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1 Introduction

TheM851 Kernel isaplatform that is geared for developing avariety of applications that can be
incorporated into the operating system during power up or downloaded to EEPROM through USB Datalink
communications. Refer to the M851 Application Design Guide for an overview of the M851 Kernel and
how applications are processed in the M851 Kernel.

This document serves as a guide for devel oping a WristApp.

1.1  Applicable Documents

The following documents serves as detailed reference in the creation of this document.

M851 Application Design Guide
M851 WristApp APl Reference Guide
S1C88349 Core CPU Manual

2 COUNTER WristApp: Putting it all together.

This section will go through the process of building awristapp — the Counter WristApp— from design,
compile and downloading the application to the watch. This application is simple and does not require any
database access.

; WARNING: Thereis no debugging capability once the WristApp is downloaded
A into the watch. You will either have a fully operational wristapp or the watch
resets during WristApp execution.

2.1  Specification

The diagram below shows how the counter wristapp operates and how it interacts with the user inputs.

Timex Corporation 1
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NOTES
4 This display appears only if this mode is enabled. Otherwise, the next mode banner shall be displayed. 4
The counter's current value is displayed in large digits in the main dot matris.
The counter's current direction is indicated in the upper dot matrix, with an up arrow if UP is selected, or a down
- arrow if DOWN is selected. i
The counter's value is incremeanted or decremented depending upan the direction setfing described below. If the
counter value is at its minimum or maximum, it cannot be decremented or incremented, respectively; the button
W shall have no fuction. m
i The Button Beep (see Appendix D) shall be generated for each press of START/SPLIT i
The counter Is set 1o 2ero. The counter direction is unchanged,
] In the first step, the user may set the cumrent counter value. In the second step, the user may set the counter ]
direction
(& 1
T 7 T El T gl T i T G T T ] I E]
Timex Corporation 2



M851 Counter WristApp Design Rev 1.0

2.2 States

2.2.1 State Transition Diagram

The specification can be broken down into its basic components. The counter application can be grouped
into 4 distinct operations: banner, default, set banner and set operations.

TheBanner State Handler. Thisinvolves mainly
displaying the name of the mode. We need to
design this handler to allow the M851 PIM to
display the user specified mode banner. Notice the
required 1.5 second timeout prior to going into
default mode.

The Default State Handler. Thisisthe main
[+ Coun? ] interface of the application.

1? NOTE: The hold-to-reset operation may be put into
adifferent state handler to simplify the number of
events the default state handler will process. Since

sTaRTSPLT | ¢ COURT T T & [OumT ) thisisasmall application, putting the reset operation
8 " 16 inside the defaullt state handler is easily facilitated.
[ Hnkt Operaton |
SO Tt e
RESET

The Set State Banner Handler. By convention,

thisisarequired state prior to going to the actual
- . . setting state. Noticethe required 1.5 second timeout

prior to going into the set state handler.

The Set State Handler. Thiswill handle all aspects
of setting for the application. The dotted rectangle
shows blinking. Each display line represents the
fieldsfor setting. Thisfirst line shows setting of the
counter initial value. The second line shows setting
of the count direction.

The diagram shown below shows the operations involved to implement the wristapp. Most applications
with a setting operation would usually use the basic four states: banner, default, set banner and set state.
This allows the wristapp to conform with conventions used in the m851.

Timex Corporation 3
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The diagram shows the inputs that should be handled by each state handler. Thiscan also serveasa
checklist to confirm that all system events are handled.

Arrows pointing to a state is handled as a State Entry event in the pointed (destination) state.
Arrows pointing away from a state indicates the event that is processed by the state handler. If it
points back to the same state, it means that no state changeisrequired. Linesand arrows pointing
to another state indicates that the event should also request for a state change.

Dotted lines indicate awatch activity that is not controlled by the application such as a popup
operation. When a popup is complete through a popdown, the dotted line away from the popup
state indicates where it should go back. States with no dotted linesindicates that popups are not
allowed to occur. By convention, popups are suspended when the foreground state is either the set
banner state or set state.

Lines going to the state NEXT MODE is handled through a mode change.

""""

1
POFUF H ,h'-., POFUP
- " s

CROWMN HOmM

I|_ % 1 r; A & |
POPDICWNY, \.- W FULSE
% 1

ANY SWITGH

BANMNER

MODE

STARTISFLIT
ANY SWITCH

TIMEDQUT DONE

CROWM SET

TIMEDQUT DOKNE

CROWN HOME

2.2.2 Banner State

MODE

Timex Corporation

I Thebanner state should handlethe
POFLUF ;..f' .1._ followi ng cases:
OPUP Y ;

FOPDOWN - Handlethe system event STATEENTRY
i and do the following:
i - Allow popupsto occur. But
i popdown should directly proceed

to the default state.

Request for a 1.5 second hi-res

timeout
Handle the MODESWITCHDEPRESS to
go to the next mode.
Handle STARTSPLITDEPRESS to go to
the default state.
Handle STOPRESETDEPRESS to go to
the default state.
When hi-res timeout expires, proceed to
the default state.

ARY SWITCH

TIMEQUT DOME
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2.2.3 Default State

The default state should handle the following
i M. porup cases:
Handle the system event STATEENTRY and do
the following:
Display counter data
Handle the MODESWITCHDEPRESS to go to
“— the next mode.
STERRESET REL - Handle STARTSPLITDEPRESS. Thiswill
either increment or decrement the counter. Stop
when boundary conditions are reaced.
Handle STOPRESETDEPRESS to go into areset
operation:
Display HOLD TO RESET
Allow switch releases to be passed as
events
Request 2 second hi-res timeout
Handle STOPRESETREL EASE:
Clear display
Display counter data
Handle the event TIMEOUTDONE_HIGHRES:
Clear current counter to 0.
Display counter data.
Handle CROWN_SET and request a state change
to the set banner state index.

STOF/RESET DEP

.,
POFDOWN ™

STARTISFLIT

TIMEDUT DOME

CROWM SET

2.2.4 Set Banner State

The set banner state should handle the following
cases:

Handle the system event STATEENTRY and do
the following:

Do not allow popups to occur.

Request for a 1.5 second hi-res timeout
Handle the MODESWITCHDEPRESS to go to the
set state.

Handle STARTSPLITDEPRESS to go to the set
state.

Handle STOPRESETDEPRESS to go to the set
TIMEQLUT DOME State

When hi-res timeout expires, proceed to the set
state.

Handle CROWN_HOME and request a state
change to the default state index.

ANY SWITCH

CROWM HOME

2.2.5 Set State

Timex Corporation 5
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MODE

CROWM HOME

STARTISFLIT

Ly FULSE

COW FULSE

CROWM HOME

2.3  State Index
Thetable below shows the index assigned to each state handler.

I ndex

State

Rev 1.0

The set state should handlethe following cases:

Handle the system event STATEENTRY and do the
following:
- Initialize the first setting field position

Display current datato be set

Setup and request for 4hz blinking

Set the system into pulse mode to generate the

PUL SE events.
Handle the MODESWITCHDEPRESS to go to the
next field setting with wraparound.
Handle the STOPRESETDEPRESS to go to the next
field setting with wraparound.
Handlethe CW_PULSES. Increment counter data
(using acceleration) or toggle count direction.
Handle the CCW_PULSES. Decrement counter data
(using acceleration) or toggle count direction.
Handle CROWN_HOME and request a state change
to the default state index (after some data validation).

0

1
2
3

Banner state index
Default state index
Set banner state index
Set state index

2.4  Using the WristApp Wizard to Create Templates

The WristApp Wizard will facilitate in the creation of the required filesfor aproject. Thefiles generated
are complete and can be assembled and linked and downloaded into the watch. Thefileswill serveasa

template to be modified to implement the WristApp.

241 Step 1lof3

Section Description

WristApp Name Specify the name of the wristapp folder. Thisislimited to 8 characters due
to the limitations imposed on the assembler and linker utilities.

Location Specify the path of the application. By default, the application is stored

Abbreviation

Description

Timex Corporation

under the directory C:\m851\app.

The abbreviation code is used to uniquely name the filename, variables,
macros, procedures and labels used in the wristapp.

Specify the WristApp function.
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® WristApp Wizard - Step 1 of 3

The firgt gight characters of Wriztdpp Mame
will be automatically uze as directory default,

Wrizttpp Mame;

lEDunter

Location:

|c:w|851 YAppiCounter

Ahbreviation: [3 letters max only]

CHT Thiz will be uzed az prefis for flenames,
labels, varables, procedures, and macros.

Dezcnption / Notes: [Optional]

|Eu:uunts up and dowr

Timex USB Data Link

Fames Corporaiion

| Mest »» | Cancel

2.4.2 Step 2o0f3

Section Description

Mode Banner Specify the text that will be displayed when the WrsitApp becomes the
foreground application. The column number is used to center the banner
name without resorting to space characters for padding.

Include Set State Check thisbox if a set state is used in the WristApp. By convention, if a
set stateis used, there must be a set banner state that describes the setting
function.

Set Banner Specify the test that will be displayed when the WristApp enters a setting

operation. The column number is used to center the banner name without
resorting to space characters for padding.

