





Chapter 17

Cryptography, or secret writing, has been in use for almost 4000 years.
Diplomats, military personnel, religious figures, and furtive lovers have
all used it to send private messages through public channels. And a lot
of people practice it just for fun.

The Secret Message Processor (SMP) program presented in this
chapter turns your C-64 into a full-function code machine. The pro-
gram converts English or any other language (plaintext) into apparent
gibberish (ciphertext) and vice versa. The text is entered from the
keyboard or read from a disk file, and the result is displayed on the
monitor, output to a printer, or saved in a disk file.

In a typical use of the SMP, you and a friend both have access to a
C-64 computer. The two of you agree on a key value prior to sending the
secret message. You run the SMP, input the key value, and type in the
plaintext. The program outputs ciphertext to a printer or disk file. You
send your friend the printout or disk.

When your friend receives the ciphertext, the process is repeated:
running the SMP, entering the key value, and typing in the ciphertext
or loading it from disk. Presto! The program restores the original
message.

Well, not quite presto: the program processes sample text at the rate
of 3.478 characters per second, or 0.2875 seconds per character. At this
rate, it takes 11.5 seconds to process (encipher or decipher) a line of 40
characters and over 21 minutes to process a 1000-word document.
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260 The C-64 Program Factory

The processing delay is acceptable for short messages, but is too slow
for longer documents. Fortunately, the program offers a disk-to-disk
option that allows you to ignore the program while it processes a long
prepared document. You can read the processed text later without any
delay for processing. This procedure is explained later.

—Secrets of the SMP

We'll start with a few definitions.

A cipher is a process that converts plaintext into ciphertext or vice
versa. The two general categories of ciphers are transposition and
substitution.

Transposition ciphers rearrange the letters of the plaintext accord-
ing to a definite set of rules. The resultant letter-frequency distribution
(the number of A’s, B’s, C’s, and so forth) remains the same, but the
sequence is changed.

Substitution ciphers replace each letter of the plaintext with another
letter by using a replacement table. The letter-frequency distribution is
different in the plaintext and ciphertext, but the sequence of letters is
the same —that is, the nth letter in the plaintext produces or corre-
sponds to the nth letter in the ciphertext.

Figure 17-1 shows examples of each type of cipher.

The cryptographic method employed by the SMP is a form of substi-
tution cipher.

The program has a list of 64 characters (the cipher list) that can be
processed. Any characters that aren’t in the list are left as is (not pro-
cessed). Cipherable characters are the apostrophe, the hyphen, the dig-
its 0 through 9, and all uppercase and lowercase letters.

The SMP also has a list of numbers known as a “key stream.” Each
cipherable character of the plaintext is paired with a number taken
from the key stream, as shown in the following example:

Message: me e t m e a t 7 p m
Key stream: 47 17 19 34 56 3 4 57 58 34 36

Given a character-number pair, the program derives the ciphertext
character.

The SMP can generate a very large number of different key
streams; to decipher a message, you use the same key stream that was
used to encipher it. The “key value” determines which key stream is
used.
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TRANSPOSITION: Write down the message one line at a time, five columns to a
line. Read off the ciphertext one column at a time.

T HE N

S W O R
D I S

R E E

Plaintext: THE NEW PASSWORD IS CRABTREE.
Ciphertext: TESDCRHWS REE WIAE POSB.NAR T.

SUBSTITUTION: Replace each letter with its third successor in the alphabet:

ABCDEFGHTIJKLMNOPQRSTUVWXYZ
DEFGHI JKLMNOPQRSTUVWXYZABZC

Plaintext: THE NEW PASSWORD IS CRABTREE.
Ciphertext:  WKH QHZ SDVVZRUG LV FUDEWUHH.

Figure 17-1. Examples of simple transposition and substitution ciphers

After pairing the plaintext characters with numbers from the key
stream, the program follows these steps:

1. Find the location of character ¢ within the 64-character cipher
list. By convention, the first position in the list is position 0, and
the last is 63. Therefore, the position of character ¢ is a number
from 0 to 63. Refer to this number as p(c), short for position of c.

2. Take the number % that is paired with character ¢, and calculate
n XOR p(c). (The XOR operator is explained next.) The result of
this calculation is a number ranging from 0 to 63. Call it p(d).

3. Locate the character within the cipher list at position p(d). Call
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that character d. It is the ciphertext character corresponding to

plaintext character c.

—The XOR Operator

The XOR is a binary logical operator. Given two numbers A and B,
XOR compares their binary representations one bit at a time to produce
a result C. The outcome of each bit-to-bit comparison determines the
on/off status of the corresponding bit in the result C.

The following table summarizes the rules for comparing bits from A

and B.
A XOR B C
0 0 0
0 1 1
1 0 1
1 1 0
For example:
Binary Decimal
(1A 10101110 174
B 01110111 119
C 11011001 217
2 A 11011001 217
B 01110111 119
C 10101110 174
3) A 11011001 217
B 10101110 174
C 01110111 119

As illustrated in these examples, XOR has a special property: if C=A
XOR B, then A=C XOR B and B=C XOR A. In other words, the same
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function that generates C can be used to regenerate either of the origi-
nal operands when the other operand is known. That’s why the SMP is
able to encipher or decipher a message using the same program logic.

For a specific example refer to the message shown in Table 17-1. The
position of M, the first letter of the message, in the cipher list is 24; in
short, p(“M”)=24. The key stream number assigned to M is 47. Calculat-
ing 24 XOR 47 produces the number 55. The character in the cipher list
at position 55 is “r.” By doing the same for each letter and number, you
encode the entire message.

The deciphering process is exactly the same. The ciphertext charac-
ters are paired with numbers from the original key stream, and the
preceding steps 1 through 3 are repeated.

Table 17-2 illustrates the calculations for deciphering the sample mes-
sage. Note that it is identical to Table 17-1, except that the data from
columns 1 and 2 are exchanged with the data from columns 4 and 5.

You can sum up the enciphering/deciphering process with two equa-
tions. Remember that p(character) refers to the position of character

Table 17-1. Steps for Enciphering the Message meet me at 7 pm

Cipher-list* Cipher-list
Input Position Key Stream Position p(d) Output

Character ¢ p(c) Value n = p(¢) XOR n Character d

m 24 47 55 R

e 16 17 1 —

e 16 19 3 L

t 31 34 61 X

m 24 56 32 u

e 16 3 19 h

a 12 4 ¥ 6

t 31 57 38 A

7 9 58 51 N

p 27 34 57 T

m 24 36 60 W
*Cipher list: “-01238456789abcdefghijklmnopqrstuvwxyz

ABCDEFGHIJKLMNOPQRSTUVWXYZ
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Table 17-2. Steps for Deciphering the Message R—LX uh 6A NTW

Cipher-list* Cipher-list
Input Position Key Stream Position p(d) Output

Character ¢ p(c) Value n = p(c) XOR n Character d

R 55 47 24 m

— 1 17 16 e

L 3 19 16 e

X 61 34 31 t

u 32 56 24 m

h 19 3 16 e

6 8 4 12 a

A 38 57 31 t

N 5l H8 9 7

T 57 34 27 P

w 60) 36 24 m
*Cipher list: “0123456789abcdefghijklmnopqrstuvwxyz

ABCDEFGHIJKLMNOPQRSTUVWXYZ

within the cipher list. Knowing p(character), you can find character, and
knowing character, you can find p(character).
To encipher c:

p(d) = p(c) XOR n
To decipher d:
p(c) = p(d) XOR n

—Source of the Key Stream

The sequence of numbers that comprises the key stream is the key to
enciphering or deciphering a message. Once a message has been enci-
phered, only the identical keystream can restore it to plaintext.

When this cryptographic method is used manually, both parties
(sender and receiver) keep a printed copy of the key stream. They may
even have a book of different key streams and a prior agreement about
which key stream to use on each given day.
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The key stream we’ll use is built right into the C-64. It’s more com-
monly known as the random number generator, or RND in BASIC.

The RND function returns an apparently random value greater than
or equal to 0 and less than 1. The value is not really random:; it is
determined by a “seed value” hidden in the C-64’s memory. Each time
the C-64 executes the RND function, the seed value changes, so that the
next time RND(1) is used, it generates a different value. After a very
large number of uses, RND(1) completes its sequence and starts over.

Our key stream must consist of numbers between 0 and 63. To scale
the result of RND(1) into the range 0-63, we multiply by 64 and take the
integer portion of the result.

We must also be able to generate a repeatable sequence of numbers.
To do this, we use the RND function with a negative argument greater
than —32768 and less than 0. This “primes” the RND function with a
particular seed value. For instance, using RND(—1) establishes 1 as the
seed. Subsequent uses of RND(1) will return the sequence 0.328780872,
0.978964086, 0.895758909, 0.161031701, . . . . Scaling to the present
range produces 21, 62, 57 10, . . . .

In summary, the C-64 has a built-in “book” of key streams. To select
a given key stream for enciphering, specify a negative number from
—32767 to 0. The same number must be used as the key to decipher a
given message.

—The Program

The program is presented in logical blocks. Type them in as you read
along. Before you begin typing, put your C-64 into lowercase mode by
pressing the SHIFT and COMMODORE keys together. This will allow you
to type in certain string constants correctly.

The first block sets up certain useful display and string constants.

1 Poke £57.128 rem dizable uc/lo zwitch
2 Print chr$cldr: rem lowercase disPlay
19 £1%=" " pem 1 sPace inside qAuotes
28 nuE=""". rem no sPaces inzide duotes
28 ceE$echrECl47 00 rem clear screen

48 etEF=chr$FC2er 0 rem end of text sigonal
98 elE=chr$.13) rem end of line s19nal
=3 Fr=4: rem Printer device number

£S5 tw=3 rem tv device number

B6 dis2: rem dats inPut channel no.

B8 do=3 prem data outbut channel no.
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Lines 1 and 2 lock the C-64 into lowercase mode.

ETS$ is the end-of-text character that m 1y be used to terminate key-
board or disk entries. It corresponds to { e keyboard character CON-
TROL Z. If your printer has a device num r different than 4, change
line 60 accordingly.

Storing the Cipher List
The next lines set up the cipher list:

T thE="-R122455759"

=78 thE= +b$+“abrdp+ah11k1mnuPQr stz

28 tbhE=thi+"ABCDEFGHIJELMMHOFORSTL WEYZ "

108 tl=lenctbE)

118 i+ tl=€4 then 159

128 print "character table doss ot contain”
128 print "64 characters., can’'t continue."
146 =top

158 for t=1 to t1-1

168 if midEitbE, L, 1odmicdsctbE, t+1. 10 then 125
178 pPrint "inwalid cipher list -- check zeduence, "
188 stop

185 next t

TB$§ contains the cipher list (the list of cipherable characters). It is
very important to type the table exactly as shown: 64 characters listed
in ascending order according to their C-64 keyboard codes. To type in
lines 70-70 correctly, you must have your computer in lowercase mode
(press the SHIFT and COMMODORE keys together until your display
shows lowercase letters).

Lines 110-130 ensure that the list does contain 64 characters; how-
ever, it is up to you to ensure that the correct characters are used and
that the sequence is correct.

Lines 110-185 check the cipher list for valid length and sequence.

Displaying the Menu

The next block prints a menu:

Frint cs$
Print "secret messade Processor
Frint

inPut "read text from: l-kesboard 2-disk "is
if 2421 and 2002 then 220
lcg=nu$: rem deactivate lowercase cPtion

ORI R RO
LI R = R0

aooe
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226 ucE=nu$: rem deactivate uFPercase obPtion
24@ inPut "oubPut tod 1-tw  Z-dizk  Z-printer Yo

238 1 il and d2 and d<33 then 248
The variable S indicates the input device (1=keyboard, 2=disk file);
D indicates the output device (1=CRT, 2=disk file, 3=printer).
Based on your specifications for S and D, the following block sets up
the necessary input/output channels:

268 1 z=1 then 290
278 inPut "vimw disk directory Cu ns? "iynE
272 if yng"y" then 252

274 9osub d“@@

228 fig=rus$

282 inPut "name the inPut file: ",fif

284 it fif=nu¥ then 190

285 oPen di,8.2,f1F+", 569, read”

298 o d 9oto 488,316,358

218 inPut "wiew disk directory (w0 Miung
212 if 9nd "y then 328

314 gosub 2900

228 fo$=nus

222 inPut "mame the outbut File: ";fof

324 if foF=nwE then 199

330 ofen do.8,3,"EG: "+foE+", zed, urite”
2658 9oto 419

280 ofFen do,Pr: rem ofev Printer channel
283 lcg=chr$(17): rem activate lowercase
387 ucEF=chr$.145): rem activate UFPercase
398 @onto 410

408 oken do,tv: rem oPen tw channel

The variables LC$ and UC$ are used to force the printer into lower-
case mode.

