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1. INTRODUCTION

The extraordinary usefullness of computer graphics is moti=-
vated mainly by two reasons: firstly graphical presentation of
informational contents is in many occasions not only a very
friendly but also the only practicable way of presentation, se-
condly, only by means of computer graphics a man-machine dia-
logue is possible, as it may not be realized by other ways. In
order to allow application programs involving graphics to be
easily portable between different installations and to aid under-
standing and use of graphics methods by application programmers,
standards for basic computer graphics are introduced. Currently
at the Laboratory of Computing Techniques and Automation of the
Joint Institute for Nuclear Research at Dubna an Intelligent
Graphics Terminal (IGT) is in development/l/, which suffices the
minimal requirements of a workstation of type OUTIN according to
level 2c of the standard proposal "Graphical Kernel System"
(cKs)/2/,

2. THE GRAPHICAL KERNEL SYSTEMS CONSIDERATIONS
FOR GRAPHICAL INPUT/OUTPUT (AN OUTLINE)

The basic element of graphical output is the so-called grap-
hical output primitive. GKS provides six output primitive types:

- POLYLINE: A set of connected lines defined by a point se-
quence;

~ POLYMARKER: A set of symbols of one type centred at given
positions defined by a point sequence;

~ TEXT: A character string at a given position;

~ FILL AREA: A polygon area which may be hollow or filled;

—~ CELL ARRAY: An array of pixels;

-~ GENERALIZED DRAWING PRIMITIVE (GDP): Special geometrical
capabilities of a workstation such as drawing of circular
arcs and elliptic arcs. _

Three types of attribute (geometric, non-geometric and iden-
tification) may be assigned to each output primitive. The first
two attribute types determine the exact appearance of the out-
put primitive on the screen while the third attribute is used
in connection with input. A separate GKS function is provided
for each primitive attribute, to allow the application program
to specify the value of an attribute without unnecessarily spe-
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cifying the values of other attributes. During the creation of
an output primitive these values are bound to the primitive and
cannot be changed afterwards. !

Attributes of the first type control the geometric aspects
of primitives; these are aspects-which affect the shape or size
of a primitive, They are defined separately for each primitive.

The non-geometric aspects of a primitive may be specified
in one of two ways, namely via a bundle or individually. For
specification of aspects via a bundle, there is one pointer
per primitive to a bundle table, each entry of which contains
all the non—geometric aspects of the primitive. There are five
bundle tables: polyline bundle table, polymarker bundle table,
text bundle table, fill area bundle table, and intensity bundle
table. For individual specification of aspects, there is a se-
parate attribute for each non-geometric aspect. A further group
of attributes, called ASPECT SOURCE FLAGS (ASF”s), take the
values INDIVIDUAL and BUNDLED to specify the choice. There is
one ASF for each non-geometric aspect of each primitive.

There is precisely one attribute of the third type per pr1—
mitive, namely PICK IDENTIFIER. It is used for identifying
a prlmltlve, or a group of primitives, in a segment, when this
segment is picked.

Graphical output primitives may be grouped in segments as
well as belng created out of segments. Each segment is identi-
fied by a unlque SEGMENT NAME. Segment attributes affect all the
primitives in a segment. The segment attributes are:

— SEGMENT TRANSFORMATION: A segment can be scaled, rotated

and translated;

- VISIBILITY: A segment is either dlsplayed or not,

— HIGHLIGHTING: A visible segment is elther highlighted or
not;

- SEGMENT PRIORITY: When a user picks on the crossover of
two or more segments, the segment with the higher priority
is preferred;

- DETECTABILITY: A segment can either be selected by a pick
input device or it cannot.

~ GKS provides six input classes:

- LOCATOR: provides a position;

- STROKE: provides a sequence of positions;

- VALUATOR: provides a real number; ‘

- CHOICE: provides a non—-negative integer number;

- PICK: provides a PICK STATUS, a SEGMENT NAME and a PICK
IDENTIFIER;

-~ STRING: provides a character strlng.

Each input device can be operated in three modes:

~ REQUEST: The application program requests an input and
waits until the interaction has been performed, an input
message is built and passed to the application program;

2 : .

sty BRI WP S DTt e

- SAMPLE: The application program samples the current input
message without waiting for an interaction, each new input
destroys the previous input message; -

- EVENT: Subsequent input messages enter an event queue,
which may be handled by the application program in a FIFO
Discipline.