Timex Corporation
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WristApp Wizard - Step 2 of 3

Enter Default Displays here:
M ode B anner
v Ebim Below is wour quide for entering
j data:
|I2IIILINTEFE |1 :]
[ Line 2
| | :l H §IEN NIN_ EEER
fiinet ":"!. .Ii i
T
& 1] NNER AN
[v Include Set State Line2 !.f 'rla I'.i ".i I- 5
illl I I B R E NINR [ ]
Set Banner }
[~ Colurnn Mo Te——Column No. —— 43
|5ET |1n :|
v Line 2
COUNTER |E -]
<< Back | Mest 5>
2.4.3 Step 3 0of 3
Section Description
Resource to Own Specify the resource type and number required for the WristApp. If a

resource is checked, the wizard will automatically create the variable
placeholder for the resource index during allocation. This can be found in
the XXXvars.h

Note: The counter wristapp does not use any of the resources provided by
the system.

Application Type Select the application type of the WristApp. By default, you can use the
COREAPPTYPEGENERIC.

Certain application typeswill provide the WristApp will additional benefit
specific to an application type. For example, the appointment type
wristapp will be passed an event during hour and day rollovers. Alarm
type application are called during hour rollovers. Another exampleis
when the primary time zone is modified by the user, the following
application types are informed of the change: appointment, occasion and

alarm.
Primary Mode Icon Check the primary mode icons used by the WristApp. Theseiconsare
Resource used as status information of a wristapp when it is currently active in the

Timex Corporation 8
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background or to display WristApp specific information..

For example, the Stopwatch icon is can be used by a chrono wristapp to
indicate the state of the chrono: ON if chronoisrunning, OFF ischronois
stopped.

Another example could be that an alarm wristapp can use the Alarm Clock
icon to indicate that an alarmis active and will popup within 12 hours. It
could also be blinked to indicate that a backup alarmis pending.

Note: The counter application does not use any primary mode icons.

WristApp Wizard - Step 3 of 3

Rezources to owr;

[~ Senchro Timer

Flags to Usze:
[

LA

[ Backup........

[ Time Zone Check.. 3 Others:

| Elmersee

""" 3 [ Include Popup State
....... 3 [ Pazsword Suppart

[~ Stopwatch ...

F 8 o TEETE™E il

Set your parameters here:

Application Type:

v

-

PIEO + 0 ¢

| << Back | Einizh | Caricel |

2.4.4 File Template Generation

The following screen shows the files being generated by the WristApp wizard ready for modification. This
wizrd will also generate the APPNAME.SCRthat can be opened by the M851 WristApp Builder utility.

Timex Corporation



M851 Counter WristApp Design

Successfully Done!

The following files have been Created:

C: 48518 pphoounterisrchontpor. azm
C:AB51 N pphoounterherchontutil agm
C:A851 N pphcounterhsrchontdisp. asm
C:AM BT pphoounterisrchontdel. azm
C:ABET & pphcounterhsrciontBckhd. azm
C: 48571 %8 pphoountertsrchontban. azm
C:AMB51 v pphoounterihient b

C:AB51 v pphoounterihientyars. b
C:AkEET A pphoountertsrchontzet. asm
C:5851 v pphoounterherchohnteetbn. asm

Y'ou how have a functional Wriztbpp source code. Build
and download it to the watch uzing “'FME5E1 Wristbpp
Builder.exe'" .

Edit it uzing Code\write editior or any other plain tesxt
editor.

2.5 State Files

Rev 1.0

The state handlers are to be coded in different files. Thiswill allow the build scripts to properly place the

correct state handler code to be loaded from eeprom during execution. In this example, we have the

following files:

File

Description

cnt ban. asm
cntdef.asm
cntsetbn. asm
cntset.asm

Banner state sourcefile.
Default state sourcefile.
Set banner state sourcefile.
Set state sourcefile.

2.6  Background Handler

All WristApps are required to handl e these system events. In the counter application, most of these

required system events are coded with just RET (RETurn from Subroutine) instructions. The background
handler will be located at the start of the common section.

Event

Description

COREEVENT_INI'T

COREEVENT_TASKEXI T

Timex Corporation

Sent by the system to initialize the application data

after acommunication session.

Sent by the system whenever avoluntary or

involuntary (i.e. popup) mode change. Thisallows
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the application to clean up prior to making another
application the new foreground application.

COREEVENT_PEEK Sent by the system whenever another application
requests the mode to display its current data set.
For example, the TOD reguires an an appointment
and occasion type application to support this
request.

COREEVENT_APP_SHUTDOWN_FOR_COW Sent by the system when the watch begins
communications with the PC. Thisallowsthe

application to clean up its data and perhaps update
the database header ready for upload.

The background handler code will be coded into a separate file. Thiswill allow the build scriptsto locate
the background handler code to be loaded into the overlay area.

File Description

cnt BckHd. asm Background handler sourcefile.

2.7 Parameter File

The M 851 requires information about the wristapp so it can be incorporated into the system. Below isthe
parameter file for the counter application:

ACB of f set mask.

; Application SystemData is |ocated in heap.
; Oher ACB entries are |located either in ROM or EEPROM
db bCOREAppSyst enDat aCf f set

Nunber of resources required.

db 00h ; TOD

db 00h ; Backup

db 00h ; Time Zone Check

db 00h ; Tinmer Resource

db 00h ; Stopwat ch Resource

db 00h ; Synchro Tiner Resource

Fl ag owner shi p.

db 0 ; LCD Flags 1
db 0 ; LCD Flags 2

Heap size requirenents.

dw 0000H ; Code
dw CNTSYSTEMDATASI ZE ;. ASD
dw CNTDATABASEDATASI ZE . ADD

Application Configuration Data Byte.

Timex Corporation 11
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db COREACDEEPRQVAPP ; Code is external.

Application Unique ID.

db COREAPPTYPECOUNTER ; Application type
db 00h ; Application instance nunber

ACB Par anet ers.

dw 0000h ; ASD address of fset

dw 0000h ; ADD address of fset (no database)

dw CODESTATEADDRESS ; App state nmanager address

dw CODECOMMONADDRESS ; App background handl er address

dw | cdBanner Msg_COUNTER ; App node nane function address
Notes:

Code heap size requirement is 0000h. The utility that will build the wristapp will compute this
number automatically. If not using the scripts, this must be
the all ocation size of the wristapp code in eeprom.

Database heap size requirement. This value specifies the size of the database being
downloaded with the wristapp. The PIM automatically
updates this section prior to sending the parameter file to
the watch.

The counter wristapp does not have any database stored in
external memory. So thisvalueis set at 0x0000.

ASD address offset is 0000h. All WristApps have offsets of 0000H for its ASD.

ADD address offset is 0000h. All WristApps uses the EEPROM for database storage.
Thiswill always be 0x0000.

The counter does not have database nor store any datain
the ADD section whether ininternal or external memory.

Use of a label located in ROM: The banner message “ COUNTER” isalready predefined in

| cdBanner Msg_COUNTER the M851 OS. This showsthat a WristApp is able to execute

functions and reference labels embedded in the firmware.

This could well have been a label located in either the
common code or in the banner state handler.

The parameter code will be coded into a separate file. Thiswill allow the build scriptsto locate the
background handler to be used during application download to the watch.

File Description

cntpor.asm Parameter sourcefile.

2.8 Miscellaneous Files

There are application specific routines that may be used by two or more state handlers. Examples of which
arethe display routines. Though it can be coded inside the state handler code that usesit, it would be
appropriate that it be located in the common section in the WristApp overlay area.

Timex Corporation 12
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The Counter WristApp requires the following files to be stored in the common section.

File Description
cntdi sp.asm Display routines for the counter wristapp.
cntutil.asm Utility routines for the counter wristapp.

2.9 Directory Structure

The build scripts requires a specific directory structureto facilitate location of required files. Create the
required directories for the application prior to using the build utilities.

All sourcefiles are to be stored under the C: \ MB51\ APP\ appname\ SRCdirectory.
All header files areto be stored under the C: \ MB51\ APP\ appnane\ Hdirectory.

All build scriptswill be created under the C: \ MB51\ APP\ appnarne\ BUI LD directory.
Output files during wristapp creation will beinthe C: \ MB51\ APP\ appnane\ BUI LD
directory.

All executable fileswill belocated in the C: \ MB51\ Bl Ndirectory.

All the M851 header and macro fileswill beinthe C: \ MB51\ | NCLUDE directory.

The assembler, linker and locator executable will be located in the C: \ C88 directory.

