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A b s t r a c t 

I his repor t p resen t s tlie moclclling of tlie methoclology employed in designing t h e 
physical layout of t h e ope ra t iona l block of t he R I S C O microprocessor IC , u n d e r de-
\ o lopment a t t h e U F R G S . T h e model uses t h e concepts of design me thodo logy m a n -
agemen t s u p p o r t e d b y t h e S T A R design f r amework . T h e design process is organized 
as an h ie ra rchy of methodologies , according to t h e design a l te rna t ives and t h e ar-
( l i i t ec tu re of t h e microprocessor c o m p o n e n t "moíKiles. Each me thodo logy specializes 
a basic s t r u c t u r e ( a concep tua l rnodel) , whicli organizes t h e various r ep resen ta t ions 
c rea ted for t h e design o b j e c t s dur ing the design process . T h e model also specifies 
ali design tasks , in a condi t ion-dr iven app roach which relates tasks and design d a t a 
(pialities. 

K e y w o r d s 
VLSI design a n t o m a t i o n . Design methodo logy m a n a g e m e n t . Design f r ameworks . 

R e s u m o 

Flslo r(>lat6rio ap re sen t a a mode lagem d a metodolog ia e m p r e g a d a no p r o j e t o do lay-
ouf físico do hloco operac ional do circui to in teg rado microprocessador R I S C O , em 
desenvolv imento na U F R G S . O modelo usa conceitos de gerência de metodologias de 
p ro j e to s u p o r t a d o s pelo a m b i e n t e de p ro j e to S T A R . O processo de p r o j e t o é organi-
zado como u m a h ie ra rqu ia de metodologias , em f imção das a l t e rna t ivas de p r o j e t o 

da a r q u i t e t u r a dos módulos componen te s do microprocessador . C a d a metodo log ia 
especial iza u m a e s t r u t u r a bás ica ( u m mode lo concei tuai ) , que o rgan iza as vár ias re-
presentações cr iadas p a r a os ob je tos de p r o j e t o ao longo do processo d e p ro j e to . O 
modelo t a m b é m especifica t odas as t a re fas de p ro je to , a t r avés de u m a a b o r d a g e m 
dir igida por condições que re laciona ta re fas e qua l idades dos dados de p ro j e to . 

P a l a v r a s - c h a v e 
•Automação do p r o j e t o de circuitos VLSI . Gerência de metodologias de p r o j e t o . 
Ambien tes de p ro j e to . 
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1 I n t r o d u c t i o n 
1 Iiis repor t p resen t s t h e modcl l ing of t he me thodo logy employed in designing t h e 
pliysical layout of t h e ope ra t iona l block of t he R I S C O microprocessor IC, u n d e r de-
ve lopment a t t h e U F R G S . T h e model uses t h e concepts of design me thodo logy m a n -
agemen t s u p p o r t e d b y t h e S T A R design f r amework . T h e design process is organized 
as an h ie ra rchy of methodologies , according to t h e design a l te rna t ives a n d to t h e ar-
ch i t ec tu re of t h e microprocessor c o m p o n e n t modules . Each me thodo logy specializes 
a bas ic s t r u c t u r e (a concep tua l model ) , which organizes t h e variotis r ep resen ta t ions 
c rea ted for t h e design o b j e c t s dur ing the design process . T h e model also specifies ali 
design tasks , in a condi t ion-dr iven app roach which re la tes tasks and desired design 
l)roperties. 

T h i s r epor t does no t in tend to extensively present t h e S T A R d a t a mode l ne i ther 
t he S T A R design me thodo logy m a n a g e m e n t mechan isms . T h e reader should refer t o 
o lhe r r epor t s for this pu rpose [ l , 2], and a knovvledge of these concepts will b e pre-
sumed in th is r epor t . It in tends only to i l lus t ra te t h e principies of t he S T A R design 
niothodology m a n a g e m e n t modol , not t he appl ica t ion of a concre te tool which imple-
nients this model . A comple te dcscr ipt ion of the R I S C O microprocessor is ne i ther in 
llio scope of th is r epor t . Th i s can be found in [3]. 

• In this initial sect ion, we first in t roduce t he main fea tu res of design f r ameworks 
and design me thodo logy m a n a g e m e n t . W e thcn in t roduce t h e S T A R f r a m e w o r k a n d 
llic R I S C O microprocessor . 

T h e remain ing of this repor t is organized as follows. Section 2 briefly p resen t s t h e 
ovrral l behaviora l , s t r uc tu r a l and í loorplan design of t h e whole microprocessor , as 
wrll as t h e s t r u c t u r a l design of t he opera t iona l block. T h e design me thodo logy of t h e 
opera t iona l block of t he R I S C O microprocessor is then formal ly descr ibed in Section 3. 
Section 4 gives an oyerview of t he whole design methodology , expla in ing it as an 
hierarchy of par t i a ! methodologies . Finally, Section 5 gives concluding remarks . T h e 
Append ix in t roduces new cons tn i c t s of t he P l a s m a language , a semi-formal sys tem 
used in t he sj^ecification of t h e STAR, d a t a model . l hese addi t iona l cons t ruc t s a re 
itreded for t he defini t ion of par t i cu la r conceptua l models . 

1.1 Design f r a m e w o r k s 
Design f r ameworks a im at t he intograt ion of tools so as to g t ia ran tee t he overall con-
sistency of t h e process of designing circuits and sys tems and to p rov ide a un i fo rm in-
te rac t ion between the designers and t he tools. E.xamples of f r ameworks t h a t par t ia l ly 
or to ta l ly s u p p o r t these goals a re Oct [1], froin Berkeley, Cadweld [5], f rom Carnegie-
M(>llon, and C\ \ 7 S [6], f rom t h e C a d i a b in C e r m a n y , as well as comercial p roduc t s , 
siirh as t h e O p e n Framework f rom Cadence and the Va l idFrame f rom Valid. 

l he main fea tu re of a design f ramework is t he provision of a un i fo rm d a t a model 
lor design d a t a represen ta t ion [7], which suppo r t s t h e r ep resen ta t ion of circui ts and 
sys tems as complex ob jec t s , t ak ing into accoimt aspec ts like composi t ion of sub-
ob jects, hierarchy, and ins tan t ia t ion of ob jec t s . 



A íirsign f i a m r w o r k da ta niodrl iniisl, provido facilities for rrmltiple represen ta t ions 
lf)r a (Irsign ohjpcl,. In tlie s r o p r of tliis r epor t , we dcs igna te lhe organiza t ion of these 
miilt iple r ep resen ta t ions as llie ohjoci, confrol urc. DiíTcrfnt r epresen ta t ions for 
;i design oh je r t can correspond to 

• design a l t e rna t ives (e.g. a s tandard-ce l l or a ga t e -a r r ay app roach ) ; 

• design views, i.e. r epresen ta t ions of t he s a m e ob jec t a t d i f ferent abs t r ac t ion 
leveis (a lgor i thmic , RT , logic, layoiit, etc); 

• design revisions, i.e. consecti t ive re f ínements or i tnprovernents of t h e s a m e ob-
ject . 

A design me thodo logy [8] is a set of design rules t h a t e i ther enforce or gu ide t h e 
riesign act ivi t ies p e r f o r m e d by the user, so as to ob ta in design ob j ec t s with desired 
|)i<)p(M t ics. Hnles caii exprcss: 

• tasks that itinst be (^xecnted when the dc^sign process arr ives at a given po in t 
(t his poin t can l)o for ins tance r x p r r s s r d in t e rms of some design ob jec t prop-
crt ics) ; 

• a l t e rna t i ve design approaches to be followed from a given design po in t , as well 
as cr i ter ia for deciding betvveen the possible design p a t h s (again, these crieria 
can involvp design object pro|)ert ies); 

• design r ep resen ta t ions t h a t rnust be created unde r given condi t ions (e.g. a repre-
sent.alion at a more dctaiU^d design kn-el or a l te rna t ives t h a t mtist b e compared 
accord ing to sotne t radc-oífs) . 

Design nxMhodology m a n a g e m e n t is t he control of tlie creat ion of t he design ob-
jects and of the execnt ion of the design tasks so that they coíiform to t he es tab l i shed 
mies . 

1.2 T h e S T A R f r a m e w o r k 
1 he developrnent of the STAR f ramework is a jo int effort of t h e U F R G S and the 
IHM Rio Scientific Cen te r which is based on previoiis exi^erience of these groups in 
lhe field of design f rameworks ( t he A M P L O env i ronment [9], a t t h e U F R G S , and 
IIK^ G.AUDFN d a t a model [10], a t IBM). T h e STAR f ramework s n p p o r t s t h e mos t 
i n ipo r t an t fea tnres expec ted f rom sys tems eífectively open to t he in tegra t ion of tools 
aiined a t various appl ica t ions , a rch i tec tures , and technologies [11]. S T A R is based 
on a d a t a rnoflel [l] which is derived f rom the G A R D E N model . It has been shown 
lhat t he G.ARDFN morlel sup|>orts more ílexible and powerful concepts t h a n o the r 
I rameworks [12]. T h e STAR f ramework also offers special facilities for d a t a and design 
iiu^thodology m a n a g e m e n t and for coopera i ion between designers. 

l he fleíinilion of a dc-sign methodology in the S^PAR f ramework is based on th ree 
main principies: t he task flow. t he control s t ruc tu res of t he design ob jec t s , a n d the 



Itiorarcliizaiioii of t h e design methodologies . A detai led descr ipt ion of t h e S T A R 
(losign me thodo logy m a n a g e m e n t model can be found in [2]. 

l a.sk ílow is expressed th rough a condi t ion-dr iven modcl , where inpvi t -output rela-
t ionships be tween tools and design d a t a are specified. T h e s e re la t ionships can involve 
"qual i t ies" of t h e design ob jec t s (such as t h e values of cer ta in ob jec t a t t r i b u t e s ) . A 
lool is eligible for execut ion when its i npu t d a t a , wi th t h e desired qual i t ies , is avail-
al)le. T h e choice a m o n g m a n y execu tab le tools is left t o t h e user . 

A design me thodo logy is s t rongly re la ted to control s t ruc tu re s t h a t o rganize ali 
r ep resen ta t ions t h a t can b e crea ted for t h e design ob jec t s of a given appl ica t ion 
according to a given m a n a g e m e n t s t ra tegy . T h e s e cont ro l s t r uc tu r e s explici t ly con ta in 
ali ob j ec t "qual i t ies" t h a t a re needed for t h e task sequencing. Each design ob j ec t can 
have a d i f ferent control s t ruc tu re , depend ing on t h e pa r t i cu la r design methodo logy 
to b e appHed to i t . We call t he conceptual scheme of t h e appl ica t ion t h e set of ali 
ob jec t control s t r uc tu r e s defined for this appl ica t ion . 

Design methodologios can be organized in a hierarchical way. A new design 
motlioclology can b e d r r iv rd from a previous one by specialÍ7,ing (e i ther by ex t end ing 
or rrs( r ict ing) t h e control s f ruc tu ros of t he proviotis methodology , and by add ing new 
lasks to t he task flow .spocification. 

Aiiy user can also be an "appl icat ion m a n a g e r " , f h a t defines a new appl ica t ion as 
a sprc ia l iza t ion of tlie appl icat ion t h a t h e / s h e is au thor ized to execute . T h e applica-
tion manage r m u s t define, prior to t he execut ion of a design methodology , b o t h its 
c oncep tua l scheme and f h e associated tasks. Whi le defining t h e concep tua l scheme, 
ali ob j ec t s and a t t r i b u t e s t h a t h e / s h e a l ready knows as necessary a r e specified (al-
t l iough a t t r i b n t e values m a y be assigned dur ing the design process) , specially those 
neodrd for specifying t h e task flow control . I lowever, new ob jec t s and a t t r i b u t e s m a y 
bo st ill defined and created dur ing the design process. 

