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o f i n
I t i s

T nis oa oe r w ili int rocuce the architecture of t he c n io. It s
hardwa!.e c onf iqurat ion an d t he software support faci lit v
or o v i c e w i t ,' > i t . De t a i i s 0 f a n um> b e r o f b e n c nm >a! k o 1 o o ! a >Y;
w i i i be q i v e n an c t he s e w l . ' I be u s e d t o i d e n t i f y p a r t i c u i a !"
apo icat ion areas for the chio.

A rch i t e c t u r e

T ne NGI ' X N>C4 >'»: i s a o a t e a r r a v c h i o d e s i o n ec b y a t e a m l ee b v
Cr!a! I e s i vo o r e . I t i >Y> p ie >r>ent s F OR T H a s i t s "mach in e c o d e " a n c .': as
s uc h i s t he f i r s t t r u e F OR T H m a h i n e o n a c h i o . T he c h i o 1s a
1 4 oin convent iona. CY>OS oate array that ooer ates at one cvc i e
eve rv " '5 nanc secono s ( 8 NH= ) . I t s a r c n i t e c t u r e i s s h ow 1
be ow a ! IC a c a n b e s e e n , i t i m>p l e me n t s s e p a r a t e t )us e s f o 1 " c f f
chip In st ruct ion and Data I".e>1 0 rv, Data Stack. Re t urn S-ace anc
I /O.

NOVIX 4000
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Tne f irst po in t t o ma xe i t nat tne machine i s 1E b i t wo r e
o > iev te c a n c a i i t d a t a b u se s a r e t h a t w xd t i i . T he t w o s t a c ~

u se s e - a r at e o f f c gai a m e mos v a r e a s a n d 2 5 6 x 1 6 b i t words a r e
addre sec in each stack. T he Da t a Stack has its t oa t wo v a l u e s
h ei c o n t he c h i o ( N a n d T ) i n o r c ie r t o ma k e t ne l a r a e n u mb e r o f
FORTH w ords t hat ta ke two parameters operate in s i n a l e c v c i e
i ns t r u c . i o n s .

Sub rout ine T h r eaded Code

R a. her t h an i ni a 1 eivient in a c on ve n . i on a i I nd i r e c t T h r e a d ed Co c ie . t he
NQVIX uses Sub> out inc inreade: Coce.

Hence a set of def in."' t i ons such as

A CTION W DUP 2 +

W A B C D

Wii" c o mp i l e t o ( B r ac i e i s i n d i c a t e a » a cic i e s s )

J SR (w' ) I DIJa iACTION

I JS R ( A) I J SR ( & ) I J SR ( C) I J SR (D ) I

A this inv ocat on of an ot her module is so basic t o a FQ.= ,
s vs t e m . i t i s i ma o r - ' an t t ~ at i t s h o u i c' h a v e t h e m ' n i m ulv ov e r n e a c .

T his is d one by ma kino the most sianificant bit of t he oacode
d ei one e i t he r a n " or c i n a r v " i n s t r uc t i o n ( 1 ) o r a s u b r o ut i n e c a l i
( Ci) . I f t he t o a b i t o f t h e o ac o d e i s 0 t he n t he r e ma i n d e r i s t h e
acidres to be >umoed to. Hence , s ub r out ine gumoina takes oniy
o ne c y c l e . Wh i l e t h i s l i mi t s FOR T H d e f i n i t i o n s t o o n l y t h e l owe r
h ai f o f t he 6 4 i( w o > d m e mo ry . i t wi l l b e s h o wn l a t e r t ha t t h i s i s
n ot th o uaht t o be a s ian if i cant lim itation. Q f c ourse .
s ubr ou t i n e c a l i i n a i s o n l y n a l f t h e p r o b l e m a n d a n e f ' f i c i e n t c a l i
with a s low return would be no aain. T he NQV IX can combine the
senicolon action in with t he m a jo r ity of its in st ructions, by
t ak'na advantaae of parallel access to the Return Stack. In t his
way, t he s i n a l e c v c l e a d c i n s t r u c t i o n c a n a l s o i n c l ud e a r e t u r n
w i t h o u t i n c r e a s i n a i t s e xe c u t i on t i me .

