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The SEGA SC3000 home computer is a late addition to the computer 
scene. It has good graphics and sound, with the pranise of greater 
things to Ccm2 in the near future with the release of disc attatch
IIEI1ts. This book seeks to add to the growing knowledge of the internal 
\\Qrldngs of theSEGA, and in so doing, help others in their search for 
better and quicker ways of prograrrming. 

BASIC CHRATICN PROCIPLES 

The SEGA computer can be represented as three nain components, 
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CENrnAL PROCESSOC UNIT (rnJ) 

This device carnunicates with all the devices connected to it, and 
transfers infomation beTheen the devices as required. (This my 
involve the llBnipulation of the data internally within the rnJ.) 

MEM)RY 

There are t\\Q types of IIBIDry used, Read Cbl y and Randan Access 
IIBIDry (RCM and RAM). The RCM contains the BASIC language (begin
ners all-purpose symbolic instruction code), and the necessary 
programs which enable the rnJ to coornunicate with all the other 
devices. The contents of the RCM are retained when the power is 
turned off. RCM can only be Read by the rnJ, and is a sort of 
text book fran which the rnJ gets the necessary instructions 
infonning it of what to do. RAM is used for temporary program 
storage, and its contents disappear when the power is turned off. 
This explains why you must transfer your program to cassette tape. 
RAM can be thought of as a blackboard. Infomation can be both 
written onto it and erased. 
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lNFUT/anrur DEVICES 

These devices allow the user to call11lll1icate with the CRJ and 
allows feedtack fran the CRJ to the user . An exampl e of an 
input/output device is the keyJxm-d and Video Display. 

ffi.MJNICATICN BETWEEN DEVICES 

Pach device cormected . to the aD is given a unique box mnnber 
(ADmESS). The CRJ can call11lll1icate with the specific device by 
placing its box mnnber (ADDRESS) on the ADDRESS IDS. A bus is 
a carrron highway Which allows call11lll1ication bet~ devices. 
Having placed the right address on the bus, (ie selected the 
correct box nunber) , the CRJ can then read fran or write to the 
selected device. The CRJ transfers infomation be~ devices in 
BINARY fomat. The stallest elerent in binary is a BIT. A bit 
is represented as having one of two possible states, CN or OFF. 
The CN state is nomall y designated '1' Whilst the OFF state 
is designated a '0'. The CRJ hO\\ever, can work with eight bits 
at a tinE. This group of eight bits is called a BYIE. A byte 
can be thought of as eight buckets, where each bucket could be 
full or anpty. It thus follows that the rraximum nunber of 
canbinations possible with eight bits is 2!XJ. Pach address 
(box) is capable of storing eight bits, thus any box can have as 
its contents a value of be~ 0 and 255. The CRJ IIDves the 
bytes around via the DATA ID3. In this case the DATA IDS is 
bidirectional, ie infomation can travel fran the CRJ to a 
device or fran a device to the CRJ. Pach device is cormeeted to the 
address bus Which is used by the CRJ to tell the device that the CRJ 
is talking to it. The address bus is sixteen bits wide, thus the CRJ 
can access anyone of 65536 possible locations (or boxes Which hold 
8 bits each). To infonn the devices as to Which way the infomation 
is travelling on the data bus, a CXNTROL IDS is used. This control 
bus infonns the device if it should expect to receive data (ie a write) . 
or whether it should present data so that the CRJ can read it (ie a 
read). The CRJ has tanporary storage boxes inside it called 
RH:;ISTERS. When the CRJ wishes to transfer infomation fran one 
address to another, the CRJ carries out the following sequences, 

1) Places the correct address (box nunber) on the address bus 
2) Reads the contents of the selected address via the data bus 
3) Transfers the infomation to one of i ts registers 
4) Places the destination address on the address bus 
5) Transfers the contents of its register onto the data bus 



6) Infonns the device at that address to get the new contents 
for that address, which is appearing on the data bus 

The au can have up to 256 seperate ports. These are selected 
by an eight bit value on the address bus, and the use of a 
special signal on the control bus. This special signal is act
i vated when you use the camand arr or INP in basic. These 
ports can each hold an eight bit value. Not all of the ports are 
used, so refer to chapter one and the section dealing with the 
rrarory llBpping arrangements for further informtion. 

This covers the sequence of operations "in a relatively simple 
!lBnner, and has served to introduce the reader to saTE of the IOOre 
technical tenns which will be used shortly. 

BiliARY & DELJMAL 

A byte of eight bits has already been introduced. These eight 
bits can be either on or off, so a byte in binary could be re
presented as follows, 

B7 B6 BS B4 B3 B2 Bl ro 
1 1 101 0 1 1 

Bit seven is the bit which has the greatest value, while bit zero 
has the least value. Bit seven is thus called the M::SI' SIGNIF
ICANT BIT (t£B) while bit zero is called the I.EASI' SIGNIFICANT BIT 
(LSB). In tenns of the decillBl value of each bit, the following 
example should help, 

DecillBl Value 128 64 32 16 8 4 2 1 
Binary digit B7 B6 BS B4 B3 B2 Bl BO 

thus a byte of llCXXXXXl will have a decillBl value of 192, because 
bit 7 and bit 6 are both '1', so the decillBl result is 128+64. 
Where a '1' occurs, the decillBl value is added, while all 'O's 
are ignored. 
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HFXAIEIMAL OOTATICN 

Binary nunbers of eight bits are SCfIEtiIres tedious to write down, so 
a rrethod was devised in which the binary numbers are represented in 
another form. This form is lmown as HEXJIJECIMAL (hex) . It has a 
nunber base of 16 digits (decirrn1 has 10, binary has t\o.Q). The 
equilavent decinBl, binary, and hex values are listed below, 

BiliARY DEnMAL HEXJIJECIMAL 

am a a 
exxn 1 1 
0010 2 2 
0011 3 3 
0100 4 4 
0101 5 5 
0110 6 6 
0111 7 7 
lcxx) 8 8 
1001 9 9 
1010 10 A 
1011 11 B 
1100 12 C 
1101 13 D 
1110 14 E 
1111 15 F 

As shown, hex ranges frarD'F. When the hex number is larger, ie 
16 in decinBl then the hex mrnber becares 10. This is exactly the 
sane as in decinBl when you go fran 9 to 10. Looking at a byte 
(eight bits), the four least significant bits are called the I.aVER 
NIBBLE, while the four mst significant bits are called the 
UPPER NIBBlE. (A nibble is 4 bits). 

Upper Nibble Lower Nibble 
B7 136 B5 B4 B3 B2 B1 ill 
1 1 a 1 a 1 1 1 Binary value of each bit 

To represent this in hex requires t\\Q hex digits, as each hex digit 
can only represent four bits. The upper and lower nibbles are con
verted to hex digits, with the r esultant hex digits being written with 
the rrrnt significant one first . In the example above, 

1101 in binary is '13' decinBl so thats 'D' in hexidecinBl 
0111 in binary is ' 7' decilml so thats '7' in hexidecilml 



so the corresponding hex digits which represent the byte 11010111 is 
'D7'. HexidecinBl digits are prefixed with &H in SJ;r;A tasic, and the 
hexidecinBl value of any decinBl m.nnber can be fOlmd by using HEX$. 
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The SEGA caTIputer has tVK> rrain sections, tIARllVARE and SOTIWARE. 
Hardware refers to the physical reality or components, whilst 
software refers to the programs which control the hardware. 

tIARllVARE: The hardware can be split into several rrain sections. 

1) CENTRAL PROCESS:'R: This is a 'lID 8bit processor. It has a 
IIEXimun address range of 65535 bytes. The first 32K is occupied 
by the &sic RCM or Ganes RCMs, while the other 32K is for RAM. 

2) VIDED DISPlAY: The Video (hlp is a Texas InstIl.lllE11ts 'IM19929A. 
This provides up to four display m:xies, 32 sprites, 20 millisecond 
interrupt generator, and 16Kbytes of dedicated RAM. The Video Ram 
has no connection to the central processor, and is updated by 
writing to the VIP. The VDP is port IIBPped at &HBE and &HBF. 
The internal structure of the VIP and its progranming is detailed 
in chapter 2. 

3) 8aJND GENERA'I"ffi: This is an SN76487AN chip. It has three sound 
channels and a noise generator. Each channel has its own program
IIBble attenuator for controlling the output volUTE. It is IC4 on the 
rrain K: board, and its progranming is discussed in chapter 3. 

4) SYSTEM RAM: This is a 2Kbyte chip 8212 (1C3). It is IIBIDry IIBPped 
at address's &lIXXX) , &lC7FF. It is used for stack and data storage 
by plug-in cartridges. 

5) INFUT/a.mur DEVICES: These include the keyboard, printer, joy
sticks and cassette. The devices are connected to the canputer 
systEm via a prograrmable interface chip, a 8255 PIA (ICS). This 
PIA has threeports and a control register. The informtion sent 
to the control register determines whether the ports will be read 
or write or both. 
The ports are labelled as follows; 

KRT A located at address &HOC Keyboard t1itrix 
KRT B located at address &HOD Keyboard t1itrix 
RRr C located at address &fIDE Keyboard Control 
KRT D located at address &HDF Control Register 

The actual progranming of this PIA will be covered in chapter 5. 

6) ADffiESS DEJJXIER: This is achieved by IC2. A logic level of zero on 
the appropiate CS lead will enable that particular chip. Chly one 
device lIBy be enabled at any tine. The CPU can cnly talk/listen to 
one device at a tine, so it is the function of the address decoder to 
prevent lID:re than one device interacting with the at! at any IlUD2I1t. . 



INTERRUPTS: The SEGA canputer operates with till interrupts. An inter
rupt is a halting of the process being carried out by the processor, a 
jump is then lIBde to a specific program in ID31X)ry, and when this progrAm 
ends the original program is resumed. 

NCN-MASKABLE INTERRUPT (NMI): The interrupt causes the processor to jump 
to address &Hca:6. This occurs whenever the RESEr button is pushed. A 
check is lIBde of location &H97E2 which stores whether a program resides 
in ID31X)ry, then the start -up routines are executed. The NMI cannot be 
disabled. 

INTERRUPT (INT): This is used for TIME$ and is generated by the VDP chip 
every 5D milli-seconds. It can be disabled by a Dl (disable interrupts) 
ccmmnd using lIBchine-code. It must also be noted that the SEGA canputer 
also uses Interrupt Mxle 1, which forces INT to address &HOO38. 

TIIE SEGA ME}ORY: The SEGA uses a 'Zf5J microprocessor, thus 
has a rrnx:imurn address range of 64K. 

0000 -lHHHHHHHHHHH~ All &sic programning lEeks 
~~ 

·H· 

~~ 

BASIC 
RCM 

or 

* occupy 0000' 7FFF, and canprise 
-l~ not only RCM but also RAM. 
-l~ The 2K of syst6II RAM is located 
* at exm' C7FF . There is NO onboard 

-l~ CARIRIIQ;-Y.- RCM! The Video RAM, keyboard, 

~x- GAr1£: 

7FFF -lHHHHHn'HHHHH~ sound generator, and printer 
-l~ RAM -l~ are all tBnk-selected using 
-l~ AREA * I/O ports. GaIre Cartridges 
-l~ -l~ use the syst6II RAM chip located 
-l~ -l~ at exm'C7FF which is the only 
-l~ -l~ ID31X)ry which is on-board. RAM is 

FFFF -lHHn'HHHHHn'HH~ always located in 7FFF'FFFF. 
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INRJI'/currur RRIS: 

******'l''**** 
7F * saJND * SN74689AN &nmd Generator. 

*l''*****iHHH!-

IX:: * RID' A * Keyboard t1ltrix. 
**1h'HHHHHHHr 

DD * RID' B -l~ Keybooxd t1ltrix 
-lBHHHHHHHH* 

DE * RID' C * Keyboard Control. 
?HHHH~V'** 

DF * CINIROL * PIA Intel 8255. 
****IHl*'n'**'l~ 

BE *VIF ~E- 1M1CJ129A VIX::. (+161< VRAM) 
-l:~-IHHHh'I"lHI"IH~ 

BF *VIF * Other part of VIX::. 
*,'HHHH~ 

FUJR CUDR PRINI'ER/PI.DIT: The printer is nm by a dedicated Shit 
micro-canputer, type 68)5. This CFU has the RCM built inside the actual 
chip, and thus, if it goes faulty, it must be thrown away. The na.:h
anisn is standard, and is used in a wide range of printers, eg, Sharp, 
Ccmrodore, Casio, etc. Sare parts are thus interchangeable. 

~ARE: 

BASIC CARIRICGES: The Pasic cartridges (LVIIIA/B) contain a 32K 
RCM chip and also RAM chips. The Pasic operating system must use sane 
of the RAM space for the storage of variables etc, (ie reserved Ram 
areas), thus this explains why only 2fi520 bytes are available to the 
user when using the level lIIB cartridge. 
TIlE LEVElJIIB CARIRIIx;E: This contains a 32K RCM, 4 16Kx4bitRAM chips, 
and a few support chips. 
GAMES: The ganes cartridges usually contain a single RCM chip. The 
on-boord system RAM located at &lDXX) is used for temporary storage 
of variables and the system stack. Sare cartridges do use tw RCM 
chips. 



SEGA &\SIC RCM: It occupies the first 32K of llEIDry sp1ce. This 
leaves only 32K left for RAM. The &sic RCM contains the &sic 
language, and allows the user to program the canputer using english 
type statEflElts. The necessary routines to m:mage the keyboard, printer 
sound generator etc are all part of the &sic language. These routines 
my be called independently so that a prograrrJ1Er can use than as p1rt 

of his own program. This is achieved by use of the CAlL statEflElt fran 
basic. 

RESERVED RAM AREAS: &HaxD" &H97FF 

In order for &sic to convert data fran one form to another, and to 
execute caJllBIlds or run programs, it must reserve storage sp1ce for 
this purpose. The reserved Ram is also used to store pointers which 
hold the address or location of the program in llEIDry, the data being 
used, variables and their values, what line ntnnber is being executed, 
the color and cursor inforIIBtion, the character and sprite p1tterns, 
etc. Table XXXI lists sane relevant reserved locations. 
BASIC PRCX;RAM FD1NIERS: Whenever a &sic program is typed in or 
RUN, the &sic language in RCM must know where to locate the program, 
whereabouts the program ends, where the variables are and what their 
names are, etc. &sic thus stores all this inforIIBtion in a Reserved 
RAM area, reserved because if this inforIIBtion is lost or destroyed, 
then the program will fail to execute proper I y, if at all. Each location 
in the Reserved RAM area holds a specific value, eg, llEIDry locations 
&H8IED and &H8I6I store the address of the start of a &sic program. 
To determine the start address in hexadeciIIBl, type the following 

PRINT HEX$(PEEK(&H8I6I));HEX$(PEEK(&H8IED)) 

The other pointers associated with the &sic program are listed in 
Table XXXI. l'1mipulation of these pointers can result in ~rge 
programs, the ability to save and load mchine-code blocks of llEIDry 
or string storage areas (ie data) etc. For an example of this, refer 
to the auto-load routine in chapter 4. 

PASIC LINE STORAGE R»1AT: When a line of &sic program is typed into 
the caTIputer, it is stored in an area of designated free RAM. The way 
that each line is stored in I1BIlOry is as follows, 
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Byte 1 
Byte 2 
Byte 3 
Byte 4 
Byte 5 
Byte 6 ''Byte N-l 
ByteN 

Number of Bytes in the line 
least significant Byte of line number 
t-bst significant Byte of the line nunber 
Zero 
Zero 
P:asic line contents 
Ahays a carriage return &lDD 

'The end of each P:asic line is tenninated by a carriage return (CR). 
If this occured before it should, the P:asic language \\{)uld erase the 
rest of the line contents. CX:.casions where this might happen are 
explained in the section on String Packing. 

'IU<ENISED PASIC ~: P:asic ke)'\\Grds are stored in narory as a 
single hex byte. 'This saves narory space. When programs are listed or 
printed, the ke)'\\Grds are expanded into their full rmming. Table XXX2 
has a listing of the hex bytes and their equivalent P:asic ke)'\\Grd. 
When COooting the nunber of bytes in a line, ke)'\\Grds are COooted as a 
single byte only. 
SIRJN; PA~: String packing refers to the imbedding within REM 
statarents of a rmchine-code routine. Because Sega P:asic always 
starts at the sanE address in narory (&H9ffD) then this becares 
relatively easy. Itnrust be r6IBIlbered that the rmchine-code routine 
cannot have&OOD or 13 decirml in it, else P:asic will think that the 
line has actually finished, and the rEnEining rmchine-code will be 
lost. Refer to the program listed in Table XX21 for an example of this. 
Chce the program has been RUN, press break and list line 5. The 
rmchine-code data statements and poke routine can then be deleted, 
and the code can be saved as part of a norrml program. 
CDIDR BYTES: locations &H9339 and &H933A hold the color inforrmtion 
for the text and graphics screens respectively. 'The byte is split 
up into t\\G halves, the first half controls the writing color, and 
the other half the backgroood color. Refer to Table XXX7 for the 
values which determine each color. If a Red text on Yellow 
background is required in the text JIDde, IU<E &H9339, &H8B (8=Red, 
B=Yellow). 
INKEY$ SIrnAGE AREAS: locations &H9460 onwards store the value 
received fran the keyboard during an INKEY$ statarent. Table 
XXX4 lists the appropiate key, value and location for each key 
press. Note that each key pressed returns a different value, and 
that several locations are used to store the returned values. 
US:W; INKEY$ Wrrn: HYBRID PRCX;RAM): A hybrid program is a mixture 
of rmchine code and Pasic. 'This technique allows fast speed and 
ease of prograrnmin8. A typical layout follows, 



5 REM rmchine-code program poked into here 
10 A$=INKEY$: CAIL &H98.l3 : GJ1D 10 
20 REM &H<.8}3 is start address of m::ode 
Xl REM and tests key value returned in 
40 REM locations &H94tD-, then lIDVes the 
5D REM ship left, right, fires etc 

ER..~ MESSAGES: The &sic Error I1Essages are stored at &H73E8 " 
&H7676. The routine at &H73B7 is used to determine the actual error, 
and then print it to the screen. The code of the error is passed to 
the routine, which searches a table for the error code, then leads the 
text IJEssage that follows the error code. The following program lists 
the various errors and their appropiate code. 

5REM~ 
10 SCREEN 1,1: CLS 
20 Fm X=&H<.8}3 'ill &H<.:IDE 
Xl READ A: KKE X,A: NEXT 
40 Fm Y=O 10 70: KKE &H98:B, Y 
5D PRINT ''Y=''; Y;" ";: CAIL &H98.l3 
(jJ PRINI': NEXT Y 
70 DATA &H3E,0,&H4F,&OCD,&HB7,&H73 
00 DATA &IC9 

KWER-UP DIAGNCSI'ICS RCUI'INES: The Sega canputer, on power-up, carries 
out a self -check on the various internal canpnents. Should a failure 
occur, a jump is rmde to the fault indication routine, and an audible 
indication is given to the user. These indications are, 

Single Peep = RAM Failure 
Ibuble Beep = RCM Failure 
Triple Peep = VRAM Failure 

&H68CB 
&H6OOD 
&H6811 
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RCM RCUTINES: These routines are used by the cpu \\hen it 
carnn.micates with the devices connected to it. These routines 
ain be called independently by the pr~anmer, using a CAlL:' 
stataren.t. Table XXX3 lists sore important RCM routines. . 

Table XXXI. RESERVED RAM AREAS. 

