
To: Rick Meyers 
From: George Cossey 

Date: June 22,1983 

Subject: Evaluation of .diagnostic's hardware driver requirements. 

Hardware Interface for Lisa 1.75 

me f ollow1ng interfaces are needed, for the diagnostics, from the hardware 
interface in tne Lisa 1. 75 ROM. 

overall, all routines that interface to the hardware 1111st have. safety t 1meout s in 
them to prevent endless hangs. The timeout error 11l1St also be reported to the caner. 

All oata area usea·oy the Haraware interface, for a scratch pad or to contain oata, 
rust reside in the Video memory. Tn1~ makes it able to handle a system without any 
meroory boards ana i~roves a1agnost1c capability, rne ·arivers rust be able to run 
entirely in viaeo rneroory, without ever using the ma1nmet00ry. 

There should be a way to reset the hardware 1nterf ace software/hardware. Unknown 
cnanges may occur auring a aiagnostic, and· to return to a known state a reset may be 

· necessary. · · 

The timer chip. 

Timer 1to and 1t1 canoe assumea to be working,. this is one of the first tests done by 
the Boot ROM. . 

·• 
r1ner ttO - Need a handler for thls t1mer,: allows· rTlll t1ple timeouts to oe set. 

Allows a previously set' timeout to be q~ryecJ for remaining time ana possibly deletion 
from tne timer queue. Neea a way to notify user program.that timeout nas expired, flag 

· resides in user program and rte passes yo~ 1 t • s aaaress? · 

Timer.ill - For Floppy ariver. 

Timer ll2 - For Speaker ariver. 

Standard way to tall<: to--tt)e COPS. "This means a way to send data anq receive data 

. ' 
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with a timeout option, to get around a hang conct1tion. Should be a way to talk to the 
COPS in a non-structured way, 1.e. not expect or send data in only speci fie formats. 

A structured way to talk to the COPS shOuld al so be available. A change to the 
current method would b~~ to have a timeout on rrultiple byte data streams. This will 
allow getting out 1 f only part of a roou~e stream comes in, a tirreout error should occur. 
This would also handle if rultiple data is oeing sent, as in a date, and the COPS stops 
accepting data. 

Should be able to use the COPS in a'polled ioode or an interrupt roooe. 

Need a handler for Speaker values, volUrre and frequency. This latch requires a 
11 shadow" to be kept in mennory. 

Need a handler for Contrast values. This latch requires a "shadow" to oe kept in 
reroory. · 

A standard floppy driver, capable pf handling either the 871 or the Sony, using tne 
IWM chip. Primitive corrrnands ffLISt be allowed, with error trapping. High level 
cofTlllands should be available with error trapping. 

A built-in hard disk driver .. ' The special diagnostic co1110ands in the disk drive 
oust be accessiable. Th1LS driver rust allow low level and hign level corrmands. 

A Profile hard disk driver, driving out of a parallel interface car.a. This driver 
rrust allow low level and lnigh level con11lands . 

standard MMU registier routines, for reading and for writing. 

Checksums in all ROt1s rrust be in a standard place in the ROM for use during bootup. 
The saroo calculation me~thod that is in the Boot ROH rrust be used to generat~ this 
check sum nunt>er .. · · 

Driver for each of tl1e RS232 perts. 

If errors from the.clrivers are to be logged by a sPecial error handler, then that 
handler rrust have numerous features for resetting.. reaaing infotmation, etc. 

All error returns fr0m the drivers rrust be addressed as to what the caller should 
do· next. This especially applies to the Monitor and o.s., the diagnostics will be 
written to handle all errors. · 

suggested Video menK>ry layout: 

1st screen - Main user screen~ 
2nd screen - Alternate screen, used by diagnostics for "service roode. 
3eei screen - Graphic:s•scratch pad. · .. 
4th screen - Data ar1ea ~scratch.pad for Boot ROM programs, also contain .enough 

area for exception vector·s and a small stacK. . . .· .. 

