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The capability of operating on binary floating 

point numbers is provided by the four rou-

tines presented in this technical note. These 

routines perform the addition, subtraction, 

multiplication, and division of binary floating 

point operands in normalized two's com-

plement notation. Multiple precision is 

facilitated through the use of a variable-

length mantissa. 

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

Byte 0 of the number represents the exponent 
intwo's-complement notation. Thus, the allow-
able range for the exponent (E) is: 

or 
80~E<7F, in hex; 

—128<E<+ 127, in decimal. 

Bytes 1 through (LENG-1) represent the man-
tissa in two's-complement notation, where 
LENG is a symbol defined as a positive integer 
in the source program via an EQU assembler 
directive. The most-significant bit of byte 1 rep-
resents the sign of the mantissa, and the deci-
mal point of the mantissa is at the most-
significant bit of the mantissa, that is, between 
bits 2s and 2' of the most-significant byte. 

Normalized f=ormat 
Ail operands used as inputs to these routines 
must be normalized, and the results are 

provided in normalized form. A normalized 

n-bit mantissa has the following form: 

For positive numbers—

[0.]100. . . .O~M<[0.]111. . . .1, in 
binary; 

or 

0.5<<—M<_1 — 2~, in decimal. 

For negative numbers—

[1.]000. . . .O~M<_[1.]011. . . .1, in 
binary; 

or 

—(1)~M<_—(0.5 + 2-~) in decimal. 

However, the number with mantissa 
(1.000. . . .0)2 and exponent (7F)16 is not per-
mitted. Zero is defined as mantissa 
(0.000. . .0)2 with exponent (80)16. 

Table 1 shows the range of acceptable values 
for the case LENG = 4, i.e., one-byte exponent 
and three-byte mantissa. 
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OPERATIONAL DETAILS Rounding of the result is controlled by the con-

The routines operate as follows: 

(OPERANDI) # (OPERAND2) -
RESULT, 

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

Operands 1 and 2 are stored in memory start-
ing at addresses OP1 and OP2 and, as men-

tioned previously, must be normalized. The 

normalized result is situated in memory 

starting at location RS LT. 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 real ized 

if the operands are located on the same page 

as the program and/or if their values need not 
be retained. 

tents of the location ROUN: 

(ROUN) = H'00' specifies no rounding, 
(ROUN) = H'80' specifies round-up. 

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, U N 
BSTA, UN 
BSTA, UN 
BSTA, UN 

BADD for addition 
BSUB for subtraction 
BMUL for multiplication 
BDIV for division 

Test Program 
The listing on the last page is a test program 
which 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. 

BINARY FLOATING POINT FORMAT 

BYTE 0 BYTE 1 BYTE 2 

~ Y 

Exponent 

Most-
Significant 

Byte 

BYTE (LENG-1) 

Mantissa 

Figure 1 

~--ter-~ 
Least-

Significant 
Byte 

HEXADECIMAL 
DECIMAL 

EQUIVALENT 
MANTISSA EXP. 

LARGEST POSITIVE 7FFFFF 7F + 1.70141E+38 
SMALLEST POSITIVE 400000 70 +1.46937E-39 

0 ZERO 000000 80 0 
SMALLEST NEGATIVE BFFFFF 80 —1.46937E-39 
LARGEST NEGATIVE 800001 7F —1.70141E+38 

Table 1 RANGE OF VALUES FOR AFOUR-BYTE NUMBER 



OPERATION OF TEST PROGRAM 

~G AAA 

t~ 145/~7.3~~ + FF45C~7S~ = t~ 156011;B (NO ROUNDING) 
45'7S7G54 + 4G45~789 = 444(~f3ACC 
~4/~7a9:34 + `~6B87~S4 = - 55A4I314 

t~i14~/~759 -- FF4~(~75~7 = s3c3bB:II34D 
s~ 154G57G -- t~`7~54'~4 = t~~'B3I]E~3 7 
,3s~~Js~t~s~~s~ -- f~S87~, X4:3 = ~~7S~ABIJ 

~ G ~A~.~ 

AA45L- 7S ~ * ~35(~75~-14 - CCSDCSE3 (ROUNDING) 
457/~S7LJ * ~387b545 = (~B~Q~1C~3 
FFa71;FCD ~ 457BCDFE = 448BI3~3C9 

AAAAAAAA = BBBBBBBI3 = Ft3`~s3~s~I~s~ 
LBBLBBBB AAAAAAAA = 1 1 C,I~GI~b 7 
FS~~G~s~t~~3~ * 1 1 l~U~(~G 7 ~ ~ 140S~Js~t~s~ 

Figure 2 

PROGRAM TITLE BINARY ARITHMETIC FLOATING POINT ROUTINES 

FUNCTION Addition, subtraction, multiplication, and division of binary floating point numbers. The specification of numbers and 
routines is described in the introduction to this applications memo. 

OPERAND 1 #OPERAND 2 RESULT 

PARAMETERS 
INPUT: ROUN must contain the rounding constant. 

Length of operands and result are defined by LENG. 
OPERAND 1 is in memory starting at address OP1. 
OPERAND 2 is in memory starting at address OP2. 

OUTPUT: RESULT is in memory starting at address RSLT. 

Refer to Figures 3 through 9 for flowcharts and program listings. 

HARDWARE AFFECTED 

REGISTERS 

PSU 

PSL 

RO 

X 

R1 

X 

R2 

X 

R3 

X 

R1' R2' R3' 

I I SP 

X 

CC 
X 

I DC 
X 

RS WC 
X 

OVF 
X 

COM 
X 

C 
X 

RAM REC~UIRED (BYTES): 6 X LENG +5 

ROM REQUIRED BYTES): 598 

EXECUTION TIME: Variable 

MAXIMUM SUBROUTINE NESTING LEVELS: 1 

ASSEMBLER/COMPILER USED: TWIN VER 1.0 
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LINE ADDk OBJECT E SOl1RCE 

8881 
~` 

6883 
8864 
0885 
8886 
8887 
8888 
~4 

8818 
8811 
8812 
881s 
x814 
N815 
8916 
881 ~~ 
~jNi~ 
pia 
~i~c~ 
88 ='1 
iGi,-. ~_« 
~1E1< 

~=tE1~4 
rjE~~` iatjOt:~ 
BEr~E 8881 
~ib~? t9it►j 
►~j~U i~+=ty_ 
ttct2y ►~t~+ 
E~+ 8 ~~t46 
C~t;1 yy;'Fi 
~W1;t NN11; 

t~N= = NFn=:r_~ 
CAB= 4 virt2i~ 
Mai _ ̀  i1i1111 

rtgr. GtB~r~. 
Euf_ ~ ~~8E+~3 
~:>tt <:: 84~ 
►_wfg ~aCtk~1 
aj~i4Ct t_>VtriF~ 
C>H:31 CtCfFti 
N94t riG11:t 
~~t4 ~jHEtrt 
E>t~:}:I i~4t1 
i~~45 1_tHd2 
~jti4~ Ct►jEt_: 
f~Gi4; ~jrjrjit 
~jt14 _; FA1tiL 

~ f4~a 
yy5t~t 
~=tCfL1 

c -~ 
~~ Jc 

rWj~_ ~~~ 

I~Fj54 ~~tt`~4 

6,jE15` ~1(1Ek; 

8N`h ~=+C+1a 
►-tCt< < ►_tire Ct 
~i<~~}~~ ititl4 

►=tCtS~a itCtiF 
~;1V~hN 

11i1F,1 

~jlWtr. 

41~ 1r', 

CtC>~.4 
~>t>r.` i~tt_tit 

►=ut~.; ►j; yl 
~=uir.~; g; ~~_ 
yt̀~r.9 ~.1; ~;:} 

a8 ; it y',;, 
~_wt ~ 1 i~'~~y 
rjH7~ 
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*
y  

PD76Ai88 
T~TTTT TT'rTMTTTT* *TTTTT *MTTTTTTTTT~~7`TTT TTTT ~ * 

* 

* B I Nf?RY FLOATING POINT AR I THI'~T I C PACKAGE. 

