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AREL, SPECIFICATION

fAovanced Boolearn Expression Larnouage (ABEL)Y is a tool
the desipw engineer will use to develop logic systems with
pronrammable lopic.

MAJOR OBJECTIVES

Cornvert anm input description into a logic device fuse
patterr.

Support all existing lopic devices., Exparndable to new
devices,

Operate on computer systems available to Data 1/0%s=
customers.

BRACHGROUND

Programable Lopgic Brray was developed as an altermative
to enormous effort reowired to desipn & ranmdom lopic IC
The iogiecai crganmization of PLA's comsists of an "and"” array
ang an "o’ arvay. {Figure la) The designer customizes the
PLA to his needs by cormecting the desired nodes of the
Pand” arnd "o arvaye. This may be done when the device is

manufactuwred o in the Tield. (Simiiar to a mashk
programmaile ROM and & fuse-1link ROM.)D

Field oroprammable lopic consists of three types of
devices: PROME, PALs, and FRLAs. HBaoth arrays are
programmable in the FPLA while the PAL haz & programmable
"o arvay and the PROM has a programmable Yand” array.
(Figure 1) The FPLA is & larger part and canm hold more
furnctions while the PRL is simplie arnd fast. Many tasks can
use either part. The simplicity of the PAL plus its
develcoment tocls (PALASM) make it a very attractive part
for the firset time user.

EXISTING LOGIC DEVELOPMENT LANGURGES

There are many different logic development proprams:
pRLABEM, H & L., ir-house orograms , and third party scoftware.

PRLASM is the most widely used lanmguage for
programmable lopic. It was developed by Mornolithic Memories
Irnic for use on their PALs.  PRALABM has become arn "industry
standard” development tool and is being expanded to handle
additicornal devices such as PROME. The boolean eguation
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input is transiated into a fuse patterm that is transfered
o the PAL oroprammer (Data I1/0's lepicPak). This
transiaticon is & simole one to one mapoging of the boolean
gguaticrn to the fuse wumbers. No logic veduction or design
antomation is performed. PRLASM does sinplify the engirneers
task and is a major part of the PAL’s sucress. Figure &
shows an example of PALASM inmput and cutput.

H & L is a program developed by Data I/70 to simplify
propramming the Sigretics Integrated Fuse Lonic (IFL). It
ig a simple text editor with data entry evror checking. The
input is in the form of a high (H) or law (L) or don't care
(X). The created fuse map is then programmed in the device
(sea example in Figure 3).

Computer comparnies and umiversities have developed
in-house languages which aid the programming of digital
logio devices. The "in~house" lanpuapes of IBM, DEC, eto
will remain proprietary but some of the lanpuages developed
by umiversities are iwn the public domain. The active
research proagrams are directed toward automated VLEI lopic
design, however the programmable logic is a subset of this
WOT K.

Couple, expected to be released soon by Rssisted
Technolooy, Inc., is a universal logic development lanpuage
similar to PRLASM. This language has many additional
featwres, such as macras, and supports FLPR's and FPRLS's as
well azs PALYs,  Coupnle will rum on personal computers such
as the IBM PL and CP/M systems.

COMPARIBON OF AREL

PRLLASH is a widely used larnpuage that will be used for
comparison to the proposed ABEL language.  PALASM was best
guited for this comparison bBecause of its industry wide
acceptance arw the similarities in the tarpgeted marketplace.

Both PALASHM and AREL are languages which translate
poolean eguations into a fuse map pattern.  ABEL however,
takes ivto comsideration the behavior of the iwnput. AREL
has a more advanced structure interrnally and externally.
Iincluded inm the lanpuage is the ability to hamdle all lopgic
families and bhandle macro definitions or library functions.
ABEL is to be desiprned in itself wmore like a high level
lanpuage (see example in Figure 4).

i
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PAL20L10 PAL DESIGN SPECIFICATION
VIDLOG HARRY HUGHES 02/18/81
VIDEO LOGIC

