




Exercise 9 

10 REM ••CUBEROOT ITERATION** 
15 PRINT CHR$(147) 
20 INPUT'NUMBER FOR CUBEROOTING";N 
30 INPUT"ACCURACY REQUIRED";A 
40 LET G=N/2 • the machine makes the first guess at N/2 
43 LETC=1 
45 REM **START OF ITERATION** 
50 IFABS(N-G*G*G)<ATHEN75 
60 LET G=0.5*(G+N/(G*G)) 
67 LETC=C+1 
70 GOTO 45 
75 REM **OUTPUT** 
80 PRINT "THE NO. OF LOOPS =";C 
81 PRINT "THE CUBEROOT OF ";N;"=";G 
90 END 

Program 22 
RUN 
NUMBER FOR CUBEROOTING? 28 
ACCURACY REQUIRED? .005 
THE NO. OFLOOPS=14 
THE CUBE ROOT OF 28 = 3.03640957 

READY. 

RUN 
NUMBER FOR CUBEROOTING? 10101 
ACCURACY REQUIRED? .005 
THE NO. OF LOOPS = 28 
THE CUBE ROOT OF 10101 = 21.6166341 

READY. 
RUN 
NUMBER FOR CUBEROOTING? -937 
ACCURACY REQUIRED? .005 
THE NO. OFLOOPS=21 
THE CUBEROOT OF -937 = -9.78541983 

READY. 

LH Program 22. 
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9.1 Introduction 
In this Unit we shall emphasise again how important it is to impose some sort of order 
on data. In particular, we shall analyse in detail one method of ordering data: the 
interchange procedure for sorting. Having sorted the data we shall then show how to 
search through it quickly using the bisection search procedure. Finally we shall look 
at how to handle data in tabular form. 

These activities will also give us a chance to see how subroutines can help us perform 
many of those little repetitive tasks which can occur in programs of any size. 

9.2 Sorting 
In Unit 4 we spent some time discussing the procedure for finding the lowest value 
item in a list. We did this by an interchange procedure that put the lowest item into 
position 1 on the list. We said that we could repeat the procedure for the rest of the 
list, placing the second lowest value into position 2, etc., and we left you with the 
problem of sorting the whole list as an assignment. Because of the interchange 
sort's importance, we are now going to look at it in greater detail. 
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Figure 1 The sort procedure for a list of 5 items 
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Figure 1 illustrates the procedure for placing the items into locations 1 to 5 with the 
lowest item in 1, the next lowest in 2 and so on. 

First pass. On the first pass all items are compared with the item in position 1 
and the lowest is then placed in position 1. 

Second pass. Position 1 can now be ignored and the procedure repeated on 
positions 2 to 5. This will find the next lowest which is placed in position 2. 

Third pass. Now positions 1 and 2 can be ignored since they contain 'lowest' 
and 'next to lowest'. The procedure is repeated on positions 3 to 5. This finds the 
third lowest which goes in position 3. 

Fourth pass. This is performed on items 4 and 5 only and results in the 4th 
lowest going into the fourth position. The remaining item must be the highest and 
will already be in the fifth position so no further passes are needed. 

We can summarise the sort procedure as: 

loop 
number 

1 
2 
3 
4 

point 
interchange 

i 
2 
3 
4 

remaining sub-sequence 

start 

2 
3 
4 
5 

end 

5 
5 
5 
5 

Figure 2a Four sorts in a list of 5 items 

Or, more generally, if we want to sort a list of N items: 

loop 
number 

1 
2 
3 

K 

N-1 

interchange 
point 

1 
2 
3 

K 

N-1 

remaining sub-sequence 

start 

2 
3 
4 

K+1 

N 

end 

N 

N 

N 
N 
N 

Figure 2(b) (N-1) sorts in a list of N items 

231 



Since each pass involves a repetitive series of comparisons, it is an obvious 
candidate for a FOR . . . NEXT . . . loop. Then we need a further loop to decide 
which loop we are going round: 

- • F O R K = 1 to N-1 

- • F O R L = K+1 to N 

- determines the interchange position 

-determines the sub-sequence for 
the interchange 

interchange 
procedure 

• NEXT L 

• NEXT K 

Figure 3 The nested loops of interchange sorting 

SAQ1 
Use the interchange sort to place the following in order. Show the numbers stored 
at each location after each run 

6, 1, 4, 0, 2, 3, 7, 8 

The program is: 

outer loop decides 
interchange point 

/ 

210 REM **SORT ROUTINE** 
220 FOR K-1 TO N-1 
230 FOR L=K+1 TO N 
240 IF X$(L) > = X$(K) THEN 275 
250 T$=X$(L) 
260 X$(L)=X$(K) 
270 X$(K)=T$ 
275 REM **JUMP HERE IF IN ORDER** 
280 NEXT L 

I 290 NEXT K 
300 REM **END OF SORT ROUTINE** 

if the item in the sub­
sequence is > = the item in 
the interchange position then 
do not interchange 

the 'power-house': should be 
condensed onto one line to 
speed up process 

inner loop decides the 
sub-sequence 

Program 1 Interchange sort 

Using the sort program 
The sort program can be used whenever it is needed. Here is one particular use: to 
sort a list of names into alphabetical order. 
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reading in data 

• sort routine 

lines 50-80 read in the data 
lines 210-300 carry out the sort 
lines 410-450 print out the sorted list 
the data has been stored in line 900 

10 REM ••SORT ROUTINE** 
15 PRINT CHR$(147) 
20 PRINT " SORT ROUTINE " 
30 DIMX$(100) 
50 1=1 
55 REM **READ LOOP** 
60 READX$ 
70 IF X$="ZZZZ" THEN 180 
80 X$(l)=X$:l=l+1:GOT0 55 
180 REM * * * * * 
190 N - l - 1 : REM*LENGTH OF LIST 
200 REM * * * * * 
210 REM **SORT R O U T I N E * * * * * * 
220 FOR K-1 TO N-1 
230 FOR L=K+1 TO N 
240 IF X$(L)>= X$(K) THEN 275 
250 T$=X$(L) 
260 X$(L)=X$(K) 
270 X$(K)=T$ 
275 REM **JUMP HERE IF IN ORDER** 
280 NEXT L 
290 NEXT K 
300 REM **END OF SORT ROUTINE** 
400 REM * * * * * 
410 PRINTTINAL SORTED LIST" 
420 FOR P-1 TO N 
430 PRINT X$(P);" "; 
440 NEXT P 
450 PRINT 
500 REM * * * * * 
900 DATA TONY,SAM,PETE,JOE,BILL,ZZZZ 

RUN 
SORT ROUTINE 

FINAL SORTED LIST 
BILL JOE PETE SAM TONY 

READY. 

9.3 Subroutines 
By the time you have reached this stage you will begin to distinguish the wood from 
the trees. You will be aware that programs have an overall structure and are 
assemblies of smaller parts like the paragraphs of an essay. It is usual to break a 
program down into its constituent parts, and to write and test each part separately. 
Certain operations are often repeated several times throughout a program. The 
structure of a program may be simplified and tidied up by including these repetitive 
operations as subroutines. 

• printing out the result 

Program 2 Using the sort routine 
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We shall illustrate subroutines by taking a final look at the sort procedure. We are 
going to insert two extra trace print lines into the program so that we can see what 
is happening at each of the three stages of the sort routine: 

Sort routine 
1. Input. 
2. Sort. 
3. Output. 

Trace print line to show 
The list as taken in. 
The list after each sub-sequence 
The final, sorted, list. 

Figure 5 shows the overall structure and how we can use one PRINT subroutine 
for all three PRINT operations. 

I 
PRINT 

SUBROUTINE 

return 

I 

Figure 5 Print sub-routine in the sort program 

GOSUB 
In BASIC to go to a subroutine we say: 

GOSUB 

followed by the line number of the start of the subroutine. Each subroutine must 
end with the statement 

RETURN 

which will return control to the next line in the main body of the program after the 
appropriate GOSUB statement. Thus in the following program segment line 30 
transfers control to line 200 and lines 200 and 210 are executed. The 220 returns 
control to line 40 for the program to continue in the normal way. 

2 3 4 



-GOSUB 200 

10 INPUT A 
20 INPUT B 
30 GOSUB 200 -
40 S=A+B 
50 

200 PRINT "A","B" 
210 PRINT A,B 
220 RETURN 

SAQ2 
What is the value of B after this program has been run: (a) if 5 is inputted; (b) is 3 is 
inputted? 

5 REM * * S A Q 2 * * 
7 PRINT CHR$(147) 
10 INPUT A 
20 IFA<5THEN35 
30 GOSUB 65 
35 REM **JUMP TO HERE** 
40 B=A*A 
50 PRINT B 
60 END 
65 REM **SUBROUTINE** 
70 A=1/A 
80 RETURN 

Program 3 
Here is the sort program with a print subroutine (lines 500 - 550) which is used each 
time the program executes line 194, line 280 and line 420. 