The Arithmet ic and Logical Instruction

T hese ooc odes a ll sta rt 10XXXX ( octal ) and
s h i f t . a ivIu l t i p l y / D i v i d e Re a i s t e r ( ND ) a n d
Reqi s t e r ( SR ) a s wel l a s T o p o f St a c k ( T ) ,
( N ) o r Ne x t on St a c k + Ca r r v ( Nc ) •

may i n v o l v e a
a So u a r e Root
Next o n St a c k
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T he s t 1 uc t U) e of a n A r i t h m e i c I n s t r uc t i on is

1 O O O A L U Y T n; S AD T X S). S R

shltl-right b o t h ~
shttt.lett pro pagate

stgn bitAW Decode

O T
1 TANDY
2 T • Y
3 TORY
4 T+ Y
5 TXORY
5 Y • T
7 Y

dlvldo

32&tt shift
atactt octtve

return trorns subroutine
copy T Into N

Who ls Yt

bits
OO
01
10
11

Octal opcodo digit
N
N with carry
MD (tttuitiplle</dlvtsor)
SR (square root)

D or 1
2or3
4or5
4or 2

Whiie t h e FORTH programmer need not consider the layout of t he

ALU I ns t r u c t ) . on , ( t h e FOR H Com p i l e r w i 1 1 h i d e t h es e d e t a i l s )
i t i s i mo o t t a n t t o l o o k i n s ome d e t a i l a t t h e AL U i n o rde r t o
unde1 st anc.' t he speed and power o f t he NC4000. The i moo rt ant

point to note is that the Ai U instruction consists o f a n um b e r of
f ie ' d s e a h o f w h ' c h c o n t r o 1 a s e c t i on o f t he NC4 C>C>C> in t er n a i
components a n o a l 1 f i e i ds of wh i c h a r e de s i gn e d t o be e xe c u t e d i n
p ara i i e l . I n t h i wav . i t i s c omp a r a b l e t o a h o r i z o n t a i b i t 
sliced a rc hitectut e, but as each field represents a F O RT H w o t o
as m an y as five high level words may be executed i n a s i n g l e
c yc l e ( a n d i n c i d e n t a l l y c o rr i o i l e d t o a s i n g l e 1 6 b i t o o c oo e ).
Because of this feature, t he NC4000 is said to be a "Hig h Leve i .
External ly Nicrocoded" machine. T he res ult ing c ode c o mpa c t i on
effect is w hy the ~2h, wol d limitat)on on program a rea i s n o t
tho ugh t t o be a s i g n i f i c a n t l i mi t a t i o n •

T hese t n e n g i v e t h e f o ' l ow i n g ba s i c AL U i n s t r u c t i o n s

I nst r u c t i o nOocode
( octa l ) ( For t h )

N00P
NIP
DROP
DUP
OVER
SWAP

No op e r a t i on
Pop N
Poo N i n t o T
Push T i n t o T
Copy N i n t o T wh i l e pus hi ng T i n t o
E xchange N 8 ; T
Add N t o T a n d p o p N

1 ( ) (.) l.) ~ r t

107C) . Ct
1C>01 '0
1071 '0
107100
1040' '0

Stephen s K W a ts o n Pa g e 3



Tn

Nc MD

multlplexer

2.bitS.bit Alll
code field multlplexer code field

SHIFTER

Arithmetic Instruction opcode

OocoGe J. r)st 1 u ct i 0 ) 1

104411
1 ( ) ~4 1
1 0 "'4 ; : :

1 0 4 ' E ,
10' '414
10=E f E,

1 C)0()C)'
100 ( i ( )~
100011

1 0()() ' '