The figure below shows a snapshot of the counter wristapp directory structure:

W OB

# 3 cypram lgad
3 D
#l ) Dooumrenis snd Satbinge
B I o6
H I EPEDN
L parrn
H I rawd
) e
= S
= i =-Pp
= ) U
3 bl
Oh
d #L
i bin
) inclge: v

The figure below showsthefile list for the counter wristapp header files:
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B CmESTha pptoounterth

sgerans E,:J L il 51'pp eounber'h

Fl= Ecdit Yiew Fovores Took Helo :'\,*

Q- & F

H ) My Irstalybiors

& () WVIDA

& I Program Fikes
=) Tenp

=I5 usars

The figure below showsthefilelist for the counter wristapp sourcefiles:

& C:\mdA5 1 lappioounterisre

Cl= Ot Vew  FPoordies  Tods Hep &
e - G ¥ - Geach (= =a'ders| [~
Axdchwem || Se'yl5 dappivounher lsre ol
T X N A
E 3 nest - sl
= I3 -ep ithan agn  oiBdHdaem  midelain
B £ courrer
12 s 5 By L
=1 LI S
o midep,ean  ovporasn oibeetasn
-l b
2 inchuce 1
E 123y natalatior h n
E 23 wvipce Ll
7 I3 Program Fec cntsethn asn ot e
12 Terp
B D e P
e

2.10 Codingthe WristApp

2.10.1 Header File

Rev 1.0

Most of theitemsin the header files are redefinitions to the system equates provided by the M851 OS. The
eguates are redefined to make the label more descriptive of the operation or function. For example, the
switch event equate COREEVENT _SW TCH1DEPRESS in the counter set state handler could be redefined
as CNT_CHANGE_TO_NEXT_FI ELD_SETTI NGto indicate afunction to change to the next setting field

position.

STATE REDEFI NI TI ONS
CNTBANNERSTATE equ COREBANNERSTATE
CNTDEFAULTSTATE equ COREDEFAULTSTATE
CNTSETBANNERSTATE equ CORESETBANNERSTATE
CNTSETSTATE equ CORESETSTATE

EVENT REDEFI NI TI ONS
CNT_STATEENTRY equ COREEVENT _STATEENTRY
CNT_TI MEQUTDONEL OARES equ COREEVENT_TI MEQUTDONE_LOARES

Timex Corporation
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CONT_TI MEQUTDONEH GHRES equ COREEVENT_TI MEQUTDONE_H GHRES
CONT_TI MEOUTDONESTI CKY equ COREEVENT_STI CKY_TI MEQUTDONE
ONT_ELDEPRESS equ COREEVENT_CROM_EL_DEPRESS
ONT_ELRELEASE equ COREEVENT_CROM_EL_RELEASE
CNT_CROWKNHOME equ COREEVENT_CROWN_HOVE
ONT_CROWNSET equ COREEVENT_CROWN_SET1
ONT_CWPULSES equ COREEVENT _CW PULSES
ONT_COWPULSES equ COREEVENT_COW PULSES
ONT_OWEDGE equ COREEVENT_CW EDGE_TRA! LI NG
CONT_COVEDGE equ COREEVENT_CCW EDGE_TRAI LI NG
CONT_MODEDEPRESS equ COREEVENT_SW TCHLDEPRESS
ONT_STOPRESETDEPRESS equ COREEVENT _SW TCH2DEPRESS
CNT_STARTSPLI TDEPRESS equ COREEVENT_SW TCH3DEPRESS
ONT_MODERELEASE equ COREEVENT _SW TCHLRELEASE
ONT_STOPRESETRELEASE equ COREEVENT_SW TCH2REL EASE
ONT_STARTSPLI TRELEASE equ COREEVENT_SW TCH3RELEASE
CONT_POPUPCANCEL equ COREEVENT_ MELCDYPOPUPCANCEL
ONT_Di SPLAYUPDATETCDRES equ COREEVENT _DI SPLAY_UPDATE_TCDRES
CONT_| CONREFRESH equ COREEVENT_| CON_REFRESH
CONT_ANYSW TCHDEPRESS equ COREEVENT_ANYSW TCHDEPRESS
CONT_ANYSW TCHRELEASE equ COREEVENT_ANYSW TCHREL EASE

SW TCH MASK REDEFI NI TI ONS

i

CNTSW TCHVASK_MODE equ bCORESWI t chl

CNTSW TCHVASK_STOPRESET equ bCORESW t ch2

CNTSW TCHVASK_STARTSPLI T equ bCORESWI t ch3

CNTSW TCHVASK_CW equ bCORECWEW t ch

CNTSW TCHVASK_CCW equ bCORECCWAWI t ch

CNTSW TCHVASK_EL equ bCOREELSwW t ch

CNTSW TCHVASK_CW COW EL equ ( CNTSW TCHVASK_CW CNTSW TCHVASK_COW

CONTSW TCHVASK_EL)

H GH RESOLUTI ON TI MEQUT DEFI NI TIONS (Based on 8Hz)

i

CNTHI RESTO_1P5SECONDS equ TI MEQUTH RES_1P5SEC
CNTHI RESTO_2SECONDS equ TI MEQUTH RES_2SEC

M SCELLANEQUS DEFI NI TI ONS

’

; minimumval ue for the counter data in BCD for nat
CNTM NDATA equ 0000h

;. maxi mumval ue for the counter data in BCD for mat
CNTVAXDATA equ 0999h

2.10.2 Variable File

There is no requirement to separate the contents of the header and variablefiles. It iscoded into separate
files for maintenance purposes only.

COUNTER APPLI CATI ON SYSTEM DATA

i

; indicates the starting offset for the ASD. This is always 0x00.

CNTSYSTEMDATASTARTOFFSET equ 0
CNTFLAGSOFFSET equ 0
bCNTCount Down equ 00000001B ; bO : 0 - Count up
; : 1 - Count down

; Storage for counter data in BCD fornat.

Timex Corporation 15
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CNTDATALOOFFSET equ 1
CNTDATAHI OFFSET equ 2

; indicates the nunber of bytes to be allocated in the ASD
CNTSYSTENMDATASI ZE equ 3

; COUNTER APPLI CATI ON DATABASE DATA

)

CNTDATABASESTARTCOFFSET equ CNTSYSTEMDATASI ZE
CNTDATABASEDATASI ZE equ 0

FOREGROUND VARI ABLE REDEFI NI TI ONS

’

CNTTenpFl ags equ ( COREFor egr oundCommonBuf fer + 0)
bCNTSet Di recti on equ 00000001B ; b0 : O - Change counter data.
; : 1 - Change direction.

NOTES:

APPLICATION SYSTEM DATA Variables stored in this section will maintain its data
throughout the life of the application. Accessto these
variables must be through the index access instructions
since the absolute address of the variables is determined
only during run-time.

For example:

; Set | YReg the address of the counter ASD.
Id 'Y, [ CORECurrent ASDAddr ess]

; load counter flag value into A register
Id A [1Y + CNTFLAGSOFFSET]

FOREGROUND VARIABLE Variables stored in this section will be available only if
the application is the foreground application. Upon
return from a mode change or from a popup, the data
stored in this section previously mug be assumed to be
destroyed.

Compared to data stored in the Application System Data
area, variables can be accessed directly. The absolute
address of the variable can be determined at design time.

For example:

; Load the data that contains the current
; setting item

Id A, [ CNTTenpFl ags]
bi t A, #bCNTSet Di recti on
jr Z, cnt Set D spAndReqBl i nkSet Dat a

2.10.3 Banner State Handler

The core provides a common code for the banner state handler. This handlesall the requirementsfor a
basic banner state handler.

Timex Corporation 16
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| F @EF(' SUBROUTI NE' )
UNDEF SUBRCUTI NE
ENDI F
DEFI NE SUBROUTI NE "' cntwaBanner St at eManager ' "
GLOBAL cntwaBanner St at eManager

cnt waBanner St at eManager :

car cor eCommonBanner St at eHand| er
ret
NOTES:
GLOBAL  Functi onNane Thiswill indicate to the assembler and linker system that
thisfunction is availableto all files compiled in a project.
I'F @EFR(" SUBRCUTI NE') Thisisarequired code prior to a function. The APIsare
UNDEF SUBROUTI NE : :
ENDI E designed for the M851 OSand would require the
DEFI NE SUBROUTI NE "' Funct i oNnane' " SUBROUTINE token to be defined.

2.10.4 Default State Handler

Thefollowing isthe code for the Counter default state handler.

| F @EF(' SUBROUTI NE' )
UNDEF SUBRCUTI NE
ENDI F
DEFI NE  SUBRQUTI NE "' cnt Def aul t St at eManager ' "
GLOBAL cnt Def aul t St at eManager
cnt Def aul t St at eManager:

; Set 1YReg the address of the counter ASD.

