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summary This report describes a possible routine for calculating the 
e
log (1n) of BCD floating point numbers by means of the CORDIC 

algorithm. The format of the floating point numbers (input number 

as well as result) is the same as used in the arithmetic routines 

described in EDP 7603 by A.F. Craens. These arithmetic routines 

are used in the log routine and must be present in the program 

store to execute the log function. 
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1. INTRODUCTION 

The e log of a BCD floating point number is calculated 

using the CORDIC algorithm as described in references nr. 2 

and nr. 3. 

The interfaces to the program which uses the log routine 

are such, that calling the routine gives as little overhead 

as possible in time as well as in program store. 

Also the status of the calling program is saved. 

In describing the function, the algorithm is given in 

BASIC. Boundaries and scaling of input numbers are 

indicated. Accuracy and timing are given to indicate the 

performance of the routine. 

Finally the actual program is described in flowcharts and 

given in assembly language. 

2. REFERENCES 

2.1. BCD Floating point arithmetic for the 2650 microprocessor 

by A.F. Craens. EDP 7603. 

2.2. The CORDIC trigonometric computing Technique by J.E. Volders 

IRE transactions on electronic computers, September 1959. 

2.3. Use decimal CORDIC for generation of many transconducted 

functions by H. Schmidt and A. Bogacki. 

EDN, February 20, 1973. 

3. INTERFACES 

3.1. Format 

The format of the BCD floating point numbers as given in 

reference nr. 1, is as follows: 

3 
	

LENG-1 
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Byte 0: 	sign of exponent (+=H 1 000, (-=H'F0') 

1: exponent (absolute, 2 digits) 

2: sign of mantissa (H'00 1  or H'F0') 

3: two most significant digits of mantissa 

LENG-1: two least significant digits of mantissa 

The length of the floating point number can be set by 

defining the LENG constant in the BCD arithmetic floating 

point package. The length of the mantissa will be 

(LENG-3) 	2 digits. The exponent always has two digits. 

The input number should always be left-normalized. 

3.2. Input/Output variables 

When calling the log routine, RO and R1 of the selected bank 

should contain the address of byte 0 of the input number. 

RO holds the most significant part and R1 the least 

significant part of the address. 

R2 and R3 should contain the address of byte 0 of the 

result location. R2 holds the most significant part and 

R3 the least significant part of the address. 

Register select is don't care. 

3.3. PSW and registers 

When entering the log routine the current PSL is saved and 

before returning, it will be restored including the 

conditien code. PSU is not affected. 

The registers belonging to the selected bank and RO are 

changed and are not restored. 

The registers of the bank which was not selected are not 

affected. 
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3.4. Error signalling.  

When an error occurs, because a negative or zero number 

appears as an operand, a jump is made to location ERR. 

However, no return from subroutine has been made before 

the jump to ERR. 

The location ERR has to be defined in the main program. 

4: 	FUNCTION 

When the log routine is entered, input and output addresses 

as present in RO, R1, R2 and R3 are stored and the 

Program Status Lower is saved. 

Then the input number is scaled up or down to bring it in 

the region between +0.1 and +1. For each multiplication 

by 10 (increment of exponent by 1), ln 10 is subtracted 

from the result output. 

For each division by 10 (decrement of exponent by 1), 

in 10 is added to the result output. 

Also the number is screened whether it is negative, zero 

or one. If negative or zero, the routine jumps to 

location "ERR", which should be defined by the main 

program, and no return from subroutine is made. 

If the number is 1 (after scaling in fact. 0.1), in. 10 is 

subtracted from the result output and a return is made. 

For the purpose of the algorithm as given below, a table T 

of 8 constants has been loaded and forms a part of the 

program. For each item of the table applies: 

T(I) = tanh (T) where T initially is 0.1 and for the next I 

T = T/10. 

The actual log calculation is done by means of the 

following algorithm. 
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Input number is A. 