Inputting the Key Stream

The following block asks you to input the key and then selects the cor-
responding key stream:

418 k=0

412 inPut "enter the kew f6~'3
413 Print "secret messafe Proc
428 r=rad(-abz k4

ssinEsr s Mok
or At work., wait”

Line 412 prompts you to enter the key. When using the program,
enter any whole number or fraction from 0 to 32767. The program con-
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verts your entry into a negative value that can be used to reset the ran-
dom number seed.

To turn off the code processor, enter 0 as the key; the input text will
be output to the specified device (CRT, disk file, or printer) without any
changes. The no-processing option comes in handy when entering a
lengthy text, as explained at the end of this chapter.

Line 420 sets the random number seed according to your specification.

Initializing Counters and Buffers

The next block of lines initializes certain counters and buffers before
the text processing begins:

438 el=1

4468 cr=8

442 otd=nu$

The variable EL indicates the end-of-line status. EL=1 indicates that
a carriage return has just been read. Two consecutive carriage returns
are equivalent to an end-of-text character. CR counts the characters
remaining in the program’s input buffer; when CR=0, the program gets
another line of input from the keyboard or disk file. OT$ is the output
line; as each character is processed, the program adds it to OT$. When
a carriage return is read, the program outputs OT$ to the CRT, disk
file, or printer.

Inputting a Character

The logic for inputting from disk and keyboard is broken into two
blocks. Here’s the routine to input a character from a disk file:

444 if 3=1 then 450

445 cetédi.cs

448 if szt=0 then 660

458 it st<>E4 then Print "file error. canceling

the orPeraticon”

452 c¥=etf

454 goto €68

Line 444 causes the computer to skip to the next block in case input
is from the keyboard. Line 446 attempts to get a character, and line 448

determines whether the attempt was successful. If not, lines 450-454
terminate the processing of text.
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The following lines get a character from the keyboard:

468 cE=gt§

478 if crxd then 539

480 if el=1 then 556

490 ct=els

508 =1=1

518 soto 670

550 Print

068 Print "tyPe a quote, then a line of text"
578 Print "enter an emPtw lite to quit"
375 b$=nu$

528 inPut b%

588 bl=lentb$)

5180 cr=bl

628 if cr=0 then 740

£30 el=0

640 cH=mid$‘bF.bl-cr+1,1)

£330 cr=cr-|

The routine draws characters one at a time from a buffer B$. When
the buffer is empty (CR=0), the program prompts you to enter another
line. The program assumes an end-of-text condition upon reading two
consecutive carriage returns or a single end-of-text character (ETS$).

Processing the Character

Upon completion of lines 444-650, the variable C$ contains the charac-
ter just read. The following lines process the character:

E60 if k9=0 then 749

578 gosub 950

£80 a=ix

628 if a=B then 74/

798 a=a~-1

718 b=intirnd{l)#%t1)

720 c=Ca and not bl or ‘b and not ad
730 cE=mid$(tbE,.c+1,1

In line 660, the program checks to see if the code processor is turned
off (KY=0). If it is, the program skips the rest of the processing section
and goes to the output routine. Otherwise, the program continues with
the subroutine called in line 670, which searches for the character C$
inside the cipher list TB$.



270 The C-64 Program Factory

If A=0 in line 690, the C$ is not in TB$ so the program skips to the
output section. Otherwise, the variable A contains a number from 1 to
64. Subtracting 1 from A (line 700) brings it into the range 0-63. Now A
corresponds to p(c) in the preceding examples.

Line 710 gets the next number from the key stream (that is, the ran-
dom number generator) and stores it in B. The subroutine called in line
720 calculates A XOR B and stores the result in the variable C. The
variable C corresponds to d(c) in the preceding examples. Finally, line
730 replaces C$ with the corresponding character from the cipher list.

Adding to the Output Buffer

The following block of lines adds C$ to the output buffer and prints the
buffer in case C$ is a carriage return or an end-of-text character.

748 ot$=ot$+c#

750 if c$et$ and c$lleld then 444
788 Print#do, lc$.0t%,;

798 if c$ ettt then 442

800 pPrintédo,

218 close di

220 cloze do

In line 740, C$ is added to the current contents of the output buffer
OT$. Line 750 causes the program to loop back for another character
unless it is a terminating character (carriage return or end-of-text).

In case of a terminating character, line 780 prints the current buffer
contents on the specified output device. If the character is a carriage
return, line 820 jumps back for another character from the input
device. If the character was an end-of-text marker, lines 800-820 close
the input and output devices.

Displaying the Continuation Menu
The following lines print a continuation menu:

230 print "Procezsing complehbe"

260 inPut "{crontinue or <qu0it? ",ca%
278 if ca%="c" then 190

580 if ca%$<>"19" then 26@

290 poke 657,08 rem enable uc/lc switch
295 end
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If you select the continue option, the program resumes at the main
menu, allowing you to specify new input and output devices and a new
key.

Searching the Cipher List

Here’s the subroutine to search for a character within the cipher list:

358 11=8

260 ul=t1+1

278 ix=intlCul-11/20+11
2980 tc$=midEtbE, iz, 10
2990 if tcf=c$ then 1649
1688 if tc$ict then ll=ix
1918 if tc$>ct then ul=ix
1828 if 11<ul-1 then 979
1928 ix=0

1948 return

Simple sequential search logic has been used in other programs in
this book (see the Guess My Word program). However, because of the
length of the search list, the sequential search technique is too slow.
Instead, a “binary search” technique is used. A binary search divides
the list into successively smaller intervals until the desired data is found
or the interval is null (no data between the interval’s lower and upper
limits).

The lower limit of the interval is set to 0, and the upper limit set to 1
more than the length of the cipher list TB$ (lines 950 and 960). IX is an
index pointing to the current search location. It is always set equal to a
midpoint between the lower and upper limits (line 970). Line 980 exam-
ines the TC$, the character at position IX in TB$. If it matches C$, the
search ends, and the subroutine returns to the main program with IX
containing the location of character C$ inside the cipher list.

If TC$ does not match C$, the program resets either the lower or the
upper limit, depending on whether TC$ precedes or follows C$. The
midpoint IX is recalculated for this new interval, and the checking pro-
cess is repeated.

The cycle continues until the program finds a matching character or
until the interval defined by LL,UT. contains no character positions
(UL—LL=1). In the latter case, the search fails, so IX is set to 0, indicat-
ing that C$ is not found in TBS.

This searching method is three to four times faster than a sequential
search for a list of this size. However, it will only work if the characters
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in TB$ are given in ascending order of ASCII codes. That is why lines
70-90 must be entered exactly as shown.

Reading the Disk Directory

These lines read the disk directory without erasing the resident pro-
gram (unlike the ordinary LOAD “$”,8 command):

2989 print "loading directory..."

2919 opren 1.2,4,"%,2e9,read"

2920 iw=0

2930 if =t<>B then 2840

2940 cet#l, %

2958 i¥ lenta%)=0 then 2320

2960 if 3%>chr#(31) and 3%Ichr(l2z) then 3010
2970 if iw=B8 then 2939

2980 iw=H

29598 print
5089 3o0to 2938
P18 if iw=H0 %
SE1E 1w=l

w028 Print 3%,
2027 wl=wl+l
w824 if wldl? then 2820
20826 Print

2028 wl=a

3030 goto 29326

2048 close 1

2858 Print

2868 return

hen wl=1

When you run the program, expect a delay while the computer
searches for file names among all the other directory information.

—Using the Program

Figure 17-2 shows a sample run of the program, illustrating the
keyboard-to-TV option for enciphering and the keyboard-to-TV option
for deciphering. The sample run shows what happens when an incorrect
key is used to decipher a message.

—Tips for Processing Lengthy Texts

As mentioned previously, if you are enciphering or deciphering a
lengthy text, you may not want to sit at the keyboard waiting for the
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computer to process one line at a time. Using the disk-to-disk option
(input from one disk file, output to another) can free you to do other
things while the computer processes the entire text.

Suppose you want to send a lengthy document to a friend. Run the
SMP, specifying the keyboard as the input device and a disk file
PLAINTEXT as the output device. Enter a key of 0 (no processing).
Type in the text, which will be stored on disk without the delay of
processing.

When you've stored the text on disk, set the computer to input from
the disk file PLAINTEXT and output to another disk file CIPHER-
TEXT. Enter a nonzero key. The computer will process the text and
save the results in the output file CIPHERTEXT; you won’t have to be
around during this possibly lengthy process.

Then send just the CIPHERTEXT file to your friend. The recipient
sets the program to input from CIPHERTEXT and output to a new file

shickE D MESSAGE PROCESS0R

READ TEXT FROM: 1-KEYBORRD 2-DISK 1
DUTFUT TO: 1-TY 2-DISK 3~PRIMTER 1
EMTERE THE KEY (B=H0 PROCESSIMG): 3208%0
ZECEET MESSAGE PROCESSOR AT WORK. WAIT

THPE A QUOTE, THEW A LIME OF TEXT
ENTEFR AM EMPTY LIME T0O QUIT

The Tew Pasaword is

30 ZAzZ TwaClnSm e

tyPe 2 quote, then a line of text
gnter an emPty line to quit
SraFetruit

Lz2353JoAm

tubPe a quote, then 3 line of text
gnter an empty line to Auit

Procezsing comp lete
wooonbinne or {420it7

Figure 17-2. Sample run of the Secret Message Processor



274 The C-64 Program Factory

sECret. message FroCessor

resd text from: l-kesboard 2-disk 1
outPut to! 1-ty 2-disk  3-pPrinter 1
gnter the kew (B=no Processing): 32058
secret message Processor at work. wait

tybe 3 duote, then a line of text

avoembty Line to Auit
O] gl s m e
The new FPazsuord 15

tydPe 3 Juote, then a ling of texb
artar a0 emPhts line to duit

Lz 3¢ 5.TaMHm

Irabeftruil

tdPe 3 quote. then 3 line of text
anter an emPty line to quit

Frocesz2ing comp lets
Tesontinue or CA201R7T ©

SECRET MESSAGE FROCESSOR

FEAD TEXT FROM: 1-KEYEOARRED 2-DISK 1
CUTERUT TO: 1-TW  2-DISK  3~PRIMTER 1
EMTEFR THE KEY v@=H0 PROCESSIMG): 114
ZECRET MESSAGE PROCESSOR AT MWOREK. WAIT

TYFE A QUOTE. THEM A LIME OF TEXT
EHTER A EMRTY LIME TO GQUIT

sl Ee CwaCUnSm g

dat 1L w2M?DV-C a9

tyPe 3 quote, then a line of Lext
erter an emfPty line to quit
LzaaeSToMm

IREF P | o8 o T=T]

Figure 17-2. Sample run of the Secret Message Processor (continued)
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tyPe 3 quote, then 3 line of text
enter an emPty line to quit

Procezsing complete
worontinue or C920it7 4

reads.

Figure 17-2. Sample run of the Message Processor (continued)

called PLAINTEXT and then enters the correct key. When the process-
ing is complete, your friend then sets the computer to read from
PLAINTEXT and output to the CRT or printer and now enters a key of
0. The plaintext is displayed or printed without the delay of processing.

—How Secure Is the Ciphertext?

Cryptanalysts (codebreakers) often study the frequency distribution of
characters within the ciphertext to help them break the cipher. This
technique is of little use with ciphertext from the SMP because the dis-
tribution of letters in its ciphertext is almost uniform. (See Table 17-3.)

The very fact of uniform frequency distribution might lead a crypt-
analyst to suspect the use of a key stream substitution cipher. However,
breaking such a cipher is difficult and time-consuming.