Id I'Y, [ CORECurrent ASDAddr ess]

; load in the systemevent to be processed
Id A, [ CORECurrent Event]

; Check if state entry event.

i
cp A, #CONT_STATEENTRY
jr Z, cntDefaul t StateStateEntryEvent

; Check i
cp
jr

-

start/split depress event.
#CNT_STARTSPLI TDEPRESS
cnt Defaul t StateStart SplitDepressEvent

N>

; Check i
cp
jr

-

stop/reset depress event.
#CNT_STOPRESETDEPRESS
cnt Def aul t St at eSt opReset Depr essEvent

N>

; Check
cp
jr

-

stop/reset rel ease event.
#ONT_STOPRESETRELEASE
cnt Def aul t St at eSt opReset Rel easeEvent

N>

—+

; Check

cp
jr

node depress event.
# CNT_MODEDEPRESS
cnt Def aul t St at eMbdeDepr essEvent

N>

; Check if timeout hi-res done event.
cp #CONT_TI MEQUTDONEH GHRES

>
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jr Z, cnt Def aul t St at eTi neout H ResDoneEvent
; Check if crown set event.

cp A, #CONT_CROMNNSET

jr NZ, cnt Defaul t St at eExi t

B R R R R
’

; CROMN SET

B R R R R

; request a state change to the set banner state
I d B, #CNTSETBANNERSTATE
OORE_REQ STATE CHANGE

cnt Defaul t Stat eExi t:

ret

cnt Def aul t St at eSt at eEnt ryEvent :

R R R R R R R E R E R E R E R RS EEEEEEEE R EEEEEEEEE R EEEEEEEEEEEEEEEEEEEEEEE RS
’

; STATE ENTRY

R R R R R R R E R E R E R E R RS EEEEEEEE R EEEEEEEEE R EEEEEEEEEEEEEEEEEEEEEEE RS
’

; Suspend ring event. Not used in this state.
CCRE_SUSPEND RI NG EVENTS

; allow switch releases to be passed to this current state
CORE_ENABLE_SW TCH_RELEASE

; WARNI NG!!! Thisis a fall through. Do not rearrange.

cnt Def aul t SubSt at eEntry:
cnt Def aul t St at eSt opReset Rel easeEvent :

chkkkkhkkhkkhkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkx*k

© STOP/ RESET RELEASE

rhkkkkhkhkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdk

push 1Y

; display nmessage count
LCD_CLR DI SPLAY

LCD Dl SP_SEG M5G_COUNT
pop 1Y

; Displays an arrow on the small dot matrix. The position will
; depend on the count direction.

Di spl ays the counter data on the nmain dot nmatrix using
; large fonts.

jr cnt D spl ayCount er Dat a

cntDefaul t StateStart SplitDepressEvent:

Timex Corporation

ckkkkkkkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhhhhhhhhhhhhhhhhhhdxkxk

;’ START/ SPLI T DEPRESS

ckkkkkkkkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhhhhhhhhhhhhhhhhhhdxkxk
’

; Cancel current switch release. Not needed in this state.
HW KBD_CANCEL_CURRENT _SW TCH_RELEASE

; Get the current counter val ue.

Id H, 1Y
add HL, #CONTDATALOOFFSET
Id H, [H]
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; Load AReg with the counter status flag data and check the

; counting direction.

Id A [1Y + CNTFLAGSOFFSET]
bi t A, #bCNTCount Down
jr Z, cntDefaultStart SplitDepressCount Up

Rev 1.0

; COUNT DOAN COPERATI ON

; Check whether it is in the mninmm val ue.

cp HL, #CNTM NDATA
jr C, cntDefaultStart SplitDepressExit
jr Z, cntDefaul tStartSplitDepressExit

;’ Subtract 1 to the counter data.
car cnt SubDat aBy1

jr cnt Def aul t SSDi spDat aAndRegAl ert

cnt Def aul t Start Spl i t Depr essCount Up:

; COUNT UP

; Check whether it is in the mninmum val ue.
cp HL, #CNTMAXDATA
jr NC, cntDefaul tStart SplitDepressExit

car cnt AddDat aBy1

cnt Def aul t SSD spDat aAndReqAl ert :

; | arge fonts.

; decrenent ed/ i ncrenented the counter.

; Displays the counter data on the main dot matri x using

; Cenerate alert to indicated that it has successfully

UDSTART_SYSTEM MELODY AUDSWBEEPMELCODY, AUDNOVEL CDYDONEEVENT

cnt Defaul t Start SplitDepressExit:

ret

cnt Def aul t St at eSt opReset Depr essEvent :

Timex Corporation

B R R R R

; STOP/ RESET DEPRESS

B R R R R R R

; Get the current counter value and check whet her

; m ni mum val ue.

add 'Y, #CNTDATALOOFFSET

Id BA [1Y]

cp BA, #CNTM NDATA

jr Z, cntDefaul t St opReset Depr essExi t

; Not yet in its mninum

isin the
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; Request 2sec tineout.
CORE_REQ TI MEQUT_H RES CNTHI RESTO_2SECONDS

LCD_CLR DI SPLAY
LCD_DI SP_SMALL_DM MBG HOLD TO RESET

cnt Def aul t St opReset DepressExi t:
ret

cnt Def aul t St at eMbdeDepr essEvent :

B R R R R
’

; MODE DEPRESS

B R R R R
’

CORE_REQ MODE_CHANGE_NEXT
ret

cnt Def aul t St at eTi meout H ResDoneEvent :

EEEEEEEEEEEEREEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEE RS
’

; TIMEQUT DONE H - RES

chkkhkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhhhkhhhkhkhi*k
’

; Cancel current switch release. Not needed in this state.
HW KBD_CANCEL_CURRENT_SW TCH_RELEASE

AUDSTART_SYSTEM MELCODY AUDSWBEEPMELCDY, AUDNOVEL CDYDONEEVENT

Cl ear counter data.

d A #0
Id [1Y + CNTDATALOOFFSET], A
ld [1Y + CNTDATAH OFFSET], A

; Redi spl ay everyt hi ng.
jr cnt Def aul t SubSt at eEntry

2.10.5 Set Banner State Handler

The core provides acommon code for the set banner state handler. It requires application specific code to
handle what to display during state entry. Therest of the code handles the basic requirements for the set
banner state handler.

I F @EF(' SUBROUTI NE' )
UNDEF SUBRCUTI NE
ENDI F
DEFI NE SUBROUTI NE "' cnt Set Banner St at eManager ' "
GLOBAL cnt Set Banner St at eManager
cnt Set Banner St at eManager :

; Get the event to be processed.

Id A, [ CORECurrent Event]

; Check if State Entry Event.

cp A, #CONT_STATEENTRY

jr Nz, utl Set Banner St at eManager

B R R R R R

© STATE ENTRY

B R R R
’

LCD DI SP_SMALL_DM MSG SET_COUNTER
jr ut | Set Banner St at eMVanager
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2.10.6 Set State Handler
The following isthe code for the Counter set state handler.

| F @EF(' SUBROUTI NE' )
UNDEF SUBRCUTI NE

ENDI F
DEFI NE

GL.OBAL

SUBROUTI NE "'cnt Set St at evanager ' "

cnt Set St at eManager

cnt Set St at eManager :

cnt Set Stat eExi t:

; Set |YReg the address of the counter ASD.

Id 'Y, [ CORECurrent ASDAddr ess]

Id A, [ CORECurrent Event]

cp A, #CNT_STATEENTRY

ir Z, cnt Set St at eSt at eEntryEvent
cp A, #CONT_MODEDEPRESS

jr Z, cnt Set St at eMbdeDepr essEvent
cp A, #CONT_STOPRESETDEPRESS

ir Z, cnt Set St at eSt opReset Depr essEvent
cp A, #ONT_CWPULSES

jr Z, cnt Set St at eCWPul seEvent

cp A, #CNT_CCWPULSES

ir Z, cnt Set St at eCCWPul seEvent

cp A, #CNT_CROMHOVE

jr NZ, cnt Set StateExit

ckkkkkkkkkhkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkhkhkhkhkhkhhhhkhhhhhkhhhhhhhhhhhhhhkhhhhhhxkxk
’

;  CROMN HOVE

IR RS S S S EEEE R EEEEEEEEEREEREEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE RS
’

I d B, #CNTDEFAULTSTATE
CORE_REQ STATE_CHANGE

ret

cnt Set St at eSt at eEnt r yEvent :

Timex Corporation

IEEEE RS S SRS S S SRR EEEEEEEEEEEEEEEEEEIEEREEREREEREEREEEEEEEEEEEEEE TS
’

; STATE ENTRY

IR EEEEE SRR SRS SR SRS RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE RS
’

; Enabl e pul se node to change val ues.
CORE_ENABLE_PULSE_MXDE

; Mask start/split key. This event is not needed.
CORE_MASK_KEYS ( CNTSW TCHVASK_STARTSPLI T | CNTSW TCHVASK_EL)

; Gear the bit indicating that the first set itemis the counter
; dat a.

I d HL, #CNTTenpFl ags

and [HL], #@Q.ON ~bCNTSet Di recti on)

; Refresh the display and request blinking on the editable field.
; Destroys BAReg, HLReg, | XReg.
; Input: |YReg - ASD address.

jr cnt Set Redi spl ayAndReqBl i nk ; **EXTERNAL JUWP
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cnt Set St at eMbdeDepr essEvent :
cnt Set St at eSt opReset Depr essEvent :

chkkkkkhkkhkkhkhkhkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhrrrrhrhrhhhhhhhh

STCP/ RESET & MCDE DEPRESS

Pk kkkkhk Ak khhkhhk kA hk ok hhhhkhhkhhkhhkhhk ok hhkhhkh hhkhhkhhkhhkh ks hkhkhhkhhkkhkhk k&

; Load the address to HLReg and toggle the set direction flag.
Id HL, #CNTTenpFl ags
xor [HL], #bCNTSetDirection

’; G ear the entire display.

jr cnt Set Redi spl ayAndReqBl i nk ; **EXTERNAL JUWP

cnt Set St at eCWPul seEvent :

EEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE RS

CWPULSE (I ncrenment Field Val ue)

EEEEEEEEEEEEREEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEE RS
’

; Check the itemto be set.

