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vation. While the feature of sharable code images has BACKGROUND OF THE
INVENTION                       been a valuable part of the VAX/VMS
operating sys- tem, the advance of computer architectures has This
invention relates to computer programming,   5   made it necessary to
provide improved or expanded and more particularly to a method of making
callable  capabilities for programs taking advantage of these symbols
visible outside a code image in an environ-  advanced architectures. For
example, data path ment supporting sharable images.                  widths
have expanded from 8-bit, to 16-bit, to 32-bit, When a computer program is
compiled to pro-    and now to 64-bit. Memory has become vastly cheap- duce
an object code module, there are symbols within  10  er and faster.
Semiconductor VLSI technologies have this module that should be visible
outside the module,  allowed more and more of the component parts of a as
in procedure calls or the like. Usually, a number of  computer to be
integrated, with resultant improve- these modules are linked together to
produce an   ments in speed, cost, power dissipation and size. Ad-
executable image, and at the time of linking the rela-  vances in compiler
theories have made it advanta- tive locations of the callable symbols are
identified.  15  geous to expose more of the elemental steps of exe- When
the combined image is activated (at run time)  cution of functions to the
programmer or compiler on a CPU, the symbols are assigned memory ad-
rather than embedding them in microcode. These and dresses. so calls are
made to specific addresses.  otherfactors have resulted in a trend toward
so-called Most operating systems used on computers create a  RISC
architectures rather than the CISC architecture single. combined executable
image at run time, so  20  of the VAX machine. In particular, an advanced
64-bit these assigned memory locations bear a fixed rela-  RISC
architecture taking advantage of all of these tionship to other parts of
program.               technology improvements has been developed as set A
feature of the VAX/VMS[err] operating system,   forth in EP publication
number 0 465 322, assigned to however, is the support of sharable object
code im-  Digital Equipment Corporation, providing a high- ages. An
applications program may make use of libra-  25  performance vehicle for
which programs written in ry images, e.g., for printing, video display,
etc., that  VAX code may be transformed. In order for applica- are used by
many other programs. Rather than use a  tions programs written for the VAX
architecture and copy of each of such library images for each applica-  the
VMS operation system to be directly transformed, tions program, there is
provided the capability of shar-  many features of VAX/VMS should be
supported in ing such images by a number of programs activated   30  the
operating system forthe advanced RISC architec- at the same time in a
multi-user and/or multi-tasking  ture. Among these is the concept of
sharable images. environment. Thus, when several programs make use    Since
the advanced RISC architecture has a dif- of a library image, only one copy
of this image need  ferent instruction set and different linkage mecha- be
activated, instead of a copyforeach program using  nisms, provision must be
made for translating code it. In this manner, real memory space is
conserved.  35  from VAX/VMS so that the feature can still be imple- More
importantly, in a hierarchical memory it is more  mented. Additionally, the
sharable image feature in likely that the shared image will stay in
higher-speed  VMS had limitations with regard to independence of memory
rather and be accessible when needed, so  images, and by relaxing these
limitations the imple- overall performance (speed of execution) is im-
mentation in the advanced RISC environment is proved. That is, it is more
likely that the code image  40   made more flexible and less constrained.
needed will be in cache, or in real memory instead of  Previously, the
VAX/VMS operating system sup- swapped out to disk in avirtual memory
system, when  ported sharable images by employing a transfer vec- it is
needed.                                    torin the target image. This
transfervectorwas a data Using this sharable Image feature of theVMS op-
structure having an entry for each procedure within erating system, large
program units ("images") may  45  the code image that was to be visible
externally. Each be constructed from a set of compiled modules, and  entry
contained the offset to one of the procedures, may invoke service in other
such images and in the  and the entries were in a fixed order. The calling
im- operating system itself. Hence, images serve as su-  age need only have
the address of the transfervector per modular program units which may be
supplied by  and the order number of the called procedure within different
vendors and which, with certain limitations,  50  the transfer vector. So,
at image execution time, the do not need to be rebuilt if others around
them   called procedure is referenced by merely referencing change. A main
program block may use images In   the transfer vector (or, more precisely,
an offset in the memory forspecific purposes (e.g., math processing,
vector according to which ordered number this called windowing, etc.) used
by othertasks executing on the  procedure was placed) where a pointer to
the actual same CPU, in a multiuser, multitasking environment.  55  address
is found. The actual location of the proce- In this manner. these auxiliary
program functions  dures Proc-A, Proc-B, etc., in the image 11 could need
not be duplicated in memory. thus conserving  vary, with updates or
corrections to the code, for ex- memory space. and time is saved upon Image
acti-  ample. As discussed above, however, this method 2 
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shortcomings in the present environment.  similar to that of link time
binding. An example of the type of prior art referred to    According to
the method of the invention, for each hereinabove may be found In an
article entitled    sharable image being constructed, the programmer
"Shareable Image Libraries" appearing in VAX Pro-   provides a list of
symbols which are to be made visible fessional, Volume 11, No.1, February
1989, pages   5   outside of the image. (This is comparable to declaring
27-33. This prior art teaches using a transfer vector  symbols in a
compilation unit that are to be made visi- in a shareable image library.