* THIS PACKAGE CONSISTS Of: AN ADDITION ROUTINE, 
* A SUBTRACTION ROUTINE 
* A MULTIPLIC~RTIGN ROUTINE, 
* AND A D I V I S I ON RI~JT I FE 
* FOR TWO BINARY FLOATING 
* POINT NUI'6fRS. 

* THE FOkP9AT OF THE BINARY FLOATING POINT NIA~BERS IS 
* AS FOLU:~IS BYTE 8 =EXPONENT I N TWO'S CtThPLEMENT 
* BYTE 1--~(LENG-1:~ = MANTISSA IN TWO'S. 
* CCdiFLEtfNT OF WHIT=H BYTE 1 IS THE MQ~T 
« SIGNIFICANT BYTE. 
* THE POINT PUS I T I C~1 I S I N FF'i1f+IT C+F THE 

t~itdT I SSA 
* 
*~w********~:** ****~►*v:*****»:~«*****************rev*** 

4~ 

* UEF I N I T I CINS CAF SYt~~~LS 

k0 EUL► 8 PkC~;ESSUF'-REGISTERS 
F'1 EC1U i 
k2 Et~.~ 2 
F'= Et~_~ 
S E~~ H`~:Et' P_~~ _SENSE 
F Eta► H'4N' FLAG 
II ECtU N'>`+' IFITERR~JF'T INHIBIT 
__~ EIS i H ~~? ' STAC:F~F~! I NTEk 
CC EIS i H 1-~ 

PSL I:C~FI[i I T I 1=~N Ci~(~E 
I[N= Ebtl.i H`c'Q INTEkt>IGIT GAF'R'r 
R'=. E~~ H 1~?` Ff1~ISTEk 6'f4JK _~ELEIT 
WC ECG i H ̀  Ems' i=WITH ~j=W I THI~I~T CAF'k'Y 
i ~~`F E~ ~ H' 84 ̀  ~~lERFLC~I 
u~t E~ ~ H ` H~ 1=L! M; I C ~ O=Ak I TH. CIjhF'ARE 
C E!:~U H~ 91 CAF~iYr~~=1F'k1=w1 

Ei~_i N 6RANCH C I:~tJ[~ ZEF~~ 
F' E~ ~ 1 F~u~. I T I'C'E 
N EC~I~ ~ NE►~AT I VE 
Eh E6~ ~ rj Ei~_ML 
GT Et~U 1 i~fHTEF' THAN 
LT Ei~~ c LESS THAN 
i~J Et~_i ►_~M= C~~ID I T I 
AL E~ i b ALL BITS FtF'E 1 
Nil E~ ~ ~ NCIT ALL BITS ARE 1 

* 
+ [REF I N I T I Cam. Uf F'kCN~'AM DEFINED SYP1EtULS 

LENf~ EC>el~ 4 LENtiTH CAF C~'EkANU 
LEN EaU LENi~ 
LEN2 EC>!l~ LEN+LEN 
LEN4 Ei~U LENt+~EN2 

LENt~ Ei,~ ~ LEN4+LEN4 
MLEN EI~U LEt~.-~ 
DLEN Ei~! ~ LENS-1 

~~- /~##-k~~*~~***~a~#At~~#~*#*>~~~*#-~******#*A~****#*irk****'k.* 

SCFrT1=H-F'A[~ AF'EA 
r: 

CIF'G 
kC~_~1 kES 
ADk F'ES 
FLFn~ FES 
C~F'A F'E 
~.IGIJ REf 
~:+F'B kE' 
+ 

H ; ~i 
1 

1 
LEN 
i 
LEt~k 

F'O!R~[~INC, CI~.TANT 
INDIRECT ADGF'EtiS 
FL1~ 
i~F'EF'AND 1 _~F~ATCH-PAD AF'EA 
SIijt~ FLAG 
OF'EF'AND ?- 5C'F'hTCH-Ff~~ t~REN 

C"~t7= 
Gift?4 
~_u+ 
Il~~t 1t. 

k~'r N r `_+1 
t><i; B ~j71_ r_t 
rwf; y H; 1:4 
HHr_'~1 ~~~ 1~~: 

i~t:;i 
~~ 
Erit; 
~~j`'4 
BE+.S` 
aOfiE w'1=f: 