X = A-1 

Y - A+1 

U = 0 

Z 	= 0 . 1 

J 9 = 22 

N = 8 

For I = 1 to N 

For J = 1 to J9 

If Y 	then go to P 

If X <0 then go to Q 

S U = U 	T(I) 

X
1 
 = X + Y 	Z 

Y
1 
 = Y + X 1(Z 

Go to R 

P If X< 0 go to S 

Q U 	U + T(I) 

X 	 -X--`fl$:7 
1 

Y 
1 

R X = X
1 

Y = Y
1 

Next J 

Z = Z/10 

J
9 
 = 9 

Next 1 

Output = U+U 

End 

This algorithm follows from the description given in 

reference 3. It is implemented in assembly language as 

indicated in the flowcharts. 

First the operand is brought in the range of 0.1 --> 1.0. 

Each time the exponent is increased by 1,1n 10 is 

subtracted from the output result. 
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If the exponent is decreased,ln 10 is added to the output 

result. Addition or subtraction of U and T(I) is determined 

by the signs of X and Y being equal or not. 

5. PERFORMANCE 

5.1. Accuracy 

The accuracy of the calculated result has been investigated by 

táking 100 log calculations (log+00+01000000 ---- 

log+01+10000000). 

On average the error is less than 1 in 3.10
6
. 

Worst case the error could be 1 in 4.10
3
. 

5.2. Timing 

The execution time of the log routine ranges from 4 ms 

(log+01+10000000) to about 6 seconds (log+90+99999999). 

The average execution time is about 2 - 2.5 seconds. 

Accuracy and timing have been measured with 8-digit mantiosa. 

With less digits the accuracy will detoriate but the timing 

will improve. 

6. REMARKS  

The CORDIC algorithm and existing floating point routines 

were used on request from Signetics. The present routine was 

made as an exercise to get some indication about execution 

time and accuracy. As is shown in section 5, this approach 

does not seem to be very suitable. 

Therefore is is recommended to investigate some other 

possibilities (other algorithms, binary calculation and 

conversion to B.C.D. etc.). 

../GS 
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7. FLOWCHART 	DLOG Start of log routine 	SUBE Subroutine subtract 

ZS from exponent 

store input and 

output address 

save program 

status lower 

yes 

Initialize and clear 

variables and output 

add LN10 to 

output 

subtract ZS 

from exponent 

(absolute) 

add ZS to 

exponent 

(absolute) 

make sign of 

exponent 

nenative 

subtract 

exponent from 

ZS 

add ZS to 

exponent 

(absolute) 

Return 

yes 

Move input operand 

to X 

(absolute) 

yes 

suhtract LN10 

from output 

(Return 

sign 

mantissa 

negat' 

suhtract LN10 

from output 

Restore 

Prog Status Lower 

gieturn 

yes 

yes 

ERR 

yes 
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X1 - X1 + Y X1 = X1 - Y 

(/) 
(/) ."Fj 

U  t = 
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CL 
ED 
0 

LLJ U Ct 

Add 

Sub"consta 

zero? 

yes 

Y1 = Y1 + X Y1 	Yi - 

Transfer XI to X and 

subtract ZS from 

exponent X 

Transfer Y1 to Y and 

subtract ZS from 

exponent Y 

sign 

f mantiss 

X and Y 

. ua 

U - U - (T + TN) 
store'FF'in 

„Add or Sub" constant 

U=U+(T+TN) 

Store 0 in 

„Add or sub" 

constant 

dd or bv " yes 

constant 

zero 

no 

	 1 

=0 

ZS - ZS + 1 

do  - 9 
= TN I- 7 

I = I + 1 

I equal 

to Nr 

No 

no 

Return 

= 	+1 

no 

yes 
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8. PROGRAM 
	Report No 	EDP 7612 
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dato 

2650 MICROPROCESSOR 

BCD logarithmic routine 

Calculating the 	 log of a BCD Uloating point numher 

Ln (input operand)= output result. 

Para:aston,*  
input 

output 

Requireasent  

software 

hardware 

The address of byte 0 of the input operand is in RO and 

Rl. 

The address of byte 0 of the output results is in R2 and 

R3. 

Result of elog in location pointed to by R2, R3. 

