounds closer
«

seven steps

the HP- Al
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Cha“enge: EctuiPPed With the Prev'zous seven

steps, deve'op an HP-4| program to balance

Bour checkbook.

Solutior:

@ LBLTCHKRK || CHS
@2 FIX 2 12 LBL D
Q3 SF 27 3ST+ 00
24 TINITIAL BAL? 14"BAL=%
@5 PROMPT 15 ARCL @0
26 STO 00 6 PROMPT
a7 LBL QI 17 GTO 0)
98 TAMNT?C,D,E I8LBL E
?9 PROMPT I9RCL @0
10 LBL C 20CF 27

21 END
I§ this make sense to you, head to page 197,
 

I¥ Hou’re even slighflg confused, that's gooc[.

A completely unexplained list of HP-4l code

should be c:onfl:.sing.

What follows is an explanation of the thought

process that is recgu.ired to qo from the seven
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steps in English on page 82 to the 2| lines of HP-4|

code that appeas on page |8H.

First, don't expect to start at the top o§ the

ist. The order of the steps will reflect the order

that thinfis are done in the completed program.

But that doesnt mean youre going to start

deve,oping the program at step .

The §irst th'mg to do is to search throush the

list Sor the s)ceps that are most signi?icant to the

program. Basical )3 , What Hou’re Iooking for are the

ster that look. like fiwe\g Wil requure the most work.

You will develop these steps first and then cle_sign the

rest of the program around them.

In our list of seven stepe, steps Hand 5 are the

ordzj steps that will require some type of calculation

and some ‘t\:jpe ot decisionmaking:

4, If the inpud: 15 o. check or d'\arge, subtract it

from the balance.

5. If the Input is adePosi’c or interest, add it to

the balance.
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Loo)dng at steps Yandb, You cangee that the

HP-4| will have to treat an inpuf in one of two Ways,

o\epenoling on whether it is a check or a deposi’c.

Now, 1t boils down o this: ore wa or another, you

are soina to have to tell the HP-4) whether Ljou

are inpu’c‘cing a check or a depos'zt. -

There are many ways to tell this to the HP-4.

We feel the easiest Way 1s to have one keg to press

for a check or cho.rBe and. another key for a deposit

or interest.

LJe notice (53 observing some of the programs in

the Standard. App)ica’cions book) that it is

possible , by using local-ALPHA labels and USER

mode, to deslgn our program so that one keg
 

   (sag the 1< keg) can mean a check or char\q)e,. and
 

  another kes (the [0 ketd) can mean a deposit or
 

interest.

So, when the program is complete, we want to
 

   be able to ke5 N an amount , press the [€ keg,

and. have the HP-4| treat that amount like a check
-’86-



(that is, subtract that amount from our balance ).

Likewise, we want to be able to kea iIn an amount,

press the [D ke3, and. have the HP-4l treat that

amount like a oleposit.

 

   

The only difference between the way a check

is treated and the Lay a oleposit is treated is that

a. check is subtracted. from the balance while a

deposi’c is added. to the balance. Other than that,

the program should treat a check the same as a

deposit.

Nouws everyone remembers that adciing the

negative 0§ a number to someikina 1S jUSt like

sub’cracting that number. That is,

a-b=a+(b)=(b)ta=-b+a,

So, when we press the [€] key, if the HP-4|

just puts a negative sign on the amount we keyed.

in, then treats it like a deposit, that chould do

the trick!
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LJith all this in mind, we can sketch out a. utine

to handle steps 4 and 5 of our list:

LBL C
CHS
LBL D
RCL BALANCE
+.

STO NEW BALANCE

Of course, there are no "RCL BALANCE " or

"STO NEW BALANCE" functions on the HP-4I.

But we havent designated a storage register

for keeping the balance yet. By using this method,

Lwe can organize our though’cs in a language that

is close to what the HP-H| uses but is still ea.sihj

understood b»j US.

The six lines above will Sus’( abou} take care of

steps Hand 5 of our list. Let's put those steps

on the back burner for a second,and look at the others.
_—
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Chal lenge: Translate step| (PromPJc for inttial

balance) into HP-4\'eze.

Solution: TINITIAL BAL?

PROMPT

That was easy. The line TINITIAL BAL? will

p\ace those ALPHA characters into the ALPHA-

reqister. Then, as you krouws, PROMPT will halt

program execution after 'Yi“ing the diSPlag Luith,

 

the message in the ALPHA-register.

Siep 2 (store initial balance) is also an easy one

to translate. It Sust reobuires that Hou pic.ka

number (we chose @0) and use that register. So

step 2 becomes: STO 0.

Step3 translates much like stepl. All we need to

do 1 think of aneffective message (pre?erabhj less

than 12 characters, so the d’zsPlQH doesn’t _s_c_r'o_lD,

and. put a PROMPT afterit. So step 3 becomes:

TAMNT? C,D
PROVIPT
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The message that we chose reminds the user that

an amount needs to be keged in and.that either the

c keg (check) or the B keS (deposi’c) should_be

Presseal.

 
 

      

 

Chal fenge: Translate step 6 into HP-4)| code.

Solution: TBAL=%
ARCL Q0
PROMPT
 

The first line is 3u.s’ca text message. The second.

line appends the number in reqister D0 to the

contents of the ALPHA- regis?:er'. And, as you

know, the PROMPT causes Pr‘ogr‘am execution

to halt with the contents of the ALPHA-register

in the disp\aB.
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Cha”enge: Go back and look at the routine we

sketched out to handle steps 4 and 5 of our list.

Rewrite these six lines into HP-4l'eze. (Remember;

reqister @9 contains the balance.)

Solution:

LBL C LBL C
CHS CHS

LBL D or LBL D

RCL 0O ST+ 00
..I-

STO Q0
 

Since we are concerned thatan updated balance be

maintained onlyin regis%e,r @0, we canuse the

ST+ (store-plus) Function to add the deposit (or

the negative amount of the check ) to register Q0.

The sequence RCLOD; +; STO @Q would do

almost the same i:}'\'mg, except it would leave the

upcia%ed balance in the X-r‘efiisi‘er as well.
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uP to now, the program looks like this:

gTINITIAL BAL?
PROMPT
ST0 0@

AMNT? C,D
PROMPT

{

LBL C
d5 CHO

Tend LBL D
ST+ Q0

"BAL=%
ARCL 00
PROMPT

1. Go back to step 3.

LJe've translated six of the seven steps into

6.