The ECHO function provided by GKS has been motivated by the
consideration to give the operator the opportunity to recognize
immediately, which interaction he has performed. Echoing may
be implementation-dependent.

3. THE DISPLAY MODULE OF THE INTELLIGENT
GRAPHICS TERMINAL

The IGT hardware is based on a multimicroprocessor system,
which controls a vector display in refresh and store mode. The
IGT incorporates: 4

- A monitor module (MM), responsible for communication with

the host computer, memory management, and global distribu-
tion of functions within the IGT;

- An arithmetic module (AM), capable of autonomously per—

forming transformations of graphical items;

- A display module (DM), which generates the display image

and controls the input devices;

- A common memory module;

-~ A random scan display monitor. /3/

A detailed description:.has been published in and
display module contains the following components:

- 18080 based CPU;

12 K PROM;

- 2 K RAM;

- input device interfaces;

- interrupt control;

- 13002 based, mlcroprogrammed graphics processor (GP).

In Fig.l the structure of the considered DM is presented
Originally this module was designed without having in mind
GKS-considerations. Therefore all GKS output-requirements, not
supported by the existing hardware, have to be realized by the
GP*s microprogram.

Because the effectivity of computer graphics essentially
depends on| the graphical output rate as well as comfortable
input techniques, we aspire to realize the whole graphical
output and the light-pen 1nput without the help of the CPU. Spe-
cial attention has to be given to the fact, that the GP may -
read data from the common memory (which allows GP immediately
to interpret a display list stored in this memory) but is not
capable of writing data into the memory. For that reason the

/4/. The
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Fig.l. Display module.

light-pen input message has to be passed via the dual-port me-
mory (DPM) to the CPU, which, in its turn, decides where to
pass the message for further processing. The DPM is a special
register file providing simultaneously access to its contents
for the CPU and the GP. Furthermore the GP input data may be
masked with constants from a mask file (a PROM). A set of hard-
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N\ ware—-flags supports the exe-

»  cution of the display list.
s Performing output functions
the GP drives a line generator,
a character generator, a modu-
lator and controls the display
/ monitor.
\ The line generator draws
Z / X a vector from one position
>< \ Z (current position) to another
\ (next position). It is based

:>~<: ,\ on the constant rate vector
generation principle, i.e.,

\
AN

e
\\ >_' //
=

\ ; the time required to draw

AN a vector is proportional to
7/ N N the length of the vector. The

N\ drawing process follows the

concept of piecewise appro-
ximation/5/. The 1last positi-
on of a POLYLINE and the last
position of a POLYLINE part (if a POLYLINE is clipped, it may
be composed of more than one part) have to be marked by flags
(END OF POLYLINE, END OF POLYLINE PART).

Characters (TEXT) and markers (POLYMARKER) are composed of
short vectors (character vectors). These vectors are coded and
stored in a 2K PROM. The character generator decodes the current
character-vector code and draws the corresponding vector. The
last character of a character string has to be marked by a flag
(LAST CHARACTER). Two text fonts (latin and cyyxillic), four text
directions (see fig.2) and sixteen character sizes are provided.
Markers are generated as special centred characters.

The modulator controls the intensity (brightness) of the
electron beam. Sixteen intensity levels (eight normal and eight
highlighted levels) are provided. Six linetypes (SOLID, DASHED,
DASHED--DOTTED, DOTTED and their combinations) and BLINKING are
supported. ;

The display may be operated in three modes: refresh, store
and write through mode. Working in store mode it is possible to
eras@ (ERASE) and to restore the brightness of the stored image
(VIEW). Additionally the display control handles interrupts
from the light-pen input device, refresh interrupts and the sta-
tus line "DISPLAY READY".

The basic instruction set of the GP consists of the 13002
instruction set/6/ and additional instructions (see table 1).
Special attention has to be given to the fact, that the GP is
capable to perform only fixed-point arithmetics operations (ad-
dition, subtraction). The GP-control has an available stack,
which allows it to realize a comfortable subroutine technique.

