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1700 REM ** 4/10 (MOD)-EXIT PROGRAM ** 
1710 PRINT"[clear][2x dwn][3x rht]CURRENT 

PAYROLL FILE NAME IS":Z$="": 
PRINT"[9x rht]"FL$ 

1720 INPUT"[2x dwn][2x rht]IF NEW PAYROLL FILE 
NAME ENTER NOW[home][8x dwn][3x 
rht]" ;FL$ 

1725 IF LEFT$(FL$,3)="@0:" THEN 
FL$=RIGHT$(FL$,LEN(FL$)-1) 

1727 IF LEFT$(FL$,2)<>"0:" THEN FL$="O:" 
+ FL$ :GOTO 1725 

1730 PRINT"IF FILE IS READY TO SAVE ":Z$="": 
INPUT"THEN ENTER RETURN";Z$ 

1735 IF Z$<>'''' THEN RETURN 
1750 OPEN15,8,15:Z$="":A$='''' 

1755 OPEN 2,8,2,FL$+",S,W":GOSUB 1600: 
IFA$="63" THEN 1755 

1757 PRINT#2,P$ 
1760 FOR J=1 TO 100:IF EM$(J,1)="" THEN 1790 
1765 FOR Y=1 TO 16 

1770 PRINT#2,EM$(J,Y) 

1780 NEXT Y: NEXT J 
1790 CLOSE 2:CLOSE 15:PRINT"[dwn][2x rht] 

SAVE COMPLETED": 
GOSUB 500:IF LEFT$(Z$,1)="*" THEN NEW· 

1795 GOTO 100 

Here we have a program which can save and load em­
ployee records, enter and list employee statistics, search 
and find a single employee's records, and change those 
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records. What we need now is a module that can calculate 
the payroll. 

INPUT HOURS AND CALCULATE 
THE PAYROLL 

Before we can actually calculate the payroll, we must be 
able to enter the number of hours worked. This program 
is designed to take weekly hours for up to five weeks and 
calculate the payroll for the month. The payroll, as shown, 
is not a weekly or biweekly payroll. It is a monthly payroll 
for hourly employees. Later, we will discuss how to change 
this hourly payroll to other types of payroll. 

Module 6/5 allows us to enter the hours worked by 
each employee. The module begins with the warning that 
if we enter hours into an employee's record, we will delete 
any hours which are currently in that record. This means if 
we have entered and stored weeks 1 and 2, and now want 
to add week 3, we must reenter weeks 1 and 2 before 
entering week 3. It is assumed that we will enter all of an 
employee's hours for the month at one time. If this is 
impractical for your payroll, the module can be changed to 
input only one week at a time. 

After the module warns us about how entering hours 
will effect our data, it asks us if only one employee is 
wanted. This question allows us to work with a single 
employee's records, if desired. If the answer to the ques­
tion is no, the module begins with employee 1 and lists, in 
turn, each eligible employee on the payroll until told to 
"stop" or until the payroll list is exhausted. Employees 
whose employee status is 0 are not listed by this module. 

If the hours for more than one employee are being 
entered, the module asks for a payroll period name. This 









148 Building Blocks for Commodore 64 Programs 

for the Period 4/1/85-4/15/85 

total emPlo~ees working = 6 
total hours worked = 477 

total 9ross Pa~roll = 2957.3 

state disablt~ insur = 12.86 
soc sec(fica emPlee) = 198.14 
sta income tax = 27.81 
fed income tax = 148.34 
retirement (emPlee) = 147.87 

total net wages = 2422.28 

Period fed dePosit = 553.49 

Figure 6-1 Printout of payroll summary 

It lists the total number of employees working, the total 
number of hours worked, and the total gross payroll. It 
then lists the total of 00$(1) (state disability insurance), 
00$(3) (employee FICA), state income tax, federal in­
come tax, 00$(8) (retirement paid by the employee), and 
total net wages. This list could be considered the summary 
of employee costs. Finally, the summary prints the amount 
of federal deposit due for the payroll period listed. 
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PRINT AND CHANGE 
PAYROLL VARIABLES 

All the functions of the payroll program, which do not 
expect input, can be printed. Module 6110 provides a se­
lection of the printable functions. We can print an em­
ployee list which includes the employee's statistics. We 
can print the payroll list of all eligible employees, includ­
ing the hours worked, gross pay, all deductions, and net 
pay for each employee. We can choose to list the em­
ployer costs, which prints an itemized account of the em­
ployer costs for each employee and then prints a summary 
of those costs. We can print the payroll summary, which is 
a single-page listing of the total number of workers, total 
number of hours worked, and totals of gross pay, deduc­
tions, and net pay, together with the total amount of fed­
eral deposit required for this period. 

The print module even allows us to print the listing of 
the payroll variables. This payroll variable listing prints all 
the names and values of DD$(I) and DD(1) through 
DD$(8) and DD(8). These are the values used to calculate 
the payroll deductions and employer costs. As discussed 
earlier, these values can be changed to meet your specific 
needs and to meet the changes in local and federal law. 

The last module in this program is Module 6/11, pay­
roll variables. This module lists the variables that we have 
just been discussing and allows us to change the values of 
those variables, if desired. 

If an item is to be changed while viewing this list, the 
item number is entered. The screen is cleared and the 
current value of the chosen variable is displayed together 
with a request for the new value. This new value must be 
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six characters in length. For example, if the new value is 
0.2, it should be entered as 000.20 or 0.2000 or a similar 
value which provides six characters without changing the 
value of the desired variable. If the new value is more than 
six characters in length, it must be rounded to six char­
acters. 

When the new value has been entered, the module 
asks whether or not this change is to be permanent. If the 
answer is no, the new value is used in the current calcula­
tions, but no changes are made in the payroll program. 
This feature can be useful for making temporary changes 
or for estimating the costs for proposed changes in payroll 
variables. 

If, on the other hand, the changes are to be permanent, 
the module looks through the payroll program for a 
DATA line and changes the data to incorporate the new 
variable. The module then saves the entire program, in­
cluding the new data line. You may wish to insert a warn­
ing line in this module to be sure that the right disk is in 
the drive, since the module will save the program on what­
ever disk is available. This warning might be something 
like this: 

5205 PRINT"SAVING PROGRAM, CORRECT 
DISK?":GOSUB 500:IF 
Z$="*" THEN 5000 

This line allows us to return to the listing of the changed 
variables without saving the program. This condition is 
different from that which we would have if we had se­
lected a nonpermanent change, because in this case we 
have changed the data line. 

We now have three possible conditions that we can 
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use. The first is the nonpermanent condition, which 
changes only the value held in the computer variable. This 
value will be lost if the program is RUN or if the program 
is. LOADed from the disk (or tape). The second condition 
is the one that we have created with line 2505. Here we 
have changed the DATA line but have not saved the 
changed program. In this case the changes will remain 
intact if the program is RUN but not if the program is 
LOADed. The third condition makes permanent changes 
in the DATA line and saves the changed program. This 
condition allows us to RUN or LOAD without losing the 
new variables. 

THE PAYROLL PROGRAM 

We now have a complete payroll program that will provide 
most. reports that we would need or want. The modules 
and their order in the program are: 

6/1 Payroll initial 
4/1 Card initial 
6/2 Payroll menu 
6/3 List employees 
6/5 Enter hours worked 
6/6A Calculate payroll 
4/7 Bottom line/erase card 
4/2A Print card 
6/4 Employee card layout (Module 4/5B modified) 
6/7 A Change employee records 
6/7C Employee status = 2 
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6/8 Employer costs 
6/9 Payroll summary 
6/78 Search subroutine 
4/11 Load employee list (modified) 
4/9 Read error channel 
4/10 Exit program (modified) 
6/10 Print routine 
6/68 Income tax-1 or 3 
6/6C Income tax-2 
6/11 Change payroll variables 

If you are so inclined and have the skills, it would not be 
too difficult to write a module that would convert the 
payroll payment data into the form for checkbook data. 
Writing such a module would provide a checkwriting 
guide and record. It would also allow the budget program 
to use the same payroll data and assign account names to 
the different employee groups, if desired. There are many 
possible uses. 

CHANGING TO A DIFFERENT 
PAYROLL PERIOD 

As we said earlier, this payroll is an hourly payroll, re­
corded weekly and paid monthly. How can we change it to 
another type of payroll period? Basically, there are two 
changes that must be made. 

First, if we are changing to a pay period shorter than a 
month, we must change Module 6/5 to expect only the 
number of weeks in the period. This is done by removing 
lines 330 through 350 from the INPUT lines not needed. 
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Then line 360 can be changed to read "TOTAL HOURS 
FOR PERIOD". 

The other change that must be made is to adjust cost 
and deduction variables to match the shorter pay period. 
Of course, the income tax modules (6/6B and 6/6C) must 
be changed. 

To change to a salaried payroll, the easiest change 
would be to establish an appropriate combination of 
hourly rate and monthly hours to be used. This combina­
tion could be a rate of $1200 per hour for one hour per 
month if the gross pay for that employee is $1200 per 
month. 

OTHER USES FOR THE MODULES 

There, are a number of unique modules in this program 
which can have other uses. Module 6/11 (change payroll 
variables) can, with minor modifications, be used in other 
programs. The basic idea of being able to change a pro­
gram data line is powerful, since we are using a program to 
change itself. You will find uses for this module in other 
programs. 

Exit Module 6/10 can also be useful in other programs. 
The basic module concept is usable as shown. It is neces­
sary only to make adjustments that accommodate differ­
ences between the data to be saved in the new program 
and the data being saved in this payroll program. Modules 
617 A and 617B can be used in any data listing program 
where search and change are helpful. Simply making 
changes in the item names will adapt these modules to 
other programs. Finally, Module 6/3 can be used for short 
lists of data, whether name and address or inventory items 
and costs. 
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Many of the concepts in this payroll program can be 
adapted to other programs, such as inventory, sales data, 
and so on. Some of the modules in this chapter, coupled 
with modules from the card file program, checkbook pro­
gram, and others, will provide unusual customized pro­
grams to fit your needs. 



CHAPTER SIX 

l'40DULES 

MODULE 6/1 Initial module for the payroll program, 
which loads a DATA line into an array DD(X) which cor­
responds to a name list array DD$(X). 

001 REM ** 6/1-PAYROLL INITIAL ** 
005 TP$="[39x cmdlY]" 
006 BT$="[39x cmd/P]" 
007 FOR X=O TO 8:READ DD(X):NEXT X 

008 DATA 0,0.0270,0.0818,0.0670,0.0700, 
083.33,080.00,0.0700,0.0500 

009 RESTORE 
010 P$="UNKNOWN" 
011 DD$(1)="STATE DISABILITY INSUR" 
012 DD$(2)="INDUSTRIAL ACCIDENT" 

013 DD$(3)="SOC SEC(FICA EMPLEE)" 

014 DD$(4)~"SOC SEC(FICA EMPLER)" 
015 DD$(5)="DEDUCT PER DEPENDENT" 
016 DD$(6)="HEAL TH INSUR (EMPLER)" 
017 DD$(7)="RETIREMENT (EMPLER)" 
018 DD$(8)="RETIR-EMENT (EMPLEE)" 
019 N=100:DIM W1(N),W2(N),W3(N),W4(N), 

W5(N),HR(N),Q(15) 

155 
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MODULE 6/2 The payroll menu, which selects among 
the functions available in the payroll program. There are 
10 possible choices. 

100 REM *'II< 6/2-PAYROLL MENU *'II< 

110 PRINT"[clear][2x dwn][2x spc][rvs] 
SELECT ONE OF THE FOLLOWING:[off]" 

120 PRINT"[dwn][7x spc]1 LIST EMPLOYEES" 

130 PRINT"[7x spc]2 ENTER HOURS WORKED": 
PRINT"[7x spc]3 SEE PAYROLL LIST" 

140 PRINT"[7x spc]4 CHANGE EMPLOYEE 
RECORDS":PRINT"[7x spc]5 EMPLOYER 
COSTS" 

150 PRINT"[7x spc]6 ADD EMPLOYEE": 
PRINT"[7x spc]7 SEE PAYROLL SUMMARY" 

160 PRINT"[7x spc]8 EXIT PROGRAM" 

170 PRINT"[7x spc]9 PRINT SELECTED 
FUNCTION" 

175 PRINT"[6x spc]10 CHANGE PAYROLL 
VARIABLES" 

180 INPUT"[2x dwn][2x spc]ENTER 
YOUR CHOICE" ;Z$ 

185 ON VAL(Z$) GOSUB 200,300,400,900, 
1100,800,1200,1700,1900,5000 

190 GOTO 100 

MODULE 6/3 . Lists each employee in the file, together 
with the employee's number, rate, and statistics. A marital 
status of 1 denotes a single employee, 2 a married em­
ployee, and 3 any other classification treated as single. An 
employee status of 1 denotes a normal employee, 2 is an 
employee whose wages for the year have exceeded the 
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FICA maximum, and 0 denotes an employee who is ineli­
gible for pay in the period being computed. 

200 REM ** 6/3-LlST EMPLOYEES ** 

210 GOSUB 600:REM ** PRINT CARD SUBR ** 

215 FOR N=1 TO 100:IF EM$(N,1)="" 
THEN RETURN 

220 IF FLAG=1 THEN PRINT:GOTO 230 

225 GOSUB 550:PRINT"[home]":FOR B=1 
TO 4:PRINT TAB(12-2*B);EM$(N+5-B,1); 
"[dwn]":NEXT B 

230 PRINT TAB(4)"EMPLOYEE NUMBER "N: 
PRINT 

235 FOR L=1 TO 5:PRINT"[2x spc]"; 
240 IF L=1 THEN PRINT"NAME = "; 

245 IF L=2 THEN PRINT"[4x spc]HOURL Y 
RATE =$"; 

250 IF L=3 THEN PRINT"[spc]MARITAL 
STATUS = "; 

255 IF L=4 THEN PRINT"[4x spc]TAX 
EXEMPTS = "; 

260 IF L=5 THEN PRINT"EMPLOYEE STATUS="; 

265 PRINT EM$(N,L):NEXT L:PRINT:GOSUB 
500:IF LEFT$(Z$,1)="*" THEN RETURN 

270 NEXT N:PRINT"[3x spc][rev]PAYROLL 
END[off]":GOSUB 500:RETURN 

MODULE 6/4 A modified version of Module 4/5B. It 
prints the name of an employee statistic and then accepts 
input for that statistic. Lines 865 through 870 provide for 
delete and backspace. 
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800 REM·· 6/4-EMPLOYEE CARD •• 
805 PRINT"[clear]":FOR N=1 TO 100: 

IF EM$(N,1)="" THEN 820 
810 NEXT N:PRINT"[3x spc][rvs]PAYROLL 

FULL[off]":STOP 
820 PRINT TP$:PRINT TAB(9)"NEW EMPLOYEE 

NUMBER "N:PRINT BT$:PRINT"[2x dwn]" 
825 FOR L=1 TO 15:PRINT"[2x rht]"; 
830 IF L=1 THEN PRINT"[2x spc]EMPLOYEE 

NAME = "; . 
831 IF L=2 THEN PRINT'[4x spc]HOURL Y 

RATE =$"; 
832 IF L=3 THEN PRINT"[spc]MARITAL 

STATUS = "; 
833 IF L=4 THEN PRINT"[4x spc]TAX 

.. EXEMPTS = "; 
. 834 lr:: L=5 THEN PRINT"EMPLOYEE STATUS="; 
·835 IFL<6 THEN GOSUB 850:NEXT L 
837 EM$(N,L)="O":NEXT L:PRINT:EM$(N,16) 

#'-'£":GOSUB 500:IF Z$;,I." THEN RETURN 
8400010 800 . 

850 GET A$:IF A$="" THEN 850 
855 IF A$=CHR$(13) THEN PRINT:RETURN 
aGo IF A$<>CHR$(20) THEN 875 
865 IF LEN(EM$(N,L)) >0 THEN 870 
866 L=L-1 :PRINT"[up]":FOR K=20 

TO 39:PRINT"[lft][spc][lft]";: 
NEXT K:EM$(N,L)='''':GOTO 850 

870 EM$(N,L)=LEFT$(EM$(N,L),LEN 
(EM$(N,L))-1 ):PRINT"[lft][spc] 
[lft]";:GOTO 850 
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875 PRINT A$;:EM$(N,L)=EM$(N,L)+A$ 
880 IF LEN(EM$(N,L))<WI THEN 850 
885 PRrNT RETURN 

MODULE 6/5 Enters hours worked. Will accept a sin­
gle employee or will cycle through the entire eligible em­
ployee list and enter five weeks of hours. Calculates total 
hours for the month. 

