UPGRADE FOR MCS BASIC-52
V.1.1 (Part 2)
Following last month’s
dealings with the
floating-point nucleus and
the hex-to-BCD conversion
routine in the MCS-52
BASIC interpreter, the
authors now tackle some
probiems with : ‘
muitiplications.
i
:
by Z. Stojsavljevic and D. Mudric !
1A9AH 9175 ACALL  1C75H ;
1ASCH BEg@®2 CJHE RE,.§B@H, LAALH
1A9FH 6188 AJHP 18B8H
LAALH 8D2F MOV 2FH,R5 i
. 1AR3H EF Hav A, R7 > .
Continued from the October 1991 issue. start LAnE sors e i
LAATH 2@ET@5 JB ACC.7, LAAFH %
. .- . LARAH 1@D746 JBC CY,1AB3H H
NCONSISTENCIES in the multlpllcatlon 1AADH 6182 AIMP JEB;H i
of two numbers as performed by version 1hash Some T |
1.1 of Intel’s MCS BASIC-52 interpreter can s 4 18834 9481 SUBB A, 4B1H !
be demonstrated by running the following Thme Tism NonLL  aimw !
three smail programs, all of which produce 1AB8H 7B24 Mo¥ o R3,404H i -
exponenl LABAH ACRB1 MOV R4, BLH i
wrong results. 1ABCH 8CO1 MOV B1H, R4 !
adjustment pempefow sk |
i) a=1.E-65 1B38H 7834 HaY Ra.#34H E
1B32H Ee Hov R,BR0 H
20 b=1.E-63 18230 FE MOV RG,A ;
. 1B34H seR3 JZ 1B2SH :
30 Ta*h (result: 1.0E+126) B oo T o
1B38H 18 DEC R@
10 a=1 E*ES 1B33SH @8 Inc RB i
T . 1B2AH 74@8 Hov A, EO8H '
= —| 1B3CH F9 MOV RE,A i
20 b »I..E 64 man“ 18304 28 ADD A,R@ :
30 ?atb (result: 0) §5a LBIEH Fa MOV RB,A ;
muuip"caﬁon 183FH 842500 CINE @R@, #B5H, LB42R ;
18424 4213 JC 1857H H
10 a=1.E-64 1844H D3 2ETR € :
20 b=1.E-64 IBsen it bee e
P . " 1B47H 236 ApDC A, RRE P
30 7a*b (result: 1.0E-0) i e o ; i
\B49H BE XCHD A, @R i
- 1B4AH 3BE429 JNB ACC.4,1B56H i
Inall three cases, the interpreter should have 184DH DIF5 DINZ  R1,1Ba4n ;
duced 1B4FH 18 DEC RO i
procuce result 185@H 7601 HOY BRD, 401H
. 1RS2H 717F ACALL IB?IFH :
ERROR: ARITH. UNDERFLOW - IN formation igggﬁ BgBG gJHP 185CH :
1 1 EC Rl H
LINE 3G 1BS7H EB Mav  A,RL !
1BEBH C3 CLR o !
1BESH CB XCH ALRR
The above examples point to inconsistencies Les 93 Suse  A.RO
in limit cases when two numbers are multi- r 185CH 792D MOV R1,$2BH
plied. On investigating the operation of lheihEe ey Rmo
Intel’s BASIC interpreter, a multiplication al- . 1aeok o8 e Re
. . . A BRO
gorithm of the type shown in Fig. 1 was end LBG2H 4286 oRL. odh.A
found. Apparently, the inconsistencies Thean ey he EmiA
brought to our attention by the above 1BE6H 09 me R
example programs were caused by the expo- #10128-2-11 Pean DiEEA LN N IgheEn, LBsER
nent adjustment routine, which is listed in - o e ;g}’l'@:w"
Fig. 2. Unfortunately, the errors found in this 1B7EH @53Q e en
routine cannot be corrected in BASIC-52ma-  Fig. 1. Flowchart of the routine that 1803 sa08 e rerew
chine code, because some expansion of the handles multiplication of two numbers. 1885H DOED POP ACC : l
- I A . 18874 DOEQ FQP ACC 3
machine code is in order. This means that a 1889H 514t AIME ABAIM o
number of lines should be added to the as-  equals exponent E+127. If the program part
sembler source file for compensation. for mantissa multiplication includes a result :
A problem occurs when the result of the  that begins with a 0 after the decimal point,  Fig. 2. Original program part for exponent Fig. 3.
instruction SUBB A#81H is OFFH, which theexponentisnotincremented butremains  adjustment. that corn
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UPGRADE FOR MCS BASIC-52 V.1.1 {(Part 2)

