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SCALD, a graphics-based hierarchical digital fogle design system, is
desaiibed and an oxampl-- of jts use fs gwcn SCALD pruvides a

R R TR TETTI PR T |||n-u woangd Ve
descr lp'lOIl of 2 tllgnhl system, and produces outpul for computer-
aided manufacture of the system. SCALD has bren veed i the
design of an cperational, 15-MIPS, 5500-chip ECL~10K processor.

1. Introduetinn

SCALD (Strictmed Computer-Aided Logic Design) is a graphics-
based design system which aliows digital systems to be deslgned In a
hieratchical manner. SGALD's main goal is to reduce the amount
of time required to design large digital systems, by allowing the
designer ta express his design on the same level that he thinks about
it, frecing him from the task of actually drawing out all of Lhe fogic
and creating a wire list. Designs expressed In thls high-level
notalion become tnuch more understandable, both for clnslgntn
and for maintehance engineers.

SCALD's second Important goal is to allow designs ‘o ke recomptled
rapidly when new circuils become available, allowing designs to
repeatedly take maximal advantage of the exponential rales of
advance currently chalacterizing the semiconductor Industry. This
goal is achlcved by expressing a design in terms of high-love
modules, which in the future may be Liaplemented as single 1Cs. In
practice, considerable work. may still be rcquired to update a design
to Incorporate recent technotopy advances, but the resquired cfiort Is
likely to be much less than If the desizn wele not expressed
hierarchically.

SCALD has beent used to design a very high-priformance processor,
the S-1, shown in Fipure 1-1, which is a 15 WIPS, 5300-chip
ECL-10¢  machine. This desipn experience has  been  very
favorable; the enlire processor was designed and implemented with

two fnan-years of effurt,

‘To provide a vehicle for the presentation of SCALD, the design
of a very simple processor has been carried thiough the Design
System. The lop levcl of this design is represented in Frgure
1-2 and Flgure §-% The processon  consists of 2 rewister
file of 3G-bits by IG words, a d-input, 26 'nt multiplexer, a 2G-bit
arithhinetic-logic function generatar, and a &6-bit accumulator. The
microscquencer  shown  In Figuie l--3 contris  the  simple
processor; It consists of an §-Lit counter ard a contidl stere of 23 bits
by 256 words.

2. System Qverview

SCALD takes as input 2 high-level tlntcupllon of w digitel system,
and pm'lucet autpul for the computer-aide manufacture of the
systern on wire woap boards. Figne 2-1 shows the thice main
modules In SCALD., Input to the systen I8 thiough the Stanford
University  Nrawing  Spstern (SUDS)  Graphics  Editor
{Helliwell 1992), which aliows drawings to be entered directiy en a
graphics Llerminal.

AN parts of SCALD except the SUDNS Graphics Fditor are written in
PASCAT, and are therefove fighly tanspoitable. The Macro
I-lxnandcr (M) reads the cutput of SUNS, along with the hand-

*
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generated lyout specification, expands the drawings into 2 cosnnastion
list, and generates 2 number of listings lo aid the designer. The Wire
Lister (W) inputs the connection list, a chip definition file, and an old
beard state, and produces a wrap/unwrap list, a run list, dercribing
cach run (clectrically connected net) in drl.-ll a new board state, and a
nuniber of sunymaties statistics.  Changes can be made te o
sendsl it apnt il Ly e Hrgs ad e Tnki
the entire SCALD System again; the ero Lister then reads the ol
board state, which specifics how the system was constructed before the
change, and outputs a view Loard staie”and a wrap/unwrap fist, the
execution of which updates, the systcin to correspond lo the new
drawlngs.

lwun‘ b1
S-1 Mocessor
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Figure 2-1

Main Modules in SCALD

3. Graphics Fditor

The hierarchical logic diagrams are enicred into the SCALD system
using the Stanford University Drawing System (SUDS) Griphars
Editn. Examples of logic diagrams drawn with SUDS are shown in
Fivine 1.9 and lamnee 00 e CLIT0E s G0 o0 8 ve 0ty
graphics edilor, wintten in assembly language, which runs on & PHP-
10 equipped with a acfreshed giaphics terminal. The program s
controlled  with keyboard commands, and the cursor Is conirolied
either by a light pen, or by the keyboard.

