In-Circuit Emulation
for the Apple II Computer

You can convert your Apple into a host for
testing a target system’s hardware and software

& Without doubt, the easiest method
> of debugging any microprocessor-
. based computer system is to access
; that system through its processor
i socket. Using in-circuit-emulation
¢ (ICE) techniques, the most powerful
¥ diagnostic aids currently available,
i the processor of the unit under test
¢ (the target) is removed, and a second
. microcomputer system (the host) is
¢ linked to the target through the
" target’s processor socket.
i Emulators are usually associated
 with expensive microprocessor devel-
' opment systems or equally expensive
£ troubleshooting tools such as the
¢ Fluke 9010A (manufactured by the
?Iohn Fluke Company of Everett,
I Washmgton) However, with one
7 simple circuit you can turn your
¢Apple II into a host computer for
j -emulation purposes. This allows it to
i test hardware and evaluate software
“in a target system based on a 6502
| microprocessor (or one compatible
“ with the 6502).
. The Apple I in-circuit emulator is
. Carried on one Apple card. A 40-con-
« ductor ribbon cable, terminated in a
- dual-inline plug, connects the ICE to
* the target nucrocomputer (see figure
. 1). The ICE card gives the Apple
. limited emulation capability,
i it to relocate any 2K-byte block of ad-

dness space in the target system into_

- by John D. Ferguson

the normally free memory area at
locations C800 through CFFF hexa-
decimal in the Apple (see figure 2).
The memory region observed in the

 target system is software selected by

writing to an address-select latch.
Because this selection is under pro-
gram control, you can write routines
in the host system to test the target
system’s entire memory map.

1 S . A A PSSR 1 B W A
With one simple circuit
you can turn the Apple
Il into a host computer

for emulation purposes.
R D T

Test software can be written in
either a high-level language, such as
BASIC, or in machine code, and it
can be directed at the main functional
blocks within the target system:
system buses, RAM (random-access
read/write memory), ROM (read-
only memory), and I/O (input/out-
put) devices.

Routines written in BASIC tend to
be inconveniently slow for even the
simplest tests. The more effective ap-
proach is to write standard test
modules in machine code and use a
BASIC program to form an everall
test strategy that sequences the tests

and guides the user with recommen-
dations if a fault is detected.

In this article I'll describe test
modules for exercising the system
buses and testing RAM and ROM. I'll
conclude with a case study that il-
lustrates how the Apple ICE can be
used to test Rockwell International’s
AIM-65 single-board computer.

ICE Hardware :

Figure 3 on page 422 shows a cir-
cuit diagram of the ICE card. Address
lines AQ to A10 together with control
lines R/W, ¢, and RES pass direct-
ly from the Apple to the target system
via octal driver chips IC4 and IC5.
However, address lines A1l to A15 in
the target system are not obtained
from their Apple equivalents but are
instead generated by the block-select
latch IC3. For selection of the five
most significant lines in the target
system, a control word is first writ-
ten to this latch, which is clocked by
the Apple I/O SELECT line. Hence,
if the ICE was in slot 5, the following
short program would set A1l to A15
in the target system to zero:

LDA #$00 \ sets All to Al5 to zero
STA C500 \ activates the 1/O SELECT
line in slot 5.

After the block-select latch is con-
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figured, any read or write operations .
to memory locations between C800 2§
and CFFF hexadecimal in the Apple
activate the address decoder chip IC1
and enable the output of latch IC3,

‘_ il ‘ establishing corresponding addresses 3
; p - between 0000 and 07FF hexadecimal
- 1 ~ in the target system.

ICE CARD The address decoder (IC].) also en-
ables the octal transceiver (IC2),
. J allowing data to be either writtento -
i T ' or received from the target system. - -
, The decoder IC1 might seem unnec-
T 1 1l | essary because 1/O STROBE is ac-
e Trrree Tt T | tive low for addresses between C800
— : - ) and CFFF hexadecimal. However,
TARGET SYSTEM APPLE COMPUTER (HOST) close examination of I/O STROBE's
timing shows that its low state ap-
pears too late in the timing cycle to
Figure 1: The processor is removed the ta which is then connected to the enable slow memory or I/O devices
o via ¢ 40-comactor ribon e T Ay i the et st s igure 4 on
page .

