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Abstract

This glcssary provides infcrral definitions «cf scme of the
more commonly used terms connected with the Brcwn University
Graphics Syster (BUGS). More detailed information can be
found in the META 4 manual, the Vector General manual, and the
relevant BUGS puklicaticns.



ALU - The Arithmetic/logic Unit is that part of the CEU which
performs general purpose arithmetic and lcgical cperations,

BUGSASM - The Fugs ASseMbler is designed to assemble programs for
the two EUGS processors, the META 4A and META 4B. It was
created by making rnumercus changes tc a ccpy of Waterloco's
Assembler G for the IBM S/360. This means that BUGSASM can
only run c¢n a S$/36C and then only wurder CFS. This fact,
although preventing stand-alcne BUGCS cperaticn, cffers the
programmer the extensive Assenbler G features, particularly
in terms of macro generation.

Board - A board is the basic unit of Read Only Memory in the META
4 and has rermovaktle adhecsive-bonded metallic "bit-patch®
patterns, representing bit positiens A0 seguential
ipstructicns. A bit patch is binary "1" and the absence of
a bit patch is tinary von, There are 32 32-bit ROM
instructicns per board; sixteen boards fit in c¢cne volume.

BOGUS - Brcwun Cperating Grarghics University Systen is the
operating system software for BUGS and 1is ccmprised of
LEVELC, LEVEL1 (GMS), arnd any system graphics packages which
may be written.

BUGS - Brown University Grarphics System is the whole system -
hardware, firnmware, software, and the tltasic rhiloscphy
behind the =syster. BUGS was formerly known as 12M, now an
obsclete mnemcnic.

Bus - A bus (alternate spelling, "kuss") is a data transfer path
having =several scurces cr destinaticnes connected in common
to it. In a typical applicaticn, cne cf many lccations on

the commcn Lkus is selected as a data source, and one
location is selected to receive the data.

CPC - A Channel Ercgram Ccmmand is the LEVELO facility ty which
LEVFL1 performs I/0 tc¢ local units, and is initiated by the
EXCP extended dinstructicn. A CPC <coneists of a command,
flags, a data address, and a data length, CPC's are similar
in format and use to 5/360 channel command words (CCW's) .
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Clipping - Cligpping, which is alsc called scissoring and
windowing, is the process of eliminating (pcrticns of) lines
not inside the currently defined window cn the image space.

Clippirg Divider - Clippirg divider is a term <ccined Lty Ivan
Sutherland to dencte a special purgpese processcr cajpable of
clipping to a specified windcw and perspective division for
the 3 dimensional case, using hcmogerecus cocrdinate
representaticn. See Sproull and Sutherland, FJCC 1968 for
the original article.

Configuration - A confiquration refers to the manner in which the
ccmpcnents cf a computing system--CEU, memory, and
peripherals--are ccnnected tcgether. 1The BUGS configuration
includes two META 4's which share ccre, a card reader, a
megakyte disk, a typewriter ccnsole, and the Vector General.

Control dial - A ccntrcl dial (of which there is arn array of ten
attached to the VG) 1is a dial wused to provide analog
numerical information to a display syster such as the Vector
General.

Control Storage - Control Stcrage, «c¢r ccntrol store, is the very
high speed storage which <contains the firmware for a
o~ micrcprograwrmable machine such .as the PMeta 4. Control
storage can be either Read Only Memcry cr Writeable Contrcl
Store, although cnly RCM is available on the Meta 4. The
instruction cycle time for most micrc-instructions in the

Meta 4 is 9C nanosecords. See also micrcprcgranm.

Control Unit - A special purpose processor which interfaces one
or more I/0 devices to a multiplexor or selectcr channel and
which directly contrcls those I/C devices.

Data Tallet - A data tablet is an analog mechanical device giving
X, Y, and possibly 2 coordinate values intc analcg ingut
registers of a display systenm such as the Vectcr Gencral.

CBR/BP/SBP - The registers used to specify the whoreabouts of the
data structure to be interpreted by an EIC instruction in
the Meta 4B.

Diddle - A diddle is arother name fcr a ccntrol dial.
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Disk, Ciear - Cn a clear disk, you can seek fcrever.