1.3 T h e R I S C O microprocessor 
lUS(X) [.3] is a .32-bit microprocessor wliich is being developed a t t he U F R G S . It is 
bciiig dcsigncd using 1 ..r) um C M O S design n i l r s witli 2 rnetal leveis. It has a three-
address a r c h i t e c t u r e and exectites one ins t ruc t ion per cycle a t normal How, except for 
in rmory references. Its main a rch i tec tura l features are: 

• d a t a , insl.ruct ions, and address r s are .'J2-bil, words; 

• a .32-bit word is tho basic addressab le uni t , thus giving access to 4 Gwords ; 

• cornmunica t ion with t he main m e m o r y is done th rough a 32-bit mul t ip lexed bus 
for d a t a and address ; 

• it has .32 32-bit r rgis ters , including the P r o g r a m Coun te r , t h e S tack Po in te r , 
t he Processor S t a t u s Word , and RO (cons tan t zero); 

• it has a 3-s tage pipeline, achieving a. pcak ins t ruc t ion r a t e of one ins t ruc t ion 
per mach ine cycle; 
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• b r a n r h inst .nictions liave thoir execui ion clelaypcl by one cycle. 

T h e R I S C O microprocessor has four main archi tec t i i ra l blocks: t h e O p e r a t i o n a l 
P a r t , which is composed of 32 ahiiost idênt ica! 1-bi t wide slices, t h e Con t ro l P a r t , a 
Val idat ion In ter face , which is responsible for synchroniz ing a n d buíFering t h e cont ro l 
signals f r o m the Cont ro l P a r t t o t h e O p e r a t i o n a l P a r t , a n d t h e Clock G e n e r a t o r . 

T h e overall layout con ta ins t h e Clock Gene ra to r , to t h e lef t , a n d t h e Con t ro l 
P a r t , t o t h e r ight , in a t o p slice. Below t h e m a re loca ted first t he Val idat ion In te r face 
and then t h e O p e r a t i o n a l P a r t , bo th as wide as t h e t o p slice. T h e Ope ra t i ona l P a r t 
is divided in to 32 1-bi t wide hor izonta l slices. It is imp lemen ted in a bus-based 
a rch i t ec tu re . T w o d a t a busses run hor izonta ly t h r o u g h alí cells of each slice. Con t ro l 
lines run vertically, whi le t h e power lines also r u n horizontal ly. 



2 Behaviora l , s t ruc tu ra l , and f loorplan design 
l liis secf ion only in tends to in t roduce the early design phases of t h e R I S C O micropro-

cessor design, incUiding the heliavioral , s t r uc tu ra l , and f loorplan design. T h e ob jec t 
control s t r u c t u r e s a re only in t roduced when this is relevant for t h e physical layout 
design, to b e de ta i led la ter . T h e tasks invoked dur ing these design s tages a r e not 
specified. 

2.1 Behav io ra l des ign 
The R I S C O microprocessor is init ially specified th rough a behaviora l descr ip t ion, by 
using some h a r d w a r e descr ipt ion language . Th i s descr ipt ion s t a t e s t h e behav ior of 
t h e R I S C O ins t ruc t ion set; how each ins tn ic t ion affects t h e microprocessor registers 
and flags and t h e m e m o r y con ten t s . It does not conta in any references to poss ible 
iniplcMníMitations for tlie microprocessor . 

T h e me thodo logy for t he microprocessor behaviora l design specifies t h e R I S C O 
Design ob jec t and its initial control s t ruc tu re , including Views t h a t conta in behaviora l 
related in fo rmal ion . As a result of the design process, V iewSta te s for these Views 
are c rea ted . T h e R I S C O ob jec t lias t h ree initial a t t r i b u t e s , co r responding to design 
r(X|uireiiients t o be set by t h e appi ica t ion nianager : r nax imum area , m a x i m u m power 
d iss ipa t ion , and i i i inimum clock frequency. These a t t r i b u t e s a r e defined a t t h e root 
of (lie control s t r uc tu r e . Po r t s t h a t a re visible in t h e initial specif icat ion of t h e 
microprocessor , such as d a t a and address busses and ex te rna i control lines, a r e c rea ted 
dur ing the design process and defined a t t he root . T h e design me thodo logy specifies 
l l iat ali Po r t s have a t t r i b u t e s Por tDi rec t ion and BitVVidth. 

2.2 S t r u c t u r a l design 
2.2.1 S t r u c t u r a l d e c o m p o s i t i q n of t h e m i c r o p r o c e s s o r 

/\ s t ruc tu ra l represen ta t ion for t h e R I S C O microprocessor is manua l ly genera ted f r o m 
tlie behaviora l one. T h e circuit is par t i t ioned in to i ts four ma in s t ruc tu r a l blocks: 
t he ope ra t iona l block OP , the control block C P , t h e clock gene ra to r ClockGen, and 
the validat ion in te r face Validat Interf between C P and O P . The me thodo logy for t h e 
s t ruc tu ra l design ex tends t h e R I S C O control s t r u c t u r e by a d d i n g a V i e w G r o u p VG-
H ISCO-Str t ic f , which ga the r s ali Views of t h e R I S C O ob jec t t h a t cor respond to t h e 
s t ruc tu ra l design. O n e of these Views ( V - R I S C O - S t r u c t - O b j ) is of t y p e M H D and 
conta ins four Des ign lns tances t h a t m a k e reference to o the r Designs ( O P , C P , Clock-
Gen, and Va l i da t l n t e r f ) . 

T h e user which is responsible for t h e s t ruc tu ra l design ex tends t h e concep tua l 
scheme, by a d d i n g these ob jec t s . F igure 1 shows the definit ion for ob j ec t O P ( the 
opera t iona l block whose design is the sub j ec t of th is r epo r t ) in t h e new scheme. 1 

"This definition is given in tlie Plasma specifícation language, extended as presented in the 
AppfMulix. 



OP Design 
has A_Bus Port 

has BitWidth = { 31 .. O } 
has PortDirection = inout 

has BOUT_BB Port 
has PortDirection = in 

is generalizatlon of { V-OP-Struct (View MHD) ; 
V-OP-SlicedStruct (View MHD) ; 
V-OP-FullCustom-ExpandedStruct (View MHD) ; 
VG-OP-Layout (ViewGroup) } 

F igure 1; T h e O P ob jec t 

T h e design m e t h o d o l o g y previously specifies which a t t r i b u t e s do t h e O P P o r t s 
have, b u t ac tua l Po r t s a r e c rea ted only dur ing t h e design process , On ly t h e P o r t s 
A_Bus (a d a t a bus) a n d B O U T _ B B (a control line f r o m C P ) a re shown as example , 
s ince O P has some dozen Por t s . These P o r t s have a t t r i b u t e Po r tD i rec t ion , while 
A_Bus has an add i t iona l a t t r i b u t e B i t W i d t h . A_Bus is a b u n d l e of 32 lines, a n d 
each of t h e m can b e referred to as A_Bus [i]. T h e ob j ec t O P does no t have any 
a t t r i b u t e s (UserFie lds) defined a t t he Design levei ( t he root of t h e h ie ra rchy pf ob j ec t 
r ep resen ta t ions ) . 

T h e me thodo logy for t h e s t r u c t u r a l design a l ready specifies a View V - O P - S t r u c t , 
of t y p e M H D , which will con ta in t h e s t r uc tu r a l r ep resen ta t ion of O P . T h e V i e w G r o u p 
V G - O P - L a y o u t will be added la ter by t h e methodology for t h e floorplanning design 
(see subsect ion 2.3), while t h e M I I D Views V - O P - F u l l C u s t o m - E x p a n d e d S t r u c t a n d 
V-OP-S l i cedS t ruc t will b e needed by t h e me thodo logy for t h e fu l l - cus tom layout 
design of O P . 

It mu st b e no ted t h a t Po r t s , in t h e STAR d a t a mode l , a re a u t o m a t i c a l l y inher i ted 
by all r ep resen ta t ions below the n o d e of t h e control s t r u c t u r e where they a re def ined. 
rrhe i nhe r i t ance of P a r a m e t e r s and UserFields is not a u t o m a t i c a n d m u s t b e explici t ly 
def ined. 

Po r t s , P a r a m e t e r s , and UserFields can b e changed dur ing t h e design process , when 
lhe change is no t fo rb idden by t h e design methodology. T h e y can b e c rea ted or re-
moved , and their a t t r i b u t e s can also b e crea ted or removed. Also t h e a t t r i b u t e values 
r an be changed . Any of these changes is au tomat i ca l ly s tored by t h e f r amework in a 
new "version" of t h e control s t r u c t u r e n o d e where t h e P o r t , P a r a m e t e r , or UserFie ld 
is def ined. 

2.2.2 S t r u c t u r a l d e c o m p o s i t i o n of t h e o p e r a t i o n a l b lock 

I he ope ra t i ona l block O P is manua l ly designed as an in te rconnec t ion of modu les , 
snch as an A LU, a register file, o the r registers , a n d some logic. Each of these modules 
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l>rocesses in fo rmat ion t h a t is 32-bit wide. T h e s t ruc tu r a l pa r t i t i on of O P is s tored in 
a ^ÍTTD View V - O P - S t r u r t , as shown in F igure 2. 

V-OP-St ruc t View (MHD) 
contains ALU-Part Component 

has ... ( same Ports as ALU) 
has reference to Dçsign ALU 

contains BReg-Part Component 
has ... ( same Pprts as BReg) 
has reference to Design : BReg 

contains ALU-PartA Designinstance of ALU-Part 
contains BReg-PartA Designinstance of BReg-Part 

contains ... (Nets) 

F igure 2: T h e s t ruc tu r a l View of t h e opera t iona l p a r t 

• Th i s View has DesignTnstances t h a t m a k e reference to new Designs A L U , BReg 
( t h e register file), P C ( t h e P r o g r a m C o u n t e r ) , U D ( the bar re i sh i f te r ) , e tc . T h e s e 
Designs were not known when t h e methodology for t h e s t r u c t u r a l design has been 
dofined. T h e user which is responsible for t h e s t r u c t u r a l design of t h e ope ra t iona l 
block dynamica l ly ex tends t he concep tua l scheme by add ing t h e new o b j e c t s ALU, 
RReg , P C , UD, e tc . and by defining t h e control s t r uc tu r e s needed for t h e m du r ing 
th is design s tage . 

F igu re 3 shows t h e defini t ion of ob jec t ALU (we will res t r ic t this r epor t t o t h e 
design of th i s m o d u l e inside O P ) . W e show only t h e P o r t s AJBus a n d RUA_BA, since 
t he ALU has a large n u m b e r of Po r t s . 

ALU Design 
has RUA_BA Port 

has PortDirection = in 
has A_Bus Port 

has BitWidth = { 31 .. O } 
has PortDirection = inout 

is generallzation of { V-ALU-BehavSrc (View HDL) ; 
V-ALU-BehavObj (View HDL) ; 
V-ALU-Struct (View MHD) } 

F igure 3: T h e ALU ob jec t 

I I D T J Views V - A L U - B e h a v S r c and V - A L U - B e h a v O b j a re needed for t h e s imula t ion 



of the structural representation of the microprocessor, whlle the MHD View V-ALU-
Strwct is itsed in the structural decomposition of the ALU, as shown in the next 
subsection. 

