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The XENIX X . o u t S t a n d a r d O b j e c t F i l e F o r m a t

V i c  H e l l e r

M i c r o s o f t C o r p o r a t i o n

1 .  INTRODUCTION

I n t h e course o f d e v e l o p i n g a n d p o r t i n g XENIX t o a v a r i e t y
o f p r o c e s s o r s , s e v e r a l l i m i t a t i o n s w e r e e n c o u n t e r e d w i t h
r e s p e c t t o t h e o b j e c t fi l e f o r m a t s i n p o p u l a r u s e . T h e s e
l i m i t a t i o n s w e r e a l s o evident i n d i f f e r e n t h a r d w a r e
c o n fi g u r a t i o n s u s i n g t h e same p r o c e s s o r .

One o f t h e m o s t b a s i c p r o b l e m s i s t h a t s t r u c t u r e
d e c l a r a t i o n s a r e n o t n e c e s s a r i l y b i n a r y c o m p a t i b l e b e t w e e n
p r o c e s s o r s . A n y s t r u c t u r e t h a t makes u s e o f a n i n t e g e r
fi e l d c a n n o t b e r e l i e d u p o n t o b e r e a d a b l e o n a p r o c e s s o r
o t h e r t h a n t h e one o n w h i c h i t was w r i t t e n . '

D i f f e r e n t c o m p i l e r i m p l e m e n t a t i o n s a l i g n s t r u c t u r e e l e m e n t s
o n d i f f e r e n t b o u n d a r i e s w i t h i n t h e s t r u c t u r e . I n Order t o
b e p o r t a b l e , a s t r u c t u r e ' s l a y o u t s h o u l d b e d e s i g n e d w i t h
k n o w l e d g e o f a l l t h e c o m p i l e r s l i k e l y t o b e e n c o u n t e r e d .

I n t h e p a s t , when a c h a n g e was made i n t h e c o n fi g u r a t i o n o f
t h e t e x t and d a t a s e g m e n t s , a new magic number was u s e d .
G i v e n t h e number o f p r o c e s s o r s and t h e v a r i e t y o f
imp lemen ta t i ons c u r r e n t l y a v a i l a b l e , a b e t t e r scheme f o r
e n c o d i n g t h e new i n f o r m a t i o n was needed. O v e r l o a d i n g t h e
m a g i c number was s i m p l y n o t a c l e a n s o l u t i o n .

M i c r o s o f t s o u g h t t o e s t a b l i s h a common f o r m a t t h a t w o u l d b e
s u i t a b l e f o r u s e w i t h a l l p r o c e s s o r s w i t h w h i c h w e a r e
c u r r e n t l y w o r k i n g , a s w e l l a s w i t h t h o s e t h a t w e c a n n o t a s
y e t a n t i c i p a t e . S i n c e t h e need f o r c o n s i s t e n c y i s g r e a t , w e

fl e x i b i l i t y w i t h o u t c a u s i n g f u r t h e r u p h e a v a l s .

O u r r e s p o n s e was t o d e s i g n a n d i m p l e m e n t t h e X.out o b j e c t
fi l e f o r m a t . T h r o u g h t h e u s e o f a common header and m a g i c
n u m b e r , o b j e c t fi l e s c a n b e d e a l t w i t h e a s i l y , e v e n w h i l e
a l l o w i n g f o r a number o f d i f f e r e n t r e l o c a t i o n and s y m b o l
t a b l e f o r m a t s . B y a t t a c h i n g a s h o r t f o r m o f r e l o c a t i o n
r e c o r d s t o e x e c u t a b l e fi l e s , t h e c o n fi g u r a t i o n o f t h e t e x t
and d a t a s e g m e n t s c a n b e c h a n g e d w i t h o u t r e c o m p i l i n g . o r
r e l i n k i n g . B y a d d i n g a n e x t e n d e d header w h o s e s i z e i s
encoded i n t h e m a i n h e a d e r , more i n f o r m a t i o n c a n b e s t o r e d
a s needed w i t h o u t i m p a c t i n g u t i l i t i e s t h a t d o n o t need t h e
new i n f o r m a t i o n . '



o b j e c t fi l e . T h e i n c l u d e fi l e s may b e f o u n d i n t h e
a p p e n d i c e s .

2. X .OUT ADVANTAGES‘

The 5.935 o b j e c t fi l e f o r m a t i s c a p a b l e o f S u p p o r t i n g t h e
f o l l o w i n g p r o c e s s o r s : M o t o r o l a MC68000, I n t e l 8086 and
i A P X 2 8 6 , Z i l o g 2 8 0 0 0 , N a t i o n a l N816032, D i g i t a l PDP ‐ 11 and
VAX ‐ 1 1 . The h e a d e r , e x t e n d e d h e a d e r , s y m b o l t a b l e and
r e l o c a t i o n s t r u c t u r e s c a n b e r e a d and u n d e r s t o o d o n any
p r o c e s s o r , n o m a t t e r w h i c h p r o c e s s o r a c t u a l l y g e n e r a t e d
t h e m .