QRG 1A9RH
;. TOS - Tep Of arithmetic Stack
, NXTOS - NeXt TOS (position behindd
; TOS_MUL1
; routine for nultiplication of tws FP numbers, one of whieh
7 is located on TOS and the octher on NXTOS (NXTOS*TOS)
TOS_MUL1:ACALL PREP_MUL; c¢learing of FP working space and reg. prep.
CJINE RE, 2, NXTHM_@ ; is NXTOS egqual 27
TOSHM_@: AJHP ZERO_MANTISSA ; in case TOS or NXTOS are 9
NXTHM_@: MOV SIGHN,RS ; tesult mark in SIGH
Mav A,R7 ; 1s TQS equal 87
Jz TOSM_@
ADD AL.RG ; additlon of exponent degree (exp. multipl.)
JB ACC.7,CMPM_EXP ; exp. with diffarent mark or oparflow?
J8C CY,CORM_EXF ; vewult le bigger than @.1
AJHE UNDERFLOW ; in thisz case exp. sum iz ¢ -127
CMPM_EXP:JNC CORM_EXP; in this case result is smaller than 8.1
OVER_MD: AJHMP OVERFLOMW; in this case exp. sum is > 127
CORM_EXP:CLR MUL_LIMIT_CASE ; flag of multiplication limit case
SuBH A, R82H  ; exp. multipl. results are within the limits
N A ; deduction with B82H becsuse af reduced
JNC KBMARK_L ; conditions
SETB MUL_LIMIT _CREE ; limit case
MMARK_L: MOV RE, A ; exp., adjustment to real value
ACALL 8C03_1 ; disassembl. of TOS mantissa in LEN_MANTISSA
MOV R3,4LEN_BYTE ; acc. {one number in each byte)
Moy R4,ARZ ; Rl is pointer of NXTOS
MUL_NOOV:HMOV AR1,R4 ; BR! containz feaw numbers and disassembled
HMOVX R,BR! ; mantissa is successively multiplied by each
MOV R2,2 ; of them in argument accumulator (R2 ig
 muxilliary register)
; TRANEFER
; routine far adjustment of multiplication and division
; rezulty of FP numbers in argument stack and mantissa
s conversion in BCD packed farmat in  argument accumulator
TRANSFER:MOV R@, ¥ASCII_DEC ; peinter to MSB rasult number
HoV A, gRE 7 MSB result numbear is& in acc.
Mav R6, A
J2 MEB_EQ_2; is MSB result number equal &7
ACALL INC_EXP exp=exp+! becauge from the start it was
DEC RO ; taken that MSB result number Is equal @
MSB_EQ_@:INC R ; pointer to MSB-1 number
HOV A, #LEN_MANTISSA ; positioning to LSB-1 number
MOV R1,4 ; Rl is counter
ADD AL RO
MOV R3,A ;i R@ contains the address of LSB-1 number
CJINE PRA, 05, ROUNDL  ; test of remainder to rounding
ROUNDE: JC NO_ROUND; in case remainder is smaller than 5 there
C_BCD: SETH (& ; is no rounding
CLR A i carry takes one because of rounding
DEC RE ; transfer of carry inte higher byte
ADDC A,ERQ 4 addition of 1! to higher byte
DA A ; adjustment to BCD farmat
XCHD A,8R0 ; result storing in higher byte
JNB ACC.4,NG_C_BCOD ; transfer in higher BCD nibble?
DINE R1,C_BCD; is BRO® the address of MSBE number?
DEC R3 ; transfer memorizing in the place MSB+1
MOV QRA, kel
ACALL INC_EXP ; transfer is outsjde decimal point frame
sSJHP BCO!_2
NO_C_BCD:DREC Rl
NO_ROUND:MOV A,RI ; addrese return in R@ to the first bigger BCD
CLR < ;i number which is not equal 9@
XCH A,RD
SUBB A,Re
HOW RO,A
BCD1_2: MOV A, EXPOMENT . i test of exceeding in limit case
JNB MOL _LIMIT_CASE,MN_LCASE
JZ UNDER_MD; message about underflow
INC S
Y3 UNDER_MD; message about underflow
N_LCASE: MOV R1,4ARGUMENT_MACC; repacking of BCD number in ona byte
KFER_1: HOV A,8RQ ; in two BCD numbers in one byte
SHAP 3 ;i higher noumber in BCD packed farmat iB in
INC RO ; upper nibble
XCHp h,8RQ 7 BCD packed format le in ACC
ORL ARG, A i the indication if mantissa is @ is in R6
MOV BR1,A ; packing in argument accumulator mantissa
INC R ; two BCD packed numbers in one byte
INC Rl
CINE R1,4SIGN,XFER_1
MoV A,RE
JHZ RESULT_MAT_OQP_TOS ; ip mantissa agual 97
HOV EXPOMENT, #0
INC_EXP: INC EXPOMENT; exp. adjustment by ! (consequence of
Bov A,EXPONENT i transfer after addition}
JNZ EXP_OK ; test of exponsnt exceeding
FOP AcCC ; removal from return address stack
POP ACC
JBC HOL_LI®IT_CASE,UNDER MD ; in limit case it is
' AJHP OVERFLOH; underflow
UNDER_MD: AJHP UNDERFLOW 910128+2-13

OFFH. After the result formation (see Fig. 1)
and the serial output {display) routine, this
gives an exponent E+126.

To avoid inconsistencies, and eliminate
errors in limit case multiplications, the pro-
gram listed in Fig. 3 was developed. The
lines marked by vertical bars in particular
correct the limit case multiplication errors.

On the basis of the information contained
in this and last month's instalment, the
authors developed an improved, error-free
fioating-point (FP) arithmetic for the 8051,
on the basis of the FP nucleas extracted from
the 8052AH-BASIC. The new I'P nucleus
uses a modified way of accessing the arith-
metic stack, and has faster, shorter code fora
number of algorithms. It allows the length of
the mantissa of a FP number to range from 2
to 16 digits, while the entire memory map of
the FP arithmetic variables is located in the
internal memory space of the 8051 microcon-
troller, n

AZ-8F

Fig. 3. Source code of the improved multipfication routine, The verlical bars indicate lines

that correct the limit case mulliplication errors mentioned in this article.
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