Display Processor - A display Fprocessor is a processcr whcse
principal responsibility 1is graphic data fprocessing for
attached display couscle(s). Typical activities for such a

processor are€ processing graphic device dinterrupts and
providing more advanced features nct fcurd in the disglay
console's hardware such as fancy display ("plotting")
instructions 1like <conic generaticn cr crcsshatching. See
Meta 4B.

Doctor Memory - Doctor Memcry is a storage maintenance systen
which fprcvides associative access to disk records through
the wuse cf extended instructicns. This provides a sort of
virtual memory for data cn BUGS.

DSC - Digital Scientific Ccrporaticn 1is a small conputer ceomfpany
whose chief prcduct is the META 4.

Emulator - An Emulator is a micropregrammed interpreter for a
particular target machine, e.g., ocur "extended S/360" Meta
4Aa, See also simulatcr.

ETC instruction - A META 4B instruction used fcr initiating the
intergretation of a data structure by the SIFKALE and/or the
Vector General,

Event - An event 1n EUGS terminology is the occurrence of scrme
significant ccnditicn, such as an I/C interrupt or a program
error, which should suspend execution c¢f the current progran
and cause arn independent event handling routine to ke

entered.

EXCP - EXecute Channel TFrogram is the extended instruction ty
which LEVEL1 initiates a sequence ot CPC's at a lccal I/0
unit.

Extended Instructicn - An extended instructicn is an instruction
which 1is executed in software Ly the operating systen
instead of by the firmware cr hardware. The software is
given control because an operation exception is generated by
the firmware for extended instructicns. Extended

instructicns are much slower than the equivalent firmware or
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hardware implementations would Le, but they allcw ycu to
change the instruction definitions ands/or inplementaticns
easily as needed. WAIT, BCST, and EXCF are examples of
extended instructions in the Meta U4A.

Extended Machine - An extended machine prcvides the user with a
"more useful” target machine by simulating or emulating it
on a simpler machine. By this definiticn, a

microprogyrammakle machine can be said to prcvide an extended
machine to the software, and it is clear that nrany levels of
extension are pcssikle, with each simulatcr/interpreter
running on the extended machine provided ty the lcwer level.
5ee alsc LEVELs.

Firmware - Firmware 1s the —ricrcprcyrammed instruction sequence
residing in ccntrcl store. See micrcpregrar.

FRIEND - FREIENL 1is either (1) the S/36C interface test progran
supplied ky 1IBM, or (2) a IEVEL1 program which allows the
system detbugger tc send <channel ccmmands tc lccal I/C units
and to test the multitasking features of LEVELC.

Fudd - Fudd is the system debugger which allcws examination ‘and
alteraticn of all software accessible stores (e.g., main
store, general purpose registers, etc.).

Function Keys - B programmed function keyboard, wused in
cenjuncticn with a graphics display systen, consists of an
array of function keys or function switches. When one cf
these functior keys is pressed, an interrupt is sent whose
meaning is determined by the prcgram currently running.

Gate - A gate is a logic circuit, having cne c¢r more ingut lines,
which performs a specific (Bcclean) loyic function on these
inputs.

GMS - Graphics Mcnitor System, which is the LEVEL1 portion of
BCGUS, provides interactive and gprecgram callakle command
executicn of facilities to create and manipulate files, and
to run and debug user programs. GMS is (intenticnally) very
much similar tc IBM's Cambridge Menitcr System (CKS) running
under Control Program-67 (CP) cn S/360-67 and prcvides a
significant pcrticn of the CMS facilities.



L_ { Horogeneous Coordinates - 2 space  (x,y) Fcint can be
- Cepresented by a 3 srace (Xx,Y,%) horogenecus triple, (w, the
homogenecus coordinate, is 1 typically); a 3 space vector

similarly can te expressed as (X, V,2,4) . Homogeneous
coordinate formulaticn is rparticularly advantagecus in
graphics because it allows compesiticn of translaticn,
rotaticn, scale, and r[perspective factcrs 1in one U4x4

homogenecus matrix which can then ke applied at once tc a
homcgenecus vector. See Cligping Divider.

Host Machine - A hgst machine, or host computer or simply host,
is the (possibly microprogrammatle) computer «c¢n which a
target machine is implemented.