I n o r d e r t o m a i n t a i n p o r t a b i l i t y b e t w e e n p r o c e s s o r s t h a t
o r d e r b y t e s and words d i f f e r e n t l y , a fi e l d h a s b e e n r e s e r v e d
i n t h e ma in h e a d e r t o i n d i c a t e t h e t a r g e t p r o c e s s o r and t h e
c u r r e n t b y t e and w o r d o r d e r i n g o f t h e h e a d e r , e x t e n d e d
h e a d e r , s y m b o l t a b l e and r e l o c a t i o n r e c o r d s . The p o s i t i o n
o f t h e fi e l d i n t h e h e a d e r i s n o t a f f e c t e d b y t h e c u r r e n t
b y t e and word o r d e r i n g o f t h e h e a d e r ; i t i s a l w a y s r e a d a b l e .
U s i n g t h i s i n f o r m a t i o n and fi x b i n ( l ) , a u t i l i t y d e v e l o p e d b y
M i c r o s o f t f o r t h i s p u r p o s e , t h e b y t e and w o r d o r d e r i n g o f a n
x . g g t o b j e c t fi l e c a n b e a d j u s t e d o n a n y known p r o c e s s o r t o
b e r e a d a b l e b y any known p r o c e s s o r . T h i s fl e x i b i l i t y
g r e a t l y s i m p l i fi e s c r o s s d e v e l o p m e n t . O f c o u r s e , t h e
o r d e r i n g o f t h e t e x t and d a t a s e g m e n t s t h e m s e l v e s i s s e t b y
t h e assemb le r and l i n k e r , and i s n o t c h a n g e d by fi x b i n .

T o s i m p l i f y t h e r e c o g n i t i o n o f a n 5.933 o b j e c t fi l e , a
s i n g l e m a g i c number i s u s e d . T h e m a i n h e a d e r h a s a fi e l d
t h a t e n c o d e s much o f t h e f u n c t i o n o f t h e o l d m a g i c n u m b e r,
a s w e l l a s o t h e r i n f o r m a t i o n r e l a t i n g t o t h e run‐time
e n v i r o n m e n t . T h e c o n fi g u r a t i o n o f t h e t e x t , d a t a a n d s t a c k
s e g m e n t s , t h e v e r s i o n o f o p e r a t i n g s y s t e m f o r w h i c h t h e fi l e
was c o m p i l e d , a n d t h e t y p e o f t e x t and d a t a a d d r e s s i n g u s e d
a r e a l l k e p t i n t h e h e a d e r .

I n o r d e r t o d i s t i n g u i s h b e t w e e n e x e c u t a b l e fi l e s s e t u p f o r
d i f f e r e n t c o n fi g u r a t i o n s , i t i s n e c e s s a r y t o k e e p t r a c k o f
t h e t e x t and d a t a b a s e a d d r e s s e s . T h e s e a d d r e s s e s a r e k e p t
i n t h e e x t e n d e d h e a d e r .

T o a l l o w f o r s e v e r a l d i f f e r e n t f o r m a t s , a fi e l d h a s b e e n
added t o encode t h e t y p e o f s y m b o l t a b l e a n d r e l o c a t i o n
r e c o r d s  a t t a c h e d .



f o rm f o r e xecu t ab l e fi l e s . The s h o r t f o r m s a v e s space w h i l e
a l l o w i n g a n e x e c u t a b l e t o b e r e l o c a t e d t o r u n o n a d i f f e r e n t
c o n fi g u r a t i o n o f t h e same p r o c e s s o r , o r t o b e c o n v e r t e d t o
o r f r o m p u r e t e x t b y r u n n i n g l g o v e r t h e fi l e w i t h t h e
a p p r o p r i a t e fl a g s .

The n l i s t s ymbo l t a b l e s t r u c t u r e i s n o t a t a l l p o r t a b l e ; t h e
v a l u e fi e l d i s d e c l a r e d a s a n i n t e g e r . T h e l e n g t h o f a
s ymbo l name i s l i m i t e d t o e i g h t c h a r a c t e r s . The a d d i t i o n o f
a n unde r s c o r e t o a l l g l a n g u a g e s ymbo l names r e du ce s t h e
e f f e c t i v e l e n g t h t o s e ven . I n t h e x . o u t s ymbo l t a b l e ,
a r b i t r a r y l e n g t h symbo l s a r e a l lowed, But some u t i l i t i e s
e n f o r c e a p r a c t i c a l l i m i t o f fi f t y c h a r a c t e r s . S i n c e n o
fi x e d amoun t o f s pace i s r e s e r v e d , s h o r t e r s ymbo l names do_
n o t w a s t e s p a c e .

In t h e f u t u r e , an expanded s ymbo l t a b l e may be added in
o r d e r t o a i d a symbol ic d e b u g g e r .

The conve r s i on to 5.933 im p a c t s t h e XENIX k e r n e l and
n l i s t ( 3 ) a s w e l l a s t h e f o l l o w i n g u t i l i t i e s : a d b , a s , fi l e ,
l g , make, m k f s , n r o f f and t r o f f , p r o f , s i z e , stFTp, and
r a n l i b . I n a d d i t i o n , any o t h e r u t i l i t y t h a t d e a l s w i t h
o b j e c t fi l e f o r m a t s mus t b e mod i fi e d i f i t needs t o d e a l
w i t h x.out.

3. MAIN HEADER

s t r u c t x e x e c { .
u n s i g n e d s h o r t x_magic;
u n s i g n e d s h o r t x e x t ;
l o n g x:text;
l o n g _ x_data;
l o n g x_bss;
l o n g x_syms;
l o n g x_re loc ;
l o n g ‘ x _ en t r y ;
c h a r X_CPU:
c h a r x_ re l s ym ;
u n s i g n e d s h o r t x_renv;



A l l s i z e s u s e d i n t h e heade r and e x t e n d e d h e a d e r a r e i n
b y t e s . The t e x t , d a t a and b s s s i z e s a r e e x p e c t e d t o b e
e v e n .