10 REM **SORT ROUTINE** 
15 PRINT CHR$(147) 
20 PRINT " SORT ROUTINE " 
30 DIMX$(100) 
40 PRINT "SORTING PROGRAM" 
50 1=1 
55 REM **READ LOOP** 
60 READ X$ 
70 IFX$="ZZZZ"THEN185 
80 X$(I)=X$:IH+1 :GOTO 55 
180 REM * * * * * * * * * * * * * * * * * * * * 
190 N- l -1 ;REM*LENGTH OF LIST 
192 PRINT "LIST AT START" 
194 GOSUB 5 1 0 - O U T 1 First trace 
196 PRINT - I N J 
200 REM * * * * * * * * * * * * * * * * * * * * 
210 REM **SORT ROUTINE* * * * * * 
220 FOR K=1 TO N-1 
225 PRINT "PASS NO.";K 
230 FOR L=K+1 TO N 
240 IF X$(L) > - X$(K) THEN 275 
250 T$=X$(L):X$(L)-X$(K):X$(K)=T$ 
275 REM **JUMP HERE IF IN ORDER** 
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280 GOSUB510 -OUT 
285 NEXT L - I N 
287 PRINT 
290 NEXT K 
300 REM **END OF SORT ROUTINE** 
400 REM * * * * * * * * * * * * * * * * * * * * 
410 PRINT "FINAL SORTED LIST" 
420 GOSUB510 -OUT 1 
450 END - IN J 
500 REM **PRINT SUBROUTINE** 
510 for P=1 TON 
520 PRINT X$(P);TAB(P*6) 
530 NEXT P 
540 PRINT 
550 RETURN 
900 DATA TONY,SAM,PETE,JOE,BILL,ZZZ 

Second trace 

Output 

Subroutine 

Program 4 Print subroutine in sort program 
RUN 
SORTING PROGRAM 
LIST AT START 
TONY SAM PETE JOE BILL > 

printed by GOSUB at 
"line 194 

PASS NO. 1 
SAM 
PETE 
JOE 
BILL 

TONY 
TONY 
TONY 
TONY 

PETE 
SAM 
SAM 
SAM 

JOE 
JOE 
PETE 
PETE 

BILL 
BILL 
BILL 
JOE 

PASS NO. 2 
BILL SAM 
BILL PETE 
BILL JOE 

PASS NO. 3 
BILL JOE 
BILL JOE 

PASS NO. 4 
BILL JOE 

FINAL SORTED LIST 
BILL JOE 

READY. 

TONY PETE JOE 
TONY SAM JOE 
TONY SAM PETE 

SAM 
PETE 

PETE 

PETE 

TONY 
TONY 

SAM 

SAM 

PETE 
SAM 

TONY> 

TONYJ-

each block printed 
by GOSUB at line 
280 on the four occa­
sions the program 
executes the loop 
controlled by K 

printed by GOSUB at 
"line 420 

Examples on subroutines 
The purpose of a subroutine is to simplify and shorten long programs". By its very 
nature then, it is difficult to get short meaningful programs which illustrate 
subroutines without their often being a little contrived. We need a program where 
the same or similar function is repeated at different points in the program. 

Example 1 
The game of dice ('craps' in the USA) provides a simple example. A pair of dice is 
thrown twice and the total score on each throw is noted. If the two scores are the 
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same, the game ends. If they are different, the dice are thrown again. Write a 
program to simulate the game which prints out the number of throws required to 
obtain equal scores and what that score was. 

Solution 

10 REM **EQUAL THROWS** 
20 PRINT CHR$(147) 
25 PRINT "DICE GAME SIMULATION" 
30 C-1 
40 GOSUB130:REM**FIRST THROW** 
50 S 1 = S - ^ 1 the subroutine produces 
60 GOSUB 130:REM**SECOND THROW** generally different values 
70 S2=S - ^ ' of S for the 'main' program 
80 IFS1=S2THEN 100 
90 C=C+1:GOTO40 
100 PRINT "EQUAL SCORE";S1 ;"IN";C;"THROWS" 
110 END 
120 REM **DICE ROLLING SUBROUTINE** 
130 D«=RND(6):D2=RND(6) 1 subroutine 
140 S=D1+D2:RETURN J 

Program 5 Simulation of 'craps' 
RUN 
DICE GAME SIMULATION 
EQUAL SCORE 6 IN 5 THROWS 
READY. 
RUN 
DICE GAME SIMULATION 
EQUAL SCORE 7 IN 5 THROWS 
READY 
RUN 
DICE GAME SIMULATION 
EQUAL SCORE 4 IN 6 THROWS 
READY. 

Exercise 1 
(a) Write a segment of program to print a line of 40 dashes " " across the 

screen 

(b) Write one line of program to print a 'submarine' or < = > , at any position across 
the screen or printer where the variable S determines the position. 

(c) Write a program to print on successive lines: 
(i) a line of dashes; 
(ii) a submarine at any point 
(iii) another line of dashes; 
with the line printing in (i) and (iii) in a subroutine. 

Exercise 2 
Now you must admit that the solution to Exercise 1 looks like a vessel in a canal, so 
why not a submarine as we are concerned with subroutines? Instead of battleships in 
a 2-dimensional sea, we have a submarine in a 1 -dimensional canal. Anyway, we 
have the picture for a simple game. 
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Write a program to generate a random number between 1 and 36. The submarine is 
going to take up three positions of the width (37,38,39). Use the random number to 
print the submarine in random positions along the canal. 

Exercise 3 
The essence of the game we are going to play with the machine will be clear from 
Exercise 2. The computer generates a random number and invites you to find the 
submarine by guessing a number between 1 and 36. If you guess the correct position, 
i.e. between S and S+2 if S is the random number (remember the submarine takes up 
3 places in the line), then the machine records a 'hit' and the game ends. If you don't 
find the submarine, the machine will record a 'miss' and invite you to try again. Write a 
program to do this. 

(We advise you to write a program to give yourself the option to stop playing before 
you find the submarine, because it is infuriating to have to try every position across 
the screen just to stop the program running. You could just pull the plug out. and then 
it would sink!?) 

9.4 Searching 
The submarine problem gives us a good lead into discussions about searching 
data. The only methodical way to find the submarine was to search the canal 
successively position by position starting from one end. How much easier it would 
have been had the program responded with 'too high' or 'too low', as appropriate, 
after each guess. No doubt you can immediately think of a procedure for 'homing-
in' on the submarine as quickly as possible! 

Similarly, if dictionaries, telephone directories, encyclopedias and library cata­
logues were not arranged in alphabetical order, think how difficult it would be to 
find the desired information. 

But if we've gone to a lot of trouble to sort our data into numerical or alphabetical 
order, then we need an efficient search technique to find any given item. If we 
consult a dictionary or telephone directory for an item, we don't start looking at the 
first page and work methodically through the volume page by page until the item is 
found. We take a rough guess, e.g. if the name begins with 'P' then we try to open 
the directory at just over half-way through it, and start looking from that point. 

Bisection search 
A 'rough' guess is too imprecise a term for a computer. However we can specify 
guessing points as follows: 

• divide the range of items into half and ask 'is the item above or below the half­
way mark?' 

• if it is below then we define a new range with the middle item now acting as the 
upper limit; 

• if above then the middle item becomes our lower limit; 
• either way we discard half the old range and repeat our halving or bisection 

procedure with the new range. 
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So the bisection search is, in outline: 

Is 7 in the list 1,2,3,4,5,6,7,8,9,10? ' 

List in order: 

Halve list. 

1 

1 

Is 7 = middle item? 
Is 7 < middle item? 
So 7 is in top half. 

Halve list. 

Is 7 = middle item? 
Is 7 < middle item? 

Halve list. 

Is 7 = middle item? 
So 7 is in list. 

2 

2 

3 4 

3 4 

No. 
No. 

No. 
Yes. 

Yes. 

5 

5 

6 7 8 9 10 

6 7 8 9 10 

6 7 (I 9 10 

6 7 8 
i 

That outline illustrates the principle of the bisection search but in practice we need 
to distinguish between the values of the items in a list and the indexes of those 
items. 

Example 2 
An ordered list contains the items A, F, I, M, P, T, U, Z. Use the bisection search 
procedure to find whether or not P is in the list. 

We call P, Query - the value we wish to enquire about: 

Index 1 
Item A 
Start-Index Low (1) 
Mid-Index, lnt(1_±8)=4 

2 

Comparisons 

4 
M 
• 

5 
P 

6 
T 

7 
U 

8 
Z 
High (8) 

Mid (4) 

is Query = Item (4)? no! 
is Query < Item (4)? no! 
make Index (4) the new Low 

Index 
Item 
Start-Index 
Mid-Index, lnt(4±8) = 6 

2 

4 5 6 
M P T 

Low (4) '• 
Mid(6) 

7 8 
U Z 

High (8) 

Comparisons 
is Query = Item (6)? no! 
is Query < Item (6)? yes! 
make lndex(6) the new High 



Index 
Item 
Start-Index 
Mid-Index, lnt(4±6) = 5 

2 
Comparison 

4 5 6 
M P T 

Low(4) J High(6) 
Mid(5) 

is Query = Index (5)? yes! 

Figure 6 Bisection search 

Exercise 4 
Carry out the bisection search procedure on the list in Example 2 but looking for 
the letter I. 

We only had to make 3 comparisons to home-in on the item 'P' in Example 2, but 
they were a bit long-winded, and the whole procedure may seem to have little 
advantage over simply searching straight through the list. The effectiveness of the 
method is not really apparent in short lists. We will demonstrate its power in 
searching longer iists later, but first we still have some loose ends to tie up. 

Some problems with bisection search 
(a) How to stop 

Example 3 
Carry out the same procedure as before, but search for the letter 'Q'. 

The method would proceed exactly the same as before as far as the 3rd 
comparison, so we'll pick up the story there. 