Id HL, #CNTTenpFl ags
bi t [HL], #bCNTSetDirection
jr NZ, cnt Set St at eToggl eDi rection

; Add counter data by accel eration val ue.

; Destroys BAReg, | XReg, HLReg.

; Input: 1YReg - ASD address

; COREEvent Argunment - Number of pul ses

; Refresh the display and request blinking on the editable field.
; Destroys BAReg, HLReg, | XReg.
; Input: |'YReg - ASD address.

jr cnt Set Redi spl ayAndReqgBl i nk ; **EXTERNAL JUW

cnt Set St at eCCWPul seEvent :

ckkkkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhkhkhkhkhkhkhhhhhhhhhhhhxkx*k

' OOW PULSE (Decrenent Field Val ue)

ckkkkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhkhkhkhkhkhkhhhhhhhhhhhhxkx*k
’

; Check the itemto be set.

I d HL, #CNTTenpFl ags
bi t [HL], #bCNTSetDi rection
jr NZ, cnt Set St at eToggl eDirection

; Subtract counter data by accel eration val ue.
; Destroys BAReg, | XReg.

; Input: |YReg - ASD address

; COREEvent Argunent - Nunber of pul ses

; Refresh the display and request blinking on the editable field.
; Destroys BAReg, HLReg, |XReg.
; Input: |'YReg - ASD address.

Timex Corporation 22



M851 Counter WristApp Design Rev 1.0

jr cnt Set Redi spl ayAndReqgBl i nk ; **EXTERNAL JUW

cnt Set St at eToggl eDi recti on:

; Toggl e count -up/ count down bit.

Id A [1Y + ONTFLAGSOFFSET]
xor A, #bCNTCount Down
I d [1Y + CONTFLAGSOFFSET], A

;’ Clear line 2 only so that the display would not |ook |ike
; garbage when changing from"DOM' to "UP".
; Destroys AReg, | XReg.

; Refresh the display and request blinking on the editable field.
; Destroys BAReg, HLReg, | XReg.
; Input: |YReg - ASD address.

jr cnt Set Redi spl ayAndReqBl i nk ; **EXTERNAL JUWP

2.10.7 Background Handler

The following code handles the events passed by the M851 OS to the counter wristapp background handler.
Only the INIT event is seen processed here. The TASKEXI T, PEEK, and APP_SHUTDOWN_FOR_COW
are handled only as return instructions.

| F @EF(' SUBROUTI NE' )
UNDEF SUBROUTI NE
ENDI F
DEFI NE SUBROUTI NE "' cnt Backgr oundHandl er' "

G.OBAL cnt Backgr oundHandl er

cnt Backgr oundHandl er:

cnt Backgr oundl ni

; Load the event to be process to AReg.

Id A, [ COREBackgr oundEvent ]

; Check if INT event.

cp A, #COREEVENT_INT

jr Nz, cnt Backgr oundPr ocessExi t
t Event:

EEE Rk S Rk S S o S R S R S R R R Sk S Sk Sk Sk R Sk Sk S Sk Sk Sk S Sk Sk Sk Sk Sk ko
’

;I NITIALI ZATI ON THROUGH COVM MODE

khkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkhkkhkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhhkhkhhhhhhhkhhhhhhhhhhhdkkxk

Counter initial data.
Data - 0O

, [CORElInitializati onASDAddr ess]
I'Y + CNTFLAGSOFFSET], A

'Y + ONTDATALOOFFSET], A

1Y + CNTDATAH OFFSET], A

[elcleRio o

cnt Backgr oundPr ocessExi t:

Timex Corporation
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2.10.8 Display Routines

Thefollowing isthe code for the Counter display routines.

cnt Di spl ayAr r owOnSDM
cnt Di spl ayAr r owDownOnSDM
cnt Di spl ayAr r owUpOnSDM

| F @EF(' SUBROUJTI NE' )
UNDEF SUBRQUTI NE
ENDI F
DEFI NE SUBROUTI NE "' cnt D spl ayArr owOnSDM "
GLOBAL cnt D spl ayArr owOnSDM
GLOBAL cnt D spl ayAr r owDownOnSDM
GLOBAL cnt Di spl ayAr r owpOnSDM
cnt D spl ayAr r onOnSDM

; CGet the status flags.

Id A [1Y + CNTFLAGSOFFSET]

; Check the counting direction.

bi t A, #bCNTCount Down

jr Z, cnt D spl ayAr r omUpOnSDM

cnt D spl ayAr r owDownOnSDM

; Load the character to be displ ayed.
Id L, #DWVb_DONNARROW

jr cnt D spAr r owONnSDMVDI spl ay
cnt D spl ayAr r owpOnSDM

; Load the character to be displ ayed.
Id L, #DVb_UPARROW

cnt Di spArr owOnSDMVDI spl ay:

; Display proportional w dth character.

; Destroys BAReg, HLReg, | XReg.

; Input: LReg - Characer to be displayed.
; | XReg- Starting DM col um.

Id I X, #LCDUPPERDMOOL 1

LCD DI SP_SMALL_PROP_W DTH_DM CHAR
ret

cnt Di spl ayCount er Dat a

| F @&EF(' SUBROUTI NE' )
UNDEF SUBROUTI NE
ENDI F
DEFI NE  SUBRQUTI NE "'cnt D spl ayCounterData' "

G.CBAL cnt D spl ayCount er Dat a

cnt D spl ayCount er Dat a:

; Display a large-font, 3-digit DMdata with zero suppression
; on leading digit positions.

; Destroys BAReg, HLReg, | XReg.

; Input: BReg - 100's digit BCD data.

AReg - Packed 10's and 1's digit BCD data.

| XReg- Starting DM col um.
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'Y, [ CORECurrent ASDAddr ess]

A, [1Y + CNTDATALOOFFSET]

B, [1Y + CNTDATAH OFFSET]

I X, #LCDBI GCHARDMOOL8

LCD_ DI SP_BI G 3D G T_DM DATA NO LSD_SUP
ret

oo oo

cnt Di spl ayCount Di r ecti on

| F @EF(' SUBROUJTI NE' )
UNDEF SUBRQUTI NE
ENDI F
DEFI NE  SUBRQUTI NE "'cntDi spl ayCountDirection'"

GLOBAL cnt D spl ayCountDi rection

cnt D spl ayCount Di recti on:

Get the status flags and check the counting direction.

Id 1Y, [ CORECurrent ASDAddr ess]
Id A [1Y + CNTFLAGSOFFSET]

bi t A, #bCNTCount Down

ir Z, cntD spl ayD recti onArrowlp

; Display "COUNT DOMN' on the main DM
LCD DI SP_SMVALL_DM MSG_COUNT_DOM

; Display arrow down on SDM
jr cnt Di spl ayAr r owDownOnSDM ; **EXTERNAL JUWP

cnt Di spl ayDi recti onArr owlp:

; Display "COUNT UP" on the main DM
LCD DI SP_SMALL_DM MSG_COUNT_UP

; Display arrow up on SDM
jr cnt Di spl ayAr r owdpOnSDM ; **EXTERNAL JUWP

cnt Cl ear L2AndSDM
| F @EF(' SUBROUTI NE' )
UNDEF SUBRQUTI NE
ENDI F
DEFI NE SUBROUTI NE "'cnt O ear L2ZAndSDM
GLOBAL c¢nt d ear L2AndSDM
cnt O ear L2AndSDMV

; Clear SDM
LCD_CLEAR UPPER DM

; Cear line 2.

LCD_CLR_MAI N_DM LI NE2
ret

cnt Set Redi spl ayAndReqBl i nk
| F @EF(' SUBROUTI NE' )
UNDEF SUBRQUTI NE
ENDI F
DEFI NE SUBROUTI NE "' cnt Set Redi spl ayAndReqBl i nk' "
GLOBAL cnt Set Redi spl ayAndReqBlI i nk
cnt Set Redi spl ayAndReqBl i nk:

CORE_REQ BLI NK_4HzZ
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cnt Set Di

; Load the data that contains the current setting item

Id A, [ CNTTenpFl ags]
bi t A, #bCNTSet Di recti on
ir Z, cnt Set D spAndReqBl i nkSet Dat a

; Change the couting direction.

; Display "COUNT DOM' or "COUNT UP' and "Arrow Down" or
; "Arrow Up" on main DM and SDM respecti vely.
car cnt D spl ayCount Di recti on

; Setup the routines to be called for blinking.

LCD WRI TE_4HZ_GEN_BLI NK_DI SP_RQUTI NE_ADDR cnt D spl ayCount Di recti on
LCD WRI TE_4HZ_GEN BLI NK_CLR ROUTI NE_ADDR cnt d ear L2AndSDM

ret

spAndReqBl i nkSet Dat a:
; Change the counter val ue.

