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NOTICE 

Rarntek Corpororion has prepared this manual for use by 
Ramtek personnel, Ii censees and customers. The infor
mation contained herein is the property of Ramtek and 
shal I neither be reproduced in whole or in part withou~ 
Ramtek prior written approval. 

Romtek reserves the right to make changes without notice 
I 

' I 

shal I not be responsible for any damages (including con-
sP.quential) caused by reliance on the materials presented, 
including but not limited to typographical, arithmetic, 
or Ii sting errors. 
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1-0 INTRODUCTION TO DISPLAY CONCEPTS 

Some rudimentry knowledge of basic display principals is essential to understanding 
the RM-9000 display system. It must be understood that the image viewed upon a 
cathode ray tube is produced by a maneuverable, se[f-contained electron gun (or 
guns) which emits c beam of specified intensity in order to excite phosphors painted 
upon the inner face of the tube. Due to the short persistence of the phosphors, the 
image must be continually repeated (refreshed) in order to minimize phosphor decay 

·therefore visible flicker. The electron beam either directly traces the image being 
produced or indirectly scans the entire screen while being turned ON and OFF ct 
predetermined times. This second technique is known as raster scan and is employed 
by the RM-9QOO as wel I as the broad cost television industry. Although somewhct 
limiting the resolution of the image, the raster seen technique does not constrain 
the image too determined number of vectors a~ d'.')f'S tt,e beam steering technique, 
nor does it preclude the implementation of the full color spectrum. Since the 
screen is reduced to a finite matrix of dots, phosphors representing the three pri
mary colors (red, green and blue) can be painting into each dot area (triad) end 
separate electron guns can be energized to excite each of the phosphors. The 
relative excitation of the phosphors determines the emitted color. 

Because the CRT cannot remember its image, the RM-9000 stores this information 
within its self-contained, solid-state refresh memory system. The image is stored 
in binary and is accessed by the video generator at the television raster rote. One 
or more bits of information describe each picture element (dot), i.e., three bits 
might be used to describe the discrete excitation of each of the primary phosphors, 
thus giving seven colors plus black. Additional colors (or grey-scale) are achieved 
by way of additional memory and digital-to-analog conversion of a prescribed 
number of bits per picture element, i.e., two bits provides for three intensity 
levels plus block. Pseudo color is achieved by way of a random access table 
which is indexed by the binary weighted value of each element as described with
in the refresh memory. This feature provid~s for rhe arbitrary equation of desired 
color (or grey scale level) end any particular refresh memory bit pattern. 

It is the function of the Rfv~-9000 display system to interpret data from the host 
computer in <J specified binary format and compose an image in refresh memory. 
The internal structure of the RM-9000 allows the refresh memory to be loaded by 
the internal processor at the same time that it is being accessed by the video gen
erator hardware. Since the refresh memory is truly random-access in nature, there 
is no internal delay caused by the image storage mechanism, as in previous tech
nologies such as disk-based refresh memory storage. 

1-1 



1-1 SYSTEM OVERVIEW 

The overall display system in the normal implementation consists of four major 
components: the host processor (computer), the computer interfacer the RM-9000 
display processor and refresh memory, ond the display monitor or CRT. The inter
action of these four system components produces the final image which can then 
be interpreted and analyzed by the human observer. 

The responsibility of the host processor is to construct the RM-9000 format binary 
display instructions. The construction of a particular set of display instructions 
is usually initiated and defined by interaction with some external stimulus, per
haps a human being or another computer system. 

Th •l•r•, ff . • f f • Q,I.,\ 9QQQt !..' , e re.spon;-;101my o tie compurer rn er cce :s ro ccc:pt .4 .. - ,crrnat .. .;ncry 
instructions and transfer this information to the RM-9000 display processor hard
ware. This transfer is done on a 16-bit word-per-transfer basis. When an in
struction passed to the RM-9000 dictates a change in direction of data transfer 
(i.e., from the RM-9000 display system to the host processor), the host processor 
can condition the computer interface to perform this function. In general, the 
computer interface actually consists of two interfaces: the interface within the 
computer mainframe which has access to memory within the host processor, and 
the RAMTEK-supplied module which is resident in the RM-9000 chassis, which 
converts the data transfer handshaking signals into their equivalent in the specific 
host-processor interface. 

The responsibility of the Rfv\-9000 display processor is to interpret the binary in
formation transferred from the host processor, through the computer interface, and 
perform the display setup or generation of actual display data to refresh memory. 
The actual storage of information into refresh memory can either be perfonned 
directly by the display processor (as in the case of graphic or text dat,a), or the 
display processor con setup and initiate a high-speed DMA transfer directly from 
the computer interface to the refresh memory. An integral part of the display 
processor is the video generator module. The video generator accesses refresh 
memory directly and, dependent on the type of video generator, converts the 
binary data stored there for each pixel to a color or grey scale and sends this 
information to the monitor. 

The responsibi[ity of the display monitor is to accept analog information from the 
video generator and excite the phosphor on the screen face, thereby producing an 
image which visually presents information to an observer. Standard raster scan 
refresh techniques are used, resu [ting in a refresh rate of 60 or 30 Hz dependent 
on system line resolution. 
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l-2 SCREEN COORDINATE SYSTEM 

The Rlv\-9000 refresh memory is organized os a three-dimensional coordinate sys
tem with its origin at the upper-left corner of the display screen. If one thinks' 
in terms of the classica! X-Y-Z coordinate system1 the X dimension represents 
the element coordinate value, the Y dimension represents the I ine coordinate 
value, and Z dimension represents the binary value which is stored for each pixel 
(or picture element), i.e., which is stored for each unique X-Y coordinate pair 
(See Figure J-1). 
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Figure i-1 Classical X-Y-Z Coordinate System 
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Addressing in the Y-dimension is modulo 25610or 512 10 depending on system line 
resolution. Therefore, in the Y dimension, all coordinates wrap directly from the 
bottom of the screen back to the top of the screen. 

Addressing in the X-dimension is modulo 32010 or 64010 depending upon system 
element resolution. Since the possible element resolution values (32010 and 
640 10 ) are not power.; of 2, if an element address is specified by the user in a 
display instruction is outside of the existing element address space, that element 
coordinate will be translated into pixels 318 10 or 31910 dependent on the low
order bit of the non-existent address in a low-resolution element system, or into 
pixels 63610 , 63710 , 638 10 , or 63910 / dependent on the low-order 2 bits of 
the no~-existent address in a high-resolution element system. 

1-3 DISPLAY DATA TYPES 

1-4 

Dato which is transferred from the host processor to the Rlv\-9000 display system 
can be classified according to the following functional types: 

J) Image Data 
2) Text Data 
3) Raster Data 
4) Graphics Data 

These four (4) data types categorize all data which is transferred to the Rlv\-9000 
via a normal-format instruction and which either directly or indirectly is trans
ferred into display refresh memory. Image data is transferred directly into re
fresh memory; text, roster and graphics data are tronsferred indirectly in the sense 
that the data is interpreted by the RM-9000 microprocessor firmwo~ and data is 
generated to refresh memory as a resu It of this interpretation. 

Image Dato 

Image data is loaded directly into refresh memory using the WRITE !MAGE normal
format instructions (See Section 3-36). The low-order 12 bits of each 16 bit image 
data word ore loaded into the refresh memory associated with successive picture 
elements (or pixels) in the Rlv\-9000 system, i.e., one image data word is written 
to one display pixel. Image data is always written into a rectangular region with
in display refresh memory. This region or "window" is defined by a parameter 
operand called WINDOW (See Section 3-20) which may be set in any normal
format instruction (See Section 3-4). The pixel-to-pixel ·updating direction for 
successive words of image data is defined by the parameter operand SCANi (See 
Section 3-21). This parameter operand also defines the action to be performed at 
the window boundaries. 
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_ramtek 
Image data in standard configurations defines the displayed image in one of two 
ways. ln a Type I video standard configuration, (See Section 2-6) the image 
data is partitioned into three (3) 4-bit sections and used to drive three (3) 4-bit 
D/A converters directly to the color CRT monitor. Additionally 1 each subchannel 
(i.e., bit) of refresh memory can be displayed separately to a black and white 
CRT monitor. In a Type II video standard configuration (See Section 2-6),. the 
low,...order::ten (JO)subehbnnels ore used as an addtess into a video look-up table 

.(VLl) whicJreontains the ·col6rdefinition information. Thus, any pixel which 
has the same data value in the low-order ten (10) subchannels will be represented 
by the color or greyscale value which is stored in the VLT at the address defined 
by the pixel value. 

1-5 Text Data 

Text data is transferred to the RlY\-9000 display system on a 2-bytes per word basis, 
using the WRITE TEXT normal-format instruction (See Section 3-38). Each byte 
of data is interpreted as on eight (8) bit ASCl l code and the character font 
associated with the transmitted ASCI l code is written into refresh memory. In a 
standard system (i.e. 1 in a system without the RM-FNT option), the character 
font data is obtained internally from a standard PROM. The character font format 
is defined as a 5 pixel wide by 7 pixel high character within a 7 pixel by 9 pixel 
rectangle. The valid codes for a standard configuration are 2016 through 5F 16 • 

Font definitions from the internal PROM are in the form of a 'ones/zeros' dot 
matrix. Two (2) RM-9000 internal hardware registers ore used to define the color 
or greyscale intensity to be written into refresh memory for ones or zeros data. 
These ore the foreground and the background registers. These vo lues con be user
speci fi ed using the FOREGROUND and BACKGROUND parameter operands (See 
Sections 3-5 and 3-16). It is possible to reverse the interpretation of ones and 
zeros font data using the reverse-background flog in a normal-format instruction 
(See Section 3-9). Also, the additive write flog allows the user to specify that 
only ones dota wi 11 be written to refresh memory (See Section 3;l0h . 

Text data is written into refresh memory on a 'windowed' basis, i.e., characters 
will only be written into the rectangular region defined by the WINDOW para
meter operand (See Section 3-20). The character-to-character update direction. 
and the window margin update direction is defined by the parameter operand 
SCAN (See Section 3-2 l). 

1-6 Raster Doto 

Raster data is transferred to the RM-9000 display system via the WRITE RASTER 
normal-format instruction which is part of the RM-GRA option package (See 
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Section 3-50). Raster data is interpreted as 'ones/zeros' data in the same man~er 
as character font data is interpreted by the internal microprocessor. Color or grey
scale information for ones or zeros data is also defined by the foreground and back
ground basis. Eight (8) pixels are written into by each byte of raster data, on a 
one (1) bit per pixel basis. 

Raster data is written into refresh memory on a 'windowed' basis. The definition 
.of this rectangular region is through the user-defined WINDOW parameter oper
and. Within this region, the SCAN parameter operand defines the pixel-to-pixel 
end the window margin update directions (See Section 3-21). 

Graphics Data 

Graphics data is transferred to the Rfv\-9000 disp!ay system via the WRITE VECTOR 
. or WRITE PLOT normol-format instructions which are part of the R.Jv1-GRA option 

firmware (See Sections 3-48 and 3-49). For both vector and plot generation, the 
graphic da~a specifies an endpoint coordinate which defines the vector or plot 
entity to be generated. For vectors, the endpoint of the previous vector is used 
with the current endpoint data to define the vector; for plots, the rectangular 
bar plot entity is defined by the previous plot entity coordinate and the current 
endpoint data. Windowing is not effective in graphics data mode. 

1-8 DISPLAY INTERACTION 

1-9 

The RM-9000 display system can be configured such that interaction with the host 
processor through several devices is possible. Up to eight (8) keyboards or up to 
four (4) ioysticks or trackballs ore possible in a system. 

Cu rs ors/ Joys ti cks/T rockba I ls 

A joystick or trackball is a device which when connected to the Rlv\-SLC serial 
link card con automoticaf ly change the position of a visible cursor on the display 
CRT monitor. This updating based on user interaction with the device is strictly 
a hardware function. !tis possible to use the ioystick or trackball to interrupt 
the host processor through depression of a momentary-action switch (labelled 
ENTER) on the device, or whenever the position of the display cursor is changed. 
This interrupt can be used by the host processor to signal some action to be taken 
perhaps based on the position of the cursor. This interpretation is completely 
flexible based on the needs of the host processor. Appendix 1C1 defines the . 
operational use of the ioystick and trackball interactive devices. 
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1-10 Keyboards 

The keyboard is used to transmit eight (8) bit ASC! I codes from the R!v\-9000 dis
play system to the host processor. The keyboards are attached to the Rfv~-SLC 
serial link card and are handled by the R!v\-PER interactive peripheral option 

' firmware. Each keyboard is buffered on input up to sixteen (16) characters. The 
entry of a character via the keyboard will generate an interrupt to the host proces
_sor if the interrupt has been enabled at the interface by the host processor. The 
keyboard al lows user interaction via text input. 
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2-0 RM-9000 FUNCTIONAL DESCRIPTION 

I ~T 
ICO'IPUTER 

Figure 2-1 illustrotes the major functional modules of the Model RM-9100, 9200 
and 9300 display systems. The following is a brief description of each system · 
component (for a detailed description of all hardware components consult the 
RM-9000 Theory of Operation - Volume I): 

INTERNAL PROCESSOR BUS 

c:.:Pt.AY l GENERA TOR I P:::~c:::sH 

,'£1.<.e:KY 

* 
VIDEO 

GENERATOR 

*MAY BE REPLACED BY A 
DIAGNOSTIC OPTION CARD 
TO PROVIDE AN OFF-LINE 
DIAGNOSTIC CAPABILITY 

OisPLAY 
PROCESSOR 

~MJRY 

OPT!CN 

CURSOR(Sl 

SERIAL CURSOR 
!NK/CLRSOR!oCt-------------< 

OPTION CCNTROLLER(SJ 

FLOPPY 
DISK 

INTERFACE 

Figure 2-1 RM-9100, 9200 & 9300 Functional Block Diagrom 

2-8 

i. 

L 
[ 

[ 
r 
I 
'-· 

[ 

c 
c 



... 

JI 

.. 
j 

.J 

- 'I 

J 

1 
1 

2-1 COMPUTER INTERFACE 

2-2 

The RAMTEK computer interface is specific to the model of host processor used. 
It connects the host processor with the RNl-9000 display system internal processor 
with the RM-9000 display system internal processor bus. A high-speed bidirec
tional, sixteen (16) bit parallel-bus communication path between host processor 
and the Rfv\-9000 is provided. Four (4) external interrupt lines (illegal instruc
tion, receiver, transmitter and cursor) can be generated by the R!v\-9000 display 
generator through the computer interface to the host processor. Al I interrupts 
have an enable/disable flag which is under host processor control. 

Four (4) types of data transfers through the computer interface are possible: 

1) Interface command word output to the RAMTEK interface 
2) Interface status word input from the RM-9UOO interface to 

the host processor 
3) RM-9000 instruction/data output from the host processor to 

the R!v\-9000 
4) RM-9000 data input from the RNl-9000 to the host processor. 

The interface command word allom the host processor to initiate such interface 
functions as enabling or disabling of interrupts and/or harcf system resetting. 
This command word is strictly an interface interaction and has no RM-9000 inter
action (except for hard system reset which causes an immediate reset sequence tc 
be initiated). The interface status word defines to the host processor the status 
of the four (4) possible interrupts and their enable/disable functions as well as 
the 1/0 data transfer status. The instruction/data output mode is used to transfer 
instructions and data through the computer interface to the RM-9000 display 
system microprocessor. These instructions and data are in the binary formats 
described in Section 3 and perform the actual display generation functions. The 
RM-9000 data input mode is used to trcr,~fcr dcra fror:-: t~c Rf..~-9000 to the host 
processor after receiving one (1) of the reodback initiating instructions from the 
host processor (RI / READ, RCS / R KB / RCM and RCMRP). Th is readback is always 
initiated by the host processor. See the Addenda to this manual for the descrip
tion of computer procedures for each specific host processor interface. 

CONTROL BOARD 

The R!v\-9000 control board is the component in every RM-9000 display system 
which contains the 8080 microprocessor and data bus 1 the standard RM-9000 
operating firmware 1 as well as the display generator hardware. The internal 
data exchange (lD E) bus connects the control board (and thus the 8080 micro
processor data bus) with the computer interface. 

2-9 
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2-3 8080 Microprocessor 

The 8080 microprocessor contained on the oontrol board is the principal device 
used to control the generation of display data to the refresh memory. The 2048 
bytes of PROM resident on the control board contain 8080 microprocessor instruc
tions used to interact with the computer interface and refresh memory using the 
display registers in the display generator hardware. The 8080 microprocessor 
8-bit data bus is interfaced to the 16-bit R/v\-9000 internal processor bus through 
logic on the control board. It is this internal processor bus which connects all 
components within the R/v\-9000 system to the computer interface IDE bus. 

2-4 D isolay Generator 

2-5 

The display generator is that portion of logic contained on the control board 
which provides the mechanisms for the optimized transfer of image, graphic, 
roster and text data to refresh memory and for the retrieval of refresh memory 
data in image mode on a pixel basis. 

The display generator contains registers accessible to the 8080 microprocessor 
(in the address range 800016 through 80FF16 ). The display generator allows 
8080 firmware to perform such internal functions as refresh memory plane selec
tion, roster/text data pattern definition 1 refresh memory addressing, initiation 
of such DMA operations as image input/output / video lookup table input/output, 
and internal generation of text data / and interrupt generation to the computer 
interface. 

REFRESH MEMORY 

ine display r.:fresh memory contains storage for 1 to 12 bits of data per picture 
eiement in the display system. These memories may be loaded or read directly 
from or to the host processor (in imaging mode via DMA across the computer 
interface) / or they may be loaded on a pixel-by-pixel basis via the display gen
erator in graphics, text or cortesion mode. Access time to these memories is 
1.5 µ/pixel. The element/line resolution combinations for these memories is as 
fol lows: 

• RM-9100 - 320 elements X 256 lines 
• RM-9200 - 640 elements X 256 lines 
• RM-9300 - 640 elements X 512 lines 
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It is these memories which supply color or intensity info~motion for eoch pixel to 
the various video generator modules. The pixel information is constantly re
freshed to the video generator(s) either at 60 Hz for the RfA-9100 ond RM-9200 
Systems or 30 Hz for the RM-9300. This refresh process is totol ly under hardware 
control and no disploy processor intervention is necessary or possible: 

2-6 VIDEO GENERATOR 

2-7 

Thevideo generator combines information from the refresh memory and cursor 
generafofs arid produces standard RS-170 compatible composite vicfeo signals to 
the television monitor(s). Each video generator combines and mixes this infor
mation according to different functional algorithms (in some coses, under host 
processo:- or di~?icy processor controi). ihe foilowins ic; 11 desr.ription of the two 
basic video boards: 

(a) RM-V1 - Figure 2-2 functionol ly i I lustrates the R!v\-Vl video board 
which provides for twelve (12) B/vV channels, four (4) 7 color (RGB) 
channels, three (3) 16 level grey scale channels, one (1) 256 10 level 
grey scale channel or one (l)4096 10co!or (RG3) channel. It includes 
twelve (12) direct outputs plus three (3) 4-bit DAC 1s (or one (l) 8-bit 
and one (1) 4-bit DAC), four (4) cursor channels and two (2) overlay 
channels. 

(b) RM-V2 - Figure 2-3 functionally ii lustrates the R/v\-V2 video board 
which provides for hast programmable pseudo color or grey sea le trans
lation to any 4096 10colors or 256 10 grey scale levels. It includes one 
(1) 1024 10 word X 12-bit programmable function memory plus three (3) 
4-bit DAC's, one (l) 8-bit DAC (Assignable before or ofter the func
tion memory), two (2) cursor chcnnels and two (2) overlay channels. 

MEJV,ORY EXPANSION BOARD (RM-MOC) 

The RM-MOC memory expansion board is on optional system component which 
allows the installation of the RAMTEK firmware options packages. It provides 
addressing for 14336 1 o bytes of PROM (addresses 0800 16 through 3FFF 1 6) and 
8192 10 bytes of RAM (addresses 400016 through 5FFF 16 ) • Hardware logic is 
provided supporting DMA input and output between memory expansion RAM and 
interface, refresh memory, or video look-up table RAM. 
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2-8 SERIAL LINK BOARD (RM-SLC) 

The RM-SLC serial link board provides system communication with external inter
active devices such as keyboards and joysticks or trackballs over serial communi
cation ports. Each serial link card also can generate up to two video cursors. 
This cursor is mixed into the video generator card output ford isplay. Each serial 
link card can accommodate either four (4) keyboard/transmitters or two (2) key
board/transmitters and two (2) cursors. A maximum of 2 RM-SLC serial peri-

·pherals firmware packages provides the firmware mechanism for host processor 
communication with these interactive peripheral devices. 
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SECTION II 

RM-9000 INSTRUCTIONS 

INTRODUCTION 
r-. 
I 

The RM-9000 series is a microprocessor-controlled graphic display system. The 
standard firmware instruction set provides a high-level mechanism for the storage r. 
and retrieval of image data and associated image-generation information at high-
dato rotes, as well as the generation of alphanumeric text information. This 
instructk:-: fr.:es t:1e user from the corr:ple-"'- tc~b: of :01,,n·,:.;~! :~ti:::i;; d!:-ectly with 
the hardware display registers. The standard firmware package provided by 
Rf..MTEK reduces significantly the amount of software display processing in the 
host computer. 

INSTRUCTIONS 

The RM-9000 provides a set of standard instructions and a variety of optional 
instructions. This manual will cover all currently defined instructions. Since 
the RM-9000 is a very flexible system, the set of optional instructions will 
probably continue to increase. Addenda to this manual will be provided for 

. additional instruction sets. 

The RM-9000 instruction consists of two basic types of instructions, normal format 
and special format instructions. Normal format instructions constitute a set of 
high-level imaging, text and graphics functions, in a flexible, yet uniformly
defined format. Tne normai rormar insrruction set reduces the user's programming 
effort with an attempt to optimize high-meed image and text generation. The 
specia 1 format instructions ore used to perform functions which do not affect the 
display directly (i.e., do not write into or read from refresh memory). The for
mat of the special instructions is different for each instruction. 

The RM-9000 will generate an illegal instruction interrupt request whenever on 
optional instruction is referenced when the associated firmware option is not in
stalled. The some interrupt request will also be generated when a truly undefined 
op code is referenced. 

Currently defined optional instructions may be added at a later dote. The stan
dard sofhvare will sense the presence of the option PROM and reference it when 
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Figure 3-1 Normal-Format Instruction Layout 
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it is installed. The installation of currently undefined option sofh'lore will als; 
require replacement of the standard option PROM 1s to enable the addition of the 
new op codes. 

The instruction repertoire for the RM-9000 is listed in Tobie 3-1. 

3-2 INSTRUCTION FORMAT 

3-3 

All instructions are 16-bit parallel and consist of one (l) or more 16-bit words. 
The initial 8-bits (most significant) of the initial word always describe the oper
ation to be performed by the instruction. The remaining bits (and words) may be 
interpreted differently for each instruction. 

The RJV,-9000 has a "normol 11 instruction format and a "specio[" instruction format. 
The normal format is specifically designed for the general reguirements of imaging 
and graphics. The special format instructions are oriented to the individual special 
reguirements of each instruction. 

The special format may be used to reduce data flow across the interface or to 
handle unique data requirements. Each special format will be described with the 
instruction itself. 

RM-9000 DATA MODES 

Data is stored in the RM-9000 refresh memory in one of two data modes: image 
mode or raster mode. The Rlv\-9000 display controller always writes a data value 
ofup to twelve (12) data bits per pixel into refresh memory; the origin of this 
data determines the data mode. In image data mode, the low-order 12-bits of a 
16-bit data word ore stored in up to twelve (12) subchannels of refresh memory 
for a single pixel. This storage is only do.ne in those refresh memory subchannels 
which are selected by the subchannel mask parameter. Therefore, in image mode, 
it is oossible to store any 12-bit value in any pixel in refresh memory. Since the 
data to be loaded is externally generated, the FOREGROUND and BACKGROUND 
parameters which ore crucial to raster data mode are not used. In raster data mode, 
only the FOREGROUND or BACKGROUND values ore written into o pixel loco""' 
tion. Each bit of raster data represents a separate pixel, and the value of each 
raster bit selects whether the FOREGROUND or BACKGROUND value will be 
written into the represented p ixe I. The reverse-background flag BK influences 
raster data mode in that when 8K=l, the polar}ty of incoming raster data is re
versed. The additive-write flag AD is also used in raster data .mode to prevent 
the writing of raster data with a zero bit value. This is useful in writing text 
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OP

i<:ooe 

00 
01 
Q2 

co 

INSTRUCTION N.Mlf 

(UNDEFINED) 
LOAD HARO UGIST~ 
READ SOFT HGISTER 
LOAD AUXILIARY MEMORY 

llEAO AUXILIARY MEMOiY 
RESET 
INITIALIZE 
NO OPERATION 

SET PAIUWfTEll 

10 WRITE PLOT 
11 SCROLL X 
12 SCROLL Y 
13 SAVE ENVIRONMENT 

I~ 

15 
16 
17 

RESTORE ENVIRONMENT 
LOAD PROGRAMMASLE FONT 
WRITE OJRSOR STATE 
~EAD CURSOR STATf 

18 WRITE KEY BOARD 
19 READ KEYBOARD 
!A SENSE PERIPHE>.AL STATUS 
IS LOAD CONTROL MEMORY 

IC REAO CONTROL MEMORY 
ID CALL CONTROL MEMORY 
1 E EXECJTE INSTRUCTION Mfl~OllY 
if LOAD CCNTRCL M€MORY ('N) 

l
f ;o Rf.AD CONTROL Mt.MORY (1:f.Y) 

21 , LOAD P•OGRAMMABlE FONT ~EV) 

KEY LEGEND 

FORMAT TYPES 

N NOIWAL 

SPECIAL 

Toble3-1 RN\-9000 Instruction Repertoire 

KEY CONTROL FLAGS PAltAMETU HAGS (NOR.MAL INSTRUCTIONS ONLY) 
MNEM

ON 0 OF Of RP 
0 01 al 

!K I AD/ 'x COP SCR I !IAS~cN LAf I scL SPC' DIMIScNf... rN[ORGI 1x2, 1xl[soo(FGO[MSK 
~ · as 6,7 1s 1• I rJ I 12 1 11 · 10 9 a . 7 I • I s • J • 2 , 1 o 

LOAD 
REAO 
I.AM 

RAM 
RSET 
INIT 
NOP 

SET 
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WP 
SCl<X 
SCl!Y 
PU SHE 

PO?E 
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wcs 
RCS 

WK! 
RKI 
SPS 
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s s 
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on to an existing display; oniy the character (and not its font background) wi 11 
be stored in refresh memory. Table 3-2 defines the mode used by the various 
complex instructions for writing data to refresh memory. 

Note that these data modes define the mechanism by which data is stored in re
fresh memory. It is essential that the user understand the implications of each 
data storage mode in order to effectively use the RM-9000 instruction set. 

Table 3-2 RM-9000 Instruction Set 

INSTRUCTION DATA MODE 

ERASE Raster 
WRITE IMAGE Jmage 
READ IMAGE Image 
WRITE TEXT Raster 

I WRITE RASTER Raster 
WRITE VECTOR Raster 
WRITE PLOT Raster 

NORMAL l.NSTRUCTION FORMAT 

The normal instruction format can carry a variety of parameter and data informa
tion to the display system. The format also allows a variable amount of para
meters and data information. The variable format allows the user to transmit only 
the information used in a particular operation. This·meons that a very complex· 
function, such as window erase, con be performed via a single· 16.:.;bit v/ord when 
the window parameters have been previousiy defined. 

Figure 3-1 iflustrotes the normal instruction fonnat. The first (most sisnificont) 
byte of the first word defines the operation code as is done in all RN\-9000 in
structions. 

The second (least significant) byte is called the parameter byte' and defines the 
coordinate addressing mode, additi_ve or replacement writing mode, reverse• 
background mode, byte proce~sing-order and the presence of operand parameters 
and/ or data • · 
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3-5 Parameter· Byte 

The fields in the parameter byte are defined as fof lows: 

NAME 

Data Flog 
Operand Flag 
Undefined 
Reverse Packing 
Reverse Background 
Additive Write 
.'~.ddressing Mode 

BIT POSITION 

0 
1 
2 
3 
4 
5 

6, 7 

3-6 Data Flog (Bit 0) 

A Doto Flag (DF) value of 1 indicates that a data length word (i.e., the numbers 
of bytes of data) and the specified number of data bytes will follow any complex 
parameters that might be set by the complex instruction. A (DF) value of 0 indi
cates the absence of a data length word or any data fol lowing any complex para
meters. For a complete description of the data length word and the d0::ita format / 
see Sections 3-30 and 3-31. 

3-7 Operand Flag (Bit 1) 

An Operand Flag (OF) value of l indicates the presence of the operand ffag word.· 
An (OF) value of 0 indicates the absence of an operand flag word and correspon-
d • I th b r , • .,. 1 1 r! .. 1 c I I LI mg y ea sence or any parcmeier operanas. 111e open.mo r1ug wuro 1c:111ows 11h:: 

instruction word if present. (See Section 3-11 for a discussion of the operand 
flag word.) 

3-8 Reverse Packing Flag (Bit 3) 

The Reverse Packing Flag (RP) specifies the packing mode for byte oriented data. 
The (RP) flog effects only data (not parameter) and only byte oriented data such 
os text or roster. A (RP) value of 0 indicates normal pocking and a (RP) vafue of 
l indicates reversed packing. 
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3-9 

3-10 

3-11 

The normal packing mode for 8-bit bytes in the 16-bit word specifies that bytes 
are unpacked and processed from left-to-right, i.e., the most significant data 
byte is processed first. Reverse pocking means the order of unpacking is right-to
left, i.e., the least significant byte is processed first. 