Supposing that the designer wants to simulate the structural decomposition of 
thé RISCO microprocessor achieved Until this point, behavioral descriptions must be 
created for âll leaves of the strüctural hierarchy under the RISCO View V-RISCO-
Struct. This must be done for the Designs ALU, BReg, etc (modules witbin OP), 
CP, ClockGen, and ValidaiInterf (other modules within RISCO). The behavioral 
descriptions are split into two Views, both of type HDL, one containing the source 
description and the other thé result of the compilation process (see Figure 3 for the 
ALU). 

Now a configuration can bê built for the structural View of OP, selecting View-
States containing b e j ^ v i o r a l descriptions for the modules within OP. After that , a 
configuration can alsoíbe established for thé RISCO structural view, with a selection 
of ViewStates containing behavioral descriptions for CP, ClockGen, and Validatinterf, 
and using the already built configuration for OP. 

As a result of the simulation of this configuration, the designer may wish to creaté 
new ViewStates for ali design objects ittvolved in the configuration, in order to achieve 
the bèst result. New cohfigurátions do not tteed to be created for RISCO and OP, 
if the ábove mentioned ones are dynamic and specify the most recent ViéwStatè of 
each of these design objects. 

2.2J Structural decomposition of the ALU 
Also the modules within the operational block must be designed as a structural de-
composition of more primitive cells. In the following, we illustrate this by showing 
the main steps in the design of thé ALU. 

As á first step, a ViewState for the ALU View V-ALU-Struct is created, as shown 
in Figure 4. V-ALU-Struct, of type MHD, is an interconnection of 32 slices of 1-bit 
wide ALUs. 

V-ALU-Struct View (MHD) 
contains ALUSIice-Part Component 

hâs ... ( same ( 'orts ás ALUSIice) 
has reference to Viéw ; V-ALUSIice-Struct 

contains ALUSIicél :- Desigtiinstance of ALUSIice-Part 
contains ALUSIice2 :- Designinstance of ALUSIice-Part 

contains ALUSIice32 :- Designinstance of ALUSIice-Part 
contains ... (Nèts) 

Figure 4: The ALU structural View 



V - A L U - S t r u c t refer? to a M H D View V-ALUSl ice-S t ruc t of a n o t h e r Design ALU-
Slice, shown in F igure 5. Th i s Design m u s t have t h e s a m e P o r t s as t h e A L U o b j e c t , 
except t h a t t h e d a t a bus lines a re now 1-bit wide. Since it is previously known 
l h a t th i s ob j ec t will b e needed, i ts initial control s t r u c t u r e , con ta in ing only V-ALU-
Sl ice-Struct , can b e a l ready specified by t h e design methodology . T h e V i e w G r o u p 
VG-ALUSl ice -LO a n d t h e M H D View V-ALUSl ice -Ex t rac ted will be la te r added by 
t h e me thodo logy for t h e ALU physical design. 

ALUSIice Design 
has RUA_BA Port 

has PortDirection = in 
has A^Bus Port 

has PortDirection = inout 
has ... ( same other Ports as ALU) 
has MaxDelay UserField : integer 
is generalization of { V-ALUSlice-Struct (View MHD) ; 

V-ALUSIice-Extracted (View MHD) ; 
VG-ALUSlice-LO (ViewGroup) } 

F igure 5: T h e ALUSIice ob jec t 

V-ALUSl ice -S t ruc t , shown in F igure 6, is an in te rconnec t ion of ins tances of t h e 
mos t recent V i e w S t a t e of s t r uc tu r a l r epresen ta t ions of t r ans i s to r s and logic ga tes , 
which a re supposed to exist in a cell l ibrary. 

V-ALUSIice-Struct ;- View (MHD) 
contains AND-Part :- Component 

has ... (Ports) 
has reference to most recent ViewState ; V-ANDGate-Struct 

contains Transistor-Part Component 

contains A N D l Designinstance of AND-Part 

contains ANDm Designinstance of AND-Part 
contains T r l Design Instance of Transistor-Part 

contains Trn Designinstance of Transistor-Part 

contains ... (Nets) 

F igure 6: T h e s t ruc tu ra l View of ALUSIice 



2.2.4 T h e s l iced s t r u c t u r a l r e p r e s e n t a t i o n of O P 

A sliced represen ta t ion of t h e opera t iona l block s t r u c t u r e will b e l a te r needed for t h e 
layout design methodology . T h e ope ra t iona l block is seen as an a r ray of 32 1-bi t wide 
i i istances of an ob jec t OPSl ice , as shown in F igure 7. 

V-OP-SlicedStruct View (MHD) 
contains OPSIice-Part Component 

has ... (same Ports as OPSlice) 
has reference to Design : OPSlice 

contains OPSIicel Designinstance of OPSIice-Part 
contains 0PSI ice2 Designinstance of OPSIice-Part 

contains OPSIice32 Designinstance of OPSIice-Part 
contains ... (Nets) 

F igure 7: T h e sliced s t ruc tu ra l represen ta t ion of O P 

Since t h e need for this decompos i t ion of O P is known before t h e s t r u c t u r a l de-
sign, t h e ob jec t OPSl ice , with i ts initial control s t r u c t u r e (only t h e View V-OPSlice-
S t ruc t ) , is a l ready defined in t h e design me thodo logy for t h e s t r u c t u r a l decompos i t ion , 
as shown in F igure 8. OPSl ice has t he s ame Po r t s as O P , except t h a t t h e d a t a bus 
lines a re now 1-bi t wide. 

OPSlice Design 
has BOUT.BB Port 

has PortDirection = In 
has A_Bus :- Port 

has PortDirection = inout 
is generalizatlon of { V-OPSIice-Struct (View MHD) ; 

V-OPSIice-ExpandedStruct (View MHD) ; 
V-OPSIice-LO (View LO) } 

F igure 8: T h e OPSl ice ob j ec t 

T h e M I I D View V-OPSl ice -S t ruc t , shown in F igure 9, con ta ins ins tances of t h e 
a l ready exis t ing s t ruc tu ra l r ep resen ta t ions of ALUSlice, BRegSlice, e tc . T h e addi-
t ional Views V-OPSl ice -LO and V - O P S l i c e - E x p a n d c d S t r u c t will b e a d d e d by t h e 
me thodo logy for t h e opera t iona l block layout design. 
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V-OPSIice-Struct View (MHD) 
contains ALUSIice-Part Component 

h a s . . . ( same Ports as ALUSlice) 
has reference to View : V-ALUSIice-Struct 

contains BRegSlice-Part Component 
has ... (same Ports as BRegSlice) 
has reference to View : V-BRegSlice-Struct 

contains ALUSIicel Designinstance of ALUSIice-Part 
contains BRegSlicel Designinstance of BRegSlice-Part 

contains (Nets) 

F igure 9: Tl ie s t r uc tu r a l represen ta t ion of OPSl ice 

2.3 F loo rp l ann ing 
r i ie design me thodo logy for t h e f loorplanning process ex tends t h e control s t r uc tu r e s 
for t he ob jec t s O P , C P , ClockGen, and Va l ida t ln te r f , a l ready specified du r ing t h e 
s t n i c t u r a l design, and defines an initial control s t r u c t u r e for a new o b j e c t P a d s . 

In t h e f loorp lanning process, t he designer assigns initial values to t h e d imens ions 
and posi t ioning of t he four main s t ruc tu r a l blocks of t he R I S C O microprocessor . T h e 
goal of t h e floorplanning process is to ob ta in t h e m i n i m u m possible overall a rea for 
t he R I S C O ob j ec t . T h e fu r the r detai led layout design of t h e s t r u c t u r a l blocks m a y 
lead t h e designer to change these d imens ions and posi t ions . In o rde r to accomplish 
t he floorplanning task , a V iewSta t e for a View V - R I S C O - L a y o u t , of t y p e Layou t , 
m u s t b e c rea ted for t h e R I S C O Design (see F igure 10). 

V-RISCO-Layout View (LO) 
has Width, Height UserField : integer 
contains OP-Par t Component 

has ... (same Ports as O P ) 
... (same for CP, ClockGen, Validatlnterf) 
contains O P - P a r t l Designinstance of OP-Par t 

has Width, Height UserField : integer 
has Coordinates UserField : { integer; integer ) 

... (same for CP, ClockGen, Validatlnterf) 

F igure 10: T h e Layout View for t he R I S C O ob jec t 

V - R I S C O - L a y o u t has a t t r i b u t e s whose values are t h e width and t h e he ight of t h e 
overall microprocessor layout . T h e s e a t t r i b u t e s are specified by t h e design m e t h o d -
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ology, b u t thei r values are assigned du r ing t h e design process. T h e DesignTnstances 
of V - R I S C O - L a y o u t correspond to t h e ob j ec t s O P , C P , C lockGen , Va l ida t in te r f , a n d 
Pads , a n d have t h r e e UserFields: w id th , he ight , and coord ina tes of t h e left b o t t o m 
í o t n e r of t h e block. Since t h e pa r t i t ion ing of R I S C O into these four modules is pre-
viously known, t h e design me thodo logy could a l ready enforce t h e ex is tence of t h e 
respec t ive Des ign ins tances . As a resul t of t h e floorplanning process , var ious View-
S ta t e s for V - R I S C O - L a y o ü t can b e c rea ted , wi th different values for w id th , he ight , 
and coord ina te s of i t s DesignTnstances. 

T h i s design s t e p also involves V iewGroups for t h e Designs O P , C P , ClockGen, 
ValidatTnterf , a n d P a d s , t h a t will ga the r thei r layout Views. F igure 11 shows t h e 
V i e w G r o u p V G - O P - L a y o u t for t h e Design O P . It has two UserFie lds whose values 
a re def ined du r ing t l ie floorplanning process: w id th and he ight . T h e P o r t s now have 
add i t iona l methodology-def ined a t t r i b u t e s W i d t h ( t h e w i d t h of t h e layout t r ack ) , 
Coo rd ina t e s and Imp lemLaye r ( t h e layout layer where t h e P o r t is i m p l e m e n t e d ) . At 
t h e layout levei, each d a t a bus (A_Bus and BJBus) is imp lemen ted by two s e p a r a t e 
lines t h a t ca r ry c o m p l e m e n t a r y values. For t h e A_Bus, an add i t iona l P o r t A_Bus_not 
is t h u s c rea ted . Fu r the rmore , s ince a t t h e layout levei each bit of t h e d a t a busses m u s t 
be separa te ly rou t ed , each bi t of A_Bus has i ts own a t t r i bu t e s . V G - O P - L a y o u t also 
has add i t iona l P o r t s defined a t th is levei, cor responding to t h e power supp ly lines. 
T h e exis tence of these P o r t s could be a l ready enforced by t h e design methodology . 
T h e V i e w G r o u p s V G - O P - F u l l C u s t o m and VG-OP-Ce l lBased are added to t h e control 
s t r u c t u r e by t h e methodologies for t he O P layout design. 

