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INTRODUCTION

Basically, there are two kinds of electronic systems that
come with a built-in calendar. The first kind of system
is used mainly to display a calendar for a user's conve-
nience. Examples of these systems are digital
watches, computers, VCRs and TVs with on-screen
display features. The second kind of system is required
to know whether a given date is a weekend or week-
day. Examples of such a system are multi-rate meters
(such as a phone bill meter) and electronic pricing sys-
tems, where the weekend rate and the weekday rate
are different.

In order to build an electronic calendar into the system,
the designer needs to write a piece of software that
will be able to determine the day (Sunday, Monday,
....Saturday) of the week when a date is input into the
system. This routine is the basic component of an elec-
tronics calendar.

This Technical Brief provides a technique to find the
exact day for a given date input.

THEORY OF CALCULATION

The method used to calculate the day of week is a
straight forward and simple one. This method makes
use of 31 December 1989 as a reference point. The
reason why this date was chosen as a reference point
is because it was on the last day of the week (Sunday),
and also on the last day of a year (this makes it easy to
calculate the number of days since the next day/date
will be first/first). One day after this date was Monday,
and two days after this date was Tuesday, and so on.

The date given will be N days after the 31st December
1989, and if the number N is divided by the number of
days in a week (7), the return will correspond to a spe-
cific day of the week. For this application, 0 corre-
sponds to Sunday, 1 to Monday, and so on till 6
corresponds to Saturday. Therefore, when a date is
given, the number of days from the date given after the
31 December can be calculated. Then the division of
the number by 7 will give a remainder, which will corre-
spond to the day of the week that the system required.

DESCRIPTION OF SOFTWARE

This application note provides two routines for the cal-
culation of the day of the week. One is written in
ANSI C and the other is written in assembly language
using a PIC16C54 microcontroller.

In these routines, the number of days after 31
December 1989 is calculated and stored in a register
called AccVal ue. There are a total of three steps
involved in getting the number of days.

The first step is to find out the difference in years, and
convert the difference into days. A 16-bit counter,
TenpYear, is used as a temporary counter and is ini-
tialized to the year 1990. The routine will keep compar-
ing the contents of TenpYear to the year
(Qurrent Year in the 'C' software) that is input in the
software. If the TenpYear value is less than the year
value, TenpYear will be increased by 1 until the con-
tents of TenpYear match the year given.

The AccVal ue will be increased by 1 ( instead of 365,
because 365MOD7 = 1) or by 2 (if TenpYear is a leap
year) for each comparison in which the TenpYear value
is less than the year value.

The second step involves calculating the number of
days that have elapsed between the first day (inclusive)
of that year and the first day of the month given. The
number of days elapsed is calculated and pre-stored in
atable. This value is retrieved with respect to the input
month and added to the AccVal ue.

The way to calculate the pre-stored value is as follows;
for January there is less than one month elapsed,
therefore the value stored is 0. For February, the
month passed is only 1 (January) and the value stored
is 31MOD7, which is 3. For March, 2 months have
passed, (January and February), so the value stored is
(28+31)MOD7, which is 3.

The third step involves adding the day given to the
AccVal ue. The AccVal ueis then divided by 7, and the
remainder gives the result corresponding to the day of
week.

Figure 1 is a flowchart of the software routine.

The software here will only work if the input given
ranges from 1 January 1990 to 31 December 2099.

The software does not check for the use of errorneous
dates such as 29 February 1998, or 32 March 1999.
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FIGURE 1: APPLICATION FLOWCHART
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APPENDIX A: PIC16C54 ASSEMBLY CODE
Li st P=16C54

’
Pkkkkkhkkhkkhhh ok hkhhhhkhhkhhhkhhhhkhhkhhkhkhhkhhhkhkhhkhhkhkhkkkk k%

PCL equ 02h

STATUS equ 03h
#defi ne z STATUS, 2
#defi ne C STATUS, 0
Year Hi equ 10h ; Store the Upper byte of Year
Year Lw equ 11h ; Store the Lower byte of year
Mont h equ 12h ;Store the Month(1 for January, 2 for February and so on)
Day equ 13h ; Store the Day
AccVal ue equ 14h
TenmpA equ 15h
TenpB equ 16h
TenpYear Hi equ 15h
TenpYearLw equ 16h
Lbyte equ 17h
Hbyt e equ 18h
Lt enp equ 19h
Ht enp equ 1Ah
Tenp equ 1Bh
org 0x00

