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Chapter 1: Introduction 

A floating point software package has been devised to allou 
full use of the floating point hardvare of the X51-11 and H0DEL40 
computers. The procedures are written for the most part in the 
PL-11 language, The package may be run under tbe BT-11 operating 
system, OK in BACl or EPBOK as part of the KERNEL package (note 1). 
The current set of I;rocedures has been run successfully in all three 
modes, 

LSI-11 computers to be used with this package must be eyuiped 
with the EIS/PIS lntegrated Circuit (ROM) supplied by Digital 
Equipment Corporation. The hardware floating point instructions 
FADD, PSUB, PBUL, and PDIV are available for use with this IC, This 
package of procedures allows the user to do the following: 

1) Convert binary integers to DEC-Compatible floating point 
format. 

a Read ASCII character strings from the console device, and 
convert the strings into floating point numbers. 

3) Convert floating point numbers into ASCII character 
strings. 
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4) Convert floating point numbers into ASCII character 
strings, and print the strings at the console device. 

5) Hove a floating point number from one location to another, 

6) Compare two floating point numbers and deternine if the 
second number is greater than, less than, or equal to the first 
number, 

7) Perform floating point arithmetic: add, subtract, multiply, 
and divide, 

8) Convert floating point numbers into binary integers, 

Chapter 2: Description of the Floating Point Eackage 

The procedures contained in this package are: 

PLOAT -- IRTEGER TO FLOATING POINT CCNVEETEB 
PPYEAD -- READ FLOATING POINT NUMBER PBCfl CONSOLE 
PPASC -- PLOATING POIRT RUBBER TO ASCII STRIBG CONVERTER 
PPPRINT -- FLOATING POINT WlBER PBIIiTEB 
FP&OVE -- FLOATING POINT HOVE PROCEDURE 
PPCOtWA RE -- FLOATING POINT COMPARE 
PPADD -- ELOATING POINT ADD PROCEDURE 
PPSUB -- ELOATING POINT SUBTBACT PBOCEOURE 
PPHUL -- FLOATING POINT HULTIPLY PEOCEDURE 
FPDIV -- FLOATING POINT DIVIDE PROCEDURE 
IPIX -- FLOATING POINT TO INTEGEB CCNVERTEB 

These procedures are descr.ibed belou, with information OA how 
to call each procedure. 

The procedure FLOAT converts an integer word into its floating 
point equivalent; the result occupies tuo words, The procedure is 
passed the reference of the integer in 80, and the reference of the 
resulting floating point number in Rl. The registers are preserved. 

Sample call.: 

dXTERYAL PROCEDURE FLOAT; 
INTEGER I; 
REAL X; 

. 

. 

RE; (I) => Bl; 
REP(X) => RO; 
PLOAT; 

The procedure FPBEAD reads a character string from the console 
device using the system stack for buffer space. The character string 
is converted to floating point by a call to the RCI routine. The 
reference of the U-byte answer must be passed to PPEEAD in RO, 
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The coutiae RCZ is an entry point to KERHAC, It converts a 
string of characters to PDP-11 floating point format. The calling 
arguments aod parameters are on the stack in the following order: 

TOP -- BBTUR# PC 
2nd -- P PACTOR 
3rd -- D FACTOR 
4th -- PXELD WZDTB 
5th -- OUTPUT EUPPEB START ADDRESS 

On return f ram BCI, RO, RI, and R2 are destroyed, R5 and 86 are 
preserved. 83 will be equal to zero if the conversion uas 
successfully performed, and will not equal zero otherwise, The 
resultant double-precision floating point binary number is on the 
stack, vith the most significant word at the top. 

Since we are only interested in single-precision floating point 
representation at this time, only the top two vords are of interest. 
Upon entry into PPHEAD, these words are moved to the location 
pointed-at by the value of BO. On return from PPPEAD, RO, Rl, 82, _ 
and R3 are preserved. 

Lf the conversion was not performed correctly, EBBPLAG is set 
upon return. CRPLAG is set if a carriage return uas the only thing 
in the string; NFLAG is set if an *N@ is received; and XPLAG is set 
if an 'X4 is received. If the conversion uas successful, the result 
is in the tuo vords pointed-at by RO. 

The procedure PPASC converts a floating point nuaber to an 
ASCII character string. The procedure is passed the reference of the 
floating point number in RO, and the reference of the holding buffer 
in El, The registers are preserved, 

The procedure Performs the conversion by calling the routine 
GCO, uhich is an entry point of KEBHAC. The routine produces the 
character string in the FORTEAR 612.6 format. 