'., 



Graphics require(l. 
• ' ' ' '· 1 ' ' : 

Standard drawing features rust t)e available. rnese include: 
Line drawing, including different size lines. 
Fi 11 ing an area 1ui th a pat tern. 
Inverting an are'.a. 
And others as nended. 

Full Keyboard and House control, cursors and input handlers. 

Sifll>le pulldown tabs, nust worK with either KeybOaro or roouse inputs. 

Buttons, rust wqr~~ with either Keyooara or fOOuse inputs. 

Making a desktop. 

All graphics should work on both the standard and the alternate screen. This also 
rreans that it should be easy to switch between the two without having to redraw and 
re setup the screen. 

Alerts rrust be avaHat>le, nust tltork w1 th ei ttler keyboard or roouse inputs. 

Icons, the special ones for diagnostics, rust be allowed. Only sirrple arawing, 
hiliting, and iooving b necessary.. It nust be easy to add icons, an ideal wa) is to 
al low the user program to add icons to the standard ones used. 

·,.., 

., 
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1.75 Meetings 

Jtxle 3oth neeting. 

Two video rooctes: 
1. Lisa mode has 720 x 364 . 

. 2. Hae roocte nas 720 x 546. 

New code name is '1ttJhopper". 

Floppy drive. Sony Will Oe the only floppy, there will not be a 871 in the 
system. NOTE: Ann is de!;igning an exparsion card that will connect to a Sony, an 
871, or an Apple II disk. unaec1ded 1 f single or dOut:>le sided Sony. 

Widget is the t>u11t··1n. nara d1sl<. '.A profile thru a two-port caret is a safety 
option 1 f the Widget dOesn • t work. ' 

1sons RANS will beu,sed· in the video, possibly in the rest of the system. 

The 68010 processor will be usea, 99% for. sure. Tne 68000 is a backup. 

There are currently 8 chips assigned for the Boot ROMS. This may go down to · 
4 chips and then down to 2 chips. 

There wi 11 have to t>e a MAC; sound equivalent .. 

A new two-port card; to be designed, will work in 1. 75and1.0 

Next rreeting is.· ThUrSday, July 14th at 1:30 PM. 

'1.lly 14th neeting. 

Only one (1) v1de6 screen, 1nstead·of the previous four. 

A sound generator, o·F sorts, has b~ add0d. 
,. 

unused video meroory :should be written to black. 

Video ~roory conta1r1s an area for sound and floppy speed ... 
WORD SOUNC) .. SPEED 

BYTE BVTE 

' t 



ANNI button will be on the CPU board, rrust get at it by using sorTe Kind of a 
stick thru a vent hole. 

A special slot, four ( 4 ), for RW9roory ooards ana co-processors. 

There wi 11 be a light on the IJJiClget . 

No light or button on tne Sony ... 

July 28th meeting. 

I .. 

' 



Apple Computer Inc. Inter-Off ice Meooraridum 

To: Distribution 07/18/83 

From: George Cossey 

Subject: Lisa 1.75 (Whopper) Boot,ROM Requirenents, revision 1. 

This reflects all the changes brought up at tne meeting on Monday, July 18 
ln the Sitting Bull conference room. If there are any questions or changes then _ 
please contact re ancJ I will generate a new and irrproved c:Jocurrent. 

LISA 1.75 Bpot ROM Requirements 

. ' 

T111s oocunw3nt shOul.d be considered as a basic set of requirements for tne 
new boot ROM in the~Lisa 1.75 ~yste{Jt:· Detailed information will be made 
available in a Program REtference Spec! tication dOcument to be distributed later 
(there will be a neet1ng "allea for that. dOCument; also) . ~ 

.• The Lisa 1. 75 Boot FtOM· snould t>e considered as a totally new ROH and not as 
an adaptea version of the Lisa 1.0 system •. This neans that any requirerrents for 
special operation, suqti as manufacturing bUrn-in, rust De brougnt to tne 
diagnostic groups attention as soon as possible. 

l'. 