Background Flag (Bit 4) 

The Background FJag (BK) selects between normal and reverse background for 
text, raster and graphic commands. Normal background is selected when the 
(BF) bit is zero and reverse background when (BF) is one. 

The RM-9000 uses either the BACKGROUND parameter or the FOREGROUND 
;:::::~:::meter wnen ge::ercting rester, texi· and graph! c date. The normal mode is 
for the FOREGROUND value to be selected when a data bit is one (l) and the 
BACKGROUND value is written to refresh memory when a data bit is zero (O). 
The reverse background mode reverses the selection of these two parameters just 
as if the parameters had been exchanged or as if the data bits were reversed. 
(See raster data section.) 

Additive Flag (Bit 5) 

The Additive Write Flag (AD) when set to a one will cause raster, text and car
tesian data (i.e., data generated by the E.r:(S instruction) to be written in refresh 
memory in an "additive" fashion, i.e., data bits with a zero value.cause nothing 
to be written to memory and only data bits with a one (I) .value cause data to be. 
written. 

An Additive Write Flag value of zero (0) causes "replacement writing of memory / 
i.e., both zero one one bits will cause memory contents to change. 

The user may select combinations of the additive and background flags. Table 
3-3 gives the various relationships. 

Addressing Mode Flogs (Bit 6, 7) 

The normal instruction format permits se! ection of one of four addressing modes 
for each instruction. Al I coordinate information such as window position is 
modified by the addressing mode selected, 
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Tobie 3-3 Functional Relationship of Doto, Background Flag 
& Additive-Right Flag 

AD 
0 0 1 l 

BK 0 B F x F 
1 F B x B 

0 1 0 l 

DATA BIT 

F VI/RITE FOREGROUND VALUE 
B W,~ITE FlACKGROUND VALUE 
x NC WRITE 

Additive (AD) - Bcckgrour.d (BK) & Data Relation 

The addressing mode flags (!X) are absolute (IX= 00), index using Index 1 (IX= 01), 
index using Index 2 (IX= 10), and relative (IX= 11). The RM-9000 maintains two 
(2) internal index registers, JX1 and IX2 which ore set by the INDEX parameter 
(See Sections 3-17 & 3-18). 

Absolute Addressing 

The x, y values in the pc:::rameter or data list are used directly 
as screen coordinates. 

Index Addressing 

The parameter or data vo :ue referencing screen coordinates is 
added to the index selec~ed to determine the coordinate desired. 

Relative Addressing 

The parameter or data value referencing screen coordinates is 
added to the current operating point (lost screen coordinate 
read or written). 

The relative addressing mode can be used to create a sequence of vectors, each 
new endpoint being relative to the termination of the pre_vious. 
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The index addressing modes allow the creation of a display or image independent 
of screen position. Note that the index reg;ster value used is the previous value 
defined for that index register, i.e., previous to the complex instruction which 
is using indexed addressing. Parameter values which refer to screen coordinates 
(such as WINDOW or START POINT) are computed by performing a 2 1s comple
ment addition of the parameter value with the selected index register. 

The absolute mode provides standard screen addressing capability. 

The RM-9000 screen is addressed with a coordinate sy·stem having the upper left 
corner as (O / O). . 

Increasing X ____.. 

0 
0 

lncreGJsing y 

Figure 3-2 Screen Coordinate Orientation 

3-12 Operand Flag \Vord 

The Operand Flag Vlord indicates the presence or absence of the sixteen (16) 
possible oarameters opera for .'lormal instructions. Each parameter operand 
for a normal instruction must appear in a fixed sequence. Each bit in the Oper
and Flag Word corresponds to a parameter operand in the same sequence. A 
zer0 Lit i11 i·:1e same position as a parameter operand indicates the operand is 
absent. Each bit is inten:ireted from right-to-left, i.e., Bit 0 corresponds to the 
first parameter operand and Bit 15 corresponds to the last parameter operand. 

3-13 Parameter Operands 

The parameter operands are the various internal values which define the operation 
and subsequent display for all normal instructions. The parameter operands may be 
set in any RM-9000 normal instruction and affect only the operation of normal in
structions. Parameter operand values ere non-volatile from normal instruction to 
normal instruction; once a parameter operand is set by a normal instruction, the 
parameter operand value remains the same until reset by the user. The presence 
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COP SCA BAS CON LAF SC L SPC DIM SCN WIN ORG IX 2 IX 1 BGO FG D MSK 

1 5 14 13 1 2 11 10 9 8 7 6 5 4 3 2 0 

BIT MNEMONIC FUNCTION 

0 MSK SUBCHANNEL 
l FGD FOREGROUND 
2 BGD BACKGROUND 
3 IX1 INDEX l 
4 IX2 INDEX 2 
5 ORG ORIGIN 
6 Vv'ii"-1 WINDOVV 
7 SCN SCAN 
8 DIM DIMENSION 
9 SPC SPACING 

10 SCL SCALE 
11 LAF FUNCTION 
12 CON CONIC EQUATION 
13 BAS BASE LINE 
14 SCR SCROLL COUNT 
15 COP START POINT 

Figure 3-3 Operand Flag Word Format 

of any set or subset of parar:ieter operands is indicated by the state of the 16-bits 
in the operand flog word (See Section 3-12). The order of appearance of each of 
the parameter operands is defined by the position of its flag bit in the operand 
flag word. A parameter ooercnd with a flag-bit position of m will appear before 
a parameter operand with a flag-bit position of (n), if (m) is less than (n). The 
number of words associated with each parameter operand is fixed, but this number 
varies from l up to 12 10 words. The parameter operands are sensitive to the 
addressing mode bits, but not to any of the other bits in the parameter byte. 
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Subchannel Parameter (No. 0) 

f /s11/s101s9 !ss )s1 1s6 /s5 1s4 1s3 /s2 /51 )so f 

/ 15 I 14 / 13 / 12 J 11 11019 I s 1 7 I 6 I 5 ; 4 I 3 l 2 f I a I 
The SU SCHAN NEL parameter may be set via any normal instruction (except NOP), 
Its presence is flagged via Operand Flag Sit 0. The operand itself is o single 16-
bit word and write-enables a prescribed combination of refresh memory bit planes 
(subchannels) for image generation purposes. There are twelve (12) possible sub
channels and twelve (12) corresponding bits in the SUBCHANN EL argument, i.e., 
Bit 0 c,orresponds to Subchonnel 0, Bit 1 to Subchonnel l, ••• , and Bit 11 to 
Subchannel 11. When set to a "one" state, the corresponding subchannei is 
enabled, and viso-v6i"sa. Disabled subchannels are nor affected by write oper
ations (including Erase). The subchannel parameter has no effect during read 
instructions, e.g., Read Image "a" will respond with a value for all subchannels 
in the system. Although the PJv1-9000 is normally configured as a single channel 
system, the SUBCHANNEL parameter provides for multi-channel partitioning of 
the refresh memory. For example, the refresh memory might be partitioned into 
four (4) channels of three (3) subchannels each, with each channel producing a 
seven (7) color (plus block) image, 

SUCCHANNEL default vaiue = OFFF (Hex). 

foreground Parameter (No. l) 

i js11 Js10[s9 /ss /s7 !s6 lss ls4 js3 !s2 )s1 !so j 

i ls J 14 ! 13 J 12 J l 1 j 10 I 9 I s i 7 I 6 I s I 4 I 3 I 2 I , ! o I 

The FOREGROUND parameter may be set via any complex formft instruction 
(except NOP). It's presence is flagged via Operand Flag Bit 2 • The operand 
itself is a single 16-bit word in length and is identical in format to the SUB
CHAN NELS argument. It es ta bl ishes foreground color or intensity for normal 
foreground ('1one" bits) font, raster and graphics data by. assigning a "one" or 
"zero" for each of the twelve (12) possible subchannels. When writing reversed 
background character font and raster data, FOREGROUND establishes color or 
• • f II II t t d t intensity or zero s a e a a. 

FOREGROUND default value = OFFF (Hex). 
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3- 16 Background Parameter (No. 2) 

3-17 

j 1 s 114 / 13 112 I 11 / 1 a I 9 I 8 I 7 i 6 I 5 I 4 I 3 I 2 ! l I 0 I 
The BACKGROUND parameter may be set via any complex format instruction 
(except NOP). Its presence is flagged via Operand Flag Bit 2. The operand 
itself is a single 16-bit word in length and is identical in format to the SUS
CHAN NELS argument. Interpretation is identical to the FOREGROUND argument 
except that background color or in tens iry is specified, i.e., the color of normal 
background, ·'zero" state font or raster data. 'vi/hen ba<..-~ground ;.-; i".:,versed, data 
interpretation is likewise reversed. That is, BACKGROUND then specifies the 
color or intensity of "one" state character font, raster or graphics date. 

BACKGROUND default value = 0000 (Hex). 

Index Parameter (No. 3) 

X - Address 

Y - Address 

j 1s j 14 / 13 / 12111 ! 10/ 9 j s i 7 ·I 6 j s [ 4 j 3 ! 2 ! 1 I a I 

The INDEX 1 parameter may be set via c:ny complex format instruction (except 
NOP). Its presence is flagged via Operand Flag Bit 3. The operand itself is 
two 16-bit words in length and specifies a local addressing origin (or displace
ment). The first word s::iecifies X address or horizontal displacement from element 
0, whether positive or negative. The second word likewise specifies Y address 
or vertical displacement from line 0. Received coordinate values (X/Y) in sub
sequent normal instructions and in subsequent parameters in the current normol 
instruction are conditionally summed with the current INDEX 1 specified volues 
in order to derive the effective (refresh memory) address, i.e., provided that 
Index Register 1 addressing was specified in the first word of the received command 
(IX= 01). If lX f 0, the values loaded into the X and Y components of !Xl are 
the sum of current X and Y components of the specified registers and the X ond Y 
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3-18 

components of the operand. Therefore, IX= 01 causes IXl to be the sum of the 
old contents and the new operand values. 

The actual values used for IXl (and IX2) are computed as follows: 

e If IX= 0 (absolute addressing mode), the actual received 
argument values for IX 1 (both X and Y) are used as absolute 
addresses. 

e If IX= l (index l addressing mode), the received argument 
values for IX l (both X and Y) are summed with the current 
values of !Xl to form a new set of IXJ values. 

o Jf IX= 2 (Index 2 addressing rr.ode), the aduc! received 
arguments values for IX 1 (both X and Y) are summed with 
the current values of IX2 to form a new set of IXl values. 

o If IX= 3 (Relative addressing mode), the actual received 
argument values for IX 1 (both X and Y) are summed with 
the current values of the XCOP and YCOP to form a new 
set of IXl values. 

INDEX l X - address default value = 0000 (Hex). 

INDEX 1 Y - address default value = 0000 (riex). 

Index 2 Parameter (No. 4) 

X - Address 

Y Address 

! I 0 I 
The INDEX 2 parameter may be set via any complex format instruction (except 
NOP). Its presence is flagged via Operand Flag Bit 24. The operand itself is 
two (2) 16-bit words in length and is identical to the INDEX 1 argument in both 
format and treatment. That is, received coordinate values (X/Y) in subsequent 
arguments are summed with the current INDEX 2 specified values in order to 
derive the effective (refresh memory) address, i.e., provided that Index Register 2 
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addressing was or is specified in the first word of the receive~ 
Col culation of the absolute lX2 register values is computed in 
to ! X 1. 

INDEX 2 X Address d efau It va I ue = 0000 (Hex). 

fNDEX 2 Y Address default value = 0000 (Hex). 

Origin Parameter (No. 5) 

X - Origin 

Y - Origin 

/ 1 s 114113112 111 11 o I 9 I s 1 7 I 6 / 5 / 4 I 3 I 2 / i I a I 

The ORIGIN parameter may be set via any normal instruction (except NOP). 
Its presence is flagged via Operand Flag Bit 5. The operand itself is two (2) 16-
bit words and defines an address in refresh memory which becomes the origin for 
the video output to the CRT monitor (i.e., the upper, left-hand corner of the 
screen). Due to the Rlv\-9000 memory sysrem architecture, the ORIGIN values 
which place absolute refresh memory location (O,O) at the upper, left-hand 
corner of the video display are non-zero and di Fferent for each system type. 
These ere the defoult value settings; Table 3-4 defines tha default origin values 
for each R.iv~-9000 series system type. The legal range of values for both the 
element and line odgins is from zero to the element or line resolution value 
mi'.':·-·~ ore. Therefore, fo: ori Rfv\-9300 ci;s;i!ny ~ystem, the legal range of ele
men; origin values is from 0 through 639 10 and the legal range of line origin 
values is from 0 through 511. V/nen altering the origin values, all data remains 
visible since wrapping will take place in both dimensions. 

ORIGIN default values: See Table 3-4. 
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Tobie 3-4 Systems Resolution Definitions & Origin Default Values 

HEMENT1X) TTITTTf) 
SYSTEM ELElv1ENT (X) LINE (Y) DEFAULT DEFAULT 

' RESOLUTION RESOLUTION ORIGIN ORIGIN 

RM-9100 32010 25610 310 10 255 10 
14016 100 16 136 16 FF16 

R/v\-9200 
64010 25610 

I 
620 10 25510 

28016 100 16 26C16 FF 16 

I ~0 JO 512 ;;:; 

1 
fi?O , " T 5101c 

RJ,A-9300 l 
" .. .,./ 

I 280 16 200 16 26C16 1 FE 16 

3-20 Window Porometer (No. 6) 

I Start X - Address (XL) 

r Start Y - Address (YT) 

I Stop X - Address (XR) 

! Stop Y - Address (YB) 

/ 15114 f 13112111 / 10 19 I a I 7 I 6 I 5 / 4 I 3 I 2 1 

The WINDOW parameter may be set by any normal instruction (except NOP). 
Its prese:ice is flogged by Operand F!ag Bit 6. The operand itself is four (4) 
16-bit words and specifies a rectangular region used in conjunction with the ERS 1 

Wl, RI, WT 1 WR, SCRX and SCRY instructions. The WINDOW values are read 
in the following order: XL , YT / XR / YB (where these values correspond to 
coordinates in Figure 3-4 . It is necessary that the WINDOW parameters conform 
to the following conditions: XL~ XRand YT ~YB • Whenever the WINDOW 
parameter is specified, the Current Operating Point (COP) is set to the coordi
nate defined by Table 3-5 determined by the value of the SCAN parameter prior 
to this instruction. The default values for WINDOW are such that the entire re
fresh memory is within the window. 
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WINDOW START X (XL) default value = 000 
WINDOW START Y (YT) default value = 000 
WINDOW STOP X (XR) default va[ue = XRES-1 
WINDOW STOP Y (Y 8) default value = YRES-1 

where XRES = system element resolution 

YRES = system line resolution 

(O,O) 
XL 

r-----
1
-----------... (XMAX,O) 

I I 
(X L1 Yi) I I (X R1 YT) 
----~---------~---~ 

____ J Ill ____ / 
(XL' y B) I ! (Xiv y s) . 

WINDOW 

I I 
I I 
I l 
I I 
I I 
I f 
I I 

(O,YtAAX)~-----------__.• (XMAX,YMAX) 

Fig'-!re 3-4 V/indow Definition 

Scan Parameter (No. 7) 

Scan Sequence I 

i 1s 114 I 13112111 110 l 9 I s I 7 I 6 l s 14 l 3 I 2 ! l a I 
The SCAN parameter may be set via any normal instruction (Except NOP). Its 
presence is flagged via Operand Flag Bit 7. The operand itself is a single 16-bit 
word in length and specifies one (1) of eight (8) possible scan sequences for the 
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Table 3-5 COP Placement After Window Setting 

SCAN XCOP YCOP 

0 XL 

l XR 

2 XL 

3 XR 

4 XL 

5 x, 
L. 

6 XR 

7 x R 

WI, RI, WR, V/T and WP instructions. 
defined by Table 3-6. 

Yr 

Yr 

YB 

YB 

Yr 

Yo 
u 

Yr 

y i3 

For the Vil, RI 1 WR instrudions, SCAN is 

Primary scan is the direction of consecutive pixels. Secondary seen is the wrap
cround direction upon reaching a window boundary. That is, when the primary 
scan completes a line of pixels and is ready for wrap-around, the secondary scan 
will de~ermine whether the second line of pixels is above, below, to the right or 
to the left of the first line. 

For write text, scan direction is defined by both the SCA.N and the SPACING 
parameters. The SCAN mode will determine the character orientation and whether 
the primary and secondary updates are horizontal or vertical. The SPACING 
parameter determines the direction of the update, i.e., to the left, to the right, 
up or down. The primary update is the update between successive characters. 
The secondary update is the update between successive character lines, i.e., the 
secondary update determines whether the second line of characters is above, below, 
to the right or to the left of the first line of characters. See Tobie 3-7. 

A new line of characters is started whenever the last character reaches or posses 
the window boundary or a carriage return or I ine feed is encountered. The edge 
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Table 3-6 Image & Raster Mode Scon Directions 

z DIRECTION OF WRITING PROCESS 
~ 

PRIMARY SECONDARY V1 

0 Left-to-Right Top-to-Bottom 

l Right-to-Left Top-to-Bottom 

2 Left-to-Right Bottom-to-Top 

3 Right-to- Left · Bottom-to-Top 

4 T op-tc-Bottum Left-;,_, ... ~i0l.t .., 

5 Bottom-to-Top Left-to-Right 

6 Top-to-Bottom Right-to-Left 

7 Bottom-to-Top Right-to-Left 

of a character may exceed the window boundory. Wrop around is by complete 
chcracter.s only. A carriage return will start the next character line at the op
posite window boundary. 

Tobie 3-7 V/rite Text Scan Direction 

SCAN PRIMARY UPDATE SECONDARY UPDATE 

0 Horizontal Verticai ) I 

l Horizontal Vertical 

2 Horizontal Vertical I 

3 Hori z.on ta I Vertical 

4 Verti col Hori z.onta I 

5 Vertical Horizontal 

6 Vertical Horizontal 

7 Vertical Horizontal 
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Table 3-8 Window Origin 

SCAN WINDOW ORIGIN 

0 Upper Left-Hond Corner 

1 Upper Right-Hand Corner 

2 Lower Left-Hand Corner 

3 Lower Right-Hand Comer 

4 Upper Left-Hand Corner 

5 Lower Left-Hun~ Corner 

6 Upper Right-Hand Corner 

7 Lower Right-Hond Comer 

A line-feed will stort a new character line at the current chorocter position, 
i.e., no return to the opposite window boundary is made. 

Tlie positive direction for both the primary and secondary updates is ro the right 
ond down. If it is desired for either the primary or ~he secondary update to move 
to the leFt or up, then this update must be expressed as a two 1s complement nega
tive number. See Figure 3-5 for the normal spacing vo!ues for each SCAN mode. 

Normally the absolute values of the spacing parameters ore equal to or greater 

then !he c~aract~~~~~:~si~~.,.pa:c~et:~~:-~!~ t~~:~\a_~:~~~_Para.eters ore less than 
the dimension po .................. , ...... n ,h ... c .. ~ .......... r;; "'" vvc11up. 

SCAN default value = 0 

3-22 Dimension Parameter (No. 8) 

WIDTH 

HEIGHT 

115 j 14 j 13 j 12 j 11 j 10 I 9 I s l' 7 I 6 J 5 I 4 I 3 12 1 1 I o I 
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The DIMENSION parameter may be set vie any normal instruction (except NOP) • 
. Its presence is flagged via Operand Flag Bit 8. The operand itself is hvo (2) 16-
bit words in length and specifies the dimensions of the alphanumeric font in terms 
of height and width, and the height or width of individual plot segments in terms. 
of lines or elements. The first word specifies character width, or plot segment 
width for horizontal plots, i.e., a curve being plotted from left-to-right, or 
vise-versa. The second word specifies .character height / or plot segment height 

. for vertical plots. 

When this parameter is used to specify character width and height, a is indepen
dent of character orientation. lt is.possible to use the DIMENSION parameter 
with the programmable font option to generate character fonts of a smaller size 
than eight (8) elements by twelve (12) lines. 

DIMENSION width default value = 7. 

DIMENSION height default value = 9. 

3-23 Spacing Parameter (No. 9) 

X - SPACING 

Y - SPACING 

The SPACJNG parameter may be set via any normal instructionl(except NOP). 
Its presence is floggeJ via O;.:ierand Flog Bit 9. The operand itseff is two (2) 
16-bit words in I ength and negative spacing may be express~d in 2's complement 
form. 

For write text, spacing determines the distonce between successive characters 
and the distance between successive lines. The X-displacement is always in the 
horizontal direction and the Y-displacement is olwoys in the vertical direction. 
The scan operand (Operand Parameter 8) will determine which displacement, X 
or Y, is between characters and which is between lines. See Figure 3-5. 

The positive direction for the X-displacement is to the right and the positive 
direction for the Y-displocement is down. If it is desired for either displacement 
to be in the opposite direction, then that displacement must be expressed as a 
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SCAN EXAMPLE X SPACING Y SPACING MODE 

0 A BCD__. Cher Width Char Height 

t 
1 .-- on col> - Cher Height Cher Width 

+ I 

. t 
2 <(coUCl ~ Chor Height - Char Width 

t 
3 "'*- a J s v - Chor Widrh - Chor Height 

4 A Chor Width Chor Height 
B __. 
c 
D 
t 

5 ~ Char Height - Chor Width 

u 
co __..,.. ., 
<( 

1 
6 )> - Char Height Ch_or Width 

...,.._ co 
n 
0 

+ 
7 ~ - Cher Width - Chor Height 

:) 

...,._ a 
v 

figure 3-5 Normal Spacing Values 
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two's complement negative number. See Figure 3-5 for the normal spacing ve;{ues 
for each scan mode. 

For write plot, spacing defines the increment from plot entity fo plot entity / along 
the plot axis. For horizontal plors 1 X-spacing is used to define rhe plot axis in
cremeM; for vertical plots, Y-spacing is used to define the plot axis increment. 

X - SPACING default value = 7 

Y - SPACING default value = 9 

3-24 Seale Parameter (No. 10) 

Y - SCALE X - SCALE 

j 1s I 14 j 13 j 12 / 11 ! 10. I 9 I s I 1 J 6 I s 14 I 3 I 2 1 i I o 

The SCALE parameter may be set via any normal instruction (Except NOP). Its 
presence is flagged via Operand Flog Bit 10~ The operand itself is a single 16-
bit word in length and specifies a scaling factor or ratio of received or generated 
picture elements to displayed picture elements for the WI, WR and WT instruc
Hons. When scaling text, X-Scale always refers to character width and Y-Scale 
always refers to character height. When writing a negatively scaled image where 
Fewer picture elements will be displayed than will be received or generated, 
eoch displayed pixel will represent the arithmetic overage of the corresponding 
received or generated pixels. When roster or text data is negctivelv sca!P.d, the 
reduction process will just ignore N-1 of every N pixels where N is the scale 
factor. ) 

The scale process is window oriented; the scaled results ore s.tored in an internal 
buffer within the RN\-9000 until o completely composed scan line(s) has been 
created. When the composed scan I ine is comp I eted, it is written to refresh 
memory.· Thus, if only a partial line of seoled image or roster data is output to 
the R/v\-9000, this data will be lost if: 

e SCAN / WINDOW, or SCALE parameters are set in an ensuing 
normal-format instruction, or 

• If a valid POPE instruction is issued. 
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Each scale factor is represented as on 8-bit 2's complement number. The received 
picture element ratio is defined in Tcble 3-9. 

SCALE element ratio default value = O. 

SCALE line ratio default value = O •. 

Tobie 3-9 Scoled Picture Ratio 

w PICTURE ELEMENTS 
-' RATIO l5 
vi RECEJVED DISPLAYED 

-2 
I 

4: 1 
I 

4 } 

-J 2:I 2 l 

0 1 : 1 l 1 
1 l :2 1 2 

2 1 :4 l 4 

NOTE 

EITHER OR BOTH THE X ANDY AXIS MAY BE SCALED 
EITHER UP OR DOWN, HOWEVER, ONE (1) AXIS MAY 
NOT BE SCA.LED UP WHILE THE OPPOSITE AXIS IS 
SCALED DOWN. 

3-25 Function Parameter (No. 11) 

LOGICAL/ARITHMETIC FUNCTION 

I 1s j 14 113112 J 11 110 I 9 I a 17 I 6 I s I 4 13 1 2 1 I o I 
The FUNCTION parameter moy be set by oiny normal format instruction (except 
NOP). Its presence is flogged by Operand Flag Bit 11. The parameter itself is 
c single 16-bit word in length and specifies a logical or a·rithmetic function {if 
any) to be performed in conjunction with the WRITE !MAGE instruction. By set
ting FUNCTION to a non-zero value, the WRITE IMAGE function is changed 
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from a write operation to a read-modify-write operation. Tab! e 3-10 defines the 
legal function codes and their respective logical or arithmetic functions to be 
performed. All functions (except repJacement) are performed using the old pixel 
value OP (i.e., the current value stored in refresh memory at the current pixel 
location) and the new pixel value NP (i.e., the pixel value loaded from the 
host processor). Before any function processing is perfonned 1 both the OP and 
NP are AND 1ed with the current value of SUBCHANNEL; thus 1 only the sub
channels of interest are subiect to FUNCT[ON processing. The value resulting 
from FUNCTlON processing RP is also AND 1ed with SUBCHANNEL in the pro
cess of storing this pixel value in refresh memory. 

The following is a description of each of the implemented logical/arithmetic 
proces'sing functions. The following symbols are used in the ensuing section to 
d~cri:::e rhe crirht::.::t:c/:0:;Jicai 0peratiom supported under the F!J~·KT!Oi'~ para
meter: 

RP Pixel value resulting after processing specified by FUNCTION, 

OP 

NP 

SC 

v 

+ 

> 

I 

Old pixel value (stored in refresh memory) 

New pixel value (input from the host computer via a WI 
instruction) 

Current value of the SUBCHANNEL parameter 

1 is replaced by 1 

Logical inclusive OR 

Logical Exclusive OR 

Logical AND 

Addition 

2 1s complement subtraction 

1 is greater than 1 

1 is less than or equal to 1 

Division 
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Table 3-10 Logical/Arithmetic Function Codes 

0 

l 

2 

3 

4 

6 

7 

8 

9 

A 

B 

c 

FUNCTION O - REPL~CHl,ENT 

RP ,_ :~ p A SC 

FUNCTION 

NONE (DATA REPLACE/\~ ENT) 

LOGICAL OR 

LOGfCAL XOR 

LOGICAL AND 

ARITHMETIC SUM 

/l.R!Ti-'.M !CDI 

GREATEST VALUE 

LEAST VALUE 

AVERAGE COMPUTATION 

INVERSE ARITHMETIC DIFFERENCE 

SIGN MAGNITUDE SUM 

SIGN MAGNITUDE DI ENCE 

SIGN 1\\AGNITUDE INVERSE 
ARITHMETIC DI EN 

The resulting pixel value is merely set equal to the new pixel value 
(i.e., normal WI processing is performed). The old pixel (OP) value 
is I OS t. 

FUNCTION 1 - LOGICAL INCLUSIVE OR 

RP+- (NP v OP) A SC 

The resulting pixel value is the logical inclusive OR of the old pixel 
(OP) value with the new pixel {NP) value. 
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FUNCTION 2 - LOGICAL EXCLUSIVE OR 

RP +- (NPA SC) v (OP A SC) 

The resulting pixel value is the logical exclusive OR of the old pixei 
(OP) value with the new pixel (NP) value. 

FUNCTION 3 - LOGICAL AND 

RP +- (NP A OP) A SC 

The resulting value is the logical AND of OP and NP values. 

~U~~CTICN 4 - ARITf-L'.~ETIC SU,\~ 

RP+- ( (NPA SC)+ (OPASC)) I\ SC 

The resulting pixel RP value is the arithmetic sum of NP and OP. 

FUN CT!ON 5 - ARITHMETIC DIFFERENCE 

RP+- ( (OPA SC) - (NP ASC)) I\ SC 

The resulting ,oixel RP value is the 2's complement arithmetic difference 
of the old pixel OP '/olue minus the new pixel NP value. 

FUNCTION 6 - GREATEST VALUE 

RP +- OP'" SC if (OP/\ SC) - (NP 1' SC) /'. 0 

NP/', SC if (OP/\ SC) - (NP I\ SC)/\ 0 

The resulting pixel RP value is set to either NP or OP whichever is greater. 
Since each value on input is masked by the subchannel mask value SUB
CHANNEL (default value of OFFF16), the comparison becomes unsigned 
when Bit 15 of SC is zero. 

FUNCTION 7 - LEAST VALUE 

RP OP I\ SC if (OP I\ SC) - (NP I\ SC)~ 0 

NP I\ SC if (OP I\ SC) - (NP I\ SC)·> 0 
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The resulting pixel RP value is set to either NP or OP whichever is lesser 
in value. Since each value is masked by the subchannel mask value SUB
CHANN EL (default value OFFF 16) on input, the comparison becomes un
signed when Bit 15 of SC is zero. 

FUNCTION 8 - AVERJ:..G E VALUE 

RP +- ( ( ( ( 0 P /\ SC) + (N P + S C) ) /2) "' S C) 

The resulting pixel RP value is the average value of OP and NP. The 
mechanism used to perform the division by 2 is such that rounding-up of 
the result does not occur, e.g., the average vaiue of 0010 16 ar:d OOOF 16 
rs OOOF 16 • 

FUNCTION 9 - INVERSE ARITHMETIC DIFFERENCE 

RP +- ((NP,, SC) - (OP.•, SC) ) /\ SC 

The resulting pixel RP value is the 2's complement arithmetic difference of 
the new pixel NP value minus the old pixel OP value. 