Hex Address 
81fD/8161 
8162/8163 
8164/8165 
8166/8167 
8168/8169 
82A2 
82A3 
83A3 
8Iro 
8B36 
9336 
9339 
933A 
9364 
9411 
9412 
9413 
9420 
94(D 119400 
9484 
9485 
9486 
9489 
948A 
948E 
948F 
94<X:l 
9744/9745 

Purp::Jse 
Start of fusic program 
End of &sic program 
String Storage pointer 
Top of String Storage 
Top of t1:!rory pointer 
Program found flag, ~found 
FilenaIIE being loaded (16 bytes) 
FilenaIIE being saved (16 bytes) 
&sic Stack Area 
&HOO bytes. Write to VRAM &Hla:Dt 
Screen control 
(blor text screen byte 
(blor graphics screen byte 
&H80 bytes VRAM stores &Hla:Dt here 
Top range of cursor 
Pottan range of cursor 
8 bytes for storage of PATTERN command 
&H28 bytes for storage of VRAM data 
INKEY$ Storage area 
Cursor, O=nonrnl, 2=graphics 
1=lo~case, O=uppercase 
keybeep, ~beep, l~obeep 
Cursor position X value 
Cursor position Y value 
TiIre$ seconds 
TiIre$ minutes 
TiIre$ hours 
Address of DATA byte 



Table XXX2. &\SIC KEThORfS. 

C1 ~~ OC KJ:Iffi 82 usr AO rn 
C2 / ED FN 83 ILIST Al RElURN 
C3 M)D E1 10 84 AUTO A2 ERASE 
CA + E2 STEP 85 DELEIE A3 a.ms::R 
C5 E3 1HEN 86 RUN A4 IF 
C6 < > or > < E4 TAB 87 aNT AS RESIa'E 
C7 > =or= > E5 SFC 

88 WAD A6 SCREEN 
C8 < = or = < ex:: oor 89 SAVE A7 c:r:x.rn 
C9 > CD AND SA VERIFY A8 LINE 
CA < CE OR 8B N&l A9 ~ 
CB CF XOR OC RENlM M BEEP tor) Affi run RND 9) REM AB cx:NU.E 8132 SIN 8133 en; 

91 PRINT or ? AC as 8134 TAN 8135 ~ 92 lPR1NT or L? AD cur 8136 ACS 8137 A'IN 93 DATA AE CALL 8138 UX; ru39 LGr 94 DEF AF Rl<E 
OCBA LlW 813B EXP 95 INruT ill PSET rur:; RAD 813D DEC 

96 READ B1 PRESET 813E PI 813F ~ 97 SIDP B2 PAINI' a:ro INI' roll SGN 
98 END B3 BLINE rol2 AS:, rol3 LEN 
99 lET B4 REITIOO 

ro:J4 VAL rol5 PEEK 9A DJM B5 InFY 
f5JXJ INP rol7 FRE 9B FOR B6 SPRTIE are VPEEK roJ9 SITCK <x:: NEXT B7 PATIERN rolA STRIG OOAO GIR$ 9D cmo B8 CIRCLE OOA1 HEX$ OOA2 INKEY$ 9E a:6UB B9 OCIRCLE OOA3 LEFT$ OOA4 RIaIT$ 9F m BA MAG OOAS MID$ OOA6 SIR$ 

CD A BB VRl<E OOA7 TIME$ 
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Hex Address 

lCCD " 17BF 
17CD " 19FF 
lCBl 
2310 
240) 
2Bm (2BDl) 

2f2.A (2OCE) 
2C32 (2OCB) 
2C3D (2ID3) 
2CM (20C5) 
2C51 (20C2) 
2C54 (2BBF) 
?f:IY.+ 
3Am 
3AOF 
3A12 
3B33 
3D32 
3Im 
3DEE 
3FAO " 411F 
4120 " 4258 
4590 
47% 
475E 
47f:iJ 
476E 
4918 
4A6F 

6aX) 

6003 
6006 
6AB5 
ff:37 
779F 
78EF 
7A40 

TABLE XXX3. RCM RCUI'INES. 

Nature of Routine 

Omracter table (8x8) for VDP 
Pasic keY\'Qrds 
~termination of free bytes 
Get next character into DE 
Wri te character in A to video screen 
Read 00 bytes data fran VRAM (&Hl8JJ) to 
&H9364, write 00 bytes fran &H8B36 to VRAM 
(&HI8JJ), IJX)ve 00 bytes at &H9364 to &H8B36 
Read data fran VRAM 
Write address in IlL to VDP for VRAM read 
Write data to VRAM 
Write address in IlL to VDP for VRAM write 
Read VDP Status register 
Write to a VDP register. llita in A, Register in C. 
Hex conversion routines 
~lay using the :oc register 
Write Sync bytes to tape 
Write byte to tape 
Write 8 bytes fran &H9413 to VRAM 
SCREEN 1,1 
SCREEN 2,2 
Initialise Text and Graphic screens 
Keyboard characters arranged in IIBtrix form 
Pasic keyboard symbol table 
Reset TIME$ to "00:00:00" 
OJange cursor to graph 
OJange cursor to normal 
OJange input to lo~case 
OJange input to uppercase 
INKEY$ 
Write text pointed to IlL to current screen 
position 
Restart CXlI (Po~ ) 
Restart 3m (VIX;) 
NMI Entry (Reset) 
Print FRE routine 
RUN 
VERIFY 
WAD 
SAVE 



TABlE XXX4. INKEY$ SIORAGE AREAS. 

M::mJry Location Keys M:mitored Values Returned 

&H94W 
&H9461 
&H9462 
&H9463 
&H9464 
&H9465 
&H9466 
&H9467 
&H9468 

NOIE: 
spc= space 
clr= clear 
del= delete/ins 
cd = cursor down 
cl = cursor left 
crt= cursor right 

lQAZ,KI 1'8,32'128 
2WSXspc.ID 1'128 
3EOCclr/ ;RJ 1'128 
4RFVdelpi:@ 1'128 
51G&d][ 1'8,32'128 
6YHNclcr 1'8,32,64 
7UJM::rtcup 1'8,32,64 
Joysticks 
eng,fnc,ctr, 1 '8 
sht,spc 

eng= eng/ diers 
fnc= function 
ctr= control 
sht= shift 
cup= cursor up 
cr = carriage return 
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TIlE VISUAL DISPlAY PROCESSffi: 

The VIP is a Texas Instrurents g:)29A chip. This has several important 
features, such as sprites and interrupt capabilities. In the SEGA 
caTIputer, the VIP is mpped at ThQ port locations, &HBE and &HBF. 
These ports are the IreaI1S by \\hich the central processor carrnunicates 
with the VDP chip and the Video Ram. 

TIlE VISUAL DISPlAY r-DDES: 

The VIF has four seperate display m:xies. The four m:xies are, 

1) Graphics tvbde I 
2) Graphics tvbde II 
3) Text t1xie 
4) Multicolor m:xie 

Chl y the t\\Q used in the SEGA will be explained here, but a program 
\\hich allows the user to program the multicolor m:xie is appended 
at the end of this chapter. 

TIlE TEXI'r-DDE: The text m:xie provides for 40 characters wide by 
24 lines of text. Chl Y ThQ colors my be present on the screen at any 
tine. Pasic only allows the use of 38 characters per line, this is done t 

allow for older television sets who might chop off the 1st t\\Q characters. 
The t\\Q colors are referred to as the writ41g or foreground color, and the 
background color. These colors are specified by the CDI.ffi cCXl1IEIld, or 
my be altered by poking location &H9339 with the appropriate value . 
The address of Video Ram (VRAM) used to store the characters is as shown, 

*lHHHHHHh'HH'.-lHHHHHh'l-lHHh'HHh."-******lHHHH:-lHHHh'I"lH***** 

3000 # 1st line of 40 characters ~ 3C27 

* * * * * * * * 3F93 ~ last line of 40 characters ~ 3FBF 
*,'HHHHHH:*,'HHHHH:-lHHHHHH~'HHHh'Hh'HHh'h'HHHHHB·.-lHh<4 

TIlE GRAFHICS r-DDE II: The graphics IOOde allows all 16 colors to be used 
simultaneously, and the display is arranged as 256 by 192 pixels, where 
a PIXEL is a single dot on the screen. A seperate area in VRAM is 
used to store the color attribute of each pattern on the screen. 
The patterns are stored as follows, (displaying the 1st character in 
line 1 only) 



*-lHHH()()()(* 

* (XXX) * 

* am * 
* CXX)2 * 
* CXXl3 * 
* CXD4 * 
* CXXlS * 
* ocai * 
* CXXl7 * 
-1:"********* 

The characters are normally made up out 'of 8x8 pixel 
blocks. This shows the IIEkeup of the first character 
of the first line on the graphics screen. The eight 
bytes that IIEke the character are arranged as shown, 
with the address inclosed. The second character will 
thus use address's CXXB " CXX)F, the third character 
will use address's 0010 " 0017 etc. The color byte 
for each character is located at &H2CXXl ", ie, the 
color attribute address for the 1st byte is &H2CXXl, 
for the 2nd byte it is &H2001, for the 1st byte of 
the 2nd character it is &H2cx:B. 

The following program illustrates the colors avaiable in the graphics 
rrnde 

10 SCREEN 2,2:CLS:B=0 
20 FOR X=&HOOOO TO &H17FF 
30 B=B+1:IF B=7 THEN RESTORE:B=O 
40 READ A:VPOKE X,&HFO 
50 VPOKE X+&H2000,A 
60 NEXT X 
70 GOTO 70 
80 DATA &H01,&H24,&H35,&H6A,&H7B 
90 DATA &H8C,&H9D,&HEF 

ARClIl'lIDlURE OF THE 'IM1Sg:)29A: 

The VIP chip canprises eight (8 bit) write only registers, a read only 
(8 bit) status register, and an autoincrEm2I1ting (14 bit) address 
register. The registers hold the necessary address's or data for the 
VIP chip to be able to find the required ratterns in VRAM and determine 
the location, color, size etc of sprites or the text. The eight register 
functions in turn are; 
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Register 0: Register 0 controls the external VDP input, as ~ll as m:xle 
select. The external VDP input allows the ilmge fran 
another VDP to appear in the backgrOtmd. In the case of 
the SEGA this is disabled. M:XlE SELECI'(M3) controls the 
fomat .of the display screen. This is canbined with 
M2 and Ml of register 1 to select the desired screen 
layout. (see Table XXXS) 

Bits 7 6 5 4 3 2 1 0 
)()()()()()()()()()()()()E)()()()()()()()()()()()()()()()()E)()()E)C*lE)E)E)E)( 

*0 *0 *0 *0 *0 *0 *M3*EV* 
)()()()E)()()()()E)(lE)E)()()E)()E)E)()(lE)()()()()()HHE)E)(lE)()()()E)E)HHE 

Register 1: Register 1 controls the Video Ram type selection, the 
blanking out of the active display area, interrupt 
enable, M1, M2 and the size and IIBgnification factor 
of any sprites. The SEGA canputer has the following, 
VRAM bit = 1 for 4116 type, Blank bit = 1, Interrupt 
enabled(~) = 1, Screen m:xle = text, Size and M3g 
are O. 
SlZE: This bit det~s whether 8 x 8 sprites or 
16 x 16 sprites are used. 
MAG: This doubles the size of the sprites if aI, 
else if a 0 then the size is that set by the size bit. 
(Table :XXX6 gives the canbinations equal to the MAG 
canmnd on the SEGA) , 

Bits 7 6 5 4 3 2 1 0 
-lHHHE)()()()()()()(lE)()(lE)()()()E)()()E)()()()()E)E)()E)()()(lE)()()()E)E)H~ 

* 16K* BL * IE * M1 * M2 * 0 * SIZ* MAG * 
)()()E)E)()HC*l()()()HE)()E)E)()E)()E)E )E)E)E)()()(~HHE* 

Register 2: Register 2 holds the NAME TABLE address for the 
text or graphic screen, this being &Irrm( text) 
or &fKXXX)(graphics). 

Bits 7 6 5 4 3 2 1 0 
-)HE )( )( )( )HElHE )E )E )E )( )( )HHE )E )E )C*lC*lHE*-lHHE*-lHE-lHC*lHHHH~ 

* 0 * 0 * 0 * 0 * 4 bit Address * 
)()()()E )E)E)E)E)E)E )HHE)()()()( )HBHHHHHE*-lHC*lHC*lHHHHC*lHE 

Actual Address = 
4 bit address * 
&H400 

Register 3: Register 3 holds the CDLCUR ATIRIPllIE TABLE address 
for the graphics screen, this equal to &H2CXXl for the SEGA. 



Bits 7 6 5 4 3 2 1 o 

Register 4: Register 4 holds the PATTERN GENERATOR address for 
the text or graphic screen, being &HIBX>( text) or 
&H3tro(graphics) • 

Bits 7 6 5 4 3 2 1 0 
iH'~()()()()( l:*,'HHHHH~n'( lHHHh'h'HHHHHHHHB'n'HE* 

* 0 * 0 * 0 * 0 * 0 * 3 bit Add 
* Actual Address = 

3 bit address * 
)()()()( x )()()( )HHH()()()()( )()( l:**lt)()( l( lh'HH()()()( X )HHHHHH~ &HaX) 

Register 5: Register 5 holds the SPRITE ATIRIIUIE address (&H30c0). 

Bits 7 6 5 4 3 2 1 0 
x)( x X)( x x )()()()! )(***",U)( l()( lHHHHHHHHl X)( )()( x x ~ 

*0* 6 bit Address 
* Actual Address = 

6 bit address * 

Register 6: Register 6 holds the SPRITE PATTERN address (&H18Xl). 

Bits 7 6 5 4 3 2 1 0 
****l:*lH!J!)()( l( )()(X)()(X)()(X)()()( Xl!)( lHHHH~ 

Actual Address = 
* 0 * 0 * 0 * 0 * 0 * 3 bit Add * 3 bit address * 
·lHHHH'n'H'nh'h'HHHHHHHHHHHHHHHHHHh\YHHHHHH'n'HHH(- &HaX) 

Register 7: Register 7 holds the CDI..ffi for the writing/tackgrotmd 
canbination. 

Bits 7 6 5 4 3 2 1 o 

* Writing Color * Packgrotmd Color * 

STATIS Register: The status register holds the interrupt flag, the 
fifth sprite flag and nunber, and the sprite collision 
flag. 

Bits 7 6 5 4 3 2 1 0 

* F * 5S * C * Fifth Sprite Nun -J~ 
-JHHH("lh'HHHHh'H',***,::~**,:h'HHH'~'HHh'Hh'Hh'H'MHH~ 
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InJ TO WRTIE/UPDA1E A VDP REGISIER: 

T\\O bytes are required to update or write to a register. 
Byte 1 is the required data 
Byte 2 is the required register 

The canposition of byte 2 is 
lCXXD + RSO + RSI + RS2 (Where RS(}-2 
are 1 bit each) 

RSO RSI RS2 
Register 0 
Register 1 
Register 2 
Register 3 
Register 4 
Register 5 
Register 6 
Register 7 

000 
001 
010 
o 1 1 
100 
101 
110 
III 

NOIE: IT IS IMFDRI'ANT 1HAT THE STATUS REGISIER IS READ AT roRI' 
&HBF I3E.:FOOE YCll UPDA1E ANY VIF RH;ISTER. 

There is a ROM routine at &H2C54 Which provides this facility. 
Load Register C with the register nunber (0"7), Register A with 
the llita byte before calling. 

EXAMPlE: O1ange the color infonmtion of the text screen by 
directly writing to VDP register 7. 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 

SCREEN 1,1:CLS 
PRINT "This is ~ctu~11y bl~ck writi~g" 
PRINT ·O~ ~ gree~ b~ckgrou~d.· 

FOR X = &HAOOO TO &HAOOC 
READ AA : POKE X,AA : NEXT X 
FOR DE ~ 1 TO 500 : NEXT DE 
CALL &HAOOO : PRINT ·But is it re~11y?' 
GOTO BO 
DATA 243,219,191,62,33,211,191 
DATA 62,135,211,191,251,201 
REM Disable i~terrupts, re~d st~tus register 
REM LD A with gree~/bl~ck(&H21), Out(&HBF) A 
REM LD A with register desti~~tio~ 
REM Out(&H8F) A, E~able i~t/s, Return 



NOIE: (b return to &Sic, ie after pressing break, you will 
notice that the screen reverts to black on green. This is 
because &sic gets the color infomation fran address &H9339. 

WRI'I'J}{; 10 VRAM: Lead the HL register with the screen address 
then call &JtrA4, and output the value to port &HBE. The 
address is autoincrarented by one location after each write, 
eg, 

ENTRY: Aa:JJ F3 D1 Disable Interrupts 
AOOI D3BF IN(BF) ,A Clear Status register 

BEGIN: AOO3 21<XOC ill HL,nxl Text screen 
ACJ:h CD44X CAlL 2£A4 Write address 
AOO9 a>10 ill B,10 16 tilres 
AOOB3E32 ill A,32 Character "2" 

IJXP: AOOD D3BE aJI'(BE) ,A Print it 
Ar:xw IOC DJNZ IJXP 16 tilres 
AOlO C9 REI' Pack to &sic 

RFADJN; FRCM VRAM: Lead the HL register with the screen address, 
call &H2C32, then input the value fran port &HBE. The address is 
auto-:iocrarented after each read. 

*** REMEMBER ***: Disable interrupts, then read the status register 
at port &HBF before you do \hit you W3Ilt, or you will get strange 
results. 

ALTIRJR; '!HE ClJR3:R RBTIlCN: If using nach.i.ne-code then the above 
procedures dealing with reading/writing to Video Ram are required 
to set up the 14 bit address pointer. IJm..ever, if using a hybrid 
program, ie a mixture of rrachine-axle and &Sic, especially when 
calling the print routine at &H4A6F, then the cursor position 
nay be altered by poking the appropiate X and Y values into 
locations &H9489 and &H948A respecti vel y before calling the print 
routine. An example of this is given in the next section. 
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WRII'.m; '!EXT OR CHARACTERS 1D VRAM: There is a routine in RCM 
web allows the user to rove data to the Video Ram. The 
following program illustrates this. The text is hidden in the 
data statarents, and a nachine code subroutine is used to point 
the HL register to the text, then the RCM routine at &H4A6F is 
called. This writes the text out to Video Ram at the current 
cursor position. Note that the text nrust end in &OOD or 13 
decirml, and you can also clear the screen etc, by the use of 
control codes (cls=12 decirml). 

10 SCREEN 1,1 
20 FOR X=&HAOOO TO &HA010 : REM ~he ru~chine code 
30 READ A: POKE X,A: NEXTX 
40 FOR Z=&HBOOO TO &HBOOD : REM ~he ~ex~ s~ring 
50 READ S: POKE Z,9: NEXT Z 
60 CALL MiAOOO 
70 REM Ch~nge cursor x,y posi~iDns 
80 DATA &H3E,&HOF,&H32,&H89,&H94 
90 DATA ~H3E,&HOA,&H32,~H8A,&H94 

100 REM M~chine-code rou~ine 
110 DATA &H21,&HOO,&HBO,&HCD,&H6F,~H4A,&HC9 
120 REM Text mess8ge follows 
130 DATA 78,111,116,32,66,97,100,32,101 
140 DATA 104,33,33,33,13 

ENIRY: AOCfJ 3FIF ill A,OF 
Arm 3'2fH)4 ill (9489),A ; X position = 15 
A005 3EDA ill A,OA 
A007 32f3A94 ill (948A),A ; Y position = 10 
AooA 210000 ill HL,OCOJ ; Foint to text 
AOOD ffi)F4A CAlL 4A6F ; Call print routine 
AOlO C9 RET ; Pack to Pasic 

'!EXT: OCOJ " " ; 'Not Pad eh! (OD) , 

There is also another routine used for writing a string of characters 
to the video screen. This routine is at &H2400 and nay be used in the 
following way, 



10 SCRE~N 1,1: CLS 
20 FOR X=&HAOOO TO &HA009 
30 READ A: POKE X,A: NEXT 
40 CALL &HA()OO 
50 STOP 
60 DATA &H3E,&H32,&H06,&H20 
70 DATA &HCD,&HOO,&H24,&H20 
80 DATA &HFB,&HC9 
90 REM LD A with -2-

100 REM LD B with number of times to be printed 
110 REM Call routine ~t &H2400 
120 REM Dec B ~nd Jp not zero to print routine 
130 REM Return when B is zero. 