. '

f04
f ( )6 ( ) . 0
10E,":, 0
10~0 0
1 05( j ( )
1 () f0 : 0

+c

0(
D' /

c
OR
XOR
AND
'/

D' +

Add N t o T wi t h c a r r y a n d o o o
Subt ract T f r om N and ooo N
Subtract T from N with carry and ooo
Looically OR N into T and ooo N
Looically XOR N into T and poo N
L oai c a l l y AND N i n t o T a n d o oo N
s hi f t T r i a h t on e b i t wi t h

T f 5 i n t o T 15 a n d T 14
Shift T left one bit with zero into T0
Prooao at e T 15 i n t o a l l b i t s o f T
shift the combination of

N and T T i g ht o n e b i t
Shi ft the combinat ion of

N and T left one bit
Mul t i ply s t e o
S ione d m u l t i p l y s t e o
Frac t i on a l mu l t i o l y s t e o
D iv i d e s t e o
Last divide steo
Souare r o o t s t e o

/ 7

/ I1

S'
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i Some of t he m o t use f li mu lt i pie FORTH wo res t h a t c a n b e
i mal e n ien t e c,' i n a s i na l e c y c l e a r e

( a b - - a a + b )

( a b - - b- a )

OVER +

SWAP

+ 2 / ( a b — a / 2 + b / 2 )

and of course the ; ca n be coiribined with any of these so that the
word ACTION now compiles to two sixteen bit words.

1 0 0 1 E, 2 I Oc t a l
I I I I I I

ACTION I 0
I i

Tiie mul t i pl v, divide and s a uare r oot steo ope rat i ons rec u' re
succe s s i v e e x e c u t i on s t o De l f 0 ' I IYI a f u 1 h i a h l e v e 'I o pe r a • i on. anc.'
t Ile 1 e i s a T I I ic S r e i .t e r i n t h e NC4 C >ClCl wh i c h i f 1 o a d e c w i t ii a
v a ue . wi 1 i f o r c e t i i e n e xt i n s • r u c t i o n t o be e x e ute c t li a t ma riv
t i iYies t o he i p i n t h i s .

1 E b i t + t a ke s 2 C l c y c l e s
1 E b i t / t a xe s ' 5 c y c l e s
1 E, bi t SQRT t a he s 2 7 c y c l e s

C ondi t i o n a l J ump s

T nre e o p c od e s p r o v i d e i u iY t p f a c i i i t i e s

1 1XXXX Co n d i t i on a l I F / UNT I L / WH I L E
1 2XXXX Ur i c o n d i t i o n a l EL SE / AGAI N / REPE A T
1ZXXXX i o o p %LOOP

In these cases XXXX is an absolute address within the current 4ri

Daae. T he %L O O P p r i mi t i v e a n d t he % D O i mp l e m en t a c o u n t d own t o
=ero u sina on l y a s inale return stack value to hold t he l oops
Da 1 alriet e 1 •

O t he r I n s t r uc t i o n s

Othe r i n s t r u c t i o n s i n c l ud e r e a i st e r a c c e s s ( I / O r e a i s t e r s , R>,
etc ), mem o r y access ( 1E bit address and 21 bit usina t he X
l i n e s ) a n ci s li o r t l i t e r a l s ( t he f i v e b i t l i t e r a l b e i n a Da r t of
t he i n s t r uc t i o n ) . I n a l l t h e s e c a s e s . " ex t e r n a l mi c r oc od i n a " i s
u sec.' t o al l o w AL U o pe r a t i o n s t o t a he p l a c e i n t h e s a me c y c l e .
Typ i c a l mu l t i p l e o pe r a t i on s t h a t c a n t a k e o n e i n s t r u c t i on a r e

R > SW A P > R

DUP 8 S WAP n n + ( a - m a+nn )
nn +

SWAP

Stephen s K W a ts on Pa p e 5



The on lv oacoce . reouirina more than one word a r e l o n e l i t e r a l
i n w h i c h t h e 1E b i t l i t e r a l f o l l ows t he opcoae .

