




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 lOOO-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 eorre­
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 eharacters 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: 
Key stream: 

m e e t 
47 17 19 34 

m e 
56 3 

a t 
4 57 

7 p m 
58 34 36 

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

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 l'olumns to a 
line. Read off the ciphertext one column at a time. 

THE N 
E W P A 
SSW 0 R 
DIS 
eRA B T 
R E E 

Plaintext: THE ~EW PASSWORD IS CRABTREE. 

Ciphertext: TESDCRHWS REE WIAE POSB.NAR T. 

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

A B C D E F G H I .J K L M N 0 P Q R S T LT \' W X Y Z 

D E F G H I .J K L M N 0 P Q R S T LT \' W X Y Z A B C 

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 e 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 e is a number 
from 0 to 63. Refer to this number as pre), short for position of e. 

2. Take the number n that is paired with character e, and calculate 
n XOR pre). (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 

(1) A 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 Band 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 Messag-e meet me a1 7 pm 

Cipher-list' Cipher-list 
Input Position Ke~' Stn-am Position p(d) Output 

Charaeier (' pie) Value n = pie) XOR n Character d 

m ~1 47 Sf) R 
e J(j 11 
e J(j 19 ::l L 
t :)1 :i4 61 X 

m 24 ,'if) :l~ u 
e Itj :1 19 h 

a 12 4 /l 6 
::l 1 57 :3/l A 

7 9 51l 51 N 
p 27 :)4 57 T 
m 24 3(j (if) W 

*Cipher list: '-0123456789abcdefghijklmnopqrstuvwxyz 
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 e p(c) Value n = p(e) XOR n Character d 

R 55 47 24 m 
1 17 Hi e 

L :~ 19 Ifi e 
X iiI :14 :)1 t 

u ;~2 5G 24 m 
h 19 :) Hi e 

6 Il 4 12 a 
A :11l [il ;n t 

N GI fiS 9 7 
T ;:)7 ;q 27 p 
W 6(J :lli 24 m 

*Cipher list: '-OI23456789abcdefghijklmnopqrstuvwxyz 
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. 



Secret Messages 265 

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(l) is used, it generates a different value. After a very 
large number of uses, RND(l) completes its sequence and starts over. 

Our key stream must consist of numbers between 0 and 63. To scale 
the result of RND(l) 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 O. This "primes" the RND function with a 
particular seed value. For instance, using RND(-l) establishes 1 as the 
seed. Subsequent uses of RND(l) 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 O. 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 657J128: rem disable uc/lc switch 
;2 Pri~t chr$(14);: rem lowercase disPla~ 
10 s 1 $=" ": r·er'·1 1 sP .:I.CEl' i ·n:$. i de q u.otes 
20 fIU.$="": re-r(1 rio $oP .aI.ees iris i de q u.otes 
30 cs$=chr$(147): rem clear screen 
40 et$=chr$(26): rem end of text si9nal 
50 el$=chr$(13): rem end of line si9nal 
60 Pr=4: rem Printer device number 
65 tv=3: rem tv devic~ number 
66 di=2: rem d~t. inPut eh~nnel no. 
68 do=3: rem data output channel no. 
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Lines 1 and 2 lock the C-64 into lowercase mode. 
ET$ is the end-of-text character that IT W be used to terminate key­

board or disk entries. It corresponds to 1 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: 

70 tb$="'" -~312:3456?:::9" 
80 tbt:=t.bS+" ~.bcdef9h i .j k 1 r(lnop q r's t.U.'o/l .. .I;'::::I z" 
90 tbS=tbS+" ABCDEFGH I ']I<U1t·mF'G!F.:~3TIJ"/~J::~''''Z'' 
100 tl::::len(tbS) 
110 if tl=64 then 150 
120 P r' i nt "crl.3.r·a.ct.E'r' ta.b 1 E' delE'S not cont3. in" 
13121 P r' i nt "64 cha,r'3,ctE'r·s. CHI ", t CO'(lt i nu,E'. " 
140 ::.toP 
150 for t.=1 to t.l-l 
160 if midS(tbS,t.Jl)(midS(tbS,t+l .. l) thE'n 185 
170 P r' i nt "i n',) 3, 1 i d C i P he-r' 1 is t. -- chE'ck SE·q u,,;:·ncE'. " 
180 stoP 
185 'nE'xt 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 70-10 correctly, you must have your computer in lowercase mode 
(press tLe 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: 

19~3 P r' i 'nt Cs.S 
200 P r' i 'nt "se·cr'E't. rnE'SS,3.'::'e' P r'OCE'ssor'" 
210 Pr·i'nt. 
;2;~0 i nP u, t "r'e',ld t.>.?)<t. fr'orn: 1-k e~ bO.2l,t"'d 2-d i sk "):E, 

230 if s(>1 and s(>2 thE'n 220 
235 lc$=nuS: rem dE'activate lowercase- oPt.ion 
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236 uc$=nu$: rem de~ctivate uPPercase oPtion 
24121 inPut "outPut tCI: i-tv 2-disk :;l-Pr'inter' Iljd 
25121 if d()l and d()2 and d()3 then 2410 

The variable S indicates the input device (l=keyboard, 2=disk file); 
D indicates the output device (I=CRT, 2=disk file, 3=printer). 

Based on your specifications for Sand D, the following block sets up 
the necessary input/output channels: 

26121 if s=1 then 2910 
27121 inPut "vieIJ) disk dir'l5'ctc,r'::,I (::lin)? "j ::tn$ 
272 i f ~ n$()"!::I" the'n 2810 
274 90sub 291210 
28121 fi$=nlJ.$ 
282 i nP u t, "'Mwle the i nP u t f i l e: "j f i $ 
284 if fi$=nu$ then 19121 
285 oPen di J 8 .. 2J fi$+" J SE'q " r'ea,d" 
29121 on d 90to 4I21aJ31a,38121 
31121 inPut "',liel,) disk dir'el:tor':,I (::I,.."n)? "; :::In$ 
:312 if !::I n$() "!:I " then 32121 
314 '30sub 291210 
32121 fo$=nu$ 
322 i nPIJ.t "na.me the Ol..1t~·IJ.t fi le·: "j fo$ 
324 if fo$=nu$ then 19121 
:33121 oPen do., 8, 3J "1!12I: "+fcl$+" J se'1' IJ.It"·i te" 
36121 90to 41121 
38121 oPen dOJPr: rem oPen Printer ch~nnel 
385 lc$=chr$(17): rem activate lowercase 
387 uc$=chr$CI45): rem activate uPPercase 
390 Qoto 410 
4121121 oPen dOJtv: rem oPen tv 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: 

41121 k::l=12I 
412 inPut "erlter' the ke::l (l2I=no Pr'cII:essin9): "j k:::l 
415 P r' i nt "secret messa,9e- P r'CII:eSSClr' a.t 1"lor'k. 1,.Ja it" 
42121 r=rnd(-abs(k::l» 

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 specifieation. 