In functions A 16, B16, and c16 , sign- magnitude arithmetic is used. The 
sign-magnitude functions use the nighest-order oit which is set to l in SUB-
CHA NN EL (SC) as the sign bit. Negative numbers, therefore, have the same 
representation as positive numbers but wirh the sign bit set to l. Since subchan
nels which do not exist read back cs 1, it is crucial that the SUBCHANNEL 
parameter be set up to specifically include only those subchannels necessary for 
processing. ln sign-:ncgnitude arithmetic, if the sum of 2 positive numbers 
produces a carry into the sign bit, then the carry will be lost, i.e., the result 
will remain positive. lf the sum of two (2) negative numbers produces a carry 
into rhe sign bit, then tne result will remain negative. 

EXAMPLE - Subchannel Mask = 0000001111110000 = 03F0 16 

002016 + 021016 = 001016 2 + (-1) = 1 

022016 + 021016 = 023016 -2 + (-1) = 3 

002016 + 024016 = 022016 2 + (-4) = 2 
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·re1~~~k 
Subchannel Mask = 0000000100001111 = 010F

16 

000216 + 010116 = 0001 2 + (- l) = 

010216 + 010116 = 0103 -2 + (- l) = -3 

000216 + 010416 = 0102 2 + (-4) -2 

. FUNCTION A16 - ARITH/'v\ETIC SUM (SIGN MAGNITUDE) 

RP +- ((OP /\ SC)+ (NP /\ SC) ) /\ SC (Sign-lv~agnitude Sum) 

The resulting pixel (RP) value is the sum of the old pixel (OP) value 
and the new pixel (NP) value. Both (NP) and (OP) ere evaluated as 
:ign-magnitude numbers using the SUBChANi'1EL parameter to define 
the sign bit. 

FUNCTiON 816 - ARITHM 
~--~------------------------------~ 

RP+- ((OP"'- SC) - (NP"'- SC)) A SC (Sign-Magnitude Difference) 

The resulting pixel (RP value is the difference of the old pixel (OP) 
value minus the new _oixel (NP) value. Both (NP) and (OP) are evalu
ated as sign-magnitude numbers using the SUBCHANNEL parameter to 
define the sign bit. 

FUNCTION c16 - INV E ARITHMETIC DIFFERENCE IGN MAGNITUDE 

RP+- ((NP/\ SC) - (OP /\ SC)) /\ SC (Sign-Magnitu Difference) 

The resulting pixel (RP) value is the difference of the new pixel (NP) 
va;ue minus the old pixel P) value. Both (~IP) and (OP) are evalu
ated as sign-magnitude numbers using the SUBCHANNEL parameter to 
define the sign bit. 

FUNCTION default value = 0 (Replacement Mode) 
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3-26 Conic Equation (Parameter (No. 12) 

A 
!~~~~~~~~~~~~~~~ 

,- : J 
§ __ o _ ______. 

E 

K 

The CONIC EQUATiON parameter operands may be set by any normal format 
instruction (except NOP). lrs presence is flagged by Operand Flag Bit 12. 
This parameter consis~s of six double-word arguments A, B, C, D / E and K. 
The first word of each double-word pair is the high-order word. The second 
word is the low-order word. In the current implementation of Rfv1-CON, the 
high-order word is not used, end was included to allow for possible future ex
pansion to higher resolution display systems. 

The arguments A, B, C, D and E ore 16-bit 2's cor.iple:nent integers which are 
used as the generalized conic equation coefficients. The generalized form of 
the c:Jnic ec;uation is: 

Ax2 + B/ + Cxy + Dx + Ey = 0. 

The argument K represents the to ta I number of pixels to be generated for the 
conic described by A 1 B, C 1 D and E. For examp I e, a circle of radius 10010 
pixels would have a value of 40010 for K. 

For a detailed description of the use of the CONIC-EQUATION parameter 
operand in conjunction with the WC instruction, see Section 3-51 and Appen..:. 
dix B. 
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3-27 

CONIC-EQUATION default values: 

A = 0 
B = 0 
c = 0 

D = 
E = 
K = 

0 
0 
128010 

Baseline Parameter (No. 13) 

/ , 
Fl LLED PLOT BASELINE 

/ 15 / 14113 / 12 / 11/10 / 9 rs I 1 [ 6 i 5 14 1 3 12 / 1 / o 

The BASELll'lE parameter rr.ay be set via any normal format instruction (except 
NOP). Its presence is flas;ged by Operand Flag Bit 13. The operc:nd itself is 
a 16-bit word in length and specifies whether a filled plot or a line plot is to 
be drown. When BASEL!i'-IE is zero, a line plot (i.e., a plot in which each 
endpoint along the curve becomes the start point for the wcceeding plot seg
ment) is drawn. V/hen 8!\SE!N Eis non-zero, the BASELINE defines the start 
r:ioint for each plot segment. IF SCC..N is between 0 and 3, then SAS ELIN E 
defines the hcrizon~al axis to which rhe filled-plot segments will be drawn, 
i.e., BASELINE defines a Y-address. Similarly, if SCAN is between 4and 71 

then ELlNE defines the vertical axis to which the filled-plot segments will 
drown, i.e., ELINE cefines an )<-address. 

DE ULT BASELlt'-1E VALUE : 0 

3-28 Scroll-Count Parc:rr.eter (No. 14) 

SCRO LL COUNT 

115 J 14 113 112 J 11 I 1 a I 9 J s I 1 1 6 I 5 I 4 I 3 I 2 I I a I 
The SCROLL-COUNT parameter may be set by any complex format instruction 
(except NOP). Its presence is flogged by Operand Flag Bit 14. The operand 
itself is a single 16-bit word in length and specifies scroll count and direction 
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i.e., left or right for SCRX, or up er down for SCRY. V/hen set to a negative 
value, scroll will occur in the negctive direction. That is, the image will be 
scrolled left for SCRX and up for SCRY. When set to a positive value, the 
image will be scrolled right for SCRX and down for SCRY. The scroll count is 
a 2's comolement 16-bit number. 

I 

DEFAULT SCROLL-COUNT VALUE 0 

3-29 Start-Point Argument (No. 15) 

X - ADDRESS I 
1------------y-_-A_D_D~~s-s ---------------,/ 

1 15 / 14
1

13
1

12
1

11 / 10 i 9 1 8 r 7 1 6 
1 

s 1413 1 2 
1 

J 
1 

o 1 

The START-POI NT argument may be set by any complex format instruction 
(except NOP). Its presence is flogged by Operand Flag Bit 2 JS. The oper
and itself is two (2) 16-bit words in lengt'1 and specifies a stcrt-point for the 
WI' RI' WR, 'vVT I 1NV' WC and WP instructions. Note that when vVINDOW 
or SCAN ore specified, the appropricte stcrt-point is automatically calculated 
for the WI, RI, V/R end WT instrudions and, therefore, need not be specified 
unless the writing proc:;ss is to begin in orher than the cppropricte corner of 
the WINDOV/, Tobie 3-8 defines the default values for START-POINT based 
on the setting of V/INDOW and SCAN. Because WINDOW is not pertinent to 
the WV, WC end V/P instructions, START-POINT must be specified. Other
wise, the lest end-point (current COP) wi! I be used as the new start point. 
The START-POINT explic:~!y sets 7";.::: Current Operating Point (COP) according 
to the addressing mode specified by t instruction containing the parameter. 
For window oriented commends, the vclue specified must be within the area 
specified by the V/lt'-.IDOW parameter for proper operation. 

DEFAULT X START POINT VALUE 0 

DEFAULT Y START POINT VALUE 0 
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3-30. Doto Length Word 

The Doto Length I.Nord defines the number of bytes of data for cny normal format 
instruction. It defines either the number of bytes to be read by the Rlv\-9000 
for the NOP, SET, ERS, WI, WT, WR, WV, WC, WP, SCRX, SCRY instruc
tions or the number of bytes to be read by the host computer for the RI instruc
tion. The Data Length Word will be present immediately ofter the opcode word 
or cny normal instruction parameters which may be present if Bit 0 of the Para-
meter Byte (i.e., the DATA FLAG) is set to one (1). The data length word may take 
on a maximum value of 65535 10 Bytes represented by on unsigned 16-bit number. 

3-31 Normal-Format Instruction Data 

If the Data Flag (Bit 0 of the parameter byte) is 1, then bytes of data as speci
fied in the Data Length Word will be transferred immediately fellowing the 
Data length 1Nord in any normal format instruction. The format of this data 
varies From instruction to instruction. Five data types are possible for the nor
mal instruction set: 

~ lmcge data for the WI and RI instructions 
e Text data for the WT insrruction 
Q Plot data for the V/P instruction 
s Endpoint data for the VIV and WC instructions 
o ~aster data for the WR instruction. 

All other normal format instructions will read in the indicated number of bytes 
of data and subsequently discard them. 
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3-32 Normal-Format Standard Instructions 

Sections 3-33 through 3-38 define the formats and functions of the normal-format 
instructions which are supported by the RM-9000 standard flnnware package. The 
instructions in this set are: 

INOP No Operation Instruction 

SET Set Parameter Instruction 

ERS Erase Instruction 

WI Write Image Instruction 

RI Recd !mage Instruction 

WT Write Text Instruction 

These instructions are stanc!crd in all Rlvl-9000 systems. 
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3-33 No-Operation Instruction (INOP) 

I 0 PCOD E (07) 

r 
I 
I 
I 
I 
l 
I 

OPERAND FLAG WORD 

PARAMETER OPERANDS 

·1____-·~ 

DATA LENGTH WORD 

DATA 

11s j 14 j 13 j 12111 I iO l 9 I s 7161514 j3!2!1 Joi 

The !NOP instruction is a normal-format instruction which is included in the 
RM-9000 standard firmware. The lNOP instruction performs no internal func
tions whatsoever; any parameter operands or data which are present in the in
struction stream are discarded. The !NOP instruction is useful in facilitating 
the debugging of instruction streams passed from the host processor to the RM-
9000. By simply changing the opcode byte of any normal-format instruction 
or of any single word special-format instruction, the integrity of the instruction 
stream ccn be maintained while selectively eliminating the effects of one or 
more instructions. 
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PERTINENT ARGUMENTS 

None 

POSSIBLE ERROR CONDITIONS 

None 
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3-34 Set Parameter Instruction (SET) 

OPCODE (08) IX AD BK RP OF OF 

OPERAND FLAG 

I 
I 
J 

PARAMETER OPERANDS 

l 
I 
I 
I !------

DATA LENGTH WORD 

DATA 

! 15 ! 14 ! 13 [ 12 ! 11 I 101 9 1 s [ 1 I 6 · / s 1 4 I 3 I 2 I 1 ! o I 

The SET ins~;ucricn :s a r.crma(-format instruction which is included in the 
RM-9000 standard firmware. T SET instruction allows all parameter operands 
to be defined (based in some cases on the addressing mode) as in ar.y normal
format instruction, but any data which is present in the instruction stream wi 11 
be ignored. This instruction is included in the standard firmware in order to 
facilitate debugging of a display instruction stream. It allows a user to perform 
parameter operand processing whose interna I modifications cou Id carry over to 
the subsequent instr..1ctions in the instruction stream, while ignoring the re
ceived data. 

PERTINENT CONTROL BITS 

IX Defines the address mode in which the INDEX 1, INDEX 21 ORIGlN 1 

WINDOW, BASELINE and START POINT will be evaluated. 
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PERTINENT PARAMETER OPER.ANDS 

All parameter operands ore pertinent to the SET instruction in the sense that ol-1 
parameter operands may be re-defined; however, since SET performs no display 
functions, none of the arguments ore pertinent to the display of data in on im
medicre sense. 

DATA FORJv\AT 

Since all data is discarded, data format is irrel event. 
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3-35 Erase Instruction (ERS) 

OPCODE {09) 

I PARAMETER OPERAND FlAG I 
r-~~~~~~~~~~~~~~~~~~~~~~~-/ 
I I 
I 

l 
I PARAMETER OPERANDS I 
I I 
I I 
I l 
I I · 

· l I -----
l DATA LENGTH 1.//0RD I 
,---~~~--~----~-~~--~-------~--, 

I I 
I DATA I 
I I 
I l 
I I 
I I 
I r 
I I 

\ 1 s \ 14 \ 13 I 12 I n I 1 o I 9 l a I 7 I 6 . I s I 4 I ~ J 2 I 1 I o I 

The ERS in~truction is a normal-format instruction which is in~uded in the 
RM-9000 stondard firmware. The ERS instruction sets the rectangu !or area in 
refresh memory defined by the WINDOW parameters to either the FOREGROUND 
or BACKGROUND value based on the value of BK. If BK = O, the BACK
GROUND value will be used; otherwise if BK = l, the FOREGROUND value 
will be used. Regardless of FOREGROUND/BACKGROUND usoge, the selec
ted value will be write-masked by the SUSCHANNEL parameter operands. The 
Cartesian data generated by the ERS instruction uses the internal mode also 
used by the text end the roster processors, the AD flog ccn affect ERS proces
sing. If AD = 1, then no Cartesian dcta wil I be written into refresh {See 
Table 3-3 of Section 3-10) with o data value of O. All data associated with 
cm ERS instruction will be discarded. 
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PERTINENT CONTROL BITS 

IX Defines the address mode in which the WINDOW parcmeter operands 
will be evaluated, and as such, affecl's rhe rectangular area to be used. 

AD Affects the generation of Cartesian dcto such that if AD = 1, no data 
wi II be written to refresh memory. 

BK Defines the color or intensity volue to be used, i.e., if BK = 01 the 
BACKGROUND value is used; otherwise, the FOREGROUND value is 
used. 

PERTINENT PARAMETER OPERANDS 

SUBCHANNEL 

FOREGROUND 

BACKGROUND 

INDEX 1 

INDEX 2 

WINDOW 

DATA FORMAT 

Defines the subchannel write-enable mask; only those sub-. 
diannels whose corresponding bit in the SU BC HANN EL 
mask wi 11 be written with dote from the ERS insl'ruction. 

Defines the color or intensity value to be stored in refresh 
memory when BK = l. 

Defines the color or intensity value to be stored in refresh 
memory when BK = /J. 

Displaces the WINDOW parameters when WINDOW is set 
in the ERS instruction and IX = 1. 

Displaces the WINDOW parameters when WINDOW is set 
in the ERS instruct ion and IX • 2. 

) 
Defines the rectongulor area to be erosed. 

Since all data is discarded, dote format is irrelevant. 

POSSIBLE ERROR CONDITIONS 

If the WINDOW parameter values ore outside of the system resolution, the re
sulting Cartesian data will be indeterminate. 
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3-36 Write Image Instruction (¥11) 

I 
I 
I 
I 
I 
I 
I 
r 

I 
I 
I 
I 
I 
I 
I 
I 

OPCODE (OA) IX I AD I BK I RP I -
PARAMETER OPERAND FLAG WORD 

PARAMETER OPER.A.NDS 

DATA LENGTH WORD 

DATA 

l 
I 
I 
I 
I 
I 
'I 

11s 114 I 13 112 l 11 11 o I 9 I a I 7 l 6 I s I 4 ,, 3 l 2 I 1 I o I 
The WI instruction is a 11ormal-formot instruction which is in~luded in the 
RM-9000 standard firmware. The WI instruction stores up to 3276710 words of 
data in refresh memory on a word-per-pixel basis within the rectcngular area 
defined by WINDOW. The first 16-bit word of image data received from the 
host processor is stored in refresh memory at the pixel defined by the START -
POINT parameter operand or by the current operating point which was the 
resu It of the previous instructions if no START-POINT value is specified in the 
WI instruction. The successive words of im<lge data ore stored in refresh mem
ory based on the primary update mode associated with SCAN (See Section 3-21). 

When a window boundary is encountered while storing image data words in 
successive pixels based on the primary update direction; the current operating 
point is set to the opposite window boundary and incremented in a direction 
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perpendicular to the primary scan direction (i.e.; the seconder/ updote direc
tion defined by SCAN). When a window boundary is encountered in the pro
cess of incrementing in the secondary update direction, the current operating 
point is repositioned to the opposite window boundary. 

Since the date robe written to the refresh memory is supplied directly from the 
host processor end not from the FOREGROUND or the BACKGROUND para
meter operand, the AD and BK control flogs ere ineffective in image mode. 

PERTINENT CONTROL BITS 

IX Defines the adcress mode in which the INDEX 11 INDEX 2, 
WINDOW and START-POINT parameter operands set by any 
given \VI instrv.::i"ior1, ore cv·o!LieiteJ. 

PERTINENT PARAMETER OPERANDS 

SUBCHANNEL 

INDEX 1 

INDEX 2 

WINDOW 

SCAN 

SCALE 

Specifies the subchonne!s (i .e. 1 bit planes in refresh mem
ory) which are write-enabled and which will receive image 
date. · 

Displaces the values to be used forWINDO\f/ and START
POINT parameter opernnds set in the Wt instruction when 
IX = l. 

D isploces the values to be used for Wl NDOvV and START· 
POINT parameter operands set in the WI instruction when 
IX = 2 •. 

Defines the re.ctongular oreo into which if1cge data will 
be written. In addition, if the START-POINT parameter 
is not explicitly set in the WI instruction, WINDOW along 
with SCAN defines the starting pixel coordinates (See 
Section 3-21). 

Defines the primary ond secondary update directions as 
well as the starting pixel coordinates when START-POlNT 
is not explicitly defined. in o WI instruction. 

Defines the ratio of pixels written in refresh memory to the 
number of image date words received from the host proces
sor (See Section 3-24). 
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FUNCTION 

START-POINT 

Defines one of thirteen (13) possible image processing modes 
to be applied as each pixel is stored in refresh memory. A 
value off; defines a write with no processing operationi 
while the other twelve (12) non-zero functions represent a 
read-modify-write operation per pixel (See Section 3-25). 

Speci fl es the coordinates of the first pixel to be written 
with image data; if not defined, the current operating 
point which was the result of the previous instruction is 
used as the starting pixel coordinate. 

DATA LENGTH WORD 

The DATA LENGTH WORD represents the number of bytes of data to be trans
mitted from the host processor to the RM-9000 with c WI instruction. Since 
image data is defined on a word basis, the DATA LENGTH WORD should 
always reflect an even number of bytes. If the DATA LENGTH WORD is odd, 
the byte count used wil I be one less than the actual byte count stored, e.g., 
if the DATA LENGTH WORD had a byte count value of 3310 bytes, 3210 
bytes or 1610 words wou Id be expected by the RM-9000. The range of the 
DATA LENG TH WORD is from 0 through 65534 10 bytes or 327671 o words. 

DATA FORMAT 

Data in image mode is interpreted on a word basis. Of the 16-bits of data per 
word, only the low-order twelve (12) ere actually used when no logical/arith
metic FUNCTION processing is to be performed. Assuming that all subchannels 
have been write-enabled via SUBCHANNEL, each bit of the incoming data 
word is written to its corresponding subchannel I i.e. I data Bit 0 to Subchannel 
0, Data Bit 1 to Subchannel 1, ••• , Data Bit 11 to Subchannel 11 •. When 
FUNCTION processing is to be performed, the incoming data is and'ed with 
SUBCHANNEL before use, therefore all 16-bits of image data could be signifi
cant if the value of SUBCHANNEL enabled bits in the upper four (4) positions 
(See Section 3-25 on FUNCTION processing). 

COP MOVEMENT 

The resulting current operating point after the completion of a WI instruction 
is tne coordinates of the next pixel which would hove been written if (N + l) 
words of data had been passed in the instruction rather than N words. Since 
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the primary encl secondary update directions ore defined by SC6-N, the re
sulting COP position is c function of SCAN end the number of words of image 
data written. For further discussion of rhe COP movement, see Example 3-1. 

POSSIBLE ERRORS 

If the DATA LENGTH WORD is odd, it is possible forar: unsuspecting user to 
get out of synchrony with the RM-90001 i .e. 1 interpret a word of data as an 
instruction opcode word. 

EXAMPLE 3-1 --------· 
This example demonstrates the use of the WI instruction and the operation of 
SCAN and WINDOW in coniunction with this instrnction. The following in
struction stream stores data in a rectangular window in refresh memory and the 
associated Figures 3-6 a through h, indicate the resulting displays. The win
dow is defined by the coordinate corners (100, 100) and (103, 103). Sixteen 
(16) words of data (designated by the symbols Dl through D16) will be written 
into the rectangular area defined by the WINDOW parameter operand: 

HEX 

0500 
0;\03 
ooco 
xxxx 
0064 
0064 
0067 
0067 
0020 

MNElv\ONIC 

RESET 
Wl+DF+DF 
SCN+WIN 
xx xx 
100 
100 

103 
103 
32 
Dl 
D2 

D16 

D ESCRI PTI ON 

i Clear Screen 
i Write Image Instruction 
; Operand Flag Word 
; Scan Value from 0 through 7 

Element Left Margin = 10010 
; Lini:> iop Margin = 100

19 ; Element Right tv\crgin = 0310 
; ~ine Bottom Margin = 10310 
;:::iatalengthWord = 3210 
I 

; 32 bytes (16 words) of data 

Where XXXX defines the scan mode from 0 through 7. 

Notice that the current operating point (COP) after all of the image transfers 
are complete is identical to the starting COP, since ofter data value Dl6 was 
transferred both primary and secondary updates ore exercised. 
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If the DATA LENGTH WORD value was increased to 3410 and a seventeenth 
data value D 17 added, the primary and secondary updates return the COP to 
the starting coordinates and over-write the pixel at (100 1 l00) with D 17. 
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100 101 102 103 

DI J D2 ! D3 041 

DS D6 . D7 08 

D9 DlO J Dll 012 

DIJ Dl4 j DIS i D16 

(c) SCAN MODE = 0 
START X 100 
START Y TOO 

100 101 102 103 

013 Dl4 015 Dl6 

D9 DIO Dll DT2 

D5 ! D6 Dl D8 

Dl I D2 I D3 D4 

(c) ~(A~! MOC': 3 
START X TOO 
START Y 103 

100 10! 102 103 

DI 05 D9 Dl:J 

D2 D6 DlO ! Dl4 

D3 D7 I DI 1 DIS 

D4 D8 Dl2 . D16 

(e) SCAN MODE 4 
START X JOO 
START Y l 00 

TOO 101 102 103 

&il SCAN MODE 6 
)TART X 103 
START Y 100 

100 101 I 02 l 03 

I D17 I D2 D3 D4 

D5 D6 D7 D8 

D9 D10 Dll D12 

D13 D14 I D15 D16 

(i) SCAN MODE 0 
START X 100 
START Y 100 

100 
101 

102 

103 

100 

I 01 

102 
I 03 

100 

TOl 

102 
103 

100 

101 

102 

103 

100 

l 01 

102 
103 

100 101 102 103 
I D4 I D3 D2 i) l 

08 I D7 D6 D5 

Dl2 j DI 1 DIO, 09 

Dl6. Dl5 Dl4 D13 I 

(o) SCAN MCDE 1 
START X 103 
START Y 100 

100 i OJ !02 103 

D8 

04 

Vi) sc.6-N ,•~Ale~~ .., :J 
START X 103 
START Y = 103 

100 101 102 l 03 

04 D8 D12 016 

D3 Dl Dl! 

D2 D6 DlO D14 ! 

DI D5 D9 Dl3 

(f) SCAN MODE = 5 
START X "' 100 
START Y = 103 

100 101 102 103 

D16 D12 DS D4 

015 Dll D7 D3 
014 010 06 02 

013 ! 09 D5 Dl 

(h) SCAN MODE "' 7 
START X 103 
START Y 103 

Figure 3-6 lmaging Scan· Example 
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Read Image Instruction (RI) 

OPCODE (OB) IX 

PARJ.\METER OPERAND FLAG WORD 

PARAMETER OPERJ.\NDS 

DATA LENGTH WORD 

' 

15 114 113 112 111 110 l 9 I s I 1 I 6 I 5 I 4 I 3 I 2 I 1 I o 

The RI instruction is a normal format i n.struction which is included in the RM-
9000 standard firmware. The Rl transfers up to 327 67 10 words of refresh mem
ory data to the host processor on a word-per-pixel basis from the rec~angular 
area defined by WINDOW. The first 16-bit word of image data transferred 
from refresh memory to the host is obtained from the pixel defined by the START
POI NT parameter operand or by the current operating point which was the 
result of the previous in.struction(s) if no START-POINT value is specified in 
the Rl instruction. The successive words of image data are recd back from 
refresh based on the primar; update mode associated with SCAN (See Section 
3-21). 

When a window boundary is encountered while reading image data words from 
successive pixels based on the primary update direction, the current operating 
point is set to the opposite window boundary and incremented in a direction 
perpendicular to the primary scan direction. When a window boundary is en
countered in the process of incrementing in the secondary update direction, 
the current operating point is repositioned to the opposite window boundary. 

Since the data to be written to the host processor is supplied directly from the 
refresh memory and not from the FOREGROUND or the BACKGROUND para
meter operand, the AD and BK control flogs ore ineffective in image mode. 
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'//hen data is read bock from the refresh memory using the RI instruction, the · 
SUBCHANNEL write-enable mask is not effective. All subchannels are passed 
back to the host processor. An R.M-9000 can have any number of subchannels 
up to twelve (12) and the data which is read back from subchannels which ore 
n~t present in the configuration is indeterminate. The high order 4 bits of the 
read' bock data value will read back to the host processor as 1. Thus, if re
fresh memory hos been erased to zeros, all data words would read beck as 
F00016 in a 12-su channel system. 

PERT! NENT CONTROL !31TS 

IX Defines the address mode in which the INDEX 1, INDEX 2, 
Wi NDO\'/ end STARi--Ful :''1T ;:01ci7i2;or cpcrcnds ~Gt by any 
given WI instruction, ere evaluated. 

PERTINENT PARAMETER OPERANDS 

INDEX l 

INDEX 2 

V/INDOW 

SCAN 

START-POINT 

Displaces the values to be used for \iVINDOW end START
POI NT parameter operands set in the WI instruction when 
IX = 1. 

Displaces the va!ues to be used for WINDOW and START
POINT parameter operands set in the \VI instruction when 
IX = 2. 

Defines the rec~angular area from which image data will 
be read back. In addition, if the START-POINT para
meter is not explicitly set in the WI instruction, \VINDOW 
along with SCAN defines the starting pixel coordinates 
(See Section 3-21). 

Defines the primary and secondary update directions as 
we!! as the starting pixel coordinates when START-POI NT 
is not explicitly defined in the RI instruction. 

Specifies the coordinates of the first pixel to be written 
with image data; if not defined, the current operating 
point which was the result of the previous instruction is 
used as the starting pixel coordinate. 
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DATA LENGTH WORD 

The DATA LENGTH WORD represents the number of bytes of data to be trans
mitted from the RM-9000 to the host processor with a RI instruction. Since 
image data is defined on a word basisr the DATA LENGTH 1//0RD shciuld 
always reflect an even number of bytes. IF the DATA LENGTH WORD is odd, 
the byte count used will be one less then the actual byte count stored, e.g. 1 

if the DA TA LENG TH WORD had a byte count value of 33 10 bytes, 32 10 
bytes or 1610 words would be expected from the RM-9000. The range of the 
DATA LENGTH WORD is From 0 through 65534 10 bytes or 32767 10 words. 

DATA FORMAT 

Data in image mode is transmitted on a word basis. Of the 16-oits of data per 
word, only the low-order 12 actually carry refresh memory data. e low-
order 12-bits corres:iond to subchannels such tnat Bit 20 reoresents subchannel 
O, Bit 21 represent; Su,bchannel 1. Subchannels which do, not exist read back 
indeterminately. Bit 2 12 through 215 of the read back dara value will always 
be set to J • 

COP MOVEMENT 

The resulting current operating point after the comp I etion of an RI instruction 
is the coordinates of the nexr pixel which would have been read back if (N + 1) 
words of data had been passed in the instruction rather than N words. Since 
the primary and secondary update directions qre defined by SCAN, the resulting 
COP position is a function of SCAN and the number of words of image data read 
back. For further discussion of the COP movement, see Example 3-1. 

POSSIBLE ERRORS 

if the DATA LENGTH 'vVORD is odd, it is possible for the unsuspecting user to 
get out of synchrony with the RM-9000, i.e., both systems will be attempting 
to read from each other and a hard system reset wi 11 be necessary. 
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3-38 ·Write Text Instruction (f/T) 

I 
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OPCODE (OC) 

PARAMETER OPERAND FlAG WORD 

PARAMETER OPERANDS 

DATA LENGTH WORD 

ASCII DATA 

! 1s j 14 I 13112111 j 10 19 la l 1 I 6' 1 s 14 1 _3 12 11 1 o I 

The WT instruction is a normal format instruction included in tJie Rlv\-9000 
standard firmware. The WT instruction reads ASCII character codes from host 
processor and generates the corresponding text characters On to o rectangular 
oreo defined by the WINDOW parameter operand. The standard 6410 ASCII 
chorocter codes (2016 through 5F16) ore available in a system without the RM
FNT progrcmmable font option {See Appendix B). If the RM-FNT programmable 
font option is installed, the character font descriptions for codes 2016 through 
Sf 16 ore copied to the programmable font option internal storage upon RESET 
(both hardware reset end the Rlv\-9000 RESET instruction). Character codes 
2016 through 9F16 ore able to be loaded by the host processor vie the LPF 
end LPFRP instructions (See Sections 3-60 & 3-61). Character codes 0 through 
lF16 ore illegal (except for corrioge return 0016 and line feed OA16) and 
wil I generate a character of undefined font. 
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The actual font size or a character is defined by the DIMENSION paramerer 
operands. This is the size of the rectangle which will have text/font data 
stored in refresh memory. In a standard system withoµt the RNl-FNT option, 
the values of DIMENSION should never exceed its default values of 7 pixel.S 
wide end 9 pixels high. IF DIMENSION is set' to values less than 7 by 91 the 
right-most and bottommost portions of the 7 by 9 font will be lost, respectively. 
In a system with the RM-FNT option, the maximum values for the DIMENSION 
parameter operand are '8 pixels wide end 121 O pixels high. This is the font 
size which is able to be loaded by the host processor. The spacing which is 
performed between characters within the rectangular window is defined by the 
SPACING operand parameters. Since the SPACING operand parameter is de
fined. in rerms of X-spacing and Y-spacing, in order to get proper updating 
between charocter'\ it is necessary to change the SPACING parameter in the 
case where SCAN is changed (See Figure 3- 5) for the normal spacing values 
in text mode. 