The Procedure EPPBINT prints a floating point number in PORTBAR 
G12.6 format at the conso.le device. The ,FEOCedUre is passed the 
reference of the floating point number to be printed in RO. The 
procedure priats a variable-length string uhose length is determined 
by whether or not the exponent ('E-12' for example) is present. The 
string is printed with leading and trailing blanks, 

The conversion from DEC floating point representation to an 
ASCII character string is performed by a call to the procedure 
PPASC. 

Sample call: 
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EXTERNAL PROCEDURE FPPBIBT; 
REAL X; 

l 

B&X)=>RO; PPPBIRT; 

The procedure FPBOVE is passed references for floating point 
numbers iu BO and Bl, It then moves the BEAL number refered-to by 30 
into the BEAL number refered-to in Bl. The registers are preserved. 

Sample call: 

I3XTdRNAL PROCEDURE PPHOVE; 
REAL X,Y; 
. 
. 

iEP (X) => iio; BBP(Y) => Bl; PPHOVE; 

The procedure PPCOBPARE compares tuo floating Faint numbers, 
deteraining whether one is greater than the other or uhether they 
are equal. The method is accurate within the accuracy of the DEC 
floating point format, which is one part in {2**-22). 

The procedure is passed the address of the first floating point 
number in BO, and of the second in Rl. The first floating point 
number is coapared to the second: if the first number is greater 
than the second, the GREATFLAG bit flag is set; if the first number 
is less than the second, the LESSPLAG bit flag is set; neither flag 
is set if the two numbers are equal. The flags are cleared upon 
entry; the register contents are preserved. 

Sample call: 

&XTERYAL PROCEDURE PPCCHPARE; 
* 

;1Bh(<fl. pt. number l>) => BO; 
BEF(<fl- pt. number 2)) => Bl; 
PPCCtlPABE; 
(results in bit flags GEEATPLAG and LESSFLAG) 

The Procedures PPADD, PPSUB, PPNUL, and PPDIV call the hardware 
floating point operators located in the EIS/BIS ROB on the LSI-11 
processor board. The REP (address) of the first operand .is passed in 
RO, the REP of the second operand is passed in Rl, and the REP of 
the result is passed in B2. 

Sample calls: 
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EXTERblAL PROCEDURE PPADD, PPSUB, EEflUL, PPDIV; 
REAL X,Y,AYS; 

. 

. 

BEi (X) => so; 
REP(X) => Bl; 
iiEE(AMS) => R2; 
'ANS = X+y' 
PPADD; 
'BBS = X-Y' 
PPSUB; 
‘AK3 = X*Y' 
PPBUL; 
'AYS = X/Y' 
PPDIV; 

The procedure PPOYEBATOBS is called by each floating point 
operator procedure. 80 refers to the stack setup statements and to a 
case statement, selecting the hardware floating point operator. 

The procedure PPADD performs a floating point addition of the 
contents of the addresses RO and Rl, The result is returned in the 
address pointed-at by R2, 

The procedure PPSUB performs a floating point subtraction of 
the contents of the address in Rl from the contents of the address 
in BO, The result is returned in the address pointed-at by B2, 

The pcocedure PPBUL performs a floating point mltiplication of 
the contents of the addresses in RO and Rl. The result is returned 
in the address pointed-at by R2. 

The procedure PPDIV performs a floating point division of the 
contents of the address in RO by the contents of the address in B1, 
The result is returned in the address pointed-at by R2, 

The procedure IPIX converts a floating point number into a 
binary number, truncating toward zero. 

X,n case of numeric overflow, 32,767 vi11 be returned if the 
overflow is positive, -32768 if negative. The OVERFLOY bit vi11 be 
set in either case. Rl is used to store the exponent, 80 and 82 are 
used to rotate the fraction into the right position, and R3 is used 
to store the high uord to determine if the number is negative. For 
more information, see the floating point representation used by DEC 
in the LSI-11. 

Sample Call: 

EXTEBRAL PROCEDURE IPIX; 
. 
. 
. 
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REE(<floating point number>) => Rl; 
BEE(<integer answer>) => RO; 
IPIX; 

Chapter 3: ~eplementing the Floating Point Package 

The floating point package is not a stand-alone module. The 
external procedures SAVREG, RSTBEG, GCO, and RCI must be avaible at 
linking time. The procedures SAVREG and RSTREG are located in the 
PL-11 module ~XL,PX,PLE~LSILIB#KEEPLll~ The procedures GCO and RCI 
are iocatell in the HACBO-11 module WYL,PX,PLE.LSILIEOFPC~~V. 

hddltlonally, the external procedures READ and PRINT must be 
availab.le at linking time, If the floating point package is linked 
under RT-11, use the module YYL.PX.PLE.LSILIBIPPPACKR. This module 
expects to find the procedures READ and PRINT as external calls and 
not as EHT calls. The EtiT procedures READ and PRINT vi11 be 
available if the module is linked for use in RAti or EPROK. Nodule 
YYL,PX.ELB,LS~LIBrPPPACKR should be used in this case. 