A t t h e end of t h e floorplanning process , t h e a t t r i b u t e s W i d t h and Height of VG-
O P - L a y o u t m u s t receive t h e values assigned to t he wid th a n d height of t h e corre-
spond ing Des ign lns tance in t h e V iewSta t e of V - R I S C O - L a y o u t which was cpnsidered 
to be t h e o p t i m u m one. O n e could, for ins tance , choose a V i e w S t a t e wi th m i n i m u m 
overal l a rea , b u t wi th a height for t h e opera t iona l block t h a t is g rea t e r t h a n a cer-
ta in lower l imit t h a t is necessary for a good layout design. T h e values ob t a ined for 
\Vidth and Height will act as design cons t ra in t s dur ing t h e physical design of t h e 
opera t iona l block. Similar cons t ra in t s a re ob ta ined for t h e design of t h e o the r blocks 
(CP , C lockGen , and Va l ida t in t e r f ) . 
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VG-OP-Layout ViewGroup 
has VDD Port 

has Width UserField : integer 
has Coordinates UserField ; { integer; integer } 
has ImplemLayer UserField : Layer 

has GND Port 
has ... ( same at t r ibutes as VDD) 

has BOUT.BB Port 
has Width UserField : integer 
has Coordinates UserField : { integer; integer } 
has ImplemLayer UserField ; Layer 

has A_Bus [1] Port 
has Width UserField : integer 
has Coordinates UserField : { integer; integer } 
has ImplemLayer UserField : Layer 

has A_Bus_not [1] Port 
has Width UserField : integer 
has Coordinates UserField : { integer; integer } 
has ImplemLayer UserField : Layer 

has A_Biis [2] Port 
has ... ( same at t r ibutes as A_Bus [1] ) 

... (same for A.Bus [3] until A_Bus [32] and 
for A_Bus_not [2] until A_Bus_not |32]) 

has Width, Height UserField : integer 
is generalization of { VG-OP-FullCustom (ViewGroup) ; 

VG-OP-CellBased (ViewGroup) } 

Layer ; string = { poly / diffusion / well / me ta l l / metal2 / ...} 

F igure 11: V iewGroup for t he f loorplanning of O P 
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3 Phys ica l design of t h e ope ra t iona l block 
Althoiigh two diíTerent design methodologies - fu l l -cus tom and cell-based - can b e 
ti ied in t h e search for an op t ima l solut ion for t h e opera t iona l block layout , th is r epor t 
will b e res t r ic ted t o t h e discussion of t h e fu l l -cus tom design. 

3.1 Spl i t t ing t h e ope ra t i ona l block in to slices 
AH represen ta t ions for t h e fu l l -cus tom design of t h e ope ra t iona l block a re s tored 
unde r V G - O P - F u l l C u s t o m , shown in F igure 12. In t h e fu l l -cus tom methodology , t h e 
ope ra t iona l block layout is designed as an a r ray of 32 identical hor izonta l slices. Th i s 
r ep resen ta t ion is s to red in a Layout View V - O P - F u l l C u s t o m - L O . 

VG-OP-FullCustom ViewGroup 
has Width, Height UserField : integer 
has PowerBusWidth UserField ; integer = valuel 
has PowerBusDirection, DataBusDirection UserField : 

Direction = horizontal 
has ControILinesDirection UserField : Direction = vertical 
is generalization of { V-OP-FullCustom-LO (View LO) ; 

V-OP-FullCustom-ENL (View MHD) } 
{{ strict inherited Width, Height, PowerBusWidth, 

PowerBusDirection, DataBusDirection, ControILinesDirection }} 

F igure 12: V iewGroup for t h e fu l l -cus tom design of t h e ope ra t iona l block 

T h e fu l l -cus tom design follows some guidel ines t h a t a re es tabl ished in a t t r i b u t e s 
of V G - O P - F u l l C u s t o m : t he power supply and d a t a bus lines m u s t r u n in t h e hori-
zonta l d i rec t ion , t h e control lines m u s t run in t h e vertical d i rec t ion, and t h e power 
supply lines m u s t have a given wid th . Th i s wid th receives an initial va lue which is 
iised as a design cons t r a in t , b u t a f t e r t he layout design, and knowing t h e real power 
consumpt ion of t he whole O P slices, t h e designer may need to change th is value. 

VG-OP-F t i l lCus tom also has UserFields W i d t h and Height . As a design goal, the i r 
\ alues n m s t be less t h a n the values of t he cor responding a t t r i b u t e s in V G - O P - L a y o u t , 
I liat were es tabl ished dur ing the f loorplanning process. Since t h e ALU design is t h e 
crit icai task in t he overall O P design, t h e ALU layout will be designed first. T h e 
designer will t ry to a d j u s t t h e width and height of t he ALU slices to t h e cons t ra in t s 
es tabl ished in t h e floorplanning. H e / s h e will t ry to design t h e ALU slice wi th a 
iTiinimal he igh t , b u t wi thou t resul t ing in a too much wide module . T h e height of t h e 
ALU slice will serve as a design cons t ra in t for ali o the r modu les wi th in t h e O P slice. 
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3.2 Des igning the ALU slices 
'1 lif V i e w G r o u p VC-ALUSI icc-LO ga the r s ali layout related in fo rmat ion a b o u t t he 
Af . í l slices and p resen t s a t t r i b u t e s , shown in F igure 14, t h a t a re needed in o rder to 
g u a r a n t e e t h e overall consis tency of t h e layout design of t h e ope ra t iona l block slices: 

• height - i ts value m u s t b e as a p r o x i m a t e as possible to 1 / 3 2 of t h e he ight of t h e 
opera t iona l block ( a t t r i b u t e of VG-OPSl ice -LO) ; 

• power supply, d a t a bus , and control lines a t t r i b u t e s re la ted to t h e t rack wid th 
and direct íon - the i r values m u s t be t he s a m e of t h e cor responding a t t r i b u t e s 
of V G - O P - F u l l C u s t o r n . 

For each of t h e ALU slice in ter face signals t h e following a t t r i b u t e s a r e defined: 
roo rd ina t e s , imp lemen ta t i on layer, and width of t h e channe l layout . 

Ftn t he rmore , t he d a t a busses t raverses t h e opera t iona l block horizontal ly , so t h a t 
r oo rd ina t e s m u s t b e defined for their left and right in te r face po in t s , while some control 
lines, such as R U A . B A , t raverse t he ALU slices vertically, so t h a t coord ina tes m u s t 
l)e flefined for thei r t op anel b o t t o m interface points . 

T h e values of these in ter face signal a t t r i b u t e s will b e de t e rmined by t h e ALUSIice 
layotit design task . 

T h e r e are two possible methodologies for t h e design of l h e ALU slices: m a n u a l 
or t l irough a m o d u l e genera to r . Represen ta t ions for each of t h e m are ga the red in a 
M e w G r o u p (e i ther VG-ALUSl i r e -Manua l or VG-ALUSl ice -ModGener ) defined u n d e r 
\ Ci-ALUSlice-LO, as shown in F igure 14. We will detai l only t h e me thodo logy for 
t he manua l design. F igure 13 shows the defini t ion of VG-ALUSl ice -Manua l . 

VG-ALUSlice-Manual ViewGroup 
is generalization of { V-ALUSIice-Manual-LO (View LO) ; 

V-ALUSlice-Manual-ENL (View MHD) } 

F igure 13: T h e ViewCíroup for t h e m a n u a l design of t h e ALU slice 

T h e m a n u a l design proceeds th rough six s teps: layout genera t ion , design ru le 
checking, net l i s t ex t r ac t ion , net l is t compar ison , capac i t ance ex t r ac t ion , a n d t iming 
eva lua t ion . T h e y are descr ibed nex t . 

Dur ing t h e design of t he AI_yU slice layout , m a n y Auxil iary O b j e c t s a re used: 
DesignRules- l .5 (file with design rules for t h e 1.5 micra technology) , Iden t i fTrans -
1.5 (file with knowledge aboul t h e ident if icat ion of t rans i s to rs and connec t ions for 
l he 1.5 mic ra technology) , C o m p a r T r a n s - 1 . 5 (file with in format ion a b o u t t h e net l is t 
compar ison for t he 1.5 micra technology) , St imul iFi le and Resu i tF i le ( b o t h conta in ing 
waveforms for signals in t h e ALU slice). 
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VG-ALUSIice^LO ViewGroup 
has Height, Width UserField : integer 
has PowerBuSWidth UserField : integer { value .. value } 
has PowerBusDirection, DataBusDirection, ControILinesDirection 

UserField : Direction = { horizontal, vertical } 
has RUA_BA Port 

has ImplemLayer UserField : Layer 
has Width UserField : integer 
has Topinterface UserField 

has Coordinates UserField : { integer; integer } 
has Bot tominterface UserField 

has Coordinates UserField : { integer; integer } 
has A.Bus Port 

has ImplemLayer UserField : Layer 
has Width UserField ; integer 
has Leftinterface UserField 

has Coordinates UserField : { integer; integer } 
has Rightinterface UserField 

has Coordinates UserField : { integer; integer } 
has A_Bus_not Port 

has ImplemLayer UserField : Layer 
has Width UserField : integer 
has Leftinterface UserField 

has Coordinates UserField { integer; integer } 
has.Rightlnterface UserField 

has Coordinates UserField : { integer; integer } 
has VDD Port 

... ( same at t r ibutes as A_Bus) 
has GND Port 

... (same at t r ibutes as A_Bus) 
is generalization of { VG-ALUSIice-Manual (ViewGroup) ; 

VG-ALUSIice-ModGener (ViewGroup) } 
{{ strict inherited Height, Width, 

PowerBusWidth, PowerBusDirection, 
DataBusDirection, ControILinesDirection }} 

F igure 14: T h e a t t r i b u t e s of t he ALU slices 
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L a y o u t g e n e r a t i o n 
W i t h t h e mask ed i tor conTigiirated for a 1.5 mic ra gr id, a V i e w S t a t e for a Layout 
View V-ALUSl ice -Manua l -LO is c rea ted , as shown in F igure 15. T h i s View h a s an 
a( t r i b u t e L a y o u t O K , and inhcr i ts a t t r i b u t e s re la t ive to t h e power , d a t a , and control 
lines f r o m VG-ALUSl ice -LO. 

tásk: ALU layout generation 
tool: mask-editor [ configuration = 1.5 micra ] 
input: ViewState for V-ALUSIice-Struct 
ou tpu t : ViewState for V-ALUSIice-Manual-LO 

Correlation: ViewState ofV-ALUSIice-Manual-LO 
manually generated from 
ViewState of V-ALUSIice-Struct 

goals: Height = < 1 /32 V-RISCO-Layout . O P - P a r t l . Height 
( O P - P a r t l is a Designlnstance within V-RISCO-Layout 
corresponding to the operational block) 

F igure 15: Laj^out generat ion for t he ALU slice 

Th i s t ask defines t h e width and height of t he ALU slice ( a t t r i b u t e s of V-ALUSlice-
M a n u a l - L O whose exis tence is inher i ted f rom VG-ALUSl icc rLO) , as well as t h e coor-
d ina tes and tlie imp lemen ta t i on layer of its in ter face signals. T h e layout m u s t follow 
the design guidelines, re la t ive to t h e power, d a t a , and control lines, def ined in a 
previous task (see Figure 16). 2 

task: ALU slice layout generation guidelines assignment 
tool: data-rnanager 
input: VG-OP-FullCustom 
output : VG-ALUSlice-LO . PowerBusWidth : = 

VG-OP-FullCustom . PowerBusWidth 
... (same for PowerBusDirection, DataBusDirection, 

ControILinesDirection) 
goals: none 

Figure Ifi: ALU slice layout genera t ion guidel ines 

As a design goal, t h e height of t he ALU slice m u s t b e smaller t h a n 1 /32 of t h e 
"ight of t h e opera t iona l block, es tabl ished dur ing the floorplanning. If th i s is no t 
hieved, e i ther t he ALU slice layout m u s t be redesigned or t h e f loorp lann ing m u s t 

IK 
ÍK 

2 T h e "data manager" used in the ta.sk sppcifícation of Figtire 16 is a tool wliich allows the designer 
( r the dosigii mrl.liodology tnaitagfr) to directiy operate upon the objects in the STAIl da t a base. 
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he re -ava lua ted . T h e task also es tabl ishes a correlat ion be tween ViewSta te s of V-
ALUSl ice -Manua l -LO and V-ALUSl ice-St ruc t . 