 

HP-4] code. The seventh step is obvious)vj qoing

to be a GTO statement. But first we have to

insert a LBL at the top of ste.P 3, so the fFinal

routine looks like this: 2
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Ol LBL "CHKBK 10 LBL D
@2 "INITIAL BAL? Il ST+ 00
@3 PROMPT 12 "BAL=%
H S10 00 13 ARCL 00
o5 LBL Ol |4 PROMPT
06 'AMNT? C,D 15 GTO 0@
a7 PROMPT lo END
28 LBL C
09 CHS
 

So we've developed our first complete program,

righ’c? Llell, not rea\lg. Once we've finished.

coding a problem for the HP-4I, we should take

look at it to see if there's ang’c)rdng that we have

assumed about the status of the computer (Flags,

displag status, etc.)— thinss we should. establish

at the begir\n'mg of the program.

In other words, we have to initialize the

status of the HP-4| so that the program wuill

a'waBS run cor'rec’clg. If Lse use some &lags in the

program, and we need those flags tobe clear initially,

we should have the program clear them.
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In the CHKBK program, we use local ALPHA-

labels. So, when the computer is in USER mode

and the program ph&r 1S Pos'fi:ioned to this program,

those labels will be assignecl to their respective

keys. The LSl key becomes XEQ C, for example.

Therefore, i the computer is not in USER mode,

the program will not work. So we initialize USER

mode by inserting a OF 27 after the first line

of the program. “Set ‘;las 2]" means “turn on

USER mode." Now the program will turn on USER

mode.

 

   

 

 
  

2 LBL "CHKBK Q@ CHS
02 SF27 | LBLD
@3 TINITIAL BAL? 12 ST+ 00
24 PROMPT 3 "BAL=%
05 STO 00 19 ARCL 00

- %6 LBL ol |5 PROMPT
Q7 TAMNT ? C,D 6 GTO Ol
28 PROMPT |7 END
29 LBL C

Now, what other improvements can we make ?
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How about this?

Since we're decfling with dollars and cents,

the program should set the display to show only two

decirmal p)aces.

Also, besides the check (I€)) key ard, the depos'z‘t

() keg, 1t would. be nice 1§ there was an exit ()

key by means of a local ALPHArlabel. Then, when

you're all done balancing your checking book you

could press the [E] key to RCL the Final balance

¥o the X—reg'xs%er' and. send the ngram Poirficer

Yo the END of the program.

 

   

 

   

 

   

 

Chal lenge_: Make the above improvements to

the pregram.

/%/W/-

;’/////

   
  
 



Solution:

Q! [BLTCHKBK
* 02 FIX 2

@3 Sk 27
@4 TINLTIAL BAL?
25 PROMPT
Qo ST0 00
a7 LBL @l
08 'TAMNT? C,D,E
09 PROMPT
10 LBL C
I} CHS

12 LBL D
3 S+ 00
4 "BAL=9%
5 ARCL Q0
6 PROMPT
17 GTO 0
 

|8 LBL E
9 RCL OO
20 CF 27
21 END

* This sets the displa\:s Yo show tuo decimal P\aces.

* LBL E just recalls the final balance into the

X—register ard. turns off USER mode. (We gorsot

to mention turn’ms of§ USER mode.) When ,

you're all done balancing your checkbook , press the
 

  E keg. 
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Chanenge.: Let's say that every check you write

carries a $0.25 charge. Modi?g the program to

take care of this char\qe.

Solution:

@l LBLTCHKBK
Q2 F1X 2
a3 Sk 27
Q4 "INITIAL BAL?
@5 PROMPT
% STO Q0
or LBL Ol
08 'AMNT?C,D,E
29 PROMPT
10 LBL C

« || 25
* |1+

13 CHS
4 LRL D
5 ST+ 00
b TBAL=%
7 ARCL Q0 8 PROMPT
19 GTO Q|
20LBL E
2| RCL 00
22 CF 27
23 END

* Lines || and 12 make up the modification. There’s

a Probiem with this, however. Now the [€lkey can

handle on15 checks. 1§ your bank charges Lou, say,

$3.00 a month plus 25 cents for each check,

there's no s’craish’cgorward way to deduct the

$3.00 charae_. If you keg in 3 and press & s the

-197-

 

   



program will deduct $3.25 from your balance.

To remedg this problem, we can {ust insert a

LBL ¢ (little'e’) after line 14, Then $or c.hecks)

you can press the [Cl key, and for straight charges,
 

   

 

    you can press [rise] (€],
 

So the comp)ete program looks like this:

@l LBL TCHKBK 13 LBL ¢
02 FIX 2 14 CHS
03 Sk 27 15 LBL D
Q4 "INITIAL BAL? |6 ST+ 00
@5 PROMPT 17 "BAL=%
0o STO @0 18 ARCL 00
07 LBL QI 19 PROMPT
28 "AMNT? C,D,E 20GTO 0
29 PROMPT 21 LBL E
10 LBL C 22 RCL @0
Il .25 23CF 27
12 + 24 END
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The next program we will deve\oP 1S Q program to

convert feet, inches, and sixteenths of aninch into

feet and decimal fractions of feet, and vice versa.

For example, | oot © %6 inches will be converted

to [.515625 feet, and 1.515625 feet will be

converted to |foot 6 e inches.

The calculations involved. in this program wil| be

pretty simple. [he main emPhasis of this program

will be the format of the input and output. We

have to develop a. reasonable. way to input feet,

inches, and. sixteenths of an inch!

Now, it would be best if we could ken:s in one

number- to represent all three units (feet, inches,

16™°). Let's develop a format Sor inputt of three

different ‘chings with onre number, —
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Chal\enge: Convert 3 hours, 26 minutes, and

14 seconds into hours and decimal {ractions of hours.

 

 Solution: 3.26!14 XE&] “HR" displags 3.43722  

 

So, 3 hours, 26 minutes, and |4 seconds is equal

to 3.43722 hours. The point here is that for certain

functions on the HP-4|, one number can represent

different things. The HR (HOUR) Sunction looks

at the number inthe X-register as meaning hours,

minutes, and. seconds in the Sorm HH.MMSS. The

HH means “number of }\oqus,,n the MM meang

“number of minutes,”and. the S5 meang “number of

seconds.“ There are onl3 two P‘aces reserved. for

minutes, because the number of minutes will never

exceed. 6@ (that's an hour),and fractions of minutes

are expresseal in seconds. (Houever, there are

actuallY more than two places reserved. for seconds.

