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The capability of operating on Binary Coded 

Decimal (BCD) floating point numbers is 
provided by the four routines presented in 

this technical note. These routines perform 
the addition, subtraction, multiplication, and 
division of BCD floating point operands in 
normalized signed-magnitude notation. Mul-
tiple precision os facilitated through a varia-
ble-length mantissa. 

Data Format 

The format for the operands used in these 
routines is shown in Figure 1. 

Note that the magnitude bytes contain two 
BCD digits per byte. Bytes 0 and 1 are the 
exponent of the number in signed-magnitude 
form. Byte 0 is the sign, and is positive if equal 
to H'00' and negative otherwise. Thus, the 
range for the exponent (E) is: 

-99<E<+99 

Bytes 2 through (LENG-1) are the mantissa in 
signed-magnitude form, where LENG is a 
symbol defined as a positive integer in the 
source program via an EQU assembler direc-
tive. Byte 2 is the mantissa sign and follows the 
same convention as the exponent sign. The 
remaining bytes are the magnitude, with the 
decimal point placed at the left of the Most-
Significant Digit (MSD). 

Normalized Format 

All operands used as inputs to these routines 
must be normalized, and results are provided 
in normalized form. A normalized mantissa 
is one for which the MSD is not equal to zero. 
Thus, the allowable range for the magnitude 
of the mantissa IM) is: 

[0.] 1000. . . .<M~[0.] 9999. . . 

Zero is defined as mantissa of zero with expo-
nent -99. 

Table I shows the range of acceptable values 
for the case LENG = 5, that is, a four-digit 
mantissa. 

Operational Details 

The routines operate as follows: 

(OPERANDI) # (OPERAND2) —~ RESULT, 

where 

# is one of the four operators +, —, x , or 

2 

Operands 1 and 2 are stored in memory start-
ing at addresses OP1 and OP2 and, as men-
tioned previously, must be normlized. The 
normalized result is situated in memory 
starting at location RSLT. This area need not 
be cleared prior to execution of the routine. 
The program area and the operands may be 
located on different pages of the memory 
space. The input operands are moved to a 
scratch area located in the same page as the 
program prior to function execution. Thus, 
the original operands are not destroyed. 
Some savings in program size can be realized 
if the operands are located on the same page 
as the program and/or if their values need not 
be retained. 

Rounding of the result is controlled by the con-
tents of the location ROUN: 

(ROUN) _ 
(ROUN) _ 

(ROUN) _ 

H'66' specifies no rounding 

H.b6' specifies round-off (round 
if most-significant truncated digit 

is M5). 
H'F6' specifies round-up (round if 

most-significant truncated digit 
M11. 

Various error conditions (overflow, underflow, 
etc.) result in jumps to different error locations 
to facilitate test and/or corrective actions. 

The main program calls the routines by per-
forming the following subroutine branches: 

BSTA,UN DADD for addition 

BSTA,UN DSUB for subtraction 

BSTA,UN DMUL for multiplication 

BSTA,UN DDIV for division 

TEST PROGRAM 

The listing at the end of this technical note is 
a test program that may be used on the 
PC1001 prototyping board running under the 
PIPBUG monitor to test the operation of the 
routines. Figure 2 illustrates the operation via 
a TTY or other terminal. 

Figures 3 through 14 provide flowcharts and 
listings for the four routines. 

BCD FLOATING POINT FORMAT 

BYTE 0 BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTE (LENG-1) 

I I 
SIGN MAGNITUDE SIGN MAGNITUDE t 

MSD LSD 

EXPONENT 

Figure 1 

MANTISSA 

EXP. MANTISSA 
DECIMAL 

EQUIVALENT 

+ LARGEST POSITIVE 0099 009999 +0.9999 x 10" 

'~ SMALLEST POSITIVE FF99 001000 +0.1000 x 10-~ 

0 ZERO FF99 000000 0.0 

SMALLEST NEGATIVE FF99 FF1000 -0.1000 x 10- ' 9

- LARGEST NEGATIVE 0099 FF9999 -0.9999 x 10~" 

Table 1 —MANGE OF VALUES FOR AFIVE-BYTE NUMBER 



OPERATION OF TEST PROGRAM 

~GC.t✓4 
-+ 1c~+1~=:45 .78 + +1th+987~54:~~ _ +11+111111]. 1 
~ 1 t~f+ 1 ~:~45~,~78 + +t~5+9.:;7C, ~4~2 = + 1 ~+ 1 ~:~4~J~.J6L-
t~5+ 1 ~ =.45~7.~ — + 1 is+'1s~7~54 JL — + 1 ~-9~J7653s39 

+ 1(h+1~:~45~,7c; — +lid—~787~54:1` _ +11+111 11111 
ith-1~:~45~.7~: + +1td-987654:~~ _ +11-11111111 

-'75+~.~~77rJ655 - -'i5+~~~65544 = - 97+ 1 1 1 1 1 1 t~t3 
-'~1~+~.~,77L-E.`,5 - -CIE+8775544 = (Underflow) 
*Gl~i_ 4 

+'nth+~::;45~ ~4` + +~~8+~1~7~~J999~~ _ +9.J+999'~~1999 
+'i~+`:~45~345 + +98+'~R'~999~7~I = +9y+ 1 c~t~thth~tJ2 
~ 'I'l+c-7~.J54~~ 1 + +99+ 1 ~84567'~ _ (Overflow) 
~ G~,i~4 
+;~+y~j~l'~'7'I'79 * +44+~/~9'79'

x

7~~9 = +99+9999998 
- ~J ...J+ ~ L~J 4c ~~ / '1 * +49+ 1 G0t4 tit>(.~5~ _ -f ~ 1 +LLLLLZ~~L 

J 
-J _•{ 1 ~ =.45679 * — 49+~~ 10f~t~t~t3t~ _ -- 1 ~+ 1 ~c3c~Ut~t3t3 

-+'~'=~+'i99ri99'~9 +99-55~~,778~~ _ +t~1-179~J871s~ 
+ L19 - 55G~ 77.~~; * +t~ 1 — 1 7'7~370~i = +9'~+~?9~Iy9~?t)4 
~ '~'~-5..~/JE.77r ~J ~ +~ 1 — 1 19+J•.J7 1 ~ — (Overflow) 

Figure 2 

PROGRAM TITLE 
BCD ARITHMETIC FLOATING POINT PACKAGE 

FUNCTION Performs addition, subtraction, multiplication, and 
division of BCD floating point numbers. 

OPERAND 1 &OPERAND 2 —~ RESULT 

PARAMETERS 
INPUT: OPERAND 1 is in memory starting at address OP1. 

OPERAND 2 is in memory starting at address OP2. 
Length of operands and result are defined by LENG. 
ROUN contains rounding constant including offset 

of H'66'. 

OUTPUT: RESULT of the operation is stored in memory 
starting at address RSLT. 

SPECIAL REQUIREMENTS 

None 

HARDWARE AFFECTED 

REGISTERS 
RO 
X 

R1 
X 

R2 
X 

R3 
X 

R1' R 2' R3' 

PSU 
F I I SP 

X 

PSL 
CC 
X 

IDC 
X 

RS WC 
X 

OVF 
X 

COM 
X 

C 
X 

RAM REQUIRED (BYTES): 6 x LENG + 4 

ROM REQUIRED (BYTES): 644 

EXECUTION TIME: Variable 

MAXIMUM SUBROUTINE 

NESTING LEVELS: 2 

ASSEMBLER/COMPILER USED: TWIN VER 2.0 

3 



LINE RDDR C~tJECT E SrJI>~'CE LINE ADDR. OE-JECT E ~ ~JRCf 

8981 ~- F1~756118 
x681 **~*****~*~~*~.~~#~*~***~**********+*~************~ 
988 
x964 *BCD FU)r1T I NG POINT ~ I THt1ET I C: FFfCK FfGf 
C~E+65 + 

* TH 1 S F'Ai:k ref i:CwSI STS CAF THE ADG I T I Cw • 
6997 * 5~ ~6Tf<ffCT IC~tJ~ 
~i8 r: ML~LTIF'LICATIC~J, 
C+~309 * [> I t~' I S I ON 
x816 + RCS IT I NES FCC' TN~7 FLOATING ~ ~ I NT E~_ U NI_~ME~EF'r 
9811 +~ 
8812 «THE Ea_T~ FLOATING FtIINT Nl kS ARE REF'F'ESENTED 
E+013 * AS FC~LLC~ B4'TE 0 = S I ~~I C~ THE E ~'CMIENT 
x+014 +~ H 9N' =F'OS ~ H FN' =NEG 
8015 ~► B'T TE 1 = AESC~LUTE EXF'Cd~NT 
09i6 + E"T`TE ~ = S I r~N CAF THE P1ANT I SSA 
►3017 ' H 99'=F'OS~ H FH' =NEG 
0010 * B4'TE s-;>LEtiC;-1 = AE ~C~LUTE MANT I rcH 
i~tiy 
a62H * E"T TE <: = MS BYTE Cf THE MANT I S_~A 
9011 * THE Fti I NT F'OS I T I C>N I S I N FRCwT OF THE 
9911 « MANTISSA. 
061. t****v******~~:**~******~~****~_****~~********w.**** 
0024 
985 * DEFINITICwS C~ 54'ME~LS 
8826 9688 F'6 Etitl► 0 PRC~:ESSC~F'-REGISTERS 
8827 8861 R1 E~ I 1 
►3018 ~3E+8~ R2 E~ I 1 

