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Abstract. Erl ang i s a concurrent programmi ng l anguage desi gned for
prototypi ng and impl ementi ng rel i abl e real -ti me systems. In i ts desi gn
Erl ang i nheri ts some i deas f romconcurrent l ogi c programmi ng l anguages.
Erl ang i s used i n a number of experi mental tel ephony appl i cati ons both
wi thi n and outsi de Eri csson [1 ]. In thi s paper we descri be a very e�-
ci ent and portabl e sequenti al i mpl ementati on of Erl ang where Erl ang
programs are compi l ed i nto the Cl anguage. Our prel i mi nary eval uati on
resul ts showthat the perf ormance of our Erl ang systemi s not far f romthe
performance of hi ghl y opti mi zed Ccode. The proposed i mpl ementati on
techni que can be easi l y appl i ed to i mpl ementati on of other concurrent
hi gh- l evel l anguages (e. g. Janus and KL1).
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1 Introduction

Erl ang i s a concur r ent pr ogr ammi ng l anguage des i gned for pr ot ot ypi ng and i m-
pl ement i ng r e l i abl e r eal - t i me s ys t ems . Er l ang was deve l oped at t he Comput er
Sc i ence Labor at or y, El l emt e l Te l ecommuni cat i ons Sys t ems Labor at or i e s [3, 4].
Er l ang pr ovi des s uppor t f or pr ogr ammi ng concur r ent appl i cat i ons , a s pec i al s yn-
t ax f or r e f e r r i ng t o t i me (t i me- out s ), and expl i c i t e r r or det ect i on capabi l i t i e s .
Some bas i c e l ement s of Er l ang pr ogr ammi ng ar e pr es ent ed i n t he f ol l owi ng s ec -
t i ons . Er l ang i n i t s des i gn i nher i t s s ome i deas f r omconcur r ent l ogi c pr ogr ammi ng
l anguages . It does not al l owdes t r uct i ve as s i gnment of var i abl e s and us es pat t er n
mat chi ng f or var i abl e bi ndi ng and f unct i on s e l ec t i on.

I n t hi s paper we des cr i be a ver y e�ci ent and por t abl e s equent i al i mpl emen-
t at i on of Er l ang wher e Er l ang pr ogr ams ar e compi l ed i nt o t he C l anguage . We
cal l t he i mpl ement at i on Tur bo Er l ang.

Compi l i ng i nt o Cgi ves ver y good por t abi l i t y ( Ccompi l e r s exi s t f or al mos t al l
pr oces s or s ) , and ver y good l ow- l eve l , har dwar e s pec i �c opt i mi zat i on. I n addi t i on,
compi l i ng i nt o C pr ovi des t he pos s i bi l i t y of l i nki ng wi t h pr ogr ams wr i t t en i n
ot her l anguages s i nce mos t pr ogr ammi ng l anguages s uppor t i nt er f aces wi t h C
pr ogr ams .
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Compi l i ng i nt o C i nt r oduces s ome e�ci ency pr obl ems [ 5, 6] : cos t l y f unct i on
cal l s , i nabi l i t y t o cont r ol r egi s t e r al l ocat i on, l ar ge object s i ze , and t wo l eve l
compi l i ng �r s t t o C and t hen i nt o machi ne code . The paper di s cus s es s ome
s ol ut i ons t o t he above pr obl ems , f or exampl e , we have chos en gcc as our C
compi l e r t o al l ow gl obal r egi s t e r al l ocat i on and us age of l abe l s as �r s t - c l as s
obj ect s .

The pr opos ed i mpl ement at i on t echni que can be eas i l y appl i ed t o ot her hi gh-
l eve l l anguage i mpl ement at i ons ( e . g. Janus [ 6] and KL1 [ 5] ) .

The paper i s or gani zed as f ol l ows . Er l ang i s i nt r oduced i n Sect i on 2. I n Sect i on
3 we pr es ent t he t ur bo Er l ang abs t r act machi ne ( TEAM) . Sect i on 4 des cr i bes
gener at i on of t he Ccode . Eval uat i on r es ul t s ar e di s cus s ed i n Sect i on 5. The �nal
conc l us i ons ar e pr es ent ed i n Sect i on 6.