300 REM ** S/5-ENTER HOURS WORKED ** 
302 PRINT"[clear]ENTERING HOURS WILL 

DELETE ALL PREVIOUS HOURS IN 
THAT EMPLOYEE'S"; 

303 PRINT"RECORD.":GOSUB 500:IF Z$="*" 
THEN RETURN 

305 PRINT:Z$="":INPUT"ENTER ONLY ONE 
EMPLOYEE'S HOURS? (Y/N)";Z$: 
IF Z$="N" THEN 309 

30S IF Z$<>"Y" THEN 305 

307 GOSUB 1400:X=N:REM ** TO S/07B ** 
308 FOR N=X TO X:GOTO 320 
309 INPUT"[clear][2x dwn][spc]INPUT 

THE PERIOD";P$ 
310 FOR N=1 TO 100:IF EM$(N,1)="" 

THEN RETURN 
315 IF EM$(N,5)="0" THEN 375 
320 PRINT"[clear]"TP$:PRINT TAB(10) 

"WAGE ENTRIES" :PRINT BT$: 
PRINT"PERIOD: "P$:PRINT 

325 PRINT"[dwn][spc]EMPLOYEE NUMBER-"; 
N"[3x spc]"EM$(N;l) 
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330 INPUT"[dwn][3x spc]HOURS FOR WEEK 
ONE" ;W1 (N) 

. 335 INPUT"[dwn][3x spc]HOURS FOR WEEK 
TWO";W2(N) 

340 INPUT"[dwn][spc]HOURS FOR WEEK 
THREE";W3(N) 

345 INPUT"[dwn][2x spc]HOURS FOR WEEK 
FOUR";W4(N) 

350 INPUT"[dwn][2x spc]HOURS FOR WEEK 
FIVE" ;W5(N) 

355 H R(N) = W1 (N) + W2(N) + W3(N) + W4(N) + W5(N) 

360 PRINT"[dwn][spc]TOTAL HOURS FOR 
MONTH=";HR(N) 

365 EM$(N,6)=STR$(HR(N)) 
370 GOSUB 500:IF Z$="*" THEN RETURN 

375 NEXT N:RETURN 

MODULE 6/6A Together with Modules 6/6B and 
6/6C, calculates the payroll. The module cycles through 
the list of employees in sequence, calculating gross pay, all 
of the deductions, and net pay. Modules 6/6B and 6/6C 
contain the income tax tables for both single and married 
employees. 

400 REM ** 6/6A-CALCULATE PAYROLL ** 
403 GOSUB 600:REM *TO 4/2A CARD FORMAT* 
405 FOR N=1 TO 100:IF EM$(N,1)="" 

THEN 495 
407 IF EM$(N,5)="0" THEN 490 
410 IF FLAG=1 THEN B=5:PRINT:GOTO 413 
412 GOSUB 550:PRINT"[home]":FOR B=1 
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TO 4:PRINT TAB(12-2*B);EM$(N+5-B,1); 
"[dwn)":NEXT B 

413 PRINT TAB(12-2*B);EM$(N,1); 

415 HR=VAL(EM$(N,6)):GP=HR*VAL 
(EM$(N,2)):GP=INT(100*GP+.5)1100: 
EM$(N,7)=STR$(GP) 

417 EM$(N,7)=STR$(INT(100*VAL 
(EM$(N, 7)) + .5)/100) 

420 EM$(N,9)=STR$(INT(100*HR* 
00(1) +0.5)/100) 

425 EM$(N,10)=STR$(INT(100*GP* 
00(3) +0.5)/1 00) 

430 IF EM$(N,5)="2" THEN EM$(N,10)= 
EM$(N,13) 

435 EM$(N,12)=STR$(INT(100*GP* 
00(8) +0.5)/1 00) 

437 EM$(N,8)=STR$(GP-00(5)*VAL 
(EM$(N,4))) 

440 IF EM$(N,3)="1" OR EM$(N,3)="3" 
THEN GOSUB 2000:GOTO 445 

441 IF EM$(N,3)="2" THEN GOSUB 2500: 
GOTO 445 

442 PRINT"ERROR IN MARITAL STATUS": 
GOSUB 500:GOTO 900:REM * TO 6/7A ** 

445 EM$(N,15)=STR$(GP) 
446 FOR X=9 TO 14:EM$(N,14)=STR$ 

(VAL(EM$(N,15)-VAL(EM$(N,X))):NEXT X 
447 EM$(N,15)=STR$(INT(100*VAL 

(EM$(N, 15)) + .5)/100) 
450 PRINT"[2x spc]EMPL #"N:PRINT 

TAB(2)"[spc]RATE="EM$(N,2)"[2x spc] 
HOU RS =" EM$(N ,6): PRI NT 
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455 PRINT TAB(2)"[5x spc]GROSS PAY =$" 
EM$(N, 7): PRINT 

460 PRINT DD$(1)"[spc]="EM$(N;9) 

465 PRINT DD$(8)"[spc]="EM$(N,12) 
470 PRINT DD$(3)"[spc]="EM$(N,10) 
475 PRINT TAB(2)" FEDERAL INCOME TAX =" 

EM$(N,11) 
480 PRINT TAB(2)"[2x spc]STATE INCOME 

TAX ="EM$(N,14) 

485 PRINT TAB(2)"[6x spc]NET PAY =" 
EM$(N,15) 

486 IF FLAG=1 THEN" PRINT TP$:GOT0490 
487 GOSUB 500:IF Z$="*" THEN RETURN 
490 NEXT N:IF FLAG=1 THEN RETURN 

495 PRINT"[2x spc]END OF PAYROLL": 
GOSUB 500:RETURN 

MODULE 6/6B Contains the 1984 federal income tax 
table for single employees who are paid monthly. The 
table must be updated each time the tax rate is changed. 
This module also contains a state income tax calculation 
which must be changed to meet your state's tax rate and 
method. This module is designed to be a subroutine of 
Module 6/6A. 

2000 REM ** 6/6B-INCOME TAX 1 or 3 ** 
2010 NP=VAL(EM$(N,8)):IF NP < 117 

THEN TX=O 

2015 IF NP<267 AND NP>117 THEN 
TX=0.12*(NP-117) 
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2020 IF NP<742 AND NP>267 THEN 
TX=18+0.16*(NP-267) 

2025 IF NP<1042 and NP>742 THEN 
. TX=94+0.20*(NP-742) 

2030 IF NP<1408 AND NP>1042 THEN 
TX= 154+0.24*(NP-1 042) 

2035 IF NP<1875 AND NP>1408 THEN 
TX=241.84+0.30*(NP-1408) 

2040 IF NP<2317 AND NP>1875 THEN 
TX=381.94+0.34*(NP~1875) 

2045 IF NP>2317 THEN 
TX=532.22+0.37*(NP-2317) 

2050 EM$(N, 11)=STR$(INT(100*TX+ .5)/100): 
REM ** FED INCOME TAX ** 

2060 IF NP>267 THEN EM$(N,14)=STR$ 
(INT(1 00*(.05*(NP-267))+ .5)/1 00): 
REM **STATE TAX ** 

2070 RETURN 

MODULE 6/6C The tax table for . married employees 
who are paid monthly. This module is the same as Module 
6/6B except that this module is for married employees. 

2000 REM** 6/6C-INCOME TAX - 2 ** 
2010 NP=VAL(EM$(N,8)):IF NP < 200 

THEN TX=O 
2015 IF NP<506 AND NP>200 THEN 

TX=0.12*(NP-200) 
2020 IF NP<998 AND NP>506 THEN 

TX=36.72+0.16*(NP-506) 
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2025 IF NP<1545 AND NP>998 THEN 
TX=115.44+0.19*(NP-998) 

2030 IF NP<1967 AND NP>1545 THEN 
TX=219.37+0.24*(NP-1545) 

2035 IF NP<2408 AND NP>1967 THEN 
TX=320.65+0.27*(NP-1967) 

2040 IF NP<2850 AND NP>2408 THEN 
TX=439.72+0.32*(NP-2408) 

2045 IF NP>2850 THEN 
TX=581.16+0.37*(NP-2850) 

2050 EM$(N, 11) = STR$(I NT(1 OO*TX + .5)/1 00): 
REM ** FED INCOME TAX ** 

2060 IF NP>267 THEN EM$(N,14)=STR$ 
(INT(1 00*(.035*(NP-267)) + .5)/100): 
REM ** STATE TAX ** 

2070 RETURN 

MODULE 617 A Part of a set of three modules (6/7 A, 
6/7B, and 6I7C). These three modules find an employee's 
records, accept changes to those records, and if the em­
ployee's status is changed to 2, asks for additional informa­
tion. In this module (617 A) all employee records, includ­
ing name and hours worked, can be changed. 

900 REM ** 6/7A-CHANGE EMPLEE RECORDS** 
910 GOSUB 1400:REM *TO 6/7B SEARCH ** 
920 PRINT"[clear][dwn]"TP$: 

PRINT TAB(9)"EMPLOYEE NUMBER [rvs] 
"N"[off]" :PRINT BT$:PRINT"[dwn]" 

930 PRINT"[4x spc]EMPLOYEE NAME = "; 
EM$(N,1) 

932 PRINT"[6x spc]HOURL Y RATE =$"; 
EM$(N,2) 
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934 PRINT"[3x spc]MARITAL STATUS = "; 
EM$(N,3) 

936 PRINT"[6x spc]TAX EXEMPTS = "; 
EM$(N,4) 

938 PRINT"[2x spc]EMPLOYEE STATUS = "; 
EM$(N,5) 

940 PRINT"[2x spc]HOURS FOR WEEK 
ONE = ";W1 (N) 

942 PRINT"[2x spc]HOURS FOR WEEK 
TWO = ";W2(N) 

944 PRINT"HOURS FOR WEEK 
THREE = ";W3(N) 

946 PRINT"[spc]HOURS FOR WEEK 
FOUR = ";W4(N) 

948 PRINT"[spc]HOURS FOR WEEK 
FIVE = ";W5(N) 

950 PRINT"TOTAL HOURS FOR MONTH = "; 
EM$(N,6) 

955 Z$="":INPUT"[dwn]ENTER N, R, M, T, E, OR 
H TO CHANGE";Z$:IF Z$="" THEN RETURN 

960 ZZ$="NRMTEH":FOR X=1 TO 6: 
IF Z$=MID$(ZZ$,X,1) THEN 970 

965 NEXT X:RETURN 
970 IF X=6 THEN X=N:GOSUB 307:N=N-1: 

GOTO 920:REM *GOSUB 6/5 ENTER HOURS* 
975 PRINT"[home][4x dwn]":FOR 1=1 TO X: 

PRINT"[dwn]";:NEXT I 
980 INPUT"[20x rht][16x spc] 

[16x Ift]";Y$:EM$(N,X)=Y$ 
985 IF X=5 AND Y$="2" THEN GOSUB 1000: 

REM ** TO 6/7C STATUS=2 ** 
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990 PRINT"[10x dwn]":GOSUB 500: 
IF Z$="*" THEN RETURN 

995 GOTO 920 

MODULE 617B Searches for an employee's records ei­
ther by name or by employee number. If the input string 
has a length of less than three, the program assumes that 
the string is a number. If the length is three or more, the 
program tries to match the input string to an employee 
name. 

1400 REM *'II< 6/7B-SEARCH ROUTINE ** 

1410 INPUT"[clearH2x dwnHrht]ENTER 
EMPLOYEE'S NAME OR NUMBER[home] 
[3x dwnH3x rht]"; F$ 

1420 IF LEN(F$)<3 AND VAL(F$»O 
THEN N=VAL(F$):RETURN 

1430 FOR X=1 TO 100:IF LEFT$(EM$(X,1), 
LEN(F$))=F$ THEN N=X:RETURN 

1440 NEXT X:PRINT"[clearl[3x dwn] 
[2x rht]NOT FOUND, IS IT SPELLED 
RIGHT?":GOSUB 500:IF Z$="*" THEN 100 

1450 GOTO 1410 

MODULE 6/7C Asks for the amount of wages which 
must have FIC~ deductions made. When an employee's 
wages for the year have reached the FICA maximum, the 
FICA deductions are stopped. If FICA deductions are 
stopped in the current period, deductions must be made 
for the portion of the current wages that does not exceed 
the maximum. 
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1000 REM ** 6/7C-EMPLOYEE STATUS=2 ** 
1010 PRINT"[clear][4x dwn][2x rht] 

EMPLOYEE STATUS 2 INDICATES THAT" 
1015 PRINT"[2x rht]EMPLOYEE WAGES 

FOR THIS PERIOD EXCEED":PRINT" 
[2x rht]THE SOCIAL SECURI"; 

1020 PRINT"TY MAXIMUM.":PRINT:PRINT" 
[2x rht]ENTER THE AMOUNT 
OF WAGE IN THIS" 

1025 PRINT"[2x rht]PERIOD SUBJECT 
TO SOCIAL SECURITY,":PRINT" 
[2x rht]FOR ";EM$(N,1) 

1030 PRINT TP$:INPUT"[5x rht]$ ";GM$ 

1040 IF GM$="O" OR GM$=CHR$(13) 
THEN RETURN 

1050 EM$(N, 13) =STR$(I NT(1 OO*VAL(GM$) 
*00(3) + .5)/100): RETU RN 

MODULE 6/8 Summarizes and displays all the payroll 
elements that are paid by the employer. First, each em­
ployee's costs to the employer are displayed, and then the 
total costs for all employees are displayed. The FLAG in 
line 1115 is a signal used when the data is being printed. It 
avoids printing the card form, so only data is printed. 

1100 REM ** 6IB-EMPLOYER COSTS ** 
1105 GOSUB 600:LL=0:FD=0 
1110 FOR N=1 T0100:L=0:IF EM$(N,1)="" 

THEN 1195 
1115 IFFLAG=1 THEN 1125 
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1120 GOSUB 550:PRINT"[home]": 
FOR B=1 TO 4:PRINT TAB(12-2*B); 
EM$(N+5-B,1);"[dwn]":NEXT B 

1125 GP=VAL(EM$(N,7)):IF EM$(N,5)="0" 
THEN 1190 

1130 PRINT"[2x spe]"EM$(N,1) 

1133 PRINT"[2x spe]EMPL #"N 
"[2x spe]RATE="EM$(N,2):PRINT 
"[11x spe]HOURS ="EM$(N,6):PRINT 

1135 PRINT"[11x spe]GROSS PAY =$" 
EM$(N,7) 

1140 PRINT DD$(2)" = "INT 
(1 OO*(VAL(EM$(N ,6) )*DD(2)) + .5)/100 

1145 PRINT DD$(7)" = " 
INT(1 00*GP*DD(7) + .5)/1 00 

1150 PRINT DD$(6)" = "DD(6) 
1155 PRINT DD$(4)" = " 

INT(1 00*GP*DD(4)+ .5)/100 
1160 L=GP*(1 +DD(4))+VAL(EM$(N,6))*DD(2) 

+DD(6)+GP*DD(7):IF GP=O THEN L=O 

1165 L= INT(L *100+ .5)/1 OO:LL= LL + L 
1170 PRINT:PRINT'[3x spe]TOTAL COST =$" 

L:PRINT:GOSUB 500:IF Z$="*" 
THEN RETURN 

1180 FD=FD+(DD(3)+DD(4))*GP+ 
VAL(EM$(N, 11)) 

1190 NEXT N 
1195 PRINT"[elear][2x dwn]" :PRINT TP$: 

PRINT TAB(8)"[2x spe]FED DEPOSIT 
=$"INT(1 OO*FD+ .5)/1 OO:PRINT 
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1197 PRINT TAB(10)"TOTAL COSTS = $"LL: 
PRINT BT$:GOSUB 500:RETURN 

MODULE 619 Summary of the costs paid by the em­
ployer. The number of employees to be paid are counted 
and the total hours are summed. The gross pay, deduc­
tions, and net pay are summed. These figures, together 
with the amount of the federal deposit due for the period, 
are displayed on a single page. 

1200 REM ** 6/9-PAYROLL SUMMARY ** 
1210 PRINT"[clear][dwn]"TP$:PRINT 

TAB(8)"PAYROLL SUMMARY":PRINT BT$ 
1215 PRINT"FOR THE PERIOD ";P$:PRINT: 

FOR 1=1 TO 15:0(1)=0:NEXT I:B=O:FD=O 
1220 FOR N=1 TO 100:IF EM$(N,1)="" 

THEN 1240 
1225 B=B+1 :IF EM$(N,5)="0" THEN B=B-1: 

GOTO 1235 
1230 FOR W=6 TO 15:0(W)=0(W)+ 

VAL(EM$(N,W)):NEXT W 
1233 FD=DF+(DD(3)+DD(4))*0(7)+0(11) 
1235 NEXT N 
1240 PRINT"TOTAL EMPLOYEES WORKING = "B: 

PRINT"[3x spc]TOTAL HOURS 
WORKED = "0(6) 

1245 PRINT TP$:PRINT"[2x spc]TOTAL 
GROSS PAYROLL = "0(7):PRINT BT$ 

1250 PRINT:PRINT DD$(1)" = "0(9): 
PRINT DD$(3)" = "0(10) 
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1253 PRINT"[4x spc]STATE INCOME 
TAX = "0(14) 

1255 PRINT"[2x spc]FEDERAL INCOME 
TAX = "0(11):PRINTDD$(8)" = "0(12) 

1260 'PRINT:PRINT TP$:PRINT"[3x spc] 
TOTAL NEW WAGES = "0(15):PRINT 

1270 PRINT"PERIOD FED DEPOSIT = " 
INT(FD*100+.5)/100:PRINT BT$: 
GOSUB 500:RETURN 

Module 6/10 The print routine, which gives a menu of 
lists and reports that can be printed. This routine can be 
used with other programs by changing the names of the 
items and the GOSUB targets. 

