






































































































































































































































































































































































































































































































































































































































































2. ASSIGN.SYS 

GSX SYSTEM 1 3-11 1 

As described above, this file contains the number and 
name of the logical Device Driver that the Apricot uses. 

When TYPEd it should display the following: 

A)TYPE ASSIGN.SYS 
01 ddacrt.sys 

A)_ 

The 01 indicates that the driver is a CRT device driver, 
and is the primary one that is used for output. 

The name of the file that contains the Device Driver is 
next. 

3. DDACRT.SYS 

This file is the ACT Graphics Input Output System. It is. 
what enables GDOS to draw lines, plot points and fill areas. 
The Device Driver was written in 8086 Assembler and 
Pascal. 

THE ACT GRAPHICS SYSTEM - DDACRT.SYS 

On the Apricot, the following functions are provided that 
are classed as "Machine Dependent" in the Graphics 
Systems Extension Programmer's guide: 

C> Line Attributes: 

a. 7 Line Styles, 1 to 7 
b. 5 Line Widths, I, 5, 7, and 9 (In Pixels) 

C> Marker Attributes: 

a. 5 Markers, 1 to 5 
b. 16 Sizes, 1,3, 5 .. 31 (In Pixels) 



13:11 1 GSX SYSTEM 

[> Text Attributes 

a. 1 character font 
b. 4 heights 14, 28, 42, 56 (In Pixels) 
c. Rotation, with the smallest angle 1 degree 

[> Fill Attributes 

a. 4 interior styles: 

O-Hollow 
1-Solid 
2 - Pattern 
3-Hatch 

b. 6 style indices for Pattern and Hatch interior styles 

[> Input Locator 

One device is available, using a cross-hair cursor: 

The keyboard, using the standard cursor keys or the 
numeric pad. The 5 key or the Clear key acts as a toggle 
for varying the cursor speed. 

[> Input Valuator 

One device is available here. The device is given an 
initial value which the user may increment or 
decrement by using the' +' or '-' keys. The default 
increment is 1, but this can be changed by typing a 
numeric key. Any non-numeric key apart from + and­
will terminate the input. 

[> Input Choice 

The user may enter a number between 0 and 99. If a 
single digit is entered, it should be followed by any 
non-numeric key to terminate the input. The 6 
membrane keys constitute the second input choice 
device. 



GSX SYSTEM 1 3-11 1 

[> Input String 

, Using the keyboard. Strings are terminated by typing 
carriage return. 

Elements and facilities not implemented in the first 
release of the graphics system are as follows: 

1. Colour 
2. Inquire cell array 
3. General Drawing Primitives: 

(a) Arc 
(b) Pie Slice 
(c) Circle 
(d) Graphics characters for use withprinters. 

4. Escape Op-codes: 

(a) Tablet Status 
(b) Hard Copy 
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CIRCUIT DIAGRAMS 

Figure 1. SYSTEM BOARD CPU SECTION 
Figure 2. SYSTEM BOARD DRAM AND CRTC LOGIC 
Figure 3. 128k DRAM SECTION 
Figure 4. EXPANSION SLOTS 
Figure 5. KEYBOARD 

The circuit diagrams listed above can be found in the 
wallet on the inside of the back cover of the manual binder. 
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BOOT PROM DIAGNOSTICS 

After a power-on reset, or following a keyboard reset prior 
to the insertion of a system disk, the boot PROM performs a 
series of diagnostic checks on the system hardware. After 
the first 8 system diagnostic checks, the screen is initialised 
to display the Apricot logo and the words "Testing". If all 
the diagnostic checks pass, "Testing" is replaced by 
"System OK", the RAM size and the prompt for a system 
disk (disk symbol and flashing arrow). 

If any of the diagnostic checks fail, the screen displays the 
RAM size, the prompt for the system disk and an Error 
number. The Error number indicates which diagnostic test 
failed, as detailed in the table on the next page. If more than 
one of the tests fail, the first failure detected is-indicated by 
the error code. 

If all the diagnostic checks pass and then the system is 
unable to boot a system disk, due to detecting an invalid/ 
corrupted disk or disk drive failure, the arrow stops flashing 
and an Error number is displayed according to the fault. 
These are detailed in the table below. Removal of the disk 
causes the disk prompt to be resumed, but leaves the error 
code displayed. 