[§ you want to ke.s in 57 24 seconds, you would. keg

in QQ5775, because 34=0.75. The $raction of a

second. is keged in after the whole seconds.)
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In the last C]'Ia”ense. , one number represen)cs hours,

minutes, and seconds. Inthe program were

developing, we want one number to reprweserfic

feet, inches,and sixteenths of an inch.
 

C“\anense.: Expre.ss Hfeet, 8Ye inches ina Cormat

similar to the HH.MMSS format.

Solution: 4.0809 (FF. IISS)
 

This is the input format that we'll use inour

conversion program. Le will keg in feet, inches, and

sixteenths of an 'mch, using the form FF. LISS.

Here, FF means “number of Seet,” 11 means “number

of inches, and 5S means “number of sixteenths.”

Two places each are reserved for the inches and the

sixteenths. This makes good sense because there

will be,at most, Il and. e inches (.LI5) in any

fraction of a Soot.
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Challenge: Sketch down the general steps

re%uired to convert aninput of the form FF.IISS

(feet, inches, sixteenths) to feet and decimol

fraction of a foot (we'll rePreserfic the output

format buj FF. $€£5---.)
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Solution:

. Get the input

2. Take the inteqer portion and.

save it. |his is the number of

whole feet. Also, save the

$ractional por tion.

3. MultiPlg the fractional

portion b5 10Q.

4. The integer Por’cion of that

result is the number of whole

inches, and the fractional

portion is the number of sixteenths

divided bH Q0.

5. Divide the fractional part b5 .92

©. Divide the number of inches

bH 12, and add up all the Parts.

. The result ec‘)ua\s the sum FF +;£7% + Ja3

-203~
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What were shooting for in the solution is this:

First, we want to save the FF part o5 the input

because this ig the number of whole feet , and. we

don’t need to change this in the final answer.

Next,we need to get the number of inches

(I1) and divide this bfl 12 (there are 12 inches

in a foot). Then we have to qet the number of

sixteenths and divide it bg 192 (12 %16), since

there's 192 sixteenths—of-an-inch in a foot.

T™E HMAL BESULT:

IT S8
FF/" 33 tiqz
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Cha\\ense: Sketch down the steps re%uirei to take

an input of feet and decimal fractions of feet

(FF. £§555---) and convert it to feet, tnches, and.

sixteenths of an inch.

Solution:

. Get input of FF.£555-

2. Save the in’ceger portion, FF.

3. Multiply the fractional portion by |2 and save

the integer portion of the result, II.

4. Multiply the remaining fraction by l6, SS. (Let's

leave fractions of sixteenths just like fractions of

seconds.)

5. Save the result inthe X—regisier in the form

FF IISD (FF+T7Q—0+ ooaa)
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Let's run an arbitrar5 tnput through these steps

to see if they work. Trg, for example, 14.9 feet.

First, save the integer portion, |4. Then, mu‘tiplg

.4 by 12 toget 1@.8 and , again, save the integer

Por’cion. So far we have |4 §eet, 10 inches , and.

8 tenths of an inch. To convert the 8 tenths to

sixteenths, mu)tiplfl the .8 bg 6. This Sives 12.80

so the final result is |4feet, 10 **%e inches. %o

our Seneral idea seems to work.

From the way things are working out, it looks

like we are going to develop two indeloenclerx’c

programs. One of these programs will take an ’mpu‘t

of the form FF.1ISS and return feet and decimal

Sractions of feet. The other program will take an

input in the form FF. $§§£--- and returnitinthe

form FF.I15S. These tuwo programs will be a

matched pair of functions much like the HR (hour)

and HMS (hours , minutes, seconds) Sunctions.

~206"



Let’s call this pair of functions FT and FIS.

. LBLTFT

2. Get input of FF.ILSS

3. Save the integer portion: EFHI.

4. Multiply the fractional portion by l00:(11.59.

 

   
 

  
 

 

   5. Oave the integer portion:(11].

6. Divide the Sractiondl portion by 1.92: .

7. Divide the inches by 12:(%%m

8. Result= FF"‘H + ‘fisi

QEND of FT

0.LBL "FIS

. Get input of FF. §5§5--.

2.Save the whole feet:|FF

3, Multiplg the fractional portion 53 |2: {11

H. Multiplg the remaining fraction bg |b:

I5.Result = FF+i& + 1230

|6.END of FIS

 

   

 

   
 

    

207~



You should be able to

toke the list of sixteen steps from the previous page

At this point ,Challenge:
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 program. It's Possible Yo do all the calculations

and. convert them to HP-4] pr‘ograml

try and. see if you can come up with a wor

u.sins onlY the stack regisiers.



Solution:
OILBLTFT — Assume the x-resister contains FF, IISS

@2 INT — Separate the whole feet
@3 LASTX —Get back FF.I1IISS

@4 FRC — Take .I155

@51 E2 - .
26 % _} Mu.lttpls b3 100: I1.5S

@7 INT — Separate 11

@8 LASTX — Get back 11.56

99 FRC — Separate .SS

:IG l/'ql :} f:%gi'—' r%::Convert siateenths to decimal.

12 XoY — Ger 11

1312 T4 I, Conver?t inches to decimal
4 / -) 12

15 + -
6 + _} Result= FF+ B+ 2%

17 RTN — END of FT routine

I8 LBLTFIS — Assume X-res'zster contains FF.§§5§---

19 INT — Separate whole feet: FF
20 LASTX — Get back FF.§¢§---

2l FRC ~ Separate §ractional feet:.§5¢5---

22 12 4 Multipl \23 % _ ultiply b3 A

24 INT — Separate the number of inches: I1

25 LASTX —% Get remainina Sraction
26 FRC _% Ge aiming fracti

27 16 - . ]
28 * _} Mulhp\g b\j lo: 89

29 | €2 -

30 / - .
3| + - _ I1+e
32 | E2 _¢ Result= FF+I‘,-}°+5=5--—-‘°,,% = FF+g

33 / -

M + -
35 END — END of FIS
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The program we've developed here is the ‘no frills’

version. |here are no ALPHA prompts or disp\ags,

no beeps or tones. For conversion routines ) the

“no §rills” version is usuaflg the best way to go.