1900 REM** 6/10-PRINT ROUTINE ** 
1910 PRINT"[clear][dwn]"TP$:PRINT 

TAB(8)"PRINT ROUTINE":PRINT BT$ 
1920 PRINT"[dwn][7x spc]1 LIST 

EMPLOYEES" 
1930 PRINT"[7x spc]2 PAYROLL LIST" 
1940 PRINT"[7x spc]3 LIST 

EMPLOYER COSTS" 
1950 PRINT"[7x spc]4 PAYROLL SUMMARY" 
1960 PRINT"[7x spc]5 PAYROLL VARIABLES" 
1965 PRINT"[7x spc]6 RETURN TO MENU" 
1970 INPUT"[2x dwn][2x spc]ENTER 

ITEM TO BE PRINTED";Z$ 
1973 IFVAL(Z$) <1 OR VAL(Z$) >5 

THEN FLAG=O:RETURN 
. 1975 'IFZ$="5" THEN.POKE 198,2: 

POKE 631,57:POKE 632,13 
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1980 OPEN 2,4:CMD 2:FLAG=1 

1981 IF Z$="1" THEN PRINT TP$:PRINT 
TAB (10)"EMPLOYEE UST":PRINT BT$ 

1982 IF Z$="2" THEN PRINT TP$:PRINT 
TAB (10)"PAYROLL LlST":PRINT BT$ 

1983 IF Z$="3" THEN PRINT TP$:PRINT 
TAB (10)"EMPLOYER COSTS":PRINT BT$ 

1985 ON VAL(Z$) GOSUB 
210,405,1110,1200,5000 

1990 PRlNT#2:CLOSE 2:RETURN 

MODULE 6/11 The payroll variable routine, which lists 
the names and values of the variables that are used to 
calculate the payroll. The variables can be changed, either 
temporarily or permanently, by this module. The values 
for the payroll variables are stored in a DATA line in the 
initial module of this program. 

5000 REM ** 6/11-PAYROLL VARIABLES ** 
5010 PRINT"[clearHdwn]"TP$:PRINT 

TAB(12)"PAYROLL VARIABLES":PRINT BT$ 

5020 FOR X=1 TO 8:PRINT"[dwnHspc]";X; 
"[3x 1ft] ( [spc] ) [spc]"DD$(X) 
" = "DD(X):NEXT X 

5030 PRINT"[dwnHspc] (9) [zx rhtHrev] FOR 
NO CHANGE":Z$='''' 

5040 INPUT"[dwnHrev]TO CHANGE ITEM 
AMOUNT, ENTER NUMBER[rv off]";Z$ 

5050 PRINT"[clear]":IF Z$="9" 
THEN RETURN 

5060 Z=VAL(Z$) 
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5070 PRINT"[3x dwn]"DD$(VAL(Z$)) 
" = "DD(VAL(Z$)) 

5080 INPUT"[2x dwn][2x rht] NEW VALUE 
(6 CHARS) = ";VA$:DD(Z)=VAL(VA$) 

5090 IF LEN(VA$)<6 THEN VA$="O"+VA$: 
GOTO 5090 

5100 IF LEN(VA$) >6 THEN PRINT"[rev] 
MUST BE ONLY SIX(6) CHARACTERS 
LONG[off]":GOTO 5080 

5110 Y$="":INPUT"[2x dwn]ENTER AS 
A PERMANENT CHANGE (Y/N)";Y$: 
IF Y$="N" THEN RETURN 

5120 IF Y$<>"Y" THEN PRINT""[2x up] 
"S$"[2x up]":GOTO 5110 

5130 PRINT"[dwn][5x rht][rev]WAIT, 
CHANGING DATA LlNE[off]" 

5140 FLAC=1 

5150 D=PEEK(65)+256*PEEK(66):1=0 
5160 IF PEEK(D)=131 THEN 5180 

5170 D=D+1 :GOTO 5160 
5180 IF PEEK(D)=44 THEN 1=1+1: 

IF I=Z THEN 5200 
5185 D=D+1 :GOTO 5180 

5190 STOP 
5200 REM ** 
5210 FOR X=1 TO 6: 

POKE(D+X),ASC(MID$(VA$,X,1)):NEXT X 
5220 SAVE"@0:PAYROLL",8: 

REM ** SAVE CHANGES ** 
5230 GOTO 5000 
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SEVEN 

STATISTICS 
AND THE 

CLASSROOM 

Statistics have so many uses that it is difficult to decide 
which chapter should include the statistics modules. Plac­
ing them in the chapter with classroom use is a purely 
arbitrary decision and should not detract from their useful­
ness in other disciplines. 

In this chapter we have included a number of statistic 
functions which are relatively simple and which can be 
generally useful. Although we will refer to the individual 
data points as "scores," you may interpret scores to mean 
sales, or number of interviews, or any other set of values 
that will fit your parameters. 

The major programs included in this chapter are a 
grade book and a program that will construct objective 
tests for you. Both programs are most useful and contain 
modules that can be used in other programs of your own 
design. 

To use the statistics modules, we must have some un­
derstanding of the ways data is usually grouped. In most of 
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the statistics modules in this book the data is assumed to 
be in an array which is some form of frequency distribu­
tion. 

FREQUENCY DISTRIBUTIONS AND 
GROUPED DATA 

When we talk about the frequency distribution of data, we 
are simply talking about how many times (the frequency) a 
value appears in our data .. For example, suppose that we 
have a set of data like that shown in Table 7 -1. The array of 
data shown in the table does not have any data whose value 
is 1 or 6, has one each of 0, 2, 4, and 9, has two each of 3 
and 8, has three 7s, and four 5s. This counting of how 
many there are of each value is the frequency distribution 
of our data. In a table it looks something like Table 7-2. 

Tables 7-1 and 7-2 show the same data in different 
forms. Table 7-2 shows that for the score of 0, there is a 
frequency of one (there is one zero). For the score of 1, 
there is a frequency of zero (there are no Is in the data); 
and so on. 

Module 7/ lA will take an array of data, such as the one 
in Table 7 -1, and -<.:onvert it to a frequency distribution 
array, such as the one shown in Table 7-2. This conversion 

Table 7-1 Array of Data 

A(1) = 8 
A(2) = ° 
A(3) = 5 
A(4) = 7 
A(5) = 8 

A(6) = 5 
A(7) = 4 
A(8) = 5 
A(9) = 2 
A(10) = 5 

A(ll) = 3 
A(12) = 9 
A(13) = 7 
A(14) = 7 
A(15) = 3 
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Table 7-2 Frequency Distribution of Data 

B(x,l) B(x,2) 
(score) (frequency) 

0 1 
1 0 
2 1 
3 2 
4 1 
5 4 
6 0 
7 3 
8 2 
9 1 

requires that we provide N (the number of scores in the 
array), MN (the minimum score in the array), and MX 
(the maximum score in the array). The conversion also 
DIMensions an array, B(R,2). The value of R is deter­
mined by the range (maximum value minus minimum 
value) of scores in the data. The value ofR is not critical as 
long as it is larger than the range of the score values. If we 
expect to use this module in a program where the module 
will be used more than once, the array should be dimen­
sioned at the beginning of the program and should be 
dimensioned large enough to accommodate the largest 
range of data used in the program. 

The module sets B(1,I) equal to MN. It then runs 
through the data, and every time a score is found equal to 
that of B(1,I) a one is added to B(1,2). B(2,1) is then set 
equal to MN + 1, and the data is again run through and a 
one is added to B(2,2) every time the value of B(2, 1) is 
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equaled. This process goes on until B(R,l) is set equal to 
MX, and B(R,2) is incremented for each score matching 
B(R,I). B(x,l) is the list of the score values and B(x,2) is 
the corresponding frequency of the scores. It should be 
noted that all scores are assumed to be integer values, 
since decimals will usually provide too many points be­
tween the integers. Decimal fraction scores can be 
grouped using Module 7/1B. 

A normal frequency distribution has an interval of one. 
That is, each frequency measurement covers only one 
number. The frequency of 5s in the data tells how many 
values between 4.5 and 5.5 are found in the data. The 
distance between 4.5 and 5.5 is one; thus the interval for 
this normal frequency distribution is one. Grouped fre­
quency distributions have intervals larger than one. If we 
group our data using an interval of three, all the values 
from -1. 5 to + 1. 5 are grouped as zero. All the values 
from 1. 5 to 4.5 are grouped as three, all the values from 
4.5 to 7.5 are grouped as six, and so on. A table of our 
example values in a grouped frequency distribution, hav­
ing an interval of three, would look as shown in Table 7-3. 

Module 71 IB will take an array of data such as that 
shown in Table 7-1, and produce a grouped frequency 

Table 7-3 Grouped Frequency Distribution 

B(x,l) B(x,2) 
(upper real limit) (frequency) 

10.5 3 
7.5 8 
4.5 2 
1.5 2 
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distribution of the data such as that shown in Table 7-3. A 
grouped frequency distribution is often a convenient way 
to list data since it is a condensed form of the data. 

A VERAGES AND RANKING 

. As we know, "average" can mean different things in differ­
ent circumstances. It can mean the score most of us make, 
in which case it is called the mode. It can mean the score 
halfway between the lowest and the highest score, called 
the median. Or it may be the sum of the scores divided by 
the number of sco~es, the mean. These three functions 
(mode, median, and mean) are· said to be indicators of the 
central tendency of a frequency distribution of scores, and 
indicate the average value of the scores. 

Module 7/2A will take a group of scores in an array 
A(x) and the number of scores in the array, and will calcu­
late the mode, median, and mean for the array. The calcu­
lation of the median may be slightly in error if there is 
more than one score in the array equal to the median 
score. The next module (7/2B) calculates a better value of 
median in all cases. 

Module 7/2B calculates the median for a grouped fre­
quency distribution. An input array, different from that 
for Module 7/2A, is required. Module 7/2B requires an 
input array such as the one provided by Module 7 lIB. The 
median of an ungrouped frequency distribution can be 
obtained by using an interval of one with Module 7/1B 
and then running the resulting array through. Module 
7/2B. 

Modules 7/3A and 7/3B calculate the percentile rank 
of a score in an ungrouped and in a grouped frequency 
distribution. Of course, the percentile rank is the percent 
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of scores smaller than the score being ranked. A score 
with a percentile rank of 37 percent means that 63 percent 
of the scores are higher than the ranked score. 

STANDARD DEVIATION, Z SCORES, 
AND REGRESSION 

Standard deviation is the square root of a value called vari­
ance. Both standard deviation and variance are measures of 
the variability of a set of scores. They are values which, 
when compared between distributions, can indicate which 
distribution is the more variable. The larger the standard 
deviation (or variance), the wider the variability of the 
scores in the distribution. Module 7/4 calculates the mean, 
variance, and standard deviation. 

Z scores are sometimes called curved scores since they 
convert the raw scores into a standardized form. A Z score 
is obtained by subtracting the average score (mean) from 
the raw· score and then dividing by the standard deviation 
of the scores. This gives a score in terms of its deviation 
above or below the mean of the group of scores-a useful 
value. It should be noted that Module 7/4 also dimensions 
an array. The DIM statement may need to be placed at the 
beginning of the program and cleared before each use. 
This clearing can be accomplished by replacing line 5lO 
with 

510 FOR X=1 TO N:Z(X)=O:NEXT X 

As indicated later in the program listing, Module 7/5 uses 
Module 714 as a subroutine. We can, however; insert 
Module 7/4 in place of line 520 in Module 7/5. 

Another very useful tool is the regression function. A 
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regression function will derive a formula from your exist­
ing data which will predict where other data will be found. 
Modules 7/6A, 7/6B, 7/6C, and 7/6D are each different 
versions of the regression function. 

Module 7/ 6A will take two related sets of data which 
have a linear relationship (such as height and weight) and 
calculate the linear equation that most nearly describes the 
relationship. The linear equation that this module derives 
is of the form Y = B*X +C, where Y is one set of data and 
X is the other. Module 7/6A calculates Band C. When B 
and C are known, a value of Y can be predicted for any 
known value of X. This means that when using this mod­
ule we could predict, with some accuracy, a weight for a 
given height. The value of R2 is an estimate of the accu­
racy of our prediction. 

Module 7/6A is useful only for those sets of data that 
are linearly related. Because most of the relationships 
that we will want to predict will be more complex than 
a straight line (linear), we need more than one regression 
formula. Module 7/6B is called an exponential regression. 
This module will take your existing data and fir it into a 
formula of the form Y = C*EXP(B*X). The module will 
calculate Band C from the data you supply. Module 7/6C 
does the same thing for a logarithmic regression, using the 
form model Y = C+ B*LN(X). Module 7/6D is the power 
regression and uses the model Y = C*X t B .. 

These four modules (7/6A, 7/6B, 7/6C, 7/6D) are 
quite similar and can be combined into one program. Such 
a program will allow us to run our data through all four 
regression formulas. We can then determine which type of 
regression is the best fit for our data by comparing the 
R2s. The regression with the largest R2 value will be the 
best fit. 

It should be noted that logarithms and square roots 
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cannot be used with negative numbers. Thus it might be 
wise to make some provision for the program to stop if a 
negative number is encountered. 

GRADE BOOK WITH STATISTICAL 
CALCULATIONS 

Although we will call this program a grade book, it has 
some other obvious uses. It can be used with any listing of 
names and associated achievements that can be quantized 
into numbers. It will work with sales figures, percent of 
goal achievement, points scored per game, calls per day, or 
any number of other items. Your own list of uses will far 
exceed any list that we could make here. 

Changing this program to fit your own needs is easy. 
All that is required is that the names in the program 
prompts be changed. When the program asks for the maxi­
mum possible grade, you will want to change it to ask for 
the week's goal, or the sales quota, or the total points 
scored in the game, and so on. You can easily make it fit 
your needs. 

To build a good grade book program, we need to de­
cide what we want it to do. It should list the names of the 
students in the class, each student's grades, and each stu­
dent's average of the grades to date. Now, that's not too 
difficult! It should also provide curved grades (Z scores) 
for each student's grade. We should include a test evalua­
tion. Test evaluation will provide a listing of the students 
in order of their ranking on the test and the mean and 
standard deviation of the test grades. 

So, that's what. a grade book program will do. What 
else must it do to work? Well, we must be able to add new 
students. We should also be able to make changes in the 
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students' records, in case we should happen to make a 
mistake. (I am sure that you never do, but we need this 
feature.) In addition, we will need a way to print out a hard 
copy of the students' records. We also will need to be able 
to save the records and to load them back into the com­
puter by file name. Now, that should do it! 

The modules of this program are numbered in the 
order in which they will appear in our program. In other 
words, those modules with the smaller line numbers have 
the smaller module numbers. We do it this way to make it 
easier to assemble the modules into the proper sequence. 
When we discuss the modules, however, we will follow 
the logical function order rather than the numerical se­
quence order. 

Initial 
Our initial module (717) is little more than a list of 
DIMensioning statements and some string variables to be 
used between the students' printout. The dimensions al­
low for up to 100 students and up to 50 grades per stu­
dent. That should be enough for most needs. 

The student's records are stored in C$(lOO,50). The 
first zero dimension [C$(O,x)), keeps track of how many 
sets of scores have been entered. The second zero dimen­
sion [C$(s,O)) is the student's name (s = the student's 
number). All of the student's grades are listed in the sec­
ond dimension, with the student's number in the first di­
mension. For example, the fourth grade for student 15 will 
be stored in C$(15,4). Of course, the student's name is 
stored in C$(l5,0). 

The array P(50) is used as the numerical storage of the 
maximum possible grade for each test. These maximum 
scores are stored in string form in C$(0,50). The array 
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A$(100) is used in some of the modules for temporary 
storage. 

The second module (7/8) can be considered to be part 
of the initial module. It loads the data from the disk or 
tape. If no file name is entered (FL$=''''), the computer 
assumes that we wish to start a new class roll. If a file name 
is entered, the file is loaded and the values of P(50) are 
assigned. 

Menu 
Now that we have the initial values set and the data 
loaded, we need a menu of functions. Module 7/18 is our 
old friend Module 3/14. The only difference between 
Module 7 118 and Module 3/14 is line 1020. If no data file 
has been entered, this line sends the computer to Module 
7 115 to start a new class. 

The menu lists nine functions: 

1. Add new student 
2. Add new grades 

3. List all grades 
4. Listl change a student grade 

5. List grade distributions 

6. List curved grades 
7. Start a new class 
8. Print program 

9. Quit program 

It should be noted that with the exception of function 6 
(list curved grades), the line numbers of the function mod­
ules correspond to the menu numbers. Function 1 is 
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listed, starting with line 100, function 2 with line 200, and 
so on. Both function 5 and function 6 begin with line 500 
and print the grade distribution. When the grade distribu­
tion is completed, function 5 returns, but function 6 jumps 
to line 600 to calculate and print Z scores before return­
ing. The difference between listing grade distributions (5) 
and listing curved grades (6) is that the curved grades lists 
the Z scores of each grade. There may be times when we 
wish to print out the grade distribution without printing 
the Z scores. Function 5 allows us to do this. 

The quit program, function 9, should always be used to 
exit the program. It checks to see if any changes in the file 
data have been made, and if so, saves the new file data 
before exiting the program. Making a habit of using the 
quit'program function will avoid many oversight errors. 