Test Software
The software required for testing
falls into two categories: (1) routines
that exercise and test the various
TARGET SYSTEM APPLE T functional areas of the target micro-
(HOST) computer—its system buses, RAM,
0000 ROM, and I/O devices—and (2) the
overall test program, which guides
000 you through the test sequence, call-
2000} iIlg the ﬁmcﬁonal tests a.nd Perfom'
ing the tasks normally performed by
a fault-finding tree (i.e., pmpomtmg
thesou:ceofthefau.ltands
a remedy—for instance, “replace
8% IC28™—or initiating a new test to
soook , RAM gathe:r more mformatlon)
' The following section describes the
_ functional tests, providing three
soool .} routines written in 6502 assembly
o 1 language. Each program operates on
s000f i
the memory window at locations
4000 C800 to CFFF hexadecimal between

Boool - the Apple and the target system.

Address and Data-Bus Toggle Test

Before launching into complex tests
of the system’s ICs, test the integrity
€000} - of the system buses. With a toggle
' test you can exercise the address and
data-bus lines by alternately driving
them high and low. Listing 1 on page
427 shows such a test program,
which starts by selecting addresses in
the binary pattern 10101. . . in the
Figure 2: Any 2K-byte block of memory space in the target system can be mapped into the target system. A dummy read is then
normally empty memory slot from location C800 to CFFF hexadecimal in the Apple. made to address AAAA hexadeci-
Text continued on page 427
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Figure 3: A circuit diagram of the Apple ICE card.

Circle 5 on inquiry card. s==p-
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Text continued from page 420

mal, placing the high, low, high, low
pattemonthetarget system bus. The
select latch is again acceésed and ad-
dresses in the binary pattern
01010 . . . are selected, followed by a
dummy read to location 5555 hexa-
decimal, thus complementing the
previous address-bus pattern. This
procedure is repeated 256 times

check for shorts between lines by in-
jecting a characteristic frequency or
pattern onto each line. You could
then use a frequency meter or oscil-
loscope to check for corruption be-
tween lines.

Toggling the system buses 256
times does not allow enough time for
checking even one circuit node. The

By placing the test within a loop that
also checks the keyboard, the test
repeats until you press the space bar,
signaling that further testing isn't
needed.

$o cLOCK

before a similar test pattern is started short routine below illustrates how PRV T
on the target system’s data bus. | the bus test (BTEST) is used in the

Exercising the system buses with test sequencing program: p—— : ; -
this pattern allows the operator to VO STROBE & Lad A
determine, using an oscilloscope or 180 PRINT “BUS TESTING—
logic probe, whether each line in the PROBE TARGET SYSTEM €S FROM IC1
target system is drivable (i.e., no lines BUSES” (4LS138)

3 &

are stuck high or l?w) and wheth_er 190 PRINT (PRE;SS SPACE FOR Figure 4: Relative timing of the Apple slot
each line is continuous from its NEXT TEST) signal 170 STROBE and the CS signal from
source (the processor socket) to its 200 CALL BTEST ICL. Note that the y—"‘o OBE signal occurs
destination on each chip. 210 IF PEEK (-16384)< =127 too late for use in se the target ad-

A more complex test could also THEN 200 dress bus.
Listing 1: Toggling all address and data-bus lines.
SOURCE FILE: APPTOG
m . Y2 e s e e R R R R R e R R R R e R R R AR R RS R R Al Rl bl o b L]
0000: ADDRESS AND DATA BUS TEST
0000: 3 ; TOGGLE ADDRESS BUS AAAA-5555
0000: 4 ; 256 TIMES
0000: § - ; TOGGLE DATA BUS AA-85
0000: 6 ; 256 TIMES °
m 7 ’itii.it‘...l‘t.‘tt.ttlt‘lttt.ttii‘iitdQlQl.l.t‘l‘llllt‘titttit.‘Ql.Q.-lll‘tlt.t.iiii..itﬁ
0000: 8 ;
CS00: 9 SELECT EQU $C500 2K SELECT LATCH

