Appendix A1		An example of parallel FCS calculation


A1.1	Introduction


The following algorithm describes a CRC generator which calculates the FCS in an octet oriented parallel mode using the generator polynomial G(x) = x16 + x15 + x2 + 1. This method may shorten the time for FCS calculation and is more useful with standard DTE (PC) than a bit oriented mode.


The octet oriented algorithm is defined by the programming language C and is intended to assist the system designer with a CRC generator implementation, but other than 8-bit oriented methods are possible.


The general method is, to calculate the FCS in an octet mode by using a look-up table. This look-up table may be produced after device initialisation or may be stored permanently.


A1.2	Look-up table production algorithm 


To produce the look-up table the following two steps are required:


i	Calculate the 16-bit remainder for each bit position in an octet �( 2 0, 21,..., 27 ) by division with G(x).


ii	Produce the look-up table for any octet pattern ( 0...255 ) by modulo 2 sum of the 16-bit remainder of each bit position.


With asynchronous character transmission bit 1 of an octet is the first bit be transmitted. In the MAP27 standard the FCS is place into two octets as shown in figure A-1:
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Figure A1-1: FCS mapping convention


A 16-bit shift register used for division with G(x) is defined by shreg = x0 . . . x7 x8 . . . x15. This shift register will be shifted to the right.


The generator polynomial G(x) (excluding the highest bit x16 ) is mapped on a 16-bit constant CRC16 in the following manner:


	CRC16 = x0 . . . x15 = 1010 0000 0000 0001 = A001h.


The two octet division remainder is stored in the look-up table according to the FCS mapping convention. The octets are swapped and stored as octet 1 =  x8 ... x15 and octet 2 = x0... x7 . 


The table entries corresponding to b8...b1=00h...FFh are represented in table A1-1.
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Table A1-1: Look-up table mtab





An algorithm to produce look-up table is shown in the function create_table represented in figure A1�2.


The first loop (i=0 to 8) calculates the 16-bit remainder for each bit position (step j). The result of 80h (20 in the FCS mapping convention) is stored in the field btab[0]; the result on 01h (27 in the FCS mapping convention is stored in btab[7].


The second loop (i=0 to 256) calculates the final look-up table entries as modulo 2 sum of the corresponding btab entries (step ii). E.g. the table entry for the octet pattern 41h is calculated:


	btab[1] �\SONDZEICHEN SYMBOL \f "Symbol"� btab[7] = C1C0h �\SONDZEICHEN SYMBOL \f "Symbol"� 01F0h = C030h .








 CRC16 0xA001;	/* CRC 16 constant */�unsigned int  mtab[256];	/* modification table */�/************************************************************�    Function: create_table	produce the look-up table�    Input:    *mtab	pointer to modification table�    Output:�    Note:     CRC16 is used�************************************************************/�void create_table(unsigned int *mtab)�{�    unsigned int btab[8];	/* table btab */�    unsigned int i,j; 	/* loop parameters */�    unsigned int q;	/* calculation register */�    unsigned int shreg;	/* shift-register */�    unsigned int carry,bit;	/* bit parameters */�/************************************************************�    Calculate the table btab:�************************************************************/�    carry=1;	/* carry flag set to one */�    shreg=0;	/* shreg initialised with 0 */�    for(i=0; i<8; i++)�    {�         if(carry) shreg^=CRC16;�         btab[i]=(shreg<<8) | (shreg>>8);	/* swap bytes */�         carry=shreg & 1;�         shreg >>=1;�    }�/************************************************************�    Calculate the modification table mtab:�************************************************************/�    for (i=0; i<256; i++)�    {�         q=0;�         bit=0x80;�         for (j=0; j<8; j++)�         {�              if (bit & i) q^=btab[j];�              bit>>=1;�         }�         *mtab++=q;�    }�}


Figure A1-2: Function create_table
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A1.3	FCS calculation algorithm


To calculate the FCS with a look-up table the following steps are required:


a)	Initialise the FCS register (normally preset to all ones).


b)	Produce an 8-bit table pointer by modulo 2 sum of the next data octet and the FCS high-order octet.(x8 . . . x15).


c)	Fetch the modification value by the pointer.


d)	Add (modulo 2) the modification value high-order octet and the FCS low-order octet �(x0. . . x7 ). Repeat step b to d until the last data byte is checked.


e)	Produce the FCS ones complement for transmission.


An algorithm for FCS calculation is shown in the function fcs_calc represented in figure A1-3.





/************************************************************�    Function:	fcs_calc	calculates the FCS sequence�    Input:	*mtab	pointer to modification table�    	*buff	pointer to character buffer�    	len	length of character string�    Output: 	fcs	frame check sequence�    Note:	fcs is initialised with all ones�************************************************************/�unsigned int fcs_calc(unsigned int *mtab,�     		unsigned char *buff,unsigned int len)�{�    unsigned int fcs; 	/* frame check sequence */�    unsigned int q; 	/* calculation register */��    fcs=0xffff; 	/* fcs initialised with all ones */�    while(len--)�    {�         q=*(mtab+(*buff++ ^ (fcs>>8)));�         fcs=((q&0xff00) ^ (fcs<<8)) | (q&0x00ff);�    }�    return (fcs^0xffff); /* return the fcs ones complement */�}


Figure A1-3: Function fcs_calc


A1.4	FCS Calculation example


The main steps of a FCS generation is shown in figure A1-4. The following example may help to understand this calculation method.


Example:


	There is one data octet to be protected. The value of the data octet is 3Bh. The FCS register is initialised to FFFFh.


	The modification pointer value according to the step b) in A1.3 is 3Bh �\SONDZEICHEN SYMBOL \f "Symbol"� FFh = C4h.


	The modification value fetched by pointer C4h from the table A1-1 is 0193h which comprises mtab H and mtab L.


	The modulo 2 sum of mtab H = 01h and the old FCS L = FFh gives a new FCS value FE93h in step d).


	The ones complement of FCS is calculated by modulo 2 sum of the FCS value with FFFFh which gives a result of 016Ch.


	The three octets to be transmitted, data + FCS, are 3Bh 01h 6Ch.
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Figure A1-4: FCS generation
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