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C/$O MATHPAK. Adds true 32 bit float and long data types to the Toolworks G/80
language. Includes fast assembly language arithmetic l ibrary, plus C source code for
formatt-ed l/O routines and transcendental function l ibrary. Configuration program
modifies C compiler to compile float and long declarations. Requires C/8O version 3.
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1. INTRODUCTION

Mar .  1984

The Toolworks c/80 MATHPAK adds true 32 bit long and
f loat  data types to the C/80 Version 3 compi ler  and rr int ime
l ibrary.  r t  incrudes the ccoNFrcF program to 

-patch 
the c/go

compi ler  to recognize long and eroat;  d runt ime l ibrary to
perform 32 bi t  ar i thrnet ic,  rout ines to convert  between ASCII  and
f loat ing point  representat ionr dn augmented pr int f r  dnd a
t ranscendenta l  func t ion  I ib ra ry  wr i t ten  in  C.

!ogg_ i l !9gq!g  in  C/80  are  32  b i t  s igned numbers  in  rhe
range  -2 rL47  r483r648  to  2 rL47  t483 ,647 .  F loa t ing  po in t  numbers
have 24  b i ts  o f  p rec is ion ,  o r  about  7  dec ima l  a ig i ts r  and an
exponent in the range 10 to the prus or minus 38th power.

The c/80 MATHPAK requires the c/80 compirer,  version 3.0
or  la te r .

Note:  This document descr ibes c/90 imprementat ions for
65Efr'-ceTrtl ana HDos. where program names, devices,
etc. ,  d i f fer  for  the two systems, the Cp/! , l  names wi l l
be used, wi th the HDOS equivalent in brackets,  [ l ike
th is l .
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2. THE MATHPAK DISTRIBUTION DISK

Mar .  1984

The C/80 MATHPAK dis t r ibut ion d isk conta ins the fo l lowing
f i l es :

CCONFIGF.COI{  [or  .ABS]
Prog ram to  pa tch  the  C /80  comp i le r ,  C .COM lo r
C .ABS on  HDOSI ,  t o  comp i le  f l oa ts  and  l ongs .  An
augmented vers ion of  the CCONFIG program suppl ied
w i t h  C /80 .  (Sec ion  3 .1 .  )

FLOATLIB.ASM The C/80 f loat ing point  I ibrary  in  assembler
fo rm.  When  the  AS assemb le r  i s  used ,  t h i s  f i l e
is  automat icaLly  inc luded in  C/80 programs which
use  f l oa t i ng  po in t  ope ra t i ons .  Usua l l y  i t  shou ld
res ide  on  A i  tSyO:  on  HDOSI  a t  assemb ly  t i ne .

LONGLIB.ASI4

(Sec t i on  3 .2 . )

The  C /80  l ong  a r i t hme t i c  l i b ra ry  i n  assemb le r
fo rm.  Inc luded  i n  AS  assemb l ies  o f  C /80  p rog rams
wh ich  use  l ong  a r i t hme t i c .

Common 32  b i t  a r i t hme t i c  rou t i nes .  I nc luded  i n
AS assemb l ies  o f  C /80  p rog rams  wh ich  use  e i t he r
f l oa ts  o r  l ongs .

A re locatable vers ion of  the complete f loat  and
Iong  a r i t hme t i c  l i b ra ry ,  f o r  use  w i th  M ic roso f t r  s
L ink -80  o r  RMAC f rom D ig i t a l  Research .

The Cr l80 format ted output  rout ines,  augmented for
f l oa t  and  l ong  da ta  t ypes .  (See  Sec t i on  5 . f . )

# Inc1ude  f i l e  f o r  use  when  fp r i n t f  i s  used  w i th  a
l i nk i ng  l oade r .  (See  Sec t i on  5 .1 . )

T ranscenden ta l  f unc t i on  l i b rd ry ,  w r i t t en  i n  C .

LGFLTLIB.ASM

FLIBRARY. REL

(See  Sec t i on  5 .5 . )

Relocatable vers ion of  I , IATHLIBr  for  use
I i nk i ng  l oade r .