FAILURE TO BOOT ERROR CODES 

Error Error 
Number Condition 

02 Disk Drive 
Not Ready 

04 CRC Error 

06 Seek Error 

Possible Cause 

Drive power failure, drive 
motor failure, drive not able 
to be selected, disk removed 
during boot. 

Corrupt disk data. 

Unformatted disk, bad track 
No. in disk 10 field, disk 
drive fault. 

07 Bad Media Corrupt disk media block. 

08 Sector Not Found Unformatted disk, bad sector 
No. in disk 10 field, disk 
drive fault. 

11 Bad Read Corrupt data field on disk. 

12 Read Fault 8089 processor, floppy disk 
controller (FDC), disk drive 
faul t. 

99 Invalid System Disk Invalid header on disk. 



Error 
Number 

20 

22 

23 

24 

25 

26 

27 

28 

DIAGNOSTIC TEST ERROR CODES 

Test 

PROM Checksum 

SIO read/write 

CRTC read/write 

Screen RAM read/write 

System RAM read/write 

PIO transfer 

PIC read/write 

FDC read/write/seek 

Possible Cause 

Boot PROM Fault 

Serial input/output 
controller fault. 

CRT Controller fault. 

Screen RAM fault. 

System RAM fault. 

Parallel Port fault. 

Interrupt Controller fault. 

Disk Controller, disk drive 
faul t. 

29 TMR read/write Programmable Timer fault. 

30 RS232C transfer Z80 SIO channel A fault. 

31 Keyboard initialisation Keyboard fault or Keyboard 
disconnnected. 

32 TMR accuracy. Programmable Timer fault. 

33 TMR/PIC interaction Programmable Timer or 
Interrupt Controller fault. 

34 lOP initialisation/ 8089 processor. 
memory transfer 
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DEFAULT CHARACTER FONT 

The default character font loaded by the BIOS into the 
System RAM (for UK use) is illustrated on the following 
page. This is the ASCII character set, SINTL 01 which is 
allocated 8 Kbytes of System memory from address location 
0800H to 27FFH. Each of the 256 characters is stored in an 
area of memory defined as a font cell, which consists of 32 
contiguous bytes in memory, organised as 16 consecutive 
16-bit words. For further details of the concept of the font 
cell and details of the method of displaying characters on 
the screen, refer to the Screen Driver and CRT Control 
chapters. 

Note: The Screen Driver interprets the first 32 ASCII codes 
of the character set (OOH to IFH), as control codes, unless 
the escape sequence ESC 8 is sent to the driver. 



ASCII CHARACTER SET 

0 1 2 :3 4 5 6 7 B S A B C D E F 
0 @ 8 ~ + + 4- • a 0 EJ (jI ~'2 f f.J .f-

0 , 2 3 4 5 6 7 I 9 '0 " 
,3 ,4 '5 

1 ~ ~ 
I7
t

'8 

! ! q] § t
23 
i ! -+ ~ L.. ++ • • -'6 '9 20 2, 22 24 25 26 27 21 29 30 3' 

2 ! " # $ % & r ( 
) 4' * + / -r 

32 33 34 35 36 37 38 39 40 42 43 44 45 41 47 

:3 0 1 2 3 4 5 6 7 8 9 < = > ? r 
48 49 50 5' 52 53 54 55 56 57 58 59 &0 II 12 &3 

4 ~ A B C D E F G H I J 1'i L M N 0 
64 65 66 67 6& 69 70 71 72 73 74 75 7& 77 7B 79 

5 P 0 R S T U V W x y z [ \ ] I\. 

-
80 81 82 83 84 85 86 17 88 19 90 91 92 93 94 95 

6 
, 

b d f h i j k 1 a c e 9 m n 0 
96 97 98 99 '00 101 ,02 103 104 105 106 107 108 109 ,,0 111 

7 P q r s t u v { I } -w x y Z I 0 
112 113 ,,4 115 116 117 118 ,,9 120 121 122 123 124 125 121 127 

B C ii e a a a a If e e e 1 i i A A 
,28 129 130 131 132 '33 134 135 136 137 138 139 140 141 142 143 

S E tt! IE 0 0 0 11 il ,y- o ii ¢ £ ¥ Pt f 
144 145 146 147 '48 '49 150 151 152 153 154 155 151 157 158 159 

