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PET Flasher: A machine language subroutine
for timing visual displays

and response latencies

PHILIP M. MERIKLE, JIM CHEESMAN, and JOHN BRAY
University of Waterloo, Waterloo, Ontario N2L 3Gl, Canada

PET Flasher presents a one-linestimulus display at any location on a PET/CBM (Commodore
Business Machines) screen and measures reaction time from display onset. Display duration is
accurately controlled in 16.7-msec steps, and reaction time measurement is accurate within
±1 msec. PET Flasher is easily incorporated within any PET/CBM BASIC program, since as a
subroutine, it is called only when precise timing operations are required.

A serious problem encountered by anyone who
attempts to use a PET/CBM microcomputer to present
brief visual displays or to time response latencies is that
programs written in BASIC cannot provide accurate
timing. The timing accuracy possible with BASIC pro
grams is limited by two factors. First, the most precise
clock available within a BASIC program is the jiffy
clock, which increments once every 16.7 msec. Second,
even if the jiffy clock is considered to provide sufficient
precision for some experimental applications, certain
characteristics of the PET/CBM operating system make
it impossible to use the jiffy clock within a BASIC
program to provide consistent control of display dura
tion. For any BASIC program involving the presentation
of a visual display, the timing accuracy is considerably
less than ±16.7 msec, and more important, the accuracy
of any such timing operation programmed in BASIC
varies in an inconsistent and indeterminant manner
from trial to trial (Lincoln & Lane, 1980). The way to
overcome these limitations of PET/CBM BASIC pro
grams is to measure all critical temporal intervals by a
machine language subroutine.

PET Flasher represents one method for accurately
timing visual displays and response latencies to these
displays. The subroutine is written for a PET/CBM 2001
microcomputer with Revision 3 ROMs, and according to
available memory maps (Osbourne & Donahue, 1980),
it should run with slight modification on older PETs
containing Revision 2 ROMs.1 The major characteristics
of PET Flasher are as follows: (1) A one-line stimulus
display, consisting of 1-31 characters, is presented at
the center of the screen; (2) all characters available on
the PET/CBM keyboard may be displayed, including
mixed upper- and lowercase letters; (3) display duration
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can vary from 16.7 msec to 4,250 msec; (4) the time
from display onset to the closure of a switch connected
to the parallel user port is measured with ±l-msec
accuracy to a maximum response latency of 16.7 sec;
(5) switch closure terminates the display, if it occurs
prior to the specified display duration; and (6) multiple
switches may be connected to the parallel user port,
and the program records which switch was closed.

PET Flasher has two distinctive characteristics,
which are illustrated in the assembled machine code
shown in Figure 1. First, millisecond timing accuracy
is achieved through the use of the PET/CBM micro
second timer (T2) located at $E848 and $E849. How
ever, since these counters have a 65.5-msec limit, an
additional counter ($03D5) is incremented via the
interrupt system whenever T2 times out (see Dejong,
1979). In this way, it is possible to measure response
latencies up to a maximum of 16.7 sec. The second
distinctive characteristic concerns the method used to
coordinate presentation of the visual displays with the
CRT sweep. Since the rollover of the PET/CBM jiffy
clock ($8F) is synchronized with the beginning of the
CRT sweep, the program waits for the jiffy clock to
roll over and then sets a microsecond counter (T 1) to
time out every 16.7 msec, which is the time required
for each sweep of the CRT screen. Thus, display dura
tion is controlled in steps of 16.7 msec, and this is the
maximum possible resolution when a standard CRT is
used.

These two characteristics of PET Flasher distinguish
it from previous proposals for obtaining accurate tim
ing and display-CRT coordination with microcomputers.
Since PET Flasher utilizes the microsecond timer within
the 6522 versatile interface adapter, software timing
subroutines, such as those proposed by Price (1979),
are not required. In addition, the hardware modification
suggested by Reed (1979) to achieve display-Ck'I'
coordination is not necessary, since PET Flasher syn
chronizes display presentation with the rollover of the
jiffy clock. These distinguishing characteristics of PET
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Flasher have a price, however, in that by using unique
characteristics of PET/CBM microcomputers, PET
Flasher works only on Commodore Business Machines
microprocessors.