However, the invention  ble outside of that unit.) These symbols may be
pro- overcomes several problems ofthe priorartdescribed  cedure names, data
cells, absolute values, or any hereinafter.
other valid use of a symbolic value. The only require- Thus, VAX/VMS by the
sharable image feature,  10   ment Is thatthe orderof this list remain
fixed from one provides a limited kind of linking between images at  image
build to the next. From this list, a symbol vec- program startup. This
linkage requires that program-  tor" is constructed (as by the linker) of
the value of mers manually construct a transfer vector within   each of the
identified symbols, and the symbol vector each image to be shared, where
each entry repre-   is associated with the sharable image. Asymbol table
sents the transfer pointfora procedure within that im-   15  is also
associated with the sharable image. where age or possibly a data cell or
structure. By construct-  each symbol has the value of its index in the
symbol ing this vector (a typical practice at many interfaces  vector. When
resolving references to other images, of an operating or programming
system), the relative  the linker does a symbolic lookup in the symbol
table value (offset) of each entry Is made invariant and may  of the target
image and obtains the index into the tar- be bound into other images which
call this one, so   20  get symbol vector. That Index is bound into the
calling long as the location of the transfervector is known at  image.
Then, at program activation, the image activa- activation time.
tor uses the index bound into a calling image to obtain There are several
disadvantages in the use of   the current value of the symbol in the target
image. transfer vectors in the sharable image feature, how-   Because of
the design of the advanced RISC in- ever. First, additional execution
overhead is imposed   25  struction set, and in some cases because of the
de- upon each call to a shared image because of having  sign of the calling
standard, the current value of a to pass control through the transfer
vector and then  symbolic reference obtained at program activation to the
actual target routine. This overhead consists of  time is used with no
additional overhead, in compar- executing added instructions and making
additional  ison toasymboliovalue known at compile or link time. memory
references. Secondly, additional program-  30  An importantfeature is that
no aspect of the sym- ming effort is needed to specify and maintain the
bol vector needs to be specified in compiled code; transfer vector. Third,
execution errors occur if the  hence, the need for language extensions is
avoided. vector is inadvertently changed. Fourth, there is a  Only the
linker need support declaration of symbols lack of flexibility in
referencing data cells and struc-  for the symbol vector. tures (as
distinguished from executable procedures),  35 since they must be located
within the transfer vector  BRIEF DESCRIPTION OF THE DRAWINGS: itself, or
else incur additional execution overhead and programming effort. Fifth,
special language semant-   The novel features believed characteristic of
the ics may be required for the specification of transfer  invention are
setforth in the appended claims. The in- vectors which may not be available
in the program-  40  vention itself, however, as well as other features and
mer's language of choice.                          advantages thereof, will
be best understood by refer- ence to the detailed description of specific
embodi- SUMMARY OF THE INVENTION                           ments which
follows, when read in conjunction with the accompanying drawings, wherein:
The Invention in its broad form resides in a meth-  45  Figure 1 is a
diagram of several code images for od of preparing a calling image for
execution on a    execution on a computer. illustrating features of
computer as generally recited in Claim 1.             the invention; The
invention in its broad form also resides in an  Figure 2 is a diagram of a
computer upon which apparatus for preparing a calling image for execution
the method of linking images according to the in- on a computer as
generally recited in Claim 10.  50   vention may be executed; In accordance
with one embodimentof the inven-     Figure 3 is a diagram of a transfer
vector used in tion, there is provided an improved method for linking
VAX/VMS for linking images at startup; images at program activation,
addressing the limita-  Figure 4 is a diagram of code images and asso-
tions of the prior method as discussed above. The im-  ciated symbol table
and symbol vector according proved method uses the feature of automatically
con-  55  to one embodiment of the Invention; structing a "symbol vector"
which the linker and oper-  Figure 5 is a flow chart of the steps added to
the 



ating system use to effect fast lookup of symbols val-  options file
processing of a linker used in acoor- ues at program activation, thus
providing flexibility  dance with one embodiment of the invention; 3    5
EP 0 528 018 B1                  6 Figure 6 is a flow chart of the steps
added to a  dures 13. Each entry contained the offset (a pointer linker
used for processing a symbol reference in  referenced to the beginning of
the transfer vector 19) accordance with the embodiment of the invention  to
one of the procedures 13, and the entries were in of Figure 4; and
a fixed order. The calling image 10 need only have the Figure 7 is a flow
chart of the steps used in an im-   5   address of the transfer vector 19
and the order num- age activatorfor fixing up Inter-image references  ber
of the called procedure within the transfer vector. in accordance with the
embodiment of the inven-  The actual location of the procedures Proc_A,
tion of Figure 4.                               Proc B, etc., in the image
11 of Figure 4 could vary, so when updates or corrections to the code were
DETAILED DESCRIPTION OF SPECIFIC              10   made the references in
the calling images to the EMBODIMENT
transfervectorwould still bevalid, since the reference bound into the
calling image would be the address of Referring to Figure 1, onepart ofa
computer pro-  an entry in the transfer vector 19. As discussed gram is a
code image 10 (a block of code), referred  above, however, this method has
certain shortcom- to as the calling image. Another part of the program   15
ings in the present environment Execution overhead is a code Image 11,
referred to as the target image.  is imposed upon each call to the shared
image 11 be- The calling image 10 contains procedure calls 12, in-  cause
of having to pass control through the transfer structions which call
certain procedures 13 in target  vector 19 and then to the actual target
routine 13; this image 11, referred to as [err] Proc B and ProcC.  overhead
consists of executing added instructions In source or assembly format, the
program segments  20  and making additional memory references. Added
represented by these code images identify the called  programming effort Is
needed to specify and maintain procedures 13 in symbolic form, i.e., by
name (e.g.,  the transfer vector 19. Execution errors can occur if Proc A,
Proc B, etc.), butwhen the code image is ac-  the vector 19 is
inadvertently changed. There is a lack tivated In memory to be executed by
a CPU the pro-  of flexibility in referencing data cells and structures
cedures 13 must then be identified by an address (or  25  (as distinguished
from executable procedures 13), linkage pair as will be referred to). Of
course, the ad-  since the data must be located within the appropriate
dresses are not known until activation time, that is,  entry in the
transfer vector 19 itself, restricting the when the code of images 10 and
11 is invoked by a  size of the data to the size of the entry, which is
fixed CPU 14 as in Figure 2 and loaded to memory 15. In  since these must
be in a certain position from the be- a virtual memory environment such as
VMS virtual  30  ginning of the transfer vector. Special language se-
addresses are assigned at activation, and remain   mantics may be required
for the specification of fixed, even though the physical addresses in
memory  transfer vector 19 which may not be available in the 15 may change
in a dynamic fashion In a multitasking  programming language being used.
