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Abstr act

The importance ot performanceanalysi s t o t he i t er a t i v e d e s i g n p r o c ess
discussed. Several techniques for performance an al ysis i n Fo r t h sys t ems a r e
descr i bed • Some r ela ted d ebugging t e c h n i q ues a re m en t i o n ed •

I ter at ive De i g n

For th encour ages th e us e o f i t er a t i v e d e s i q n me thodol ogy, wh i c h i n v o l ve s t he

pr ovide r e asonabl y good t oo l s f o r f i nd i n g b ug s i n c o d e an d f 1 aws i n a l gor i thms.
Few system- provide adequate tools for diagnosing performance problems. A qood
r ul e o t t h umb i s t h a t a pr o g r am spends n i n e t y p e r c en t o t i t s t i me e x e cu t inn t e r i
percent o f t he c o de . N hen some per formance goal mus t b e me t i t i = n eccessary t o
f ind t h os e r o u t i n e s wher e most t i m e i s sp e n t a n d make t hem run f a s t e r . Fo r t h
e ncnurages modul ar. progr amming, and i t i s ea s y t o r ep l ace a s l ow r o u t i n e o nc e i t
has been t o und •

rapid r e p e t i t i o n o f a sho r t des i g n / i m p l ement / t es t c yc l e . t 1 os t F o r t h s y s t e ms

s emor y Al loca t i o n

he al l oca t i o n o f m emor y
i n th e d i c t i on a r y . A
a v i e w t i e l d i n t h e
e ld p o i n t = t o t h e s ou r c e
i l i t y t o au t o mat i c a l 1«
k to a s ys t e m whi c h

One requi r ement wh ic h many o t t he s e t o o l s s h a r e i s t
t or s t o r i n g t h e r es u l t s , usually a counter for each word
very use fu l t ec h n i que i s a va i l ab l e o n s y s t ems which h ave
header o t t he d i c t i on a r y e n t r y f n r ea c h word . T h e v i e w t i
code block on disk. Once having used a system with the ab
l ocate t h e s our ce f o r a n y w o r d „ i t i s d i t f i cu l t t o go ba c
lacks i t •

The view tield can be borr owed tor other uses, uch as the counter needed
f or t h es e t o o l s . N he n t h e v i e w f i e l d i s no t av a i l ab l e , a n ar r a y w i t h on e entry
p er word i n t h e d i c t i on a r y i s r e q u i r e d . F o r c o mpatab i l i t y , t h e w o r d ) V I EN shou l d
c onvert t h e a d d r ess o t a co d e t i e l d i n t o t he a d dr ess o f t he ca r r esponding c e l l
T his k i n d o t co d e i s v e ry d e p endent o n t h e particular system and CPU being us,ed.
Examples l a t e r i n t he p a pe r a r e t or t he N C68888runningF83, a p u b l i c — domain,
83-standar d For t h s y s t e m.

l1on te Car 1 o Anal ysis

O ne simple t o o l w h i c h g i v e s a s t a t i s t i c al i nd i ca t i o n o f t he t r e q u ency o i
e xecut ion o t a w o r d u e s a r e al t i m e c l o c k i n t er r u p t r ou t i n e w h i c h p e r i o d i c a l l y
samples the i n t er preter po i n te r ( I P ) o r p r ogr am counter (PC) . This can bc used i n
a couple n f d i t t er e n t w ay s e i t he r by i nc r ement ing a c o u n te r t or t he w o r d b e i n q
executed , n r b y bu i l d i n g a h i s t o g r am o f I P o r P C a c t i v i t y •