Al though the WINDOW parameter operond defines the rectongulcr region for 
text' generation, it is possible to generate part of a character outside of th is 
area. If the first pixel of any charoder to be generated is within the WINDOW 
region, the entire character will be generated. Therefore, it is possible for up 
to (DIMENSION width - 1) pixels to be generoted outside of the rectangular 
WINDOW region. 

The carriage return chorocter (Code OD 16 ) wll I ccuse an immediate return to 
the window boundary in the direction opposite to the primary µpdate direction 
as well as an update in the secondary update di re ct ion cs wel I as an update in 
the secondary update direction. The line feed character (Code OA16) will 
cause only on immediate update in the secondary update di·rection. When the 
RM-FNT option is not ins ta I led, ol l characters in the ranges 00 through 1F16 
(!i;d 60io through FF16 ore treated as legal characters in the~eose that a 
character is generated into refresh memory, however, the font which is used 
for these characters is indeterminate. When the RM-FNT ·option is instolled 1 

oil characters (other than carriage return or line feed) in the ronges 00 through 
1F16 and AO 16 through FF 16 are generated in the same manner. 

PERTINENT CONTROL BITS 

IX Defines the address mode in which the parameter operands 
INDEX 1, INDEX 2, ORIGIN, WINDOW, BASELINE 
and START-POINT will be evaluated and converted to 
cbsol ute refresh memory addresses. · 
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BK 

RP 

Affects the generation of text data in conjunction with the 
BK flog. Characters ore generated using a font consisting 
of one's end zeros. The AD flag inhibirs the wriring of 
pixels within the character font in a manner specified by. 
Table 3-15 (See Section 3-10). . 

Defines the selection of FOREGROUND and BACKGROUND 
colors based on the ones/zeros data bits wirhin rhe character 
font and on the value of the AD flag (see above). If BK== 0

1 

the FOREGROUND value is selected for 'ones' font data and 
rhe BACKGROUND value is selected for 'zeros' font dato. 

Defines the byte-accessing order for ASCII characters wirh-, 
in each 16-b!t word. If RP= 0, ~~~ ~hnrarterc will be ac
cessed high-byte first; if RP= 11 the low byte will be ac
cessed before the high byte. 

PERTINENT PARAMETER OPERANDS 

SUBCHANNEL 

FOREGROUND 

BACKGROUND 

INDEX 1 

INDEX 2 

WINDOW 

Specifies the subchannels (i.e., ba planes in refresh memory) 
which are write-enabled and which wil I receive text data. 

Defines the foreground register color or intensity value to 
be written to refresh memory, in combination with the 
BACKGROUND operand end the AD and BK flags (See 
Tobie 3-3). 

Defines rhe background r~gister color or intensity value to 
be written to refresh memory / in combination with the 
FCRCG:\CUND opi:rnnd und the AD and B~ flags (See 
Table 3-3). 

Displaces the volues to be used for IND EX 2, Wl NDOW, 
ORIGIN and START-POINT parameter operands set in the 
WT instruction when IX = 01. 

Displaces the values to be used for WINDOW and START
POINT porameter operands set in the WT instruction when 
IX = 10. . 

Defines the rectangular area into which text will be .,;.,ritten. 
If the first pixel of any character is within this region, the 
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SCAN 

DIMENSION 

SPACING 

SCALE 

START-POI NT 

entire character will be drawn, even though part of the 
character may exceed the WINDOW boundaries. 

Defines the primary and secondary text update directions 
as wel I as the pixei coordinate when ST ART-POI NT is not 
explicitly defined in the WT instruction (See Figure 3-5). 

Defines the character font size independent of SCAN dir
ection or character orientation. 

Defines the character-to-character increments for the 
primary and secondary text updates. (See Figure 3-5) for 
legal SPACING values for the various text modes. 

Defines the received-pixel-to-displayed-pixel ratio when 
the RM-SCA option is installed (See Table 3-9). 

Specifies the coordinates of the first pixel of the first text 
character to be written into refresh memory. START-POI NT 
must be contained within the current WINDOW region. 

DAT A LENG TH WORD 

The DATA LENGTH 1NORD represents the number of ASCII characters which 
will be transmitted from the host processor to the RM-9000 with a WT instruc
rion on a one (1) byte per character basis. Since text data is byte-oriented, 
the DATA LE~GTH WORD may take on any value from 0 to 655351 0 . 

DATA FOR!v\AT 

Data in text mode is interpreted on a byte basis, i.e., two (2) characters per 
word. The order that the bytes ore referenced is determined by the RP flag. 
When the Rfv\-F"'JT option is not installed, the legal character set consists of 
Codes 2016 through 5F16 and OA16 (line feed) and 0016 (carriage return). 
When the Rfv\-FNT option is ins ta I led, the legal character set consists of 
Codes 2016 through 9F16 as well as OA16 and OD16. 
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3-39 Special-Format Standard Instructions 

Sections 3-40 through 3-45 define the formats and functions of the special-format 
instructions which ore supported by the RM-9000 standard firmware package •. The 
instructions in this set are: 

LOAD Load Hard Register Instruction 

READ Read Soft Register Instruction 

LAM Load Auxi I iary Memory Instruction 

RAM Read Auxiliary Memory Instruction 

RSET Reset Instruction 

lNIT Initialize Instruction 

These instructions are standard in al! Ri\11-9000 systems. 
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3-40 load Hard Register Instruction (LOAD) 

OPCODE (Ol) REGISTER ADDRESS 

REGISTER DATA 

[ 1s 114 j 13 r 12 / 11 / 10 r 9 1 s 
1 

7 I 6 1 s 14 13 / 2 / 1 / a I 

The LOAD instruction is a speci?I format instruction which is port of the RM-
9000 standard firmware instruction set. The function of the LOAD instruction 
is to m·ove the sixteen (16) bits of data, stored in the second word of the in
struction, ciirecriy ir:tc the RM-9000 internai dispio7· r<?::;isrer whose address is 
specified in the low-order byte of the opcode word. This instruction allows the 
user to bypass the overhead in execution time necessar; to perform various dis
play operations using the normal format instructions. The information which is 
written into the specified RJv\-9000 display register is not retrievable by the 
user. In addition, the direct storage of date into a display register using LOAD 
may cause the normal format instructions to malfunction. Since the normal for
mat instruction software assumes that the state of al I internal display registers 
con be modified only by a normal format instruction, the functioning of any 
normal format instruction ofter the executior of a LOAD con only be guaranteed 
if al I normal format instruction parameters ore reset within a normal format in
struction. The use of the LOAD instruction requires extensive knowledge of the 
operation of the internal disoloy registers, and as such its use is not encouraged. 
The function of the various RM-9000 display registers is defined in Volume I of 

RAMTEK 9000 SERIES THEORY OF OPERATION. 

PERTIN~NT OPERANDS 

REGISTER A.DD RESS 

REGISTER DATA 

Defines the low-order 8 bits of the internal address of 
the desired display register. Tobie 3- defines the 
register address assignments. 

Defines the 16-bit value to be loaded into the display 
register defined by REG !STER ADDRESS. The format of 
the data word is soecific and different for ecch register 
and may be found in VOLUME I of the RAMTEK 9000 
SERIES THEORY OF OPERATION. 
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POSS! BLE ERRORS 

if REGISTER ADDRESS is set to an undefined vafue (i.e., an address for which 
no display register exists), the display produced wif J be indeterminate. No· 
regisrer adr.1ress error checking is performed. 
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Table 3-11 1/0 Device Register Address lv'1ap (R.tv\-9000 Series) 

HEX MNEMONIC DESCRIPTION 
ADDRESS 

00 SCMSKR Memory Plane Select Register 

02 ROPTRG Interrupt Register 

04 READR Readback Register 

06 
· / 

XORGR X Origin Register 

08 YORGR Y Origin Register 

OA NPRSRC DMP.. Source Register 

oc NPRDST DMA Destination Register 

OF UPDTR COP/Write Control Register 

10 BGR Background Register 

12 FGR Foreground Register 

14 XCOPR Element COP Register 

16 YCOPR Line COP Register 

18 RAS REG Raster Font Register 

lA ID Interface Data Register 

JC SYSS System/Interface Status Register 

1 E WRDCNT OMA Word Count Register 

20 DMAADR DMA Address Reg is ter 

23 MOW/TR Move and Write Register 

25 MOVR Move 0N. No Write) Register 
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Tobie 3-11 (Continued) 

r 
HEX 

ADDRESS 
MNEMONIC r DESCRIPTION 

26 

28 

2A 

2C 

2E 

30 

32 

34 

36 

38 

3A 

3C 

3E 

40 

42 

44 

46 

DPSW 

SPS l 

SPS2 

S PK 11 

SPK12 

SPK13 

SPK14 

I Dip SwHch Register 

* Serial Peripherals Status Register (Board 1) 

* Serial Peripherrds Status Register (Board 2) 

* Serial Peripherals Keyboard# l 1/0 Register 
(Boarci l) 

* Serial Peripherals Keyboard #2 1/0 Register 
(Board 1) 

* Serial Peripherals Keyboard #3 1/0 Register 
(Board l) 

* Serial Peripherals Keyboard# 4 1/0 Register 
(Board 1) · 1 
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Table 3-11 (Continued) 

HEX 
MNEMONIC 1 ADDRESS 

48 S PCX 11 

4A S PCY11 

4C SPCX2 

4E SPCY2 

50 S PK2 l 

52 SPK22 

54 SPK23 

56 SPK24 

58 SPCX21 

SA SPCY2 l 

5C SPCX22 

5E SPCY22 

DESCRIPTION 

* Serial Peripherals Cursor# 1 X-Position 
Register (Board 1) 

* Serial Peripherals Cursor #1 Y-Position 
Register (Boord 1) 

* Serial Peripherals Cursor #2 X-Position 
Register (Bor:ird 1) 

* Serial Peripherafs Cursor #2 Y-Position 
Register (Boord 1) 

* Serial Peripherals Keyboard #1 1/0 Register 
(Board 2) 

* Serial Peripherals Keyboard #2 1/0 Register 
(Boord 2) 

* 
;t" 

Serial Peripherals Keyboard rr3 1/0 Register 
(Board 2) 

* Serial Peripherals Keyboard # 4 1/0 Register 
(Board 2) 

* Serial Per:p:1.;;,·a:s Cursor# 1 X-Pv~ition 

Register (Board 2) 

* Serial Peripherals Cursor# 1 Y-Position 
Reaister (Boord 2) 

* Serial Peripherals Cursor #2 X-Position 
Register (Boord 2) 

* Serial Peripherals Cursor #2 Y-Position 
Register (Boord 2) 
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Table 3-11 {Continued) 

HEX MNEMONIC 
ADDRESS 

60 VLTADO 

62 VLTDO 

64 VLTADl 

66 ' j VLTD l 

68 VLTAD2 

&A VLTD2 

6( VLTAD3 

6E VLTD3 

DESCRIPTION 

* Lookup Table # 0 Address Register 

* Lookup Table #o Programmed Date Register 

* Lookup Table.# 1 Address Register 

* Lookup Tobie# l Programmed Data Register 

* Lookup Tobie ,¥2 Address Register 

* Lookup Tcbl e .#2 Programmed Data Register 

* Lookup Table #3 ,l\ddress Register 
I 

* 
jJ 

Programmed Octa Register Lookup Tobie" 3 
l _' 

l 
* May not exist, depending on system 

configuration. 
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3-41 Recd Soft Register Instruction (READ) 

OPCODE (02) REGISTER ADDRESS 

The READ instruction is a special format instruction which is contained in the 
·standard Rlv\-9000 firmware package. The function of READ is to return the 
current value of one of seven (7) internal registers used by the normal-format 
instruction firmware package. These register values reflect the state of the 
actual hardware registers as loaded and updated by the firmware. These values 
are not affected when the associated hardware display register is loaded via the 
LOAD instruction. The data format of the readback value is identical to that 
of the associated hardware register, and may be found in VOLUME I of the 
RAMTEK 9000 SERIES THEORY OF OPERATION manual. 

Following the output of the READ instruction, the user (i.e., host computer) 
must read back exactly one (l) 16-bit word from the computer interface; output 
of succeeding instructions may then proceed. If no recd beck is done and an 
attempt is made to output instructions, the RM-9000 interface and dis;:ilay system 
wil I hang and can only be restored with a hard system reset. Therefore, it is nec
essary to maintain synchrony with the RM-9000 in terms of the direction of data 
transfers. 

PCRTI NENT OPERANDS 

REGISTER ,i~DDRESS 

POSSIBLE ERRORS 

Defines the low-order byte of the internal display regis
ter address to be read back. iable 3-12 defines the 

!f the REGISTER ADDRESS specified in the low-order byte of the opcode word 
is a value not defined in Table 3-12, the read-back value will be meaningless. 

lf the host processor does not attempt to read back a word from the RM-9000, 
the system will hang and con only be restored by a hard system reset. 
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Tobie 3-12 Recd Soft Register Addresses 

REGISTER ADDRESS REGISTER 

00 (HEX) SUBCHANN EL MASK 

02 x (ELEMENT) COP 

04 y (UNE) COP 

06 x (ELEMENT) ORIG IN 

06 v (L! !'!E) OR!G IN ' 

12 FOREGROUND 

14 BACKGROUND 

_:. 
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3-42 locd Auxiliary Memory Instruction (LAM) 

OPCODE (03) DEVICE 

ADDRESS 

LENGTH 

DATA 

I 1s / 14 / 13 j 12 111 110 J 9 I a / 1 I 6 I s / 4 / 3 I 2 I 1 I o 1 

The LAM instruction is a special-format instruction which is included in the 
RM-9000 standard firmware package. The function of the LAM instruction is 
to transfer data to auxi I iary memory devices within the Riv'i-9000 system other 
than refresh memory or intema I 8080 memory from the host processor. In the 
current Rlv'l-9000 series implementation, the LA.M instruction is used to write 
data to the video lookup tables on the Type [ [ video boards if one of these 
devices exists within a given system. A description of the data format for the V 
Type II video board is found in Appendix A. The value of DEVICE may range 
from 0 to 3. 

PERTINENT OPERANDS 

DEVICE 

ADDRESS 

Defines the auxiliary memory device to which the data will be 
written. 

Specifies a 16-bit address within the auxiliary memory device 
specified by DEVICE. This address is device-dependent / and 
in the case of the Type II video cards, it represents the starting 
video look-up table address at which data will be written. 
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Table 3-13 Video Look-Up Table Addressing 

DEVICE LOOK-UP TABLE DEFf NITJON 

0 Type fl Video Look-up Table 0 (with internal 
addresses 6016 and 62] 6 ) 

Type II Video Look-up Table 1 (with inrernal 
addresses 6416 and 6616) 

2 Type II Video Look-up Table 2 (with intcrnaf 
cddresses 6816 and 6A 16 ) 

3 Type II Video Look-up Table 2 (with internal 
addresses 6C 16 and 6E 16 ) 

LENGTH Defines the number of bytes of data to be written to the aux
il icry memory device. 

DATA FORMAT 

The format of the dcta associated with a LAM insrruction is device dependent. 
Appendix/:., defines the forrnct for the Type II video board. 
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3-43 Read Auxiliaiy Memory Instruction (RAM) 

OPCODE (04) T DEVICE 

ADDRESS ./ 

LENGTH 

/ 15 / 14
1

13
1

12 I i1 
1

10 I 9 
1 
s / 7 16 15 / 4 / 3 12 

1
1 

The RAM instruction is a special-format instruction which is included in the 
R/',~-9000 ~t:::nd::rd f!rm\41are pcckage. The f~;;~: i~;. :;f the RA1\~ irisrruct!cn !~ 

to transfer data from an auxiliary memory device within the RM-9000 system to 
the host processor. In the current R,'},-9000 series imp I ementation, the RAM in
srn.;ction is used to read the contents of the video look-up tables on the Type II 
video board if one of these devices exists within a given system. A description 
of the data format to be read back by the hosr processor is found in Appendix A, 
The value of DEV! CE may range from 0 through 3. 

Following the output of the LENGTH word 1 it is necessary to change the sense 
of the computer interface beard from a write mode to read mode. The number 
of bytes as specified by LENGTH must then be read back into the host computer. 
If this is not done, the handshaking sequence between the Rlv\-9000 and the 
host processor will lose synchronization and it will be necessary to perform a 
hard system reset to restore communications. 

PERTINENT OPERANDS 

DEVICE 

ADDRESS 

LENGTH 

Defines the auxiliary memory device from which the data will 
be read back. (See Table 13) 

Specifies a 16-bit address within the auxiliary memory device 
specified by DEVICE. This address is device-dependent, and 
in the case of the Type 11 video cards, it represents the star
ting video look-up table address from which data will be 
read bock. . 

Defines the number of bytes of data to be read beck from the 
auxiliary memory device. This value must be an even number 
since data is transferred across the interface on a 16-bit basis. 
If LENGTH is on odd number, the value used will be LENGTH-1. 
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DATA FORMAT 

The format of the data associated with a RAM instruction is device dependent. 
Appendix A defines the format for the Type I J video board. 

POSSf BLE ERRORS 

If the host processor does not read back the number of bytes defined in LENGTH, 
the system wi f I hang and can only be restored by a hard system reset. 

If the value in LENGTH is odd, the value used as a count wilf be LENGTH minus 
one (1) and on 1/0 direction conflict may arise (See above). 
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3-44 Reset Instruction (RSET) 

OPCODE (05) 

The RSET instruction is a special-format instruction which is included in the 
RM-9000 standard firmware package. This instruction checksums al I PROM
resident memory, clears al [ interrupt I ines from the processor to the interface 
beard, clears the Rfv\-STA status mcncgement option stack, clears the RM-PER 
interactive peripherals option keyboard input buffers end resets the UART de
vices on the R/v\-9000 serioi iink board, sers al! cursor~ ;·o invisible at screen 
location (O,O), co.oies the standard ASCI! character fonts (hex character Codes 
20-5F), and sets all normal-format instruction parameter operands to their de
fault values (See Tab:e 3-14 for these values). If DIP SWITCH 3 is set to f1 
(down on the '+' side of the swirch), the entire refresh memory wil J be set to 
the BACKGROUND parameter operand default value, i.e., a value of Oi other
wise, no refresh memory erasing is performed. The R/'./1-9000 system is then 
ready to accept the next instruction. If the toggle switch mounted on the side 
of the control board is in the DIAG position and a RSET instruction is received, 
the Ri'v\-DOC diagnosri c tester firmware take:; control (See Figure 3-7). 

PERTINENT OPERANDS None 

POSSIBLE ERROR CONDITIONS None 
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Table 3-14 Operand Parameter Default Values 

OPERA.ND PARAMETER DEFAULT VALUE 

SUBCHANNEL 

FOREGROUND 

BACKGROUND 

INDEX 1 

l ~'1DEX 2 

ORIGIN 

lf/f NDOW 

SCAN 

DIM~'lSIO'l 

1 
SPACING 

SCALE 

FUNCTION 

CONIC-EQUATION 

BASELINE 

SCROLLCOUNT 

START POINT 

XOR' YoR 

7, 9 

7, 9 

3-81 

DESCRf PTION 

Write-Enable al! subchcnne!s 

l's Data to all subchonnels 

f:) 1s Data to all subchcnnels 

l ND EX l X = 0, Y 0 

ORIGIN X end Y values 
defined on c system-resolution 
basis 

Set WI NDOV/ boundaries to 
full-screen size based on the 
system resolution 

Left-to-right / tcp-to-bottom 

7 Elements wide, 9 lines high 
character font 

7 Elements wide, 9 lines high 
spacing behveen characters or 
plot entities 

No scaling 

'Jo logical/arithmetic proces
sing 

Conic parameters A, B, C, D / 
E, K=>1 . 

Line plotting 

No Scrol I 

XCOP = }1 1 YCOP = }1 
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.J 
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i 
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SYSTEM 

9i00 

9200 

9300 

XoR l 
.L YoR 

13616 
I 

,f1FF J 6 

26C16 ,0FF 16 

26C16 1FE16 

J LnJ 

XRES 
I 

YRES 

13FJ6 ,0FF 16 

27F16 ,0FF 16 

27F16 lFF16 

J 1-1-- 8080µ? 

LJ 
l ...... 

l 

l -
i .... 

J 
l .... 

J 
J 
J 

DIP SWITCH I -EJ 
(SLOiTl) ( 

I 

Component Side 

NORMAL DIAG 

Figure 3-7 RM-9000 Control Board 

3-82 



j 
i 

_j --~@rcr1~®~(! 
j 

J 
i • 

j 
f 

.J 
_] 

_J 

__ J 

_J 
-] 

J 

3-45 Initialize Instruction (!Nii) 

OPCODE (06) 

/ 1s 114113112111f10 r 9 1 s 17 i 6 / s / 4 ! 3 12 I 1 I a 

The !Nii instruction is a special-format instruction which is included in the 
RM-9000 standard firmware. ihe !NIT instruction resets the normal-format in
struction operand parameters to their default values (See iable 3-14). lt is 
equivalent to issuing a SET instruction (See 3-42) with all parameter operand 
default vl'."i:Jes rresent in the instruction itself. The sr~his management stack is 
not affected, thus, any previous PUSHE operctions wili still be availcble using 
the POPE instruction (See Sections 3-57 C:id 3-58). 

PERilNENT OPERANDS 

None 

POSSIBLE ERROR CONDITIONS 

None 
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3-46 OPTIONS FIRMWARE INSTRUCT! ON 

The options firmware instruction set provides the user with additional display and 
display support functions. Many of the functions, such as the drawing of vectors 
or conics 1 could be performed by the host processori however, these operations 
would be prohibitive in terms of host processor software overhead. By using the 
firmware options instructions 1 it is possible to distribute the display generation 
process more evenly between the host processor and the display system. 

Al I of the firmware supporting the firmware options instruction set is resident on 
the RM-MOC memory expansion card in the form of PROM. In order to enable 
any of the firmware options, it is necessary that Switch 2 of the DIP SWITCH 
REG!SIER on the control beard is set to the 'on' position, i.e., up on the '+ 1 

side ' • I ('"" - ' ,. ') • ' • • I t ' .. I I I f • I • ' 
~'"'"''"/rt~··· '~"' '""1"'''' 0 

'- If 1< po 0 Sl'"' 10 
"'"" r••a'"'·~ C ''"''"''IO"S 1'"''-r••c-., ........ ...,. w11 \ __ !;.,.;' '=1""'• .... """ ~ ,, ~ ..i ....,1...., ,.....,, vi..;,"""'''- 1 vi""! ·~ 11.-1...., 

tion processing by setting Switch 2 of the DIP SV//TCH REG I ST ro the 10FF 1 

position. No removal of the RM-lv, cord is necessary. If, however, Switch 
2 is set to the 10N' position 1 it is necessary that the RN1-1'v,OC cord as wel I 
as the RM-STD standard option support PROM be present in the system. If the 
RM-STD firmware is not present on the RM-/v\OC in the proper slot / the system 
will never leave self-test and 'Nill be hung until this condition is corrected and 
a hard system is issued. 

The purpose of the RM-STD Firmware is to provide a common interface between 
the RM-9000 standard and optional instruction set. The RM-STD firmware 
determines by inspection which options packoge(s) are actually installed in any 
given system. A section of this firmware is called during the firmware reset 
sequence to call any existing option power-on/reset routine to initialize all 
internal parameters. The Rlv\-STD firmware allows the modularity of the various 
optlons 1 firmware packages. This package resides within the internal 8080 
processor's address space at locations 080016 through OBFF 16 • 
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3-47 RJ\i\-GRA Graphics Option lnstn.1ctions 

The R1\~-GRA graphic.; option firmware implements the following instructions: 

o WRITE VECTOR generating I inked end-point vectors 

o \A/RITE PLOT senerating I in!<ed plots and fil Jed bar piers with 
a fixed plot axis 

o WRITE RA.STER generating display date directly to refresh 
memory on a bit-per-pixel basis. 

The ;'vVi-GRA. option resides within the int.::mcl 8080 processor's address space 
~· 1 :"\c~•=--· ?onr, . •hrough 2Br~F, I Th,, ou._(:,p!. qrn'"'n' 1'c< o,.,t;nn. i.• ~ .~r~.-...... 1 1,_,, .... ,1.....,,,,.J - ..... v....,1 6 ,,,, 

1
1"'°'\, 1,..,., 1•1 .. \,"""'\ ..,..•1,,..;;;J, _ r··-· > •t ~' r:: 

requisite for the Rt/1-CON option (See Section 3-51). 
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parameters. The length value defines the positive number of bytes of vector 
endpoint information to be used by this instruction; therefore / I engtn must be 
four (4) times the number of vectors to be drawn. 

PERTINENT CONTROL BITS 

IX 

BK · 

Defines the address mode in which tne INDEX 1, INDEX 2, 
and START -POl NT parameter operands (i.e., those oper
ands directly affecting the absolute position of any vectors 
drawn) are evaluated (See Section 3-11). 

Causes the vector(s) to be drawn in the BACKGROUND 
cc!or o:- ir.:-onsity, rather then the FOREGROUND color or 
intensity (when BK = JJ). 

PERTINENT A.RGUM ENTS 

SU8CHANNELS 

FOi=;EGROUND 

3.ACKGROUND 

START-POINT 

Defines which combination of memory planes wi!I actually 
receive vector color or intensity data. The value actually 
written to refresh memory is the logical 1and 1 of SUBCHAN
N~LS with foreground or background dependent on the state 
of BK. 

Defines the vector coior or intensity in conjunction with 
SUBCHANNELS when BK = p. 

Defines the vector coior or intensity in conjunction with 
SUBCHAN NELS with BK = l. 

! i'-lD EX 1 disolaces al I WV coordinate pairs cs we! I as the 
INDEX 2 and START-POl1'JT opera;-ids (when ser in rne same 
WV instruction) when IX = 01. 

I ND EX 2 displaces al I WV coordinate pairs as well as the 
START-POINT operand (when set in the some WV instruc
tion) when IX = 10. 

Defines the starting coordinate for the first vector to be 
drown. !f not specified, the starting coordinate used is 
the COP resulting from tne previous display instruction. 
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DATA FORMAT 

The format of the vector end-point value is as fol lows: Each successive pair of 
16-bit words defines the X and Y coordinate for the next vector endooint. The 

' 
first 16-bit word contains the X-vc!ue, and the second 16-bit word contains 
the Y-vclue. The interpretation of this coordinate is defined by the value of IX 
in the opcode word (See Section 3-11 for the oossible addressing modes). 

POSSIBLE ERROR CONDITIONS 

The following conditions are invo1id and undefined, and will result in an un
predidabl e display if attempted for the WV instruction: 

c If any of the specified endpoints exceeds the screen resolution, 
the generated vedor(s) will be indeterminate. 

COP MOVEMENT 

After the successful execution of this instruction, the COP will be at point 
(Xn , Y n) where N is the number of endpoints soecified by the \A/V instruction. 
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3-49 Write Plot Instruction (:NP) 

OPCODE (10) IX 

PARA1\IETER OPERAND FLAG WORD 

PARAMETER OPERANDS 

DATA LENGTH VVORD 

DATA 

1s j 14 j 13 112 ! 11 ! 10 I 9 I s l / I 6 I s l 4 I 3 I 2 ! 1 I a I 

I 
I 
I 
I 
I 
I 
J 

The \VP instruction is a nor~ol fcrmat instruction which is part of the R.lv\-GRA 
graphics Firmware oprion. The \VP instruction \Yill cutornatically update one (1) 
COP while receiving the other. is can reduce data transfers significantly, 
The WP instruction generates one (1) plot segment for each 16-bit word of data 
present in the WP instruction using a raster-data technique. The orientation of 
the plot segment (i.e., differentiating between X-axis plots and Y-axis plots) 
is defined by SCAN. A plot segment's height (i.e., dimension perpendicular 
to the plot axis as defined by SCAN) is determined by the current-operating 
point and a 16-bit ciata word from the instruction. If BASELINE is zero (i.e., 
line plot mode), then initially the COP is either set to the START-PO!NT value 
if specified in the WP instruction or retains the COP value from the previous 
instruction. If BASEL!NE is non-zero, then initially the plot-axis COP coordi
nate is set to the BASELINE value. For example 1 if SCAN is zero (i.e., Y-axis 
plot), then the line COP will oe set to the BASELINE value. The width of a 
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o!ot seoment (i.e., dimension ;Jarol!el to +e piot axis as defin by SCAN) is 
I y ' 

defined by the DIMENSION oarameter o,oerc:nd pcra[!el to t~e ,::ilot axis. After 
each plot segment is drawn, the COP co;:,rdinate pcrnilel to the plot cxis is up
dated by the SPACING pcrcmeter operand pcral 1el to the plot cxis. If BASE
LINE is zero, the COP coordinate perpendlcu:ar to the plot c:<is is unchanged 
(• I . 1 · k d ,..l • 1 ' I I ( '\ • I • I • • ) ; .e., pot segments in 1n 'e mc~e w1 1 0·1er op oy one r; p1xe. 1n tn1s axis • 
If BASELINE is non-zero, the COP coordinc7e perpendicuiar to the plot axis is 
set to BASELINE after each plot segment is drawn. 

The color or intensity of the plot segments is defined by either FOREGROUND 
(when BK = 0) or by BACKG~OUND (when BK = 1) and is masked by the 
write-enable ocrame~er ooerond SUBCHANNEL. The ITE PLOT ins7ruction 

' ' 
is not affected by the V·/INDOW parameter o;:iercnds. 