Of course, the menu names can be changed to fit your 
needs. For' example, to use the program as a record of 
worker efficiency, the word "student" can be changed to 
~'employee" or "worker"; "grade" can be changed to 
"score"; and so on. 

Starting the Class 
Module 7/15 first checks to determine whether or not 
there is a class currently in memory. If there is a class in 
memory, it asks whether the existing class needs to be 
saved before erasing memory to start the new class. De­
pending on the response, the module will either save the 
class data and then erase it or will simply erase the class 
data. Whatever the initial condition, the module will pre­
pare itself to accept a new class. It will then allow us to 
enter a number of initial names, which . are the new class. 
Starting anew class is the only time that we will be able to 
enter a LIST of names easily. We can enter new.students 
later but only one at a time. 
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Now that we have the class listed, we can begin to 
enter grades. Module 7/10 keeps track of how many 
grades have been entered and allows us to enter the next 
grade for each student and the maximum possible grade 
for each set of entries. The computer asks for the "possi­
ble score." This is the maximum score possible. If there 
were eight questions and we are giving one point for each 
question, the possible score is eight. If there are eight 
questions and we are grading on a basis of percent of 
perfect (100 percent is maximum) the possible score is 
100. The student's scores are now entered. If a student 
misses a test, the student may be given a zero, in which 
case it will be treated as a valid score and averaged with the 
student's other scores. Alternatively, if a minus sign is 
entered as the student's grade, that grade is not counted in 
the student's average. Either of these grades can be 
changed later if circumstances require a change. 

To list the grades, we call on Module 7/11. This mod­
ule uses a part of Module 7/12 to list the grades. Each 
student is listed by name and number, each of the stu­
dent's grades is listed (together with the grade's percent of 
maximum), and the student's grade average is shown. Af­
ter the grades of all the students have been displayed, the 
average for the class is calculated and displayed. 

Making Changes 
To view or change a certain student's record, Module 7/12 
is called. When using this module, a student must be iden­
tified by number. The student's name and grades are dis­
played. If changes are desired, the number of the score 
to be changed is entered. The student's name can even 
be changed, if desired. If no changes are needed, enter 
the RETURN key. Doing this will take us back to the 
menu. 
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Module 7/9 will add a new student to the class. What 
can we do about grades of tests that the new student has 
missed? A minus sign is given to the new student for each 
test for which other students have grades. This minus sign 
is not counted in the new student's grade average. If one 
or more of the grades are to be made up or counted as 
zeros, these changes can be made by using the "LST/CNG 
A STUD NT GRAD" function from the menu (Module 
7 /12) . 

. Grade Distributions 
Module 7/13 asks which test is to be evaluated, and then, 
for that test, lists in ascending grade order the student's 
name, grade, and the grade's percent. At the end of the 
listing, the module prints the mean (average) and standard 
deviation of the class scores on this test. 

Module 7/14 adds Z scores to the listing of Module 
7/13. The grade list and Z score functions are separated 
into two modules, so that, if desired, the hard-copy print­
out can list grades and percentages without Z scores. The 
Z score is calculated using a modified version of Module 
7/5. 

Module 7/13 uses Module 7/19 to sort the students 
into ascending grade order. Module 7/19 has many other 
uses. It is called a bubble sort and will sort a list of values 
into order. Module 7/13 also uses Variance and Standard 
Deviation Module 7/4 from earlier in this chapter. Be­
cause a number of modifications of Module 714 are re­
quired, the modified version is listed as Module 7/20. The 
value of the mean and the standard deviation are obtained 
from this module. If you compare Module 7/20 with Mod­
ule 7/4, the similarity will be obvious. Such a comparison 
will help to illustrate how modifications can be made to 
modules to make them more useful. 
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Print and Quit Programs 
Print Program Module 7/16 is similar to those in other 
programs in this book. The "CMD" print command is used 
so that the modules of the program can be used both to 
"print" to the monitor and to "print" to the printer without 
writing special programs for. the printer. All the modules 
are listed as subroutines, so they can be used either from 
the menu or from the print program equally welL 

Quit Program Module 7/17 is designed to help us re­
member to save any changes that we have made in the 
grade book. It asks whether to save on tape or disk and 
what file name to use. It then saves the data in the named 
file, closes the file, and stops the program. 

Assembling the Grade Book 
The grade book modules should be entered in the follow­
ing order: 

717 Initial 
7/8 Load data 
7/9 Add new student 
7/10 Add new grades 
7/11 List all grades 
7/12 Listlchange a·· student grade 
7/13 .Grade distribution 
7/14 Curved grades 
7/15 Start new class 
7/16 Print program 
7/17 Quit program 
7/18 Grade book menu 
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7/19 Bubble sort 
7/20 Mean and standard deviation 

There are many variations that could be applied to this 
program. If desired, the students could be listed on cards 
using the card file modules from Chap. 4. It would be 
simple to add a plotting module which could plot the grade 
distribution or a student's progress. Additional statistical 
modules could be added to provide research data or to 
help track the quality of the testing itself. Again, the possi­
bilities are numerous. 

QUIZ DESIGNER 

In order to have grades to record in a grade book, one 
must give tests. To help with this process, perhaps a pro­
gram to develop the quiz is in order. 

The following simple program is meant to be used to 
develop objective tests. It is not divided into modules. It is 
listed as a complete program. The program asks how many 
questions will be on the quiz and how many answer 
choices there will be for each question. It then accepts 
your input of the questions, the answer choices, and the 
correct answer for each question. It will then print the test 
with or without the correct answer being indicated. 

Because the program is designed to use both upper­
and lowercase letters in its text, the program is written in 
the same manner. To enter the program correctly, your 
computer should be in the text or nongraphic mode. This 
is done by pressing both the Commodore key and the 
SHIff key at the same time. 



188 Building Blocks for Commodore 64 Programs 

010 s$=" [25x cmd/t] " 
020 print chr$(14):print" [clear] 

[2x dwn][7x spc] OBJECTIVE TEST 
DESIGNER" 

030 print" [6x spc] "s$:print 
040 input"Enter the number of questions 

you plan";n 
050 input"How many answers per 

question";m 
060 dim a$(n,m+2) 
100 for x=1 to n:q=1 :print"[clear] 

Enter Question Number "x:print 
110 get b$:print "[cmd/+ ][1ft]";: 

if b$= "" then 110 
120 if b$=chr$(13) then print:<=O:goto 200 
130 a$(x,1)=a$(x,1)+b$:c=c+1: 
. if c=250 then150 

135 if c=255 then b$=chr$(13):goto 120 
140 print b$;:goto 110 
150 print "[rvs]only 10 more characters 

[off]":goto 140 
200 for q=2 to m+1 
210 print "Enter answer number" q-1 
220 input a$(x,q) 
230 next q 
240 input "Enter the number of the correct 

answer" ;a$(x,m +2) 
250 next x 
300 z$="":input "Print the test 

(y/n)";z$ 
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310 if Z$="n" then 400 

320 if Z$<>"y" then 300 

330 z$="":input "Print test or test 
master (tIm)" ;z$:if not (z$= lit" or 
Z$="m") then 330 

340 flag=O:if z$="m" then flag=1 

350 open 2,4:cmd 2:print,chr$(17) 
360 for x=1 to n:print s$:print 

II [5x spc] Question Number "x 
370 print:print a$(x,1):print 
375 for q=2 to m+1 

380 print tab(10) q-1 "- " a$(x,q);: 
if flag=1 and q-1 =val(a$(x,m+2)) 
then print "u"; 

385 print:next q:print:print s$:next x 
390 print#2:close 2 
400 stop 

This program will work just as it is shown. Nevertheless, 
you may want to add a few items to make it more useful. 
Probably you will want to add a module that will save the 
test for later use. This module could be added, beginning 
at line 400. You will also want to add a module that will 
load the saved file so that it can be used. There may be 
other modules which you will want to add. Here is a pro­
gram on which you can practice your customizing skills. 



CHAPTER SEVEN 

MOD-ULES 

MODULE 71lA Will take an array of raw scores and 
condense them into a frequency distribution array of the 
scores. The raw scores are input in array A(x). You must 
furnish the number of scores in the array (N), the maxi­
mum score in the array (MX), and the minimum score in 
the array (MN). You may set the maximum and minimum 
arbitrarily as long as MX is equal to or larger than the 
maximum score and MN is equal to or smaller than the 
minimum score. The output is in array B(x,n), where 
B(x, 1) is the score and B(x,2) is the frequency of the score. 
Notice that B(R,2) is DIMensioned in line 120. If you are 
using Module 7/1A in a way that would cause a redimen­
sioning error, the array must be dimensioned to an appro­
priate size in the initial module of your program. 

100 REM ** 711 A-FREQ DISTRIBUTION ** 

110 R=MX-MN+1 
120 DIM B(R,2) 

130 FOR I=MN TO MX:B(I-MN+1,1)=1 

140 FOR J=1 TO N 
150 IF A(J)=B(I-MN+1,1) THEN 

B(I-MN+1 ,2)=B(I-MN+1 ,2)+1 

160 NEXT J:NEXT I 

MODULE 7 lIB Condenses a set of raw scores into a 
grouped frequency distribution. The module is similar to 
7/1A but groups the distributions within score intervals. 

190 
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The module requires the same input variables as 7/1A, 
plus the interval width of the grouping (W). The output is 
also similar, except that B(x,l) is the array of upper real 
limits of the interval values and R is the number of groups. 

100 REM" 7/1B-GROUPED FREQ DISTR·· 
110 R=INT((MX-MN)/W)+1 :T=MX+0.5:B=T-W 
120 DIM B(R,2) 
130 FOR 1=1 TO R:B(I,1)=T 
140 FOR J=1 TO N 
150 IF A(J)<B OR A(J»T THEN· GOTO 170 
160 B(I,2)=B(I;2)+1 
170 NEXT J 
180 B=B-W:T=T-W 
190 NEXT I 

MODULE 712A Accepts an array of scores, A(x), and 
the number of scores in the array (N). It then outputs the 
mean (MI), median (M2), the.mode (M3), and the number 
of modes· (K). In the case where there is more than one. 
score equal to the median (M2), the value of M2 may be 
slightly in error. 

200 REM·· 7/2A-MEAN, MEDIAN, MODE·· 
210 SUM=0:M3=0:K=0 
220 FOR 1=1 TO N:SUM=SUM+S(I) 
230 IF A(I)=M3 THEN K=K+1 
240 IF A(I»M3 THEN K=1 
250 IF A(I»M3· THEN M3=A(I) 
260 NEXT I 
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270 IF N/2 <> INT(N/2) THEN 
M2=A(lNT(N/2)+1) 

280 IF N/2=INT(N/2) THEN M2=A(N/2) 
290 M1 =INT(100*(SUM/N)+.5)/100 

MODULE 7/2B Provides the median for a grouped fre­
quency distribution. Requires the array of upper real lim­
its of possible scores, B(x,1); the array of the frequency of 
scores, 'B(x,2); and the number of groups (R). The output 
is M2, the median value. 

200 REM ** 7/2B-GROUPED MEDIAN ** 
210 N=0:CF=0:W=B(2,1)-B(1,1) 

220 FOR 1=1 TO R 
230 IF 1<=R/2 THEN CF=CF+B(I,2) 
240 N=N+B(I,2) 
250 NEXT I 
260 M2=B(Rl2,1)+W*(0.5*N-CF)/B(Rl2+1,2) 

MODULE 7/3A Calculates the percentile rank for a 
score in ~ nongrouped frequency distribution. The module 
requires the array, A(x), the number of scores in the array 
(N), and the score to be ranked (X). It returns the rank of 
the score (PR) and the cumulative frequency (CF) of the 
position of the ranked score. 

300 REM ** 7/3A-PERCENTILE RANK ** 
310 R=O:CF=O 
320 FOR 1=1 TO N 
330 IF A(I) < X THEN CF=CF+1 
340 IF A(I)=X THEN R=R+1 
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350 NEXT I 

360 CF=CF+Rl2:PR=100*CF/N 

MODULE 7/3B Calculates the percentile rank for a 
score in a grouped frequency distribution. It requires the 
array of grouped scores and upper limit values, B(x,2), the 
number of groups in the array, R, and the score to be 
ranked, X. It then returns the rank of the score, PR, and 
the cumulative frequency, CF, of the position of the 
ranked score. 

300 REM ** 7/38-GROUPED PERCENTILE ** 
310 W=8(2,1 )-8(1,1 ):CF=O:N=O 
320 FOR 1=1 TO R:N=N+8(1,2) 
330 IF 8(1,1) < X THEN CF=CF+8(1,2) 
340 IF 8(1,1) >= X AND 8(1,1)-W < X 

THEN CF=CF+((X-8(1-1 ,2)+W)/W)*8(1,2) 

350 NEXT I:PR=100*CF/N 

MODULE 714 Requires only the array of scores, A(x), 
and the number of scores in the array, N. It returns the 
mean of the scores (AVG), the variance of the set of scores 
(V AR), and the standard deviation of the scores (SD). 

400 REM ** 7/4-VAR & STD DEVIATION ** 
410 SUM=O:SQS=O 
420 FOR 1=1 TO N 
430 SUM=SUM+A(I):SQS=SQS+A(I)*A(I) 

440 NEXT I 
450 AVG=SUM/N 
460 VAR=(SQS/N)-AVG*AVG 
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470 SD=INT(100*SQR(VAR)+.5)/100 

480 AVG=INT(100*AVG+.5)/100 

490 VAR=INT(100*VAR+.5)/100 

MODULE 715 The Z-score calculator, which uses Mod­
ule 714 for the variance and standard deviation required: 
All that is required to make Module 7 14 a subroutine is to 
add ":RETURN" on the end of line 470. If you do not 
want to use Module 714 as a subroutine, you can insert it 
into Module 715 in place of the GOSUB. Notice that line 
510 DIMs the array Z(N). This means that unless this 
module will be used only once in your program, the 
DIMensioning of the Z(N) array must be done in the 
initial program. 

500 REM ** 7/5-Z-SCORE ** 
510 DIM Z(N) 
520 GOSUB 400:REM ** TO MODULE 7/4 * 
530 FOR 1=1 TO N 
540 Z(I)=(A(I)-AVG)/SD 

550 NEXT I 

MODULE 716A Calculates the linear equation that 
most nearly describes the relationship between two sets of 
paired values. It also calculates the Pearson correlation 
coefficient. The required input is the array B(x,2) of 
paired values and the number (N) of paired values in the 
array. Note that R2 is an estimate of the percent validity of 
the prediction line: Y = B*X +c. 

600 REM ** 7/6A-LiNEAR REGRESSION ** 
610 SX=O:SY=O:XX=O:YY=O:XY=O 
620 FOR 1=1 TO N 
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630 SX=SX+B(I,1):SY=SY+B(I,2) 
640 XX=XX+B(I,1)t2:YY=YY+B(I,2)t2 
650 XY=XY+B(I,1)*B(I,2) 
660 NEXT I 
670 B=(N*XY-SX*SY)/(N*XX-SX*SX) 
680 C=(SY-B*SX)/N 
690 R2=«XY-(SX*SY)/N)t2)/((XX-(SXt2)/N) 

*(YY-(SYt2)/N» 

MODULE 7/6B Uses an exponential model for com­
parison between a set of paired values. The model is Y = 
C*EXP(B*X). 

700 REM" 7/6B-EXPONENTIAL REGRESS ** 
710 SX=O:SY=O:XX=O:YY=O:XY=O:DIM YeN) 
720 FOR 1=1 TO N:Y(I)=LOG(B(I,2»:NEXT I 
725 FOR 1=1 TO N 
730 SX=SX+B(I,1):SY=SY+Y(I) 
740 XX=XX+B(I,1)t2:YY=YY+Y(I)t2 
750 XY=XY+B(I,1)*Y(I) 
760 NEXT I 
770 B=(N*XY-SX*SY)/(N*XX-SX*SX) 
780 C=EXP((SY-B*SX)/N) 
790 R2 = «XY - (SX*SY)/N) t 2)/( (XX - (SX t 2)/N) 

*(YY-(SYt2)/N» 

MODULE 7/6C Uses a logarithmic model of the form 
Y = C+B*LN(X). 

800 REM" 7/6C-LOGARITHMIC REGRESS ** 
810 SX=O:SY=O:XX=O:YY=O:XY=O:DIM X(N) 
820 FOR 1=1 TO N:X(I)=LOG(B(I,1»:NEXT I 
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825 FOR 1=1 TO N 

830 SX=SX+X(I):SY=SY+B(I,2) 

840 XX=XX+X(I) i 2:YY=YY+B(I,2) i 2 
850 XY=XY+X(I)*B(I,2) 
860 NEXT I 

870 B=(N*XY-SX*SY)/(N*XX-SX*SX) 
880 C=(SY-B*SX)/N 

890 R2=((XY-(SX*SY)/N) i 2)/((XX-(SX i 2)/N) 
*(YY-(SY i 2)/N)) 

MODULE 7/6D Uses a power model of the form Y = 
C*XiB. 