Table 17-3. Frequency Distribution of Characters in the Ciphertext

Plaintext Key Ciphertext
AAAAAAAAA 32050 0K059vXco
111111111 12345 BluvebC2k

Joe Joe Joe 41200 B—f gw0 1KG
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If a cryptanalyst can obtain a large sample of ciphertext, he may
eventually break the code. The cryptanalyst starts by assuming that
certain words occur in the text (“the,” for example) and then applies
various mathematical operations to the ciphertext, trying to obtain
“the.” Once he has recovered a single word of plaintext, he may be able
to infer the nature of the key stream might be inferred, since it is not
truly random, only pseudo-random. (If it were a truly random key-
stream, the cipher would be virtually unbreakable without prior knowl-
edge of the key stream.)

The only way for a person who is not a cryptanalyst to break the
code is by trial and error, assuming the person has a copy of the SMP
program. This time-consuming method requires the would-be code-
breaker systematically to try different keys and see the results on the
ciphertext.

In summary, the SMP produces ciphertext that is secure against
attack by nonexperts. However, don’t expect it to fool the National
Security Administration!

This chapter has been adapted from “Secret Messages” by George Stewart, appearing in
the April 1983 issue of Popular Computing magazine. Copyright <1983 BYTE Publica-
tions, Inc. Used with the permission of BYTE Publications, Inc.
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~ Blazing Telephones —

Harry was plain old 273-2255 until he found out about ape-call. Sue
suffered along with 468-5477 until she discovered hot-lips. And Frank
never really appreciated his 683-4323 until he noticed mud-head.

How about your telephone number? Would you like to add a little
“ring” to it? The Blazing Telephones program will help you find out
what words (if any) are hidden in those seven digits.

The technique of replacing digits with letters is often used by busi-
nesses. A barbecue stand, for example, may ask the local telephone
company for the number 737-3744 (pure pig) or 255-2333 (all beef),
depending on its culinary persuasion. Although telephone companies
are not obligated to honor such requests, most of them will try to do so if
it is possible.

The situation facing the private individual is less encouraging. The
telephone company cannot comply with all personal requests for a spe-
cific number. Furthermore, you probably already have a telephone
number that is widely known by friends and associates.

But serendipity is on your side. By conducting an exhaustive search
through all 2187 possible letter combinations, chances are good that
you'll find a viable alternative to the plain numeric sequence. But
exhaustive searches tend to be exhausting. That’s where Blazing Tele-
phones comes in.
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278 The C-64 Program Factory

—The Method

Any person who uses a phone will recognize the two objects portrayed
in Figure 18-1. They are reproduced here to emphasize the correspon-
dence between the digits 0-9 and the letters A-P and R-Y (the letters Q
and Z are omitted on the dials).

For each digit in your phone number, three different letter replace-
ments are possible. The numbers 0 and 1 are exceptions; the telephone
dial offers no replacements for them. Thus, for a seven-digit number,
the total number of distinct letter combinations is 3’ or 2187, and fewer
if the number includes 1’s or 0’s.

This combinatorial problem is solved by a simple exercise in count-
ing. The trick is to count in base 3. All base 3 numbers are composed of
three distinet symbols: 0, 1, and 2. For example, the decimal or base 10
number 19 is represented in base 3 as 201 (2 X F+0ox3+1x3).

For seven-digit telephone numbers, the program counts from 0 to
2186 in base 3. (If your telephone number contains more or fewer than
seven digits, the program automatically adjusts the base 3 counter to
match the number of possibilities for that number.) Each base 3
number acts as a mask or key for generating the 2187 possible alpha-
betic sequences.

Consider the phone number 352-5562. The first digit is a 3. Accord-
ing to the telephone dial layout, 3 corresponds to the letter triplet
D,E,F.

Which letter is chosen? Here’s where the key comes in. Each digit of
the key is either 0, 1, or 2. In the case of a 0, the first letter in the triplet
is used; in the case of a 1, the second letter; and in the case of a 2, the
third letter is used.

The first base 3 number generated is 0000000 (seven digits are
required since the phone number contains seven digits). The first digit
in the key is 0, so D is taken, which is the “Oth” letter in the triplet
D,E,F. The second digit in the phone number is a 5, which corresponds
to the triplet J,K,L. The key has a 0 in the second position, so the Oth
letter, J, is selected.

The following table shows letter replacements for the phone number
852-5562 using the three keys 0000000, 0000001, and 0002100:

Phone number: 3525562
Key: 00000O00O0
Letter sequence: DJAJJMA
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ABC DEF

GHI JKL MNO

4 5 6
PRS| |TUV| |WXY
7 8 9
OPER
* 0 #
\. J

Figure 18-1. Pushbutton and rotary dial telephone faces
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Phone number: 3525562
Key: 0000001
Letter sequence: DJAJJMB
Phone number: 3525562
Key: 0002100
Letter sequence: DJALKOA

In a similar manner, all 2187 keys can be used to generate a total of
2187 distinct names for this one phone number!

To be sure you understand the method, compute the resultant letter
sequence for the phone number 266-7883 and the key 2020101.

—The Program
The first block sets up the program’s constants:

CodsCHREC L1470 REM CLEAR SCREEM
FuE=CHR$(13): REM REYERSE FRIMTIMG
MR$=CHRE( 1465 0 REM MORMAL FRIMTIHG
S1%=" ": REM 1 SPACE IHMSIDE QUOTES
HiJg="": REM MO SPACEZ IMSIDE GQUOTESD
FR=4: REM PRIMTER DEVICE HUMBER

10 MD=1%5

Z8 DIM KoMDos

30 F£="9R3111ABCDEFGHI JKLMHOPRETL/LIAY "
5 MG=2

Oy Ul L3 PO —

PR is the printer device number. If your printer has a different
number, change line 6 accordingly.

MD in line 10 is the maximum number of digits allowed in a phone
number, not including 1’s and 0’s, which are not changed by the pro-
gram. Line 20 creates an array to store the current base 3 number.
Each element in the array K( ) corresponds to a base 3 digit. K(1) con-
tains the least significant digit, and K(MD) stores the most significant
digit.

The variable P$ in line 30 stores the letter triplets. Since there are
no letter replacements for the numbers 0 and 1, the triplets 000 and 111
are used for these numbers respectively. When entering this line, be
sure you leave out the letters Q and Z, which do not appear on the tele-
phone dial. Line 50 determines how many spaces are used between each
column when the names are printed.
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Displaying the Menu

The next block prints a menu of options and gets your selection:

= FPREINT CS$,

8 FRIMT

=8 FEIMT RY%,: REM REVERSE

8 FRIMT SPCCC48~173/25; "BLAZING TELEFHOMES"

166
116
121
136
148
1518
168
173
1=@

FPRIMT MR#,: REM REVERSE OFF
FRIMT

FEIMT "1-COMYERT MAME T3 MUMBER"
FRINT "2-COMYERT MUMBER TO NAME"
FRINT "3-GUIT"

FREIMT

IMPUT "SELECT 1, 2, 0OR 37 ";CH
IF CHOXL AWD CHC>2 AMD CHSSZ T
OH CH GOTO 120,268, 1696

HEW 116

281

The menu offers two options: (1) convert a “phone name” or alpha-
betic sequence into a telephone number, or (2) generate all possible
alphabetic sequences for a given telephone number. The first option is
useful if you are a businessperson looking for desirable phone numbers
to request from the telephone company. The second option is for those
who already have a number.

Converting a Name to a Phone Number

The following lines perform the name-to-number conversion:

[RETY]
201
285
210
228
238
248
2350
264
!
250
298
%]
=18
320
330
240
350

FRIMT

FHE=MHUE

IMPUT "EMTER NAME: ",PH%
IF PH#=HUE THEM 196
FOR CH=1 TO LEMC(FHE)
CH=MIDEPHE, CH. 1)
CB=1
1E=P3
De$=C%
GOSUE 11688

S=UF

IF PE8=8 THEN 22@
PD=IMT((PS~1)/3>
C$=CHR$(PD+48)
FRINT C$,
HEXT CM
FRIMT
GOTO 70



282 The C-64 Program Factory

PN$ stores the alphabetic sequence. The program examines each
character C$ of the sequence. The subroutine called in line 270 searches
for C$ inside the translation list P$. If the C$ is contained in P$, line
300 derives the corresponding telephone digit PD, and line 310 converts
that number to its corresponding ASCII character C$. Line 320 prints
the result.

After every character in the sequence has been examined, line 350
returns to the main menu.

Converting a Phone Number to a Name
The second option is more complicated. Here’s the first block:

SRE FREINT

78 PHE=HUE

375 IMPUT "EMTER PHOME MUMEER: ", PH$
288 IF PH$=HU$ THEH 268

396 FL=LENC(PHE

400 HD=@

418 FOR CH=1 TO PL

4268 CE=MIDE(PME, CH, 10

430 IF C$>="2" AMD C$I="3" THEM MD=NWD+1
440 MEXT CH

458 IF HMD>B THEM 480

46@ PRIMT "MO TRAWSLATABLE DIGITS FOUND."
470 GOTO 3e8

450 IF ND<=MD THEW 51@

49@ FRINT "TOO MAWY DIGITE. MAX IS5 “.MD
588 GOTO 360

PN$ stores the phone number. Lines 400-440 count the number of
translatable digits ND in PN$. (Translatable digits are numbers 2
through 9.) The program rejects PN§$ if it contains fewer than 1 or more
than MD translatable digits.

After confirming that phone number PN$ is acceptable for transla-
tion, the next block prompts you to specify the form for its voluminous
output. For a seven-digit number, the program is going to generate as
many as 2187 names. It is important to set up the output in a condensed
yet readable format.

518 FRINT "OUTFUT TO: 1-TV 2Z-FPRIMTER"
515 0D=1

320 IMPUT "SELECT 1 OR 27 ",0D

53 IF 0D<>1 AMD OD<>2 THEW 518
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968 TW=PL+MG

578 PRINT "MAXIMUM LIME WIDTH " IW;"-8827 ©

573 LW=40

586 IMPUT "RETURM=4B: " ;LU

£18 IF LWCIW OR LW>28 THEM 578

528 IL=INTCLW/TW)

£38 PRIMT "PRIMT HOW MAHY LIMEZ BEFORE PAUSIMG?"
£35 HP=0

&40 IMPUT "RETURM=HO PAUSED: ";HP

£60 IF MWFB THEM £3@

Lines 510-550 select the TV or printer. Lines 560-610 determine the
number of names printed on each line. IW equals PL (the length of each
name) plus MG (the number of spaces between names). Lines 570 and
580 prompt you to enter LW (the line width), which must be wide
enough for a single name and at most 80 characters. When running the
program with a printer for output, specify the widest line your printer
can handle.

Lines 630-660 give you the option of having a pause after a specified
number of lines are printed. If you are outputting to the C-64 display,
specify a pause after each 24 lines.

Printing a Title
The following lines print a title on the display or printer:

ErB 1T=1

£30 LH=1

£9@ 1F OD=z2 THEWM OPEM 1,FR: CHMD 1

788 FRINT IMTC3MD+.50;" DISTIMCT MWAMES FOR ", FH$
718 PRIMT

728 FOR TD=1 TO HD

730 KITD)=8

748 MEXAT TD

Lines 670 and 680 initialize the items-per-line counter and lines-per-
page counter.

Line 690 begins routing output to the selected device, and line 700
prints the title. The expression 8"ND calculates the number of distinct
names; ND is not the total number of digits, but the total number of
translatable digits.

Lines 720-740 set all the base three digits to 0, the first key value
used in converting the number to a name.
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Generating a Name

The next lines produce a single name by applying the key value in K()
to the number in PN§:

a9l D=1

7EB FOR CH=1 TO PL

778 CE=MIDECFME, CH. 10

780 IF CgCM2" OR CE2"3" THEM 228
758 FD=YAL(C%)

2H0 CE=MIDE(PE, PD#Z+1+K (D0, 10
sla D=D+1

228 FEIMT C#;

220 HERT CH

D is a pointer indicating which base 3 digit to use for the next digit
in PN$. The loop from 760-830 examines each character of PN§, load-
ing it into the variable C$. Line 780 determines whether C$ is a trans-
latable digit. If C$ is translatable, lines 790 and 800 perform the
translation on C$. Line 790 increments D —in effect pointing to the
next digit of the base 3 key. If C$ is not translatable, it is printed “as is,”
and the pointer D is left unchanged.