The x_magic fi e l d is a l w a y s s e t to x MAGIC, as d e fi n e d in
t h e i n c l u d e fi l e , S a . o u t . h > . X ext i s s e t t o t h e s i z e o f
t h e extended h e a d e r , or z e r o i f ‐ no e x t e n d e d header is
a t t a c h e d . ‑

X_text and x_data a r e t h e s i z e s of t h e t e x t and d a t a
s e g m e n t s i n t h e o b j e c t fi l e . x_bss i s t h e s i z e o f
u n i n i t i a l i z e d d a t a s p a c e r e q u i r e d a t t h e t i m e o f e x e c u t i o n ;
n o s p a c e i s u s e d f o r t h i s s e g m e n t i n t h e fi l e .

x_syms is t h e s i z e of t h e s y m b o l t a b l e ; x_reloc is t h e total
s i z e  o f  a t t a c h e d  r e l o c a t i o n  r e c o r d s .

x_ent ry is s e t to t h e e n t r y p o i n t in t h e t e x t segment ; t h i s
v a l u e i s o n l y v a l i d f o r e x e c u t a b l e fi l e s and i s u s u a l l y s e t
t o t h e base a d d r e s s o f t h e t e x t s e g m e n t .

The x_cpu fi e l d encodes t h e t a r g e t c p u as w e l l as t h e
c u r r e n t b y t e and word o r d e r i n g ' o f t h e h e a d e r , e x t e n d e d
h e a d e r, s y m b o l t a b l e and r e l o c a t i o n r e c o r d s . The t e x t and
d a t a segments t h e m s e l v e s a r e a l w a y s o r d e r e d a s r e q u i r e d b y
t h e t a r g e t p r o c e s s o r . The t o p b i t i s s e t i f t h e b y t e
o r d e r i n g d i f f e r s f r o m t h e P D P l l ; t h e s e c o n d b i t i s s e t i f
t h e word o r d e r i n g d i f f e r s . T h e l o w s i x b i t s encode t h e
t a r g e t c p u ; t h e p r o c e s s o r f o r w h i c h t h e fi l e was assembled
o r  c o m p i l e d .

T h e x_re lsym fi e l d c o n t a i n s t h e t y p e o f s y m b o l t a b l e a n d
r e l o c a t i o n r e c o r d s a t t a c h e d t o t h e o b j e c t fi l e . The l o w
f o u r b i t s encode t h e t y p e o f symbo l t a b l e u s e d , and i s o n l y
v a l i d when x_syms i s n o n ‐ z e r o . T h e h i g h f o u r b i t s encode
t h e t y p e o f r e l o c a t i o n r e c o r d s u s e d , and i s o n l y m e a n i n g f u l
when x_reloc i s n o n ‐ z e r o .

The x r e n v fi e l d encodes i n f o r m a t i o n needed a t r u n ‐ t i m e .
The h i g h t w o p b i t s encode t h e v e r s i o n o f XENIX k e r n e l f o r
w h i c h t h e fi l e was c o m p i l e d . T h i s e n a b l e s a fi l e c o m p i l e d
f o r B e l l v e r s i o n 7 t o t o b e r u n i n c o m p a t a b i l i t y mode u n d e r
t h o s e XENIX k e r n e l s t h a t s u p p o r t i t .



segment. A l t h o u g h used o n a l l p r o c e s s o r s , t h e s e t w o b i t s
a r e o n l y u s e f u l o n p r o c e s s o r s such a s t h e I n t e l 8086 , whe re
bo t h l a r g e and s m a l l mode ls o f a d d r e s s i n g have been
implemented.

B i t f o u r i s s e t i f the fi l e i s a t e x t o v e r l a y . B i t t h r e e i s
s e t o n t h o s e p r o c e s s o r s t h a t r e q u i r e a fi x e d s i z e s t a c k
segmen t ; i f ' t h i s b i t is s e t , t h e xe_stksize fi e l d in t h e
ex tended header s hou l d be s e t to t h e s i z e o f t h e s t a c k
needed when e x e c u t i n g . T h i s u s u a l l y i n v o l v e s e v a l u a t i n g t h e
s t a c k r e q u i r emen t s o f each e x e c u t a b l e fi l e , and p a s s i n g t h e
s t a c k s i z e to lg on t h e command l i n e .

B i t two i s s e t i f t h e t e x t segmen t i s t o _ b e p u r e ( w r i t e - _
p r o t e c t e d ) and sha red among a l l u s e r s e x e c u t i n g t h e same
fi l e . B i t one is s e t i f t h e t e x t and d a t a segments use
sepa ra te add ress spaces . B i t z e r o i s s e t i f t h e fi l e i s
e x e c u t a b l e ; o b j e c t modu l e s t h a t h a v e n o t y e t been l i n k e d o r
have n o t had a l l e x t e r n a l r e f e r e n c e s r e s o l v e d w i l l n o t h a v e
this b i t s e t .

F i g u r e 2 . O b j e c t fi l e l a y o u t



r e l o c a t i o n r e c o r d s need n o t b e p r e s e n t .