900 REM ** 7/6D-POWER REGRESSION ** 
910 SX=O:SY=O:XX=O:YY=O:XY=O: 

DIM X(N),Y(N) 

920 FOR 1=1 TO N:X(I)=LOG(B(I,1)): 
Y(I)=LOG(B(I,2)):NEXT I 

925 FOR 1=1 TO N 

930 SX=SX+X(I):SY=SY+Y(I) 

940 XX=XX+X(I) i 2:YY=YY+Y(I) i 2 
950 XY=XY+X(I)*Y(I) 

960 NEXT I 
970 B=(N*XY-SX*SY)/(N*XX-SX*SX) 
980 C=EXP((SY-B*SX)/N) 

990 R2=((XY-(SX*SY)/N) i 2)/((XX-(SX i 2)/N) 
*(YY-(SY i 2)/N)) 

MODULE 7/7 The initial module of the grade book 
program. It DIMensions the needed arrays and provides 
lines and spaces in string variables. 
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010 REM·· 717-INITIAL GRADE BOOK •• 
020 DIM C$(100,50),P(50),A$(100): 

C$(O,O) = "0" :C$(O, 1)= "." :FILL=O 
025 S$=" [39x spc] " 
030 TB$= II [39x cmd/t] " 
035 BT$=" [39x cmd/p] " 

MODULE 718 Asks for a file name, and if one is given, 
loads it. If no file name is entered (return is entered), the 
program goes to line 1000 (Menu Module 7/18). 

040 REM·· 7/8-LOAD GRADE BOOK FILE .. 
050 INPUT"[clear][2x dwn][2x rht] ENTER 

NAME OF GRADE FILE WANTED [home] 
[3x dwn]";FL$:IF FL$="" THEN 1000 

053 OPEN 2,8,2,"0:"+FL$+",S,R" 
055 FOR N=O TO 100:FOR G=O TO 50 
057 IF N>O AND C$(O,G)="·" THEN 75 
060 INPUT#2,C$(N,G):IF C$(N,O)="O" 

THEN 80 
065 IF C$(O,G)="·"THEN 75 
070 NEXT G 
075 NEXT N 
080 CLOSE 2:FILL=1 
085 FOR G=1 TO 50:IF C$(O,G)="·" THEN 95 
090 P(G)=VAL(C$(O,G):NEXTG 
095 GOTO 1000 

MODULE 719 Asks for the name of the new student 
and adds it to the student list. Any grade positions for the 
new student will be filled with minus signs so that they will 
not be counted on the student's record. 
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100 REM ** 7/9-ADD NEW STUDENT ** 
105 IF C$(1 ,0)="" THEN INPUT"[clear] 

[2x dwn] NO STUDENTS";Z$:RETURN 
110 PRINT"[clear][3x dwn]":FOR N=1 

TO 100:IF C$(N,O)="*" THEN 130 
120 NEXT N:PRINT"[3X rht] NO ROOM FOR 

NEW STUDENT":INPUT Z$:RETURN 
130 PRINT"ENTER THE NAME OF ": 

PRINT"[3x rht] STUDENT NUMBER "N;: 
INPUT" [rht]" ;C$(N,O) 

140 IF N<100 THEN C$(N+1 ,0)="*" 

150 FOR G=1 TO 50:IF C$(O,G)="*" 
THEN 170 

160 C$(N,G)="-":NEXT G 
170 RETURN 

MODULE 7/10 Scans the grade file and stops at the first 
empty grade space. It places the "possible" score in 
C$(O,G) (where G is the number that identifies the set of 
grades) and lists each student's name in order. The module 
then asks for each student's grade. If RETURN is entered, 
the grade recorded will be a zero. 

200 REM ** 7/10-ADD NEW GRADES ** 
205 IF C$(1 ,0)="" THEN INPUT"[clear] 

[2x dwn] NO STUDENTS";Z$:RETURN 
210 FOR G=1 TO 50:IF C$(O,G)="" THEN 220 

215 NEXT G:PRINT"[clearH2x dwnHrht] 
BOOK FULL":STOP 

220 C$(0,G)="*":G=G-1 
230 PRINT"[clearH2x rht] THIS WILL BE 

GRADE NUMBER "G"[2x dwn]" 
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.235 INPUT"[2x dwn][2x rht] ENTER THE 
POSSIBLE SCORE";C$(O,G): 
peG) = VAL(C$(O,G)) 

240 FOR N=1 TO 100:IF C$(N,O)="·" 
THEN RETURN 

250 PRINT N"[spc]"C$(N,O) TAB(25);: 
INPUT C$(N,G) 

260 IF C$(N,G)='''' THEN·C$(N,G)="O" 
270 NEXT N:RETURN 

MODULE 7111 Sets up the variables needed and then 
·uses Module 7/12 to display each student's grades. It then 
calculates and displays the class average. 

300 REM" 7/11-LlST ALL GRADES •• 

310 PRINT"[clear]":X=O:TT=O:FOR N=1 
TO 100:IF C$(N,O)="·" THEN 360 

320 CH$="":GOSUB 410:REM .. TO 7/12" 
330 IF CH$<>"" TttEN RETURN 
340 X=X+1 :TT=PC+Tf 
350 NEXT N 
360 PRINT TB$:PRINT"[2x dwn] CLASS 

AVERAGE=" INT(100·TT/X+.5)/100"%": 
PRINT BT$ 

370 IF FLAG=1 THEN RETURN 
380 INPUT Z$:RETURN 

MODULE 7112 Asks for a student number, searches for 
that student, and displays the student's name, test grades, 
and grade average. If the grade on any test is a minus sign 
("-"), that test is not indudedin the grade average. If the 
grade for any test is 0, that test is included in the grade 
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average. After the grades are listed, the listed data can be 
changed by entering the number of the score to be 
changed and then entering the new data. Module 7/11 uses 
the listing portion of this module as a subroutine to list 
grades. 

400 REM*"" 7/12-LST/CHG STUDENT GRADE*"" 
405 INPUT"[elear][2x dwn][2x rht] 

ENTER STUDENT NUMBER";N 
410 FOR 1=1 TO 100:IF C$(I,O)="*" 

THEN 414 
412 NEXT I 

414 IF N > 1-1 THEN RETURN 

416 PRINT TB$:PRINT TAB(6)"#" N 
"[2x spe]" C$(N,O):TS=O:PC=O: 
TP=O:PRINT 

420 FOR G=1 TO 50:IF C$(O,G)="*" 
THEN PRINT:GOTO 465 

425 IF C$(N,G)="-" THEN 460 
430 TS=TS+VAL(C$(N,G)) 

433 IF FLAG=1 THEN PRINT CHR$(16)"06" G 
"-[spe]" C$(N,G) "[spe]/" P(G); 

435 IF FLAG=1 THEN PRINT CHR$(16)"23=" 
INT(1000*VAL(C$(N,G))/P(G))/10 "%": 
GOTO 450 

440 PRINT TAB(6) G "-[spe]" C$(N,G) 
"[spe]/" P(G) TAB(21)"=" 
INT(1 000*VAL(C$(N,G))/P(G))/1 0 "%" 

450 TP=TP+P(G) 
460 NEXT G 

465 PRINT"TOTAL =" TS:PRINT"POSSIBLE =" 
TP:PC=INT(1 000*TS/TP+.5)/1 0 
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470 PRINT"PERCENT =" PC: 
IF FLAG=1 THEN RETURN 

473 PRINT"[2x dwn][2x rht]ENTER RETURN 
TO CONTINUE":IF VAL(Q$)<>4 THEN 485 

475 CH$="":INPUT"[dwn][rht]ENTER SCORE 
TO CHANGE (O=NAME)";CH$: 
IF CH$= "0" THEN 490 

477 IF CH$="" THEN RETURN 

480 V$="":INPUT"[spc]ENTER NEW SCORE 
VALUE";V$:C$(N,VAL(CH$))=V$:RETURN 

485 INPUT CH$:RETURN 

490 V$="":INPUT"[spc]ENTER NEW NAME";V$ 
:C$(N,O)=V$:RETURN 

MODULE 7/13 Displays a student's names and grades 
for any test in the order of the student's grade rank. Mod­
ule 7/19 is used to sort the students into rank order, and 
Module 7/20 is used to obtain the mean and standard 
deviation for the test. 

500 REM *'II< 7/13-GRADE DISTRIBUTION *'II< 

510 INPUT"[clear][2x dwn][2x rht]ENTER 
TEST NUMBER TO EVALUATE";Z: 
IF Z<1 THEN RETURN 

520 FOR G=1 TO 50:IF C$(O,G)="*" 
THEN 530 

525 NEXT G 
530 G=G-1 :IF Z>G THEN RETURN 
535 PRINT TB$:PRINT TAB(6) "TEST #" Z: 

PRINT BT$ 
540 FOR N=1 TO 100:IF C$(N,O)="*" 

THEN 560 
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543 IF C$(N,Z)="-" THEN A$(N)="-": 
GOTO 550 

.545 A$(N)=STR$(INT(1000*VAL(C$(N,Z))/ 
VAL(C$(O,Z)) + .5)/1 0) 

550 A$(N)=C$(N,0)+"[3x spc]"+A$(N) 

555 NEXT N 
560N=N-1 :GOSUB 2000:GOSUB 3000: 

PRINT TAB(20) "SCORES"; 

563 IF FLAG =1 THEN RETURN 
565 IF VAL(Q$)=6 THEN PRINT 

TAB(29) "Z-SCORE"; 
570 PRINT:PRINT:FOR N=1 TO 100: 

IF C$(N,O)="*" THEN 585 
580 PRINT N H[SpC]" LEFT$(A$(N), 

LEN(A$(N))-5) TAB(20) 
RIGHT$(A$(N),4) "[spc]%"; 

581 IF RIGHT$(A$(N),1)="-" THEN 584 

582 IF VAL(Q$)=6 THEN PRINT TAB(30) 
INT(100*(VAL(RIGHT$(A$(N),4))-AVG) 
/SO)/100; 

584 PRINT:NEXT N 
585 PRINT:PRINT "MEAN =" AVG, 

"STO OEV =" SO 
590' INPUT"[dwn][2x rht]RETURN TO 

CONTINUE";Z$;RETURN 

MODULE 7/14 CalculatesZ scores using the mean and 
standard deviation values obtained from Module 7/20. 
The ranking and listing of the raw scores is done by using 
the listing part of the Module 7/13 program. 
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600 REM ** 7/14-Z SCORES (CURVE GRADE)** 
610 GOSUB 520 

620 PRINT CHR$(16) "29Z-SCORE" 

630 PRINT:FOR N=1 TO 100: 
IF C$(N,O)="*" THEN 680 

640 PRINT N "[spc]" LEFT$(A$(N), 
LEN(A$(N))-5) CHR$(16) '''20'' 
RIGHT$(A$(N),4) "[spc]%"; 

650 IF RIGHT$(A$(N),1)="-" THEN 670 

660 PRINT CHR$(16) "30" INT(100*(VAL 
(RIGHT$(A$(N),4))-AVG)/SO)/100; 

670 PRINT:NEXT N 

680 PRINT:PRINT "MEAN =" AVG, 
"STD DEV =" SD:PRINT TB$:RETURN 

MODULE 7115 Allows us to enter a number of stu­
dents' names at one time. This is helpful when starting a 
new class register. The module keeps us from accidentally 
erasing a class in memory because it checks to be sure that 
the memory is clear before allowing us to continue. 

700 REM ** 7/15-START NEW CLASS ** 
. 705 Z$='''':PRINT "[clear][3x dwn] 

[3x rht]";:IF FILL=O THEN 720 
710 PRINT "THERE IS A CLASS IN MEMORY": 

INPUT "[5x rht]SAVE IT (Y/N)";Z$ 
715 IF Z$<>"N" THEN GOSUB 900:FILL=0: 

GOTO 700:REM ** TO SAVE ROUTINE ** 
720 PRINT "[3x 1ft]" TB$:PRINT TAB(8)" 

[rev][2x spc]NEW CLASS[2x spc] 
[rev off]" :PRINT BT$ 
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725 PRINT "ENTER THE NAMES OF THE 
STUDENTS":PRINT "[4x rht] 
ENTER * TO RETURN TO MENU" 

730 PRINT:PRINT:FILL=1 :FOR N=1 TO 100 

740 PRINT "STUDENT NUMBER "N;: 
INPUT"[spc]" ;C$(N,O) 

750 IF C$(N,O)="*" THEN RETURN 

760 PRINT "[up]" S$ "[up]" 
770 NEXT N 
780 PRINT "TOTAL OF 100 STUDENTS 

FILLS BOOK":INPUT Z$:RETURN 

MODULE 7/16 The print program module, which al­
lows us to select from the grade book any of four printing 
options. 

800 REM ** 7/16-PRINT PROGRAM ** 
810 PRINT "[clear][dwn]" TB$:PRINT 

TAB(8) "PRINT ROUTINE":PRINT BT$ 
820 PRINT "[dwn][7x rht] 1 LIST ALL 

GRADES" 
825 PRINT "[7x rht] 2 LIST A STUDENT'S 

GRADES" 

830 PRINT "[7x rht] 3 LIST A TEST 
DISTRIBUTION" 

835 PRINT "[7x rht] 4 RETURN TO MENU" 
840 INPUT "[2x dwn][2x rht]ENTER ITEM 

TO BE PRINTED";Z$ 
850 IF VAL(Z$) = 4 THEN RETURN 
860 1F VAL(Z$)=2 THEN INPUT "[clear] 

[2x dwn][2x rht][rev]ENTER 
STUDENT NUMBER[off]";N 
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865 IF VAL(Z$)=3 THEN INPUT "[clear] 
[2x dwnH2x rhtHrev]ENTER TEST 
NUMBER TO EVALUATE[off],,;Z 

870 OPEN 2,4:CMD 2:FLAG=1 

880 ON VAL(Z$) GOSUB 300,410,600 
890 PRINT#2:CLOSE 2:FLAG=0:RETURN 

MODULE 7117 The quit program module, which helps 
us to make certain that any changes to the data are pre­
served. Different classes can be saved using different file 
names, such as "Class 1," "Class 2," or "History," "Math 
'85," and so on. If desired, the command RUN in line 990 
can be changed to NEW. This change will erase the pro­
gram from memory as soon as the data is saved. 

900 REM *'II< 7/17-QUIT PROGRAM *'II< 

910 Z$="":INPUT "[clearH2x dwnH2x rht] 
SAVE GRADE BOOK ON DISK OR TAPE 
( [rev] D [off] IT)" ;Z$ 

920 D=8:IF Z$="T" THEN D=1 

930 INPUT "[dwnH2x rht]ENTER THE FILE 
NAME FOR THE GRADES" ;FL$: 
FL$="@O:"+FL$ 

940 OPEN 2,D,2,FL$+",S,W" 
950 FOR N=O TO 100:FOR G=O TO 50 
960 IF N>O AND C$(O,G)="*" THEN 980 
965 PRINT#2,C$(N,G) 
970 IF C$(O,G)="*" THEN 980 
975 NEXT G 
980 IF C$(N,O)="*" THEN 990 
985 NEXT N 
990 PRINT#2,C$(N,0):CLOSE 2:RUN 
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MODULE 7/18 Our old standby menu from Chap. 3, 
Module 3/14. The only reason for listing this menu mod­
ule in this chapter is to make it easier to enter the com­
plete grade book program without referring to other chap­
ters. 

1000 REM ** 7/18-GRADE BOOK MENU ** 
1010 DIM M$(20) 
1011 M$(1)="ADD NEW STUDENT":M$(2)="ADD 

NEW GRADES" 

1012 M$(3)="LlST ALL GRADES":M$(4)= 
"LST/CNG A STUDNT GRAD" 

1013 M$(5)="LlST GRADE DISTRIB":M$(6)= 
"LIST CURVED GRADES" 

1014 M$(7)="START NEW CLASS":M$(8)= 
"PRINT PROGRAM" 

1015 M$(9)="OUIT PROGRAM" 

1020 IF FL$="" THEN Z$="7":GOTO 1090 
1025 N=9:PRINT"[clear]" 
1 030 TP$ =" [4x spc ][30x cmd/ + ]" 

1040 PRINT TP$:PRINT"[4x spc][cmd/+]" 
TAB(33) "[cmd/+ ]":FOR X=1 TO N+2: 
PRINT"[4x spc][cmd/+]"; 

1050 IF X<N+1 THEN PRINT 
TAB(28-LEN(M$(X))) M$(X) "~" X 
TAB(33) "[cmd/+]":GOTO 1060 

1055 PRINT TAB(33) "[cmd/+]" 
1 060 NEXT X:PRINT TP$ 
1070 PRINT "[2x up]" TAB(7);: 

INPUT "CHOOSE ONE" ;0$ 
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1080 IF VAL(Q$)<1 OR VAL(Q$»N THEN 
PRINT "[up]" TAB(18) "[4x spc][dwn]": 
GOTO 1070 

1090 ON VAL(Q$) GOSUB 100,200,300, 
500,500,700,800,900:GOTO 1025 

MODULE 7119 A sorting routine which has many uses. 
lines 2015 and 2017 allow the routine to skip grades that 
are not to be counted. 