The program continues this process until all the characters of PN§
have been processed.

Making Line and Page Breaks

Upon completion of the preceding block, the computer has printed a
single name. The next block checks to see whether it’s time to start a
new line or to pause between “pages.”

SaE IF IT>=IL THEHM 228

258 IT=IT+1

FRIMT SPCOMG)H .,

GOTO 978

IT=1

FRINT

IF HMP>8 AMD LH>=HP THEM 234
918 LM=LH+1

G268 GOTO 578

938 LH=1

2948 IF 0D=2 THEHM FRIMTH#1,

253 IMFUT "PRESS RETURM TO COMTIMUE ", EME
960 IF 0D=2 THEM CMD 1

(3]

QWO N

D 00 0

(3}

Fa Y B wUERN ]

it

Lines 840-870 insert a carriage return after IL names have been
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printed. Lines 880-960 insert a pause in the output after the specified
number of lines NP.

At this point, the program has completed the process of converting a
name, printing it, and adjusting the format.

Generating the Next Key
Now the program is ready to generate the next base 3 key:

FVE DP=1

598 K DR =k CDR 4]

1888 IF ECDPI<=2 THEH 75@

1828 K DF =0

1338 IF DP=HD THEH 1856

1848 DP=DF+1

1838 GOTO 294

First a general description of what’s going on: each successive base
3 key is generated by adding 1 to the current value. To do this, the
program mimics the manual method of adding 1. As you read the fol-

lowing steps, keep in mind that the program is using base 3 arithmetic,
which allows only the digits 0, 1, and 2.

1. Set the current digit pointer to the least significant digit. In this
program, that’s defined as the leftmost digit (ordinarily the
rightmost digit is the least significant).

2. Add 1 to the digit indicated by the digit pointer.

3. If the result is less than 3, the process is complete. Otherwise, set
the digit to 0 and carry a 1 to the next step.

4. If the digit pointer is already at the most significant (that is, the
rightmost) digit, there is no place to put the carry: the largest
number possible for the number of digits available has already
been generated, so the process is complete.

5. Otherwise, move the digit pointer to the next digit on the right,
and go back to Step 2.

Figure 18-2 gives a few examples of the process.

Now back to the details of the program. In line 970, the digit pointer
DP is set to 1, the least significant digit. Line 990 adds 1 to the corres-
ponding base 3 digit. Line 1000 determines whether the result exceeds
2, necessitating a carry to the next digit position. If no carry results, the
newest key is ready, so the program jumps back to line 750 to generate
another name.
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N 0000000

+ 1 -

N+1 1000000
Carry 11
/7

N 2202222

+1
N +1 0012222

Carry 1
N 2110010
+ 1
N +1 0210010
Carry 1111111 No more digits
s f 1114 available = Done
N 2222222
—+ 1
N+ 1 0000000

Figure 18-2. Samples of base 3 counting as performed by the program

If there is a carry, line 1020 sets the current digit to 0. Line 1030
determines whether any more digits are available to store the carry. If
DP is less than ND, the program continues at line 1040, which incre-
ments the digit pointer and then continues with the addition process.

If DP equals ND, no more digits are available: that is, the last key in
the series has been generated, so the number-to-name generation is
complete. In that case, the following lines reroute the output to the dis-
play and jump back to the main menu:

LEsE PRIMT

1679 IF OD=2 THEM PRIMT#1, :

1828 GOTO 7@

Ending the Program

CLOZE 1

There’s one more line to the main program. It corresponds to option 3

(quit):
1698 EMWD

String Search Subroutine

The following subroutine probably looks familiar; it is used in numerous

programs throughout this book.
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L BLHAIHG TELEFHUNE”]

1-COMYERT MAME TO HUMEER
2=CONYERT MUMBER TO MAME
Z=GUIT

SEVECT 1. 02, 0OrR o371
EHTEF
7

52

EH MHME © EUZY BEE
25 33
C BLHAHG TELEPHUHE®S]

1-COMYVERT MAME TO HUMBER
2=COMYERT MUMBER TO MAME
s~LUIT

=ELECT 1. &, OR 37 1

EMTEFR NHME: MUMBER 1
586237 1

C BLHCTHG TELEPHUHE =

1-COMYERT MAME TO HUMBEF:
2=CONYERT MUMBER TO HAME
I=LUIT

SELECT 1, 2. OR 37

ENTEFR PHOME HUMEER: 424-£245
QUTPUT TO: 1-TY 2-FRINTER
SELECT 1 OR 27 1
MAZIMUM LIMNE WIDTH ¢ 18 -38:7
FETURH=48: 322
FEINT HOW MAMY LINES BEFORE PAUSIMG?
FETURH=MO PARUSE:: 4
2187  DISTIMCT WAMES FOR 424-6£2475

a3

GAG-MAGJ  HAG-MAGJ  IAG-MAGJ
GBG~MAGJ HBG~-MAGJ IBG-MAGJ
GCG-MAGT  HCG-MAGJ  ICG-MAGJ
GAH=-MAGJ  HAH-MAGJ  IAH-MAGJ
FRE=Z RETURM TO COMTIMUE
GBH~MAGJ HBH~MAGJ IBH-MAGJ
GCEREAK. IM 780

Figure 18-3. Sample run of Blazing Telephones
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BF =6

IF C@+LEMCQ2E~12LEMTRL1E) THEM RETURHM
IF MID$CQLE, 26, LEM(G2%) )=02% THEN 1156
Ge=1g+1

GOTO 1116

1159 QOF=0a

1160 RETURH

WY &
Qo™

el e S S S
[ N SNE ST SEN
o
&

On entry to the subroutine, QO is the starting position for the search,
Q18 is the string to be searched, and Q2$ is the string to search for. On
return from the subroutine, QF points to the starting position of Q2$ in
Q1$. QF=0 indicates the string is not found.

—Running the Program

Figure 18-3 shows a sample run of the program. To be sure you have
entered the program correctly, try to duplicate the results shown.

When using the number-to-name option, it is not necessary to process
the entire number at once. You may find it helpful to enter only a part
of the number at a time (for example, the initial three-digit extension of
your telephone number). This reduces the output list to just 27 names.
Once you have found a suitable name for part of the number, concen-
trate on the other portion.

If your number contains any 1’s or 0’s, it’s a good idea to enter only
the segments on either side of these digits. For example, given the
number 665-8415, you should enter the number as 66584, which pro-
duces only 243 distinct names. Among them you’ll find NOJUG, NOLUI
(“no Louie”), and OOLUH. Now combine the names with the last two
digits to get NOJUG-15, NOLUI-15, and OOLUH-15. All of these are
more memorable than the original number sequence.

Who knows what bright new name may be hiding inside your tele-
phone number?



Chapter 19
Y e ;0 °

A one-ounce bag of potato chips provides 150 calories, 2 grams of
protein, 14 grams of carbohydrates, and 10 grams of fat. Two peanut
butter cups give you 180 calories, 4 grams of protein, 17 grams of car-
bohydrates, and 11 grams of fat.

All this information (and quite a lot more) is printed on food pack-
ages for those who care to know. Almost all prepared foods include sim-
ilar information.

But how does Grandmother’s pineapple upside-down cake stack up?
How nutritious is your favorite quiche recipe? When it comes to fresh
foods or recipes that you prepare, analyzing your nutritional intake can
be complicated.

The Nutritional Advisor program gives you the essential information
—calories, carbohydrates, fats, and proteins —about the foods you pre-
pare. Used in conjunction with standard nutritional requirement tables,
the program will help you plan a balanced diet.

You may also find it interesting to do food cost/value studies. For
example, ounce for ounce, which is a cheaper source of protein: potato
chips or filet mignon? The program will help you make such
comparisons.

289



290 The C-64 Program Factory

—Program Operation

The program includes data about 48 foods commonly used as cooking
ingredients. You can easily expand the list to include unusual ingre-
dients that you use. For each food, the following need to be included:

Food name

Measurement unit
Calories

Protein (in grams)
Carbohydrates (in grams)
6. Fat (in grams)

U o

Items 3 through 6 are based on one measurement unit of the ingredient.
For instance, the sample entry

MILK, CUP, 165, §, 12, 10

indicates that one cup of milk contains 165 calories, 8 g of protein, 12 g
of carbohydrates, and 10 g of fat.

The program prompts you to list the ingredients of the recipe one at
a time. If the ingredient you give is contained in the program’s list, the
program will name the appropriate measurement unit and ask you to
specify the quantity used. For example, after you type “milk,” the pro-
gram will ask, “How many cups are used?”

If the ingredient you specify is not in the list, the program will tell
you so and give you three options:

1. See food list
2. Enter data for ingredient
3. Enter a new ingredient name

Option 1 lets you check the list to see exactly how many foods are
known. For example, if you specify flour as an ingredient, the program
will print, “No data available on flour.” Examine the food list and you'll
see entries for whole wheat flour and white flour. Select option 3 and
enter the appropriate ingredient —exactly as it is listed in the food list.

Option 2 lets you enter the correct information for an unlisted ingre-
dient. For instance, if your recipe includes anchovies, you can type in
the appropriate nutritional information taken from the package. How-
ever, information entered this way is not permanently stored in the list
for use the next time you run the program. To do that, you must add the
information for each data record in the program’s DATA lines, as ex-
plained later.
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After typing in all the ingredients, enter an empty line (press
RETURN in response to the prompt, “Ingredient?”). The program will
ask how many servings the recipe makes. Ordinarily, you should enter
the number of people the recipe is intended to serve; however, for some
recipes like those for breads or pies, you may want to know the nutri-
tional makeup of the full recipe. In that case, enter 1.

Finally, the program gives you a nutritional analysis of a typical
serving. Figure 19-1 shows a sample run of Nutritional Advisor.

—Program Listing

The first block prints a title and initializes the totals for calories (CA),
protein (PR), carbohydrates (CB), and fats (FA).

1 Cof=CHREC 1472 REM CLEAR SCREEH
£ REMERCHRECLE) D REM REVERSE FRIMTIMG
3 HEF=CHREC146% 0 REM MORMAL FRIMTIMG

4 Slg=" " REM 1 SPACE IHWSIDE CUOTES
SoHUE="" REM MO SPACES IMZIDE DUOTES
£ DTE=CHREE 240

18 PRIWT CE#

28 FRINT “"THE MUTRITIOMAL ADYISOR"
S8 FPREIMT

A FREINT "TYFE IM THE RECIFE"

28 FPRIMT "OME IMGREDIEMT AT A TIME"
=8 CH=6

78 PR=@

=8 CE=8

28 FA=E

QT#$ is a double quote character. CA, PR, CB, and FA are totals for
various food components.

Entering an Ingredient

The next block prompts you to enter an ingredient name and then
searches for that name in the food list:

186 PRIMT

118 FRIMT "TYPE AM EMPTY LIME FOR TOTHLS"

128 PRIMT "TYFE A SLASH oo TO SEE FOOD LIST®
128 IGE=mHU%

1A% IMPUT "HEST IMGREDIEMT ", IG#F

148 IF IGE=MUF THEM S&6

143 IF IG#E="" THEM 2328
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MHE HUTEITIOHMAL ADWISOR

TYFE IM THE RECIFE
OHE THGREDIEMT AT A TIME

TYFE AWM EMPTY LIME FOR TOTHLZ
TYFE A SLASH o/ TO SEE FOOD LIST
HEST THEREDIEMT FLOLIE
MO DATA AVAILABLE OM "FLOUR"
TWFE 1 TO SEE FOOD-LIST
& TO EMTER DATA FOR "FLOUR"
2 TO EMTER A HEW IMEGREDIEMT HAME.

TYFE AH EMPTY LIME FOR TOTHLS
TYPE A SLASH </ TO ZEE FOOD LI=T
HEST IMGREDIEMT WHITE FLOUR

HOW MAWY CUPCS ARE UZED 1,75

TYFE AWM EMPTY LIME FOR TOTALS
TYPE A SLASH </ TO SEE FOOD LIST
HEXT IHGREDIEMT EUTTERMILE
MO DATA AVAILABLE OW "BUTTERMILE"
TYPE 1 TO SEE FOOD-LIST
2 TO EMTER DATA FOR "BUTTERMILE"
T EMTER A HEW THGREDIEMT MAME.