To convert, say 13 Seet Q%o inches Yo Seetand

decimal fractions of feel, all you have Yo dois ke3 in

13,0904 XE&] “FT”". The result comes back in the

X-reg'zs%en

The RTN statement ot line I/ jus’c meansstopn

(Le., return to the kefiboard), in this case. But, us'mg

this RTN instead of a STOP allows you to call

this routine as a subroutine §rom cther programs.

To convert 12. 77673 Seet to Feet, inches,and.

sixteenths of an inch, just keg in 12.(7673 XEQ

“FIS". The END at line 35 will cause program

execution to halt in this case, but it will act as

 

   

 

   

a RTN if the routine is called as a subroutine.

Bg the way, You wouwld have to have an efl:remglg

accurate ruler to determine that somethinQ Was

e,xac)dg 12. 77673 Seel \ong‘.
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lJe could snaz up this routine a bit bH aC   O   ing

some ALPHA messages and. makins use of the

numeric en‘l:rg flas (§Iag 22) for repetitive

entries. |he snazzed- Up version could look some-

thins like this:
 

Q! LBLTFT

P2 TINPUT FF.IISS

@3 PROMPT

O4 CF 22

05 LBL 02

26 INT

07 LASTX

28 FRC

@9 | E2
10 %

[1 INT

12 LASTX

13 FRC

14 1,92

IS /
6 XY

7 12

8 /

19 +
20 +

r‘ll CLA

22 ARCL X
23 Tk FEET
24 AVIEW
25 RTN

T26 Fs?c 22 27 GTO 02
28 LBLTFIS
29 TINPUT FEET
3@ PROMPT
31 CF22
32 LBL 03
33 INT
34 LASTX
35 FRC
36 12
37 %
38 INT
39 LASTX
40 FRC
41 16

--

42 %

43 CLA

44 ARCL Z
45 THFT,
He ARCL Y
47 T
48 ARCL X |49 TF/l6 IN
50 | E2
51 7
52 +
53 | E2
54 /
S5 +
S6 AVIEW
57 RTN
58 FS?¢C 22
5q GTO @3
6@ GTO @2
0l END



As you can see, the sno.zzed-up version of the

program is considerably longer: Whether this version

1s easter to use depencls on several th'mss. 15 you

only use a program once in a blue moon, thenit's best

to keep the lonser, “friendlier" version around.. But

if you use a program ?re_cguently, then it's best to

streamline the program so that it's jus)c amatter of

keging in @ number or two and. execu’dns the r‘ight

label. ALPHA prompts and. elaborate output methods

in short, Fre%u.entlfl used. routines jusi: become

redundant and inconvenient. (We 've marked these

additions with bradets.)

A neat feature of the snazzed-up version that

doesn’t appear in the original routine is the capabilitg

for repeating the same routine by keying ina new
 

  input and pressing [RZS]. For example, let’s say we 

have six entries of feet, inches, and sixteenths

that we want to convert to feer, ——
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(1)4 feet | %o inches
(2)5 feet 2 inches
(3) 9 feet 4% inches
()'Heet | %o inches

(5) Q%4 inches

(6) 7feet Yainches

The keystroke soluttion using the §irst routine would.

look some’chins like this:

 

 

   
 

   
 

   
 

  

 
 

KEYSTROKES DISPLAY

4.1105 XEQ) “FT” 4.9427
5.02 XEQ]“FT” B.1667
9.0408 KEQ] “FT” 9.3750
1113 BEQ] “FT° 11. 9844

0912 XEg] “FT” 0.8125
7. 0014 XEq] “FT 7.0729   

Whereas, using the second. routine, the kegstroke

solution would look like this:
 

   

 
 

   

 
 

   

XEQ] “FT" INPUT FF.IISS
4.1105 R/9] N.9427 FEET
5.02 Rz] 5.l667 FEET
9.0408 IR5 9.3750 FEET
111113 R3] I1.9844 FEET
L0912 1R/S @.8125 FEET
7. QQIH RS 1. Q729 FEET 
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The second routine requires fewer keystrokes for

repetitive conversions. When you keg ina number,

flag 22 s set. S0 when you then press [R/3), the

GTO @2 is executed and the FT conversion ic repeo:ted.

Also, notice that i you dont ke3 in a. number

 

 

   before Pressing R/S), the previous result will be

 

   
 

Challenge: Incorpor-ate the feature of easy

repetition from the steps on page 2ll into the streamlined”

version on page 209. You will have to make use of

‘?lag 22. The end result will be a quick, easy-to-use

routine with no ALPHA prompts or displays.
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Solution:

Ol LBLTFT

02 LBL
03 INT
Q4 LASTX

@5 FRC

Qo | E2

Q7 X

@8 INT

09 LASTX

1@ FRC

Il 1.92

2/

3 XOY

12

5/
b+
T+

8 CF 22
q RTN
20 FS?C 22

21 GTO @l
22 LBLTFIS

23 LBL QL
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24 INT
25 LASTX
20 FRC
27 12
28 *
29 INT
30 LASTX
3| FRC
32 16
33 %
341 E2
35 /
36 +

31| E2
38 /
39 +
4O CF 22
4l RTN
H2 FS?C 22
43 GTO 02
44 GTO 9]
45 END



The §inal program that we will developisa program

to evaluate a table of Xand. Y-values for an e%ua’cion

Yhat you program into the HP-4I.

Most of us have done this before in an old Q\Sebra

class, Back in odgebra, they called it “Sraphingfl an

equation or "Plot’cing" an equation. LJe start with

some equation like:

Y= X*+5X.

Now these Y's and Xs don't have ang’ch'mg to

do with the X- and. Y-registers on the HP-Al. We

could. easilY rewrite this equation as:

B=A*+5A or (OUTPUT)=(INPUT)+ 5*(INPUT).
But, because it's common to talkabout equations

3rqphed onthe X and Y axis, we'll use the orig’mal

Y=X*+5X. Whenever we mean the X-resisi:er, we'll

write “the X-register:“ Otherusise, X means the

variable number X in the equation.

