
Oti'bHAMH8HHbl~ 
MHCTMTYT 
HJUPHbiX 

MCCIBAOB8HMM 

JlYfiHa 
' / rL 
f) T J' _; 

I Ell-82-782 

M.Rudali(•s 

~OFTW ARE IS~lJE~ AS HELATED 

TO THE AHITHMETIC PRO<~ESSIN(; 

CAPABILITIE~ 

OF AN INTELLIGENT GRAPHH:S 

TERMINAL 

Submitted to the Conference on Computer 
Graphics.83 (~SSR June 1983) 

1982 



I. INTRODUCTION 

The two major proposals for graphic standardization, the 
Graphic Standard Planning Committee~s CORE [CORE] and the Gra­
phical Kernel System- GKS [GKS] have been designed with the 
concept of device independence in mind. Consequently they in­
clude only suggestions as far as the capabilities of intelli­
gent output devices or workstations are concerned. 

A clever implementation of the INSERT function may be one 
aspect of how to optirrtally use the rather restricted main me­
mory of such a device, in this case - a multiprocessor based 
Intelligent Graphics Terminal - IGT [IGT], which has been de­
signed at the JINR in Dubna. }linimal space requirements how­
ever generally introduce some kind of overhead, in particular 
for the so-called arithmetics module [ARITHMOD],a highly spe­
cialized component of the IGT, capable of fast performing trans­
formations of graphic objects. 

We assume the reader familiar with the terminology of CORE 
and GKS, respectively, where both proposals diverge this will 
be either indicated or an own terminology will be used. 

2. THE FUNCTION OF THE INSERT FUNCTION, OR 
MODELLING ASPECTS IN VIEWING SYSTEMS 

CORE and GKS unanimously abolished modelling facilities in 
favour of a consistent viewing concept. It has become a general 
accepted philosophy to build modelling systems "on top" of view­
ing systems. Thus CORE and GKS agree that: 

- No output functions are provided which retransfer th~ 
description of graphic objects into world coordinates space. 
Intermediate storing of objects on a Meta-file is accepted in 
normalized device coordinates (NDC) space. 

-No extend function is provided, i.e., once a segment has 
been closed it may not be reopened. This implies that no more 
functions may be added to it,- no more segments may be inserted 
into it. 
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However CORE and GKS disagree about introducing in their 
standards an INSERT function, i.e., a function which allo~s 
a source-object to beco~e part of a target-object with the con­
sequence that all subsequent operations on the target-object 
apply to the source-object too: 

- In CORE no function is provided to insert (copy) a se~nent 
into the currently open segment, as this would imply an extend 
function or a symbol system - thus introducing some kind of mo­
delling flavour - and require segment interpretation for resolv­
ing different view surface conflicts. For a discussion of this 
argument see issue 3. 14 in [CORE]. 

- GKS provides an INSERT function with the following restric­
tions: A segment may only be inserted into the open segment 
and must not be the open segment itself. Thus recursive inser­
tion is avoided while arbitrary hierarchies of insertions may 
'be achieved. 

Hmvever GKS pays the introduction of the INSERT function 
with a certain design inconsistency. Before a segment may re­
enter the viewing pipeline three actions have to occur: 

(I) The segment transformation and an insert transformation 
have to be performed. Note that this is the only moment in GKS 
where a transformation of coordinates from NDC space to NDC 
space without subsequent transformation to (physical) device 
coordinates (DC) space takes place. 

(2) Settings of attributes have to remain unaffected by the 
insertion process. This requires some overhead for saving and 
restoring their respective values before and after invocation 
of the INSERT function. 

(3) All clipping rectangles contained in the inserted seg­
ment have to be ignored. Although this allows the user to re..: 
place possibly mismatched clipping rectangles (note that in GKS 
clipping rectangles are bound to their primitives for lifetime), 
it requires the system to interpret the inserted segment for 
the only purpose of eliminating enclosed clipping rectangles. 
It is interesting to remark that CORE would not have run this 
problem as it forbids the viewing point to change while a seg­
ment is open, i.e., one and only one "clipping rectangle" is 
valid for a CORE segment. 

GKS leaves it up to the implementor how and where the Device 
Independent Segment Storage - which has to contain a segment to 
be inserted into the open segment - is organized,. as long as 
all GKS functions are performed correctly. The following three 
approaches should contain all necessary informations for proper 
functioning of the INSERT function: 
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(I) Copying Approach 

All functions contained in the source-object are simply co­
pied into the target-object: 

SET TRANSFORMATION 
SET ATTRIBUTES 
FUNCTIONS STREAM IN 
TARGET-OBJECT BEFORE 
INVOCATION OF INSERT 

SAVE ATTRIBUTES 
SET TRANSFORMATION 

actions contained in frames 
are performed with every 
evaluation of the object 

SET STATE "IGNORE CLIPPING RECTANGLES" 

~
ET ATTRIBUTES 

.

U.NCTIONS STREAM IN 
OURCE-OBJECT 

RESTORE ATTRIBUTES 
RESET TRANSFORMATION 
RESET STATE "IGNORE ..• " 

FUNCTIONS STREAM IN 
TARGET-OBJECT AFTER 
INVOCATION OF INSERT 

actions out of frame are 
pe~formed once only 

With this approach the entire information contained in the 
source-object (with the exception of the clipping rectangles)' 
is duplicated with each insertion command. Coordinates are trans­
formed once during the copying operation. System overhead re­
mains small but for saving and restoring the primitives attri­
butes. 