Display format. 

There rust oe a cus.iofh3r rooae with minimal screen aisplay and interaction, 
similar but not identical to that on the Lisa 1. o Boot ROH. 

There rust be a SE~rvice rode · wh~cn produces extensive test results for 
failure evaluation and the debug tool~ necessaryto look at tne problem. This 
will allow better deDugging capaoL1.1tys on exact test state and failure 
information. 

Test controls. 

The basic flow nust be aiagnostiqs., followed by hardware initialization, 
followed by the bootup of the selected device. 

There rust be a service roode which allows for overriding any safety checks 
placed in there for custc>tmr rooae. , 

service ITKlde RlJSt also nave access to a sirrple debugger and have rrnre 
extensive error logging on failures. This debugger rust contain at least tne 
features of the det>Ugger in the curr~nt ROM, if possible then this qebugger 
should be a subset of L1s;aBug and linked to it in sorre manner. 

If the system is d()ing a cold stcµ"t and booting is taking place from the . 
t)uil t-in hard disk then the diagnostics should take aavantage of this extra time 
to run extended neroory tests. · 

-. I. . . . : . . ... ·. ~ 
If the system is d()ing a warm start then there should be only very fast 

. diagnostics done and the user Should have a mir-imal wait time. 

A special • fast• bOc>tup corrmand snould be added for bOoting from the floppy 
clisk. This is for debUgc19r•s use .. only: ana is restricted to the floppy. This 
restriction 1~ to prevent this from t>eeQming the new ·standard• way of booting. 

very long met00ry te~~ts along with Qther interactive or long tests should be 
ayailable if space permits, these will be called from ser~ice rrooe only. 

Bootattle devices rrust inclUde: 
a) Built-in hard clis'k. . 
b) Built-in floppy aisk., Sony. 
c) Expansion slots. '· 
d) serial port B u:sing AppleBus., .1 f AppleBus software 1 s ready. 
e) serial port B using TALK. · 
f) Automatic burn-in of CPU board., using a sigrial bit from an edge 

connector pin. • · . · 
g) Automatic bootup, ,,described ~:n Manufacturing requirerrents. 



~tion select loo., 

Selection of any user options ~st allow :for botn House and Keyboard entry 
in the customer roode, tr.is means that all of customer roode rust work using only 
the IT1Juse or only the keyboard or a contJination of both. Keyboara entry is 
required in the service roode debugger:. 

Diagiostic test rE~1rements. 

Diagnostics rust 1.nclude the following: . 
a) Checksum tests for all ROHs and boot blocKs. 
b) v idea and main merory tests . 
c) Basic video circuit tests. 
d) Extensive timer tests. 
e) Basic COPS functional tests, Keyboard and JOOuse reset test along with 

a basic clock test. 
f) IWM controller chip tests. 
g) RS232 port tests. 
h) HHU ireroory and functional tests. 
1) Parity circuit tests .. 
j) Hard disk port tests. 

Optional diagnostics available ftom service mx1e .. 
a) Extensive meoory test. 
b) Keyboara test,. (only is space perm1 ts) .· 
c) Mouse test.. (only 1 f space permits) .. 

Details on diagnostics wiJl t>e tne subject of a later meeting. 

Extra oug patch spa<)e should be designed into the plan for the ROM. 

McnJfacturing nkJ.tirments. ·, 

The automatic bOOt ~~pecialcases ~st tJe in the new ROM .. These are: 
·• a) If tnere is c:~ test card (whose I .. o. is within a special range) and an 
Applenet card installed., then the default ooot device will be changed to the 
Applenet cara. 

o) If there is a bOOtable test card (whose r.o. is within a spe~ial 
range), and no Applenet card .. then the t>ootat>le test card will t:>e tne default 
coot device. · · 

/ 

Hust support the cr1osshatch Video pat.tern for both video rooaes, also grey 
patterns as rust be availiable. . . 