environment as the code Images are swapped in and     According to the
invention, a symbol vector 20 as out of memory to disk 16. If all of the
calling and target  35  illustrated in Figure 4 is used Instead of the
transfer images 10, 11, etc., that are to be executed referenc-  vector 19
of Figure 3. As before, a target image 11 ing one another, are linked Into
a single package, (i.e.,  contains certain procedures 13 to be used by
external not using sharable images) the problem is alleviated,  references
(e.g., from caller image 10); these proce- but that is notthe case here.
Instead, the target image  dures 13, again referred to as Proc_A Proc_B and
is to be sharable, i.e., another calling image 17 may   40   ProcC, are
located at arbitrary positions in the code make calls 18 to the same target
image 11. That is, in  of this image 11. Upon linking, the procedures 13
most conventional operating systems, sharable im-  (identif led by their
symbol names) are identified and ages are not supported, so if the two
calling images  added to the symbol table 21, in order, thus creating 10
and 17 are in sepsrately-activated programs and  symbol table entries 22.
The symbol table 21 is of both make references to the same target image 11,
45  course a data structure ordinarily created by a com- then the section
of code represented by the image 11  piler along with the code images, and
Is used by the Is merely duplicated. To support sharable images as  linker
to locate all external references to variables. lit- illustrated in Figure
1, a mechanism must be provided  eral values, procedures, callable
routines, etc. Each to accomplish the linkage function.
entry in a symbol table contains the symbol name ref- Referring to Figure
3, the VAX/VMS operating   50  erenced to an Index into a code image for
the location system employed a transfer vector to support shar-  of the
corresponding item. Any item declared by the able Images. The VAX
architecture is described by  programmer to be global or universal Is
included in the Levy and Eckhouse in "Computer Programming and     symbol
table, so the procedures 13 are thus declared. 



Architecture: The VAX", 2nd Ed., Digital Press, 1989,  In addition, the
linker builds a symbol vector 20 and which is incorporated herein by
reference. The VMS   55   places it in the image 11 at a default location
or at operating system included definition of a transfervec-  some location
defined in an options file, i.e., a pointer tor 19 in the target image 11,
and this transfer vector  to this symbol vector 20 is given In a header 23.
The contained an entry A', B', C' for each of the proce-  vector 20 is
built in the order that the symbols 13 ap- 4    7                   EP 0
528 018 B1                 8 pear in the link options file, and contains an
entry 24  symbol vector being set up with the code address for each symbol
13. This order must remain the same  from the procedure descriptor PDSC,
for this symbol. over later builds. Entries 24 can be added to the end,
The code address entry is used upon activation, Fig- and other entries can
be obsoleted (in which event  ure 7. Return is via item 39 to increment the
ordinal they hold a null entry), but ongoing entries 24 must   5   number
N. This loop is repeated until all of the entries be in the same original
position. When resolving ref-  13 on the list have been processed, at which
time the erences to other images, the linker does a symbolic  completed
symbol vector 20 is written at item 31. lookup in the symbol table 21 of
the target Image, find-  In Figure 6, the steps added to the code of the
ing an entry 22, and obtains the index into the symbol  linker for
processing a symbol reference are shown. vector 20 for this target image
11; that Index (ordinal  10  First, the linker fetches a symbol to process,
and number) for that image name 11 is bound into the call-  checks in item
40 to see If the symbol Is an entry 22 ing Image 10 at the calling position
12. At program ac-  by this name in the symbol table 21; if not, an error
is tivation, the image activator routine uses the index  reported at item
41. If the symbol is in the symbol ta- bound into the calling image 10 to
obtain the current  ble, the linker checks in item 42 to see if it is
defined value of the symbol in the target image 11, by refer-  15  in this
same image 11 it is processing, and If so it uses encing the header 23 to
get the pointer to the symbol  the value from the symbol table itself,
shown as item vector 20 and Indexing into the symbol vector to the  43. If
not, the symbol table value in entry 22 (the or- entry 24 which contains
the actual offset into the Im-  dinal number, from item 36) is used as the
USV (uni- age 11 where the procedure 13 is to be found. The  versal symbol
value), and the image name is defined symbol vector 20 does not become part
of the activat-  20  as the name of the image 11 where the symbol is ed
code in memory, nor of course does the symbol ta-  found, these operations
being in item 44. Next is a ble 21. The reference at calling location 12 is
to an ad-  case on reference type (item 45) so if it is an address dress
(or, in some cases, it is a literal value, if the sym-  type then the