Anyway, to plot the equation Y= X*+5X, we

would start at, say, zero and. plug in a bunch of

values for X to see what Yvalue each X qives.
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e would.Senercfi:e a table that looks like this:

 

 

For X eqv\ial to Y. eguals For X equal ta quugls

@ D -3 b
| b -4 -4
2 |4 -5 @
3 24 b b
- -4 7 14
-2 b ~8 24 
 

Then we could take these pairs ard. plot them

on a. Sraph with the X-value Plo)c’ce.d horizon‘l:a\lg

ond the Y-value P\o’d:ed vertica\lfl.

 

(C8,24)

(-7, iv)

('5:5)

. ('5702
-

(~4,4)

m: '

| s/‘-'»‘)

- io’a) iA ‘-°A~ I;A- ~>x

Is (-1,-4)

(37 A

Y
Graph of Y= Xt+5X

28
(3,24)

sf
LY (2, 14)

 
(-2,~6)



The program use deve\o,o will Sene_rai:e the X,Y

pairs, so that we can plot the graph of any equation

we program into the HP-4l.
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Chanense: Write a routine to do the eq)ua’cion:

Y=4X>-12X+5
or

OUTPUT= 4*(INPUT)?- 12#(INPUT) + 5.

SOM‘cior\:

Q! LBL TFUNKI 08 |2
02 S10 10 09 *

Q3 3 0 —
H Y/X Il 5
@5 H 12 +

Qb * 13 END
@7 RCLID

If this “throws you fora loop," review pages 88-92.

7 7 7 77 7 R 77 ,// 5Te
%//A / F#; 4

/ 7=

077 ////;/

2 r / /// A3t -

i Z // .‘//////,,///‘/;’,/////fi,u-fifqz-.,‘, ST

 

 

          

  

    
      

  
    

  

    

 

  
  

     

  
q  

(X
A7 :

o/o
. / .

2 % « £,

7 '
P2 ///%.’

/ ( Q

y
7 / “
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CHaHenSe: Using the FUNKI| routine, calculate

aset of X,Y pairs starting at X=@ and increasing

bH D.25 each time,up to 2 (that's 9 pairs). Pa5

close attention to the motions that you go through ,

because the program you deve)op 1S going to do

the same thing.

 

Solution:

For X equalt equals For X equal to Ig%ggl_s

0 5 .25 =2.1875
D.25 2.0625 .50 0.5000
0.50 ~0.5000 .75 5.4375
0.75 ~2.3125 2.00 13.0000
.00 -3.0000   
 OK? =™ >

All it amounts to ts this: To get the first Y-walue,

key in @ *xEQ] “FUNKI,’ and the HP-AI will return

5.0000. S0 the First X,Y pair is 2,5. To Sei:

the second Y-value, keyin .25 (XEQ] “FUNKI” and

the HP-4| will return 2.0625, etc.
-22@-

 

 

  



Challenge: Write out , step bgs’cep, what You

ju.s’c did. onthe last page , as if you were

explq’ming the process Yo a Sriend.

Solution: Well, let's see....

. I read the problem and saw that I was

supposed to use the FUNKI routine to generate

a table of X,Y pairs. 1 was Yo _B;eéz_g_ ot X=0,

end at X=2, and increase by @.25 each time.

So 1 was told the name of the program with which

to evaluate the Y-values, the beginr\ingYvalue,

the ggding_X-value, and the increment.

2. I started at the beginn'mg X-value..

3. I ran this current %wvalue ’chrough the FUNKI

roukine to get Y.

4. T wrote down this X, Y pair.

5.1 added the increment (0.25) to X.

6. I checked to see if this new currerd X-value

was greater than 2. If it wasn't, 1 repec@ced

steps 3 ’chroug\rx o. 1§ it was, 1 5’coppe.d.
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Question: LJhat are the six steps that a

program would have to perform to do what you

did. on page 220 (two pages back)?

Answer:

. Prompt For the name of the program for which

Hou’re generating X, Y pairs (FUNK]I), the bggmgmg

X-value (@), the end'm% Xvalue (Z), and the

increment value (@.2.5). Store them all.

2. Start ot the beginning X-value.

3. Run this current Xvalue thr‘oush the named

program (FUNKI) to qet Y.

4, DisplaH the currertt X,Y pair.

5 Add the increment to the current X-value to

get a new current X-value.

0. Check to see if this news current X value s

sreo:):er' than the er\ding X-value. I§ it sn't,

repeat steps 3 throush 6. If itis, stop.
 

See what we're Setfing ot? These six steps are

ne,arlg Yhe same as those on the previous poce.
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The general steps that Lou take to c,omplefce

o process are quite similar to the steps a program

has to take to complete the same process.

Since the program we're developing serves to

generate points for plo’d.ing the 3rap\1 of an

equation, let’s agree to call this program “POINTS.
=z >«/”/////%A
= KT EVNTS ——
oWA 09
g / ; 2 P fi . %

()
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Now, it's just a matter of e

steps on the last page into HP-4| program lines.

It's Probab13 best, inthis POINTS program, to

start expand’mg ot step .

Let's agree to store the rectuired data as

follows: register @0~ Name of function to plot

/S

register Ol - Beg’mn'ms X-value

reqister QL - Endins X-value

register @3 - Increment value
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Challense: Expand step | on page 222 into

HP-4I program lines.

Solution:

"NAME? END X7
AON PROMPT

STOP STO 92
AOFF "INCREMENT?
ASTO Q0 PROMPT
"BEGIN X? STO @3
PROMPT
STO O
 

Notice the method we use to prompt for ALPHA

data. This method stops the program with the

computerin ALPHA mode. So, all you have Yo do

 1S spe“ the name and pressrir_:| o

Also, remember that a data register can hold

a maximum of six characters. So the Slobal

label of the program 5ou’re ploi:’cing can be a

maximum oY six characters ]ons.
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Step 2 mere]g reminds us that,the first time

through, the beg'mnlng X-value will be the

current Xvalue. So, let’s aluaus maintain the

current X-value in regisier O\,
 

Chaflense: Expand step 3 (page 222)

Solution: LBL @l
RCL @l (currert X value)
XEQ IND 00

NOSWEAT ¢  ~
Not clear ?