Os 	None 

Availability of BCD floating point arithmetic package. 

To. 

2 0 c .... a 
W E B  
11 
0  

-C.)CC0 

	A111112. 	 

Modified in 2650 
RO R1 R2 R3 il1u2iR3,  
E EI 0 Dl D Cl D 
F II SP 
❑ 0 ❑  

CC IDC RS ye tyErd 
Cl D EI 

Registers 

PSU 

PSL 

Max.Subreutine 
Nesting Level 

Assembler 

1 

Memory requirement(bytes 

RAM 38 

RON 582 
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«'4 2920 0r:4854 	T5T7 	ior,P. ;171 	* [Onr. r)IrilT 	MgMTr-7'7P 
,374: .7192: 9709F 	p17,rpi.7 770 	* IF N07 7Epo TEsT ,17,p 
0744 	F507 	mm!. Pi 7 	* 	mg4NTIc.5p.-) 
945 092s 9r9929 	TsT: 	* IF NOT ;:FEF TESTING 
0746 092F: 1 F97CR 	FcTP, UN ERR 	* T1F • 

1:1747 	F5n.7. 	Tc.T!'1 	(.0m! Pi 7. 	* 	EyTp 	M1:!NT 
074$ 1.497A 9O957 	BCFP.F0 rTN 	* TF 4ITT. CONTINUE 
0749 0977 E410 	COm I, P0 	ONE'• 
n759 9975 Se0957 	BeFgi. Eo ,7rN 	* 1F NOT. 170NTINuE 
9751 097$ 9C0870 	L0C,A.P9 JTP 	* L0,41 poINTEpc, 
9752 097:8 0D987t 	LOti,P1 OOTP41 
n75: 99:E CC9446 	STFP,P9 PTPP 
0754 0941 CD0447 	c.T;14,F1 PTPP+1 
0755 944 060$ 	LOt".1.42 '1N10 
0756 0946  0746 	LODI, R7 
P777 0948 2F0872 	2STA,UN STPT 
0778 0948 70469 	PSTR,UN DSUE. 	* OUTPIJT - 1 N10 
0759 094E 000957 	LODP,Re RSL 	* RESTORE RROGRPti 
075.0 0'951 97 	LPSL 
0751 0952 17 	RETC,UN 	* RETURN 
0752 0952 040$ 	CTN 	LODI, R$3 	* LOK. POINTER NORM9LI7Er.,  
07E7 0955 0554 	LON.P1 »;Y. 	INP,}T 
9754 9957 0608 	 * LORD POINTER !7.9NSTPNT 
OM 0959 0778 	L3DI,P1 >ONE 
07g6 ;1958 3F287.:' 	E7P.IINSTPT 

2757 095E 17409 	LODI,P0 	* LOAD POIN7P 

:-4$5$3 ‘.1558, 	1OC.1.;1 

07E? 	E2 CC04,1E. 	c.TP.Pe PTPP 
077e, 	CD9447 	STA.P1 zTPR+1 
0771 09E: 7046? 	P:TFUN1.:IE: 	1= INP)T - 1 
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TWIN 98SEmP1"-ER YPR 2 
	

liTcGRRITM PrIUT:NF 	PR6E 9919 	5 

LINE RDDR OBJECT E SoURrE 

9777 9958 94@8 	LODI.R9 (Y1 	* LORD POINTER Y1 

9774 995D 9559 	LODI.R1 

9775 995F 00446 	STRR„P9 PTRR 

9775 9972 CD91447 	STRR.R1 PTpR+1 

9777 9975 79479 - 	PSTR.UN DRDD 	* Y1 = INPUT + 1 

9778 

0779 	* X = X1 * 19^(EXP-2S) 

9789 

9791 9978 7598 	LOOP CPSL 	WC 	* wITWAIT C9PPY 

9782 9979 9795 	LON.R7 LENI1-1 	* MOvE '/1 

279.?. 997 9F5858 	MOY. LOPA. P@ 

9784 997F CF5854 	ST;kapi X. R3 

9785 9982 PP78 	PDR9,P? MOYX 

9786 9984 9F985
. 	