An example of how PET Flasher can be used within
a BASIC program is shown in Figure 2. Initially, the
program READs the machine code from DATA state
ments and POKEs it into the second-eassette buffer,
which is a protected area. Display location (985) speci
fies the number of spaces from the left side of the screen
to the leftmost character in a display, and display dura
tion (984) is specified in multiples of 16.7 msec. Before
a stimulus display is presented, the display buffer,
which occupies the top 31 locations in the second
cassette buffer (987-1017), is loaded with the ASCII

10[1 FHI PEAD ',;UBF:OUTI liE IIHO 11Hl0P','
1W PEM '3TAPT LOCATIOII E; t033A<E:26,
120 FOR 1=0 TO 154
130 PEAD A
140 POKE :::26+ I , A
ISO IIE,:T I
160
170 POKE 9:::S, 16 F:EM DI ',;PLA',' LOCATI ON
1:30 POKE 9:,:4, W F:EM nr e;F'LA',' DUPATlOtI
190
.200 PEM PUT '3TIMULI lIiTO DI'oPLA',' BUFFEP
2W At: "',;TIMULI "
2.2(1 L:LEHC At·,
230 F'OI<E 9:::6, L FH! # OF CHRPACTEF::"
240 FOF: 1:1 TO L
150 F'OKE 9:::6+I, A':;C.:' MI Df f Rt", I, 1 ":I

.260 liE::T I
170
2:3(1 F'EM CALL ',;UF:F:OUTI liE
.290 PF'IIH"J" FH! CLEAP ',":PEEll
,:00 F'OKE 33267 46 PEM F I ,:AT lOli POlilT
310 IF PEE~',>,59471:'=255 GO TO ~:10

:::20 IF PEEr:>:59471 "::'255 GOTO 320
330 F'F:lIlT":1" FHl CLEAF: FI:«RTlOli POrtlT
340 ':S::: :;:26
,ISO PF:rur ":1" FHt CLEAF'):F:EDj
~:60

,:70 PEM CALCULATE FEACT1011 TI 1'IE
,::0:0 ';H:F'EEf"9:0:1 FHI HlCiH E:','TE
390 H=F'EE~:': 9:;:2' F"E~l LOH E:'r'TE
400 PT= p ..- 255-H' +':;H+.256) +.256
4IC1 IF lIlT'F:DS THEIJ F:T:O FHl O',/EF:FLOI,j CHECI
420 F'C=PEEf:,: 0: 9:?-''::' F'Er1 F'E'::PO~~':E CODE
430 F'F: lilT" IWIOO"
440 F'F'lIlT "F:EACTWli T!I'tE I,IR:', .. " IIIT'F'T,
450 F'PItH"F'E'3F'OI6E CODE ~,JA':; .. ", F't-
460 nUl -
470
480 DATA 169,0.141 ~13 3·141 67232

;.'~g g~~~ l'~~~ig~~2i~: 1 -:~ ~ 6~?~?l-I, 1~; ~;
51 (1 IIATA 17::' ;-'5 ~'~:~ 41 95 9 64, 141 ' ;-'5
520 DATA 232 16~,26 141 ~8,232,165 14?
c;~:~) DATA .14~:,';"'40,252 tf')~::' 6'5 I-t1 6~~

S40 DATR j:'::' ~'l ,: ,41 L'l 1S, 4 4 J
550 DATA 127 ~::. 64 15~: ';"'.2::: 1';"'~::' 1>: -n
560 DATA .2L) :':::: , 2~::=: 169 ';::55 141 ;-'~:

570 DATR 1;-' ~ , :-"_::' , ;..' ~:;..' 20 1 ~55 ~'L=1::: 1;:'::
5:::0 DATA 77. 141 _., 2 .. 1t,:.::: 41 ~:..:.'

590 DATA 240. 1;-'4 -~ 14~ 7:::.2:::'::'
600 DATA 232 21:::·3 152· 6~ ~'40 224
~10 DATA 206.21f 208 21? 1~2 40 1~~

DATA :::2 1:.7 i:': 12~~ .:.0"::" ~.. (1::
DATA 1;"::: 7._~ ;..':::: ~·O 1 ~'~,~, ~·~f:: 1

t::~40 DATA ";"7 .: ~:,,-' 41 :::~ "-'4(1 ;..'.J2' ,1"4 ~

6:.(1 DAT~j 2':::';,' 142' .~' t ::
t::,60 DATF1 ,,-'::: t "'- _:2' ) ~L_1 .': -:.1. ; ~ 1
(70 [lATA 2'1:, ~t

Figure 2. A BASIC program that implements PET Flasher.

code for each character in the display. Following pre
sentation of the fixation point, a switch connected
to the parallel user port must be closed (Line 310)
and opened (Line 320) before PET Flasher is called
(SYS 826). Since PET Flasher initiates display presenta
tion prior to checking for a response, any responses
that may occur prior to display onset have no effect.
Once a response does occur, control returns to the
BASIC program, which first clears the screen and then
computes the reaction time from display onset. If no
response occurs within 16.7 sec after display onset,
control returns automatically to the BASIC program and
the calculated reaction time is 0 msec.