A Ii i 0 U ft N ~ Q l r- -. ~ ~ i « » 
160 16' 162 163 164 165 166 167 168 169 170 171 172 173 174 175 

B I:O!i!iL Il /ij.ljIL I -t ~ il 11 =t ~I II il :!J .II :I , 
179 180 '81 182 183 164 185 186 187 188 119 190 191 

C L .L T ~ - + ~ I~ l!: Ii 
JL - I~ - JL .L - 1r - 1r -

192 193 ,94 ,95 196 1!17 '98 199 200 201 202 203 204 205 206 207 

D J1 - 1r U. I: F rr * =1= J r I I I • T • 208 209 210 21' 212 213 2.4 215 21. 217 211 219 220 221 222 223 

E DC fl r 11 E IT jJ T g .g. n li m cfl E n 
224 225 226 227 21 29 230 231 232 233 234 235 236 237 231 239 

F ± 2! 5: r J = 0 J n 2 • - . 
240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 
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HEXADECIMAL TO DECIMAL CONVERSION 

INTRODUCTION 

This appendix provides a simple method of converting: 

(a) Any hexadecimal value from OOOOOH to FFFFFH to a 
decimal number. 
(b) Any decimal number from 0 to 1,048,575 to a 
hexadecimal value. 

This method of converting between the two different 
bases makes use of the look-up tables overleaf and generally 
requires a simple arithmetical calculation to be carried out. 
Two examples are shown below using arbitrary numbers to 
illustrate the principles involved. 

Example 1. Conversion of 7FEA3H to decimal. 

Step 1. Partition the hexadecimal number into the following 
segments 

70000H+ .. , x 

OFEOOH+ ... Y 
000A3H ... z 
7FEA3H 

Step 2. Use look-up table 1 to find the value of x. i.e. 458.752 

Step 3. Use look-up table 2 to find the value of y. i.e. 65.024 

Step 4. Use look-up table 3 to find the value of z. i.e. 163 

Step 5. Add the three decimal numbers together to arrive at 
the required result. 

458.752+ 
65.024+ 

163 

523. 939 = 7FEA3H 



Example 2. Converting 8,322 to hexadecimal. 

Step 1. Search through the look-up tables to find the number 
which is identical to the decimal value; or if this is not 
possible (as in most cases), the value which is closest, but 
lower than the decimal value. 

e.g. 8,192 = 2000H from look-up table 2. 

Step 2. Subtract this value from the original value. 

8,322 -

8,192 -

130 

Step 3. Repeat the procedure as detailed in Step 1 using the 
result of the subtraction process. 

e.g. 130 = 82H from look-up table 3. 

Step 4. Add the heaxadecimal values obtained to arrive at 
the required result. 

2000H+ 
82H+ 

2082H = 8,322 decimal 



Table 1 

Hex 

00000 
10000 
20000 
30000 
40000 
50000 
60000 
70000 
80000 
90000 
AOOOO 
BOOOO 
COOOO 
DOOOO 
EOOOO 
FOOOO 

DeCiMo.l 

65,536 

131.072 

196,608 

262.144 

327,680 

393,216 

458,752 

524,288 

589.824 

655,360 

720.896 

786.432 

851.968 

917,504 

983,040 

Table 2 

Hex 000 100 200 300 400 500 600 700 800 900 ADO BOO COO DOO EOO FOO 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 

256 512 768 1,024 1..280 1..536 1..792 2,048 2.304 2,560 2.816 3,072 3,328 3,584 3,840 

4,096 4,352 4,608 4,864 5,120 5,376 5,632 5,888 6,144 6,400 6,656 6,912 7,168 7,424 7,680 7,936 

8,192 8,448 8,704 8,960 9,216 9,472 9,728 9,984 10,240 10,496 10,752 11..008 11.264 11.520 11.776 12.032 

12.288 12.544 12.800 13,056 13,312 13,568 13,824 14,080 14,336 14,592 14,848 15,104 15,360 15,616 15,872 16,128 

16,384 16,640 16,8% 17,152 17,408 17,664 17,920 18,176 18,432 18,688 18,944 19,200 19,456 19,712 19,968 20,224 