Pkkkkkhkkhkkhkhhkhkhhkhhkhhkhhhhhhhkhhhhhkhhkhhkhhhhkhhkhhkhkhkhhkkk
’

; Test program for GetDayof Week
; The End Result willbe stored in AccVal ue

Pkkkkkhkkhkhhhhkhkhhhhkhhkhhkhhkhhkhhkhhhkhhkhhhhhkhkhhkhkhkhkhkhhkkk

mai n movlw  19h ; Set Date as 21 Septenber 1998

novwf  TenpA

nmovliw  98h

mvw  TenpB

movliw 9

novwf Mont h

nmoviw D 21

novwi  Day

cal | BCDt 0Bi n ; Convert the 4-digit BCD Year to 16bit int val ue

movfw Lbyte
nmovwf Year Lw

movfw Hoyte
nmovwf Year Hi

cal | Get Dayof Week ; Cal cul at e Day

Loop gotoLoop

’
B e X
’

; Accumul ated Value for Mnth
; This routine return the remainder val ue when
; nunber of days summed up and divided by 7

Pkkkkkhkkhkhhhhkhkhhhhkhkhhkhhhkhhkhhhhhkhhkhhkhhhkhkhhkhkhkhkhkhkkkkk

CGet Mont hVal ueaddwf PCL, 1

nop
retlw 0 ; January

retlw 3 ; February, %31/7) = 3

retlw 3 ; March, Renmider for (3+28)/7
retlw 6 ;April, (3+31)/7

retlw 1 ; May, (6+30)/7
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retlw
retlw
retlw
retlw
retlw
retlw
retlw

Gwouo N ™

;June,

(1+31)/7

;July, % 4+30)/ 7= 6

; August ,
; Sept enber
; Cct ober,

; Novenber,
; Decenber,

% 6+31/7) =

. 9% 2+31)/7
9 5+30) / 7=6
(0+31)/7=3
(3+30)/ 7=5

chkkkkkkkkhkkhkhkhkhkhkkhkkhkhkhkkkhkkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkkkkkkkkkkk*k

Routine :

Get Dayof Week

B R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
’

Get Dayof Weekcl r f AccVal ue

Get Day_0

cal |
bt fss
retlw

mov| w
nmovwf
nmovl w
nmovwf

cal |
bt fsc
got o

;Year is > Tenp Year

Get Day_1

Cet Day_2

i ncf
call
btfsc
i ncf

call
goto

movl w. 3
subwf
bt fss
got o

call
bt fss
goto
i ncf

nmovf
call
addwf
nmovf
addwf
call
retlw

CheckVal i dl nput

z
08

0Cs6h
TenpYear Lw
07

TenpYear H

ConmpYear
z
Get Day_1

AccVal ue, 1
| sLeapYear
4

AccVal ue, 1

I ncTenp
Get Day_0

Mont h, W
C
Get Day_2

| sLeapYear
z

Cet Day_2
AccVal ue, 1

Mont h, w

CGet Mont hval ue

AccVal ue, 1
Day,w ;
AccVal ue, 1
Modul a_7

0

;1's input

Valid ?

2
=4

; Set the Tenp counter to 1990(Deci mal)

; Check is Year > Tenp
; Year = Tenp
; Check is TenpYear =

;1s Leap Year ?

i Yes |

counter

Leap Year

; Check is Month > February ?

; No !
; Check for

; Not Leap

Leap year

Year!

; Sum t he AccVal ue with Month Val ue

; Sum t he AccVal ue with Day Val ue
; AccVal ue%y

Pkkkkkhkkhkkhhhkhhhhkhhhkhhkhhkhhkhhhhhkhhkhkhhkhhkhhkhhhkhhkhhkhkhkhkhkkkk k&

Rout i ne:

(equival ent to 07C6h -
If Input Valid,

El se Val

Check Valid |nput for

id=0

0833h)

return Valid = 1

1990- 2099

ckkkkkkkhkhkhkhkhkhkhkkhkkhkkhkkhkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkhkkhkkhkkhkkkhkkkkkkkkkkkk*k
’