T h e control s t r u c t u r e for VG-ALUSl íce-LO al ready enforcés t h a t b o t h in te r face 
|)oiiits of A_Bus have t h e s ame imp lemen ta t i on layer a n d t h e s ame t r ack w id th . T h e 
s a m e occurs for R U A J B A . T h e desired cell s i m m e t r y is however not comple te ly en-
forced, s ince each in te r face po in t of AJBus (and of R U A J B A ) has its own coord ina tes . 
Only du r ing t h e compos i t ion of t he O P sHce t h e comple te s i m m e t r y will b e t h u s 
verified. 

Des ign r u l e check ing 
W i t h t h e design rule checker also conf igura ted for t h e 1.5 mic ra technology, t h e Layout 
View is checked. T h i s t ask assigns a value (ei ther t rue or fa lse) t o t h e a t t r i b u t e 
L a y o u t O K of V-ALUSl ice -Manua l -LO (see F igure 17). Since V-ALUSl ice-Manual -
LO is a p r imi t ive cell, w i th no references to o the r design ob jec t s , we do not need t o 
sp rc i fy a configi irat ion for its processing. 

task: ALU slice design rule checking 
tool: design-rule-checker [ configuration = 1.5 micra ] 
input: ViewState for V-ALUSlice-Manual-LO 

DesignRules-1.5 (file with design ruies for the technology) 
ou tpu t : none 
goals: V-ALUSlice-Manual-LO . LayoutOK = t rue 

F igure 17: Design rule checking for t h e ALU slice 

N e t l i s t e x t r a c t i o n 
An electrical net l is t ex t r ac to r , conf igurated for t h e 1.5 mic ra technology, e x t r a c t s a 
tieilist f rom a good layout , genera t ing a ViewSta te for a MIID View V-ALUSlice-
M a n u a l - E N L (see F igure 18). 

V-ALUSIice-Manual-ENL :- View (MHD) 
has NetListOK :- UserField : boolean 
contains ... (Components) 

has reference to most recent ViewState : ... 
contains ... (Designinstances) 
contains ... (Nets) 

F igure 18: T h e netl ist r ep resen ta t ion for t h e ALU slice 
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T h i s View c o n t a i n s i n s t ances of o b j e c t s clefinecl in a cell Hbrary, m a k i n g r e fe rence 
(o the i r m o s t r ecen t V i e w S t a t e s , a n d has an a t t r i b u t e N e t L i s t O K . T h i s t a s k , s h o w n in 
l^igure 19, a lso e s t ab l i shes a co r re la t ion be tween V i e w S t a t e s of V - A L U S l i c e - M a n u a l -
I ; 0 a n d V - A L U S I i c e - M a n t i a l - E N L . 

task: netlist extract ion for t h e ALU slice 
toòl : ENL-extractor [ configuration = 1.5 micra ] 
input; ViewSta te for V-ALUSIice-Manual-LO [ LayoutOK = t rue ] 

ldent i fTrans-1.5 ( technology file with the knowledge abou t 
identification of t ransis tors and connect ions) 

o u t p u t : ViewSta te for V-ALUSIice-Manual-ENL 
Correlation: ViewSta te of V-ALUSIice-Manual-ENL 

extracted f rom 
ViewSta te of V-ALUSIice-Manual-LO 

goals; none 

F i g u r e 19: E x t r a c t i n g t h e ne t l i s t for t h e A L U slice 

N e t l i s t c o m p a r i s o n 
An e lec t r ica l ne t l i s t c o m p a r a t o r c o m p a r e s t h e e x t r a c t e d ne t l i s t w i t h t h e s t r u c t u r a l 
design of t h e A L U slice (View V - A L U S l i c e - S t r u c t , see F i g u r e 6) . T h i s t a s k , s h o w n 
in F i g u r e 20, ass igns a va lue (e i the r t rue or f a l se ) t o t h e a t t r i b u t e N e t L i s t O K of V-
AT.USl ice -Manua l -ENL. Since b o t h V - A L U S l i c e - S t r u c t a n d V - A L U S H c e - M a n u a l - E N L 
m a k e r e fe rence t o t h e m o s t r ecen t V i e w S t a t e of o b j e c t s ass igned t o the i r C o m p o n e n t s , 
( ' o n f i g u r a t i o n D e f i n i t i o n s a r e not needed for the i r p rocess ing . If t h e t a s k goal (Ne t -
L i s t O K = t r u e ) is n o t ach ieved , t h e des igner m u s t c r e a t e a new l ayou t for t h e A L U 
slice a n d r e - execu t e t h e p rev ious t a s k s ( D R C a n d ne t l i s t e x t r a c t i o n ) . 

task: netlist comparison for t he ALU slice 
tool: ENL-compara tor 
input : ViewSta te for V-ALUSIice-Manual-ENL, 

ViewSta te for V-ALUSlice-Struct, 
ComparTrans-1 .5 ( technology file with information 

abou t t he compar ison) 
o u t p u t : none 
goals: V-ALUSIice-Manual-ENL . NetListOK = t rue 

F igu re 20: Net l i s t c o m p a r i s o n for t h e A L U slice 
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C a p a c i t a n c e e x t r a c t i o n 
T h e c a p a c i t a n c e of s o m e i m p o r t a n t A L U signals ( t h o s e t h a t d r ive t h e d a t a b u s 
lines, t h e c a r r y l ine, t h e con t ro l l ines) is c a l cn l a t ed , as shown in F i g u r e 21. T h e s e 
values a r e b a c k - a n n o t a t e d t o a s t r u c t u r a l r e p r e s e n t a t i o n V - A L U S l i c e - E x t r a c t e d of 
t h e A L U slice. T h i s View, bes ides t h e b a c k - a n n o t a t e d c a p a c i t a n c e s , is i den t i ca l t o 
V - A L U S H c e - S t r u c t . T h e t a sk e s t ab l i shes cor re la t ions b e t w e e n a V i e w S t a t e of V-
A L U S l i c e - E x t r a c t e d a n d V i e w S t a t e s of b o t h V - A L U S l i c e - M a n u a l - L O a n d V-ALUSHce-
S t r u c t . 

task: capac i tance extraction for t h e ALU slice 
tool : ENL-extractor { configuration = 1.5 micra, 

extract parasitic capac i tances ] 
input: ViewSta te for V-ALUSIice-Manual-LO 

ViewSta te for V-ALUSIice-Struct 
o u t p u t : ViewSta te for V-ALUSIice-Extracted 

Correlation: ViewSta te of V-ALUSIice-Extracted created f rom 
ViewSta te of V-ALUSIice-Struct 

Correlation; ViewSta te of V-ALUSIice-Extracted 
conta ins parasitic capac i tances f rom 
ViewSta te of V-ALUSIice-Manual-LO 

goals: none 

F i g u r e 21: C a p a c i t a n c e e x t r a c t i o n for t h e A L U slice 

T i m i n g e v a l u a t i o n 
Oy elec t r ica l ly s i m u l a t i n g t h e s t r u c t u r a l r e p r e s e n t a t i o n V - A L U S l i c e - E x t r a c t e d w i t h 
t h e ca l cu l a t ed c a p a c i t a n c e s , t h e m a x i m u m delay of t h e ALU- slice ( a t t r i b u t e M a x D e l a y 
of ALUSIice , see F i g u r e 5) is e v a l u a t e d , as shown in F i g u r e 22, a n d c o m p a r e d t o a n 
e x p e c t e d va lue . O t h e r t i m i n g e s t i m a t e s f r o m t h e s t r u c t u r a l des ign a r e a lso c o n í i r m e d , 
such as t h e de lay in t h e c a r r y line. 

M a n y s imula t ion r u n s a r e needed , each us ing a difTerent s t imul i file. T h e c r ea t i on 
of t h e s e files is n o t shown in th i s r e p o r t . W e s u p p o s e t h a t a c e r t a in n u m b e r of such 
files has been c r ea t ed for exerc iz ing t h e A L U slice. T h e y a r e b o u n d t o t h i s o b j e c t 
t h r o u g h cor re l a t ions . R e s u l t files g e n e r a t e d by t h e s imu la t i on r u n s a r e b o u n d t h r o u g h 
co r re l a t ions t o b o t h t h e s i m u l a t e d V i e w S t a t e of t h e A L U slice a n d t h e s t imu l i file used 
in t h e s i m u l a t i o n r u n . 

As for V - A L U S l i c e - S t r u c t , f r o m which it is de r ived , V - A L U S l i c e - E x t r a c t e d m a k e s 
re fe rence t o t h e m o s t r ecen t V i e w S t a t e of t h e o b j e c t s ass igned to t he i r C o m p o n e n t s , 
so t h a t it can b e p rocessed w i t h o u t spec i fy ing a C o n f i g u r a t i o n D e f i n i t i o n . 
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task: timing evaluation of the ALU slice 
tool: electrical-simulator 
input: ViewState for V-ALUSIice-Extracted 

StimullFile [ correlated with ALUSIice ] 
ou tpu t : ResultFile 

Correlation : ResultFile x ViewState of V-ALUSIice-Extracted 
Correlation : ResultFile x StimuliFile 

goals: ALUSIice . MaxDelay < expected value 
... (other timing est imates) 

F igure 22: T i m i n g eva lua t ion of t h e ALU slice 

3.3 Designing t h e o t h e r ope ra t i ona l block m o d u l e s 
For ali o the r modu les of t he opera t iona l block slice ( the register file Breg, t h e bar re i 
shi f ter UD, t h e p rog ram coun te r P C , e tc) a la\ 'out is now gene ra t ed , by us ing t h e 
height of t h e ALU slice as a cons t ra iu t and by t ry ing to get t h e less wicler modules 
as possible. T h e coord ina tes and wid ths of t h e hor izonta l busses (A_Bus, AJ3us_no t , 
B .Bus , B_Bus_not, V D D , and G N D ) , t h a t have been defined du r ing t h e A L U slice 
layout design, m u s t b e identical in ali o the r modules . 

T h e design me thodo logy m u s t g u a r a n t e e t h a t t h e guidelines for power supply, 
d a t a bus , and control lines, es tabl i shed in V G - O P - L a y o u t , a re followed in ali these 
modules . 

3.4 C o m p o s i n g t h e ope ra t i ona l block 
Now t h a t t h e layotits of ali modu les of an opera t iona l block slice have been des igned, 
they a re composed tò c rea te t h e comple te layout of a slice. T h e slices a re t h e n 
composed in to t h e comple t e layout of t h e opera t iona l block. 

C o m p o s i n g t h e o p e r a t i o n a l b lock slice 
T h e layout of each opera t iona l block slice is designed as an a b u t m e n t of layouts for 
slices of t h e modules ALU, BReg, etc. T h e composi t ion of t he ope ra t iona l block slice 
is pe r fo rmed by two basic tasks . 