20,480 20,736 20,992 21..248 21.504 21.760 22.016 22.272 22.528 22.784 23,040 23,296 23,552 23,808 24,064 24,320 

24,576 24,832 25,088 25,344 25,600 25,856 26,112 26,368 26,624 26,880 27,136 27,392 27,648 27,904 28,160 28,416 

28,672 28,928 29,184 29,440 29,696 29,952 30,208 30,464 30,720 30.976 31.232 31..488 31..744 32.000 32,256 32.512 

32.768 33,024 33.280 33,536 33,792 34,048 34,304 34,560 34,816 35,072 35,328 35,584 35,840 36,096 36,352 36,608 

36,864 37,120 37,376 37,376 37,888 38,144 38,400 38,656 38,912 39,168 39,424 39,680 39,936 40,192 40,448 40,704 

40,960 41..216 41..472 41..728 41.984 42,240 42,496 42,752 43,008 43,264 43,520 43,776 44,032 44,288 44,544 44,800 

45,056 45.312 45,568 45,824 46,080 46,336 46,592 46,848 47,104 47,360 47,616 47,872 48,128 48,384 48,640 48,896 

49,152 49,408 49,664 49,920 50,176 50,432 50,688 50,944 51.200 51.456 51.712 51.968 52.224 52,480 52,736 52.992 

53,248 53,504 53,760 54,016 54,272 54,528 54,784 55.D40 55,296 55,552 55,808 56,064 56,320 56,576 56,832 57,088 

57,344 57,600 57,856 58,112 58,368 58,624 58,880 59,136 59,392 59,648 59,904 60,160 60,416 60,672 60,928 61.184 

61.440 61.696 61..952 62,208 62,464 62,720 62,976 63,232 63,488 63,744 64,000 64,256 64,512 64,768 65,024 65,280 



Table 3 

Hex o 2 '3 4 5 6 7 8 9 ABC D E F 

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

1 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

2 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 

3 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 

4 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 

5 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

6 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 

7 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 

8 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 

9 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 

A 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 

B 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 

C 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 

D 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 

E 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 

F 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 
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DESIGN CRITERIA FOR APRICOT EXPANSION 

BOARDS 

INTRODUCTION 

This appendix acts as a supplement to the information 
provided in the Expansion Slots chapter in the HARDWARE 
section, and defines the guidelines and constraints applied 
to the design of both the hardware and software for 
Expansion Boards in-house within ACT (Advanced 
Technology). 

Any third party vendor who wishes to design Expansion 
Cards which are/will be compatible with ACT's existing 
and future products must strictly adhere to the information 
provided below. 

The guidelines are divided into a number of different 
areas, which can be broadly summarized as follows: 

(a) Using interrupts. 
(b) Using the DMA facilities. 
(c) I/O address allocation. 
(d) Mechanical Constraints. 
(e) Miscellaneous Criteria. 

INTERRUPTS 

Of the two interrupt request lines to the Interrupt 
Controller on the System Board, INT2 and INT3, INT2 is 
reserved by ACT solely for use by the ACT Winchester 
Controller Board. All other Expansion Boards must use 
INT3 only. 



To account for the possibility of two boards both 
requiring the use of the single available interrupt request 
line: 

(a) All boards using INT3 must contain a status 
register. 
(b) The software device driver must operate in the 
manner described in the paragraphs below. The use of 
the status register will also become apparent. 

Device Driver Specification 

Installing the device driver at system boot. 

One of the routines executed during initialisation must 
read the four vectors stored in memory specified by the 
interrupt number 53H, and then substitute its own vectors 
to point to the appropriate device driver service routine. 

Run-time operation. 

The first task undertaken by the service routine must be 
to read the status register to check that the device is the 
actual cause of the interrupt. If not, the device driver 
immediately relinquishes control to the service routine 
specified by the vectors read previously during 
initialisation. 

If the interrupt is caused by its own device as indicated by 
the status register, the driver naturally performs the 
appropriate service routine. At the end of the routine, the 
device driver must relinquish control to the routine 
specified by the vectors read during initialisation. 

This effect, where multiple device drivers are installed all 
using the same interrupt line, is similar to the technique of 
"daisy chaining" interrupt lines and acts as a logical 
extension to the MS-DOS 2.0 installable device driver 
philosophy. 