T CONTROL BITS 

IX 

BK 

Defines the address mcde in whi the INDEX 1, iNDEX 2, 
BASELINE and ST ART -PO I NT pcrCJmeter operands (i.e., 
those operands direc71y affecting the cbsc!ute posirion of the 
plot axis or fre plot dctc) ore evaluated (See Section 3-11). 

Defines the color or intensity used for the plot segments 
drawn. If BK = 0, the FOREGROUND value wi 11 be 
used; if BK = i, the 8ACKG ND value will be used. 

0 rnTINENT P.A.P~f·;~ETER 0 RANDS 

SU BCHAi'IN El 

FOREG;<OUND 

BACKGROUND 

INDEX 

Specifies the su~crcnneis (i.e., refresh me:nory bit pianes) 
ic~ ore write-er.obied and which will receive plot date. 

Defi:1es tne color or intensi value for ail plot segments 
wnen BK 0. 

Defines the co:or or intensitv value for oil ~lot secments 
I ' ~ 

when BK = 1. 

Displaces all ? date values as we!! as IND EX 2, BASE-
L!N E and START-POINT operands (when set in the same WP 
instrucrion) when IX = 01. 
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INDEX 2 Displaces oil VIP data voiues as well cs SA.SEU NE and START
POINT operands (when set in the scme VIP instr1Jction) when 
IX = l 0. 

SCAN Defines the plot orientation. If SCAN = 0, the p/ot axis 
·t1ii/ be the Y-axis (i.e., horizon~al plor)i if SCAN = 4, 
thz plot axis will be the X-axis(: .e., vertica: plot), 

DJMENSION Defines the size of a plot segment paro!lel to the plot axis. 
If SCAN = 0, DIMENSION width is used; if SCAN = 4, 
DIMENSION height is used. 

SPA.Cl NG Defines the distance between starting COP for successive plot 
S -~--.,.-'- -- 1--- ''-- p 1-• a,,;, 1·; c::,r.<l0.r 11

1 
.>\-spllc'111g i's t::81lh;;,,lllJ. """'v11:::; 111c::: 1vi ,n .. 1..;i. 1 ..,,\...., . .., ~ _ 

used; if SCA.N = 4, Y-spacir.g is used. 

SA.SELINE Defines the fixed-line plot axis if SEL11'-IE is non-zero. If 
SCAN = 0, BASELINE represents the Y-coorc!inate of the 
;;lot axis; if SCAN 4, SA.Sclli'JE repre;;ents the X-coordi-
nate of the plot axis. 

START-POINT Defines the initial COP For first plot segment if BASELINE 
= O; if 3,D.SELINE is non-zero, START-POINT defines the 
starting cocrdincte of the first plot segment along the plot axis. 

TA LENG TH WOR8 

Tile DATA LE~'1GTH \VOR8 re;xesents the number of bytes of plot data to be trans
mitted from the host .:::rocessor to the R/v\-9000. Since each plot segment is rep-
resented by a· single I ir word, the DAT.A LENGTH l//ORD should always reflect 
en even number of tes. !f the ~ATA LENGTH \NORD is odd, the byte count 
used will be O:ie less ~~a:: cctuo! DAT/-~, LENGTH WORD received. 

DATA FORM . .\T 
--~----

Data in plot mode is interpreted on a word-per-plot segment basis. Each word 
represents the coordinate of a plot segment (as evaluated in I ight of the IX value) 
perpendicular to the plot axis. 
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COP MOVEMENT 

After execution of the WP instruction the new COP reflects the stc:rting ccordinote 
of the next plot segment if one (1) oddirional data word has been s:Jecified in the 
WP instruction. 
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3-50 1Nrite Rester Instruction (WR.) 

OPCODE (12) IX AD I BK I RP I - I DF I DF 

PARAi'1\ ET ER OPERAND FLAG 'NORD 

PARAMETER OPERANDS 

D/.,TA LENGTH WORD 

D.A,T A 

i 1s ! 1-+ ! 13 ! 12 i 11 ! 10 l 9 8 7 6 s I 4 ! 3 

T lt/Q, instrJcticn is a norrr.ci format instructio:J inciuded in the RM-GR.A graphics 
• r· T' · ''Q • • • ' f ' h d o::t1on tirrnware. ne >1" 1nstruct1on interprets aata ror.i rne, ost processor on 

'Nrites either the FOR ROUND or BACKGROUND value into refresh memory as 
a function of the incoming data oytes (on a bit-per-pixe! basis) and the AD end 
3K flogs. The V/R instruction operates in a manner analogous to the WT instruc
tion except that the data for the character generation is obtained from R.Jv\-9000 
internal memory, whereas, the data is obtained directly from the host proces-
sor. 

When a byte of data is received from the host processor by :he R.Jv\-9000, each of 
eight (8) bits represents c pixel in refresh memory. The value which is actually 

written to refresh memory is defined by icble 3-15. Within each byte of data, the 
bits ere evaluated from high to !ow order. 
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Table 3-;5 Additive (AD), Background (B:<) & Data Bit Reiation 

AD 

0 0 

0 B F x F F - VJ rite Foreground Value 
BK 8 'Nrite Background Value 

F B x B x - No Write 

0 0 

The WR instruction operates within the rectangular region uefin uy rhe Vv'INDO'vV 
pcrometer ooercnds, The SCAl'-1 parameter defines the priMar1 (pixel-to-pixel) up
date direction and rhe secondary (window boundary intersection) update direction 
in a manner identical to that of imose mode (See Table 3-6). !n the case of a 

zero data bit combined with A.D = : (i.e., the 'no write 1 condition), pixel-to
oixel is sti! I performed even though no writing into refresh memory is performed. 
When the window boundary is intersected, any bits remaining in the data byte 
current at the intersection are discarded; therefore, after any secondary update, 
the first pixel value written is defined by the high-order bit of the next data byte. 

V/hen the RM-SCA scaling option firmware is ir.stal led and a scaling-down oper
ation is specified by the SCAL..E ocramcter operand in either dimension, Bits 7, 5, 
3 end 1 ere used for a ratio of 1:2 and Bits 7 and 3 are used for a ratio of 1:4. 

PERTINENT CONTROL BITS 

IX 

AD 

BK 

D nes the address mode in which the iN DEX 1, INDEX 2, 
WINDOW and START-POINT para;neter operands set in the 

WR insnuction will be evaluated. 

Affects the generation of roster data in conjunction with the 
BF flag. Input data is inhibited in the manner specified by 
Tobie 3-15. 

Defines the selection of FOREGROUND and BACKGROUND 
colors based on the one's/zeros data bits within the raster 
byte and on the value of the AD f!ag (See Table 3-15). If 
BK == 0, the FOREGROUND is selected for 1ones 1 raster 
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RP 

data and the BACKGROUND value is selected for 1zeros 1 

roster data (assuming AD = O). if BK = 1, the FOREGROUND 
end BACKGROUND seiection is reversed. 

Defines the byte-accessing order for ecch 16-bit word of raster 
data from the host processor. ff RP = 01 the high-byte of the 
data word is processed before the low-byte; if R? = 1, the lcw
byte is processed first. 

PERTINENT PARAMETER OPERANDS 

SUBCHANNEL 

FOREG RCU 1';::; 

BACKGROUND 

INDEX 

INDEX 2 

WINDOW 

SCAN 

SCALE 

START-POINT 

Specifies the subchcnnels (i.e., refresh memor; bit planes) 
which are write-enabied and which will receive rester data. 

to refresh memory when selected by the rester data bit value 
and the A) and BK flags (See Table 3-15). 

Defines the background color or intensity value to be written 
to refresh mei7.ory when selected by the rcsrer cote bit value 
and the AD and BK floss (See Table 3-15). 

Displaces the values to be used for INDE;< 2, WINDOW and 
START-POll'lT parameter operands set in the WR instruction 
when IX 01. 

Displaces the values to be used for WINDOW and START
POINT parameter operands set in the ~instruction when 
IX = 10. 

Defines the rectcng:Jlcr region into which the raster data will 
be written. 1'--Jo raster ciora will be written outside of the 
boundaries defined by this para:-neter operand. 

Defines the primary ar,d secondary roster update directions as 
well as START-POINT when START-POINT is not specified in 
the WR instruction (See Table 3-6). 

Defines the received-bit-to-displayed-pixel ratio for raster 
data when the Rlv\-SCA option is instailed (See Section 3-24,. 
Table 3-9). 

Specifies the coordinates of the first pixel to be written with 
raster data START-POINT must be contained within the current 
WINDOW region. 
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DATA LENGTH WORD 

The DATA LENGTH WORD represents the number of bytes of raster data robe trans
rr.itted from the host processor to the PJYl-9000 display system. Since rester data is 
byte orienred, the DATA LENGTH WORD may take on any va!ue from 0 through 

6553510 • 

DATA FORMAT 

Data in raster mode is interpreted on a byte basis, (i .e. 1 two (2) bytes per data 
word transferred across the RM-9000 interface). The order that the bytes are 
referenced is determined by the RP flag. en RP = O, the high byte wili be 
\..:Sed fasri 1!.+en RP -- : , th~ !:w '.:yte wii/ be used first. Within o dare byte 1 the 
nigh order Bit 7 is used first, while Bit 0 will be referenced last. if a \V/NDOW 
boundary is encountered before all bits a raster ta te ere used, the remain-
ing bits of that byte will be discarded. 
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3-51 RM-CON Conics Option lnstn;ction 

The RM-CON conics option fir171wore implements the V/RITE CONIC (WC) in
struction for generation of parabolas, hyperbolas, ellipses, and circles. The 
generolized conic equation used in this implementation is 

Ax 2 + By 
2 

+ Cxy + Dx + Ey = 0. 

The RM-GRA graphics option firmware is a prerequisite for installation of the 
RM-CON conics option firmwore Fockage. The RM-CON firmware resides 
~vi thin the internal 8080 processor's address spcce ot locations 2COO 16 through 
33FF16 • 
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WR! CONIC Instruction (WC) 

OPCODE (OF) l IX AD I BK RP l - I CF I DF 

PARAN.E OPERAND FLAG WORD 

PARA/v~ETER OPERANDS 

DATA LENGTH WORD 

CONIC END-POINT 

11s J 14 113 112 111 110 I 9 l s I 7 J 6. I s l 4 i 3 ! 2 J 1 1 o I 
The WC ins~ruction is c normal-format instruction which is pert of R,\1.-CON 
conics firmv/Cre oprion. The we instructicn c!ra-.vs circles, pcrebolcs, ellipses 
end hyperboles or sections thereof, based on the CONIC-f:GUATiON parameter 
operands. The generalized cor,ic equation used is 

2 2 
A.x + By + Cxy + Dx + Ey = 0 

where A, B, C, D end E repre~ent the first 5 CONIC-EQUATION porameter 
operands. The lost CONIC-EQUATION pcrometer operand K represents the total 
number of pixels to be generated by the WC instruction for the conic specified. 
A default value of 1280 

10 
is used for K. ' 
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Tne· START-POI "'T oarcmeter operand is :.;sed by the WC insrr0crion to define 
the Cortesi an origin of the conic or conic section to be drawn. Al I conics drawn 
wil! pass through the Cartesian origin defineci by START-POINT. If a conic end
point i.s soecified, the absolute coordinates of this pixel are compared to tne coordi
nates of each pixel in the conic as it is being generated. If c pixel in the conic 
being drawn has tne same coordi notes as specified by the end-point, rhe conic wi 1 I 

be terminated at that point. 

The WC instruction is not affected by the \VINDOW parameter operand. 

Appendix B describes in detail the.µse of the WC instruction for generation of 
circ 1es, ellipses, parabolas and hyperbolas, 

PERilNENT CONTROL BITS 

BK 

P:RTi NEN-r PA.R 

SUB CH NEL 

FOREGROUND 

BACKGROUND 

INDEX 1 

defines the address mode in ich the INDEX 1, 
INDEX 2 and STAR POINT parar:ieter operands set 
in the WC instruction are evaluated. Also, if a conic 
end-point is specified as data in the \'/C instruction, IX 
effects the address in which this coordinate will be 
evaiuated. 

defines the selection of rOREGROUND or BACKGROUND 
value for the color or intensity value of the conic being 
drawn. If SK 0, the conic will generated with the 
FOREGROJ 0.1 D value. Otherwise, the BACKGROUND 
value wi!I be used when BK= 1. 

specifies the subchcrmels (i.e., refresh memory bit 
planes) which are wrire-enabled to receive cor.ic data. 

defines tr.e color or intensity value of the conic when 
BK= O • 

defines the color or intensity value of the conid when 
BK = i . 

displaces the values to be used for the INDEX 2 and 
START-POINT parameter operands, as well as the conic 
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CONI C-EQUAT/ON 

STA~T-POlNT 

DATA LENGTH WORD 

end-point if cny of these are set in the VIC instruction 
and if IX = 01 • 

displaces the values to be used for the START-POINT 
parameter operand, as well as the conic end-point if 
any of these are set in the WC instruction and if IX= 10. 

specifies the conic-defining coefficients A, B, C, D and 
E and the number of pixels to be drav.m in the conic, K. 

defines the origin of the conic to be generated. 
START-PO!i~T is evaluated in the address mode defined 
by IX. 

The DATA LENGTH WORD defines the total number of bytes contained in the VIC 
following the DATA LENGTH 'NORD. Since only one conic can be generated per 
VIC instruction, it is su5gested that th-B DATA LENG WORD (if present due to 
Df = 1) always takes en a value of four (4), indicating that a single conic end
point is preser1t in the WC instruction data stream, If mere the four (4) bytes are 
indicated by the DATA LENGTf-1 WORD, all additional bytes will be ignored, 
Since ccordinctes ore composed of full-words, it is necessary that the DATA 
LENGTH 'NCRD always reflects an even number of bytes. 

DATA FORMAT 

The first 16-bit y,;ord pair is interpreted as the conic end-point. All remaining 
d.:;:·c is d;~cc.C:ed. Th::: First 16-oii· wcrd is rht; element coordinate of the conic 

d . T' '. I I• ,. en -pc1nt. tie second 1 s rne 11 ne cccrc1nate. The conic end-point coordi note is 
inrerpreted in :-he address mode defined by IX. 

POSS! BLE ERROR CONDITIONS 

It is possible to generate o conic equation from the coefficients A, B, C, D and 
E which will not be drown accurotely. The conditions for this case are defined in 
Appendix B. 
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COP MOVEMENT 

The current operating point after execution of the WC insrrJction is the coordin
ate of the lost pixe I of the conic generated. 
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3-53 ?v'A-SCR Scroll Option Instructions 

The RJv\-SCR scrol! option fir:rmvorn impfements the SCROLL X ond the SCROLL Y 
normal-format instrvctions. This package allows the scrolling (or moving) of sub
chcmnel-salectob!e image dcro within ony rectangufcr region of refresh memory. 
This opercffon con be perforrr:ed in either the X or the Y axis; 

Tl-:e RJVi-SCR option resides within the internal 8080 processor's address space at 
locations 1400; 6 through 17FF 16 • 
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3-54 SCROLL X Instruction (SCRX) 

I 

RP l - l OF _l DF OPCODE (Tl) IX AD I BK 
l 

PARAMETER OPERAND FLAG WORD 

PARA!v\ETER OPERANDS 

DATA LENGTH WORD 

DATA 

j 1s 114 113 112 I 11 110 ! 9 l s I / I 6 ! s ! 4 I 3 ! 2 \ 1 Io I 

The SCRX instruction is c norm::l-format instruction which is port of the RM-SCR 
scroll firrnv.'ore option. The SCRX performs a scroll of image data within the 
rectangular region defined by ~he \VIN DOW parameter operand along the X-axis. 
The sign of the SCROLL-COUNT porcmeter operand defines the direction of 
scroll within the WINDOW region clang the x..:axis. lf SCROLL-COUNT is 
positive, scrolling will be to the right, i.e., towards increasing element coor
dinate values; if SCROLL-COUNT is negative, scrolling will be to the left, 
i.e., towards decreasing element coordinate values. The absolute value of 
SCROLL-COUNT defines the number of elements which the image data within 
\VlNDOW region will be moved. A SCROLL-COUNT of zero will result in no 
scrolling operation. Only those refresh memory planes selected by the SUB
CHANNELS will be scrolled. 
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Data which is scrolled cut of the window is discarded~ If BK=O, the dc~c which 
is scrolled into the WINDOW region is token from the BACKGROUND para
meter operand; if BK=1, the fill data is token frcm the FOREGROUND ,:aro
meter operand. If the cbsolute value of SCROLL-COUNT is greeter th~n the 
WINDOV/ width, the result will be erasure of rhe '!/iNDOVI region to either 
the FOREGROUND or BACKGROUND volue dependent on the value oi BK. 

PERTINENT CONTROL BITS 

IX 

BK 

A.D 

Defines the address mode in which rhe !NDEXT, 1NDEX2 
ond WINDOW parameter cpercnds ere evaluated. 

~ot.'inos i.,hc. ,-.,....,,;,....,!" ..-.r ;n"'e:u·"t"; .. ,, '-,,...,1:1Cl r-. t,...,o. i1c-t!ld •c r~ll _._,,, '-' ,,_....,._,,._,I ._,, I l•-•l.,,,I>·; ,,,,,,.! __ ,...J ._,,_ ....... w , I 

the sub-region of the \V!NDO'N region from whi data 
is scrolled. If BK=O, the BACKGRCUi'!D value is used; 
otherwise, if BK=l, the FOREGROUND value is used. 

Al:ows the user to inhibit filling of the WINDOW region 
from which image data has bem scrolled. if AD=1, this 
erasure will not be ;:erformed; otherwise, the erasure 
will toke ploca if AD=O • 

PERTINENT PARAMETE;<_ OPERANDS 

SUBCHANNELS 

FOREGROUND 

BACKGROUND 

!NDEXl 

INDEX2 

Defines the refresh r:iemory planes which will be 
scrolled ond which will receive fil! data (when AD=O). 

Defines the color or intensity 10\ue ro re :.;:ed as fill 
dot-a when BK=1 ond A,D=O, 

Defines the color or intensity value to be used as Fill 
data when BK=O and ,A.D=O. 

Displaces the values to be used for the INDEX2 and 
WINDOW parameter cpercnds when IX=Ol, 

Displaces the values to be used for the WINDOW para
meter operand when !X=l O. 
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WINDOW Defines the rectonguiar region inside of which imcg~ data 
will be horizontally scrolled. 

SCROLL-COUNT Defines the number of cfements to scroff image dcta with
in the rectangular WINDOW region. SCROLL-COUNT is 
defined as a 2is complement number wnose absof ute value 
is used as rhe number of scrolling elements. If SCROLL
COUNT is positive, scro!fing is to the right, and if 
SCROLL-COUNT is negative, scrolling is to the left. 
A SCROLL-COUNT of 0 results in no scrolling operation. 

DATA !.:ENGTH WORD 

The DA TA LENGTH WORD defines the number of bytes of dote present in the 
SCRX instruction stream when DF=l. 

D~.TA FOR/v\AT 

All data present in the SCRX instruction is discarded. 

COP MOVEMENT 

The COP II remain unchanged during the execution of the SCRX instruction. 
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3-55 SCROLL Y lnstructicn (SCRY) 

OPCODE (12) lX 

PARAfv1ETER OPERAND FLAG WORD 

PARM'IETER OPERANDS 

DA.TA LENGTH WORD 

! is ! 14 J 13 l i2!11 ! io I 9 I s I 7 l 6 I s I 4 I 3 l 2 I , I o I 

Tf:~ SCRY 1::~trucrion is o normal-format instruction which is piJrt of the Rf.11-SCR 
sere!! firmware option. The SCRY performs a scroll of image data within the 
redcngular region defined by the !NDOW parameter operand along the Y-axis. 
The sign of the SCROLL-COUNT parameter operand defines the direction of 
scroll wirhin the WINDOW region along the Y-axis. If SCROLL-COUNT is 
positive, scro! Ii ng wi 11 be towards the bottom of the screen / i . e., toVv'Ords 
increasing line coordinate values. If SCROLL-COUNT is negative, scrolling 
will be to'HOrds the top of the screen, i .e,, to\A/Crd decreasing line coordinate 
values. The absolute value of SCROLL-COUNT defines the number of lines 
which the image data within Wl NDOW region wi 1 l be moved. A SCROLL-COUNT 
of zero will result in no scrolling operation. Only those refresh memory planes 
selected by the SUBCHANN ELS wi 11 be scrolled. 
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Data which is scrolled our of the window is discarded. If BK=O, the date 
which is scrolled into the \:VINDOI// region is token from the BACKGROUND 
parameter operand. If BK=l, the fill data is token from the FOREGROUND para
meter operand. If the obsofute value of SCROLL-COUNT is greeter than the 
'NiNDOI// width, the result will be erasure of the WINDOW region to either 
~he FOREGROUND or BACKGROU;"JD value dependent on the vciue of BK. 

PERTINENT CONTROL BITS 

lX 

AD 

Defines the oddress mode in which the JNDEXl, INDEX2 
and WI NDOV/ parameter operands are eva !uated. 

Defines the coior 0;- ;n 
S'...:b-region of the WINDOW region from which data is 
scrolled. If BK=O, the BACKGROUND value is used. 
Otherwise, if BK=l, r~e FOREGROUND va!ue is used. 

Allows the user to inhibit fillir.g of the WINDOW region 
from which irr.cge data has been scrolled. If A , this 
erawre will not be performed. Otherwise, the erasure 
will take place if AD=O. 

PERTINENT PARAl'v\EER OPERANDS 

SUBCHANNELS 

FOREGROUND 

3ACKGROUl'JD 

iNDEXl 

!NDEX2 

WINDOW 

" 'h f h b I I• h •11 f ;1nes r.,e re res memory ur p1ones wn1c, w1 oe 
scrclled end which will rei;::eive fill data (when AD=O). 

c::lor er intensity value to be used as fill 
ccro ;;;;en 6 1 and AD=O. 

De'ines color or intensity vaiue to be used as fi!I 
dcta when 3K=O and AD=O. 

Di sploces the values ro be used for the IN DEX2 and 
\Nl N DOW parameter operands when IX=Ol • 

Displaces the values to be used for the WINDOW para
meter operand when JX=lO. 

Defines the rectangular region inside of which image data 
will be vertically scrolled. 
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SCROLL-COUNT Defines the number of lines to scroll image date wirhin the 
rectangular Wl~lDOW region. SCROLL-COUt'JT is defined 
cs a 2's complement number whose cbso!utc value is used 
as the number of scrolfing lines. If SCROLL-COUNT is · 
positive, scrolling is to the bottom of the screen, end 
if SCROLL-COUNT is negative, scrolling is to the too 
of the screen. A SCROLL-COUNT of 0 results in no 
scrolling operation. 

DATA LENGTH WORD 

The DATA LEl'JGTH WORD defines the number of bytes of dote present in the 
SC~Y ins~;-0;.;iio1o ~tream when DF=1. 

DATA FORMAT 

All date present in the SCRY instruction is discarded. 

COP MO 'IE1\1ENT 

The COP will remain unchcng~d during the execution of the SCRY instruction. 
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3-56 RM-ST A Status Ma ion Instructions 

The RM-STA status management option firmware iements rhe SAVE ENVIRON-
MENT (PUSHE) and the RESTORE ENVIRONMENT (FOPE) normal-format 
instructions. These two instrvctions provi for a :nultiple user (or level) 
environment by temporori ly storing and subsequent!/ re~rievir.g display system 
status from an internal stack. For example, consider the case where Program A 
(PRGA) iz writing an imc9e to refresh memory. At a given point in time, 
Program B (PRGB) is initiated via keystroke input. PRGB is higher in priority 
then PRGA and performs the task of echoing keyboard input to the monitor. 
Tberefore, PRGA is suspended (following completion of the current instruction) 
while PRGB operates. Because PRGB will write a character to a different 
point cn the screen, display system status (environr.:ent) wii ! be affected. Thus, 
PRGA 1 ~ )~ah_1s must ~~ C""id th, en restored before end after exP.cution of 
PRGB. This can accomplished with some difficulty in the host CPU, or 
very easi !yin the display system, using the status r.:cnagement insrrucrions. 

A constraint on the use of the status management option is that, since the use 
of the RM-SCA and R/v\-LAF options ire large buffers to preserve date for 
each line of data being precessed, ,:Jortial !ines of scaled or LP.F-processed data 
will be lost when a given environment is $aved via the PUSHE instruction and 
restored vi a the PO PE i nstrudion. 

The ,~,~;',-STA option resi wirhin 
locations 1000

16 
through 13FF

16
• 
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3-57 SA\IE El"l'llRONMENT Instruction (PUSHE) 

OPCODE (13) 

11s J14 J 13 I i2I11/101 9 J s 7 / 6 s I 4 I 3 I 2 I o 

The PUSHE instruction is a special-Format instruction which is part of the RM-STA 
status management firmv;are option. The PUS HE instruction saves all pcra:neter 
operands as well cs ossocicred internal porameters on an internal stack. This 
internal stack is o LIFO (lost-in-first-out) structure. Up to 5 consecutive 
PI J<:lli= • l. ,• 'th . • t • ,...,-., • ' ,• II ''• . ~-n- ins.1;,,:r;c;i~ w1 out 1n ervt:r"l!rt8 rv 1ri~rrucr11.C!"lS <1re rJ11oweo \1 .. ::,

1 
up 

to 5 en vi rcnmen ts may be scived on the in terr: a I stc ck). If more than 5 ere 
attempted by the user, on illegal instruction interrupt will be generated

1 
and 

the current environment wi: I not be saved en the internal stack. 
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3-58 RESTORE ENVIRONMENT lnstructi on (PO PE) 

OPCODE (14) ---i 
'--------'------~-/ 

15 J 14 113 i 12 1 11 I 10 / 9 8 7 I 6 0 

The POPE instruction is o special-formoi' instruction which is p::irt of the Rlv1-STA 
status management firmware option. The POPE i:1struction restores all parameter 
operands as wel[ as associated internal oorometers from en internal stack. This 
internet stack is o LIFO (lost-in-first-out) structure, P1e display environment 
;~fc:-;'";'":~H~:i ·.\:hfi:~ i.:; rc:~to1.:d fi·oii1 the !;.rerncl sf~ck \viii be the lc:;t ser of 
parameter operands which was stored on rhe inter:Jol stock by a PUSHE instruction. 
If there is no display environment information stored on tne stock, en illegal 
instruction interrupt will be generated and the current disp!a/ environment 1,vi!l 
remain unchanged. 
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3-59 fu'v\-FNT Proarcmrr.cble Font Ootion nstrucrions 
~ . 

The RM NT programmable font oprion fiITTtwcre implements the LOAD PRO
GRAM/v\ABLE FONT end LOAD PROGRA/v~,,v1ABLE FONT \V!TH REVERSE 
PACKING special-format instructions for 128 10 characters. Tne PJ~-FNT 
package contains the firm'NClre necessary to attach the programmable fcnr 
chcrccter generoticn routines at power-on and to generate the characters from 
programmable font Rf\M in both unscaled and scaled models. 

The font matrix which can be stored using the RM-FNT option is 8 bits wide 
by 12 fcnt lines .~igh. Symbols or characters larger than 8 by 12 can be gener
ated by the user by combining one or more smeller (i.e., 8by12) chcrccters • 

.A.r pov1er-r:i.'1 or o receiving a RES ins~:.}:~:vr., r:1e charcctcr fcnf:) f;-~~ ~h~ 
PROM stored on the control bccrd a;e copied to Rr\tA associated with the 
RM-Fi'IT option for ASC!I codes 20 16 throt:gn 5F 16 • The font RA1\1 asscc:ated 
with ASCII cedes 60 16 through 9F 16 are not initiali end therefore contain 
either random data (after power-en) or contain previously loaded values. 
Since Dl:V1ENSJON and SPACING values remain 7 by 9, rbe use of RM-FNT 
is transparent to the user. 

The RAM associated with the RM-FNT option is located from MOO 16 through 
47FF ; 6 and used 12 ~ 0 bytes per ASCII code. The R/vl NT option firmware 
resides within the i nterna I 8080 prccessor1 s address space at I oc::i ti ons 1800 
through 1BFF 1 ~ • 
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3-60 LO AD PROGRAMMABLE FONT lnsrruction (LPF) 

I OPCODE (15) j CHARACTER CODE 

I 
I FONT LINET I FONT LINE 2 
~·------------+---------------1 
i FON 1 LINE 3 f FONT LINE 4 
I 

I 
1 FONT LI NE 5 FONT LI NE 6 

l;cNT LINE 7 FONT LINE a i 

;------------------~-------------, 
r FONT LINE 9 FONT LINE 10 

I 

FOl'JT LINE 11 I FONT LINE 12 ! 

/ 1s / 14 / 13 I 
1 2 / 11 110 i 9 1 s I / 1 6 1 s J 4 1 3 I 2 l i i o J 

The LPF instruction fs a special-format instruction which is port of the RJv\-FNT 
progrcmmcble font option firmware. The LPF instruction loads the 8 by 12 
font which will be sent to display refresh memory when the byte value defined 
by CHARACTER CODE is transmitted cs text date in a WT instruction. Although 
the standcrd ASCII codes (20 16 through 5F 

16 
) are copied to the ;:;rcgrommable 

font storage RAlv\, these codes may be over,vri tten at any ti me by the user. 

ARGUMENT DEFINITION 

CHARACTER CODE Speci s any of 128 10 character codes to be loaded with 

DATA DEFINITION 

font ta for subsequent character or symbol generation. 
The legcl codes which_may be loaded via the LPF instruction 
are 20 16 tnrough 9F 16 • Character codes from 0 through 
1F 16 and AO 16 through FF 16 are not legal and the font 
data associated with these codes will be discarded. 

Twelve bytes of font-definition data follow immediately after the opcode/char
octer code word. Font line 1 defines the top line of the 8 by 12 font matrix 
ond font line 12 defines the bottom line of the font matrix. The high-order bit 
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of each font byte represenrs the left margin cf the font matrix end the !ow-order 
bit represents the rignt margin of tne font marrix. 

