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by Jonathan David Farley

Last month was the easy part. Now, you can control the
{almost) omnipotent display list. Good for vou. But don't
start thinking ebout new ideas for vour next arcade video
game just vet! You still don't know (at least. not from me)
what @ DLl or—dare I say it? —display list interrupt is.
Wow that you know about displavs lists, read on and find
out about DLIs; the concept isn't as complex as you might
think.

DLI talk.

A DLI is like & subroutine. The display list command
equivelent of GOSUB is 126; add 128 to the display list
bvte and you have it,

For instance. the computer sees a byvte of 130 at DL+ 16
(where DL equals the address of the display list) and says,
“Gee, here’s another ANTIC mode 2 line. . . but what's this?
An extre 1287 1 see: the big guv out there wanis me to do
something. | guess I'll have to finish up what I'm doing
now (which happens tc be this mode line) and go to it.
Then I'll come back and do the next line”

The computer needs to know where in memory the
subroutine is; locations 512 and 513 handle that. You must
elsc “turn on” the DLI by poking & 192 into the register
NMIEN (decimal 54286).

Save our registers,

DLIs are subroutines, but they're not written in BASIC.
They're done in machine language. The first instructions
in the DLI subroutine must save the computer’s three spe-
cial registers, called X and Y, and the Accumulator, or A.
Why must we save the contents of these registers? When
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Another
minute
to learn

vour DLI is finished and returns control to the main pro-
gram, the computer expects to have everything just the way
it left it. There may have been important data in those
registers, and you surely changed them when vou per-
formed your DLI.

A DLL

Sometimes. instead of waiting till the end of & line to
start 8 DLI, ANTIC gets a little ahead of itself. If you use
vour DLI to change. perhaps, the background color, it will
sometimes start changing the color mid-line, producing
a ragged boundary (that shakes and changes position an-
novingly) between one color and the next; on the same
line.

By storing anv nonzerc value into a location named
WSYNC at $D40A (the symbol for the dollar indicates a
base sixteen, or hexadecimal. number) or 54282 decimal.
vou tell ANTIC. “Don't do this DLI until the horizontal
blank ”

Remember the horizontal blank? When the color ic
changed during the blank. vou're ensured the new color
will start on the following mode line.

¥-£B6086
PHa

TEA

PHa

TY&

PHA

LDa HSFF
5Th $bdea
LDX 56
STa $paiv
STH $0818
PLA

Tay
PLA
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ﬁi DLIS continued

Tax
PLg
RTI

00 tells the com + first byte

wation §
rogram foliowi

g {256 locations of B

& this are
programuner’s use,

The next five mnemonic statements save the registers.
The accumulator is "pushed” {saved in vet ancother mem-
ory ares called the stack). The X- and Y-registers are. in
turn. transferred to the accurmulator and pushed onto the
stack. Anc the end of the DLI, the registe
pulled back (in the reverse order of the
saved) and transferred hach
[Tust like logs piled onte 2 stack. the |
be the first one teker off ) Afier all this. the eo TIpULE
returns from the interrupt and resumes going through the
displey list—like 2 BASIC RETURN.

At the start of the actual DLI the computer loads the
sccumulator with $FF hexadecimal (255 decimal). It stores
this number into memory location $D40A . WSYNC. Since
this DL] changes the color of the screen. it should start
doing so only after the horizonta! blank for & clean switch
of color. It also loads X with $0. It stores these registers’
values in locations $D017 end $D018. You may ask, “So
what?”

Poking shadows the hard way.

You may be aware of RAM locations 709 through 712,
which determine the screen colors. The byte values in
these locations are combinations of luminances and hues,
to produce & myriad of shades and colors. These, howev-
er. are but shadows of the hardware locations the computer
keeps for its own use.

Sure, you can POKE values into hardware locations,
and. ves, the screen celor does change. However, the
screen is updated sixty times per second, and the com-
puter gets the screen color from the shadows. End result:
the screen flickers to your color, then. one-sixtieth of a
second later, it's business as usual, switching back to the
color in the shadow location.

Locations $0D017 and $D018 are the hardware registers
for locations 709 and 710. These registers keep track of
the character and background colors. respectively,
So. . .when the DLI routine stores the values in the A- and
X-registers into these hardware locations. it's changing the
color of the screen.