I / O

I/O d e v ices may, of co u rse, be ac cessed via memory mapaina if

r eau i >.ed, b ut t wo s pe c i a l b i - d i r e c t i o n a l I / O b us e s a r e p r o v i d e e
t he 5 bit X po rt ( w hic h may be us ed for e x tended mem o>.y

a ddr e s s i n a i n s o me a p p l i c a t i o n s ) a n d t h e 16 b i t B p o r t .

Each o o r t a l l o ws i n d i v i d u a l b i t s t o be s p e c i f i e d as l a t c he d
o utp u t . t r >.- state output or normal input. In the l a tter case .
t h e v a l ue > e a c i f > om t i l e o o r t i s t h e e xc l u s i v e OR o f t he r ece i v e c i
v a l u e a nd a us e r s e t c o mp a r i s o n r e a i s t e r . So . a s i mp l e r ead o f
a n i n p u t f i e l a ( e a s t a t u s ) a i v e s a t r u t h v alu e f o r d i r e c t
t es t i n q . On ou t pu t a ma s k r e a i s t e > " a l 1 ows s p e c i f i e d b i t s t o be
maskea o u t to allow the b it f >eid of the port to be w ritten to

i nde p e n d en t l v . &y us i n a t he s e , i t i s r e l a t i v e l y s t r a i a ht f o r w a r c i
t o u s e « ay e v e n t b > t s of t he S p or t f o r b i - ci i > ec t i o na l cia t a . t wo
for cont >"o 1 anc. f ou> for device acidressina.

Har dware I mplement ati on

T he NC4C>C>0 achi e v e s i t s h i a h p r o c e s s i n a s p e e c i n o t .> u s t f r om b e i n a
a h i g h l ev e l l a n a ua a e on s i l i c o n , b u t a l s o f r o m a n umber o f
harowa> e techr'>>.aues email oved i n i t s des i an.

The mo s t s t r >. i; i n a of t he s e ' s t h e us e of e xt e r n a l cie ci i c a t e c
hardware for the return anc parameter stacks. T hus , t he r e a r e
t hree set o f buse« corn ne o ut o f t he NC4C>C>C> r esu l t i n a i n s ome
1' 4 p i n s . Ho we v e r , wh i l e t h i s a p p e a r s a t f i r s t o l a n c e tc

carnal icate matters. in pract ice the clock sianals r eaui r ec i f o r
each b us a re v e ry st raiahtforward so that it is in many wa v s
easier t o attach memory devices to the CPLJ than is the case w it h
other 1E pit processors such as the 68000 or 8018E devices.

I n t e r n a l l y , t h e NC4 C>0C> uses n o mi c r o d e — each i n s t r uc t i o n b i t ha s
a a i r e c t a c t i o n o n t h e i n t e r n a l l o g i c wi t h i n t he d e v i c e . As o n l y
some 4 C>C>C> pate s a > e u s e d , t h i s i mp l i e s v e r y c on c i s e i n t e r n a '
l oa i c  another facto>. in improvina oerformance.

Externally, t he fastest clock sianal that can be u sec i s 8 NH" .
With onlv some E ns p e r half cycle, any external memory decodina
l oo i c h a s t o be f a s t — i n o r a c t i c e , t he c omb i n a t i on o f HCN O S
p arts w ith Z5 ns RA N w o r ks well, a nd t h i s i s us e d on t h e
c ur rent de velooment s yst em , t he Set a B oa rd wh ic h w il l be
d esc r i b ed i n t h e n e xt s e c t i o n . Ge n e r a l l y , ther e i s a r e a ci on t h e
f erst hal f cycle and a write on the second hal f. Sepa r ate write
st robe l ines are providea fo>. each memory area ( pa r a meter and
return sta c ks, and m a in m em or y ) and for the I/O p o rt . Of
cou> se, it is not necessary to use Z5 ns RAN which is e xpens i v e

7 C> n s d e v i c e s a r e mo r e w i d e l y a v a i l a b l e . I f t he s a me c l o c k
t ran s i t i on t i me s c a n be ma i n t a i n e c ' , t h e n cio u b l i n a t h e me m o ry
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a cc e s t i >Y >e ma y n ot n e c e s s a > I i v n> e a n d o u o l i n a t he c Ycie t i n c a
reouced clock of oniv E N>-iE n>ay be oossibie.