Fig.2. Text directions.
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Table 1
Instruction set

I3002 instruction set;

jump (JUMP, JUMP ON CONDITION, JUMP ON FLAG, NOP, BRANCH);
call (CALL, CALL ON CDNDITION, CALL ON FLAG)'

return (RETURN, RETURN ON CONDITION);

wait (WAIT ON CONDITION);

SET FLAG;

EXECUTE MICROOPERATION;

draw (DRAW POLYLINE VECTOR, DRAW CHARACTER VECTOR) ;

Table 2

Condition signals (all condition signals are also
; inverted available)
FALSE;
|nterrupt (LIGHT PEN INTERRUPT, REFRESH INTERRUPT);
ready (DISPLAY READY, DATA IN READY) ;
CARRY; :
control line generator (END OF POLYLINE VECTOR, END OF PO-
LYLINE PART, END OF POLYLINE);
control chnructer generator (END OF CHARACTER VECTOR, ENB
OF CHARACTER, LAST CHARACTER);

(Y

Table 3

Microoperation .set

load parameter (LOAD X-COORDINATE, LOAD Y-COORDINATE, LOAD
LINETYPE, LOAD TEXT FONT, LOAD TEXT DIRECTION, LOAD CHA-
RACTER TYPE, LOAD CHARACTER SIZE, LOAD INTENSITY),

CONTROL LINE GENERATOR;

CONTROL CHARACTER GENERATOR-

control blinking (SET BLINKING, RESET BLINKING);

control display mode (SET REFRESH MODE, SET STORE MODE,
ERASE, VIEW

control interrupt (SET CPU INTERRUPT, RESET LIGHT-PEN IN-
TERRUPT, RESET REFRESH INTERRUPT);

L ]
For the conditional execution of instructions (JUMP ON CONDITION,
CALL ON CONDITION, RETURN ON CONDITION, WAIT ON CONDITION, JUMP -~
ON FLAG, CALL ON FLAG) sixteen condition lines (see table 2) as
well as 64 flags may be examined. By means of the instruction
"EXECUTE MICROOPERATION", the so-called microoperations (see
table 3) and the draw—lnstructions (DRAW POLYLINE VECTOR, DRAW
CHARACTER VECTOR) the GP performs the control of the line gene—
rator, the character generator, the modulator, the interrupt
handling, and the display mode.
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4. THE IMPLEMENTATION OF GKS OUTPUT FUNCTIONS ON THE GP

In order to realize the GKS output functions at a high rate,
i.e., without complicated arithmetical computations in the GP,
the graphical data in the display list should satisfy the follow-
ing constraints:

- Positions (coordinates) must be transformed to display

coordinates (DC). DC are fixed-point integer numbers which
may be directly interpreted by the GP;

Attributes should be transformed to fixed-point integer
numbers. Only such attributes will be handled by the GP
which may be immediately interpreted by the line genera-
tor, character generator, or modulator.

The resulting organization of graphical output data in the
display list is as follows:
- Positions (coordinates) and attributes are transformed

to fixed-point integer numbers by the AM;

The POLYLINE attributes LINETYPE (ASF, INDIVIDUAL, BUNDLED),
LINE INTENSITY (ASF, INDIVIDUAL, BUNDLED) will be handled
directly by the GP, LINE WIDTH is not supported;

The POLYMARKER attributes MARKER TYPE (ASF, INDIVIDUAL,
BUNDLED), MARKER SIZE SCALE FACTOR (ASF, INDIVIDUAL, BUND-
LED), MARKER INTENSITY (ASF, INDIVIDUAL, BUNDLED) will be
handled directly by the GP;

Because of the limited attribute handling capabilities

- of the character generator and the limited register set

of the GP the TEXT attributes are handled as follows:

- Because we only realize the text-precision CHAR provided
by GKS the attribute TEXT FONT AND PRECISION is reduced
to TEXT FONT (two fonts are supported);

- The attributes TEXT INTENSITY (ASF, INDIVIDUAL, BUNDLED)
will be directly handled by the GPj