symbol value USV Is defined as the fix- bol is a literal), rather than
Indirectly as In Figure 3.  up USV and the image name is defined for the
fix-up Referring to Figures 5-7, logic flow charts are  25  routine (item
46). If it is a linkage pair, the USV is sub- shown for the operations
associated with using the  stituted as the current location, and the image
name symbol vector features. In Figure 5, a way of process-  provided, in
item 47. The code Images are now ready ing the symbol vector declarations
in the link options  foractivation. For each image to befixed up (each IM-
file is illustrated. The programmer adds the names of  NAM) there is a list
of symbol values. the procedures 13 to the link options file, i.e, adds the
30  Referring to Figure 7, the code used in the image names of items in a
module that are to be externally  activatorforfixing up inter-image
references is shown visible or callable, and sets a SYMBOL VECTOR op-  In
flow chartform. The images are loaded, and the fix- tion as true. The steps
of Figure 5 are an addition to  up begins to process the external images in
the list, the ordinary options file processing routines execut-  using a
loop with a checkpoint 50 to see if each list is ed by the linker the steps
of Figure 5 are invoked by   35  completed. Each entry has loop variable I
set to zero the linker only if the SYMBOLVECTOR option is     at item 51
and enters a loop to check If all the fixups seen. First. the variable N is
initialized to zero, then a  are done for this target image, using
checkpoint 52. loop is entered using the decision point 30 to see If the
The operation here is to go down the list generated by end of the
declaration list has been reached. if so, the  the linker (see Figure 6)
that Indicates all of the fixups symbol vector 20 is written to the image
11, indicated   40  that need to be made in this particular image; the by
item 31, and the operations of Figure 5 are done.  same operation will be
done for all of the other images If not, the command line is parsed to get
the next entry  that need fixups. For each fixup needed, two values N (the
next symbol 13 as Identified by the user), and  are set In the operation of
item 53 of the flow chart, it is defined as the local variable SYMBOL,
while its  one being the USV - universal symbol value - and the type
(procedure or data cell) is defined as the variable  45  other being the
LOC - location. The USV for this num- TYPE, in the item 32of the flow
chart. The entries are  ber I (FIXUP.USV(I), from item 46 or47) is set as
USV, checked in items 33 and 34 to see if properly defined,  so that gives
an index into the symbol vector22 forthe and if not an error is reported at
item 35 and the rou-  entry 24 needed; the VAL=SYMVAC.VAL[USV] tine exited.
If the check is positive. at item 36 the value  means pulling a value out
of the symbol vector 20 for of the symbol is placed in the symbol vector 20
as an   50  the target image 11, indexed by USV - thus giving the 



entry 24 at position N, and the value of the symbol in  value for the
symbol. The location in the image 10 to corresponding entry 22 in the
symbol table 21 is re-  be fixed up is the variable LOC. in item 53. Next,
there placed by the symbol's ordinal position N In the sym-  is a case on
fixup type, item 54, and if it is an address bol vector 20. This symbol
table 21 is written out as  then in item 55 the location is set to the sum
of the part of the image II. Next, the entry is checked at  55   present
location plus VAL. The value VAL is what is item 37 to see if it is a
procedure (instead of a data  intended to be the actual final value of the
symbol in cell) and if so the Indicated operation is performed at  the
image where it was defined, i.e, that is what the item 38, showing the code
address field CA of the  userreally wants to have in hand when he
references 5    9                   EP 0 528 018 B1                     10
thatsymbol - instead of a name (Proc A, etc.) typical-  tivating said
target image and said calling image ly an address (although it could be
just a constant).  for execution upon said computer, said symbol So, the
[err] operation in item 55            vector is excluded from said target
image which means that at the location LOC which was picked up     is
activated. in item 53 (for this image) the value VAL is added to   5 obtain
the desired location.                       3. A method according to Claim
1 wherein said tar- If it is a linkage pair then the indicated operations
get image is a shareable image. are implemented. A linkage pair is two
separate quad- words that are addresses related to a particular pro-  4. A
method according to Claim 3 including a sec- cedure, one quadword is a
procedure descriptor and   10  ond calling image, and binding in said
second the other is the actual address of the first instruction  calling
image a vector index corresponding to of the code of the procedure. This is
a specification  each identified symbol referenced by said sec- for doing
procedure calls on the advanced RISC ar-     ond calling Image. chitecture
referred to. In the item 56 of Figure 7, one quadword  is fixed  up  using
the  VAL, by  15  5. A method according to Claim 1 wherein at least [err].