S i n c e t h e t y p e o f symbo l t a b l e and r e l o c a t i o n r e c o r d s c a n b e
encoded i n t h e h e a d e r , t h e x . g g t f o r m a t i s c a p a b l e o f
d e a l i n g w i t h t h e o r i g i n a l B e l l g . o u t s ymbo l t a b l e and
relocation i n f o r m a t i o n , _ _ ‑

The f o l l o w i n g macros d e fi n e t h e seek p o s i t i o n s f o r t h e
v a r i o u s s e c t i o n s within a n o b j e c t fi l e ; t h e y a r e d e fi n e d i n
t h e i n c l u d e fi l e and depend o n t h e above o r d e r i n g . These
mac r o s a r e n o t v a l i d i n x . g g t fi l e s t h a t c o n t a i n e i t h e r : 1 )
B e l l ' s 3.925 r e l o c a t i o n i n f o r m a t i o n , o r 2 ) t h e combined
symbo l t a b l e and r e l o c a t i o n r e c o r d s u s e d i n a n 8086
r e l o c a t a b l e o b j e c t module ( n o t e x e c u t a b l e ) .

#define XEXTPOS(xp) ( ( l o n g ) s i z e o f ( s t r u c t x e x e c ) )
#define XTEXTPOS(xp) (XEXTPOS(xp) + ( l o n g ) ( x p ) - > x _e x t )
#define XDATAPOS(xp) (XTEXTPOS(xp) + ( xp ) ->x_ tex t )
#define XSYMPOS(xp) (XDATAPOS(xp) + (xp) ->x_data)
#define XRELPOS(xp) (XSYMPOS(xp) + (xp)->x_syms)
#define XENDPOS(xp) (XRELPOS(xp) + (xp) ->x_re loc)
#define XRTEXTPOS(xp, ep ) (XRELPOS(xp))
édefine XRDATAPOS(xp, ep ) (XRELPOS(xp) + (ep) ‐>xe_t rs ize)

F i g u r e 3 . Seek p o s i t i o n macros

4. EXTENDED HEADER

s t r u c t x e x t {
l o n g xe_trsize;
l o n g ' xe_drsize;
l o n g xe_tbase;
l o n g xe_dbase;
l o n g xe_stksize;

F i g u r e 4 . Ex t ended heade r



The xe_stksize fi e l d c o n t a i n s t h e s i z e of t h e s t a c k segmen t
required f o r execution, i f t h e a p p r o p r i a t e b i t i s s e t i n
x _ r e n v i n t h e m a i n h e a d e r . T h i s fi e l d i s u s e d b y t h o s e
p r o c e s s o r s t h a t c a n n o t expand t h e s t a c k d y n a m i c a l l y .

5. SYMBOL-TABLE

1?”
s t r u c t sym { ' , f f

u n s i g n e d s h o r t 8 t y p e ; “ b . / “ " ' ‑
u n s i g n e d s h o r t sZpad; ' “ ‘
l o n g s_value;

F i g u r e 5 . X . o u t s ymbo l s t r u c t u r e

The sym s t r u c t u r e i s t h e standard § . o u t symbo l t a b l e
s t r u c t u r e . I t has been d e s i g n e d t o b e p o r t a b l e be tween
p rocesso rs and t o remove t h e l i m i t a t i o n s o f t h e n l i s t
s t r u c t u r e .

‘ Each symbo l in t h e symbo l t a b l e consists of t h e
s t r u c t u r e f o l l o w e d b a n u l l t e rm i n a t e d s m b o l name.
t h i s method , l o n g symbo l names may be s t o r e d w i t h o u t
r e s e r v i n g unused space i n t h e symbo l t a b l e . fi g a t tempt i s
made t o a l i g n s u b s e quen t s t r u c t u r e s o n e v en bounda r i e s .

above

The s_ type fi e l d encodes t h e s ymbo l t y p e : u n d e fi n e d ,
a b s o l u t e , t e x t , d a t a , e t c . A s e p a r a t e b i t i s p r o v i d e d t o
i n d i c a t e t h a t a s ymbo l i s e x t e r n a l .

The s_pad fi e l d i s p a d d i n g t o i n s u r e p o r t a b i l i t y ; i t i s not- fiy/J
c u r r e n t l y u s e d . T he 3_value fi e l d c o n t a i n s t h e symbo l ' 5 t n p f
v a l u e ; i t i s d e c l a r e d a s a l o n g a s a n a i d t o p o r t a b i l i t y . d

s t r u c t n l i s t {
c h a r n_name[8];
i n t n_ type ;
u n s i g n e d n_value;

F i g u r e 6 . N l i s t s ymbo l s t r u c t u r e



n l i s t ( 3 ) i s u s e d p r i m a r i l y o n a n a t i v e XENIX k e r n e l t o fi n d
a d d r e s s e s i n t h e k e r n e l ' s memory s p a c e , a n d s i n c e a n i n t e g e r
fi e l d i s u s u a l l y l a r g e e n o u g h t o s t o r e a n a d d r e s s , t h e n l i s t
s t r u c t u r e i s b a r e l y a d e q u a t e .

I f t h e l i b r a r y r o u t i n e w e r e t o b e u s e d f o r c r o s s
d e v e l o p m e n t , i t w o u l d b e h o p e l e s s l y i n a d e q u a t e , a s a n
i n t e g e r o h o n e p r o c e s s o r i s o f t e n t o o s m a l l t o s t o r e a n
a d d r e s s f r o m a n o t h e r .

s t r u c t x l i s t {
u n s i g n e d s h o r t x 1 t y p e ;
u n s i g n e d s h o r t xlzpad;
l o n g x l _ y a l u e ;
c h a r *xl_name;

F i g u r e 7 . X l i s t s y m b o l s t r u c t u r e

The s o l u t i o n t o t h e l i m i t a t i o n s o f n l i s t ( 3 ) i s t h e x l i s t
s t r u c t u r e and a new l i b r a r y r o u t i n e , x l i s t ( 3 ) . x l i s t i s
used in t h e same manner as n l i s t , b u t a l l o w s l o n g e r s y m b o l
names and c o m p l e t e l y p o r t a b l e r e s u l t s .