88fi7 8449 87 

'
~E~ r+441 C8 
CR~?r~ b44t Ni~ 
8848 ►_+44_< C4 
H0y1 8444 87 
~~~cc 8445 1 > 

089 
8934 
Nti_~ 
8836 
NH47 
8835 
8039 
0188 
aiai a44~ 778 
4182 844$ 8784 

8183 844R 8FC448 
8184 844D CF6784 

8185 8458 8FE442 
Bi85 8453 f~675'9 
8187 8456 5$72 
81:•: 8458 17 

C~F'ER~It~[iS AREA * 
* 

uRl; H ~ 7C8' 
OF'1 kE5 LEN C~PERANU i 
i~F'~ kE'= LEN IjPEkAND 2 
F'LT RES LEN F'ESI~LT 
* 

:«*:**********x*****«*****************v~****** *** 

* F'RfX~'AM AREA 
* 

ORG H'448' 
PNTi [~flTA ~OP1 

DATA N~F'1 
PNT2 UFITA <C~F'2 

f~iTA X~F'2 
PNTF. [BATA ~R.SLT 

DATA >RSLT 

It~I~CT ADDRESS OF OPERAND 1 

INDIRECT ADDRESS OF UPERf~ 2 

INDIRECT ADDkE55 OF RESULT 

***~w:~***************************~a~*********s******* 

* TRANSFER OPERANDS ROUTINE * 
* 
* THIS ROUTINE TR►~NSFERS THE OPERANDS TO THE 
* SCRfiTCH-PAD. 

TRAM F'f'SL WC: WITH CARRY 
LOUI~R3 LEN SET BYTE COUNTER 

LFC LODA, R8 *PNTL R3~ - DECk BYTE COIMTER AND TRANSFER 
STRA, R8 OPA, R3 BYTE Of OPERANDI TO SCRATCH-PAD 
LODR~RB *PNT2, R3 TRANSFER BYTE OF OPERAND2 
STRf~ R6 OPB~ R3 TO SCRATCH-Pfd 
Bi~,Rs LPC CONTINUE IF BYTE COUNTER I5 
RFTC~ UN NOT 8~ ELSE RETI~tN 

TRANSFER OPERANDS ROUTINE 

TRAN 

With carry 

Set byte counter 
LEND--- R3 

Decrement byte counter. 

Fetch byte of operand 1 
indexed by byte counter. 

Store byte in saetchpad 
'OPA'. 

Fetch byte of operand 2 
indexed by byte counter. 

Store byte in saatchped 
'OPB'. 

Figure 3 



LINE ADDR 06JECT 

9118 
8111 
8112 
8113 
9114 
6115 

E SOI~tCE 

~* 

s 

* SUBTRACTION ROIfTINE 
* 

* THIS ROUTINE Sl1EiTRACTS TWO BIMAR.Y FLOATING ROINT 
* N111'8ER5 

LINE A[~' OBJECT 

6166 N4E~+ 0487 
alEr 6462 455'9 
0+168 6464 <F9~19 
t+169 
61~N 6467 F667` 
61'1 64E~H 6794 

E SOURCE 

ROOF Lid>I, R6 <UPB 
LuDL Ri >UFft 
BSTA, UN UVFL 

BSTA,I►N NORM 
LC~DI ~ R < LEN 

A[X~RESS GF UPER^AND 2 ~ RES~JLT ) 
I N REG I STER.S 

INCA EXPGNENT AND ROTATE RIGHT 
MANTISSA ~ RE;l1LT IF uvF = 1 

NOktM~~L I ZE RESULT 
SET 64'TE Ca~1TER 

8116 617. 646+= 6F67fi9 LUUfI, R6 OPB~ R FETCH ROLR~DING 6'YTE OF RESI~LT 

8117 8459 3868 65118 65TR, UN TRAM TRANSFER OPERAFriS 91 ~ ~ 646E 6Da?°.A LUDA, Ri OPB+i FETCH M. S. BYTE CAF RES~~T 

9116 8456 3F~33 BSTFL UN TCOM PERFO~1 TWO'S COI'f CEMENT 6174 t+4C2 iyi< BI:TR, F' ROFG BRANM.;H I F FE~JLT I S F'C+S I T I YE 

8119 845E 162E BCTR,UN ADDJ 61" 94%4 ??91 RC~FE F'F'SL C CLEAR E~IRROW 

8128 61? 6 t+4CF hl(67~~ ;I_tEi~, R8 RC~JFI S~JBTRftiT ROLMIDItJ~~ GC+NISTANT 

8121 8468 9697 AD{+C LOD I ~ R2 <OPB ADDRESS OF OPERAND 2 I N 91 ~ ? 9404 HF4 'r $y PUFF U1<iA ~ R6 OPB ~ R_<<:~ - SI~BTRACT E~~'OW FkC~I MANTISSA 

9122 9462 6789 LODI.R3 ?OP6 REGISTERS 61? c, 9400 H466 SIDE I ~ R6 6 RESAT 

8123 6464 1687 BCTR, UN RUDE 917'a 640E C:Fb? ~_a ~.TRA, R6 uF'B, R STORE BYTE IN RES~JLT 

6124 C+iBp ~Di E7t~1 ~:I~FiI . R3 1 TEST AND ftR~F1C;H I F SIJBTRRCT I CAN 

8125 646b 9697 AUDD LOD I ~ R2 <UPA ADDRESS OF OPERfrD 1 IN ►181 64D ~ 9'c~74 RC:FR, ED RUFF OF f~~C141 15 NOT ~f AD': 

9126 6468 a7Ra LORI, R3 >OF'A REGISTERS 812 C~4D` 1Bi1 E~i:TR~ UN ROFH CUNTIM~ 

9127 946A 8D9?89 CODA, R1 OPB FETCH EX>; OF OPERAND 1 IN R1 618 <: * 

ei2$ 946D CEe7ai RUDE STRAP RZ AUR SET INDIRECT RDt~RE55 WITH 91fi4 C+4G{ 75x1 RUFG CF'~L C CLEAR Cf#2R'Y 
9129 8476 Cf 87a1 STRA, RS ADR+1 ADDRESS WHIGH IS IN REGI~TER~ 61b5 a4D5 8C97~6 r~~~. R9 RC~I~V ADD RO~~1rDINIG C.C4~STANT 
8139 6473 6761 ADDF LORI, R3 1 SET BYTE COUNTER 6ic6 N4[~C: 6F478y ROFA LC~~fi, R6 UPE~ R ~ - ADD CARF.~ RND MANTISSA RES~_~lT 

6131 6475 7791 PPr~L c SET CARRY 61 g 7 64[~F 840+9 AUD I ~ R6 8 

6132 94?? 8FE781 LUDR. R6 *ADR~ Rs FETCH M. S. 64`TE OF MANTISSA 6166 04E1 CF6'~_^~ F~TRA, R6 UF'B, R ~. STOFf RESI~LT 
8133 84?R lA6'1 Ea:Tk, N RUDE I F BYTE I S FIEGAT I b'E~ BRANCH tji$y 64E4 E?61 C01'l I , R 1 TEST AN[> 61?ANCFf I F ADD I T I QN 

8134 9470 7561 cP'~L c ELSE CLEAR CARRY 61'9<+ 64E6 _~Y?4 EnFR~ E6~ ROFA fjF C=ARRY IS NOT READY 

9135 64?E 86N4 AUUG U]D L R2 LEN SET END CAF BYTE CCd_MTEk ~11a1 64Er~ =B~ti RC~FH BSTR~ UN UYFS I NCT? EXPONENT AN[i ROTATE R I C#IT 

8136 6488 3F651B BSTA, UN kkIFl kOTATE RIGHT MANTISSA AND X19 MANTISSA RESULT IF OYF = 1 
~~, I NCX?ENENT EXPGNENT 81y~ ~4EA ►36F>> L~~~I~ F'2 LEN-1 SET BYTE COUNTER 

613E 8433 6CR7b'1 LODA~ R6 *F1UR TEST TWO EXFr_~IENTS C+i.~4 SEC: 3Fi~7; E~'STA~ UN NORA NQRtlRL I ZE kE~~.T 

6139 ►34x6 Ei GOMZ ki 61~~` 94EF a784 UX~I ~ R3 LEN SET BYTE CC~ITER 

6149 6457 986R BCFR,ED RDDF I F NUT EDI.~FL, CONTINUE t+19F~ a4F1 65FF LC~UI, Ri H'FF` SET FLAG 

6141 84.49 1616 Bl":TR, UN RDDH I F ECNJRL ~ ALIGN REA[~', GU BACK X1197 y4F < fi66 < L ~> I ~ R2 TABLE INU~X 

6142 * 9198 94F5 E762 RUFF Ci_IMI, (~< 2 CHANGE TABLE It~[~EX IF 
614 «***:N+~~-***~:«~*****~r****** ******** **v~******** 619y 64F7 L'a92 BCTR, GT RC~FD 64'TE CC~MTER I S LESS THAN 2 
01144 626a H4Fy r+? LODZ RS 