MMI ENGLAND

CB2 CB3 CB4 CB5 CB6 CB7 BLKO BLKl Gl H1 H2 GND

H4 EN1 R G B X LOAD1l LOADO BO Bl BLK VCC

IF (VCC) /LOADO = /BO* H1* H2W H4

IF (VCC) /LOAD]l = H1*% H2* HA*/Bl
3 EH1* H2* H4* Bl* BO

IF (WC) /EN1 = Bl* BO

IF (VCC) /R = CB4* BLK1
+ CB2+* BLKO
IF (VCC) /6 = CB5* BLKl
+ CB3* BLKO
IF (vCC) /B = (CB6* BLK1l
+ /CB2*/CB3* BLKO
IF (VCC) /X = CB7* BLKl

IF (WC) /BLK = /Gl*/BLK1+*/BLXO
+ /Gl*/BLKO*/CB4*/CB5*/CB6*/CB7

VIDEO LOGIC

11 1111 1111 2222 2222 2233 3333 3333
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789

0
1 eXe= =X== =X== e==— —=e= /G1*/BLK1*/BLKO
2 ——= <X—= X =X== =X— =X=— -X— /G1*/BLKO* /CBA* /CBS* /CB~
24
25 === —mem =X X—— X-X- /BO*H1*H2+H4
32
33 ——— —=X X-—- X-X- H1*H2*H4*/Bl
34 = =X~ —X- X—— X-X- H1*E2*H4*B1+*B0
40
a X—= X CR7*BLK1
a8
49 X p JU CB6*BLK1
50 -X-X X /CB2* /CB3*BLKO
56
57 em== e Xeee X CB5*BLK1
58 X—- X~ CB3*BLKO
64
65 ——= X-m—- X CBA*BLK]
66 —X- X CB2*BLX0O
72
73 —— —X- —X- B1*BO

LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN (H,P,l)

NUMBER OF FUSES BLOW = 801
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/% A conceptual ABEL example */
/¥ */
/% @6 Dec 1982 */
PR T Y Y Y Y eI Y Y

HEADER
DEVICE WIMPBBR139;

PINS
MA@, MA1l, MAZ, AR, Al, A2, A8, A3, AlQ,
ROW, HOLD, TOGGLE
END_PINS;
END_HEADER.

FUNCTION MUX( A, B, SELECT):
MUX = A * SELECT + K * /SELECT;
END_FUNCTION MUX.

EQUAT IONS
MA@ = MUX( AB, A8, ROW);
MA1 = MUX( A1, A9, ROW);
MAZ = MUX( A2, A1l, ROW):
END_EQUATIONS.

i

STATE_LIST /% A SIMPLE STATE MACHINE */
FIRST;
SECOND;
THIRD;
— END_STATE_LIST.

STATE_DIAGRAM
STATE FIRST;
IF /HOLD THEN SECOND
ELSE FIRST: /% LOOP UNTIL HOLD LOW */

STATE SECOND;
ALWAYS { TOBGLE

]

TRUE 3 THIRD:; 7

STATE THIRD;
ALWAYS { TOGGLE

FALSE 3 FIRST:; 3
END_STATE_DIAGRAM.
FUNCTIONAL_TEST

TEST_NODES
AB, A1, A=, A8, A9, Al@, ROW, MA@, MAl, MAZ;
END_TEST_NODES.

VECTORS
HHHLLL
HHHLLL

END_VECTORS.

L L L
H HH

el .

L
H

END_FUNCTIONAL_TEST.
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* *
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* *

36 3 4 I I I KB KKK

Logic Development flow for ABEL
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DIGITAL DEBIGN

R.C. Clare defirned the three processes of lopic design
as DEFINITION, DESCRIPTION, and SYNTHESIS. {(Reference __)
The DEFINMITION phase is the oreative povtion that the human
engiveer must perform. The ernpivneer expresses his sclution
in the DESCRIPTION. The SYNTHESIS phase is a time consuminD
chore to imolement the solution, a task well-suited for
avtomation.  The ABREL propgram will take the erngineers
description and synthesize the boolean equations and the
fuse mao for the prapgrammable device.

The present versioms of PALASBM reguire the erngirneer to
describe the problem in a restrictive “sum of oroducts”
format. This recuires considerable effort to transform the
DEFIMITION into the DESCRIPTION. The level of pain can be
reguces by addivnc MACRO processors and libraries of standard
furncticms but the restrictive eguation enbtry will always
Ninder the PRLASM type of language.