SPRI'TIS: A sprite is a predefined graphic character. This can be one 
of four possible sizes, eight by eight pixels, sixteen by sixteen pixels, 
sixteen by sixteen pixels (double the first), or thirty-two by thirty
two pixels (double the second). The sprite rmy be roved pixel by pixel 
arOlmd the screen, and a test rmy be rmde to see if any two sprites 
over lap by a single pixel e1arent. The sprite size is controlled by the 
MAG carmmd in Sega Pasic, and the actual shape of the sprite is defined 
by the PATIERN carmmd. The position of the sprite is controlled by the 
SPRTIE caIIIEIld. 

SPRTIE PLANES: The Sega uses thirty-two planes, where each plane can be 
thought of as a transparent screen each behind the other. Chl y one 
sprite ca, be present on a sprite plane at anyone tine, but as the planes 
are stacked behind each other, sprites appearing on the closest plane 
have the highest display priority, ie, they appear in front of the 
sprites on the planes behind it. Sprites can thus appear to rove in 
front of, or behind other sprites, depending upon which planes are used. 

The JBttern plane, or the plane on which ordinary text is written to, is 
the l0\\e3t priority, thus sprites will always appear in front of written 
text. 

SPRTIE anJ:Slrn DE:IRTIrn: Sprite collisions rmy be detected by reading 
the Status register located at port &HBF. If any two sprites overlap 
by a single pixel, bit 5 will be set to logic 1. A basic program to test 
this would be 
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10 SCREEN 2,2: CLS 
20 PRINT "Sprite call ision deruo." 
30 FOR OE=1 TO 1600: NEXT DE 
40 PATTERNStl,"FFFFFFFFFFFFFFFF" 
50 PATTERNSt2,"FFFFFFFFFFFFFFFF" 
60 SPRITE 0,(120,20),1,14: C=l 
70 FOR X= 0 TO 255 
80 B=INP(~HBF): IF (B AND 32)=32 THEN 

GOSUB 120 
90 SPRITE 1,(X,20),2,C 

100 IF INKEYS="" THEN GOTO 100 
110 NEXT X: STOP 
120 CURSOR ~0,10: PRINT CHRS(5);"Coll ision" 
130 BEEP: C=4: RETURN 

Machine code progr8IIB nay look sarething like, 

A(JJ) DBBF 
ACD2 E620 
AfJY+ FF20 
ACJ:h 28?? 
AaJ3 

mP(&HBF) ,A 
AND 20 
CP 20 
JR Z Collision 
Continue with nain program 

SPRTIE ATIRIHJI'ES TABI.E: Starting at address &H3Irrl are four bytes for -
each sprite. These groups of four bytes control the position, color 
and number of each sprite. Sprite 0 has the first four locations, sprite 
1 the second group of four bytes, etc. Refer to Table XXX] for the 
relative locations. Table XX26 lists a nachine code program 
which creates sprites, IIDVes than on the screen, checks for 
sprite collision, changes their color, beeps, and gets a 
response frarrthe keyboard (all using m::ode!). 

SPRTIE PATIERN GENffiA'Il.R TABI.E: located at address &HlOCD 
are eight bytes for each sprite. These locations hold the 
IBttem for the sprites, as defined by the Pasic ccmrnnd 
PATIERN. This area also contains the eight by eight 
IBtterns for the text screen. They are swapped over as 
needed by the routine at &H2BJ)4. The following Pasic 
program illustrates the creation of a sprite, and its 
IIDV6IEI1t by poking the attribute area of VRAM. 



10 SCREEN 2,2: CLS: PRINT· Sprite Deruo· 
20 B=&H1800:REM Cre~te the Sprite 
30 FOR x=o TO 7: READ A 
40 POKE B+X,A: NEXT 
50 B=&H3BOO: REM Cre8te ~ttributes 
60 FOR X=O TO 3: READ A 
70 PO~E B+X,A: NEXT 
80 FOR x=o TO 255 
90 PO~E &H3B01,X 

100 NEXT X:POKE &H3B03,4 
110 GOTO 110 
120 DATA &HFF,&HFF,&HFF,&HFF,&HFF,&HFF,&HFF,&HFF 
130 DATA 32,0,0,15 
140 REM Y=32,X=0,SPRITEO,COLOR15 

PATI'ERN GENERA'TCR TABLES: These address's store the eight 
bytes that are needed to canpose the character. For the 
Text rrode, the patterns are loaded fran RCM address 
&HHXD into the VRAM area when the canputer is turned on or 
reset. 

ALTERJN:; THE CXM'ENIS OF THE TEXT PATI'ERN GENERA'KR TABlE: 
In the text rrode, the 8 x 8 patterns which JJEke up the 
character are stored at address &HIOCO onwards. Chly the 
characters fran &H2O to &HFF are defined in the pattern 
table, thus the pattern for each character is obtained 
by using the following formula, 

address = &HIOCO + character value*8 

This gives the address of the first byte that JJEkes up the 
character. The other seven bytes follow the address determined 
by the formula. This infonmtion can now be used to alter 
the contents of the existing characters so as to provide 
};x)th nonml and inverse video characters on the text screen 
at the sanE time. Easica1l y, the following program replaces 
the eng/diers characters with the equivalent inverse video 
alphant.ID2ric set. 

30 



31 

10 SCREEN 1,1:AZ$="":FOR A=l TO 14 
20 READ AS:AZS=AZS+CHR$(AS):NEXT 
30 DATA &HA9,~HAE,&HB6,&HA5,~HB2,&HB3, 

&HA5,229,&HB6,&HA9,&HA4,&HAS,&HAF,46 
40 GOSUB 2000:CLS 
SO PRINT" Welcome to ";AZ$:PRINT 
60 PRINT" Try printing out the ";CHR$C&HCS); 

CHR$C&HCE);CHR$C&HC7);"/dier's" 
70 PRINT" ch~r~cters.": PRINT 
80 STOP 

2000 B+&H1800+&H40*8:C=&H1800+&H7F*8 
2010 DC=(C+&H20*8)+B 
2020 FOR X=B TO C STEP 8 
2030 FOR A=X TO X+7 
2040 DA==VPEEKCA) 
2050 DB=DA XOR &HFF 
2060 VPOK[CDC),DB:DC=DC+1 
2070 NEXT:NEXT:RETURN 

By IIEIlipulating the contents of the ~ttern tables, it \o.Ould 
be easy to create upside down and reverse characters as \\ell. 
Table J:f.27 lists such a program. 

NAME 1'ARE ADmFSS'S: These are eight bit pointers Y.hlch point 
to the specific ~ttern required. If using the Text node, 
it represents the ~11 equivalent of the character. 

t-ULTI --a:u:R MIE: Table XXX9 lists a program which experinEnts 
with the multi-color screen node. A rrachine code routine is 
poked into IIBIDry and Mlen called, it switches over to the 
multi-color node. Pe sure to try this program with a color tele
vision set, as it is quite impressive. The color attributes for 
the multi-color node are stored at &H3OCD to &H3ffX). Poking 
these areas with different values in the range 0 to 255 
can result in very colorful displays. 

SWAPP:IM; 1HE a:NIENIS OF 1HE 1ElIT ~: Utilising the large . 
IIBIDry available with the 32K RAM cartridge, it is possible to 
create a screen SWlp routine. 1his involves reading the entire 
contents of the text screen into a buffer, and then carrying on 
as per nornal. When the old screen is required, a routine is 
called which rewrites the buffer lack to the screen. The 
following program illustrates this. A rrachine code routine 
is poked into line 5 of the program. . 



5 REM AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

10 SCREEN 1,1:CLS:PRINT a Text Screen Sw~p· 
20 FOR X=&H9BOB TO &H983B 
30 READ A:POKE X,A:NEXT 
40 PRINT· This is the origin~l screen.· 
50 FOR DE=l TO 350:NEXT DE:CALL &H9B08 
60 CLS:PRINT· This is ~ new screen.· 
70 FOR DE=l TO 350:NEXT DE 
BO CALL &H9822 
90 PRINT· Haws th~t!· 

100 STOP 
110 DATA &HF3,&HDB,&HBF,&H21,&HOO,&H3C 

&HCD,&H32,&H2C,&HF3,&H21,&HOO,&HAO 
&H06,&H05,&HC5,6,193,&HOE,&HBE,&HED 
&HB2,&HC1,&Hl0,&HF6,&HC9 

110 DATA &HF3,&HDB,&HBF,&H21,&HOO,&H3C 
&HCD,&H44,&H2C,&HF3,&H21,&HOO,&HAO 
&H06,&H05,&HC5,6,193,&HOE,&HBE,&HED 
&HB3,&HC1,&Hl0,&HF6,&HC9 

The routine at &Im)) saves the text screen contents into llBin 
RAM starting at location &HAcx:D onwards, \Jri.le the routine at &H9322 
writes the buffer at location &HAcx:D to VRAM. Refinarent of this 
could result in simple aninBtion . In IIBchine-code the program is, 

~ F3 DI ; Disable interrupts 
caE DBBF IN A, (BF) ; Clear status register 
98JB 2100X LD HL,XlXl ; Text screen address 
<:6JE m322C CAlL 2C32 ; Set up VDP for read 
9311 F3 DI 
9312 2100AO LD HL,Acx:D ; Buffer area 
9315 00)5 LD B,Os 
9317 C5 RJSH OC ; Read 
9318 aD) LD B,CD 
93lA OEBE LD C,BE ; C= Port BE 
931C EDB2 INIR ; Read until B=O 
93lE Cl Fa' OC 
981F 1OF6 UJNZ Read ; Complete screen? 
9821 (J) RET 
9822 F3 DI 
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9323 mBF IN A,(BF) ; Clear status register 
9325 2100X ill HL,:nx:l ; Text screen address 
9328 CD442C CAlL 2f.'A4 ; Set up VDP for write 
932B F3 DI 
982C 2100AO ill HL,Acro ; Buffer area 
932F ems I.D B,OS 
9331 C5 RJSH OC ; Write 
9332 croJ I.D B,rn 
9834 CEBE I.D C,BE ; C=VDP 
9836 EDB2 aJIR : Ib tmtil B={) 

9838 Cl RF OC 
9839 10F6 UJNZ Write ; All the screen? 
933B C9 REf 

Table XXX5: t-DIE SElEI' BTIS. 
M31 M32 M33 Screen type 
o 0 0 Graphics mode I (32 x 24) 

(256xI92) 
(64 x 48) 
(40 x 24) 

o 0 1 Graphics mode II 
o 1 0 Multicolor mode 
1 0 0 Text mode 

Table XXX6: SIZE & MAG BTIS. 

Mlg Size 
o 0 
o 1 
1 0 
1 1 

Bit size 
8x8 

16 x 16 
16 x 16 
32 x 32 

Sega lIBIlual 
MAG 0 (single sprite) 
MAG 1 (single sprite) 
MAG 2 (double magO) 
MAG 3 (double magI) 

Table xxx]: SPRTIE A'I'ffiIIDIE TAILE. 

Y POSITION 
1------------ ---1 
1 X POSITION 1 
1----------- ----1 
1 SPRITE NAME 1 
1----------- ----1 
IECIOIOl61COLOR 1 

FL. If a logic one, it shifts 
the sprites to the left 
by 32 pixels. 

m.ruR. 'The 4 bits make up the 
color of the sprite. Refer 
to Table XXX8 for the color 
values. 



Table XXX8: CXIffi VAIlJES. 

0 TraIlSlE"ent 8 Red 
1 Black 9 Light Red 
2 Green A U:!ep Yellow 
3 Light Green B Light Yellow 
4 D:rrk Blue C D:rrk Green 
5 Light Blue D M:tgenta 
6 D:rrk Red E Gray 
7 Cyan F White 

Table XXX9: MJLTI...Q1CR MJDE PR<rnAM. 

5 DEFFNACR) ~ INTCRND(1)*R) + &H3800 
10 SCREEN 2,2 : CLS 
20 FOR X = &HAOOO TO &HAOll 
30 READ A : POKE X,A : NEXT A 
40 DATA &HF3,&H3E,&HOO,&HD3,&HBF 
50 DATA &H3E,&H80,&HD3,&HBF 
60 DATA &H3E,&HC8,&HD3,&HBF 
70 DATA &H3E,&H84,&HD3,&HBF,&HC9 
80 DH=&H11: DF=&H3800: DG=&H3BOO 
90 FOR DE=DF TO DG: VPOKE DE,DH 
100 NEXT 
110 CALL MiAOOO 
120 X = FNAC&H300) 
130 VPOKE X,RND( 1 )*&HFF 
140 GOTD 120 

In rrnchine-code , 

Aero F3 DI 
AOOI 3Ero ill A,OO 
AaJ3 D3BF ClJT (BF),A 
AOOS 3EOO ill A,OO 
AOO7 D3BF ClJT (BF),A 
AcrE 3EL8 ill A,CS 
AOOB D3BF ClJT (BF) ,A 
AOOD 3E84 ill A,84 
AOOF D3BF ClJT (BF),A 
AOlI C9 REf 

; Disable interrupts 
; Select multi--mxie 

; Register 0 

; Multi--mxie 

; Register 1 
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TIlE SClJND GENERATrn. 

The solIDd chip is a SN76489AN device. It requires 32 clock 
cycles for the transfer of data fran the ern to be latched 
internally. This involves the use of the Ready l ine being 
tied to the WAIT input of the 'If!IJ ern. 
This IreaI1S that \J1en looding the solIDd generator chip with 
data, t:heCFU is actually slo\o.ed down. The g; contains three 
programmble tone generators and a noise source, the output 
of each controlled by a programmble attenuator. The g; chip 
is port IIBPped at &H7F. The frequency and register is 
selected by a ThD-byte canbination, \\hile 001 y one byte 
is necessary for attenuation control. 

FREUIDP' SElHTICN. 

To detennine how to program the g; chip the following infor
IIBtion is necessary, 

Clock speed = 3. 84Mhz 
N = Clock speed / ( 32 * Required frequency) 

\\here N is converted to a 10 digit binary nunber. 
Thus, to generate a tone of 1CXXHz; 

N = 384CXro / 32 * 1Cffi 
= 120 ( N is ahays rOlIDded to an integer) 

Now convert N to Binary = Cffi1111Cffi (MOst significant bit first) 

To detemrine \\hich solIDd register Table XXlO is used. 

WRl'I'JN; TIlE FREUIDP' AND REGrsrER 10 TIlE gr:;. 

In the above example 'Of-a 1CXXHz tone, N was derived into a 
10 digit binary nunber of CffillllCffi. These ten bits, along 
with the register code fran Table XX10 are used to form the 
ThQ bytes required to program the desired frequency and solIDd 
channel. Thus the fonmt of the t\\Q bytes is, 

Byte One: 1 + Register Code + last 4 bits of N 
Byte T\\Q: OJ + first 6 bits of N 

Thus for our example of a 1CXXHz tone using register one, 

Byte One = 1Cffi1Cffi (or &H88 ) 
Byte T\\Q = 0Jcm111 (or &H07 ) 



The tone is produced by outputting the two values to port 
&H7F,thus 

rur &H7F,&H88 : rur &H7F,&H07 

will produce the desired result. 

A'ITENUATICN CXNIRCL. 

Control of the programmable attenuators can be achieved by 
a single byte update. The fOIlIBt of this byte is as follows, 

Single Byte = 1 + attenuation register + attenuation value 

The attenuation register is three bits and is shown in Table 
XX11. The attenuation value is sho\VI1 in Table XX12 and canprises 
four bits. Thus to attenuate tone register one to a value 
of 101b using Pasic, 

Single byte = 10010101 ( &H95 ) so rur &H7F ,&H95 

THE OOISE GENERA'Irn. 

Updating the noise register and attenuator requires a single 
byte transfer. This byte is 11100 + FE + SR 

FEEDBACK CXNIROL (FE): If FB=1 then noise is "periodic" 
else if FB=1 then the noise is set to "white" noise. 

SHIFT RATE (SR): Refer to Table XX13 for the values of the 
two SR bits. 

A'ITENUATICN CXNIROL OF NOISE REmSI'ER: This is the sarre 
as described earlier, only the register code is 111. 

SAMPlE EXPIJJ3ICN: To generate an explosion, use "white noise" 
then slowly increase the attenuation fran O1b to OFF. Thus the 
frequency control byte is, 

11100 + 1 + 00 = 11100100 ( or &HE4) 

The attenuation bytes range fran O1b to OFF thus the range 
is, 

1111 + 0000 to 1111 + 1111 ( or &HFO to &HFF ) 
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thus the program in Pasic is, 

10 mr &H7F ,&HE4 : Frn X = &HFD 10 &HFF : mr &H7F ,X 
20 Fa< DE = 1 10 20 : NEXT DE 
Xl NEXT X 

CREA'I'OC m3IC: Table XX14 is a Pasic program which allows 
the user to input a series of notes ( up to 255 ) and then 
play then oock. The program calculates the various bytes 
necessary to program the sound generator chip. 

TABLE XX10 REr;ISTIR CDDES 

Register Binary Code 
Register 1 COO 
Register 2 010 
Register 3 100 
Register 4 110 

TABLE XXll ATI'ENUA'IOR CDDES. 

Attenuator Binary Code 
Tone reg 1 001 
Tone reg 2 Oll 
Tone reg 3 101 
Noise reg III 

Table XX12 ATIENlJATIOO" TABLE. 

Attenuation Value Binary Code Attenuation Value 

ilib (XXX) 2db 
4db 0010 6ib 
&l.b 0100 1ilib 
12db 0110 14db 
16ib 1COO l&l.b 
2Qib 1010 22db 
24db llOO 26ib 
2&l.b lll0 CFF 

Binary Codl 

COOl 
001l 
0101 
O1ll 
1001 
lOll 
1101 
llll 



Table XX13. SHIFT RA1E BTIS. 

SRO SRI I€sired Frequency of Noise. 

Clock/SI2 
Clock/I024 
Clock/2048 

o 
o 
I 
I 

o 
I 
o 
I Frequency is that specified by Register 3 

Table XXI4 
l1JSIC PRCX;RAM & f:UJND EDI'TOO.. 