NEXT OBIECT FILE NAME IS APPTOG.OBIO0
2100: 10 ORG $2100
2100:A2 00 11 : LDX #00 ‘SET COUNTER TO ZERO
2102: 12 ;EXERCISE ADDRESS BUS
2102:A9 AA 13 ABUS LDA #$AA 'SELECT ADDRESSES 10101XXX
2104:8D 00 C5 14 STA SELECT
2107:AD AA CA 18 LDA $CAAA IE AAAA ON TARGET BUS
210A:A9 55 16 LDA #955 ‘SELECT ADDRESSES 01010XXX
210C:8D 00 C5 17 STA SELECT
210F:AD 55 CD 18 LDA $CDSS IE 5555 ON TARGET BUS
2112:CA 19 DEX
2113:D0O ED 20 BNE ABUS 'REPEAT 256 TIMES
2118: 21 ;EXERCISE DATA BUS
2115:A9 00 22 DBUS = LDA #3500 SELECT ADDRESSES 00000XXX
2117:8D 00 C8 23 STA SELECT
211A:A9 55 24 LDA #355 01010101 ON DATA BUS
211C:8D 00 C9 25 STA $Ce00 0100 IN TARGET SYSTEM
211F:A9 AA 26 LDA #SAA 10101010 ON DATA BUS
2121:8D 00 C9 27 STA $C900 0100 IN TARGET SYSTEM
2124:CA 38 . DEX
2125:D0 EE 29 BNE DBUS ;REPEAT 256 TIMES
2127:60 30 RTS TOGGLING COMPLETE
SUCCESSFUL ASSEMBLY: NO ERRORS

2102 ABUS 2115 DBUS C500 SELECT 2102 ABUS
2115 DBUS C500 SELECT
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RAM Checkerboard Test

The basic strategy for testing RAM

requires writing a test pattern into
memory, reading it back, and check-
ing that both the write and read
operations were successful. Many
different test patterns can be used;
each is sensitive to particular failure
modes of the memory. One popular
pattern that provides in a reasonable
amount of time a test of the read/
write capability of every bit in the
RAM is the checkboard test pattern
(see figure 5).
Listing 2 shows this RAM test pro-
. In it, a RAM location is
selected and 55 hexadecimal (01010101
binary) is stored in the location and
then read back and compared. If the
comparison fails, the test terminates
with the Apple displaying a RAM
failure message. If the comparison
passes, the location is then tested
with the complementary pattern AA
hexadecimal (10101010 binary). The
test then moves on to the next loca-
tion and continues until all locations
within the window (C800 to CFFF

01 10 11
& Miﬂ e . 3 o‘.‘i!‘\:\. !
l E

af 1+ } o | 2 .} o
of x |==x |ox ] x

Figure 5: Checkerboard-testing RAM. Alter-
nate bits are set to 1 and 0 and checked. The
pattern is then reversed and checked before
moving off to the next row of cells.

hexadecimal) have been exemsed
and tested.

Before the RAM test in the main
test program is called, the memory-
select latch should be written to,
moving the RAM to be exercised in-
to the ICE test window. For example,
the following program would test

 Systems t
= pleteKjVBibletexton

disks. THE WORD pro-

cessor can search the = :
Scriptures for any word or
phrase. Any portion of the
F}}ile can be printed or

For Those Who Seek.

TOPICS  Bible Research Systems ~ THE WORD
$49.95 et 9415 Bmg:rxs?é?sazos U pre :
(512) 835-7981 $199.95

Requires APPLE [1+, IBM-PC, TRS80-III, QSBORNE, KAYPRO, or GP/M 8°
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Circle 53 on inquiry card.

RAM from 0800 to OFFF hexadecimal
in the target system:

250 PRINT “RAM TESTING
0800—O0FFF”
260 POKE SELECT, 08:CALI

ROM Signatures
The usual method for testing

ROMs involves forming a checksum
byte based on a sum of all the data
within the ROM. However, faults
could be concealed by several errors
that cancel each other out. A tech-
nique that is more sensitive and less
likely to mask errors involves per-
forming a cyclic redundancy check
(CRC) on the ROM contents. It origi-
nated in data communications, but
more recently it's been used in
signature analysis, a relatively new
troubleshooting tool pioneered by
Hewlett-Packard. Like most jobs in
computing, the cyclic redundancy
check can be evaluated by either
hardware or software. The hardware
model proves the simplest to
illustrate.