EXAti1PLE 3-2 

If the symbof described by Figurn 3-8 were robe generated using the RM-FNT 
option at (0, 0), the following sequence might be used for character code 9F. 

0500 
159F 
0010 
3854 
1?210 
1010 
2800 
0000 
OCOl 
0001 
9FOO 

LINE 

0 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

0 

i 
i 

I 

RESET 
LPF + CHAR. CODE 
FONT LINE 1 & 2 
FONT UNE 3 &4 
FONT L!!'!E 5 8, 6 
FONT LINE 7 & 8 
FONT UNE 9 & 10 
FOi"iT LI NE 11 & 12 
WRITc TEXT WITH DAT.A. F~AG 
NUMBER OF BYTES= l 
CHAPACTER CODE 

ELE/'i,ENT 

2 3 4 5 6 7 

A 
J I Lh I 

! L_J 

LJ LJ 

Figure 3-8 Programmable Font Example 
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3-61 LOAD PROGRAMMA.BLE FONT 1TH RE\/ERSE PACK:NG Instruction (LPFRP) . 

OPCODE (21) CHARACTER CODE 

FONT LINE 2 FONT LINE 

FONT LINE 4 FONT LINE 3 

FONT l11'JE 6 I FONT LINE 5 

FONT LINE 8 r FONT LINE 7 

FONT LINE 10 FONT L!NE 9 

i ::ONT LINE 12 FONT LINE 1 i 

4/ I l 1 
I 

I 1-" j 14 ! 13 I 12 I i 1 I 10 I 9 ! 8 I 7 I 6 /5 l "l I 0 ,_, L I j ..., I I I j 

The LPF.~P instruction is a specia!-format instruction which is r:;crt of rhe RM-FNT 
programmable font option firmware. The operation of the LPFRP instruction is 
exactly the scme as the L instrucrion (See Section 3-59) except that the font 
line description bytes are reversed within each word of data. 

EX Af/1PLE 3-3 

The symbol described in Figure 3-S would be generated using the following 
sequence with the LPFRP insrrucrion: 

0500 
059F 
1000 
5438 
1092 
1010 
0028 
0000 
OC01 
0001 
9FOO 

RESET 
~PF+ CHAR. CODE= 9F,

6 FONT LINES 2 & i I 

FONT LINES 4 & 3 
FONT LINES 6 & 5 
FONT LINES 8 & 7 
FONT LINES 10 & 9 
FONT LINES 12 & 11 
WRITE TEXT+ DATA FLAG 
NUMB ER OF BYTES = 1 
CHARACTER CODE 
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3-62 Riv'l-PER Interactive Peri Is Option instructions 

The RM ER interactive peripherals option firmware I ' ' 11 • ements the to.1owrng 
RM-90CO instructions: 

o \VRI CURSOR STATE control I the position 
and 'iisible/blink state of any cursors 

READ CURSOR STATUS transmitting the position and 
vi sib I e/b Ii nk state of any cursors to the host processor 

WR!iE KEYBOARD outputting a byte to one (1) 
of eight (8) FOssible serial output devices 

READ KEYBOARD trnnsm ng c receiv character 
from any of eight (8) possib e serial input devices to 
the host processor 

SENSE P IPHERAL STATUS trcnsrnitt activity 
status From either R1V.-SLC serial link card to the 
host processor. 

RM-PE,~ option handles all inreractive k rd and cursor fur.ctions, gen-
ercting 7he appropriate interrupts to the host p;-ocessor. 3uffering of serial in-
put characters up to sixteen (16) characters per device is also hand I by the 
R//1-PER ootion. 

' 

The maximum number of RM serial link cards which can exist in on 
RM-9000 display system is two . A single RM LC serial Ii card may be 
configu for either four (4) ~eria I 1/0 ports or for two (2) serial 1/0 ports 
and two cursors. Tnis indicores tnar seve:-ai cii t interactive configu-
rations ore possible. It is necesscry For e user to know the exocr RM LC 
con Figuration of the particular RM-90CO disp cy system and the device cddress-
ing scheme used by the Rtv\-PER option. This will avoid so problems 
caused by improper device addressing. 

The RM-PER option resides within the internal 8080 processor 1s address space 
at locations OC00

16 
through 0 F

16
. 
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3-63 Write Cursor State Instruction (WCS) 

OPCODE (16) l DEVICE 

r x ADDRESS I 
BL lvr I y - ADDRESS I -I I 

1
1s /14 /13 /12 I 1 1 11 o I 9 8 

..., 
! 5 5 14 I 3 i 2 I 0 

The VJCS ir:st;•__,c~i:::Jr. ;5 a ~p::ci::;/-":irmat !nsri-._u::tic'l ic~ is port o• the RM
PE,q interactive peripnerals option firmware. Tne V/CS instruction is used to 
define the position of any of Four (4) cursors in the RM-9000 d!splay as well as 
it 1 s visible/invisible and Slink/no-blink srates. No er;ors are possible, since 
the attempted addressing of non-existent cursors will toke place, bur will 
have no effect upon the display system. 

P'.::RTI N ENT ARG U1'..A.ENTS 

DEVICE 

X-ADDRESS 

Specifies 
instruction. 

DEVICE 

0 

2 

3 

cursor whose state is to be defined by the 
The DEVICE assignments are as follows: 

CURSOR 

Cursor #1 of SLC Board #1 
H u Cursor ,, 2 of SLC Soard :r2 

Cursor¥ 1 of SLC Board #2 

Cursor #2 of SLC Board #2 

Defines the element coordinate at which the cursor speci
fied by device wil! be positioned. Note that due to 

mechanism used to superimpose the cursor onto the refresh 
memory video, there is a region of elements in which the 
cursor will be off of the visible screen area. These areas 
are as follows: 
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Y-ADDRESS 

VI 

BL 

SYSTEM fYPE 

Rlv\-9000 

Rlvi-9200 

RM-9300 

REGION (iN ELEME"!TS) 

320
10 

through 511
10 

640
10 

through 1023
10 

640
10 

throu~h 1023
10 

Defines the line coordinate at which the cursor specifi 
by DEVICE will be positioned. For low line resoiution 
systems (i.e., the R/1\-9100 and RM-9200), cursor line 
addressing is module 256 1 r 11 i.e., line addresses in 

through 5 110 correspond to line address 0 through 225'10 , 
respectively. 

Defines the visible or invisible state of the cursor speci
fi by DEVICE. If VI= 0, the cursor will be mode 
invisiblei if VI= 1, the cursor wil I made visible. 

Defines the blink state of the cursor specifi by DEVICE. 
iF 6L = 0, ~he cursor wi 1 i be made non 1inl-dngi if 
BL 1, the cursor will b 1 ink at a rate of one (1) Hz. 

N TE 

R 3L!Nf( Ai'1D VISIBLE Si ATE CAN ALSO BE MAf'.;UALLY CON-· 
TROLL iCK OR TRACKBALL iF ETHER OF Tri E DEVIC 
EXI 1 IN A GIVEN CONFIGURATION. THE V. AND BL STATE MAY BE 
MA~IUALLY CHANGED IN THIS CASE WITH NO INDICATION BEING 
MADE TO THE HOST PROCESSOR. (S~E APPENDIX C FOR OPERATIONAL 
CHA~,.;CiERISTlCS OF THE JOYSTICK AND TR,L..CKBALL IN THIS CONTEXT. 
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3-64 Read Cursor Status Instruction (RCS) 

OPCODE (17) DEVICE 

11s J 14/13I12/11) 101 9 1 a J 7 / 6 / s 1 4 l 3 I 2 / 1 l o 

The RCS instruction is o specioi-formot instructi'on which is part. of the RM-PER 
intercctive peripherals option firmware. The RCS instruction conditions the 
RM-9000 For the transfer of two (2) words of cursor status information to the 
host piOCt::>sor. After i·he RCS instruction h::s oeer. ;~·.::nsforrcd from the:: host 
processor to the RM-9000, it is ~he responsibility of the host processor to 
initiate a two (2) 16-bi t word date transfer from the RM-9000. (See Addenda 
on the operation of specific CPU interfaces.) ff these two (2) words ore not 
read back properly by rhe host processor, it i5 possible that the inter-processor 
communications sequence may become hung. This condition can only be 
rec ti fled using a hard system reset. 

PERTINENT ARGUMENTS 

DEV ICE 

r 

DATA FORMAT 

Specifies the cursor whose status is to be read back to the 
host processor after the RCS instruction hos been issued. 
The DEVICE assignment is cs follows: 

DEVICE CURSOR 

1 
0 Cursor 111 of SLC Board ff 1 

1 Cursor #2 of SLC Board # 1 

2 Cursor# l of SLC Board #2 

3 Cursor 112 of SLC Boord #2 

The format of the two data words to be read boc:k to the 
host processor is as fo I lows: 
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a 0 0 0 0 0 x - ADDRESS 

0 0 EN TK1sL1v1 0 1 y - ADDRESS 

J is J 141131121111101 9 / s / 7 I 6 Is 14 13 12 11 I a I 

X-ADDRESS 

Y-ADDRESS 

VI 

TK 

BL 

EN 

Specifies the current element coordinate of the cusor 
specified by DEVICE. 

Specifies the current line coordi'nate of the cursor speci
fied b1 DEViCE. 

Reflects the current visible/invisible state of the cursor 
selected by DEVICE. If VI= O, the r;:ursor is not visible; 
if VI= l, the cursor is currently visible. 

I 

Reflects the current state of the two-position TRACK switch 
on the joystick or trackbal I if present. If TK = 0, the 
TRACK function is not enabled; if TK = 1, the TRACK 
function is enabled. 

Reflects the blinking state of the cursor selected by 
DEVICE. If BL= 0 1 the cursor is non-blinking; if 
BL= l, the cursor is blinking at a rate of approximately 
one (l) second. ., 

Reflects the state of momentary-action switchbn the joy
stick or trackball if present. If EN= 0, the ENTER switch 
is not depressedi if EN= 1, the ENTER switch is currently 
depressed. 
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3-65 Write Keyboard Instruction 0NKB) 

'> 

OPCODE (18) DEVICE 

- CHARACTER CODE 

/ 1 s / 14 / 13 / 12 I 11 I w J 9 I a J 7 1 6 / s I 4 / 3 l 2 I 1 / o l 
The WKB instruction is o special-format instruction which is port of the RM
PER interactive periphero ls option firmware. The WKB instruction writes o 
single 8-bit character to one (l-) of eight (8) possible serial output devices 
within the RM-9000 system. No buffering of output c~~r".lcter~ i~ pi:.rformed; 
therefore, it is necessary to waif' for rhe seriol tronsmission of the character 
to complete. A transmitter interrupt wi 11 be generated by the RM-9000 to the 
host processor. The serial peripheral status word should then be read by the 
host processor using the SENSE PERIPHERAL STATUS instruction to verify that 
the expected transmission wos completed (See Section 3-66). It is then allow
able to output another dcta byte ro the serial output device specified by 
DEVICE. It is not necessary to woit for completion of a transmission before 
outputting to a different serial output device. 

PERTINENT ARGUMENTS 

DEVICE Specifies the serial output device to which the CHARAC
TER CODE will be output. The DEVICE co.de assignment 
is os Fol lows: · 

DEVICE OUTPUT PORT 
) 

0 s~riol Output Port # l of SLC Board # 1 

1 Serial Output Port 112 of SLC Board #1 

2 Serial Output Port #3 of SLC Boord # 1 

3 Serial Output Port #4 of SLC Board #1 

4 Serial Output Port #1 of SLC Board #2 

5 Serial Output Port #2 of SLC Boord 112 

6 Serio I Output Port 113 of SLC Board 112 

7 Serio l Output Port # 4 of s.LC Board #2 
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. 
CHARACTER CODE Defines the 8-bit byte of dcta which will be output to the 

serial output port specified by DEVICE. All values from 
0 through FF 

16 
are I ego I. 

.: ·. 
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3-66 Recd Keyboard fnstruction (RK8) 

OPCODE (19) DEVICE 

115 ! 14J 13; 12) 11/10 / 9 8 7/6f5/4f3 2 0 

The RKB instruction is a specie [-fo.rrnat instruction which is part of the RM-PER 
interactive peripherals option firmware. ihe RKB instruction conditions the 
RM-9000 for the rransfer of one word of serial data from the seriaf port ,input 
b:..:ffer sp.::c;f: by DE\1 !CEl ;.l,ftr:r th2 RY::fi ;11s~rt,,:;f~n hC1s been transferred 
from the host processor to the Ri'v\-9000, it is rhe responsibility of the host 
processcr to recd back one (1) :6-bit dara word from the RM-9000. If the 
word of data is not read back proper 1y by the host processor, iris possible 
that the interprocessor communications sequence may become hung. This con
dition can only be rectified using a hard system reset. 

For each of the eight (8) possible serial input ports, there exists an internal 
buffer which can handle up to sixteen (1 bytes of serial input date, as well 
as corresponding status informc~1on. _A receiver interrupt will be generated to 
the host processor for each dot:: byte received from a serial input port. After 
interrogation of the serial peripheral stat1.:s words using the SPS instruction, 
the RKB instruction coc::d be us to read the data byte received. 

Al; input buffers are cle<:ired upon the power-on or the herd reset condition. 
All characters received prior to this wili be iost. 

PERT!i'~ENT ARGUMENTS 

DEVICE Specifies t~e serial input port buffer from which data will 
be recd along with the corresponding status bits, The 
DEV lC E a~ignment is as fo !lows: 

DEVICE I INPUT PORT 
0 Serio I Input Port ti ·i of SLC Soard ff] 

Serial lnput Port #2 of SLC Boord #1 

2 Serial Input Port #3 of SLC Board #1 

3 Serio i Input Port #4 of SLC Board # 1 
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DATA FORMAT 

4 

5 

6 

7 

Serio I Input Port,¥ l of SLC Board .#2 
li LJ 

Serio I Input Port rr2 of SLC Board rr2 

Serial Input Port #3 of SLC Board ,#2 

Serial Input Port #4 of SLC Board #2 

The format of the data word read beck to the host processor 
is as follows: 

ASCII DATA 

j 15!14/13I12 / ll 110 I 9 / 8 7)6 f5/4 /3 /2 jl /O 

DATA VALUE 

ND 

ov 

ER 

Reflects the 8-bit dato value input to the R//1-9000 display 
processor from the external serial device 

Ref I ects a 1no data ova i lcb I e 1 condition. If ND = 0 and 
ER= 0, the DATA VALUE represents a valid recei,ved 
data byte. If ND= l, no data is present in the input 
buff er. 

Reflects a 1data buffer overflow' condition. If OV = 1, 
data was received from ~he serial input port but no room 
was available in the input buffer, i.e. data has been lost. 

Reflects a hardware error condition, If ER= 1 1 a hard 

error has been detected by the input UART in attempting 
to obtain a character from the external device. 
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3-67 Sense Peripheral Status instruction (S PS) 

OPCODE (1 A) DEVICE 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

The SPS instruction is c special-format instruction which is part of the R/v1-PER 
interactive peripherals option firm'NOre. The SPS instruction conditions the 
Rlv\-9000 for the transfer of one word of serial peripheral board status from the 
RM-SLC serial link beard specified by DEVICE. After the SPS instrudion has 
been transferred from the host processor to the R/\~-9000, it is the responsi bi !i ty 
of the host processor to readback one (1) 16-bit word from the RM-9000. If 

h d ' ' • . • ,, I I I 'I J I .. . •I ' t .. ~ V/~r o, ~=,a 1s .1cj r2cccoc:< proper y O/ (r'it;; no1 ::rocessor, !i !S po~!O!e 

that the interprocessor communication sequence may become hung. This 
condition can only be rectified using a hard system reset. 

The data word readback from the RM-9000 reflecrs the status of the R.1\~-SLC 
bocrd s2lected by DEVICE. This status indicates which ir.teractive device is 
currently requesting ser1ice or is available for output. L.;pon receipt of a 
transmitter or receiver interrupt, this data word defin2s the interrupting source. 

PERTJ NENT ARGUMENTS 

DEVI Cc Soecified e RJv'1-SLC board whose stah;s is to be interroaated. If ' ~ 

D~V!CE = 0, rhe RM-SLC Board 1 is to be interrogated. If DEVICE= 
1, the RJ0,-SLC Sccrd 2 is to be interrogated. 

DATA FORMAT 

The format of the serial peripheral status word is as follows: 

) C3 I a J x7 ! R7 \ x6 J R6 \ xs \Rs \ x4 \ R4 j :;;RD 2 

11s114] 13 j 12111 110 I 9 is I 7 I 6 1 s I 4 I 3 l 2 I 1 ! o 1 
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c = 
m 

x = 0. 
n 

R = 
n 

!ndi cates that cne of rwo events hos occurred: 

e The ENTER momentar; acti en switch hes been d.::pressed 
with cursor m (where m = 0 through 3) selected on the 
i oysti ck or tro ckbc l I, or 

The coordinates of cursor m hove changed with cursor m 
selected on the joystick or trackball and with the TRACK 
switch enabled. C wi!f remain set to one (1) until 
the coordinates of cursor m have been read using the RCS 
instruction, at which time C will be reset to zero (0) • 

.. 
Indicates that a al transmission iniriated by a V/KB instruction 

not yet cornplered "..'It 0'Jtpr_if· r0rt n (',,~:ri:; n:::: n through 7). 

Xn will be set to one (1) h:nsnission is completed. 

Indicates that o data byte hos received by the seria' input 
port n (where n = 0 through 7). R wi i l reset to zero (0) 
when the date byte along with its s~crus has been readback cfrer 
issuing an RKB instruction. 
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3-68 Rl/.,-USR User SubrouHne Option Instructions 

The RM-L'SR user subroutine option firmware implements the following six (6) 
instructions: 

o LOAD CONTROL 1;,;,EMORY and LOAD CONTROL /-,~EMORY WITH 
REVERSE PACKING v1hich store either axecutoble 8080 processor 
instructions or R!v~-9000 display instructions into RM-MOC memory 
expansion R.Ai'A · 

o READ· CONTROL t1\Elv10RY and RE.AD CONTROL MEMORY WITH 
REVERSE PACK! NG which retrieve do to frcm locations 000 through 
7FFF of the Rt!,-9000 display sysrem internal 8080 address space 

~ CALL CO~ITROL 1\\Elv~ORY which executes any 3080 subroutine stored 
in the 8020 processor's cddress space 

E)<ECUTE INSTRUCTION lv',E1V10RY which e;<ecutes one or more RM-9000 
display instructions stored in the 8080 processor 1s address space. , 

The RM-lJ~R option, in general, implement a writeable control store capability 
in that the. host processor con Iced, retrieve and execute special-purpose 
subrountines ond display instruction lists. The Call Control Memory instruction 
is executed within i'he RM-9000 display. It has direct access to all display 
registers and reauires an intimate knowledge of the interaction between display 
registers for proper disp!ay generaricn. The Execute lnsrruction Memory provides 
local display list processing using the RM-9000 instruction. This does not re
quire special knowledge of the RM-9000 hardwar.e. 

It is necess.:;ry to Iced eifrer subrou;ine code or RM-9000 display lists into RANI 
within the KM-9000 di spicy system. The memory map (Table 3-16) defines the 
areas of RA1Vi end the options packages which use these specific areas. !fa 
given option is not installed in a particular configuration, the RA!v\ region 
assigned to this oprion is available for use with the Rlv\-USR user subroutine 
option firm\A..-are, If en area used by en existing option is loaded via the RM-USR 
option, the operation of the option firmware will be adversely affected. No 
error checking is performed to restrict the use of oreos of RANI. 
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Table 3-16 Rtv\-9000 lnrernal Memory /v\ap 

PROM ADDRESS 

0000 - 07FF 
0800 - OBFF 
OCOO - OFFF 
1000 - 13FF 
1400 - l 7FF 
1 800 - l BFF 
1 COO - 23FF 
2400 - 27FF 
2800 - 28ff 
2C00 - 33FF 
JJ,CO - 37FF 
6200 - 63F:= 
6400 - 78FF 

RAM ADDRESS 

4000 - 414F 
4150 - 415F 
4160 - 417F 
4180 - 41AF 
41 BO - 41 FF 
4200 - 438F 
4390 - 439F 
43AO - 43AF 
43BO - 43FF 
4400 - 487F 
4880 - 489F 
48AO - 48FF 
4900 - 49lF 
4920 - 495F 
4960 - 4AEF 
4AFO - 55FF 
5600 - SFFF 
6000 - 60FF 
6100 - 61FF 
7COO - 77FF 

DESCRIPTION 

RM-IMG STANDARD it.~AG FIRMVIARE 
RtA-STD STANDARD OPTION SUPPORT 
RM-PER INTERACTIVE PERi PH ERA LS 0 PTI ON 
RM-STA STATUS fv\ANAGElv\ENT OPTION 
RM-SCR SCROLL OPTION 
RM-F1NT PROGRMAMABU.'. FONT OPTION 
RM-SCA SCALl"lG OPTION 
R1V.-LAF LOG!CAL/ARITHf/1EilC FUNCT 10N OPTION 
RM-GPA GR..L>.PH:CS O?T!O!'I 
RM-CON CONICS OPTiON 
R,\\-0SR USER SL' UT/NE OPTION 
STANDARD CH ARACT RO/v\ 
R/v'1-DIA DiAGNOSTI C OPTION 

USAGE 

RM-PER IN PUT BUFFERS 
NOT USED 
RM-GRA INTERNAL VAR: ES 
RM-CON INTER~'1AL VARIABLES 
NOT USED 
RM-STA INTERNAL STACK & VARIABLES 
NOT USED 

1NOT USED 
R/v\-FNT PROG FONT TABLE 
R1'·1\-FNT INTERNAL VARIABL.ES 
NOT USED 
RM-SCR INTERNAL. VARIABLES 
NOT USED 
RM-FNT PROG FONT TABLE 
NOT USED 
RM-SCR AND RM-LAF INTERNAL BUFFERS 
STACK AREA 
RM-!MG INTERNAL VARIABLES 

I RM-DI AG DIAGNOSTIC CARD RAM 
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3-69 Load Control Memory Instruction (LOA) 

OPCODE (1 B) 

PAM ADDRESS 

BYTE COUNT 

DATA 

J 1s J 14 / 13 J 12 J 11 / 10 1 9 1 s I / I 6 J s 

The LGV1 instruction is a s0ecial-'ormat instruct-ion which is part of rhe Rlv\-USR 
user subrcutine option firr:i"'-~:-,:;. The LQ,~ instruction loads either 8080 micro
processor inslTuctions or R1\\-7COO display instrL:ctions into RA1\~ memory on the 
R:V,-lv\O C memory expansion cord. e LOv\ does net di fferenriate between 808u 
instructions and RM-9000 displ:::y instruction. Tne use of either the CGv\ or the 
XJ,V, insi-rcJcHon d nes the fwn one! use of any data leaded by the LOA 
instruction. 

RAM AD ESS 

BYTE COUNT 

cifies the address in internal 8080 RAM at which sub
routine er display instn.Jction data will be stored. No 
address validity check is made that the address specified 
is legal. 

Defines the number of bytes of subroutine or display 
instruction dota to be stored in internal 8080 RAM. 

3-129 

I 
I -

\ 
I 
L. 

l 



1 

1 
] 

J 

J 

l 

l 
1 
J 

. 1;· 

l 

DATA FORMAT 

The subroutine or display instruction da,'a is stci:::d into i"iterncl 8080 P"A.1V1 high
order byte first, followed by the low-order byte. If the BYTE COUNT is odd, 
the low-order byte of the lost data word wi 11 be discarded. 

POSSIBLE ERRORS 

If en area of RAM used by an option which exists in a given system is ovenvritten, 
the operation of that option cannot be guaranteed unies5 a reset sequence is in
itiated. 
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3-70 ~oad Control lv\er:-:ory \'/ith Rever:;e Packins !n3t~ucrion (LCMRP) 

OPCODE (1 F) l 
RAM ADDRESS 

BYTE COLNT 

DATA 

/15/14/13/12[11/10)9/s17 6 [ s I 4 

The LC/v~RP instruction is a speciol-fcr;;iat ins~rucrion which is pert cf the R1'v\-USR 
u~er subroutine cpticn firmware. foe LG\\RP instruction !oads either 8080 micro
proc;.:;ssor instructions or RM-9000 dispk:y instructions into RA,~!. memory on the 
RM-f/;0( rr:en:ory ex;:.: on card. The LC/v\RP does not difFerenriate between 
8030 instrudions and .~1\~·-9000 display instruction the use of either the CGv1 or 
the Xlf,\ instruction d.::fines the functior.al use of any data loaded by the LOvlRP 
instruction. 

PERT t'-JENT A.2GUMEN 

RAi\\ ADDRESS 

BYTE COUNT 

cifies fr1e address in internal 8080 RAM at which swb
rc'Jrine or display instruction data 'rvil! be stored. No 
address validity check is made that the address specified 
is I ego I, 

Defines the number of bytes of subroutine or di spicy 
instruction data to be stored in internal 8080 RAM. 
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DATA FORMAT 

The subrcutine or disp!ay instruction data is stored into internal 8030 RA1V\ low
order byte first, followed by the high-order· byte. If the SYT~ COUl-..JT is cdd, 
rhe high-order byte of ~he last c!ota 1,vord will be discarded. 

POSSIBLE ERRORS 

If an area of RAM used by on cpti on which exists in a given system is overwritten 1 

the operction of ~hat cption cannot be suaronreed unless a reset sequeric:e is 
initiated. 
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3-71 Read Control I L • (°C' \1 
1.".S1nJCtio;1 1\ I'() 

I 15 / 14 / 13 / 12 J 11 I 10 I 9 j 8 I 7 J 6 I 5 I 4 ; 3 I 2 I 1 I 0 

The RCM insrru.ction is o special-Format instruction which is port of the RM-USR 
subrcurine cpHon firm\',cre. The RC1\~ instruction transfers up to 2000 

16 
(8192 10) bytes of data from RA/,,', on the -/v\OC memory expansion card to 
the host processor. This is the rc:gion thin the intern::! 8080 microprocessor 1s 
address space 
nor valid to a 

mcy Ce loc::'e 1d via rhe LG\.:\ or LG\·,~p insfruction. Ir is 
t to re".Jd bad< data the region outside of the R/v'l-lv'10C 

card RA/\.·1, and cs a consequence_, ~he ~em may be hung up in i ng so. 

PERTINENT ARGWAENTS 

RAJv'1 ADDRESS 

BYTE COUNT 

DAT A FORlVl.A.T 

cifies ~~e address in internal 8080 RAM in range 

16 th~cugh 5FF>= 16 • Addre::sing outsi this region 
is illegal ct:d moy ccuse; the Rt•:,-9000 display system to 

up. 

~; nes fre number of of date ro be read back from 
Pv\t-.'\ on fr.e R.lvh"v\OC. Since readbock to the host 
prcces..::or is done on a basis, if the GYTE COUNT is 

, then cne addi tioncil byte wi 11 actuai ly be beck 
ro ~he hcst orocessor. Since it s illegal to reacback from 

of :'>e R/'/1 C arec, the sum of ciYTE 
rnusr not be grearer than 

The ca ta which is back to the host processor is stored in each data word as 
follows: The first data byte is stcred in the high-order byte of the first readbock 
word, the second data byte in fr1e low-order byte of the first date word, the 
third data byte in the nigh-order byte of the second data byte, etc. 
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PO SS! BLE ERRORS 

If r.=ad back via rhe ROA is cftempred out~ide cf the ccciress regicn 4000 16 

through 5FFF 
16

, the system mcy hor.g up, end ccrnmuni cc ti on c::in cnly be 
reesrobli shed ofter o hard sys rem reset. 
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3-72 Read Ccntrol Memory 1//ith Reverse Packir,g Instruction (RG1\RP) 

OPCODE (lD) I 
RAM ADDRESS 

BYTE COUNT 

/ 15 j 14 / 13 J 12/11 J l 0 l 9 I 8 I 7 I 6 j 5 I 4 I 3 I 2 11 I 0 I 
The RCMRP insi"rucrion is a special-format insrruction which is part of the RM-USR 
user subroutine option firmware. The RG/\RP instruction transfors up to 2000 
(8192 10 ) bytes of data from RAM on the RM-1"AOC memory expansion cord to the 
h .. _ ...... - T'. · .. J.L"!i. ...... • ,,.~~t-· .1..L.. • r T'", i snxo f"'I'"\~ l""'"*f"r'\T"',-.1"""'0 C"' : os, proc<=o,01, n1s 1~ .11._ r""g1on ·,, ... i1n 11,e rn e.r.o. -~ .... _·~r-·~--s~cr s 
address space which ma; be loaded via the LCM or LCMRP inst-ructions. It is not 
valid to attempt to recdbcck data from the region outside of the RM-MOC card 
R.AJVi, end, cs a consequence, the s;stem rr:a; be hung up in doing so. 

PERTl NENT ARGUlv\ENTS 

RAJv\ ADDRESS 

BYTE COUNT 

DATA FOR/v\AT 

Specifies rhe address in internal 8080 RA/vi in the range 
4CD0 16 through 5FFF 16 • Addressing outside of this region 
is i I leg a I ar.d may ccuse the Ri'v\-9000 di sp!a; system to 
hcr.g up. 

Defines the number of bytes of date to be read back from RAM 
en the RM-MOC. Since readback to the host processor is 
done on a word basis, i F the BYTE COUNT is odd, then one 
additional byte will actually be read back to the host 
processor. Since it is illegal to read back from outside of 
the R1\\-MO CRAM area, the sum of BYTE COUNT end RAM 
ADDRESS must not be greater than 6000 16 • 

The data which is read back to the host processor is stored in each data word 
as follows: The first data b;te is stored in the low-order byte of the first readback 
word, the second data byte in the high-order byte of the first data word, the 
third data byte in the low-order byte of the second data byte, etc. 
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POSS! BLE ERRORS 

T - If re:cdback via the RC:v\RP is atterr:pred c!Jtsi of the address r::;::;ion 4000 16 
L h 5,..'"F 1-' I I • ... I I rr.roug rr : 61 .ne system may nang up, a."lu ccmmunica,1on can on y oe -

;aestablished ofter a hard system reset. 
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CALL CONTROL MEMO~Y INSTRUCTION (CGvl) 

OPCO'.:lE (lC) 
r 
r 

SUBROUTINE ADDRESS 

I 1s 114 113 112 i 11 11 o J 9 I s i 7 I 6 I s I 4 I 3 I 2 I 1 I o ! 