Look at it this Luay: When Lou were Sener-o.fing

the table of X,Y pairs manuang, You would establish

a current Xvalue in the X-reaisie.r “and then you

would XEQ“FUNKI” o get the Y-value. The POINTS

program has to g ‘chr-ouah this same process.

RCL @ bri ngs the current ¥value into the

X-register.

XEQ IND @0 says “look at the program name
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n regis’cer' @0 and. XEQ that Program."

Le put the LBL O at the top because step 6

mentions re’curning to s’cep 3.
 

     

Cho\\enge: Expand s’cep H.

Solution: FOR X=

ARCL QI (curren’c X value)

AVIEW

PSE
TY=

ARCL X (current Y-value)
PROMPT



Cha\lenge: Expand step 5 into HP-4l code.

Solution: RCL @3 (increment)

RCL @l (current Xvalue)
+

STO QI (hew X-value)
 

Cha”engez Expo.r\d step b.

Solution: RCL @Z(ending X-value)
RCL @! (current X-value)
X(= Y? (xsv?)

G10 Ol

END

 

   

 

 
77 ZZ%7%

 

     
 



Chal lense: Put it all ’coSether under the Slobal

labe| ‘POINTS.
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Solution:

@l LBLTPOINTS I8 XEQ IND 00
02 "NAME ? 19 "FOR X=

03 AON 20 ARCL @l

@4 STOP 2l AVIEW
05 AOQOFF 22 PSE
Q0 ASTO 00 23 TY=
@7 "BEGIN X7 24 ARCL X

08 PROMPT 25 PROMPT
@9 STO 0l 20 RCL @3
|@ TEND X7? 27 RCL @]

|| PROMPT 28 +
12 STO @2 29 ST0O 0l
13 "INCREMENT? 30 RCL @2

4 PROMPT 31 RCL Q|

5 ST0 @3 32 X<=Y7?
6 LBL @l 33 GTO ol

7 RCL @l 34 END



Now, s the program finished?

Have we used. any flags ¢ Have we assumed.

angthing about the machine Prior to runr\'mg the

program that may not be true@

Wellat line 2| we've used an AVIEW statement

and because we use a PSE statement after it,

we have assumed that AVIEW is not going to

halt program execution. But remember, if ?\ag

/

2l is set, AVIEW will Stop program execution.

So, we should insert CF 2| enr}3 in the program:

@l LBLTPOINTSI3 "INCREMENT?25 ARCL X
02 "NAME 14 PROMPT 26 PROMPT
?3 AON 5STO©03 27 RCL @3
Q4 STOP  *l6 CF 2] 28 RCL O
@5 AOFF |7 LBL QI 29 +
%o ASTO @0 I8 RCL 0| 30 STO @l
Q7 "BEGIN X? 19 XEQ IND @@ 3/ RCL @2
@8 PROMPT  207FOR X= 32 RCL O
09 STO @I 2l ARCL @I 33 X<=Y7
1@ "END X? 22 AVIEW 34 GTO O
|l PROMPT  23PSE 35 END
12 STO @3 247Y=
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Your §inal mission (shou}ci you choose to accept

it-and Sou.’ci better! You've come toofar to give

up now ): Generate a table of X,Y pa'lr's for the

e%ua’cion: Y=4X3-|2X+5, with X

beginr\ing at —2.2 ending at @.4, and

increasing by @.2 each time.

 

  

Solution:

For X ec%ua] to \f_e%gig_ For X eqvgal to \f_ege,qus_

2.2 ~11.1920 0.8 12.5520
2.0 ~3.0000 Q.6 11,3360
-|.8 3.2720 0.4 9.5540

1.6 7.8160 Q.2 1.3680
- A 10,8240 Q.0 5.0000
1.2 12.4880 D.2 2.6320

-1.0 13.0000 @.4 
 

 »
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Keystrokes Display
 

  

  
 

    
 

  
 

   

 

   

xEa] “POINTS” NAME?
FUNK| [R7S] BEGIN X7
2.2 [CHS][R7S END X
0.4 R7E] INCREMENT ?
2 [R/s FOR X=-2.2000

Y="11.1920
R/S FOR X=-2.0000

Y=-3.0000
 

   R/S FOR X=-1.8000

 

No’d“dng Yo it, rigk’c?

This 15 what's meant bgq ?rien&lg program: It

leaves little doubt about what to do.

Tt looks like ou are now & ?riend\:j Progrqmmerl

(Did you save any of the champagne from Pa3e4?)

.END.
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The manuals you recieved with your HP-4l are some

of the best gou.’ll find. angwhere. But like most books,

their bene§its are most cbvious when you read them,

thoroughlg, cover to cover, inc:luding the examples

and. their solutions.

Yes , but that can qet pretty tedious, righ’t?

True, few PeoPle reang enjog readins technical

manuals. So part of the aim of this book was to

Provide a basic tutorial guide so that you would be

tree to use the provided manuals more as references

than as instructional materials.

Obviousls, we couldn’t cover all the details

contained in the HP-4l manuals. So now we'll give

you a few tips on using those books as reference

manuals: *

Got a Problem? Is the computer do'mg someth'mg

weird? Magbe an error message © Or are you,

looking for a certain function or a certain way to

do 5omethin8? lWhere do you lock for the answers?
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Lell, what part of the computer does the problem

involve ? ‘

If pressing certain kegg_ gives unexpected results,

look in the index under “ kegs,“ - kesboard,” or key

assignments.” If all else fails, look in Appendix B of

the owner's handbook , under “Maintenance and.

Service."

Be glad when you get an error message. The

message will always lead. you abuicklg to the problem:

fFirst, 1f the message oppears during Qa runn’mg

program, you can determine what coused. the error

bH suitching into program mode: The program line

in the displag is the one that caused. the error.

e I{ the messoge is one that 5ou’ve never seen

before, you can look it up n the index. It will appear

in blue letters in the index. Also, you can aluags

look under “Errors” or “Error messages,.n

* I you need to find out about a certain function,

the best p\ace Yo lock is in the shaded function

index immedia’cels grol\owiflg the main index. There
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you will find, in alphabe’cical order, a brie§

descrip\:ion-and a page reference-of each standard.

function.

Now, i‘f Bou're uri’dng Q Pr‘ogram,and you need

to do some kind. of calculation or manipulation,

and you don't know what functions to use:

*Is it an ALPHA manipulation ? (Look under

ALPHA.)
] it a stack manipulation?(l.ook under stack.)