MUSiC o.nd Sounc Erli~rJT, 

5 PATTERNCU~H00, "788tJG'1A4A4B48478" 
10 PN=&H7F:01M X1(255),X2(255),X3(25S) 
, W(255),T2(255J 
20 FLAG=0 
30 SCREEN1, 1 :CLS 
40 PRINT"Muslc Edit.or . 
. "jCHR$(8.HD0) j" 84" 

By B.Brown 

50 PR 1 NT ,,--------,------

" 
60 PRINT:PRINT"Opt.ions" 
70 PRINT "I - Plo.>' memory 
80 PR1NT "2 - Creo.t.e mus Ie 

o.reo." 
" 

90 PRINT "3 - Edit. rnuslc Ilrro.y" 
100 PRINT:PR1NT "Select. desired option 
. " 
110 AA$= I NKEY$ : IF AA$= ''' ' THEN GOTO 110 
120 IF AA$="l" THEN GOTO 820 
130 1 F AA$= "2 " THEN GOTO 900 
140 IF AA$="3" THEN GOTO 1000 
150 GOTO ' l10 
200 REM INPUT ROUTINES 
210 B1$=" 10000000" 
220 PRINT"Freq (118 .... 3500) of tone H" ;2 

B j" " j : INPUT FT :jf' FT < 118 OR FT>3500 T 
HEN GOTO 220 
230 BT=3840000/(32~FT) 
240 DB=INTCBT+.S) :GOSUB 430 
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25081$=LEFT$C81$,4)+Al$ 
260 82$=A2$ 
270 INPUT"Tone [eve [ (1--15) ";TL 
280 IFCTL(1)ORCTL)15)THEN270 
290 DB=TL:GOSUB 430 
300 84$="1001" 
310 B3$=B4$+RIGHTSCA2S,~) 
320 GOSUB 800 
330 REM N1=8yte1,N2=Byte2,N3=Atten 
340 GSS=81S:GOSUB670:N1=OB 
350 GS$=B2$:GOSUB670:N2=OB 
360 GS$~BJ$:GOSUB670:N3~OB 
370 PRINT"Deslred rest period " 
3B0 PRINT"belore next note."j:INPUT lC 
:RETURN 
390 REM PLAY ROUTINE 
400 OUTCPN), N3 :OUTCPN), Nl :OUTCPN), ta 
410 FOR TP=l TO lC:NEXT 
420 RETURN 
430 REM DEC TO BiN 
440 REM INPUT ~ DB,OUTPUT=Al$,A2$ 

~50 FOR22=lT010:AA(22)=0:NEXT22 
460 DB=lNTCDBJ 
470 FORT3=lT010 
480 T2=DB MOO 2 
490 IFT2~lTHENAA(T3J~1 
50~ DB~INT(DB/2) 

510 NEXTT3 
520 A I $ =" /I ; A2 ~ ,= " " : r UR 2 2 ~c 1 T [) 1 e 
530 A]'t=A1s .. STR$fAA(22)) : N[ X T l2 

· 540 GOSUB580:Als=SBS 
550 A2$="00"+LEFT$(A1S,6) 
560 A1$=RIGHTS(Al$,4J 
570 RETURN 
580 SA$="" 
590 FOR S=lTOLEN(A1S) 
600 IFMlDSCAl$, S, 1 )=" "THEN620 
610 SAS=SA$+MID$(A1S,S, 1) 
620 NEXT S:S8$="" 
630 FOR S=1 TO LENCSAS) 



640 S8$=SBS+MIOS(SAS,LEN(SAS)+1-S, JJ 
650 NEXT S 
660 RETURN 
670 REM STRING TO DECIMAL 
680 REM INPUT=GS$,OUTPUT=OB 
690 08=0 
700 IFMlO$(GSS, 1,1 )="1"THEN OB=08+128 
710 IFMlO,HGSs, 2,1 )="1"THEN 08=08+64 
720 IFMIDS(GSS, 3,1 )="I"THEN OB=Gr:11]7 
730 IFMlOHGSS, 4,1 )=" 1 "THEN OB=08+10 
740,.) F;:M lOS (GS$, 5, 1) =.:' 1 "THEN , OB=OB1"8 
750 IFMlOS(GSS, 6,1 )=" 1 "THEN OB=08+'1 
760 IFMlO$(GSS, 7,1 )="l"THEN OB=OB+2 
770 IFMIDS(GSS, 8,1 )="l"THEN OB=OB+) 
780 RETURN 
790 REM RESET SOUND CAHNNELS 
800 OUTPN, 159:0UTPN, 191 :OUTPN,223 
810 OUT.PN,255:RETURN 
820~REM PLAY MUSIC 
830 CLS:PRINT"PlO-ylng music.":PRINT"--

8_4~ IF FLAG=0 THEN PRINT :PRINT"Mus I c 0-

no-yo is empty." :GOSUB 1140:GOTO-30 
850 FOR lB=l TO 255 
860 N1=X1(2B):N2=X2(lB) :N3=X3(2B) :2C=W 
ClB) :IF Nl=3 AND N2=0 AND N3=0 I'HEN 2B 
=255:GOTO 880 
870 GOSUB 390:S0UND 0 
880 NEXT 2B 
890 GOT\] 30 
900 REM Credte music 
9Hl CLS:PRliH "Credte Mus Ic." :PRINT"-
----------- I ' : PR 1 NT : GOSUB 1140 
32,;3 INPUT"How mdn y notes to p [o.Y." ;2A 
930 IF 2A)255 THEN GOTO 920 
940 FOR 2B=1 TO lA 
950 GOSUB 700 
960 XlC~B)=Nl :X2C28J=N2:X3(lBJ=N3:W(2a 
)=2C:Tl(ZB)=FT 
970 NEXT:Xl(lB)=0:X2C28)=0:X3(2B)=0 
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980 GOSUB 1140:~LAG-l:GOTO 30 
990 STOP 
1000 REM Ed it rnus Ie 
1010 CLS:PRINT "Edit Mualc.":PRlNT"--
--------" :PRINT: IF FLAG=0 TI-IEN PRINT" 
Bulfer Is ernpty.":GOSUB 1H0:GOTO 30 
1020 PRINT "Freq bytes co.n only be cho. 
nged, not" 
1030 PRINT "inserted. Use the" iCHR$C8. 
HBEl i" key lo cho.nge 0. ":PRINT "lone, 
else" iCHR$C&HBFl j" key to rnove to the 

next" :PRINT "lone, o.nd CR to o.bor1.." 
1040 FOR 28=1 TO 255 
1050 PRINT "Tone "ilBi" is ";TlC2B);"H 
ZOO 

1055 PRINT "l-Ial t per I ad is" ;WClB) 
1060 TR$~,If": TR$= I NKE'($ 
1090 IF TR$=CHR$(30) THEN GOSUB 1150:G 
OTO 1050 
1100 IF TR$=CHR$(29) THEN GOSUB 1140:N 
EXT 
1110 IF TR$=CHR$(13) THEN 1130 
1120 GOTD 11360 
1130 GOSUB IJ40:GOTO 30 
1140 FOR OE=1 TO 200:NEXTO£:RETURN 
1150 GOSUB 1.140 :GOSUB 200 :X1 (lB)=Nl :X2 
[lB)=N2:X3ClB)=N3:W(lB)=lC:TlClB)=FT:R 
ETURN 
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CASSETIE RCUITNES. 

MAJOR ENIRY IDINIS: The rrajor entry points for the cas..'::;ette 
routines are, 

VERITY &H779F 
WAD &H78DS 
SAVE &H7A40 

f'R(X;RAM FDIM\T: The prograIIB are saved in tw:> stages. The 
first prrt is the Header section. This canprises sync bytes, 
and the 16 character filenarre. The rrain program is saved next, 
this includes address's and the actual program, ie, line 
nunbers etc. 

VERIFY/lDAD: These routines are prefixed with a smll routine 
which searches for the filenarre of the program. The filenarres 
rray be up to sixteen characters long, and for loading or 
Verifying, the filenarre is stored at location &H82A3 onwards. 
The filenarre fran header section of the tape is loaded, then 
canrared with that stored in lJBIl)ry. If no filenarre was 
specified, the program junps to the load rrain program section. 
If a filenarre was specified, and found to IIBtch with that 
readfran tape, the program is loaded. If the program does 
not rratch, a junp is rrade to the skip portion of the program. 

FII...ENAME SIDRAGE: location &H82A2 is used as a Filenarre found 
flag, and if zero then the next program found on the cassette is 
loaded, else a Filenarre Found flag, if zero then the program is 
loaded, otherwise skip is IIBde. When saving a program, the 
filenarre is taken fran the keybarrd input buffer, corresponding 
to &H83A3 [ up to 16 bytes ]. If the filenarre is less than 16 
bytes, then the filenarre is {:added with blanks. 

ADDITICNAL INFD: Table XX1S lists the IIBjor entry points of all 
the cassette routines, and their function. Also listed are the 
sul:r-routines which are called also. Table XX16 and XX17 are 
fusic programs which load the Header and Program Bytes respecti vel y 
to the video screen. 

AUIClOAD AND EXEaJIE :&\sIC~: This rray be achieved by poking 
a rrachine language routine into reserved lJBIl)ry. If the canputer 
is then reset, the program will not be erased. The IIBchine code 
routine calls the IIBin entry point of WAD, then calls &H((37 



which is the RUN entry point for Pasic prograIlE. Ho\\ever, location 
&H82A2 which holds the filenarre found flag rrrust be zeroed to indicate 
that the next program found rrrust be loaded. Table XX18 illustrates 
how this nay be achieved. 

~ BASIC PRa;RAM3: A program to Irerge t\o.Q Pasic prograIIE rrrust 
use a nachine-code routine to save the Ram pointers in rrerory, call 
the lood routine in Ran, reset the pointers and call the load 
routine a second tiIre. The program listed below is a canbination of 
rrost of that which has already been covered. It rrrust be noted 
ho\\ever, that the second Pasic program's line numbers rrrust be 
greater than the first or part of the program will be deleted. 

10 SCREEN 1,1: CLS : PRINT "BASIC MERGER" 
PRINT: PRINT "Loading Meode." 20 

30 
35 
40 
'70 
80 
90 

100 
110 
120 
130 
1.40 
150 
160 

POKE ~H8168,0 : FOR X=&HFFOO TO ~HFF2F 
REM Reserve memory spaee at top of memory 
READ A: POKE X,A: NEXT 
PRINT ·Press PLAY to load first program." 
POKE &H82A2,0: CALL &HFFOO 
END 
DATA 
DATA 
D~ITA 
DATA 
DATA 
DATA 
DATA 

~HCD,&HEF,~H78 

&H2A,&H62,&H81,&H2B,&H22,&H60,&H81 
~H3E,~HOO,~H32,&HA2,&H82,&H21,&H1F 
&HFF,~HCD,&H6F,&H4A,&HCD,&HEF,&H78 

&H21,&HOO,~H98,&H22,&H60,&H81,&HC9 

76,111,97,100,32,50,110,100,32,112 
114,111,103,114,97,109,&HOD 

In nachine-code the program is, 

FFm CAlL 78EF 
ill HL (8162) 
:m::: HL 
ill (81ffi),HL 
ill A,CD 
ill (82A2),A 
ill HL,FF1F 
CAlL 4A6F 
CAlL 78EF 
LD HL,9OCO 

(WAD prog1) 
(Pasic end pointer) 

(Store it into Pasic start) 

(Filenarre found flag) 

(Print text Iressage) 
(WAD prog2) 

ill (81ffi),HL (Set pointer to prog1) 
REf 

FF1F 'load 2nd program.' (Text Iressage) 
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TABLE XXls. CASSEITE ROOI'INES IN RCM. 

Ran Address (Hex) 
3A03 

FtIDction 

3AOF 
3AI2 
779F 
77F7 
7822 
78SD 
788F 
78Ds 
78FD " 7SDE 
792B 
79'XJ 
7982 
799AA 
79E9 
7A40 
7A59 " 7A85 
7A94 
71\00 
7MJ2 
7AED 
7007 
7B13 

A D=lay routine using the OC register 
Write sync bytes to tape 
Write byte in A to tape 
Verifying Start 
Skip 
FotIDd 
Verifying End 
Verifying Error 
Loading Start 
CanJEre Filenarres 
Skip 
FotIDd 
Load Program 
Loading End 
Tape Read Error 
Saving Start 
Save Filenarre 
Save nunber of bytes 
Save Sync Bytes 
Save Program 
Saving End 
Write Ill... to tape 
Pad Filenarre with Blanks 

Table XX16. WAD HEADER 1D VIDED SCREEN. 

10 SCREEN 1,1 : CLS : PRINT -Press Play 
to Load program.- : B = 0 

20 FOR X = ~H78EF TO ~H7923 
30 POKE ~HA8EF+B,PEEK(X) : B = B + 1 : NEXT X 
40 POKE ~HA90B,~HD3 
50 POKE ~HA90C,~HBE 
60 POKE ~HA924,~HC9 
70 CALL ~HA8EF 
80 GOTO 70 



Table XX17. WAD PRCX;RAM BYTES 10 VIDEO g:m;rn. 

10 SCREEN 1,1 : CLS : PRINT ·Press Play 
~o Load Program.· 

20 FOR X = ~HAOOO TO ~HA022 
30 READ A : POKE X,A : NEXT 
40 CALL ~HAOOO 
50 STOP 
60 DATA ~HF3,~HCD,~HOO,~H3A,&HCD,~H06 
70 DATA ~H3A,~HFE,~H17,~H20,~HF5,~H2A 
80 DATA ~H60,~H81,~H06,&HOO,&HCD,~HOA 
90 DATA &H7A,&HD3,&HBE,&H3E,&H3F,&HC4 
100 DATA ~H48,~H24,&H23,~H1B,&H7A,~HB3 
110 DATA ~H20,~HFO,~HC3,&HA9,&H79 

Table XX18. AUlD WAD AND RUN BASIC PRCX;RAM3. 

10 SCREEN 1,1 : CLS : PRINT • Press Play 
to Load and Run Progr~m.· 

20 DATA ~HCO,&HD5,~H78,&HCD,&H37,&H6C 
30 POKE &HB168,0 
40 FOR X = &HFOOO TO &HF005 
50 READ A : POKE X,A : NEXT 
60 POKE ~H82A2,() 

70 CALL &HFOOO 
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THE KEYIDARD AND J)YSTICKS. 

The keyboord, joysticks, cassette and printer are all controlled 
by an interface chip (8255). This interface chip allows the 
connection of the devices to the ffiJ, and the transfer of 
infoIllBtion bet\\reI1 thEm. The interface is programred by the 
cpu, ie it is instructed on what to look for and what it must 
do. This process is noIllBlI y transparant to the user, ie the 
user is unaware of the process's being executed. 

THE KEYIDARD: The keyboord is arranged in a IlBtrix layout of 
eight coltm1S by eleven rows. Chly one colum llBy be activated 
at one t.iJre, and the coltm1S are controlled by a decoder chip. 
The keyboord rows are connected to t\o.U different ports, only 
one can be read by the cpu at any tinE. An intersection 
(which occurs due to a keypress) bet\\reI1 the colum and row of 
the IlBtrix is detected by the cpu and is then interpreted to 
find out the actual key being pressed. Refer to Table XX20 
for the key IlBtrix layout. 

THE 8255 PERJHIERAL INIERFACE CRIP: This is a programmble 
chip, and allows the connection of the keyboord, cassette, 
printer and joysticks to the cpu. The PIA has three ports, 
A,B, and C and a control register. The infoIllBtion written 
to the control reo~ter will determine the status of each port 
(ie inputs or outputs). When the ports are used as outputs, 
the written data is latched or held internally till the next 
update. In the SEGA the following is to be noted, 

Port A is input, IlBPped at &HOC, connected to X colums of 
key IlBtrix 

Port B in input, IlBPped at &IIDD, connected to X colunns of 
key IlBtrix 

Port C is output, IlBPped at &HDE, connected to Y colum of 
key IlBtrix 

Control register is IlBPped at &HDF 

The data or words written to the control register to set up the 
specific ports as input or output are, 

Bits 7 6 5 4 3 2 1 o 

~~ 1* 0 *O~~ 1 *0 *0* 1 *0 -l(-



Bit 4 = Controls A 
Bit 3 = Controls C upper 
Bit 1 .= Controls B 
Bit ° = Controls Clower 

thus the byte to intialise the PIA is &H92 or 146 deciIml. 

ADDRESSOC TIlE KEY~1RIX. 

The lower three bits (0,1,2) of Port C is used to address the 
Y colums of the keynatrix. The output of Port C is applied 
to a 74LS145 OCD decoder, which provides a one out of eight 
output to activate only one Y column at a tinE. The status 
of the three lower Port C bits will determine which output 
of the decoding chip is activated. Table XX18 lists the 
canbinations of these three bits and the resultant activated 
output of the decoder. Table XX20 lists the keyboard 
IlEtrix. 

~ TIlE KEYOOARD USING MAOrrNE-CDDE: Table XX21 lists 
a Easic program which pokes a IlEchine-code subroutine into lIBIDry. 
This routine intialises the PIA with &H92, then outputs a 
specified byte to port C, thus selecting the desired Y column 
of the key-ffi3.trix. This byte is specified in line 75 of 
the program, and refer to Table XX19 for the value of the 
byte and its appropriate colum. It then loads the value of 
ports A and B, storing thEm in &HACXXl and &HACDI respectively, 
before returning to Easic. By checking the returned code fran 
port A or B, it is thus possible to search for a specified 
key press. Having assenbled the routine into line 5 of the 
program, all data statEfJElts etc can be deleted fran the 
final program. Table XX26 lists a program which scans 
the keyboard, and llDves sprites etc, all using IlEchine code. 

~s crnNECTICNS: The raIBining tables list the 
various connectrions of the SEGA and their appropriate function. 

TIlE PRINTER PIDITER: This relies on a single chip microprocessor, 
a 6005 up. Being a factory programred device, it must be replaced 
in total, ie you haven't got access to the software controlling the 
6005. Also note that the sarre rrechanisrn is used by the ORIC, and 
CXM1)lX)RE printer plotters, and the spares are also the sarre, 
ie pens etc. Sore SHARP printers are also identical, so shop 
around for pens, paper etc 
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Table XX19. THE 7415145 DEI:D[ER Cll1BINATICNS. 

R:2 Fe1 Fa) Y Colum Hex Byte (outputted to &HOE) 
0 0 0 YO 00 
0 0 1 Yl 01 
0 1 0 Y2 02 
0 1 1 Y3 03 
1 0 0 Y4 ~ 
1 0 1 Y5 05 
1 1 0 Y6 C6 
1 1 1 Y7 07 

Table XX21. BASIC KEY-SCAN POCQW1. 

5 REM AAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

7 REM Line 5 h~s ~bout 100 A's in it. 
10 SCREEN 1,1:CLS 
20 FOR X=&H9808 TO &H981F 
30 READ A:POKE X.,A:NEXT X 
40 CALL &H980B 
~jO PR I NT' Por·t A :::"; PEEK.( &HA090) ; 

• Port B =";PEEK(&HA001) 
60 GOTO 40 
65 DATA &HF3 
70 DATA &H3E,&H92~&HD3,&HDF 
75 DATA &H3E,&HOO 
80 DATA &HD3,&HDE,&HDB,&HDC 
85 DATA &H32,&HOO,&HAO,&HDB,&HDO 
90 DATA &H32,&H01,&HAO,&H3E,&H92 
95 DATA &HD3,&HDF,&HC9 
100 REM YO=00,Yl=Ol,Y2=02,Y3~03 
110 REM Y4=04,Y5=05,Y6=06,Y7=01 
120 REM Ch~nge the 2nd byte in 1 ine 75 
130 REM to sc~n ~ different row. 



Table XX20. KEYroARD HA1RIX lAYaJT. 
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Table XX22. JOYSTICK pm c:mNEcr.ICNS. 

Pin Nunber Ftn1Ction 
I Up 
2 Lbwn 
3 Left 
4 Right 
S No connection 
6 Left fire 
7 No connection 
8 Canron 
9 Right fire 

Table XX23. PRINIER pm c:mNEcr.ICNS. 

Pin Nunber FtIDction 
I Fault 
2 Busy 
3 futa 
4 Reset 
S Feed 
6 Gnd 
7 No connection 

Table XX24. roRf B & C c:mNEcr.ICNS. 

Pro Key M:itrix lU) Key M:itrix 
PBI " " Fel " " 
PB2 " " FC2 " " 
PB3 " " FC3 Not Used 
PB4 Not Used FC4 Cassette CAItput 
PBS Fault (Printer) FC5 futa (Printer) 
PE6 Busy (Printer) FC6 Reset (Printer) 
PB7 Cassette Input FC7 Feed " " 

Table XX25. VIDED RID' c:mNEcr.ICNS. 