FPRINTF .  C

FPRINTF. I I

MATTIL IB.C

MATHLIB . REL wi th  a
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3. INSTALTING AND USING TEE MATHPAK.

l ' l a r .  1984

3.1.  Insta l l ing the I IATHPAK.

To instal l  the !{,A[HPAK, run the CCONFIGF program and tel l
i t  t o  pa tch  the  C /80  comp i le r  f i l e  C .COM lo r  C .ABSI .  The  menu  o f
conf igurable opt ions wi l l  be d isp layed,  inc lud ing a l ine which
reads :

N: Floats and longs available: NOT AVAILABLE

Type the letter N and press RETURN, to change this opt, ion , to
AVAILABLE. Then type Y and RETURN to make the change in the
comp i le r .

To use the scanf  funct ion wi th  f loat  or  long convers ions,
you wi l l  need to edi t  f i le  SCAIIF.C (suppl ied wi th  C/80) .  See
Sec t i on  5 .3 .

3.2.  Using the MATITPAK wi th AS.

I f  you use the AS assembler ,  copy the three .ASI{  l ibrary
f i les f rom the Iv IATHPAK dis t r ibut ion d isk to  your  A:  d isk [HDOS:
SY0: l  (or  to  the d isk on which you keep CLIBRARY.ASM f rom the
C/80  d i s t r i bu t i on  d i sk ) .  Then  comp i le  and  assemb le  you r  C /80
programs just  as before.  Dur ing assembly of  programs which use
f loats  and longs,  the requi red l ibrary  f i les wi l l  automat ica l ly
be assembled in .

I f  you do not  have room on your  A:  d isk for  the .ASM
l ibrary f i les,  remember that  the compi ler  can be to ld  to  look on
ano the r  d i sk  fo r  ' t he  l i b ra ry  f i l es .  Th i s  i s  done  by  the  - v
switch when running the compiler r of, by using the CCONFIGE'
program to patch the compi ler i  see the C, /80 manual .

3 .3.  Using the I ' IATHPAK wi th Macro-8O or  RMAC.

I f  you use e i ther  the Macro-8O or  RMAC re locatable
assembler ,  copy FLIBRARY.REL to a convenient  d isk.  Dur ing the
load process,  load i t  w i th  the S swi tchr  so that  i t  is
se lect ive ly  loaded as a l ibrary .  For  exanple,  the fo l lowing
comrnands wil l  compile, assemble with Flacro-80 and load a Progran
f rom f i l e  TESS.C ,  assuming  tha t  a l l  f i l es  a re  on  the  cu r ren t
d r  i ve :

c  -m  tess
m80  = tess
I80  tess ,  f l i b ra ry / s  r c l i b ra ry  ,Eess /n /e

You wi l l  probably  wish to  use ! { ic rosof t  L IB-80 to  create
a s ing le l ibrary ,  combin ing FLIBRARY.REL and CLIBRARY.REL'  and
perhaps FPRINTF.REL and your  ovrn personal  l ibrary  f i les.  Be sure
to load FLIBRARY.REL and CLIBRARY.RET last ,  in  that  order .

Because  o f  ob jec t  p rog ram s i ze  cons ide ra t i ons  (as  no ted
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in the fo l lowing sect , ion) ,  when compi l ing programs that  do not
use f loats  or  longs you may want  to  use the in teger  vers ion
p r in t f  p rov ided  w i th  you r  C /80  d i s t r i bu t i on .  You  may  i nc lude
.REL f i les generated f rom both PRINTF.C and FPRINTF.C in  your
l i b ra ry ;  t he  g loba l  symbo ls  i n  each  a re  d i s t i nc t .  I nc lud ing
PRINTF. I I  or  FPRINTF.H in  your  program source f i le  wi l l  determine
wh ich  ve rs ion  o f  p r i n t f  i s  l i nked .

A s imi lar  d is t inct ion may be made wi th  scanf ,  but  there
i s  no t  a  un ique  f l oa t i ng  po in t  ve rs ion  o f  SCANF.C ,  so  you  w i l l
have to  prepare one yoursel f .

3 . 4 .  Ob jec t  P rog ram S i ze  Cons ide ra t i ons .

When  AS i s  used ,  ob jec t  p rog rams  wh ich  use  l ongs  w i l l
conta in about  lK bytes of  long runt ime l ibrary ( in  addi t ion to
the  I . 9K  requ i red  by  the  bas i c  C /80  l i b ra ry ) .  F loa ts  w i l l
requi re about  2.3K bytes.  Because a few rout ines are conmon to
bo th ,  use  o f  bo th  f l oa ts  and  l ongs  requ i res  2 .9K  by tes  o f
l i b r  a r y .

when a re locatable assembler  is  used,  the l ink ing loader
is  capable of  loading only  those por t ions of  the f loat  and long
I i b ra r i es  wh ich  a re  ac tua l l y  requ i red .  Thus ,  you  can  expec t  a
somewhat smaller overhead for l ibrary routines when using Rl ' l"AC or
! lacro-80.  We recommend that  one of  these assemblers be used for
l a rge  p ro jec ts  o r  se r i ous  so f tware  deve lopmen t .
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ADDITIONS TO THE C/80 LANGUAGE.