The fi r s t t h r e e fi e l d s have e x a c t l y t h e same meaning a s i n
t h e sym s t r u c t u r e , a b o v e . The x l name fi e l d i s a p o i n t e r t o
a n u l l ‐ t e r m i n a t e d symbo l name, which m u s t b e i n i t i a l i z e d b y
t h e c a l l i n g r o u t i n e .

S i n c e many n o n - s t a n d a r d XENIX u t i l i t i e s depend o n n l i s t , t h e
expanded v e r s i o n w i l l c o n t i n u e t o b e s u p p o r t e d .

6. LONG FORM RELOCATION

«aw/js t r u c t  r e l o c  {
u n s i g n e d s h o r t r_desc;
u n s i g n e d s h o r t r_symbol ;
l o n g r_pos ;

F i g u r e 8 . L o n g f o r m r e l o c a t i o n s t r u c t u r e



The r e l o c a t i o n r e c o r d s f o r t h e t e x t and d a t a s e gmen t s mu s t
b e k e p t i n s e p a r a t e s e c t i o n s o f t h e o b j e c t fi l e because t h e
r e l o c a t i o n o f e a c h segmen t i s p e r f o r m e d s e p a r a t e l y . I n
a d d i t i o n , t h e r e l o c a t i o n r e c o r d s a r e examined i n s e q u e n c e ;
each r e l o c a t i o n mu s t t a ke p l a c e a t p r o g r e s s i v e l y g r e a t e r
o f f s e t s i n t h e current s e gme n t .

The r _ p o s _ fi e l d i s t h e o f f s e t w i t h i n t h e c u r r e n t segmen t a t
wh ich t h e r e l o c a t i o n i s t o t a k e p l a c e .

The r_desc fi e l d con t a i n s b i t s t o i n d i c a t e t h e segmen t
r e f e r e n c e d , t h e number o f b y t e s i n v o l v e d i n t h e r e f e r e n c e ,
and whether t h e r e f e r e n c e i s r e l a t i v e .

The t w o h i g h b i t s encode t h e s e gmen t r e f e r e n c e d a s one o f
t e x t , d a t a , b s s and e x t e r n a l . The n e x t t w o b i t s encode t h e
number o f b y t e s t h a t mu s t b e r e l o c a t e d ; o n e , t w o o r f o u r
b y t e s a r e t h e a l l o w e d s i z e s . The fi f t h h i g h e s t b i t i s s e t
i f t h e r e f e r e n c e i s r e l a t i v e t o t h e c u r r e n t l o c a t i o n i n t h e
t e x t o r d a t a s e gm e n t .

I f t h e segmen t r e f e r e n c e d i s e x t e r n a l , i t r e l a t e s t o a
p r e v i o u s l y u n d e fi n e d symbo l ; t h e r_symbol fi e l d i s t h e n used
an an index i n t o t h e symbo l t a b l e in o r d e r to o b t a i n t h e
v a l u e when i t becomes de fi n ed . Z e r o i s used t o index t h e
fi r s t e n t r y i n t h e symbo l t a b l e . When r e l o c a t i o n i s
p e r f o r m e d , and a n e x t e r n a l r e f e r e n c e r e l a t e s t o a n ew l y
d e fi n e d s ymbo l , t h e v a l u e i n t h e c u r r e n t s e gme n t i s s e t t o
t h e s y m b o l ‘ s v a l u e and t h e s e gme n t r e f e r e n c e d b i t s a r e s e t
t o t h e segmen t t o wh i ch t h e s ymb o l b e l o n g s .

I f t h e s e gmen t r e f e r e n c e d i s n o t e x t e r n a l , t h e v a l u e i n t h e
c u r r e n t segmen t i s o n l y u p d a t e d b y t h e amoun t n e c e s s a r y t o
p e r f o r m t h e r e l o c a t i o n . '

7. SHORT FORM RELOCATION

s t r u c t x r e l o c {
} Al o n g xr_cmd;
7

F i g u r e 9 . S h o r t f o r m r e l o c a t i o n s t r u c t u r e



b e r e s o l v e d . I t i s a l s o l i m i t e d i n t h a t r e l o c a t i o n c a n o n l y
i n v l o v e two o r f o u r b y t e s . R e f e r e n c e s t o t h e bss segment
a r e r eco rded a s r e f e r e n c e s t o t h e data s e gmen t .



Appendix A : < a . o u t . h >

s t r u c t x e x e c { . / * x . o u t h e ade r * /
unsigned s h o r t x_magic; /* mag i c number */
u n s i g n e d s h o r t x_ext ; / * e x t e n d e d heade r s i z e * /
l o n g x_ tex t ; / * s i z e o f t e x t segment * /
l o n g x_data; /* s i z e of d a t a segment */
l o n g x b s s ; / * s i z e o f b s s r e q u i r e d * /
l o n g s tyms; / * s i z e o f s ymbo l t a b l e * /
l o n g x_ re l oc ; / * s i z e o f r e l oca t i on * /
l o n g x _ e n t r y ; / * e n t r y p o i n t ? /
c h a r x_cpu; / * c p u , b y t e / w o r d o r d e r * /
c h a r x_ re lsym; / * r e l o c & s ymbo l t y p e * /