6145 * A[K~ I T I CIN k~~IJT I NE * 9261 94FA C2 tiTRZ R2 

9146 * Ffi262 64FB 6F475~ KC+FC~ LG[iH, R8 OPB, R3, - TRANSFER RESAT FRCM4 SCRRTCH-

6147 * THIS ROUTINE R[iL~S TWO B I NAR~r FLOAT I NG POINT Md'RERS 629= 94FE CFE444 '~TRA. R6 *PNTR~ R~ PAD TO DEFINED RESULT AREA 

6144 * 62A4 x1561 EE6`~6C CC~'4A~ R9 TBL-1~ R2 C~~f4PRRE RESULT WITH ILLEGAL 

8149 6456 3F9446 EFd~D BSTA.IM IRAN TRANSFER OPERANDS 9295 * G'ALUE 

915c+ 648E ?562 ►1DDJ CF'SL CGM ARITHMETIC GUMF'f#.f f~286 ~f,,94 it~62 BCTk, EbJ ROFC CLEAR FLAG IF NOT EAIIfiL 

@151 6498 26 EORZ k6 CLEAk. ROUNDINIi E'YTE 628? 05►16 65x16 LC~iI, R1 6 

6152 6491 Cc6~~~ STRA, R6 OPR+LEN GF BOTH OPERfiNdS y298 8598 `666 RUFC 6RNE~ RS ROFB TEST AND 6RF~1CH IF TR.f~15FER 

815s 8494 CCA78D STRAP R6 l"►PB+LEN 6269 * AND CONf'ARE IS NOT READY 

6154 8497 6DH?S4 CODA, R1 OPR GOPF'AkE EXPONENTS OF THE TWO 6219 656A 61 LODZ Ri TEST RFD BRANCH TO ERROR F~tT 

615` 649R ED97' CUFW, Ri ilP6 OPERANDS 6211 6`~9E 14 PETC~Z IF RESULT FWS Tlf ILLEGFE 

9156 t149D 1941 BLTR, GT AUDC ALIGN OP'ERRFD 2 9212 9590 48 ERRI HFtT YALUE.ELSE RETURN 

6157 649E 1A45 BCTR~LT RUGD ALIGN OPERAND i 9213 * 

6158 94tH ?561 riDGli C:PSL C CLEf~' CARRY 8214 8560 7F8968 TBL DATA H`7F. 86, 66' ILLEGfE VfEUE OF RESULT 
6159 84A~ x794 LUDI~Rs LEN SET BYTE COUNTER 8215 

8168 84A5 9F67}~ ADDK LOUA, R.6 GF'6~ R"s FOD MANTISSA OPERAND i ANU 
6151 84A8 8F6784 ADDR, R6 OPF►., R3 MANTISSA OPERAND 2 AND STORE 
8162 94AE CF6?89 STRA. ~~ C~'6, Rs RESIAT GN PLACE i~ OPERAND 2 
616 94AE FB75 6URR, R3 RDDK DECk BYTE COIIFITER AND BRfM~i:H 
9164 * IF BYTE COUNTER IS NOT 9 
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ADDITION/SUBTRACTION AND ROUND-OFF ROUTINES 

BS~B 

Subroutine TRAN 
Transfer operands. 

Subroutine TCOM 
Perform two's comple 
ment of operand 2 

BADD 

Arithmetic compare 

Clear rounding byte of 
operand 1 and 2 in 
scratchpad 

Exponent operand 1 

exponent operand 2~ 

Clear carry. 

Set byte counter. 
LENG -~ R3 

Fetch byte of mantissa 
of operand 2 indexed 
by byte counter. 

Add byte of mantissa 
of operand l indexed 

by byte counter. 

Store result byte in 
place of operand 2 byte. 

Decrement byte counter. 

No 

Address of operand 2 
to registers R2 and R3. 

Address of operand 1 
to registers R2 and R3 

i-
Set indirect address 
(R21 ~ ADR 
iR31 ~ ADR+1 

Set byte 
counter 1 -~ R3 

Set carry. 

Fetch most significant 
byte of mantissa indexed 
by byte counter. 

Clear car 

Subroutine R R I N 
Rotate right mantissa and 
increment exponent. 

Address of result IOPBI 
in registers RO and R 1 

Subroutine OVFL 
Increment exponent and 
rotate mantissa of result 
right if OVF = 1 

Subroutine NORM 
Normalize result. 

Set byte counter 
LENG ~ R3 

Yes 

Add rounding constant 
and rounding byte 
of result. 

Decrement byte counter. 

Fetch byte of mantissa 
of result indexed by 
byte counter. 

Add 0 with carry. 

Restore byte in rewlt. 

Figure 4 

Subtract rounding 
constant from rounding 
byte of result. 

Decrement byte counter. 

Fetch byte of mantissa of 
result indezed by byte 
counter. 

Subtract 0 witfi borrow. 

Restore byte in result. 

Yes 

Subroutine OVF5 
Increment exponent and 
rotate mantissa of result 
right if OV F = 1 

Set byte counter 
LENG - 1 ~ R2 

1 
Subroutine NORA 
Normalize result. 

Set byte counter 
LENG ~ R3 

Set flag I R 1 I 

Set table index. 
3~ R2 

Reset table index 
IR31 ~ R2 

Decrement byte counter. 

Fetch byte of result from 
scratch pad indexed by 
byte counter. 

Store byte ~n result area 
(RSLT) indexed by 
byte counter. 

No 

E r or 
halt 
ERRI 

Clear flag R1j 

Return 
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LINE ADDR OBJECT 

8217 
8218 

E StX1RCE a~a 
d24a 
4245 
524E 

* TNG' ~ U:~4F'LEMENT k~:ll1T I NE 
* 

8219 * OVERFLOW ROIfTINE 8247 * TH I ~ ~'C1UT I NE PFtfFC~kMS A TWr~' ~ CCd1F'LEMENT 11F THE 
82'18 4248 * BINARY FLOATING ~) I NT F~JME~k A(~{4✓EtiSEU B'r AUk 
8221 * THIS ROUTINE INCREMENTS THE EXPOFENT AND ROTATES 8249 
8222 * THE M~iNTISSA RIGHT IF T}~ OVF FLAG = i 625H d53 ~ d? 0=: TCC~I LC~OI, R3 LEN-1 BYTE CI~_INTER 
8223 9251 4535 df0? TWC>fi L+aUI, F2 <OFf fiUtiRESS CAF CIF'EF~tJU 2 
8224 8518 CC8781 OVFL STRA.RB ADR SET INDIRECT RDORESS WITH 8252 9537 8485 LuOI, kP ~JF'B IN F'E~~ISTEkS 
4225 8513 CD87~ STkA, Ri ADR+1 AUORESS OF OPERf~D d2 s 8539 CEd781 TWC~E STkA, k2 ADR' SET I NU I REC T ►~OURES~ 
8226 8516 8684 Cri'F5 LOOI, R2 LEN SET END OF BYTE COl1fJTER 9254 8530 CCd?82 STRA, Rd AUF'+1 
8227 8518 6584 OV45 TPSL OVF TEST RID RETURN IF NO MRNT I SSA 8255 ~3F 83 TWOC: LGUZ F'3 SET EMU GF 64'TE CC~_AJTEk 
8228 851R 16 RETC, NO OVERFLOW 9256 4548 C2 STRZ k2 FC>~' SCE' 0'~~L 
8229 8516 8786 RAIN LOUI, R3 6 SET BYTE COUNTER 8257 8541 7761 F'F'SL C SET C f#'~"r 