Query = Q 

Index 
Item 
Start-Index 
Mid-Index, lnt(4 + 6) = 5 

2 

Comparisons 

Index 
Item 
Start-Index 
Mid-Index, lnt(5 + 6) = 5 

2 

Comparisons 

4 5 6 
M P T 

Low(4) : High(6) 

Mid(5) 

is Query = ltem(5)? no! 
is Query < ltem(5)? no! 
make lndex(5) the new Low 

4 5 6 
P T 

Low(5) High(6) 
Mid(5) 

is Query = ltem(5)? no! 
is Query < . . . . we have done this before?! 

So we don't seem able to stop. Q is not there but we are stuck looking for it 
between P and T. We have already met the problem of stopping the process in the 
last example. If the indexes Low and High have moved so close that they are at 
adjacent positions, and Query is not yet found, then Query is not a member of the 
list. That is the end and outcome of the search. So the end is either when the 
Query has been found, or when Low and High occupy adjacent indexes (High -
Low = 1). 
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(b) How to start 
To start the process seemed straightforward enough. We make Index (1)=Low 
and lndex(N)=High. Trouble would occur however if ltem(1) and Item(N) were not 
the lowest and highest possible values. 

E.g. consider the following list which does not include letters before C or after S: 

1 2 3 
C F G 
Low 

4 5 
P S 

High 

If Query was A or B or higher than S, then the process would not work. The easiest 
solution is to ensure that the items at the ends of the list will always have the 
extreme values, e.g. in a list of names make ltem(1)=AAAA and ltem(N)=ZZZZ. 

We will now outline the algorithm in flowchart form. 

GLOSSARY 
All terms are as defined 
in the preceding text. 

Low «- 1 
High «- N 

are they in adjacent positions? 

r 500 

calculate 
Mid 

'not 
found' 

320 

f stop J 

,^ry 
High — Mid 

take upper half take lower half 

Figure 7 Flowchart for bisection search 
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All we have to do now is write the program: 

10 REM ••BISECTION SEARCH** 
20 PRINT CHR$(147) 
30 DIM N$(20):DIM T$(20) 
40 1=1 
45 REM **START OF READ LOOP** 
50 READ N$(I),T$(I) 
60 IF N$(I)="ZZZZ" THEN 90 
70 IH+1:GOT0 45 
90 REM * * * * * 
100 N=I:REM*WE ARE USING ZZZZ THIS TIME* 
110 REM * * * * * 
150 INPUT'QUERY NAME?" Q$ 
200 REM **START OF SEARCH** 
210 PRINT;" L";TAB(5); " H";TAB(10); "M";TAB(15);"N$(M)" 
220L=1:H-N j 

240* LFHNT(a+
EH)/429)° t~ 21 ° ^ 25° ™ ^ "*" 

250 PRINT: L;TAB(5);H;TAB(10);M;TAB(15);N$(M) 
260 IF Q$=N$(M) THEN 320 
270 IF Q$<N$(M) THEN 300 
280 L=M:GOTO 230 
300 H=M:GOTO 230 
320 REM **END OF S E A R C H * * * * * 
330 PRINT Q$;"'S TELE NO. IS ";T$(M) 
350 GOTO 600 
490 REM **NAME NOT FOUND** 
500 PRINT Q$;" IS NOT IN THE LIST" 
600 INPUT'DO YOU WISH TO LOOK FOR ANOTHER NAME?" R$ 
610 IF R$= "YES" THEN 110 
620 END 
900 DATA AAAA.0000 
910 DATA BENNY, 1234 
920 DATA COPPER, 9832 
930 DATA DRAPER, 1980 
940 DATA EDDIE, 7294 
950 DATA GYWNNE, 5821 
960 DATA HETTY, 8632 
970 MORLEY, 7832 
980 DATAPROSSER, 1383 
990 DATA SMYTHE, 1147 
1000 DATA WEEKS, 5529 
1010 DATA WILSON, 9936 
1020 DATA ZZZZ, 9999 

Program 6 Bisection search program 
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RUN 
BISECTION SEARCH 
QUERY NAME? MORLEY 

L H M N$(M) 
1 13 7 HETTY 
7 13 10 SMYTHE 
7 10 8 MORLEY 

MORLEY'S TELE NO. IS 7832 

DO YOU WISH TO LOOK FOR ANOTHER NAME ? YES 
QUERY NAME? WEEK 

L H M N$(M) 
1 13 7 HETTY 
7 13 10 SMYTHE 
10 13 11 WEEKS 

WEEK IS NOT IN THE LIST 
DO YOU WISH TO LOOK FOR ANOTHER NAME'' NO 
> 

9.5 Tables 
When we want to store a lot of information there are various methods open to us. 
One is lists (see Unit 4), which are sometimes called one-dimensional arrays. A 
second method is tables or two-dimensional arrays. 

Suppose you want to store the following data: 

Car sales 

Servicing 

Petrol 

1 st qtr 

20 

10 

30 

2nd qtr 

70 

14 

45 

3rd qtr 

80 

18 

50 

4th qtr 

40 

11 

30 

Figure 8 Income for Main Road Service Station (£,000's) 

Now you could put this in one list but it would be hard to use. The first four items 
would be income for car sales, the next four for servicing, etc. Alternatively you 
would have three lists: one for car sales, one for servicing and one for petrol. But 
BASIC allows you to have a two dimensional table named by any of the 286 
variable names, e.g.: 

T( , ) 

Comparison of lists and tables 
Lists need one index to describe a position in the list. Tables need two, which are 
usually called sub-scripts not indices (or indexes, as we have called them). 

List 
L(1), L(2), L (3 ) . . . L ( l ) . . . 

I index of this item = 3 
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Array 

A(1,1) A(1,2) A(1,3) 
A(2,1) A(2,2) A(2,3) 
A(3,1) A(3,2) A(3,3) 

' this item needs two sub-scripts: 
3 to tell us it is in row 3; 
2 to tell us it is in column 2. 

Tables 
• A table must contain either all string variables, or all numerical variables. 

(Numbers can of course be stored as strings, and their values found by the VAL-
function.) 

• We use one of the 286 variable names to describe the table as a whole, e.g. A 
table, B$ table, M3$ table. 

Generally, a table comprises: 

row 1 

row 2 

row 3 

etc 

col.1 

r i d 

r2d 

r3d 

col.2 

Mc2 

r2c2 

r3c2 

col.3 

Mc3 

r2c3 

r3c3 

col. 4 

Figure 9 The rows and columns of a table 

For the service station data, T needs 3 rows and four columns and so contains 12 
items: 

T(1,1) T(1,2) T(1,3) T(1,4) 

T(2,1) T(2,2) T(2,3) T(2,4) 

T(3,1) T(3,2) T(3,3) T(3,4) 

So 

T(2,1) = 10 

T(3,3) = 50 etc. 

This is very similar to the idea of tables which you have previously met. There we 
said that a file consists of a series of records each of which consists of fields. In 
table form this would look like: 
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Record 1 

Record 2 

Record 3 

Record 4 

Field 1 

Name 

BENNY 

COPPER 

DRAPER. 

EDDIE 

Field 2 

Telephone number 

1234 

9823 

1850 

7294 

Or, more generally: 

Record 1 

Record 2 

Record 3 

etc 

Field 1 

R1F1 

R2F1 

R3F1 

Field 2 

R1F2 

R2F2 

R3F2 

Field 3 

R1F3 

R2F3 

R3F3 

etc 

If the telephone numbers table is called T$ then the individual items will be 
labelled: 

Record 1 

Record 2 

Record 3 

Record 4 

Field 1 

Name 

T$(1,1) = BENNY 

T$(2,1)=COPPER 

T$(3,1) = DRAPER 

T$(4,1)=EDDIE 

Field 2 

Telephone number 

T$(1,2) = 1234 

T$(2,2)=9823 

T$(3,2) = 1950 

T$(4,2) = 7294 

• The whole table is called T$ table. 

• Each item in the table is described by two subscripts. Thus 1950 (3rd row, 2nd 
column) is 

T$(3,2) 

• The 3 and 2 describe the position of item T$(3,2), not its value. Its value is 1950. 
So we say 

T$(3,2) = 1950 

2 4 5 



In general 
T$(R,C) 

Row subscript Column subscript 

Example 4 
The N$-table overleaf has 9 values as shown. What are their variable names? 

N$( 

Solution 

BENNY = N$(1,1) 

EDDIE = N$(2,1) 

MORLEY = N$(3,1) 

^ > - ^ 
1 

2 

3 

1 

BENNY 

EDDIE 

MORLEY 

2 

COPPER 

GWYNNE 

PROSSER 

3 

DRAPER 

HETTY 

SMYTHE 

COPPER = N$(1,2) 

GWYNNE = N$(2,2) 

PROSSER = N$(3,2) 

DRAPER = N$(1,3) 

HETTY = N$(2,3) 

SMYTHE = N$(3,3) 

SAQ3 
In the following A$ table identify the variables and their values as in Example 4. 

ARCHER 
DRAPER 
GWYNNE 
LAMB 
PROSSER 

BENNY 
EDDIE 
HETTY 
MORLEY 
SMYTHE 

COPPER 
FRAME 
KEMP 
NOAKES 
TAIT 

Tables and nested loops 
If FOR.. . NEXT loops and lists seemed to be made for each other, then even 
more so do nested FOR. . . NEXT loops and tables seem complementary. 