8838 9980 S E~ I H 88 PSJJ SENSE 
aH ~1 6046 F E6111 H' 40 FLA+~ 
r~,z2 901a k5 Er~J H`19 PSL REGISTER TANK. SELECT 
Ora: t 6961 C: EDt_I H' ai GARRY,'NU BOk~'OI•I 
06.:4 68th CC~9 Ei~ l H a1' LOGICAL CUMff#f 
x635 aN9f~ WC E6~1 H a8' 1=JaITH~ ►~ITHUJT CARri'4' 
Nab E~3FF ALL EOa_I H' FF' ALL BITS 
~,N ~ 66N6 ~ EOLI a BRANCH ccwD ZERO 
X38 8861 P EDtI i POSITIVE 
ON ~ 0962 N EOU 1 NEGATIVE 
0646 6898 E6t ECRU a Et~JAI 
8841 8E+61 GT E~ I 1 G~'EATER THAM 
8842 8892 LT Et~U 2 LESS T}~J 
a~ < 988 ~ CkJ E~ I ~ l~[~pNp I T I OVAL 
0944 9869 ALl Ei~J 6 ALL BITS ARE 1 
0045 9662 Nt) ELI 2 M3T RLL BITS ARE 1 
4045 ********~**##*******:******~r.********#**************** 
0647 
6948 * DEFINITION ~ PROGRffM DEFINED SYMBOLS 
9649 9888 PCB E~lIJ 6 FUS I T I VE 
9856 86F8 NEG EQU H'F6' NEGATIVE. 
0851 8867 LENG EAtJ LENGTH OF OPERrfFJD 
6852 0884 LEN E6llJ LEND-s LENGTH Of MANTI55A. 
x653 6856 OFST EAu H'bb' OFFSET FOR ADOITICIN 
9854 
6855 ********~~►:****»:*************~*****~~*******ter***** 
8857 
6855 * SCkATCH PAD AREA IN SAME PAGE AS F'RC~~RAM 
ee59 4666 oRG H'6Ea' 
9658 * 
8851 86E6 PTR Rf5 2 ADDRESS POINTEk. 
8662 65E2 CNTk RES 1 INDEX l'OIMTER 
886 ~ * 
8864 86E5 GPA RES 1 OF'ERHND A kIORKAREa 
0865 86E4 EXFA RES i 
885b 86E5 SMAA RES i 
8857 85E5 Mf~i RES LEN+i 
8858 
8869 86J`E OPEC RES 1 OPERAND B WORKAREA. 
8878 a6EC EkPB RES 1 
6871 86JrD SJ'1AB RES i 
8872 96EE nANEt RES LFN+1 
99T; 
86'4 86Fs EXT RES LEN+i EXTENSION REGISTER 
8875 
8975 86F8 EEXf' RES i EXTENDED EXPOFJENT B. 
8877 
887E ********v~**~*** *~#* ~**s*********s***~*s**** 
8879 * 
8888 *OPERAND RREA -CAN BE OTHER F'AGf THf#I PROC~1 
8881 86F9 ORG H'768' 
8882 # 
8883 8786 OP1 RES LENG CkERAFG 1 STORAGE LOCATIONI 
8884 87x7 ~ RES LENG OPERfIND 2 STORAGE LOCATION. 
8885 878E k5J_T RES LE?JG RESULT STORHGE LOCATION. 
8887 *~«~**~*~►**~:~.*~:x***s******~►************~:***~~v~*****~-~* 
~~ 4 

4 

a8~ +~ START OF F~'OGF'AM 
9998 0715 l"~Rl"i H ̀ 44d 
E+F+Cfl +~ F'OIPJTERS AN[i TABLES CAF THE 

0891 + MAIN PF'I~GRAM. 

689. 6446 a7 F'TRi DATA ~~uF'i uF'ERANG 1 POINTER. 
~~ EW41 ►3a DATA ~OF'1 
6695 ►=~44~ ~.~? F'TR2 [~ATR ~:OF'~ uF'ERAP~~ t PGINTEF'. 
9995 044: a' DATA >~'1 
099? x444 07 SF'T1 [BATA 'C~F'1 ~ I iSFJ MANTIS=~ 
909.5, 0445 g9 DATA :%OF'~+ 
6099 944F. 07 PTRR DATA ~RSLT RES~_~LT POINTEF' 
NiE+H 044? !~E [~HTA RSLT 
8181 X3448 E.5 F1~lnJ DATA r~FST+H'S8' Rr11_ifJGINCi GCw~TANT H `_~0 
0102 
018. ~.*r~~::~**:~*:~****~►.+-~:******~:**~:*~►:v::~*~ *~:r~*~:*r r~***-r.~:** 
0104 
k~10G

alas 
0i67 * TRANSFER C~F'1--:- uPB WC~RKAkER, CLEAR EXTENDED REG. 
619r~ + OF'1-- % CF'A WC~kK:AREA~ ~=LEAk F~~I_~FJD E,'TTE 
a1E+9 9449 9587 TRAN LC~~I • ft'1 LEND LOAD IN[:~EX ~_~=iIJNTEF' 
ai10 044E 0{x:448 TkAi LO[~H~ R0 *PTR1~ F~i~ - U=wD E";TE C~FfRr~1D 1 
0111 044E C[~.EB STF'A~ k6 C~ff~~ F'1 STC~kE BYTE IN WU('k:fiREA C~F'B 
8111 x451 0DE442 Lr~[~A, F'a *PTk1~ t<'1 U=wD BYTE C~fRf~1D 1 
011 ~ 9454 C:D66E_< STRAP F'6 OPA~ R1 STC~'E BYTE IN WC~'kAREA ~=F'A 
0114 X3457 `971 BRNF'~ tt'i TRAi IF N+=iT READ't E:F'AhM_:H 
61i` 8459 G[~E+S~EA STF'A, Rl MANA+LEN CLEAF' F'C1LNJ<i BYTE 
8115 ►945+:. ►.+`0' LOGIC Ri LENG LOAD IN[~EX GC~_wTER. 
8117 84`~E 2E~ EC~'7 R8 GLEAR R8 
ai18 045E C:D4c•F1 TRA1 STRA. R6 MANE+LEN. F'i~ - CLEAR EXTEN[~ED REGISTEk. 

+~ TF'ANS~FER UF'EF~F~1[i5 SUBRC~ IT I NE 

0119 9462 `97E 6~tJF', F'1 TRAc 
0110 x464 17 RETG~Lw 
611 

TRANSFER OPERANDS SUBROUTINE 

Transfers operands OP1, OP2 

to work area; clears rounding 

bytes and extended register. 

TRAN 

Load length of operand in 
index register. 

No 

Decrement index counter and 
fetch byte of operand 1 
(indexed). 

Store byte in OPB (indexed) 

Fetch byte of operand 2 
(indexed 1. 

Store byte in OPA 
(indexed 1. 

Index counter = 0? 

Clear rounding bytes of OPA 
and OPB. 

Clear extended register. 

C RETURN , 

Figure 3 



ADDITION AND SUBTRACTION ROUTINE 

i 
Sign matissa OP6= 

sign matissa OPA? 

~' Yes 

No 

Call wbroutine add mantissas 

OPB + OPA—~ OPB 

Load length of operand in 

byte counter. 

Load high and low-order addresses of 

operand'OPB' in pointer registers. 

r 

Call subroutine shift right mantissa. 

Call subroutine increment exponent. 
 ~~ 

RDY 

Initialize: clear borrow 

Call subroutine compare mantissa 
OPB with OPA. 

Mantissa OPB < OPA? 

No 

Call subroutine subtract mantissas 
OPB—OPA ~ OPB 

Load length of operand 
in index register. 

Load high and low-order addresses 

of operand 'OPB' in pointer register. 

Call subroutine normalize. 

Call wbroutine round 

Extended exponent byte zero? 

Yes 

Yes

Subtract mantissa OPS from OPA; 
result in UPB. 