Figure 6 on page 435 shows a typi-
cal CRC evaluation circuit using a
16-bit linear shift register with feed-
back. Each bit of data is fed serially
into the register. When the data
stream ends, the final binary pattern
remaining in the register forms the

4-d.|gxtcy\:hcredundancyd1eck The
form a sum

to the base 2 between the data fed
back and the new data entering and
ensure that every bit entering the
register contributes toward the final
CRC or signature.

An equivalent software routine is
presented in listing 3. In this scheme,
each byte from the ROM under test

| is fed serially (bit 0 to bit 7) to the

subroutine FEEDBACK, which per-
forms a sum to the base 2 of bits 15,
11, 8, and 6 within the register and
the incoming bit. When 16,384 (2K x
8) bits of data have entered the feed-
back algorithm, the pattern remain-
ing in locations SIGH and SIGL

forms the final signature.
To enable checks to be made on
ROMs containing more than' 2K
Text continued on page 435




Listing 2: A program to checkerboard-test RAM.

0000: 10

OO~ wd Wk~

; (C800-CFFF)

couTt
CROUT
PRHEX
POINT

NEXTOBJECTFILENAME!SAPPRAM.OBIO

2000 1l
2000: 12
2000:A9 00 13

2092:85 08 14

2094:A8 ' 15
2095:A9 C8 16
2097:85 09 17
2099:A9 55 ' 18
209B:91 08 19
209D:D1 08 20
209F:F0 03 21
20A1:4C BC 20
20A4:A9 AA
20A6:91 08
20A8:D1 08
20AA:F0 03
20AC:4C BC 20
20AF:E6 08
20B1:DO0 E6
20B3:E6 09
20BS5:AS5 09
20B7:C9 DO
20B9:D0 DE
20BB:60

20BC:

20BC:

20BC:

20BC:A2 00
20BE:BD D5 20
20C1:20 ED FD
20C4:E8
20CS:E0 OF
20CT7:D0 FS
20C9:AS 09
20CB:38
20CC:E9 C8
20CE:20 E3 FD
20D1:20 8E FD
20D4:60
20DS:

20D5:A0 C5 D2
20D8:D2 CF
20DB:A0 CF CE
20DE:A0 DO C1
20E1:C7 C5 AQ

- Mmamsammsews&mam&s’aauaww

OK

ERROR

;ERROR MESSAGE

*** SUCCESSFUL ASSEMBLY: NO ERRORS

430  September 1983 © BYTE Publications Inc.

EQU
EQU

- EQU

EQU

(0]

RG

EPEEPEH R PEREEREL

"ERROR DISPLAY ROUTINE

% HEZ¥REEREEEE

$FDED
$FDEE
$FDE3

$2000

#00

POINT
#5C8

POINT+1

#555
(POINT)Y
(POINT).Y
OK
ERROR
#SAA
(POINT)Y
(POINT)Y
OK1
ERROR
POINT
START

POINT+1

POINT +1

#3D0
START

l..I..‘.l.‘.t'I-.‘.i‘.I'l.'.'.'.i....'I......‘..."l'-‘..Oi...i.'..‘l‘l".*.."tii....l...!

,PROGRAMIOCHECKERBOARDTESTRAH

."Q."'.. LA LA A R A A ALl R AR A Al L Ll A L L L L L e e T T st ey

;CHARACTER TO SCREEN

;C-RETURN TO SCREEN
;OUTPUT HEX DIGIT
;POINTER

;START TEST WITH 55
;STORE
;READ BACK AND COMPARE

;DISPLAY ERROR MESSAGE AND END
;NOW TRY AA
;STORE

" ;READ BACK AND COMPARE

;DISPLAY ERROR MESSAGE AND END
:NEXT LOCATION

;END OF BLOCK?(CFFF)

;POINTER FOR MESSAGE
‘MESSAGE TO SCREEN
‘NEXT CHARACTER
MESSAGE COMPLETE?

;FAIL ADDRESS TO SCREEN

;C-RETURN TO SCREEN
; AND FINISHED

ERROR ON PAGE "



Text continued from page 428

bytes, three routines are used. The
NSIG (new signature) routine resets
the shift register pair SIGH, SIGL to
zero and forms a signature on 2K
bytes of ROM. In CSIG (continue
signature), the shift register is not
reset to zero at the start, thus allow-
ing a continuation of a signature for
ROMs greater than 2K bytes. The
DISPLAY routine shows the contents
of the shift register pair SIGH, SIGL
in hexadecimal form.