Pin Nunber 
I 
2 
3 
4 
S 

FtIDction 
Audio 
Cbd 
Video 
Gnd 
Cbd 



EXPANSICN EJX;E crnNF.CIrn. 

Pin nunber Pin nunber (Canponent side) 
1 AO 1 +5v 
2 Al 2 +5v 
3 A2 3 CSRAM * 
4 A3 4 CERCM2 ~-

5 A4 5 MEMRD ~-

6 AS 6 MH4JR "I~ 

7 A6 7 I/OOD ~~ 

8 A7 8 I/avR ~~ 

9 A8 9 No Connection 
10 A9 10 MREQ ~!-

11 AlO 11 ern 
12 All 12 RASI f\' 

13 A12 13 CAS 1 ,'{-

14 Al3 14 RAM A7 
15 IX) 15 RAS2 " ;\ 

16 Dl 16 CAS2 * 
17 D2 17 t1JX "1'* 

18 D3 18 A14 
19 D4 19 A15 
20 D5 20 No Connection 
21 IX) 21 GND 
22 D7 22 GND 

NOIE: * means active low 

54 



Table XX26. r-rnoo DEM.NSIRATICN. 

9FFA OlEID3 STARr: ill :oc 03E8 
9FFD c0033A CAlL 3A03 ;ll=lay routine 
ArrfJ 3E92 MAIN: ill A,92 
AOO2 mDF cur(DF),A 
AOCA 3EXXl ill A,OO 
AOCiJ moo cur(DE),A 
Alf13 DBOC IN(OC),A 
AOOA FEFE CPFE ;01eck for key "1" 
A(x£ 2fnJ JR Z LEF1' 
AOOE FEF7 CPF7 j01eck for key ''2'' 
AOlO 28lA JRZRIGHT 
A0l2 . 18£6 JR STARr 
A0l4 210l3B LEF1': ill lll...,3001 
A0l7 CD322C CAlL 2C32 
AOlA DBBE IN(BE),A 
AOlC 3D DEL A 
AOm FIDJ CPOO 
AOlF 2f5J7 JR Z INC2 
A021 CD442C WRTI2: CAlL 2CA4 
A024 mBE cur(BE),A 
A026 181C JR DEIEcr 
A028 3EFE INC2: ill A,FE 
A02A 18F5 JR WRTI2 
A02C 210l3B RIGHT: ill lll...,3001 
A02F CD322C CAlL 2C32 
A032 DBBE IN(BE),A 
A034 X INCA 
A035 Fm' CPFF 
A037 2f5J7 JR Z INC3 
A039 CD442C WRIT1: CAlL 2CA4 
AOX mBE aJf(BE),A 
A03E 1004 'JR DEIEcr 
ACAO 3EFE INC1: ill A,FE 
A042 18F5 JR WRIT1 
A044 F3 DEI'ECI': D1 
A045 DBBF IN(BF),A 
A047 £620 AND 20 
A049 FF20 CP20 
A04B 2f5J3 JR Z CllL 
A04D C39A9F JP STARr 
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AO'3J 21033B CDIL: ill HL 3B03 
AOS3 CItl42C CALL 2C44 
AO::h 3ED4 ill A,04 
A058 D3BE CUI'(BE),A 
AOSA CWS ill B,OS 
AO:£ CDAO::h BEEP: CALL ::hAO 
AOSF lOFB DJNZ BEEP 
AC61 21033B ill HL 3003 
AC'fA CItl42C CALL 2C44 
AC67 3m3 ill A,CB 
AC69 D3BE CUI'(BE),A 
AC6B C3FA9F JP START 
AC6E 219DAO PATIERN: ill HL A(J)D ;Set up sprite 

8 x 8 patterns 
A071 E5 RJSH HL 
A072 210018 ill HL lEm ;Write to IEttern 

area Vram 
A07S CItl42C CALL 2C44 
A078 El fa> HL 
A079 C610 ill B,OF 
AOlB lE WRITl: ill A, (HL) ;Write the pattern 

bytes 
A07C D3BE CUI'(BE),A 
AOlE lOFB DJNZ WRITI 
ArKJ C9 REI' 
ACBl 2lADAO ATIRIB: ill HL AOAD ;Set up sprite 

attributes 
ACRA E5 ruSH HL 
ACBS 2lOO3B ill HL 3BCD ;Vram sprite attrib 

address 
ACBS CItl42C CALL 2C44 
ACBB El FDP HL 
ACfL C6CB ill B,7 
ACBE lE WRI'I2: ill A,(HL) ;Write attrib bytes 
ACBF D3BE CUI'(BE),A 
A(J)1 lOFB DJNZ WRI'I2 
A(J)3 C9 REI' 
ACf)4 ffi)EAO ENTRY: CALL AC6E ;00 sprite IEtterns 
A(J)7 CU3lAO CALL ACBl ;00 sprite attributes 
A(J)A C3FA9F JP 9FFA ;Go do main routine 
A(J)D AAAAAAAAAAAAAAA SPRTIE 0 PATIERN 
AOAS OO2070A8F8.mxx:J SPRTIE 1 PATIERN 
AOAD 64.'ID102 SPRTIE 0 A'ITRIRJIE 
AOBI ~ SPRTIE 1 A'ITRIRJIE 
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MAIN ENIRY: A(J)4 ID ERRORS DETECI'ED 

IN :&\SIC 

10 SCREEN 2,2: CLS 
20 FOR X=&H9FFA TO &HAOB4 
30 READ A: POKE X,A: NEXT 
40 CALL &HA094: STOP 
50 DATA &H01,&HE8,&H03,&HCD,&H03,&H3A 
60 DATA &H3E,&H92,&HD3,&HDF,&H3E,&HOO 
70 DATA &HD3,&HDE,&HDB,&HDC,&HFE,&HFE 
80 DATA &H28,&H06,&HFE,&HF7,&H28,&H1A 
90 DATA &H1B,&HE6,&H21,&H01,&H3B,&HCD 

100 DATA &H32,&H2C,&HDB,&HBE,&H3D,&HFE 
110 DATA &HOO,&H28,&H07,&HCD,&H44,&H2C 
120 DATA &HD3,&H8E,&H18,&H1C,&H3E,&HF~ 
130 DATA &H18,&HF5,&H21,&H01,&H38,&HCD 
140 DATA &H32,&H2C,&HDB,&HBE,&H3C,&HFE 
150 DATA &HFF,&H28,&H07,&HCD,&H44,&H2C 
160 DATA &HD3,&HBE,&H18,&H04,&H3E,&HOl 
170 DATA &H18,&HF5,&HF3,&HDB,&HBF,&HE6 
180 DATA &H20,&HFE,&H20,&H28,&H03,&HC3 
190 DATA &HFA,&H9F,&H21,&H03,&H38,&HCD 
200 DATA &H44,&H2C,&H3E,&H04,&HD3,&HBE 
210 DATA &H06,&H05,&HCD,&HAO,&H56,&H10 
220 DATA &HFB,&H21,&H03,&H3B,&HCD,&H44 
230 DATA &H2C,&H3E,&HOB,&HD3,&HBE,&HC3 
240 DATA &HFA,&H9F,&H21,&H9D,&HAO,&HE5 
250 DATA &H21,&HOO,&H18,&HCD,&H44,&H2C 
260 DATA &HE1,&H06,&Hl0,&H7E,&HD3,&HBE 
270 DATA &Hl0,&HFB,&HC9,&H21,&HAD,&HAO 
280 DATA &HE5,&H21,&HOO,&H3B,&HCD,&H44 
290 DATA &H2C,&HE1,&H06,&HOB,&H7E,&HD3 
300 DATA &HBE,&Hl0,&HFB,&HC9,&HCD,&H6E 
310 DATA &HAO,&HCD,&HB1,&HAO,&HC3,&HFA 
320 DATA &H9F,&HAA,&HAA,&HAA,&HAA,&HAA 
330 DATA &HAA,&HAA,&HAA,&HOO,&H20,&H70 
340 DATA &HAB,&HF8,&H50,&HOO,&HOO,&H64 
350 DATA &H50,&H01,&H02,&H64,&H64,&HOO 
360 DATA MW4 



TABLE XX27 ClIARACIER MANIRJIATOR 

10 SCREEN 1,1 :CLS 
20 DIM UDCSJ,P2(8) 
3 ~1 Cl"<SOR0, 0 
3 :5 F)R ltH" CHARAel ER ~ll~II'-ll PULATOR ". 
tJ() PRINT ;PRINT "OPTION." 
'5(1 PRINT " l=INIJERSE" 
6Vl I:JR nIT " 2=-RElJERSE" 
70 PRINT " 3=-=UPSIDE DOWN" 
8(-) PRINT CHR:tCS) 

30 Aj: ::::II-JKEY$:IF A$("l"OR A:t)"J"THEN GO 
TO 90 
W(;) F"o/-~ 11E>:1 TO .l80:NEXT DE 
110 A=lJALCAS):ON A GOSUB 130,200,330 
120 GOTO 30 
t 38 RHI I t-llJERSE 
140 i.:JOSUB ·110 
150 FOR A=0 TO 7 
160 UDlA)=UDCA) XOR &HFF 
170 NEXT 
180 GOSUB 480:REM CALL UPDATE 
190 GOSUB 530:RETURN 
200 REM REUERSE 
210 GOSUB '110 
220 FOR C=0 TO 7:P2CC)=0:NEXT 
230 FOR c=o TO 7 
240 IF (UD(C)AND 128l=128 THEN P2CC)=4 

250 IF (UO(C)AI'-ID '61)==64 THEN P2CC)=P2( 
C)+8 
260 IF ( UDCCJAND 32)=32 THEN P2CC)=P2C 
C)+16 
270 IF (Uf)CClAND 16)=16 THEN P2CC)=P2.C 
Cl+32 
280 IF (ULJCC)ANf) 8l=8 THEN P2CC)=P2CC) 
+64 
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290 IF (UDCC)AND 4)=4 THEN P2CC)=P2CCJ 
+128 
~OV) NEXT 
3H:i FOR B·-=v) TO ? :LJDCBJ=P2CBJ :NEXT 
320 GOSUB 180:GOSUB 530:RETURN 
3~0 REM UPSIDE DOWN 
J"lli) CiOSIIH ·110 
350 B~7:FOR A~0 TO 7 
360 P2(A)=UDCAJ :NEXT 
370 FOR A~0 TO 7 
380 UDCAJ=P2CB):B=B-1 
390 NEXT :GOSUB 480 
400 GOSUB 530:RETURN 
410 REM COl1MON 
420 CURSOR O,6 
430 INPUT "CHARACTER IJALUE 7";X 
440 AO:::&111800+Xt8: Y~0 
450 FOR l3::(-lrJ TO A[)+ 7 
46'1 LJOCY)=IJPEEKCB) :Y=Y+1 
470 NEXT:RETURN 
480 REf'! UPDATE 
490 AD=&H1800+X*8:Y=0 
500 FOR B=AO TOAD+7 
510 IJPOKECB),UDCY):Y=Y+1 
520 NEXT:RETURN 
530 CURSOR 30,0:PRINT CHR$CX) 
540 GOT030 

~30 CURSOR 30,0:PRINT CHR$(XJ:RETURN 



CHAPTER 6 
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INI'ERESI'J}{; BTIS AND PIECES. 

This chapter is dedicated to all those wives \\he spend endless 
hours trying to convince their husbands to give up that stupid 
toy, and spend nnre tine with thEm. ilithered together in this 
chapter are the soluti ons to a wide range of problems, so now 
there is no excuse for husbands to spend all night trying all 
those various programning rrethods that don't YKJrk. 

A SEGA PRINT USING STATEMENT: 

Serre people wish that the SEGA had a PRINT USING stat6IEl1t. 
fusicall Y this allows you to fOIllBt numbers which always 
appear in the sarre place, and with the sarre number of decirral 
places after the decirra1 point. So here is a routine which 
will always display numbers to tYKJ decirral places, and 
always place it so that the nunbers line up with the decirral 
point always in the sarre coltm1. 

:I. 0 j NF'UT (I 

20 (I: :: I t·ll ((IX ::' 00+, . ~.:j) /:1. 00 
30 (11i+~;TF;:':}; ((;) 
40 L. "LEt·l ((I ' li ) 

~:;O FDF: I :::: 1 TO L. 
60 I r-:' t'l I D~i ( (11i f I f :l. ) ::::" ." THE N Ci D T D:\,O 0 
'/0 NEXT I 
80 (I ·:r, "" tl'r,·,·· ". 00" 
90 (3DTD 1:1. 0 

100 IF I ~ L-:\' THEN At=A$+"O" 
110 FOR K~l TO 10-1 
120 ( .. t::,," "+PI·:t. 
:1. 30 NEXT 1< 
:I.·qO PF~ I NT (1':Ii 

:1.50 GOTD :1.0 

The value of 10 in line 110 has been used to give a number 
with t~lve characters long. The program YKJuld be used as a 
subroutine within your particular program, and accessed by 
a gosub stat6IEl1t. 



A FAULTY RENlMBERER: 

Not that you ~u1d \oBIlt one an}'\'aY! No, just a note to say 
that the SEGA RENlM camEIld does not ~rk properly. To 
illustrate its IIBjor weakness, type in the following 
program. 

10 INPUT" String";A$ 
20 IF LEN(A$)(7 THEN GOTD 500 
30 IF LEN(AS)}6 THEN 600 
-40 GOTD 10 

500 PRINT" A$(7": GOTO 10 
600 PRINT· A$>6": GOTO 10 

Then use the RENlM camEIld. The program will be 
re.lumbered as follows, 

10 INPUT· ~;;t,j'" i I"ID • ;; tl 'li 
20 IF LEN(At)(7 THEN GOTO 
30 I F LEN (tl':li ) > ,:) THE!·! (:)00 
4'0 GOlD :I. 0 
50 PRINT" A$(7": GOlD 10 
60 PRINT" A$>6": GOTD 10 

I::' " I' 
•• .1 \} ',,I 

Notice that the line numbers in lines 20 and ?D have not 
been changed. Whenever a goto or line number follows a 
string IIBnipulation, the renum feature will not ~rk 
properly. 

ERASOC CHARACTERS CN 'lliE GRAFRICS SCREEN: 

Try the following program, 

10 SCREEN 2,2:CLS 
20 COR X=1000 TO 1050 
30 CURSOR 150,O:PRINT • Score:";X 
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As you will have noticed, the characters written tend to 
overwrite each other. After a couple of prints, you can't 
read the score at all. The way to overcClIE this is by 
using a print GIR$(5)caIID3I1d. This erases everything to 
the right of the current cursor position. M:xtify the 
program to that below, 

10 SCREEN 2,2:CLS 
20 FOR X=1000 TO 1050 
30 CURSOR 150,O:PRINT CHR$(5) 
40 CURSOR 150 y O:PRINT • Sco~e=·;X 
5(i t~EXT 

.':,0 END 

As you notice now, the print chr$(5) stat€flEl1t allows you 
print in the saIIE position twice. Ho\\ever, note that the 
chr$( 5) erases all infoI1lBtion to the right of the cursor 
(except sprites). Its use must therefore be limited to close 
to the · right hand edge, ie for displaying scores, etc, 
otherwise it could erase {Brt of your pictures or graphic 
displays. 

cx:NVERI'm; ORIe PRCX;IW£ TO THE SEGA: 

Listed are the rue caIID3I1ds with the appropiate SEGA 
caIID3I1d; 

rue 

PiDf X,Y,"#" 

EXPWIE 

KEY$ 

HJITV SEGA [For use on Text screen only] 

aJRSOR X, Y: PRINT"#" 
[for the Sega Y(23, the rue Y(27] 

ClJI'127,228 
I'm X=2Li) TO 255 
arr 127,X 
I'm Y=1 TO 15 
NEXT: NEXT 

1NKEY$ 

IF SCRN(H, V)< >32 IF VPEEK «Vl~40) -tHt&Ifll)2)< >32 

PAPER 0: INK 7 mLrn 7,0 [generally ignore] 



~ A=( 4firo+(ASC("#")*8)) 10 ...• (ASC("&") 
This COOIIEIld sets up user-defined graphics. The equivalent 
carnEIld for the SEGA is 

PATI'fROC#ASC("#"), ''-hatever the 8 data bytes ~e" 
all the way to 
PATI'fROC#ASC("&"), "etc" 

[It is a good idea to nap out t.1-}e bit JEtterns used as the 
Sega allows only six of the eight colums to be used when 
defining the character JEtterns.] 
ClJRSEI'loo,10 Xl=lOO: Yl=10: LINE (X1,Yl)-(X1-10,Yl+20+P),1: 
DRAW -10,20+P,1 ELINE (X1,Y1)-(Xl-20,Y1+25) 
DRAW -20,25,0 

WAIT 20 

GETZ$ 

~ DE=110 25 
NEXT DE 

INfUT Z$ 

SCME OOIES AlUJf TIIE GRAFHICS: 

There appear to be sare strange things happening when using 
the graphics screen. This is due to the routines in RCM 
being designed with circles etc in mind. An example of this 
limitation follows, 

10 SCREEN 2,2: CLS = COLOR lyl1y 
(0,0) - C255 v 191),12 

20 LINE (57,50) - (100,100),15,BF 
CURSOR 66,75: COLOR lv 4 

40 PF: I NT • t . f.-:!::' t" 
50 GOTO 50 

As you prol:abl y guessed, "test" is not printed and the l:ackground 
color is ignored. This is because the routine does not erase 
the previous contents of the video screen when writing new data 
to it. A possible solution is to add these lines to the 

previous program, 



65 

5 ZX=&H2000: ZC= ~H14 

25 
45 

GOSUl:: 100 
GOSUE: :I:l. 0 

100 FOR Y=70 TO 90 :8L I NE ( 6 4, Y)-
( 95,Y): NEXT: RETURN 

110 FOR X=64 TO 95 STEP 8 
120 FOR Y=70 TO 90 
130 VPOKE INT(Y/S)M 256+1NT(X/S)*8 

+'nWD8+ZX, ZC 
140 NEXT: NEXT: RETURN 

This demonstrates the writing to the color attribute area of 
the graphics screen. This technique should be used to add 
rrnre color onto the screen, as the graphic chip does allow 16 
colors to be used in a character block (ie 8 x 8). The 
canputer is cap3ble of generating color displays rivalling IIDSt 
canputers today, and should be canparable to rrnre expensive 
canputers if programrred correctly. 

When listing &sic prograIll'3, pressing the SPACEBAR will p3use 
the listing. Pressing it again, the listing will continue. 

HAI..;r.IN; TIlE GAMES CARIRIIX;ES: 

Pressing RESET will halt the gaIlE, while a further press will 
restart the gaIlE. 

WAD OR SAVE VARIABLES, MACHINE--CDDE PRCX;RAM3, SI'RJ}K; ARRAYS EIC: 

Well, ~ lIBy as ~ll go for broke on the last topic in this book. 
If you have survived to this point then congratulations are in 
order! By now, sare of the concepts should be clicking together 
and so to finally put you off the deep end, lets get into 
saving or loading variables etc. 
&sic Principle involved: We have already discovered that 
&sic uses locations in the Reserved RAM area in order to locate 
\\here to find the program, variables, strings etc. The WAD 
and SAVE routines look up locations &H81ffl to &H8165. These 
locations store the start and end address's of the &sic 
program and Variable storage areas. The area of llBOOry 
bet~ the start and end address of the &sic program is 



saved to tape, but the storage area isn't. In a flash, ~ 
discover that if ~ replace these start and end address's 
of the Pasic program with the address's for the variables, 
then call the SAVE routine, the canputer will save the 
variables to tape for us. Having saved than to tape, if 
~ reset the address's to \\hat they ~e previously, all 
will be fine, and our program will continue on as usual. 
The S8IlE principle applies to the WAD process. Cl<ay, so 
the steps involved in designing this are, 

1) Set up a IIBchine-code routine to accanplish the task 
2) Save the start/end address's sanewhere safe 
3) Get the variable address's and put than into where 

the start/end address's of the Pasic program are 
stored 

4) Call the WAD or SAVE routine in RCM 
5) Reset the original address's 
6) Return back to Pasic •..• 

Setting up the rocode routine. lets hide the IIBchine-code in 
a REM statarent. 