} u n s i g n e d s h o r t x_renv; / * r u n ‐ t i m e en v i r o nmen t * / \

s t r u c t x e x t { / * x . o u t header ex tens ion * /
l o n g xe_trsize; /* t e x t r e l o c a t i o n s i z e */
l o n g xe_drsize; /* d a t a r e l o c a t i o n s i z e */
l o n g xe_tbase; / * t e x t r e l o c a t i o n base * /
l o n g xe_dbase; / * d a t a r e l o c a t i o n ba s e * /



i

*/
#define
#define

/*

w

**
* b**
*/

/*

*
#define
#define

#define
#define
# d e fi n e
#define
# d e fi n e
# d e fi n e
# d e fi n e
#define
# d e fi n e
# d e fi n e

ARCMAGIC
X_MAGIC

XC_BSWAP
XC_WSWAP

XC_NONE
XC_PDPll
xc_23
xc_zsx
xc  8086
XCZ68K
xc_zs0
XC_VAX
XC_16032
xc_cpu

xexec.x_magic , HEX ( s h o r t ) .

0 x f f 6 5
0x0206

/* 0177545, a r c h i v e
/* x . o u t m a g i c number"

xexec.x_cpu, c p u t y p e ( c h a r ) .

s e t i f h i g h b y t e fi r s t i n s h o r t
s e t i f l o w w o r d fi r s t i n l o n g
c p u t y p e ~

i f n o t s t o r e d i n

0x80 /* b y t e s swapped *7
0x40 /* w o r d s swapped */

0x00 /* n o n e * /
0 x 0 1 / * p d p l l * /
0x02 / * 2 3 fi x e d f r o m P D P l l * /
0x03 /* 28000 */
0x04 /* 18086 */
0x05 /* M68000 */
0x06 /* 280 */
0x07 /* VAX 780/750' */
0 x 0 8 /* N816032 */
0 x 3 f / * c p u mask * /

*/
*/



/*
* D e fi n i t i o n s f o r xexec . x_ re l s ym ( c h a r ) .*
* r r r r r e l o c a t i o n table f o r m a t
* ssss s ymbo l t a b l e f o r m a t*/ ‘

/ * r e l o c a t i o n t a b l e f o r m a t * /
#define XR_RXOUT 0x00 /* x . o u t l o n g f o r m , l i n k a b l e */
# de fine XR_RXEXEC 0x10 / * s h o r t f o r m , e x e c u t a b l e * /
#define XR_RBOUT ~ 0x20 /* b . o u t f o r m a t */
#define XR_RAOUT 0x30 /* a . o u t f o r m a t */
f d e fi n e XR_R86REL 0x40 / * 8086 r e l o c a t a b l e f o rm a t */.
#define XR_R86ABS 0x50 /* 8086 a b s o l u t e f o r m a t */
~#define XR_REL 0 x f 0 / * r e l o c a t i o n f o r m a t mask * /

/ * s ym b o l t a b l e f o r m a t * / ‘
# d e fine XR_SXOUT 0x00 ' /* x . o u t , s t r u c t sym */
#define XR_SBOUT 0 x 0 1 /* b . o u t , s t r u c t bsym */
#define XR_SAOUT 0x02 /* s t r u c t asym ( n l i s t ) */
#define XR_SBGREL 0x03 / * 8086 r e l o c a t a b l e f o r m a t * /
#define XR_SBGABS 0x04 /* 8086 a b s o l u t e f o r m a t */
#define XR_SUCBVAX 0x05 /* s epa r a t e s t r i n g t a b l e */
#define XR_SYM 0 x 0 f / * symbol f o r m a t mask * /

/*
* D e fi n i t i o n s f o r xexec.x_renv ( s h o r t ) .*
* v v v e r s i o n c omp i l e d f o r
* x x x x xx ' e x t r a ( z e r o )*
* r r e s e r v e d ,
* t s e t i f l a r g e mode l t e x t
* d s e t i f l a r g e mode l d a t a
* 0 s e t i f t e x t o v e r l a y
* f s e t i f fi x e d s t a c k
* p s e t i f t e x t p u r e
* s s e t i f s e p a r a t e I & D
* e s e t i f e x e c u t a b l e
*/
#define X E V 2 0x4000 / * u p t o and i n c l u d i n g 2 . 3 * /
t d e fi n e XE‐V3 0x8000 / * a f t e r v e r s i o n 2 . 3 * /
#define XE:VERS 0xc000 / * v e r s i o n mask * /

t d e fi n e X E RES 0x0080 / * r e s e r v e d * /
$ d e fi n e XE‐LTEXT 0x0040 /* l a r g e mode l t e x t */
# de fine XE‐LDATA 0x0020 /* l a r g e mode l d a t a */



#define
#define
#define
#define

#define
#define
#define
#define
#define
#define

XE_FS 0x0008
XE_PURE 020004
XE_SEP 0x0002
XE_EXEC 0x0001

XEXTPOS(xp)
XTEXTPOS(xp)
XDATAPOS(xp)
XSYMPOS(xp)
XRELPOS(xp)
XENDPOS(xp)

XRTEXTPOS(xp, ep )
XRDATAPOS(xp, ep )

/ * fi x e d s t a c k * /
/ * p u r e t e x t * /
/ * s e p a r a t e I & D * /
/ * e x e c u t a b l e * /

( ( l o n g ) s i z e o f ( s t r u c t x e x e c ) )
(XEXTPOS(xp) + ( l o n g ) ( x p ) - > x e x t )
(XTEXTPOS(xp) + (xp)->x_textY
(XDATAPOS(xp) + (xp) ‐>x_data)
(XSYMPOS(xp) + (xp)‐>x_syms)
(XRELPOS(xp) + ( xp ) ‐>x_ re l oc )