6236 e51D 6FE781 LOGR, R6 #~4Z R3 FETCH E}~O~ENT OF OF'ERRND 92`.,8 8543 26 LPB E0~2 R6 CLEAR k6 
8231 8528 E47F C:OM I , k6 H' 7F TEST RNU Bi~JCH TO ERRUR HALT 4259 d`.>"W AFE781 SUE~t, Rd *RUk, R-: CIJMF'LEMENT B'rTE 
9232 ~"'2 i~E BCTk, ED ERRA I F E?~'ONENT I 5 MRX I MUM d26A 854? CFE781 STkA, kd *AUk, R; ti TC~kE E"r'TE IN C1F~RAN(i 
8233 4524 D888 B I RR, R8 f+2 ELSE I NCFf MENT EXPOt~NT X261 0548 F677 6URk, k3 LFB [~ECR BYTE CC~_INTEF' r1Ni) u.~NTIF~_~E 
8234 8526 CFE781 LPA STkR, R8 *ADR, R3 STC~f BYTE IN OPERRFii d~262 IF BYTE C(~_~NTER IS NOT cf 
8235 052'9 d2 LOOZ R"t TEST Aft RET~~N IF B'1TE 4263 ~.4C 1B4H BCTk, UN OV45 ELSE S~JBRC~JTINE O':EkFLC~I 
4236 8528 E3 C:C~'Q R3 ~~1hITER I S AT THE ENO 8264 
4237 4526 14 RETC, E~ 
92 ~ 8521; 9FA?81 LC~Uri, Rd ~iR, R3, + FETCH NEXT B4'TE OF QPERAND 
8239 052E 5d RRk'~ kf~ kuTATF RIGHT BYTE 
9244 9534 1B?4 BCTk, lIN LF'A C:C~IT I NUE 
C+241 4532 49 ERRA HALT RANGE i?VERFLC~I C~ C~FEkANU 
a24 

OVERFLOW AND TWO's-COMPLEMENT ROUTINES 

OVFL OVF5 OV45 RAIN 

O ~~0 
Set indirect address 
(R01 ~ ADR 
IR11 —~ ADR + 1 

Set end of byte counter 
LENG ~ R2 

Set byte counter 
0--R3 

Fetch exponent of 
operand. 

Error 
Halt 
ERRA 

0 

nvement byte counter. 

Fetch byte of mantissa 
addressed by ADR and 
byte counter. 

Route byte right. 

Figure 5 

TCOM TWOA TWOB 

v o 
Set byte counter 
LENG - t --- R3 

,-
Address of operand 2 in 
register R2 and R0. 

~7 

Set Indirect address 
(R21 ~ ADR 
IR0) —+ ADR + 1 

Save byte cauntx 
(R31- - R2 

Set carry 

Clear register (RO) 

Subtract byte of mantissa 
of operand indexed by 
byte counter from 00. 

Restore byte in mantissa 
of operand. 

Decrement byte counter. 
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Q2F5 ************~************~*************************** 

H266 
826? H54E 4H EkRC. HALT DUMM'T ERRC~' 
9268 854E HC:878_ MUIB LODA, R@ FLAG TEST ANU BRfM~i,1~1 TO ERROR 
9259 9552 ~7R BCFR, Z ERRC; HFiLLT IF FLAG IS SET 
62?8 8`54 2H MGIC EORZ R9 CLEfiR R8 
82? i 955` GFA444 MDIN STRA, kti *PNTR, k <.; RE_~_~LT OF OF'EkATII~I IS ZERCI 

C+2; ~ C+5`~ E ~ y ~ COt9I ~ R ~ LEN-i ST~'E N I N MANTISSA RESI_~LT 
92? ~ 9``~ yfi7'=+ 6~:FF'. E►~ MD I N AND H ̀ fib' IN E?tF'C~NT 

?4 ~955C N4$6 LCd~I ~ F~~ H S'9' 
9~; 5 955E CI=C.Qa4 STF'A, k8 *F'NiF.' 

1_1~,'? # 

y2; S 9`Eti 66t~? M[i I E LOG I ~ R2 CUF'A r~(iR'ESS C1F OPERAND i IN 
d279 9564 H484 LOU I ~ RH >OF'R REFS I ;TER; 
C+irk ~J`6~ C~? 8 < LUDI ~ F'_ LEN-1 B't'TE I101~1TER 
Ht~~1 6568 364E ESTR.I~N TWC~B T~iO`S COMPLEMENT OF C~PERHND 1 
H c~ r~56A Hi LC~~Z Rl TEST ANI> 6'IR'f~+M'FI IF OPERAND 
9~fi= y`66 1~~7 EtiTR~ F' MDIL IS PQ'SITI',+E 
9 04 H`_~6D 2H EC~Z k8 ELSE CLEAR SI ~~ FLf~~ 
d2~` ►+`~E CCr~?8~~ ~TRA~ ke SIGN 
Hz~. 9`~ 1 =FN`S h1GI[~ BSTM, UN TCC~I TWO'S C~~PF'LI:MENT OF C1F'ERiihY~ 2 
bcc? 95; 4 ~'H M[~I~ ECG'? R9 CLEHF' k9 F~ BRf~1CH E't~::K 
C,2 fiF. ~~`?` 162=: BCTR, lW~l MGM I F 
N2~~y k 

E+2~~ 
--- 

1~~`a~ 1. 

t+2~- + t~l~L T I PL I CHT I C4V RCK~T I NE * 
H294 ~: 

H2'~ *THIS F'i~JTINE MIATIFtIES T~p~ BINARY FLOATING POINT 
y29F. +~ I~NJMBERS 
H2'~ 'i  # 

H298 ►~`;.' ?9 E~~L E11~'Z R9 CtEAR FLAG iR9) 
92~~_~ C,5?fi lE~i2 Ex TF~, lM MU I A 
H3G,r`t 
9391 *~► ~**«:+•:,►:*~:*~:~:********* ~~********~:************~***.x*** 
b <~~ * 

N<~~= * GI='I~3IC~N kr_~~TINE 
~~ 3N4 

~~3N5 *THIS RC~JTINE DIVI[~ES TI~CI BINAR"; FLGATING POINT 
H38d + NlM'lE,f R5 
b39? * 
b <8fi 95? A 84FF 6t~I'~ LuGI, R8 H' FF SET FLflti (k8) 
8~H9 8570 CC878s Mt~IN STRH~RH FLAG STORE k8 IN FLAG 
H<iH 95?F <FH446 BSTH,l1N TRAN TRHNSFER OPERANDS 
H'li 9582 8t~87~ LC~t~, R1 UPB+1 FETCH K 5. BYTE OF OPERAND 2 
H 312 950 184E BC:TR, Z MD I B BRAIVC~N I F OPERfiH`i 2 I5 8 
8313 9587 84FF LODI~RB H`FF' SET SIGN FLAG 
9314 95fi9 u:87fi8 STRA, kH SIGN 
6x15 85fiC' 8E8?~ LODA, k2 OPff+i FETC~i K S. BYTE OF OPERW+D i 
9316 d5t~ lb4_< BCTR,Z MDIC BRANCH IF OFERAFD l I5 8 
931? 8591 1A4F BLTR, N MDIE EsR'ANCH IF OPERAND i IS FEG 
831fi 8593 91 LODZ R1 TEST AND BRf~1CH IF OPERAND 
8319 8544 iASB BCTR,N MDID 2 IS NEGATIVE 
0328 854E 28 EORZ R8 CLERR SIGN FLAG 
8321 8597 CC8? 8fi STkf1, R8 S I C#1 
8322 859A 8765 MDIF LODI,R_Z LEN+1 SET BYTE GOIRJTER 
8x23 8590 CF47fiD MDIG STRA, k9 OF'B+LEN, R3, - CLEAR RESiDT AREA IN 
832'4 859E 587B BRNk, R3 MD I G SCRATCF~P'fD 
8325 bSAi 8067$3 LODA,RB FLAG TEST AFD BRf~lCH IF FLRG IS SET 

6326 A`.aA4 906662 BC:FA. Z D I V 
832? 

8 

(FIG. 7) 

MULTIPLICATION/DIVISION ROUTINE 

BMUL BDIV 

v v 
Clear FLAG. 

Subroutine TRAN 
Transfer operands to 
scratchpad. 

1 

Set SIGN flag. 

1 

Clear SIGN flag 

Set byte counter 
LENG + 1 --- R3 

Decrement byte counter. 

$tore 00 ~n mantissa of 
temporary result. 

(FIG. S) 

Yes 
Store 00 as mantissa in 
result area. 

Store H'80" as exponent 
in result area. 

Yes 

C Return 1 

Address of operand 1 in 
registers R2 and R0. 

Set byte counter 