- The attributes CHARACTER EXPANSION FACTOR (ASF, INDIVIDU-
AL, BUNDLED), CHARACTER SPACING (ASF, INDIVIDUAL, BUND-
LED), CHARACTER HEIGHT, CHARACTER UP VECTOR, TEXT PATH,
TEXT ALIGNMENT are interpreted by the AM and transformed
to the attributes CHARACTER DISPLACEMENT, CHARACTER SIZE,
TEXT DIRECTION which may be handled by the GP;

The output primitives FILL AREA and CELL ARRAY are handled

as POLYLINE; ¥

- The representation of FILL AREA is realized with the
interior style HOLLOW, i.e., only the bounding POLYLINE
is drawn, the attributes FILL AREA INTENSITY (ASF, INDI~-
VIDUAL, BUNDLED) will be directly handled by the GP;

- The representation of CELL ARRAY is realized by drawing
the bounding POLYLINE with an implementation-specified
intensity;

The output primitive GDP is handled as POLYLINE, circular

arcs are provided. 2
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Fig.4 Main loop.

After transformation by the AM all GKS functions, which may
be handled by the GP, are arranged in a list structure: the
display list. The GP scans the display list, which contains
all necessary information to generate the display image/7/.
In fig.3 a simplified part of this data structure is presented.
The first field of each element of the structure contains the
operation code (OPC). Segments (SEG) are designated by SEGMENT
NAME (ID), PRIORITY (PRIO), VISIBILITY (VIS), HIGHLIGHTING
(HIGH) and DETECTABILITY (DET). The output of segments is per-
formed by means of representations (REPR) and display functions
(DFUN). Exactly one representation corresponds to each segment
to be displayed. The representations are arranged according to
the priority of the corresponding segment. The advantage of
this arrangement is the following: the first segment, which
causes an impulse in a pick input device placed on the crossover
of two or more segments is definitely the segment with the
highest priority of all segments causing a pick impulse. It
may be selected without the necessity to take into considera-
tion other segments. To each representation a set of display
functions, which contain the data to be displayed, is subordi-
nated. There are two groups of display functions:
~ Output primitive functions: To each graphical output pri-
mitive type corresponds an output primitive function (POLY~-
LINE, POLYMARKER, TEXT, FILL AREA, CELL ARRAY, GDP);

- Load attribute functions: To each attribute handled by
the GP corresponds a load attribute function (ASF, LINE-
TYPE INDIVIDUAL, LINE INTENSITY INDIVIDUAL, POLYLINE
ATTRIBUTES BUNDLED, MARKER TYPE INDIVIDUAL, MARKER SIZE
INDIVIDUAL, MARKER INTENSITY INDIVIDUAL, POLYMARKER ATTRI-
BUTES BUNDLED, CHARACTER SIZE, TEXT DIRECTION, CHARACTER
DISPLACEMENT, TEXT FONT INDIVIDUAL, TEXT INTENSITY INDI-
VIDUAL, TEXT ATTRIBUTES BUNDLED, FTLL AREA INTENSITY IN-
DIVIDUAL, FILL AREA INTENSITY BUNDLED, PICK IDENTIFIER).

In refresh mode all representations with their corresponding
display functions should be processed in each refresh cycle. The
refresh cycle starts and stops with a TRAP instruction, which
realizes the necessary synchronization to obtain a stable dis-
play image.The processing of primitives out of segments (not

"discussed here) is also performed in the TRAP-command.

Fig.4 illustrates the GP’s main program loop, table 4 pre-
sents the corresponding microprogram. The CPU initializes the
DPM-register TRAPxADDR and starts the GP (by means of a flag
in the DPM-register which is initially cleared and then inter-—
rogated by the GP). The GP scans the display list; the actual
address handled by the GP is stored in CURR=ADDR. After reading
the first field of a display list element the GP performs
a branch according to the actual operation code to a subroutine
which realizes the desired function. At the start point each

9



Table 4
Main loop (microprogram)
START: CALL PINITIALISE?’; .initialization
LDTE "TRAP2ADDR’; .T:=TRAP=ADDR
LDA T .AC:=T

STA " YCURR=ADDR’3 .CURRXADDR:=AC
NEXTRINSTR: CaALL 'READ®BYTE'; .AC:=byte (CURR®ADDR)
« CURR=ADDR : =CURR=ADDR+1
BRANCH ’OFC=TABLE’; .go to OPC®TABLE+(AC)