Transfer rewlt of operation from 

work area to RSLT. 

C RETUR

Error 
Halt 
ERR1 

Overflow 
Error 

DSUB 

Addition/subtraction of two floating point numbers 

UADD 

O 
Change sign mantissa operand 2 

(OP21. 

Initialize: 
operations witfi carry, logic compare 

Call wbroutine transfer operands 

to work area. 

Initialize: clear carry. 

Sign exponent OPB = OPA? 

Yes 

Exponent OPB> OPA? 

~' No 

Exponent OPB = OPA? 

No 

Sign exponent OPB positive 

1=01? 

es 

No 

Sign exponent OPB positive. 

1=01? 

Load high and low-order 
addresses of operand 'OPB' 
in pointer registers. 

Figure 4 

VES 

Load high and low-order addresses of 

operand 'OPA' in pointer register. 

Load length of operand in byte 
counter. 

Call subroutine shift right mantissa 

Call wbroutine increment exponent. 

LINE ADOR ~~6JECT E ,OURCE 8148 A482 8486 DA7 LOOI~R6 <OPA LOAD HIGH AND LOW ORDEk 

~;. 
1~_ 

8249 8484 85E< 
8158 8486 8687 

LOUI, R1 ?OEf1 
GA4 LUDI,R2 LENG 

RDOR CIPERfi~A A 
LOhYi LENGTH INDEX. 

6124 8151 8488 3F9681 BSTR~UN SHER *l~L SU6'R. SHIFT RI~~IT 
6125 SUE+TRf~C:T I ON ROUTINE 8152 6488 3F869F BSTR~ UN INCfi *CALL SUER. INCREMENT EXF 
4126 * 

6153 648E IB66 BCTR,UN DA2 
6127 

6128 

* THIS ROUTII~ SU6TRACT~ TWO ~ FLGATING POINT I~~PftERS 
* 

6154 6498 8486 
6155 6492 85EB 

DAS LODI,RB ~OFB 
LOGI~Ri >OF'8 

LOAD HIGH RNU LGW ~~'DER 
RDOFt. GPEF~ B 

6129 64b` 9F8444 OSUE~ LODA ~ k3 *SPT2 LOAD SIGN MANTISSA OP2. 8156 6494 1678 BCTR~ UN Dfl4 
6136 646i~ 27F6 FOR I ~ R3 H F6' C~lff S I GFI. 8157 8496 8C86EC DA6 LODA,RB EXPB LOf~ EXP E. 
6131 846A 1663 6'C:TR~ UN DA1 6158 6499 EC86E4 CDMA.RB EXPA COF~f1RE WITH EXP k 
813 8159 8490 1962 BCTR~GT UA3 ERAtiCH I F E>fl. 
613 8168 449E 1884 Ei:TR~ ED DADS ERf?F1CH I F B-- A. 
6134 8161 84A8 5968 ERNR,R1 DA7 IF NECK EXP INCR OPERI~JD A 
6135 * ADDITION RQUTINE 8162 8482 1B6C ECTR, UN DA5 ELSE I FiGRQ£NT OPERAF~i E 
6136 8163 
8137 
6138 

THIS ROUTINE ADDS TWO ECU FLOffTING POINT NIM~RS 
* 

8164 84fl4 6C86E5 
8165 84R7 Ef86EG 

DADS LODfl~RB SMAA 
COMii, R3 SHRB 

LOAD SIGN MANTISSA R 
CUrf'ARE WITH SIGN E 

6139 6460 BF8444 [>HDD LODA,R3 *~PT2 LOAD SIGN MANTISSA OP2. 8166 84AA 9818 Bt,.FR, E6~ Df~l Bi~lCH IF NOT EQl1ffL 
6148 646E 776A DAi Pf'SL WC+COM WITH t'fIkRY/LOG I C CO~ARE. 6167 84AC ~2C BSTR,UN RDD *CF~L ~ RDD I T I ON ~=Es+fl 
6141 6471 3656 65TR,UN TRAM *CALL SUBR TRANSFER uPERANDS 8168 84RE 6688 LODI~R2 LENG+1 LOAD LENGTH OF SHIFT CbII~JTEk 
6142 6473 C~86E5 STAR, k3 SMAA STORE SIGN IN I)F'EFtRrU A. 8169 8468 8486 LODI~R6 <OPB LOAD HIGH RND LOW ORDER 
6143 6476 7581 DA2 CF'SL i; C~Ef~' CfIRkY. 8178 8462 85EB LOO I ~ R1 >OP8 RDOR OPERf?FD 6 
6144 8478 80N6EB LCIOR, R1 OPE LCD SIGN EXF. 6. 8171 6484 3F6681 BSTA,UN SHFR *CALL SUBR SHIFT RIGHT. 
6145 647'8 ED86E3 C~~ Ri OPt~ GOMF'fiRf WITH EXPA 8172 8487 ~669F BSTR, I~ I NCB' *CALL SUBk. INCREhENT EXP 
A146 A47E 1816 BCTR, E6t DA6 IF Ef~l1AL BRRNC~N ELSE TEST 8173 84$A iBil~ BCTR, UN RI~rY ADDITIGN READY BRRNC?I. 
13147 b486 596E Dif3 BRNR, ki Dk5 SIGN ANU BRANCH I F NEG. 8174 94BC 7791 DflDi PP51 C aEAR aoRROW 
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8175 846E 3831 
8176 8408 1A84 

8177 8402 383A 
8178 94C4 1611 
8179 8406 Cf 86ED 
4188 84C9 9695 
9181 84C8 8E46F6 
81~ 84CE AE66EE 
8183 84Di 94 
8184 8402 Cf 66FE 
81~ 8405 SA74 
8186 8407 iF8539 
8187 

BSTR,IM COiMP *CALL SUER. COMPARE R-B. 
BCTR,LT DAD2 IF B<A BRfN1CH ELSE 
BSTR, L 5118 *CALL SUBR SUBTRACTION B=6-fl. 
BCTR, UN RDYi IF SUBTRACTION READY BRANCH. 

DAD2 STRA, R3 Shlf#3 STORE NEW SIGN EXP IN B 
LODI, R2 LEN+1 LOAD SUBTRACTION COLTER. 

DADS LODA, R8 MANA, R2, - LOAD BYTE MANTISSA A_ 
SUBA, R8 MRNB, R2 SUBTRACT BYTE MANTISSA B. 
DAfL R@ DECIMAL ADJUST RESIN 
STRfI, R8 MRNB, R2 STORE RESULT IN B. 
BRIM, ~ Df03 IF NOT kERDY E~lCil 

RDY1 BCTA, L ROY BRf?t+IC~N TO NORMAL I ZE rND kOI,N 
* 

82@3 84EF 5fl7@ 
82@4 @4F8 17 

8286 
9267 
8268 
82@9 
821@ 84F1 06FB 
8211 84F3 AE65F3 
8212 84F6 EE65E6 
8213 84F9 9882 
8214 84FB DA76 
8215 84FD 17 

BRNi., R2 RDDi IF NOT kEADY BkAhICH. 
RETC, UN 

* t~i~RE SIIBROIIT I NE_ 
* THIS SU61t0UT I NE COhFARES B AND fl 
* ~ THE CC RRE SET TO THE PkOFER VALUE. 

COMP LOOI, k2 -LEN-i LOf~ INDEX COLTER. 
Ct1Mi LODA, R8 MANB-25o+LEN+L R2 LOAD BYTE OF OPERAND B 

COMA, k8 MANA-256+LEN+L R2 COrf'ARE WITH B 
BCfk, EQ COM2 BRANCH IF NOT EQUAL. 
B I RR, k2 COMi I F NOT READY BRANCii. 

COM2 RETCH L 

8189 + ADDITION SIIBkUUTINE 
8216 * 

819@ * THIS SUBROUTINE FERFGkMS THE ADDITION OF 
8217 * SUBTRACT SUBROUTINE. 

8191 * B+A —16. 8218 * THIS ROUTINE SUBTRACTS R FROM B AND THE RESULT 

8192 * 8219 * IS PLACED IN B. B-A=6 

8193 84DA 7591 ADD CBSL C CLEAk CARRY. 822@ * 

ei94 84Dc e5@@ LOUI,Ri 8 CLEAR INTERSYTE CARRY AEG. 8221 84FE 7781 SUB PP~l. C CLEAk BORROi~L 

8195 840E 8695 LODI. RZ LEN+1 LOAD INDEX COLTER. 8222 @589 9685 LOOI.R2 LEH+i LORD INDEX COUNTER. 

