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your P/M display is that the program did not step back far enough 
into RAM and consequently located the P/M data in the display 
data memory area. The Atari then obediently displayed this data 
both from the normal display and through the P/M system. Since 
the display data is displayed as a number of bytes per line (Table 
2), you will see a line of varying colored dots. By contrast, the P/M 
display is organized to display the bytes in a "stack" arrangement 
and so you see the desired figure (possibly as you designed it). 

To aid you in using P/M graphics, Table 1 gives the number of 
pages that must be stepped back in memory (from the top of avail­
able RAM) to avoid interference between the two systems. For 
those not familiar with the concept of paging, the memory 
addressing system of the 6502 microprocessor within the Atari is 
based on the concept of a memory page. Each page is equivalent to 
256 bytes of memory. Thus there are four pages of memory in 
each K (1024 bytes) of memory. 

Note that, in calculating the step-back value for Table I, a 
restriction must be observed: positioning for the P/M RAM must 
be on a lK boundary for double-line resolution and on a 2K 
boundary for single-line resolution. If you position the P/M 
memory incorrectly, the P/M data will not be displayed. Since the 
Atari will be equipped with a varying amount of memory, it must 
be able to keep track of the amount available so that it knows 
where to locate the display data and display list. This is done at 
memory location 106 (RAMTOP). If you PEEK this location, you'll 
find the number of pages, not the number of bytes, in your machine. 
You can get the number of bytes by multiplying by 256. 

POKEing into this location can be very useful for the 
programmer. One example is the location of large machine 
language programs that must be placed in a secure location that is 
not touched by BASIC. One way to accomplish this is to POKE a 
lower number of pages into RAMTOp, fooling the computer into 
believing that it has less memory than is the case. Then you can 
load your machine code in this safe hiding place, yet still access it 
when needed. 

Another use is as a safe location for a redefined Atari char­
acter set. Again, there is one restriction. The relocated display 
data cannot cross a 4K boundary (graphics modes up to 7). If you 
don't observe this restriction, you'll find that you will be unable to 
plot and draw on part of the screen. RAMTOP for GRAPHICS 8 
must be lowered in multiple 4K blocks. If you try it otherwise, 
you'll see weird and unwanted displays on your screen. 
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Thus, two methods for storing P/M data are: 

1. Beneath the display list 

2. Above a lowered RAMTOP 

An example calculation for method one is shown below. However, 
it is tedious to have to calculate each time you program, so I've 
provided Table 3 for your use . This table gives the correct number 
of pages to offset the P/M system for either method of storage. 

I hope these tables aid you in using the P/M and graphics 
systems. The systems are powerful, and their use will result in 
increasingly sophisticated displays. 

Table 2. Example of P / M Positioning in Memory 
Assume you wish to run P/M graphics mode 7. You want to use 
all four players, so all of the playerlmissile memory must be free 
and clear of the Screen Display memory. 

GRAPHICS 7, Screen Display (Table 1) 
P/M graphics, single-line resolution (requires 2K) 

However, 25 pages is not on a 2K boundary: 
6K=24 pages 
8K=32 pages 

Required Step-Back 
In Memory, Pages 

17 
8 

Total = 25 pages 

Therefore, you must step back 32 pages for proper positioning of 
the P/M system. 
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Table 3. Player/Missile Positioning 

Above RAMTOP* Beneath Display Listt 

Graphics 
Mode 

o 
1 
2 
3 
4 
5 
6 
7 

8-11 

Double 
Resolution 

4 
4 
4 
4 
4 
4 
4 

12 
16 

Single 
Resolution 

8 
8 
8 
8 
8 
8 

16 
16 
16 

Double 
Resolution 

8 
8 
8 
8 
8 

12 
16 
24 
36 

*Number of pages to lower RAMTOr Locate PMBASE at new RAMTOP 
tLocate PMBASE at indicated offset (in pages) below RAMTOP 

Notes 

Single 
Resolution 

16 
16 
16 
16 
16 
16 
24 
32 
40 

1. RAMTOP (location 106) defines the top of available memory. 
The display data lies just beneath RAMTOP. The display list 
resides just beneath the display data. 

2. When lowering RAMTOp, the display data memory area must 
not cross a 4K boundary. RAMTOP for GR.8 must always be 
lowered in 4K increments. 