The first step in using the SCALD Design System s to create a
library of common body defintions, such as those shown In Figure
3.1 The user has complete cantrol uver the appearance of a
Ludy. Onrce a Blirairy of bodies 1y created, drawings can use those
bodies. A body is positioned in a diawing by giving commands at
the keyboard which place it al the lozation specified by the cursor.
After badies have been thus positioned, commands are given which
connecl the bodies with lines, and place text on the lines. In gerneral,
the user has compleie control of the positioning and inteiconnection
of bacirs in a drawing. SUDS allows bused-through lines, that s,
ltnes which connect to a body and then pass invisibly under the budy
{harizentally or verticatiy) to exit on another side, and this capability
was found to be extremely useful in decreasing the clutter in
drawings. SUDS iucludes inany commands which allow bodies and
lines to be casily moved, and has a macro faclity which atlows
repelitive stuclures 1o be drawn very quickly. Hard copy of
drawings is available from either a2 Xerox Graphic Printer or a
plotter.

Dominant resource Utilization by the SUDS Graphics Editor during
the design of the S-1 amounted to 30 hours of KL-10 compute time,
and 1000 hours of graphics-terminal time spread over a periud of
one year.

The SUDS Graphics Editor outputs the drawings represented in a
text Macio Language. This text Macro Language serves as mput to
the Macro Expander. It would be puossible 1w use a different
Graplues Lditor to supply mput to the SCALIL Design System If
anolher program were written to translate the drawings lito the text
Macro Language,

4. Macro_Lapguage

A design in SCALD consists of a set of macro definitions (macrus),
which ae expanded, starting from a distinguished top-level macro
and continning downward until no macro temains which has a
definition {ie,, all remaming macros are available devices), to prnerate
a wite list and all the necessary associaled documentation for the
system Lieing designed (the slject machine). These macro drfinttions
are entered ditectly into the SCGALD data base using the SUDS
Graphics Tiditor.

Macro calls within a macro definition arc represented by appinpriare
Ladies from the Body fabnarvy, and may be passed  varwus
parameters, the vahies of which differ from call o cail. Connections
between baodies are made with hines, which represent signal vetors
and may be named; identically named signals are implicitly connected,
Signal vectars may be passed as parame:e1s 1o macros; the formal
name of a signal-vectar pasaieter passed o a macio s shown o the
macru bady where the actual signal veclor conneds to the marrvo
budy.

A macro can be called one or more times from other macrag, but
cannot bre called rccursively, since SCALD allows no conditicnal
cxpansion. The ability to define once a function which is uscd many
times greatly 1educes the overall design time for a larpe object
machine; it reduces redundancy and thercby farilitates verification

The use of macros (rather than bodies representing avaifuble devices)

« in the definition of the data path in an objocct machine results in a
greal reduction in the number of drawings required and in the
density of bodies on the drawings. ‘The abject machine’s non-
repetitive {contiol) logic can be then distributed throughout the data
path, placing it near the logic it controls, thereby enhancing the
overall understandability of the logic.

On the macro level, SCALI) does not distinguish Letween inputs and
outputs of devices or inacros. It is not unul «fter the marros are
expanded that the SCAI D System checks for runs with an iilegal
number of inputs or outputs. In gencral, each run must have exaclly
one output, unless permission is granted In the drawings (by the use
of a Wire-Or Bedy) for multiple outputs.