CheckVal i dI nput

nmovl w
subwf
bt fss
goto

07h
YearH , w
C

Not Val i d

; Year Hi

is < 07h
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btfss Z
goto CheckVal i d_0 ; Year H not equal to 07h

;YearH is = 07h Check For Year |ow

movlw  0C6h

subwf Year Lw, w

btfss C

goto Not Val i d ; YearLw i s <90
Val i dYear bsf z

retlw 0 ;Year is valid

;YearH is greater 07h, check for YearH =08h

CheckValid_0 movliw 08h
subwf  YearH ,w
btfss Z
got o Not Val i d ;YearH is > 20

;YearH is 20, check for YearLw < or = 33
nmovlw  34h
subwf Year Lw, w

btfss C ;is YearLw end with Hex value ?
goto Val i dYear ;Not a valid val ue

Not Val i d bcf Z
retlw O

B X
’

; Routi ne: Modul a_7
; Regi ster: ACC
; Qut put: Renmi der of Acc/7

Pkkkkkhkkhkhhhhhkhkhhhkhkhhkhhhkhhkhhkhhhhhkhhkhhhkhhkhkhhkhhkhkhkhkkkk

Modul a_7 mvliw .7

subwf AccVal ue, w
btfss C

got o Modul a_70
; Contents of Acc > 7

nmovlw .7

subwf  AccVal ue, 1

got o Modul a_7

Mbdul a_70 novf AccVal ue, w

movwf  Tenp
retlw 0

BEEEEEEEEEEEEEEEEEEEE RS EEEEEEEEEEEE RS EEEEEEEEEEEEEEEEEEEEEES
; Routi ne : ConpYear

; Returnz=1 i f Year > TenpYear

; El se return O

Pkkkkkhkkhkhhhh ok hkhhhhkhhkhhhhkhhkhhkhhhkhhkhhkhkhhkhhkhhkhkhkhkhkhkkkk
’

ConpYear nmovf YearHi , w

subwf  TenpYearH ,w
btfss Z
retlw O ; YearH > TenpYear Hi

nmovfw  YearLw
subwf  TenpYear Lw, w
retlw 0
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Pkkkkkhkkhhkhhhkhhkhhkhhhkhhkhhkhhkhhhhhkhhhhhkhhkhhkhhhkhhkhhkhhhkhkhkhkk ok k

Rout i ne: |slLeapYear
Return Z=1 if TenpYear is Leap year
El se Return O

B R R R R R R R R R R R R R R R R R R R R R R R R R R

| sLeapYear

Not LeapYear

btfsc TenpYearlLw, O
goto Not LeapYear

btfsc TenpYearlLw, 1
goto Not LeapYear

bsf Z
retlw 0
bcf z
retlw 0

Pkkkkkhkkhkhhhhhkhhkhhhkhhhhkhhhhhhhkhhhhhhhkhhkhhhkhkhhkhhkhkhkhkkkk

Routi ne: | ncTenp
I ncrement The Tenporary Counter

Pkkkkkhkkhhkhhhkhhkhhkhhhhhkhhkhhkhhhkhhhhhhhhhkhhkhhhkhhkhhkhhkhkhkkkkkk

I ncTenp

incfsz TenpYearlLw, 1
retlw 0

i ncf TenpYearH , 1
retlw 0

chkkkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkkkkkkkkkk

Routine : BCDtoBin
This routine convert 4-Digit BCD val ue( D3D2D1D0)
into 16Bit Binary code
input : 2 digit High Byte is stored in TenpA
2 digit Low byte is store in TenpB
Qut put: Hbyte: Lbyte
For nore on the BCD to Bin conversion please refer
to AN544

chkkkkkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkhkkhkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkkkkkkkkkk
’

BCDt 0Bi n

clrf H enmp
clrf Lt emp
clrf Lbyte
clrf Hbyt e

swapf  TenpA w ; D3*10

cal | Mpy 10

movfw  TenpA ; [ (D3*10) +D2] * 10

cal | Mpy 10

swapf  TenpB, w ; {[ (D3*10) +D2] *10+D1} * 10
cal | Mpy 10

movfw  TenpB ;

andlw  OxOf

addwf  Lbyte, 1 ; {[ (D3*10) +D2] *10+D1} * 10+D4
btfsc C

incfH byte, 1

retlw 0

DS91028A-page 6
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B o X
’