AAAAAMAAAAAAAA 

line 5 has as IIBny 'A's as possible, about 250 of thEm. 
Now the first 'A' in line five is stored at address 
&H9al3. Our IIBchine-code routine can thus be poked into 
address &H9al3 onwrrds (though the length of our routine 
cannot exceed 250). The pointers that ~ pick up fran 
locations &H8160' must be saved sanewhere safe, so ~ will 
store them as follows, 

&H9al3/9 
&H900A/B 
&H98X:/D 
&H900E/F 
&H9810/1 
&H9812/3 
&H9814" 

Poke this with start address to be saved 
Poke this with end address to be saved 
Store &'48160/1 here 
Store &H8162/3 here 
Store &H8164/5 here 
Store &H8166/7 here 
Mlchine code routine 
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The actual rocode routine written in rmchine code, 

ENTRY LD HL, (SlE{)) 
SAVE LD (9aX:),HL ; save &sic start 

LD HL, (S162) 
LD (9OOE),HL ; save &sic end 
LD HL, (<;ID3) 
LD (SlE{)),HL ;new start 
LD HL,(9OOA) 
LD (S162),HL ;new end 
CAIL 7A69 ;cal1 save routine 
LD HL, (9aX:) 
LD (SlE{)),HL ;restore &sic start 
LD HL,(9OOE) 
LD (S162),HL ;restore &sic end 
RET 

ENTRY LD A,OO 
WAD LD (S2A2),A ;zero fi1efound flag 

LD HL, (SlE{)) 
LD (9aX:),HL ;save &sic start 
LD HL,(S162) 
LD (9OOE),HL ; save &sic end 
LD HL,(Sl64) 
LD (981S),HL ;save string start 
LD HL,(Sl66) 
LD (98l2),HL ; save string end 
LD HL, (<;ID3) 
LD (SlE{)),HL ;new start 
LD HL,(SIDA) 
LD (S162),HL ; new end 
CAIL 7SEF ;cal1 load routine 
LD HL, (9aX:) 
LD (SlE{)),HL ;restore &sic start 
LD HL,(9OOE) 
LD (S162),HL ;restore &sic end 
LD HL,(98lO) 
LD (Sl64),HL ;restore string start 
LD HL, (9812) 
LD (Sl66),HL ;restore string end 
RET ;return to &sic 
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The WAD part of the routine is slightly different, because the 
string pointers are altered by the load routine. Thus they are 
saved, and later restored after the load has executed. Location 
82A2 is stored with zero this tells the load routine to load 
the first file it EnCounters. 

The rrachinecode is now converted to DATA statenents, and poked 
into the 'A's that IIEke up line 5, eg 

Fffi X::&II9n3 10 &H~umber of data bytes 
READ A:RlCE X,A: NEXT 

Chce this is achieved, the routines can be called and executed. 
This has been used in the following three prograrrs written 
by the author, 

A<XUlNTS REX:EIV ABlE 
A<XUlNTS PAYABlE 
MAlLOC liST 

The rrajor portion of the boOk is now over. Finally, the 
appendix lists sore ganES and a utility program that you the 
reader can type into your SEX;A canputer. I hope that they 
provide you with hours of use, as \\ell as the infornation 
in this bock. 
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APPENDIX 

This appendix lists three Easic ganes for a LVIlIA 
cartridge, and a very long STARI'REK program for a LVIIIB. 

- Appended is a PA'I'IERN EDTIOR utility program, which allows 
the user to create patterns on an 8 x 8 grid, any pixel 
can be set/reset, the hex values are \\Qrked out for you, 

_ and it shows you a no:rrral size, and expanded size of the 
character you !lEke up. 

The Easic garres are; CRffiSROAI13, ALIEN ATTACK, CNE ARMED BANDIT. 
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CRffiSROAffi LVIIIA/B 

10 Hl=0:SCREEN1, 1 :CLS:GOSUB .330:GOSUB 
460 

20 GOSUB230 
30 U=14:H=13:GOSUB 220 
40 CURSORH,U:PRINT" "; 
S0 I F I NKEY$=" "THENU=U-1 
60 BEEP 
70 CURSOR0,4:PRINTA$:CURSOR0,6:PRINTB$ 

80 CURSOR0, 10:PRINTB$:CURSOR0, 12:PRINT 
A$ 

30 IFUPEEKCU*40+H+&H3C00+2)<>32THENI60 

100 CURSORH,U:PRINTCHR$(253); 
110 L1$=LEFT$CA$, 1) :Rl$=RIGHT$CA$, 35) 
120 L2$=LEFT$CB$,35J :R2$=RIGHT$CB$, 1) 
130 A$=R1$+Ll$:B$=R2$+L2$ 
140 IFU=2THEN210 
150 GOT040 
160 FORX=1T08:S0UN.D1,200, 10:NEXTX: 

SOUND0:IFML)0THENML=ML-1 :GOTO 30 
170 IFSC)HITHENHl=SC 
180 CURSOR6, 20 :PRINT"Press o.ny key"; ·: 

PRINT" to cont inue" ;~ORX=1000T0500 
STEP-5:S0UND1,X,5:NEXTX:SOUND0 

130 IF INKEY$=""THEN130 
200 GOTO 20 
210 BEEP:SC=SC+10:GOT030 
220 CLS:PRINT"High ";HI,"Score "iSC 
230 CURSOR 0,4:PRINTCHR$C1)+A$ 
240 CURSOR 0,6:PRINTCHR$C2)+B$ 
250 CURSOR 0,10:PRINTCHR$C5)+B$ 
260 CURSOR 0,12: PRINTCHR$C6)+A$ 
270 CURSOR H,U:PRINTCHR$(253); 



280 FORA=] TG ML :[URSGR A, 1 :PRINT CHR$ 

(253); ~ NEXT :RETURN 
290 SC=0 
300 A$= "x7 77 x? 
? 

310 B$= "~ ' 
. , 

320 ML=5:RETURN 

330 REM User de f i ne~ graph i cs 
340 PATTERNC*l8.H60, " 000000070F3F0C00" 
350 PATTERNC*l&H27," 000000F0FEFE0600" 
360 PATTERNC*l&H3F, " 000000FBFCFF0600" 
370 PATTERNC*l&H25, " 000000031F3F1800" 
380 SCREEN 2,2:CLS :[URSOR 60,95 
390 CGLGRl,2,C0,0)-C255, 191),2;PRINT 

CHR$ ( 17) ; 
400 FGRXX=1TG10:READC,L$ 

410 CGLGRC,2 
420 PRINTL$; :NEXTXX 
430 FORY=l TG 3:~GRX=800 TG 1000 STEPS 

~SOUNDl,X, 10:NEXTX:NEXTY 
440 DATA 1, ''[ '', 14, '' R'',7,' ' G'',10, '' S'',4, 

" S", 15, " R" , 13 , "G", 12, " A", 11 , " 0",9, 
"S" 

450 SCREEN 1,1 :RETURN 

460 REM INSTRUCTIONS 
470 CLS:PRINT"We lcome to CROSSROADS, " 
480 PRINT :PRINT" The object 0 f the gam 
G i s to cross" 

490 PRINT"the road without b ei ng kno c k 
e d down" 
500 PRINT"b y 0. truck or Cdr, You hdve 
5 l i f e s " 

510 PRINT"dnd mo ve upward s by pre ss ing 
the 

5 20 PRINT" SPACEBAR 
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530 PRINT :PRINT"Good luck •.. (press <'l.ny 

Key top I o.y J I' 
540 IF INKEY$=""THEN540 
550 SOUND0:RETURN 

ALill! p.'ITAC( LVIlIA/3 

10 GOSUB 180:GOTO 170 

20 IF FL=0 THEN FX=SX:FY=1}8 
38 FL-::: 1 : FY=FY-4 
40 SPRITE 2,C FX,FY),2,3 
50 IFFY<25THEN70 
60 GOT090 
70 IFFX=TRTHENGOSUB100 
8~ IFFY<15 THEN FL=0:SPRITE 2, CFX,192) 
,2,3 
90 RETLJRI~ 

100 R=R+10:CURSORR+5,B;COLOR 13,1 :PRIN 
T CHR$C250Ji:IFR)80THENR=0 
1100UT127,228:FORXX=240T0255:0JT127,X 
X:FORNP=lT05:N EXT:NEXT :RET URN 
1_:20 1 f~ I I~KEY$::::":X:" THEN SX=S:X: +S2 : IF SX> 
SU T !-IE t'J SX:::SU 
1 30 I F I I-.J 1< E Y $ :-c " z" n I E I-.J S ><:-- S X --S Z : [F- S X < 
~;ll rVlE!~ S><-=:SLJ 
H 0 I F C 1 t-.J KEY -$ ::: " S ") A I--J [J Cf-T :-~ WI 1 1-1 E I--J F X 
:-~SX : GOSLJB20 
1 ~:58 1 F FL_:-~ 1 THEN GOSLJB20 
J60 UPOKE SA,SX:RETLJRN 
170 FOR TR=TS TO TT STEP TU:GOSUB 128: 
I.,WOKESB, TR :N EXT :GOTO 1/(] 

180 SCREEN 2,2:CLS:COLOR 6,1,,1 
190 PATTEf<t--JS±l1, "0[)C0.100JC7E7EFFtJ2" 
2 0 [) P f~ll T [F.~ t--J S # (J, "80 0 0 8 (J 1 8 1 8? E F F F F " 
;:0 I !/_1 f:' (1 IT E R I~ S tl 2, "00.1 0 0 0 [) 4 8 tJ 8"1 80000 " 



22~ SX=170:SPRITE 0,(SX, 178),O,4 
230 SI-'R [TE 1, (0,20) , 1, 11 
240 r LJ-:, 2 : T S =.: 0 : T T = 245 : S ~ = 2 : S U:-' 2 (I::S ; S II:: 8 

25(1 FL·"7:(3: SA'""6.H3B01 : SB;-.:&H3B0~ 
260 CURSOR 110,0 :PRHH "AllEN "; :RETLJRN 

a 'lE A~'iED BANDIT LVIIIA/B 

10 SCREEN 1,1 :[LS:SCREEN2,2:CLS 
20 COLOR 1, 14, (0, 0) - (255, 191 ) , 4 
30 GOSUB 1030:GOSUB 1310 
40 M0=100:CL$=CHR$(5) : HL$=CHR$(230) 
50 PRINT CHR$( 17) :OIM C1 (6) 
60 C1(0)=6:[I(I)=12:[1(2)=4:[1(3)=9 
70 C1(4)=15 : [1(5)=14 
80 PRINT" One ATmed Band i t, " 
90 PRINT CHR$(16) 
100 PR I NT I' A simp l e 9dme 0 f c h dn c e , , " 
110 PRINT" Payo f f" . . , 

120 CURSOR 8,50:PRINT"One "i : SPRITE 1, 
C28,48),0,6:[URSOR 35,50 : PRINT" pays $ 
10,00" 
130 CURSOR 8,60 ;PRINT"Two "i ' SPRITE 0, 
C28,58),1,12:[URSOR 35,60:PRINT " pays 
$20,00" 
140 CURSOR 8,70:PRINT"One "; :SPRITE 2, 
(28,68),2,5:[URSOR 35,70 : PRINT " PdyS $ 
200.00" 
150 SPRlTE 3,C8 ,78) .,3,15 :SPRITE 4,(18, 
?8),3,15 : SPRITE 5,(28,78),3 , 15:[URSOR 
35,80 ; PRINT " JACKPOT $1000,00 " :PRINT 
160 COLOR 5:PRINT"PTess any key to pld 
y, " 

1.70 IF I NKEi$=" " THEN GOTO 1.70 
180 GOSUB 1 11 0 
190 CURSOR 20,180:[OLOR15 : PRINT CHR$C5J 
; "Money = $ " ;[HR$(29) ;M0 : [OLOR 2 

73 



74 

200 SPRITE 0,r50,43),5,C 
210 SPRITE 1,r80,43),5,C 
220 SPRITE 2,[110,43),5,C 
230 COLOR 1 
240 CURSOR 20, 150 : PR I NT "Pr e s s ';' CO LO 
R 8 :PRINT"SPACEBAR" ; . COLOR 1 :PRINT" to 

Play" : COLOR 2 
250 IF INKEY$<>CHR$(32) THEN GOTO 250 
260 M0=-=M0-10 
270 CURSOR 20,180:COLOR 15: P RINTCHR$(5 
) ; ' Money == $';CHR$(23J ;M0 :COLOR 2 
280 GOSUB 7.10 
230 GOSUB 500:GOSUB 570 : GOSUB 640 
300 IF Rl=R2 AND Rl=R3 THEN GOSUB 360: 
GOTO 340:REM Jackpot 
310 IF R1 =] AND R2= ] OR R]=l AND R3=1 
OR R2 =--' ] AND R3:=] THEN GOSUB 430:GOTO 3 
40 
320 IF Rl =0 OR R2==0 OR R3:=0 THEN GOSUB 

400 :GOTO 340 
330 H- R]:=2 OR R2=2 

460 
340 REM End o f lOOP 

350 GOTO 130 

360 REM Jackpot 

OR R3=2 TH EN GOSUB 

370 IF Rl=3 THEN M0==M0+1000:GOTO 330 
380 RETURN 
330 BEEP2 : COLOR 4;CURSOR 180,40: PRINT" 
.Jackpot" :BEEP2;OUT127,228 : FOR DE==240 T 
o 255:0UT127,DE : FOR DF=] TO 15: NEXT:NE 
xT ; CUR SOR 180,40:COLOR 14· PRINT CHR$(5 
J :COLOR 2 :RETURN 
400 REM One Cherry 
410 M0=M0+]0 
420 BEEP2:COLOR 4:CURSOR 180,40: PRINT" 
Cherry I' ~ BEEP2 : 0UT127,228:FOR OE=240 T 
o 255;OUT127,OE:FOR DF=] TO 15:NExT:NE 
xT:COLOR 14:CURSOR 180,40: PRINT CHR$(5 
) :COLOR 2:RETURN 



430 REM Two Apples 
440 M0=M0-t-20 
450 BEEP2:[OLOR 4:[URSOR 180,40:PRINT" 
Apples" :BEEP2:0UT127,228 : FOR OE =240 T 
o 255:0UT127,OE:FOR OF=l TO 15 :NEXT:NE 
XT:[OLOR 14:CURSOR 180,40:PRINT CHR$C5 
):[OLOR 2:RETURN 
460 REM MysteTY 
470 MP=INTCRNO(1)*100)-t-1 
480 M0=M0+MP 
490 BEEP2 :COLOR 4 :[URSOR 170,40:PRINT" 
MysteTY $" ;CHR$(29) jI'1P:BEEP2:0UT127,22 
4 :FOR OE=240 TO 255:0UT127,OE:FOR OF =l 

TO 35 : NEXT :NEXT:COLOR 14 :CURSOR 170,4 
0:PRINT [HR$(5) : [OLOR 2 :RETURN 
500 REM ROW 1 ROTATE 
510 FOR X=l TO 16 
520 I=INTCRNQ(1)*6) 
530 [ =[1 cn 
540 SPRITE 0,(50,43),1,[ 
550 BEEP:NEXT :R1=1 
560 RETURN 

.570 REM ROW 2 ROTATE 
580 FOR X=1 TO 16 
590 I=INTCRNO(1)*6) 
600 [=[1 (I) 

610 SPRITE 1, (80,43),1,[ 
620 BEEP:NEXT:R2=1 
630 RETURN 
640 REM ROW 2 ROTATE 
650 FOR X=l TO 16 
660 I=INTCRNO(1)*6) 
670 [=[1Cn 
680 SPRITE 2, (110,43),1, [ 
690 BEEP:NEXT :R3=1 
700 RETURN 
7 10 REM Han d l e p u l l 
720 COLOR 14 
730 COLOR 14 
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740 CURSOR 146,38;PRINTHL$ 
750 CURSOR 146,46- PRINTHL$ 
760 CURSOR 146,54 : PRINTHL$ 
770 COLOR 2 
780 CURSOR 146,78: PRINTHL$ 
730 CURSOR 146,86 : PRINTHL$ 
800 CURSOR 146,34 : PRINTHL$ 
810 CURSOR 146,102 : PRINH-iL$ 
820 CURSOR 146,62 :PRIN THL$ 
830 COLOR 2 
840 CURSOR 146 , 78 : PRINTHL$ 
850 CURSOR 146,86 : PRINTHL$ 
860 CURSOR 146,34: PRINTHL$ 
870 CURSOR 146,102 : PRINTHL$ 
880 COLOR 14 
830 CURSOR 146,102: PRINTHL$ 
300 CURSOR 146,34 :PRINTHL$ 
310 CURSOR 146,86 : PRINTHL$ 
320 CURSOR 146,78: PRINTHL$ 
330 COLOR 2 
340 CURSOR 146,62 : PRINTHL$ 
350 CURSOR 146,54 :PRINTHL$ 
360 CURSOR 146,46;PRINTHL$ 
370 CURSOR 146,38 : PRINTHL$ 
380 OUT 127,224;~OR DE~240 TO 255 
330 OUT 127,DE ; I="OR DF = } TO 15 
1000 NEXT :NEXT 
1010 RETURN 
1020 STOP 
1030 PATTERNSJ:l0, '000066FFFF7E3 C18' ;~ EM 

Heart 

1040 PATTERNSJ:l 1," 040876FFFF7E3C00" ; ~EM 
App le 

1050 PATTERNSJ:l2, "3844440810100010' :~ EM 

Mystery 

1060 PATTERNSJ:l3, '2473A5A47E25A5 7E ' :~ EM 
DOllars 

1070 PATTERNSJ:l4, , 000000f--FFF000000' . ~ EM 
Ba r 



1080 PATTERNStl5, " 0000000000000000" :REM 
Blank 

1090 PATTERNStl6, '7E8199919199817E" :REM 
Copyright 

1100 RETURN 
1 110 CLS:COLOR 
1120 PRlNT 
1130 PRlNT" 
1140 PRlNT" 
1150 PRINT' 
1160 PRlNT" 
1170 PRINT" 
1180 PRINT" 
1190 PRINT" 
1200 PRINT" 
1210 PRlNT" 
6)+CHR$C230) 

1220 PRlNT" 

2, 14, (0, 0) - ( 255, 191 ) , .7 

" ;Z 1 $ 
., ;Z2$ 

. ;Z2$ 

";LEFT$(Z3$,17) 
" ;Z4$ 
" ;Z4$ 
:' ; Z3$ 
:' ;Z5$ 

" ,Z6$,CHR$(229)+CHR$C23 

" ; Z7$ 
1230 SPRlTE 6,(105,78),6,1 
1240 PRINT' "iZ6$ 
1250 PRlNT" ";CHR$(229)+CHR$(144)+C 
HR$(144);" Apr i l 1384" ; CHR$(144)+CHR$C 
144)+CHR$C229) 