The global segment YYL,PX,PLE,LSILIB#PESEGl!Il4T must be used in 
every module that is linked with PPPACR and uses its procedures. The 
segment is shown belou: 

GLOBAL SEGtUlT PPSEWEYT; 
BYTE BdEti SYBl BEl'lORY; 
LOGICAL PLAGYORD; 
BIT KEXCOKD SYN 0 OP PLAGYORD, OSACTIWE SYN 1 OF FLAGUORD, 

GREATFLAG SYU 2 OP FLAGWORD, 
LESSELAG SYU .3 OF PLAGYORD, BILTELAG SYN 5 OP PLAGUORD, 
CUTPLAG SYN 7 OP PLAGUORD, 
CRPLAG SXN 9 Of PLAGUORD, XPLAG SYN 10 OP PLAGUORD, 
KELAG SYN 11 OF FLAGUORD, YPLAG SYN 12 OF PLAGYORD, 
RfLAG SXBl 13 Of PLAGMORD, ERRFLAG SYN 14 OF PLAGYORD; 

The global segment is readily used in the modules of an 
applicatrons or systems program that is written in the PL-11 
language. For PORTRAY or HACRO-11 modules, implementation as ,GLOBL 
or COHMCN elements is necessary. 

The procedures of the floating point module are compiled on the 
SLAC TRIPLEX facility and downloaded to the LSI-I1 computers as 
object modules. The exec file UYL~PX~PLE,LSILIBXXll may be used to 
create a job to compile the PL-11 modules, The IiACRO-11 module, 
FPCONV, nust be asseabled within the RT-11 environment. 

The following is an example of the X11 EXEC file used to 
compiAe the PPPACKR module described, and of how to dounload the 
resulting load module to the computer. In the example, the user's 
replies to the promEts are shoun in lower case: 

exec from uyl. px,ple,lsilib#xll 
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x11 - Version 1.8 (17-Jul-79) - (<CR>=nNO*q ; rc?W for more info) 

WtiPILE/ASB ACTIVE FILE ? Y/N/C c 
MULTIPLE/SXNGLE 4ODE ? (<CB>=SINGLE) s 
ENTER THE NABE OF EACB HEKBEB TO BE USED 
COPY ERM wyl.px,ple,lsilib#fppackr 
COPY FEOH <carriage return> 
ARE GH’S TO GO TO ET-1 1 (Y/M) y 

***** neu oersion for flILTEN V6,0+ 
DATA SET NAME FOR OBJ flODS (<CR>=NC SAVE) uyl.px.ple,fpobj 
VEBIFY OBJECT DSN : RYL.PX.PLE,FPOBJ Y/N y 
ENTER VOLUBE FCR NEY DSN (<C.R> => Abort and reprompt for OH 

LIB) 
VOLUHE? work01 
-->B6ADY TO BUN 
-> EXEC PAUSE 
> run h 
. 
. 

;use uyl.px.ple.fpobj 
><escape>tra fPobj.obj fro wyl 
U46 LIN3S YILL BE TBANSPERBED TO DK:FPCEJ.OBJ 
> 

At this point, the object module DK:FPOEJ,OBJ exists on the 
scratch disc. The tiACBO-11 module, FPCCNV, must be downloaded and 
assennled, The following example shous how to download and assemble 
all three modules. Again, the user's responses are shown in lover 
case: 

>use uyi,px,ple,lsilib#fpconv 
><escaye>tra fPconv.nac fro uyl 
lL3 LINES MILL BE TRANSFERRED TO DK:CCNVF.flAC 

iCescape C: to get into RT-11) 

. mat fpconv 

A11 of the needed object modules nou exist on the scratch disc. 
The easiest way to link these modules to the user's programs is to 
convert the modules into an object library, as in the following 
exanple: 

,lib/cre fplib.obj fpobj,fpconv 

The library is then linked to any other object module in the 
usual aanner. The fcllouing example shows hou the library PPLIB 
just createu, may be linked to a dumay program called DURBY, and to 
another library called OBJLIB: 
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iIbiK/T: 1000/L1E:FPLIB.CBJ/LIB:OBJLXE.CEJ/nBP=DUHHY.~AP DULIIlY 

The colsmand string also creates a .flAP file, uhich is aluays a 
good idea uhile developing programs, 

Link, run, and library creation comaands may always be combined 
into .CCEI command files for quick application during program 
developeaent. 
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