Initializing Counters and Buffers 

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

4:3121 6·1 == 1 
44(1 cr·==121 
442 ot$=nu.$ 

The variable EL indicates the end-of-line status. EL=l 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=O, 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 s=l then 46121 
446 get#di,c$ 
448 if st==121 then 66121 
45121 if st()64 the'n Pt-·int. "fi lIE' e·r·r·l:Jr·, ca.nce-U·ng 

U"Je I:JPer·.a.t.il:ln" 
452 c$=et$ 
454 gotl:J 66121 

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: 

460 c$=e-t$ 
470 if cr)0 then 630 
480 if el=l then 550 
490 c$=el$ 
51313 el=l 
510 90to 6713 
550 Print 
560 P r' i nt "t~ p e 3. q IJ.ote I then a line elf t.ext" 
570 Pr·int "enter ·In emPt~ li'fle to qIJ.it" 
575 b$=rIIJ.$ 
580 inPlJ.t b$ 
6130 bl=len(b$) 
610 cr·=bl 
620 if cr=0 then 740 
630 el=0 
640 c$=mid$(b$lbl-cr+1,1) 
650 cr==c:r-1 

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

Processing the Character 

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

660 if k~=0 then 740 
670 90slJ.b 950 
680 a=ix 
690 if a=0 then 740 
7130 a.=s.-1 
710 b=int(rnd(1)*tl) 
720 c=(s. and not b) or Cb and not a) 
730 c$=Mid$(tb$lc+1,1) 

In line 660, the program checks to see if the code processor is turned 
off (KY=O). 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$. 
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If A=O in line 690, the C$ 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. 

740 ot$=ot$+c$ 
750 if c$()etS and c$()el$ then 444 
780 Printldo,lc$;ot$; 
790 if c$()et$ then 442 
800 P r' i ntldo J 

810 close di 
820 close 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: 

830 P r· i 'fit "P r'ocess i n9 camP 1 lS·te" 
860 i nP IJ.t "(c)ont i nlJ.e or' (q )u. i t? "; cq $ 
870 if cq$="c" then 190 
880 if c'-l$()"q" then 860 
890 Poke 657,0: rem enable uc/lc switch 
895 e'nd 
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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: 

95121 11=121 
96121 u.l=t1+1 
97121 ix=intCCul-l1)!2)+11 
98121 tc$=mid$(tb$,ix,1) 
99121 if tc$=c$ th~n 11214121 
1121121121 if tc$(c$ th~n 11=ix 
11211121 if tc$)c$ then u.l=ix 
11212121 if 11(u.1-1 then 97121 
11213121 ix=12I 
11214121 r·etu.r·n 

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, VI., 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 TB$. 

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): 

29121121 P r' i nt "1 aa.d i n9 d i r'ectar'~ ••• " 
291121 aPe'fl 1) 8) 4) "$) seq) r·ea.d" 
292121 11,J=12I 
293121 if st()0 then 304121 
294121 get*' 1) a.$ 
295121 if lenCa$)=12I then 2920 
296121 if a$)chr$C31) and a$<chr$(122) th~n 312110 
2970 if iw=0 then 2930 
2980 il)J=0 
299121 Pr'int 
:3000 9atcI 2930 
301121 if iw=12I then wl=! 
312115 i 1 •• .1= 1 
302121 P r· i nt .;.$.; 
3023 I,.J 1 =I,J 1 + 1 
3024 if wl<17 then 312130 
3026 Pr·int 
:3028 I,) 1 =121 
:30310 '~I::rtCt 293(1 
:3040 close 1 
:3050 P r' i nt 
3060 t-·etlJ.r·'(j 

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 
processmg. 

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 

~ECkE! MESSAGE PROCESSOR 

READ TEXT FROM: I-KEYBOARD 2-DISK 1 
OUTPUT TO: i-TV 2-DISK 3-PRINTER 1 
ENTER THE KEY (0=NO PROCESSING): 32050 
SECRET MESSAGE PROCESSOR AT WORK. WAIT 

TYPE A QUOTE, THEN A LINE OF TEXT 
ENTER AN EMPTY LINE TO QUIT 
Th@ n~w Pas~word is 
r30 SXz ~wwCUnSm sw 

t~Pe a quots. th~n a line of text 
.nter an @mPtw line to quit 
9r'3,P E'fr'u, i t 
Lz2:3f5J o Arfl 

twPe a quote. then a line of text 
.nt.r an emPt~ line to quit 

Processing complete 
{c)ontinu€ or (q)uit? c 

Figure 17-2. Sample run of the Secret Message Processor 
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read text from: l-ke~bo~rd 2-disk 1 
outPut to: 1-tv 2-disk 3-printer 1 
~nt~r the ke~ C0=no Processin9): 32050 
aecret messa9~ Processor at work. wait 

t~Pe a quote. then a line of text 

,,:','; 1:.I::'j' ~,n l:?r:';P t.:::l 1 i 'ne t::: '1IJ, i t. 
r30 SXz '~wCUnSm ew 
Th~ new Password is 

t~P. a quote, then a line of text 
enter an emPt~ line t.o quit 
L.z23fS'] o Arl', 
':ilr' .3,P i,fr'u i t 

twPe a quotel then a line of text 
enter an emPtw line to quit 

Processing comPlete 
(c)ontinue or (q)uit? c 

SECRET MESSAGE PROCESSOR 

READ TEXT FROM: I-KEYBOARD 2-DISK 1 
OUTPUT TO: I-TV 2-DISK 3-PRINTER 1 
ENTER THE KEY (0=NO PROCESSING): 114 
SECRET MESSAGE PROCESSOR AT WORK. WAIT 

TYPE A QUOTE, THEN A lINE OF TEXT 
ENTER AN EMPTY lINE TO QUIT 
r30 SXz '~wCUnSm ew 
4~t III X2M7DV-C 99 

t~Pe a quotel then a line of text 
enter an emPt~ line to quit 
lz23f5JclArl'1 
U-,3,c-'=!Kh9':iI 

Figure 17-2. Sample run of the Secret Message Processor (conh:llupd) 



t~Pe a quote. then _ line of text 
enter an emPt~ line to quit 

Processing comPlete 
(c)ontinue or (q)uit? q 

r·ea.d::l. 
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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 
O. 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 

AAAAAAAAA 
111111111 

Joe Joe Joe 

Key 

:~2050 

12a45 
41200 

Ciphertext 

OK059vXco 
B1uvcbC2k 
B-f gwO lKG 
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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 cq983 BYTE Publica­
tions, Inc. Used with the permission of BYTE Publications, Inc. 
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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
eific 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 eombinations, 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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-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 37 or 2187, and fewer 
if the number includes 1's or O's. 

This combinatorial problem is solved by a simple exercise in eount­
ing. The trick is to count in base 3. All base 3 numbers are composed of 
three distinct symbols: 0, 1, and 2. For example, the decimal or base 10 
number 19 is represented in base 3 as 201 (2 X 32 + 0 X 31 + 1 X 3°). 

For seven-digit telephone numbers, the program counts from 0 to 
2186 in base 3. (If your telephone number contains more or fewe]' 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 
352-5562 using the three keys 0000000, 0000001, and 0002100: 

Phone number: 
Key: 
Letter sequence: 

352 556 2 
000 0 000 
DJAJJMA 
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[] I A~C I I DEF I 3 

I G:I I [!] 5 IMNOI 6 

I P~S I IT~vl IWXYI 9 

0 IOPERI 
0 0 

Figure 18-1. Pushbutton and rotary dial telephone faces 
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Phone number: 
Key: 
Letter sequence: 

Phone number: 
Key: 
Letter sequence: 

352 5 562 
o 0 0 0 0 0 1 
DJAJJMB 

352 5 5 6 2 
o 0 0 2 100 
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: 

i Cbl~CHR$(147): REM CLEAR SCREEN 
2 RV$=CHR$(18): REM REVERSE PRINTING 
3 NR$=CHR$(146): REM NORMAL PRINTING 
4 81$=" ": REt1 1 SPACE IHSIDE QUOTES 
5 t'~U$="": REt1 t·m SPACES I t·~s I DE G!UOTES 
6 PR=4: REM PRIHTER DEVICE HUMBER 
1121 t1D=15 
2121 DIt1 KCMD) 
:3121 P$= II 121121121111 ABCDEFGH I JKU1t·~OPRSTU'·/~J)<'T'" 
5121 MG=2 