3. Player/missile offsets are calculated by observing the following 
restrictions for the location of PMBASE: 

Offset from any other data 
Boundary location for PMBASE 

Double 
Resolution 

1K 
1K 

Single 
Resolution 

2K 
2K 
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Memory Protection 
Jim Clark 

Player/missile graphics, redefined character sets, screen flipping, and 
machine language subroutilles all create a l1eed for protected areas of 
memory. This article covers several ways of handlil1g the problelll and 
gives you a program that protects low mel/wry. 

On the Atari, a problem arises in applications requiring a portion 
of memory to be protected from BASIC. For example, most 
machine language subroutines need protection. The problem is 
that BASIC is likely to use memory anywhere within available 
RAM, thus writing over the machine language subroutine and 
destroying it. 

In many computers it is possible to protect memory at the 
"high" end, that is, at the highest RAM address. The Atari uses 
high memory for the data which is displayed on the screen. If you 
attempt to protect memory above the screen display by reducing 
the high memory value that BASIC thinks it has, then you cannot 
clear the screen or scroll text in any of the split-screen modes 
because these actions affect memory beJjond the screen display 
area. These actions cause no problem when the screen display is 
actually the last thing in memory, because they apply to non­
existent memory. Howevel~ if you want to use memory beyond 
the screen display for your own purposes, then your data will be 
damaged by any action in your program which clears the screen 
or scrolls text in a text window. 

Another alternative is to protect low memory. The main 
problem with this approach is that the memory protection must 
be done before BASIC gets control, since BASIC starts saving any 
program you enter beginning at the low memory address. The 
program shown here solves this problem as follows: it takes 
control of the Atari with a machine language subroutine and 
resets the system's low memory pointer. It then reinitializes 
BASIC-just as if you had pressed the SYSTEM RESET key-and 
BASIC takes control again, blissfully unaware that it now has less 
RAM to work with than it did before you ran this program. 

To find the address of the memory you have protected, type 
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?PEEK(743) + 256*PEEK(744) before you run this program. The 
number printed can be used as the origin for a machine language 
subroutine, or as the destination address for whatever data you 
want to store in the protected area. 

When you run the program, it asks how much memory you 
want to protect. Type in any positive number which is less than 
the amount of RAM you have available, as determined by typing 
?FRE(O). The program reinitializes BASIC, and if you type 
?PEEK(743) + 256*PEEK(744) again, the number printed will be 
greater than the value shown before running the program: the 
difference is the amount you requested to be protected . The 
memory area will remain protected until you tum the computer 
off, and the area can be used for machine language subroutines, 
redefined character sets, player/missile graphics objects, or any 
other use you might wish. 

Memory Protection 
90 REM 1:1"':(1) :i--:J :11"';;;C0li. (I]: 

100 REM ** LOAD MACHINE LANGUAGE SUBR 
OUTINE ** 

110 PGMSIZ=24:DIM SUBR$(PGMSIZ) 
120 FOR 1=1 TO PGMSIZ 
130 READ BYTE 
140 SUBR$(I)=CHR$(BYTE) 
150 NEXT I 
200 REM ** GET AMOUNT OF MEMORY TO PR 

OTECT ** 
210 -;> "How many bytes do you want to 

protect"; 
220 INPUT PROTECT 
230 HI=INT(PROTECT/256):LOW=PROTECT-2 

56*HI 
240 SUBR$(6 , 6)=CHR$(LOW) 
250 SUBR$(14,14) = CHR$CHI) 
300 REM ** REINITIALIZE BASIC WITH TH 

E NEW LOW MEMORY POINTER ** 
310 Z=USRCADRCSUBR$» 
400 REM ** MACHINE LANGUAGE SUBROUTIN 

E ** 
410 REM MEMLO =$02E7;BOTTOM OF AVAILA 

BLE USER MEMORY 
420 REM WARMST=$08;WARM START FLAG 
430 REM CARTA =$AOOO;BASIC CARTRIDGE 

ENTRY POINT 
440 REM 
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450 REM THE PROGRAM IS COMPLETELY REL 
OCATABLE, SO NO STARTING ADDRESS 
IS PROVIDED 

470 REM 
500 REM CLC ;INITIALIZE FOR ADDITION 
510 DATA 24 
520 REM LDA MEMLO ;ADD LEAST-SIGNIFIC 

ANT BYTES 
530 DATA 173,231,2 
540 REM ADC #PROTECT&$FF 
550 DATA 105,0 
560 REM STA MEMLO 
570 DATA 141,231,2 
580 REM LDA MEMLO+l ;ADD MOST-SIGNIFI 