@196 84E6 51 ADD1 RRR,R1 SHIFT CARR4' IN R1. 8223 8582 8E46EE SUBl LODA, R8 MANB, k2 - LOAD BYTE MANTISSA B 

8197 94Ei 9E46EE LOUR, R9 MANB, R2, - U~h10 MANT I SSR BYTE B. 8224 8585 AE66E6 SU6A, k8 MANA, R2 SUBTRACT BYTE MANTISSA k 

8198 84E4 8466 ADOI, R8 H'66 AN[> HD{i OFFSET. 8225 8588 94 DflR, R8 DECIMAL ADJUST RESULT. 

8199 84E6 Di RRL,ki SHIFT INTER84TE CARRY IN C. 8226 8589 CE66EE STRA, R8 MANB, R2 STORE RESULT IN B 

8288 84E7 8E66E6 ADDA,kB MRF~•R2 ADU MANTISSA BYTE A TO B. 4227 958C 5A74 BRNR, ~1 S161 IF NOT kEADY BRRNC~i. 

8281 84EA 94 DflR,kB DEC RDJ ADDITION kESULT 8228 859E 17 RETC, L 

8282 84E6 CE66EE STRA,R@ MANB~k2 STORE P.ESULT IN MANTISSA B 

ADD MANTISSA SUBROUTINE 

Adds mantissas of OPB and OPA, 

result is placed in OPB. 

ADD 

COMPARE 

Compares 
set 

MANTISSA SUBROUTINE 

mantissa of OPB with OPA to 
the condition codes CC. 

COMP 

No

SUBTRACT MANTISSA SUBROUTINE 

Subracts mantissa OPA from OPB; 
result in OPB. 

SUB 

Initialize: clear carry and 

interbyte carry register. Load length of operands in 
index register (negativel. 

Intialize: clear borrow 

-- - 

. 
Load length of operands 
in index register. Load length of operand 

in index register. 

No 

~ 

Fetch byte of operand OPB. 

No 
- 

N° 

I~ 
'r ~ 

Decrement index counter and fetch 
byte mantissa OPB (irxlexedl. Shift carry right into 

interbyte carry register. 

Compare with corresponding 
byte of operand OPA. 

~r 
i 

~
Subract corresponding byte 
mantissa OPA. Decrement index counter and 

fetch byte of operand OPB 
(indexed 1. 

Equal? 
Decimal adjust result. 

~ Yes 

♦ Increment index counter, 
test for zero? Store result of subtraction 

in OPB. Add displacement H'fi6'. 

Yes 

Shift leh interbyte 
carry into C. 

Index counter = 0? .~ 

Figure 6 

Yes 

~ 
' 

C RETURN,
Add bytes of operand OPA. 

Decimal adjust result. 

Figure 7 

Store result of addition in 
operand OPB. 

Index counter = 0? 

Yes 

C RETURN , 

Figure 5 
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LII~ RUDR OBJECT E SOUk~E 

6231 ************************~«*************************** 

6232 
6233 *THIS IS PART OF DIVISION ROUTINE - PLACED HERE FOR 

6234 * ACCESS TO SUBRGIJTINES 8Y RELATIVE f~ORESSING 
6235 
8236 65AF 6769 DIV LOUI,R3 LEN+LEN+1 LORD DIVISION COUNTER 

8237 8511 6566 DIV1 LODI,F~Y 8 CLEAR RESULT COUNTER. 
6238 8513 3850 U I V2 BSTR, UN COMP *t'fILL SUER COrPf~tE A - B. 
8239 6515 iR67 BCTR,LT DIV3 IF B<FI BRANt~. 
8246 8517 3665 BSTR,UN ~ *CALL SUBR SUBTRACTION B-fl 
8241 6519 8566 RDDI,R1 H'66' INCREMENT kESI~T GOUFITER 
6242 651E 95 DAR, R1 DECIMAL ADJUST RESULT 

6243 851C 1875 BCTR,UN DIY2 
8244 851E 8D66F7 DIV3 RDDA.Ri MANB+LEN+LEN+i ADD COIIFITER TO LS BYTE. 
8245 8521 CD66F7 STRA,R1 MRNB+LEN+LEN+i STORE RESULT IN EXT. REG 

8246 8524 8486 LOUI,R6 <OPB LORD HIGH RND LOW ORDER 
8247 6526 85EB LODI,Ri >OP8 ADDR OPERl~D B. 
8248 6528 868D LODI,R2 LENG+LEN+2 LGffD LENGTH INDEX 
8249 652A 3F8591 BSTR,UN SHFL *CALL SUER. SHIFT LEFT. 
8256 852D FB62 BOAR, k3 D I Vi I F NOT READY BRf~ICH. 
8251 652E 3F869~ BSTR, UN INCft ~L SUBR INCREMENT EXP. 
8252 8532 8789 LOOI,R3 LEN+LEN+i LORD SHIFT COUNTER. 
8253 8534 3F859R DIV4 BSTR,UN SFL *Cftl. SUBR SHIFT LEFT. 
8254 8537 FB7B BDRR,R3 DIV4 
8255 * NORMIZE AFA TRANSFER 
8256 8539 8486 RDV LOD L R6 <OPB LORD HIGH RNU LOW ORDER 
8257 6538 85EB L00 L Ri >OPB RDOR. ORERA~D B. 
8258 6530 8689 LODL R2 LENG+2 LOAD LENGTH INDEX REGISTER. 
8259 053E 3814 BSTR,UN NORM *CALL NORMALIZE SUER. 
6268 6541 3F0669 BSTA,UN RND *CALL ROUNDING SUER. 
8261 8544 8C86F8 LOOA. R8 EEXP LOAD EXTENDED EXF'OFENT. 
8262 0547 •~::: BCFR Z ERRi IF EXT. EXP. NOT ZERO BRANCH. 
8263 * TRANSFER RESULT 
8264 6549 8767 LODI,R3 LENG LORD INDEX LENGTH OF REGISTER 
8265 854E 6F46EB RUY2 LOOA, RB OPB, R3, - LOf~ OPERf~D B BYTE 
8266 654E CFE446 STRA, RB *PTRR, R3 TRANSFER TO RESULT LC1C~fT ION 
8267 8551 5878 BRNR,R3 RDY2 
8268 8553 17 RETC,UN 
8269 8554 48 ERR1 Hf~T OVERFLOW HALT. 
6278 

6272 * NOF~tIAI I ZE SlJBROUT I NE. 
6273 
8274 6555 f~66E2 NOkf'I STAR. R2 CNTR STORE INDEX REGISTER. 
6275 6558 CC66E9 NRM6 STRR,R6 PTR STORE HIGH AND LOW ORDER 
8276 6558 Cfi66Ei STAR,Ri PTR+i RDDk OPERAND. 
6277 855E 6768 NRM LODI,R3 6 CLEAR ZERO DIGIT COUNTER. 
6278 656b 65~ LODI,Ri 2 LOAD INDEX COUNTER. 
6279 6`,,62 7561 CfSL C C'LEffFt CARRY. 
8286 6564 8UR6E6 NRMi LOGFf, R6 *PTR, R1, + LORD MANTISSA BYTE 
6281 6567 9819 BCFR,Z NRM2 
8282 8569 8762 ADO I, k3 2 UF'DRTE ZERO U I G I T COI~lTER. 
8283 6566 E587 COMI,Ri LENG BRflNI'H IF END OF MANTISSA 
62'84 656D 9875 BCFR,ED NRMi NOT REAC~EG ELSE UPDATE 
8285 656E Ci STRZ R1 FORMAT TO REPRESENT ZERO. 
6286 6576 64F8 LODI,R9 H'F8' NEG SIGN -~ SIGN EXP. 
62$7 6572 CC86E6 STRA,RB *PTR 
8288 6575 6499 LODI,R6 H`99' MRX -> EXI; 
82$9 6577 CDA6E6 STAR, R6 *PTR. RL + 
8298 6578 28 EURZ R6 PO'S -> SIGN MANTISSA. 
8291 6578 CDA6E6 STAR, R8 *PTR, 4L + 
6292 657E CC86F8 STRA,RB EEXP NEAR EXTENDED REGISTER. 
8293 85$1 17 RETC,UN 
6'294 
8295 8582 44F8 NRM2 RNDI.R6 H'F8' TEST MS DIGIT OF MANTISSA 
6296 8584 9882 BCFR~Z NRM3 BYTE. 
8297 8586 8761 RDDI, R3 1 UPDATE ZERO C011r(TER. 
6238 6588 63 NR!'["s LOOZ R3 UPDATE CONDITION CODES. 
6299 8589 14 RETC, Z BRf~IC,H I F (R3) ZERO. 
6386 6588 388E NRM4 BSTR,UN SFL *CALL SUBR. SHIFT LEFT. 
6381 6580 3821 BSTR, UN DECK *CALL SUBR DECRQENI~ EXP. 
6382 658E FB7R BDRk. R3 NRf14 DECR. ZERO DIGIT f~llllTER 
e363 e59e 17 RETc. uN 
6364 * 
6365 * SHIFT LEFT 511FiR011TINE 
6386 * THIS SUER. SHIFTS OPERAND ONE DIGIT LEFT. 
8387 * EXTENDED REGISTER INCLUDED 
6388 * CARR'Y MUST BE ZERO 
e369 * 

NORMALIZE SUBROUTINE 

Normalizes operand addressed by 

pointer PTA. Length is indicated 

by CNTR. 