IC - An Integrated Circuit is an interccnnected array cf
resistors and transistore fabricated on a single
semiconductor crystal or "chip™ to irplerment various digital
or linear furnctiors.

confiquration with at leact a rinimur of inter-processor
communication and possibly some data ccnversicn. As used cn
the BUGS rproject it also means a research area into high
level communication between the tasks running in the twc or
mOLe processors, a run-time. envircnment giving the user
sophisticated control over the distributicn cf his Frogranm
modules, and, ideally, dynanmic (i.e., online) changes in
Processor/task allocation. ’

n ~ICP - InterConnected Erocessing can refer to a nultiprocessor
2

Immediate - Immediate is the name given tc an event routine
which, c¢nce entered, must Tun to completicn withcout being
interrupted tefore ancther rcutine can tLe given control.
This is in contrast to a parallel rcutine.

|

| Interface - The S5/360 Interface ccnnects the Meta 4A to a $,360

’ multiplexcr <channel (see  alsc 090, 091). “The interface,
toyether with the Moeta up firmware, functicns in accordance
with 1IBM's Channel tc Control Unit specifications and is
non-specific, that is, interpretation of channel comeands is
left to Meta 4a software, The interface allcws data
transfer tetween the S/360 and the Meta 4A at rates up to
100-200K bytes per second, depending c¢n «cther channel
activity. :



IPI - The Inter-Processor Interrupt 1is a ncr-suppcrtakble DSC
product which allcws two META 4 processors to interrupt each
other. Information which is to be rassed frcm the
interrupting processcr to the interrupted processor must Le
stored in predefined locations in the ccmmon ccre as the IPI
has interrupt capabilities orly.

IPL - Initial Program Load is the process ty whkich the firmware
(or hardware) causes the initial part of an operating system
or cther program to te loaded into main memcry sSo that the
program can tten proceed under its cwn ccntrol. Cn the Meta
4a an IPL 1s initiated by pressing the IPL tutton on the
Ccntrol Panel.

Joystick - A joystick 1is an aralcg mechanical device used to
enter X, Y, and Z coordinate values into the analcg input
registers of a display system such as the Vectcr General.

LEVELs - BOGUS has an "extended nrachine” or structured approach
to the design of 1its operating system, which allcws each
"level" tc rur cr the exterded wachine provided (simulated)
by the lcwer levels.

LEVELO, the lowest level, prcvides:
1. Generalized event handling effected Lty tecth immediate
and parallel execution c¢i event handler roctines;
2. LEVEL1-ccntrolled event signalling;
3. Advanced 1/0 capakilities, supperting S,3€C CCW-like CPC
chains to "intelligent" I,C units;
4., Free memory management.

LEVEL1 is GUS.
LEVEL2 is currently the level c¢n which user programs run.
Light Pen - A light pen 1is a photosensitive pen-like device used

to indicate a particular positiocn cr element displayed cn a
CRT display sccpe such as the vVector General or the FMod 3.

Link - A hardwaresfirmware device rroviding a means of
communication between the Meta 4A and a multiplexor channel
of the s5,/360.

LSD - Language fcr Systems Development 1is a PLyI-like higher
level lanquaqge which will eventually yenerate code for Loth
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the S/360 and the Meta 4A, and in particular will provide a
powerful higher level language for wuse by sophisticated
graphics applications.

LSI - large Scale Integraticn 1is a type of integrated circuit
(IC) technoleogy which has a very high density cf circuit
elements, and thus enables &wmcre complex circuitry to be put
on a single integrated circuit "chig".

Matrix Multiplier - A wmatrix multiplier 1is a special purgcse
processor, tyrpically with wrultiple rparallel ©prccessing
elements, designed to cptimize the prcduct-sum operaticns
invclved 1in working with matrices. PNatrix multipliers are
of particular wuse in calculating graphic transformaticns
(see Hcmogenecus Coordinates).

MECL - MECL 1is the Mctcrola trade name for their line cf Emitter

Coupled logic. Emitter coupled logic is characterized by
small 1logic wvecltage swings and ncn-caturating transistors
which allcw very high speed cperation (€.g., 1-4 nanoseccnd
propagaticn delay typically). The use of MECL in the SIMALE
enables the SIMALE to have the shcrt «c¢ycle time (20
nancseconds) that it will have.