OFC=TABLE: JMP *TRAP?'; .go to TRAP
. JMP 'REPR'; .go to REFR
JMP ?POLYLINE'; .go to POLYLINE
JMF 7GDP?; .go to GDP
JMP ?ASF7; .90 to ASF

JMP PPICKx®ID’; .go0 to PICK=ID

LOADENEXTXADDR: LDA 'NEXTADDR’; .AC:=NEXT=ADDR
STA 'CURR=ADDR’j; .CURR=ADDR:=AC
JMP *NEXT®INSTR’; .go to NEXTRINSTR

Table 5

Microprogram subroutines (ASF, LINETYPE®INDIVIDUAL,
LINExXINTENSITY®INDIVIDUAL, POLYLINE®ATTRIBUTESxBUNDLED)

ASF: : .
CALL °*SAVE=NEXT=ADDR’; .NEXTxADDR:=word (CURRXADDR)
«CURR=ADDR : =CURR=ADDR+2
CALL *TLOAD=ASF?’; .load ASF's
» (LINEXTYPEXASF, LINEXINTENSASF,
MARKxTYPE®ASF, MARKxSIZExASF,
MARKxINTEN=ASF,
TEXTAFONT®ASF, TEXT=INTEN®ASF,
FILL<AREAXINTEN=ASF)
90 to LOADXNEXTxADDR

JMP "LOADENEXT=ADDR'

LINETYPEXINDIVIDUAL S i -
. CALL *"SAVEXNEXTADDR’; .NEXTxADDR:=word (CURR<ADDR)
« CURR»ADDR : =CURRXADDR+2
CALL *LOAD<LINE=TYPEXINDIV?;
+LINEXTYPE=INDRIV:=byte (CURR®ADDR)
JMP  "LOAD=NEXTxADDR’; .go to LOAD!NEXTRADDR

LINE#INTENSITY!INDIVIDUAL.
CALL *SAVE=NEXTx=ADDR’; .NFXTﬁADDR'=word(CURRrADDR)
«CURRXADDR : =CURR=ADDR+2
CALL ? JUMP=BUNDL?’} .CURRIADDR'=uord(CURR!ADDR)+7
CALL *LOAD>LINE=INTENXINDIV?;
<LINE<INTENINDIV: =byta(CURRdADDR)
JMP  ?LOAD=NEXT=ADDR’; .go to LOADXNEXTXADDR
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Table 5 (continued)

POLYLINE=ATTRIBUTES=BUNDLED:
CALL ?SAVE=NEXT=ADDR’; .NEXT=ADDR:=word (CURR=ALODR)
. «CURR=ADDR : =CURR=ADDR+2
CALL ’JUMP=BUNDL'; «CURR=ADDR : =word (CURR=ADDR) +7
CALL ’LDAD>LINEKTYPENBUNDL';
-LINE=TYPE<BUNDL :=byte (CURR=ADDR)
.CURRXADDR : "CURRXADDR +1
CALL 'JUHPNBUNDL’; «CURR=ADDR: =word (CURR=ADDR) +7 .
CALL "LOADXLINEXINTENXRUNDL?;
; «LINEXINTENXBUNDL :=byte (CURRXADDR)
JMP  TLOADRNEXT=ADDR’; .go to LOADXNEXT=ADDR

’

Table 6

Microprogram subroutines (POLYLINE)

POLYLINE:
CALL ’SAVEXNEXT=ADDR?;
«NEXT*ADDR :=word (CURR®ADIDR) , CURRIADDR"CURR!ADDR+2
CALL YLOADXLINETYFE?’;
«if LINETYPEXASF=INDIV
. then LINETYPE:=LINETYPE=XINDIV
: . else LINETYPE:=LINETYPEXBUNDL
CALL TLOADXLINEXINTEN?';
-if LINEXINTEN®ASF=INDIV
. then INTEN:=LINExINTENXINDIV+HIGHL
- else INTEN:=LINExINTEN=RUNDL+HIGHL
CALL "DRAUWXPOLYLINE?; :
JMP  TLOADENEXTXADDR'’; .go to LOADXNEXT=ADDR