1
MILE
WHIFFIMG CREAM
COTTAGE CHEESE
CHEDDAR CHEEZE
CREAM CHEESE
EGGE
EUTTEF:
MARGAR THE
WEGETAHELE DIL
ROUMD BEEF
CHICKEM
LAME
HAM
oD
FLOUMDER
CEAEMEAT
TIIMA
GREEM SHAF BEAMS

Figure 19-1. Sample run of Nutritional Advisor
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GREEM LIMA EERME

FED EIDMEY BEAMWS <CAHMMHEID
BROCCOLI

CABEAGE

CARROTS

CAULIFLOWER:

el RETRIRE T 0 COMT TRUE
CELERY

CORKH

MUCHREDOMS

AHTOMHS

GREEH PERS CCAMHED
FOTATOES

TOMATOES CCAMMED
=FIHACH

AFPLES

EFMAMA

BLUEEBERRIES CCAMMED
FEACHES CCAMMET
FIHEAFPLLE CCAMMHED
FHISIHE

CORM MEFAL

WMHITE FLOUE

WHOLE WHERT FLOLR
EROWH RICE

WMHITE RICE

HOODLES

CATMERAL

SLIGHER:

ALMOHDE

MELHUITS

MBS WE TURM T CORT THUE: ]
EHI

TYFE AM EMPTY LIME FOR TOTALS
TYFE A SLASH O/ TO SEE FOOD LIST
HEST THGREEDTEMT MILEK

MR PIRHY CURCEY ARE USED 1.5

TYFE AW EMFTY LIME FOR TOTALS

TYPE A SLASH o/ TO SEE FOOD LIST
HEST THGEEDIEMT BUTTER

HUW MAMY 1A4-LE STICK S ARE USED .53

Figure 19-1. Sample run of Nutritional Advisor (continued)
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TYFE AM EMFTY LIME FOR TOTALS
TYFE M SLASH OS2 TO SEE FOOD LIET
HEST THGREDIEMT EGGE

HOW MAMY ECGGCS) ARE USED 1

TYFE AW EMFTY LIME FOR TOTRAILLS

TYFE A SLASH oA TO SEE FOOD LIST

MEST THGREDIEMT

HOW MAMY SERMNIHGES DOES THE RECIFE MAKE &
EFACH SERWYIHNG COMTAIRHS

14,4 CHLORIES

Faom o GREAMS PREOTEIR

275 GEAMS CAREOWYDRATE

.50 GRAME FAT

03

TYFE 1 TO AMALYZE AHOTHER RECIFE
< T EMDL

Figure 19-1. Sample run of Nutritional Advisor (continued)

FESTORE

FEAL HME, &, ML HZ HE Ha
IF ME="EHD" THEH 2&8
IF HECHIGE THEM 1&6

Line 135 gets the ingredient name you type in and stores it in IG$.
Line 150 resets the DATA pointer so that the program starts searching
for the ingredient at the beginning of the food list.

Line 160 reads a complete food “record” consisting of a name N§,
measurement unit U$, calories N1, protein N2, carbohydrate N3, and
fat N4.

Line 170 checks whether the last record has been encountered. The
last data record must include END as the food name, and include
dummy values for all the other items (see line 1210).

Line 180 compares the food name just read with the value stored in
IG$. If they don’t match, the program reads the next record.

Y 5 5

X0 l:f'xLﬂ
'_:

1
1
17
1%

1_‘1 [

Finding a Matching Food

The following lines are executed after the program finds a matching
record in the food list:
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FEIMT “HOW MEHY "0 " 050 ARE USED"
=g

THFUT 1)

CH=CH+H1#1

FR=FR+H %

238 CE=CR+HI%0

2948 FH=FH+H3#

258 GOTO 16@

= OO O

oo & S0 D

LR RS

Pl o3 il o=

i

Line 190 requests the quantity needed. When you provide that
information (line 200), the program can compute the nutritional contri-
bution of the given ingredient (lines 210-240).

Finding an Unknown Food

The lines that follow are executed when the program cannot find your
ingredient in its food list.

FEIMT "HO DATA AYAILAELE OH " LT IGE, QTS
FEIMT "TYFE TO ZEE FOOD-LIsT

FRIMT " TO EMTER DATA FOR " oTH: 1G$: 0TS
FRINT " 2 TO EMTER M HEW IMGREDIEMT HAME, "
Sl

IHPUT 5

IF 5<21 AMD S<>2 AMD S35 THEH 273

[ GOTO 228,478, 186

i —

it

= L QD ) N
SR O 5SS D

[ERRTVEYER YRS LN (W AN 4}
4]

3

Lines 260-300 print the option list referred to previously and input
your selection. Line 320 jumps to the program block corresponding to
your selection.

Displaying the Food List
Here’s the block that displays the food list:

L=
REZTORE

FEAD HE. 1F, M1, H2 W3 b
FREIMT H$

IF ME="EMD" THEH 16
LC=LC+1

IF LCZ&d THEM 556

LC=@

FRIMT RWE:

THFUT "PRESS RETURM TO COMTIMUE: ";RT%
438 PRIMT MRE:

A GOTO 250

(]

el
[

CETER OO

R

D0 Ll 105 0 G

S~

Rt S SO P TN
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The variable LC counts the number of lines printed; after the
twenty-fourth line, the program inserts a pause so you can read a full
display before continuing.

Line 340 resets the data pointer to the start of the food list; line 350
reads a data record. Line 370 checks if it is the end-of-data record. If
not, line 380 increments the lines-printed counter, and lines 390-430
insert a pause after every twenty-fourth line.

Adding a New Food

The following lines provide option 2 (enter unlisted data):

478 PRIMT "ENTER MEASUREMEMT LUMIT FOR " IG%
423 g=""

425 IHFUT Us

499 FRIWNT "CALORIES FER ", U¥F

oEER H1=9

582 IMFUT M1

518 FREIMT "FEOTEIM <G.» FERE ".U%$

928 HZ=a

525 IMPUT Hz2

329 PRIMT "CARBOHYDREATE CG.> FER ";U%
S HE=E

545 IMFUT M2

558 PRIMT “FAT G.> PER “iU%

SE8 MHd=0
365 IMPUT H4
3ve GOTO 128

The variables used in lines 480, 500, 520, 540, and 560 correspond to
the variables used in the READ statements in lines 160 and 350. The
program simply fills each variable using your keyboard inputs rather
than reading them from the food list.

Line 570 causes the program to continue just as if the data had been
read in from the food list.

Displaying the Results

The final block of the main program requests the number of servings,
performs the final calculations, and prints the results.

388 PRIMT "HOW MAHY SERVIMGEZ DOES THE RECIFE MAKE",
559 IHFUT M5

eB@ IF MS<1 THEW 586

518 PRIMT "ERCH SERVIMG COMTARIMES

gl FRIMT IMTCCARAMS#®1@+,350/18," CALORIES"
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238 PRIMT IMTOPRAMS#1G+.50/18;" GRAMS FROTEIH"

48 PRINT IMTOCEAHS#18+,50/16." GRAMS
CAHREBOHYDRATE

238 PRINT IMT(FR/MS#18+.50/18:" GRAMS FAT"

£68 PRIMT

&78 PRIMT "TYPE 1 TO AMALYZE AMOTHER RECIFE"

E20 FRIMT 2 TO EMDL"

538 INFUT S

VB8 IF 5431 AMD 5422 THEM £78

7l O 5 GOTO 18,720

‘28 EMD

The Food List

That’s the end of the program logic, but the food list is still missing. The
food list occupies 48 DATA lines from 730 through 1200. You can add or
subtract items anywhere in this range. However, be sure that line 1210
remains the last record in the list. It is a special end-of-data record.

Here’s the food list. Type it in very carefully, and be sure not to
include any spaces that aren’t shown here. It is particularly important
not to include spaces after a food name. Otherwise, when you request a
food type, you will have to include that trailing space or the program
won'’t find it in the list.

738 DATA MILK, CUR. 165,58, 12,18

74@ DATA WHIPPIMG CREAM,CUF.360,4,5, 94

728 DATA COTTAGE CHEESE, CUP, 248, 20,6, 11

/ol DATH CHEDDAR CHEESE, 1-IMCH CUBE. 7@, 4,8,6
77y DATA CREAM FHEE'E,Uh,le-&,I 11

788 DATA EGGS,EGG, VS.6.8,6

7593 DATA BUTTER, 1.4~ LB STICE ., 208, 8,
=88 DATH MARGARIME, 1/4-LE STICK, 296,
@18 DATA YEGETAEBLE OIL. THELEJPHUJ 1;
: DATA GROUMD EEEF.LE,1367.112.8.9
DHTH BHICKEHJLB;1326;114.U.41
DATA LAME.LE, 1675, 187.68,75

DATH HHM,LB/154?385,B;11?

DHTF" DD LBlfl? 1-..0}'5 tf.f

DATA FLOWUMDER,LE, 314, 13?;3.5
DATA CRABMEAT.LE. 4*MJro,J 11
DHATH TUMA.LE, 2@7.,123,0,:

DHTH GREEH SHAF BEHHJ,!UF,°" sEL

DATH GREEM LIMA BEAMZ, CUF, 14Bv3;_4;w

IATH FED KIDHEY BEAMS 'IHHHED,JCUF,SEM 15,42.48
DATH BROCCOLI,CUF.45.5.2.8

IATH CABBAGE. CUF. 40,_,5.6

1"':

1?1:)1
1
+14

4
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IATH CARROTS,CUF,45,1.18.,68

DATA CAULIFLOWER, CUF,.Z8,3,6.6

IATH CELERY,CUP, 2@, 1.4,

OATA CORM,CUR,178,5,41.12

DATA MUCHROOMS, 1/72-CUF, 12.2,4.8

A DATA OHIOHS,CUF.88,2.15,48

DATA GREEHM PEAS (CHMMED),CUF.,&88,3.1
DATA POTATOES,MED.SIZE POTATO, 168.2, 2
DATAH TOMATOES (CAMMED), CUP, 568, 2.9, 6
DATH SPIMACH,CUF,26,3.3,4

DATH APPLES,CUR, 168B,02,26,8

DATA EBAMAHA,MED.SIZE BHHHHH,BJ 6,2:,9
A THTH BLUEBERRIES CCORMMED D, CLF. e
4 DATH FPEACHES CCAMHED», CUF, 286 ,H ”“4H

B ODATH FIMEAFFLE CCAMBEED  SLICE., 55,8, 26,8
DATA FATSIHS, CUR, 258, 2, 62,49

DATA CORM MEAL, CUF, 3686, 9, 74, 4

DATA WHITE FLOUR., CUP . @8, 12,08
DATH WHOLE WHEART FLOUR. CLF .
DATA BROMH RICE.CUR, 7 1t
OATH WHITE RICE,CUF, &
DATH HOODLES. CLUF, 28@,
DATA OATHEAL . CURP. 156, 5
DATH SUGAR, Lur,rfn iy 1

DATH ALMOMDS, 1520 ~
DATA WALHUTS, 1
DATHA EHD ", @8, 8.8
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—
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IR
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J el
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The food list is based on data from the U.S. Department of Agriculture. The data is
available in many encyclopedias and books. One handy compilation can be found in Let’s
Get Well, by Adelle Davis (New York: Harcourt Brace Jovanovich, Inc. 1965).



Chapter 20

“The Time Machine —

A calendar is a bit like a time machine. It helps you wander through the
past and future. In this chapter, we present the Time Machine pro-
gram, which produces calendars from March 1920 through November
2009.

In addition to performing mental time traveling for fun, the pro-
gram has practical benefits as a scheduling tool for the home or office.
Before printing a month’s calendar, you can insert information about
birthdays, appointments, social engagements, deadlines, holidays, and
other events. You can even save and retrieve calendar information to
and from disk, so you won't have to retype it every time you want
another printout.