; Displays the counter data on the main dot matrix using |arge
; fonts.
car cnt D spl ayCount er Dat a

; Display "SET" on 9 segment.
LCD DI SP_SEG M5G_SET

; Setup the routines to be called for blinking.
LCD WR TE_4HZ_GEN BLI NK_Di SP_ROUTI NE_ADDR  cnt Di spl ayCount er Dat a

LCD WRI TE_4HZ_GEN BLI NK_CLR ROUTI NE_ADDR | cdd ear Mai nDM
ret

2.10.9 Utility Routines

Thefollowing isthe code for the Counter utility routines.

cnt AddDat aBy 1

| F @EF(' SUBROUTI NE' )
UNDEF SUBRCUTI NE
ENDI F
DEFI NE SUBROUTI NE "' cnt AddDat aBy1' "

GLOBAL cnt AddDat aBy1l

cnt AddDat aBy1:

push SC

; Use deci mal addition.
UTL_DECI MAL_MATH_MODE

; Value to be added to the counter data.
Id A, #01h

; Conpute the new counter data.
; Popping of SCReg is done inside the routine.
ir cnt AddDat aBy1Ent r yPoi nt

cnt AddDat aByAccel erati on

| F @EF(' SUBROJTI NE' )
UNDEF SUBRCUTI NE

ENDI F

DEFI NE SUBROUTI NE "' cnt AddDat aByAccel eration'"

Timex Corporation
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GLOBAL

cnt AddDat aByAccel er ati on

cnt AddDat aByAccel erati on: ;. ** SUBROUTI NE
cnt AddDat aByAccel erati on

push SC

; Use decimal addition.
UTL_DECI MAL_NMATH MODE

Det ernine the acceleration factor for COREEvent Argunent and
wite factor into AReg.

; CGet starting address into the accel eration table then subtract
; it by 1 to get the exact acceleration data. Take note that
; the | east nunmber of pul ses that the systemwill send is 1.

I d I X, #utl Accel erationTablelMn - 1

; Get the nunber of pul ses.
I d L, [ COREEvent Argunent ]

; Get the acceleration factor.
Id A [IX+ L]

cnt AddDat aBy 1Ent r yPoi nt :

cnt AddDat aExi t:

Timex Corporation

; Note for using this as the entry point.

; AReg - Value to be added to the current counter.
; | YReg- Counter ASD address.

; SCReg shoul d be pushed.

; bDeci nal Fl ag shoul d be set.

push 1Y

; Set HLReg and | YReg to point to the data | ow address.
add 'Y, #CNTDATALOOFFSET

I d H, IY

; Increnent the counter.

add [H], A

inc HL

adc [HL], #0O

; Get the current counter data.
Id HL, [1Y]

; Check if counter data exceeds its maximum |If it exceeds
; then conpute for the excess data so that it would | ook
; like it has wraparound.

cp HL, #CNTMAXDATA

jr C, cnt AddDat aExi t

j Z, cnt AddDat aExi t

Id H, 1Y

sub [H], #@.OW CNTVAXDATA+1)
inc HL

shc [HL], #@ GH ONTMAXDATA)
pop 1Y

pop SC

ret

27



M851 Counter WristApp Design Rev 1.0

cnt SubDat aBy 1

| F @&EF(' SUBROUTI NE' )
UNDEF SUBROUTI NE

ENDI F
DEFI NE

GLOBAL
cnt SubDat aBy1:

SUBRQUTI NE "' cnt SubDat aBy1' "
cnt SubDat aBy1

** SUBRQUTI NE cnt SubDat aBy1
push SC

; Use decimal addition.
UTL_DECI MAL_MATH_MODE

; Value to be subtracted to the counter data.
I d A, #01h

; Conpute the new counter data.
; Popping of SCReg is done inside the routine.
jr cnt SubDat aBy1Ent r yPoi nt

cnt SubDat aByAccel erati on

| F @EF(' SUBROUTI NE' )
UNDEF SUBRCUTI NE

ENDI F
DEFI NE SUBROUTI NE "' cnt SubDat aByAccel eration'"
G.OBAL cnt SubDat aByAccel erati on

cnt SubDat aByAccel erati on:

push SC

; Use deci mal addition.
UTL_DECI MAL_MATH_MODE

Determ ne the accel eration factor for COREEvent Argunent and
wite factor into AReg.

Get starting address into the acceleration table then subtract
it by 1 to get the exact acceleration data. Take note that
the | east nunber of pulses that the systemwll send is 1.

I d I X, #utl AccelerationTablelMn - 1

; Get the nunber of pul ses.
I d L, [ COREEvent Argunent ]

; Get the acceleration factor.
Id A [IX+ L]

cnt SubDat aBy1Ent r yPoi nt :

Timex Corporation

; Note for using this as the entry point.

AReg - Value to be added to the current counter.
| YReg- Counter ASD address.

SCReg shoul d be pushed.

bDeci nal Fl ag shoul d be set.

push 1Y

; Set HLReg and | YReg to point to the data | ow address.
add 'Y, #CNTDATALOOFFSET
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Id H., 1Y

; Decrement the counter.
sub [H], A

inc HL

shc [HL], #0O

; Get the current counter data.
I d HL, [1Y]

’; Check if counter data exceeds its mnumum |f it exceeds
; then conmpute for the excess data so that it woul d | ook
; like it has wraparound.

p HL, #CNTMAXDATA

ir C, cnt SubDat aExi t

jr Z, cnt SubDat aExi t

Id H, IY

add [HL], #@.OWN CNTMAXDATA + 1)

inc HL

adc [H], #@H GH ONTVAXDATA)
cnt SubDat aExi t:

pop 1Y

pop SC

ret

2.11 Creating the WristApp

This section will guide you to a series of stepsto build aWristApp. At thispoint, itisassumed that all files
required for the wristapp has been coded (and hopefully reviewed). A WristApp Builder utility is provided
in the SDK package that will facilitate the process. The utility islocated in the C: \ MB51\ Bl Ndirectory.

& MB51 WristApp Builder

e Tools Hep
B 1 e e e i e e e i —— T ——
} Appication Parometers P {SoucefieSenp :
i H i i
1 Applcotion Name  founte i i | = Apphcation E -
i Folder Hame [criar i : = Parsmeter Fis !
i _ H ' CAMEBST\App\cownterschentpod, azm 1
H Deteriptin [Corts up arvd down i ' = Headst Fis I
! Bannerline 1 | i : C:AMBST\Appheounterhientvars h H
! i H C:AMB51 Apphcounterthicnt h ;
{ Bomerline2 [ [ : = Background Handier Fis H
| VosnRequed [T H ' C:AMB5 1\ Appheountererciontbekhd, asm :
E o ! E = Comece Fis: .
§ et I = Bl C:AMB5 1 Apphcounterisrciontdisp, asm ;
i i : CAMES1WApphcounterisciontulil. asm :
: ;

i [ Passwoed Support [ Datshass Suppod : H = Slphe () ’
i 0 Gl C:\MBST\App\counter\sic\cntban asm :

: j - = Siabe 1 :
e R e = : C:AMBS1\Appcountertsic\ontded, asm :
i HesderDiecloy  [EME51 ipphcontanth i : = Slate 2 i
i SowcoDuechory  [CAMBS!\ipghcoumeriac : ! SHC:;HFSIM\&MH\H(:\MHHMHM :
i A . - e H
H Bl Direciory [C:\MaBE1 g e mtes bt : i CAMBS 1\ Apphcountersc\entzet aam i
i Inchde Discloy  [cAmasT\nclade H - State 4 i =
i H i
T : hmsmmmsmame 1- ----------- i -
i i
e o 4

Cioabe Buld Senpty I \Huﬁﬂdﬁaﬁ: | Cimabe Wi | Benishrre Wiislhpp | ‘wintthipn D)

Ready \ “l ans.-'m\ F50 P

\ Directory Map \ PC Interface Parameter List E Source File Map
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Description

Directory Map

PC Interface Parameter List

Source File Map

Shows the locations of source fil es, executables, include files, and
assembler files.

Data sourceto fill out the * .APP file used by the PIM to download a
WristApp to a watch.

A hierarchal view of the files associations to the actual wristapp
function.

created when the build scripts are generated or it was saved through the File\Save menu. Thefileis

«_., NOTE: The information displayed in the utility isstored in afile APPNAME.SCR. Thefileis
L]

stored in the build directory of the application.

2.11.1 PC Interface Parameter List
Fill up all the required information in Application Parameter section.

Field

Description

Application Name

Folder Name

Description
Banner Line 1

Banner Line 2

Version Required

PC Interface

Password Support

Database Support

2.11.2 Source File Map

Descriptive name of the application.

Indicates the application folder name. Entering data in the Folder
Name text box will automatically fill up the required entriesin the
Directory Map section.

A brief description of the application.

Mode banner message to be display in line either 1 and/or line2. A
blank entry in these two sections will tell the application to use the
mode banner nameindicated in the parameter file.

Indicates the M851 firmware version that the wristapp is referencing.

Indicates the PC Interface of the wristapp. Thisinterfacewill handle
any special requirements of an application prior to download to the
watch. This utility isalso responsible for setting up the database that
an application will require.

Indicatesif the wristapp is designed to support password protection
that can be checked by the PIM.