DRAWXPOLYLINE:
DRLI1: CALL TMOVE=ABSOL’;
DRLI2: JUNF TEND=POLYLINE=®FLAG,DRLI3’;
.if END®POLYLINEXFLAG=0 then go to DRLI3
RET; .return
DRLI3: JOF T’ENDXPOLYLINE=PARTFLAG,DRLI1i?;
«if END=POLYLINE*PART=FLAG=1 then go to DRLI1
CALL ’DRAUxPOLYLINE=VECTOR?;
JMP  ’DRLI2’; .go to DRLI2

MOVExABSOL ¢

CALL *READXWORD?’;
«AC:=word (CURRXADDR) , CURR®ADDR:=CURRXADDR+1

STA 'CURRXPOSIT=xX?; .CURRxPOSIT=X:=AC

CALL "READxUORD?; . i
-ACZ=word (CURRXADDR) , CURRXADDR:=CURRXADDR+2

STA ’CURRxPOSITxY'3; .CURRXFOSIT=Y:=AC

CALL *LOAD=END=POLYLINEXFLAG?’;

: -ENDXPOLYLINE®FLAG:=wla2 (AC)

CALL " LOAD<END=POLYLINExPARTXFLAG?’;
<ENDXPOLYLINEXPART®FLAG:=wla3 (AC)

CALL *MOVE’; .move beam to CURR=POSIT

RET; .return

11



Table 6 (continued)

DRAWXPOLYLINEXVECTOR:
CALL *READ=WORD';
.AC:=word (CURR®ADDR) , CURRXADDR:=CURR®ADDR+2
§TaA TNEXTXPOSITHX?; NEXT=POSIT=X:=AC
CALL "READxUWORD’;

.ACZ=word (CURRXADDR) , CURRXADDR:=CURR=ADDR+2

STA *NEXTXPOSITxY?; NEXTXPOSITxY:=AC’

CALL *LOADXENDXPOLYLINEXFLAG'}
<END®POLYLINEXFLAG:=wla2(AC)

CALL *LOADXEND=POLYLINEXFART=HFLAG’;
<ENDXPOLYLINEXPART®FLAG:=wia3 (AC)

CALL *INITxLINEXGENERATOR?’; .initialise line generator

WNC 'DISPLAYXREADY?; .if DISPLAY®READY=0 then wait

DRAUL ; .draw POLYLINE VECTOR from CURRPOSIT toc NEXT=POSIT

- CALL *LOADXNEXTXPOSIT’; .CURRXPOSIT:=NEXT®FOSIT
RET; .return ?

subroutine saves the address of the next list element (NEXTx
ADDR). After processing of the actual list element the address
of the next list element is loaded and this element is proces-—
sed.

A simplified part of the display list and the corresponding
subroutines are presented at fig.5 and tables 5,6. It is shown
how the subroutines ASF, LINETYPExINDIVIDUAL, LINExINTENSITYx=
INDIVIDUAL, POLYLINExATTRIBUTESxBUNDLED and POLYLINE implement
the desired functions..

5. CONCLUSION

At present the design of graphics systems is more and more
influenced by the trend for standardization. The Graphical Ker~
nel System standard proposal defines a set of basic elements
for graphical output/input. The implementation of the standard’s
requirements by means of simulation of functions by software
on an existing hardware, which was developed without having in
mind these requirements, may cause some difficulties and may
significantly decrease the system”s throughout. In the paper
the realization of GKS output~functions on a microprogrammed
special processor for display control is described. Using some
additional circuitry in the microprogrammed processor and se-
lecting suitable representation of graphical data in the disp-
lay list a high output rate as well as smart response characte-
ristics for light~pen input are achieved.

12

{/

LINETYPE

INDIVIDUAL ? LINETYPE

w%gnsm

oAl 1Y |
g 'L
- INTENSITY

// BUNDLE - INTENSITY

?

NDLED | ]
‘ ——
) POLYLINE
LINETYPE
/ BUNDLE | ?
/
’
/ — —
/ INTENSITY .
v T
ASF 9 | FLacs
L i
FIRST LAST
POLYLINE | ® |posiTion | __ |POSITION
//J
Fig.5. Display-list (excerpt).
REFERENCES

1. Leich H., Levchanovsky F.U., Prikhodko V.I. Microprocessing
and Microprogramming, 1983, 12, 3/4, pp. 175-180.

13



2.