— Anatomy of a Calendar

The Time Machine program arranges the calendar in the traditional
table of four to six rows by seven columns. The rows correspond to
weeks, and the columns to days of the week. The cell where each row
and column intersect may represent an actual date in the month, or it
may be empty. Figure 20-1 shows a sample personalized calendar from
the Time Machine.

299
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How much information is needed to produce an accurate monthly
calendar? Just two factors are involved: the number of days in the
month and the weekday on which the month begins.

Subheadings
Heading

- - S
| \ ZEPTEMBER 1384 1

«

| SUH MOM TUE WED THU FRI SAT |
| | | I ! i IFRANCIMNA |
| | | | | | ISWIMMING |
| | | | | i IPARRTY |
| | l | | | 12 FM |
| | | | | | | |
| I | | i | i 11
15:2@8 PM ILABOR 1SCHOOL | | | ITRIF |
IPOT LUCK DAY ISTARTS | | | 1T |
ISUPPER | 13:38 | | ! IMALL |
| | | | | i ! !
| | | I i i | |
| <1 k| 41 51 A 71 ol

MATL IBETHAMY  1SCHOOL

| |
| IMORTGAGE ISTHRTS IEOART |
| IFARYMENT  1SCHOOL I728 PM
| |
| I
| |

I ITODAY |
| | |
el 1@l 111 12 12 14 15
| I IHATHAMAEL | | | | |
I | =T I | I | |
| | ISOCCER | | I | I
| | IPRACTICE | I | | I
| | I I I | I |
| e 171 131 131 R 2114 2z
| I ISOCCER I IDIMHER | |
I | IADAMS I | IAT I |
I | IFIELD I I IBART’S | I
| I i i | | | |
| I | I I I I |
| 23 241 51 61 271 281 231
— —

ICLOSE I | | | i i |
|POOL | I I | I I I
IFOR | I I I i I I
IWIMTER | | | I I | |
I | I I i I | |
| 301 | | \ | | I

Note Lines Date Empty Cell (minimum

(minimum one Line Cell dimensions 4

per cell) columns by

5 rows

Figure 20-1. Sample personalized calendar
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Initial Calculations

Finding the number of days in a month is a trivial exercise, even for a
computer. February, of course, is a special case because its length
depends on whether the year is a leap year. Leap years are those that
are evenly divisible by 4, unless the year happens to be the first year of
a new century, such as 1900 or 2000. A year that begins a new century
is a leap year only if it is evenly divisible by 400. According to these
rules, 1984 is a leap year because it can be divided evenly by 4, and 2000
is a leap year because it can be divided by 400.

Finding the weekday on which a month begins is more difficult. One
method involves referring to three tables, each consisting of hundreds of
numbers and letter codes. A simpler method uses a known base date and
extrapolates forward from that date. For example, if we know that
March 1, 1920, occurred on a Monday, we can calculate the day of the
week for any subsequent date.

The Time Machine uses the latter method. Because of practical limi-
tations in the precision of numbers in Commodore BASIC, the calcula-
tions are limited to a span of approximately 89 years.

Data Structures

Two arrays store the key information about each monthly calendar. The
calendar array C(cell number) maps each day of the month onto its cor-
responding position among the 42 possible cells (6 weeks multiplied by 7
days per week equals 42). For instance, if the first of the month falls on
a Saturday, C(7)=1, since that Saturday is in column 7.

After the number 1 is assigned to one of the first seven cells in C(),
all of the other numbers from 2 through the last day of the month are
assigned in sequential order. For example, if C(7)=1, then C(8)=2,
C(9)=38, and so forth. What about all the unused cells before the first
and after the last day of the month? They are set to zero.

The array MSS$(date,note-line) stores the reminder notes that you
have assigned to certain days of the month. For instance, MS$(5,1)
stores line 1 of the notes for the fifth day of the month; MS$(5,2) stores
line 2 of the notes for the fifth of the month; and so forth. The notes are
printed in the corresponding cell of the monthly calendar.

Since the notes are stored separately from the calendar mapping, it
is possible to change months while retaining the notes. For example, you
may have certain monthly obligations that remain the same from month
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to month (rent due on the first, for example). The program lets you
recalculate C() for a different date while retaining the contents of

MS$(, ).

—The Program
The first block defines four useful numeric functions:

168 DEF FH M1Caa=4
28 DEF FH Mz =
28 DEF FRHOPE
48 DEF FH M7 R

All of the funections calculate X modulo N, which is the remainder of
the quotient:

N

Function M1 calculates X modulo 4; M2 calculates X modulo 100;
M3 calculates X modulo 400; and M7 calculates X modulo 7.

Storing Information About the Calendar

The next block of lines stores fundamental information about the 12
months and weeks of the year:

SE DIM MOFC120 MDOLED CWYECT D042

SEOFOR M=1 TO 12

TEOREAD MOECMD LMD

Sl HERT M

S8 FOR D=1 TO 7

1ga READ WYsCDD

118 HEXT D

128 DATA JAHUAREY . 31, FEERLAEY., LF-HHFIH A1 AFRETL . 2B
128 DATH HH?»SI;J“HE 28, JULY L 31, AUGUST 21

lié DHTH SEPTEMBER,BB,DETDBERJBIJHDVEMEEE)BBJ
DECEMEER, 51
15@ DATA S0 MOH, TUE WED, THUL.FRI SAT

MD#$( ) stores the names of the months; MD( ), the number of days in
each month; WY$( ), the abbreviated names of the days; and C( ), the
number assigned to each of 42 possible calendar cells.

When typing in the DATA lines, take care not to add spaces before
or after the commas since this will upset the calendar format.
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Storing Miscellaneous Constants

The program needs a few other constants as well.

152 S1$=" " REM 1 SFACE IMSIDE GUOTES
153 MU$="": REM MO SFACES IHSIDE OUOTES
154 QCE=51%50 Ol=40: GOSUE 2370 S5§=05%
166 D=5

176 DL=S

168 FR=4: REM FRIMTER DEYICE HUMEER

150 OT#=CHR$C 45 REM HUOTE

200 CT=0

218 YH=50

Z2E MU=THT COMM=10.7)

a8 =56

248 ML=IHT O L-50 60

250 WLE=CHR$C 125 REM YERTICHL LIME
260 HL$=CHRFC192) 0 REM HORIZOMTAL LIME
Z7H DIM MSFCI1,ML-10

DW and DL are preset values for cell width and cell length, respec-
tively. The program gives you an opportunity to change these (reformat
the calendar). PR is your printer’s device number. Change it in line 180
if necessary. QT$ is the character for a double quote. This character is
needed when storing data in a disk file.

VW is the maximum calendar width measured in actual characters;
from this, the program derives MW, the maximum width of a calendar
cell. VL is a maximum calendar length in lines, and ML is the derived
maximum length of a cell. Even though your C-64 display allows only
40 characters by 25 lines, you can design a larger calendar format for
output to a printer; VW=80 and VL=66 correspond to standard 80-
column, 66-line printer paper. CT is the display slot number.

VL$ and HL$ are the characters used for vertical and horizontal
lines, respectively. Finally, MS$(31,ML—1) is the array that stores the
daily reminder notes.

— Inputting the Month and Year

The following short block gets initial values for the calendar month and
calendar format:

2EE GO0sURE 450

298 GOEUE 1178

The subroutine called in line 280 asks you to enter the month and
year of the desired calendar and then fills in the array C() according to
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certain date calculations. The subroutine called in line 290 prompts you
to specify the output format of the calendar.

The Main Menu
The following lines print the main menu:

FEIHT

FEIMT "1-FREIMT MIMIATURE CALEMDAR"
FEINT "2~-FRIMT FULL-ZIZE CALEHDAR"
FEIMT "3-EDIT CALEMDARE HOTES"

FREINT "4-EEFORMAT FEOM DISE OR KEYBOARD"
FRIMT "5-CHAMGE CALEMDAR MOMTH"

FEIMT "e-ZAWE MOTES AMD FORMAT OH DISk
FEIMT "F-0uUIT"

FRIMT

IMFUT "SELECT 1-7: "JF

IF F«1 ORF F27 THEMW =66

IF F=7 THEM EHMID

OM F GOSUE &229, 1596, 2878, 1174, 458, 5936

W GOTO 289

The seven options available are: 1 - PRINT MINIATURE CALEN-
DAR, 2- PRINT FULL-SIZE CALENDAR, 3- EDIT CALENDAR
NOTES, 4 - REFORMAT FROM DISK OR KEYBOARD, 5 - CHANGE
CALENDAR MONTH, 6 - SAVE NOTES AND FORMAT ON DISK,
and 7 - QUIT.

Line 420 calls the subroutine corresponding to your selection. Upon
completion of the subroutine, line 430 jumps back to the start of the
main menu.

Change Calendar Month
Here’s the first part of the subroutine to change the calendar month:
458 PREIMT

468 FRIMT "IMFUT THE CAHLEMDAR MOMTH AS MONTH. YEAR. "
478 FRIMT "FOR EAAMFLE: 1.1584 FOR JAMUARY 19&4,"

4= FRIMT "WHLID MOMTHZ ARE 201926 T 11, 26@5"
438 FREIMT

o) FEINT "HOM TYFE IHM THE MOMTH AMD YEAR"

D18 THPUT MY

Dok IF YO19z8 OF YHRZEHR THEM 458

2z IF Y=1928 AHD M3 THEM 458

248 IF Y=20@3 AMD M:11 THEHW 456

258 IF Mol OR F>1E THEM 4356
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Lines 520-550 ensure that the month and year you enter are within

the acceptable ranges.
The next part of the subroutine initializes the calendar framework

C():

SRE HE=MOFMI+STRECY D

278 LH=LEMIHE)

228 FRINT

258 FRINT "COMSTRUCTIMG A CALEMDAR FOR"
R PRINT HE:" . . .

18 FOR CH=1 TO 42

eZ8 CrCHI=8

3@ MEAT CH

HS$ is the calendar heading (for instance, “January 1984”). Lines 610-
630 set every cell in the calendar to 0, indicating that no dates are
assigned yet.

At this point, the program needs to know how many days are
between the base date (March 1, 1920) and the first day of the month
you have selected. The next lines make that calculation:

Y1=Y-1528

IF M{=2 THEM £20

fM1=mM-3

GOTO Ve

M1=M+3

Y1=4%1-1

JD=IHT 1451 %Y1 40+ THT OO 1S3%MLI+20 /50

n
' T

=N O T Y T
o 0 5 O OS 0S O0

G A0 Q0 -

Lines 640-690 convert the actual month M and year Y into relative
values M1 and Y1 based on the starting point of March 1, 1920. Y1 is
vears elapsed, and M1 is months elapsed within the last year. For
instance, for calendar month May 1970, we get Y1=Y—1920=50 and
M1=M-—3=2, indicating a span of 50 years and two months.

Line 700 calculates the number of days represented by that span.
The expression INT(1461+xY1/4) gives the total number of days in Y1
years. The expression INT(153*M1+2)/5) gives the number of days in
M1 months. Adding these two expressions gives the total number of
days JD in the span from March 1, 1920, up to the first day of the
month for the specified calendar month.

(The calendar logic summarized here is presented in greater detail
in Dr. Dobbs Journal #80, June 1983, page 66, “Julian Dates for Micro-
computers,” by Gordon King.)

Given the number of days elapsed, the program can complete the
calendar calculations.



306 The C-64 Program Factory

718 WD=FH M7CTD+1 0

2B IF CFH Hl'” =@ AMD FH 20 2@ DR
FHM M3y =6 THEH 7560

vEB LF=#@

748 GOTO Yed

’58 LP=1

7EB LD=MDCM

v IF LF=1 AHWD M=z THEMW LI=23

28 FOR D=1 TO LD

25 CoD+WD =D

88 MEXT D

18 RETURN

Line 710 computes WD=JD+1 modulo 7, the weekday on which the
first of the month falls. The value returned ranges from 0 to 6. Zero
represents Sunday, 1 Monday, and so forth.

Lines 720-770 determine whether it is a leap year and then set the
last day of the month LD. Line 770 adjusts LD for February in a leap
year.

Lines 780-800 number the calendar cells with the appropriate day
numbers. Line 810 returns to the main program.