][5 it a conditional test, ora flgg monipulation.

*Does it involve program l_o_gp_iflg, or mmj\be Uou.

want o use indirect ad.c\.ressing, or brcmc.hing?

* Are you confused, with any Proceolure_ dore

n program, mode (PRGM)?

* Do you need information on subroutines ?

°*Are You haviflg trouble using labels egec’civelg?

Not surprisin\g?g, the rule of thumb is to look up

the answer according to the natwre of the

problem. All we’re doing here is listing some of
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the ke\j words and phrases yow con look up in the

manual s index.

As another (perhaps ctu.icker) alternative, once

you're ?air\g familiar with your computer, you

can refer to the “Operating Manual - A Guide

For the Experienced User.”

This booklet summarizes, in brief, the main

points you need. to know to program your HP-4I.

Some of the fine points not covered in the main

manual are here, too- certain keystroke

shortcuts and programming hints.

Also, one of the handiest parts of this book. is the

function index (s‘cartins on page 52), which lists each

function, its memory usage, and its effect upon

the stack (\ng:g importan’c).

Finally, we come to Yhe “Standard Applica’cions”

book: This is a collection of programs for you to

key in and. run- mainls to qwe you Frac’cice at

keging n programs, and. to provicle you with

examples of uork’mg progroms.
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Be sure to read the in’croduc.’c.org pages

before starting in on the programs. These pages

contain Sood information, and ’cheg tend to

answer the questions you would. otherwise have

upon encountering certain program lines. There

are good. reasons whg these first few pages are

there, so read. them!
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THE STATISTICALFuacTIONS
If at come time you have the urge to use statistics

to try to prove something, you will ¥ind pages 49-104

of the Owner's Handbook helpful.

Here are a few added comments:

. REMEMBER, the statistical registers are movable.

Theg are not guaranteed. to be registers H"llé, except

after a MEMORY LOST. You adjust the location

of this block baj usins the 2REG function to speci(g

the location of the first register in this block.

2. All 6 of these registers must be allocated data

registers. Otheruwise, the execution of any

statistical function will result in a NONEXISTENT.

3. 3+ and 2~ are functions that disable stack lift.

4, The statistical functions X+, 2-, MEAN, and SDEV

always operate on both X and Y data, regard\ess

of whether you are interested in just the X-values.

For this reason, you may encounter an OuT OF
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RANGE error when you ottempt SDEV, if you havent

been paying attention to the Y-register at all. When

this happens, it’s because the computer has been

faithfully accumula’cing Y-data right along with

your X-data. And it is Possible to have data

that produ.ces an error with SDEV (see page

256 of the Owner’s Handbook).

The cure is simple: LJhen You use CLY to start
 

  your accumulation, press @ [ENTER], Then just 

proceed as usual.

5. When you accumulate a set of X,Y data pairs,

you can it a s’craig\f\t line to them accordins to

the formula:

Y= A+BX.

You can compute the values A and B b\j using

the values in the statistical registers and. these

formulae:

2XY-2X3Y _2Y-B2XB= ?\_E-X" 5X) and A =
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Notice that page 42 of the Standard Applications

Book shows the re)a’c'xonship between A, B, X, and

Y for computing the equations of 4 different

tHPes of curves.

TN TACISTO KvowAVTELL.
There are some functions in co.ta\log 3 that

seem clever enough, but theg seem to lack

Prac’cica) uses... not sol

It's just that these uses may not appear

obvious to the casual observer. So, as a pub)z'c

service, we thought we'd point them ou.t—alons

with a few other handy tidbits.

To wit:

. If you want to write a program with several

different sections, where these sections may

be used in any order, chances are Sood that

you will find it convenient to use local-label

key assignments.

Stu.cig, for exo.mp}e, the Financial Calculations
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program on page 33 of the Standard App)ications

Handbook.

See also: pages 33 and. 34 of the “Guide

for the Experienced User.”

2. Notice the section on paqe 8 of the “Guide

for the Experienced User;” called “Single Key

 

Parameter Spec'nc ication.’

All this means is that anytime you are keging

in a function that demands a numerical argument

from | to 10 (inclusive), you can enter that

argument with a sinsle key.

This is not a big deal. But, it is convenient

because 3ou.’ Il scon find that you are constantlg

using registers | to0 10, ‘;)ags | to 10, LBL's | to

10, and even S1ZE’s Srom | to Q.

3.“I need to §ind the seventh root of a number,

but there's only a square-root key! What should

Ido?’

LJell, the first thing to do in any such

emergency s to remain calm.
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Now, it happens that when you take the nth

root. of a number, what Hou.’re rea115 o(oing =

raising that number to the *h pouser.

T= (1)
To compute this:

   

      || ENTER] 7 &) (Fd F) —— 1. 4]    

So, the seventh root of |l is just 1 raised, to

the % powser.

Remember that [ kes!

4, LN; LOG

Just what are logari’chms?

 

   

 

Simply put, the logarithm of a number; N, is

the pouser to which you must raise another

number (called the base,B) to arrive at N itself:

I you say “Lis the 'og in base B of the number

N,” you are reang saflinsz

B=N
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The LN function uses the base B=2.718281823,

which s the first |0 digits of a number thot some

people call “e.

The LOG function uses the base B=10.

Notice the shifted functions on the LN and.

LOG )(335 are €] and lio* ; respec’civelg. These

 

   

 

 

 

        
 

functions are the aniilogarithme that

correspond. to the logarithms on the unshifted

keye.

5.MOD

lhat's this 3ooci Cor ?

 

Llell, Suppose you are trying to gisur'e out

what time of dmj Your astronaut friend. will

will re-enter the earths atmosphere if he/she

reached orbit at 140@ hours, to beg'm a ©5-

hour orbit.

First, you odd: |4 ENTER] 65 [ —— 79.

So, re-entry will occur at 7900 hours after

midni3\'& of the launch date.
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But, what time of da\j s that?

Use the MOD function and the foct that

there's 24 hours in a olo.g to determine the

time of re-en)crud:

24 [XEa) (APHA] MOD [ALPHA] —~— 7
  

        

Your friend will re-enter the o.’cmosphere at

700 hours (7 am.).

So, MOD is hcmdg for Finding the remainder

of divisions. lt's qreat for problems ir\volvins

reaular cgclic intervals of time or position.