I v l a r .  I 9 8 4

With the MATHPAK insta l led,  the only  change to the C/80
language is  that  i t  recognizes the long,  f loat  and double
keywords in  dec larat ions,  and long and f loat  constants .  A l though
double is  recognized,  i t  is  just  a  synonym for  long.

Long  cons tan ts  a re  (1 )  a  dec ima l  cons tan t  ou ts ide  the
range -32759 to 32767 i  or  (2 ' )  an octa l  or  hexadecimal  constant
ou ts ide  the  range  0  to  65535 ,  o r  (3 )  any  cons tan t  wh ich  has  the
Ie t te r  rL r  o r  ' l '  immed ia te l y  f o l l ow ing  i t .  Examp les  o f  l ong
cons tan ts  a re :

327  68
3L4L5926
OL
0xabcdl

A f loat ing constant  consis ts  of  a  dec imal  nurnber ,  wi th  an
opt ional  dec imal  po int ,  fo l lowed by an opt ional  exponent  (power
o f  t en  sca l i ng  f ac to r )  cons i s t i ng  o f  t he  l e t t e r  rE '  o r  ' e ' ,
pe rhaps  a  s ign ,  and  an  i n tege r  number .  E i the r  t he  exponen t  o r
the decimal  po int  may be omi t ted,  but  not  both.  The va lue of  the
constant  is  the number t imes ten to  the exponent  power.  Examples
o f  f l oa t i ng  cons tan ts  a re :

3 . r4L5926
Ie12
.7 ] .2
0 .
2 .7L828e -31

The  las t  number  i s  2 .7L828  t imes  I0  to  the  -31  power .

Wi th the C/80 MATHPAK, the compi ler  wi l l  accept  long and
f loat  data types a lmost  anywhere char  and in t  are a l lowed:
a r rays r  po in te r s ,  s t r uc tu re  e l emen ts ,  and  i n i t i a l i ze r s  f o r  s t a t i c
da ta .  The  on l y  res t r i c t i on  i s  t ha t  cons tan t  exp ress ions
invo l v ing  f l oa ts  o r  l ongs  a re  no t  eva lua ted  a t  comp i le  t ime .

4 .
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5. ADDITIONS TO TITE FUNCTION LIBRARY.

Mar .  1984

5 .1 .  P r i n t i ng  F loa t s  and  Longs .

The printf supplied with the t"tATItPAK is an extension of
the  ve rs ion  supp l i ed  w i th  C /80 .  I t  con ta ins  conve rs ions  to  p r i n t
f loat  and long data types.  These convers ions are compat ib le  wi th
the descr ip t ion of  pr in t f  in  The C Prggrgmmrng.  Language,  by
Kern ighan and Ri tch ie.  For  conEFsi6n oFGrues othf f ian f loat
and long,  see the C/80 manual .

Longs  can  be  conve r ted  by  p re f i x i ng  1  ( l ower  case  ' L ' )
i runediate ly  before the format  convers ion.  The convers ions for
l ongs  a re3

r ld
t lo
t lx
t1u

Long decimal  notat ion
Long octa l  notat ion
Long hexadecimal  notat ion
Long unsigned (but  see below)

Due  to  a  l im i ta t i on  i n  t he  a r i t hme t i c  l i b ra ry ,  uns igned  l ong
convers ion is  not  rea l ly  suppor ted '  but  is  taken to  be the same
as  s igned  l ong  dec ima l  conve rs ion .  .