You may ask, “Yeeh, but won't it just flicker back to the
color in shadow registers?” Not at all, because vou're go-
ing to keep poking that hardware register sixty times a sec-
ond. The DLI is executed just as often as the computer
draws the display. So the screen below the mode line with
the DLI is the color you're placing in the hardware regis-
ter. After the vertical blank {when this sort of thing is also
done), the hardware register will again be set from its
shadow, and hence the screen {up to the line with your
DLI) will be normally colored —until the DLI comes
around once more, that is. It changes the hardware loca-
tions, and everything starts over again (and again).

ff_\EALOG COMPUTING

16 GRAPHICS B

Z8 &i:ﬁEEKiSﬁ%i*Zﬁ&*?EEHf%EI?

38 FOR 61536 Yo 1518

46 READ BIFOKE a,BIKEXT &

56 POKE 512,6:POKF 51,6

68 POKE DL+16,170:P0KF B4286,557

786 DaTe ?2,&38$72)152,?2g£6§;255p£41,1

9,212,i&Z;@;lél,?Z,E%S;iéf;2&;2ﬁ$§i8£}

168,164,176,564,64

The DATA is the DL POKEG into page €6 The DL i
in machine language. the result of assembling our assem-
biy listing

First. the progra ple t. POKE
2l the computer where 1o find the DLI
(6%256-0 =1336). ANTIC is told o interrupt after the
mode line at DL+ 16, about haifway down the ANTIC 2
screen. end, finally, NMIEN i¢ set o enable the DI

Here's a carrelat
bler routine: 72=PHA. 138-TXA, 152-TYA. 169=1LDA
with the following bvte, 141=STA into the following 2-bvte
address (the first bvte plus 256 times the second}, 162
=LDX with the following bvte, 142=STX intc the follow-
ing 2-byte address. 104=PLA, 168=TYA, 170=TXA. 64 =
RTL. There vou go!

Whether vou exclaimed, “Awesome!” or vawned, “Quite
trite” I've got some advice.

DLIs are comparable to enclitics on words, or catalysts
in chemical reactions—by themselves, thev're virtually
useless, but, combined with other techniques, they're ex-
tremely powerful. The stars are made of atoms. a brain
of cells, and & computer (essentially) of bits. What I'm try-
ing to tell vou is: learn about vour Atar:.

Mirror Mirror on the screen.

For now, though. vou can still do some “wild and cra-
zy" things. Did you reallv believe | would leave out some-
thing to pop vour eves?

The program Mirror Mirror is shown in BASIC {Listing
1} and assembler (Listing 2).

The DLI at $0600 changes the screen color hardware
registers, makes sure the characters are right side up, and
puts the characters from the botiom half of the screen onto
the top. Let's see how it does this. via a detailed examina-
tion of the assembler code.

The »=3%0600 informs the computer to place our DL
program into memory, starting at location $0600 {1536 dec-
imal). i1 then saves the registers and loads them
i after taking care of WEYNC ). These new
o locations $DO17, $DO1E. and $D401.
t does location $D407 do?
In Mirror Mirror. $D407 (CHACTL) s used to cause the
ip effect:” it makes the characters appear upside down.
Since ! changed the hardware register {only hardware Jo-
cations are usually used in DLIs, as | mentioned earlier),
only the arez of the DLI will be affected. CHACTL nor-
mally contains the number 2. By putling a 6 into if, the
letters are flipped.

The most irportant of this DL's functions: it must take
all the characters on the bottom half of the screen and put
them on top, overlapping whatever else may already be
there. Remember, the screen RAM is composed of 960
bytes and starts at location 40000 {in & 48K machine). Fur-

ot
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E}LES continued

.
-

Tk

- correspor pom ions on the e.a:}p
wence the ¢ haracmn in 40959 for in-
stance. > flipped into -nm«mm the vertical oppo-
site but horizontal equal on the screen.

411 that part three ﬂ" the DHI daug is }oad a hn@ fmm

L

e compares X to 40,
copied. The computer
1 cel to 40. to do enother byte,

ust before the computer s the registers back and
returns to where it was prior to the interrupt, it does one
more task: the DLI stores a $C in 512 and a hexadecimal
i Locations 512 and 513 are the
e, remember? The computer reads
theae' M{*aw to fmd oat \«hprc the DLI is when it en-
counters a TJe,i instruction in the display list. So, the next
time vour computer is told to interrupt the display list (in

‘hes if X 18 not em

.