Take note of how it works with negative

numbers...!
 

6. FRC; INT

Lhat 3ood are these?

Well, as an example, suppose you have more

numbers to store than you have registers to put

them in.

If you know hous many digits these numbers will

have, then you can solve the storase Prob]em b5
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combining two numbers as ore.

For example, you could combine the numbers

32 and b 53 using 32.006, or combine the

numbers | and 17 to get LIT.

Here ) the in’ce,ser portion of the number uould

represent the first of the pair, and the fractional

Por’cion would represent the second..

_r0 retrieve the original pair O§ numberS ‘FT‘Om

the “hgbrid” number, you would use:

FRC and INT.

Can you see how ?

U.sing INT on 32.006 produceg 32..00.

Using FRC on 32.06 produces @.06.

Then multip)ging bg 100 gives 0. 00.

AHY /
(Remember our FT and FIS routines, too-

page 209).
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1. Remember!

You'll never get the HP-4l to tell you

numerically that the sine of 7 radians is zero or

that (VZ)= 2.000000000.
This is because it can never work with

or with VZ or with ony other number with an

infinite number of digits (onlfl 10 digits, M%g).

The best it can do (which is Q#Ltfl o.deobuate.) is

SIN(3.141592654) = -4.100000000 x 1™ and
(1.414213562)*=1.999999999. This is accurate
ond consistent.

8. HMS; HR; HMS+; HMS-
These 4 functions are used for calculations

 

'mvolving Hours, Minutes, and Seconds , or decimal

HouRs (i.e., for time). But notice that ’cheg work

just as well with degrees , minutes, and seconds

(i.e., angles).
—

9. Flags: Certain flaSs are useful in uri’cing

nicely po)'tshe.d programs: —)
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FLAG 2|: Althoush thic is used mainlg to control

a printer, it can determine when the VIEW and

AVIEW functions halt program execution (and

when they don’t).

FLAGS 22 and 23: You can use these to

write programs where the user has a choice

whether to resloond to a Promp‘c with a data

input, or with just a [R/S], or with some other

command. (For an example, see the Financial

Calculations program in the Standard Applica’cions

book..)

FLAGS 24 and 25: Error-ignore flags are hand:d

In preventing unforeseen nputs from stopping

execution due to computation errors.

FLAG 27: This lets you twn on (or of¥) USER

mode in a running program.

FLAGS 28 and 29: With these §lags, you can get

European notation (CF 28), and remove the decimal

potnt and olisi’c sepora{ors if, Sor example) you want to

ARCL integers only.
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FOR FURTHER READING

After Sou’ve been pr'osro.mming the HP-4|

for a little while, you might want more tips

on deve)op{ng your programming skills.

We sugqest thot you contact:

Hewlett - Packard Users’ Library

1000 N.E. Circle Blvd.

Corvallis, OR 97330

U. S. A.

Ask about

. The Progro.mmer's Reference Guide

2. Back issues of a periodical called:

KQH Notes.

Both are “chock-fFull” of information.
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Do you have any comments, complain’cs, or

questions about this book ? UWrite to us!

Do you have any sugqestions for other books

(any subjec’c)? Write to us!

Do you have a manuscript that you want to

have published (ang subject)? Write to us!

WRITE TO US (RIGHT TO US)

LJe may not be able to respond to everybody,

but we always read our mail.

 

Grapevine Publications, Inc.

PO. Box 25724

Portland., Oregon Q7225   
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-EDITORIAL -

e hoPe. you liked. the clesign of this book.

We have used simple lanquage, cartoons,

and. an “un-compact” format, because this

ls still the easiest way for anyone to learn

from o book. There is no need to resort to

a lot of technical jargon to explain programming.

I§ you have any comments or have noted

any errors (although there’s no possible way

that use made ang), please write to us.

In the making of this book, wse cer)cainIH

warked, to help you learn about the HP-4I. It is

an excellent machine and you will appreciate

it even more as you learn more about it.

But begonci helping you learn, we wanted to

reassure you that computer programming is

not some cult of technobabble, explicable

only to child pr'ocliaies, sci-§i buffs,

enSineers, mathematicians, and persons
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surrounded bl,j mist and butterflies. angbodg

who can learn to read and. write can \earn about

Prosr‘amming.

Lle have watched, with Srowing concern, the

crescendo of media hgpe_ over “high tech” and

"persona) computers,“ and. it seems much too

easy for teachers, Parents , and. other mortals to

be led. to believe that ’chea or their children

will somehow be left behind if they don't join

the mad rush to “‘get into” computers, either

vocafionang or avoca’cionanH.

Compu’cers are indeed very useful tools, and

theg are becoming a common part of our lives.

But, this doesn’t mean that the world is rus)'t'mg

you by {ust because you don't own one. People

have quite enough worries for themselves and

their children without the addition of such an

artifictal burden of quilt.

And above all, when you Tind yourself in the

midst of some over-inflated, buzz-word egos,

~251-



mointain your confidence. It is no crime to

prefer Plain English, or to take more time in

learning to write a program. In fact, there is no

crime in being more interested in, say,

Sardenins tools than in compu%ing tools. €ach

tool has its place and purpose. And, with the

Help of good sense and patience, each will bear

fruit,

TedWadman

AoG

Lotoot Bloo~
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This incredibly friendly book will help you discover and understand
the power and sophistication within your HP-41 calculator. Its refresh-
ing, conversational style and unique, readable format take the intimi-

dation out of learning to program your calculator. The authors, both

former Hewlett-Packard support engineers, realize that a relaxed,
jargon-free approach is the best possible way to present a technical

subject. And if a dash of humor along with some clever cartoon illust-
rations are added, then learning to program your HP-41 becomes both
EASY and ENJOYABLE!

Packed with examples, review questions, explanations and fun quiz-

zes, this self-paced book lets you work along at your own rate, learning

all the ins and outs of programming. “AN EASY COURSE IN PROG-
RAMMING THE HP-41" is the easiest and fastest way to master your

calculator. Come along on this Easy Course, and you'll soon find
// yourself using your calculator like an expert!

This book applies to the HP-41C, the HP-41CV,
and the ultimate: the HP-41CX.

GRWEVINE. PuBLICATIONS, 1IN

92234T ISBN 0-931011-09-4 
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