META 4 - A META 4 is a microprogrammatle prccessor manufactured
by Digital Scientific Ccrpcraticn., In BUGS there are two
META 4's, the Feta 4A and the Meta 4B, which share core and
which are ccnnected via an inter-processcr interrupt ({(IPI).

Meta 4A - The Meta U4A (scunetimes shortened tc "MU4AM™) is a general

purpose local processor with a $/360-1like instructicn set.
The Meta 4K runs user written or system provided rcutines,
centrels the display Frocessor (Meta U4B), provides

capabilities for stand-alone graphics, and ccntrols I/0 to
lccal peripherals and the S/3€0-67.

Meta 48 - The Meta 4B (soretimes "MU4L") is the disglay processor
compcnent of BUGS. In addition to ccntrclling the Vector
General and’ fproviding general FULLOSE prccessing
capatilities, the Meta 4B alsc provides the user with
graphic data display instructions, graphic device interrugt
hardling facilities, and cther capabilities nct implemented
in the display unit's hardware.



MUSIM - Meta 4 SIMulator is a simulatcr which simulates the META
4's host operational characteristics to facilitate the
debugging of nmicrccode.

Microproegram - A microprogram is a Frogram structured sequence of
commands which resides in ccntrol storage and can be
translated Ly hardware intg hardware c¢cntrols of gates,

' registers, busses, core, and other lcgical ccmponents, and
as such centrcls the cperaticn cf a FLocesscr.

MOLU(LE) - MODU 1is +thke type designation given to GFS files
containing a relocatable lcadable fFrcgramr irage, cr "lcad
module." A precgram must be in MCDU format to be loaded and
cxecuted by GMS.

MOS - Metallic (Cxide Sericcnductcr is a type <¢f integrated
circuit (IC) technology characterized by the stcring of
inforraticn Lty the presence or absence of a charge. 1In
order to maintain the informaticn contained in MOS, it must
‘pericdically te refreshed. icwever, MOS still requires less
power than core memory, which together with its faster

access time and 1its  more compact size dis @making MOS

increasingly used in building memory units.

MSR - The Machine Status Register, target register 0 cn the Meta
4A, centairs the condition code, a settable/testatle flag,
the instruction 1length code, wait bit, privilege bit, as
well as kits +tc enatle arithretic cverflow, stack overflow,
local 1I/C interrupts, 5/360 initial select interrugpts, and
parity interrupts. Tcgether with the EC, the PFSE is similar
in function tc the $/360's pSW.

MULTIPAC - Software package supplying Meta 4Aa/Meta 4B

coemmunications, Meta 4B ccntrol, and Meta 4B I,s0 unit
mcnitoring.,

NIP or GMSNIE - The Nucleus Initializaticn Ercgram is loaded ufpcn
Initial Prcyrar Lcad (IPL) and bhas the responsibility of
loading the LEVELO and LEVEL1 Frograms into memory and
starting ther ug.

Null Meta 4B - The Null Meta 4B was an interim display processor
which made the Meta UB look like the Vector General, and

| i
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thus provided access to the display scope until the full M4B
was irplemented.

Panel, Ccntrol - The control or programmer's fparnel, the lower of
the twe black panels on the Meta 4A, allcws the user to
examine and change registers and core locations, to IPL, to
stop and start his program, etc.

Panel, Microprogrammer's - The nmicroprcgrammer's ranels on the
Meta 4A and Meta 48 allcw manual control of the
micropreqgram. In particular they provide such capabilities
as exanmining and mcdifying the firmware registers, entering
and executing a siungle micro-instruction frem the panel,
starting the micrcprcgrar at any given pcint, and executing
a micro program a single step at a tinme.

Parallel - Parallel is the name given to an event routire which
can run independently <c¢f ard concurrently with all other
routines in memory. LEVELO supports an "arbitrary" nurber
of parallel rcutines at any given time. See, immediate
routine.

PC - The Erogram Ccurnter is target register 1 on the Meta 4A and
contains the address of the next instructicno tc be executed.

Peel - To peel is to physically change a RCM kit frcm 1 to O, or
by extension, tc <change an unpeeled secticn of RCH to
microccde.