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 O'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(l) 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: 

60 PF.:ItH CS$j 
70 PF.:HH 
80 PF.:INT RV$j: REM REVERSE 
90 PF::ItH SPCC (40-17)1'2) j IIBLAZH~G TELEPHot-4ESII 
lee PRINT NR$;: REM REVERSE OFF 
110 PRINT 
12121 PR I tH II 1-CotNERT t-lAME TO t~Ut1BEr;~ II 
130 PR I NT II 2-Cot'~VERT NUt1BEF.: TO NAt1E II 
14121 PRINT 113-QUITII 
150 PRINT 
16121 INPUT IISELECT 1, 2, OR 3? II;CH 
170 IF CH()1 AND CH()2 AND CH()3 THEN 11121 
18121 ON CH GOTO 19121.36121,11219121 

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: 

i ~-10 F'R ItH 
2121121 PN$=t~U$ 
:21215 I t'~PUT II ENTER NAME: II j PN$ 
21121 IF PN$=NU$ THEN 190 
22121 FOR CN=1 TO LENCPN$) 
23121 C$=MID$(PN$,CN,1) 
24121 Q0=1 
25121 Q1$=P$ 
26121 Q2 •• C$ 
27121 GOSUB 1100 
28121 PS=QF 
290 IF PS=0 THEN 320 
3121121 PD=INT«PS-1)/3) 
31121 C$=CHR$(PD+48) 
32121 PRINT C.; 
33121 NEXT CN 
34121 PRINT 
35121 GOTO 7121 
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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: 

.:;:6121 PF.: I tH 
:~?0 Pt'~$=~~U$ 
375 I t'~PUT II E~nER PHm'~E t'~Ut1BER: II; Pt'~$ 
380 IF PN$=NU$ THEN 360 
:390 PL=LEt~ (Pt'~$) 
4010 t·m=0 
410 FOR CN=1 TO PL 
420 C$=MID$(PN$,CN,l) 
4310 IF C$)= 112 II At,1D C$(= "9" THEt·~ t·m=t~D+ 1 
440 ~~EXT Ct·~ 
450 IF ND)0 THEN 480 
460 PR I tH "NO TRAt~SLATABLE DIG I TS FOUt~D. II 

470 GOTO 360 
480 IF ND(=MD THEN 510 
490 PRINT "TOO MAWr' DIGITS. MA~< IS ";MD 
500 GO TO 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. 

510 PR I NT "OUTPUT TO : I-TV 2-PR I tHER II 
515 OD=1 
520 I t'~PUT II SELECT 1 OR 2? "; OD 
530 IF ODC)1 AND OD()2 THEN 510 
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560 I ~J=PL +t1G 
570 PR HH II t1A>U t1Ut1 L H~E ~H DTH (" j HL II -81~n? II 

575 UJ=40 
580 I ~'~PUT II RETURN=40 : II j UJ 
610 IF LW(IW OR LW)80 THEN 570 
620 IL=INTCLW/IW) 
630 PR I ~H II PR I ~n HmJ MAt·N L I ~·~ES BEFOF.:E PAUS I t·m? II 
635 ~·~p=e 
640 I ~~PUT II RETURt·~=t·40 PAUSE): II i t·~p 
660 IF NP(0 THEN 630 

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: 

670 IT=l 
680 U'~=1 
690 IF OD=2 THEN OPEN 1,PR: CMD 1 
700 PR I NT I tH (, 31ND+ • 5) j II D I ::;T I t·4CT t~At1ES FOR "; Pt'~$ 
710 PRHn 
720 FOR TD=l TO ND 
730 K(TD>=0 
740 t·4EXT 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 3/\ 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 N arne 

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

."5121 D:::: 1 
766 FOR CN::::1 TO PL 
776 CS=MIDS(PN$,CN,l) 
786 IF C$< 11211 OR C$) II 9 11 THE~'~ 82121 
79121 PD=VAL(CS) 
806 CS=MIDS(P$,PD*3+1+K(D),1) 
:::16 D=D+l 
:::2121 F'F.~ I t·4T (:$ j 
:336 t·l E ::<1 Ct-l 

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." 

846 IF IT)=IL THEN 88121 
856 IT=IT+l 
866 PRINT SPC(MG); 
:376 GOTO 970 
886 IT=l 
896 PRItH 
900 IF NP)0 AND LN)=NP THEN 936 
910 Ul=Ul+l 
920 GOTO 970 
930 U'l=l 
946 IF OD=2 THEN PRINT#l. 
950 I t·1PUT II PF.:ESS RETURt·l TO COtH I t·1UE II; E~'l$ 
96121 IF OD=2 THEN CMD 1 

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: 

97(j DP=1 
99121 KCDP)=KCDP)+1 
1121121121 IF K(DP)(=2 THEN 75121 
11212121 I(CDP)=0 
103121 IF DP=ND THEN 112160 
11214121 DP=DP+1 
11215121 GOTO 99121 

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 leftrrwst 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 
rightrrwst) 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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Carry 1 
I 

N 0000000 N 2110010 
+ 1 4- 1 
---

N+1 1000000 N 4- 1 0210010 

Carry 1 1 Carry 1111111 No more digits 
II lilOIl available = Done 

N 2202222 N 2222222 
+ 1 + 1 

N + 1 0012222 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 O. 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: 

U~i60 F'F.: un 
11217121 IF OD=2 THEN PRINT#lJ: CLOSE 1 
1080 GOTO 70 

Ending the Program 

There's one more line to the main program. It corresponds to option 3 
(quit): 

10910 Et·m 

String Search Subroutine 

The following subroutine probably looks familiar; it is used in numerous 
programs throughout this book. 



1-CONVERT NAME TO NUMBER 
2-CONVERT NUMBER TO NAME 
:3-QUIT 

BEl Eel 1, 2, OR 3? i 

ENTER NAME: BUSY BEE 
287'9 ;2:3:3 
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____ .~.=_II_.=_.=unOOII. 

I-CONVERT NAME TO NUMBER 
2-CONVERT NUMBER TO NAME 
3-I~UIT 

SELECT 1, 2, OR 3? 1 

ENTER NAME: NUMBER 1 
686237 1 
____ .~.=_n_.=_.=_I8:[I]II. 

i-CONVERT NAME TO NUMBER 
2-CONVERT NUMBER TO NAME 
3-QUIT 

SELECT 1, 2, OR 3? 2 

ENTER PHONE NUMBER: 424-6245 
OUTPUT TO: I-TV 2-PRINTER 
SELECT 1 OR 2? 1 
MAXIMUM LINE WIDTH ( 1121 -8121)? 
RETURt·~=4121 : 32 
PRINT HOW MANY LINES BEFORE PAUSING? 
RETURN=NO PAUSE): 4 

2187 DISTINCT NAMES FOR 424-6245 

GAG-MAGJ HAG-MAGJ IAG-MAGJ 
GBG-MAGJ HBG-MAGJ IBG-MAGJ 
GCG-MAGJ HCG-MAGJ ICG-MAGJ 
GAH-MAGJ HAH-MAGJ IAH-MAGJ 
PRESS RETURN TO CONTINUE 
GBH-MAGJ HBH-MAGJ IBH-MAGJ 
C;CBREA~( I H 78121 

