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We begin a two-part series that focuses on the 
applications of electronic technology in_ the 
publishing industry. By outlining the current 
methods of production and understanding the 
problems involved, we can gain a greater awareness 
of the dramatic impact computers are making on 
magazine production. 

It has become something of a cliché to suggest that 
computer technology is radically changing the way people 
live and work. Nevertheless, the introduction of new 
computer-based methods is sweeping away many 
established practices and skills. One area that particularly 
illustrates this change in working patterns is publishing, in 
which computer technology is being introduced into an 
industry that has not, in many cases, updated its methods 
and machinery since the 1930s. Additionally, the industry’s 
labour force is organised into traditionally strong unions. 
Thus the introduction of computers is likely to be a 
traumatic experience for those working within the business. 

COMPUTERS IN PUBLISHING, APPLICATION 

In this short series, we'll outline the changes that are 
taking place in the publishing industry and where current 
trends are likely to lead. First, let’s look at the new 
technology and see how it is applied to each stage of the 
publishing process. 

The most obvious place to start is at the written word. 
Most writers have now replaced their mechanical (perhaps 
electric) typewriters with microcomputers, which have 
allowed them to write and correct their own text, increase 
their work-rate and produce neat, inexpensive copy for 
publishers. Youll no doubt be familiar with word 
processing programs on disk and tape or on special ROMs 
that can be installed in your micro, which provide it with 
word processing capabilities. In fact, after game-playing, 
word processing is the most widely used application of 
home micros. 

Whether you simply wish to send a newsletter to local 
club members or write your first Mills and Boon romance, 
it’s likely that the humble home micro will be a powerful 
enough tool for your purposes. Copy can be checked and 
corrected on screen, and margin widths, automatic page 
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numbering, page headings and footings can all be set up 
prior to printing to produce a single finished draft of the 
text. To make life even easier, many word processing 
packages have spelling checkers that scan through the text 
and point out any unrecognised words for correction. If the 
text is to form an article in a magazine or newspaper, the 
production of neatly typed copy is only the first stage in the 
lengthy process of producing a final printed version. 

In most current magazine production methods, the 
traditional systems still prevail. The author of the piece is 
normally required by the publication to submit the article 
typed (usually by a normal typewriter or by a word 
processor/printer arrangement). The article is then edited 
by editorial staff on the publication. The editor reads and 
corrects the contentof the piece, normally by writing on the 
piece by hand or, where major alterations are required, by 
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producing typewritten inserts. It’s then passed on to a sub 
editor who corrects spelling mistakes and grammatical 
errors (again normally by making handwritten corrections 
on the piece), rewrites portions to conform with the 
publication’s style, and marks up the article for typesetters. 
The process of ‘marking up’ is essentially a way of telling 
the typesetter the typeface, margin widths and justification 
to use and is again normally written by hand on the author’s 
original copy. On small publications, the editor and sub 
editor may well be one and the same person. 
When the article returns from the typesetters, it is hoped 

that it is near its final printed form, although it is likely that 
the typesetters will have made transcription errors in 
copying the original marked-up text onto the typesetting 
machines. The printed article is known at this stage as the 
first galley, or first proof, and must be carefully re-read by 
the sub editor, corrected and returned to the typesetters 
who will produce a revised version of the article — the 
second proof, naturally enough. 

1562 THE HOME COMPUTER ADVANCED COURSE 

eo0o0o0oooo0oo0000K0 

At the first proof stage, another person enters the 
production process. It is the job of the designer to take the 
first printed proof of the text and design a page layout: the 
way that the final printed form will look. Of course, most 
magazines contain not only text, but also photographs and 
diagrams together with appropriate captions. The designer 
must juggle all the components that will constitute the final 
content of the page in order to fit them together in an 
attractive and sensible way. 

The most common way of doing this is to make a ‘mock- 
up’ of the page and fit the various components like pieces in 
a jigsaw puzzle. The first proof text may also be physically 
laid out on the page prototype at this stage, although some 
designers merely take measurements of the text length in. 
order to determine the space it will occupy on the finished 
page. 7 

It is often the case during this process that the text for the 
article is found to be either too long or too short to fit into 
the space allotted to it. In this event, the editorial and sub 
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editorial staff must either make sensible cuts to the piece or, 
if it is too short, add text to bring the article up to the correct 
length. Cuts or additions to the text are included in the first 
proof corrections to the typesetters, so that by the time the 
second proof is returned, the length of the text is correct. 
Finally, the page is assembled with diagrams, photographs 
and text according to the previously worked-out design, 
and the finished page can be sent off for printing. 

From this brief description of current practices in 
magazine production, we can see that the production 
process that turns a contributor’s copy into a finished article 
in the magazine involves many, potentially time-wasting, 
stages. The system just described is in fact a kind of hybrid 
system in which single stand-alone computers are used in 
isolation during parts of the process. 

The article itself is likely to be written on a word 
processor, but the typesetting process as well is now likely to 
be computerised, using a machine not unlike a normal 
word processor but with extra commands included to allow 
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the selection of different typefaces and so on. Looking at 
such a system, it doesn’t take a professional systems analyst 
to suggest possible improvements. 

First, imagine the magazine editorial office having a 
compatible word processing system to that used by the 
author. The author would not need to produce printed 
pages but merely hand over a disk or tape with the article 
recorded on it magnetically, or even transmit the article 
electronically using the telephone network and a couple of 
modems. All editing and sub editing of the article could 
then be done on screen. Even if the process then reverted to 
the more traditional method at this stage, by printing the 
edited version of the article onto paper to be sent to the 
typesetters, the system has already been somewhat 
streamlined. 

Taken one stage further, a rationalised system would 
ensure that the computerised typesetting machine was 
capable of reading the disk on which the original edited 
version was stored. If this were the case, the article could 
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Although the production of newspapers differs in some 

respects from the production of magazines, many of the 
same principles apply. Indeed, the rapid processing 
requirements of daily newspapers, together with their high 
sales volume, means that the new technology is likely to 
have a greater impact in this area of publishing. The 
technology currently used in Fleet Street was largely built in 
the 1930s and uses techniques developed in the late 
Victorian era. However, there are signs of impending 
changes within the newspaper industry. 

Already many provincial newspapers, in response to the 
challenge of cheaply produced free advertising sheets, have 
successfully applied computerised production methods. 
There are plans for small, more flexible companies to 
challenge the Fleet Street giants’ monopoly of the national 
newspaper market by producing a daily with about one fifth 
of the staff normally required by a national paper using 
direct entry, on-screen layout and computerised printing 
methods. | 
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undergo the translation from the author’s original draft to 
its typeset form existing only as a series of magnetic 
imprints on a disk until the typesetting was produced. 

This is known as a “direct entry’ system — the text for the 
article is only keyed in once by its author and is 
subsequently installed in other machines by loading from 
disk or by electronic transmission between sections of a 
larger, homogeneous, computerised system. 

The capabilities of the new technology extend much 
further than text manipulation, however. Recent 
developments in computer operating environments, 
particularly WIMP (Windows, Icons, Mouse Program) 
systems, have opened the way for the computer to impinge 
on the work of the designer. ‘These new systems allow the 
designer to layout a page on screen, often including 
digitised photographs and diagrams. Different typefaces 
and arrangements of text can be simply manipulated using 
a controlling mouse. A final version of the page can then be 
printed directly using a high-quality printer. 

One interesting spinoff of producing a newspaper 
electronically is in its distribution around the country. 
Traditionally, national newspapers print in one, or possibly 
two, centres (normally London and Manchester) and then 
distribute the printed copies by road and rail around the 
country. With an electronically produced newspaper, it is 
suggested that the method of distribution can be radically 
altered. Although the paper may be produced in one place, 
it can be printed at five or six local provincial presses by 
transmitting the paper electronically over ordinary 
telephone links, reducing distribution costs significantly. 
Furthermore, it becomes easy to produce local editions of - 
the national paper, additional pages can easily be added to 
the main content of the paper at the local centres. 

In the second part of our look at computers in 
publishing, we'll see how the new electronic publishing 
techniques are finding their way into the microcomputer 
market, and show how a magazine can be produced, from 
author to finished product, on a single micro. 
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A CLEAN SHEET 

_ Balancing Act 
The example spreadsheet layout 
given here shows a typical 
bookkeeping problem — 
balancing VAT accounts. 
Columns 1, 2, 4 and 5 of the 
spreadsheet must be set up by . 
the user and the spreadsheet 
programmed to calculate the 
figures in columns 3 and 6 and 
the VAT totals. For example, 
figures in column 3 can be 
found by multiplying the 

_ Corresponding figure in column 
2 by 15/115, and programmed 
by setting up formulae in the 
column 3 cell as shown. It is 
often the case, as here, that 
similar formulae are required for 
an entire row or column of the 
spreadsheet. So that the user 
does not have to set these up 
manually, most spreadsheets 
include a replicate function that 
allows the formula in one cell to 
be repeated across a row or 
down a column 

We begin a project to design our own 
spreadsheet program in BASIC for the four 
most popular home micros. After discussing 
the structure and _ applications of 
spreadsheets in general, we outline several 
of the main facilities that our program will 
feature. The Commodore 64 graphics 
routines are also given. 