Indicatesif the wristapp requires a database to be downloaded with the
WristApp. Thisis checked by the PIM.

Add thefiles associated with the different application sections.

Section

Description

Parameter File

Header File

Background Handler File

Timex Corporation

Application Parameter List file.

List of header files specific to the application. Thevariablefileisto be
located in thislist.

Background Handler sourcefile. The background handler routineis



Common Files
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|located as the first modul e in the common section.

List of filesto be located in the common section of the overlay area.

Generally, the utility files and the display source files are located in

thislist.

State n File

There are two procedures in adding files into each section of the Source File Map.
Using the Add File button;

Using Drag & Drop method from File Explorer.

Adding a File using the Add File button.

Stores the source file of an associated state index.

Click on asection where the new file is to be added (the figure shows the “ Parameter File” being
selected. Then click onthe“Add File” button to open up the Open dial og window.

= MEST WristApp Builder

Ele Took Heln
Applcshon Pasmeters Covare Fie Sebp
Aophcaln Mame  [Countes Wrsdipp = dpplcaton A
Folder Mam=
[cmnio Huadet Fie
[ sEgion |Ceunte up and domn Emchagrousnd Haredlet Fiia
Banner Line 1 | Cermman Fiex
Skaln )
Banner Line 2 | Sraln 1
YeginAmuired [ St
Shale 3
FC Irknface | L= Chatm 4
Ctate §
T Paod Suppoet [ [atabeses Bupoat Stelz b
Skale T
Shaln &
Sralw 3
Heacki Ditecioy [ GBS0 Wapp' courberth | Srala 0
Sowee Dimcloy DB A courcer s S ;ﬁ:ﬂ
B Dbactory &N EST Wt eounker bl d £ |, - Sieis 13
Inckick Dikectoy [t ek a1k e
Agsarble Dieecloy [Chcag Add Fie ] Aemave Fie |
Crzade Bud Sonipts | Pl Busld Sciiphs Create 'winshdpo Anaheswinbhop | istbipp O cenl nade)
Fimerk: [BAR2Mz [3ASFM

Select the file to be added in the section and click Open. Thefigure below showsthefile

“CNTPOR.ASM” selected.
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After this operation, the file CNTPOR.ASM will be added under the “ Parameter File” section.

Seefigure below.

= M35 WristApp Builder

Bie Toals Hep
Appiesion Pasmetens Covee Fie Sebp
Acpbcain Name  [Countes Wosipp = hpgeabon -~
Folder Hame [eoniee EHEREAHEETE
L% W ES 1 Wp ph oounka s onitpar. asm
e cndion |Ceuntz up and domn Heade: Fie
Boadiresi Lire= 1 | + - Backgmund Hardle: Fis
Cormman Files
Banner Lins 2 |' | =D
Wemion Asquied — [io0 x*;
&
FC Irtnéaca I ) Cenim
=
[T Pactd Supproet [~ [atabeses Supoat St
- kel B
Skaln T
Sraln &
Heade: Directony [ CAMES] g ot 1| Cran
Scwes Dincloy 5B Voo caumertar = i ;b”:::":'
Bid Dika efcis [N e counkerbuld £l - Srain 12
Inchck Dty [chmiE {nchde Sl 13 -
Asserbier Dieciory [phesg 5]
Pheede Bud Scicls | Furs Buskd S Cieste Wiitsdon s i | ‘wiciApp Dornlasde
Fimsch [BAR0E  [345PM

Adding afileusing File Explorer.

Click on a section where the new file is to be added (the figure shows the “ Header File” being

selected.
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= MEST WristApp Builder

He Teaks Help
Appiceion Pameters Sovare Fie Sebp
AophcainMane  [Countes Wrstipp = fpglaaton -~
Folder Hame 5
ltmm IC-% MBS Wi ph oounba i srchonlpaor. asm
g cndion |Counte up and domn Heade: Fie
Banner Line 1 | {=: okl N e
Comman Fikes
Banner Line 2 [ L]
VewionAsqued o i 3“;
E
FC Irinface | = Chate 3
| Srued
Lo Crae 'S
T Peracid Supproet [~ [Rstabeses Guppcil
=1
Shaln 7
! Stadu T
Heacer Dirscioy  [CMES] Wi courimr'th | Cralud
Soues Doty [CED SAco coumer s = | ! ;ﬁ::?
B Dl oy [E B g courer-bad =9 - Samie 12
Inchace Diteciony |2 bk i e
Ausarcbie Directory 2522 addfie | RenaveFie |
Crzale Bild Scaipds | Flur Bisld Scaiphs Create ‘wivested ps Ansheswisbion | wlislipp O cenl nade
Fiasd [Bieaz  [JddPM

Open File Explorer and select the files to be added. Then click on the highlighted files and drag
them over the Source File Setup List window.

& MBS 1 WristApp Builder

Ele Toohs Help
Apphcation Paamebery Source Fin Solup
Applcation Hame  |countar = Apphcation s
Folder N = Parameler File
e [conmier CAMBS 1 Wipphcoanter\arc \enlpod azm
Desenphon |Cowrts up s dowm
Banner Ling | Backopound Handi Fis
Cornesce: Files
e Line 2 State il
] s 1
-
FC Ireedace ] il Stabe 3
Slabe 4
I Pasiwoed Support [ Datshase Support Stabe 5 -
2 s Siwe§
State 7
) Stam @
Heades Daeclor  [CAMBST\Apgh courterth =l
Souce Diectory  [C\MB51\ A counterasc =] .
Bud Dnecion | C: MBS A ot o\ busld =i Stae ] mie Edt Pew Fgeeriies  Toos
Inchude Deciony  [o AmaSTunclade State G"’d‘ - Y 4 Y ot o | 37
\ E¥ |~ QL
Assembles Diectoy [cco Add Fie -
Agdress | ) C:imirS ! pp'counterh
- ~ R
Create Buld Scopls [Aun Buid Scopts Create Wistipp | Ay = i =851 =
=T ath [Entvars.h|
= L) counder
Ready =1
=h
(=1
(]
1) inchude
) My natakatens
# I3 WiDta
s | Program Fles o

Ll = L]

After this operation, the files CNT.H and CNTVARS.H will be added under the “Header File’

section. Seefigure below.
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® MEST WristApp Builder

He Teaks Help
Appiceion Pameters Sovare Fie Sebp
AcpcalimMame  [Counbes Winstipn = fpgleaton -
Folder Mam= |counte = Paranee Fie
L= MBS Wi ph oounba o honlpaor. asm
[ o [Cotirt: s 2 damans =
Baairear Line1 [ CAWES Vipphoounter i b catvare. b
5 CoAMBST Waphcountsrihieal b
Ranmers ek ] Beackoround Handisl Fia
YewionAequmd [ m“ R
E
FC Irinfacn | =] Srate 1
Statm 2
T Peracid Supproet [~ [Rstabeses Guppcil - Statm 3
Shsle 4
Shaln 5
T San €
Headei Dirmciory  [CAMES) Wapp courberth s Shau T
fouies Dvnctoy 0B YApoh eou e e = ;ﬁ:g
Bl Dira oy |C BT W ecwnker bl d B ]
Inchacke Diecion |:4,.,ﬂ5.' il mohade . Shate 11 e
Azsserbler Dinsctony (oo sddFie | RemaveFe |
Crzale Bild Scaipds | Flur Bisld Scaiphs Create ‘wivested ps Ansheswisbion | wlislipp O cenl nade
Fimach: [Biea0r  [J44FM

The figure below shows all the files added into their respective sections for the counter wristapp.

B MES] WristApp: Builder

BHe Teak Help
Jppimaion Pasnes e 1 Souges Fila Gebp
Appicatoname  [Counbes Wb = A A
Folder Mame [comte =i Parameres Fie
: o —— CoAMES vipphoountsyacicnlpon, asm
[hes eripdicn [Courice v 2nt cawin % Heaces Fin
BannerLins 1 [ [t L RE R TR AT TR ]
WS ppheountei b\ cat b
Banper Line 2 [ =7 Backgrowd Hardle: Fie
“Vierson Ae e I— T C:%HEST Wipphoountar sciontbokid. asm
= Comman Fiez
FClrieface | =1 C:AMBST Waphcounbsr mciildsp ssm
Co% MBS Anpheouniaschenligil agm
[ Passmioid S uppon [~ Diatahads Suppol = Salal)
-5 WEST Wi ph counbe i sichenl banasm
=} Chatm
C:AMES Wipph counts b mchcmdsl asm
Heade Diciong [D\Mﬂinﬁpp'.mumeﬁh _l L) Chaln 2
ScusDimctay MBS \appoourkeriars | ! mc:?wnmwmmmnmm:max-
= ]
Buadcd L iy [EAMEET Y pounterbuld = MBS Whaphcounted sicionl set asm
(W= LaT1 2 T = Ty Sratm d -
bl Diieclons [o4000 | - |
Crmale Bsld Sovipls | R Bidd Seiipls | Create 'winshd pe Anshze wiibhpn | w1l p O csnlnsde
Fiesch | &1 62002 I3 FM

2.11.3 Saving the Current Workspace

Selecting File\Save menu option will store the current workspace under the filename
C: \ MB51\ APP\ appnane\ bui | d\ appnamne. scr . It can beloaded again by using the File\Open
menu option.