1.1:DR,R7 X1+1 	* FENT 

9787 9987 13Eo858 	LO{Ift.R2 	* SIGN OF PXPONENT 

9788 9988 79887 	PSTR,UN SHBE 	* DECPEMENT EXPONENT 

9789 998D CE 54 	sTPA,R2 	* 70E5 

9799 9999 CF9855 	STRR,R3 X+1 	* STORE EXPONENT 

9791 

9792 	* Y = ''1 * 19-(UP—ZS 

9797 

9794 9993 9796 	LODI,P7 IENC1-1 	* mO9F Yi TO 1,  

9795 9995 9E5869 	MOVY LO(VI.K3 Y1 e 

1r9,7; 	+F5852 	q•PFi,P9 Y.P1 

9797 9998 FB78 	RDWR3 MOYY 

r.17953 999D OF98549 	LODR.P3 Y1+1 	* PyPONENT 

9799 99R0 9E9859 	LOCO. R2 Y1 	* PION OF EI>ONENT 

0899 99R7 .7.F@887 	RSTA,Im sliff 	* rPEREMENT UPONENT 

98.1 9986 CE9852 	STP R2 Y 	* q•ORE 5E44 

9892 9989 Cf985.7 	8TRP.R7 Y+1 	* STOK EXPONENT 

9893 *  

9804 	* 	U +/— T(I) 

9895 

0895 1980  9498 	LOOI,RO (U 	* LORD POINTERS 

9897 998E 957F 	LOD1,R1 >11 

9898 99E9 CC9446 	STRR,R9 PTRR 

9899 9983 CD9447 	STRR,F1 PTRP+1 

9819 9986 9598 	LODI, R2 <T 	* NEXT CONSTANT FROM TABLE 

9(811 9982 9E9859 	LODR,R2 TN 

9812 9998 8799 	ADDI,P3 )T 

9813 99ED 79872 	BSTA,UN STPT 

9814 	* DETEF.mINE ADDITION C SUFTPt;f:TIoN 

9815 99C9 999855 	LOD8,P9 X+2 	* COMPRRE SIGNS OF MANTISSRE 

9815 9977 C. 9854 	COMA. R13 y+2 
0817 99C5 9896 	BCPR.EP SUBLI 	* IF NOT FPURL, JUMP TO SUBM 
9818 99-.9 7P9479 	BSTR,UN DRDD 	* OTEPWISE RDD 
9819 99CE. 2C 	EiP 	RO 
9829 99 CC 1E95 	PCTP, 	CTNI 	t 	 ►JLIF  
9821 99CP -59459 	SUEM 	UN 

9822 99D1 94FF 	LoDI, P9 H PF' 
71542.7 	CTN1 	STPA.P€1 Hl ti 	t 	PPPtii- H (ONST;NT 
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TWN ge:=EMFF!";' FF 
	

Pr* !Or.IRP!THm POuTINg ;FDF. 	Fi0929 

L WF RDPP OPTECT F S9PPrF 

ng2c; 	* 	+ 

171 P2E. * 

0827 99D1S 94P8 	LODI,P9 (xl 

0828 P9r8 955E 	LODI,g1 	

* LORD 80INTEPs 

P829 99DR CC944i5 	STPR,P PTPP 

0879 09U,  CD9447 	STPR.P1 PTPP+1 

0871 99E9 i7f98 	LODI.P2 (Y 

09:2 o 	LODI.P7 >Y 

087. 89E4 2E0877' 	ESTR.UN STPT 

9974 	t DETEFMINE RDDITIoN OP SUPTPRCTION 

0875 89E7 Of:0852 	 [AR P@ ROS 	* LOR D PPRWH CONSTRNT 
0876 09ER 9905 	9CFP,Z RDDM 	* IF NOT ZERO. RitIP TO 9r,Dm 
0877 99EC 7P0469 	PSTR, UN DSUP 

0878 O9EF 1E82 	PC TP. UN CTN2 	* CONTINUE 

0879 99F1 70479 	gir,r.,m 9579,UN DRCO 

9840 

0841 	* Y1= Yl +/- 

0842 

(4.2.47 99F4 0408 	CTN2 	LODI.P0 	* LOPD POINTEP=. 