A spreadsheet program can best be thought ota as 
an electronic sheet of paper, with a built-in 
programmable calculator. The program allows 
you to enter numbers and other data onto this 
blank sheet of paper, and then perform specified 
calculations using this information. To do this you 
set up a series of arithmetic or mathematical 
formulae in the spreadsheet. On your instruction 
the spreadsheet program uses these formulae to 
perform calculations on the data present in the 
Sheet. It then puts the new data — that is, the 
results of the calculations — into the sheet at the 

positions specified by the formulae. 
Thus, if you have a problem or application that 

requires you to work with large amounts of data 
then the spreadsheet is an ideal tool. With it you 
can add up rows and columns at the touch of a 
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button — a feature that is useful for sales totals, 
applying mathematical formulae to a series of 
data, calculating percentages for VAT and income 
tax, and so on. In short, you can do anything with a 
spreadsheet that you can do with pencil, paper and 
calculator, only you can do it much faster and 
more accurately. Another useful feature of good 
spreadsheets is that once you have set up one to 
perform a particular set of functions, you can use 
that sheet again and again with different data each 
time. This is an extremely helpful facility if you 
have a regular set of calculations to do, such as 
weekly travelling expenses or sales commissions. 

For example, if you run a small business, you 
can claim back the VAT you pay out on purchases 
against the VAT that you have to pay to the 
taxman. Obviously, before you can do this you 
have to work out the total VAT you have charged 
on the items you have sold and subtract the total 
VAT you have already paid on the items you have 
purchased. Using the normal method of paper and 
pen you would have to calculate the VAT on each 
individual item manually and then total up all the 
VAT at the end, a method which is both tedious 
and prone to error. With a spreadsheet, however, 
all you have to do is set it up to calculate the VAT 
by entering formulae — say, to multiply all the 
items in one column by 15 and divide by 100. The 
cost of all the purchases can then be entered and 
the spreadsheet does the rest. 

The types of applications that spreadsheets can 
be used for are numerous. Around the home these 
include household budgeting, car costs, loan 
analysis and general expenses. Business uses of 
spreadsheets include invoicing, sales and purchase 
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ledger, budgeting, forecasting and planning, cost 
analysis, profit and loss, job costing and 
estimating, sales commission calculations, project 
modelling — to name but a few. The benefits to the 
user are many and include increased productivity, 
accuracy and improved presentation. 

The spreadsheet program which we will be 
designing in this series will give the Basic 
programmer an insight into how commercial 
spreadsheet programs are written and how they 
work. As each part of the program is printed, a 
detailed explanation of how that section works 
and what it does will be given. The program has 
been written for the Spectrum, Commodore 64, 
BBC Micro and Amstrad CPC 464/664 
computers; for each section of the program a 
Spectrum and a Microsoft-type BAsic listing will be 
printed, along with details for implementing the 
program on the other machines. The program is 
intended to be illustrative; it could be used as the 
basis of a much more sophisticated program — 
depending on your level of skill as a programmer 
and the amount of time you wish to devote to it. 

Due to the complex nature of spreadsheets, we 
have concentrated on reproducing the main 
features of a spreadsheet program, with the result 
that there is only minimal error checking within the 
program. As a consequence, you should take great 
care when entering your data and using the 
program, as any errors will generally cause the 
program to crash. There are two reasons for the 
lack of error checking: the first is the constraint of 
space and the second is the speed of operation. 

Because the program is written in BASIC, the size 
of the sheet is limited to 15 columns by 15 rows. 
This is to ensure a reasonable speed of operation 
and reduce the complexity of the program. Note 
that only a small portion, or ‘window’, of the sheet 
can be displayed at any one time, due to the 
limitations of the screen displays. On the 
Commodore 64, BBC Micro and Amstrad 
machines, this window is five columns by seven 
rows; on the Spectrum it’s four by six. 

CELLULAR STRUCTURE 
Fach of the 225 boxes on our spreadsheet is called 
a cell. These cells are labelled (on the first row) A1, 
A2 and so on to A15; B1, B2 and so on (on the 
second row) right down to the fifteenth row (O1, 
O2 and so on to O15). To move the cursor around 
the sheet, you simply use the cursor keys on your 
machine. The current cell that the cursor is 
pointing to is displayed at the top left-hand corner 
of the screen and the cell itself is illuminated. 

In each cell you can do one of two things: either 
enter numeric data into the cell or set up a new 
formula for dealing with data. The data is 
displayed on the screen in the appropriate cell, and 
you can have only five digits per cell. If there is a 
formula present at the current cell it is displayed on 
the input line at the bottom of the screen. To enter 
a new formula simply select the enter formula 
option and type in your new formula. The formula 
evaluator in this program is quite a sophisticated 

one, evaluating the formula from left to right and 
with normal arithmetical precedence. The 
operators it can handle are +, -, *, /, ~ and 
parentheses. The operands allowed are cell names 
and real or integer numbers. Thus if you wished to 
add up the data in cells A1, A2 and A3, and then 
put the answer in cell A4, you would enter the 
formula A1+A2+A3 at cell A4. Again, should you 
wish to calculate the VAT on the value at say B1, 
then you would put the formula B1*0.15 at cell B2 
and the formula B1+B2 at cell B3. 

SPREADSHEET FUNCTIONS 
Our BASIC spreadsheet program includes many 
features that make it a powerful tool for home use. 
These include: 

® A HELP screen, which prints a list of the options 
available to the user. | 
® A TEMPORARY STORE function that allows you to 
save the sheet currently displayed. This is 
particularly useful when you wish to use the 
spreadsheet to try out different values. 
® You can also RESTORE a temporarily saved sheet 
to the screen (that is, once you've tried out other 
values, you can get your original data back). 
® The CALCULATE function works through the 
Sheet from left to night and top to bottom, 
calculating any formulae and altering 
corresponding cell contents as it proceeds. 
Therefore, you should make sure that you have 
arranged your data in an order that will not affect 
these calculations. , 
® CLEAR simply clears the sheet of all data — so you 
should make sure you've either stored your data or 
saved it to tape or disk before using this. 
® The REPLICATE function allows you to reproduce 
a formula over a range of cells, thus saving a 
considerable amount of time and typing when you 
have a lot of similar formulae (such as VAT 
calculations). 
® You can LOAD and SAVE the data in your sheet 
from or to tape. 
® You can also LOAD and SAVE formulae 
independently of the data in the sheet. This is 
useful as it allows you to use a sheet that has been 
set up for frequent use (such as calculating weekly 
travelling expenses) with new data and without the 
need to set up the sheet manually each time. 
® The TAB function allows you to move the cursor 
to any position on the sheet, without having to 
work your way across the screen with it. 

_ We give here the listings for setting up the screen 
and handling the graphics on the Commodore 64. 
In the next instalment, we will give the 
corresponding listings for the BBC Micro, the 
Spectrum and the Amstrad machines. This is the 
only section of the spreadsheet program that will 
be given as separate listings. This is because the 
screen handling for each machine is totally 
different, whereas the rest of the program is similar 
for each computer (except the Spectrum version, 
which employs different — string-handling 
methods). 
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Graphics 
Routines 
Although much of the 
spreadsheet program can be 
given in the form of a 
common listing, the methods 
by which the four micros 
handle the display of 
information on the screen are 
all different. To produce 
attractive displays and screen- 
handling on each machine, we 
will therefore provide separate 
graphics routines listings for 
each computer. We start here 
by providing the graphics- 
handling listings for the 
Commodore 64. 

These listings handle the 
printing of the spreadsheet 
grid, printing data in the 
spreadsheet cells and the 
movement of the spreadsheet 
cursor. After typing in the 
appropriate section of 
program and running It, you 
should see the grid on the 
screen (together with an initial 
set of data) and be able to 

move the cursor around the 
sheet. However, most of the 
spreadsheet functions 
outlined in this instalment will 
not yet be available, as they 
are the subject of future parts 
of the project 

Commodore 64 

‘1030 PRINI " ‘CHRS(Ct64);°. 