The otherisfixedupwith acode ad-        one of said vector entries is an
absolute value dress CA which Is picked up from the symbol vector    and
the corresponding identified symbol is a glo- entry 24 (using ordinal
number USV as index, again,    bally defined constant. to select that
entry). This CA is becomes the [err]. This loop continues with I
Incremented at item 57 until  20  6. Amethod according to Claim 1
furthercomprising all of the fixups are completed.
providing a symbol table of said identified sym- bols and corresponding
vector indices represent- ing the position in the symbol vector of each
said Claims                                                 identif led
symbol's target image information. 25 1. A method of preparing a calling
image for execu-  7. Amethod according to Claim 6 wherein said bind- tion
on a computer which includes the steps of:    ing uses the symbol table to
obtain for each iden- A. providing an ordered list of identified sym-
tified symbol its corresponding vector index. bols contained in a target
image which are available for referencing by said calling im-  30  8. A
method according to Claim 1 wherein at least age;
one of said vector entries is a target image offset B. constructing (30-39)
from said ordered list  and the corresponding identified symbol is a pro- a
vector associated with said target image,     cedure call. said vector
containing a vector entry identi- fied by an ordered position within said
vector  35  9. A method according to Claim 1 wherein at least for each of
said identified symbols, and each   one of said vector entries is a target
image offset vector entry containing corresponding target    and the
corresponding identif led symbol is for a image information for said
identified symbol;   data area. and C. binding (40-47) in said calling
image the or-  40  10. An apparatus for preparing a calling image for dered
position within said vector correspond-   execution on a computer
comprising: ing to each identified symbol which is refer-      A. means for
recording an ordered list of iden- enced in said calling image;
tified symbols in a target Image which are characterized In that:
available for referencing by said calling im- D. in step B said vector
associated with said  45  age; target image is a symbol vector,
B. means for constructing (30-39) from said E. in steps B and C, an ordered
position within    ordered list a vector associated with said tar- 



said vector is a vector index; and                 get Image, said vector
containing a vector en- said method further Includes the step        try
identified by an ordered position within the of:
50         vectorforeach of said identified symbols, and F. utilizing
(50-57), upon activating said target  each vector entry containing
corresponding image and said calling image for execution,        target
Information for said identified symbol; said vector index bound into said
calling im-      and age to obtain from said symbol vector said         C.
means for binding (40 47) in said calling corresponding target image
information for  55     image an ordered position within the vector each of
said identified symbols.                   corresponding to each identified
symbol which is referenced in said calling image; 2. A method according to
Claim 1 wherein upon ac-              characterized in that: 6    9
EP 0 528 018 B1                 10 that symbol - instead of a name [err]
etc.) typical-  tivating said target image and said calling image ly an
address (although it could be just a constant).  for execution upon said
computer, said symbol So, the [err] operation in item 55
vector is excluded from said target image which means that at the location
LOC which was picked up     is activated. in item 53 (for this image) the
value VAL is added to   5 obtain the desired location.
3. A method according to Claim 1 wherein said tar- If it is a linkage pair
then the indicated operations  get image is a shareable image. are
implemented. Alinkage pair is two separate quad- words that are addresses
related to a particular pro-  4. A method according to Claim 3 including a
sec- cedure, one quadword is a procedure descriptor and   10  ond calling
image, and binding in said second the other is the actual address of the
first instruction  calling image a vector index corresponding to of the
code of the procedure. This is a specification  each identified symbol
referenced by said sec- for doing procedure calls on the advanced RISC ar-
ond calling image. chitecture referred to. Inthe item 56 of Figure 7, one
quadword  is fixed  up  using  the  VAL, by   15  5. A method according to
Claim 1 wherein at least [err]. other is fixed upwith a code ad-     one of
said vector entries is an absolute value dress CA which is picked up from
the symbol vector     and the corresponding identified symbol is a glo-
entry 24 (using ordinal number USV as index, again,    bally defined
constant. to select that entry). This CA is becomes the [err]. This loop
continues with I Incremented at item 57 until  20  6. Amethod according to
Claim 1 furthercomprising all of the fixups are completed.
providing a symbol table of said identified sym- bols and corresponding
vector indices represent- ing the position in the symbol vector of each
said Claims                                                 identified
symbol's target image information. 25 1. A method of preparing a calling
image for execu-  7. A method according to Claim 6 wherein said bind- tion
on a computer which includes the steps of      ing uses the symbol table to
obtain for each iden- A. providing an ordered list of identified sym-
tified symbol its corresponding vector index. bols contained in a target
image which are available for referencing by said calling im-  30  8. A
method according to Claim 1 wherein at least age;
one of said vector entries is a target image offset B. constructing (30-39)
from said ordered list   and the corresponding identified symbol is a pro-
a vector associated with said target image,      cedure call. said vector
containing a vector entry identi- fied by an ordered position within said
vector  35  9. A method according to Claim 1 wherein at least for each of
said identified symbols, and each    one of said vector entries is a target
image offset vector entry containing corresponding target     and the
corresponding identified symbol is for a image information for said
identified symbol;    data area. and C. binding (40-47) in said calling
Image the or-  40  10. An apparatus for preparing a calling image for dered
position within said vector correspond-    execution on a computer
comprising: ing to each identified symbol which is refer-       A. means
for recording an ordered list of iden- enced In said calling image;
tified symbols in a target image which are characterized in that:
available for referencing by said calling im- 



D. in step B said vector associated with said  45   age; target image is a
symbol vector,                    B. means for constructing (30-39) from
said E. in steps B and C, an ordered position within     ordered list a
vector associated with said tar- said vector is a vector index; and
get image, said vector containing a vector en- said method further includes
the step         try identified by an ordered position within the of:
50          vector for each of said identified symbols, and F. utilizing
(50-57), upon activating said target   each vector entry containing
corresponding image and said calling image for execution,         target
information for said identified symbol; said vector index bound into said
calling im-       and age to obtain from said symbol vector said
C. means for binding (40-47) in said calling corresponding target image
information for  55     image an ordered position within the vector each of
said identified symbols.                    corresponding to each
identified symbol which is referenced in said calling image; 2. Amethod
according to Claim 1 wherein upon ac-                characterized in that:
6    11                  EP0528018B1                      12 D said vector
associated with said target im-       nem Zielbild enthaltenen
identifizierten Sym- age is a symbol vector;
bolen, auf die das aufrufende Bild Bezug neh- E. an ordered position within
said vector is a      men kann; vector index; and
B. Konstruieren (30-39) elnes dem Zielbild said apparatus further includes:
5          zugeordneten Vektors aus der geordneten Li- F. means, effective
upon activatingsaid target      ste, wobei derVektorfflrjedes der
identifizier- image and said calling image, for obtaining         ten
Symbole einen Vektoreintrag enthalt, der (50-57) from said symbol vector
said corre-         durch elne geordnete Position im Vektor iden- sponding
target information for each of said        tifiziert wird, wobei jeder
Vektoreintrag ent- identified symbols by utilizing said vector in-  10
sprechende Zielbildinfhrmationen fOr das dex bound into said calling image.