There are several ways to decide which counter to increment. Assuming a
p o"t - i n c r ement i ng , i nd i r e ct - t h r eaded sys t em, I P p o i n t s t o a pn i n t e r t o t he cod e
t i e ld n f t h e nex t word t o e xecute , I t w o uld be convenient , b u t wrong, to
i ncrement that word' s counter . I t may or may not be a s l ow rou t i ne ; a f t e r a l l , i t
i s no t ev en b e i r i g e > ecu ted a t t he mo ment . T o i n cr em en t t he c ou n t e r f or t he word
i nto wh ic h t h e I P p o i n t s i s be t t er ( ar i d s l o wer) , b ut s t i l l i ncor r ec t , be c a u se
t ha t w o r d m e re l y c a l l ed t he wnr d be i ng e ' >,ecut e d .
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I t i s b e s t t o i nc r ement t h e c o u n te r f o r t he w o r d c u r r ent l y e x ec u t i n g , w h i c h i s
pointed t o b y t he ce l l bef o re t he o n e p o i n t e d t o b y t he I P .

L ABEL BUMP ( i ncr e ment c o u n te r o f w o r d b e i n g e x e c u t ed . )

( TO-VIEW convert s a c o d e f i e l d a d d r ess i n A 8 t o a v i ew f i e l d ad d r es s i n A1 )

T o build a h istogram,an array is allocated whose size depends on the

of addresses o f i n te r e s t . I f t h e I P ( or P C , a s t he c a s e may be ) i s i n s i de t h e
< »indoor of i n t erest , t h e c e l l c o r r e sponding to i t s r e l a t i v e p o s i t i o n i s
i ncremen ted. The r esul ts a r e d i splayed as a histogr am,a nd can g i v e a n i d e a o f
< »here most t i m e i s sp e n t . A f t e r e a c h p ass t h e w i n do<» can be made nar rower t o g e t
mor e pr ecise r e su l t s , b u t m or e t i m e w i l 1 b e r e q u i r e d t o g et t he s a me number o f
counts i n s i d e t h e w i n dow.

d esi red r eso l u t i o n . Two va r i a b l e s c o n t a i n t h e u p pe r a n d 1 ower l i m i t s o f t he r a n ge

Stat i c F r e quency Analysis
Another method i s s t a t i c f r e q uency ana l y s i s . A c o u n t e r i s ass o c i a t e d w i t h

each word i n t he d i c t i on a r y , a n d t h e y a r e i n i t i a l l y s et t o zer o . E a c h t i m e t h e
word i s e n c ounte red b y t h e c o mpi l e r i t s c ou n t i s i n cr emented . A f t e r co mp i l i n g, a
t able o f co u n t s i s pr i n t e d . W h i l e t h i s do e s no t s h o w t h e r e la t i v e exe c u t i o n t i m e s
or f requencyof execu t i o n , i t a t l eas t i nd i ca t e s w h i c h w o rds may deserve s ome
atten t i o n •

I mplementat i o n r e q u i r e s w r i t i ng a n e w compi l e r l o o p w h i c h f i n d s e a c h wo r d
a nd inc remen ts i t s co u n t . I m mediat e wor ds such a s I F present a prob lem. The b e s t
s olu t i o n i s pr o b a b l y t o r e d e f i n e t h e m t o i nc r ement t h e c o u n te r f or an y w o r d s
which they compile. Comments and words which terminate compilation must be
executed as u s ua l w h i l e compiling •

COMPILER ( - - ) se t up
BEGIN BL WORD FIND DUP 8>

IF DROP EXECUTE
ELSE I F I OV E R >VIEW +!
THEN f i n i s h e d?

UNTIL

IF ( — adr f 1 ag )
COMP I LE ? BRANCH >MARK 1 I ' ) ? B RANCH >V I EW +! ; I MM EDIATE

ELSE DROP THEN

Dynamic Frequency Analysis

In some systems the address interpre ter ( NEXT ) i s a single routine=hared
by al l co d e wor ds . I n o t h e r sys t ems i t i s d i st r i bu t e d wi t h e a c h w or d h a v i n g i t s
o wn copy. A d i s t r i bu t e d NEXT i s u s u a l l y f as t e r , b ut pr ev ent s t h e u s e o f so me
i nter es t i n g t e c h n i ques wh ic h i n v o l v e r ep l a c i n g NEXT wi t h a r ou t i n e w h i c h d o e s
a ddi t i o na l w o r k .