> PROGRAMMING PROJECTS /SPREADSHEETS 

10 REM #*** CBM 64 SPREADSHEET *#%*. 
15 REM ** SET UP CBM CHARACTER STRINGS * 
= 

20 FOR I=1 TO ?:L/7#=L7$+CHRE( 195) :NEXT 
30 LS#=LEFTS(L7%,5) :TS=CHRE( 178) :BS=CHRE 
C194) 
40 SSs=" "  X$=CHRS( 219) : 1 S=CHREC1 77? 

100 GOSUB 3000:REM SETUP ARRAYS & VARIAB 
LES 
110 GOSUB 1000:REM PRINT SCREEN 
120 GOSUB 1700:REM PRINT DATA ON SCREEN 
130 GOSUB 1100:REM MAIN KEYBOARD SCANNIN 
G ROUTINE 
S77 SIOP 
1000 PRINT CHR#C1497) ;CHRE( 145) ;CHR#(5) :P 
OKE S3280,6:POKE S328! .6 
10035 PRINT " COL UMN Ss 

1006 PRINT 
1007 PRINT "ROU 1. 2s Se 4. 

5. 48 

1010 PRINT — "CHRE(176) ;LSOS; TS 3Ls 
SsTSsLSSsTEsLSSsTSsL S$; CHRB(1 74) 
1020 FOR C=i TQ ? 

"BS: SS; 
BS ;SS#:BE;55¢;:8S:S5¢;B¢;S5¢; BS 
1040 PRINT " "“;L7SsxXBsLh¢:X$;L5$s:xX$3L5¢; 
X$ 5 LSS sX$3;L5¢:CHREC 1799 
1050 NEXT C 
1060 PRINT " "CHR#¢C+44);". "3BS:SS¢ 
;BS ;S5¢ 5BS:S55%;BS;S5% ;BS;55$5BS 

1070 PRINI © “sl 7Ssits_St s1S3_5t:iF:i Se; 
1$;L5¢;1$;L5%;CHR$(189) 
1080 RETURN 
1100 P$=CHRS(Y+64) +MIDS(STRE(X) ,2,2):PRI 
NT CHR$(19);"CELL:";P$;" " 
1110 GET A$:IF A$="" THEN 1110 

~1120 IF AS=CHR#¢ 29) THEN 1200:REM MOVE R 

IGHT 
1130 IF AS=CHR#C1572 THEN 1300:REM MOVE 

11940 IF AS=CHRS(17> THEN 1400:REM MOVE D 

1150 IF AS=CHRS(145>) THEN 1500:REM MOVE 

1152 IF AS=CHR#(133) THEN GOSUB 4000:REM 

Fi PRINT HELP SCREEN 

1155 IF AS=CHR#$¢137) THEN GOSUB 2000:REM 

F2 INPUT FORMULA 

1158 IF AS=CHRE(134) THEN GOSUB 5150:REM 

F3 STORE CURRENT SHEET 

1160 IF At=CHRE¢(135) THEN GOSUB 2300:REM 

FS CALCULATE SHEET 

1165 IF AS=CHR#EC13)> THEN RETURN 

1170 IF AS>"0" AND AS<"FS" THEN GOSUB 210 

O:REM ENTER NUMERIC DATA 

1180 IF AS=CHRE(139) THEN GOSUB 5000:REM 

Fé CLEAR SHEET 

1185 IF AS=CHR*®(138) THEN GOSUB 5100:REM 

F4 GET PREVIOUS SHEET 

118? IF AS="G" THEN GOSUB 5200 

1188 IF AS=CHRE(C136) THEN GOSUB 5S700:REM 

F/? DECIDE COL OR ROW 

1189 IF AS=CHR#é¢(140> THEN GOSUB 7000:REM 

F8 LOAD/SAVE ROUTINES 

1190 GOTO 1110:REM BACK TO START 

1200 REM #**x*** MOVE RIGHT ****** 

1210 IF X=15 THEN 1100 

1220 IF X=H2 THEN GOSUB 1600:X=xX+1:H1=H1 

+1 :H2=H2+1:GOTO 1270 

1230 GOSUB 1600:LET X=xX+1:GOSUB 1650:GOT 

O 1100 

i270 GOSUB 1800:GOSUB 1700:GOTO 1100 

1300 REM ****** MOVE LEFT ***x*#* 

1310 IF X=1 THEN 1100 

1320 IF X=H1 THEN GOSUB 14600:X=xX-1:H1=H1 

~1l:H2=H2-1:GOTO 1370 
1330 GOSUB 1600:LET X=x-1:GOSUB 1650:GOT 

QO 1100 

1370 GOSUB 1800:GOSUB 1700:GOTO 1100 

1400 REM *#****% MOVE DOWN =**x** 

1410 IF Y=15 THEN 1100 
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3090 REM ***X*¥X*% 

1420 IF Y=V2 THEN GOSUB 1600:Y=Yt+1:V1=V1 

+1 :Ue=VU2+1:GOTO 1470 
1430 GOSUB 1600:LET Y=Y+1:GOSUB 1650:GOT 

O 1100 

1470 GOSUB 1850:GOSUB 1700:GOTO 1100 

1500 REM ****#* MOVE UP xxxxx* 

1510 IF Y=1 THEN 1100 
i520 IF Y=V1 THEN GOSUB 1600:Y=Y-1:V1=V1 

—1:V2=V2-1:GOTOQ 1570 
13530 GOSUB 1400:LET Y=Y¥-1:GOSUB 1650:GOT 

O 1100 

1370 GOSUB 1850:GOSUB 1700:GOTO 1100 

1600 REM ***** TURN CURSOR OFF ***** 

1610 CUFLIO23S+90eCUCY+1-V1lO-1)+H¢CX+1-HI): 

POKE CU,PEEK‘CU)-128 

1620 POKE CUt+1 ,PEEKCCUt1>-128:POKE CU+2, 

PEEKCCU+2)-128 

1630 POKE CU+3,PEEK(CU+3)-128:POKE CU+4, 

PEEK( CU+4)-128:RETURN 

1650 REM *¥#*** TURN CURSOR ON xx**** 

1660 CUF1023+908¢(UCY+1-V1)-1)+HCX+1-H1): 

POKE CU,PEEKCCUD+128 

1670 POKE CUt1 ,PEEKCCU4+1)9+128:POKE CUt+2, 

PEEKC(CCUt+2)+128 

1680 POKE CU+3,PEEK(CU+3)+128:POKE CU+4, 

PEEK*CCU+44)+128 

1690 GOSUB 1900:RETURN 

1700 REM **** PRINT DATA IN SHEET *¥¥** 

1710 FOR I=0 TO 7? 

i720 PRINT CHREC19)3::FOR Cel 10 V«cIti)-1 
:PRINT CHR#¢(17)3:NEXT C 

1730 FOR J=0 TO 4 

1735 PS=MIDS¢(STRE(MATCI+V1 ,J+H1)),2) 

1740 PRINT TABCHC J+i3-1);" "sCHR#¢(14 

1745 PRINT TABCHCJ+1)+4-LENCPS) PS; 
1750 NEXT J,I 
1760 GOSUB 1650:RETURN 
1800 REM **** PRINT COLUMN NUMBER **x 
1810 PRINT CHR$(19) ;CHR$(17) ;CHR$(17):CH 
REC17); 
1820 FOR I=Hi TO H2:PRINT TABC7+6#¢(I-H1) 
YIsCHR#C157)3". "3 
1830 NEXT I:RETURN 
1850 REM **** PRINT ROW NUMBERS *x##x 
1860 PRINT CHR#(19)::FOR I=1 TO 5:PRINT 
CHR$(17) 3 :NEXT 
1870 FOR C=V1 To v2 
1880 PRINT TABC1)CHR$(C+64) ;CHRS(17) 
1890 NEXT C:RETURN 
1900 REM *** FORMULA OF CURRENT CELL ** 
1920 LET DS=FS¢¢Y-1)#15+%) 
1930 GOSUB 1950:REM MOVE CURSOR TO INPUT 

1735 PRINT CHR¢¢18>;"FORMULA: 

1740 PRINT CHR#(145) ;CHR#(18)"FORMULA:"; 

1?45 PRINT CHR#(19) :RETURN 
1750 REM ***** CURSOR TO INPUT LINE #** 
1760 PRINT CHR#C1993;:FOR K=1 TO 22:PRINT 
CHRS¢17)3:NEXT K 

1770 RETURN 

S000 REM *¥*¥*# xx SETUP ARRAYS *¥*¥**#*% 

S010 DIM H¢S) ,VC8) , STC 20) ,STH$( 20) , ES 20) 
,G$¢ 203 

3020 FOR C=0 TO 4 

3030 H¢CC+1>=6*C+10:REM CALC X PQS 
3040 NEXT C 

3050 FOR C=1i TQ 8 

3060 VtCo=2*¥C+4:REM CALC Y-POS 
3070 NEXT C 

3075 X=1:Y=1 

S080 H1l=X:H2=K+4:VlS=¥ :VUe=7¥+? 