2 The Erlang Language

2.1 Data Objects

An Er l ang t er mi s e i t her a cons t ant ( i nt eger , 
oat , at om, pr oces s i dent i �er ) ,
compound t er m, or a var i abl e . A compound t er m i s e i t her a t upl e or a l i s t .
Tupl es ar e us ed f or s t or i ng a �xed number of dat a obj ect s :

fT1,T2,...,Tng i s a t upl e of s i ze n.

A l i s t i s e i t her t he empt y l i s t [] or a pai r [H|L].
Er l ang does not al l ow des t r uct i ve as s i gnment of var i abl e s , and t he �r s t oc -

cur r ence of a var i abl e i s i t s bi ndi ng i ns t ance ( i . e . al l Er l ang t er ms ar e gr ound) .

2. 2 Function Evaluati on

Er l ang pr ogr ams ar e compos ed of f unct i ons . The de�ni t i on of a f unct i on cons i s t s
of a gr oup of c l aus es each havi ng a head, an opt i onal guar d and a body.

The Er l ang eval uat i on mechani s mi s bas ed on pat t er n- mat chi ng di r ect ed i n-
vocat i on. Af t er a cal l of a f unct i on, t he cal l i s mat ched s equent i al l y agai ns t heads
of t he c l aus es de�ni ng t he f unct i on ( i n t he i r t ext ual or der ) . Af t er a s ucces s f ul
mat ch t he c l aus e guar d i f de�ned ( a guar d cons i s t s of a s i mpl e t es t or a s equence
of s i mpl e t es t s ) i s eval uat ed and i f t he eval uat i on s ucceeds t he c l aus e body i s cho-
s en f or execut i on. I f no r ul e mat ches t he cal l an er r or i s gener at ed. Expr es s i ons
i n t he s e l ec t ed c l aus e body ar e eval uat ed s equent i al l y.

2. 3 Modul es

The modul e s ys t emi n Er l ang i s bas ed on f unct i on modul ar i t y, i . e . i t wor ks by
l i mi t i ng vi s i bi l i t y of t he f unct i ons cont ai ned wi t hi n a gi ven modul e . Funct i ons
whi ch ar e t o be eval uat ed f r omout s i de t he modul e mus t be expl i c i t l y expor t ed.
Af unct i on can be cal l ed f r omot her modul es us i ng a name qual i �ed by a modul e
name cont ai ni ng t he f unct i on.
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2. 4 Case Expressi on

The cas e expr es s i on al l ows choi ce bet ween al t e r nat i ves wi t hi n t he body of a
c l aus e :

case Expr of

Pat1 [when Guard1] -> Seq1;

Pat2 [when Guard2] -> Seq2;

...

PatN [when GuardN] -> SeqN;

end

Fi r s t t he expr es s i on Expr i s eval uat ed and t hen t he r es ul t i s s equent i al l y
mat ched agai ns t Pat1, ..., PatN. Af t e r t he s ucces s f ul mat ch t he cor r es pond-
i ng act i on i s t aken ( r es pect i ve l y Seq1, ..., SeqN) . I f no pat t er n mat ches t he
eval uat i on r es ul t an er r or i s gener at ed.

2. 5 Mul ti -Process Programmi ng

Suppor t f or mul t i - pr oces s pr ogr ammi ng i n Er l ang cons i s t s of t he f ol l owi ng pr i m-
i t i ves : spawn f or s t ar t i ng a concur r ent pr oces s , send f or s endi ng a mes s age t o a
pr oces s , and receive f or r ece i vi ng a mes s age f r oma pr oces s .

The pr i mi t i ve spawn(Module,Func,[Arg1,...,ArgN]) s t ar t s a concur r ent
pr oces s whi ch eval uat es t he f unct i on Module:Func(Arg1,...,ArgN), and r e -
t ur ns a pr oces s i dent i �er whi ch can be us ed t o communi cat e wi t h t he pr oces s .

To s end a mes s age Msg t o an Er l ang pr oces s Pid t he f ol l owi ng s ynt ax i s us ed:

Pid ! Msg

wher e Pid mus t be a val i d pr oces s i dent i �er , and Msg can be any Er l ang
t er m.

To r ece i ve mes s ages f r omdi �er ent concur r ent pr oces s e s Er l ang pr ovi des t he
s ynt ax:

receive

Pat1 [when Guard1] ->

Action1;

Pat2 [when Guard2] ->

Action2;

...