LENG - 1 ~ R3 

Subroutine TWOB 
Two s complement of 
operand 1 

i 

Subroutine TCOM 
Two's complement of 
operand 2 

Figure 6 



L 1 FE RDOR 06JECT E SOl1~CCE 

632$ 85A7 6619 MUL LOO I . k2 MLEN SET BIT C>]lR1TER 
6329 ~ 7561 MULR CPSL C CLEAR CARRY 
8336 85f~ 6766 LOOI, R3 LEN2-2 SET BYTE COI~ITER 
6331 85AD 8F6789 MULB LODA.RA OP8,R3 kOTRTE LEFT MANTISSA CIF 
6332 8586 D6 RRL, R8 OPERA~D2 
8333 6581 CFo789 STRfL R6 OPB, k3 
6334 6584 F87? BORR,R3 MULE BRfWC~H IF NOT READY 
6335 6566 BSAi TPSL C TEST AFn BRANCH IF C = 8 
6336 65E18 9818 BCf R, AL MULE 
633? 85BA 6763 LODI,R3 LEN-i SET BYTE COI~ITER 
9338 85BC: 7561 CFSL C CLEAR CARRY 
6339 656E 6F4780 MULL LODA, R6 OPB+LEN, R3, - RDD MANTISSAS (IF OPER'AI~ i 
6346 6501 SF67~ ADpA, R6 OF'A+1, k3 AND CIF TEMPORARY RESULT 
6341 ~~4 CF678G STkA, k6 OPB+LEN, k 
6342 85C? 58?` BRNR, k3 MULC 
6343 ASC9 6763 LOUI, k3 LEN-1 SET BYTE CQIJFITER 
x344 85[8 6F6789 MOLD LOGA,R6 OPB,R3 ADD CAkRY WITH M.S FART OF 
6'x45 ~Sl'E $486 A100I, R6 6 TErPORFiR4' RESIIIT AND REST 
6346 65D8 CF67S9 STRA,R6 OPB,k3 OF OPERAND 2 
6347 6J[i? FB?6 BORR,R3 MILD 
6348 a5D5 FA`~2 MULE BORR,R2 HULA DECR BIT COUNTER AND ERA~VCH IF 
6344 * NUT ZERO 
6356 ASD7 7591 C:FSL C CLEAR CARk.Y 
6351 6509 606784 L~3[}A, Ri OPfl RDU EXFOFENT OPEfi'ANU 1 
6352 85[►C 8067$9 Ad~DH, Ri OPB ANU EXF'CIFENT OFfRANG 2 
6353 ~ 6564 TESL (1VF TEST AKr BRANCH IF OVF=6 
6354 95E1 9[:6653 BCFA, AL MD I H 
63`5 65E4 26 EORZ R6 Cl~'RECTING CONSTANT = 6 
6356 85E5 8591 TPSL C TEST ANU BRANCH IF C = 6 
6357 85E7 9[6646 BCFA,AL MDII 
6358 95EA 48 ERi<~i HALT ELSE ERRC~k FIALT 
9359 
6366 95EE E?83 UI',~A C:OMI, RS LEN-1 TEST AND BRRNC1i BACK IF 
6361 65ED 9$17 BC:FR, EG G I VU BYTE COl~1TER I S NOT AT THE END 
6362 9`.,EF ??81 DIVB FF{~L C CLEAk BORROW 
936 < 65F1 6783 LORI, R < LEN-i SET EYTE COUNTER 
6364 85F < AF6?84 DIVG LODA, k6 OPA, R3 SUBTRACT MANTISSA OFfRRN[> 2 
A36` 95F6 AF6789 SU6'A, R8 OPB, R3 FRCM1 MANTISSA TEMPORARY 
8366 95F9 CFF;?84 STRA,k6 OFA.k; kEMRINUER 
636? 65FC F675 BDRR, k3 GIVC UECk E~7TE C~~_MTER ANG !;RANCH IF 
6"s68 * 64'TE Ct~JNTEk I S NOT c, 
6369 95FE ?701 PPSL C SET CARRY 

6376 6668 1619 EfTk, UN DIVE BRANCH BACK 
6x71 * 
63?2 9f~A2 661E U I V LC~[~ I, R2 ULEN SET BIT CCaJNTER 
93?3 6664 7?92 PF'SL CC~I Lt~GICAL COMFHRE 
63?4 6686 9F2?$4 GIVG LOGA, k6 OPA, Rs, + C(k'PAIRE M. 5. BYTE CAF REMAINDER 
6375 ►3649 EF6?89 COMk. R.6 OF'B, R3 WITH M. S 84'TE CAF C~F'ERAhIY'~ 2 
C~376 9660: 185G 6'CTR, ED DIVA IF E6~11F11L CC>hFRrtf OTHER BYTES 
83?? 8~:8E 195E BCTk, GT DIVB IF GREATER THAN, SUBTRACT 
63?8 8616 ?561 C;FSL C CLEAR CARRY 
8379 6612 6764 DIVE LC~UI, R3 LEN SET 64'TE Ct1UNTEk 
!3339 6614 6F4?8Ci UIVF LODA, RA OPB+LEN, k3, - ROTATE LEFT CARR'r IN RESULT 
6381 6617 [~6 RRI., R6 AREA 
6382 6618 CF678D STRfi, R6 OPB+LEN, Rs 
6383 8618 5877 BFtt~R, k3 D I VF DEGR E~YTE Ct?L~1TER H~ BRANCH IF 
6384 * BYTE COUNTER I S NOT 8 
635'5 661D 6?9 LODI,R3 LEN-i SET BYTE COUNTER 
6.$6 861E t>F6784 DI'.'G LOUA, R6 GFFi, R3 ROTATE LEFT (~fMAINUER 
63$7 6622 [k1 RRL, k6 
8~fi ►3f.t ~ i;Fb?54 ~ STF.A, R6 ~fi'A, Rs 
6?89 0626 F8?? 6DRR, R3 UIVG DECK 6"ATE t",~OINJTER AND E'~RANCtI IF 
6396 * BYTE CC~JNTER IS NOT 6 
9x31 6F28 FASO: BGRR, R.2 DIVU UECR 8IT COUNTER AND BRhifJCH IF 
9392 * BIT COL~ITER I S t~3T 6 
6;9 '. Ctt,2~ aFt7$C GIVH LODA. R6 OF'Ef+LEN-L k3, + TRANSFER MANTISSA RESIT 
9394 962G CF6789 STAR, R8 GF'B, R3 TO PLACE CAF MANTISSA CIF 
6395 ►363[+ E?94 COMI ~ R3 LEN OFERANG 2 CIFI SCRATCH-PAD 
6s.# 6632 9$?6 6LFR, EQ D I VH 
639? 6634 ?761 FfSL C CLEAR BORROW 
6398 9636 8Da784 L00A, Ri GPA SUBTR.f+CT EXPONENT C~PERANO 2 
9399 963Ca AD6?'39 SU6H, k1 OP8 FRC~1 FhFC~NENT uPERAND 1 
E+496 663[ 13461 LODI, k9 1 GC~kRECTIM~ CGNSTRNT = i 
8461 663E E`~4 TPSL UVF TEST AND BR~IJCH IF OVF = 8 
9461 6646 9818 BCFR,AL MDIK 
649' ►3642 E~~61 TPSL C TEST ANU 6'R'ANCH TO ERRC~k HALT 
8494 E+644 X13 BC:Fk, AL ERRF IF C = 6 
648` x646 CC©789 MGI I STkA, k.6 C~F6 STORE TEMFr3Rf~tY EXP. RESULT 
x466 ►3649 3$21 BSTR, UN NGRM NORMALIZE RESIT 
6497 ►364$ ?561 GF'SL C i.~LEAR CARRS' 
646$ ►364U 6C678y LOUR, R6 OPB R00 TEhPORAR'T EXF~3FENT AND 
64t_~9 4656 81 AUOZ Ri CORRECTING CONSTANT 
611►3 ►3651 C~C6789 STRA, R8 OP8 STOkE EXPCMENT RESULT 

9411 6654 6594 TPSL Off TEST A~ BRANCH IF OYF = 1 
6412 9656 1818 BCTk, AL MDI.J 
641< 6658 46 ERRH HALT ELSE ERROR HALT 
9414 8654 49 ERRF HALT ERROR HALT 
841` 
9416 965R 7581 MD I is CfSL C CtEAk CARRY 
6417 8650 X31 ADUZ ki RD0 TEMPORARY E7~'f1FENT ANU 
8418 ~~~ Ci STRZ Ri CORRECTING CONSTANT 
6419 865E 26 EORZ R6 NEW CORf~CTING CONSTANT = 6 
►3428 665E 6584 TF ~L OVF TEST Af~O BkWJCFI I F OVF = i 
6421 6661 1863 BCTR,AL MDII 
6422 8663 Cfi8789 MUIH STRA, Ri OPB STGRE EXPOFENT 
8423 9666 3680 BSTR, UN NORM Fk1RfIAL I ZE RESULT 
9424 6668 8784 MD I J LOO I, R3 LEN BYTE COINrTER 