SHEET ARRAYS *#*#xxX¥#% 
3100 DIM MATC15,15>:0IM MC¢C15,15) 

3110 FOR I=1 TO 15:FOR J=1 TO 15 

3120 MATCI ,JoO=l1¥J 

3130 NEXT J,I 

3140 DIM F#¢( 225) 

3150 RETURN 

EE —— ——————————— 
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In this final article in our series about FORTH, 
we turn our attention to the way in which the 
language manipulates strings. To illustrate 
the processes involved, we include some 
word definitions that simulate some of 
BASIC’s String handling facilities. 

You have already seen the .” word, which is quite 
easy to use, but other string manipulations are 
more complicated. There are two main problems: 
in what area of memory to store the string, and 
how to store it. Such considerations are rather 
tricky, so naturally you will want to define 
powerful words that let you forget the details when 
you use them. 

First, there are two main places to store a string 
— in the ALLOTted parameter fields of words in the 
dictionary, and in an area called the ‘pad’. The pad 
is for very temporary string storage, because it is 
often used by the ForTH system. For instance, if 
anything is enclosed in the dictionary, or if a FORTH 
word is interpreted from the keyboard, the pad 
may move or be overwritten. Secondly, there are 
two ways in FORTH of storing a string. In both cases 
the ASCII characters of the string are stored in 
order somewhere in memory; the differences lie in 
how you specify the length of the string. 

In a counted string, the length (less than 255 
bytes) is stored as a single byte immediately before 
the characters. To refer to such a string you can use 
a single number, which is the address of this count 
byte. Thus, although you can’t put the string itself 
on the stack, once you've set the string up you can 
put its address on the stack. For a text string, the 
length is not stored as part of the string at all. This 
means that to refer to the string you need two 
numbers, the address of the first character as well 
as the length. 

Counted strings are easier to handle on the 
stack (the additional number needed for text 
strings makes stack manipulations 
disproportionately complicated). However, they 
are limited to 255 bytes and they can’t be used for 
substrings — strings that form parts of larger 
strings — because youd have to insert a count byte 
for the substring in the middle of the whole string. 

Let’s look at some words that define string 
variables. A string variable keeps its text in its 
parameter field, so once you've ALLOTted a certain 
amount of space for a string, it remains fixed, so 
that you'll never be able to assign longer strings to 
it. SVARIABLE therefore has you specify not only an 
initial value, but also a maximum length for 
subsequent assignments. The maximum length 
may need to be larger for the initial value. 

A useful word is ASCII. Most rortus have this 
built in, but it is not required by the standard. It 
stacks the ASCII code of the character following 
it, and if it’s used in a colon definition, it compiles a 
numeric literal for this number so that it gets 
stacked at run time. 

32 CONSTANT BL ( ASCII code for a space ) 

: ASCII (-- ASCII code ) ( used in form ASCII 
character ) 

BL WORD ( get next word ) 
1+ C@ (and get the ASCII code for its first 

character ) 
STATE @ IF ( if compiling colon definition ) : 

[COMPILE] LITERAL ( LITERAL is immediate ) 
THEN 

; IMMEDIATE ( ASCII has special compiling actions ) 

: S VARIABLE ( size -- ) ( used in the form — ) 
(size SVARIABLE name initialiser” ) 
( the parameter field is set up to contain 1 byte 
for the ) 
(maximum length and then a counted string 
for its value ) 

CREATE 
200 MIN (ensures size not too big ) 
1 ALLOT ( for max. length ) 
ASCII “WORD ( size, initialiser as counted string) 
DUP C@ ROT MAX ( initialiser, max. length ) 
DUP HERE 1— C! (fill in max. length ) 
HERE SWAP 1+ ALLOT ( initialiser, address to put 
it ) 
OVER C@ 1+ CMOVE ( copy in initialiser ) 

DOES> (pfa-- pfa+1 ) (stacks value as counted 
string ) 

1+ 

String Formats 
FORTH allows strings to beheld 
in memory in three different 
ways. Each method uses an 
address number (which can be 
simply manipulated using the 

~ FORTH stack) that points to the 
area of memory containing the 
string. However, the three 
techniques use different 
methods of determining the 
length of the string. The 
‘counted string’ format stores 
this information in the first byte: 
of the memory area containing 
the string, while the ‘text string’ 
format holds this number 
separately onthestack— — 
allowing stack manipulation of 
it. Some versions of FORTH 
support the ‘nul-terminated’ 
format, in which the end of the 
string is simply marked by a 
zero byte 
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This is quite a complicated definition, not at all 
helped by Frortu’s lack of local variables and its 
stack manipulations. However, it’s complexity is 
on a very small scale and once you've got it 
working you can forget about its internal 
workings, allowing you to think much more in 
terms of strings, instead of sequences of characters 
in memory. 3 

Let’s now define S$@ and S$! for these 
SVARIABLES, using text string format (address and 
length) on the stack to refer to the values. 

: $@ ( pfa+1 for string variable -- text string ) 
COUNT 

: $! (text string, pfa+1 for string variable -- ) 
( truncates the value if it’s too long for the 
variable ) 
DUP 1-C@ROT (addr, pfa, max. length, 

actual length ) 
MIN (addr, pfa+1, length to use ) 
OVER OVER SWAP (addr, pfa+1, length, length, 

pfa+1 ) 
C! ( store new length ) 
SWAP 1+ SWAP (addr, pfa+2, length ) 
CMOVE 

You can now set up string variables, as in: 

0 SVARIABLE DIGITS 0123456789” 

(The 0 is automatically increased to 10 to cope with 
the 10 characters actually present. But after that, 
the maximum length of the string variable is fixed 
at 10.) 

DIGITS S@TYPE 
(displays 0123456789) 

255 SVARIABLE XPAD XXX’ 
(an alternative, more stable pad with space for 255 
characters. ) 

It would now be nice to be able to change the 
values of strings from the keyboard. Here are two 
words, ” and SINPUT, that let you do the equivalent 
of the BAsIC assignment statements LET AS = “...” 
and INPUT AS. 

ari 
(-- address, length of text string ) 
(used outside colon definitions in form - 
“text” ) 

ASCII “WORD COUNT ( get text string ) 
XPAD S! ( put it in XPAD ) 
XPAD S@ (leave address and length ) 

The word “ gets its string in the same way as words 
like VARIABLE get the new name, which is why it 
won't work properly in colon definitions. You can, 
however, use it asin: 

20 SVARIABLE PET cat” 
“parrot” PET S$! PET S@ TYPE 
“pangolin“ PET S! PET S@ TYPE | 

Here is a word to imitate input statements: 
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: SINPUT ( pfa+1 of string variable -- ) 
( waits for you to type a string and copies 
it to the variable. ) , 

DUPDUP1+ = ( pfa+1, pfa+1, pfa+2 ) 
SWAP 1- C@ 2- ( pfa+1, pfat+2, max. length - 2 ) 
EXPECT | 
SPAN @ SWAP C! 

The program informs EXPECT not to get more 
characters than there is room for in the variable. 
However, one version of FORTH allows an extra 
NUL character to be written after the string. So to 
be on the safe side, 2 has been subtracted from the 
maximum length. Otherwise, the extra NUL 
could corrupt the header for the next word in the 
dictionary. 

In FORTH-79 or figFoRTH, EXPECT will write one 
or two NULs in any case, which in fact are vital. 
The older Forts do not have SPAN and so you will 
have to write your own word to find the length of 
the string by counting characters up to the NUL. . 

Now at last we can define a FORTH version of 

that most trivially satisfying of BASIC programs: 

10 PRINT “What is your name?” 
20 INPUT AS 
30 PRINT “Pleased to meet you, “;AS;”.” 
40 PRINT “Take care now! Bye.” 

A comparable program in FORTH, which uses 
commands that we define ourselves, is: 

30 SVARIABLE NAME 

“HI! 
.“ Hi there! I’m the computer. Who are you?” CR 
NAME SINPUT 
.“ Wow! That’s an incredible name, erm,” NAME 
S@ TYPE 
“.” (type full stop ) CR 
. Look after yourself, you hear? Have a nice day.” 
CR 

Basic’s great strength is that it is very easy to write 
short programs, drawing on its useful facilities for 
things like floating point arithmetic, arrays and 
strings. Where BAsic loses its advantage is in 
writing larger programs. You can never escape the 
low-level structure of the program — line 
numbers, for instance. By contrast, look at our 
FORTH word HI!. You should be able to understand 
this without much trouble, given a rough 
understanding of what SINPUT, $@ and other 
words do. If you want to look at it more closely, 
you can go back to the definitions of these words, 
but even so you only need to know what they do -- 
what they expect on the stack and what they leave 
behind — and ignore howthey doit. Thus in rorTH 
you don’t need to keep the low level structure in 
mind. 