1260 PRlNT" 
1270 PRII'lT" 
1280 PRINT" 
)+CHR$C150) 

",LEFT$(Z5$,17) 
:' ; LEFT$(Z5$, 17) 

" ; CHR$ C 149) +LEFT$( Z3$, 17 

1290 COLOR 1 :CURSOR 42,20: P RINT" Sega. 
Ja.ckpot" :COLOR 2 

1300 RETURN 
1310 REM Set up str ings 
1320 21$="" : Z2$:--''''' :Z3$="" : Z4$=":' 
1330 25$= ", : Z6$=" " : Z7$=" " 
1340 FOR AA~1 - TO 17 : READ A2 
1350 21$=21$+CHR$CA2) 
1360 NEXT 
1370 FOR AA = l TO 17 : READ A2 
1380 22$=22$+CHR$(A2) 

1390 NEXT 
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1400 FOR AA co l TO 20 :R EAO At 
1410 Z3·$ =Z3$-t-[HR$ CAZ) 
1420 NExT 
1430 FOR AA co 1 TO 20 :R EAD A2 
1440 Z4$=Z4$-t-[HR$CAZ) 
1450 NE><T 
1460 FOR AA co l TO 20;READ AZ 
1470 Z5$=Z5$-t-[HR$ CA2) 
1480 NEXT 
1430 FOR AA=1 TO 17; READ AZ 
1500 Z6$=Z6$+[HR$ CA2) 
1510 NEXT 
1520 FOR AA=1 TO 18:READ AZ 
1530 Z7$=Z7$-t-[HR$ (A2) 
1540 NEXT 
1550 RETiJRN 
1560 DATA 143,223,223,223,223,223,223, 
223,229,229,229,229,229,229,229,229,15 
0 
1570 DATA 229,32,32 ,32,32,32,32,32,32, 
32,32,32,32,32,32,32,223 
1580 DATA 229,229 ,223,229,229,229,223, 
229,223,223,223,229,223,229,223,229,22 
9,32,32,230 
1530 DATA 229,229,32,32 , 32,229,229,32, 
32,32,229,229,32,32,32,223,223,32,32,2 
30 
1600 DATA 229,144,144,144,144,144,144, 
144,144,144,144,144,144,144,144,144,22 
9,229 ,32,230 
1610 DATA 229,144,144,32,32,32,32,32,3 
2,32,32,32,32,32,144,144,229 
16~0 DATA 229,144,1 4 4,32,66,46,66,114, 
111, 119, 110,32,32,32, 144, 144,229,229 



STARIRH< LVIIIB 

5 REM AAAAAAAAAAAAAAAAAAAA 
10 RESTORE 5020 
30 PATTERNC#254,"0030FCCC7830CC00 ": PAT 
TERNC#135,"1F1F1F0000000000" 
40 OEF FNACBY)=INTCRNOCl)*BY)+l 
50 E$=CHR$(250):K$=CHR$C254):B$=CHR$C2 
47):S$="*":GOSUB 5000:RESTORE 70 
60 OIMSC8,8),RC6),OC8,8),JC10),GC8,8), 
CN$(4):CL$=CHR$C236):SR$=" ..... , . . ":F 
ORA=0T04:REAOCN$CA):NEXT 
65 SS$=".*"+CHR$(254)+CHR$C247)+CHR$C2 
50) 
70 DATA Green,Yel low,***REO***,Oocked, 
" " 
800V=6:FORA=1T06:REAOOV$CA):NEXT 
90 DATA Ion Orive,S.R Sensors,L.R Sens 
ors,Pulsar Ctrl,Photon Tubes,Oamage Ct 
r I 
100 CC$="CSLPTOGI":CC=8 
110 GOSUB3040 
120 K1=FNA(15)+10:S1=FNAC149)+150:B1=F 
NA(9):C9=1:FORI=1T08:FORJ=1T08:GCI,J)= 
-1:NEXT:NEXT:Ol=FNA(1999)+2000/10*10:0 
3=40:02=03+01 :GOSUB3060 
130 FORI=1T08:FORJ=1T08:SCI,J)=0 
140 NEXT:NEXT:L1=0:L2=0:GOSUB3130:0E=1 
o 
150 FORI=1TOINTCSIJ:OE=OE+1 :IFOE>255TH 
ENOE=I13 
1613 SPRITE 10,COE,180J,8,2:A1=FNA(8):A 
2=FNAC8J 
170 IF SCAl,A2J>8 THEN 1613 
1813 SCAl,A2J=SCAl,A2)+1 
190 NEXTI 
210 FORI=ITOKl:A1=FNA(8):A2=FNAC8):SCA 
1,A2)=SCA1,A2)+10i21 
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215 NEXT:GOSUB3160 
220 FORI=lTOB1:Al=FNACS):A2=FNACS):SCA 
1,A2)=SCAl,A2)+10:NEXT 
230 E1=FNACS):E2=FNA CS) :E7=FNAC8) :E8=F 
NACS):P=3000:C1=0:Tl=10:GOSUB790 
240 SCREEN1,1:CLS:COLOR1,11 
250 PRINT"Orders: Sto.rdo.te =" ;01 :PRINT 
:PRINT" As commo.nder of the United Sto. 
r s hiP PEGASUS, yo u r m iss ion is tor i d 
the go.lo.xy of the deo.dly Cygon's.": 

PRINT" To do th is, you must destroy th 
e Cygon invo.sion force of ";Kl;" B 
o.tt le" 
260 PRINT"cruisers. You ho.ve ";03;" so 
lo.r do.ys to complete your mission." 
270 PRINT"The Pego.sus is current ly loc 
o.ted o.t Quo.dro.nt" ;E2;"_1 iE1 :PRINT"S 
ector ";ES;"-II ;E7:PRINT:GOSUB4000:PR 
INT"Press I for instuct ions." 
280 U$= I NKEY$ : I FU$=" II THEN280 
290 IFU$="I"THEN 3170 
300 SCREENl,1 :CLS:GOSUB2760 
310 GOSUB1660 
320 SOUN00:CURSOR0,22:PRINT"Your Commo. 
nd Co.pto.in ?";:Y=2 
330 IJ$=INKEY$:IF IJ$="" THEN 330 
340 IFIJ$=CHR$C13JTHENGOSUB2760:GOT0320 

350 IFCA=lTHENCLS:GOSUB 2760 
360 FORA=lTOCC:IF U$=MIO$CCC$,A,l) THE 
NC2=A-l :GOT0390 
370 NEXT 
3S0 GOTO 530 
390 IFC2<>6THEN520 
400 CLS :PRINTCL$;"Go.lo.xy mo.p.":PRINT" 
_____ lI 

410 CA=1:CB=0:PRINT" ";:FORl=1TOS:PRIN 
T" " ;I ;: NEXT:PRINT:PRINT" ";:C2=31: 



GOSUB780:FORI=1T08:PRINTI; 
420 FORJ=1 T08: IF GC I, J) <0 THENPRINT": 
- "; :GOT0510 
430 QW=GCI,J):IFQW<10THENQ2$="00"+STR$ 
CQW):GOT0460 
440 IF QW>9 AND QW<100 THENQ2$="0"+STR 
$CQW):GOT0460 
450 Q2$=STR$CQW) 
460 W2$="" 
470 FORQW=lTOLENCQ2$):IFMID$CQ2$,QW,1) 
=" "THEN490 
480 W2$=W2$+MID$(Q2$,QW,1) 
490 NEXT:Q2$=W2$ 
500 PRINT":";Q2$; 
510 NEXTJ :PRINT":" :NEXTI :PRINT" ";:G 
OSUB780:PRINT:PRINT"Pegasus currently 
at" ;E2; "_" ;E1 :GOT0320 
520 ONC2+1GOTO 1320,650,1040,2190,2370 
,560,530,3170 
530 CLS:CA=l :CB=0:PRINTCL$;"Your choic 
es of command are:":PRINT"C - Course d 
i rective":PRINT"S - Short range sensor 
scan" 

540 PRINT"L - Long range sensor scan": 
PRINT"D - Damage control report":PRINT 
"P - F i r e Me g 0. Pu l s 0. r ' s II 

550 PRINT"T - F ire Photon torpedoes ": 
PRINT"G - Galaxy map":GOT0320 
560 CLS:PRINTCL$;"Damage Control Repor 
t.":PRINT" II 

570 IF R(6)<0 THEN590 
580 PRINT"Dev i ce State 0 f repa i 
r" :FORC2=1T06:PRINTDU$CC2),RCC2) :NEXT: 
GOTO 640 
590 TP=FNA(3):CURSOR0, 15:0NTPGOT0600,6 
10,620 

600 PRINT "Engineering reports,":GOT06 
30 
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610 PRINT "1st Of f i cer reports," :GOT06 
30 
620 PRINT "Navigat ion reports," 
630 PRINT"Oamage contro l not avai lab le 
" 
640 FORQW=1T0250:NEXTQW:GOTO 310 
650 GOSUB660:GOT0310 
660 CLS:PRINTCL$;"Short Range Sensor S 
can. ":PRINT"------------" 

670 IF RC2J<0 THENCB=0:FORA=0T07:CURSO 
R0,A+5:PRINTSR$i:NEXTA:PRINT:PRINT"Sho 
rt range sensors damo.ged ... ":RETURN 
680 IFPQ=lTHENGCE1,E2J=SCE1,E2J 
690 CB=1:GOSUB790 
700 CURSOR0,4:PRINT" 12345678" 
710 FORA=0T07 
720 CURSOR0,A+5:PRINTSR$i" "jA+1 
730 NEXTA 
740 FORI=lT08 
750 FORJ==lT08 
760 IF OCI,JJ<>0 THENCURSORJ,I+4:PRINT 
M I 0$ C SS$, 0 C I , J J + 1 , 1 J ; 
770 NEXTJ:NEXTI:CURSOR0,16:PRINT"Secto 
r ";E8i":" iE7;" ":RETURN 

780 FORI 1=1 TOC2 :PRINT"-" ; :NEXTI 1 :PRINT 
:RETURN 
790 IF L1=E1 THEN 810 
800 GOTO 820 
810 IF L2=E2 THEN RETURN 
820 Ll=E1 :L2=E2:FORI=1T08:FORJ=1T08:0C 
I,J)=0:NEXTJ:NEXTI :OCE7,E8J=4:PQ=1 
830 IF El <1 THEN E1=8 
840 IF E1>8 THEN E1=1 
850 IF E2<1 THEN E2=8 
860 IF E2>8 THEN E2=1 
870 IF SCE1,E2J-INTCSCE1,E2J/10J*10=0 



THEN 920 
880 FORI=1TOSCE1,E2)-INTCSCE1,E2)/10)* 
10 
890 E3=FNA(8):E4=FNAC8) 
900 IF OCE3,E4)<>0 THEN 890 
9100CE3,E4)=1:NEXTI 
920 IF INTCSCE1,E2)/10J-INTCSCE1,E2J/l 
00)*10=0 THEN970 
930 FORI=1TOINTCSCE1,E2)/10)-INTCSCE1, 
E2)/100J*10 
940 E3=FNA(8):E4=FNAC8) 
950 IF OCE3,E4J<>0 THEN 940 
960 OCE3,E4)=3:NEXTI 
970 IF INTCSCE1,E2)/100)=0 THEN1020 
980 FORI=1TOINTCSCE1,E2)/100):JCI)=300 

990 E3=FNA(8):E4=FNAC8) 
1000 IF OCE3,E4J<>0 THEN 990 
1010 OCE3,E4)=2:NEXTI 
1020 IF CB=1 THEN GOSUB 660 
1030 RETURN 
1040 CLS:PRINTCL$j"Long Range Sensor R -
eport.":PRINT" 
- - :1 

1050 IF R(3)<>0 THEN TP=FNA(3):GOTO 10 
70 
1060 GOTO 1120 
1070 ONTPGOTO 1080,1090,1100 
1080 PRINT"Navigat ion reports the Sens 
ors o.re ":GOTO 1110 
1090 PRINT"1st Of f i cer reports the Sen 
sors are ":GOTO 1110 
1100 PRINT"Eng ineer ing reports the Sen 
sors o.re " 
1110 PRINT"out Co.pto.in "ilJA$:GOTO 310 
1120 PRINT"Long range sco.n on Quadrant 
"iE2i"~"iE1 

1130 PRINT:C2=13:GOSUB780:FORI=E1-1TOE 
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1 + 1 : FORJ =E2-1 TOE2+ 1 
1140 IFI<1THEN1310 
1150 IFI>8THEN1310 
1160 IF J<1 THEN1300 
1170 IF J>8 THEN1300 
1180 GCI,J)=SCI,J) 
1190 QW=SC I, J): IFQW<10THENQA$="00"+STR 
$CQW):GOT01220 
1200 IF QW>9 AND QW<100 THENQA$="0"+ST 
R$(QWJ:GOT01220 
1210 QA$=STR$CQW) 
1220 Q2$="" 
1230 FORQX=lTOLENCQA$) 
1240 IFMID$CQA$,QX,1)=" "THEN1260 
1250 Q2$=Q2$+MID$CQA$,QX,1) 
1260 NEXTQX:QA$=Q2$ 
.1270 PR I NT" :" ; QA$ ; 
1280 NEXTJ:PRINT": " 
1290 NEXTI :GOSUB780:GOT0310 
1300 PRINT": - "j:GOT01280 
1310 PRINT": - : - : - :" :GOT01290 
1320 A=544:GOSUB2700 
1330 CURSOR0,14:PRINT"Course"j:GOSUB28 
00:C2=N:IFDD=1THEN310 
1340 Pl=8:IF RCIJ=0 THEN1370 
1350 P1=.2:IF R(1)<-3 THEN1370 
1360 P1=INTCC4+R(1))*2)/10 
1370 IFP1<1THENP2$="0"+STR$CP1) 
1380 P2$=STR$CP1) :P'($="":FORA2=1TOLENC 
P2$) 
1390 IFMID$CP2$,A2 1 1)=" "THEN1410 
1400 P'($=P'($+MID$CP2$,A2,1) 
1410 NEXTA2:P2$=P'($ 
1420 CURSOR0,15:PRINT"Light Speed C0 -

" jP2$ j")" ; :GOSUB2800: IFDD=1 THEN310 
1430 C3=N:IF C3<0 OR C3>8 THEN1370 
1440 IF C3<=P1 THEN1460 
1450 CURSOR0,16:PRINT"Engineering repo 
rts" :PRINT"Ion Or ive is da.ma.ged ... " :PR 



INT"Mo.x Li9ht speed="iP2$ :GOT01370 
1460 IFC3<1THEN1480 
1470 FOR XU=C3*100 TO C3*400 STEP 5:S0 
UN01,XU+10,15:NEXTXU 
1480 P=P-16*C3-5:N1=INTC8*C3):IFN1=0TH ' 
EN1610 
1490 N2=-COSCC2*.0174533):IF ABSCN2)<= 
.01 THENN2=0 
1500 N3=SINCC2*.0174533):IF ABSCN3)<=. 
01 THENN3=0 
1510 AU=l :AW=N1 
1520 E3=E7:E4=E8:P1=INTCE3+N2+.4):P2=I 
NTCE4+N3+.4):E7=P1 :E8=P2 
1530 IF P1<1 THEN1970 
1540 IF P1>8 THEN1970 
1550 IF P2<1 THEN1990 
1560 IF P2>8 THEN1990 
1570 IF OCP1,P2)<>0 THEN2010 
1580 OCE3,E4)=0:DCP1,P2)=4 
1590 IFCB=1THENCURSOR0,16:PRINT"Sector 

";E8;":" ;E7;" " 
1600 AU=AU+1:IFAU<=AW THEN 1520 
1610 Q=PP 
1620 01=01 +1 :FORI=1 T06: IF RC 1)=0 THEN1 
650 
1630 RCI)=RCI)+1 
1640 IF RCI)0 THENRCI)=0 
1650 NEXTI:GOT02020 
1660 FORI=E7-1TOE7+1 
1670 IF I < 1 THEN1740 
1680 IF 1>8 THEN1740 
1690 FORJ=E8-1TOE8+1 
1700 IF J<1 THEN1730 
1710 IF J)8 THEN1730 
1720 IF OCI,JJ=3 THEN1790 
1730 NEXTJ 
1740 NEXTI 
1750 C1=0:IFPQ=0THEN1770 
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1760 IF SCE1,E2)=100 THEN C1=2:GOT018 
00 
1770 IFP<=500 THEN C1=1 
1780 GOTO 1800 
1790 C1=3:P=3000:Tl=10:FORI=1T06:RCI)= 
o :NEXTI 
1800 IF C1=0 THEN 1820 
1810 GOTO 1840 
1820 FOR 1=1 T06: IF R C I ) <0 THEN C1=1 
1830 NEXTI 
1840 RETURN 
1850 C2=RND C 1 ) : IF C2<' 25 THEN1910 
1860 IFC2<' 8 THEN1960 
1870 CURSOR0,16:PRINT"Spo.ce Storm 
: I FC 1 <3THEN 1890 

" 

1880 PRINT"Sto.rbo.se Sh i e lds protect th 
e Ship2":GOT01960 
1890 C2=FNACDU):PRINTDU$CC2)j" Do.mo.ged 

":RCC2)=RCC2)-5*RNDC 1): IF C2<> 
2THEN 1960 
1900 CB=0:GOTO 1960 
1910 FOR 1=1 TO 6 
1920 IFRCI)=0THEN NEXTI 
1930 GOTO 1960 
1940 PRINT"TRUCE "; :PRINTDU$( I) j" Repo. 
i r sto.tus ho.s improved" :R( I )=RC I )+2*RN 
Del) 
1950 IF RCI)0 THEN RCI)=0 
1960 GOSUB1660:RETURN 
1970 S2=SGNCP1-1):E1=E1+S2:E7=INTCP1)-
8*S2:L1=E1+1 
1980 IF P2)=1 AND P2<=8 THEN2000 
1990 S2=SGNCP2-1) :E2=E2+S2;E8=INTCP2)-
8*S2:L2=E2+1 
2000 GOSUB790:CURSOR0,15:PRINT"Quo.dro.n 
l"jE2j":ljEl j " ":GOT01590 
2010 E7=E3:E8=E4:CURSOR0,17:PRINT"Pego. 
sus blocked o.t" j INTeP2J; "_" j INTeP1) :BE 



EP:GOT01620 
2020 GOSUB1660:GOSUB1850:GOSUB2050:IFP 
<0THEN2690 
2030 IFD1>D2THEN2670 
2040 GOT0310 
2050 IFPQ=0THEN2180 
2060 IF SCE1,E2)<100 THEN2180 
2070 I FC 1 <> 3THEN2090 
2080 GOSUB1880 
2090 G=1:H=0:FORI=1TOSCE1,E2J/100 
2100 H=H+1 :IFH(=8THEN2120 
2110 H=1:G=G+1:IFG)8THENG=0 
2120 IF DCG,HJ()2 THEN2100 " 
2130 Q1=G-E7:Q2=H-E8:D4=SQRCABSCQ1*Q1+ 
Q2+Q2JJ+.l:P5=INTCCRNDClJ*ABSCJCIJ-lJ) 
):JCIJ=JCI) - P5:IFCl=3THEN2170 
2140 P6=P5/D4:P=P-P6:CURSOR0,18:PRINT" 
Pego.sus Hit ":PRINT"CYGON o.t Sector";H 
; "_" ;G: IFP6<10THEN2170 
2150 A1=3-INTCP6/100):IF FNACAl)<>l TH 
EN2170 
2160 C2=FNACDU):PRINTDU$CC2J;" Ho.s sus 
tOoined DAMAGE":BEEP2:RCC2)=RCC2J-CP6/4 
2)*RNDC1J:IFC2=2THENCB=0 
2170 NEXTI :IFP(=0THEN2680 
2180 RETURN 
2190 CLS:PRINTCL$j"Mego. Pulso.r's.":PRI 
NT "-------11 
2200 IF R(4) <>0 THENCURSOR0, 15 :PRINT"P 
ulso.r's o.re in need of repo.ir. .. ":GOTO 
310 
2210 CURSOR0,15:PRINT"Pulso.r's 'LOCKED 
~ on to.rget" 
2220 PRINT"Energy o.vo.i lo.b le:" jINTCP):P 
RINT"Number of units to fire";:GOSUB28 
00:IFDD=1THEN1620 
2230 C2=N:IF C2)P OR C2(0 THEN2220 
2240 GOSUB 2980 