F loat ing point  convers ion is  determined by the format
le t te r  and  op t i ona l  p rec i s ion .  Reca l l  t ha t  t he  conve rs ion
cons i s t s  o f  a  t ,  an  op t i ona l  -  ( l e f t  j us t i f y )  r  E I r I  op t i ona l  w id th ,
an  op t i ona l  .  and  p rec i s ion ,  and  a  conve rs ion  l e t t e r .  F loa t i ng
po in t  numbers  a re  p r i n ted  us ing  the  conve rs ions :

Exponen t :  [ - ]  d .  f f f f f f e  [+ / - ]  xx
F loa t i ng :  [ - ] ddd . f f f f f f
The  sho r te r  o f  t he  te  and  t f  conve rs ion

The  p rec i s ion ,  i f  spec i f i ed ,  de te rm ines  the  number  o f  d ig i t s  i n
the  f rac t i ona l  pa r t  ( shown  as  n f f f f f f "  above ) .  The  de fau l t
p rec i s i on  i s  5 .  The  t - l  i nd i ca tes  an  op t i ona l  n i nus  s i gn ,  l + / ' l
i s  e i t he r  a  +  o r  Round ing  i s  done  i n  the  l as t  d ig i t  p r i n ted .
Non-s ign i f i can t  ze ros  a re  p r i n ted  i n  t e  and  t f  f o rma ts ,  bu t  no t
i n  t g .  The  number  0  i s  a lways  p r i n ted  as  0 '  t o  d i s t i ngu i sh  i t
f r om a  ve ry  sma l l  nonze ro  quan t i t y .

When pr in t ing f loat ing point  numbers,  remember that  on ly
abou t ,  seven  d ig i t s  o f  s i gn i f i cance  a re  ava i l ab le .

te
r f
t9
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5 .2 .  Ug ino  P r in t f  W i thou t  F loa ts  and  Lonqs

I f  you r  p rog ram uses  p r i n t f ,  t he  f l oa t  and  l ong
ar i t hme t i c  i n  p r i n t f  w i l l  f o rce  the  f l oa t  and  l ong  l i b ra ry
rout ines to  be loaded wi th  your  program, even i f  you donr  t  use
them.  Th is  w i l l  make  you r  p rog ram b igge r ,  and ,  L f  you  use  AS,
s lower to  assemble.  S ince long d iv ide is  re la t ive ly  s low,
decinal  output  wi l l  a lso take longer

You can avoid this by *define-ing the constants NOFITOAT
and/or  NOLONG, e i ther  in  the f i le  FPRINTF.C,  or  in  your  source
f i l e  be fo re  i nc lud ing  FPRINTF.C .  The  *de f i ne  I i nes  fo r  t hese
constants  are inc luded in  f i le  FPRINTF.C,  so a l l  you have to  do
is  remove the in i t ia l  t t / t * t t  on each l ine.

I f  NOFLOAT is  def ined,  no f loat ing point  convers ions or
ar i thmet ic  wi l l  be used by pr in t f .  S in i lar ly ,  def in ing NOLONG
suppresses long convers ions and ar i thnet ic .

I f  you  p re fe r ,  you  can  s inp l y  use  the  ve rs ion  o f  p r i n t f
suppl ied wi th  your  or ig ina l  C/80 conpi ler  when f loats  and longs
a re  no t  requ i red .

Users of t ' tacro-80 or Rl"lAC can select the proper version
au tomat i ca l l y  f rom a  re loca tab le  l i b ra ry i  see  Sec t i on  3 .3 .

5 .3 .  Us inq  Scan f  w i th  F loa ts  and  Longs

The f i le  SCANF.C (suppl ied wi th  C/80)  has the same
*defined symbols NOFLOAT and NOLONG as in f i le FPRINTF.C. As
suppl ied,  these l ines are commented out .  In  order  to  use scanf
wi th  f loat  and/ot  long convers ionsr  you wi l l  need to comment  out
the NOFLOAT and,/or NOLONG lines, respectively

5 .4 .  F loa t  and  S t r i ng  Convers ion

The fo l lowing rout ines are prov ided in  the f loat ing point
I ibrary to  conver t  between st r ing and f loat ing point
rep resen ta t i ons  o f  f l oa t  va lues :

a to f ( s )  S  i s  a  s t r i ng  con ta in ing  the  rep resen ta t i on  o f  a
f loat ing point  constant .  Atof  re turns the f loat  va lue
o f  t he  cons tan t .

f t oa ( fm t rd ig i t s r f rwhere )  -  Conve r t s  t he  f l oa t i ng  po in t
number f  to  a s t r ing in  the char  ar ray where.  Fnt  is
the  cha rac te r  ' e '  o r  r f r  t o  spec i f y  exponen t ia l  o r
f l oa t i ng  conve rs ion  t  o t  rE r  o r  rF r  t o  spec i f y

. supp ress ion  o f  t ra i l i ng  ze ros .  D ig i t s  i s  t he  number  o f
d ig i ts  a f ter  the decimal  p lace.  Note that  as many as
c l ig i ts+45 bytes may be needed to s tore a very large or
ve ry  sna l l  number  i n  r f r  r ep resen ta t i on .
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5.5 .  Transcendenta l  Func t ion  L ib rary .