BASIC VIEW - THE BUG KILLER

Basic View helps locate troublesome bugs by showing the step by step
execution of any Atar Basic program You control the execution speed.

when the program will start and stop. and what variables will be displaved
ay your program executes. Observe the effects of each programming
statement by toggling Basic View's listing trace and your program's
output

“an imaginative programming wtiliry that will greatly aid vou
during debugging sessions Basic View can be used effectively
with nearlv any program you develop ' ANTIC

Vone of the best utilities this vear. ' M.A.C E. Journal
‘the easiest way (o debug o BASIC program. " BACE Station
“an ideal teaching aid for beginning programmers. ' ANALOG
For beginners, Basic View visually demonsirates the elercats of the

BASIC programming language. For pros. Basic View works with ad-
vanced Atar: features like DLIs and machine language routines.

bie for all 8-bit Atart computers with at least 48K. Basic View 15 only $20.00
rrsufema add $1.25 for sales tax). To order, send check or money order
o Lbe address below. (Deater ingquinies welcame;.

Softview Concepts
P.O. Box 1325, Lisle. IL 60532
For more info, call (312} 968-0605

Atari s a2 registered trademark of Awrn nc
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less than one-sixtieth of & second]. it goes to 64%256+0
=16384 or $40» $ff+$0=84000

Thie second DLI also stores the values of
the hardware color registers: these
those 1

e first DLL In CHACT
S”“”: makes all charact

I ipped.

As;, with the first, this DLI has something th f’ake
it special. ’"h earlier DLI moves the bottom of xht* scre
to fhe top. Because of this, anvthing typed on the *ﬁg} is
changed to z%c bilateral coant&rpar% an the bott f)*n Szvg
times every second. erasing whatever vou tvped. cally
you can't put anyvthing on the top. though nothi
the cursor from going there. This presents some probles

£
il

i

1424
B

in cvbernetic aesthetics—easily so of
course.
The DLIa OOG cuts the screen's vertical length by two,

as i§some&;¢; ng just crunched the screen together This was
done so the cursor could not go into the top, where it was
useless. The display is still a normal screen, but onlv the
last 480 byvtes are displayed (and mirrored).

A certain memory location. $54 (84]. has a value equal
to the vertical position 0* {he cursor. When humans count.
thev sav. Ona two, . .. " Your logical Atari, though.
says, “Zero, one, . . .nine?‘ Ef PEEK(84)=0, the cursor’s in
the topmost row of the screen; if it is equal to 23, it's at
the bottom, When you use the CTRL-ARROW kev. the cur-

sor goes to Line 23 when you go “over” the screen past
Line 6. and to Line 0 when vou go “below” Line 23. Lo-
cation $54 changes accordingly.

Your friendly DLI st $4000 is on the lookout for $54.
It constantiv loads it into the accumulator and compares
its value, to see if it's in the dreaded top half. It is, as ]
said, compared to $B (11 de'“‘rﬂal) f the value in A (which
is the value in $54) is equal to $B. a branch similar tc a
BASIC GOTO is taken, zD TRTN. At TRTN. the accumula-
ior is loaded with 0 and stored in $54. Since the value in
$54 is the screen row of the cursor, the result is that, when
the cursor gets to row 11, it's put in row 0. The next state-
ment loads A with the ATASCII value of the 1 function.

ATASCI values of C’la*“mﬂrs are used in a svstem
subroutine that starts at $F6A4 (Note: this address was
changed on the XL and XE cumputersk For that reason,
the cursor routine in the Dmfrar won't function on these
coemputers, unless a translator disk i loaded.} This subrou-
tine prints the character whose ATASCH value is in the
A-register. In this case, the character printed is the one
that moves the cursor upward—since it's on Line 0. it
would, after this, be on Line 23.

Why didn't | just put a 23 in $54 as soon as it got to
#$B? One of the problems that had to be avercome was
that, until a key is pressed. the cursor cannot be seen right
after location $54 is changed. I solved it by “pressing” a
key with the subroutine at $FsA4.