In dynamic f requencyanalysis, NEXT is replaced by a routine <»hich
i ncr ements t h e c o u n te r f o r t h e w o r d w h i c h i s ab ou t t o be e x e c u t ed , i n add i t i on t o
performing the usual NEXT function •



LABEL BUMP-NEXT

( Note t h e s i m i l a r i t y t o t he B UMP r out ine g i v e n e arl i e r . )
I P )+ A8 MOVE TO - V IEW ¹ ) J S R 1 Al ) A DDQ A8 ) A8 M OVE A8 ) JMP

A s befo re , a l 1 c o un te r ar e ze r oed be f or e r unn in g t h e c o d e t o b e a n a l y " ed ,
a nd a t a b l e o f cou n t s i s pr i n t e d a f t e r wards . T h i s t ec h n i que s t i l 1 d o e s no t s h o w
w hich r o u t i n e s t a k e t h e l ongest to execute, but i t does show which are executed
m ost f r e q uen t l y , a n d t h a t i s of t e n a g o o d i n d i c a t i o n of where t i m e i s be i n g
spent .

Another l i m i t a t i o n i s t ha t r ea l t i m e c o d e w i l l a l m os t c e r t a i n l y f a i l t o b e

system enough t o r e n der t h e r es u l t s m e an i ng l e ss . I n such t i me c r i t i ca l ca s e= ,
o nly h a rdware t o o l s w i l l acc u r a t e l y r e f l e c t t he o p e r a t io n o f t h e s y s t e m.

fast enough while running t he t e s t , a n d t h i s ma y c h ange t h e b e hav io r o f t he

A ssembler Cyc l e Count Gener at i o n

A n assembler i n a For t h sys t e m i s r e l a t i v e l y s i m p l e . O r d i n a r i l y i t p r ov i d e s

a minimum of err or check ing, and can be defined in fr om thr ee t o f i f t een s c r e ens
o r so . I t i s poss i b l e t o a d d f ea t u r e s s uc h a s e r r o r checking t o t he a s s embler .
For per f o r mance ana l y s i s , i nf or m a t i o n a b ou t i n s t r u c t i o n a n d a ddr ess ing mode
timing can be added to the assembler. Whenever a n ins t r u c t i o n i s ass e mbled , a
cycle c oun te r i s i ncr e mented by t h e d u r a t i o n o t t he i ns t r uc t i on a nd i t s
a ddr essing mode or modes . I n m any c ases t h e a c t ua l e x e c u t i o n t i m e w i l l d i f f er
b ecause of p i p e li n i n g , v ar i ab l e e x e c u t i o n t i m e s , or i n ac c u r a t e da t a i n t he
m anual. However , i t i s u sua l l y po s s i b l e t o g et a go o d i d e a o f t he w o r s t c as e
t ime, and t h a t i s nor m a l l y t he b e s t g u i d e t o pe r f o r mance.

The execut i o n t i m e f o r a h i gh l ev e l def i n i t i on can be calculated as the sum
of th e t i me s o f t he c o mponents , p l u s t h e e x e c u t i o n t i m e o f N EXT t i mes t h e n umber
of components , p l u s t h e e n t r y a n d e x i t t i me s . F o r t h i s ca l cu l a t i o n t o be
possib le , t he t i mi n g i nf o r mat io n f or ev e r y word must b e a v a i l a b l e . T h i= can be
buil t i n t o t he d i c t i on a r y e n t r y f or e a c h w or d b y t h e m e t a - compi l e r ; i t i more
d if f i cu l t i f t he For t h sy s t e m' s s our ce i s i n ass embly l a n g uage. When t a r g e t
compil ing smal 1 app l i c a t i o n s t h e c o u nt s c a n b e k ep t j us t i n t he ho s t sys t e m •