2000 REM ** 7/19-BUBBLE SORT ** 
2010 FOR 1=1 TO N-1 :FOR J=I TO N 

2015 IF RIGHT$(A$(I),3)="[2x spc]-" 
THEN 2040 

2017 IF RIGHT$(A$(J),3)="[2x spc]-" 
THEN 2040 

2020 IF VAL(RIGHT$(A$(J),3)) > 
VAL(RIGHT$(A$(I),3)) THEN 2040 

2030 X$=A$(I):A$(I)=A$(J):A$(J)~X$ 

2040 NEXT J:NEXT I 
2050 RETURN 

MODULE 7/20 Calculates the mean (A VG) and stan­
dard deviation (SD) of an array of values A$(N). The num­
ber of values in the array must be given as N. 

3000 REM ** 7/20-MEAN & STD DEVIATION** 
3010 SUM=O:SQS=O:X=O:SD=O 
3020 FOR 1=1 TO N:A=O: 

IF RIGHT$(A$(I),1)="-" THEN 3050 

3030 X=X+1 :A=VAL(RIGHT$(A$(I),4)) 
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3040 SUM=SUM+A:SQS=A*A 
3050 NEXT I 

3060 AVG=SUM/X:VAR=(SQS/X)-AVG*AVG: 
IF VAR>O THEN SD=SQR(VAR) 

3070 AVG=INT(100*AVG+.5)/100:SD= 
INT(1 OO*SD+ .5)/1 00 

3080 RETURN 
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EIGHT 

SPRITES AND 
GRAPHICS 

This final chapter describes a few interesting modules that 
will be useful for graphic presentations. The first part pro­
vides a rather unique system for designing, assigning, and 
controlling sprites. Sprites are those graphic elements 
which, in the Commodore 64, can be designed and con­
trolled by the operator. 

The second part of this chapter gives a few modules 
that will be useful in developing graphs and other visual 
representations using Commodore BASIC. These mod­
ules can be used as part of other programs to add a graphic 
facility to the calculation ability of the original program. 

SPRITE DEVELOPMENT 

Sprites are defined in the Commodore 64 User's Manual 
as "a high-resolution programmable object that can be 
made into just about any shape-through BASIC com­
mands." Sprites have many more interesting attributes. 

209 
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They can be moved around the screen; their color can be 
changed, collisions between two sprites or between a 
sprite and copy can be detected, and sprites can pass in 
front of or behind other sprites. In addition, a sprite can be 
doubled in size vertically or .doubled in size horizontally, 
or both. 

The main problem with sprites is that programs to 

develop sprites and programs to control sprites are not 
easy to write. The sprite is made up of a group of dots. 
Each sprite is 24 dots wide and 21 dots high. Each dot is 
either "on" or "off," depending on the value of a number 
associated with the dots. Three eight-digit binary numbers 
are needed to define each horizontal line in the sprite. As 
there are 21 horizontaI lines, this means that 63 numbers 
are needed to define one sprite. If we have to calculate 
each of these numbers, developing a sprite can be a real 
hassle. 

Certainly we have not come this far just to decide that 
sprites are too much trouble. Help is at hand. We have 
modules that will help us design these small graphics'-and 
very easily! Let's examine the problems and look at how 
best to. overcome them. 

The first problem seems to be that sprites must be 
defined in terms of binary numbers. Although not a big 
problem, it is not easily done. The standard method is to 
sketch the sprite on a 24 X 21 grid by blacking in the 
spaces that make up the sprite figure and then converting 
each eight spaces of the grid into a binary number. This 
conversion is done by assigning a 0 for each open space 
and a 1 for each blacked-in space. These numbers are then 
POKEd into the computer to make the sprite. 

To make the design of the sprite as easy as possible, we 
can have the computer draw the grid. We can then specify 
which squares in the grid are to be filled in and have the 
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computer calculate the numbers that correspond to the 
filled-in spaces (see Fig. 8-1, p. 222). In addition to the 
grid method, perhaps· we should also make provision for 
defining a sprite by inputting binary numbers rather than 
blacked-in squares. Of course, we should provide for re­
trieving sprite data stored on a disk (or tape). These all 
sound like good ideas for our program. Let's do it! 

Inputting the Sprite Data 
Module 8/1 is the initial module of this program. It 
DIMensions the sprite array, Z(21,3). It then asks 
whether we intend to input data through a binary number, 
the grid, or from a disk. Of course, if desired, a tape can be 
used in place of the disk. If the grid is chosen, a second 
choice must be made about whether to use X-Y coordi­
nates, cursor-controlled points, or joystick-controlled 
points on the grid. Finally, except in the case of input from 
a disk or tape, we are asked whether we want to SAVE the 
sprite data. 

Because the cursor and joystick method of input often 
leave information in the keyboard buffer queue, it is nec­
essary to empty the queue before asking for other input. 
Line 80 (GET JUNK$) takes care of emptying the queue 
so that anything in the buffer queue has no effect on the 
question on line 85: "SAVE SPRITE?". 

If we choose to input the sprite with binary numbers, 
the program goes to Module 8/8, which is used as a sub­
routine. Each line of the sprite is entered as one long (24-
digit) binary number. The computer then divides the long 
number into three eight-digit numbers. At any point on a 
line, while entering a number, the RETURN can be en­
tered and all the remaining digits for that line will be 
entered as Os. This means that if we have entered 
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0011010111 (10 digits) and then enter a RETURN, the 
computer will add 14 zeros to complete the 24-digit num­
ber. This function can be very handy, especially when we 
want a whole line of Os. 

After the line is entered, the computer calculates the 
three binary numbers for the line and displays them as 
three decimal numbers. We are then asked "READY?". If 
yes, the next line is set up for input. If no, the line in 
question is erased and is set up again for input. When all 
21 lines have been entered and approved, the computer 
returns to Module 8/l. 

If instead of choosing the binary input of Module 8/1 
we choose to retrieve sprite data from a disk, the com­
puter is sent to the subroutine Module 8/7. Module 8/7 
loads a set of sprite data into the Z(21 ,3) array and returns 
to Module 8/1. Here it is sent to the middle of Module 8/4 
(GOSUB 350), and the data numbers are listed on the 
screen for inspection. 

Finally, if the grid method of input has been chosen, 
the computer goes to the subroutine Module 8/2. Module 
8/2 prints a 24 by 21 square grid on the screen. 

If X-Y coordinates have been chosen as the input 
method, the computer goes to Module 8/3 to accept that 
input. After the input of each pair of coordinates we are 
asked, "O.K., DELETE, OR STOP?" "O.K." leaves our 
last entry and sets up for the next pair of coordinates. 
If delete is chosen, the last set of coordinates is erased 
from the grid. If stop is chosen, the sprite design is taken 
as it exists on the grid and the computer is directed to 
Module 8/4, where the filled-in grid points are converted 
to numbers. 

If the joystick has been chosen as the input method, 
the computer goes to Module 8/9, and the input comes 
under joystick control. The joystick cursor moves around 
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the grid in response to the joystick motion. If the fire 
button is pressed, the position of the joystick cursor is 
replaced by a filled-in square. If the fire button is not de­
pressed, the position of the joystick cursor is not filled in. 
This last mode allows us to erase squares that have been 
previously filled in. In order to stop, the joystick cur­
sor is maneuvered into the lower right-hand corner of the 
grid (row 24, line 21) and the fire button is pressed. The 
design on the grid is accepted as the completed sprite and 
the computer returns to convert the grid into numbers. 

The cursor input works very much like the joystick 
input. The up-down and left-right cursor control keys are 
used to maneuver the grid cursor t9 the positions desired. 
The asterisk key (*) is used to replace the grid cursor with 
a filled-in sphere. Thus the asterisk key works with the 
cursor control like the fire button works with the joystick 
control. Placing the cursor in the lower right-hand square 
of the grid (row 24, line 21) and pressing the asterisk key 
stops the process, just as it does in the joystick program. 

Now we have a program that will accept input as binary 
numbers, from disk (or tape) storage, or can be input onto 
a grid using X-Y coordinates, joystick control, or cursor 
control. 

Calculate, Save, and View the Sprite 
As soon as we stop the design phase of the program, the 
computer goes to Module 8/4, which calculates the sprite 
numbers. The computer scans the grid and each filled 
square is considered to be a 1 in the appropriate binary 
number. This is done by PEEKing into each memory posi­
tion where the grid squares are stored, and if a 102 is 
found (the CHR$ number for a filled square), its position 
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in the grid is used to fashion the number. Line 320 is 
where all this action takes place. 

Module 8/4 also lists the numbers that define the 
sprite. Line 360 lists the 63 numbers in decimal base. They 
are listed three abreast in 21 rows. This part of the module 
is also used separately from the calculation part of the 
module. 

Module 8/5 saves the 63 numbers stored in the sprite 
array. This module is written to save the sprite on a disk, 
but of course, it can easily be changed to accommodate 
tape by changing the 8 to a 1 in line 420 . 

. Now that we have calculated the numbers and saved 
them, it is time to have a look at the little graphic. Module 
8/6 first allows us to assign a number and a color to the 
sprite we have created. The sprite identification number 
allows us to select and control a single sprite from among 
the eight that may be on the screen at one time. The 
number also determines which sprite will pass in front and 
which will pass behind in a sprite to sprite collision. The 
lower-numbered sprite will pass in front of the higher­
numbered sprite. Once we have assigned a number and 
color, the module POKEs the numbers into the appropri­
ate memory locations and displays the sprite. The sprite is 
first displayed double size for a few seconds and then is 
displayed normal size. 

Module 8/11 allows us to move the sprite around the 
screen with a joystick. It will not be difficult to convert 
this module to use the keyboard controls rather than a 
joystick. (To do this, compare the first 11 lines of Module 
8/9 to Module 8/10.) Module 8/11 selects its function by 
using an ON-GOSUB command. Module 81l1A accom­
plishes exactly the same thing that Module 8111 does, ex­
cept that it uses the IF-THEN command, and may be 
slightly faster in its responses. 
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Finally, Module 8/7 will load a saved sprite from a disk. 
Once loaded, the sprite can be listed, viewed, moved, and 
if desired, can· be resaved. Of course, the module can be 
modified to load from tape. 

Here, then, is the sprite design factory. You may want 
to design a module that will allow you to add multicolor to 
your sprite. You will find the modules quite useful in 
other programs. The idea of POKEing characters into a 
grid and then scanning the grid to define some other func­
tionhas many intriguing possibilities. Once the sprite ,is 
saved, the load, the view, and the move modules can be 
used in a program to place or manipulate the sprite or 
sprites to suit your needs. There are certainly many useful 
possibilities. ; 

GRAPHIC SKETCHPAD 

As with most of the Commodore functions, the possibili­
ties for graphics are almost unlimited. Here we will cover 
some basic graphic functions that may be useful. We will 
develop a "sketchpad" which uses basic commands. We 
will use the joystick or cursor module to create graphics 
and we will add colors. 

Introduction 
The points of the display screen have two elements, posi­
tion and color. When using the normal screen (not high 
resolution), the screen positions are kept in memory in the 
space beginning at 1024, and the color of each of those 
positions ,are kept in memory beginning at 55296. Both 
position and color must be specified in order for a charac­
ter to appear on the screen. This information is not neces-
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sary in order to use the modules but may help you to 
understand the modules. 

To avoid writing the addresses of the position and 
color memory every time we refer to them, we can assign 
each of them to a variable. In line 20 of Initial Module 
8112, we have assigned the color memory starting place 
(55296) to variable C, and the position memory start 
(1024) to-what else-variable P. 

The next four lines of Module 8/12 (25, 30, 35, and 
40) POKE color bars onto the screen in the top two screen 
lines. The POKE commands use the C and P variables 
which we assigned in the first line of the module. The 160 
that is being POKEd into the position memory is an in­
verse space. This means that the character is a solid square. 
The color being POKEd into the color memory is X, 
which changes from 0 (black), through all the colors, to 15 
(gray 3). The combination of character and color produces 
16 color bars along the top of the screen. Later, these bars 
will be used to select colors for the sketchpad cursor. 

The next six lines of Module 8/12 (45 through 70) 
place 12 symbols down the left side of our screen. These 
symbols are defined by the numbers found in the DATA 
lines at the end of the module. To change the symbols, 
simply change the numbers in the DATA lines to corre­
spond to the characters desired. These symbols will be 
used to define what the cursor will draw on the sketchpad. 

The next two lines (75 and 80) define functions that 
will be used in Module 8114. As we can see, they each 
contain the "40*" element, which is associated with the 
screen memory. These functions could have been defined 
in the first lines of the module and used in the POKE 
commands. Notice how these functions could have been 
used in lines 30, 35, 55, 60, and 65. Finally, lines 90 and 
95 are the DATA lines that we referred to earlier. 
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The screen now has the color bars and symbols printed 
on it from which we can select the desired sketch "brush." 
What we need now is a method for drawing on the pad. 
The drawing cursor is a small diamond. Its screen display 
code is 90. There are two methods provided for moving 
the cursor around on the screen. Module 8113A uses a 
joystick input, and Module 8/13B uses the cursor controls 
on the Commodore keyboard. 

Joystick Control 
Module 8/13A starts by setting X = 5 and Y = 1. These 
define the starting place for the cursor. If we wanted the 
cursor to start in the middle of the screen, we could set 
X = 20 and Y = 13. The remainder ofline 105 sets RY = 
32 (space), CL = 14 (light blue), and RX = 67 (line). 

R Y is used to store the screen code of the space into 
which the cursor is moving. When the joystick or cursor 
control tells the cursor to move to a new space, the screen 
code for that space is put into R Y before the cursor moves 
in. Later, when the cursor moves out of the space, the 
value in R Y is POKEd back into the vacated space. The 
variable CY is the color information for the spaces 
through which the cursor is moving. This saving and rein­
serting of space values allows the cursor to move over an 
existing drawing without erasing it. 

The variables RX and CX store the symbol and color 
which has currently been selected for use. We select color 
by placing the cursor over the desired color bar and press­
ing the fire button (if using the joystick) or the asterisk (if 
using cursor control). Doing either of these will place the 
color code number in CX. The same process is used to 
select the symbol code and to place it in RX. This selec-
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tion of colors and symbols is done in Module 8/15, which 
will be discussed later. 

The joystick value is determined by PEEKing 56321. 
Line 115 then separates the direction value of the stick 
from the condition of the fire button. If the cursor is in the 
lower right-hand corner and the fire button is pushed (X = 
39, Y = 24, and BT = 0), the program stops. If the cursor 
is not in the lower right-hand corner of the screen with the 
fire button pushed, the program passes to line 140. Line 
140 sends the program to Module 8/15, where the color or 
symbol can be selected. 

Finally, line 150 sends the program to the appropriate 
subroutine of Module 8/14. Which subroutine is used is 
determined by the value of the joystick position. On re­
turn from Module 8/14, the cursor is moved to the new 
position by line 160, and the program starts this same 
sequence over at line 110. 

Keyboard Cursor Control 
Module 8/13B does essentially the same thing as Module 
8/13A, except that 8/13B uses the keyboard, rather than a 
joystick, to control the cursor. These two modules use the 
same line numbers, since we have assumed that only one 
of the modules will be used in a program. If both modules 
are wanted in one program, it. is easy to change the line 
numbers of one of the modules. 

There are differences between the two control mod­
ules. The joystick module draws only when the fire button 
is pressed. The cursor control module, however, uses the 
asterisk key (*) to turn on.the drawing facility and uses the 
AT Key(@) to turn it off. This means that, once turned 
on, Module 8/13B wm draw ·until turned off. Another 
difference. between these two modules is that Module 
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8113B cannot move in a diagonal direction, since the cur­
sor controls are only up-down and left-right. If we want to 
move diagonally using keyboard controls, we can choose 
any four keys and assign directions to them. 

Because the brackets and the inequality signs are easily 
identified and are near the cursor controls, we will choose 
them for our four diagonal control keys. We will actually 
use colon, semicolon, comma, and period so that we will 
not have to use the shift key. Here are the four lines that 
need to be added to the program if we wish to move 
diagonally: 

125 IF A$=":"THEN GOSUB 250 
126 IF A$=","THEN GOSUB 260 

127 IF A$="."THEN GOSUB 290 

128 IF A$=";"THEN GOSUB 300 

The program works quite well without adding lines 125 
through 128. To use only the up-down and left-right con­
trols, however, does require more use of the on-off keys. 

Directions and Materials 
Module 8/14 might be called the core of the program. It is 
made up of eight subroutines, each of which has four lines. 
These eight subroutines correspond to th~ eight directions 
(up, down, left, right, up-left, up-right, down-left, and 
down-right) in which we can move around the screen. 
Each subroutine begins with a line which checks to be sure 
that the correct value is being used. The next line stores 
(in RY and CY) the values of the square being moved into, 
and decides whether or not to draw in the square. If no 
drawing is required (BT = 16), the subroutine changes the 
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values of X and Y and POKEs the values saved in the 
preceding cycle into the square being vacated. 

If drawing is required (BT = 0), the subroutine moves 
the value of CL into the holding variable CX, and some 
manipulation is performed to allow different symbols to 
be used if a line is to be drawn (RX = 67). The subroutine 
then proceeds to change the X-Yvalues and to POKE the 
previous square. It then RETURNs to the joystick or cur­
sor control module. 