Figure 18-3. Sample run of Blazing Telephones 
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11121121 GlF=12I 
111121 IF QI2I+LEN(Q2$)-1)LEN(Q1$) THEN RETURN 
112121 IF MID$(Ql$,QI2I,LEN(Q2$»=Q2$ THEN 115121 
113121 QI2I=G!13+ 1 
114121 GOTO 111121 
115121 G!F=QI2I 
1160 RETUR~~ 

On entry to the subroutine, QO is the starting position for the search, 
Q1$ 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=O 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 D'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 00LUH-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 

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 
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-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: 

1. Food name 
2. Measurement unit 
3. Calories 
4. Protein (in grams) 
5. Carbohydrates (in grams) 
6. Fat (in grams) 

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

MILK, CUP, 165, 8, 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 CS$=CHR$(147): REM CLEAR SCREEN 
2 RV$=CHR$(18): REM REVERSE PRINTING 
3 NR$=CHR$(146): REM NORMAL PRINTING 
.::j. :; 1 $= /I /I: F,:Et1 1 :3F'ACE I t·4S I DE OUOTE::; 
~:5 t·4U$= /I ": REt1 t·m SPACE::; I t·l::; I DE OUOTE::; 
6 G!T$::::CHF.:$ (34) 
1 (1 PF.: I t-H CS$ 
:20 F'F~ I t-H "THE t·lUTR I T Iot-mL AD"f I ::;;0 F.: " 
::::~~1 F'F.: I t-H 
4~.3 PF.: I t-H "T'r'PE I t·l THE F:EC I F'E" 
5~Z1 PR It-H "ot·4E HJGRED I Et-H AT A T It1E" 
6~1 CA=0 
?0 PR=0 
80 CE:==0 
90 FA::::~~1 

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: 

1~H3 PRHH 
11 ~3 PR I t-n "T'r'F'E At·l Et'IPT'r' L I t·4E FOR TOTAL::;" 
1 :2£1 F'R I t-H "T'r'PE A SLA~:;H (,/) TO !:;EE FOOD L I :::;T" 
130 I G$=t·JU$ 
135 I t·lPUT "1"lE)<T I t·H3F.:ED I Et-H "; I Ci$ 
140 IF ICi$=NU$ THEN 580 
145 IF' 113$="/" THEt·l ::::30 
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THE NUTRITIONAL ADVISOR 

TYPE IN THE RECIPE 
ONE INGREDIENT AT A TIME 

TYPE AN EMPTY LINE FOR TOTALS 
TYPE A SLASH (I) TO SEE FOOD LIST 
NEXT INGREDIENT FLOUR 
t·m DATA A',iA I LABLE m~ " FL.OUR " 
TYPE 1 TO SEE FOOD-LIST 

~, .:., 

2 TO EtHER DATA FOR "FLOUR" 
3 TO ENTER A NEW INGREDIENT NAME. 

TYPE AN EMPTY LINE FOR TOTALS 
TYPE A SLASH (I) TO SEE FOOD LIST 
NEXT INGREDIENT WHITE FLOUR 
HOW MANY CUP(S) ARE USED 1.75 

TYPE AN EMPTY LINE FOR TOTALS 
TYPE A SLASH (I) TO SEE FOOD LIST 
NEXT INGREDIENT BUTTERMILK 
NO DATA AVA I LABLE m~ "BUTTERt1 I Lf:::" 
TYPE 1 TO SEE FOOD-LIST 

1 
t1 I LI< 

2 TO EtHER DATA FOR "BUTTEF.~t'1 I LK" 
3 TO ENTER A NEW INGREDIENT NAME. 

~'~H I PP I t·m CF.~EAt'1 
COTTAGE CHEESE 
CHEDDAR CHEESE 
CREAt1 CHEESE 
EGGS 
BUTTER 
t1AF.~GAR I ~~E 
I',~EGETABLE [I I L 
GROUt·m BEEF 
CHICKEt·~ 
LAt1B 
HAt1 
COD 
FLOU~mEF.: 
CRABt1EAT 
TUt'~A 
CiREEt·~ :3t'~AP BEAt·~S 

Figure 19-1. Sample run of Nutritional Advisor 



(3REEH L I t1A BEAt·~S 
RED KIDNEY BEANS (CANHED) 
BROCCOLI 
CABBAGE 
CARROT:; 
CAUL I FLOLoJER 
lia~::E..'i:.~.Il.J::;l~.""I]Z.'.ZI.lJ. 
CELER'r' 
CORt·~ 
MUCHF.:OOt'1S 
Ot·~ IOt·~S 
GREEH PEAS (CANHED) 
POTF'HOES 
TOMATOES (CANNED) 
:::p I ~·'ACH 
APPLE::: 
:E:~1t·~At·m 
BLUEBERRIES (CANNED) 
PEACHE::: (CAt'~~~ED) 
PINEAPPLE (CANNED) 
F.:A I S I t·~!3 
COF.:t·~ t1EfiL 
~'JH I TE FLOUF.: 
WHOLE WHEAT FLOUR 
BROLoJt·~ RICE 
'.,JH ITE RICE 
t·mODLES 
OATt'1EAL 
!::UGfiF.: 
AU1m·m::: 
~'JAU.~UT::: 
~;~::t.'io"~.IlI.I::;lZ.n..ooI.II.~L.J. 
Et·m 
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TYPE AN EMPTY LINE FOR TOTALS 
TYPE A SLASH (!) TO SEE FOOD LIST 
NEXT INGREDIENT MILK 
HOW MANY CUP(S) ARE USED 1.5 

TYPE AN EMPTY LINE FOR TOTALS 
TYPE A SLASH (!) TO SEE FOOD LIST 
NEXT INGREDIENT BUTTER 
HOW MANY 1!4-LB STICK(S) ARE USED .33 

Figure 19-1. Sample run of Nutritional Advisor (continued) 
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TYPE AN EMPTY LINE FOR TOTALS 
TYPE A SLASH (/) TO SEE FOOD LIST 
NEXT INGREDIENT EGGS 
HOW MANY EGG(S) ARE USED 1 

TYPE AN EMPTY LINE FOR TOTALS 
TYPE A SLASH (!) TO SEE FOOD LIST 
I"~E);:T I 1··lGF.:ED I r::t-n 
HOW MANY SERVINGS DOES THE RECIPE MAKE 6 
EACH SERVING CONTAINS 

;21. ,:L 4 Cf,LOF.: I E:3 
6.5 GRAMS PROTEIN 
27.5 GRAMS CARBOHYDRATE 
~3. 5 GRAt'l::; FAT 

TYPE 1 TO ANALYZE ANOTHER RECIPE 
.2 TO Elm. 

,''', 
,:::. 

Figure 19-1. Sample run of Nutritional Advisor (cont?:nued) 

150 RE:3TORE 
160 READ N$,U$,Nl,N2,N3,N4 
1 ?1C:1 IF t·l$=" am" THHl 26(21 
180 IF N$()IGS THEN 160 

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 Nl, 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. 

Finding a Matching Food 

The following lines are executed after the program finds a matching 
record in the food list: 
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190 F'F.: an "Hm,j t'1At,J'r' "! U:f; ,: " < ::=.:) AF.:E U:::ED" ,: 
;200 U:::::(1 
205 It'WUT U 
21121 CA::::CA+t'i 1 :<t:L1 
2;2~~1 PF.:=F'R+t'Q:t.U 
:;2:30 CB=CB+tn:t.U 
24121 Ffl=FA+t-~4*U 
:250 GO TO 1 ~)121 

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. 