87 



88 

2250 P=P-C2:Q=PP:IF SCE1,E2J<100 THEN2 
350 
2260 P5=C2/INTCSCE1,E2J/100J:G=0:H=1:F 
ORI=lTOSCE1,E2)/100 
2260 P5=C2/INTCSCE1,E2)/100):G=0:H=1:F 
ORI=1TOSCE1,E2)/100 
2270 H=H+1 :IFH)=9THENH=1 
2280 G=G+1 :IFG)=9THENG=0 
2290 IF OCG,H)2 THEN2270 
2300 Ql=G-E7:Q2=H-E8:IF OCG,H)<2 THEN2 
270 
231004=SQRCQl*Ql+Q2*Q2):P6=P5/04:JCI) 
=J C I )-P6 :CURSOR0, 19 :PRINT"CYGON at I' iH i 
"-" iG i" hit ": IFJ C I )0THEN2340 
2320 KO$=KO$+K$:GOSUB2900:CURSOR0,20:P 
RINT"Oestroyed "iKO$ 
2330 FORI2=I+ITOSCE1,E2)/100:JCI2-1)=J 
CI2):NEXTI2:SCEl,E2)=SCE1,E2)-100:Kl=K 
1-1 : 0 C G, H) =0 : I = I + 1 : G C E 1 , E2) =S C E 1 , E2) 
2340 NEXTI 
2350 IFKl=0THEN2660 
2360 GOSUB2050:GOT0310 
2370 CLS:PRINT CL$i"Photon Torpedoes." 
:PRINT"" 
2380 IF R(5) <>0 THEN PRINT :PRINT" Out 
of order" :GOTO 310 
2390 IFT1<=0THENPRINT:PRINT"Torpedoes 
0.1 1 fir e d . II :GOTO 310 
2400 GOSUB 2700:PRINT "Torpedo Course" 
; :GOSUB 2800:IFOO=ITHEN310 
2410 C2=N:Tl=Tl-l :N2=-COSCC2*.0174533J 
:IF ABSCN2J<=.01 THEN N2=0 
2420 N3=SINCC2*.0174533):IFABSCN3)(=.0 
ITHENN3=0 
2430 GOSUB2920 
2440 Pl=E7:P2=E8 
2450 Pl=Pl+N2:P2=P2+N3 
2460 IF Pl<.5 THEN 2650 



2470 IF P1)8.5 THEN 2650 
2480 IF P2<.5 THEN 2650 
2490 IF P2)8.5 THEN 2650 
2500 IFOCINTCPl+.4),INTCP2+ . 4))=0THEN2 
450 
25100NOCINTCP1+.4),INTCP2+.4))GOT0253 
0,2580,2610 
2520 GOTO 2450 
2530 CURSOR 0,15 :PRINT"*** HIT STAR ** 
*" : 1 FCB= 1 THENY=0 
2540 IFFNA(4) <> 1 THENPRINT"Burned up":G 
OT02630 
2550 SCE1,E2)=SCE1,E2)-1 :IFFNA(10)=1TH 
ENGOSUB2850:GOT02680 
2560 GOSUB2840:IFFNA(10)=lTHEN2680 
2570 GOTO 2620 
2580 IFFNAC20J=1THENPRINT"Fai led to de 
tonate":GOTO 2630 
2590 IFFNA(30)=lTHENPRINT"CY90ns shiel 
ds have he ld. " :GOT02630 
2600 KO$=KD$+K$:PRINT "Cygon Ship dest 
royed ";KO$:SCE1,E2)=SCE1,E2)-100:K1=K 
1-1 :GOTO 2620 
2610 PRINT "St.arbase destroyed.":S(E1, 
E2)=S(E1,E2)-10 
26200CINTCPl+.4),INTCP2+.4)J=0:IFCB=! 
THENGCE1,E2J=SCE1,E2) 
2630 IFKl=0THEN2660 
2640 GOSUB2050:GOT0310 
2650 PRINT"Torpedo m,issed":GOTO 2630 
2660 PRINT"CYGONS DESTROYED" :END 
2670 CLS:PRINT"STARDATE * TIME RUN OUT 
" :END 
2680 PRINT"PEGASUS DESTROYED":END 
2690 END 
2700 CLS :PRINTCL$; "No.v i gat ion 0 i reet i v 
e. ":PRINT"----------~" :PRIN 
T:PRINT 
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2710 PRINT" 0 ":PRINT 
2720 PRINT" 315 45":PRINT 
2730 PRINT" 270 90":PRINT 
2740 PRINT" 225 135":PRINT 
2750 PRINT" 180":PRINT:RETURN 
2760 CA=0:GOSU81660:CLS:PRINTCL$j"Sto.t 
us Report." :PRINT" " 
2770 PRINTCL$; "Stardate ";01 :PRINTCL$; 
"Cond j t jon" ;" ";CN$CC1) :PRINTCL$; "Quad 
rant ";E2 j "-" jE1 :PRINTCL$ j "Sector " ; 
: IF R(2»=0 THENPRINTE8; "-" ;E7 :GOT0279 
o 
2780 PRINT 
2790 PRINTCL$j"Energy "; INTeP) :PRINT 
CL$; "Torpedoes" ;T1 :PRINTCL$; "Cygons 
" ;K1 :PRINTCL$; "Days Le ft" ;02-01 :RETURN 

2800 C$="":INPUTIJ$:Y=2:00=0 
2810 IFIJ$=CHR$(13)THEN 00~-1 :RETURN 
2820 N=IJALCIJ$) 
2830 RETURN 
2840 PRINT"Went NOIJA":FORoE==1T0200:NEX 
ToE:IFC8<>1THENRETURN 
2845 SP=50:GOSU82880:RETURN 
2850 CLS:PRINT"SUPERNOIJA" 
2860 FORoE=1T0200:NEXToE:SCREEN2,2:CLS 
:SP=200:GOSU82880 
2870 RETURN 
2880 SCREEN2,2:CLS:CALL&H9808:FORoE=1T 
OSP:oF=FNAC&H300)+&H3800:IJPOKEoF,FNAC& 
HFE) :NEXToE:SCREEN1,1 
2890 GOSU84000:RETURN 
2900 REM EXPLOSION 
2910 OUT127,228:FORSO=240T0255:0UT127, 
SO:FORSP=1T015:NEXTSP:NEXTSO:RETURN 
2920 REM TORPEDOES 
29300UT127,231:0UT127,240 
2940 FORSO=0T015:FORSP=192T0207 



2950 OUT127,SP:OUT127,SO:NEXTSP 
2960 OUT127,240+S0:NEXTSO 
2970 RETURN 
2980 REM PULSARS 
2990 OUT127,228 
3000 FORSP=240 T0255 
3010 OUT127,SP:FORSQ=1T03:NEXT 
3020 NEXT 
3030 SOUND0:RETURN 
3040 SCREEN1,1 :CLS: INPUT"Enter 
me. "iIJA$ 
3050 RETURN 

your no. 

3060 SCREEN2,2:CLS:COLOR5,11,(0,0J-(25 
5,191J,11:COLOR 1 
3070 PRINTCHR$( 17) :PRINT" Quo.l i ty Prog 
f o.rns " 
3110 COLOR6,1i:cURSOR80,80 
3120 PRINT"Presents":RETURN 
3130 COLOR 5,11 :MAG2 
3140 CURSOR40, 142:PRINTCHR$(17) i"SPACE 
TREK" 
3150 RETURN 
3160 PRINTCHR$(16):COLORI3,11:CURSOR 2 
0, 130:PRINT"Sto.rring Co.pto.in"i:COLOR12 
, 11 :PRINT CHR$( 17) i" "iIJA$ :RETURN 
3170 SCREENl,l:CLS:PRINT"WeLcorne to SP 
ACETREK." ;PRINT"------~---" 

3180 PRINT:PRINT" The Go.lo.xy is divive 
d into 64 ":PRINT"Quo.dro.nts. Eo.ch Quo.d 
ro.nt is divided" 
3190 PRINT" into 64 sectors. Co-ord i no.t 
es 1-5 \I :PRINT"rneo.ns 1 o.cross, 5 down. 

The " 

3200 PRINT"go.lo.xy ho.s wro.p o.round feo.t 
ures for" :PRINT"eo.se 0 f tro.ve I." 
3210 GOSUB3620 
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3220 CLS:PRINT"Course directives.":PRI 
NT" ":PRINT 
3230 PR I NT" Th e PEGASUS c o.n tr ave lin 0. 

ny 0 f the" :PRINT"e i ght direct ions as 
o llows," :PRINT 
3240 PRINT" 
3250 PRINT" 
3260 PRINT" 
3270 PRINT" 
3280 PRINT" 
3290 GOSUB3620 

0" 
315 45" 

270 90" 
225 135" 

180" 

3300 CLS :PRINT" Ion Or i ve." :PRINT"-
-~" :PRINT 
3310 PRINT" The PEGASUS is equipped wi 
t h the": PR I NT" las t est Ion d rive pro p u l 
sion system. " 
3320 PRINT" sector = .2 " 
3330 PRINT" 4 sectors = .5 " 
3340 PRINT" 1 Quadrant = 1 " 
3350 PRINT"Use o f the Ion drive requir 
es 0. ":PRINT"single stardo.te. " 
3360 GOSUB3620 
3370 CLS :PRINT"Short Range Sensors.":P 
RI'Ml" ":PRINT 
3~ PRINT" The short range sensors sc 
an -the" :PRINT"present quadrant. The PE 
GASUS looks" 
3390 PRINT" like., the GYGONS*, Bas 
esto.rs +-," :PRINT"a.nd Stars i ." :GOSUB 
3620 . 

3400 C L S : P R I NT" L o.n g Ran 9 e Sen s 0 r s . " : P R 
INT" " :PRINT 
3410 PRINT" The long range sensor scan 
s the 9" :PRINT"c losest Qua.dro.nts." 
3420 PRINT"The 1st dig it = number 0 f G 
,(GONS" 

3430 PRINT"The 2nd dig it -- number 0 f B 
asestars" 



3440 PRINT"The 3rd dig it = number 0 f S 
to.rs. " 
3450 GOSUB3620 
3460 CLS: PR I NT" Go. l o.xy Mo.p.": PR I NT ,,--

":PRINT 
3470 PRINT" Every time the LR sensors 
o.re used" :PRINT"the go.lo.xy ma.p is updo. 
ted.":GOSUB 3620 
3480 CLS:PRINT"Mego. Pulso.rs.":PRINT"-

":PRINT 
3490 PRINT" The pulso.rs o.re very o.ccur 
a.te due to":PRINT"modern gUido.nce syst 
ems. Any o.mount" 
3500 PRINT"o f a.Va i lo.b Le energy mo.y be 
fired. A":PRINT"CYGON ship ho.s up to 3 
000 units of" 
3510 PRINT"energy.":GOSUB3620 
3520 CLS:PRINT"Photon Torpedoes. ":PRIN 
Til ":PRINT 

3530 PRINT" Torpedoes o.re limited to 0. 

single" :PRINT"Quo.dro.nt. The couse is 
9 i ve n o.s per" 
3540 PRINT"the No.v i go.t Ion direct I ve. I 
fa." : PR IN T" tor p e doh its 0. s t 0. r the s t 0. 

r co.n go" 
3550 PRINT"SuperNova, thus destroying 
the Ship.":PRINT"Should the sto.r go NO 
UA, your chances" 
3560 PRINT"are 90x.":GOSUB3620 
3570 CLS:PRINT"Do.mo.ge Control.":PRINT" 
-------" :PRINT 

3580 PRINT" Th is lists the sto.te 0 f re 
po.lr of":PRINT"o.ll devices. All repo.ir 
S o.re co.rr ied" 
3590 PRINT"out dur ing the go.me, but do 
cking":PRINT"with a. BASESTAR will effe 
ct" :PRINT" i mmed i o.te repa. i rs. " 
3600 PRINT"Dock ing is o.ch ieved by pos I 
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tioning":PRINT"the PEGASUS o.longside 0. 

Bo.sesto.r.":GOSUB3620 
3610 GOT0530 
3620 PRINT:PRINT "Press . o.n:y ke:y to cont 
i nue. " 
3625 FORRT=IT0400:NEXTRT 
3630 IFINKEY$=""THEN3630 
3640 RETURN 
4000 DH=&Hl1:DF=&H3800:DG=&H3B00:FORDE 
~DFTODG:UPOKEDE,DH:NEXT:RETURN 

5000 FORX=&H9808TO&H9819 
5010 READA:POKEX,A:NEXT:RETURN 
5020 DATA &HF3,&H3E,0,&HD3~&HBF,&H3E,& 
H80,&H03,&HBF,&H3E,&HC8,&HD3,&HBF,&H3E 

PATIERN EDTJ:rn LVIIIA/B 

10 DIM PTe16,19),BDe8),BTe8) 
20 PATTERNCt*208,"001008FC0~100000" 
30 PATTERNCn211,"7884B4A4A4B48478" 
40 PATTERNCn209,"20202020AB702000" 
50 lY$="---------------" 
60 TP$="000000000000" 
70 ll$=CHR$(142)+", "+CHR$(143)+", "+ 

CHR$(208)+", "+CHR$(209) 
80 SCREEN 1,1 :CLS:FOR X=ITOI6:FORY=lTO 

19:PTeX,Y)=32:NEXT:NEXT 
90 PRINT"Po.ttern Editor." :[URSOR25,0: 

PRINT"B. Brown "; :PRINTCHR$(211); : 
PRINT" 84" :PRINT lY$ 

100 PRINT:GOSUB 740 
110 X=2:Y=5 
120 CURSOR 26,2:PRINT"Expo.nded" 
130 CURSOR 26, 16:PRINT"Normo.l" 
140 CURSOR 1,22: PR I NT" (S) e t , C l) e r 0" ; : 



PRINT", (E)ro.se," ;22$; 
150 CURSOR 1, 23 : PR I NT" C P Jr in t s h o.p e " ; : 

PRINT", (U)o.lues in Hex"; 
160 CURSOR X,Y:PRINTCHR$(144) ; : ~OR DE= 

1 TO 15:NEXT DE 
170 A$=INKEY$:CURSOR X,Y:PRINT CHR$(PT 

eX,Y));:IFINKEY$="" THEN GOTO J60 
180 IF A$=CHR$(28) THEN X=X+2: IF X)16 

THEN X=2~Y=Y+2:IF Y)19 THEN Y=5 
190 IF A$=CHR$(29) THEN X=X-2: IF X(2 

THEN X=16:Y=Y-2:IF Y(5 THEN Y=19 
200 IF A$=CHR$(30) THEN Y=Y-2: IF Y<5 

THEN Y=19 
210 IF A$=CHR$(31) 

220 
230 
240 
25121 
26121 

THEN Y=5 
IF A$="2" . 
IF A$="S" 
IF A$="U" 
IF A$="P" 
IF A$="E" 

27121 GOTO 16121 

THEN 
THEN 
THEN 
THEN 
THEN 

THEN Y=Y+2: IF Y) 19 

PTCX,Y)=32 
PTCX, Y)=229 
GOSUB 280 
GOSUB 350 
GOTO 8121 

280 REM Pr int Hex vo.lues of eo.ch row 
290 AY=4:AX=24 
3121121 BX=2:BB=1 :FOR BY=5 TO 19 STEP2:BA= 

0:GOSUB 64~:BQ(BB)=BA:BB=BB+1 :NEXT 

31121 BB=1 :FOR BE=5T019 STEP2:CURSOR18, 
BE:BA$=HEX$(BDCBB)) :IF LENCBA$)< 2 
THEN BA$="I2I"+BA$ 

320 BB=BB+1 :PRINT BA$; :NEXT 
330 RETURN 
34121 REM Pr i~t Po.ttern on screen 
350 AY=4:AX=26:FOR AE=5TO i9 STEP2:~OR 

AA=2 TO 16 STEP 2 
360 IF PT(AA,AE)32 THEN AD$=CHR$(229) 

:GOTO 38121 
370 AD$=CHR$(32) 
38121 CURSOR AX,AY:PRINT AD$; 
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390 AX=AX+1 : IFAX)33THENAX=26:AY=AY +1 
400 IF AY)11 THEN AY=4 
410 NEXT:NE XT 
420 GOSUB 280:AA$= "" 
430 FOR BA=1T08:BB$=HEX$CBD CBA)) :I F 

LENCBB$)<2 THEN BB$="0"+BB$ 
440 AA$=AA$+BB$:NEXT:PATTERNC~~HD2:AA$ 

450 B2=0:BS=1 :FOR MA=2TOLENCAA$)STEP2 
460 BR$=MID$CAA$,MA, 1) 
470 IF BR$="A" THEN BR$="10" 
480 IF BR$="B" THEN BR$="11" 
490 IF BR$="C" THEN BR$= "12" 
500 IF BR$="D" THEN BR$="13" 
510 IF BR$= "E" THEN BR$= " 14" 
520 IF BR$="F" THEN BR$=" 15" 
530 B2=UALCBR$) :BTCBS)=B2 AND 3 
540 BS=BS+l :NEXT MA 
550 A2$="" :FOR BA=1 TO 8 :B2=BTCBA) 
560 IF B2=1 THEN B2=4 
570 IF B2=2 THEN B2=8 
580 IF BR=3 THEN B2=12 
590 BR$=HEX$(B2) :IF LENCBR$)<2 THEN 

BR$=BR$+"0" :A2$=A2$+BR$:NEXT 
600 PATTERNC~~HD4,A2$ 
610 CURSOR 28,18:PRINT CHR$C~HD2) ;: 

PRINTCHR$C~HD4) 

620 RETURN 
630 REM Determine Ualue per row 
640 IF PTCBX,BY)32 THEN BA=BA+128 
650 IF PTCBX+2,BY)32 THEN BA=BA+64 
660 IF PTCBX+4,BY)32 THEN BA=BA+32 
670 IF PTCBX+6,BY)32 THEN BA=BA+16 
680 IF PTCBX+8,BY)32 THE~ BA=BA+8 
690 IF PTCBX+10,BY)32 THEN BA=BA+4 
700 IF PTCBX+12,BY)32 THEN BA~BA+2 
710 IF PTCBX+14 , BY)32 THEN BA=BA+l 
720 RETURN 



730 REM cleo.r 
740 PRINT" 1 
750 PRINT" 
760 PRINT"l 

o.rro.y 
2345678 " 

" 
, " , 

770 PR 1 NT ,. : --------------- : " 
780 PRINT"2: 
790 PRINT" 
800 PRINT"3: 
810 PRINT" 
820 
830 
840 

PRINT"4: 
PRINT" 
PRINT"5: 

850 PRINT" 
860 PRINT"6: 
870 PRINT" 
880 PR 1 NT ,. 7: 
f;390 PRINT" 
900 PRINT"8: 
910 PRINT" 
920 RETURN 

, " , 
, " ---------------1 
, " , 
, " ---------------, 
, ,. , 

· " ---------------, 

'" I 

_______________ I II , 
'" I 

_______________ I II , 
, " 
· 
· " ---------------. 
'" , 

" 
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