Print Miniature Calendar

The next block of lines prints a miniature calendar, as shown in the
sample run later in this chapter (Figure 20-2).
Here are the line that print the miniature calendar:

m28 GOSUE 2240

2380 PRIMT TRECCZB-LH)/2+10iHE
=48 FOR D=1 TO 7

2o PRINT LEFT#CWY$CD. 20 51%;
268 MEXT D

278 PRIMT

FOR D=1 TO LI+lD

IF CoDasz@ THEM 328

PEIHT J1$,!1$

GOTO 936

PPIHT PIGHT$(815+STR$£CQD?)JEJ5
PRIMNT S1%,;

IF FH M7cDs=8 THEH FRIMT
HEXT D

PRIMT

GOSUR 23236

FETURH

QRNTN S QO RO

0 D 0 W0 0 D A G0 D Q0 00
SR T SR R NS R AN
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The subroutine called in line 820 lets you select the output device
(display or printer). The loop from 840 to 860 prints the abbreviated
day-of-week headings.

The loop from 880 to 950 prints the dates in the appropriate column
locations for each week of the calendar. Line 940 starts a new row of
dates after every week is completed.

The subroutine called in line 970 resets the display as the output
device, and line 980 returns to the main program.

Save Calendar to Disk

The next block saves the calendar notes and format in a disk file:

398 FRIMT

1969 YHE="H"

1818 IHMPUT "WIEW DISKE DIRECTORY o%/HT "iYHE
1828 IF 'YHE="4%" THEM GOSUE 2566

18326 FO%=HU%

1949 IMFUT "MAME OF OUTPUT FILE ",FO#
1858 IF FO$<>HU%E THEH 1870

1869 FPRIMT "DATH HOT STORED"

1865 RETURH

1878 OFEM 2,3,3, "3 "+FO%+", SEC, LRITE"
1872 IF ST=0 THEM 1826

174 PRIMT "DISK ERROF. DATAH HOT STORED"
1076 RETURH

1920 PRIMTH#2, CW

168568 PRIMNTH#2, CL

1188 FOR CH=1 TO 31

1119 FOR L=1 TO CL-1

1128 FREIMTH#Z, GTE MZECCH. L) 0TS

1128 ME-ST L.CH

1148 CLOSE 2

1158 FRIMT "DATA STORED I ", FOF
11ed RETLEN

Line 1040 prompts you to enter a file name. Line 1070 creates the
output file, erasing any existing file by that name. If a disk-related
error occurs, the program will inform you and return to the menu.
After evaluating the source of the error, rerun the program and try
again.

Lines 1080 and 1090 print the cell width and cell length, and the loop
from 1100 to 1130 prints the entire contents of the notation array
MS$(, ). Every line of text is printed inside quotes so that the program
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will be able to retrieve the lines correctly, even if they contain commas

or colons.

Reformat Calendar

Here is the subroutine that lets you reformat a calendar by loading one
from disk or by typing in new specifications. The subroutine starts by
printing a short menu:

et bt b bk b et et
RN O L e e

Ul o = 50 40 0
R R I A B R Y

FRIMNT

FEIMT "CALEMIAR FORMAT:"
FRIMT "1-EMTER FROM KEYBOARD
FRIMT "2-LORD FROM DISK FILE"
IMFUT "SELECT 1 OR 2 ".CD

IF CD<1 AMD CDE:2 THEM 1178
IF CD=2 THEM 147H

The menu gives you two options: enter specifications from keyboard,
or load them from disk. These lines handle keyboard input:

1240

12354

SN R Sl ' & S
00~ S G S
NN AN BRI X hX )

e i el el
DEOEDEOEEEINE RN

5 GOTO 1

FRIMT
FRIMT "ERASIMG OLD HOTES..."
FORE CH=8 TO 31

AOFOR L=1 TO ML-1
A MZECCH Ly =HUE

HE=T L.,CH

FRIMT

FRIMT "EMTER CELL WIDTH qd-" "

FREIMT "CRETURM=" T " 0"

Cli=Dl

IHFUT Ch

IF Ch<4 OR CHZMW THEH 1288

FEIMT

FRIMT "EMTER CELL LEMGTH ¢2~";ML:"a"
FRIMT "CRETURM=" DL,"»"

CL=DL

THPUT

IF L

L
FOCLZML THEH 1326

[N\ ]

]
14

The loop from 1260 to 1290 erases the previous contents of the nota-
tions array MS$(, ). Lines 1300-1450 prompt you to enter the cell width

and cell

length. DW and DL are default values given if you press

RETURN without typing in any specifications.
The next lines handle disk input:
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1478 YHE="H"

1438 IHWFUT "VIEW DISK DIRECTORY
145 IF YH#="%" THEMW GOSUE 2206
15868 FIf=HU%

15685 IMPUT "HAME OF IHFUT FILE ",FI#
1518 IF FI$<2HUE THEM 1525

1515 PRIWT "DATH HMOT LORDED"

1520 GOTO 1174

1525 OFEW 2.8,3,FI%+", SEC, RERD"

15328 THFUT#Z, CU

15409 IMFUT#2Z,CL

1558 FOR CH=1 TO =1

CAHIT M YHE

1568 FOR L=1 TO CL-1

1578 IHFPUT#2, MSECCH, LD

1580 HMEAT L,CH

1559 CLOSE 2

1532 IF ST=0 OF ST=64 THEM 160

1594 FRIMT "DISK ERROF. DATA MOT LOARDED."
1556 GOTO 1178

1e89 PRIMT "DATA LOADED FEOM ".FIf

Line 1505 prompts you to enter a file name, and line 1525 attempts to
open the specified file for inputting.

Lines 1530 and 1540 input the cell width and cell length, and the
loop from 1550 to 1580 inputs every element of the note array MS$(, ).
If a disk error occurs, lines 1594-1596 inform you and restart the
calendar reformatting routine.

After keyboard or disk specification is complete, the next lines per-
form a few other calculations related to calendar format:

Fll=CLi#7+1
HB=CL~1
OF=IHTCCCL-320 /20
aL=FU

LCE=HL%

GOSUE 2374
RE=05%

FETURM

N O A S O N e
QSRR 0SS

[ T o
i O™ Tnh W

PW is the rightmost column position of the calendar in its new for-
mat. NB is the number of message lines available within each cell. OF
is the offset required to center each day-of-week name within its
column. Lines 1640-1670 store a string of horizontal lines in R$, forming
a horizontal line of length PW.

Line 1680 returns to the main program.
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Full-Size Calendar Printout

The calendar printout subroutine is the longest part of the program, so
it will be broken into smaller segments. The first part prints the title
(month and year) and day-of-week headings:

1658 GOSUE 2244

1793 PEIMT F%

1719 TB=IMTCOPW-2~LHY/2)

1728 PRIMT YLE,SPCITE)  HE, SFCOFL-LH-TE-23YL#
vag PRIMT K%

FOF DA=1 TO 7

IF DA=1 THEM PRIMT VL%,

IF DA<Z>1 THEMW FRIMT Z1%;

FEIMT SPCOOF Y WYSCDAD S SRPCOCI--4-0F )
HEXT DH

FEIMT VL%

—
~i
T OB
oy

W) i A
e B By E wY ]

i B B B

Pt i b e ped

Line 1690 lets you select the output device (display or printer).
Throughout this printing section, the SPC function is used instead of
TAB to advance the print position. SPC(n) outputs a string of n spaces.

Line 1720 prints the heading centered over the calendar, and line
1770 prints each day-of-week name centered over the corresponding
column in the calendar.

The next part of the subroutine prints the note lines (there are NB
note lines in each cell):

FRINT R#
Lbl==THT = CLDHWI Y 7
FOR l=1 TO LK

FOR L=1 TO HEB

FOR DA=1 TO 7
FRIMT L%
DH=DA+ L1 %7
ME=MZECCIIMY L
FRIMT M3 SPOOCH-LEMME -1
HET TIA

PEIMT VL%

HE=T L

L ol Sl il T S WP S P
AW G G QR QD O 0 0 Q5 03 OO

Lol < RV RN R R N U Y 3 TG S v ]
G O OO0 S0 G O 0 O S O O

Line 1810 calculates the number of rows (Sunday through Saturday
cycles) that must be printed to cover the first of the month through the
last of the month. Depending on the length of the month and on where
the first day of the month falls in the week, from four to six rows may
be required.

Line 1820 starts a loop that counts through each of the LW rows.
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Each calendar row consists of NB note lines followed by a date line (see
Figure 20-1). Line 1830 starts a loop that counts through the NB note
lines. Line 1840 starts a loop that counts through the seven days. Line
1870 gets the appropriate note for each numbered cell, and line 1880
prints it in the cell.

Line 1890 selects the next day, and line 1910 selects the next line.
After all of the note lines have been printed for a given calendar week,
the program moves on to the next block, which prints the date lines:

FOR DA=1 TO 7

FEIMT L#,

DDA L~ 7

TF CODMZ8 THEM 1928
FRIMT SFRCCCW-10:

GOTD 2@

DTE=ETRERECCCDMN 2
DTH=RIGHTE DTS, LEMCTTE -1
FREINT SPCOCCH-LEMCDTE 13 DTF;
HEXT DA

FEINT VLF

)
2 PRa
—
]

O G 50 = O O

—

LU RN I U O =N
(RN

O O Rl W 0 0 U0 L0 LT A0 A

&

i e

The loop from 1920 to 2000 counts through seven days of the week.
DN is the cell number, which ranges from 1 to 42. Line 1950 determines
whether that cell is numbered. If it is not numbered, line 1960 fills the
cell with spaces. Otherwise, lines 1980-1990 put the number into the cell
in right-justified form (the number is always printed at the extreme
right side of the cell).

Here is the final part of the calendar-printing subroutine:

G OFREINT RE
EOHEST 1
FREIMNT

LN CutLE o )

FETIIRH
Line 2020 prints a horizontal rule, and line 2030 advances to the next
week number. After all LW weeks are printed, the calendar is complete.

The subroutine called in line 2050 resets the display as the output
device, and line 2060 returns to the main program.

Edit Calendar Notes

The next group of lines lets you add or change the contents of any num-
bered calendar cell.
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FRIMT
FREIMT "ADD HOTEZ TO WHICH DATE? Cl-";LDnm"an
Sl=E
IMFUT "EMTER & TO 2UIT: " =50
TF Skl OF SDE:LD THEM RETLURR
2lz|l PRIMT
2138 PRIMT "EMTER "JHE:" HOTE LIMES.
MFE LEMGTH=" 5 Cld-1
2148 FOR L=1 TO HE
2158 PRIMT "LIHE "L
Zleld THE=HUE
2178 THFUT TeE%
21e IF LEMCTHF ZCH-1 THEM TeEf=LEFTECTHEE, Chl-1
S MESECSDL L =THE
MEST L
FRIMNT
FEREIMT "TEST STORED. "
HOGOTO Zeva

B U U

Lines 2080-2110 prompt you to select a date. (Typing a 0 ends the
editing session and returns you to the main menu.) The loop from 2140
to 2200 inputs the NB lines required to fill that cell. Line 2180 ensures
that the lines you enter will fit into the cell by chopping off extra char-
acters on the right side of the line. Line 2190 stores each line in the
appropriate location in MS$( , ).

Auxiliary Subroutines
The next subroutine lets you select an output device:

FEINT

okt FEIMT "OUTPUT To: 1-TW  2-FRIMTER"
1 OD=1

) THRPUT "SELECT 1 OR 20 "L 0n

IF 0D AMDE 002 THER 2246

IF DOD=1 THEH KETURH

OFEM 1.FF

cHo1

EETLIRH

If you select printer output, lines 2300-2310 route the output to that
device. (PR, set in line 180, must be the device number of your printer.)
Here are the lines that restore output back to the video display:

28 IF 0D=1 THEW RETLRH
48 FRIMTHL,

]

e
g
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2358 CLOSE 1
2335 0D=1
2368 RETUREM

The next subroutine generates a repeating string of characters:

237E QEE=HLUE

2388 FOR Q=1 TO oL
2298 QSE=L5E+CICE
2488 HEAT G

2418 FETURH

On entry to the subroutine, QL is the length of the string and QC$ is
the repeating character. On return from the subroutine, QS$ consists of
QL of character QCS$.