NORM 

U 
Store index counter in CNTR. 

Store high and low-order 
address operand in PTA. 

Initialize: clear carry, clear 
zero digit counter. 

Load index register with 2 to 
point to mantissa. 

No 

Increment index counter and 
fetch byte of mantissa (indexed 1. 

zero? 

`~ Yes 

No 

Add 2 to zero digit counter. 

Index register pointing to 
least-significant mantissa byte? 

Yes 

Update format for zero 
representation 
Negative —►sign exponent 
H'99'—i exponent 
Positive—► sign mantissa 

Figure 8 

Most-significant digit mantissa 
byte =zero? 

Yes 

Add 1 to zero digit counter 

Content of zero digit 
counter = 0? 

No 

Call subroutine shift left 
mantissa. 

Call subroutine decrement 

exponent. 

Decrement zero digit counter, 
test for 0? 

Yes 

C RETURN 

Yes 

7 



LINE RDDR OBJECT E SCN~cCE LINE RDDR OBJECT E SOURCE 

8318 8591 CE86E2 SHF~ STRR, R2 CNTk STORE BYTE SHIFT COIAtTER. 8338 6585 li#~ BCTR, Z DEC3 IF POSITIVE BRANCFI. 

8311 8594 CC86E8 SFLB STkA,RB PTR STORE HIGH AND LOW ORDER 8331 6587 34b7 DECi AD{~I,R6 H'b?' AD4 1 TO EXF'OFENT. 
8312 8597 CD86E1 STRA,Ri PTR+i ADDR. OPERAND_ 8332 6569 94 DAR, R6 DECIMAL ADJUST RESiJLT. 

8313 859A 8584 SFL LODI,R1 4 LOAD BIT SHIFT COUNTER. 8333 658A 181A BCTR,Z ERIC IF (R8)=8 BRANCH TO ERROR 

8314 859C 8E86E2 SFLi LODA,R2 CNTR LORD BYTE SHIFT COUNTER. 8334 8580 CDE6E6 DEC2 STRA,RB *PTR,Ri STORE RESULT IN EXPONENT. 

8315 859E 7581 GPSL C 8335 dSffF 17 RETC, UN 
8316 8581 8EC6E8 SFL2 LODA, R8 *PTR. R2, — LGf~ BYTE Of M~WTISSA. 8336 

8317 8584 D8 RRL, R8 ROTATE LEFT 8337 85C8 5S8F DEC3 BRNR,RB DECS IF EXPONENT NOT ZERO BRANCH. 

8318 85A5 CEE6E8 STRA, R8 *PTR, R2 STORE RESULT. 8338 8502 EC86F8 CCM~i, R8 EEXP COMPARE EXTENDED EXPONENT 

8319 85A8 E683 COM L R2 3 COMPARE INDEX WITH START OF 8339 85CS 988? BCFR,EQ DEC4 WITH 8, I F NOT EQUAL BRW+ICtI 

8328 85AA 9875 BCFR, EQ SFL2 REGISTER, BkANC1i IF NOT RERDY 8348 8507 86F8 LODI,R"1 H'F8 NEGATIVE SIGN. 

8321 85AC F96E BORR, R1 SFLi IF NOT RfF~i' BRACH. 8341 85C9 CE86E8 STRA,R2 *PTR STORE FEG SIGN IN OPERANE. 

832'1 856E 17 RETC, UN 8342 85CC 1669 BCTR,JN DEC1 

8323 8343 

8324 * DECREMENT E)~iINENT OPERAND 8344 85CE CC86F8 DEC4 STRA,RB EEXP CLEAR EXTENDED D(POFENT 

8325 * THE ADDRESS OF THE OPERf~i) 15 IN PTR 8345 85Di A488 DEC~S SUBI, R6 8 SUBTRRC:T 1 FROM EXPONENT. 

8326 * (R1) MUST BE ZERO. 8346 65D3 94 DAR, R8 DECIMAL ADJUST. 

832? * 8347 ~U4 1666 BCTR,UN DEC2 

8328 65AF 8t)A6E6 DECK LOi~A, R6 *PTR, RL + LOAD EXPONENT OPERAND. 8348 * 

8329 8582 6E86E6 LODA,R2 *PTR LOAD SIGN EXPONENT. 8349 85D6 48 ERR2 HALT UNDERFLOW HALT. 

SHIFT MANTISSA LEFT SUBROUTINE 

Shifts mantissa of operand 
addressed by pointer PTR 
one digit left. 
Length of operand is 
indicated by R2. 

SHFL 

Store R2 in CNTR. 

Store high and low-order 

address operand in PTR. 

Load bit shift counter. 

 -1 
Fetch length (CNTR) in 
byte counter. 

Clear carry. 

RETURN

Figure 9 

DECREMENT EXPONENT SUBROUTINE 
DECK 

Increment index counter and 
fetch exponent of operand 
(indexed). 

Fetch sign of exponent. 

Extended exponent zero? 

Store negative sign exponent 
in operand. 

Increment negative exponent by 1. 

Decimal adjust result. 

Store result in exponent byte of 
operand (indexed). 

C RETURN

Error Halt 

ERR2 

Decrement exponent of operand addressed 
by pointer PTR. 
Sign is included. 
Index register must be zero. 

No 

No 

Underflow error 

i 
Clear extended exponent. 

Decrement positive exponent by 1. 

Figure 10 
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MULTIPLICATION AND DIVISION ROUTINE 

DDIV 

Multiplication/division of two floating point 
numbers. 

DMUL 

Clear flag for multiplication. 

Set flag for division. 

Change sign exponent of divisor IOP21. 

Initialize: Clear borrow, operations 
with carry, logic compare. 

Call subroutine transfer 
operands to work area. 

Flag set for division? 

No 

Yes

Sign mantissa

) 

OPB = OPA? 

1 Yes 

0 

Divisor zero? 

r  Yes 

Error 

Halt 
ERR3 

Result sign mantissa positive. Result sign mantissa negative. 

Sign exponent OPB = OPA? 

Exponent OPB >OPA? 

No 

Exponent OPB = OPA? 

Yes 

Yes

s 

Result sign exponent is positive. 

Result sign exponent is 
sign exponent OPA. 

Subtract exponent OPB 
from exponent OPA. 

1 
Result sign exponent is 
sign exponent OPA. 

Add exponent OPA to exponent OPB. 

Save carry in extended 
exponent register. 

s 
Result sign exponent is 
sign exponent OPB. 

Subtract exponent OPA 
from exponent OPB. 

a 
0 

Clear carry. 

Load high and low-order addresses 
of operand 'OPA' in pointer register. 

r 
Load length of operand in 
byte shift index register. 

Call subroutine shift right 
mantissa. 

Flag set for division? 

r No 

Load shift counter to shift 
(LEN +LEN + 2) times. 

Load high and low-order addresses 
of operand 'OPB' in pointer register. 

Load length (LENG +LEN + 1► 
in byte shift index register. 

Call subroutine shift right 
mantissa . 

Decrement shift counter 
test for zero? 

Yes 

Load multiplication counter 
(LEN +LEN►. 

 ► R 

Call subroutine shift right 
mantissa-

Least significant byte 
extended mantissa zero? 

~ No 

Decrement least-significant byte 
extended mantissa by H'10'. 

Call subroutine add mant~ssa~ 
OPB + OPA —~ OPB. 

Figure 11 

Yes 

Decrement multiplication 
counter, test for 0? 

Yes 

(Figure 4) 

RDY 
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MULTIPLICATION AND DIVISION 
ROUTINE Cont. 

DIV R 

Load div~s~on counter 
with (LEW +LEN + 11. 

Inmalize: Clear carry. 

Clear result counter. 

Call subroutine. 
Compare mantissa OPB with OPA. 

Mantissa OPB ~ OPA? 

Yes 

Call subroutine subtract 

mantissa OPA from OPB. 

Increment and decimal adjust 
result counter. 

Add rewlt counter to 
least-significant byte extended register. 

Load high and low-order 
addresses of operand 'OPB' 
in pointer register. 

Load length (LENG +LEN + 21 
in byte shift counter. 

Call subroutine shift left 
mantissa. 