CPU board burn-in _.j.1·1 be automat~cally done if the special line provided 
in hardware is set. · , Addi"t1onal te~t requirements are to be provided by. 
manufacturing. · 



Field service recJJireneits • . 
All requirements are covered in other areas in this docurrent. Additional 

test requirements to be provided by Field service. 

A Power-cycling rr.:>:de rrust be providect, details \!Jill be provided by Field 
service and Manufacturing. 

Error codes will remain the sane .. as Lfsa· 1.0 for the sarre failures. 
Additional error codes \~ill be added for new tests and new features. some error 
codes used in Lisa 1. o are not used in Lisa 1. 75 .. 

Special debug colllnands rust be available for floppy aeougging. 

Office systems ~irements. 

The boot process ru:st be very fast and not taKe ruch longer than the current 
tJoot ROH, if possible then be faster than the current process. The LISA 1. o boot 
process, for the bOot ROM, takes about 30 seconds. The new boot ROM will be 
targeted for 15 seconds. Addi tior:lal test requirements to be provide<l by the 
Cl. s . group . 

~tability recJJiieREni:s. 

Hust supply the . same interface to expansion cards, so that current 
expansion card ROHs will worK w1 thout roodi f 1cat1on. 

·..ii • 

... 
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.... 

- Boot ROM Flow 

Reset exception vector base to point to ROM routines 

l cnec1<rum te2t or a11 '.rour ROHs 
OK urong Flag ROM if possible. 

Fatal Error 

I . Memory test of Video me11Dry 
Pass Fail 

Fatal Error 

Parity Circuit test of video menDry. 
Pass 

Video circuitry test, VTIR. Locate a good screen in video 
memory ana place message tnere. 

Pass Fail 

Gsplay CleSktop Fatal Error Fatal Error 

n I Read systejll :serial ~er. :and di.splay it 
. Valid 

I Display tt1a~ timer ls being tested. 
Fatal Error 

I Timer cn1p test, timer 110. 

· Pass Fail 
Fatal Error 

I Timer.rllip test, ·timer n1. 
Pass; Fail 

Fatal Error 
T1nEr Chip test, tiner tt2. 

•Pass Fail 

' Non7Fatal error, set flag of failure . 

. I 



Fatal Error 

Fatal trror 

( _Display Clock/Calendar being. tested. 

~PS, c1ocK1ca1enoar test. 
Pass Fail 

Non-Fatal error, set flag of failure. 

I Di~p:lay that RS232 being tested .. 

RS232 Port A test.. · 
Fail 

Pass Non-Fatal error, set flaQ of failure. 
Make this devlce an Illegal boot device. 

RS232 Port B test. 
Pass Fail 

Non-Fatal error, set flaQ of failure. 
Make this device an illegal coot device. 

Size Main Memory, display how much is there. 

If any Main memory ts there, 
then do MMU and memory tests. 

Me~ory installed No rteftory 
I 

Display that MMU being tested 

.MMU register reaa1wr1 te tests.. I 
Fail Pass 

MMU register address test. 
Feil , Pus 

----------------Display that memqry is being tested. 

Main mesoory ;tests. I 
fl. Non-Fatal Error 

Re-size memor .....__..__, Feil · Pass · 

Parity Circuit test of main metlklty~ t 
Fail 

Fatal Error 

Fail 

Fatal Error 

Pass 

HMU functj.on~l test. I , 
Pass ·· 

. Map MMU fc,r o.s~ startup I 



Dlspli:~y that IWM being tested. 