The final module in this program (Module 8115) is the 
select module. Here the color and symbol can be selected. 
The two halves of the module work in similar fashion. 
First, the module determines whether or not the cursor is 
in a position that corresponds to a color. If the answer is 
no, it determines whether or not the cursor is in a position 
that corresponds to a symbol. If the answer is again no, the 
computer RETURNs to the main program. If the cursor 
were in a color position and BT = 0 (the fire button is 
pushed or the asterisk is on), the drawing color value (CL) 
is made the same as the color under the cursor. If the 
cursor is over a symbol and BT = 0, the symbol value 
(RX) becomes the same as the symbol value under the 
cursor. 

Summary 
The ideas in the modules of this sketchpad program have 
other uses. There are three sets of parameters that work to 
describe the characters presented on the screen. The val­
ues of R and CL are used to define the immediate symbol 
and color being used. The variables RX and CX are used 
to store the current values of symbol and color that have 
been selected. These values can be changed only in Mod­
ule 8115. 
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R Y and CY are used as temporary holding variables. 
They hold the values of the square into which the cursor is 
about to move. If the cursor is not drawing (BT = 16), 
then when the cursor moves out of the square, RY and CY 
restore the square's original values (R = R Y and CL = CY 
on line 110). If the cursor is drawing (BT = 0), Rand CL 
are changed to the drawing values (R = RX and CL = CX 
on line 213 and other XX3 lines in Module 8/14). 

Although there is no direct correlation, the ideas in 
this program can be used to develop a high-resolution 
graphics program. Such a program would allow joystick or 
keyboard control of a cursor using the 320-horizontal-dot 
by 200-vertical-dot grid. The high-resolution mode is 
turned on by 

POKE 53265, PEEK(53265) OR 32 

and turned off by 

POKE 53265, PEEK(53265) AND 223 

Of course, there are many other changes that must be 
made, the most obvious of which are those needed in the 
memory locations used for storage of the screen data. This 
type of programming is beyond the scope of this book, but 
it is hoped that some helpful directions have been given. 

CONCLUSION 

In this book we have provided a number of program mod­
ules which can have a wide range of uses. In general, we 
have tried to present the modules in the context of useful 
programs. This context has often caused the modules to be 
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less generic than desired. Although all the modules can be 
used in other programs, most of them will require some 
modification to make them compatible with the new pro­
gram's parameters. Do not hesitate to experiment with 
adjusting the modules to fit your needs. That is what this 
book is meant to encourage. 
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I I 
I I 

I) I I 
III 

1 
nTIl 
I I I Xl 

STOP 
Figure 8-1 Sprite design grid. 



CHAPTER EIGHT 

MODULES 

MODULE 811 The initial module for the sprite design 
program, which DIMensions the sprite array and asks all 
the questions that determine how the program operates. 

010 REM ** 8/1-SPRITE INITIAL ** 
020 DIM Z(21 ,3):S$="[39x spc]" 
030 INPUT"[clear][2x dwn]- ENTER 

BINARY,GRID, OR DISK? ([revt B 
[off],/G/D)";Z$ . 

040 IF Z$="G" THEN INPUT "COORDINATE, 
CURSOR,OR JOYSTICK (C/S/J)";R$ 

050 IF Z$="G" THEN GOSUB 100:GOSUB 300: 
GOTO 80 

060 IF Z$="D" THEN GOSUB 600:GOSUB 350: 
GOTO 500 

070 GOSUB900 
080 GET JUNK$:IF JUNK$ <> "" THEN 80 
085 Z$='''':INPUT''[5x spclSAVE SPRITE? 

([rev] Y [off]/N) " ;Z$: 
IF Z$="N" THEN 500 

090 GOTO 400:REM ** GOTO 8/5 ** 

MODULE 812 Draws the 24 x 21 square grid and then 
goes to the module that provides the selected input con­
trol. 

100 REM ** 8/2-SPRITE GRID ** 
110 SM=1024:CM=55296:PRINT"[clear]" 

223 
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120 FOR Y=1 TO 20:PRINT TAB(7);: 
FOR X=1 TO 24 

130 PRINT CHR$(207);:NEXT X: 
PRINT CHR$(1BO):NEXT Y 

140 PRINT TAB(7):FOR X=1 TO 23: 
PRINT CHR$(207);:NEXT X: 
PRINT CHR$(11B);CHR$(1BO) 

150 PRINT TAB(7);:FOR X=1 TO 24: 
PRINT CHR$(1B3);:NEXT X: 
PRINT "STOP":PRINT 

160 IF R$="J" THEN 1000:REM TO BI9 ** 
170 IF R$="S" THEN 1500:REM TO B/10 ** 

MODULE S/3 The first input control module (the 
others are Modules S/9 and SIlO). This module accepts an 
X coordinate (column number) and a Y coordinate (row 
number) and changes in the grid square at that position to 

CHR$(102). 

200 REM ** BI3-X-Y COORDINATES ** 
210 INPUT"[up][3x rht] ENTER X COORD. 

[6x spc ][6x Ift]";X 
215 INPUT"[up][3x rht] ENTER Y COORD. 

[6x spc][6x Ift]";Y 

220 IF (X<1 OR X>24 OR Y<1 OR Y>21) 
THEN 200 

230 POKE SM+40*Y+6+X,102: 
POKE CM+40*Y+6+X,13 

240 INPUT"[up][3x rht] O.K.,DELETE, 
OR STOP? ([rev] 0 [off] 
10/*)" ;Z$:PRINT"[up]" ;S$ 
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250 IF Z$="O" THEN GOSUB 290 
260 IF Z$="*" THEN RETURN 
270 GOTO 200 

290 POKE SM+40*Y+6+X,79: 
POKE CM+40*Y+6+X,14:Z$="":RETURN 

MODULE 8/4 Reads the grid and calculates the decimal 
numbers that describe the sprite. The. numbers are then 
listed in sets of three. 

300 REM ** 8/4-SPRITE NUMBERS ** 
305 PRINT "[up]" S$ "[up][4x rht] 

[rev] WAIT - CALCULATING SPRITE 
[off] " 

310 FOR Y=1 TO 21 :FOR N=O TO 2: 
FOR X=7 TO 0 STEP -1 

320 IF PEEK(SM+40*Y+6+N*8+(8-X))=102 
THEN Z(Y,N+1)=Z(Y,N+1)+2tX 

330 NEXT X:NEXT N:NEXT Y 

350 REM ** LIST SPRITE ** 
360 FOR Y=1 TO 21 :FOR N=1 TO 3: 

PRINT Z(Y,N) "[spc]" ;:NEXT N: 
PRINT:NEXT Y:RETURN 

MODULE 8/5 Saves the sprite numbers on disk in a 3 x 
7 element array. To save the sprite on tape, change the 8 
in line 420 to a 1. 

400 REM ** 8/5-SAVE SPRITE ** 
410 INPUT "ENTER SPRITE NAME";NA$ 
420 OPEN 5,8,5,"0:"+NA$+",S,W" 
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430 FOR X=1 TO 21 :FOR Y=1 TO 3 
440 PRINT#5,Z(X,Y):NEXT Y 
450 NEXT X:CLOSE 5:GOTO 500 

MODULE 8/6 The module to use to see what the sprite 
actually looks like. It asks for a sprite number and color .. 
These are assigned to the sprite and it is then assembled 
and displayed on the screen-first double size and then 
normal size. 

500 REM ** 8/6-VIEW SPRITE ** 

510 INPUT "[2x dwn][2x rht] ENTER 
SPRITE NUMBER";S 

515 INPUT "[dwn] ENTER SPRITE COLOR 
NUMBER";C 

520 PRINT"[clear][2x dwn][2x rht][rev] 
WAIT - POKING SPRITE [off]" 

530 V=53248:POKE V+21,0 
540 POKE V+21 ,PEEK(V+21) OR (2tS): 

FOR X=2040 TO 2047:POKE X,13:NEXT X 

550 FOR N=O TO 62 
560 POKE 832+N,Z(INT(N/3+1),N-3* 

INT(N/3)+1):NEXT N:POKE V+39+S,C 

570 POKE(V+2tS),175:POKE(V+1 +2tS),100: 
POKE V+23,4:POKE V+29,4: 
FOR X=1 TO 1000:NEXT X 

580 POKE V+2tS,75:POKE V+23,251: 
POKE V+29,251 

590 GOTO 2000 

MODULE 817 Loads sprite numbers from a disk. To 
load from tape, change the 8 in line 620 to a 1. 
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600 REM ** 8/7-LOAD SPRITE ** 
610 INPUT "[clear][2x dwn][2x rht] 

ENTER SPRITE NAME";N$ 
620 OPEN 2,8,2,"0:" +N$+ ",S,R" 
630 FOR X=1 TO 21 :FOR Y=1 TO 3 
640 INPUT#2,Z(X,Y):NEXT Y:NEXT X: 

CLOSE 2:RETURN 

MODULE 8/8 Accepts a line of twenty-four Os and Is as 
if in a binary number and converts them into three decimal 
numbers, using eight of the binary digits per decimal 
number. 

900 ** 8/8-BINARY INPUT ** 

910 FOR 1=1 to 21 :PRINT "[clear][2x dwn] 
[2x rht] *=STOP [2x dwn] ENTER 
BINARY FOR ROW" I 

920 PRINT "[2x rht] V [8x rht] 1 
[9x rht] 2 [3x rht] V" :INPUT A$: 
IF A$="" THEN A$="000-[16 O's]-OOO" 

930 IF A$="*" THEN STOP 

940 IF LEN(A$) < 24 THEN A$=A$+"O": 
GOTO 940 

950 IF LEN(A$) > 24 THEN A$=LEFT$(A$,24) 
960 FOR X=1 TO 3:B$=LEFT$(A$,8): 

A$= RIGHT$(A$,8*(3- X)) 
970 FOR Y=O TO 7: 

Z(I,X)=Z(I,X)+VAL(RIGHT$(B$,1))*2 i Y: 
B$=LEFT$(B$,7-Y):NEXT Y 

980 PRINT Z(I,X);"[spc]";:NEXT X:PRINT: 
Z$='''':INPUT''[dw"n][2x rht] READY? 
([rev] Y [off] IN)";Z$ 
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985 IF Z$="N" THEN 1=1-1 :FOR X=1 TO 3: 
Z(I+1,X)=0:NEXT X 

990 NEXT I:RETURN 

MODULE 8/9A Starts the cursor at position X = 1, 
Y = 1. Reads the joystick output and goes to the appropri­
ate subroutine (line 1050). If the fire button is pushed 
(BT = 0), the module POKEs the character value 102 into 
the grid space. 

1000 REM ** 8/9A-JOYSTICK ** 
1005 X=1 :Y=1 

1010 JS=PEEK(56321) 

1020 BY=JS AND 16 
1030 JS=15-(JS AND 15) 

1040 IF NOT (X=24 AND Y=21 AND BT=O) 
THEN 1050 

1043 GET JUNK$:IF JUNK$ <> "" THEN 1043 

1045 POKE CM+40*Y+6+X,0:RETURN 
1050 ON JS GOSUB 1100,1150,1010,1200, 

1250,1300,1010,1350.1400,1450 

1060 POKE SM+40*Y+6+X,90: 
POKE CM+40*Y+6+X,13 

1070 IF BT=O THEN POKE SM+40*Y+6+X,102: 
POKE CM+40*Y+6+X,13:R=102 

1080 GOTO 1010 

MODULE 8/9B Accomplishes the same thing as Mod­
ule 8/9 A but uses the cursor controls on the Commodore 
keyboard. 
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1500 REM ** 8/9B-KEYBOARD CURSOR ** 
1505 X=1 :Y=1 
1520 BT=16:GET A$:IF A$="" THEN 1520 
1521 IF A$="[rht]" THEN GOSUB 1350 
1522 IF A$="[lft]" THEN GOSUB 1200 
1523 IF A$="[up]" THEN GOSUB 1100 
1524 IF A$="[dwn]" THEN GOSUB 1150 
1525 IF A$:::;"*" THEN BT=O 
1530 POKE SM+40*Y+6+X,90: 

POKE CM+40*Y+6+X,13 
1540 IF BT=O THEN POKE SM+40*Y+6+X,102: 

POKE CM+40*Y+6+X,13:R=102 
1545 GET JUNK$:IF JUNK$<>"" THEN 1545 
1550 IF X=24 AND Y=21 AND BT=O THEN 

POKE CM+40*Y+6+X,0:RETURN 
1560 GOTO 1520 

MODULE 8110 Contains eight subroutines, each corre­
sponding to one of the eight directions of the joystick 
control. 

1100 REM ** 8/10-DIRECTION CONTROLS ** 
1110 IF NOT Y > 1 THEN RETURN 
1120 Y=Y-1 :POKE SM+40*(Y+1)+6+X,R: 

POKE CM+40*(Y+1)+6+X,14:R=79:RETURN 
1150 IF NOT Y < 21 THEN RETURN 
1170 Y=Y+1 :POKE SM+40*(Y-1)+6+X,R: 

POKE CM + 40*(Y -1) +6+ X, 14:R=79:RETURN 
1200 IF NOT X > 1 THEN RETURN 
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1220 X=X-1 :POKE SM+40*Y+6+(X+1),R: 
POKE CM+40*Y+6+(X+1),14:R=79:RETURN 

1250 IF NOT (X >1 AND Y >1) THEN RETURN 
1270 X=X-1 :Y=Y-1 :POKE SM+40*(Y+1)+6+ 

(X+1),R:POKE CM+40*(Y+1)+6+ 
(X+1),14:R=79 

1275 RETURN 
1300 IF NOT (X >1 AND Y<21) THEN RETURN 
1320 X=X-1 :Y=Y+1 :POKE SM+40*(Y-1)+6+ 

(X+1),R:POKE CM+40*(Y-1)+6+ 
(X + 1 ),14:R=79 

1325 RETURN 
1350 IF NOT X < 24 THEN RETURN 
1370 X=X+1 :POKE SM+40*Y+6+(X-1),R: 

POKE CM+40*Y+6+(X-1),14:R=79:RETURN 
1400 IF NOT (X <24 AND Y>1) THEN RETURN 
1420 X=X+1 :Y=Y-1 :POKE SM+40*(Y+1)+6+ 

(X-1),R:POKE CM+40*(Y+1)+6+ 
(X-1),R:POKE CM+40*(Y+1)+6+ 
(X-1),14:R=79 

1425 RETURN 
1450 "IF NOT (X<24 AND Y<21) THEN RETURN 
1470 X=X+1 :Y=Y+1 :POKE SM+40*(Y-1)+6+ 

(X-1),R:POKE CM+40*(Y-1)+6+ 
(X-1),14:R=79 

1475 RETURN 

MODULE BIllA Allows us to move the sprite that we 
have created. The module is designed to work with a joy­
stick. 
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. 2000 REM **8/11A-MOVE SPRITE ** 
2005 PRINT "[clear]" 

2010 X=O:Y=O 
2020 JS=PEEK(56321) 
2030 JS=15-(JS AND 15) 
2040 ON JS GOSU8 2100,2110,2020, 

2120,2130,2140,2020,2150,2160,2170 
2045 IFY<1 OR X<1 THEN 2020 
2050 Z=X:IF Z<256 THEN POKE V+16,0 
2060 IFZ>255 THEN POKE V+16,4:Z=Z-255 
2070 POKE V+4,Z:POKE V+5,Y:·GOTO 2020 
2100 Y=Y-1 :RETURN 
2110 Y=Y+1 :RETURN 
2120 X=X-1 :RETURN 
2130 X=X-1 :Y=Y-1 :RETURN 
2140 X=X-1 :Y=Y+1 :RETURN 
2150 X=X+1 :RETURN 
2160 X=X+1 :Y=Y-1 :RETURN 
2170 X=X+1 :Y=Y+1 :RETURN 

MODULE BlllB Provides another method Jor moving 
the sprite. It, too, is designed for the joystick. It operates 
just a little faster than Module BillA. 

3000· REM ** 8/11 8-MOVE SPRITE DIRECT** 
.3005 PRINT "[clear]" 

.. 301-0 X=O:Y=O 
'3020.·JS=PEEK(56321) 
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3030 JS=15-(JS AND 15) 
3041 IF JS=1 THEN Y=Y-1 

3042 IF JS=2 THEN Y=Y+1 
3044 IF JS=4 THEN X=X-1 
3045 IF JS=5 THEN X=X-1 :Y=Y-1 

3046 IF JS+6 THEN X=X-1 :Y=Y+1 
3048 IF JS=8 THEN X=X+1 
3049 IF JS=9 THEN X=X+1 :Y=¥_-1 
3050 IF JS=10 THEN X=X+1 :Y=Y+1 
3055 IF Y<1 OR X<1 THEN 3020 
3060 Z::dX:IF Z<256 THEN POKE V+16,O 
3065 IF Z>255 THEN POKE V+16,4:Z=Z-255 
3070 POKE V+4,Z:POKE V+5,Y:GOTO 3020 

MODULE 8112 The initial module of the graphics 
sketchpad. It POKEs the color bars onto the screen, reads 
the DATA lines, POKEs the symbols onto the screen, and 
DEFines four functions to be used in other modules. 