[after

Time ->

ActionTimeOut]

end

whi ch caus es t he cur r ent pr oces s t o s us pend unt i l a mes s age i s r ece i ved whi ch
mat ches one of t he pat t er ns Pat1, Pat2, ... or unt i l an opt i onal t i me- out
occur s .

The Er l ang i nt er pr oces s communi cat i on mechani s mal l ows mes s ages t o be
r ece i ved i n a di �er ent or der t o whi ch t hey wer e s ent ( i . e . r ece i ve has t he s e l ec t i ve
and bu�er i ng char act er i s t i c s ) .
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2. 6 Error Recovery

Si nce t e l ephony appl i cat i ons pr ogr ammi ng r equi r e s e r r or r ecover y i n t he event
of an unpl anned f ai l ur e , Er l ang pr ovi des expl i c i t e r r or det ect i on capabi l i t i e s .

Er l ang pr oces s e s can be l i nked ( l i nks ar e bi di r ect i onal ) t o ot her communi cat -
i ng or cooper at i ng pr oces s e s . Upon abnor mal t er mi nat i on ( a r un- t i me er r or ) a
pr oces s s ends a s pec i al exi t s i gnal t o al l t he cur r ent l y l i nked pr oces s e s . Adef aul t
act i on i s t hat upon r ece i vi ng an exi t s i gnal a pr oces s t e r mi nat es and pr opagat es
t he exi t s i gnal t o ot her l i nked pr oces s e s .

Anot her pos s i bi l i t y i s t hat a pr oces s can r ece i ve exi t s i gnal s wi t hi n a r ece i ve
s t at ement and per f or many r equi r ed act i on be f or e t er mi nat i on:

receive

Pat1 [when Guard1] ->

Action1;

...

f'EXIT',PidN,MsgNg ->

ActionN;

[after

Time ->

ActionTimeOut]

end

wher e t he mes s age MsgN f r ompr oces s PidN i s an expl i c i t l y r ece i ved exi t s i gnal .

2. 7 Catch and Throw

The Er l ang cat ch and t hr owmechani s mcan be us ed f or a non- l ocal r e t ur n f r om
a f unct i on, and f or pr ot ect i ng bad code . To i l l us t r at e i t s us age l e t us anal ys e t he
execut i on of t he f ol l owi ng Er l ang f unct i on:

foo(1) -> hello;

foo(2) -> throw(myerror,abc);

foo(3) -> 1 div 0;

Cal l i ng a f unct i on foo(1) r e s ul t s i n t he at omhello. When we cal l foo(2),
s i nce t her e i s no cat ch, t he cur r ent pr oces s exi t s and s ends exi t s i gnal t o al l
l i nked pr oces s e s . When we cal l foo(3), an er r or i s det ect ed and t he pr oces s
exi t s s endi ng t he exi t s i gnal f'EXIT',Pid,badarithg t o t he l i nked pr oces s e s .

I f t he foo/1 f unct i on i s cal l ed wi t hi n a cat ch:

demo(X) ->

case catch foo(X) of

fmyerror,Argsg ->

fuser error,Argsg;
f'EXIT',Pid,Whatg ->

fcaught error,Whatg;
Other ->

Other

end.
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cal l i ng demo(1) r e s ul t s i n t he at omhello, cal l i ng demo(2) r e s ul t s i n a t upl e
fuser error,abcg s i nce throw j umps t o t he near es t cat ch, and demo(3) r e s ul t s
i n fcaughterror,bad arithg s i nce t he exi t s i gnal f'EXIT',Pid,badarithg i s
caught by t he cat ch.

2. 8 Code Management

Er l ang s uppor t s dynami c l oadi ng of code ( dynami c means t hat t he code i s l oaded
and l i nked at r un t i me) , and t he us e of mul t i pl e ver s i ons ( cur r ent l y t wo) of t he
s ame modul e . Loadi ng a new modul e ver s i on means t hat al l new cal l s t o t he
modul e ar e done t o t he newver s i on whi l e al l pr oces s e s al r eady execut i ng t he ol d
ver s i on cont i nue t o do s o. I t i s pos s i bl e t o r emove t he ol d ver s i on when t her e ar e
no pr oces s e s execut i ng i t , and Er l ang pr ovi des pr i mi t i ves f or checki ng i f t her e
ar e any pr oces s e s execut i ng a gi ven ver s i on of code .