IWM (Fl9ppy disk) chip diagnostic. 
Pass Fail 

· Non-Fatal error, set flag of failure. j 
. Make this device an illegal boot aevice. _ 

~-t-na_t_b_u_11-t--1n---"i'po-rt-.-b-el ...... n-g:-te-s-te-d-. -

Bu1ld··1n hard a1Sk port diagnostic. 
-Fail 

PH$ Non-Fatal error, set flag of failure. 
Make tn1s aevtce an lllegaI ooot aevtce. 1 

--------------- ·-...J 

Display expansion card as being tested. 

Expansion Slot carCJ status diagnosUcs, all 3 slots. 
·pass 

fCc;';1t1on hardWare 
~J~emory.,etc 

Pass 

Fail 

Non-Fatal error .. set flag of faUure. 
Make this device an 1Uegal boot device. 

Fatal Error 

I My nol'Hatal errors? 
No 

Stop to display 'any non-Fatal errors 
At this point user can see & use keyboard. 

Continue 



Get any keyboard activfty 
Let Caps Lock cmd any Mouse ir"lputs go past 

None 

Get boot device fmm COPS Evaluate keys for an alternate boot device. 

Other keys Service l'IOde 

Check to see if boot device ls legal. 
Legal Illegal 

Menu, asks for boot device 
Cot device Got turnoff Cot service code 

I Start tloot process 
()( Fails 

Power off. Go to service mode 

/ 

[!•ataI Error . 
.• 

[§sp1ay error 

. . ·, 
Allow Retry~ Power Off · 

Retry Power Off 

.i< 
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Boot from Profile 
[ Display Wait Alert 

rn1 t Parallel Port 

Read Sector 
OK 

[Verify Flle I.D. coae . -
~ Error 

-------t 
j Inlt exception vectors, Just In case. 

f 

Go do Boot 

I 

:f. 

Go to monitor for 
new boot device 

Floppy disk Boot . 
Display Walt alert 

Enat:>le drive 
~ 



FDIR present? 
Yes 

Clear interrupts 

Read sector 0, track o 
OK Other 

Ooes Flle .I.D. say boota01e? 
No Ves 

Read. sector o, tracK 1 
Error OK 

Reaa sector· o, track o 
CIC Error / _ _......_. __ 

Does File 1.0. say beatable? 
No Ves 

j Setup exception vector, just in case. 

I 

Clear reset 

I c1eantrst byte of keytJoard queue 

f 

... 



Lisa :1..75 Boot ROM Layout 

Juftp tables. 
Main entry point. • 
Diagnostics. 
Graphics routines. 
Default exception handlers. 
Special hardware handlers. . 

Boot process startup code,. di.agnostics control. 

l Modularized diagnostic routines. I 
I Actual boot-up launchers .. boot specific de~ices. I 
j Service !'lode debuo package J 
I F atnl error handler. J 

I Hardware setup routine~ .. ''·0· rmu. l , 
I Default exception vector handler~. I 

... 

j Drivers, those Hardware Interface does··not
1

, handle well enough. I 
I Specialized Boot Rat graphics. I 
j Standard graphics package J 
I Keyboard & Mouse handlers~ I 

I 



Iner screen counter I 

None 

- [1nit some hardware. 

· Dlagnostlc te~ts. 
If a port tests out ~s bad then 

make it an llle at boot device. 
F4tal. -------

Get any alternate boot devlqes from the· KeyboarcJ. 

Valid Invalid 

Is CPU burn-In bit set? ] 
V'es No 

Get ooot oevlce from tne cc1Ps 
No Device A Device 

Use default of hard disk. 

Is It a legal port? 
Ves 

Menu to ask for boot device 

'* 

I T! in ~t b!ocrc 8lld check treCksum saa ' 

Branck to bOOt cioae .. Place message on screen 

Loop on failure 
or go into TALK 
depending on the 
failure. 



l 

CPU 

... 