The CCM instruction is o mecial-Format instruction which is cart of the RM-USR 
' ' 

I • • I Th c,..,, . . . d ~ I user suc,:rout1 r:e op~1on pac.'<cge. e uv, 1nstrucr1 on is use to transrer contra 
from the RAMTEK-sl1polied firmware fX1ckage to a user-written subroutine 
which is stored in rne: l\A\1\ en ~he R1v\-MOC m8rncry e:q:;.cnsion card via the LCM 
or LG\\RP instructions, T,1e us~r-;ubrcutine must be executnble 8080 micro
processor code '.virh cddr':!ss1r.g cc;npctible with the r2gion into which !"he subroutine 
hes been !coded. The user subroutine to be executed musr return control to the 
RA/vHEK-xpplied firmware via the 8080 RET ins~ruction. Since the user sub
routine executes within the R/v'1-9CCO display system, it has complete access to all 
internal display and interfacing registers. As a result of this, it is possible to 
perform exotic display functions soecific to a given user application. It is also 
possible to initiate actic~s which cause the system to hang up and which can only 
be resolved via a herd sy~tem reset. Therefore, great care should be raken in 
writing user subrcutines, ~eking c<Jreful reference to Volume 1 of the Rlv'i-9000 
Theory of Operation Monval. 

It is the responsibility of the user subroutine to maintain the integrity of the system 
stack pointer. When entij is made to the user subrouHne, 12710 stack locations 
(words) ore available for u~e. For each stack 1 pu~h 1 operation, there must be a 
corresponding stack 1pcp 1 within the subroutine to maintain stack integrity. If 
~his stack is not properly maintained, execution of the RET transferring control to 
the RAMTEK-supplied firrnwcre system will fail and no further operations will be 
possible until a hard system reset is issued. All 8030 registers are available for 
use by the subroutine. 

PERTINENT ARGUMENTS 

SUBROUTINE ADDRESS Defines the internal 8080 microprocessor RAM address 
at which subroutine execution will begin. 
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E:<ecute Instruction M 

OPCODE (1 E) 

Instruction D<IM) 

BYTE COUNT 

ADDRESS DATA 

.!___-----

j1s r 14 j 13 [ 12;11/1019 Is [ 1 16 s I 4 I 3 2 1 l 0 

The M imtrucHon is a scecial-fcrrr.at ir:struction whicn is ocrt of rhe R/v\-USR 
' l 

user subrourine firmware package. The XlM insrructicn e:x2cutes one or more 
R1\\-90CO instructions from R.Af,.,\ memory on the RM-MOC mer.;ory expansion card. 
Tf-:e address of eact1 insrrJcrion to be executed via the XIM instruction is stored within 
the XIM instruction itself, ;r is possible to nest Xli'v\ ins~ructions by pointing an 
address ct cnother X/M instruction. Up to 38

1
Juch nesting operations ere legal. 

1',r\ore than 38
1
Je'1els of nesting wi II result in stack overflow and may result in the 

system ha;,ging. The standard system stack is used to save the nesting information. 
No si·ack overflow che..::k is performed. Also, there: is no check mode fer recursion, 
i.e., an X!M instruction referencing the XiM which referenced it previously. 
Tnis will result in a recursive '.oop which will alv10ys lead to a srack overflow 
con di t ir:;n. 

PERT! NENT ARGUMENTS 

BYTE COUNT Specifies the number of bytes of address data which are 
present in theXIM instruction. Since the instruction 
addresses within the XIM instruction are 16-bit values, 
the BYTE COUNT must be on even value. If BYTE COUNT 
is odd, the value used wi II be one less than the stored 
value of BYTE COUNT. 
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DATA FORMAT 

E:::ch l 6-bit word fellowing the 3YTE COUNi '.vord defines rhe starting address 
of en Rt/,-9000 2isplcy inst:ucticn. Thez::; odclres~es are the absolute internal 
8030 RAM addre:;ses or which data was !coded vie the LCM or LO!\RP 
i nsrructi ons. 
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4-0 INTERRUPT OPERATIONS 

4-1 

4-2 

4-3 

The RM-9000 is capable of generating interrupts to the hcst processor through the 
RAMTEK supplied interface associored with each display system. The four (4) 
possible interrupt types are: 

e !!legal Instruction Interrupt 
@ Cursor Interrupt 
(,1) Receiver interrupt 
c Tronsmitte~ Interrupt 

These interrupts are generated internally using the interface interrupt register 
(See Section 6 of the Rlv\-9000 Theory of Op.,rritbn Manual - Volume !). 

All of the RAMTEK supplied interfaces generate an interrupt to the host processor 
based on a iow-to-high transition of the interrupt lines frcm the R1\\-9GCO control 
board to the computer interfcce. The standard firmware aenerates this transition 

v • 

by loading a zero in the inrerface interrupt register fol lowed by the sei'ting of the 
specific interru;:it line(s) in this register. Reading of the computer interface 
status word c !ears the interrupt flags in this word. 

ILLEGAL INSTRUCTION INTERRUPT 

The illegal instruction interrupt' is generated when a word of information From the 
interrace to be inrerpreted as an instruction opcode has an opcode which does not 
exist For the specific display system configuration. The ii legal instruction inter
rupt is then generated. The nexr word wi 11 ~hen be interprered as on opcode word •. 

CURSOR INTERRUPT 

The cursor interrupt is gen when the RM-PER inreradive peripherals option 
is installed and one of the following occurs: either the ENTER momentary 
action switch is pressed or the cursor position is changed with the TRACK switch 
in the ON position. These keys (ENTER ond TRACK) ore present on both the 
joystick and the trackball. 

RECEIVER INTERRUPT 

The receiver interrupt is generated when the RM-PER interactive peripherals op
tion is installed and a key on the keyboard is depressed. The 8-bir code asso-
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ciated with the depressed key is stored in r.~e FIFO (first-in-Firs~-out) b1Jffer 
cssociated with that particular keybo::ird cr.d rr:cy be recd by the host processor 
using the READ KEYBOARD instruction. 

If any chcrocters are present in tf-:e keyboard bvffers after execurfon of c READ 
KEYBOARD instruction, a receiver interrupr will be issued, 

4-4 T~ansmitter Interrupt 

The transmitter interrupt is gene"Oted when the Riv1-P interactive peripherals 
C?rion is installed on:! the corr:plerion of o serial output transmission usin'g the 
\'/RITE KEYBOARD ~nstrucH:::in is i.1diccted to the firmware by the RM-SLC serial 
't'-1 ·d Tl.: , 1.-~-.... : ,.i:,..~•- ,c_ • J;1:< CC1 • 1111$ 1n1r....i ...... p1 .n'-"l'-....Ch;S 111C1 Ci10 WRiTE KEY804.:(D inst;uction ro 
rile inte1Tupring curput de'1ice is vclid. 
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5-0 RM-9000 INSTRUCTION TIMING 

This section cribes the execution times of the RM-9000 display instruction set. 
ln several cases, the instruction times ore approximate due to the variable nature 
of the parameters used as input to the instruction. In these cases (which ere noted 
in the instruction 1s execution Hme description, the equation describing the exe
cution speed becomes extremely complex and cumbersome, in which case a 
reasonable approximation to the cquaHon hos been made. 

5-1 Stand:Jrd lnstrucHon Set Execution Times 

The fo 1iowing sections describe the execution timing for the RM-9000 stcmdard 
instruction set. For normal format instructions which ore, b/ nature, of var!abie 
format, it is possible to s2t a variable number (up to 16) :::crc;;ieter op as 
well as aduaily exec:.ite the display instruc itself. Section 5-2 defines the 
parameter operand processing time (POPT) the normal format instructions. 

5-2 Parameter Operand Processing Time 

In any r.ormal formct instruction, it is possible to define rhe value of up to 16 
parameter opercnds. The parameter operand processing time or PCPT must be 
added to the execution time of the normal format instrucrion in which 
parameter operands ere set. 

5-3 [NOP Instruction Time 

curic.n Time = 135 + 65 w s * NP + 40 µs * NPW 

where NP == 

NPW ::::: 

NBD = 

+ µ s * NBD 

number of parameter operands in NOP instruction to be 
ignored. 
number of words of parameter operand values to be ignored 
!NOP instruction 
number of bytes of data in I NOP instruction to be ignored 

NOTE 

EVEN THOUGH !NOP IS A NORMAL-FORMAT INSTRUCTION, 
ITS TIMfNG REPRESENTS A SPECIAL CASE, SINCE ALL PA.RA
METER OPERANDS AND DATA ARE DISCARDED. 
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Table 5-1 Normal-Format Parameter Operand Precessing Times 

I PA.~AMETER CPE.~AND PT. 
l 

I 
0 SUBCHANNEL 42 s 

1 FOREGROUND 42 s 

2 BACKGROUND 42 s 

3 lNDEX 1 140 5 

L li'-IDEX 2 140 s 
~ ORIG JN 140 .... _, 

6 V/INDOW 1250 s 

7 SCAN 905 s 

8 O!MENSIO.~ 75 s 

9 SPACING 81 s 

10 SCALE 40 ·; 

11 FUNCTION 40 s 

12 CON IC-EQU.A.TION 630 3 

13 B . .0..SE-LINE LO 

14 SCROLL-COUNT · 40 s 

15 START-POINT 250 

15 
POPT ~ L (65 µs + PT.) 

I 
i=o 

where PT.= 0 if the ith parameter operand is not set 
1 

in the instruction 
othervvise the value of PT. is the value from Table 5-l. 

I 
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5-4 Set lns!Tuction Timing 

5-6 

Execution Time = 125 µ s + POPT + DFi +[ 57.5 µ s * NBD J 
where OFT = f) if the d:iro flag DF = 0 

= 36 µ s if rhe data flag DF = 

NBD = number of bytes oF data in the ser instrudion to be ignored 

Erase lnsrruction Timing 

= 26.:1 µ ~ -r 

where NL = number of f 

, r .. 'L -rl'' 

in I/IA NDQ\N to be erased 

''S *'··'E
1

] i-' I I J 

NE I = numcer elements per line in V/ iND O\V to be erased 

Fc1 examofe 1 a full screen v-:ith no ccrc:meter ooercnd orocessing in an RM-9200 
t l I ; 

system wou Id be: 

r l: 
265 it 5 + [ 256 -;, [ .5 w .s +Ll .5 ws + 640J_ = 257 ms 

V/rite lr.icge Instruction Timing 

Execution Time = 490 µ s + POPT 

~r .., .., ~ -+LL VIV/ * DTRj + 113 µsJLNL-1_. + RP 
"" 

* DTR] 

where WW = window width ln p ixe Is (i.e., width ilel to the primary 
direction) 

DTR = interface dcta transfer rate in microseconds (minimum value 
of 1 .5 µ s due to refresh memcr; access rate) 

NL = number of lines in image 

RP = number of pixels in last line of image 

For examp le 1 a full-screen image transfer on an RM-91 OJ system interfaced to a 
DRl 1 B DMA interface (and assuming an infinitely fast image data source in the 
PDP-11 computer) and assuming no parameter operand processing, would be: 
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490 us+ [[320*1.5 ws]+ 113 ~sJ * 255 + [320*1.5ws]=152 ms 
using values of WV/=320, DTR=l .5 us, N RP=320 

5-7 Recd Image Instruction Timing 

The execution time for the RI instruction is the same as that of the 'vi/I instruction 
(See Section 5-6). 

5-8 Write Text Instruction Timing 

5-9 

cuticn time 

where CH 
CH 
NCR 

N 

= 480 µ s ' POPT T 

[263 us I 6'1 ~ 

:--1 r:: *C'1] 1 L , :..: s*CH J I· L •""" n ..J 

+ [162 µs *NCR] + [146 :..; s *N 
- chc~ccter width (deFined by;< D /v',E 
= chcrccter height (defined by Y DIMEi'lSION) 
= number of c:micge re~ums or primary window 

boundary i nrersections 
= number of line feeds er secondary \vinCo\v boundary 

in~ersections 

N PC = n1,;;;-;ber of r.cn-CR er ilon-LF characters 

"'NPC 

For e~<orrple, a ~ull-screeil text wrire en en Ri\\-9200 syst2m (i.e., 91 by 28 
characters of texr) ·.virh nc parameter processing, would be: 

480 µ s + 
+ r 162 

L 

Load Hard 

+ [~4 ;.;s*9] + [ 1.5 ~s *7*9]] *2548 
L46 I.JS "'1] = 2.38 seccnds 

ister lnstructi:::n Timing 

Execution time= 170 µ s 

5-10 Read Soft Register Instruction Timing 

Execution Time= 150 µs 

145 



j 

] 

] 

] 

J 
J 
l 
l 
-] 

5-11 Load Auxiliary Memory lnstrudion Timing 

Exccuticn Time = 275 JJ s + [NW * DTR J 
where NW = Number of words of ouxi liary memory 

data to be transferred 
DTR = Interface data tronsfor rate in microseccnds (minimum value 

of 0.765 JJ s based on the Type II and V video lookup tables 
leading rate) 

For example, to !cad a Type II video lookup tob!e would take:. 

275 ;.is+ [1024 * 0.765 µs] 1 .05 ms 

5-12 Recd Auxiliary Memory Instruction Timing 

The execurion time for the RAivl instructicn is the same as rhcr of th~ LAM 
instruction (See Section 5-11). 

5-13 Reset Instruction Timing 

Exzcuti on Time = 29 ms + ERST + 0 PTT 

where ERST 

OPTT 

= screen erase rime (dependent on system resolution) when 
DI P SW I T CH 3 = 0 

STDT = 134 ms for RM-9100 
= 257 ms for RM-9200 
= 514 ms for Riv\-9300 

sum of power-on routine execuricn times for the options 
which exist in a particular configuration 

n 
= 63 ms+ POT 

i=o 

where POT equa Is the power-on op ti on 
time for the i th option which exists ond 
n is the number of existing options 
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RM-GRA = 45 µs 

Rlv\-CON = 0 µ s 
RM-SCR = 0 µs 
RM-SCA = 0 µ s 
RM-STA = 50 µ s 
RM-FNT = 1493 µ s 
RM-PER = 957 µ s 
RM-USR = 0 µs 

5-14 Initialize Instruction Timing 

Execution Ti me = 4.97 ms 

5-15 Options Instruction Set Execution Times 

The fol lowing sections describe the executicn timing for the set of RM-9000 
options instructions. For normal-format options instructions, reference should 
be made to Section 5-2 for the parameter operand processing time POPT. 

5-16 Write Vector Instruction Timing 

Execution Time = 220 us + POPT 

NV ,... 
+ ~ lvsr. + 

,2__ L I 

i = 1 

""' 220 µs -:- POPT 

where NV = 

VSTi = 

NPV. = 
I 

NPV. 
! 

L 
[ = 1 

NV 

+L 
i = l 

r 

1 
VPT .. J 

II 

I 480 µ s + 
L 

Number of linked vectors to be generated in 
a given WV instruction 

Vector set-up time for the ith vector (based on 
the slope of the vector) 480 \JS 

Number of pixels in the. ith vector 
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J 
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1 
1 

I VPT .. = Pixei col culction/wrire Hme for the j th ?ixel of the 
h 11 ' 

;t vector (depender.t on the irh vectcr 1s slope ar:d quadront)i 
minimum value _,,... 34. 6 µ s, maximum value ,...... 37. 9 lJ s, 
overage value ...... 36.3 ws. 

5-17 Write Plot Instruction Timings 

Exec:.ition Time = 543 µ s + POPT 

NP 
+ 2= 

i = l 
[223 ]J s + µs ..,.. [1.5 ~s * EDIM]] * 1 EH. · 

I .J 

where NP = ~Jumber of ;::dot entit; e3 to 
WP instruction 

s;encratcd in a siven 

EDIM · = 

EH. = 
I 

Wiclth in pixels of plot entiries pcrallei to the plot 
axis (defined eir:-;er by the x-Dl/'i,ENSION or y-DIM
ENSiON porn:-nerer c:;erand deper,ding on the value 
of SCAN). See Section 3-49. 

•' 
Size in pixels of the i'n plot e:-1tity per?endicu!cr to 
the ,:::ilor axis. 

5-18 \'/rite Raster Instruction Timing 

Execution Time = 420 :J s + POPT 

!NR" + j j b 
L 

* 130 usl 
J 

62 

where NRS == Number of bytes of raster data. 

i 

µ s : 
.J 

NRL = Number of lines of raster dote within the region 
specified by WINDOW (i.e., number of lines of 
raster data which are ?crallel to the primary scan 
direction). 

5-19 Write Conic Instruction Timing 

Execution Time = 887 w s + POPT ..,.. [ NCP * CPR] 
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where i'lCP = Number of pixels to be generated per conic • 

CPR = Conic pixel generction rc~e; minirr.um value ""250 µs, 
r:.aximum value '""l 180 '..:s, typical value """300 µ s. 

i'JOTE 

THE CONIC PIXEL GENEP..AT!ON RATE IS EXTREMELY 
VARIABLE, 8Eli'JG DEPENDENT ON SEVERAL NON-
LINEAR PARA1\IETERS, AND TH FORE THE VALUE 
OF CPR IS D1FFE~ENT FO:\ EACH PIXEL. 

5-20 Scrol I X Instruction Timing 

Execution Time = 470 ;.: s T ?OPT 

+ r y:s ;.: s * l + r 3 ps * L _..., _, L * '' 1H j - l! 122 ~s * COUNTl " J ' ..J 

[ 1.5 
-

" COUNT * '''HJ ;: s v/, 

where \'NI = V/idth in elements of rh.e rec~angulc:r region defi:1ed by 
'//1NDOW. 

= He;ght in I ines cf the ieciCng 1Jiar region defined by 
!'~DOW. 

COUNT = Absoiute value oF the SCROLL-COUNT parameter 
ope~and 

5-21 Scroll Y Instruction Timing 

Execution Time = 456 µ s + POPT 

+ [ 238 ;.cs * WH] + [ 3 us * V/W * WH] - [ 122 µ s * COUNT] 

[1. 5 µ s * COUNT * WW] 

where WW = Width in elements of the rectangular region defined by 
WINDOW 
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W H = H . ht · I' f •' • ' · _J ,.. ' e1g in 1nes o. 1ne rec.o.-.s:;u1ar region c..;et1n oy 
vVINDOW 

COUNT = Absolute vclue of 
operand 

5-22 Save Environment Instruction Timing 

Execution Time = 627 µ s 

5-23 Restore Environment Instruction Timing 

ecution Time 5. 05 µ s 

5-24 Leed Progrommcble Font Instruction Timing 

Execution Time = 385 µ s 

SCROLL-COUNT carc;:-;eter 
I 

5-25 Load Programm:::ble Font Re'1erse Pod:!ng lnstruct:on Timing 

cution Time = 385 µs 

5-26 Write Cursor Instruction Timing 

E~ecution Time = 331 us for RM-9100 
= 299 w s for Rlv\-9200 

271 µ s for :\M-9300 

5-27 Read Cursor Instruction Timing 

Execution Time = 268 µs for RM-9100 
= 242 w s for RM-9200 
= 219 µ s for R1V1-9300 
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5-28 \I/rite Keyboard Instruction Timing 

Execution Ti me = 246 µ s 

5-29 Recd Keyboard Instruction Timing 

Execu.'ior. Time = 480 JJ s (Avercge) 

5-30 Sense Peripheral Status !nsfruc~ion Timing 

Execution Timing = 163 JJ s 

5-31 Load Control 1V1emory Instruction Timing 

Execution Time = 190 'J s -r 64 ~1 s * NB 

where NB = Nu:nber of bytes of data to be leaded into RAM 

5-32 Leed Control Merner; Rzver.::e eking Instruction Timing 

Execution Time = 195 µ s + 67 w s * NB 

where NB = Number of byres of data to be loaded into RJ'.\1\~ 

5-33 Recd Control Mr=rnorv lnstrudion Timinc . . -
Execution Time = 212 µs + 12.5 µs * NB 

where N 8 = Number of bytes of data to be read from RAM 

5-34 Read Control Memory Reverse Pocking Instruction Timing 

Execution Time = 264 µs + 0.75 ]JS * NB 

where NB = Number of bytes of data to be read from RAM 
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5-35 Call Control Memory Instruction Timing 

Due to the variable narure of the user-wri~ren subroutine, the timing cannot be 
defined in this document. 

5-36 Execute Instruction Memory Instruction Timing 

Due to the variable number of instructions that con be executed by the XIM in
struction, the execution time is variable end ap::;roximately eq_ual to the sum of 
execution times for each di$play instruction. 
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TYPE II VfDEO LOOK-JP TABLE 

FUNCTIONAL DESCRIPTION 
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A-0 

A-1 

INTRODUCTION 

The RM-9000 Type l I Video Board contains a 10241 o by 1210 bit video look-up 
table which is locdable by the host processor and which defines the functional· 
correspondence tween ::ill possible data values stored in refresh merr:ory and the 
actuaf color or grey scale intensity genera for each pixel. Due to chassis 
size, the RM-9100 and RM-9200 systems may contain up to two (2) Type II Video 
Boards; the RM-9300 system may contain up to four (4) of these modules. 

TYPE II VIDEO LOOK-UP TABLE 

The video look-up toble (or VL T) en a Type J l video board is compr ::>f: 02410 
addressabfe locations; each locarion in the VLT is 12 bits in length. The VLT is 
loaded From the host processor using the special-format D AUXIL!ARY 
MEMORY instruction (See Section 3-42). Ra::idbc VL T to the host 
processor is implemented via 7he special-Forrr.ct R AuXILJ.A.RY tv'IE/v;ORY 
instruction. In standard configurations, the first Type II VLT is addressed as 
Device 0 in the LAM and RA1\·\, the second VLT as Device 1. It is possible for 
a user to specify the addressing configurations for access ro all VLT's in the system. 

OPCODE (03) DEVICE RD 0 

VL T ADDRESS i \VORD 1 

LENG TH WORD 2 

DATA 

\ 15 j 14 j 13 I 12 111 [ 10 I 9 I 8 I 7 I 6 I 5 ! 4 3 I 2 [ 1 a I 

Figure A-1 Lam Instruction Format 
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A-2 

The low-order byte of the word 0 :::;f the LAlv\ instruction defines the VLT to be 
loaded. Word l defines the 1010 -bit address at which VLT locding will begin. 
Bits 10-15 in the VLT ADDRESS word are ignored; only Bits Q;..9 are effective. 
Internal addressing of the VLT is designed so that addresses greater than l 02310 
wrap bock to Address 0. The LENG TH word def in es the number of bytes of VLT 
data to be loaded from the hostprocessor. Since loading is done on a fu:l-word 
basis, the LENGTH value should always be even. The actual DATA to be loaded 
into the VL T RA.M fol lows the LENG TH word. The low-order 121 o bits of each 
161 a-bit word from the host processor are loaded into successive locations of the 
VLT. The functio~ai use of the 12 bi rs of data loaded into the VLT is dependent · 
on the Type IJ Video board configuration (discussed in Section A-2). 

The RAM instructron is used to readback VLT data values Fro.11 the Type ll Video 
bxrd. Ti1c d~f:r1f,:.ion of the DEV!CE, \'LT ~,DUR~~~ (1nrl LCl'1GTrl vu ;s the 
same as those cf the LAt'11 instruction. The ta fro;n the VLT is stored in Bits 
0-11 of the recdback data word. Bits 12-15 of the re::::dback d:::ta word are in
deteruincte. 

Note that if a Ty-pe I! VLT, which does not exist in en RM-9000, is accessed via 
the LAtv\ or the R..AM inst;uctions, the RM-9000 syster> will hang and can only be 
c i eared by a hard were reset. 

TYPE II VIDEO CONFIGURATIONS 

The function of the Type !I Video board Is re generate video sign::;ls to the CRT 
rncniror based on the refresh memory data value for each pixel and the VLT RAM 
value stored for the corresponding location using the pixel value as en address 
into the VLT. For example, if pixel (O,O) contained a value cf two (2) in re
fresh memory, the data stored in location two (2) of the VLT would define the 
color or grey scale intens actu;:illy displayed for thot pixel. All pixe[s with a 
refresh memory data value of hvo (2) would be displayed with the same color or 
grey sca!e intensity, 

There are four (4) video outputs from each Type ll Video board: three (3) out
puts from three (3) 4-bit DAC's (digital-to-analog converters) and one (l) video 
output From an 8-bit DAC. The actual BNC connections for each of these four 
(4) video outputs are video slot-dependent and are available in Section 2 of the 
RM-90CO Theory of Cperation Manual, Volume I. 

The three (3) 4-bit DAC outputs designated as RED, GREEN and BLUE outputs 
correspond to the VLT RA!.,,~ values defined by Bits 8-11, Bits4-7 and Bits 0-3, 
respectively. The 8-bit DAC video output can be configured such that it repre-
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sents either the low-order 8 bits of output from VLT or the binary value of Sub..: 
chonnel 0 thru 7 from refresh memory directly. 

A-3 TYPE 11 VLT PARTITION/NG 

It is possible to configure any Type It VLT such th:it less than 10 subchannels 
. from refresh memory are used to generate the video outputs. Since the full 102470 
x 121 Obit RAM is always present, the Type II VLT is "partitioned" or divided up 
into 2m sections of equal length where m is the number of hi:;h-order subchannels 
not used as ad:fress input to the VLT for video generation. Thus for example, if 
subchcnnels 8 and 9 were not used for input to the VLT, then four (4) partitions 
of 25·5] O locations each would be available. 

All partitions ore identical to each other, varyin9 only in the cddress which 
they ore loaded an::l read from the host processor. ln the example where sub
char.nels 8 and 9 were not used, fcur (4) partitions of 2551 O lo::::ticns each ere 
C'1cilcble. Tney are addressed as VL7 locations 0 through 255101 2551 o through 
51110 1 5121 O th1ough 76710 and 76810 through 1023] O• Cr. ly one (l) of these 
po:-titions is used to ge.1erate the actual video outputs at any given time. The 
lost VLT location addressed defines the partition ro be used. 'When usin9 the 
LAM or RAM instructions, the last VLT location addressed is one greeter than the 
last VLT !ocorion actually written with date. Tnerefore, a ~,t..M instruction wit!-. 
a length of 25510 words srcrting at VLT Address 0 wo!..ild select the secor.d partition 
on a VLT which did not use Suoch;::nnels 8 c,1d 9. Correspondingly, partitioning 
of the Type II VLT is nor possible in o system with a:I iO subchannels utilized. 
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B-1 HOW TO DRAW AN ELLIPSE 

In order to draw the various conic sections, it is necessary to find their equarions, 
and more particularly their equations which go through the origin. An example 
would be in order at this point. 

Consider on ellipse whose semimojor axis (a) and semi miner axis (b) are parallel 
to the coordinate axes, with center point (x

0
,y

0
). 