CANT BYTES 
590 DATA 173,232,2 
600 REM ADC #PROTECT/256 
610 DATA 105,0 
620 REM STA MEMLO+l 
630 DATA 141,232,2 
640 REM LDA #0 ;RESET THE WARM START 

FLAG 
650 DATA 169.0 
660 REM STA WARMST 
670 DATA 133,8 
680 REM JUMP CARTA ;START BASIC OVER 

AGAIN 
690 DArA 76,0,160 
999 END 
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Beware the 
RAMTOP Dragon 
K. W. Harms 

While the previous article showed how to protect low memory, this one 
tackles the problem of shielding high memory. 

7 

You've just had a brilliant idea for a program which requires some 
protected memory. Perhaps a special display list or character set is 
needed, or maybe a direct access memory "file:' This article 
explains how to set aside that memory so that nothing will fiddle 
with it. Further, we'll reveal the generally unknown habits of the 
RAMTOP Dragon and show you three ways to make sure he 
doesn't gobble up your data. 

The Atari offers a simple way to control how memory is inter­
nally managed by the operating system. In the previous article, 
Jim Clark shows how to move the lower boundary. Both Clark's 
method and the one discussed here protect memory from BASIC 
programs. 

The map gives a very simple picture of Atari's memory 
management. Fixed memory boundaries are presented in decimal 
"addresses;' but boundaries whicll. vary according to the amount 
of memory in your machine or the program loaded at a particular 
time are given names such as "RAMTOP // The 400 and 800 both 
use the same system. 

When you hlrn on the Atari with a BASIC cartridge, it takes a 
few seconds before "READY" to check out the machine and enter 
values for the boundaries into specific locations. PEEK allows you 
to look at those values. For instance, the value for RAMTOP is 
stored in address 106. The instmction//? PEEK(106)" will tell you 
where the Atari thinks the end of RAM is. Appendix I of the Atari 
BASIC Reference Mallual explains that the value in 106 is in "pages" 
of 256 bytes. Multiplying number of pages times 256 gives the last 
address BASIC thinks it can use (for example, a PEEK(106) of "32// 
equals an address of 8192 or "8K") . 
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The 4001800 always places the display list and display data 
immediately below RAMTOP. If you alter the value in RAMTOp, 
the Atari will push the display list and display data" downward" 
in RAM. This reduces the space available for your program, but 
leaves free RAM above the new (fake) RAMTOP. Since the Atari 
doesn't know about this space, it doesn't use it, usually. This is the 
space usually considered "reserved" for you. 

Program 1 shows how to lower RAMTOP by four pages (1024 
bytes). Remember to issue a GRAPHICS command immediately 
after moving RAMTOP so that the display list and data are moved 
below the new RAMTOP. Since line 60 will clear the screen, write 
down the old amount of free RAM and RAMTOP. Comparing 
them to the new numbers from lines 80 and 90 will show that 
RAMTOP is now lower and that less space is available for 
programs. That extra memory is now above RAMTOP and 
"reserved" for your exclusive use. RAMTOP is reset only by the 
RESET switch (and powering down/up), so that successively 
RUNning Program 1 will keep lowering RAMTOP until you run 
out of memory. 

Although others have described ways to use the reserved 
space, they have not warned you about the RAMTOP Dragon 
who will periodically visit your reserved RAM and gobble up 
memory. Extensive field observations have revealed that the 
Dragon visits upper memory on three occasions: 

1. A GRAPHICS command clears the visible screen and also the 
first 64 bytes above RAMTOP. 
2. A CLEAR command (or "PRINT CHR$(125),,) clears the first 64 
bytes above RAMTOP. 
3. Scrolling the text window of a graphics mode 3-8 screen clears 
up to 800 bytes above RAMTOP. 

Program 2 lets you play with the RAMTOP Dragon. Lines 
100 to 140 move down RAMTOP and reset the display list and 
data. Answer "NO" for all except the first pass, or the program 
will lower RAMTOP each time until you are out of memory. 

After an initial questioning, the next section (lines 200 to 290) 
first turns off the "direct memory access" for the ANTIC processor 
so that the program will operate faster. It then fills the 900 bytes 
after RAMTOP with a sequence of values between 1 and 255. 
Note that the values will remain there as long as there's power to 
the CPU (and nothing clears them). Therefore, it's not necessary 
to repeat this step on subsequent RUNs. 
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The "Choose Action" section (lines 300 to 340) GOSUBs to 
the three major program sections. 