For example, suppose you want to read: 
ARCHER,BENNY,COPPER,DRAPER,EDDIE,FRAME,GWYNNE,HETTY, 
KEMP,LAMB,MORLEY,NOAKES,PROSSER,SMYTHE,TAIT,WEEKS 

into a table, N$, with 4 rows and 4 columns. (We need a string array because we 
are storing string data.) This can be done with a READ statement in two nested 
loops: 

60 FOR 1 = 1 TO 4 
90 FOR J=1 TO 4 
80 READ N$(I,J) 
90 NEXT J 
100 NEXT I 

This process is carried out in full by lines 10 to 100 of Program 7. 
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It's all very well to store the value in a table, but of course we cannot see the result 
of this until we print it out. The second half of the program prints the table values 
out in a column with I and J accompanying them so that you can identify clearly 
how I and J are used. 

10 REM **TABLE READ AND P R I N T * * _ _ _ , D | M statement for 2-D array. 
20 PRINT CHR$(147) ^ _ _ _ — " We are asking for space for 
30 DIM N$(20,5), •—' ' 20 rows and 5 columns. 

40 REM**READ R O U T I N E * - * * * - * * - * * * * 
60 FOR 1 = 1 TO 4 
70 FOR J = 1 TO 4 
80 READ N$(I,J) 
90 NEXT J 
100 NEXT I 
110 REM**PRINT R O U T I N E * * * * * * * * * * 
115 PRINTT, "J","N$(IJ)" 
120 PRINT rows 
140 FORJ = 1 TO 4 columns 
150 PRINT; I; J, N$(I,J) 
160 NEXT J 
180 NEXT I 
190 GOTO 270 
240 R E M * * * * * * * * * * 
250 DATA ARCHER,BENNY.COPPER,DRAPER,EDDIE.FRAME.GWYNNE.HETTY 
260 DATA KEMP.LAMB.MORLEY.NOAKES.PROSSER.SMYTHE.TAIT.WEEKS 
270 END 

Program 7 Reading data into a 4 x 4 array. 

RUN 
DATA ARRAY 
I J N$(I,J) 

1 1 ARCHER 
1 2 BENNY 
1 3 COPPER 
1 4 DRAPER 
2 1 EDDIE 
2 2 FRAME 
2 3 GWYNNE 
2 4 HETTY 
3 1 KEMP 
3 2 LAMB 
3 3 MORLEY 
3 4 NOAKES 
4 1 PROSSER 
4 2 SMYTHE 
4 3 TAIT 
4 4 WEEKS 



SAQ4 
The following amendments are made to Program 7. Write out what the output table 
will look like. 

60 FOR 1 = 1 TO 3 
70 FOR J = 1 TO 5 
130 FOR 1 = 1 TO 3 
140 FOR J = 1 TO 5 

Table output 
The output of Program 7 is not very satisactory since we want to see the table in 
table form. To do this we delete line 115 and insert a new print routine: 

130 FOR 1 = 1 TO 5 
140 FOR J=1 TO 3 
150 PRINT TAB(10*(J-1));N$(I,J); 
160 NEXT J 
170 PRINT 
180 NEXT I 
190 GOTO 270 

the first column starts at position 1-1=0 

columns 10 characters wide 

Program 8 

The output then is: 

ARCHER BENNY COPPER 
DRAPER EDDIE FRAME 
GWYNNE HETTY KEMP 
LAMB MORLEY NOAKES 
PROSSER SMYTHE TAIT 

Assignment 9 
1. A salesman has 4 product lines. The value (in £) of his firm orders for one 
week are shown in the table. 

\ product 
day \ 

1 

2 

3 

4 

5 

totals 

1 

500 

600 

200 

250 

400 

a 

2 

300 

700 

550 

450 

200 

b 

3 

20 

40 

60 

100 

100 

c 

4 

25 

0 

20 

5 

11 

d 

totals 

e 

f 

g 

h 

i 

t 
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Write a program which will help him analyse his week's work by giving: 

(i) his day totals (e,f,g,h,i) 
(ii) his product totals (a,b,c,d) 
(iii) his overall weekly total (t). 

2. Write a program to extend the submarine game to a 10 x 10 grid. If the guess 
is close to the submarine then the program should give a 'near miss' clue. You 
decide what is meant by 'close'. 

Objectives of Unit 9 
Now that you have completed this Unit, check that you are able to: 

Use the interchange sort (manually) on a set of data • 

Write two nested program loops to perform the interchange sort r ] 

Follow GOSUB in programs • 

Write GOSUBS into programs • 

Use the bisection search (manually) on a set of data • 

Write a program for the bisection search • 

Put data into two dimensional arrays • 

Write a program to read data into a two dimensional array • 

Write a program to print data out of a two dimensional array • 

Write a program to find the row sums and the column sums in a two 
dimensional array • 

Answers to SAQ's and Exercises 
SAQ1 
0 6 4 1 2 3 7 8 
0 1 6 4 2 3 7 8 
0 1 2 6 4 3 7 8 
0 1 2 3 6 4 7 8 
0 1 2 3 4 6 7 8 
0 1 2 3 4 6 7 8 
0 1 2 3 4 6 7 8 

FINAL SORTED LIST 
0 1 2 3 4 5 6 7 8 

SAQ2 
(a) B = 1/25 (Shown as 4E-2 - i.e. 0.04) 
(b) B = 9 (GOSUB is not used in this case.) 



Exercise 1 
(a) 10 FOR 1=1 TO 40 

20 PRINT"-"; 
30 NEXT I 
40 PRINT 

or in one line: 
FOR 1=1 TO 40: PRINT"—";:NEXT l:PRINT 

(b) PRINT TAB(S);"< = >" 
(C) 10 INPUTS 

20 GOSUB 100 
30 PRINT TAB(S);"< = >" 
40 GOSUB 100 
50 END 
100 FOR 1=1 TO 39 PRINT "-";:NEXT l:PRINT 
110 RETURN 

The value that we give S will determine the position of the submarine along the canal, 
and we get a picture like: 

RUN 

< = > 

READY. 

Because the Commodore 64 puts an automatic line feed in when the end of the 'bank' 
is drawn, we will stop it at character position 39, instead of 40. 

Exercise 2 

10 REM **SUBMARINE** 
20 PRINT CHR$(147) 
50 S=INT(36*RND(1)+1) 
60 GOSUB 510 
70 PRINT TAB(S) ; "<=>" 
80 GOSUB 510 
90 END 
500 REM * * PRINT SUBROUTINE** 
510 FOR 1=1 TO 39 PRINT "-";:NEXT l:PRINT 
520 RETURN 

Program 11 

RUN 

< = > 

RUN 

< = > 

Program 9 

Program 10 

250 



Exercise 3 

10 REM **SUBMARINE** 
20 PRINT CHR$(147) 
30 REM ••PRINT CHALLENGE** 
40 GOSUB300 - 1 
50 PRINT "A NUMBER FROM 1 TO 36 MIGHT FIND ME" 
60 GOSUB 300 - 2 subroutine used 8 times 
70 REM • • RANDOM POSITION OF SUB** 
80 SHNT(36*RND(1)+1) 
90 PRINT 
100 INPUT'TRY ANOTHER NUMBER?" 
110 IF X < S THEN 190 
120 IFX>S+2THEN190 
130 R E M * * A H I T * * 
140 GOSUB 300 - 3 
150 PRINT TAB(S);"HIT" 
160 GOSUB 300 - 4 
170 GOTO 320 
180 REM * * A MISS** 
190 GOSUB 300 - 5 
200 PRINT "YOU MISSED" 
210 GOSUB 300 - 6 
220 INPUT'DO YOU STILL WANT TO PLAY?"R$ 
230 IF R$="YES" THEN 90 
240 PRINT "SPOILSPORT!! I WAS HERE":PRINT 
250 GOSUB 300 - 7 
260 PRINTTAB(S);"<=> 
270 GOSUB 300 - 8 
280 GOTO 320 
290 REM **PRINT SUBROUTINE** 
300 FOR 1-1 TOP 39 PRINT "-";:NEXT kPRINTl subroutine prints just one 
310 RETURN _ | line of dashes 
320 END 

Program 12 

RUN 
SUBMARINE GAME 

A NUMBER FROM 1 TO 36 MIGHT FIND ME 

TRY ANOTHER NUMBER? 27 

YOU MISSED 

DO YOU STILL WANT TO PLAY? YES 

TRY ANOTHER NUMBER? 30 

YOU MISSED 
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DO YOU STILL WANT TO PLAY? NO 

SPOILSPORT!! I WAS HERE 

< = > 

READY. 

Exercise 4 
1 2 3 

A F I 

4 

M 

5 

P 

6 

T 

7 

U 

8 

Z 

Mid (4) 

Query = Item (4)? No. 
Query < Item (4)? Yes. 
make Index (4) the new high 

A 

1 

F 

2 

I 

3 

M 

4 
Mid-Index = lnt(1_±4)=2 

Query = Item (2)? No. 
Query < Item (2)? No. 
make Index (2) the new low 

2 
F 

4 
M 

Query = Item (3)? Yes. 
Therefore I is in list 

SAQ3 

A$(1,1) = ARCHER 
A$(2,1) = DRAPER 
A$(3,1) = GWYNNE 
A$(4,1) = LAMB 
A$(5,1) = PROSSER 

A$(1,2) = BENNY 
A$(2,2) = EDDIE 
A$(3,2) = HETTY 
A$(4,2) = MORLEY 
A$(5,2) = SMYTHE 

A$(1,3) = COPPER 
A$(2,3) = FRAME 
A$(3,3) = KEMP 
A$(4,3) = NOAKES 
A$(5,3) = TAIT 
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SAQ4 

RUN 
1 

2 
2 
2 
2 
2 
3 
3 
3 
3 
3 

J 

1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 

N$(I,J) 

ARCHER 
BENNY 
COPPER 
DRAPER 
EDDIE 
FRAME 
GWYNNE 
HETTY 
KEMP 
LAMB 
MORLEY 
NOAKES 
PROSSER 
SMYTHE 
TAIT 

(Note that WEEKS was not read into the table. A 5x3 table will only read the first 
15 items.) 