0 

/~ 

ORIGiN I 
The equuti on for such en e 11 i pse is 

2 
0 

= 1 • 

The origin must be chosen to lie on the conic locus, end in order to simplify 
the algebra, it is chosen so that x

0 
O. In rhis case Yo= b. 

The general equation can be expanded to 

2 
x 

2 
+ x -

0 
2 

a 
+ 

2 2 
Y + Yo - 2yyo 
~~~~~~~= 

b2 
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and the values for x
0 

end y
0 

substituted into the equation to yield 

2 2 
x y 2y -
-2 +-y--r- o . 

Cl b 

This fits into cur RAMTEK conic equation form 

2 
Ax + By 2 

Cxy + + Dx + Ey = 0 

where 

2 
A = l/02 
B = 1/b 
c = 0 
D = 0 
E = -2/b. 

Thus on ellipse with a semimojcr axis lengrh of 60 pixels, and a semiminor oxis 
length of 20 pixels would have values 

A = 1/60; .000278 
B = 1/20- .0025 
c = 0 
D = 0 
E -2/20 = -. T . 

In order to !":'1ake all the crguments integers, these values must be multiolied by 
some arbitrarily large r:u;:i r. If rhe arbitrarily large number chosen is 20,470 
the values obtained wou~d be 

Deci:nal Hex 
A= 6 = 000616 
B = 5 = 0029 
c = 0 = 0000 
D = O = 0000 
E = -2047 = -03FF = FCOl (twos complement) . 
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It shouid at this time be noted that the conics arguments are each rwo words 
Ieng •. The first word of each argument is ignored by the RM-9000. Only the 
second word of each argument is taken to be meaningfui. Negative values are 
taken to be twos complement, limiting the range of the arguments to integers 
between 7FFF 16 and -800016 • 

With all these things in mind, the entire complex instruction for the ellipse 
could be formatted as follows: 

OF02 
9000 
0000 
0006 
0000 
0029 
0000 
0000 
0000 
0000 
0000 
FCOl 
0000 
ooou 
OOAO 
0080 
0004 
OOAO 
0080 

Write conic instruction 
Write conic and start point operand flags 
First nu l I word 
ValtJe 0f A 
Second nu 11 word 
Vdlue of B 
Null word 
Value of C 
Null word 
Value of D 
Null word 
Value of E 
Null word 
Value of K 
Value of x start point 
Value or y start point 
data flaa word indicatinc 4 bvtes to follow 

~ ~ I 

Value of x end point 
Value of y end point 

Tf-::::: :"'cge drawn on the screen wou Id lock as Fol lows: 

Screen Boundary 

128 

..._,,_,.., 
120 
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B-0 THE CONIC EQUA TrON 

According to the method of Cartesian geometry, the generalized equation for any 

conic is of the form 

ax 2 + Sy 2 + yxy + 6 x + s y + s = O. 

Note thot not every equation of this form results in real solurio:-is rhat can be 
plotted. Some quadratic equaHcns have complex soluti ens that cannot plotted 
by ordinary methods, and should not be attempted on the RA/v\TEK system, 

io fit t~e algorithm used in the RM-9000, the s term must be dropped from the 
general form of the q11ation. This does not limit the number of actual conic 
sections that can be drown with the system, however, since any conic equation 
containing s con be rewritten in a form \vithout a constant term with only a min-
i:'Tlum algebraic manipuiation. This stipulation can be resta as: the conic 
section locus must pass through the Cartesian :xigin. 

origin on the RM-9000 con be pieced anywhere on the screen. ctly where 
the origin is placed is specified in raster e!ements end lines from the upper left 
hand corner. This is done using the start-point arguments. 

It is possible to draw a specific section of a conic if desired. In fact it is nec
essary to do so in the cases of parabolas end hyperbolas, which by their nature 
contain an infinite number of pcints. The R1V1-9000 al ows the user two methods 
of terminating a plot . Either a specific number points to drawn may be 
Sf=ecifi or a particular end nt (relative tc the upper left hcnd comer of the 
screen) moy be specifi 

!n rhe C·:?se of conic equations an infinite number poinr so!urlons, or in 
the case of porti::I ellipses, it is usual to speci a certain maximum number of 
pixels to be illuminated. This information is transmitted to the RN,-9000 via the 
K-value argument. In the case of a K = 0 being specified, K assumes the 
default volue of 1280 (decimal). 

In the cose of conic sections known to pass through a specific point, the specific 
point may be specified in two (2) words following the data flag word. The first 
Yterd is the element end point, the second word is the line end point, relative to 
the screen origin. This is the usual method for terminating complete ellipses1 

for which the end point is set equal to the start point. . 
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It shculd be kept in mind that the ratio bet\veen the dis:-cnce tween picture 
elements along a raster seen line and the distance between roster s~n fines is 
not always l :1. This is dependent upon how the monitor is ad[usted end the 
resolution of the R1V1-9000 model being programmed. [f the ratio is net 1 :i, a 
circle will not be round, If this is important, there ore rwo ways re mcke the 
circle rcund. The first, and by far the simplest woy of handling this problem 
is to adjust the height and/or width adiu:stments on the monitor unti J the circle 

- becomes round. If this is impossib'e or undesirable, the programmer con make 
the circle round by finding the ratio empirically, and adjusting semimojcr end 
semimincr axes lengths accordingly. 

6-2 How To Rotate The El Ii 

Analytic geometry reveals that 'Nhen :::n ellipse is rora 
origin, the equation becomes 

by an ans le 

+ 2 cos9 sinG ( 
1 

-
1 )\<y 

\a 

In terr.is of 1Nrite c arguments: 

A 
cos 

2
G sin 

2
9 

--2 +-,2-
a o 

. 2G 29 Sl n COS 
B =--2-+ 

a b2 

D = 

E = 

-2 sin9 
b 

2 cos{;) 

b 
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2g) 2 

,2 y 
0 

2 si r:G 2 cosG 
---x +---y=O. 
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For excmple, if the previous ellipse is rotated by n/6: 

A = • 000278 co/ TI/ 6 + • 0025 sin 
2 

7f / 6 = . 000833 a 20 

B = .00278 sin
2 

JT/6 + .0025 cos
2 

n/6 = .00194 a. 46 

C = 2 (.00278) cos 7r/6 sin rr/6 - 2 (.0025) sin rr/6 cos ;r/6 = 
-.00192 a -45 

D = -0. l sin TI/ 6 = - • 05 a -l J 82 

E = -(-.1) cos
2
' rr/6 = .0866 CJ. 2047. 

3-3 Rotating About The Center Point 

It is sometimes desirable to rctate about the center 
than the origin. It is a simple trigcnometry 
the center point is equivalent to rorating about 
point: 

2 x = b si n9 
.'..\ x = b (1 -cos9) 

8-4 HOV/ TO DRAW A HYPERBOLA 

The scme kind cf anaiysis performed on the ellipse can 
of hyperbola. Recall the following eguction for a 

ser.iimajor and semiminor oxes: 

(v-y ) 
I 0' 

2 
= 1 • 

. r r• •h m en e111p~e ra, er 
t rot-cting about 

gin !Fri~s the start 

performed on a parabola 
!a in terms of its 

. 2 
b / 

/ 
/,. 
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The ti on may be expended to 

= 1 ti 
2 

a 

To prcduce a hyperbola it is still necessary to choose the origin to be c point on 
the curve. As a first attempt we might choose the origin to be ot the vertex 
pictured above, since ct this point we have y

0 
= 0 and x

0 
= a. This makes it a 

simple tcsk to wrire the equation for the hyperbola in terms of two par?meters: 

2 2 2x x y 
0 - = 

2 ,2 a 
a t:l 

A = 1 J 2 ;a 

B = -1/b2 

c = 0 

D = -2/a 

E = 0 . 

I ,.. ' >-j .. J.. I I ' J.. ~I \ L 'C . h th t we our .nese exec, orgu.'T1en1:::1 va1ues rn,o 1ne ·1y arguments, owever, e 
foll ng image will 
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This is the hyperbola from the vertex to the assyr.:ptote. To drcv1 frcm ass;mptore 
to cssymptote, the origin must be moved to the ossymptote. 

d 

Ar this poinr x
0 

/1-
0 + d end y O = ~ 

0
2 

a 

2d. +-
a 

With this information, the equation for the hyperbola can 

( 
1 ) 2 . ( 1 )\ 2 2(o+d)x ( 2 / d

2 
. 2d ) _ 0 -2- X "1'" -2- y - 2 - I bj1 -2 7 -0 y -

a b a \ a 

which gives us our cceffi cienrs in terms of the axes arid the x distance from 
origin to vertex. 

A 
1 = 2 

a 

B 
1 = 

b2 

c = 0 

D = 
-2(o+d) 

2 

E :20/L 2d 
= bv 02 a 
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Again we can rotate the conic by g to get: 

2 
cos g 

A=---
2 

0 

. 2g 
SI n 

B =---
2 

a 

. 2g 
sin 

C 2 . ( 1 = cos a s1 n a\ 
02 

+ 

.1j_ \ 1/2 
a J 

I 

+ ~ 11/2 
0 J 

) 

cos9 

A.s an example, for a 16, b = 7, d = 200 and G = /6: 

A = -.00217 0: -1 

B = -.01933 a. -9 

c .02106 0. 13 

D = -3.385 a -2047 

E = 2.487 a 1504 . 

B-5 SPECIAL CASES 

2(a-'-d) 
2 

c 
cus9 

2(c-c-d) 
2 

a 

sin9 • 

Degenerate conics end cornpiete el !i pses of less than 6 pixe Is wi 11 not be drown 
accurately in the RAJvHEK system. It should also be noted that the conic 
sections drown by the RM-9000 series are, by the very nature of the raster 
scan, necessarily drawn in quontitized segments. The greater the resolution, 
the smoother the conic wi I! appear. Since the RN\-9000 chooses to i 1 luminate 
those pixels closest to the theoretical conic section, it is possible that slight 
asymmetries wi 11 appear if the theoreti ca I conic section does not correspond 
sell to the element and line grid of the screen. 
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His useful to note that o hyperbola wilf be degenerate if end only if t~e 
equation con be factored into two first degree factors (the loci of two straight 
lines). A degenzrcte ellipse is but a single point. 

B-10 



Jfamtek 
.. 
I 

'! 

I ... 

] 

] 

1 APPENDIX C 

] 

] 
INTERACTIVE PERIPHEt\,4LS OPERATING PROCEDURES 

] 
"l 

J 
"1 

J 
... 
J 
.. 
J 

1 
..J 

: 

J 
1 
_J 
I 
i 
' 

1 
~· 
~ 



r 
~ jfamtek 
i .... 

r 
t. 

] 

J 
J 
J 
j 
-J 

J 

J 
J 
J 

I 

C-0 

C-1 

C-2 

INTRODUCTION TO INTERACTIVE PERIPHERALS 

There are three types of interactive functions which are available within the 
RM-9000 display system: 

1) Cursor Interaction 
2) Joystick/Trackball Interaction 
3) Keyboard/Transmitter Interaction 

In order to implement and access these interactive peripheral functions, a system 
must contain the RM-SLC serial link card end the RM-PE~ interactive peripherals 
option firmware package, 

The purpose of these devices is ro cl low rhe human u:>ef to inreract or communi
cate with the host processor application program in a machine-readable form, 
al lowing visual feedback through the display system. The use of the c:.mor and 
joystick/trackbal ! mechanism is particularly useful in this crea. 

CURSOR DESCRIPTION 

The RM-SLC serial I ink card, in cddirion to support input and output from the 
keyboard and [oysrick/trackbal I devices, also supports the cursor controller/gen
erator hardware. Cursors can be con tro 11 ed by either a joystick or trackbcl l or 
by the host processor using the \VRITE CURSOR STATE end READ CURSOR STATUS 
instructions. Up to two cursors may be generated by each RM-SLC card; since up 
to two RM LC cards con be present in a given system, this means that a maximum 
of four cursors are possible. 

Standard Cursor Pattern 

The Display Controller is capable of generating up to four cursors. The cursor 
appears as a cross (+)on the screen with the center element missing in the config
urations and sizes shown in Figure C-1. For the same size monitor, the cursor 
retains the some physical size regardless of the number of lines/elements or resolu
tion of the system. Referring to Figure C-1, the cursor shown in block 11 A 11 is 
representative of systems with 240 or 256 lines and 320 elements. The 11 B11 block 
cursor is configured in systems of 240 or 256 lines and 640 elements. The "C 11 

block illustrates cursor for 480 or 512 lines and 640 elements. 
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LEGEND (CURSOR SIZE) 
~ 7 ELEMENTS X 7 L1NES 
[[] 14 ELEMENTS X 7 LINES 
fCi 14 ELEMENTS X 14 LINES 
* ADDRESS ED COO RD 1-

NATE 

Figure C-1 Cursor Configuration 
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C-3 Cursor Screen Addressing 

The cursor may be placed anywhere on rhe screen / including non-visible elements 
and lines in horizontal and vertical blanking. In other words, the cursor will not 
come to a stop at the edges of the visib:e portion of the screen, but will go beyond 
the edges and disappear into blanking. During CPU control of the cursor this is 
relatively unimportant as the CPU normally is programmed not to load data into I 
_non-visible elements. However I under joystick or trackball control, the operator c_ 
may guide the cursor into blanking. lf the same direction is maintained, "roll-
over" will eventually occur and the cursor will reappear on the screen on the side 
opposite to that from which it disappeared, still maintaining the same direction. 

C-4 JOYSTICK CURSOR CONTROLLER - GC- 106 

. The ioystick cursor controller is on interactive peripheral device used to position 
a cursor upon a video graohic display. The cursor control 1 er consists of a ioystick, 
four status switches (ENTER, TRACK, VISIBLE and SLINK), four channel select 
switches and a power switch. The controller interactively positions the cursor via 
the joystii::k, controls cursor status with the VISIBLE and BLINK status switches and 
informs the CPU of current coordinates end status by the ENTER and TRACK switches. 

The cursor controller and trackball (See Section C-7) operate with the serial link 
option in an identical manner. Both use serial transmission lines to send data. The 
serial link option stores cursor coordin:::ires end status while senerating the cursor 
video image. The cursor controller does not store cursor coordinates, but issues 
increment/decrement commands to the serial link board which in turn update the 
cursor position on the screen. Since the amount of displacement of the joystick 
from the center position proportionately changes the rote of increment/decrement 
commands issued by the cursor controller 1 tne further the joystick is displaced the 
fester the cursor moves on the screen. Vv'ith a little practice, positioning of the 
cursor with the control !er is simple, fast and more efficient than a trackball. 

The cursor controller is a directional rote device and not a positional control 
device. That is, when the joystick is moved in any direction from the center 
(at rest) position, the cursor begins to move slowly in the direction the joystick 
was displaced. The further the joystick is displaced from center, the foster the 
cursor moves in that direction. When the ioystick is held in a constant position, 
the cursor moves across the screen at a constant rate. Release of the joystick 
returns it to the spring loaded position and stops cursor movement. 

The joystick may be displaced at any single angle even though it feels easier to 
move the stick directly up, down, right or left. V/hen viewed from the front, the 

C-3 

[ 

r 
L 

n 
' l u 

0 



, 
J 

" 
J 

] 
1111 

J 
.. 
J 

3 
j 

' '.l 

~ 
'! 
J 

11 _:, 
tt .. . . . .--
·j ->. 
t, 
lL 
!I 

position of the joystick corresponds exactly with the direction of the cursor move
ments as shown in Table C-1. 

Table C-1 Joys ti ck/Cursor Movement 

Joystick Movement I Cursor Movement 

Forward l Up 

Backward Down 

Left I Left 
I ,_____, 

Right 
I 

Right 
I 

I I 

I 

The rate of cursor movement in any axis i~ infinitely variable from about 1 ele
ment/second when the stick is displaced:: 5° def:ection, to c maximum of tra
versing the screen from one edge to the other in about 3 seconds (ful 1 deflection). 
This mode of operation is used to move the cursor quickly from point to point. 

A second mode of ioystick operation allows one element cursor movement in any 
direction to easily and accurately position the cursor on a single screen element. 
To move the cursor one element only, the joystick is slightly displaced or "bumped". 
This action causes the cursor ro move one element or I ine in the direction of joy
stick displacement. The cursor will not move cny more elements until the stick is 
rel eased and "bumped" age in, or dis pl aced further to start cursor movement as 
defined in the above mode. 

This unigue feature of the cursor controller al lows the operator to be assured of 
moving the cursor one end only one element in any direction for ease in accurate 
positioning. The joystick displacement versus rate of cursor movement curve is 
not 1 inear but exponential. 

There is o small null zone around the center position of the ioystick so that mini
mal displacements do not cause cursor movement. This prevents the cursor from 
"creeping" on the screen when the joystick is centered. ihe null zone also allows 
the cursor controller to be used withovt requiring trim adjustments of compensation 
for drift effects. 
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C-5 JOYSilCK STATUS CONTROL SWITCHES 

C-6 J 

Four status switches determine the status of the cursor on the screen and control 
host processor interrupt generation. These switches ore described as follom: 

(a) VlSIBLE - This alternate action swirch turns the cursor ON or OFF. 
Cursor coordinates ore not affected by the position of this switch. 

(b) BUNK - The BLINK switch is an alternate action switch that, when 
ON, causes the cursor to blink at approximately a l Hz rate. When 
BUNK is OFF, the cursor remains stecdy on the screen. Cursor co
ordinates remain unaffected by the position of the BUNK switch • 

(c) ENTER - ENTER is a momentary swir:!: W"lich causes a c:.mor inrer
rupt (when enabled) tu be sent to the CPU regardless of the position of 
any status switch or the position of the ioystick. If the ENTER switch 
is held ON, the cursor control I er ceases to function until the switch 
is released. As soon as the ENT switch is released, the cursor con-
troller resumes normal operation. 

(d) TRACK - When ON, this alternate cction switch ccuses every move
ment of the cursor to generate a host processor interrupt. Every move
ment of the cursor is defined to a change in coordinates. When th~ 
TRACK switch is OFF, the cursor still moves on the screen, but the 
cursor interrupt not issued to the hGst processor. 

ck Cursor Selection Switches 

Using the four channel select switches, the operator con control up to four cursors 
simultaneously with one cursor control I er unit. e alternate acHon switches 
cause the cutout of the control I er to be distr;buted to the outout channel (s) sel ec
ted by the switches. V/hen a switch for any channel is ON, the output of the 
controller appears on the serial output for that channel. When the switch is OFF, 
the serial output for that channel goes to en idle or no transmission mode, Any 
combination of switches can be ON simultaneoosly including all ON or all OFF. 

1'-IOTE 

CHANNEL SELECT SWITCHES SHOU!..D NEVER BE CHANGED 
WHILE MOVING THE CURSOR WITH THE JOYSTICK OR WHILE 
S\VITCHING THE STATUS SWITCHES. SINCE THE CONTROLLER 
OPERATES WITH A SERIAL OUTPUT LINE, CHANGING THE 
CHANNEL SELECT SWITCHES \VHILE THE UNIT IS TR.ANSM 
TING MAY CAUSE UNPREDICTABLE RESULTS OF CURSOR MOVE
MENT OR STATUS. 
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As long as the joystick is centered and the status switches ere stationery, the · 
channel select switches can be changed with no effects. Power does not need to 
be OFF to change the channel select switches. 

TRACKBALL CURSOR CONTROLLER - GC-104-2 

_The Model GC-104-2 trackball is a self-contained unit providing a serial output 
to the cursor controller for cursor updating. The trackbol I itself is a free-turning 
bal I mounted in the GC-104-2 chassis. Cursor update is in the direction of rota
tion of the bal I and the update rate is based upon the I in ear speed of rotation. 
The G C-104-2 trackbal I associated with the Rf.11-9000 display system generates 
serial outputs at 2400 band • 

A serial character is generated whenever ony of the control switches changes and 
whenever the trackball is moved. The four changes of state, which are switch
control led, ore BLINK, VISIBLE, ENTER and TRACK. These have been described 
previously in the GC-106 joystick description (See Secrion C-5). 

C-8 PROCESS CONTROL KEYBOARD - G K-120 

The G K-120 Process Control Keyboard contains the fol lowing items as standard: 

(a) A 61 key typewriter keyboard that generates all 128 USASC11 codes, 
inciuding all alphanumeric, graphic and control characters. The 
keyboard features two key rol!over/n key lockout operation. An 
auto-repeat feature of al I keys is standard. Key arrangement is 
similar to the Medel 37 teletype. 

(b) Serial input and output options using a choice of ElA Standard 
RS-232(, TTY current loop, or short-line differential. Baud 
rates from 50 to 9600 baud; odd, even or no parity and one or 
h'IO stop bits are selectable by the user. 

(c) TTY mode operation allowing the keyboard to appear as a 
Model 33 teletype, generating a standard 93 character sub
set of USASCll. (Upper case alpha characters only). 

(d) ON/OFF LINE switch allowing flexibility in the mode of 
operation of the keyboard. 

(e) A 12 key cursor/function pad containing cursor up, down, 
right, left and home commands for comouter controlled cursor. 
The remaini:1g seven keys ;mwide easily accessible function 
keys defined by the user. 
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(f) A convenient 12 key numeric pod containing 10 digits and 2 

delimiter keys (. and , ). This pod con be modified to provide 
12 additional function keys defined by the user. 

Optional features include 16 special function keys defined by the user with cor
responding CPU controlled status lights. Up to 40 function keys can be provided, 
each assigned with two codes per key. All function keys generate eight bit codes 

-above ASCII (Octal 200-377). An attention signal activated by the reception of 
the USASCll defined "Bell" code. 

Al! codes ore 8 bit data. The code assignments are shown in Table C-2. 

The alphanumeric section contains all functions including alphanumeric, control 
and graphic characters as defined by USASCll. Octai codes 000 through 177 are 
generated here. 

If the numeric pad is seiected, the codes issued ore strictly :-he numeric and de
limiter codes of the alphanumeric section. That is, when the keyboard is in the 
unshifted, uncontrolled mode, pressing the numeral "4" will issue the ASCII code 
for 11 4". When in the shifted mode, pressing "4n wil I also issue the ASCII code 
for 11 4 11

• 
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If the function pad replaces the numeric pad, al I functions are defined by the 
user. The codes issued are above ASCII, Octal 200 and higher. 

The cursor pad contains the five cursor controls: cursor up, down, right, left 
end home. Each key has two codes associated with it providing the ability for 
slow and fast computer controlled cursor. The remaining 7 keys in the cursor 

·pod are defined by the user. The codes issued are above ASCII, Octal 200 and 
higher. 

If the 16 specie[ function keys are included on the keyboard, al I functions are 
defined by the user. Note that each key is assigned with hvo codes. The codes 
ere above ASCII, Octal 200 and higher. 

Due to MOS encoding techniques, ncre that ei i cccc.,; are p;ec:;:;;igned by Rciiitek 

and ore unalterable. However, the user is free to assign function meaning and 
keytop legends to al I keys. 

The shift and control keys determine the coded output of all keys. For example, 
consider the key labeled "A" where "-"indicates key not pressed, "x 11 indica
tes key not pressed, 11 x" indicated key is pressed. 

Shift 

x 

x 

Control 

x 
x 

Function 

a 
A 

SOH 
SOH 

Octal Code Output 

141 
101 
1 
l 

The controi key cl lov.s only ASCII defined control characters (Octal 000-040 
and 177) and all codes not defined by ASC!l (Octal 200-377) to be serially 
outputted .. Al I other codes are inhibited from appearing at the serial outputs 
when the control key is pressed. This is equivalent to a key being mechani
cally locked out on a teletype. The shift key does not lockout any codes. As 
on exomp.le of the control key locking out the above indicated codes consider 
the key iobeled with the numeral 11 311

• 

Shift Control 

x 
x 

Function 

C-8 
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3 
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Octal Code Output 

63 
43 

Not Outputted 
(Lockout Operotion) 
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Notice that both the shift and control keys determine the coded output of the keys 
in the alphanumeric section, but for al I other sections (cursor pad, numeric/func
tion pad and special functions), the shift key hos no effect. Only the control key 
wi 11 determine the coded output for the keys in these sections. There ore two 
shift keys on the keyboard with one al terr.ate action shift lock. On !y one con
trol key is provided. 

Placing the keyboard in TTY mode causes the logic to suppress lower case alpha 
charocters. When in TIY mode, the keyboard generates a 93 character subset 
of ASC!I. Only the keys in the alphanumeric section are affected. The codes 
for all other sections of the keyboard (cursor p1Jd, numeric/function pad and 
special function) remain unaffected by TTY mode. 

In TTY mode, the codes ore aitered using the following rules. 

(a) ASCII 

1) Octal codes 000 to 137: retain as is. 
2) Octal codes 140 to 176: subtract Octal 40 to convert 

these codes to upper case characters. That is, con
vert 140through 176to JOO through 136. 

3) Octal code i77 (delete): retain as is. 

(b) NON-ASCII 

1) Octal codes 200 to 377: retain as is. 

This information is tabulated in Table C-2. 

The followin:J example shows how TTY mode affects keyboard behavior. ln the 
unshift, uncontrol state, when the operator presses the key "A." / normally the 
code for srnal I letter "0

11 is issued (Octal 141). However, in TTY mode, the 
capitol letter 11 A." is issued instead (Octoi lCll). This is shown as follows: 

Shift 

x 

Control 

x 
x 

Function 
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A 
A 

SOH 
SOH 

Octal Code Output 

101 
101 
1 
1 
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Table C-2 GK-120TTY Mode Control 

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 

0 rNUL SOH 0 

0 

02 

03 

04 

05 

06 

STX ETX 1 EOT-r E:NQ ACK BE:L
1 j 201 

I 
f1 I f:; f4 I fs "'· : -o 

l 

I 07 

10 

11 

12 

13 

14 

15 

16 

17 

BS I HT LF VT I FF l CR 1 so SI 211 J: I ~ I I 
'-9 r =10 fi1 f12 f 13 

DLE DCl DC2 DC3 DC41NAK SYN ETB 22 f17 f1a[ f:g: f20 tf 2 i I 
CAN I EM SUB ESC FS 1 GS RS j US 

! II I ... $ T % 
1 

SP ,,. & l I 

23 - f25 if27i s/ f 3 o Uncontrol f2s 8 
I 

41 f s 5j 24 f 3 31 f35 f 3 7 f3g f39 f40 

( ) * f + I I - ! . ! I ! L 
25/ I 

0 I 1 2 3 4 l 5 l 6 I 7 I 

l 
{ I <] == I ? j 8 9 1 : ; > 

@ A B c D I E l F G i I 
I 

I I i H I r· T K L M N 0 0 

I I T T v l w I P I Q R s u I 
I 

x J y I z / [ I \ I J I r, : _] 
I 

' I I I I f I g l a b i c I d e 

h I i j I k i T m n T 
I 

0 i 35 

I I I v T i 
p q r s t u w r 

L I 

x ! y z l { I I } l '\., I ~ I 

36 

' 3 
ASCII (octal) NON-ASCII (octal) 

<llphanumeric Section 
Numeric Pad 

Cursor Pad 
Function Pad 

Special Functions 
Status Lights 

The cuto repeat feature provides that any key / if held down continuously for 
longer than one second 1 will automatically repeat until the key is released. If 
more than one key is held down, only the first key struck will repeat. The out
put will not alternate between two keys. The time delay until any key begins 
to repeat is normc:illy one second. The repeat rate is 10 characters per second 
for a 11 keyboards / regard I ess of baud rate. The cursor keys have been defined 
with two codes per key allowing the ability to distinguish between slow and 
fast cursor commands. Both the time delay and repeat rote are hard-wired and 
are not under CPU control. 
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Two key rol lover/n-key lockout is provided such that after a key closure is re
cognized by the keyboard logic and the appropriate code for that key is issued, 
all further key depressions are ignored. No further codes wil I be issued unti I 
the first key is released. 

N-Key Lockout - The following characteristics are to be expected: 

(a) LOCKOUT - If a key is depressed and not released 1 the code for 
that -key is issued and the keyboard scan stops, locking out any 
recognition of further key depress ions. Any other keys depressed 
and released will not be recognized. As soon as the original key 
is relecsed, keyboard scan resumes until another key depression is 
found. 

(b) 2-KEY ROLLOVER - A 2-key rollover can be experienced with 
n-key lockout. Depress the first key and its code is issued, stop
ping keyboard scan. Press the second key and no code is issued. 
While stil I holding the second key down, release the first key 
(starting keyboard scan) and the second key will now be recog
nized and its code will be issued. Keyboard scan now stops 
again until the second key is released. This chain action can be 
continu indefinite I y. 

(c) MULTIPLE DEPRESSIONS - If a key is depressed and held, its 
code will be issued. While continuing to hold the first key, if 
additional keys are depressed and held, no further codes will be 
issued unti'. the first key is rel and the next code issued will 
be unpredictable. It depends upon which key is encountered first 
by rhe scanning mechanism and only that one code wil I be issued. 

(d) SUl1ULTANEOUS DEPRESSION - The first code issued is unpre
dictable. It depends upon the current position of the keyboard 
scan mechanism. Only one code will be issued. 

The CPU .can sound an attention signal by using the ASCII defined code for 
"bell" (BEL= Octal Code 007). The signal will remain active for approxi
mately one second after the keyboard reception of the 11 be!I" code. If a 
continuous signal is required, the CPU can retrigger the attention device as 
many times as required. The signal can be retriggered at any point in its 
cycle. However, the signal will only remain active for one second after the 
last 11 bell" code received. The attention signal is Mallory's SONALERTc with 
a fixed frequency of 2, 900 Hz. 
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Two key rollover/n-key lockout is provided such that ofter a key closure is re
cognized by the keyboard logic and the appropriate code for that key is issued, 
all further key depressions are ignored. No further codes will be issued until 
the first key is released. 

N-Key Lockout - The following characteristics are to be expected: 

(a) LOCKOUT - If a key is depressed and not released, the code for 
that key is issued and the keyboard scan stops, locking out any 
recognition of further key depressions. Any other keys depressed 
and released will not be recognized. As soon as the original key 
is released, keyboard scan resumes until onorher key depression is 
found. 

(b) 2-KEY ROLLOVER - A 2-key rollover can be experienced with 
n-key lockout. Depress the first key and its is issued, stop-
ping keyboard scan. Press the second key and no code is issued. 
While still holding the second key down, release the first key 
(storti ng keyboard scan) and the second key wi 11 now be recog
nized and its code will be issued. Keyboard scan now stops 
ago in u nt i I the second key is re I eased. Th is chain action con be 
continued indefinitely. 

(c) MULTIPLE DEPR SIONS - If a key is depressed and held, its 
code wil [ issued. While continuing to hold the first key / if 
additional keys are depressed and held, no further codes will be 
issued until the first key is released and the next code issued will 
be unpredictable. It depends upon which key is encountered first 
by the scanning mechanism end only that one code will be issued. 

(d) SIMULTANEOUS DEPRESSION - The first code issued is unpre-
dictable. It pends upon the current position of the keyboard 
scan mechanism. Only one code will be issued. 

The CPU can sound an attention signal by using the ASCII defined code for 
"bell" (BEL= Octal Code 007). The signcl will remain active for approxi
mately one second ofter the keyboard reception of the "bell" code. If a 
continuous signal is required, the CPU can retrigger the attention device as 
many times as required. The signal can be retriggered at any point in its 
cycle. However, the signal will only remain active for one second ofter the 
last "bell" code received. The attention signal is Ma!lory 1s SONALERTc with 
a fixed frequency of 2, 900 Hz. 
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Status lights, under host processor control, are provided by the LED's directly 
above the special function keys. The lights may be turned ON ond OFF by the 
host processor using the WRITE KEYBOARD instruction. The format of the output 
data byte necessary to set the ON/OFF state of one of the 16 LED 1s on the GK-
120 keyboard. The operator has no control over the operation of the status J ights. 

7 6 5 
I 

4 

I 
3 2 0 

Status Select 
Address 

Always Zero 

Light ON/OFF (" 111 = ON) 

Always One 

Facing the keybocrd from the front, the status I ights ere addressed from 0 to 15 
from left to right. Since the operation of the status lights is independent of the 
special function keys; the user may associate key functions with status lights or 
completely divorce the two. 
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Figure C-2 Joystick 1\~odel GC-106 
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Figure C-3 Keyboard Model GK-120 
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APPENDIX D 

RM-9000 STANDARD CHARACTER FONTS 
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