The correct moral to draw is this: even if FORTH 
starts off less powerful than another language, you 
can use its extendability to redress the balance. 
What is more, you can continue to extend it so that 
it far surpasses the other language. 



One would expect any new product from a 
company with the immense sales and stature 
of IBM to make an enormous impact on the 
market. The new PC/AT, with a possible 
three Mbytes of accessible memory and the 
highly advanced Intel 80286, sets a new 

Because of IBM’s reputation, microcomputers in 
1982 suddenly became fashionable in the business 
world, with the PC taking a dominant share of the 
market. This led to certain consequences, the full 
impact of which could not have been foreseen 
even by IBM itself. Much of the technology used in 
the original IBM PC was bought in from other 
suppliers, such as the Intel 8088 processor, the 54in 
disk drives and, most importantly, the operating 
system PC-DOS. None of these components 
represented advanced technology for the time, 
resulting in much criticism, but the machine 
nevertheless sold in large quantities, which 
naturally generated an enormous software base. 
Other manufacturers, feeling themselves being 
edged out of the market, followed IBM’s example 
and brought in identical technology to produce 
‘IBM clones’ — computers that would run IBM 
software. The result of this was that the IBM PC 
became the de facto industry standard. 

Since then, the falling price of memory chips, 
coupled with ever more powerful processors, has 
resulted in business machines being equipped with 
256 Kbytes as standard (the original PC had only 
64 Kbytes of RAM), which in turn has led to 
software houses producing more complex and 
memory-hungry programs. 

The current height of this trend is represented 
by the IBM PC/AT (Personal Computer/ 
Advanced Technology). This massive computer, 
beginning to approach the power and capacity of a 
minicomputer, is equipped with one of the latest 
processors: the Intel 80286. This chip is equipped 
with a 16-bit data bus and a 24-bit address bus 
similar to that on the 8086 chip used in both the 
Olivetti M-24 and the Apricot range, enabling the 
machine to address over 16 Mbytes of memory. 
However, the chip also has the facility for ‘virtual 
memory management’, which means that the 
actual memory capacity it can use is over a 
gigabyte (1,000 Mbytes). 

_ Virtual memory management is a process 
whereby the processor can treat its available RAM 
and backup storage as ‘main memory’. When 
running a program, all of the data and program 
may not fit into the available RAM, and so the rest 
will be held on high-speed disks. When the 

computer requires a piece of information and sees 
that it is not in RAM, the relevant data will be read 
off the disk into an unused area of memory, where 
it can be acted upon accordingly. Thus the 
computer can appear to have far more memory 
than it actually has. 

This technique has been tailored for use on the 
PC/AT. The original purpose of virtual memory 
management was to use RAM in conjunction with 
cheaper methods of storage such as disks. With the 
drop in price of RAM chips, however, this is not a 
concern of the PC/AT system. The problem lies in 
the operating system. 

PC-DOS, and the closely related MS-DOS, are 
capable of addressing 640 Kbytes of memory. 
When PC-DOS was developed, this was 
considered ample memory for any foreseeable 
application. However, many modern integrated 
software packages are rapidly approaching the 
limit of the OS’s capabilities. Thus some method 
had to be found to add extra memory within the 
restrictions imposed by PC-DOS. 

The answer has been to treat the remaining 
memory as ‘silicon disks’. These are banks of 
memory that can be of any size (although the 
default size on the PC/ AT is 64 Kbytes) up to that 
of the addressable memory, which are treated by 
the processor as information held on a disk drive. 
This means that the processor cannot address the 
memory directly, but can fetch the information in 
blocks, which can be moved to addressable 
memory and manipulated there. When the blocks 
are no longer required, the updated information or 

CHRIS STEVENS 

ee 

Advanced Technology 
The entry of IBM into the 
personal computer market 
marked a change in business 
attitudes to microcomputers. 
The company’s new IBM PC/AT 
is Currently one of the most 
powerful micros available for 
business use. Running up to 
three times as fast as the IBM 
PC, the AT is also capable of 
accessing up to three 
megabytes of memory 
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program can be ‘written’ back to the silicon disk. processor as well. Although the Intel 80286 is 
Of course, although they are treated as disks, the 
fact that ‘silicon disks’ are in fact RAM chips 
means that access is much faster than from a 
conventional disk drive. 

The PC/AT is available in two basic 
configurations. The entry price system, known as 
the Base Model 1, contains 512 Kbytes of RAM 
and a single disk drive, while the Enhanced Model 
has an additional 20 Mbyte hard disk unit attached 
and a serial/parallel adaptor. 

DISK DRIVES 
The disk drives fitted to the PC/AT, although still 
5,in floppy disks, are great improvements on those 
fitted to the original versions of the IBM PC, which 
were somewhat slow and noisy with a capacity of 
only 160 Kbytes — those fitted to the PC/ AT have 
a capacity of 1.2 Mbytes. This is partly due to 
improved technology in the design of the drives 
and also due to improvements in the DOS. The 
PC-DOS bundled with the machine is version 3, 
which reads and writes 15 sectors per track instead 
of the PC’s eight. However, to maintain 
compatibility with previous versions of the IBM 
PC, the new machine can detect PC-format disks 
and adjust itself accordingly PCs cannot, 
however, read PC/AT disks. 

Apart from being updated to take advantage of 
the higher capacity disk drives, PC-DOS 3 has had 
some additional commands fitted to enhance its 
own performance. ATTRIB designates a file as read- 
only and LABEL enables you to allocate a “volume 
label’ to a disk. SELECT and COUNTRY are similar 
commands, with the former enabling you to 
choose the keyboard layout and time/date format 
required, and the latter automatically switching 
the time/date and keyboard layout to that of a 
particular country. SHARE permits file sharing, 
FCBS specifies the number of file control blocks 
that can be open at any one time, and DEVICE 
enables you to install the size and number of the 
‘virtual disks’ within the computer. Finally, 
LASTDRIVE lets you set the number of drives that 
can be used by the system. : 

Concerning the thorny’ problem o 
compatibility, it is perhaps surprising to discover 
that the PC/AT is not completely compatible with 
the original PC. This is partly because the disk 
drives used on the new machine, although 
enhanced, are unable to cope with some of the 
sophisticated copy-protection techniques that 
have been developed for PC software. Another 
difficulty is that some of the chips within the 
PC/AT have been altered from the original, and 
although they are supposed to be compatible, 
software that directly interrogates these chips may 
find that some of the addresses have changed. The 
most notable of these is the BIOS ROM, at the 
heart of IBM PC compatibility, to which certain 
improvements have been made. Unfortunately, 
this means thai sorae changes have also been made 
to the entry addresses of certain routines. 

This problem of incompatibility extends to the 
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made by the same company that produced the 
PC’s 8088 processor, some of the instructions are 
different — software for one machine using the 
incompatible instructions will not run on the 
other. Finally, the original IBM PC contained DIP 
switches that have been replaced within the 
PC/AT by CMOS RAM. 

Because of this, many software products have 
had to be adjusted to fit the new format, mostly 
with regard to their protection codes. Perhaps the 
most notable of these is the Microsoft Flight 
simulator (FS1) — which is considered as one of 
the tests of IBM compatibility. Microsoft has 
therefore introduced an upgraded package, FS2. 

Despite these difficulties, the IBM PC/AT is an 
excellent machine to use, and almost all of the 
criticisms levelled at the original PC have been 
answered positively. Most notable among the 
improvements 1S the keyboard, which 1S 

undoubtedly the best, in terms of feel, that has ever 
been produced on a microcomputer. 

As might be expected, the new machine is 
considerably faster than the original IBM PC — up 
to three times as fast in some applications. 
Coupling that with the vast memory this machine 
is capable of accessing, there is little doubt 
ee the PC/AT’s future. 
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Lithium Battery 
This back-up battery supports 
a time-of-day clock anda 
small area of static RAM that 
holds, among other things, - 
the system configuration _ 
whenmainspoweris _ 
removed ~=—sésia—se 

ColourGraphicsBoard = =—itsw 
This board allows a maximum 
_of 16 colours to be displayed. 