Decrement division counter, 
test for 0? 

Yes 

Call subroutine increment exponent. 

Load shift counter 
(LEN +LEN + 11. 

Call subroutine shift left mantissa. 

Decrement shift counter, test for 0? 

Yes 

C RDY 

(Figure 4) 

Figure 11 A 

10 

LINE Aft 06JECT E w~JRCE 

6351 * 
6352 6`~'~7 46 ERRS HALT 
6353 * 
6354 ************~:*********.«***************************** 

6355 
6356 *DIVISION ROUTINE 
6357 * 
6358 *THIS ROUTINE DIYIGE~ TWO BCD FLCIATING POINT NUMBERS 
8359 
8368 8508 8788 DOIY LODI.R3 H'88' LC~fO k3 (DIY FLAG). 
8361 850A 9E8442 LODA. R2 *fTR2 LCRfO SICitV E7~2. 
8362 85DD 26F8 EORI,R2 H'F8' ~ f SIGN 
8363 950E 1895 BCTR,UN DM1 
8364 
93b5 ******~wr********************************************* 

e366 
83b7 *MULTIPLICATION kOUTINE 
6368 
8369 *THIS ROUTINE MULTIPLIES TWO 6C0 FL[~ATING POINT NlJI16ER5 
e379 * 
8371 95E1 6768 [~ LC~DI,k3 8 GEAR R3 (MUL FLAG) 
8372 85E3 8E8442 LOUA,R2 *PTR2 LORD SIGN Ems. 
6373 85E6 7796 DM1 PFSL WC+CU4+C INITIALIZE: WITH CARRY 
8374 * LOGIC C'Off'ffRE~ CLEAR BORROW 
8375 85E8 3F9449 BSTA, UN TRAM *C#It.L SUER.. TRANSFER. 
8376 85EB 83 LOOZ R3 UPDATE t~ITION GOOES. 
6377 85EC 18'65 BCTR,Z DM2 IF NOT ZERO(DIV) TEST FIRST 
6378 95EF 9C96E6 LO[~A,R9 MAMA BYTE MANTISSA R. 
6379 95F1 1864 BCTR,Z ERRS IF ZEkO DI+r'. ERROR (3) 
9388 85F3 9C86ED DM2 LOUA,R6 SMRB LORD SIGN MANTISSA B. 
9381 85F6 EC96E5 C~,RB SMAA urtPARE WITH SIGN R. 
6382 85F9 1864 BI;TR, EQ DM3 IF EQUAL BRANCH FOR POS. SIGN 
6383 85FB 64F6 LCbI,RB H'F6` ELSE LOAD NEG. SIGN. 
6384 85FD 1681 BCTR,UN DM4 
6385 ASFF 28 DM3 EORZ R6 itERk R9 (POS. SIGN MANTISSA) 
6386 6699 CC96ED D~44 STRA,R9 SMAB STORE R8 (SIGN) IN SIGN MRN B 
6387 
6388 6683 EE96EB COMA, R2 OPB COfPARE SIGN ElO~fi AND EXPB. 
8389 8686 9880 BCFR,EQ DMU 
8398 86818 8C86E4 LODA, R8 EXFR LOAD EXP. A 
8391 9686 8465 fi)DI,RB H'65' ADD OFFSET (C=1) 
8392 9680 8C86EC ADDA,RB EXPB ADD EXPB+A 
8393 8618 94 DAR. R8 DEC. RDJl15T RESULT. 
6394 9611 Di RRL Ri SHIFT CfIRRY I N Ri 
6395 6612 161E BCTR,UN DMU4 
6396 6614 8C86EC DMJ LOOA, R8 EXPB LCI(~ E~O~ENT 6. 
6397 8617 EC96E4 COMfi, R8 EXPA CUMPfIRE WITH Ems. R. 
8398 8618 198C BGTR,GT UMJ2 BRANCH IF GREATER 6-A 
8399 861C 9892 BCFft,EQ DMU1 IF NOT EQUAL A-B 
8468 861E 8688 LODI,R2 8 LOAD POS SIGN INDICATOR. 
8481 8628 8C86E4 DMJi LODA,RB EXAA LOAD EXP. A FOR SU6TRACTION. 
8482 8623 RC86EC SU6A,R8 EXFB 
8483 8626 1896 BCTR,UN DMU3 
8484 8628 9E86EB DMU2 LUDH,R2 OPB LOAD SIGN OF OPERAFD B IN R2. 
8485 8626 AC86E4 SU6A,R9 EXFA SUBTRACT EXP R FROM B. 
6486 ►362E 94 UMU3 GAR, R6 [SEC ADJUST RESULT. 
849? 962E CE66E6 STRA, R[ UPB STORE RESI~IT CAF SIGN E;SF' 
6488 6632 GC86EC GMU4 STRA,R6 EXPB STORE RESULT EXP. 
6485 6635 i;D66FE STAR• Ri EEX'P STORE iriRFtY FRC~1 AD[i I T I C>N 
6416 6638 ?581 CPtiL C CLEi~R CF~RY. 
6411 663R 8466 LODI,k9 ~OPA U~AD HIGH AND LOW ORDER 

6412 %3C 85Es LUDI, R1 1lX~A ADGR UF'ERAND R. 
6413 %3F 6667 LOUI,R2 LENG LUAU ~RIFT LENGTH INDEX. 
6414 6644 363E 65TR.UN SHFR *GILL SUER. SHIFT kIGHT 

6415 6642 SF~AF BRNA,R3 DIV IF R3 NOT ZEkO DIVISION ELSE 
6416 * MULTIPLICATION. 
8417 8645 6788 MUL LCbI,R3 LEN+LEN+2 LC>f+D SHIFT COUNTER. 
8418 8647 6496 MUL1 LODI,RB <OPB LORD HIGH AND LOW uRDER 
8419 6649 95EE LORI~R1 >OPB ADUR OFERffND B. 
9428 4646 968C LOOI~R2 LEN(i+LEN+i LOAD SHIFT LENGTH INDEX. 
8421 964D 3832 BSTR,UN SHFR *CALL SUER SHIFT RIGHT. 
8422 864E FB76 BDi2R, R3 MUL1 I F NOT READ4' B'kANCH. 
9423 9651 8788 LUDI,R3 LEN+LEN LOAD MULTIPLICATION CXXJNTER. 
8424 %53 3835 MUL2 BSTR,UN SHF *CALL 9JBft SHIFT RIGHT. 
8425 9655 9C86F7 MUL3 LOGA,RB MANB+LEN+LEN+i LCIf~ LS EYTE EXT. MAN. 
8426 6658 188A BtTR, Z MUL4 IF ZERO BRffiGtl 
6427 965A A48F SI.QI, R8 H 6F' SUBTRACT H'18' FRC~1 LS BYTE 
8428 965C CC66F7 STRA,R6 MRN6+LEN+LFN+1 STORE RESULT IN B. 
8429 665E 3F840A BSTA,IM ADD *CALL SUER. RDDITICIN. 
8436 8662 1871 BCTR,UN MUL3 
8431 
9432 86b4 FBbG MUL4 BDRR,k3 MUL2 IF NUT READY BRANCt1. 
8433 * GO TO NORMALIZE. 
8434 866b iF8539 MUUI BCTA,UN RDY MULTIPLICATIONrDIYISIUN READY 
943s 
8436 * 



LINE RDDR OBJECT E SOIJRCE LINE A[>D(t OBJECT E SOURCE 

8437 * kOI~D I NG QF OPERAFO B (UPT I ONAL) . 0465 0698 9874 BCFR,E~ SHF2 INDEX,, BRANCH IF NOT READY. 
8438 * 046b 069A 7581 CPSL C C~EAF' ~ARFtY 
8439 8669 8C8448 RND LOOiI, RB ROM LOAD ROUNDING GONSTRNT. 8467 0690 F96E BDRR~Ri SHFi DECREMENT BIT CjX1NTER 
8448 8660 8585 LODI, R1 LEN+1 LORD INDEX CCAJNTER. 0468 069E 17 RETC,UN 
8441 866E 8D46EE RNDi RDDA, R8 MAN6, RL - ADD BYTE MRNT I SSA B. 0469 

8442 8671 94 DAR,RB DECIMAL ADJUST RESIN. 8470 * INCREMENT EXPC~ENT CAF C~F'ERRND SUBROUTINE 
8443 8672 (~66FE STRA, R8 MAN6, Ri STORE RfSIILT IN ~. 8471 * CGNUITIUN (R1>=8 AND CARRY C=E+. 
8444 8675 8466 LGDI,RB OFST LOAD R8 WITH OFFSET TO ADD C. 8472 * THIS SIEtROUTINE INCREMENTS THE EXPONENT CAF AN 

8445 8677 597'5 BR?~R, Ri RNDi 8473 * OPERf~ I NCLUU I NCi SIGN. 
8446 8679 8581 TPSL C 8474 

8447 8678 16 RETCH NO IF NG GARRY RETUR.F1 8475 869E 0DA6E9 INCA LODA, R8 *PTR, RL + LOAD EXPONENT OF OF'ERt~lD 

8448 8670 388C BSTk,UN SHF *CALL SUBR SHIFT RIGHT. 0476 86A2 8E86E8 LOUfi, R2 *PTR LOAD S I CiN EXPL~NT. 
8449867E 381E BSTR,UN INCA *CALL SUER INCREMENT EXP. 8477 96A5 988E BCFR, Z I NC:2 BRANC1i I F SIGN NE~~iT I ~'E 
8458 8688 17 RETC, UN 8478 96A7 8467 RDD I, R6 H' 67' INC~REhENT EXPCM~ENT 

8451 8479 86A9 94 GAR, R8 DECIMF~ ADJUST. 