identifizierte Symbol enthilt; und C. Einbinden (40-47) der geordneten
Position 11. Apparatus according to Claim 10 wherein said           im
Vektor, die jedem identifizierten Symbol means for activating said target
image and said        entspricht, auf das im aufrufenden Bild Bezug calling
image for execution upon said computer  15     genommen wird, in das
aufrufende Bild; does not load said symbol vector into memory for
dadurch gekennzelchnet, daB: execution.
D. Im Schritt B der dem Zielbild zugeordnete Vektor eln Symbolvektor lst;
12. Apparatus according to Claim 10 wherein said           E. in den
Schritten B und C eine geordnete target image is a shareable image.
20         Position im Vektor ein Vektorverweis ist; und das Verfahren
ferner die Schritte ent- 13. Apparatus according to Claim 12 including a
sec-       hilt: ond calling image, and means for binding in said       F.
Verwenden (50-57) des In das aufrufende second calling image a vector index
correspond-        Bild eingebundenen Vektorverweises bei Ak- ing to each
identified symbol referenced by said  25   tivierung des Zielbildes und des
aufrufenden second calling image.                                  Bildes
fOr die Abarbeitung, um aus dem Sym- bolvektor die entsprechenden
Zielbildinfor- 14. Apparatus according to Claim  10 including
mationen furjedes der identifizierten Symbo- means for generating a symbol
table containing         le zu erhalten. said vector Index for each of said
identified sym-   30 bols.                                            2.
Verfahren nach Anspruch 1, bel dem bei Aktivle- rung des ZielbiIdes und des
aufrufenden Vektors 15. Apparatus according to Claim 14 wherein said
fOrdie Abarbeltung im Computer der Symbolvek- means forbinding utilizes
said symbol table toob-   tor im Zielbild, das aktiviert wird, nicht
enthalten tain said vector index.                     35      ist. 16.
Apparatus according to Claim 10 wherein atleast  3. Verfahren nach Anspruch
1, bei dem das Zielbild one of said vector entries is an absolute value
ein gemeinsam nutzbares Bild ist and the corresponding identified symbol is
a glo- bally defined constant.                     40  4. Verfahren nach
Anspruch 3, das ein zweites auf- rufendes Bild enthAlt und in dem in das
zweite 17. Apparatus according to Claim 10wherein atleast       aufrufende
Bild ein Vektorverweis eingebunden 



one of said vector entries is a target image offset  wird, derJedem
Identifizierten Symbol entspricht, and the corresponding Identified symbol
is a pro-   auf das das zweite aufrufende Bild Bezug nimmt. cedure call.
45 5. Verfahren nach Anspruch 1, bel dem wenigstens 18. Apparatus according
to Claim 10 wherein at least    einer der Vektoreintrage ein Absolutwert
ist und one of said vector entries is a target image offset  das
entsprechende identifizierte Symbol elne and the corresponding identified
symbol is for a    global definierte Konstante ist. data area.
50 6. Verfahren nach Anspruch 1, das ferner die Er- zeugung elner
Symboltabelle der identifizierten PatentansprOche
Symbole und der entsprechenden Vektorverwei- se, die die Position der
Zielbildinformationen je- 1. Verfahren zur Erzeugung eines aufrufenden Bil-
55   des Identifizierten Symbols im Symbolvektor re- des fOr die
Abarbeitung in einem Computer, das      prisentieren, enthilt. die Schritte
enthalt: A. Erzeugen einergeordneten Liste von In ei-  7. Verfahren nach
Anspruch 6, bel dem das Einbin- 7 111111 111111 11111111111 *      C N  S
*    15                 EP0528018B1                    16 donn6e A
l'interieur dudit vecteur sat un Index  10. Appareil pour pr6parer une
image d'appel a exe- de vecteur, et en ce quo                       cutor
aur un ordinateur, comprenant: ladito m6thode comprend egalement
A. des moyensdestin6s Aenregistrerune liste I'etape qui consist a:
ordonn6e de symboles identifies dans une F. utiliser (50-57), lors de
l'activation de ladibt    5  Image-cible qul sont disponibles pour quo la-
image-cible et de ladite image d'appel A ex6-     dite Image d'appel pulase
y faire reference; cutor, ledit indexdevoctourenchatn6 dans la-      B. des
moyens pour reallser (30-39) A partir ditb image d'appel pour obtbnir A
partir dudit    de ladito listo ordonn6e un vectour associ6 A vecteur de
symboles lesditos informations         ladit Image-cible, ledit vecteur
contbnant d'image-cible correspondantes pour chacun   1o    une entr6e de
vecteur identifie6 par une po- desdits symboles Wdentifles.