8425 866R 8[8788 LODA,RB SIGN TEST Ar0 PRffROM TWO'S 

8426 866D BC6535 BSFR,Z TWOA COMPLEMENT IF SIGN =SET 
8427 86?8 ?584 CPSL OVF CLEAR OVF FLAG 
8428 867'1 1F84B8 BCTA,UN ROOF ROUFD RESULT 
8429 

MULTIPLICATION ROUTING (Cont.) 

MUL 

Set bit counter 
(8X IENGI-7~R2 

Clear carry. 

Set byte counter 
12 X LENG) - 2 —► R3 

Fetch byte of mantissa of 
multiplier or temporary 
result indexed by byte 
counter. 

Rotate byte left. 

Restore byte in mantissa 
of multiplier or temporary 
result. 

Decrement byte counter. 

ves 

Set byte counter 
LENG - 1 ~ R3 
Clear carry 

Decrement byte counter. 

Fetch byte of temporary 
result. 

Add with similar byte of 
multiplicand. 

Restore byte in 
temporary result. 

Set byte counter 
LENG - 1—~ R3 

Figure 7 

Fetch byte of most-
significant part of 
temporary result o• of 
multiplier indexed by 
byte counter. 

Add 0 with carry. 

Restore byte in 
temporary result or 
multiplier. 

Decrement byte counter. 

Clear carry 

Add exponent multiplier 
and exponent multiplicand. 

O O 

(FIG. 8) (FIG. 8) 
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DIVISION ROUTINE (Cont.) 

DIV 

Set bit counter 
18 X LENG) - 1 ~ R2 

Logical compare 

Set byte counter 
0 — R3 

Increment byte counter. 

Fetch byte of remainder 
indexed by byte counter. 

Set byte counter 
LENG —~ R3 

Decrement byte counter. 

Fetch byte of temporary 
rewlt. 

Rotate byte leh. 

Restore byte in 
temporary result. 

Set byte counter 
LENG - 1 - —R3 

Fetch byte of remainder 
indexed by byte counter. 

Rotate byte left. 

Restore byte in 
remainder. 

Decrement byte counter. 

10 

Fetch byte of remainder 
indexed by byte counter. 

Subtract similar byte of 
dividend. 

Restore byte in 
remainder. 

Decrement b to mounter. 

Set carry 

Figure 8 

Increment byte counter. 

Fetch byte of mantissa 
of rewlt. 

Store byte in place of 
operand 2 

Clear borrow 

Subtract exponent 
dividend from exponent 
divisor. 

Correcting constant = 1 

Store correcting constant in 
place of exponent operand 2. 

J 
Subroutine NORM 
Normalize result. 

I 

clear carry 

Add temporary exponent 
result and correcting 
constant. 

Store exponent rewlt ~n 
place of exponent 
operand 2 

Yes 

Error 
Halt 
ERRH 

Clear carry 

Add temporary exponent 
result and correcting 
constant. 

New correcting 
constant = 0. 

Store exponent result in 
place of exponent operand 2. 

Subroutine NORM 
Normalize result. 

Set byte counter 
LENG ~ R3 

Clear OVF flag. 

(FIG. 4) 



L I t+E RDUR 06JECT E SUl~2Cf 

6431 ******~******************** 

6432 * 
6433 * NORMfiL I ZE ROUTINE 
6434 
6435 *THIS RUUTINE NORMf~IZES THE RESULT. 
8436 * 
8437 6675 8684 NORM LODI,R2 LEN SET B4'TE COUNTER 
8436 867? ?582 M]RA CPSL COM RRITHrETIC GOhPARE 
8439 8679 ~ NOR1 LOUZ k2 SET BYTE COUNTER 
8448 967R C3 STRZ R3 
6441 6h?B 6C678R LUDf~ k8 OPB+1 FETCH K S.BYTE OF UFfRRNU 
6442 667E E4C6 GUMI,R6 H'G6' TEST RND kETURN IF GPERf~ 
8443 8688 16 RETC,LT IS NEG RND NORMf~IZED 
9444 6681 E43F CUM I, k6 H' 3F' TEST RNU RETURN I F C1P'ERF~FD I S 
6445 9683 15 RETG,GT PUSITIYE RND NURMRLIZED 
644b 6684 9~:9?89 LUDR,R6 OPB FETCH EXPONENT GF UPERRNU 
6447 86c{? E486 CUM L R6 H' 86 ' TEST RND BRAIJUi I F EXPONENT 
8448 8689 1812 BCTR,EO LFE IS hWXIMUM 
8449 9686 F898 BDRR,R6 f+2 ELSE DECREMENT EXPONENT 
84;9 668D CC9789 STf~, R8 OFB STCI~`E ~W EXPONENT 
8451 8698 ?`~61 l:F==,L C CLEAk CRRRY 
b452 ►692 8F6739 LF'D LOGH, Ra uF'B~ Rs FETCH B4`TE OF MRNT I SSA 
E~453 HE~`~ [~ kRL, RH kr~TATE LEFT 64'TE 
9454 9696 CFF,76'9 STRA, Rd OFB, R< S,TOkF BYTE IN MANTISSA 
6455 6E99 FE?? 6't~RF', R3 LFD [►ECR B't'TE CUUJTER ANU 6'F'ANCH 
94`•6 * IF 1C~lMITER IS NOT b 
6457 6696 165C E~CTR, UN NU~1 ELSE C;~~NT I NUE 
6458 
9459 9F9G yF6?~''? LPE LOUA, h6 UPB, R3 FETC#I 64'TE uF P4NNTISSH 
9468 96AEf 9863 BC:FR, Z ERR6 6~ANCH TU ERRC~' HALT IF B4'TE 
E+461 * I S NOT H 
64E2 9t~A2 FB? 9 B[~RR, R3 LPE DECR BYTE GOUNTEF' AND BRt~U;H I F 
946 ~ + i;UIk1TE~' I S NOT 0 
9464 96A4 1? RETG, UfJ ELSE RETURN, OPEF'HN[i I'~ y 
9465 96A` 4H EkF~'B HALT RANGE UNUERFLC~I CAF Nl~RP1AL I AEU 
6466 * OFERAN[> 

NORMALIZE ROUTINE 

NORM NORA 

o D 
Set and save byte cou 
LENG —~ R2 

ter 

Arithmetic compare 

Decrement exponent. 

Restore exponent. 

Char carry 

Fetch byte of mantissa of 
rewlt indexed by byte 
counter. 

Rotate byte left. 

Restore byte in result. 

Decrement byte counter. 

Figure 9 

Fetch byte of mantissa of 
result indexed by byte 
counter. 
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PROGRAM TITLE TEST ROUTINE FOR BINARY ARITHMETIC FLOATING POINT ROUTINES 

FUNCTION 

PARAMETERS 
INPUT: 

OUTPUT: 

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

None 

None 

SPECIAL 
REQUIREMENTS Hardware: Terminal and PC1001 

Software: PIPBUG (PC1001) 

HARDWARE AFFECTED 