_ An enhanced graphics board - 
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‘On-Board RAM : r=” 
The basic model includes - 
200K of memory 
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WHEN THE CHIPS 
ARE DOWN 

KEVIN JONES 

The seven-segment LEDs and the power 
supply are the only remaining connections 
required for our DVM project. By referring 
to the main layout diagram on page 1552, we 
can complete the construction phase of the 
project and carry out a series of tests to 
ensure that all has gone well. 
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For reasons that were explained in the previous 
instalment five identical LEDs are used (see page 
1552). It’s not necessary to use sockets for the 
LEDs, but soldering directly to the rather small 
pins is rather tricky. If you do opt to use sockets 
(these are not listed in the parts list) remember that 
24-pin, 28-pin and 40-pin DIL sockets have the 
pins correctly spaced (seven holes on a 0.1in 
matrix board). 

The LEDs can be mounted on a small separate 
portion of matrix board and connected to the main 
board by a few inches of wire or ribbon cable. This 
will allow the display to be mounted in the window 
of a small instrument case if required. The fifth 
pins of LEDs 3, 4 and 5 have leads connected to 
them, which are for switching the decimal point. 
A simple power supply is used, based on two 

= 



‘three-terminal’ regulators. This configuration 
allows a single 12v AC supply and a single-bridge 
rectifier to be used. The two diodes need not be the 
type specified — any small rectifier diode will do 
the job. They prevent a condition known as ‘latch- 
up’, which might otherwise occur when two 
regulators are used in a bipolar power supply. 

Cl can be any reasonably large electrolytic 
capacitor, but be sure that it has a sufficiently large 
working voltage (at least 35v). C2, C3 and C4 
should be solid tantalum bead capacitors, which 
are very intolerant of reverse voltages. Be sure to 
connect them the right way round — ‘+’ on the 

- body indicates the positive side. 
The power supply components (apart from the 

mains transformer) can be conveniently mounted 
on a tag board, such as Maplin’s 36-tag board. 
RG2 only has to supply a few milliamps and 
should not need a heatsink, but RG1 is working 
much closer to its limits and should therefore be 
bolted to a small heatsink such as Maplin’s FL58N. 
Note that the body of the three-terminal regulator 
is connected to the common (centre) lead. 
Although most heatsinks are made of anodised 
aluminium and are not very conductive 
(electrically), it’s a sensible precaution to ensure 
that the heatsink doesn’t touch any exposed wires 
or chassis metalwork. 

POWER SUPPLY TESTS 
Having soldered the power supply, connect the 
mains transformer to the mains (pay due attention 
to safety when you do this) and connect a 100ohm 
resistor between the +5v output and ground. If 
you have any kind of voltmeter (even a cheap 
analogue one) measure the voltage across the 
resistor. It should be within a few percent of 5v. If 

ae 

you have an oscilloscope, switch the input to DC at 
a sensitivity of about 10v. Put the probes across the 
1000hm dummy load and check on the screen that 
there is no appreciable ripple. If there is, it can ruin 
the performance of the DVM. 

Three-terminal regulators are wonderfully easy 
devices to work with, but they can generate high- 
frequency switching noise. The layout shown in 
the illustration (as opposed to the connections 
shown in the circuit diagram) will help to minimise 
this noise. 

Once the power supply is tested and proven 
correct, connect it to the main DVM board, but do 
not insert the ICs at this stage. Use your 
multimeter to check for +5v at pin 11 of IC1, pins 
4 and 8 of IC2 and pin 16 of IC3. Check also for 
+5v at the collectors of TR1 to TRS, and for —Sv 
at pin 1 of IC1. Now switch to the ohms range and 
connect one probe of the meter to either the 
analogue or digital ground points. Touch the other 
probe to pin 3 of IC1, pin 1 of [C2 and pin 8 of IC3. 
The resistances shown on the meter should be very 
low (less than lohm). 

IC3 is an ordinary TTL chip and can be handled 
without any special precautions — just plug it into 
the socket. Make sure, however, that the notch on 
the chip is at the top, as shown in the last 
instalment. [C2 and IC1 cannot be treated 
similarly. [C2 is the CMOS version of the NE555 
timer chip, and it is said to be fully protected 
against electrostatic discharge, but it’s better not to 
take any chances. IC1 will certainly be destroyed 
by incorrect handling, and if you haven't dealt with 
electrostatically sensitive devices before, here’s 
how you do it. 

First, tear off a couple of feet of aluminium 
kitchen foil and lay it on the bench. Then 
disconnect the power supply and place the circuit 
board in the centre of the sheet. Reach under the 
foil and press it firmly against the pin side of the 
circuit. [C1 and IC2 will be supplied in some kind 
of conductive packaging. This may take the form — 
of black plastic foam, a black ‘rubber’ holder or a 
specially treated plastic bag. Whatever these two 
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chips come in, place them, complete with TESTING THE BOARD 
packaging, onto the aluminium foil. If the power supply and the power supply points to 

Press your bare elbow onto the foil, and keep it the ICs are both fine and the chips have been 
there while removing the chip from its packaging. inserted as described above, you can now attempt 
Keeping your elbow in position, insert the chip _ to power up the board. If you haven't tied pin 9 of 
into its socket. When the chips are firmly inserted, IC1 tothe analogue ground, with an open circuit at 

Se 

ake your elbow away and discard the foil. the IN— and IN+ points, you can expect to see a 
90 easy to forget to remove the foil when few spurious digits displayed on LED1 and 

the power supply, so beware.) _ LED2. If these digits cycle through a repeating 
pattern, try moving the position of the 
interconnecting wiring on the board. 

With IC1 pin 9 connected to the analogue 
ground and an open circuit on the input, you 
should expect to see either a 00000 display or a 
spurious 1 or 2 on LEDI1. With IC1 pin 9 ‘ 
grounded and IN— and IN+ shorted together, you 
should have a stable (non-flashing) display of 
00000 or 00001. If you have had to compromise 
on D1 (the voltage reference diode) or C1 (the 
integrating capacitor) you may not get such a good 
initial performance. In any event, a cycling display 
indicates a poor wiring layout, so rearrange the 
wires until the display remains stable. 

In the next instalment, we show how to 
construct the input attenuator (the unit at present 
can only measure voltages between Ov and 
1.9999v) and discuss modifications. 
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Character has 
a ‘own ‘object 

| 
{ 

: 
| 

| Character has 
' somebody elze’s object 

Although the actual number of objects that 
can be handled in the Dog and Bucket is not 
very large, the way in which they are handled 
is of the utmost importance. By outlining 
four tree structures and discussing the 
various implications of ‘ownership’, we can 
more fully define the requisites for 
programming a good adventure game. 

The way in which our characters handle objects is 
very important in the Dog and Bucket and a large 
number of factors have to be taken imto 
consideration. First of all, objects fall into two 
main categories: edible (the sandwich and the 
pasty) and drinkable, but also included are three 
other objects (the ashtray, stool and tin), which 
serve little purpose other than to add atmosphere. 
The tin, however, has implications for the plot, 
which we shall be looking at later. 

The other main attribute of objects is their 
ownership. Certain drinks belong to certain 
characters, for example, and we'll obviously need 
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to keep track of each character’s possessions. Just 
as importantly, we'll have to keep tabs on what 
each character wants. All these factors can be 
checked using tree structures similar to the ones 
we've looked at before, though rather more 
complicated. To make things easier, we'll tackle 
the question of objects in four stages. 

First, let’s consider the possible courses of 
action open to a character who is in possession of 
an allotted object. The first diagram shows a 
simple tree structure to deal with this contingency. 
Points to note include the dice symbols, which 
represent ‘random nodes’ whose value (which will 
determine the node that’s branched to next) is 
fixed randomly when they are encountered during 
traversal of the tree. 

As well as random nodes, there are three other 
node types in the diagram. The red ones are 
terminal nodes, at which a message will be printed 
and variables will be updated. The green nodes are 
also terminal nodes, but these will simply update 
variables without altering the display, so they can 
be dealt with separately when we enter the tree 
into our program. Finally, the blue nodes are 
simple choice nodes, each of which will hold a 
conditional value and branch accordingly. 

You can see from this diagram that when a 
character has an ‘own’ object, one of four 
outcomes, represented by the four terminal nodes, 
is possible. There is a random chance that the 
character’s mood will improve, by virtue of being 
able to indulge in a favoured tipple. Alternatively, 
but less likely, the character may either drop the 
object or, if the object has just been received and 
the donor is still present, will say Thank you. Note 
that three of the terminal nodes result in the codes 
-LCH and LCD being set to zero, thereby ending 
any previous interaction with other characters. 

Structures such as these are purely arbitrary, 
which allows us the freedom to design quite 
different trees for the same purposes. With that in 
mind, let’s move on to the second diagram, which 
shows what might happen when the character in 
question has come into possession of someone 
else’s object. 