The response keys necessary to use PET Flasher are
connected to the parallel user port. Any reasonable
quality SPST switch may be used, and each switch
simply grounds one of the input/output lines (pAO
to PA7). The exact pin connections are given in the
CBM User Manual (Commodore Business Machines,
1979). Since there are eight input/output lines, up to eight
different switches may be used. Closure of each switch
produces a unique code, and these codes are accessible

- ':O-I)F'DIIIRTE TI I,IITH CPT

- ~·JA IT FI)F J IF CLOCl F'OLLO'·... EF
LOOP UtHIL POLLO\·'EF'

LOAD # OF CHAPRCTEF"" IH
- ADJIJ'::;T AU:,':: 1LLAF"r' COtHF:OL

FEGI'"TEF' F:',' "ETTIIIG
E: I T':; 5 t-: .(' 7

A9 f"1n
:,:D DS 0:: - PE',;ET HIGH B','TE COUIITEF:
:3D 4,: E:': - ':;ET F'APALLEL POPT TO IHF'UT
R9 FF - F'E:::ET T2 LOI,) OPDEF' B','TE
3D 4::: E:':
AD DO 0,: - ",UI'I [i I ':.F'LfW LOCATlOti I.JlTH # OF
1:" :TII'IULU", CHAPACTEP',
6D DR (1~:

R::'
AE DR O~:

AD 4f: E:::
~.~=! SF
09 40
,:D 4f: E':'
A9 1R
':D 44 E'"
AS :,:1"
'::' :::F
r--o Fe
AS! 41
,:D 4S E::'
E:D DR (1~: L!)AD mlE CHAPAC TEF
~.~~ E:F (HAtlCiE Fi'::;C I I CODE TO ':;CF'EEt~

10 04 ': ODE
-..~ 7F

o~~ 40
~:::'9 [IF ::: 1 [11 'i.F'Lft'r' CHAF'AC TEF

LDA #00
'::TA O~:[I:,

";TR E:o:4,:
LDR #FF
'"TA E:,:4:,:
LIlA O';:D9
CLC
ADe O:::DA
TA'r'
LD;O-: 03DA
LDR E:':4B
RIID #:,F
')F:Fr f:l:4~~t

"TA E:,:4£:
LDR #IR
'"TA E:,:44
LDR :,:F
::I'IF" ',:F
BEer 036::
LDR #41
"TA Ee4c

,

LIrA O:::DA
Rim nF
E:F'L (1::7~

RIID #?F
DF:A #40
',TR,:IDF
IrE'r'
[lE."-: 1=8
f:UE ~)::61- Ill) EE LOOF' FOP F'Et'1AHHtJ(, CHARACTEF":::;
LIIR #FF R:' FF -: TAPT E 'I'EEC TII'IEF
::TA E::::49 ::[1 4~~ E::'
LDR E:,:4F RD 4F E:: ': HEC I F'JF F(",FOIE,E
':"IF" #FF ':9 'T
mE [1,:CE: D0 41 - JF FP,POII',;E rUI'1F"
LIIR E:':4D RD 4D E: I_ORD IIITEPPUFT FLRG F(C.ro,TEF'
STA E84D SD 4D E8 - CLEAR FLAGS
TAV A8
AND #20 29 20 - CHECK FOR T2 INTERRUFT
BEQ 039E FO 09 - 1F NO HHERRUFT" JUMP
LDX E849 AE 49 E8 - PESET T2 HHEPRUpT
STX E849 8E 49 E8
11K: 03DS EE DS ('3 - 1IlCREMEIH HIGH B','TE COUtHEF'
TVA 98
AND #40 29 40 - CHECK FOR TI HHEF:PUPT
BEQ IBS3 FO EO - IF 110 I NTE.:RUPT., LOOP
DEC 03D8 CE D8 03 - DECPEMEIH DURATl ON COUIHEP
BNE 0383 DO DB - LOOP ulm L COUNTEP : 0
t.nx 128 A2 28
LDA #20 A9 20 - LOAD BLANI<
STA 81DF,:'< 9I1 IIF e:l - DISPLA',' BLANf"
DEi< CA
BNE 03AC DO FA - LOOP UIITIL EIHIRE LINE BLANI<
LILA E:34F AD 4F EB - CHECI< FOP RESPONSE
CMP #FF C9 FF
Bt~E 03CI: DO 12 - IF F:ESPOI1SE., JUr1P
LILA E84D AD 4D E8 - LOAD INTER.:UPT FLAG PEGISTEF:
AND #20 29 20 - CHEO: FOR T2 HHEPRUPT
BEQ 031<2 FO F2 - IF 110 HHEPPUPT, LOOP
Lm< E849 AE 49 ES - FESET T2 IIITEPPUPT
'3TX E849 8E 49 ES
IIIC 03DS EE DS 03 - 1IlC.:EI1EtH HIGH B'iTE COUtHEP
BNE 03B2 DO E7 - IF IlO OVERFLOI;" LOOP
LD',' E849 AC 49 ES - e;TORE LOH BnE COUtHER
STV 03D6 8C D6 (13
3TA 03D7 3D D7 03 - ';TOf~~E RESPONSE CODE
RT'o 60 - RETUPN

Figure I. Assembled machine code for PET Flasher.