At the end of the DLI, the locations 512 and 513 are
changed to $00 and $06. so the next time the computer
encounters a “go to DLI" instruction in the display list,
it will go to the one at $06060.

The program here gets the location of the display list

ANALOG COMPUTING




Ye know the r
m the first byt QE

each create eight ?‘}u zi\ lines, we must stare 240 into Hw
ﬁglddeA\Jﬁﬂ&}\.ﬁL*llS}]J.bu ta 128 added io 1t gives
240. When ANTIC comes to that. it knows it should exe-
cute 8 DL A second interrupt at DL+ 16 is staged. Since
his location is normally an ANTIC mode line of two, it's
;. Finallv this program 1 tells the computer where
the first interrupt ion is stored in 53

- After that, s $CG ¢ 2} is stored in MNIEN,
VWhern that's done, it goes like clockwork!

The end— &t long last.

Finallv. wmimmmafabm DLIs. You've even explored
SOMe g e assembler programs. It may have teken a
v than a minute to learn, but vou have a lifetime

;

The two-letter checksum code preceding the line
numbers here is not a part of the BASIC program.
For further information, see the BASIC Editor H in
issue 47.

Listing 1.
BASIC hListing.

BL O POKE 559,8:DATA 8,1,2,3,4,5, 6 7,8,9,
g,6,8,8,6&, 6 8,186,141, 12 13 ié

87 iB FGR Q 1&36 TG 1?99 PGKE 6,6 RERT >
FOR AZ16384 TO 16639:POKE QIQiNEHT B:F
OR AzZ24576 TO Z48Z1:POKE 6.6

§J 20 KREXY 4:DIM 6023y ,a5(168086) ,BS5(128)

TE 36 FOR G6=1 TO ZI:RE&4D B:A(AYZB . HEXNT A

EH 406 FOR f=-i TO S:READ BS:aSCLEN{ASI+13=
BS:KEXKT 6:B-i5I6:GOSUB iee6e

& 50 READ BS:GS5-BS READ BS: ASCLEM{aSI+1)
TBES:!B-i63IB4:G05UB 166086

&b 60 READ 05 . B-Z4576:G0SUB 1060066:POKE 55
G,34:6-USRIZ4576)

51 ?ﬁ T OMRYIPOSITION 16,1217 PEEREEERERIK
EHRRAEKFERE D POSTITION 16,1617 "sessnes
e s e e

s 86 POSITIORK 18,53:7 ¥ pirfFol IR R
[Br %" :POSITIOR 160,14:7 % by

#POSITIOR 16,15

¥i 96 Y ¥ Jonathan Fari@g EISTOP

P 1000 DATOL ACBA48384843808DBAD4AZFFABGZ
BDI7DOBELBDOBCOIDLAZG0EDDESFOD4ABSCESED
Z8DOFSAZGOBDERSFSDE8SCEREGZEDO

P 16106 DaTe FSNZGOBEDEBYFSDSGICESBEGZEDBFS
GZO0CGBD6GSFSDESSCERBEGZBDOBFSAZBBBDIRSFSD
FEOSCEBEQZEDBFESAZEGEBD1G9FSDBESD

#% 1626 DOTh EBEBZEDOFSAZBOBRDEBSESDIGIDES

i EGZ8DEFSAZ2066BDCBYEYDSB9DESEBZEBDBFS5A2B0

BDS9BIESDBGIDESEGZEDBF5AZB6ERD 70

1626 baTh SE9DABIDEBEBZBDGFESAZBOBD4BSE

SD0DBIDEBEGZBDBF54286BD2689E3DFE9DEREB 28

DOFSA3BE6E8DBGB20%408DBLB268A868

1848 DaTa aab84e

2666 DATA 48844898B4BA9FFEDBAD4AZEGABES

8DI7DBBELBDOELBIDANES4C9BRBFB1I0O03606DGLS

LoDBBSS4ATID268A4FE4CIE4EBAB685

2616 DATH S4691C20A4F6A56BBDEBOZASREED

G61626808684066408

ANALOG COMPUTING

¥ 1066 DAYA 6BADIGGZESCBADILIG?Z SCCesFeae
GZ9ICBASBZA0IBSLCRAYBOEDOREY ﬁ§&68b9182
GSLBEDBEDLGE

D 16660 FOR A1 TO LEWEaS: STEP 2:ibizata
SCLaS(e,a33Y-47) pox aiasciasiady , o413y~
473Dz 31*&‘436‘¥6kﬁ B.,D

DU 18010 BUBE+L BENT A:RETURE

BE 10026 REM

BO 16¢30 REM

BS 106646 REM

BL 100556 REM This program Turns off AHTIC
0 1T may RUK faster without WOrrying
about what's on the screen,

&K 10668 REM It Ioads the DLI'S in seooe
(L5363 and $40066 (163843, and the Bain
program in SE806 (24576Y .