26121 F'F.: mT "t'm DATA FI'.,.'fi IL.FIBLE ot'i ",: OT$ ,; Wi ,: OTS 
:2,?1;;,1 F'P I I'H "T'r'F'E 1. TO :::E-:E FOOD· .. L I :::T" 
28121 F'RItH " 2 TO EtHEF.: DATA F'OP ",: OT:,$:,; W$,: Ins 
:29~j F'P I tH " :::: TO EtHEP fi t'iEl,J I t'H3PED I EtH t'jAt'1E." 
:3(10 ::::::::1 
3t15 I t'~PUT S 
31121 IF 3(>1 AND S(>2 AND S(>3 THEN 270 
32121 ON S GO TO 33121,470,10121 

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

Displaying the Food List 

Here's the block that displays the food list: 

:3::::~) L,C:::::(1 

::::4(1 F:E::::TOF.E 
350 PERD N$,US,Nl,N2,N3,N4 
36121 PR I tH t·~$ 
37121 I F t'~$=" Et,m" THEt'i 1 CH3 
::::8121 LC=LC+l 
39121 IF LC(24 THEN 350 
4~jl2l U:::=(1 
410 F'P I NT P',.'$ ,: 
42121 nWUT "PRES::: RETURt,~ TO COtH HiUE : " ; PTS 
43121 PR ItH t'~P$ ,: 
46121 CDTO 350 
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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): 

4?0 PR I tH "EtHEF.: t'lEA::;UF.:Et'1EtH Ut·~ I T FOF.: ".; I Ci$ 
4::a3 U$="" 
485 I t'~PUT U$ 
490 F'F: I tH "CALOR IE::; PEF.: "; LI$ 
5'~H3 t·~ 1 =0 
5~)5 I r-1PLIT t-~ 1 
510 PF.: I tH "PF.:OTE I t,~ 0:: G.::O PER "j U$ 
520 t~2=~3 
525 I t'~PUT t'~2 
5:30 PF: I tH "CAF.:BOH'r'DF.:ATE 0:: Ci.) PEF.: "; U$ 
540 t-B=f1 
545 I t-1PUT t'13 
550 F'F.: I tH "FAT (Ci.) PER "; U$: 
56121 tN=~3 
565 I t'lPUT t-14 
57~) C;OTO 19121 

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. 

58121 PR I tH "HOloJ t'1A t-l'T' ::;EF:",/ I t'H3::; DOE:; THE F.:EC I FE t1Af(E II j 

59121 I t'lPUT t,~S 
600 IF NS(l THEN 580 
610 PR I ~n "EACH :;EF:.'",' I t'4G COtHA I t,~S II 
62121 PF.: I tH I ~n 0:: CAl-llS* 1 f1+. 5::0,/ 1121 j" CALOF.: IE:;" 
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630 PRItH INHPR/'t-~S*10+. 5),/10;" GF~At18 p~:OTEm" 
640 PRItH ItH(CB/~·~8*10+. 5)/10.;" Gf;,:At18 

CAf;,:BOH'r'DRATE 
650 PRINT I~H(FA/~·~8*10+. 5)/10;" GM:At18 FAT" 
660 PRINT 
670 PR I NT "T'r'PE 1 TO At'~AL'r'ZE At'~OTHEF~ F~EC I PE" 
680 PRItH " 2 TO am." 
690 It~PUT 8 
700 IF 8(>1 AND 8(>2 THEN 670 
710 ON S GOTO 10.720 
720 E~~D 

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 rwt 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. 

730 DATA MILK.CUP.165.8.12.10 
740 DATA WHIPPING CREAM,CUPJ860.4.6.94 
750 DATA COTTAGE CHEESE. CUP. 240. 30. 6. 11 
760 DATA CHEDDAR CHEESE.1-INCH CUBE,70.4.0.6 
770 DATA CREAM CHEESE.OZ.105.2.1.11 
780 DATA EGGS.EGG.75,6.0.6 
790 DATA BUTTER.1/4-LB STICK,800.0.0.90 
800 DATA MARGARINE.1/4-LB STICK.80G.0.0.91 
810 DATA VEGETABLE OIL. TABLESPOON. 125.0.0. 14 
820 DATA GROUND BEEF.LB.1307.112.0.91 
830 DATA CHICKEN,LB.1326.114.0.91 
840 DATA LAMB.LB.1675.107.0.75 
850 DATA HAM.LB.1547.85.0.117 
860 DATA COD.LB.777.128.0.23 
870 DATA FLOUNDER. LB. 914. 137.0.37 
880 DATA CRABMEAT. LB. 480. 75. 5. 11 
890 DATA TUNA.LB.907.133.0.37 
900 DATA GREEN SNAP BEANS.CUP.25.1.6.0 
910 DATA GREEN LIMA BEAN8.CUP.140.8.24.0 
920 DATA RED KIDNEY BEAN8 (CANNED).CUP.230.15.42.0 
930 DATA BROCCOLI.CUP,45.5.8.0 
940 DATA CABBAGE.CUP.40.2.9.0 
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950 DATA CARROTS. CUP. 45, 1,10.0 
960 DATR CAULIFLOWER.CUP,30,3.6.0 
970 DATA CELERY. CUP. 20. 1,4,0 
980 DATR CORN.CUP,170.5,41,0 
990 DRTR MUCHROOMS,1!2-CUP, 12.2.4,0 
1000 DRTR ONIONS.CUP.80,2,18,0 
1010 DRTA GREEN PEAS (CANNED).CUP,68,3.13.0 
1020 DRTR POTRTOES.MED.SIZE POTATO,100,2.22.0 
1030 DRTA TOMATOES (CRNNED),CUP,50.2,9,0 
1040 DRTR SPINACH.CUP.26.3,3.0 
1050 DRTA RPPLES.CUP.100.0,26,0 
1060 DRTR BRNRNR,MED.SIZE BANRNR.85.0.23,0 
1070 DATA BLUEBERRIES (CANNED),CUP,245,1,2,0 
1080 DATA PEACHES (CANNED).CUP.200,0,52,0 
1090 DATA PINEAPPLE (CANNED),SLICE,95.0.26,0 
1100 DATA RAISINS.CUP,230,2.62.0 
1110 DATA CORN MEAL.CUP,360.9,74.4 
1120 DATA WHITE FLOUR,CUP,400,12,84,0 
1130 DATA WHOLE WHEAT FLOUR.CUP,390, 13,79,2 
1140 DATA BROWN RICE,CUP,748,15,154.3 
1150 DATA WHITE RICE.CUP,692,14,150.0 
1160 DATA NOODLES,CUP.200,7.37,2 
1170 DATA OATMEAL. CUP, 150,5,26,3 
1180 DATA SUGAR. CUP, 770,0, 199,0 
1190 DATA ALMONDS.l!2-CUP,425,13, 13,38 
1200 DATA WALNUTS.l!2-CUP,325.7,8,32 
1 ;:~ 1 ~=1 DAHl EI·m.," ", 121, (1. (1, 121 

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 
--_ .. __ .. _ .. _-- ---- ..... _----------_._--------

~===Ille 'fime -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. 