The "Screen Play" routine (lines 1000 to 1100) exercises all 
three of the actions which call the Dragon. It clears the screen, 
changes graphics modes, and scrolls text windows. To scroll a 
window, enter graphics mode 3 to 8, and then enter numerical 
responses for as long as you wish to scroll (the amount of scrolling 
appears to affect the amount of memory cleared). 

The "Check Memory" routine (lines 2000 to 2100) prints 
addresses for the first and last positions of reserved memory and 
requests the starting and ending addresses you wish to check. 
This section allows you to look at different ranges of locations to 
see how much memory has been cleared by displaying these 
memory addresses and their values. Knowing that the Dragon 
always leaves O's in his path, and remembering that we loaded 
memory with values between 1 and 255, O's will appear only in 
areas he visited. (Actually, I'm not sure whether the Dragon is a he 
or a she.) When you're done checking and want to enter a 
different set of actions, a "0,0" entry will return you to the 
"Choose Action" section. 

The "Neat Trick of the Week" is found in lines 2055 and 2075. 
The memory address at 53775 can be used to tell you whether a 
key on the keyboard is being pressed at the time you PEEK it. If a 
key (any key) is depressed, 53775 contains the value 251. When 
the key is released, 53775 will show a 255. Line 2055 then stops 
the program whenever any key is pressed and restarts it when the 
key is released. Then POKEing 764 with a 255 (line 2075) clears the 
"halt" character so that future INPUTs, GETs, etc., aren't 
confused. 

How can one avoid the Dragon anyway? There are many 
ways. You could never change graphics modes or clear or scroll 
the screen. This is difficult if you have any significant screen 
output. However, since the screen clear erases only 64 bytes, you 
could always clear the screen before the text window scrolls and 
never use those first 64 bytes. Or you could skip the first 800 bytes 
after RAMTOP and allow both scrolls and clears. Taking the other 
path, you could move the bottom of memory up and use memory 
below the new bottom (review Clark's article). However, this 
requires using a (simple) machine language subroutine. 

If you are using the reserved memory in a stable program (one 
with no further coding), you have another choice. Program 3 
shows how to use memory below RAMTOP as your special area 
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instead of reserving memory above RAMTOP. In your program, 
wait until after all strings and arrays are dimensioned. Then, go to 
the highest resolution graphics mode and PEEK at the top of your 
BASIC program (line 10000). Since the Atari saves data on 
COSUB and FORJNEXTstatements as it encounters them in a 
dynamic "stack" at the top of a program, you must provide some 
room for this storage. Figure on four bytes for each active COSUB 
(one which hasn't been RETURNed), plus 16 bytes for each active --
FORJNEXT (while it's FORing and NEXTing). Add this allowance 
to the previous address (line 10010) and use the total as the bottom 
of your reserved area. 

Next, PEEK at MEMTOp, the top of RAM available for BASIC 
programs (line 10100), and use that number as the top of your 
area. 

This method gives you the greatest possible amount of RAM 
without special code, but brings three general risks. If your BASIC 
program grows (by encountering an unexpected DIM or FORI 
NEXT, for instance) after you have set the lower boundary, it will 
gnaw into the bottom of "your" memory. If the graphics mode is 
changed to a higher resolution mode after the upper boundary is 
set, the display list will push down into the reserved memory. 
Last, a program loaded after the boundaries are set may be larger 
and run into the set-aside memory. 

The next time you see the RAMTOP Dragon, you'll be ready! 

Program 1. Lower RAMTOP 
10 ':' "FREE RAM = ";FRE(O) 
20 RAMTOP = PEEV ( 106 \ : ':' "RAMTOF' " ; RAM 

TOP;" PAGES":':' "LAST ADDRESS = ";R 
AMTOP*256 

30 FOR W=1 TO 1000:NEXT W 
40 SMALLRAM=RAMTOP - 4 
50 POKE 106,SMALLRAM 
60 GRAPHICS 0 
70 RAMTOP=PEEK(1061 
80 ':' "NEW FREE RAM = ";FRE(O) 
90 ':' "NEW RAM TOP = ";RAMTOP;" PAGES": 

':' "LAST ADDRESS = ";RAMTOP*25& 
100 ':' "RESERVED MEMORY BEGINS AT ";RA 

MTOP* 2 56+1 
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Memory Management 

57344-65535 
55296-57343 
53248-55295 

40960-49151 
RAMTOP 

MEMTOP 

PRO TOP 

BASIC LOMEM 

o 

ROM for character set, OS, etc. 
ROM, Floating Point ROM 
ROM, Hardware Registers ROM 
Unused space 
CARTRIDGE ROM for BASIC, etc. 