LOF:'! Pl >Y1 0944 170P,5 05€9 

9845 09P9 CC9446 	STPR P8 PTPP 

984 	9F8 CD9447 	ST. Pl PTpP41 

8847 	LODT,P2 

9849 mn171 9754 	LODI.P7 

op49 9RP2 7E9872 	PSTR,uN STPT 

0S59 	* rETEPMINE RDDITION OP SUETPKTION 
9851 0R05 P1T9852 	10t.P9 ROS 	* LORD PPRNCH CONSTPNT 
0852 0908 9995 	PCFP,7 RDDN 	* TE NOT 7EPO, JumP TO 8U,N 
09.5 9R9R 7F9469 	PSTR.UN DSUB 

0854 9A9D 1R07 	8CTP.9N Cfle 	* CONTINUE 

8855 9f0F F8479. 	9DDN ET UN DoDD 

8856 

0857 	* COMNI:N PckpT 

9859 

0859 9912 7588 	CTN: CPSL 	WC 	*WITHOUTCRPPY 
08611 014 [7,COR4D 	LODR.P0 T 	* • 	T + 1 

0861 0817 9401 	000I, P0 1 

09E STPP,K, T 2 9919 ccoeg,  

come.Po T9 09,g7 	Ec05:4E 	 * cOmP99E wiTH T9 

09,54 17$81F 	RCFP,  EO -.P.:tf) 	* IF LES. LOOP 
055 t7,32') 2$3 	EOPZ 	P8 	* PESTORE J TO 9 
0866 0827. CC984D 	STP,P« T 

8867 0026 At51 	IODA,P0 :c 	* RDD 1 TO ZS 

9869 9929 9401 	RDDI,P9 1 

88E9 8028 CITO$51 	STP9/R9 75 

8870 9R2E 9499 	LOF!. P0 R 	* 59 = 9 
Ç0 	884E STRA,P9 T 

097200E 0008c,9 	TN 	* 8DD 7 T!") TN FOP NEJ CONSTRNT 
P877 0875  

	

'7J195,1 	p1 h 
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TWIN ASSEMDEP 	2 9 	PCD LO9g- ITHm 2!-.4)7;NE .EDF 7E12, 	29,-,F 9021  

LINF FiDDP %JET E seyRcE 

987E Oft:F 9C084F 	LOD9,P9 I 
	

* PDD 1 TO I 

9877 9P:E 2491 	13U.1.89 1 

9872 0940 CC084F 	s7.P.Pe 

0879 9947 E498 	COMI.Kt NR 
	

* COMFPFE WI TH NR 

9889 9945 903979 	K:FA, EO LOOP 
	

* 	LEES PfN LOOP 

9881 

- 9887 	* 01.'7 = OCTP + 21 
1:1884 

9825 9948 9C9879 	LOUR.P9 OUTP 
	

* LOR) POINTERS 

9896 9948 9D9871 	OUTF+1 
	

FOP Cf.01 Ni; iI TWO 

9887 9P4E CC944E 	ST89.g2 PTPR 
	

TINES TO OuTP 

9888 9951 CD9447 	c.TRR,Q1 PTRP+1 

9229 9954 9E98 	ODI.82 

9899 9956 977F 	LODI,V2. 

9291 9958 7E9872 	PST9,uN STK 

9292 9958 7E9479 	879,1.1N C' [.,I) 
	* plet-, 

9897 995E 7947A 	PST9,HN tl4C,D 
	

* giDD 

9894 99€1  9fC857 	LODP.P9 851 
	

* REsToRE PRItinglcffil fTWUS 

9895 99E4 97 	lPSL 

989E (RE5 17 	pETc,!JH 
	

* PETI JPN 
171g.:7 

9892 1.!6(39 	END 

TOTAL RESEMPLY EFPOES = :1999 
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