,
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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 lim i­
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)=3. 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 MS$(date.note-line) stores the reminder notes that you 
have assigned to certain days of the month. For instance. MS$(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: 

10 DEF FN Ml(X)=X-INT(X!4)*4 
20 DEF FN M2(X)=X-INT(X!100)*100 
30 DEF FN M3(X)=X-INT(X!400)t400 
40 DEF FN M7(X)=X-INT(X!7)*7 

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

X 

N 

Function M 1 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: 

50 DIM MO$(12),MD(12),WYS(7),C(42) 
1::0 FOF: t'1:::: 1 TO 1:2 
70 READ MO$(M),MD(M) 
:::: (1 t·l D-::T t1 
'~n FOF.: Ii= 1 TO 7 
HJt1 F::EAIi l,l'r'$ (Ii) 
110 t·lE::-n D 
120 DATA JANUARY,31,FEBRUARY,28,MARCH,31,APRIL,30 
130 DATA MAY,31,JUNE,30,JULY,31,AUGUST,31 
140 DATA SEPTEMBER,30,OCTOBER,31,NOVEMBER,30, 

DECEt1BEF.:) :::: 1 
150 DATA SUN.MON,TUE,WED,THU,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. 

15;;:: 
153 
154 
160 
170 
1 G.J 
190 
:200 
:2 J.1~1 
22ft 
:23.3 
:24121 
:250 
:260 
27~j 

::; 1$=" ": F.:Et'1 1 :::WACE Hj::::I DE OUClTE::; 
tKI$::::" ": F.:Et'1 t·m ::;F'fiC:E::::; I t··I:::; I DE UUOlT:::; 
QC$=S1$: QL=40: GClSUB 2370: SS$=QS$ 
mJ=s 
DL=S 
PR=4: REM PRINTER DEVICE NUMBER 
OT$=CHR$(34): REM QUOTE 
CT=I~1 
1,,il,J =::: (1 

MW=INT«VW-l)!7) 
1,,iL==66 
ML=INT«VL-S)!6) 
VL$=CHR$(12S): REM VERTICAL LINE 
HLS=CHR$(192): REM HORIZONTAL LINE 
D It1 t'1:::;$ (31 .. t'1L .. --1 ) 

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-l) 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: 

2::::(1 C,(I:::UB 450 
29~3 CiC!::::UB 117(j 

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: 

J~J~) F'F.: un 
::: 1 ~J F)F.: I t-H "1-F'F.: I tH t'1 I t·l I ATUF.:E CALEt·mAF.:" 
32~J PF.: I t-H "2-F'F.: I t-H FULL -..:;:; I ZE CALEt-mAF.:" 
::::::;::t1 F'F: I t-H "3-ED I T CALEt·mF,F.: tKlTE::;" 
J4~) F'F.: I t-H "4-F.:EFOF.:t1AT FROt'l D I Sr::: OF.: r::E'T'BOAFm" 
3513 F'F.: un "5-CHAt'lIJE CALHIDAF.: t'1Ot-HH" 
::::6121 F'F.: I t-H "6-::;fi"/E t·WTF.:::; l=tt·m FOF.:I"'1AT CIt·l D I ::;r<" 
::::?12I F'P I t-H "7-CiU IT" 
:38121 pF.:nn 
39(:1 nlPUT ":3ELECT 1 -_.?: ".; F' 
41313 IF F(l OF: F)7 THEN 3121121 
41121 IF F=7 THEN END 
42121 ON F IJOSUB 820)169121,20713,117121)45121,99121 
430 COTO 3~J~J 

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: 

4 ~5 t1 F'F.: I t-H 
46121 PF.: II'-H "I t·lPUT THE CALEt-WAP Mot-HH A::; t'lC1t-HH .. 'T'EI=tF.:. " 
47121 PR I t-H "FOF.: E::<:AMPLE: 1, 19:::4 FOF.: .Jl=tt·lUI=tF.:'T' 1 ~~:::4. " 
,:+:::(1 PF.: I t-H "',/AL I D t'lot-HH::; AF.:E :::., 192(1 TO 11, 2009" 
49t1 pF.:Hn 
5121121 F'F.: I t-H "t·l(ll.J T'r'F'E I t·l THE ,"lC1t-HH 1::ltm 'T'EI:1f;::" 
51 (1 HlPUT t'L'T' 
52(1 IF Y(192121 OF.: Y)2009 THEN 45(1 
53(1 IF Y=192(1 AND M(3 THEN 45121 
54121 IF Y=21211219 AND M)11 THEN 45121 
55(1 IF M(l OF: F)12 THEN 45(1 
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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(): 

560 H$=MO$CM)+STR$CY) 
57~:3 LH=LEH C H$) 
580 PRIHT 
590 PR I HT "Cot-~STRUCT I NO A CALEt·mAF.: FOF~" 
60(1 PRItH i-I$.;" • • • 
610 FOR CH=l TO 42 
62(1 CCCt·D=0 
630 t'~EXT Ct·~ 

H$ 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 I, 1920) and the first day of the month 
you have selected. The next lines make that calculation: 

640 'T'l ='1'-1920 
650 IF M(=2 THEN 680 
660 t'l1 =t1-:3 
67~j GOTO 700 
680 t'11 =t1+9 
690 'T'l='T'l-l 
700 JD=INTC1461*Yl/4)+IHT«153*Ml+2)/5) 

Lines 640-690 convert the actual month M and year Y into relative 
values Ml and Yl based on the starting point of March I, 1920. Yl is 
years elapsed, and Ml is months elapsed within the last year. For 
instance, for calendar month May 1970, we get Yl=Y-1920=50 and 
Ml=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*Yl/4) gives the total number of days in Yl 
years. The expression INT(153*Ml+2)/5) gives the number of days in 
M 1 months. Adding these two expressions gives the total number of 
days JD in the span from March I, 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. 
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710 WD=FN M7(JD+l) 
720 IF (FN M1(Y)=0 AND FN M2(Y)()0) OR 

FN M3(Y)=0 THEN 750 
730 LF'=0 
740 130TO 760 
750 LP=l 
760 LD=t1D (t1) 
770 IF LP=l AND M=2 THEN LD=29 
780 FOR D=l TO LD 
790 C(D+~m)=D 
8',)0 t'~Ei-n D 
810 RETURt~ 

Line 710 computes WD=JD+ 1 modulo 7. the weekday on whic:h 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: 

820 GOSUB 2240 
830 PRINT TAB«20-LH)/2+i);HS 
:::40 FOR D= 1 TO 7 
850 PRINT LEFTS(WY$(D),2); S1$; 
860 t'~E:X:T D 
:::70 PR I t-n 
880 FOR D=1 TO LD+WD 
890 IF C(D)()0 THEN 920 
900 PRINT Sl$;S1$; 
910 GOTO 930 
920 PRINT RIGHT$(S1S+STR$(C(D»,2); 
930 PF: nn ::; 1$; 
940 IF FN M7(D)=0 THEN PRINT 
950 t'~E)<T D 
960 PRIt-n 
970 GOSUB 2330 
980 RETURt·j 
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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: 

990 PRItH 
1000 'T't·iS=" t·i" 
1010 HiPUT "',/IBJ DISI< DIF.:ECTOR'T' ('·r',/t·D? ".; 'T't·l$ 
1020 IF 'T't·iS= "'T'" THEt·i GOSUB 29'.30 
1030 FO$=t·iUS 
104.3 I t·iF'UT "t'iAt1E OF OUTPUT FILE "; FOS 
1050 IF FO$()NU$ THEN 1070 
1060 F'R I tH "DATA t·lOT STOF.:ED" 
1065 RETURt·i 
1070 OPEt·i 2,8,3," (~0 : "+FOS+" .. :3EG!, ~JR ITE" 
1072 IF ST=0 THEN 1080 
1074 PRHH "DISI< ERF.:OR. DATA t·lOT STORED" 
1076 RETURt·i 
1080 PRItH#2, OJ 
1090 PR I tH#2, CL 
1100 FOR eN=1 TO 31 
1110 FOR L=1 TO CL-l 
1120 PRINT#2, QTS;MSS(CN .. L);QTS 
113(1 t·iE:'<T L .. Ct·i 
114C1 CLO:::;E 2 
115.) PfU tH "DATA !:HOPED Hi "j FOS 
116.:1 F::E TUF.: t·i 