SECOND TREE NODES 
The nodes in this tree are colour-coded in a 

similar fashion to those in the previous tree, except 
for one node ringed in red. This acts in a similar 
way to a terminal node, so that when it is reached, 
the program will jump out of the tree to a routine 
somewhere else in the program. However, once 
that routine has been executed, and according to 
the result obtained, the program may jump back 
into the tree and continue descending through it. 

To find out if the owner of the object held by our 
character is in the same room, we need to run 
through the location attributes (c$(character,2)) of 
each person. At this point, the node in question 
pushes us out of the tree into a simple subroutine 
that does this for us. If the relevant character is in 
fact present, we'll jump back into the tree starting 
at the next node (testing mood>5), but if not, our 
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Tree Of Trees 

The four tree structures 

discussed in this instalment can 

all be combined to form one 

large tree, as shown above. The 
program first checks the value 
of the expression 
(VAL(cS(c,3)) >0) which will 
evaluate to TRUE if the 

character in question (c) is 
Carrying an object, and FALSE 

otherwise. lf FALSE, the flow of 
control drops through the main 
tree to the section shown (in 
greater detail) in diagram 4: If 
TRUE, the program makes a 
random decision whether to 
traverse the structure shown 
in diagram 3 (eat/drink objects) 
or whether to pass on and test 
for ‘own’ objects by evaluating 

the expression 
(cS(,c:3)=c$(c,6)). Control then 
passes to one of the two 

structures shown in diagrams 1 
and2 

Soin 
— ee Senate 

pecans 
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efle-33=c$(¢.6) 

descent is abandoned and were returned to where 
we began. 

It’s highly probable that the character will drop 
the object, but if this doesn’t happen, the program 
checks for the presence of the owner. At this point, 
if the owner is close by, the program decides that 
the object should either be handed over (providing 
the recipient is empty-handed) or thrown at the 
owner, if the character is in a particularly bad 
mood. If the owner’s hands are full, and therefore 
incapable of taking the object, there is a random 
possibility that the character may say: Excuse me, | 
think | must have got your drink . . ., or something of 
that order. 

Character does not 
have object 

The only other thing to notice is that one of the 
terminal nodes involves reducing the character’s 
strength by two points, since there is every 
possibility the character will take a drink from the 
glass if unable to return it to its original owner — 
and as we all know, mixing drinks is liable to have 
ill effects! Apart from this, however, neither of the 
trees just outlined makes any provision for eating 
or drinking. Therefore, we'll also need a structure 
to take care of this, which is shown 1n the third 
diagram. 

This tree is colour-coded in the same way as the 
previous two and a character’s strength can again 
be reduced by drinking, though not by as much 
since at this point there is no test for whether the 
right drink is being sampled. Eating the sandwich 
increases the character’s strength by two and sets 
the LCD accordingly. Eating the pasty, however, 
sets a flag, which is for plot purposes. 

Since the point has arisen, we may as well let 
you in on a few secrets and reveal the plot behind 
the Dog and Bucket scenario. You'll no doubt 
have pondered the significance of the cat food tins 
in the kitchen, and guessed that the famous Dog 
and Bucket Cornish pasties are, in fact, made from 
a well-known (but cheap) brand of pet food. . 

FOOD POISONING 
Eating a pasty will result in the untimely demise 
of one or more of our characters, though exactly 
which ones will differ from game to game. We 
therefore need to set a flag to indicate which, if any, 
are likely to suffer from food poisoning. Whether 
the death of a character is treated as a mystery or a 
murder by the other denizens of the pub will 
depend on a number of other factors, which we'll 
look at in the next instalment. In the meantime, 
let’s continue the examination of the object control 
structures. 

Should a character be empty-handed, we'll use 
the tree outlined in the fourth diagram, in which 
there is another node that throws us out of the tree 
to take in a subroutine. This routine tests to see if 
there are any other objects present in the room, 
returning if there are and then testing whether or 
not the character’s ‘own’ object is present. If it is, 
there isa random chance of picking it up, but if not, 
there’s the possibility of another object being 
picked up. 

Bear in mind that if the characters don’t pick up 
their ‘own’ objects, there is a further possibility of 
them picking up other ones, since the node in 
question jumps across the tree, thereby creating 
this chance. This means that objects are not likely 
to be left lying around for long, but that characters 
will tend to pick up their own drinks. | 

Finally, these four trees can be put together to 
form one large structure, and each of the 
conditions that need to be tested can be expressed 
as a simple logical expression. Since some nodes 
will want to test the same conditions at different 
times, we'll assign the values of the conditional 
statements to a new array, using elements of it 
(where appropriate) to build up tree structures. 
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System Interrupts 
The Amstrad’s processor can be 
interrupted by the operating 
system in four ways. These 
timer interrupts occur at regular 
intervals, to synchronise regular 
OS functions, such as keyboard 
scanning, updating the video 
display and controlling data 

_ transfer to the Amstrad’s sound 
chip 

TICKED OFF 

One of the most important features of any 
operating system is its timing. Like most 
other home micros, the Amstrad CPC 464/ 
664 OS uses two methods of system timing 
— interrupts and events. We begin a two- 
part discussion showing you how to use 
these OS facilities to enhance your machine 
code programming. 

ues 

The system timing governs any operation that 
must be carried out at a known instant — for 
example, flashing ink colours on the screen must 
be carried out during a ‘frame flyback’ period (the 
time taken to update the video display). There are 
two different methods used to implement this 
timing in the Amstrad computers; the first is 
controlled by the hardware and is termed an 
interrupt, and the second is controlled by the 
software and is called an event. We'll deal with the 
system’s use of interrupts to begin our discussion. 
An interrupt is a signal that is generated outside 

the Z80 microprocessor, which suspends 
execution of the current program while the signal 
is being dealt with. 

The Amstrad computers operate with the Z80 

programmed for mode 1 interrupts — that is to say 
whenever an interrupt is detected, control is 
passed to the interrupt-handling routine which 
resides in memory at $0038. In theory, an interrupt 
may be generated at any time by any device that 
requires attention from the Z80, although on an 
unexpanded Amstrad computer only one type of 
interrupt can occur, which is known as a timer 
interrupt. 

The timer interrupt is generated directly from 
the system clock (running at 4MHz) by the ULA, 
and it occurs every 300th of a second. All internal 
timing (such as that required by the Basic AFTER 
and EVERY commands) is a function of this timer 
interrupt. 

The timer interrupt is handled directly by a part 
of the firmware called the kernel, which interacts 
with the rest of the firmware by signalling different 
levels of interrupt, as shown in the System 
Interrupts diagram. Let’s consider each of these 
four signals separately: 

® The fast ticker interrupt occurs whenever the 
kernel receives a timer interrupt. 
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every three timer interrupts, and is used by the 
firmware to synchronise data transfer to the sound 
chip. It is not possible for the user to detect when 
this interrupt occurs, except by maintaining a 
count of the fast ticker interrupts. 
® The ticker interrupt occurs after every six timer 
interrupts and is used by the firmware to initiate a 
keyboard scan. 
® The frame flyback occurs after every five or six 
timer interrupts — depending on the type of video 
display being used — and is used for any screen- 
dependent timing. } 
The firmware maintains a count of fast 
ticker interrupts and this is available to the 
user, allowing timing loops to be set up 
without the need for a program to suspend its 
activities. The count may be set by calling 
KL_TIME_SET, which requires the value 
for the timer to be passed in the HL 
register pair. The current count value 
may be determined at any time by calling 
KL__TIME__PLEASE, which returns the value in HL. 
An example program of how to use these two 
routines is given here; this program polls the 
keyboard for a specified amount of time before 
returning. It could be incorporated into a program 
that permits the user a certain response time 
before performmg an operation (such as 
displaying a help message). | 

It is possible to use the timer interrupts directly 
by patching the RST 7 entry at $0038. The patched 
code should first copy out the existing three-byte 
entry, and then load in the new entry (which will 
normally be a jump to an address in memory). 
This new entry should be relocatable so that if a 
second routine copies it out again, it will still 
function correctly. 

The new routine can perform whatever task is 
required (for example, updating a clock) and 
should then execute the original entry by jumping 
to the location in which it was saved. This 
procedure ensures that any existing timer interrupt 
functions, such as polling the keyboard, are still 
carried out. The idea of inserting a ‘wedge’ of code 
into an operating system interrupt routine has 
been met in previous instalments of the machine 
code series (see, for example, page 1139). 