038D
0390
0391
0393
039S
0398
039B
039E
039F
03Al
tDA3
:13A6
13388
,BAA
~13AC

')3AF
03B0
03B2
03B5
03B7
03B9
03BC
0:3BE
0303
03C3
03C6
(13C9
(13CB
~~3CE

03[11
0:3M

O~:3A

O~:3C

O~:3F

U342
O~:44

(1~:47

"21348
0,:4B
O~:4E

0,:4F
0::;52
0355
0'::57
'J::5~~

IJ:::5C
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Table 1
Screen Memory Addresses for Each Screen Line

Address Byte

Line Hexadecimal Decimal Low High

01 7FFF 32767 255 127
02 8027 32807 039 128
03 804F 32847 079 128
04 8077 32887 119 128
05 809F 32927 159 128
06 80C7 32967 199 128
07 80EF 33007 239 128
08 8117 33047 023 129
09 813F 33087 063 129
10 8167 33127 103 129
11 818F 33167 143 129
12 81B7 33207 183 129
13 8IDF 33247 223 129
14 8207 33287 007 130
15 822F 33327 047 130
16 8257 33367 087 130
17 827F 33407 127 130
18 82A7 33447 167 130
19 82CF 33487 207 130
20 82F7 33527 247 130
21 831F 33567 031 131
22 8347 33607 071 131
23 836F 33647 111 131
24 8397 33687 151 131
25 83BF 33727 191 131

in BASIC by PEEKing Location 59471. Whenno switch
is closed, the decimal code at Location 59471 is 255.
Switch debouncing is not necessary.

PET Flasher has been tested against an external time
base. We have verified that displaysare presented for the
specified number of CRT sweepsand that reaction times
from display onset are accurate within ±1 msec. How
ever, when PET Flasher presents a stimulus display at
the center of the CRT screen (Line 13), as is done by the
version described in this article, there is a constant
8-msec discrepancy between the reaction times mea
sured by PET Flasher and the same reaction times
measured by an external timer. This occurs because
PET Flasher times from the beginning of the screen
sweep, whereas an external timer cannot be activated
until the sweep reaches the center of the CRT screen
and the stimulus display is presented. This constant
error is easily corrected by subtracting 8 msec from the
calculated reaction times.

With one rather straightforward change, PET Flasher
can be modified to present the one-line display at
any screen location. All that is required are new values
in the locations used by PET Flasher to select a par
ticular line in screen memory. These values are shown
in Table 1, which gives the high and low byte-decimal
equivalents corresponding to each of the 25 screen

lines. Since PET Flasher stores the low byte values in
Locations 888 and 941 and stores the high byte values
in Locations 889 and 942, display location can be
changed by simply POKEing the appropriate low and
high byte values into these locations prior to callingthe
subroutine. For example, to present a display at Line 6
on the screen, Line 270 in the BASIC program requires
the following statement sequence: POKE 888, 199:
POKE 889, 128: POKE, 941, 199: POKE 942, 128.
If these or similar POKE statements are not included
in the BASIC program, then PET Flasher, by default,
presents the display on Line 13 of the screen.

The fixation point can also be located anywhere on
the screen, since any screen location (32768 to 33767)
may be specified in the POKE statement on Line 300
of the BASIC program in Figure 2. In addition, any
character in the PETICBM character set may be used for
fixation by POKEing the location specified in Line 300
with the PETICBM decimalcode for the selected charac
ter.

PET Flasher meets our need to use PETICBM micro
computers to measure reaction times to visual displays
with millisecond accuracy. In addition, since PET
Flasher is easily incorporated within any BASIC pro
gram, it has proved useful in a variety of experimental
contexts requiring accurately timed stimulus displays
and reaction times to these displays.
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NOTE

1. In Revision 2 ROMs, thejiffy clock is located on Page 2
rather than Page O. As a result, two additional instructions
must be added to the subroutine, and the high and low byte
counters must be relocated. These modifications are available
upon request.
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