In t he first t a sk , shown in F igure 24, a V iewSta t e for a Layout View V-OPSl i ce -LO 
(see F igure 2-3) is c rea ted . This View describes t he layout of OPSl ice as a composi-
tion of t he layouts of t he modules ALUSIice, BRegSlice, e tc . As a l ready expla ined 
lor t h e ALU slice design, n e w P o r t s appea r a t t h e layout represen ta t ion ( V D D , G N D , 
. ' \_Bus_not), and new P o r t UserFields are added ( ImplemLayer , W i d t h , and Coordi-
na tes ) . 
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V-OPSIice-LO View (LO) 
has Width, Height UserField : integer 
has PowerBusWidth UserField : integer = { value .. value } 
has B O U T . B B Port 

has ImplemLayer UserField : Layer 
has Width UserField ; integer 
has Coordinates UserField : { integer; integer } 

has A.Bus Port 
has ImplemLayer UserField : Layer 
has Width UserField : integer 
has Leftinterface UserField 

has Coordinates UserField : { integer; integer } 
has Rightinterface UserField 

has Coordinates UserField ; { integer; integer } 
has A.Bus_not Port 

has ImplemLayer UserField : Layer 
has Width UserField : integer 
has Leftinterface UserField 

has Coordinates UserField : { integer; integer } 
has Rightinterface UserField 

has Coordinates UserField : { integer; integer } 
has VDD Port 

... (same at t r ibutes as A.Bus) 
has GND Port 

... (same at t r ibutes as A.Bus) 
contains ALUSIice-Part Component 

has Width, Height UserField : integer 
has ... (same Ports as VG-ALUSIice-LO) 
has reference to View : V-ALUSIice-Manual 

contains BRegSlice-Part Component 
has Width, Height :- UserField : integer 
has ... (same Ports as VG-BRegSlice-LO) 
has reference to View : V-BRegSlice-Manual 

contains ALUSIice-PartA :- Designinstance of ALUSIice-Part 
has Width, Height :- UserField : integer 
has Coordinates : UserField : { integer, integer } 

contains BRegSlice-Part A Designinstance of BRegSlice-Part 
has Width, Height :- UserField : integer 
has Coordinates : UserField : { integer, integer } 

F igure 23: T h e layout of t he opera t iona l block slice 
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T h e designer has to decide a b o u t t h e relat ive posi t ioning of t h e modu le s inside 
(ho opera t iona l block slice. T h e r e are two modules (an inpu t and an o u t p u t register) 
whose posi t ions a re i m p o r t a n t because of thei r connect ions to t h e pads . T h e o the r 
modu le s can b e posi t ioned anyvvhere, because of t h e bus a rch i t ec tu re , which makes 
t he modules i ndependen t f rom each o the r . T h e r e is no rou t ing be tween t h e modules . 
W i t h t he mask edi tor , t he designer thus assigns values to t he a t t r i b u t e s Coord ina t e s 
of r ach Des ignIns tance of t he O P slice laj^out. 

Since C o m p o n e n t s in this View refer to t h e Views V-ALUSl ice-Manua l , V-BReg-
Sl ice-Manual , e tc , a n d in these Views values have been assigned to t h e a t t r i b u t e s 
W i d t h , IrnploniLayer, a n d Coord ina t e s of each of thei r in te r face signals, these values 
are inher i ted by these C o m p o n e n t s and by t h e Des ign lns tances t h a t i n s t a n t i a t e t h e m . 

task: layout composition for the operational block slice 
tool: mask-editor [ configuration = 1.5 micra ) 
input: ViewState for V-ALUSlice-Manual-LO 

... ( the same for BRegSlice, PCSlice, UDSlice, e tc) 
ou tpu t : ViewState for V-OPSIice-LO 

(resuits in V-OPSIice-LO . Width : = 
ALUSIice-PartA . Width + BRegSlice-Part A . Width -f ...) 

(resuits in V-OPSIice-LO . Height := ALUSIice-PartA . Height) 
goals: none 

Figiire 21: Compos ing an opera t iona l block slice 

In t h e second task , a Conf igura t ionDef in i t ion C-OPSl i ce -LO is c rea ted for a View-
S t a t e of t h e VieW V-OPSl ice-LO, as shown in F igure 25. Th i s conf igura t ion selects 
a Layout V i e w S t a t e for each C o m p o n e n t in t h e View. Since V-OPSl ice -LO a l ready 
s ta t ical ly selects Views for these C o m p o n e n t s (e.g. V-ALUSl ice -Manua l for t h e Com-
l)onent t h a t cor responds to t he ALU slice), t he conf igurat ion m u s t select a V i e w S t a t e 
for th is View (e.g. t h e narrowest ViewSta te ) . 

task: configuration of the composition of the OP slice layout 
tool: configurator 
input: ViewState for V-OPSlice-LO 
ou tpu t : C-OPSIice-LO for ViewState of V-OPSlice-LO 
configuration criterium: ViewState with minimum Width 
goals: C-OPSlice-LO . Width = < V-RISCO-Layout . O P - P a r t l . Width 

( O P - P a r t l is a Designinstance within V-RISCO-Layout 
corresponding to the operational block) 

F igure 25: Conf igura t ion of t h e composi t ion of t he O P slice layout 
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It m u s t b e no ted t h a t t h e Conf ígüra t ionDef in i t ions inher i t t h e a t t r i b u t e s of t h e 
ob jec tá f r o m which t h e y a re d e d v e d . In th i s case, C-OPSl i ce -LO h a s t h e a t t r í b u t é 
W i d t h as V-OFSlice-LO» As a design goal, t h e designer has t o o b t a i n a n O P slice 
wi th a W i d t h smal ler t h a n t h e W i d t h és tabl í shed as a design cons t r a in t d u r i n g t h é 
floorplanning. If th i s is no t achieved, e i ther t h e floorplanning h a s t o b e re -eva lua ted 
or t h e layout of o n e o r several modu le s òf t h e O P slice have t o b e re-designed. 

Composing the operational block 
Now t h a t t h e slice layoUt is composed , 32 slices a r e p u t t oge the r t o c r ea t e t h e layout 
of t h e whole o p e r a t i o n a l block. W e a re s impl i fying t h e real p rocedure , a s suming 
t h a t t h e 32 slices a r e ident ical . In f ac t , t h e calcula t ion of t h e A L U overflow asks for 
difFerences in t h e t w o t o p m o s t slices. 

T h e View V - O P - F u l l C u s t o m - L O defines a C o m p o n e n t OPS l i ce -Pa r t f r o m which 
32 Des ign ins tances a r e c rea ted (see F igu re 26), and t h a t makes reference t o t h e 
mos t recen t V i e w S t a t e of V-OPSHce-LO. T h e s e Des ign ins tances h a v e a n a t t r i b u t e 
Height t h a t is inher i ted f r o m V-OPSl icè -LO. As a resul t of t h e t a sk , t h e he ight of t h e 
ope ra t iona l b lock, s tored as an a t t r i b u t e of V G - O P - F u l l C u s t o m , is ca lcula ted as t h é 
sttm of t h e he ights of t h e Des ign ins tances , as shown in F igure 27. 

V-OP-FullCustom-LO View (LO) 
has LayoutOK UserFleld : boolean 
contains OPSIlce-Part Component 

has Width, Height UserFiéId : integer 
has ... ( samé Ports as OPSIice) 
has reference to most recent ViewState ; V-OPSIlce-LO 

contains OPSl ice l > Deàigninstancé of OPSlice-Part 
has Width , Height UserField : integer 
has Coordinátes UserField : { integer; integer } 

contains 0PSI ice2 DêsignInStâncê of OPSlice-Part 
has Width, Height UsèfField : integer 
has Coordinátes UsèrField : { integer; integer } 

contains OPSIice32 DesignínStance of OPSIice-Párt 
has Width, Height :- UserField : integer 
has Coordinátes :- UserField : { intèger; Integer } 

F igure 26: T h e fu l l -cus tom layout of t he ope ra t iona l block 

In t h e compos i t ion of t h e O P layout , we decided to use a d y n a m i c conf igura t ion 
for V - O P - F u l l C u s t o m - L O t h a t au toma t i ca l l y selects t h e mos t recen t V i e w S t a t e for 
t h e layout of OPSIice . However , s ince th is V i e w S t a t e is a composi t ion of layoutâ of 
l h e modules ALUslice, BRegSlicé, e tc , m a n y conf igura t ions m a y have been c rea ted 
for i t , using di f ferent V iewSta te s for V-ALUSl ice-Manual , V-BRegSl ice -Manua l , e tc . 
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task: composition óf the O P layout 
tool: mask-editpr [ configuration = 1.5 micra | 
ínput: VG-OP-FullCustom, 

ViewState for V-OPSIice-LO 
ou tpu t : ViewState for V-OP-FullCustom-LO 

(resuits in VG-OP-FullCustòm . Height : = OPSIicel . Height + 
OPSIictó . Height + ... + Of>Slice32 . Height) 

goals: none 

F igure 27: Compos ing t h e fu l l -cus tom layout of t h e ope ra t iona l block 

A Conf igura t ionDef in i t ion m u s t b e t h u s def ined for V - O P - F u l l C u s t o m - L O , in o rde r 
to verify i t , select ing a pa r t i cu la r conf igura t ion for t h e mos t recent V i e w S t a t e of V-
OPSl ice -LO. F igu re 28 shows t h a t t h e conf lgura tor uses as cr i ter ion t h e selection of 
t he mos t recent conf igura t ion for th i s ViewSta te . 

task: configuration for the composition of the O P layout 
tool: configurator 
input: ViewStatè for V-OP-FullCustom-LO 
ou tpu t : C-OP-FullCustom-LO for ViewState of V-OP-FullCustom-LO 
configuration criterium: most recent ConfigurationDefinition 

for the Viewstate of V-OPSIice-LO 
goals: none 

. F igure 28: Conf igura t ion for t h e composi t ion of t h e O P layout 

3.5 Ver i fy ing t h e layout compos i t ion of O P 
Now t h e layout coníposed for t h e ope ra t iona l block in t h e conf igura t ion C-OP-Fu l l -
C u s t o m - L O can b e processed. Th i s processing will check t h e overall l ayou t , s t r u c t u r e , 
and t iming . Because of t h e unavai labi l i ty of hierarchical tools , th i s checking will 
be d o n e for a comple t e flattened s t r uc tu r e . More powerfu l h ierarchical tools could 
res t r ic t t h e checking t o t h e in te rconnec t ions be tween t h e modu les , d i s regard ing the i r 
in te rna i deta i ls . F u r t h e r m o r e , s ince t h e avai lable electr ical s imu la to r would c o n s u m e 
an unafFordable t i m e for an overall s imula t ion , t h e t iming eva lua t ion will b e d o n e 
only for t h e ope ra t iona l block slices. 
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Design ru le check ing 
As shown in F igure 29, t h e design ru le checker assigns a value (e i ther t rue or fa lse) 
t o t h e a t t r i b u t e L a y o u t O K of G - O P - F u l l C u s t o m - L O . It m u s t b e no ted t h a t C - O P -
F u l l C u s t o m - L O inher i t s t h e a t t r i b u t e L a y o u t O K f rom V - O P - F u l l C u s t o m - L O . Th i s 
t a sk will ver i fy if t h e modules ALUSIice, BRegSlice, etc . have been designed wi th 
ver t ical s immet ry , i.e. if control lines have t h e s a m e t ó p a n d b o t t o m x-coord ina tes . 
r h e control s t r u c t u r e a l ready enforces t h e s a m e imp lemen ta t i on layer a n d channel 
w id th for t h e t o p a n d b o t t o m in te r face po in t s . 

task: design rule checking for the operational block 
tool: design-rule-checker [ configuration = 1.5 micra ] 
input: C-OP-FullCustom-LO 

DesignRules-1.5 (file with design rules for the technology) 
ou tpu t : none 
goal: C-OP-FullCustom-LO . LayoutOK = t rue 

F igure 29: Design rule checking for t h e ope ra t iona l block 

NetHst e x t r a c t i o n 
As shown in F igure 30, t h e electrical netl ist ex t r ac to r , conf igura ted for t h e 1.5 mi-
c ra technology, creates , f rom C - O P - F u l l C u s t o m - L O , a V iewSta t e for t h e M H D View 
^ • ^ B " F , u ' l C u s t o m - E N L unde r V G - O P - F u l l C u s t o m . T h e task also es tabl ishes a cor-
relat ion between t h e V iewSta t e of V - O P - F u l l C u s t o m - E N L and t h e conf igura t ion C-
O P - F u l l C u s t o m - L O . 