Pen Tracking - Pen tracking, or light pen tracking, is a graphics
technique whecse principal (and defining) cagpability involves
displaying a pcsition-indicating rattern, <=ensing the
pesiticn of the light pen relative to the pattern, and
updating both the pattern and the state cf frograwm itself to
correspcnd tc the new pecsiticr of the pen as it is moved
across the screen,

Pipelining - Pipelining is +the overlapping of the sub-cperaticns
invclved in the decoding and executicn cf an instruction
with thosge «¢f other instructions. ‘Thie erables several
instructions tc be M"executed" in parallel and allows the
total execution time for a pregram tc ke (hepefully
significantly) less than the tctal of the execution times of
the individual instructions.

-Qg-



Procedure stack - A =ave area stack wused for maintaining
procedure invccaticrs and returrns in the Meta UE.

Q-interpreter - A  host program which maintains and interprets
"assembly~lanquage" instructicns in the Meta 4A and Meta uB.
Other names are cerulator, firerware, and microproyram.

Register - A register is a storage unit whose contents can be
directly used in high sreed arithmetic and 1logical
operations.

The META 4 has an Arithretic/Lecgic Unit (ALU) which operates
on data from two busses, the A and & kusses, and puts the
result cn a third bus, the D bus.

A destination register is a register which has been selected

to te loaded from the Arithmetic/logic Unit output tus,
which on the META 4 is the [ Lus.

A scurce register is a register from which data is rcuted to

the Arithretics/logic Unit.

A single Ekus register is a register that can ke selected as
a source on only one input kus Lecause it is physically
ccennected tec cnly that bus.

A double kus register is a register which can ke selected as

@ source on either input bus. All the ncn-memcry and I/0
registers ir the META 4's in BUGS are double bus registers,

An  I/0 register has 1its «contents availakle tc exterral
peripheral equiprment, typically wvia an irterconnecting
cable, and as such has its functicn determined Ey the device
to which it is attached. 1In the META 4, 1I,0 registers ccme
in pairs. (V1, VZ is arp exanrle of an I/C register pair.)

A memcry register is a register which is directly coupled to
the memory ccntroller. In the META 4 there is a mewory
register pair. Ore register is used for the address of the
memory location being referenced, and the cther contains the
data teing read frcr cr stcred into that location.

A target register 1is a register which corresponds to a
particular register in the emulated rachine. Target
registers are loaded and read, therefore, by user progranms
running on the emulated machine.
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ROM - Read-QOnly Memory 1is control stcrage which «cannot be
modified dyramically. ROS (Read-Cnly Stcrage) 1is an
alternate name for LQM. See also WCS.

Routine - A routine is defined in EUGS as a program, lcgically
separate and distinct frem all cther programs, which is
entered upen an interrupt, suktroutine call, <c¢r via
initiation by a parallel routine. All routines nmust start
with an ENT instruction and end with a RET instruction to
maintain the stack franme.

Scratch Pad Memcry - Scratch pad memory 1is fast local storage
usually available only to the microprcgran.

SIMALE - The Super Integral Multipurpose Arithmetic Logic

Expediter is a very high speed micrcprcgramrable fparallel

5 processing ccmputer which was designed tc¢ prcvide the MUB

; display processor with special rpurpose vector/matrix

manipulation hardware. Its principal function in BUGS is to

serve as a matrix multiplier and clipping divider; however,

it is also sufficiently general tc provide cther special

- purpose suppcrt such as flcating poirnt aritanmetic. This

speed and flexibility is attrikutakle to the SIMALE's fcur

parallel processing €lements, and its pigpeline processing of

instructicns in its writealble ccntrol stcre (HWCS), and to
its use of MECL lcgic. '

Stack Frame - The Stack Frame is a logically "infinite" section
of memory used ky LEVELO tc maintain the dynamic link of
program €xecuticn. When each routine is entered, it should
execute an ENT dinstruction, which «causes a register csave
area and p bytes of automatic storage to ke allccated in the
Stack Frame fcr this routine. This new area is then chained
back to the previous one, and will be freed when the
corresponding RET instruction is executed at the end of the
routine.

Target Machline - A target machine is the computer as it appears
to the user., See alsc Hcest Machine.