O ne sign i f i ca n t l i mi t a t i on o f t h i s t ech n i qu e i s t ha t m o s t w o r d s c o n t a i n some
c ontr ol s t r u c t u r es . I n t he ca s e o f I F E L SE THEN st r u c t u r es , t he t i m e s o f t he t wo
b r anches can be c a l c u l a t e d an d t h e l ar g e r value used. For DO LOOP and BEGIN WHILE
REPEAT or BEGIN UNTIL s t r u c t u r e s t h e s i t ua t i o n i s m u ch more d i f f i c u l t . The
s tr uc ture cou l d b e a s s i gned a dur a t i o n e q ua l t o o n e p as s t h r ough i t s b o dy , b u t
t his i s n ot 1 i l ' ,el y t o b e co r r e c t .

Fortunately those words on which per formance usually depends are those
b ur ied deep i n s i d e l o o p s o f o n e k i n d o r another, and so it is not so neccessary
t o ana l yse h i g he r l e v e l w o r ds accur a t e l y ;

Debugging

d ebugging t oo l c an be bu i l t on spe c i a l
a breaVpoint . I n N EXT th e I P i " c om pared t o t he

a ins t h e a d d r ess a t w h i c h a b r eal',poin t h a s b e e n
ion is aborted or a b reakpoint h andler i s
an be used i n s t e ad o f a s i ng l e v ar i ab l e i f

As mentioned before, sever al
v ers i ons o f N EXT. The s i mp l es t i s
contents of a variable which cont
set. I f t h e y ar e t h e same, execut
executed. An array of addresses c
multiple br eakpoints are desir ed.



A debugger can use a NEXT which tests the IP against a pair of addresses,
and ex e c u t e s a t r ac e r ou t i ne i f i t i s be t we e n t he m . Ano t h e r me t h o d i s t o ex e c u t e
t race whenever t h e r e t u r n s t a c k d e p t h ha s s ome va l ue , b u t t ha t ap p r oach i s a b i t
t r i c k i e r t o use .

SAVED ¹) A8 LEA A8 ) + A1 L t10VE A8 ) D8 t " lOVE

A rel a ted t o o l p r o t e c t s t he c o n t e n t s o f an a d d r " - .= • iutXT compares the

present c ontents of t h e protected address to a saved value„ and enter s t he
d ebugger i f t hey d i f f er .

C REATE SAVED 4 ALLOT ( add r e s s , v a l u e )
LABEL PROTECTING-NEXT

A i ) D 8 CtRP 8 ( ) I F TRAC I NG ¹ ) J A P THE N ( fat 1 t hr ou q h )

I P ) + A8 t10VE A8 ) A8 M OVE A8 ) JMP
( TRACING sets t h e d e bugger w i n dow t o p o i n t t o t he w o r d w h i c h c a u sed t h e )
( change, and NORMAL-NEXT i s a copy of the normal NEXT code. )
LABEL PROTECTIt4G

LABEL NORMAL-t4EXT

PROTECT ING NEXT ¹) JMP
CODE PATCH-NEXT ( - - )

( i n s t a l 1 s a , l ump t o t h e n e w NEXT on t o p o f t he o l d N EXT )
PROTECT ( addr e s s - - )

DUP 8 SNAP SAVED 2' PAT CH-NEXT

PROTECTING ¹) >NEXT ¹) LONG MOVE l'lEXT END-CODE

Conc 1 usi ons

Many powerful tools for debugging and analysis are possible in a
threaded-code system. The flexible and open natur e of these systems allow
i nteres t i n g d y namic modi f i c a t i o n s t o t he i r s t r uct u r e a n d b e hav io r . C o n t i n u ed
explor at i o n o f t h e p o s s i b l i l i t i es wi l l dou b t l e s s p r o v e r e war dinq .
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