LI _____ _____. ' '~ +· 
~ ~ 

RB 
~~ Parity 
E~J Circuit 

Hard Disk·. I 
Interface 

I MMU I_; --;:::Me=m=or=y== 

~~I ~~~1 
Parity 

Circuit 

,.------
I COPS I Video 

Interface 
VTIR 

Built-in 
Hard 
Disk 

Sony 
floppy 
drive 

.. 
POWER 

SUPPLY 

I 

Timer 
Chip 

! 

I Ke~d I 
I 

if. 

I· Mouse I 

CAAO CAGE 

& 

Mother Boara 

Expan­

sion 
Cards 



Location Segment f'unction 
----·-

$000000-$007FFF 0_32 .. 64,,96 R\l1 0, B~ot Rett 
$020000-$027FFF 1,33,65,97 R()1 1 
$040000-$047FFF 2,34,66,98 R01 2 · 
$060000-$067FFF 3,.35,67, 99 ' RCtt 3 I 

.. ' ..••.•.•. ' ..•.••• ' ·• •.••••••••• ' .••••••• ' ........................................................................... 11.tl••i .. 1,;, •• , •••••••••• ,~ ...... •••l •••··········•i"••••'•• ............ ,j .. i, ..................... . 

soooooo-$oo7FFF 30 .. 62,94 .. 126 screen o .. , Data 
$008000-$00FFFF 30,62,94.12'6 Screen 1,,: Data . . . 
$000000-$007FFF 31,,6,,95 .. 127 Screen 2,, Octa. . 
$008000-$00FFFF 31,63, 95,127 Screen 3,, Data · · 

..................................................................................................... ; ...................................... L ............................... ; .............................. .. 

$002001 12, 44., 1is _ 1oi' I~.. Phase o low 
$002003 12,44,76,108 . 1"1 .. PhaSEt 0 high 
$002005 12.44 .. 76 .. lOa Ill!, Ph8Sf'4 1 low 
$002007 12,44.,76.lOa I&lf .. Phase 1 hioh 
$002009 12,44.76,108 Illt .. Phase 2 low 
soo2ooa 12,44,76,100 r"' .. Phase 2 hi2h 
$002000 12 .. 44 .. 76 .. 108 I"1 .. Phase 3 low 
$00200F 12 .. 44,.76,.lOE~ IY't,. Phas~ 3 high 

•••••••••••••••••••••••••••• ' ...................................... I ........................... •••••••• t1til• ••• •••••••• ······~····~··· •••• ···I·············· .............•............................ ,,, ...... I ••• 

$002011 12 .. +4,.76,lOil IWt,. L-ftot~r-On 
$002015 12 .. 44,76,lOtr I~ .. Drive select 
$002019 12 .. 44.,76,lOe: I~. L6 
$002010 12 .. 44.,76.,lOEI I"1 L7 

................................................................................................... l •••··················,····~···············~~·················································: ••••••••••••••••• 
$003001 12 .. .iM,, 76,, lOEI Status reolsur 
$003003 . 12,,"4.it,,76,,lOEI . Status register · . 

• o ooo < o It• .. 0 < oo 0 o ••IO o • o o IO o•t 0<000 0 o 0 Ot 0 O 0 ltOO o o oo OttOO to 0 ftj OtBll 04•ttl01 I ttlO flll tllflltO • 0 t•tt• ttffltltlltt ····•••to<I I Jlff"''tlfl ft I f~t itltltl•t ttlfflil ft II ttto•fll tlltt.flf tfl ···••tll6'•ttl<i ltlllftf t ft tllt 

$OOJ004 12,-44.'76,.10" zy,,, oisk litotor otr 
$003005 12,44,,76,,lOH I&in .. Disk ~tor on 

....................•.............. ". ..................................................... , .............. , •• , ..................................... r .. ···············································-··················· 
$003006 12,,44.76.,lOEI Hard disk interrupt ftatk.; d:i$4ble· 