TTL - Transistor-Transistor logic, alsc called T-squared L (T2L),
is a 4generic type of digital integrated circuit which is
characterized by saturating traunsistors and large logic

- voltage swings. TTL is somewhat slcwer than emitter coupled
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logic (see MECL), with 10-20 nanosecond propagation delay

typical.

, UCB - A Unit Contrcl Block 1is a Ltlock cf thalfwords used to

i contain informaticn about a lccal I,/C unit. It contains the

' unit address, current USH, and any other inforrmaticn needed
by the LEVELC I/0 suppcrt routines.

USH - The Unit Status Halfword is the 16 Lkits cf status data
received from a lccal I/C unit wupon its interrupting the
Meta 4A CPU. The bits specify such things as Ofperaticn
Corplete, Data Error, Unit Busy, etc.

Vi, V2 - V1 and V2 are the 1I/C tegister pair in the Meta 4B used
to communicate with the Vector General. V1 as a destinaticn
register is used to send out display crders, and-as a source
register contains the interrupt request bits. V2 as a
destinaticn register is used to acknowledge interrupts and
indicate the next Vector General register tc te read. V2 as
a scurce register cortains the contents cf the last register
read,

Vector General -~ Vector Ceneral refers to either the company
which makes the Vectcr General Gragphics Display System, or
- the display itself (generally -the latter). The Vectcer
| General display (VG) is a wmoderately pcwerful display unit
driven by the MU4B. In addition to the rcrral character and
vector drawing capabilities, the Vectcr General has some
lccal register cperaticns as well as hardware scaling,
translation, 1limited clipping, and depth cueiny.  Attached
to the Vector General in BUGS are an alphanumeric keyboard,
a light vpen, a joystick, a data tablet, ten ccntrcl dials
(diddles), and thirty-twc lightable function keys.

Viewport - A viewport is a section ot a display £creen, typically
rectangular, on which the user is currently displaying data.
Usually the irage of the user's data space contained in a
window is mapred cnto an associated viewport fcr display to
the user.

Volume - A volume ig& the mcunting unit in which ECM is physically
contained in the META 4. Fach volume contains sixteen
boards, and as such, there are 512 32-bit RCPF instructions
per volume. The META 4 can have up to fcur vclunes.
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WCH - A Wait Control Halfword is the mechanism by which a routine
can wait for the occurrence cf scme event tefcre ccntinuing
with executien. A #CH is similar in use to an Event Control
Block (ECE) in the C©S/360.

WCS - Writeabtle Ccntrcl Store is ccntrcl stere which, unlike
Read-Cnly Memcry, can be dynamically mcdified.

Window - A window is a suksection, typically rectarngular, of the
picture data space which the user wishes to display. Sece
cdipping, clipping divider.

XBD Address - BMn index-base-displacement address used to generate
main stcre addresses for instructions.

09C, 091 - 09C and 091 are the S,/36(C device addresses at which
BUGS is attached tc the S/360. Device 090 is a device
attachable to a CMS wvirtual pachine which has the
characterisitics c¢f a tape drive, and as such can be used to
transpit large blccks of data. Device (91 is defined in CP
as a 1052 operator's console which can kbe used as a
Cp-67/CMS terminal.

1130 - The IBH 1130 is a lccal ~ processor with only one
accumulator and three index registers. Ey installing the
proper RCM, the Meta 4A <can emulate an 1130 instead of
running as the Meta 4A. The Meta 4A ran as an 1130 until
late spring 1972.

2250

2250 refers to cne of the IBM fanmily of cathode ray tube
(CRT) graphic display ccnscles. 2250 Cisplay Unit rodels 1
and 3 (the 2250 Mcdel 2 died a premature death) are attached
via a 284C ccntrel upit to a §/360. The 2z25C Display Unit
Model U4 is attached to an 1130. All 2250's must rely cn
their mainframe for all but cxceptienally rudimentary
intelligence.

2840 - The IBM 284C Display Ccntrcl is the contrcl unit necessary
to attach wup te four 2250 Model J3's tc a $/36C (via a
multiplexcr or selectcr channel).

2870 - The IBM 287C Multiplexor Channel ccntrols transfer of data
between I/C devices and main storage in either kurst cx
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