4.1 Signal Expressicns

SCALI allows signals to bie grouped together to forin a slgnal vectar,
represented by a single (possibly named) line in the drawings, For
example, the signal vector named “A<C:15>" represeits 16 signals,
The general notation for the name of a signal veclar s
“‘NAME<I:]>", where NAME is a string and 1 and | are integers; by
convention, | Is the high-order bit number, while } is the low-
order bit number. Signal vectors can be concatenated by wiiting a
colon between their hames, A signal vector can be replicated by
suffixing its name with an asterisk and 2 number; for exarpie, the
expression  "A<(lox3" s equivalent 1o the  expression
"A<0.2>:A <0:8:A <0:0" Holes can be generated in i signal vector
by use of the special signal "£", a one-bit signal which {s never
connected in the hardware; in the ECL- 10K logic family used in the
design of the 8~1 processoi, an open input §s a logic zcro.

Figure 1-2 contains an example of a complex sigraf expression:
"EXT OUT<:30 : C QUT /M %3: 76" 1epresents a 26-bil vector,
where the high-arder 27 bits are "EXT QU7 <9:35:", the next 3 bits
are the local signal (see Section 4.2) "C QUT", and the low-order
6 bits are not connecterd.

SCALD alto undersands  primitive merger  todies.  Fieure 122
contains a two-merger and a thiee-merger, wlich concetenale,
respectively, two signal vectors and thiee signal vectors, forming
farger vectors. The two-merger is connected to the "1™ input of the .-
input multiplexer, and the three-merger is counacted to the “M", "§",
and "CI" inputs of the "36 BIT ALU 16i81" Mergers are used
where concatenation is needed, but preservation of the explicit
conneclivity of the drawing is desired.

4.2 Slgnal Types

Signals In a macro defmition can be of three types: parameters,
focals, and globals. - Subject o limitations ¢f scone, slanals of the
same name in any me Jmplicitly connected tivoughout all macro
defmitions.
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Figure 3-1
Lody Library

A macio definition must  always declare in a2 PARAMETER
declaration all of the signal paramelers that will be passed to it, as
shown in Vigure 1-3. ‘The parameter sighals declared must be the
same a3 those shown in the body at the call site; they are checked for
consistency.  Where a parameter signal is used, fts name can
optionally have the string “/P" following it at cach use, allowing
the macro expander to check  for consistency, and improving
reaciability. The scope of a parameter signal is the enclosing macro
definltion.

A signal name followed by "/M" 15 it local signal; the scope of a local
signal Is the enclosing macro definition.

Glabal signals are those which have no "/M" or "IP" suffix, and
which ate not contained in a PARAMETIR declaration. Thig
syntax for specifying the type of glabal signals was found through
experimentanon to be superior ta the methed of declaring all global
sipnals, as all variables are declared in ALGOL, first because sijnxl
names are coovnonly long, and also because most signals are u.ed
infrequently, thus both the ahsolute and relative overhead mvoleed
i aintaining the global declarations was found to be large.
Undedlared glabal signals have unlimited scope. The scope of ghibial
signals can be hmited to a subtrer in the dynamic call strucrure by
declaring them at the root of the desited sulitiee. In Figure 1-2, the
signal "OUTPUT SIGN" is declared, and theiefere its scope s
limited to its cuntaining macro ¢nd o all macros below il i the
dynamic ¢all stiucture.

4.3 Verslons

In SCALD, there s a difference between a fogical and a physical
signal. A physical signal Is simply a run in the ehjecd machine, It
a loglcal slgnat is a set of physical sighals (versions) that essenttally

always have the same value. Signals in drawings are Iogica'l
signals. For example, the logical signal "REG CIK BUY /M" in
Figure 1-2 is driven by a 10110 gate, which has thien identical
outputs, thus thice physical versions. Each ouwtput is a different
physical signal; loads will be distributed among the three outputs
when the ob ject machine 1s laid out.