¥ 10676 END

[
Listing 2,
Assembly listing.

giseg - 3 : ¢
6116 ;% MirFoed Lielr =
6izag ;¥ by ¥
6138 ;¥ Jonathan Farley #
G140 ¥ sl s a s ws
gi5e ;
gieg

H

Bi76 This DLY places the registers
8188 ;on the stack, Loabs 4" with
6198 ;the characters' color and

82686 ;STores it in WSYKC for & clean
@218 jchange, It aiso gets the

6228 jcharacters' background color in

6236 ;UK and the Yno-flip" wvalue in
86246 ;VY," which are STored

8256 ;appropriately. Then, line by
8266 ;line, byte by byte, it copies
8278 ;the characters on the bottom
6288 ;to the top, It wakes sure the
6296 ;next DLI the cowmputer goec to
@268 ;is at $486¢, and it gels back
52168 ;the registers.

86326 ®¥:  SG6EB

86334 PHe

86346 THa

g635a PHO

6358 TYa

63768 PHa

6386 LD& #Ega

6I36 5Ta $D4B4

B40H LDKE BSFF

G416 LDY #H$87Z

G428 514 SpBi7

B438 ST® 5$Deis

G446 STY $bhégg

8450 LDH #Sge

G460 OKKE LDG 406926,%

6476 STé 48860, M

G4EG IM®

G498 CPE n4s

8500 GHE OHEKE

6518 LD¥ #sos

6528 THWMO LDa 406880,%

65386 5Ta 46646,¥%

0548 IKH

86556 CPH f4e

86568 BMRE THKO

86576 LO¥ #Hseo

8588 THRE LDp 46848 ,.H

8536 ST 466806, %

86668 IW¥

6616 CPH 548

86620 BME THRE

{continued on poge 130}
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B‘Ii)dﬁm Ch@SS continued

BY B5¢ DATG 21,53,56,58,48,32,63,32,35,67
,54,59,34,135,131,134,131,13%,134,131,
131,34

W& 860 DATE $5,57,56,52,48,32,631,32,35,67
,54,59,34,3832,133,434,139,138,134,:133,
132,34,56,71,79,64,79,32,53,58,57,4¢8

XI 876 DATA 21,53,56,55,48,32,63,32,325,67
,54,59,34,132,133,134,4138,139. 134,133,
137,34

JJ BBG DATA 21,53,56,57,48,32,63,32,35,67
g5¢,§3,3é,131,i&i,iKi;iXi;iKi;iZiikiig
131,34

GH 556 DATA 21,53,51,69%,48,37,63,32,35,67 nis
,54,59,34,%,3,3,2,3,3,3,3,34 el v

JH 960 DaTa 24,53,54,51,48,32,6%,32,35,87 QVWA@f»QQ onG much more!
;E4,5%,36,4,5,6,16,11,6,5,4,34 - ; ,

JY %16 paTé 1€8,53,51,57,48,32,88,61,85,8 To BUY or SELL used computer products
I,82,460,65,68,82,48,34,216,164,104,133 or for information. contact:
,264,164,133,2063,164,133,266 = !