(XRELPOS(xp))
(XRELPOS(xp) + (ep ) ->xe_ t r s i ze )



/*

u n s i g n e d
u n s i g n e d
u n s i g n e d
u n s i g n e d
uns igned
u n s i g n e d
u n s i g n e d
u n s i g n e d

s h o r t
s h o r t
s h o r t
s h o r t
s h o r t
s h o r t
s h o r t
s h o r t

/ * a . o u t h e a d e r * /
xa_magic ; / * m a g i c number * /
xa_ tex t ; / * s i z e o f t e x t segment * /
xa_data; /* s i z e of d a t a s e g m e n t */
xa_bss; /* s i z e of b s s segment */
xa_syms; /* s i z e of s y m b o l t a b l e */
x a _ e n t r y ; / * e n t r y p o i n t * /
xa_unused;/* n o t u s e d */
x a _ fl a g ; / * r e l o c a t i o n s t r i p p e d * /

*/
#define
#define
#define
#define

#define
#define
#define
#define

#define
#define
# d e fi n e
# d e fi n e

t d e fi n e

#define

FMAGIC
NMAGIC
IMAGIC
OMAGIC

A_MAGIC1
A_MAGIC2
A_MAGIC3
A_MAGIC4

0407 / * n o r m a l * /
0410 / * p u r e , s h a r e d t e x t * /
0 4 11 / * s e p a r a t e I & D * /
0405 / * t e x t o v e r l a y s * /

FMAGIC
NMAGIC
IMAGIC
OMAGIC

( ( l o n g ) s i z e o f ( s t r u c t a e x e c ) )
(ATEXTPOS(ap) + ( l o n g ) ( a p ) ‐> x a _ t e x t )
( A D ATA P O S ( a p ) + ( l o n g ) ( a p ) ‐ > x a _ d a t a )
(ARTEXTPOS(ap) + ( ( 1 o n g ) \

( ( a p ) - > x a _ fl a g ?  \
0  :  ( a p ) ‐ > x a _ t e x t ) ) )

(ATEXTPOS(ap)  +  \
( ( ( a p ) ‐ > x a _ fl a g ? l L : 2 L ) * \

( ( l o n g ) ( a p ) ‐> x a _ t e x t + \
( l o n g ) (ap)~>xa_data)))

(ASYMPOS(ap) + ( l o n g ) (ap)‐>xa_syms)



s t r u c t bexec {
l o n g xb_magic; /* mag i c number */
l o n g xb_ tex t ; / * s i z e o f t e x t segment * /
l o n g xb_data; /* s i z e of d a t a segment */
l o n g xb_bss; /* s i z e of b s s s egmen t */
l o n g xb_syms; /* s i z e of s ymbo l t a b l e */
l o n g - xb_t rs ize ; / * s i z e o f t e x t r e l o c a t i o n * /
l o n g xb_drsize; /* s i z e of d a t a r e l o c a t i o n */

} l o n g x b _ e n t r y ; / * e n t r y p o i n t * /

#define BTEXTPOS(bp) ( ( l o n g ) s i z e o f ( s t r u c t b e x e c ) )
#define BDATAPOS(bp) (BTEXTPOS(bp) + ( b p ) ‐ > x b t e x t )
#define BSYMPOS(bp) (BDATAPOS(bp) + (bp)‐>xb:data)
#define BRTBXTPOS(bp) (BSYMPOS(bp) + ( b p ) - > x b syms)
#define BRDATAPOS(bp) (BRTEXTPOS(bp) + (bp)->§b_trsize)
#define BENDPOS(bp)

/*
' * n l i s t s ymbo l t a b l e s t r u c t u r e .*
*/

s t r u c t n l i s t {
c h a r n_name[8]; /* s ymbo l name */
i n t n t y p e ; / * t y p e fl a g * /

/*
* x l i s t s ymbo l t a b l e s t r u c t u r e ,
*/

s ymbo l t y p e
f o r t r a n s i e n t u s e
s ymb o l v a l u e
p o i n t e r t o name

*/
*/*



Appendix B : <sys / r e l s ym.h>

* Symbol tab le f o r x . o u t .
* The "sym" s t r u c t u r e r e p l a c e s t h e o l d "asym" ( n l i s t )
* s t r u c t u r e used b y a . o u t . Each symbo l i n t h e t a b l e ha s
* t h e be low s t r u c t u r e , f o l l owe d immed i a t e l y b y i t s name
* . i n t h e f o r m o f a n u l l t e rm ina ted s t r i n g .
* N o t e t h a t no e f f o r t i s made to word a l i g n subsequen t
* "sym" s t r u c t u r e s i n t h e symbo l t a b l e .
*/

s t r u c t sym { _ /* s ymbo l management */
uns igned s h o r t s_ type ; / * symbo l t y p e * /
uns igned s h o r t s_pad; / * p o r t a b i l i t y padd i ng * /

} l o n g s_value; /* symbo l v a l u e */

#define SYMLENGTH 50 /* Maximum symbol name l e n g t h */

/ * D e fi n i t i o n s f o r sym.s_type: * /

#define S_UNDBF 0xoooo / * u n de fined * /
#define 5 ABS 0x0001 / * a b s o l u t e * /
#define SZTEXT 0x0002 / * t e x t * /
#define S_DATA 0x0003 / * d a t a * /
#define S BSS 0x0004 / * b s s * /
#define s:COMM OxOOOS / * f o r i n t e r n a l use o n l y * /
#define S_REG 0x0006 / * undefined * / '
#define S COMB 0x0007 / * f o r i n t e r n a l u s e o n l y *
#define S_TYPE 0x001 f / * t y p e mask * /
#define S‐FN 0x001 f /* fi l e name symbol * /
#define SZEXTERN 0x0020 /* e x t e r n a l b i t */