4.4 High-Low Drivers

In the ECL lagic families, many functions have bath the true and
complementary outputs available. SGALD allows this functionality to
be fully uiitized. In the defintion of a multiplexer chip, far example,
it is specified that the values of the select lines can be complernenter
without affecting the function, If the inputs are permuled in a
particular way. When a multiplexer chip is lald ont, it can be laid
out in its rercrse form, and SCALD wiil automatically search to ser |f
there is an unused complementary oulput on the gate driving the
select line. 1 ro, SCALD will autormatically vtilize it, permuting the
inputs to the multiplexer as specified. In Figure 1=, for example, the
"3613 10{74" macro can be laid out with 18 bits brig diiven by the
true output of the gate on its select hne, and the cther 18 bits being
driven by the complernentary output.

This manner of representing high-low drivers | and shinilarly, the
manner of allocating physcal versions, helps (o mimimize the amonnt
of informatten in the dravings which is not 1clavad to the logicel
design, thus making the logical operanon of the obpct machine moie
apparent, and places the task of speafying which parts aie dikven
high and which parts are driven low in the eyeut phase of the
design where il belongs, since this deierpunation miay depend heavily
on positions of chips.



4.5 Maceo Delinition

There are twa basic types of macro defiitions. The Tirst consists of a
complete defminon, such as the “SIMPLE PROCESSOR™ .
The seoond 18 catled an "XB" (X--Bg) macro, which contiss of the
definition of a single bit o hit-slice of a bit-wise symueinrical
function, and expands to a width given by a parameter in the macro
call.

A macre definition may have faimal signal parameters, through
which are passed signal- vectors from the call sites, Al of the foninal
sighal parameters of a macro must be exphcitly declarcd 1 a
PARAMETTR declaration, as shown in Figure 1-8. These formal
signal-vector parameter names must be the same as the signal names
which are wntten an the macro budy. The width of a signal-vecior
is shown in the PARAMETER dedaration, and is checked on each
call. Al signals with the same name within a given same scope, amd
all points connected together with a hoe, are wirted togettier. I mare
than one signal name 1s written on a line, then the signals are
synonyms, is, all connections to each such signat will be wired
together,

dMacro definitions can consist af one or more pages, where a multiple-
Py Marern hac the t2me moaren tiths ap rarh naya

4.6 Macro Call
A macro calt consists of a bady which has:
- Anarbitrary shape.

- Fornal signal parameters for passing signal vectors to
the macio definition,

~ A macro hame.

- A label.

~ A size parameter.

- A limes parameter, .

To enhance the understandability of the drawings, different calls of
the same macie can have different shapes. For example, ft s
cammaon o hiave two shapes for a macio, corresponding to its positive
and negative logic fams,

The founal signal paramcters of a macro are drawn around  the
edges of the macro budy; each consists of a text string and a point
for lines to attach toit. ) a parameier s an active low signal, then
the by generally contaings a diamond at the point at which the
lines connedd, and the formal parameter in the defimilion consists of
the formal parameter shown in the call, with * L." appended to 1, to
Indicats that it is an active low signal

The mmro name is a text string, which is normally placed in the
muddle of w macra shape; 1L can be mare than ona line long, as
shown i Figure 122 ("36 BIT ALU 1QISLY). Tie macio name
connecls the macro call with the appropriate marro definition.

The Label fooa text string, ako normally placed in the middle of a
macro shape. The lahel varies from call to call for a given macro
Lody; the labe) associated with each macro call must be unique within
the enclosing macto delinition. “I'he labels In Figure 1-2 are "GT'L",
R URLT, RN CAY MY, "G Y, "G2Y, and "GAY

The  size paranic is used only for calls on XD-lype macro
definiteong; the value of this parametet is of the fonm "n", where "n”
is an inteprr repuesenning the numbier of bits in this particular macro
il Speciil syntax in the XB-type riscro defmition allows SCALD
to create sighal names which have bit numbers inclided in them.

The times paametnr has a value of the furm "n+”, where "n”
represents an Inteper, If a macro call has a times parameter of "ns",
then the macro will be aatomatically calied 1 times, Bsing the e
values of all parameters durmys each call, making, cach label unioue
(by suffisiig), amd making all version designaiions witlun the calicd
macio unique (alsa by suffixmg). This fachiy is used for calling
functons which miust have large fanout without obscuning the logic
at the call site.