2.11.4 Creating the Build Scripts

Clicking on the “ Create Build Scripts” button will create all the required scripts that automates the
assembly and linking of the sourcefiles. All script fileswill be created under the
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C: \ MB51\ APP\ appnane\ BUI LDdirectory. This processwill also save the current workspace under
the filename C: \ nB51\ app\ appnane\ bui | d\ appnane. scr.

Create Buld Scripts ‘

M851 WristApp Script Builder

L]
1 r) Successful Generation of WristApp Build Scripts
=

Once the build scripts are created, it is not required to create them again during the debugging process.

2.11.5 Executing the Build Scripts

Clicking on the “ Run Build Scripts” button will execute all the scripts generated in the previous section.
This process will open up acommand window where all the required scripts are executed. The build
process will take some time to compl ete.

Fun Build Scripts

M85 1 WristApp Script Builder

L] "_-. Assembling the application. Wait until the build window doses before selecting QK.
L3

&= CAWINDOWS\System3 2\cmd.exe

Mot Find C:smi51sappscountersbhuilds*_out
Mot Find C:mB851“appcountersbuilds*_err
Mot Find C:mB51i“appcounters~build~*.1nl
Mot Find C:sm851sappscountersbhuilds*.cal
Mot Find C:mBSiappcountersbuilds=_hak
Mot Find C:m851“app~counter~builds=*_ers
assembhler vi.2 »3 SHEOBUEEEE-B61 <(c> 2008 TASKING.

Section summary:

MR ADDR SIZE CYCLE NAME

1 BBFI1A BB8ea 351 _text
EACRE ohject linker vi.2 »3 SHAAARARRA-A23 (c> 200 TASKING.
EACEE locator vi.2 »3 SHEOBEEEEE-B33 <(c> 2088 TASKING.
SYMBOL GEMERATION UTILITY <EPSON EOC8S8)>
Uersion 1.688

MAKE EQUATE UTILITY <EPS0ON EQCHS)>
Uerzion 1.688

1 file<s?> copied.
EACB8 assembler vi.2 »3 SHABABABAR-B61 <{c> 2888 TASKING.

Build Window
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A successful build of the code sections for the counter will generate the following SRE files:

COMMON.SRE
STATEO.SRE
STATEL.SRE
STATE2.SRE
STATES.SRE

' NOTE: Wait until the build processis complete. Do not click on the “ Create WristApp” button
. until the command window is closed.

'E WARNING: Executing the build scripts does not nescessarily mean that all the code sections has
L3

been compiled properly.

2.11.6 Creating the WristApp Downloadable Files
Clicking on the “Create WristApp” button will create the files that are downloaded to the watch.

Create "Wrishipp ‘

If al the code sections has been compiled properly with no compile and build errors, the distribution files
are generated for download and testing.

M851 WristApp Script Builder X

\1:) Succeseful Generation of WristApp Files

Thedistribution files are described below:

File

Description

appname.app

appname.txt

appname_par_nnn.bin

Timex Corporation

Thisfileisrequired by the PIM. This containsinformation about the
application such as: user mode banner names, the codefile, the
parameter file, password support, firmware version requirements and
PC WristApp Interfacefile.

Theappname is the name of wristapp.

Description file for the PIM. Thisisa template only. Modify this
template and save it under another directory for distribution

The parameter file contains information required by the watch that
determines how the watch behaves in the system and its resource
requirements.

appname isthe name of wristapp.
nnn isthe version number of the required M851 firmware.
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Thisisthe WristApp code stored in a format that the watch can readily
grab the correct section to be loaded into the overlay area for
execution.

Theappname is the name of wristapp.
nnn isthe version number of the required M851 firmware.

For the counter wristapp, these are the following files generated:

counter.app
counter.txt
counter_par_018.bin
counter_code 018.bin

If there are no errorsin the sourcefiles, all the required files to build the downloadable file will be available
and executing the Create WristApp Downloadabl e Files would be compl eted.

in the screen snapshots below), thisindicates that the build script was unable to complete compiling the
section dueto errorsin the source files attached to a section.

Source files attached to the COMMON section have errors.

M85 1 WristApp Script Builder

Sourcefiles attached to the STATEO section have errors.

If an error exists then you can view the source of the errors by opening the following files:

File

Description

sourcename.ers

sourcename.elk

Timex Corporation

Thiserror fileis generated by the assembler (AS88.EXE). |f
successful, the output of the assembler isan OBJ file.

The sourcename could be the section that generated the error. For
example: common.ers, state0.ers, statel.ersor param.ers.

Thiserror fileis generated by the linker (LK88.EXE). If successful, the
output of the linker isan OUT file.
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The sourcename could be the section that generated the error. For
example: common.elk, state0.elk, statel.elk or param.elk.

sourcename.elc Thiserror fileis generated by the locator (LC88.EXE). If successful,
the output of the locator isan SRE file.

The sourcename could be the section that generated the error. For
example: common.elc, state0.elc, statel.elc or param.elc.

2.11.7 WristApp Memory Usage Analysis

Clicking on the “ Analyze WristApp” button will open up awindow that shows the memory usage of the
wristapp and determinesif it can fit in the overlay memory area of the M851. A sample display is shown
below. The maximum overlay usage must be within the 900 byte limitation.

Analyze Wiistipp ‘

& WristApp Memory Usage Analysis

Code File:  counter_code_ 018 bin

EEPROM Memon Lzage 640
Code Size H86
Commion Section Uzage: 241
b airurm State Uzage: 188
b awirnum Overlay Lzage: 429
Owerlay Size: 900
Section | Mermamns Uzage |
Common 241
State 7
State 1 183
State 2 13
State 3 115

2.11.8 Downloading and Testing the WristApp

Clicking on the “WristApp Downloader” button will execute the “M 851 WristApp Download Utility”.
Once open, click on the “Browse’ button and select the appname.app indicated in the previous section.
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Wwinztdpp Downloader ‘

851 WristApp Download Utility

Wriztdpp APP File:

|I::"-.m851 happhocounterbuldycounter. app

APP File Contents;
[wriztApp]

M ame=counter Q
Description=Counts nurnber of clicks Diawrload |
Linel= —

Linez=

"erzion Required=0183

PAR=counter_par_018.bin

CODE =counter_code_073.bin

DB =counter_dbaze_ 018, bin

Pazzword Support=

App Interface=

B Ii

Connect the watch to the PC using the USB cable. Once the watch displays“COMM READY", click on
the “Download’ button of the utility.

|"_n., NOTE: The M851 WristApp Download Utility can be executed directly. Itislocated inthe
= C:\M851\BIN directory.

2.11.9 Creating a Description File

Prepare a description file that will be used by the PIM to describe the wristapp. Thefilenameisthe same
asthe app file name. In this example, the description fileis: COUNTER.TXT. Thetext below shows a
sample entry for the description file.

WRI STAPP. COUNTER

Descri ption:

The wristapp sinulates a nechanical counter. The user can select either a
count up or count down operation.
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The arrow in the upper dot matrix region indicates the operation of the
wistapp. Arrow-Up indicates a count-up. Arrow-Down indicates a count
down operation.

The digit in the nain dot matrix region indicates the current count.

Swi t ches:

MODE - proceed to the next node or primary tine zone

START/ SPLIT - increment or decrenent the count depending on direction

STOP/ RESET - hold to reset the counter

CROM-SET - pull crown to set to set the counter start value and direction
Set State

There are two fields that can be set in this setting operation:

(1) counter start val ue;
(2) counter direction

Swi t ches:

MODE - proceed to the next setting field position with wap around
STOP/ RESET - proceed to the previous setting field position with wap around
CROM-HOVE - push crown to honme to conplete setting operation

CROM- CW CCW - change val ue of the current setting field.

Files
count er. app - application info
counter. txt - application description (this file)

counter_par_018. bin application initialization paraneter |ist
counter_code_018.bin - application code

2.11.10 Distributing the WristApp

Thefollowing files generated by the system and one manually created by the user will be used for
distribution of the wristapp.

Filename Description

application_name. APP Information file required by PIM.

application_name. TXT Description of the wristapp and its operation.
application_name_PAR _018. BI N Parameter filerequired by M851 OSto initialize the

wristapp in the system.

application_name_CODE_018. BI N WristApp code.

application_name_DBASE 018. BI N WristApp databasefile.

application_name. DLL WristApp PC interface
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The counter wristapp distribution files:

Filename Description

COUNTER. APP Information file required by PIM.

COUNTER. TXT Description of the wristapp and its operation.

COUNTER_PAR_018. BI N Parameter file required by M851 OSto initialize the wristapp in
the system.

COUNTER_CODE_018. BI' N Counter WristApp code.

3 Trademarks

TIMEX is a registered trademark and service mark of Timex Corporation.

TIMEX DATA LINK and WristApp are trademarks of Timex Corporation in the U.S. and other
countries.

Night-Mode is a registered trademark of Timex Corporation.

INDIGLO is a registered trademark of Indiglo Corporation.
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