#define FORMAT "%081x" /* s ymbo l v a l u e f o r m a t * /



/*
* Symbo l t a b l e f o r a . o u t .*
* M o d i fi e d f r o m n l i s t f o r p o r t a b i l i t y .*/ ‘

s t r u c t asym {
c h a r sa_name[8]; /* s y m b o l name */
u n s i g n e d s h o r t sa_ type j / * s y m b o l t y p e * /

}> u n s i g n e d s h o r t sa_value; /* s y m b o l v a l u e */

/*
* D e fi n i t i o n s f o r asym.sa_type and n l i s t . n t y p e .*/ _ \

#define N_UNDF 0 / * u n d e fi n e d * /
#define N_ABS 01 /* absolute */
#define N_TEXT 02 /* t e x t symbo l */
#define N_DATA 03 /* d a t a s y m b o l * /
#define N_BSS O4 /* b s s s y m b o l * /
#define N_TYPE 037 /* t y p e mask */
#define N_REG 024 / * r e g i s t e r name * /
#define N_FN 037 /* fi l e name symbo l */
#define N_EXT 040 / * e x t e r n a l b i t * /

/*
* Symbol t a b l e f o r b . o u t .*

The same a s x . o u t , e x c e p t t h a t i t u s e s 6 b y t e s
*  o n  m o s t  m a c h i n e s .
*/



/*

/

/*

SS
SS

*/
#define
#define
#define
#define
t d e fi n e

t d e fi ne
#define
#define
#define

#define
*
*
*/
#define
#define
#define
#define
#define

l o n g

l o n g f o r m .

( 6 8 k )

r_desc; / * d e s c r i p t o r * /
r_symbol ; / * e x t e r n a l s ymbo l id * /
I_POS; / * p o s i t i o n i n segment * / ‘

s e gme n t
s i z e

d d i s p l a cemen t
x x x e x t r a

xxxxxxxx e x t r a

RD_TEXT 0x0000
RD_DATA 0x4000
RD_BSS 0x8000
RD_EXT 0chOO
RD_SEG 0xc000

RD_BYTE 0x0000
RD_WORD 0x1000
RD LONG 0x2000
RD:SIZE 0x3000

RD_DISP 0x0800

( p d p l l ) ‑

OxOOOO
0x0001
0x0002
0x0003
0x0003



#define RD_BBYTE OxOOOO
i d e fi n e RD_BWORD 0x0004
#define RD_BLONG 0x0008
#define RD_BSIZE OxOOOc

#define RD_BDISP OxOOlO

/* '
* R e l o c a t i o n t a b l e e n t r y f o r x . o u t , s h o r t f o r m .
* T h i s f o r m i s n o r m a l l y a t t a c h e d t o e x e c u t a b l e fi l e s .
* C u r r e n t l y u sed o n t h e 6 8 k .
*/

s t r u c t x r e l o c {
l o n g xr_cmd; /* r e l o c command */

}; \

/*
* D e fi n i t i o n s f o r xreloc.xr_cmd ( l o n g ) .*
* c s e t if code segment
* 1 s e t i f l o n g operand
* oooooooooooooooooooooooooooooo o f f s e t
*/
#define XR_CODE 0x80000000 /* code/data segment */
#define XR_LONG 0x40000000 /* l o n g / s h o r t ope rand */



App e n d i x C : MC68000 Heade r E x amp l e

The f o l l o w i n g g c o d e i l l u s t r a t e s how t h e h e a d e r a n d e x t e n d e d
heade r fi e l d s wou l d be s e t up f o r an o b j e c t fi l e t h a t i s
e x e c u t a b l e , i s b y t e a n d wo r d o r d e r e d f o r t h e MC68000, h a s
t h e MC68000_as i t s t a r g e t p r o c e s s o r , h a s a fi x e d s t a c k , and
does n o t have p u r e t e x t , s e p a r a t e I & D o r t e x t o v e r l a y s .

Ts i z e , d s i z e , b s i z e , and s t k s i z e a r e t h e s i z e s o f t h e t e x t ,
d a t a , b s s and s t a c k s e gmen t s . S s i z e i s t h e s i z e o f t h e
symbo l t a b l e . Tbase i s t h e base a d d r e s s o f t h e t e x t
s e gmen t . N t r e l and n d r e l a r e t h e number o f r e l o c a t i o n s t o
b e p e r f o rm e d i n t h e t e x t and d a t a s e gme n t s .

xexec.x_magic = x_MAGIC;
x e x e c . x e x t = s i z e o f ( s t r u c t x e x t ) ;xexec.x:text = t s i z e ;
xexec.x_data = d s i z e ;
xexec.x_bss = b s i z e ;
xexec.x_syms = s s i z e ;
xexec.x_reloc = ( n t r e l + n d r e l ) * s i z e o f ( s t r u c t x r e l o c ) ;
x e x e c . x e n t r y t b a s e ;xexec.x:cpu = XC_BSWAP I XC_68K;
xexec.x_re lsym = XR__SXOUT | XR_RXEXEC;
xexec.x_renv = XE_LTEXT I XE_LDATA I XE_FS I XE_EXEC;