4.7 Terminal Compnnent
A terminal companent call consists of @ body whicl: has:
- An abitrary shape.
- Pin names for connecting sighals.
- A component name,
= A label.

A terminal component corresponds to cither all o part of a chip. Tt
can have different shapes at differcnt cail sites o enbire ts
understandability.

Signals conncct to a terminal component aily at pine, which have pin
names which fray be diffcrent from the actual pin numbers on an 1C.

T'he componcnt name gpecifies the chip type.

The label §s used Lo identifly the componant i the macro definition,
and must be unigue areng macio labels and tesminal component
labels within a macto definition,

4.8 Macro Fxpansion

b B TP L B L LA RO LI -
all of the pins cn terminal components o which vach signal connecs.
Each run on the list is given 2 umgque name. A tun name js of the
form "PATII .NAME :SIGNAL. NAME"

SIGNAL. NAMF. is the name used in the inzcro acfinition tu refer o
the signal, except that the name generated for parameter signals is the
name of the signal which was passed whan the maco was called. I
two or more signals are synonyrs, then the niome of the one which is
declared higher in the call structure is used, and if muhiple signals
vithin the same fevel are synonyms, then the one which comes first in
the alphabel is userd.”

For a signal which is global threughout the  entire  aystem,
PATH.NAMY is “TOP". For focal and glehal ugnals which are
declarcd m a inacro, PATH_NAME is created by concatenating, in
order, the label in each macro call (with periods between them) in the
expansion from the lop-level macra down to the miacio containing the
signal of intcrest.

4.9 Board Layout and Partitioning

During the maco-cxpansion pracess, cach  lorminal conponcnt
generaled is assigned a terminal path name, whizh is generated by
concalenating, in order, the lahels of all the macro cails in the pad
down the expansian tree which generated the terminal component
(scparated by perinds), as weli as the fabel on the terminal component.
Since cach label is unigue within a macro definition, all terminal path
hames are tnique.

SCALD inputs a language which maps terminal path names o
boatds and 1o pusitions on Loards. A companion paper, The SCALD
Physical Design Subsystem, deseribes in delai! the Lnguage need to
construct the §-1 processor (which was manually taid-out). In
general, the mapping Tunction can be specified cither tatally manually,
fully automaticatly, or by some combination of manual and automatic
techniques.

4.10 Text Form of Macro Language

The output of the SUDS cditor is a text fory of the Macro
Language, which s input to the Macze Expander. T'he text form of
the Simple Mucessor Macio as shown in Figme 4 10-1. The text
Macro Languige contains exactly the information In lie drawings,
but omits information ab:oul positien and shape. T'or each macro
definition, it ransistt of declarations which give the file name znd
macra  nams, follewed by PARAMEITIER, DUECLANLE,  and
SYNONYM dedarations. Fach body in the inzzio sdefindtion then
has an entry which gives esther the macro of terminal component
name, the logical location labcl, and the acual sparal: pacsed to cach
signal paramcter. SCALD attomatically creates sighal panes for
unnamed tignaly cach such name inciides a percent sign tu make It
different from names input lay the designer.
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BIG 10126 (Rl Le )8, LOC=RIVICL=RIG CL BUF /H,7-C CUT /n, L. R1XD),

RLG IRIZGUSIFTe360, 1 0CaR2I(CE-ROG (0 REF /4, T-EXT OUTRUT<0:35>, T
140:3%: /HY;

JO105P QL OC-G1) (5:REG MRITE L /I, 4-CLOCK, 2-G1%2, 30);

JOU RAN 1O1ESRAUGCeRR STReINMIES L= RO LeG172,1-841 OUTPUT<R: 35>, fix
RUG AUE.01%> /M, ToReD:d5> /1))

10374 (5150300, L0C=H) (TefcB: 35> ZH,EH Lo, 0=LXT CUTFLT<B:35>, JrXIXT, 2=
EXT OUTFUT<9:35%> + C OUT /M ¢3 1+ 2¢6,3=EXT ILPUT-A1355,5=
A SEL GUF«0:)s 7l