sition ordonn6e A l'int6rieur du vecteur pour chacun desdits symboles
identifi6s, et cha- 2. Methode selon la revendication 1, suivant laquel-
quo entr6e de vocteur contonant des Informa- le lots de l'activation de
ladite image-cible et de  tions d'image-cible correspondantes pour le-
ladito image d'appel A executbr sur ledit ordina-  15  dit symbole identif
16; et tour, ledit vecteur de symboles est exclu de laditb  C. des moyens
pour enchather (40-47) dans Image-cible qui est activ6e.
ladito image d'appel une position ordonn6e A l'intdrleur du vectour
correspondant A chaque 3. M6thode selon la revendication 1,suivant laquel-
symbole identifi6 auquel ladite image d'appel K..'  .le laditb image-cible
est une image qui peut 6tre  20  fait referenoe; partag6e.
caract6ris6 en ce quo: D. ledit vecteur associ6 A ladite image-cible 4.
M6thode solon la revendication 3, comprenant         est un vecteur de
symboles; une seconds image d'appel, et un enchatnement        E. une
position ordonn6e A l'int6rieur dudit dans ladito secondi Image d'appel
d'un index de   25  vecteur est un Index de vecteur; et en ce que vecteur
correspondant A chaque symbole identi-            ledit appareil comprend
egalement: fie auquel ladito seconde image d'appel fait r6f6-   F. des
moyens aptes A agir pour, lors de l'ac- rence.
tivation de ladit image-cible et de ladite ima- ge d'appel, obtonir (50-57)
A partir dudit vec- 5. Methode solon la revendication 1, suivant laquel-
30  tour de symboles lesditbs informations d'ima- le l'une au moins
desdites entrdes de voctburest     ge-cible correspondantes pour chacun
des- une valour absolue, tandis quo le symbolo Iden-      dits symboles
identifies en utilisant ledit index tifie correspondant est une constants
dfinis glo-    de vectour enchatn6 dans laditb image d'ap- balement.
pel. 35 6. Methode selon la revendication 1, comprenant   11. Appareil
solon la revendication 10, dans lequel egalement l'etape qui consistb A
pr6voir une table  lesdits moyens destIn6s A activer laditb image-cl- 



desdits symboles identifi6s et desdits index de   ble et ladito image
d'appol A executor sur ledit or- vectbur correspondants repr6sentant la
position   dinateur ne chargent pas ledit vecteur de symbo- dans le vecteur
de symboles de chacune des in-  40  les en m6moire en vue de l'ex6cution.
formations d'image-cible dudit symbols identifie. 12. Appareil solon la
revendicatlon 10, dans lequel 7. Methode saelon la revendicatlon 6, suivant
laquel-  laditb Image-cible est une image qui pout itre le ledlt
enchatnement utilise la table de symboles  partag6e. pour obtenir pour
chaque symbole identifih son   45 Index de vectsur correspondant.
13. Appareil solon la revendication 12, comprenant une secondo image
d'appel, et des moyens pour 8. M6thode solon la revendication 1, suivant
laquel-  onchatner dans ladite seconds image d'appel un I l'une au moins
desditis entrees de vecteur est  index de vecteur correspondant A chaque
symbo- un decalage d' image-cible, tandis quo le symbo-  50  ls identifie
auquel ladito seconde image fait rMfM- le identifi6 correspondant et un
appel de proce-  renco. dure. 14. Appareil solon la revendication 10,
comprenant 9. M6thode solon la revendication 1, suivant laquel-  des moyens
pour generer une table de symboles le une au mons desditos entrees de
vecteur eat  55  contbnant lodit index de vecteur pour chacun un d6calage
d'image-cible, tandis quo le symbols  desdits symboles identlfs. identif16
correspondant representb une zone de donn6oes.
15. Appareil solon la revendication 14, dans loquel 9    13
EP0528018B1                     14 den die Symboltabelle verwendet, um fMr
jedes      aufrufendes Bild sowie eine Einrichtung enthalt identifizierte
Symbol dessen entaprechenden        zur Einbindung eines Vektorverweises,
der je- Vektorverweis zu erhalten.                         dem
identifizierten Symbol entspricht, auf das das zweite aufrufende Bild Bezug
nimmt, in das 8. Verfahren nach Anspruch 1, bei dem wenigstens   5   zweite
aufrufende Bild. einer der Vektoreintrage ein Zielbild-Relativzei- ger ist
und das entsprechende identifizierte Sym-  14. Vorrichtung nach Anspruch
10, die sine Einrich- bol sin Prozeduraufruf ist.
tung zur Erzeugung einer Symboltabelle enthilt, die ihrerseits f;rjedes der
identifizierten Symbo- 9. Verfahren nach Anspruch 1, bei dem wenigstens  io
le den Vektorverweis enthalt. einer der Vektoreintrage sin
Zielbild-Relativzei- geristund das entsprechende identifizierte Sym-  15
Vorrichtung nach Anspruch 14, bei der die Emn- bol fOr iinen Datenbereich
stsht.                  richtung zur Einbindung die Symboltabelle ver-
wendet, um den Vektorverwels zu erhalten. 10. Vorrichtung zur Erzeugung
sines aufrufenden   15 Bildes fMr die Abarbeitung in einem Computer,   16.