REGISTERS 
RO 

X 

R1 

X 

R2 

X 

R3 

X 

R1' 

X 

R2' 

X 

R3' 

X 

PSU F 

X 

II SP 

X 

PSL CC 

X 

IDC 

X 

RS 

X 

WC 

X 

OVF 

X 

COM 

X 

C 

X 

RAM REQUIRED (BYTES): 0 

ROM REQUIRED (BYTES): 138 

EXECUTION TIME: Variable 

MAXIMUM SUBROUTINE NESTING LEVELS: 3 

ASSEMBLER/COMPILER USED: TWIN VER 1.0 

LINE AUDR u6.JECT E SrJ~JRCE 

946$ 
9x69 
6a?a 
8471 
64 'r2 
6473 
64'4 

8475 

64?a 

X3477 
6472 
6479 

64 86 
6481 ►3[+3F 
6482 06'D 
x483 08cE+ 
6484 
6485 02E4 
~_~48E 62s;6. 
64$7 6269 
648^ 6224 

j4 

[496 8686 e~486 
8491 65ft8 1661 
6492 6f;AR 26 
649= 66RE r~C~8786 
9494 6EAE ~F868R 
6495 OEei 66FF 
84'~E 0E63 3F92t4 
9497 6661 61 

849N 6667 CEA449 
9499 0668 3F8<'S9 
►~96 066D E663 
!3561 96BF 9872 
8592 8601 X513 
656 { 86C3 <F6186 
6`x@4 8606 8764 
6s6s ~c~a EFa729 
858E 8606 188E 
8 ;87 66CD 58 7 9 
9588 

85A9 86CF 843E 
6sie 86Di 3F8tft4 
8511 86x4 1658 
X12 
85L 86D6 9428 

8514 E1R~8 3f E~2R4 
8515 6~2$ i7 
8516 

***r~~*****~►~*~►:***.t*************~►-**************~***** 

* BINf~' FLUATIhIIi POINT AkITHPETIC TEST RGUTINE 

* FOR l5E WITH PIP6IJG 
* 

* THIS R[~1TINE INPUTS AND OUTPUTS Tlf OPERANDS, THE 
rJPER.RTC>~' AND THE RESULT. IT DETECTS THE OPERATOR 

* RNU CALLS THE ARITHMETIC ROUTINE. 
* 

* 
* [~F I N I T I ONS CAF PRGCiiiAM DEFINED SYMBOLS 

t~JES Ef~J H`3F' CHARfiCTER 
Elal)L Erb I H' ~>' CHfr<tRCTER = 
SEA[- EbIU H`2'~J' SPRCf CFIr3FcR[:TEk 
CALF Er,tU H' 863A' F' I PfAJG CR At~D LF OUTF~JT ROUT I ~ 
COOT EC~J H'62B4' PIP6UG CHARACTEk OUTPUT f~~JTINE 

CHIN EDU H ~ 82'86' P I P6UG Cl#~R[:TER I I,PtIT RC~JT I NE 
6p_rf E6tU H ` 626'j F' I F6UG 2 HEX DIGITS OUTF~JT ROUTINE 
BIN EDU H`9224` PIPBIJG 2 HEX DIGITS INPUT RC~JTINE 

TSTi L[~~I~F'6 H'89' ENTRY FGR RUIq+C)ING 
ECTR, UN TST4 

TST2 EORZ R6 ENTR4' FC~R NO ROUNDING 
TST4 STRR~R6 RGUN STORE ROt~lDING CONSTANT 
TST= 6'STA.UN CkLF Ck AND LF TO PRINTEk 

LOCI, R2 -1 SET E~'TE COl1rITER 
I NF'1 BSTA, lM BIN I BUT TWO HEX DIGITS 

LfJDZ 
STkR, R8 
65TR. UN 
COMI, k2 
BCFR, Ebl 
BSTR. UN 

Ri STORE IN k8 

*PNTi,~,+ STORE TWO HEX DIGITS IN MEMORY 
60UT PRINT TWO FAX DIGITS 
LEN-i TEST AMA BRANCH IF OPERAM~ 
INPi IS NOT COMPLETE 
SPCE PRINT SPACE 

TSTG BSTA, UN CHIN INFUT GPERATION CHARftCTER 
LODI, R3 4 OPERATION CHRF?FICTEk COl~1TER 

TSTA COM~i, R8 OF'S I, R3. - TEST AND BRANCH I F I T 
BCTR, E61 TSTB IS AN OPERATION C~ACTER 
BkNR, R3 TSTA TEST AND BRAr1CH IF CSlllf{TER IS 

* NOT CtKU 

TSTK LOU I, R8 61UE5 PRINT ? 
BSTR, UN COOT 
6CTk, UN T5T3 

SPCE LOCI, R6 SPRC 

• 

BSTA. t~ COUT 
RFTC, l~l 

START R C13LCULATION RGRIN 

SPACE CFP~tfiCTER IN R8 

PR 11lT SPfiCE 

LINE RDOR OBJECT E SOI~tCE 

8518 96DC CF8783 
8519 86DF 3F~84 
8528 66E2 3872 
ff21 96E4 86FF 
65c~ 86E6 3F~ 4 
8526 86E9 91 
8524 96ER Cf R442 
8525 86ED X9269 
652E 86F8 E68 
4527 86F2 9872 
852$ 86F4 36bb 
959 86F6 3F8286 
85~ 86F9 E43D 
8531 66F6 y852 
X532 96FU 3Fa2~4 
a53_< 8766 3B54 
85x4 6?82 6C878= 
6535 
8538 8765 ".,69 
953? e?6? •3 
~~ 6788 U8 
653y 6799 83 
6549 9788 C:3 
6541 8786 BFC~ ~4 

13542 97 8E ?568 
954; 6718 6?FF 
6544 8?12 8FA444 

8`.,45 ►~?15 C1 
0`.,4E 8716 3F0269 
8`,,4? 87Ly E?H 
054$ 8716 98?5 
6549 6? 1U 1F8EAE 
C+SSE+ 
6551 9?Z'6 ~~~i2A_:A 
~~5`',~_.~ 
6553 6724 iF8486 
►3554 8727 iF645j 
assn e<<~+ it=es~~ 
955E 872D iF6`?A 
6 X57 
95`8 944E 

TSTG STRA, k3 FLAG 
BSTA, UN LOUT 
BSTR, UN SPCE 
LODI, R2 -1 

INF2 BSTA, UN BIN 

SAVE OPERATION Cwt. INDEX 
PRINT OPERATION CNFPACTER 
PRINT SPACE 
SET BYTE CAUFITER 
INPUT TWO HEX DIGITS 

LODZ Ri STORE IN R6 
STAR, R6 *PNT2, R2, + STORE T1~.1 HEX DIGITS I N FPMORY 
6'STR, UN BOUT PRINT TWO HEX DIGITS 
C~MI, R2 LEN-i TEST Rf~ BRAfiC1~ IF i:1FERANU 
BC~I:', EQ I NF2 
6"STR, UN SFL'E 

TSTU BSTA, UN CHIN 
COM I , R6 E61UL 
6CFR, E[I TSTK 
BSTR, IJN Ca IT 
BSTR, UN SPCE 
Ll'~1, R6 FLAG 

* 

CFSL 
STRZ 
RRL, R6 
hID(i~ 
STRZ 
BSi;A 
CF'SL 
LO[1I, k.3 

TS T ~~ LODA, k8 
STRc 
65TA, UN 
CUMI~R 
6CFR, ED 
E~:TA, UN 

* 
rJF'S I DATA 

JUt'E' E~ TA, UN 
f~:TA. UN 
f~: TR, UN 
BC:TA, UN 

C+WC: 
R3 

IS NOT COMPLETE 
PRINT SF'flCE 
INPiIT A C1~'RCTER 
TEST Ate CONTINUE IF IT IS 

NOT A = itlf#~AC:TER 
PRINT A = CHARRC:TER 
F'F' I NT SPACE 
FETCH SAWED rPERATION CHAR. 
INDEX 

CLEAR C:ARk'1, WITH C,~iRRY 
MULTIPLY INf~X EY 3 

~' 
R3 
.JUt1F, R < .JUNE' TO SELECTED SI_~E~kt~JT I NE 
WC W 1 THOIR [:ARf~~r 
-i CC~I~NTER 
*FNTR, R, + FETCH BYTE ~~ RESULT 
ki 
Bi~JT PRINT TWu HEX UIr~ITS 
LEN-i TE~-T ANU 61«'ANCH I F [~ ITF'UT 
TSTG RESULT IS FM:iT REH[>'r' 
TSTs START NEW CALL":ULATI[~J t~~NIN 

H ̀  2'B, 2U, 2A, 3R ̀  OF'ERiiT I C~V CHfrF~ ~ + ~ -, * , 

BAG[' 
BcUB 

BDIV 

END TARN 

TOTAL ASSEM6LY Ekk~JkS = ~~6 

AUDITION ROUTINE 
SL~E~TRAC:T I GN RC~IT I NE 
P1ULT I F'L I CHT I CrfJ RniJT 1 NE 
DIVISIrJN FrJUTIr~ 
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