8452 SHIFT RIGHT SUBROUTINE 84:•: 86AR 9885 BCFR, Z INCi BRANCH IF NO OVERFLOW. 
8453 * THIS SUBROUTINE SHIFTS A REGISTER DEFINED 8481 86AC 8581 LC~UI, Ri 1 IF OVERFLOW PUT i IN EXT EXP 

8454 * BY PTR ONE DIGIT RIGHT 8482 86AE CD86F8 STRA, Ri EEXP 
8455 * 8483 8681 CDE6E8 I NC1 STRA, R8 *PTR, Ri STORE RESULT r~F EXPC~NT. 
8456 8681 CE86E2 SHFR STRA,R2 C~NTR STORE END OF INDEX 8484 8684 17 RETC, UN 
8457 8684 CC86E8 SHFB STRA,RB PTR STORE HIGH AFD LOW ORDER 8485 8685 5$8s INC2 BRNR,RB INC3 IF EXP NOT ZERG BRANCH. 

8458 86$7 CD86E1 STRA, Ri PTR+i f~DRE55 OF OPERftD 8486 8667 CC86F$ STRA,R6 EEXP CLEAR EXTENDED EXF. 
8459 868A 8584 Sif LGU I, Ri 4 LOAD BIT SHIFT COULTER 8487 868A R488 I NCs SUB I, R8 DECREMENT NEGATIVE EXF'OFENT. 

8468 86SC 8682 Slfi LOOI, R2 2 LOAD START OF INDEX 84$8 866C 94 DAR, R8 ,' 
8461 868E BEA6E8 SHf2 LODA, R8 *PTR, R2, + LOAD BYTE OF OPERAfiD AND 8489 866D 5872 BRNR:RB INCi IF NOT ZERG BRANf.H ELSE 

9462 8691 5b RRk,RB ROTATE RIGHT. 8498 868E CC86E8 STRA,RB *PTR POSITIVE SIGN IN SIGN BYTE. 

846s 8692 CEE6E9 STk'A, R0 *PTR. R2 STC~FcE RESULT IN GF'ERAND. 8491 9602 iB6D BCTR,UN INCi 
8464 869.5 EE86F2 COMA: R2 CNTk C,C►MFAkE Ca_~ITER WITH END GF 8492 

ROUNDING SUBROUTINE 

RND 

Fetch rounding constant. 

Load length of operand 
in index register. 

0 

Decrement index counter and 
add byte of mantissa to 
constant (indexed). 

Decimal adjust result. 

Store result of addition in 
mantissa byte (indexed►. 

Index counter = 0? 

Y 

Carry set? 

Call subroutine shift right 
mantissa. 

Call subroutine increment exponent. 

No 

RETURN , 

Figure 12 

SHIFT MANTISSA RIGHT SUBROUTINE 

Shifts mantissa of operand addressed by 
pointer PTR one digit right. 
Length of operand is indicated by R2. 

SHFR 

Store R2 in CNTR. i
Store high and low-order address 
operand in PTA. 

Load bit shift counter. 

Load index register with 2 
to point to mantissa. 

No 

i 
Increment index register and 
fetch mantissa byte (indexed►. 

y
I 

1 

End of mantissa reached? 

Yes 

No Decrement bit shift counter; 
test for 0? 

Figure 13 
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LINE AO{~' OBJECT E SC~CE 
INCREMENT EXPONENT SUBROUTINE 

INCA 

Increment index counter and 
fetch exponent of operand 
(indexed). 

Fetch sign exponent. 

Sign exponent positive 
1=0)? 

No 

Exponent zero? 

Increment exponent of operand addressed 
by pointer PTA. 
Sign included. 
Index register and carry must be zero. 

Clear extended exponent. 

No 

1 

Decrement negative exponent by 1 

Decimal adjust result. 

Result zero? 

Store positive sign in 
exponent of operand. 

0 

Increment positive exponent by 1. 

Decimal adjust result. 

Rewlt zero? 

Store 1 in extended exponent 
EEXP (OVF). 

Store result in exponent of 
operand (indexed►. 

Figure 14 

8494 
8495 
8496 
8447 

8498 
8499 
8568 
8581 
8562 
8583 
8564 
A585 
8566 
8587 

8589 
8518 
8511 

8512 8828 
8513 ~ 

8514 8264 

8515 8286 
8516 8269 
8517 8224 
8518 
8519 8604 7589 
8528 
8521 86C6 7648 
8522 861:8 96FF 
8523 86CA 3834 
8524 86CC CE,9448 
8525 86CF 3F8224 
8526 86x2 81 
8527 8603 CEA448 
8528 8606 3F8269 
8529 86D9 3825 
8538 86D$ CER448 
8531 86DE 3F8224 
8532 86Ei 91 
8533 86E2 CER448 
8534 86E5 3F8269 
8535 86E$ E686 
9536 86EA 9872 
8537 
es3$ 96Ec 3621 
8539 96FE 3F8286 
9548 96Fi 9789 
8641 86F3 9584 
9542 86F5 ED478E 
9543 8~6F8 i81B 
8544 86FR 8783 
8545 86FC 5977 
8546 86FE iB44 
es47 

* BCD FLOATING POINT ARITHhETIC TEST ROUTINE 

* FOR USE WITH PIPBUG 

* THIS ROUTINE INPUTS AND OUTPUTS THE OPERANDS, THE 

* OPERATOR AKA THE RESULT. IT DETECTS THE OPERATOR 
* AND CfILLS THE RR I THf'ET I C ROUT 1 NE 

* INFIJT SE61l~NCE 
* 1' I NFiJT OPERAFD i 
* 2' INPUT THE OPERATION CHAR ' +' , ' -', ' *', OR ' : ' 
* 3' INPUT OPERAND 2 

*s#~**#*** *****mss# 

* DEFINITIONS OF F'ROGRAIi DE1= I NED SYt6bL5 

SPA EQU H' 28' SPACE C~r~tflCTEk 
CALF EAU H'888A' PIPBUG CR AND LF OUTPUT ROUTINE 
LOUT Eel► H' 82B4' P I PBUG Cf~tffCTER OUTPUT ROUTINE 
CHIN EAU H'8286' PIPE~JG CHARACTER INPUT ROUTINE 
BOUT EQU H'6269' FIPBUG 2 HEX DIGITS OUTPUT ROUTINE 
BIN EQU H'8224' PIF'8UG 2 HEX DIGITS INPUT ROUTINE 

TEST CPSI. IiC:+C OPERATION WITHOUT CARRY/ 
* CLEAR CARRY. 

PPSU F 
LOOI,R2 -i LOAD INDEX REGISTER 
BSTR, UN I Nii INPUT SIGN D~OIfNT. 
STAR, R9 *#'TRL R2, + STORE IN OPi 
BSTA, UN BIN INPUT EXPOFENT. 
LODZ Ri SAYE IN R8. 
STAR, R9 *PYRE RZ + STORE IN OPi 
BSTA, UN BOUT ECHO EXPOFENT. 
BSTR UN I Nil I NF11T SIGN h~JT I SSA. 
STRA,RB *PYRE RZ + STORE IN OPi. 

TST1 BSTR, UN BIN INPUT !~T I SSA BYTE. 
LODZ R1 
STAR, R8 *P T RL R2 + STORE I N OPi. 
BSTA, UN BOUT ECHO h~JT I SSA BYTE 
COM I, R2 LENG-i E1~D OF h~T I SSA REACHED. 
BCfR, EQ TST1 

BSTR, UN SPflC 
BSTA, UN CHIN 
LODI, R3 8 
LODI, Rl 4 

TST2 COf~, R9 SRCH, RL -
BCTR, EA TST3 
ADDI, RS 3 
BRNZ R1 TST2 
ecTR, uN TEST 

PRINT SPflCE. 
INPUT OPERATION C}~tACTER 
CLEAR R3. 
SET INDEX 
COI~fnE CHf~ WITH LIST. 
IF CHAR_ FOUND BRAHCN ELSE 
RDD DISPLACEMENT. 