Z& 376 DaTh 1684,132,265,104,133,268,164,1 COMPUTER ‘REF”EA?’E; HE.
33,267,166,08,132,712,132,243,177,263,1 646 Quince Circl
45,267,236,212,165,212,2686,72 Boulder, LCgQE

HB 936 DaTa 238,213,236,267,165,267,268,72 03) 9398144
,236,268,236,283,165,263,268,2,238, 284 (303) 535-814

165,242,5£37,285,288,222,165 OPEN 7 gays, 10-10 Pacitic Ti
WZ 546 DaTa 213,197,266,288,216,9%6,34,41, [ ogys b Factic Time
44 ,65,65,82,46,83,36,41,44,76,69,78,48 CIRCLE #7183 ON READEP SERVICE CARD

b ,83,36,41,44,83,84,65,82,84,41

< DLIs

continued from page 111

(334 Lb¥ mias 1198 BHE LEUH 1578 CMP nSEER
66406 FOUR LDA €0888,% 111 Lh® msea 1586 BEQ TRTH
8658 STh 481286,% 1176 THLY LD& 46488, " 18389 CHE usoa
G668 )e. 34 f113a LT4 40448, K i1&a@ BKE FRT®
667¢ CFH 248 114 IKX i6i@ Lbe us8B
escge BWE FOUR i1i158 CHFY feg i628 $te $54
8696 LDX 386 1168 EME THLU 1638 Lha nté
€768 FIVE LDa 48768,% i17e Lba nsae 1648 JSR SFEaL
g7:0 STH 48166 ,4 1166 STa 5i2 IR5G JME FRTHM
G728 IHX 15196 LA 048 1668 TRTK LD& u5ge
é7xo CPE n4s 1266 14 813 1678 STa $54
6746 ERE FIVE 1218 PLA 680 Lo mte
8756 LD¥ 1566 1278 Tay 1696 J5R SFEA4
Q766 SIKX LDe 48728,% iz23e PLa 1766 FRTH LDa =ZSas
8778 STa €8208,¥% L1248 Tk 1716 <Ta S12
evee IkY 1288 PLa 1728 Lhé uses
gzse CPY ne 12686 RTI . 1730 “Ya 513
EE-1:1] BRE SIWK 12706 ; Here, the registers are placed 1748 BLG
GELE LOX B566 1286 ;onto the $tack, and the Colors frEp Tav
G826 SEUR LD& 40688,¥ 12%¢ ;and flip value are chosen and 1760 PLA
G816 ST6 48248, % 1Igeé ;3Tored. et Logals the cursor 1776 Tan
6848 INX 1316 ;row, and if it iy 9B, it is i7eg PLA
GESE CP¥ 46 1326 ;changed to 86 and moved up a 1796 BTI
BEES ENE SEVK 3338 row. If the cursgr row is not iBe@ ; This is the true program: It
6870 LDX mEge 1346 ;n$B or uSE, one row ahove or 1818 ;5Tores RSFE and #13¢ in bytes
6886 EGHY LDa 40648, W 135¢ ;bexo« the unmirrored portion 1826 ;2 and 16 6f the display 1ist,
agve STa 46288 . % 1366 ;of the gcreen, nothing happens 1830 ;The first DLI ig selected
§s0@ InX i37@ ;av all. If it is 836, it is 1846 ; (566663 and KMIEK is secured.
é%16 CPR még 1388 ;turned inte Uu%E and moved i1ese #z  $6566
esza BRE EGHY 1398 ;downward. The next DLI i3 186G Loe S66
¢s3e LoK mise 1406¢ ;made to be the one at fo6as, 1878 sYe 2e3
G%48 NIKE LDR 46666, % 1418 ;and thezrkgiﬂters are regained 1888 Lo S6%
6958 STE 40326, i142@ ;for a final departure. igeg 5Ya 284
es6e N 1438 %= S4p68 1s@e Lbe mSFe
8978 CPY n4e icse il 1558 Lby msez
8560 BME KIME 1456 THE 1428 SY& (2833 ,¢
€998 LDX msoe i468 PHA i33e@ Lbe wile
1688 TEMN &ﬁﬁ 48566, % 1478 Tva 1948 LbY nis
1616 STR 4€366,X isee PHG L9586 STh (z@3I3,¥
128 znx 1498 Loa nserF 1368 Loe nsoe
1838 CP% 2548 15686 $Te $beaa 1876 ST S172
ieée BHE TENK isie Lok nsee 1388 Lon BSe6
1656 LD¥ mSee isze LO¥ asas 1528 STH SiT
1868 LEUN LDa £g528,% is38 $Te Speiv zees Los zSce
1676 STHh 46468, % 1548 STk Sveie 2618 Sta 54286
pa:2.1:] IHK 1558 STY SDégi 28726 EHD
1698 CPY w48 1568 Lon £54
. @
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