; Routine : Myl0

; This routine multiply the value store in Wregister by 10

; Theory : Let say the input is N,

; 1st, Store the product of 2*N into Tenporary register

; 2nd, Miltiply the value N by 8, (8*N) and store in Hboyte and Lbyte
; 3nd, Sumup the value obtained in 1st and 2nd steps

; The whol e process is equivalent to 2*N+8*N = N(2+8) = 10*N

ckkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkkkkkkkkkkk*
’

Mpy 10 andlw  0OxOf

addwf Lbyte, 1 ;2*N and store the product in tenp
btfsc C

i ncf Hoyte, 1

bcf C

rlf Lbyte, w

nmovwf Ltenmp

rif Hoyt e, W

novwi  Htenp

bcf C ; 8*N
rlf Lbyte, 1

rlf Hoyte, 1

bcf C

rlf Lbyte, 1

rif Hoyte, 1

bcf Cc

rif Lbyte, 1

rlf Hoyte, 1

movfw Ltenp ; 8 N+H2* N =10*N

addwf  Lbyte, 1
movfw H enp
addwf Hoyte, 1
retlw 0

B e

END
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APPENDIX B: CIMPLEMENTATION

#i ncl ude<P17C756. H>

#def i neOK1
#defi neError8

char Get Dayof Week() ;
char CheckVal i dl nput (unsi gned int);
charl sLeapYear (int);

rom const unsi gned char Tabl e[ 13] ={0, 0, 3,3,6,1, 4,6, 2,5,0, 3, 5};

unsi gned i nt Current Year;
unsi gned char Mont h, Day;

/*********************************************************

* Test Program for the routine GetDayof Wek()

LA EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEERY)

voi dmai n() {

char Tenp;

Current Year = 1998;/*Date : 21 Septenber 1998*/
Mont h =9;

Day = 21;

Tenp = Cet Dayof Week();/*Result stored in Tenp*/
do{

}while(l);

}

/****************************************************************

* Get Dayof ek

* This routine cal cul ate the Day(Sunday, Monday, ... Saturday) of

* week when a Date(year, Month, Day) is given.

* Input : Year, Month and Day which in this routine is used

* as gl obal variable.

* Qutput Variable : 0 to 6(which correspond to Sunday to Saturdaday
* respectively) if the input is acceptable, else a value 8 is return

*****************************************************************/

char Get Dayof Week() {

unsi gned i nt TenpYear;
unsi gned char AccVal ue, Tenp;

i f (CheckValidlnput(CurrentYear)!=0K)/* Return Error if input not Valid*/
return Error,

TenpYear 1990;/*Conparation start with year 1990*/
AccValue = 0;/*Init AccValue to 0*/

/* |f TenpYear is a | eap year AccVal ue +2, el se AccVal ue+l */

whi | e( TempYear != Current Year){
AccVal ue++;
i f(IsLeapYear (TenpYear))
AccVal ue++;
TenpYear ++;
}

if(Mnth > 2){
i f(lIsLeapYear (TenpYear)==1)
AccVal ue++;
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AccVal ue += Tabl e[ Mont h] ;
AccVal ue += Day;

AccVal ue= AccVal ue%;

return(AccVal ue);

}

/*************************************************************************

* CheckVal i dl nput

* Return a '1" if the input is within the required range. Else

* return a '0".

* | nput Variable : 16Bit Unsigned Int

* Qutput Varible : '1' if input ranges between 1990 & 2099 incl usively

LEE R R R RS R R R R R R R R LY

char CheckVal i dl nput (unsi gned int |nput){

i f (I nput>=1990 && | nput<=2099 )
returncox;

el se
return 0K

}

1A AR R R R R E RS SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE]

* | sLeapYear

* Return a '1" if the input is a leap year. Else return a '0’
*

* Input Variable : 16Bit Unsigned Int

* Qutput Varible : '1'" if is a |leap year, else '0'.

LEEE AR EEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEY]

charl sLeapYear (int Year){

Year =Year &0x0003;
i f(Year==0)
return 1;
el se
returno;

}

IR R EE AR EEEEEEREEEEEEREREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEY]
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