All leogic systems can be represented by a state
machine, the combinational lopgic is just a special case (one
shtate looping on itself). The synthesis of the device
equaticons or patterns from & state machinme is done in two
steps, an equation calouwlator, and an eguation reducer. The
eguatiorn calculator produces a wmonm-minimum {(very
rori-mininum) set of eguaticons that perform the desired
funntion., These eguations must be reduced before they will
fit iwvto any device. In the past this veduction reguired a
mainframe computer, but improved algorithms will vum oo
desktop comouters in acceptable times. (R reascmable ouess
wonld be 10 ta I8 seconds on & 16 bhit microprocessor Tor
mresent lopic devices.)

DESBCRIPTION

Bl logic designs can be desoribed with boolean
gouations, state diagrams, and truth tables. The booleawn
eguations are normally expressed ivn sum of product form but
ather forms should be allowed. The state diagrams could be
entered graphicaily out this would be very inpglementaticnm
dependent. Most design languages use the IF THEN ELSE
construnt ta enter state diagrams. The truth table is an
effective method for describing the behavior of a system for
verficaticon and simulatiorn.

The descrigtion will be aided by predefined and user
gdefined macros and funotions. If a logpical construct was
used oftern, such as a shift repgister, the AREL compiler
cowld pull a predefined set of eguations from a library much
faster thern it could synthesize and reduce the eguations
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Froam soratoh.

AREL will allow muiltiple sections of egquaticns and
state diagrams in a single file. This will allow the
desigrner to define the problem in several modules (blocks)
artd then include as many as oossible in each device.

{(Figure __) Fov example a problem can be defivned in 3 blocks
but a&ll 9 won't fit into amy single logic device. The
enopinger could partition blocks 1, &, and 4 into & FRPLE ang
blocks 3 and 5 into & PAL.  This partitiovning would he
defined ir the CONTROL bicok. The partitioning would be
gone by trial anmd ereor.

EGUIATION CACULATOR

Normal compiler techrnioues wouwld be used to parse the
imput file into & intermediate forn. If & sum of products
set of eguations were to be used in a PAL, this form could
be mapped directly into fuse pattern. This is what PALASH
does today. H state diapram would reguire grocessing to
gerive the flip-Fflop eguations and the output tables. This
is a straipghtfoward process.  fAn existing program reguires
P oo 8o lives of code. {(Ropemdix _ 0

Truth tables or non sum of product ecuations could be
tranmsformed at this stage.

EQUATION REDUCTION

e eguaticon calculator example produced 5@ eguations
for a 8 state machine that was to go in a PRLIGREG.
{(Aooerndix __) Some form of logic reduction is reguired.
Svobhoda develobed two programs, PRESTO and ORTIMA, that are
widely used for lopic reductiorn. RS their rames imnply,
PRESTD will da a fair Job in a short time while DRTIMA finds
the ahsoiute minimum set of pouations. Dounlas Brown of
Tektronics developed a State-Machirne SByrnthesizer (5M5)
gsing FRESTO arnd he claims a microprocessor version is
oractial. {(Rppendixn __ )

AREL would have the classical compliler trade-off,
efficeincy ve convenlence. Givenm ernocuph time and skill an
engineer could fit movre function into & givern loglic device
than ABLE could.
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FUSE TRANBLATOR

The fuse tramslator would reguire a table of the
imdividual device fuse maps. The ftranslator Just maps the
reduced eguaticorns to the corrvesponding fuses. This is
sresently dome with PRLASM and HE&L so existing technicgues
can be used.

SIMULATION

The desiprer will describe, via truth table, the
covrect operation of the programmed device(s). ABEL wiil
compare the ocperation of the simulated device apainmst the
tyuth table. The irntermal nodes as well as the external
pivs may be simulated. Other forms of descoription {hesides
truth table) may be added in furtuwre versions.

CONTROL DOCUMENTS

AREL would provide the conmtrol documents for normal
configurat ion mananemnenrnt. This irncludes a scurce listing,
orinted fuse map, and diagram of the device pinout.
FLSE POTTERNS

The fuse pattery output would conform Lo the JEDEC data
transfer stamdard (Rppendix __ ).
TEST VECTORS

The test vector output file would meet the JEDEC
standard for data transfer to logic programmers. The cutput

woidlld omly include the stimulus and subtput for external
nodes (pins?.,
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