The following listing shows how all
three routines can be used to evaluate
the signature of a 4K-byte ROM
located at BOOO to BFFF hexadecimal
in the target system:

320 REM B0 HEX IS 176
DECIMAL

330 POKE SELECT,176

340 CALL NSIG:REM FIRST 2K -
BYTES

350 REM B8 HEX IS 184
DECIMAL

360 POKE SELECT, 184

370 CALL CSIG:REM CONTINUE
WITH NEXT 2 BYTES

380 CALL DISPLAY:REM
DISPLAY FINAL SIGNATURE

Implementing a Test Program
The Apple ICE described here can
be used with a wide range of 6500
microcomputers designed to run at 1
MHz if all the onboard circuitry is
controlled by the processor’s ¢, clock.
The AIM-65, for example, provides
an ideal target system, containing as
much as 4K bytes of RAM, 20K bytes
of ROM, and a wide range of I/O
devices—two 6522 VIAs (versatile in-
terface adapters), a 6520 PIA (periph-
eral interface adapter), and a 6532
RIOT (RAM input/output timer).
Figure 7 provides an overview and a
memory map of the AIM-65, and a
test sequence is shown in listing 4 on
page 443. The program begins by
testing the system buses, followed by
a RAM test on the 4K bytes of RAM
and a ROM test that forms signatures
for each of the five system ROMs.
The test sequence concludes with a
check on the user 6522 VIA. For this
test, the ports are linked together

Text continued on page 444
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DISPLAY

- //___/ e o o il

DATA

— —

FROM NODE | il
UNDER TEST

(6b)

1st BYTE 2nd BYTE

3rd BYTE

4th BYTE 5th BYTE

T e T Y T T e e

LOGIC 1 — —

LOGIC 0 —

L

Figure 6: A feedback shift register can be used to form a cyclic redundancy check of ROM
(6a). Data from ROM is fed in bit-serial (bit 0 to bit 7) byte-serial form into the shift register (6b).

INTEX: TALKER

TEXT TO SPEECH SYNTHESIZER
THE NEW PRICE/PERFORMANCE STANDARD

The new INTEX-TALKER features
professional voice quality, unlimited
vocabulary and automatic inflection
control. The built-in text-to-phoneme
algorithm pronounces the 1000 most
commonly used words with an accuracy
greater than 96 percent.

INTEX-TALKER can speak or spell any ASClI
text including punctuation.

8 K bytes of user programmable
memory are provided, Use INTEX-
TALKER as a dedicated controller-or
store up to 1000 special words or
phrases. A 2.7 K character buffer can be
used for downloading user pragrams.

Circle 234 on inquiry card.

Available at the board level INTEX-
TALKER can be easily customized for
your application. Nothing is potted.

At only $345 compare these additional
features:

+ 64 inflection levels (automatic or
manual control]

2.7 K character buffer

RS232C and Parallel connectors
Spelling and phoneme access modes
Adjustable baud rates (75-9600)
Built-in speaker option

Completely self-contained-requires no
overhead

5 octaves of music

Available at board level in OEM
quantities

DI T

For More Information

Write or call us at {313) 540-760! to
order or request our product brochure.
Visa or Master Charge accepted.

Intex Micro Systems Corporation
725 S. Adams Rd. - Suite L-8
Birmingham, Michigan 48011
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Listing 3: A program to evaluate ROM signatures.
'SOURCE FILE: APPSIG

0000: 1‘ ;"Qﬁ""'ﬁﬁ"l'.Qt.ii"i.ﬁ"'t'#"'i‘.ﬁ.t'i.'..'"ﬁ.'.'.’QQ...Q".'.QQ“"..QQ"Q'QQ’Q'QQ
0000: 2 ; PROGRAM TO EVALUATE SIGNATURE

0000: 3 ;OF 2KBYTE BLOCK (C800-CFFF)

0000: 4 ;;EACH BYTE IS SERIALIZED BITO0-BIT? r

0000: 5 ;l-tQﬁ'"""'QQ.'t‘-Qit"Qi'Q"'ﬁ'.."ﬁ...'.'&.t""'i...ﬁﬁ.."Q.'.C't'..t.".l.....'.""'
0000: 6 ;

0000: 7 ;

0000: 8 ;

——-—— NEXT OBJECT FILE NAME IS APPSIG.OBJ0 .