. $003007 12.4tt,76;,;10a Hard disk interrupt P1esk. enable ............................................................................................................................................ , ................................................................... . 
$00300C 12 .. 44 .. 76 .. 100 . /J>tD AILED (enable/Off) . 
$003000 12 .. 44,76.;lOE• . TXO A/LED {Dislble/()1) ....................... ~· ...................................................................................... ti•••••········· ... ,. ....•........• ~ •.....•.......•....••............••.•. , •..•.•. it••·········· ....... . 
$00300£ 12 .. 44,76,lOE• Herd disk ;parity· nesk,. diseble 

· $00'.500F 12 .. 44,.76,.lOt~ Hud disk ;pority nesk, enable 
Oo o •of o 11 o 1 oo o o •- o, • • o o • o ot o I> o" o ot 1110 otot1••I •••• •••t• •I•• I••• tt• •t•l•••ll .. 'ff&l•*••t&•••~'ll<il•lt .. ,,,,,,,,,,, i1tt1•1t1t•llloll l<ll.tpt111Iloll:lltll11•tttl llllftl ittllltl•••lfl••'tltllt Ito •••••llflt l1tl111ttltllll 

$003020 12.,"44.,76.lOU HefllOry patity enable. 
$003030 12.,44 .. 76,108 . . . . "•Mry paUty dis•l• ......................................... ,., ................ ··············· , ............. , ......................................................... r··~·,~··!'····· .. , .... ········"'···································· 
$003040 12.44,76.1061 Iwt;~Hetd '1stleot. - Side 0 
$003050 . 12,44.76,1081 ,, I"1, Head ;select ... Side l · .......................................................................... , ...... t.111••••'······"······~,~.~ ....... 11 ..•......•.••.•..••... "''''·"'"••'··············•••••ot•·····················••'-··············· 
$003060 12.~ .. 76,108 Herd disk .intetfoce CtlO line low 
$003070 12 .. ~ .. 76~108' ' ' ' Hvd disk inttrfoce mo line high 

••••••••••••••••••••••••••• •t ........... , ................................................ ,.ir:•1•111••• ·····-··--························ •••••••••• ·••••II.••·· .......................................................... . 

.,. 

$on,oco 12.44 .. 76,108 Disable V•rticel Retrace Interrupt 
$00,000 12,44,76.,.108. Enable Yer,tical Retrace Interrupt 

o Io'• o • oo 4, oo of o o to oo, o ~• o ooo o• •Ot•o•• 1 to• tto•ttt.-.ttttlfllllltttlt•t'll•l•••1tllllt.i.1111•l•ttlllll•tfiollllll•fll.tll tlltltl.lt.tl lt11•1111t ttl.Oit,Ol.tlf•tollf l•tltttl.lttl Ot tttt•• Oii I tot t•t•l•lllltfl.tllt1li'ttt•l t•lttl •,fttlttt 

$0030AA 12,44.?CS,,108 · Set screen to o, read 
$0030AB 12 .. 44..,76,108 Set screen to l. read 

· $00300A 12,,44 .. 76.,108 / Set screen to 2. read 
$003088 12.,44.76.108 .Set screen·1to 3. reed 

. ··················$~~~~·~····· ..................... ; .... i2~·;:·;6~1~t ................ Re;s/L~;d··fi~·;;;···c;;;t;;· .. o·'·" ........................ . 
$004003 12 .. 44.76.,lOe: Read/lood rtrier .. counter 1 
$004005· 12 .. 4A1 .. 76 .. 108: Read/load Ii"'r Counter 2 
$004007 12 .. 44 .. 76,108: Urit• to. t
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ner floda register 
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$006001 12.,+4,76.,lOSt ' sec, Chennffl B Control 
$006003 12,44,.76 .. 108 sec .. ehannttl A Control 
$006005 12 .. 44,76,.lOfl •· SCC,. Chenn•l B Data 
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$007000 12 .. ~,,76,,108 Error addr•ss latch·. 
$007001 12 .. 44,,76,lOfl .. Audio and Contrest latch 