task: netlist extraction for the operational block 
tool: ENL-extractor ( configuration = 1.5 micra ] 
input: C-OP-FullCustom-LO [ LayoutOK = t rue ] 

ldentifTrans-1.5 (technology file with knowledge about 
Identification of transistors and connections) 

ou tpu t : ViewState for V-OP-FullCustom-ENL 
Correlation: ViewState of V-OP-FullCustom-ENL 

extracted from C-OP-FullCustom-LO 
goals; none 

F igure 30: Netlist ex t rac t ion for t he ope ra t iona l block 

26 





F l a t t e n i n g t h e o p e r a t i o n a l b lock 
A f la t tened s t r u c t u r a l r epresen ta t ion for t h e opera t iona l block, w i t h o u t hierarchy, 
is needed for t h e compar i son with t h e ex t r ac t ed net l i s t . T h i s r ep resen ta t ion is cre-
a ted f r o m V - O P - S t r u c t by an h ierarchy e x p a n d e r a n d s tored in a M H D View V - O P -
F u l l C u s t o m - E x p a n d e d S t r u c t unde r t h e O P Design, as shown in F igure 31. T h e hier-
archy e x p a n d e r m u s t p e r f o r m conf igura t ion func t ions , since it m u s t select descr ip t ions 
for t h e Des ign lns tances wi th in V - O P - S t r u c t . T h e task also es tabl i shes a corre la t ion 
be tween t h e ViewSta te s of V - O P - F u l l C u s t o m - E x p a n d e d S t r u c t and V - O P - S t r u c t . 

task: f lat tening of the operational block 
tool: hierarchy-expander 
input: ViewState for V-OP-Struct 
ou tpu t : ViewState for V-OP-FullCustom-ExpandedStruct 

Correlation: ViewState of V-OP-FullCustom-ExpandedStruct 
expanded from ViewState of V-OP-Struct 

goals; none 

F igure 31: F l a t t en ing of t h e opera t iona l block 

Net l i s t c o m p a r i s o n 
T h e n e t h s t c o m p a r a t o r compares V - O P - F u l l C u s t o m - E N L wi th V - O P - F u l l C u s t o m -
E x p a n d e d S t r u c t , as shown in F igure 32, assigning a value (e i ther t rue or fa lse) t o t h e 
a t t r i b u t e N e t L i s t O K of V - O P - F u l l C u s t o m - E N L . 

task: netlist comparison for the operational block 
tool: ENL-comparator 
input: ViewState for V-OP-FullCustom-ENL 

ViewState for V-OP-FullCustom-ExpandedStruct 
ComparTrans-1.5 (technology file with information 

about the comparison) 
ou tpu t : none 
goals: V-OP-FullCustom-ENL . NetListOK = t rue 

F igure 32: Netl ist compar ison for t h e ope ra t iona l block 

F l a t t e n i n g t h e o p e r a t i o n a l b lock slice 
Since t h e t iming eva lua t ion will be pe r fo rmed u p o n t h e opera t iona l block slice, a n d 
not u p o n t h e whole opera t iona l block, a flattened s t ruc tu ra l r epresen ta t ion for t h e 
slice m u s t b e c rea ted . As shown in F igure 33, t he h ierarchy e x p a n d e r c rea tes , f r o m 
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V-OPSl i ce -S t ruc t , a V i e w S t a t e for V - O P S l i c e - E x p a n d e d S t r u c t , which sea ts di rect ly 
unde r t h e OPSl ice Design. T h e task es tabl ishes a correla t ion be tween ViewSta te s of 
V - O P S I i c e - E x p a n d e d S t r u c t and V-OPSl ice -S t ruc t . 

task: f lat tening of the O P slice 
tool: hierarchy-expander 
input: ViewState for V-OPSIice-Struct 
ou tpu t : ViewState for V-OPSIice-ExpandedStruct 

Correlation: ViewState of V-OPSIice-ExpandedStruct 
expanded from 
ViewState of V-OPSIice-Struct 

goals: none 

F igure .33: F l a t t en ing of t h e opera t iona l block slice 

C a p a c i t a n c e ex t rac t ion 
T h e net l is t ex t r ac to r , conf igura ted for t he 1.5 mic ra technology, e x t r a c t s pa ras i t i c 
capac i t ances f rom t h e layout of t h e opera t iona l block slices, and b a c k - a n n o t a t e s th i s 
in fo rmat ion to t h e f la t tened s t ruc tu ra l represen ta t ion V - O P S H c e - E x p a n d e d S t r u c t , as 
shown in F igure 34. This task establ ishes a correlat ion be tween t h e ViewSta tes of 
V - O P S I i c e - E x p a n d e d S t r u c t and V-OPSl ice -LO. 

task: capacitance extraction for the OP slice 
tool: ENL-extractor [ configuration = 1.5 micra, 

extract parasitic capacitances ] 
input: ViewState for V-OPSlice-LO 
output : ViewState for V-OPSIice-ExpandedStruct 

Correlation: ViewState of V-OPSIice-ExpandedStruct 
contains parasitic capacitances from 
ViewState of V-OPSlice-LO 

goals: none 

F igure 34: C a p a c i t a n c e ex t rac t ion for t h e opera t iona l block slice 

T i m i n g evaluat ion 
T h e electrical s imula to r is run , in order to conf i rm t h e ear ly t iming e s t ima te s for t h e 
ope ra t iona l block slices, as shown in F igure 35. We do not need t o specify a configura-
tion for V - O P S l i c e - E x p a n d e d S t r u c t , since it is supposed t h a t th is descr ip t ion makes 
reference to t h e m o s t recent V iewSta t e of t h e basic Designs (ga tes a n d t rans i s to rs ) . 
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M a n y s imula t ion n m s a re needed, each using a different s t imul i file a n d genera t ing a 
diíTerent resul t file. 

task: timing evaluation of the OP slice 
tool: electrical-simulator 
input: ViewState for V-OPSiice-ExpandedStruct 

StimuliFile [ correlated with OPSlice ] 
ou tpu t : ResultFile 

Correlation : ResultFile x ViewState of V-OPSIice-ExpandedStruct 
Correlation : ResultFile x StimuliFile 

goals: none 

F igu re .35: T i m i n g evaluat ion of t h e ope ra t iona l block slice 
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4 Hierarchica l der iva t ion of t h e design m e t h o d -
ology 

r h e comple t e design methodo logy for t he microprocessor design m a y b e defined in a 
hierarchical way. S t a r t i n g wi th an init ial design methodology , each new me thodo logy 
is derived f r o m a previouâ one by specializing a l ready exis t ing cont ro l s t ruc tu re s , 
def ining control s t r u c t u r e s for new ob jec t s , and add ing new tasks . 

Hierarch iza t ion of design methodologies m a y serve different purposes : 

A designer sees only t h e design ob jec t r epresen ta t ions a n d tasks def ined for 
t h e design me thodo logy h e / s h e is using. O b j e c t s a n d tasks defined for o the r 
methodologies , such as t hose derived f r o m t h e cu r ren t one , a r e h idden f r o m 
h i m / h e r . 

T h e design can s t a r t as soon as an ini t ial me thodo logy is es tabl i shed for t h e 
first design s teps . Design methodologies for cer ta in sub-ob jec t s or for cer ta in 
specialized design act ivi t ies ( test genera t ion , for ins tance) can b e der ived la te r 
on, as t h e design proceeds . 

• New tools can b e in tegra ted in to t h e design env i ronmen t w i t h o u t d i s tu rb ing 
a l ready exis t ing design activi t ies. These tools m a y hand l e new design represen-
t a t i ons a n d / o r auxi l iary ob jec t s to b e defined. 

F igure 36 shows a possible hierarchical der ivat ion for t h e comple t e R I S C O design 
methodology . In t h e following, we briefly summar i ze methodologies M l t h r u M 4 , 
which have been covered by th is r epor t . 

MO. RISCO behavior 
M l . RISCO structure 

M2. RISCO floorplanning 
M3. O P full-custom 

M4. ALU slice manual 
M5. ALU slice with module generator 

M6. O P cell-based 
M7. CP random logic 
M8. CP PLA-based 

F igure 36: Hierarchy of design methodologies 

MO: B e h a v i o r a l d e s i g n Methodo logy A/O is t h e init ial me thodo logy for t h e be-
havioral design of t h e R I S C O microprocessor . I t defines an init ial control s t r u c t u r e 
for t h e R I S C O ob jec t , con ta in ing only a behaviora l H D L View for it . Po r t s t h a t 
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are visible in t h e ini t ial specif icat ion of t h e microprocessor , such as d a t a and address 
busses a n d control lines for ex te rna i communica t ion wi th m e m o r y and I / O devices, a re 
defined a t t h e control s t r u c t u r e root . Tasks in A/O include behav io r def ini t ion (wi th 
a t ex t ed i to r ) , compi la t ion (wi th t h e compiler for a h a r d w a r e descr ip t ion language) , 
and s imula t ion (wi th t h e s imula tor for th is l anguage) . 

A f l : S t r u c t u r a l d e s i g n A methodo logy M l for t h e microprocessor s t r u c t u r a l de-
sign is der ived f r o m MO. It adds a s t r u c t u r a l M H D View t o t h e R I S C O control 
s t r u c t u r e a n d defines four new ob jec t s O P , C P , Va l ida t ln t e r f , a n d C lockGen , wi th 
the i r respec t ive ini t ial control s t ruc tu res . T h e s e control s t ruc tu re s con ta in behaviora l 
H D L Views. P o r t s cor responding to t h e control signals be tween O P and C P a re 
a l ready def ined. For t h e O P ob j ec t . M l defines a s t r u c t u r a l M H D View for repre-
sen t ing i t i a s an in te rconnec t ion of ob j ec t s ALU, BReg , P C , UD, e tc , whi le for each 
of these add i t iona l ob j ec t s s t ruc tu ra l r ep resen ta t ions (as in te rconnec t ions of ga tes 
a .nd/or t r ans i s to r s ) m u s t b e also defined and crea ted . T h e init ial control s t ruc tu re s 
for these addi t iona l ob j ec t s m u s t be t h u s defined dur ing t h e execut ion of t h e m e t h o d -
ology A / l . Tasks include t h e s t ruc tu ra l decomposi t ion and s imula t ion of R I S C O a n d 
O P . 

A/2: F l o o r p l a n n i n g d e s i g n For t h e floorplanning design of t h e microprocessor , 
es tabl i shed in t h e me thodo logy Af2, t h e a l ready exis t ing control s t r u c t u r e s m u s t 
be refined. A Layout View is defined for R I S C O . ViewGroups for ga the r ing layout 
re la ted in fo rmat ion a r e defined for O P , CP , Va l ida t ln te r f , and ClockGen . For ali 
t hese ob j ec t s , t h e d a t a and address busses are decomposed in to 32 lines, add i t iona l 
P o r t s co r respond ing to t h e c o m p l e m e n t a r y bus lines and to t h e power supply lines 
are added , and P o r t s have new, layout re la ted a t t r i b u t e s . Tasks t h a t a re re la ted to 
t h e f loorplan edi t ion and verif ication are included. 

From M 2 , four d i f ferent design methodologies can b e der ived, cor responding to 
t h e fu l l -cus tom a n d rel l-based design of O P and to t h e r a n d o m logic and P L A - b a s e d 
<lesign of CP . 