2000: 9 ORG $2000 )

1900: 10 COUNT EQU $1900 ;STORE FOR SUM

1901: 11 SIGL EQU $1901 ;CURRENT SIGNATURE LOW BYTE
1902: 12 SIGH EQU : '$1902 ;CURRENT SIGNATURE HIGH BYTE
0008: _ 13 POINT EQU S0008 ;BYTE COUNTER

1903: 14 TEMP EQU SIGH+1 ;TEMPORARY STORE
FDDA: 15 PRBYTE EQU SFDDA ;PRINT A HEX BYTE
FDB8E: 16 CROUT EQU SFD8E ;GENERATE C-RETURN
2000: 17 ;

2000:A9 00 18 START LDA . 00 ;ZERO SHIFT REGISTER
2002:8D 01 19 19 ’ STA SIGL

2005:8D 02 19 20 STA SIGH

2008:A9 00 21 WSTART LDA #00 ;WARM START

200A:85 08 22 STA POINT

200C:A8 23 TAY ] ]

200D:A9 C8 24 LDA #3C8 ;START OF BLOCK C800
200F:85 09 . 25 STA POINT +1 ]

2011:B1 08 26 NBYTE LDA (POINT),Y ;GET BYTE

2013:8D 03 19 27 STA TEMP - )

2016:A2 08 28 LDX #08 FOR 8 BITS

2018:AD 03 19 29 NBIT LDA TEMP ]

201B:29 01 30 AND #01 BITO INTO COUNT
2010:8D 00 19 31 STA COUNT ]

2020:20 36 20 32 . ISR FEEDBACK ;APPLY FEEDBACK
2023:6E 03 19° 33 *  ROR TEMP ;READY FOR NEXT BIT
2026:CA 34 DEX. ) )

2027:D0 EF 35 : ~ BNE NBIT ;BACK FOR NEXT BIT
2029:E6 08 36 . INC . POINT ;NEXT BYTE

202B:D0 E4 37 BNE NBYTE

2020:E6 09 38 INC PQINT +1

202F:A5 09 39 LDA POINT +1

2031:C9 DO 40 CMP #3D0 )

2033:D0 DC 41 BNE NBYTE ‘END OF BLOCK? CFFF
2035:60 42 RTS

2036: 43 ;

2036: 44 ;

2036: 45 ;FEEDBACK ALGORITHM--SUMS BITS

2036: 46 ;15,11,8 AND 6 WITH INCOMING BIT

2036: 47 ;ON ENTRY 'COUNT' CONTAINS INPUT BIT

2036: 48 ; . )

2036:AD 02 19 49 FEEDBACK LDA SIGH ;TOP HALF OF SIG
2039:10 03 50 " BPL NEX1 ;TEST BIT15

203B:EE 00 19 51 INC COUNT

203E:6A 52 NEXI . ROR i ]

203F:90 03 53 BCC 1IEX2 ;TEST BIT 8

2041:EE 00 19 54 INC COUNT

2044:6A 55 NEX2 ROR - i

2045:6A 56 ROR i

2046:6A 57 ROR i )

2047:90 03 58 BCC 1EX3 ;TEST BIT

2049:EE 00 19 59 INC COUNT

204C:AD 01 19 60 NEX3 LDA SIGL "BOTTOM HALF OF SIG
204F:2A 61 ROL 4

2050:2A 62 ROL A i

2051:90 03 63 BCC NEX4 ;TEST BIT 6

2053:EE 00 19 64 INC COUNT

2056:6E 00 19 ' 65 NEX4 ROR COUNT ;SUM INTO CARRY
2059:2E 01 19 66 ROL SIGL ;CARRY INTO BITO LBYTE

Listing 3 continued on page 443
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Listing 3 continued:

205C:2E 02 19 67 ROL SIGH :CARRY INTO BITO HBYTE
205F:60 68 RTS
2060:AD 02 19.. 69 DISPLAY LDA SIGH ;MSB TO DISPLAY.
2063:20 DA FD 70 ISR PRBYTE :ONTO APPLE DISPLAY
2066:AD 01 19 7 LDA SIGL :LSB TO DISPLAY
2069:20 DA FD 72 ISR PRBYTE ;ONTO APPLE DISPLAY
206C:20 8E FD 73 ISR CROUT :C-RETURN
206F:60 74 - RTS
+ SUCCESSFUL ASSEMBLY; NO ERRORS

Listing 4: Applesoft BASIC program sequencing tests.

listing 4

50 REM AIM65 TEST ROUTINE

60 HOME

70 ° REM DEFINE SYSTEM ADDRESSES

80 SELECT = - 15100 5043 =(sp0 -5\ovSsdes

90 DISPLAY = 8288

100 NSIG = 8192

110 - CSIG = 8200

120 BTEST'= 8448

130 ' RAMTEST = 8336

140 PRINT * * _

150 PRINT “LOADING MACHINE CODE TESTS"

160  PRINT “BLOAD APPTESTS"

170 PRINT * *

180 PRINT “BUS TESTING-PROBE TARGET s&*srm BUSES"

190 PRINT “(PRESS SPACE FOR NEXT TEST)"

200 CALL BTEST

210 IF PEEK (- 16384) < = 127 THEN 200

220 PRINT* * - sr®

230 PRINT "RAM TESTING 0000-07FF" 015

240 POKE SELECT,0: CALL RAMTEST

250 PRINT “RAM TESTING 0800-OFFF"

260 POKE SELECT,08: CALL RAMTEST

210 PRINT * “: PRINT * RAM TESTS COMPLETE "

280 PRINT *

290 PRINT “ROM SIGNATURES BLOCKS BC,DEF “

300 PRINT™ "oy ¢o ®,

310 FOR N = 176 TO 240 STEP 16 %,

320 POKE SELECTN: CALL NSIG ~ “%°

330 POKE SELECT(N + 8): CALL CSIG

340 CALL DISPLAY

350 NEXTN -

360 PRINT * “ PRINT * ROM sremmnzs COMPLETE"

370 PRINT * *-

380 PRINT * VIA TEST" -

390 POKE SELECT,160: REM SELECT BLOCK AXXX

400 APRT = 51201:EPRT = 51200

405 ADIR = 51203:BDIR = 51202

410 POKE ADIR,0: POKE BDIR,255

415 REM A INPUT - B OUTPUT

420 FORN = 0 TO 255

430 POKE BPRT.N

440 IF PEEK(APRT) < > N THEN PRINT "VIA ERROR"

450 NEXT N

460 POKE BDIR,0: POKE ADIR,255

465 REM BINPUT - A OUTPUT

470 FORN = 0 TO 255

480 POKE APRT.N

490 IF PEEK (BPRT) < > N THEN PRINT “VIA ERROR”

500 NEXT N

510 PRINT * ”: PRINT * TEST COMPLETE"

520 END Listing 4 continued on page 444
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Listing 4 continued:

[RUN

LOADING MACHINE CODE TESTS

Text continued from page 435:

with a hard-wired fixture conn

PAO to PBO, PA1 to PB1, and so on.
The routine starts by configuring port
A as an input and port B as an out-
put. A test pattern is then written out

B and read and checked at
BUS TESTING-PROBE TARGET SYSTEM BUSES (PRESS SPACE FOR NEXT TEST) fﬂThe role aofa?h ep ort: is tli’lzrr:
reversed, and the test is repeated.
G N .
m me m This example illustrates some tech-
niques that can be used with the

ROM SIGNATURES BLOCKS BC,DEF
B8SC

Alsl

F121

B072
8ASE

ROM SIGNATURES COMPLETE
VIA TEST

TEST COMPLETE

for the AIM-65 would test the re-
maining I/O devices, such as the dis-
play, printer and keyboard, and more
thoroughly guide the user. However,
the ideas presented here illustrate the
principles behind the techniques and
mirror those found in commercial in-
struments. The Apple ICE is there-
fore not only a practical fault-finding
tool but also an ideal, low-cost, edu-
cational aid.m

John D. Ferguson is a lecturer with the Microelec-
tronics Educational Development Centre at Paisley
College, High St., Paisley PA1 2BE, Scotland.
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