T l'le NC4 C>C«>A i s i mp ' . ' e>Y>ent ed a s a pa t e ar r ay i n CNOS ( i t
manufactured by Nostek ). a p ro ven technoloay which assures both
h ia h wa f e r Y i e i d s a n d r e a d y a v a i l a b i l i t y f o r o > o d u c t i o n . A s a
C NOS de v ice it c ons u mes onlv 75 mA at 8 NH z a nd t h e e n t i r e
Deve: oo>Y>ent E >oa> d ( i n c i ud 1 nc 2 4 ' r l o f h i o h s De e d R A N ) r e c ui r es
les t han I amo.

A f u rther c on seauence of the use of CMOS is that the device is
static internaily. so t nat it can be sinale steDoed for ha> cware
d ebuoa in a o u > oose s i f n e e c i e c .

The Development Environment

, lie d e v e l o on >en t s y s t e > Yi f o r t he NC4 C>C>C> is c a ' l e d t h e E> e t a E>D a re .
IL consists of an ina eoe ndent s inal e b oa rd c on>outer t ilat
con'6 a1ns •

NOV I X NC4C>C>C>P
4 i( w o r c s o c RQw

B li w o r c o f : 5 n s RA ~
Two >Y>e>Y>o 1 Y maDDed s e r i a l o o r t s
A n on b o a >.d c l o c k f o r e x e c u t i o n t i n> in a
Connect i on for breadboard wit h access to full Novi x E>us

BETA BOARD DEVELOPNENT SYSTEN

I BN PC

or CONPATIBLE
[NSDOS) SCREEN

DISKS
KEYBOARD

RS 232

SCSIRS 232
CLOCK

NENORY PP ED I/O

35 niec RA N28K RAN

tK RON
DATA

STACK
Tt>

STAC

NOVIX

NOVI X
PINS
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In ace it ion software is orovidec to r un under MSDOS on a n I & P I
O'I l o o r , a ' 1 H e t ha w l i l u s e t he PC a s a t e I m i n a a n c s u o o o l t i r g
o is i d r i v e t o t h e h ~V I X.

T he s o f t wa r e s u p p l i e d i s a FORTH I n c p o l y FOR T H s yst e m , I t
s uooorts m u l t i-tasking ( 5 m i c rosec task switch time ) and c an
oenerate standalone ROY based cocle that does not need to inc l uoe
t he development support sections. T he c om o i ler is optimised t o
t h e NOV I X i n t ha t i t w i l l c omb i n e mu l t i o l e FOR T H w o r d s i nt o a

single NC4C>C>(i inst r u c t i o n wh e r e o o s s i b l e .

T he B e n c h ma r k s a n d Con c l u s i o n s

At the time of writino, t he B eta Board on which these tests
t o be r un i s s t i 1 1 awai t i n o a n e ><sort l i ce nc e . Det ai l s of
macnine's oerfoimance will be dist~ ibuted at the Conference.

are
tHE

l
R efe r e n c e s

Pro" ramner Int roc uct ion t o the NOVI X NC4000P Plier oorocessor
b y L B r o d i e — Publ i s h e c ' b v NO V I X .

Fast Processor chio takes its instruction directly from FOR. l",
Golden . Yo o : e . & r o d i e .
Elec t r o n i c s De s i c n , Pa r c h 19 B~ .
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