EXTERNAL INTERRUPTS 
The discussion so far has assumed that any 
interrupt received by the kernel was generated by 
the ULA, but it is possible that an interrupt may be 
generated by an external peripheral. For example, 
a serial interface could generate an interrupt 
whenever a character becomes available — a 
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routine would, in this case, have to be provided to 
read the character from the interface. 

For this to be possible the kernel must be able to 
distinguish between a timer interrupt and an 
external interrupt. Normally, when an interrupt is 
detected, the Z80 is disabled from receiving any 
more interrupts — this is to ensure that any timer 
interrupts are not violated. The kernel enables 
interrupts from within the interrupt-handling 
routine, and if the interrupt signal to the Z80 is still 
low (indicating an interrupt request) then a second 
interrupt will be generated. As a timer interrupt is 
not duplicated at this stage, this can be used to 
detect an external interrupt provided that the 
interrupt signal remains low until it has been 
serviced. When an external interrupt is detected, 
control is passed to $003B, and so this location 
should be patched with a jump to the interrupt- 
servicing routine — which then services the 
requesting device. 

The system hardware supports non-maskable 
interrupts (NMI) as well as standard interrupts. The 
NMlis different only in that it cannot be disabled at 
any time, and its use is not recommended as it will 
affect system activities with stringent timing 
requirements. In particular, the cassette and disk 
handling sections of the firmware — and parts of 
the sound-handling sections — continue to 
operate with interrupts disabled, but would be 
seriously affected if NMls were used. 

SOFTWARE EVENTS 
At the simplest level events may be described as 
the software equivalent of interrupts — particular 
tasks are performed separately from any main 
program by the firmware keeping a count of what 
events are to be processed and when. 

Although events may be used to handle 
external interrupts, they are most useful for 
complicated programs involving simulation, or 
that require operation independent of a main 
foreground program. For example, the Amstrad 
SSA-1 speech synthesiser uses an event to allow 
speech to be generated transparently from within a 
BASIC program. 

Events are presented to the operating system by 
an event block. This is simply a block of seven 
contiguous bytes located somewhere in the central 
32 Kbytes of memory. An event block has the 
layout shown in our diagram; held in the block are 
three fields, essential to all events, that characterise 
the type of event and where it will be processed. 

Within the event block is the event count, which 
_ keeps track of how many times an event has 
occurred. The process of incrementing the event 
count is known as kicking. Whenever an event is 
kicked the count is stepped up be one; after an 
event has been processed by calling the event 
routine, the count is decremented by one. Any 
event may be disarmed by giving the count a 
negative value. 

The event class indicates whether it is 
synchronous or asynchronous in relation to the 
main program. Asynchronous events are 
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processed independently of the main program and 
are intended for applications that require almost 
immediate action. ? 

Synchronous events are placed in a queue when 
they occur, so that the main program can process 
them when necessary. Synchronous events are 
processed in the order they occur. In addition, the 
event may also be express or normal. : 

In the next instalment, we'll consider the 
differences between the various classes of events, 
and the way in which the operating system deals 
with them. It may appear that using events 
presents a number of unnecessary complications, 
but in fact the event structure on the Amstrad is 
both powerful and flexible, and has the added 
advantage for the machine code programmer of 
being entirely system compatible. 

eo %e Be 
t 

SET.TIME: EQU £BD10 ; 
GET.TIME: EQU £BDOD : 
3 
READ.CHAR: EQU £BB09 ; 
PAUSE: EQU 300 ; 
; 

Bie THis 
LD  DE,O 
CALL SET.TIME 
ED ““BC> PAUSE =e 

The Main Event 
Events are the software 
equivalent of interrupts and the 
event block is used by the 
Operating system to keep track 
of any events set up. Seven 
consecutive bytes are used to 
hold the address of the event 
routine to which the block 
relates, the number — if any — 

of events that remain to be 

processed, and the class of 
eveni 

Example of using the Kernel timer routines 

read the fast tick time count | 

set the fast tick time count 

scan keyboard for char 
Pause for 300 ticks 

set time to zero 

set wait period 

(4 

7, wait for a character to become available from 
; the keyboard 

a 

WAIT: CALL READ.CHAR ; character ready? 

Reior ¢ i. Tf Sogo back 

: with carry set 

CALL GET.TIME ; find the time 

SBC HL,BC 7 one second? 
; Cor greater) 

JR C,WAIT > if not then retry 

tA 

> if we get here, then routine has timed out 

7 go back with carry false to flag a timeout 

(4 

RET 

=e 
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Semi-Conductive 
Semiconductors normally have 
four free electrons available to 
bond with adjacent atoms. If an 

_ impurity with five electrons in 
its outer shell is introduced then 
surplus electrons are available 
to move through the material 

when a potential difference is 
applied 

This is an algorithm designed to search through a 
series of data items in order to locate particular 
information. The data items might be array 
elements, records or record keys. 

There are a wide variety of search algorithms 
available to the programmer, many of which are 
used in specific applications. The simplest type is 
the ‘sequential search’. In this method, the 
algorithm starts at the beginning of a list of items 
and searches through until it finds the one it is 
looking for. Slightly more complicated, but 
somewhat faster, is the “binary search’ method. 
Here, the items are organised so that they are 
ordered — alphabetically, numerically or in some 
other sequential pattern. The algorithm begins its 
search in the middle of the file. If the key of the 
middle file is greater than the one sought, the 
algorithm will then confine its search to the bottom 
half of the file. Similarly, it will confine its search to 
the top half if the middle item is less than the ~ | 
required item. By slicing the list of items 
repeatedly in this way, the algorithm will 
eventually come across the item it is looking for. 

‘Breadth-first’ and “depth-first? techniques are 
similar in their methods. In breadth-first search 
algorithms, the information is organised into a 
‘tree’ system, and the algorithm begins its search by 
examining a particular node level. Once these 
have been exhausted, the search then proceeds to 
another level. Conversely, depth-first algorithms 
Start at a particular node and search all the paths 
leading from that node. If the sought-after item is 
not found, the algorithm moves back along the 
path until it finds a node that has not been 
searched, searches all the paths from there and so 
on. (For more information on breadth-first and 
depth-first search techniques, refer to our series on 
Al beginning on page 1221.) 

SECTOR 
This is a subdivided area of a track on a disk, often 
corresponding to a physical record, on which data 
is stored (see page 124). In order for the 
computer’s disk operating system to be able to find 
the information stored on sectors, each has its own 
address, which is made up of the track number and 
the position of the sector on that track. 

There are two types of sectors used with disks. 
‘Hard sectors’ are actually built onto the disks 
themselves, usually in the form of small holes 
drilled into the disks. Thus the sector can be 
physically detected by the disk drive mechanism. 
On the other hand, ‘soft sectors’ are set up 
magnetically — usually when the disk is formatted. 
This is performed by the software within the disk 
drive or computer, which instructs the read/write 
head (see page 1460) of the drive to place 
magnetic markers (known as ‘sync-marks’) at 
regular intervals on the tracks. 

SEMICONDUCTOR ~ 
This is a chemical element, such as silicon or 
gallium, whose conducting properties are 
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dependent upon their temperature. Thus, at one 
temperature, they will not conduct at all, but will 
become good conductors of electricity if the 
temperature is raised. The reason for this is that the 
electrons in the outer layers of the atom are 
dislodged from their orbits when heat is applied to 
them. This, therefore, generates a number of ‘free’ 
electrons within the material and, of course, an 
equal number of ‘holes’ in the atoms where the 
electrons have been dislodged. By applying a 
potential difference to either side of the 
semiconductor material, the electrons can be 
moved from one side to the other, thereby 
conducting an electrical current. 

Semiconductor materials have four potentially 
free electrons in their outermost shell. We can alter 
the properties of these materials by introducing 
other elements — a process known as ‘doping’. 

Introducing an element to a semiconductor such 
as arsenic, which has only three ‘free’ electrons, 
creates a surplus of positive holes and is therefore 
known as a ‘p-type semiconductor’. On the other 
hand, if we introduce an element with five free 
electrons in its outer shell, there will be a 
corresponding increase in free electrons, thus 
creating an ‘n-type semiconductor’. By placing a 
p-type and n-type semiconductor together, 
electrons can be made to flow from one to the 
other, as the electrons attempt to flow from the 
negative to the positive side. This effect is the basis 
of the transistor. 

SEQUENTIAL ACCESS 
This is a method of obtaining data whereby the | 
order of accessing remains the same, regardless of 
the data you are trying to obtain. Furthermore, 
unless gaps are left between the data for extra 
blocks of information, new data will have to be 
added at the end of previous blocks. 

By far the most common medium for the 
sequential access of data is magnetic tape. 
However, many floppy disk operating systems 
also place their files in sequential order during file 
organisation. 
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