(2) Contextual Call 

The source-object is called "within the context" of the tar­
get-object•s function stream: 
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SET TRANSFORMATION 
SET ATTRIBUTES 
FUNCTIONS STREAH IN ' 
TARGET-OBJECT BEFORE 
INVOCATION OF INSERT 

PUSH TRANSFORMATION 
PUSH ATTRIBUTES 
SET STATE "IGNORE" 
CALL SOURCE-OBJECT ---
RESET STATE "IGNORE" 
POP ATTRIBUTES 
POP TRANSFORMATION 

FUNCTIONS STREAM IN 
TARGET-OBJECT AFTER 
INVOCATTION OF INSERT 

1-
_[

I 'ACCUMULATE TRANSF. N 
SET ATTRIBUTES 
FUNCTIONS STREAH IN 
SOURCE-OBJECT 
CONTAINING EVENTUAL "------

~l FURTHER CALLS 
L+------ RETURN 

This approach has minimal space requirements, however it in­
troduces a considerable overhead,as with every call. the source­
object·s transformation and attributes settings have to be saved 
on push-down stacks and the elimination of clipping rectangles 
has to occur not only once but with every reevaluation of the 
target-object. Additional problems are caused by the fact that 
the target-object has to be interpreted when it has to be dele­
ted, as some kind of reference (e.g., reference counter, poin­
ter) has to be updated in the source-object. 

(3) Call Out of Context 

The call of the source-object does not reflect the point of 
invocation of the INSERT function: 

I 
SET TRANSFORMATION l:=~~ PUSH TRANSFORMATION 
CALL SOURCE-OBJECT J ACCUMULATE TRANSF.N 
EVENTUAL CALLS. • . • . f-- EVENTUAL CALLS .•... 
CtiPPING RECTANGLE I CLIPPING RECTANGLE 

SET STATE "IGNORE" 

SET ATTRIBUTES 
FUNCTIONS STREAM IN 
TARGET-OBJECT 

SET ATTRIBUTES 
FUNCTIONS STREAM IN 
SOURCE-OBJECT 

RESET STATE "iGNORE" 
POP TRANSFORHATION 

RETURN 
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This method requires slightly more overhead for storing some 
header information for each insertion of the source-object. On 
the other hand all calls may be processed in one block before 
(or after) processing the functions stream of the target-object. 
This eliminate~ the need for repeated save and restore opera­
tions for attributes, however requires the setting of the clip­
ping rectangle at the time of invocation of the INSERT function 
to be stored along with the source-object. Deleting the target­
object causes a simple pointer operation in the header of the 
source-object. 

3. AN ARITHMETICS MODULE#S VIEW OF THE DATA STRUCTURE 

The arithmetics module of the IGT [ARITHMOD] is equipped 
with some special hardware for fast performing transformations 
of graphic objects. However when attempting to offload the con~­
rol module of the IGT (which is occupied with I/0 and storage 
management) and the display module (in refresh mode continuous­
ly busy with the display process) it additionally has to under­
stand the data structures of graphic objects. Thus the arithme­
tics module has to 

- proceed all functions contained in a graphical object like 
settings of attributes, clipping rectangles, etc., 

- understand the storage representation of compound objects, 
i.e., objects with references to other objects as described in 
approach (2) and (3) of the previous chapter, 

- perform push and pop operations of transformations prefer­
able on a stack in its mm memory (e.g., when accumulating 
GKS' transformation matrices), 

- interact with the control module for reclaiming and return­
ing variable portions of the main memory, 

- provide immediate visibility (deferral state "ASAP" in GKS) 
for the display process. 
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Py,o;aJIH<I M. 
IIpo6JieMbi rrporpaMMHpoBaHHH, 
CB IDaHHbJe C apH!pMeTu<reCKHMH B03MOJKHOCTHMH 
HHTeJIJieKTyaJibHoro rpa<l;>u<IecKor'b TepMuHaJia 

Ell-82-782 

¢yHKL\HH "INSERT" H ee peaJIH3a[(HH HBJ1HJOTCH O,IJ;HHM H3 rJiaB­
HblX paCXOJK,o;eHHH MeJK,o;y ,D;BYMH rrpe,D;JIOJKeHHHMH ,D;JIH rpa<j;JH<J:eCKHX CTaH 
,o;apTOB CORE u GKS. HccJie,o;oBaHue ee ceMaHTHKH OTKpbJBaeT HeKo­
TOPbie rrpo6Jier>lbi ee peaJiusau;uu B KOHTeKcTe HHTenneKTyanbHoro 
rpa<l;>u<recKoro TepMHHana c pacnmpeHHbiMH apu<l;>MeTH<IeCKHMH BOSMOJK-
HOCTHMH, 

p a6oTa Bb!IIOJ1HeHa B Jla6opaTOpHH Bbi'!HCJ1HTeJ1bHOH TeXHHKH 
u aBTOMaTusau;uu OHHH. 

npenpHHT 05aeAHHeHHOro HHCTHTYTa RAePH~X HccneAOBaHH~. AY6Ha 1982 

Rudalics M. Ell-82-782 
Software Issues as Related to the Ari"thmetic Processing 
Capabilities of an Intelligent Graphics Terminal 

The INSERT function and its implementation are among the 
main issues of disagreement between the two proposals for 
a graphic standard, CORE and GKS, respectively. An investiga­
tion of its semantics reveals some of the implementation prob­
lems in the context of an Intelligent Graphics Terminul with 
advanced arithmetic processing capabilities. 

The investigation has been performed at tho l.nbor.nt:ory 
of Computing Techniques and Automation; JINR. 
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