2 5 3 
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10.1 Saving programs 
The course so far has largely been concerned with a system of only 3 devices, viz. 
keyborad, processor and monitor. That system is volatile, i.e. when you switch off the 
power your programming efforts are lost. If you wish to run a program again you will 
have to type it in again. But all microcomputers provide facilities for saving a program 
on ordinary cassette tapes. Once the program is on cassette, you can switch off your 
computer and still be able to re-run the program whenever you want in the future. 

There are two occasions on which you will wish to store programs: 
(a) when you have a complete program that you want to keep; and 
(b) to save part of a program which you are developing. If you save every time you 
have a screen-full, you will never lose too much when you have an accident with the 
part currently in your computer. When the complete program has been entered and 
saved, you can always erase your intermediate part-programs. 

The process of saving 
First you have to give the program a name which the computer will use to locate your 
program. Systems differ in how long and what characters may be included in the file­
name. Up to 16 characters are allowed on the Commodore 64. 

Suppose you want to save a program called PROGNAME. The procedure will be: 

• Connect the Commodore 1530(C2N) cassette tape recorder to your computer. 
• Key SAVE "PROGNAME" on your computer and touch RETURN. 
• Start the tape recorder running in record mode. (Touch play and record) 
• The television screen will go blank (light blue). 
• Once the program is saved, turn off the recorder. 

The process of loading 
Having saved a program you may wish to use it at a later date. It can be loaded back in 
to the machine with a LOAD command. A typical interaction would be: 

Either 
• Connect the Commodore 1530(C2N) cassette recorder to your computer. 
• Key LOAD 'PROGNAME" and touch RETURN. 
• Set the tape recorder running in play mode. 
• Switch off the recorder when loading is complete. 

Or 
• Connect the recorder to your computer. 
• Key LOAD "" and press RETURN. 
• Set the recorder running in play mode. 
• Switch off the recorder when loading is complete. 

10.2 Printing to a printer 
If you wish to list a program to the printer, you need to warn the printer that information 
is coming. This is done with the OPEN command. 
OPEN logical file number, device number 

For the VIC-151 printer, the device number is 4 or 5. The logical file number can be 
any number you decide upon in the range 1 to 255. You can change the number to suit 
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yourself, provided you stick to it for you whole set of commands. 

OPEN 1,4 
will do 

We next need to transfer control from the computer to the printer. This is done with the 
CMD command. 
CMD logical file number. 
So we need 
CMD1 
to be consistent 

The computer will print READY on the printer paper. The instruction LIST will now 
cause the program to be listed on the printer rather than the monitor screen. 

We now need PRINT # 

PRINT* logical file number 

to close the line to the printer (or 'unlisten' it, in jargon!) so we will write 

PRINT#1 

Note that you must spell out PRINT* letter by letter—you cannot use the ? symbol to 
stand for PRINT. Finally you need to close the file after printing: 

CLOSE logical number 
So we need 
CLOSE 1 
Our sequence of commands is 
OPEN 1,4 
CMD1 
LIST 
PRINT#1 
CLOSE 1 

This corresponds to the LLIST command available on some microcomputers. 

It is possible to print out information to the printer during the run of a program. 
You must open the file as before, and then you can use PRINT* in the same way 
that would normally use PRINT to display to the screen. 
For example: 

40 PRINT#1, "SUBMARINE GAME" 

will cause SUBMARINE GAME to be displayed on the printer. Don't forget to 
CLOSE 1 at the end of the printer display part of the program to 'tidy up' and 
close the file. 

This corresponds to the LPRINT command available in some forms of BASIC. 

These instructions correspond to the handling of tape and disc files, as explained 
in subsequent sections of this Unit. 
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10.3 Sequential files 
We have used the term 'file' several times throughout the course, to mean 'collection 
of data items'. However, when a program is saved we refer to its having a file-name, 
and we think of both programs and data as files. 

Data 
So far we have either input data from the keyboard during the course of a program's 
execution, or read from DATA statements which formed part of the program. On 
several occasions we have made a program handle different sets of data by over­
writing or substituting new DATA statements for old ones. This latter method can be 
quite effective for small computer systems without file-handling facilities. But if we 
wish to handle collections of data of meaningful size, we need the facility to be able to 
store this data on either tape or disk. We need to be able to store new data on a file on 
cassette or disk and to read data from these files to use in program runs. 

Incompatibility of systems 
Most of the main micro-computer systems differ from each other in the finer details of 
how file-handling is achieved. We will concentrate on the general principles as far as 
possible. Our examples will be kept as simple as possible, but will relate to the 
Commodore 64. 

Sequential files 
As a simplification we shall only consider sequential file-handling. Sequential files 
are where we read in every item of data from the file in the sequence in which it was 
originally created. This is, of course, the only type of file than you can use on a tape 
storage system since a tape has to be read sequentially. 

10.4 Create and access 
Create refers to a program's activity of writing data from the program in the 
computer's memory to a peripheral device: in our case either tape or disk. Access is 
when data is read from the peripheral device to the program in memory. 

Because you cannot 'see' what's stored on tape or disk, the activities of create and 
access must be complementary. You do not know whether your program to create 
has been successful until you've written an access program to read the data back in. 
Only then can you see it on the screen or printer. 

In order to keep this Unit as simple as possible, we shall keep create and access as 
separate as possible. 

Create 
To create a new file, or to write into an existing one, we have to tell the computer: 
• the name of the file; 
• that we wish to OPEN the file for writing to it; 
• than we write out to it; 
• then we CLOSE it; 

Notice that: 
• during the create run, the computer needs a temporary number for that file to 

identify it during execution; 
• that between OPEN and CLOSE, the computer is under control of the tape 

recorder. 
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So creating a program is like this on the Commodore 64: 

1000 REM ••CREATE A DATA-FILE** 
1010 OPEN 1,1,1,"DATA" 

1080 CLOSE 1 

Notes 
OPEN 1,1,1 -«—tells the computer to open a file in output mode. 

* tells the computer to use the cassette recorder 

our internal (to the program) file number which we will use to 
refer to the file as long as it is open. The Commodore 64 allows 
us a range of file numbers (0-255), but we stick to 1 in our examples. 

"DATA1" the file-name on the cassette or disk under which the data will be 

stored. 

CLOSE1 this closes the file that we gave the file number 1. 

So let's see this in use. 

Example 1a 
Write a program to create a data file of 10 names. 
Solution 

1000 REM **CREATE A DATA FILE** 
1010 OPEN 1,1, VDATA1" 
1020 REM * * * * * * * * * * * * * * * * * * * * 
1030 PRINT "TYPE DATA (ZZZZ TO END) 
1040 ONPUT"DATA1";A$ 
1050 PRINT#1,A$ 
1060 IF A$<>"ZZZZ" THEN 1040 
1070 PRINT "DATA1 HAS BEEN SAVED" 
1080 CLOSE 1 

Program 1 Create a data file 

RUN 
DATA1 HAS BEEN SAVED 

The only new bit here is PRINT* ,A$. This writes the value A$ into the file 1. (You can 
now see why we wanted a number for the file to use during the program.) 

At the end of all that the 10 names (ARCHER, BENNY, etc) are all on the tape under 
the file-name "DATA1". If you switched off the computer, they would still be there. 

before pressing RETURN 
the recorder would have to be 
activated (PLAY/RECORD) 

and switched off here. 



Access 
Now you want the data back to use. For this you need an access program. This has 
the following structure: 

10 REM **ACCESS A DATA FILE** 
30 OPEN 1,1,0,"DATA1" 
50 IF A$="ZZZZ" THEN 80 

80 CLOSE 1 

Notes 
OPEN 1,1,0-* -tells the computer to open the file in input mode ("0" for input) 

-tells the computer to use the cassette recorder. 

-our internal (to the program) file number. 

"DATA1" the name of the file that the computer is to look for on the tape or 

disk. 

IF A$="ZZZZ" we are using a dummy record to signal the end of file 

CLOSE 1 tells the computer to close the file number 1. 

In use the program works as follows: 

Example 1b 
Write a program to access the data file "DATA1" which was created in Example 1 a 
and to print out the 10 names in the file. 

10 REM **ACCESS A DATA FILE** 
20 PRINT CHR$(147) 
30 OPEN 1,1,0,"DATA1" 
40 INPUT#1,A$ 
50 IFA$="ZZZZ"THEN80 
60 PRINT A$ 
70 GOTO 40 
80 CLOSE 1 

RUN-

Program 2 Access a data file 

the recorder would have 
to be activated (PLAY only) 

ARCHER 
BENNY 
COPPER 
DRAPER 
EDDIE 
FRAME 
GWYNNE 
HETTY 
KEMP 
LAMB 

READY. 
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Once we have opened the file, we input the data in it with: 

40 INPUT #1,AS 

Exercises preamble 
A fairly serious defect of Programs 1 and 2 is that they both work only for a specifically 
named file, viz, "DATA1". Now if af ile-handling program is going to be of general use, 
we don't want to have to edit the program just to create or access data from a file of 
different names. We can overcome this by entering the file name into a variable store 
location. F$, in the following example. 