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: 

1170 F'PHH 
11 :::0 F'F.: I tH 11 CALEt·WAF.: FOF.:t'lAT:" 
119~J F'F.: I tH "1-EtHEP FPOt'l f:::E'T'BOAF.:D" 
L'2(10 F'PItH "2-LOAD F F.: ot1 DISf::: FILE" 
121 (1 I t·lF'UT " ::;ELECT 1 OF.: 2 ".; CD 
1220 IF CD()1 AND CD()2 THEN 1170 
1230 IF CD=2 THEN 1470 

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

124~J F'R ItH 
125(1 F'F.: I tH "EPAS I t·W OLD t·jOTE::; ••• " 
1260 FOR CN=0 TO 31 
1270 FOR L=1 TO ML-1 
1280 MSS(CN,L)=NUS 
1290 HD::T L} ell 
13(10 PF.: I tH 
1310 PRltH "EtHEP CELL l,JIDTH (4-".; t'n,J.; ";''' 
1320 PP I tH "( PETUPt·i=" .; m·J.; " ) " 
133(1 CJ·J=DloJ 
1340 I t·iPUT D·J 
1370 IF CW(4 OP CW)MW THEN 1300 
13:::~) PP I tH 
1390 PF.:ltH "EtHEP CELL LEtKiTH (2-" j t1L.; ")" 
1400 F'R I tH "( F.:ETUPt·l=" .: DL.; " ) " 
1410 CL=DL 
142~) I t·lPUT CL 
1450 IF CL(2 OR CL)ML THEN 1380 
1460 GOTO 1610 

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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14 70 ITlt·~$=" t·~" 

1480 H~PUT "1,/ I E~J D I :;:;1< D I F.:ECTORITI <'rl/t·n·) ".; Irlt'l$ 
149~1 I F ITlt'~$=" 11''' THEt·l CiO:::;UB 29~Zn:3 
15~30 F I $=tKI$ 
1505 HlPUT "t'~At'lE OF HlF'UT FILE "j F U 
1510 IF FI$(>NU$ THEN 1525 
1515 PF.: I tH "DATA t·WT LOADED" 
1520 (iOTO 1170 
1525 OPEt·~ 2.,8,3, FI$+", SEO, F.:EAD" 
1530 It'~PUT#2, C~J 
1540 H~PUT#2, CL 
1550 FOR CN=1 TO 31 
1560 FOR L=1 TO CL-1 
1570 INPUT#2,MS$(CN,L) 
1580 t'~EXT L J ct~ 
1590 CLO:::E 2 
1592 IF ST=0 OF.: 3T=64 THEN 1600 
1594 PR I tH "D I ::¥ ERROF.:. DATA t·WT LOADED." 
1596 I]OTO 1170 
1600 PF.: I tH "DATA LOADED FROt'l ".; F I $ 

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: 

161 (1 PL,1=CvJ:+:7+ 1 
1620 HB=CL-1 
1630 OF=INT«CW-3)/2) 
1640 OL=PL,J 
1650 OC$=HL$ 
166(1 GOSUB 2370 
1670 R$=G!:::$ 
16:::0 RETURt·l 

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: 

169121 OOSUB 224121 
17121121 PRItH R$ 
171121 TB=INT«PW-2-LH)/2) 
172121 PRINT VL$;SPC(TB);H$;SPC(PW-LH-TB-2);Vl$ 
173121 PRItrr R$ 
174121 FOR DR=1 TO 7 
175121 IF DR=! THEN PRINT VL$; 
176121 IF DR(>l THEN PRINT S1$; 
177121 PRINT SPC(OF);WYS(DR);SPC(CW-4-0F); 
178(1 t·iE::H DR 
17'9121 PF.: I tH I,/LS 

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): 

1 :3121~j PF.: I tH fU 
181121 LW=-INT(-(LD+WD)/7) 
182121 FOR W=l TO LW 
183121 FOR L=l TO NB 
184121 FOR DR=1 TO 7 
1 :35[1 F'R ItH I,/l.$.; 
186121 DN=DR+(W-l)*7 
187121 M$=MS$(C(DN),l) 
188121 PRINT M$;SPC(CW-LEN(MS)-l); 
1 f::90 t·lE>::T III=t 
19~::K1 PF.: I trr '.,IL$ 
191121 t'lE>::T L 

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: 

1920 FOR DR=1 TO 7 
19 ::: 0 P F.: I tH '.,.'L:t. ; 
1940 DN=DR+(W-l)*7 
1950 IF C(DN)(>0 THEN 1980 
1960 PRINT SPC(CW-l); 
1970 GOTO 2000 
1980 DTS=STRS(C(DN» 
1985 DTS=RIGHTS(DTS,lEN(DTS)-I) 
1990 PRINT SPC(CW-lEN(DTS)-l);DTS; 
:~:~)00 t'~E;:'::T DR 
2010 PR I t-n l·llS 

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: 

2~)2~~1 PR I t·n RS 
2 J;::1:;:(l t·lE:,::T L·~ 

:2(l40 F'F.: I tH 
:205~) CiO::;Ur:: 23:~:~3 

2060 RETURt·l 

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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:21217121 F'F.: I tH 
:2iJ:::I~1 F'F.: I tH "ADD t',IOTE::: TO 1"Hi I CH [l1:I"I"E') < 1,-" ,: LD ,: " ::0 " 

212190 :::D::::6 
21 ~X1 I t'~F'UT "EI'HEF.: ~j TO C!U IT: ",: ::m 
2116 IF 8D(1 OF.: 8D)LD THEN RETURN 
:2120 pF.:Hrr 
:21 :::0 F'F: I tH "EtHEF.: ",: t'm ,:" l'lOTE L. I j"iE:::. 

t'Wi:::: LEI'-,ICiHj:=:" ,: U,J-1 
214121 FOF.: L=1 TO NB 
215121 F'F.:nrr "LmE "j 1_ 
:216~j 'n-:::t=tiU:t 
:2170 I t'WUT T;:.::$ 
218121 IF LEN<TXS»CW-1 THEN TX:t=LEFT:t(TX:t,CW-l) 
219121 MS:t(SD,L)=TX$ 
22(Hj I~E>n' L 
221(1 F'F.:HH 
2;;':212! F'F.:Un "TE::(T ::::TOF:ED." 
22::::0 C10TO 2C170 

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: 

:224121 F'RIIH 
2250 F'F: I tH "OUTPUT TO: 1-1'.... 2-PF: I tHEF:" 
:2260 OD=1 
2270 I t'iPUT ":::ELECT 1 OF: 2: ", OD 
228121 IF OD()1 AND OD()2 THEN 2248 
2290 IF OD=1 THEN F.:ETUF.:N 
23~j0 OPHI 1, PR 
;2:310 Ct1I1 1 
2:32(j RETUF.:t·i 

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: 

233121 IF OIl=1 THEN F.:ETUF.:N 
2:::::4'.3 F'R I tH# 1 " 



2350 CLOSE 1 
2355 OD=1 
2360 RETUF.:t·l 
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The next subroutine generates a repeating string of characters: 

2:37(1 G!S$=tKI$ 
2380 FOR QQ=l TO QL 
;239~3 G!S$=QS$+QC$ 
2400 t'lE:~::T G!Q 
;241 0 RETUR~l 

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 QC$. 

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. 