FHLEGE O (L2 17371, H-T62H, Tefll LTL<0:5> /I,

36 B11 BLD 10161 (LDCEAY (CT: 7271, Sa¥3 1M, R-3<D1 355 /N, RuN<BI35> /N, Fe
T<O:3%> /H,CO<RIZT, H-2dXH);

LND;

Figure 4.10-1

Tt Vv neantatinn af Siinnls Dracesene Marpn
T L H

. Outpyl Jistings Generaled

A number of output listings are gencrated to help in bath the design
and debupging of the hardware. The Macro Expander outpruts a
directory of the miacios used in a design, a disting which shows all of
the places fran which a given marru is called, one which shows all of
the macres which use a global signal, and a list of alt of the macros
and terminal components called by each macro definition, as shown in
Frgure  h-1  and  Figwe 52 In order to ald in the
partitioning and layout of a system, SCALD provides an estimate of
the pumber and types of chips used by a given macro, generated
using simple Lieuristics ta account for the packing of multiple sections
of a glven type into a single chip. .

6. Conglusions

SCALD hias been vsed to design a 5h00-chip ECL processor (the S-
), and i addition to basic facilities for hierarchical design, it
cantalins many features which have bees found to be essential cither
fur the unelerstandability of the desipn or for the efficiency of tle
machine. Among such feaiores are the following:

- Language constructs for declaring and using local,
paramecter and global signal vectors.

~ A mechanism for defining 1n a single drawlng all
macios of identical structure but different width.

- Mechanisms for conveniently manipulating multiple
physical versions of the same logical signal.

- A mechanism which [acilitates the use of both
physical polavities of a given logical signal,

- Language  consiructs  for  representing  bit-wise
syimmetrical logic,

Structured logic design consisls of extending to logic design the
cssential power of the concepts and the toals which have been
developed for simplifying the pregramming task; the savings in
human fabor expended in digitai systems design 1ealizable by this
advance are potcntially as great ac thase which ihe application of
compilers las caused In the spedification of complex arithmetic and
logical connputations, Qur expenence las thown thau the SCALD
Desigiy System has greatly Inereased the imderstandability of the S-)
Pra.essor, thus reducing the desizn ciforl by a large factor, enhanang
desipn conpectness,  and  facilitating the  gene n ol final
documentation. The design {self scrves as a major portion of the
final documentation because it 1 to readily understandable; ths, the
needl  for  expenslve  and aelatively  inaccurate ex post  facio
documentation is greally reduced, Fusthermore, the SCALD Design

System has increased the changeability of the d

i SHICR MACTOs 2e
inherenily wobded, changes 1 oie macro defintiton usually reguine
mitmal changes in other parts of the desigm. Finally, the imposition
of structure on the design will faalitate machine verification; that s,
it will support simulation of the $-1 at a various levels above the
chip levct.

7. Acknowledgements

We wish 1o adinowledge aiucitd suppait for this reeaich which tiag
been received from the Qifice of Naval Researchi via ONR Oider
Numbers  NOCOIH-76 F-0023  and  NOOOYS-77-F-002% o (he
University of Gatifarnia Lawrence Livermaore Faboratory (where thire
authars  ate members of  the  professional  siaff),  from  tie
Computations Group of the Stanford Linear Accelerator Cunter
supportrd by the Energy Research and Developmat A dministr ation
under contract EY-76-C-03-051h, and from the Stanford Artificial
Inteligence Laboratory. We alio wish to gratefully achnowledye the
support of our graduate studies which has been extended by inne
Fannie and john Hertz Foundation. We greatly anpreciale the

constant enzovtagement and support we have received from Yorest

Raskett, Lowell Wead, and Bil vanCleemput thisughout this work,
and the support Sassan Hareghn provided in writing and respiansively

S At L Wi el oy cldiiela Lol ad

ian [{E I |

[N
Accclteratar Center.