F u l l - c u s t o m d e s i g n o f t h e o p e r a t i o n a l b l o c k Methodo logy M.3, which 
is devoted t o t h e fu l l -cus tom design of t h e opera t iona l p a r t , refines t h e O P con-
trol s t ruc t t i r e with new ViewGroups and Views, such as V G - O P - F u l l C u s t o m , V - O P -
F u l l C u s t o m - L O , and V - O P - F u l l C u s t o m - E N L . It also defines new ob jec t s OPSIice a n d 
ALUSIice and their control s t ruc tu res , and ex tends t h e a l ready exis t ing cont ro l s t ruc-
t u r e for ALU. Tasks include t h e layout composi t ion and verif ication of OPSIice as an 
a b u t m e n t of layouts for ALUSIice, BRegSIice, e tc , and t h e layout compos i t ion a n d 
verif icat ion of O P as an a b u t m e n t of 32 ins tances of OPSIice. Auxi l iary ob j ec t s for 
these tasks ( technology files, for ins tance) a re defined for M 3 . 

M A L U s l i c e m a n u a l d e s i g n Methodology A/3 d e p e n d s on t h e exis tence of 
e i ther A/4 or A/5, which allow the layout design of ALUSIice. In t h e case of M'1, for 
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ins tance , VG-ALUSl ice -Manua l , V-ALUSl ice -Manua l -LO, a n d V-ALUSl ice-Manual -
E N L a re a d d e d to t h e control s t r u c t u r e of ALUSlice. New tasks a re def ined for 
t h e layout genera t ion , design rule checking, net l is t ex t r ac t ion , net l is t compar i son , 
capac i t ance ex t r ac t ion , a n d t iming evaluat ion of ALUSlice. Some Auxil iary O b j e c t s 
a l ready defined for M S a re also used within M 4 , a l though new ones m u s t b e c rea ted , 
such as s t imul i files for t h e electrical s imula t ion of ALUSlice. 
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5 Conc lud ing r e m a r k s 
T h i s r epor t p resented in detai l t he formal iza t ion of t h e design me thodo logy for a mi-
croprocessor layout , according to t he design me thodo logy m a n a g e m e n t mode l def ined 
for t h e S T A R f r amework . 

T h e e x a m p l e i l lus t ra ted all t h e ma in fea tu res of thiis model : 

• a design me thodo logy is defined by a concep tua l scheme a n d a set of tasks ; 

• t h e concep tua l scheme is a set of control s t ruc tu re s for t h e various design o b j e c t s 
- a control s t r u c t u r e organizes t h e several r ep resen ta t ions to b e c rea ted for an 
o b j e c t a long t h e design process and es tabl ishes re la t ionships be tween t h e m ; 

• t a sks a re def ined t h r o u g h a condi t ion-dr iven app roach , where i npu t condi t ions 
for t h e ta.sk execut ion and task goals a re specified by asser t ions a b o u t design 
qual i t ies; 

• design methodolog ies can be hierarchical ly der ived f r o m each o the r , by defining 
new o b j e c t s and the i r control s t ruc tu res , by ex t end ing a l ready exis t ing cont ro l 
s t r uc tu r e s , and by defining new tasks; 

• t h e designer is cons t ra ined to use t h e design ob jec t r ep resen ta t ions a n d tasks 
def ined for t h e cur ren t design methodology , b u t h e / s h e m a y have t h e r ight t o 
d inamical ly add new ob j ec t s and represen ta t ions as they a r e needed du r ing t h e 
design process. 

It has been shown [2, 8] t h a t t he combina t ion of these fea tu res is no t found on 
o the r sys tems . Mos t o the r sys tems base design me thodo logy m a n a g e m e n t on task 
flow cont ro l , which is or iented towards design guidance . Even though they offer 
sophis t ica ted t a sk control facilit ies, these are not coupled wi th a powerfu l design 
d a t a r ep resen ta t ion model , which a d d s a u t o m a t i c design consis tency to t h e design 
gu idance . T h e S T A R design d a t a mode l allows t h e defini t ion of control s t r uc tu r e s 
which a re s t rongly re la ted to design me thodo logy m a n a g e m e n t , since t hey organize 
all r ep resen ta t ions to b e c rea ted du r ing t h e design process according to methodology-
specific s t ra tegies . 

F u t u r e work inc lude tes t ing t he proposed design me thodo logy m a n a g e m e n t model 
in o t h e r appl ica t ions , such as formal h a r d w a r e verif icat ion, and then designing a n d 
imp lemen t ing concre te mechan i sms on top of t h e a l ready exis t ing S T A R resources. 
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A E x t e n d i n g t h e P l a s m a language for concep tua l 
scheme def ini t ion 

P l a s m a [1] is a semi-formal specif icat ion language , specially conceived for descr ibing 
t h e S T A R d a t a mode l in a clear way. It is n o t a rgued t h a t it is a fo rma l l anguage , nei-
the r t h a t i t s mechan i sms a re comple te , o r thogona l , or even consis tent w i th each o the r . 
T h e s e s a m e cons idera t ions a r e also valid for t h e extens ions to t h e l anguage in t roduced 
in th is r e p o r t , i n t ended for t h e specif icat ion of pa r t i cu la r concep tua l schemes . 

T h e p re sen t a t i on of t h e new language cons t ruc t s will b e d o n e by exempl i f ica t ion. 

Crea t ing ob jec t s 
Tlie S T A R d a t a mode l defines various ob jec t types , such as Design, V iewSta t e , a n d 
View. 

ALU Design 

crea tes a Design ob jec t wi th n a m e ALU. 

V-ALU-Struct View (MHD) 

crea tes a View ob jec t with n a m e V-ALU-S t ruc t a n d indica tes t h a t th i s Viçw is of 
t y p e MI ID . 

Defining a t t r i bu t e s 
O b j e c t a t t r i b u t e s (UserFie lds , in t h e S T A R terminology) may b e defined by t h e user . 
T h e y have a user-defined name . T h e y m u s t be of some of t h e bas ic S T A R d a t a 
types ( integer , real , s t r ing , e tc ) or of some user-defined d a t a t y p e derived f r o m t h e m . 
User-defined d a t a types can b e bui l t using records, a r rays , and sets, as well as by 
e n u m e r a t i o n or subse t ing . An ini t ial value m a y b e assigned to an a t t r i b u t e in t h e 
concep tua l scheme. Th i s value m a y b e modif ied a t run - t ime . 

ALU has Cell-Area UserField : integer 

defines for ob jec t ALU a UserField wi th n a m e Cell-Area and d a t a t y p e integer. 

ALULogicView has ALUTechnology :- UserField : string = 2 micra 

assigns t o UserField ALUTechnology of ob jec t ALULogicView t h e va lue "2 mic ra" . 
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ALU has ALUTechnology UserField : LayoutTechnology = { 2 micra / 1.5 micra } 

defines for an ob jec t ALU a UserField wi th n a m e ALUTechnology a n d user-defined 
d a t a t y p e LayoutTechnology, whose possible values a r e "2 mic ra" and "1.5 mic ra" (a 
d a t a t y p e c rea ted by subse t ing t h e t y p e s t r ing) . 

UserFie lds m a y b e s t r u c t ü r e d and conta in o t h e r UserFields , as in t h e e x a m p l e 
below. 

ALU has ALUTechnology UserField 
has Tech File : file 
has TechVersion : integer 

defines t h a t an a t t r i b u t e ALUTechnology is composed of two s u b - a t t r i b u t e s , n a m e d 
TechFi le (of bas ic d a t a t y p e file) a n d TechVersion (of basic d a t a t y p e integer) . 

Defining P o r t s and their a t t r ibu te s 
T h e S T A R d a t a mode l specifies t h a t P o r t s may b e defined a t d i f ferent nodes of a 
control s t r u c t u r e (Designs, ViewGroups , Views, a n d ViewSta tes ) . P o r t s c rea ted in 
a concep tua l scheme m u s t have a n a m e . F u r t h e r m o r e , P o r t s m a y have user-def ined 
a t t r i b u t e s . As for t h e UserFie lds , these a t t r i b u t e s have a n a m e , a d a t a type , a n d a 
possible init ial va lue a l ready defined in t h e concep tua l scheme. T h e y m a y b e also 
composed of o t h e r sub -a t t r i bu t e s . 

O P Design 
has ABus Port 

has BitWidth = { 31 .. O } 
has Coordinates UserField : { integer; integer } 

c rea tes a P o r t wi th n a m e A B u s for t he ob jec t O P . Th i s P o r t has two a t t r i b u t e s . 
R i t W i d t h is a sys tem-def ined a t t r i b u t e (a pair of integers, ind ica t ing t h e Ident i f icat ion 
of t h e M S B a n d LSB) , while Coord ina tes is a user-defined a t t r i b u t e whose t y p e is 
also a pa i r of in tegers . 

Defining general izat ions 
T h e S T A R d a t a mode l defines t h a t Designs are general iza t ions of ViewGroups a n d 
Views, a n d t h a t V iewGroups are in t u r n generaHzations of o the r V iewGroups a n d 
Views. 

In a pa r t i cu la r conceptua l scheme, one has to def ine t he names of t h e ViewGroups 
and Views which a r e generalized by a Design or a V iewGroup . It is also possible t o 
def ine which UserFields of t he general izat ion ob jec t a re inher i ted by t h e general ized 
s) ib-objects . 
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ALU is generalization of { ALULogicView (View MHD); 

ALU-Layout-VG (ViewGroup) } 

defines t h a t A L U is a general izat ion of a View (of t y p e M H D ) wi th n a m e ALULogic-
View a n d of a V i e w G r o u p wi th n a m e ALU-Layou t -VG. 

ALU is generalization of ALULogicView 
{{ singie inherited ALUTechnology }} 

indica tes t h a t t h e UserField ALUTechnology of t h e genera l iza t ion ob jec t A L U is 
inher i ted (in s t r ic t m o d e ) by t h e generalized sub-ob jec t s (only ALULogicView, in 
th i s case) . 

Crea t ing composi t ions and references 
T h e S T A R d a t a model specifies t h a t an ob jec t View m a y con ta in Des ign ins tances 
a n d / o r C o m p o n e n t s , a n d t h a t e i ther C o m p o n e n t s or Des ignIns tances m a y reference 
o t h e r o b j e c t r epresen ta t ions . Fu r the rmore , C o m p o n e n t s a n d Des ignIns tances have 
P o r t s a n d UserFie lds . 

ALU contains Addl Component 
has ... (Por ts ) 
has ... (UserFields) 

defines t h a t t h e o b j e c t ALU con ta ins a C o m p o n e n t of n a m e A d d l wi th given P o r t s 
and UserFields . 

ALU contains AddA Designinstance of A d d l 

defines t h a t t h e ob j ec t A L U con ta ins a Des ign ins tance of n a m e A d d A which is an 
ins tance of C o m p o n e n t A d d l . 

ALU contains Add l Component 
has reference to Design : Register 

defines t h a t t h e ob jec t ALU has a C o m p o n e n t A d d l which makes reference to t h e 
Design ob j ec t of n a m e Regis ter . 

References m a y also b e done to pa r t i cu la r V iewGroups , Views, or ViewSta tes of 
o the r ob jec t s . A pa r t i cu la r d y n a m i c conf igura t ion m a y b e crea ted wi th t h e cons t ruc t 

ALU contains Add l :- Component 
has reference to most recent ViewState : RegisterView 

which defines t h a t t h e C o m p o n e n t A d d l makes a reference to t h e mos t recent View-
S t a t e of t h e View ob j ec t of n a m e Regis terView. 
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