The f i le MATHLIB.C contains the fo l lowing funct ions.
Note  tha t  a l l  va lues  are  computed us ing  7  s ign i f i can t  d ig i ts r  so
the accuracy of  the resul ts may be no more than about 6
s ign i f i can t  d ig i ts .  A I l  a rguments  and resu l ts  a re  f loa t ing
po in t .  Arguments  ou ts ide  the  proper  range fo r  a  func t ion  ( i .e . ,
sqr t ( -1 .0 )  )  w i l l  p roduce undef ined resu l ts .  Ang les  are
rq>resented in radians. E is the natural  log base (approxinately
2 .7L929 . . . ) .

s in  ( f  )
cos  ( f )
a tan  ( f  )
sq r t  ( f )
exp ( f  )
pow (g ,  f  )
powlO ( f )
I n  ( f  )
Iog ( f  )
f abs  ( f )

s  ine
cos ine
arc t ,angent
square root
e to the f power
g to the f power
10 to the f power
Iog base e of f
log base 10 of f
absolute value of  f

The  f i l e  MATI IL IB .C  con ta ins  * i f need  d i rec t i ves .  Thus ,  i f
i t  is  inc luded at  the end of  your  s .ource f i le ,  on ly  the funct ions
actual ly  ca l led wi l l  be conpi led.  I lowever ,  you must  dec lare the
funct ions used to be of  type f loat  before f i rs t  us ing them'  or
comp i le  e r ro rs  w i l l  r esu l t .  An  exanp le  o f  such  a  dec la ra t i on  i s :

f l oa t  s i nO ,powO;

A l te rna t i ve l y r  you  can  ed i t  ou t  t he  * i f need  d i rec t i ves
and inc lude I4ATHLIB.C at  the beginning of  your  source f i le .

t" lacro-8O or RMAC users may use the f i le MATHLIB.REL'
which conta ins a re locatable vers ion of  I ' IATHLIB.  I t  should be
loaded wi th  the S swi tch so i t  is  searched as a l ibrary .
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6. II,IPLE!{ENTATION OF FLOATS AND LONGS

This sect ion is  presented for  advanced progranmers who
wish to  in ter face C/80 f loats  and longs to  assembly language
rou t i nes  o r  o the r  p rog rams .  I t  i s  no t  necessa ry  to  unders tand
th is  mater ia l  in  order  to  use the C/80 MAtHPAK.

tongs are s tored as four  bytes,  s ign extended,  wi th  the
low  o rde r  by te  f i r s t  ( i . ' e . ,  l owes t  memory  add ress ) ,  as  shown  in
F igu re  1 .

F loa ts  a re  s to red  as  fou r  by tes ,  w i th  23  b i t s  o f  uns igned
man t i ssa  i n  t he  f i r s t  t h ree  by tes r  l ow  o rde r  by te  f i r s t ,  and  one
byte of  power of  two exponent  in  the four th byte.  The h igh order
b i t  o f  t he  man t i ssa  i s  a lways  I  and  i s  no t  s to red .  The  h igh  b i t
o f  the th i rd  byte is  the s ign b i t .  The exponent  is  scaled by
adding L28i  thus an exponent  of  127 means a factor  o f  2^-L,  131
means 2^3,  e tc .  The va lue 0 is  represented by a number wi th
exponent  byte 0,  regard less of  the other  three bytes.

When f loats  and longs are used as subrout ine arguments,
they are pushed on the s tack in  the same order  as s tored in
memory.  That  is ,  the h igh byte or  exponent  is  pushed f i rs t .
Sub rou t i nes  re tu rn  f l oa t  o r  l ong  va lues  i n  t he  BCDE reg i s te rs ,
wi th  the low byte in  E and the h igh byte or  exponent  in  Br  dS
shown in  F igure I .

I f  you need to know how to ca l l  the Cr l80 l ibrary  rout ines
which per form f loat  and long ar i thrnet ic ,  the best  way to  d iscover
the ca l l ing sequences is  to  wr i te  a s imple C/80 program invoking
the  ope ra t i ons  i n  ques t i on ,  and  i nspec t  t he  code  i t  gene ra tes .
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