8. References

vanCleempuwt, W. M. 1977 "A Hicrarchicat Language far tie
Structural Description of Digital Systems,” Preceedings Mth Design
Automation Conference, New Orleans, La, June 1977, pp. 373-385,

Helliwell, D. 1972, “The Stanford University Drawing System”,
Stanford Artifical Intelligence Laboratory, Stanfo:d University.



7

4.,

HACLO PROCYSSOR CORIPNL
FILES: LE2iH2
cnLLto 1 TINES FROM:  LEXNIM Sl LU FROCISSOR #1

PARAHETER  ALL CTL<@:S5(0), & S[L<O:1>(D), RE. AOR<D13>(1Y,

(4, RE mE AN,
6075(2), 63.3<G:7502)

LocaL PEANCH RLW(2), BRANCH
LITeD:7502), €24312),

HULBER H

REG VRITE LYY

HICRO INSTR«B:22> (8},

USING CLOCK()), EXT LOAD €S BAYA0122>(1), EXY LORD €5 WE L1y, EXT RESET(1),

DUTHUT SIGH(LY

SYNONYr fR £NeDdi?5 = HICRD IN3TRCD:7>
RRGNTH AU e NICEQ IHSTRaBS
RERANCH HEG » NICRO INSTP. i
REEG RUR.M:35> = NICRD JWOTR<10: L3>
RES WELIE L = PICRE TURIR. G4~
ALY G eB15> & KICKY JNTIPLG:2E>
fl SEL<8:1> & HICRD INSTR 21:22»

HACROS CALLED

c & B1Y CTR 10016 #£11 ( CE « CLOCK, 1.0:7x « AR NOR<O:?>, PE L »
Bl Rz EXT EFEST, a7 » OOT.7:2 )

Gl 101650 #18 {2 = G275, 4 = BLANCH K G, S = OUTPUT SIGH )

G2 C10105A 428 (2 e, 3 e G723, & ¢ [-5N(H ALU, 5 » G225 )

63 MR OLOIIBY ZIZ(SIFE=8) { 3<h> e G373 :d>, Bed> w

(£TeD:7>, 7<¥> )

R KR 256M RAM NR7047 FIOUSIZE=3) (6007 ¢ G3X3cliD>,

B6<X> =

tSLw,

leXs e EXT LOAD €S URTReE122>, Tck> = KICRD IN5TR<0122>, ME L »

EXT LOAD CS HE L)

CHIPS  LOCRL SLCS  TYFE

SIHPLE FFRMESSCY #L
PROCESS0R conrkal £2(1)
SINPLE PROCESSOR £112)

SIHPL PROCESEER £
SIMPLE PROCLSSOR A1 (D)

PROCESSOR CONIRGL 42
PROCESSOR CONTRAL 22(1)

PROCESSOR CCWTRIL £2
FROCESSO0R CnLTRCL #2(1)

SINPLE PROTESSMP 24
SIEPLE PROCLSSOR F1 (&)

PROCFSSOR roNIE~L 2
PROCESSOR CENTIGL J2(1)

SINPLE FFOCESEL™ £1(8)
PROCESSOR CONT' ., F2())

2 o Hpzed2
2 0 18015
i PR T Y1
] L 101esn
6 [ EI8] ]
Figure 5-1
Sumimary Quipant Listng fromr Macro Fypander
DEFIKE/USIKG CROZS RLFEKEKSE L1SY
CLOCK AUTOOFCL
(IEHT
JExEa
EXT INPUTLC1 35> utei L Xl
uscng LEXEN)
£E1 LOAD 15 PAIR<G:22> Ly
JEXE 82
EXT LOAD €5 KE L AUTERECL LENR D
vsis NFIh
EXT OUTPUT2: 35, RUTERECL LDl
usIng Ltk
EXT RESLY O
JLyen2
OUIFLY SIGH RO
Jatng
LEXnt

Ligure h-2

SINFLL FRULESSR #3(D)

Cross Referenca Outpaet Listing from Macro Lxpander