ERROR RETURMI. 

PROGRAM TITLE 
TEST ROUTINE FOR BCD ARITHMETIC FLOATING POINT ROUTINES 

FUNCTION 
Inputs and echoes operands and operator and 
outputs the result of the operation via a teletype. 

SPECIAL REQUIREMENTS 

Hardware: Terminal and PC1001 
Software: PIPBUG (PC1001) 

HARDWARE AFFECTED RAM REQUIRED (BYTES):  1 

ROM REQUIRED (BYTES): 205 

EXECUTION TIME:  Variable 

MAXIMUM SUBROUTINE 

NESTING LEVELS:  3 

ASSEMBLER/COMPILER USED: TWIN VER 2.0 

. 

~ ~~ ~~~ 

r ~ ~ ~ s ~ 

~ i ~ ~ 

REGISTERS 
RO 
X 

R1 
X 

R2 
X 

~ 

R3 
X 

R1' 
X 

1 ~ 

R2' 
X 

R3' 
X 

L 

PSU F 
X 

~ 

II SP 
X 

1

PSL CC 
X 

IDC 
x 

RS 
X 

_ 

WC 
X 

OVF 
X 

_ 
COM 

X 
C 
X 
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LINE RUDR OBJECT 

8548 8788 3F9286 
8549 8783 Ci 
8558 8784 3F82B4 
8551 8787 84FA 
8552 8789 E52G 
8553 8786 1881 
8554 878D 29 
8555 878E it 
8556 
ess7 e7eF e428 

E SOURif 

I N11 BSTR, UN CHI N 
STRZ Ri 
BSTA, UN LOUT 
LUDI, R8 H'F8' 
COM L R1 A' -' 
BCTR, E6~ IN12 
EORZ R8 

IN12 RETC, UN 

SPAC LUUI, k8 SPCE 

INPUT CF~fiCTER 
SAVE Ct~R. IN Ri. 
ECHO CHAaNC:TER. 
LOfIO NEGATIVE SIGN INDICATION 
COfPfiRE WITH R' -' SIGN. 
BRANCTi I F EQUAL. 
LOAD PUS. SIGN INDICATION. 

PRINT SPACE. 

LINE ADDR OBJECT 

8688 
8589 8752 7598 
8598 8754 86FF 

e591 e756 3e26 
8592 8758 8ER446 
8593 875E Ci 
8594 8750 3F8269 
8595 875E 381D 
8596 8761 8ER446 
8597 8764 Ci 

E Sa~tCE 

CPSL WC 
LODI, R2 -i LOf~ IF~EX (~1~1T~ER. 
BSTR. UN OTii PRINT SIGN E}~OFENT. 
LODfi, R8 *PTRR, R2, + LOf~ RESULT BYTE IN R8. 8 
STRZ Ri 
BSTR, UN BOUT ECHO Ct4~tACTER 
BSTR UN OTii PRINT SIGN MfWTISSA 

TSTS LOOA, R8 *PTRR, R2 + LOAD RESULT BYTE 
STRZ Ri 

8558 8711 3F8264 85TR, UN COOT 8598 8765 3F8269 BSTR, UN BOUT ECHO CHARACTER 
8559 8714 17 RETC, UN 8599 8768 E686 COMI, R2 LFNG-i END OF REGISTER 
8568 8688 876A 9875 BCFR, EQ TSTS IF NOT READY BRfIfICH. 
8561 8715 CF878D 
9562 8718 3F92B4 

TST3 STRA, R3 OPRT 
esTA, ~, COOT 

STORE INDEX IN OPERAND 
ECHO OPERATION CHAR. 

e691 e76c 3FeeeA 
8682 876E iF86C4 

BSTR, uN CALF OUTPUT Cf~RIRGE RETURN LF 
BCTA, UN TEST RETIA~H TO TEST. 

8563 8716 3872 BST(L UN SPAC PRINT SPACE 8683 
8564 * 8684 
8565 871D 86FF L00 L R2 -i LOFID INDEX REGISTER. 8695 8772 iF85D8 OPRR BCTA, UN DDIV PERFORM DIVISIOft 
856b 871E 385E BSTR, UN I Nii INPUT SIGN EXPOfENT. 9696 8775 iF85Ei BCTA, UN DMUL PERFORM MULTIPLICATION 
8567 8721 CEA442 STAR, R8 *PTR2 R2 + STORE IN OPi 8687 8778 iF8465 BCTA, UN DSUB PERFORM SUBTRACTIOft 
8568 8724 3F8224 BSTR, UN BIN INPUT E}¢'Of+ENT. 8688 8778 iF846C BCTA, UN DADD PERFOk}I RDD I T I ON. 
8569 8727 81 LODZ Ri SAVE IN R9. 8689 
8578 8728 CER442 STAR, R8 *PTR2, R2 + STORE IN OPi 8618 877E 8EA446 OT11 LUDA, R8 *PTRR, R2, + LOAD RE_~T BYTE IN R9 
8571 8726 3F8269 BSTA, UN BOUT ECHO EXPOfENT. 8611 87$1 1884 BCTR,Z OTi2 TEST FOR ZERO (POS). 
8572 e72E 3868 85TR, UN I Nii INPUT SIGN MAfrT I SSA 8612 a7o3 eazo LORI, k8 R'-' OUTPUT A `-' SIGtt 
8573 e738 CEA442 STAR, R9 *PTR2, RZ + STORE IN OPi 8613 8785 1682 BCTR, UN UT13 
8574 8733 3F8224 
8575 e736 81 

TST4 BSTR, UN B I N 
Lodz Ri 

8614 8787 8426 
861s e7s9 3F82B4 

OTit LOUI,RB R'+' OUTPUT R '+' SIGN 
UT13 BSTR,UN CU1T OUTPUT SIGK 

8576 8737 CEA442 STRfi, R8 *PYRE R2 + STORE IN OP1 8616 8780 17 RETC, UN 
8577 873A 3F8269 BSTR, UN BOUT ECHO E}~OfFNT. 8617 
8578 8730 E686 COM I, R2 LENG-i END OF h~1T I SSR REAC~EO. 8618 * RAM STORAGE 
8579 873E 9872 BCFR,EQ T5T4 8619 
8688 8628 878D OPRT RES 1 OPERATION SYMBOL STORAGE LOCATION. 
8581 8741 384C B'STR, UN SPAS PRINT SPACE 8621 
8582 8743 843D LODI,RB R'=` PRINT = CHARACTER. 8622 * TRBEE OF OPERATION SYMBOLS 
8583 8745 3F82B4 BSTR, UN COOT 8623 
8584 8748 3845 BSTR,UN SPRC 8624 878E 2B2D2A3A SRCH DATA R'+-*:' 
8585 874fl 7648 PPSU F 8625 86C4 ENa TEST 
8586 874C 8f878D LOOfl,R3 OPRT LOAD OPERATION CHAR ->R8 
8587 874E BF8772 BSWi OPRR. R3 CALL OPERATION INDEX TOTAL ASSEI'~Y ERRORS =8888 
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Related 2650 publications 

no. title summary 

TN 064 Digital cassette interface fora 2650 
microprocessor system 

TN 069 2650 Microprocessor keyboard interfaces 

TN 072 Introducing the Signetics 2651 PCI 
Terminology and operation modes 

TN 083 Using the Signetics 2651 PCI with popular 
microprocessors 

TN 084 Using seven-segment LED display with the 
2650 microprocessor 

TN 085 Cyclic redundancy check by software 

TN 086 Introducing the Signetics 2655 PPI 

TN 087 Audio cassette recorder interface for the 
2650 microprocessor 

TN 089 CRT display using a standard TV monitor 
for 2650-based microcomputers 

TN 092 2650 sorting routines 

TN 093 2650 binary floating point routines 

Interface hardware and software for the Philips DCR digital cassette drive. 

Simple interfaces for low-cost keyboard systems. 

Description of the 2651 Programmable Communications Interface IC. 

Simple hardware interfaces to use the 2651 Programmable Communications 
Interface with various microprocessors. 

Interfaces for single and multi-digit LED displays. 

A short routine to encode and decode CRC check characters for the 2650. 

Description of the 2655 Programmable Peripheral Interface. 

Economical alternatives to the digital cassette recorder. 

Economical solution for a visual display unit. 

Sorting routines for single and multiple byte numbers. 

Arithmetic routines for binary floating point numbers. 
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