INPUT"NAME OF THE DATA FILE?"F$ 
OPEN 1,1,0,F$ 

Let's write some programs which remedy this point. 

Exercise 1 
Modify Program 1 to write a sequence of names to a file directly from the keyboard, 
and allow the file thus created to have a variable name. 

Exercise 2 
Modify Program 2 to access the file created in Exercise 1 and to print out the list. 

Exercise 3 
Write a program to access the file created in Exercise 1 and to search through it to find 
and print out all those names whose initial letter is 'N'. 

Exercise 4 
Write a program to access the file created in Exercise 1 and to enter the names into a 
list, and to print out the list with indexes. 

10.5 Files in flowcharts 
The solution to Exercise 4 holds the key to the development of future programs. It's 
our old friend the list again, which makes all the difference! Having got the data into 
list form we can do much more with it. Before we do, however, let's try to summarise 
the position we've reached. 

The program solution to Exercise 1 may be summarised as in Figure 1. 
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input from the keyboard 

one box for the whole create program 

the output data file 
the#here denotes a file on tape/disk, 
with the appropriate filename. 

# FILENAME 

Figure 1 Flowchart for 'Create a file' 

The flowchart solution for Exercise 4 is given in Figure 2. 

you have to start the access program before 
you can call up the file#USDATA2, so the 
flowchart has a certain amount of 'artistic 
licence', but we feel that it conveys the essen­
tial theme 

to screen or printer 

Figure 2 Access a file and index as a list 



10.6 Sorting filed data 
The list of names in answer to Exercise 2, is just asking to be sorted! We have an 
access routine and we developed a sort of routine in Unit 8. All we have to do now is to 
link the two together. Before we do let's sketch the algorithm. 

( 

/ 

/ 

( 

start 

" 

£USDATA2 
NAMES 

' r 

ACCESS 
into 
list 

' r 

SORT 
list 

^ ' 

indexed 
sorted list 
ot NAMES 

\ ' 

stop 

) 

/ 

/ 

) 

Figure 3 Access and sort 

The program is simply three routines (access, sort and print) that you have already 
met, joined together. 

10 REM **ACCESS A DATA FILE** 
20 PRINT CHR$(147) 
30 DIM X$(50) 
40 C-1 
50 INPUT "NAME OF THE DATA FILE";G$ 
60 OPEN 1,1,0,G$ 
70 INPUT#1,A$ 
80 X$(C)=A$ 
90 IFA$="ZZZZ"THEN120 
100 C=C+1 
110 GOTO 70 
120 CLOSE 1 
130 REM **END OF ACCESS** 

access routine 
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140 REM * * N IS LENGTH OF LIST** 
150 N=C 
200 REM * * * * * * * * * * * • * * • * * * * * • " 
210 REM ••SORT ROUTINE** 
220 FOR K=1 TO N-1 
230 FOR L=K+1 TO N 
240 IF X$(L)>=X$(K) THEN 280 
250 T$=X$(L) 
260 X$(L)=X$(K) 
270 X$(K)=T$ 
280 NEXT L 
290 NEXT K 
300 REM • •END OF SORT ROUTINE** 
400 REM • • • • • • • • • • • • • • • • • • • • 
410 PRINT "FINAL SORTED LIST" 
420 FOR P=1 TO N 
430 PRINT P,X$(P) 
440 NEXT P 
450 PRINT 
500 REM • • • • • • • • • • • • • • • • • • • • 

• sort routine 

print routine 

Program 3 Access and sort 

RUN 
NAME OF THE DATA FILE? USDATA2 
FINAL SORTED LIST 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

ASHTON 
BANKS 
BARR 
BURNS 
CAREY 
COMPTON 
DOYLE 
EDGE 
GRANT 
HOWSON 
ICKERY 
NASH 
NEILS 
NUNN 
PRIEST 
PURVISS 
SCALES 
SHIPTON 
TEELE 
TURNER 
WATERS 
WATTS 
WELLS 
WEST 
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Exercise 5 
We don't necessarily wish to print out the list as we did for demonstration purposes 
in Program 3, but we definitely would want the sorted data to be saved in a data file 
for future use. 

Modify Program 3 to write the sorted data list to a file, SDATA, say. 
How will you test that it is successful? 

Exercise 6 
Having created a file of sorted data you will sooner or later wish to search through it 
quickly. 
Combine the list-access routine of Program 3 with the bisection search routine of 
Unit 8 to make this file-search utility program. 

Exercise 7 
Write a program to access a file and input the data into a table. 
You are in charge of the dimensions of the table and the data you use. 

10.7 Merge 
We've created, accessed, sorted and searched files. What else is there to do? 
Well, very seldom does a data file which is doing useful work, stay static for long. 
We usually want to add or delete items, or make amendments to it. The rest of this 
Unit will be spent considering how to add and delete items to and from a file. 

No doubt you have already visualised how you would go about these tasks, and we 
hope that you follow up your ideas. We will develop a fairly standard approach. To 
add items to a file we will merge two files together. You've done this if you have 
ever played cards. You have a hand which you have sorted and have spread out 
fan-like before you. You pick up another card and slot it into its appropriate place in 
your hand. 

The process of merging involves a master file (sorted into order) and a list of new 
items to go in (also sorted into order). 

Master file New items (=work file) 
AMES 
COLES nAVi^ 
GREGG U A V , b 

HOPE 
IVES 
JAMES L A M B 

MUNN TNORRIS 

SYMES W E 

But before we develop a program for the merge, we must anticipate and remove 
one problem: the extremes of the master file. Both in the bisection search (Unit 8) 
and in Exercise 6 we found it necessary to ensure that the master file included the 
extremes. So we now develop a program routine to ensure that this will be so. 
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The extremes of the master file 
The following routine takes any sorted file (G$) and places "AAAA" as the first item. 
We do not need to add "ZZZZ" as the last as the Commodore 64 uses a dummy 
record as the end of the file marker already. 

10 REM **ACCESS A DATA FILE** 
20 PRINT CHR$(147) ^ _ _ lowest item made AAAA 
30 DIM M$(50) __——-~~~~~^ before accessing the file. 
40 C-1 
50 M$(C)="AAAA" 
60 INPUT "NAME OF THE DATA FILE";G$ 
70 OPEN 1,1,0,G$ 
80 C=C+1 
90 INPUT#1,A$ 
100 M$(C)=A$ 
110 IF A$="ZZZZ" THEN 120 highest made ZZZZ after 
120 GOTO 80 closing the file 
130 CLOSE 1 
140 REM * * * * * * * * * * * * * * * * * * * * 
150 N=C 
160 REM * * * * * * * * * * * * * * * * * * * * 
170 FOR 1=1 TON 
180 PRINT l,M$(l) 
190 NEXT I 

Program 4 Adding AAAA to a file 

RUN 
NAME OF THE DATA FILE? SDATA3 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

AAAA-
AMES " 
COLES 
GREGG 
HOPE 
IVES 
JAMES 
MUNN 
PRICE 
ROSS 
SYMES 
ZZZZ -

•lowest item 

-original file SDATA3 

-highest item 

The merge program 
A picture of the overall process is shown in Figure 4. Once again there is a certain 
amount of artistic license. The program does not really have two starting points, 
but as you will see when the program is run, there are two quite distinct entry points 
for the two input files. 

The essential point to remember is that SDATA3 and SDATA4 have been sorted 
into alphabetical order before entry into the program. This was done using 
programs developed earlier in this Unit. 

2 6 6 
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Figure 4 Merge routine in outline 

The merge routine 

The central idea is: 

• if the item in the Master file is lower in order than the item from the Work file 

• then write the item from the Master file into the New file; 

• otherwise write the item from the Work file into the New file. 
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GLOSSARY 

W$ next item in Work file 
M$ Master 
New-list into which they both 
write (C$ in the program) 

next in 
W$ 

next in W$ 
into New-list 

increment 
New-list oniy 

270 

310 

write M$ 
into New-list 

320 

increment M$ 
& New-list 

360 

320 

410 - 430 

write rest 
of M$ into 
New-list 

" 500-520 

output 
New-list 

( stop J 

Figure 5 The merge routine in detail 
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-C$ will be the New-list 