Vorrichtung nach Anspruch 10, be! der wenig- mit:
stenseinerderVektorsintrlge einAbsolutwert ist A. einer Elnrichtung zur
Aufzeichnung einer     und das entsprechende identifizierte Symbol el-
geordneten Lists von identifizierten-Symbo-     ne global definlerte
Konstante st. len in einem Zielbild, auf die durch das aufru-  20 fends
Bild Bezug genommen worden kann;       17. Vorrichtung nach Anspruch 10,
bei der wenig- B. siner Einrichtung zur Konstruktion (30-39)   stens einer
der Vektoreintrage sin Zielbild-Rela- sines dem Zielbild zugeordneten
Vektors aus     tivzeiger ist und das entsprechende identifizierto der
geordnesten Lists, wobei der Vektor furje-  Symbol sin Prozeduraufruf ist.
des der identifizierten Symbole einen Vektor-  25 eintrag enthalt, der
durch sine geordnete Po-  18. Vorrlchtung nach Anspruch 10, bei der wenig-
sition im Vektor identifiziert ist und jeder Vek-  stens einer der
Vektorsintrage ein Zielbild-Rela- toreintrag entsprechende
Zielinformationen      tivzeiger ist und das entsprechende identifizierte
fOr das identifizierte Symbol enthilt; und      Symbol fMr einen
Datenbereich steht. C. oiner Einrichtung zur Einbindung (40-47)  30 einer
geordnoten Position im Vektor, die je- dem Identifizierten Symbol
entspricht, auf   Revendicatlons das das aufrufende Buld Bezug nimmt, in
das aufrufende Bild;                             1. Methode de pr6paration
d'une image d'appel A 



dadurch gskennzeichnet, dal:      35       executer sur un ordinateur,
methode qui D. der dem Zielbild zugeordnete Vektor sin      comprend les
etapes consistent A: Symbolvektor Ist;                                  A.
prevoir une lists ordonnee de symboles E. sine geordnete Position im Vektor
ein Vek-      identifies contenus dans une image-cible qui torverweis ist;
und                                sont disponibles pour quo ladite Image
d'ap- die Vorrichtung ferner enthfilt:  40          pel puisse y faire
roference; F. eine Einrichtung, die bel Aktivierung des       B. r6aliser
(30-39) A partir de ladit liste or- Zielbildes und des aufrufenden Bildes
arbei-       donn6e un vecteur associe A ladits image-cl- tot, um aus dem
Symbolvektor fOr jedes der         ble, ledit vecteur contenant une entree
de identifizierten Symbole die entsprechenden         vocteur identifiee
par une position ordonnoe Zlelinformationen zu erhalten, indem der In  45
A l'interieur duditvecteur pour chacun desdits das aufrufende Bild
singebundene Vektor-           symboles identifies, etchaque entr6e de veo-
verweis verwendet wird.                            teurcontbnantdes
informations d'image-cible correspondantes pour ledit symbols identif ie;
11. Vorrichtung nach Anspruch 10, be! der die Ein-       et richtung zur
Aktivierung des Zielbildos und des   50  C. enchatner (40-47) dans ladite
image d'ap- aufrufenden Bildes fMr die Abarbeitung Im Com-        pel la
position ordonnoe A l'int6rieur dudit vc- putbr den Symbolvektor nicht in
den SpeicherfOr       tour correspondent A chaque symbols identi- die
Abarbeitung lAdt.                                fio auquel ladite image
d'appel fait reforence; caract6ris6e en ce que: 12. Vorrichtung nach
Anspruch 10, be! der des Ziel-  55  D. au cours de il tape B, ledit vecteur
associ6 bild sin gerneinsam nutzbares Bild ist.               A ladite
image-cible est un vectsur de symbo- les; 13. Vorrichtung nach Anspruch 12,
die sin zweibts        E. au cours des 6tapes Bet C, une position or- 8 C
1111111111111111    17                 EP0528018B1                     18
lesdits moyens d'enchatnement utilisent ladib ta- ble de symboles pour
obtbnir ledit index de vec- teur. 16. Appareil selon la revendication 10,
dans lequel   5 l'une au moins desdites entries de vecteur est une valeur
absolue, tandis que le symbols iden- tifi6 correspondant eat une constants
dfinis glo- balement. 10 17. Apparell selon la revendIcatlon 10, dans
lequel l'une au moins desdites entr6es de vecteur est un d6calage
d'image-cible, tandis quo Is symbols identifie correspondent eat un appel
de procedu- re.                                       15 18. Apparell selon
la revendication 10, dans lequel l'une au moins deadites entr6es de
vectsurest un d6calage d'image-cible, tandis quo le symbols identifie
correspondent representb une zone de  20 donnees. 25 30 35 40 45 50 55
10~~~ _    IN    