Notes 

1. At boot-time the BIOS assigns in effect a null device 
driver to interrupt number S3H, which performs two 
functions: 

(a) Supplies the end of interrupt command to the 
Interrupt Controller. 
(b) Returns control back to the program point of 
interruption. 

The "null device driver" is always the last "driver" to be 
serviced, since it will always be the first one installed (Le. 
the end of the "daisy chain"). 

2. Since the last loaded driver will always be the first device 
serviced following an interrupt (i.e. the beginning of the 
"daisy chain"), the order of loading multiple device drivers 
automatically assigns an order of priority. Time critical 
device drivers therefore, should always be loaded last. 

3. The maximum time allowed for each interrupt service 
routine should generally not exceed lams. 

DMA TRANSFERS 

Channell of the I/O processor (lOP) is permanently 
assigned to the Floppy Disk Controller on the System Board, 
so the input lines DMA 1 and EXT 1 are not available for use 
by any Expansion Board. All DMA transfers fromlto the 
Expansion Boards must make use of channel 2 of the lOP 
(control lines DMA 2 and EXT 2). 

The start of the Channel Control Block for channel 2 is 
located at S08H. On no account should: 

(a) The priority bit in the CCW byte be updated to 
assign a greater priority to channel 2 than channell. 
(b) The Channel Control Block for channell be altered. 



1/0 ADDRESS ALLOCATION 

The available 1/0 address range for the Expansion Boards 
is split into a number of categories according to the type of 
board. This approach is necessary to avoid the possibility of 
the Expansion Slots being filled with Expansion Boards 
utilising the same I/O addresses. 

The following table details the I/O addressses assigned to 
thevarious categories of Expansion Cards. (The values of the 

. port addresses are in hexadecimal). 

Expansion Board I/O Port I/O Port 
Category Address* Address* 

Colour/Graphics Boards 80 to 8F 100 to 10F 

IEEE 488 Controllers 90 to 9F 110 to 11F 

Local Area Networks AO to AF 120 to 12F 

Gateways BO to BF 130 to 13F 

Miscellaneous Communications CO to CF 140 to 14F 

ACT Reserved DO to DF 150 to 15F 

Winchester Boards EO to EF lEO to IFF 

Modems FO to F7 1CO to 1DF 

Undefined - 160 to 17F 

Undefined - 180 to 19F 

Undefined - lAO to 1BF 

* I processor wait state is automatically inserted 
to any I/O read or write by accessing addresses in 
the column below. 



* Processor wait states are only inserted to I/O 
read or wri tes by accessing the addresses in the 
column below if the IRDY input is utilised. 

MECHANICAL CONSTRAINTS 

The Expansion Slots chapter in the HARDWARE section 
illustrates the mechanical details (board size, connector 
details, maximum component height available for each slot, 
etc.), for a standard design of Expansion Board. Different 
designs are possible, utilising the available space in a 
different manner as long as the new design does not prevent 
the insertion of a standard design of Expansion Board into 
the other slot. 

In general, all Expansion Boards should be designed to the 
tighter tolerances specified for the slot Expansion 1 to allow 
the integral ACT Modem, when fitted, to monopolize the 
Expansion 2 slot. 

MISCELLANEOUS CRITERIA 

1. One of the 8086/8089 instructions has a specific purpose 
on the System Board and is not available for use in any other 
software. This is the bus lock instruction LOCK, which is 
used by the BIOS to access interrupt vectors, generated by 
the Z80 SIO. 
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SUMMARY 

Hardware Considerations 

[> Interrupt request line, INT2 is reserved for the ACT 
Winchester Controller Board. 

[> Every Expansion Board which uses the interrupt 
request line must also provide a status register. 

[> DMA request line I is not available as this is 
permanently assigned to the on-board Floppy Disk 
Controller. 

[> All Expansion Boards must be designed to fit into the 
Expansion I slot to allow the Apricot integral Modem 
to utilise Expansion 2. 

[> Address decoding must assign the device to the 
categories defined above. 

Software Considerations 

[> All device drivers using interrupts, must follow the 
specification detailed above, to enable more than one 
device driver to use the same interrupt line. 

[> The time taken for each device driver interrupt service 
routine should not exceed IOms. 

[> DMA Transfers can only use channel 2 of the 1/0 
processor. 

[> The bus lock instruction, LOCK cannot be used. 