END of RAM PEEK(106) 
Display List and Display Data 

(Usually 1K in Graphics 0, 
around 8K in Graphics 8) 
Top of RAM usable by BASIC programs 
PEEK(741) + 256*PEEK(742) 

Program top for the current BASIC program 
PEEK(14) + 256*PEEK(lS) 

Free RAM used for programs, data storage, etc. 
Start of BASIC program 

Operating System, various 
buffers, hardware registers, etc. 

Start of RAM addresses 

Program 2. Move RAMTOP 

50 REM STEP UP VARIABLES FOR CALLS 
60 CHECK=1000:SCREEN=2000:QUIT=3000:D 

1M AN$(10):'7 CHR$(125) 
100 REM MOVE DOWN RAMToP 
110 RAMToP=PEEK(106) 
120 '7 "MOVE DOWN RAMToP";: INPUT AN$: I 

F AN$(l,I)="N" THEN 200 
130 RAMToP=RAMToP-5:PoKE 106,RAMToP 
140 GRAPHICS 0 
200 REM FILL 900 BYTES ABOVE RAM TOP 
210 FIRST=RAMTOP*256+1:LAST=RAMTOP*25 

6+900 
220 '7 "FILL MEMORY ABOVE RAMTOP";:INP 

UT AN$: IF AN$ (1,1) ="N" THEN 300 
230 POKE 559,0:REM TURN OFF SCREEN RE 

FRESHER 
240 FOR PoSITIoN=FIRST TO LAST 

7 

215 



7 

250 IF VALUE=255 THEN VALUE=O 
260 VALUE=VALUE+l 
270 POKE PoSITIoN,VALUE 
280 NEXT POSITION 
290 POKE 559,34:REM TURN ON SCREEN 
300 REM CHOOSE ACTION 
310 J :J "WHAT ACTION ? ":? "~ TO CHECK 

RAM": J "~ TO PLAY WITH SCREEN":? 
"~ TO QUIT" 

320 INPUT ACTION 
330 ON ACTION GoSUB SCREEN,CHECK,QUIT 
340 GoTo 300 
1000 REM SCREEN PLAY 
1010 ? "CLEAR SCREEN": INPUT AN$ 
1020 IF AN$ ( 1 , 1) =" Y" THEN J CHR$ I 125) 
1030? "CHANGE GRAPHICS MODE"; :INPUT 

AN$ 
1040 IF AN$ I 1,1) = " Y" THEN? "WHAT MOD 

E";:INPUT MoDE:GRAPHICS MODE 
1050 IF MoDE <> O THEN? " ENTER ANSWERS 

UNT I L DONE, THEN NO";: INPUT AN$ 
1060 IF AN$ I 1,1) <: > "N" THEN GoTo 1050 
1070 IF MoDE <> O THEN GRAPHICS 0 
1100 RETURN 
2000 REM CHECK MEMORY 
2010 J :J "FIRST POSITION = ";FIRST:? 

"LAST = ";LAST;? "ENTER PoSITIo 
NS TO CHECf< OR 0,0 TO RETURN" 

2020 INPUT START,FINISH; IF START=O TH 
EN GoTo 2100 

2030 POKE 82,7;PoKE 201, 11; ? ;REM MoV 
E MARGIN, SET TAB 

2040 FOR PoSITIoN=START TO FINISH 
2050 VALUE=PEEKIPoSITIoN):? POSITION; 

.. = ";VALUE, 
2055 HALT=PEEK(53775); IF HALT=251 THE 

N GoTo 2055 
2060 NEXT POSITION 
2070 POKE 82,2;REM RESTORE MARGIN 
2075 Pof<E 764,255 
2080 GoTo 2000 
2100 RETURN 
3000 REM QUIT 
3010 ? "NO RMAL END OF JoB";END 
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Program 3. Using Memory Below RAMTOP 
10000 PROTOP=PEEK(14)+256*PEEK(15) 
10010 MEMSTART=PROTOP+24+1:REM START 

OF YOUR MEMORY; ALLOWS FOR 2 GO 
SUBS AND 1 FOR/NEXT 

10100 MEMTOP=PEE K(7 41)+ 25 6*PEEK(742) 
10110 MEMFINI S H=MEMTOP:REM END OF YOU 

R MEMORY AREA 

7 
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Listing Conventions 
In order to make special characters, inverse video, and cursor 
characters easy to type in, COMPUTE! Magazine's Atari listing 
conventions are used in all the program listings in this book. 