10 REM **ACCESS A DATA FILE** 
20 PRINT CHR$(147) 
30 DIM M$(50) 
35 DIMC$(50) 
40 C-1 
50 M$(C)="AAAA" 
60 INPUT "NAME OF THE DATA FILE";G$ 
70 OPEN 1,1,0,G$ 
80 C=C+1 
90 INPUT#1,A$ 
100 M$(C)=A$ 
110 IFA$="ZZZZ"THEN130 
120 GOTO 80 
130 CLOSE 1 
140 REM * * * * * * * * * * * * * * * * * * * * 
150 N=C 
160 REM * * * * * * * * * * * * * * * * * * * * _ 
170 FOR 1=1 TO N 
180 PRINT l,M$(l) 
190 NEXT I 
200 REM * *MERGE** 
210 1=1 
220 K-1 
230 INPUT "NAME OF THE WORK FILE";H$ 
240 OPEN 1,1,0,H$ 
250 INPUT#1,W$ 
260 IF W$="ZZZZ" THEN 350 
270 IFM$(I)<W$THEN310 
280 C$(K)=W$ 
290 K=K+1 
300 GOTO 250 
310 C$(K)=M$(I) 
320 K=K+1 
330 1=1+1 
340 GOTO 270 
350 CLOSE 1 
360 C$(K)=M$(I) 
370 K=K+1 
380 1=1+1 
390 IF K = N THEN 360 
400 REM A * * * * * * * * * * * * * * * * * * * 
550 FOR L=2 TO K-2 
510 PRINT L,C$(L) 
520 NEXT L 

accessing Master file,M$,(c) 
and inserting AAAA and 
ZZZZ at ends 

print out of Master file 
before merge 

merge 

K is one too high at 390 
• and we don't want "ZZZZ" 
either; hence K—2 

Program 5 The complete merge program 
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Runs of merge program 
First using SDATA3 as the Master file: 

RUN 
NAME OF THE DATA FILE? SDATA3 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

AAAA 
AMES 
COLES 
GREGG 
HOPE 
IVES 
JAMES 
MUNN 
PRICE 
ROSS 
SYMES 
zzzz 

NAME OF THE WORK FILE 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

AMES 
COLES 
DAVIS 
GREGG 
HOPE 
IVES 
JAMES 
LAMB 
MUNN 
NORRIS 
PEARCE 
PRICE 
ROSS 
SYMES 
TATE 

Second using SDATA4 as the Master file: 

RUN 
NAME OF THE DATA FILE? SDATA4 

1 AAAA 
2 DAVIS 
3 LAMB 
4 NORRIS 
5 PEARCE 
6 TATE 
7 ZZZZ 
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NAME OF THE WORK FILE? SDATA3 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

AMES 
COLES 
DAVIS 
GREGG 
HOPE 
IVES 
JAMES 
LAMB 
MUNN 
NORRIS 
PEARCE 
PRICE 
ROSS 
SYMES 
TATE 

We have run the program using data files SDATA3 and 4 as Master file. You can 
see that it doesn't really matter which one we call the Master and which the Work 
file. (It is interesting to note that entering the smaller of the two first (SDATA4) 
takes up slightly less room in the memory.) 

If we wanted the New-list in a data file, we would have to add a create routine to the 
end of the program, instead of 500-520, perhaps. 

10.8 Deletion 
Deletion may seem a very different process from addition and merging but it can 
be achieved by modifying the merge program only very slightly. 

First, the items for deletion are collected into a Work file. 

Then: 
• if the item in the Master list = that in the Work list then do not write the Master 

list item into the New list; 
• otherwise do write the Master list item into the New list. 

We will not give a flowchart in this case, but hope that you can follow the changes 
to the merge program as shown in the delete program below. In this case a 
moment's thought will convince you that the Work and Master lists are no longer 
interchangeable. 
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Master file (SDATA) 
AHSTON 
BANKS 
BARR 
BURNS 
CAREY 
COMPTON 
DOYLE 
EDGE 
GRANT 
HOWSON 
ICKERY 
NASH 
NEILS 
NUNN 
PRIEST 
PURVISS 
SCALES 
SHIPTON 
TEELE 
TURNER 
WATERS 
WATTS 
WELLS 
WEST 

10 REM ••ACCESS A DATA FILE** 
20 PRINT CHR$(147) 
30 DIM M$(50) 
35 DIM M$(50) 
40 C-1 
50 M$(C)="AAAA" 
60 INPUT "NAME OF THE DATA FILE";G$ 
70 OPEN 1,1,0,G$ 
80 C=C+1 
90 INPUT # 1 , A$ 
100 M$(C)=A$ 
110 IFA$="ZZZZ"THEN130 
120 GOTO 80 
130 CLOSE 1 
140 REM • • • • • • • • • • • • • • • • • • • • 
150 N=C 
160 REM • • • • • • • • • • • • • • • • • • • • 
170 FOR 1=1 TO N 
180 PRINT l,M$(l) 
190 NEXT I 
200 REM **DELETE** 
210 1=1 
220 K=1 
230 INPUT "NAME OF THE WORK FILE";H$ 

Work file (SDATA5) 
= deletions to be made 

BURNS 
DOYLE 
NASH 
TEELE 
WATTS 
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240 OPEN 1,1,0,HS 
250 INPUT#1,W$ 
260 IF W$="ZZZZ" THEN 370 
270 IF M$(I)=W$ THEN 350 -
310 C$(K)=M$(I) 
320 K=K+1 
330 1=1+1 
340 GOTO 270 
350 1=1+1 
360 GOTO 250 
370 CLOSE 1 
380 C$(K)=M$(I) 
390 K=K+1 
400 1-1+1 
410 IF K = N THEN 380 
420 REM * • • • • • • * • * • • • • • • • • * • 
430 FOR L=2 TO K-2 
440 PRINT L,C$(L) 
450 NEXT L 

if Master item = Work item 
do nothing, just go for the 
next Master item 
otherwise write Master item 
into New list 

RUN 
NAME OF THE DATA FILE? SDATA 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

AAAA 
ASHTON 
BANKS 
BARR 
BURNS 
CAREY 
COMPTON 
DOYLE 
EDGE 
GRANT 
HOWSO-N 
ICKERY 
NASH 
NEILS 
NUNN 
PRIEST 
PURVISS 
SCALES 
SHIPTON 
TEELE 
TURNER 
WATERS 
WATTS 
WELLS 
WEST 
zzzz 

-Master list 



NAME OF THE WORK FILE? SDATA5 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

ASHTON 
BANKS 
BARR 
CAREY 
COMPTON 
EDGE 
GRANT 
HOWSON 
ICKERY 
NEILS 
NUNN 
PRIEST 
PURVISS 
SCALES 
SHIPTON 
TURNER 
WATERS 
WELLS 
WEST 

-New list . . . the old Master with 
five items deleted 

Assignment 10 
1. Write a program to create a library Master loan file in alphabetical order by 

borrower's name, with records of the form: 

BORROWER DATE DUE BOOK TITLE 

(a) Write a routine to merge new records with this Master file. 

(b) Write a routine to access and search through the file to find those books 
which are overdue. 

2. Write a program to access a table of numerical values, to complete row and 
column sums, and to create a new file to include this extra information. 

Objectives of Unit 10 
Check that you are able to write programs in a form suitable for your micro­
computer to: 

Create a data file (open for output) Q 

Access a data file (open for input) • 

Sort a data file • 

Add new items to a data file (merge) • 

Delete items from a data file • 
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Answers to Exercises 
Exercise 1 

1000 REM **CREATE A DATA FILE** 
1010 INPUT "NAME OF DATE FILE";F$ 
1020 OPEN 1,1,1,F$ 
1030 REM **INPUT DATA** 
1040 PRINT "TYPE DATA (ZZZZ TO END)" 
1050 INPUT "NEXT NAME";N$ 
1060 PRINT#1,N$ 
1070 IF N$<>"ZZZZ" THEN 1050 
1080 PRINT F$;" HAS BEEN SAVED" 
1090 CLOSE 1 

Program 7 
NAME OF THE DATA FILE? USDATA2 
NEXT NAME? BARR 
NEXT NAME? SHIPTON 
NEXT NAME? HOWSON 
NEXT NAME? WELLS 
NEXT NAME? CAREY 
NEXT NAME? WEST 
NEXT NAME? NEILS 
NEXT NAME? ASHTON 
NEXT NAME? NASH 
NEXT NAME? TURNER 
NEXT NAME? COMPTON 
NEXT NAME? BURNS 
NEXT NAME? EDGE 
NEXT NAME? NUNN 
NEXT NAME? PRIEST 
NEXT NAME? DOYLE 
NEXT NAME? SCALES 
NEXT NAME? WATERS 
NEXT NAME? GRANT 
NEXT NAME? BANKS 
NEXT NAME? PURVISS 
NEXT NAME? TEELE 
NEXT NAME? WATTS 
NEXT NAME? ICKERY 
NEXT NAME? ZZZZ 
USDATA2 HAS BEEN SAVED 

Exercise 2 

10 REM **ACCESS A DATA FILE** 
20 PRINT CHR$(147) 
30 INPUT "NAME OF THE DATA FILE";G$ 
40 OPEN 1,1,0,G$ 
59 INPUT#1,A$ 
60 IF A$="ZZZZ" THEN 90 
70 PRINT A$ 
80 GOTO 50 
90 CLOSE 1 Program 8 

275 



RUN 
NAME OF THE DATA FILE? USDATA2 
BARR 
SHIPTON 
HOWSON 
WELLS 
CAREY 
WEST 
NEILS 
ASHTON 
NASH 
TURNER 
COMPTON 
BURNS 
EDGE 
NUNN 
PRIEST 
DOYLE 
SCALES 
WATERS 
GRANT 
BANKS 
PURVISS 
TEELE 
WATTS 
ICKERY 

Exercise 3 

10 REM ••ACCESS A DATA FILE** 
20 PRINT CHR$(147) 
30 INPUT "NAME OF THE DATA FILE";G$ 
40 OPEN 1,1,0,G$ 
50 INPUT#1,A$ 
60 IFA$="ZZZZ"THEN100 
70 IFLEFT$(A$,1)O"N"THEN50 
80 PRINT A$ 
90 GOTO 50 
100 CLOSE 1 