;29~Z10 PF.: I t-n II LOAD I t·H3 D I f~:ECTOF.:IT' ••• II 

291 (1 OPEt·l 1 .. ::: .' 4., II $ .. ::;EQ., F.:EFiD II 
2920 IL,J=0 
2930 IF ST()0 THEN 3040 
2940 GETI1,A$ 
2950 IF LENCAS)=0 THEN 2920 
2960 IF AS)CHRS(31) AND A$(CHR$(122) THEN 3010 
2970 IF IW=0 THEN 2930 
29:::~3 I L·J=0 
;2990 PF.: I t-n 
30~30 OOTO 293~:1 
3010 IF IW=0 THEN WL=l 
3~315 I L'J::,~ 1 
::m2~3 PRIt-n A$; 
3~323 L·JL::::L,JL + 1 
3024 IF WL(17 THEN 3030 
3026 PF~ I t-n 
302::: L·JL::::(1 
303(1 OOTO 2930 
304[1 CLOSE 1 
::::05f~ PfUtH 
306~3 F.:ETURt·l 
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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 Dr $ (line 170) 

• Maximum tot: J 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). 

f tlFIIT THE C:iiLEt·WAF: t'1OfHH fi:3 t'1CItHH., 'r'ERF:. 
FOR EXRMPLE: 1,1984 FOR JANURRY 1984. 
VALID MONTHS ARE 3)1920 TO 11,2009 

NOW TYPE IN THE MONTH AND YEAR 
12 , 19:::,:+ 

CONSTRUCTING A CRLENDAR FOR 
DECEMBER 1984 . . . 

CALEt·mnF.: FOF.:t'lRT: 
i-ENTER FROM KEYBOARD 
2-LORD FROM DISK FILE 
::;ELECT 1 OF.: 2 1 

ERASING OLD NOTES ... 

ENTER CELL WIDTH (4- 11 ) 
:F.:E:TUF:t-~:::: ~::; > 

c::' 
...• ! 

Figure 20-2. Sample run of the Time Marhine 



ENTER CELL LENGTH (2- 10 ) 
.: Fd::r U F: t'j:::: ~.5 ) 

4, 

i-PRINT MINIATURE CALENDAR 
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 
'(",-OUIT 

:;ELECT 1-7: i 

OUTPUT TO: 1-TV 2-PRINTER 
SELECT 1 OR 2: 1 

DECEt1E:ER 1984 
SU MO TU WE TH FR SA 

i 
;2 ~, 4 C' 6 7 ::: . .:. ,_I 

9 10 11 P .::.. P '-' 14 15 
16 17 18 19 20 21 22 
.-,.-, 
.:!..:J 24 25 26 27 2::: '-:If~ 

'::"-' 

30 31 

i-PRINT MINIATURE CALENDAR 
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 
7-QUIT 

SELECT 1-7: 3 

ADD NOTES TO WHICH DATE? (1- 31 ) 
ENTER 0 TO QUIT: 17 
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ENTER 3 NOTE LINES. MAX LENGTH= 4 
LH4E 1 
Lt'l/ ::; 
l_ I t'lE 2 
AT 

Figure 20-2. Sample run of the Time Machine (continued) 
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L I t'~E :::: 
?: 0~3 

TEi<:T ::nOPED. 

ADD NOTES TO WHICH DATE? (1- 31 ) 
ENTEP 121 TO QUIT: 5 

E~'~TEF.: :3 
L I t'~E 
PR'r' 

1 

LIt·lE 2 
F:EtH 
LH~E 
$37121 

.-. . :;, 

NOTE LINES. MAX LENGTH= 4 

ADD NOTES TO WHICH DATE? (1- 31 ) 
ENTEP 121 TO QUIT: 21 

ENTER 3 NOTE LINES. MAX LENGTH= 4 
'-.1 tiE 1 
Xt1A::; 
LIt·lE 2 
I,/AC. 
L I t·lE :;: 
! I I 

TE><T ::;TORED. 

ADD NOTES TO WHICH DATE? (1- 31 ) 
ENTER 0 TO QUIT: 0 

1-PRINT MINIATURE CALENDAR 
2-PPINT FULL-SIZE CALENDAR 
3-EDIT CALENDAP NOTES 
4-REFORMAT FROM DISK OP KEYBOARD 
5-CHANGE CALENDAR MONTH 
6-SAVE NOTES AND FORMAT ON DISK 
7-C!UIT 

:ELECT 1-?: :2 

OUTPUT TO: 1-TV 2-PRINTER 
SELECT 1 OR 2: 1 

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



._-_. 
DECEt1BER 1984 

SW'~ t1ot~ TUE WED THU FFH 

IPA'T' I I 
IREtH I 1 
1$:37101 I 

21 ~::: I 41 51 61 71 

I I I I I I 
1 1 I I I I 
I I I I 1 I 

91 110 I 11 I 121 1:::: I 14 I 

ILWSI I I 1~<t1AS I 
IAT I I I IVAC. I 
17:10101 I I I! ! ! I 

161 17 I 181 191 2101 21 I 

I I I 
I I I 
I 1 I 

2:::: I 241 251 261 271 281 

I I 
I 1 
I I 

:::0 1 :31 I 

I-PRINT MINIATURE CALENDAR 
2-PRINT FULL-SIZE CALENDAR 
3-EDIT CALENDAR NOTES 
4-REFORMAT FROM DISK OR KEYBOARD 
5-CHANOE CALENDAR MONTH 
6-SAVE NOTES AND FORMAT ON DISK 
7-G!UIT 
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SAT I 

1 
I 
1 

1 I 

E: I 

15 I 

I 
1 
I 

221 

I 
I 
1 

291 

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

VIEW DISK DIRECTORY (YIN)? N 
NAME OF OUTPUT FILE DECEMBER 

i-PRINT MINIATURE CALENDAR 
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 
7-QUIT 

SELECT 1-7: 7 

READ',... 

Figure 20-2. Sample run of the Time Machine (continued) 
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Speed Drills, 169-83 
Text Scanner, 185-93 
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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 

I 

description, 15 
determining the ideal puzzle size, 

19-20 
making easier puzzles, 20 

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, :~89-98 

cost/value studies, 289 

o 

database required, 290-91, 
297-98 

operation, 29{)-91 
purpose, 289 
sample run, (Figure 19-1) :~92-94 

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 Comput1:ng 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 

Q 

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 

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 

T 

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

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 





Look for these Osborne McGraw-Hill Commodore 64® books. 

Your Commodore 64®: A Guide to the Commodore 64 Computer 
Commodore 64® Fun and Games 

Available at computer stores and book stores everywhere. Or order 
direct by calling TOLL-FREE: 800-227-2895. In California call 
800-772-4077. 







THE C-64 PROGRAM FACTORY 

Here's a book that will put your C-64 to work right now as an enter­
tainer, puzzle generator, teacher, and creative assistant. 

Written by George Stewart, author of POPULAR COMPUTING's 
column "The Program Factory," these programs can easily be keyed 
into your computer. 

This collection includes many entertaining programs-
• The Matchmaker 
• The Codebreaker 
• Blackjack '84 
• Poetry Generator 
• The Time Machine 

Beginners will enjoy quick access to these programs, and experienced 
users who would like to understand how the programs work can learn 
from the explanations that accompany each program. 

The C-64 Program Factory is ideal for any C-64 user looking for 
programs that provide hours of fun and learning! 

C-64 is a registered trademark of Commodore Business Machines, Inc. 
Program Factory is a trademark of the author, George Stewart. 

ISBN 0-88134-150-9 