14

Draft International Standard ISO/DIS 7942. Information
Processing Graphical Kernel System (GKS), Functional Desc-
ription, Version 7.2, NI-5.9/1-83, Nov., 1982.

Leich H., Levchanovsky F.U., Prikhodko V.I. JINR,

P10 83-7, Dubna, 1983 (in Russian).

. Leich H., Levchanovsky F.U., Prikhodko V.I., JINR,

P11-83-385, Dubna, 1983 (in Russian).

Kamae I. et al. IEEE Trans. on Compt. C-28, 1979, 10
pp.728-738.

3

. INTEL SERIES 13002 REFERENCE~ MANUAL. Intel Publication

98-221A, Intel Corporation, Santa Clara.

. Rudalics M. JINR, E11-83-393, Dubna, 1983. _In: Proc. of

of EUROGRAPHICS"83. North-Holland Pub., 1983, pp.383-392.

Received by Publishing Department
on May 24, 1984,

SUBJECT CATEGORIES
OF THE JINR PUBLICATIONS

Index Subject
1. High energy experimental physics
2. High energy theoretical physics
3. Low energy experimental physics
4, Low energy theoretical physic;
5. Mathematics .
6. Nuclear spectroscopy and radiochemistry
7. Heavy ion physics
8. Cryogenics
9. Accelerators
10. Automatization of data pfoéessing
11. Computing mathematics and technique
12. Chemistry
13. Experimental techniques and methods

16.
17.
18.

19.

Solid state physics. Liquids

Experimental physics of nuclear reactions

at low energies
Health physics. Shieldings
Theory of condenced matter

Applied researches
Biophysics




WILL YOU FILL BLANK SPACES IN YOUR LIBRARY?
You can receive by post the books listed below. Prices - in

including the packing and registered postage

D4-80-385 The Proceedings of the International School on
Nuclear Structure. Alushta, 1980.

Proceedings of the VII All-Union Conference on
Charged Particle Accelerators., Dubna, 1980.
2 volumes.

D4-80-572 N.N.Kolesnikov et al. "The Energies and
Half-Lives for the a - and B-Decays of
Transfermium Elements"

D2-81-543 Proceedings of the VI International Conference
on -the Problems of Quantum Field Theory.
Alushta, 1981

b10,11—81-622 Proceedings of the International Meeting on
i Problems of Mathematical Simulation in Nuclear
4 Physics Researches. Dubna, 1980

D1,2-81-728 Proceedings of the VI International Seminar
on High Energy Physics Problemi. Dubna, 1981.

D17-81-758 Proceedings of the II International Symposium
on Selected Problems in Statistical Mechanics.
Dubna, 1981. :

D1,2-82-27 Proceedings of the International Symposium
‘on Polarization Phenomena in High Energy
~Physics. Dubna, 1981.

D2-82-568 Proceedings of the Meeting on Investiga-
tions in the Field of Relativistic Nuc-
lear Physics. Dubna, 1982

D9-82-664 Proceedings of the Symposium on the
Problems of Collective Methods of Acce-
leration. Dubna, 1982

D3,4-82-704 Proceedings of the IV International
School on Neutron Physics. Dubna, 1982

D2,4-83-179 Proceedings of the XV International Schcol on

High-Energy Physics for Young Scientists.
Dubna, 1982

Proceedings of the VIII All-Union Conference
on Charged Particle Accelerators. Protvino,
1982, 2 volumes.

D11-83-511 Proceedings of the Conference on Systems and
Techniques of Analitical Computing and Their
Applications in Theoretical Physics. Dubna, 1982. 9.50

D7-83-644 Proceedings of the International School-Seminar
] on Heavy Ion Physics. Alushta, 1983. : 11.30

D2,13-83-689 Proceedings of the Workshop on Radiation Probiems
and Gravitational Wave Detection. Dubna, 1983. 6.00

L ]
Orders for the above-mentioned books can be sent at the address:
Publishing NDepartment, JINR
Head Post Office, P,0.Box 79 101000 Moscow, USSR