Disk Directory

The final subroutine reads the disk directory and prints all file names
on the screen. There is a slight delay while the computer sorts through
extraneous information.

I FRIMT "LOADIMG DIRECTORY..."
OFEM 1.2.4, ", SEQ, READ"
Tl=5

IF 5T0-0 THEM 26848
GETH#1 ., HI

IF LEH(H$)%B THEM 2226
IF RAEZCHEECSL Y FAMD HECCHEEOL22) THEH 261
IF Tl=@ THEH ,'_::'E

Th=0

FRIMT

GOTD 2958

IF IW=5 THEH WL=1

Th=1

FRINT A%,

22n Wl=kL+1

a2 IF MLSL? THEM 28328

2026 PRIMT

ZE2E ML=

SESE GOTO 2936

a4 CLOsE 1

B FRIMT

8 RETURH
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—Using the Program

Figure 20-2 shows a sample run of the program using the display for

output. You should be able to get the same results.

Once you have become familiar with using the program with output
to the Commodore display, try printing some calendars. Experiment
with different line-space values and character sets that may be available
with your printer. Check in your printer manual for ways of selecting

alternate print modes.

You may also find it convenient to change certain default settings of

the program, in particular

Cell width DW$ (line 160)

Cell length DI 3 (line 170)

Maximum tot:.l width of calendar VW (line 210)
Maximum total length of calendar VL (line 230)
Character used for vertical lines VL$ (line 250)
Character used for horizontal lines HL$ (line 260).

PHRUT THE CRLEMDAR MOMTH A5 MONTH. YEAE.

FOR EXAMFLE: 1.1924 FOR JAMUARY 19324,
WHLID MOMTHE ARE 2, 1526 TO 11, 26699

Hidll TYFE TH O THE MOMTH AMD YEAR

12 . 1584

COMETREUCTING A CALEMDAR FOR
DECEMEBER 1324 . . .

CALEMDAR FORMAT :
1-EMTER FROM EEYEOARD
Z=LOAD FROM DISk FILE
=ELECT 1 OR 2 1

EFMHZIMG OLD HOTES. ..
EMTER CELL WIDTH <d4- 11 3
L F ETURM= = &

o

Figure 20-2. Sample run of the Time Machine
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EHTER CELL LEMGTH 2~ 1& 2
CEETURM= 5 0
b

L=FRINT MIMIATURE CALEMDAR
2=PEIMT FULL-2IZE CALEMDAR
Z2=EDIT CALEMDAR HOTES

G-REFORMAT FROM DISK OF EEYEOARRD
S=CHAMGE CALEMDAR MOMTH

B~=HYE HOTES AMD FORMAT OW DISE
F-LUTT

SELECT 1-7¢ 1
OUTFUT To: 1-TY 2-FRIMTER

SELECT 1 OR 20 1
DECEMEER 1954

=UoM0 TU WE TH FR SR

1

2 03 4 5 & 7B

21e 11 12 1% 14 15

16 17 12 139 28 21 22

23 £4 &5 26 27 28 25
28 =1

1-FEINMT MIMIATURE CHLEMDAE
£=-FRIMT FULL-5IZE CALEMDAF
3-EDIT CALEMWDAR HOTES

4-REFORMAT FROM DISK OR KEYEBORFD
5~CHAMGE CALEMDAR MOMTH

s-ZRYE MOTES AMD FORMAT OM DISK
=CLJIT

SELECT 1-7: 3

ADD MOTES TO WHICH DATE? <1~ 31 2
EWTER @ TO QUIT: 17

EMTER 3 HOTE LIMEZ. MHA: LEMGTH= 4

LIME 1
L
LIME 2
AT

Figure 20-2. Sample run of the Time Machine (continued)



TEXT ZTORED.

HDD HOTEZ ToO WHICH DRTE? <1- 31 o
EMTER @ TO GQUIT: 3

EMTER = HOTE LIMEZ. MAX LEHGTH= 4

LIME 1
FHY
LIME 2
FEHT
LIME 3
33570

TEAT =TORED.

ADD HOTES TO WHICH DATE?Y (1= 31 o
EMTER B8 TO GUIT: 21

EMTER 2 HOTE LIMES. MAX LEHMGTH= 4
L. IHE
AMAHE
LIME
YAC.
LIME 3
K

[\ —

TEAT ZTORED.

HDD HMOTES TO WHICH DATE? ¢1- 31
EMTER B TO QUIT: @

1-FEIMT MIMIATURE CALEMDAR
=FRIMT FULL-SIZE CALEMDAE
2=EDIT CALEMDAR HOTES

4~FEFORMAT FROM DISK OR KEYBOARD
S=CHAMGE CALEMDAR MOMTH

e~SAYE MOTES AMD FORMAT OH DISK
F=GUIT

SELECT 1-7: 2

DUTFUT TO: 1-T%  2~-FRIMTER
=ELECT 1 OR 20 1

Figure 20-2. Sample run of the Time Machine (continued)
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I DECEMEEFR 1384 |

s MOM TUE  WED THU FRI O SAT

[
I
I
I

1
I | I IFAY | I I I
I I ! IREHMT | I I |
I I I 1£37@ | I I |
I 2 = 41 S £ w =
I | I I ! I I I
I I ! I I I I I
I I I I ! I I !
I o8l 11 1210 131 1410 15|
I LM s | I FMAS | I
| IHT | I | IVAC. | I
I 17688 | [ I Prer [
Folel A7 181 121 281 211 zz|
I I I [ I ! I I
I | I I I [ ! I
! I I I | I [ I
23 241 251 Zel 271 281 29|
I I I I | I I |
I I I I I I I I
I I I I I I I I
ozl 21 I I I I I

1-FRIMT MIMIATURE CALEMDAR
£=FRIMT FULL-SIZE CHLEMDAR
3~-EDIT CALEMDAR HOTES

4-REFORMAT FROM DISK OF KEYBORRD
S=CHAMGE CALEWDAR MOMTH

5—-SHVE MOTES AMD FORMAT ON DISK
7=LUIT

Figure 20-2. Sample run of the Time Machine (continued)
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SELECT 1-7: 6

WIEW DISK DIRECTORY ¢Y/MHO7? M
MAME OF OUTPUT FILE DECEMBER

L-FEIHT MIMIATURE CALEMDAFR
Z2=-FRIMT FULL-ZIZE CALEMDAR
2-EDIT TALENDAR MOTES

4-REFORMAT FROM DISK OR KEYBOARRD
S-CHAMGE CHLEMDAR MOMTH

£-SAYE MNOTES AMD FORMAT ON DISK
=GUIT

SELECT 1-7: 7

FEHRDY.

Figure 20-2. Sample run of the Time Machine (continued)
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A

AND function, 9
Antecedent, logical, 32

B

Base 3 counting, 285-86,
(Figure 18-2) 286
Billiard Practice program, 119-34
sample screens, (Figure 8-3) 122
suggested games, 133-34
Blackjack '84 program, 101-17
card deck, 102, 106-07,
(Table 7-1) 116
object and rules, 101-02
sample run, (Figure 7-1) 103-06
Blazing Telephones program,
277-88
base 3 counting, 285-86,
(Figure 18-2) 286
program logic, 278-80
sample run, (Figure 18-3) 287
suggestions for using, 288

C

Cathode ray tube (CRT).
Chapter organization, xii
Ciphers, 260-61, (Figure 17-1) 261
Codebreaker program, the, 87-99

program logic, 88-90

rules and object, 87

sample run, (Figure 6-1) 89-90
Computer requirements, xii
Consequent, logical, 32
Creativity and art projects

Designs in a Circle, 245-58

Electronic Loom, 225-43

Poetry Generator, 211-24

Crossword Puzzle fill-in program,
65-86
procedure for using, 65-67
sample puzzles, (Figure 5-1) 66,
(Figure 5-3) 68, (Figure 5-6)
84-85
Crossword Puzzle pattern gener-
ator program, 49-63
printing, 61-63
procedure for constructing, 49-51
properties of puzzles, 49-50,
(Figure 4-1) 50
sample patterns, (Figure 4-3) 62,
(Figure 5-1) 66, (Figure 5-6) 84
Cryptography. See Secret Messages

D

Designs in a Circle program,
245-58
compared to Spirograph, 245
printing, 253-55, (Figure 16-5)
258
samples, (Figure 16-1) 246-47,
(Figure-16-2) 247-48
variations on formulas, 258
Device numbers, xii
Disk, program, available from
author, xii
Disk file directory subroutine, 82

E

Educational programs
Guess My Word, 195-210
Quiz Master, 159-68
Speed Drills, 169-83
Text Scanner, 185-93

319
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Electronic Loom program, 225-43
colors, 225, 228
design characters, 227-28
menu options, 226-27
printing considerations, 227,
242-43
sample run, (Figure 15-2) 236-42
Epson printer, 243

G

Games
Billiard Practice, 119-34
Blackjack ’84, 101-17
Codebreaker, the, 87-99
Tic-Tac-Toe, 135-58

Guess My Word program, 195-210
hints for using, 206-10
program logic, 195-96
purpose of, 195
sample run, (Figure 13-1) 206-09

H

Head cells, 50-51
Hidden Words program, 15-29
construction procedure, 15-18,
(Figure 2-3) 18
description, 15
determining the ideal puzzle size,
19-20
making easier puzzles, 20

I

Instructions for entering
programs, Xii

K
Key stream, 264-65

L

Logic, formal, 32
Logic puzzles. See Matchmaker
Lowercase letters, 265-66

M

Making Mazes program, 1-13
construction procedure, 2-3
defined, 1
printing, 9-10, 11-13

Matchmaker program, the, 31-47
construction procedure, 33-35
defined, 31
personalized versions, 46-47

Mazes. See Making Mazes

Modulo function, 302

N

Null string, xii
Nutritional Advisor program, 289-98
cost/value studies, 289
database required, 290-91,
297-98
operation, 290-91
purpose, 289
sample run, (Figure 19-1) 292-94

(0]
OR function, 8

P

Permutations, 33
Poetry Generator program, 211-24
constructing a word list, 221-22
format specifications, 212-14
program logic, 211-14
sample poems, (Figure 14-1) 212
sample run, (Figure 14-3) 222-23
sample vocabulary,
(Figure 14-2) 219-21
Popular Computing magazine, xi
Printer
control codes, 243
device number, xii
Program disk available from author,
xii
Programs
instructions for entering, xii
types of, xi
Pseudo-code, 185-87, (Figure 12-1) 186



Puzzles

Crossword Puzzle Designer,
Part 1, 49-63

Crossword Puzzle Designer,
Part 2, 65-86

Hidden Words, 15-29

Making Mazes, 1-13

Matchmaker, the, 31-47

Q

Quiz Master program, 159-68
building the database, 159-60
sample database, 165-68
sample run, (Figure 10-1) 166-67

R

Random number seed, 36
RND function, 265

S

Secret Messages program, 259-76
binary search subroutine, 271-72
definitions, 260
instructions for using, 272-75
key stream, 264-65
processing lengthy texts, 272-75
processing rate, 259-60
program logic, 260-64
sample run, (Figure 17-2) 273-75
security, 275-76

Sound, 123, 180

SPC function, 310

Speed Drills program, 169-83
hints for using, 183
operation, 170-71
sample run, (Figure 11-2) 181-82

Spirograph. See Designs in a Circle

program

Stopping a program, xii

Index 321

Subroutines
binary string search, 271-72
disk file directory subroutine, 82
sequential string search, 37-39
string replacement, 97-98

T

Text Scanner program, 185-93
preparing a word processing
disk file, 188
program logic, 185-87,
(Figure 12-1) 186
purpose, 185
Tic-Tac-Toe program, 135-58
lowering the computer’s playing
ability, 158
program logic, 137-39
sample run, (Figure 9-6) 154-57
strategy, 135-37
Time Machine, the, 299-318
calendar format, 299-300,
(Figure 20-1) 300
data calculations, 301, 305-06
data structures, 301-02
menu options, 304
modifications to, 314
sample run, (Figure 20-2) 314-18
uses, 299
Tools, handy
Blazing Telephones, 277-88
Nutritional Advisor, 289-98
Secret Messages, 259-76
Time Machine, the, 299-318
Truth table, 33

X
XOR operator, 262-63
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