RUN 
READ - TAPE PROGRAM 
NAME IF DATA FILE? USDATA2 
PRESS PLAY ON TAPE 
OK 
FILE OPEN 
NEILS 
NASH 
NUNN 
READY. 
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Exercise 4 

10 REM ••ACCESS A DATA FILE** 
20 PRINT CHR$(147) 
30 DIM B$(50) dimension the list 
40 C=1 initialise the index for the list 
50 INPUT "NAME OF THE DATA FILE";G$ 
60 OPEN 1,1,0,G$ 
70 INPUT#1,A$ 
80 B$(C)=A$ 
90 IFA$="ZZZZ"THEN120 
100 C=C+1 increment only if EOF 
110 GOTO 70 marker is not found 
120 CLOSE 1 
130 N=C 
140 FOR 1=1 TO N-1 so the final count of C is the 
150 PRINT l,B$(l) length of the list 
160 NEXT I 

Program 10 

RUN 
NAME OF THE DATA FILE? USDATA2 

1 BARR 
2 SHIPTON 
3 HOWSON 
4 WELLS 
5 CAREY 
6 WEST 
7 NEILS 
8 ASHTON 
9 NASH 
10 TURNER 
11 COMPTON 
12 BURNS 
13 EDGE 
14 NUNN 
15 PRIEST 
16 DOYLE 
17 SCALES 
18 WATERS 
19 GRANT 
20 BANKS 
21 PURVISS 
22 TEELE 
23 WATTS 
24 ICKERY 
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Exercise 5 
Instead of the print routine of lines 410-500 of Program 3, we have to write a create 
routine as follows (lines 300 to 500 of the followuing program) 

10 REM **ACCESS A DATA FILE** 
20 PRINT CHR$(147) 
30 DIM X$(50) 
40 C-1 
50 INPUT "NAME OF THE DATA FILE";G$ 
60 OPEN 1,1,0,G$ 
70 INPUT#1,A$ 
80 X$(C)=A$ 
90 IFA$="ZZZZ"THEN120 
100 C=C+1 
110 GOTO 70 
120 CLOSE 1 
130 REM **END OF ACCESS** 
140 REM * * N IS THE LENGTH OF THE LIST** 
150 N=C 
200 REM * * * * * * * * * * * * * * * * * * * * 
210 REM **SORT ROUTINE** 
220 FOR K=1 TO N-1 
230 FOR L=K+1 TO N 
240 IF X$(L)>=X$(K) THEN 280 
250 T$=X$(L) 
260 X$(L)=X$(K) 
270 X$(K)=T$ 
280 NEXT L 
290 NEXT K 
300 REM **END OF SORT ROUTINE** 
400 REM * * * * * * * * * * * * * * * * * * * * 
410 REM **CREATE A DATA FILE** 
420 INPUT "NAME FOR THE DATA FILE";F$ 
430 OPEN 1,1,1 ,F$ 
440 FOR P=1 TO N 
450 A$=X$(P) 
460 PRINT#1,A$ 
470 NEXT P 
480 CLOSE 1 
490 PRINT F$;" HAS BEEN SAVED" 
500 REM * * * * * * * • * * * • * * • • • • • * 
R U N Program 11 

NAME OF THE DATA FILE? USDATA2 
NAME FOR THE DATA FILE? SDATA 
SDATA HAS BEEN SAVED 

To test whether it has been successful we can load and run the access program for 
the file SDATA. 

NAME OF THE DATA FILE? SDATA 
ASHTON 
BANKS 
BARR 
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BURNS 
CAREY 
COMPTON 
DOYLE 
EDGE 
GRANT 
HOWSON 
ICKERY 
NASH 
NEILS 
NUNN 
PRIEST 
PURVISS 
SCALES 
SHIPTON 
TEELE 
TURNER 
WATERS 
WATTS 
WELLS 
WEST 

Exercise 6 

10 REM **ACCESS FOR SEARCH-** 
20 PRINT CHR$(147) 
30 DIM N$(50) 
40 C-1 
50 PRINT "READ-TAPE PROGRAM" access 
60 INPUT "NAME OF THE DATA FILE";G$ 
70 OPEN 1,1,0,G$ 
80 PRINT "FILE OPEN" 
90 PRINT 
100 INPUT#1,A$ 
110 LETN$(C)=A$ 
120 IFA$="ZZZZ"THEN150 
130 C=C+1 
140 GOTO 90 
150 CLOSE 1 
160 REM • •END OF ACCESS** 
170 REM * * N IS THE LENGTH OF THE LIST** 
180 N=C bisection search 
190 REM * * * * * * * * * * * * * * * * * * * * 
200 INPUT "QUERY NAME";Q$ 
210 REM **START OF SEARCH** 
220 L-1 
230 H=N 
240 IF H-L=7 THEN 500 
250 MHNT((L+H)/2) 
260 IF Q$=N$(M) THEN 320 
270 IF Q$<N$(M) THEN 300 
280 L=M 
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290 GOTO 240 
300 H=M 
310 GOTO 240 
320 REM **END OF SEARCH** 
330 PRINT "YES ";Q$;" IS IN THE LIST" 
350 GOTO 600 
500 PRINT Q$; "IS NOT IN THE LIST" 
600 PRINT "END OF SEARCH" 

RUN 
NAME OF THE DATA FILE? SDATA - -The sorted data file. (We 
QUERY NAME? HOWSON couldn't use the bisection 
YES HOWSON IS IN THE LIST search on the unsorted file.) 
END OF SEARCH 
RUN 
NAME OF THE DATA FILE? SDATA 
QUERY NAME? SMITH 
SMITH IS NOT IN THE LIST 
END OF SEARCH 

Note: We have combined an access program with the bisection search program of 
Unit 8, and it works. To make the program foolproof, however, we must be careful 
about its limits: remember N$(1)="AAAA" and N$(N)="ZZZZ" in Unit 8! We deal 
with the problem in Program 5. 

Exercise 7 

10 REM **ACCESS A DATA FILE** 
20 PRINT CHR$(147) 
30 DIM A$(30,30) 
40 INPUT "NO. OF ROWS AND COLS";R,C 
50 INPUT "NAME OF THE DATA FILE";G$ 
60 OPEN 1,1,0,G$ 
70 FOR 1=1 TO R 
80 FOR J=1 TOC 
90 INPUT#1,B$ 
100 A$(I,J)=B$ 
110 IFB$="ZZZZ"THEN140 
120 NEXT J 
130 NEXT I 
140 CLOSE 1 
150 REM • * * * * * • * * * • * * * * * * • * * 
160 FOR 1=1 TOR 
170 FOR J=1 TOC 
180 PRINT TAB(10*(J-1));A$(I,J); 
190 NEXT J 
200 PRINT 
210 NEXT I 
220 END 

Program 13 

print routine 

Program 12 
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Run on SDATA 

RUN 
NO. OF ROWS AND COLUMNS? 6 , 4 
NAME OF THE DATA FILE? SDATA 

ASHTON BANKS BARR BURNS 
CAREY COMPTON DOYLE EDGE 
GRANT HOWSON ICKERY NASH 
NEILS NUNN PRIEST PURVISS 
SCALES SHIPTON TEELE TURNER 
WATERS WATTS WELLS WEST 

READY. 





Course comments 
Please let us know what you think of this course to help us improve future editions 
of it. We would especially like to know of any problems you have had in getting 
particular programs to run on your micro. 

Make of microcomputer M027 

Name 

Address 











Correspondence tuition 
Are you studying by yourself and need help? 
If you are, enrol now with NEC as a correspondence student on 30 Hour 
BASIC. We will give you a correspondence tutor with experience of your 
make of microcomputer. He will then take you through the course, 
marking and commenting on your assignments and giving you any advice 
you need on getting the programs in 30 Hour BASIC to run on your micro. 

To enrol, send us the following details: 

Name ' 

Address 

Postcode ... 

Tel. No 

Date of birth 

Microcomputer you are using 
M027 J 

Course fee: £50 (44 if you already have a copy of 30 Hour BASIC). 

Also available 
Cassettes 
Two cassettes of the main programs in 30 Hour BASIC. Price £5.95 inc. 
p & p and VAT each. (Specify BBC or Acorn Electron) two. 

Free notes 
30 Hour BASIC needs small adaptations for use on certain microcompu­
ters. If you are having problems getting our programs to work on your 
machine, send us a stamped addressed envelope with the make and 
model of your microcomputer written clearly on the inside of the envelope 
flap. We'll send you a sheet of notes on getting 30 Hour BASIC programs 
to run on your computer. 

National Extension College, 
18 Brooklands Avenue, Cambridge CB2 2HN. 
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What is BASIC? 
Microcomputers are the tool of the 80's. BASIC is the language that 
all of them use. So the sooner you learn BASIC, the sooner you will 
understand the microcomputer revolution. i 

30 Hour Basic is a simple self-instructional course on the language 
of microcomputers. But programs need more than language: they 
need structure as well. So the course also teaches you good 
programming techniques. You'll learn how to keep, order and sort 
files, records and directories; how to print letters and addresses; 
how to invent your own computer games; how to handle numbers 
and so on. 

Commodore 64 
This is the edition specially written with the, needs of the 
Commodore 64 user in mind. A standard edition, and editions for 
the Spectrum, ZX81, Oric, Electron and Dragon are also available. 
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