Please refer to the following tables and explanations if you 
come across an unusual symbol in a program listing. 

Atari Conventions 
Characters in inverse video will appear like: .. aWi.;;..-J#kIJ •• )=t!: 
Enter these characters with the Atari logo key, {A}. 

When YOll ~ec Type Sec 

{CLEAR} ESC SHIFT '" Clear Screen 

{UP} ESC CTRL - ~ Cursor Up 

{DOWN} ESC CTRL ... Cursor Down 

{ L EFT} ESC CTRL + Cursor Left 

{RIGHT} ESC CTRL * Cursor Right 

{BACK S} ESC DEL E TE Backspace 

{DELETE} ESC CTRL DELETE 0 Delete Character 

{INSERT} ESC CTRL INSERT n Insert Character 

{DEL LINE} ESC SHIFT DELETE ,) Delete Line 

{I NS LINE} ESC SHIFT IN S ERT 0 Insert Line 

{TAB} ESC TAB TAB key 

{CLR TAB} ESC CTRL TAB 131 Clear TAB 

{SET TAB} ESC SHIFT TAB ~ Set TAB stop 

{BELL} ESC CTRL 2 G1 Ring Buzzer 

{ESC} ESC ESC Ii. ESCape key 

Graphics characters, such as CTRL-T the ball character. will 
appear as the "normal" letter enclosed in braces, e.g., {T}. 

A series of identical control characters, such as 10 spaces, 
three cursor-lefts, or 20 CTRL-R's, will appear as {10 SPACESL 
{3 LEFTL {20 Rt etc. If the character in braces is in inverse video, 
that character or characters should be entered with the Atari logo 
key. For example, { .. } means to enter a reverse-field heart with 
CTRL-comma, {5 [I]} means to enter five inverse-video CTRL-U's . 
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Index 

AND see bitwi se AND 
an imation 95-"lO2 
ANTIC chip 20, 51 

described 39 
ANTIC 2 mode 74 
ANTIC 4 mode 69, 73-75,82,83, TI 9 

in "Fo ntbyter" program 128 
ANTIC 5 mode 69, 73-75,82, 83, rl9 

in "Fontbyter" program 128 
ANTIC 8 mode 158 
ANTIC C (12) mode 159, 166 
ANTIC E (14) mode 159, 166 
ANTIC F (15) mode 21, 40, 159, 166 

graphic mode eq ui va lents 159 
artifacting see TV artifacts 
Atari BASIC Referellce MalIlwi nl , 193, 211 
background co lor 31 

example program 32-33 
background color register 21 
beep subroutine 19"1 
bitmap TV screen 203 
bitwise AND 163-65 
bitwise OR 163-65 
"Castle Maker" character set 78-81 
characte r color 60 
"Character Editor" program 55-66 
character generat ion see custom cha racters 
character graph ics, four-color 69-92 
character modes 76-77 
character set 49 
character se t, s ta ndard 55 
character set loader routine 72-73 
CHR$ statement 4, 111 
CLOAD statement 18 
CLOSE statement "I 
co lli sion 21 
color changes in mode 10 22 
"Color Editor" program 33-34 
color luminances 21 
color mask, in "Screenbyter" 164-65 
color numbers 30 
COLOR statement 10, 21, 30 
COLOR statement graphics chart 14 
COMPUT£l's First Book of Atari Graphics 

111, 120 
COMPUT£l's Third Book of Atari 111 
control graph ics characters 49 

CSAVE s tateme nt 18 
CTIA21 
CTRL key 49 
cursor mask, in "Screenbyter" 164-65 
custom characters 49-53,54,57 

exa mp le programs 52-53, 65 
mixing w ith standard 58 

" De mon Attack" game 37 
d e pth , illusion of 29 
De Re Atari 193 
DIMe nsion statement 103-4 
disp lay li st 70, "162 

location of 95 
Dis play List Interrupt see DLI 
di splay memory 185, 203 
display mode 60 
DLI 35, 36-37 
DRAWTO command 4, 5, 95-96, 163, 185-86 
EOR 163-66 
ESCa pe character 4-5 

w ith unPRINTable characters 114 
fixed playfield example program 66-68 
"Fo ntbyter" utility 

di scussed 119-30 
dis play li st setup 131-33 
load routines 130 
modification s for cassette 135 