10 REM ** 8/12-GRAPHIC INITIAL ** 
20 C=55296:P=1024 
25 PRINT "[clear]":FOR Y=O TO 1: 

FOR X=O TO 15 

30 POKE P+8+2*X+40*Y,160: 
POKE P+9+2*X+40*Y,160 

35 POKE C+8+2*X+40*Y,X: 
POKE C+9+2*X + 40*Y,X 

40 NEXT X:NEXT Y:PRINT 
45 FOR Y=O TO 24 STEP 2 
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50 READ Z 

55 POKE P+1 +40*Y,Z 

60 POKE C+1 +40*Y,1 

65 POKE P+2+40*Y,89:POKE P+2+40*(Y+1),89 
POKE C+2+40*Y,0:POKEC+2+40*(Y+1),0 

70 NEXT Y 

75 DEF FN Y(Z)=40*(Y+Z)+X: 
DEF FN X(Z)=40*Y+(X+Z) 

80 DEF FN XY(Z)=40*(Y+Z)+(X+Z): 
DEF FN NV(Z)=40*(Y+Z)+(X-Z) 

85 POKE P+1 +40*Y,Z 
90 DATA 67,76,79,80,122,86,91,102 

95 DATA 108,123,124,126,160 

MODULE SI13A Similar to Module S/9A. It reads the 
joystick input and sends the program to the appropriate 
subroutine. 

100 REM ** 8/13A-JOYSTICK CONTROL ** 
105 X=5:Y=1 :RY=32:CL=14:RX=67 

110 JS= PEEK(56321) :BT = 16:R = RY:CY =CX 

115 BY=JS AND 16:JS=15-(JS AND 15) 
120 IF NOT (X=39 AND Y=24 AND BT=O) 

THEN 140 
130 STOP 
140 GOSUB 400 
150 ON JS GOSUB 210,220,230,240,250, 

260,270,280,290,300 
160 POKE P+40*Y+X,90:POKE C+40*Y+X,13 
180 GOTO 110 
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MODULE S/13B A module that uses the keyboard cur­
sor controls to move the screen cursor. It can be used in 
place of Module8/13A. 

100 REM" 8/13B-KEYBOARD CONTROL .. 
105 X=5:Y=1 :RY=32:CL=14:RX=67:BT=16 
110 R=RY:CY=CX:GET A$:IF A$=''''THEN 110 
121 IF A$="[up]" THEN GOSUB 210 
122 IF A$="[dwn]" THEN GOSUB 220 
123 IF A$="[lft]" THEN GOSUB 240 
124 IF A$="[rht]" THEN GOSUB 280 
130 IF A$="*" THEN BT=O 
135 IF A$="@" THEN BT=16 
140 GOSUB400 
"1.50 POKE P+40*Y+X,90:POKE C+40*Y+X,13 
160 GET JUNK$:IF JUNK$<>'''' THEN 160 
170 GOTO 110 

MODULE SI14 The eight four-line subroutines that 
control the screen cursor. This module is used by both the" 
joystick and keyboard controls. 

200 REM" 8/14-DlRECTION SUBROUTINES .. 
210 IF NOT Y>O THEN RETURN 
212 RY=PEEK(P+FNY(-1»: 

CX=PEEK(C+FNY(-1»:IF BT=16 THEN 215 
213 CY=CL:R=-RX:IF RX=67 THEN R=66 
215"Y=Y-1!POKE P+FNY(1),R: 

; POKE C+FNY(1),CY:RETURN 
220: IF NOT Y<24 THENHETURN 
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222 RY=PEEK(P+FNY(1»: 
CX=PEEK(C+FNY(1»:IF BT=16 THEN 225 

223 CY=CL:R=RX:IF RX=67 THEN R=66 

225 Y=Y+1 :POKE P+FNY(-1),R: 
POKE C+FNY(-1),CY:RETURN 

240 IF NOT X>O THEN RETURN 

242 RY=PEEK(P+FNX(-1»: 
CX=PEEK(C+FNX(-»:IF BT=16 THEN 245 

243 CY=CL:R=RX:IF RX=67 THEN R=67 

245 X=X-1 :POKE P+FNX(1),R: 
POKE C+FNX(1),CY:RETURN 

250 IF NOT (X>O AND Y>O) THEN RETURN 

252 RY=PEEK(P+FNXY(-1»: 
CX=PEEK(C+FNXY(-1»:IF BT=16 THEN 255 

253 CY=CL:R=RX:IF RX=67 THEN R=77 
255 Y=Y-1 :X=X-1 :POKE P+FNXY(1),R: 

POKE C+FNXY(1),CY:RETURN 
260 IF NOT (X>O AND Y<24) THEN RETURN 

262 RY=PEEK(P+FNNV(1»: 
CX=PEEK(C+FNNV(1»:IF BT=16 THEN 265 

263 CY=CL:R=RX:IF RX=67 THEN R=78 
265 Y=Y+1 :X=X-1 :POKE P+FNNV(-1),R: 

POKE C+FNNV(-1),CY:RETURN 

280 IF NOT X<39 THEN RETURN 
282 RY=PEEK(P+FNX(1»: 

CX=PEEK(C+FNX(1»:IF BT=16 THEN 285 
283 CY=CL:R=RX:IF RX=67 THEN R=67 
285 X=X+1 :POKE P+FNX(-1),R: 

POKE C+FNX(-1),CY:RETURN 
290 IF NOT (X<39 AND Y>O) THEN RETURN 
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292 RY=PEEK(P+FNNV(-1)): 
CX=PEEK(C+FNNV(-1)):IF BT=16 THEN 295 

293 CY=CL:R=RX:IF RX=67 THEN R=78 

295 Y=Y-1 :X=X+1 :POKE P+FNNV(1),R: 
POKE C+FNNV(1),CY:RETURN 

300 IF NOT (X<39 AND Y<24) THEN RETURN 
302 RY=PEEK(P+FNXY(1)): 

CX=PEEK(C+FNXY(1)):IF BT=16 THEN 305 
303 CY=CL:R=RX:IF RX=67 THEN R=77 

305 Y=Y+1 :X=X+1 :POKE P+FNXY(-1),R: 
POKE C+FNXY(-1),CY:RETURN 

MODULE 8115 The final module for the sketchpad, 
which controls the color and symbol used to draw on the 
pad. 

400 REM *'II< 8/15-SELECT COLORS *'II< 

410 IF NOT « Y=O OR Y=1) AND X>2 ) 
THEN 450 

420 IF X>7 AND BT=O THEN CL=INT 
«X-8)/2):R=160:BT=16:CY=CL:RETURN 

430 RETURN 
450 REM *'II< SELECT SYMBOL *'II< 

460 IF NOT (X=O OR X=1 OR X=2) 
THEN RETURN 

470 IF NOT (X=1 AND Y/2=INT(Y/2)) 
THEN BT=16:RETURN 

480 IF BT=O THEN RX=RY:BT=16 RETURN 
490 RETURN 
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start new class (module 7/15), 

203 
Z-scores, curved grades (mod­

ule 7/14), 202 
Grade distribution (module 

7/13),201 

Graphic: 
direction subroutines (module 

8/14),234 
initial (module 8/12), 232 
joystick control (module 

8/13A),233 
keyboard control (module 

8/13B),234 
select colors (module 8/15), 

236 
sketchpad, 215 

Grid for sprite (module 8/2), 
233 

Grocery list menu (module 
4/12B),83 

Grocery lists, 60 
Grouped data frequency distri­

butions, 174 
Grouped frequency distribution 

(module 7I1B), 191 
Grouped median (module 7I2B), 

192 

H 

High resolution mode, 221 
Hours worked, enter (module 

6/5), 159 
Housekeeping, example, 13 

I 

Income tax: 
1 or 3 (module 6/6B), 162 
2 (module 6/6C), 163 

Initial module: 
Budget program (module 

5/13), 125 



Initial module: (cont.): 
card file (module 411), 69 
calendar (module 4/14), 85 
checkbook (module 5/3A), 

112 
gradebook (module 7/7), 196 
graphic (module 8/12), 232 
payroll (module 6/1), 155 
sprite (module 8/1), 223 

Input, 34 
binary, sprite (module 8/8), 

227 
card tide (module 4/5C), 75 
deposits (module 5/5B), 115 
name and read a sequential 

string (module 3112), 45 
one dim numeric array, vari­

able size (module 3/17), 
50 

one dim string array, variable 
size (module 3/17 A), 50 

two dim numeric array, 2 by 
X (module 3/18), 51 

two dim numeric array, 4 by 
X (module 3/20), 53 

two dim string array, 2 by X 
. (module 3/18A), 51 

withdrawals (module 5/5A), 
114 

INPUT#,28 
INPUT# PRINT# and Get$, 

36 
Inputting the sprite data, 211 
Interest: 

J 

compound (module 4120), 90 
loans and savings, 64 

Joystick (module 8/9A), 228 
Joystick control, sketchpad, 217 

INDEX 241 

Joystick control module, sketch­
pad (module 8/13A), 233 

K 

Keyboard: 

L 

control, graphic (module 
8/13B),234 

cursor (module 8/9B), 228 
cursor control, sketchpad, 218 

Linear regression (module 7/6A), 
194 

List: 
all grades (module 7/11), 199 
an array (two dim, string) in 

budget program (module 
5/16), 129 

change student grade (module 
7/12), 199 

employees (module 6/3), 156 
from storage (module 5/18), 

131 
Load,26 

and run (module 3/03), 39 
card data (module 4/11), 82 
data (module 5/4), 113 
grade book file (module 7/8), 

197 
sprite (module 817), 226 

Loans, savings, and interest, 64 
Logarithmic regression (module 

7/6C), 195 

M 

Manual scroll (module 5/20), 
132 
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Maturity value, (module 4/17), 
88 

Mean, median, mode (module 
7/2A), 191 

Median for grouped distribution 
(module 7/2B), 192 

Menu, 32 
auto-insertion of items into 

data line (module 3/15), 
47 

calendar (module 4/16), 87 
for card file (module 4/3A), 71 
for message center (module 

4/3B),72 
for payroll (module 6/2), 156 
gradebook (module 7/18), 206 
grocery list (module 4/12B), 

83 
with items listed in string 

variables (module 3/14), 
46 

Message center menu (module 
4/3B),72 

Module list: 
for budget program, 103 
for checkbook program, 99 

Monthly payments (module 
4/18),89 

Months to pay (module 4/21), 
91 

Move sprite (module 8/11A), 
230 

direct (module 8/11B), 231 

N 

Name: 
and load (module 3/01), 38 

load and run (module 3/02), 
38 

save, verify (module 3/05), 40 
New balance forward (module 

5/9), 121 
Numbers for sprite design (mod­

ule 8/4), 225 
Numeric array: 

(one dim) input variable size 
(module 3/17), 50 

prints two dim in variable 
rows and cols (module 
3/23), 55 

(two dim) dims = Band C, 
input (module 3/19A), 52 

(two dim) 4 by X input (mod­
ule 3/20), 53 

(two dim) input (module 
3/18), 51 

(two dim) variable dims input 
(module 3/19), 52 

o 
Output: 

20 lines by 4 columns (module 
3/22), 55 

string data pages (module 
3/21), 54 

variable rows and columns 
(module 3/23), 55 

OPEN,28 

p 

Payments: 
amount of (module 4122), 91 



Payments: (cont.): 
monthly (module 4/18), 89 
months to pay (module 4/21), 

91 
Payroll: 

calculate (module 6/6A), 160 
changing employee records 

and saving data, 141 
changing to a different period, 

152 
employee array, 145 
employer costs and payroll 

summary, 13 7 
exit program module, 143 
income tax 1 or 3 (module 

6/6B), 162 
income tax 2 (module 6/6C), 

163 
initial (module 6/1), 155 
initial modules, 136 
input hours and calculating the 

payroll, 144 
menu (module 6/2), 156 
menu and listing employees, 

138 
other uses for the modules, 

153 
print and change payroll vari­

ables, 149 
print routine (module 6/10), 

170 
producing a, 135 
program modules, 151 
summary (module 6/9), 169 
variables (module 6/11), 171 

Percentile rank (module 7/3A), 
192 

grouped (module 7/3B), 193 
Power regression (module 

7/6D),196 

INDEX 243 

Print: 
account (module 5/19), 131 
check register (module 5/6A), 

116 
pages of string data (module 

3/21), 54 
program, gradebook (module 

7/16), 204 
routine, payroll (module 6/10), 

170 
variable rows and columns 

(module 3/23), 55 
PRINT#,28 
Printer routine (module 5/12), 

124 
Producing a payroll, 135 

Q 

Quit program, gradebook (mod­
ule 7/17), 205 

Quiz designer program, 187 

R 

Random files, 31 
Read: 

array (module 3/11), 45 
error channel, (module 4/9), 

80 
sequential string-input name 

(module 3/12), 45 
sequential string-variable 

name (module 3/13), 46 
sequential using gosub (mod­

ule 3/10), 44 
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Reconcile checkbook, 10 1 
Reconcile to bank (module 

5/8A), 118 
Regression, 178 

exponential (module 7/6B), 
195 

linear (module 7/6A), 194 
logarithmic (module 7/6C), 

195 
power (module 7/6D), 196 

Repeated functions, 3 
Retrieve canceled checks (mod­

ule 5/10), 122 
Retrieving sequential data, 30 
Run after loading (module 3/03), 

39 
Run after loading by name 

(module 3/02), 39 

s 
Save, 26 

a program, 17 
and verify (module 3/04), 39 
by name and verify (module 

3/05),40 
card file (module 4/10), 81 
data (module 517), 118 
sprite (module 8/5), 225 

Savings, loans, and interest, 64 
Scroll manually (module 5/20), 

132 
Search for card (module 4/8A), 

77 
Search routine (module 6/7B), 

166 
Search security (module 4/8B), 

78 

Security code, 63 
Security for search (module 

4/8B),78 
Select colors (module 8/15), 236 
Sequential data, 27 

read an array (module 3/11), 
45 

read using gosub (module 
3/10),44 

retrieval, 30 
storage, 27 
string read file having a vari­

able name (module 3/13), 
46 

string read named file (module 
3/12),45 

write over existing (module 
3/08),42 

write over existing using go­
sub (module 3/09), 43 

write string (module 3/06), 40 
write using gosub (module 

3/07), 41 
Single card form (module 4/2B), 

71 
Sinking fund (module 4/23), 92 
Six digit numeric $ and cents 

(module 3/16), 49 
Six digit string $ and cents 

(module 3/16A), 49 
Sketchpad, graphic, 215 
Small card form (module 4/2A), 

70 
Sort, bubble type (module 7/19), 

207 
Sprite: 

binary input (module 8/8), 227 
calculate, save, and view, 213 
development, 209 
direction controls (module 

8/10),229 



Sprite: (cont.): 
grid (module 8/2), 223 
initial (module 8/1), 223 
joystick (module 8/9A), 228 
keyboard cursor (module 

8I9B),228 
move sprite (module 8/11A), 

230 
move sprite direct (module 

8I11B),231 
save (module 8/5), 225 
view (module 8/6), 226 
X-y coordinates (module 8/3), 

224 
. Standard deviation and variance 

(module 7/4), 193 
Standard deviation, Z-scores, 

and regression, 178 
Start new class (module 7115), 

203 
Statistics, 173 

grouped median (module 
7I2B), 192 

grouped percentile (module 
7/3B), 193 

mean, median, mode (module 
7/2A), 191 

percentile rank (module 
7/3A), 192 

variance and standard devia­
tion (module 7/4),· 
193 

Status of employee (module 
617C),166 

Storage: 
list from (module 5118), 131 
write data to (module 5117), 

130 
Storing sequential data, 27 
Straight-line depreciation (mod­

ule 5/1A), 110 

INDEX 245 

String: 
array (1 dim) input (module 

3117A),5'O 
array (2 dim) input (module 

3/18A),51 
data (2 dim) print by page and 

line number (module 
3/21), 54 

data (2 dim) print 20 lines by 
4 columns (module 3/22), 
55 

Stringing modules together, 12 
Subroutines, 21 

direction, sketchpad (module 
8/14),234 

Sum-of-years depreciation (mod­
ule 5/lB), 110 

SUM to SM$ convert (module 
5/6B),117 

Summary, payroll (module 6/9), 
169 

Symbol conventions, 3 

T 
Tax: 

income 1 or 3 (module 616B), 
162 

income 2 (module 616C), 163 
Trends, 96 
Trends module (module 5/2), 

112 
Trial balance forward (module 

5/8B), 120 

u 
Using this book, 11 
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V oV6l.!: existing sequential (mod-

Variable element array input 
(module 3/19), 52 

Variables, payroll (module 6/11), 
171 

Variance and standard deviation 
(module 7/4), 193 

Verify a Save by name (module 
3/05),40 

Verify a Save having a variable 
name (module 3/4), 39 

View sprite (module 8/6), 226 

w 
Withdrawals input (module 

5/5A), °114 
Write: 

address card (module 4/5B), 
74 

data to storage (module 5/17), 
130 

on card, (module 4/5A), 73 

ule 3/08), 42 
over existing sequential with 

gosub (module 3/09), 43 
sequential string alpha/num 

(module 3/06), 40 
sequential using gosub (mod­

ule 3/07), 41 

x 
X-y coordinates, sprite design 

(module 8/3), 224 

z 
Z-score: 

calculation (module 7/5), 194 
curved grades (module 7/14), 

202 
standard deviation and regres­

sion, 178 