"Fo ur-Color Character Editor" program 
82-92 

four-co lor modes 162 
GET from screen 17 
GOSUB stateme nt 17-"18 
G RAPHICS 0 mode 3-8, 17, 36, 69, 84, 162, 

185, 188 
GRA PHICS 1 mode 9-16, 69 
GRAPHICS 2 mode 36, 51,69,188 
GRAPHICS 3 mode 69, 158, 162 
GRAPHICS 4 mode 69 
GRAPH ICS 5 mode 69 
GRAPHICS 6 mode 51,69 
"G RAPHICS 6.5" mode 159, 166 
GRAPHICS 7 mode 51, 69,82 
"G RAPHICS 7.5" mode 159, 162, 166, 195 
GRAPHICS 8 mode 203 
GRAPI-IICS 9 mode 21-26 

examp le program 26 
GRAPH ICS 10 mode 21, 22, 29 

example program 23 
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GRAPHICS 11 mode 21,22-23 
example program 24-25 

GRAPHICS 12 mode 9-16 
GRAPHICS command, in moving 

RAMlDP212 
GRAPHICS modes,ANTIC equivalents 159 
GTIA chip 20-26 
halt character 213 
hidden graphics 9-16 

programs 16 
high memory 50-51 

as used by Atari 208 
protection from BASIC 211-17 
when protection from BASIC fails 212 

horizontal sync see WSYNC 
"Inferno" program 97-102 
joystick, drawing with 157, 159 
LMS39-40 
Load Memory Scan bytes see LMS 
low memory, protection from BASIC 208-10 
memory locations, choosing for graphics 

203-6 
memory map 61, 215 
memory protection 208-10, 211-17 
memory requirements (display) 204 
MEMTOP 55-56, 192, 214 
merging programs 18 
mixed graphics modes 188 
Mode 0 graphics see GRAPHICS 0 mode 
moire patterns 195-200 
multicolors with DLls 36-37 
OPEN statement 17-18 
ORA 163-66 
overlapping colors 43 
overlays 103-10 
page flipping 39-42 

animation and 95-102 
PET /CBM49 
pixel 49 
pixel graphics 157 
pixel modes 163 
Player /Missile graphics 

discussion 111-14 
examples 106-10 
positioning in memory 204-7 
PRINT and 113 

playfields, fixed 54 
PLOT command 4, 5, 95-96, 163, 185-86 
POKE 

instead of SETCOLOR 31 
modifying display memory with 185 

POSITION statement 4, 6 
PRINT #6 command 9, 11, 57, 58, 59 
PRINT memory 112-13 
PRI NT sta tement 

exam ples 114-16 

220 

faster than POKE 112, 185-86 
with PIM graphics 111-16 

PRIOR 21,22 
Priority Register see PRIOR 
Rainbow graphics 35-38 

demo program 37-38 
RAM 1, 50 
RAMTOP 97, 211-17 

finding 211 
ROM 50 
"Screenbyter" program 

code 168-82 
discussion 157-70 
memory locations 167 

screen codes 111 
screen dump 17-19 
screen flipping subroutine 191-92 
screen margins 3-4 
screen memory 112 

address 70 
lengths needed for different graphics 

modes 96 
reading 71 

screen pointers (read and write) 186-87 
screen RAM 39 
scrolling 185-90 

programs 189-90 
tables 189 

SETCOLOR statement 9, 10, 21, 22 
in mode 0 2-3 
in modes 3, 5, and 7 30-31 

shadow register, see PRIOR 
6502 chip 20,36 
size register for playerl missile 107 
SOUND co mmand 44 
special characters 3 
tex t graphics 3-8 
text modes 188 
text window 44 
3-D graphics 20-26, 36 
two-color modes 162 
TRAP stateme nt 36 
TV artifacts 

discussion 193-96 
programs 196-200 

VBI40 
Vertical Blank Interrupt see VBI 
video display, turning off 191 
write memory 95-96 
WSYNC36 
XIO(FILL) program 43-44 

example programs 44-45 
XL Mode 14 157 
XL Mode 15 157 

) 
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