The above f eat ur es ( dynami c l oadi ng, mul t i pl e ver s i ons of code) ar e r equi r ed
i n t e l ephony appl i cat i ons us ed t o cont r ol t e l ephony har dwar e whi ch cannot be
s t opped f or s of t war e updat es .

3 The Tur o Erlang stract achine (TE )

The cons t r uct i on of t he t ur bo Er l ang abs t r act machi ne ( TEAM) has been i n-

uenced by i deas behi nd t he convent i onal WAM[ 7, 8] and t he Janus Vi r t ual
Machi ne ( Janus compi l ed t o C) [ 6] . Di �er ences come f r omt he f act t hat Er -
l ang has a f unct i onal nat ur e , has f ul l y gr ound t er ms , and has expl i c i t not i ons of
concur r ency and t i me.

Compar i ng f ur t her t o t he Janus Vi r t ual Machi ne , we us e gcc i ns t ead of cc

whi ch al l ows gl obal r egi s t e r al l ocat i on and s i mpl i �es r e t ur n addr es s admi ni s t r a-
t i on as i n gcc l abe l s can be us ed as �r s t - c l as s obj ect s . Ther e ar e s ome di �er ences
i n dat a obj ect r epr es ent at i on and our s ys t empr ovi des a copyi ng gar bage col l ec -
t or whi l e t he Janus Vi r t ual Machi ne has no gar bage col l ec t i on i mpl ement ed yet .
Anot her di �er ence i s t hat i n our s ys t emeach Er l ang modul e i s compi l ed i nt o a
Cf unct i on r es i di ng i n a s epar at e �l e , and modul es can be dynami cal l y l oaded at
r un- t i me ( t he gener at i on of Ccode i s des cr i bed l at er i n Sect i on 4) . I n t he Janus
s ys t emal l pr ogr ams ar e compi l ed i nt o one Cpr ocedur e whi ch does not al l owf or
l ar ge - s cal e appl i cat i ons .

3. 1 Data Obj ects

An Er l ang t er mi s r epr es ent ed by a 32- bi t uns i gned wor d cont ai ni ng a val ue and
a t ag. The t ag ( 4- bi t ) r e s i des i n t he l eas t s i gni �cant bi t s and di s t i ngui s hes t he
t ype of t he t er m.

The val ue par t of an at omi s an i ndex i nt o a gl obal at omt abl e wher e t he
at omi s r epr es ent ed. The val ue par t of an i nt eger i s t he i nt eger i t s e l f . The val ue
par t of a l i s t i s a poi nt er t o t wo cons ecut i ve heap l ocat i ons wi t h t wo t agged
obj ect s ( t he head and t ai l of t he l i s t ) . The val ue par t of a t upl e i s a poi nt er t o a
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heap obj ect cont ai ni ng t upl e s i ze f ol l owed by t he t upl e e l ement s . The val ue par t
of a 
oat i s a poi nt er t o a heap obj ect cont ai ni ng a 2- wor d 
oat val ue . The val ue
par t of a pr oces s i dent i �er i s t he pr oces s i dent i �er i t s e l f .

3. 2 Data Areas

The dat a ar eas ar e t he code ar ea, cont ai ni ng l oaded compi l ed C code , and a
s t ack and heap. The s t ack cont ai ns cal l f r ames wi t h l ocal var i abl e s and r et ur n
addr es s e s . The heap cont ai ns t er ms cr eat ed by t he Er l ang execut i on.

The s t ack and t he heap ar e al l ocat ed as one memor y ar ea and gr owt owar ds
each ot her . Havi ng t he heap and t he s t ack al l ocat ed t oget her makes t es t i ng f or
memor y over 
owver y e�ci ent as we compar e t wo poi nt er s ( t op- of - heap poi nt er
and t op- of - s t ack poi nt er ) r e s i di ng i n har dwar e r egi s t e r s .

I n t he Janus i mpl ement at i on [ 6] f or mos t pr ocedur es t he t es t s f or adequat e
heap and s t ack s pace i n a c l aus e can be combi ned t oget her . I n t he Er l ang s ys t em
ver y of t en i t cannot be done . For exampl e i n t he f ol l owi ng Er l ang append/2
f unct i on:

append([H|T],X) -> [H|append(T,X)];

append([],X) -> X.

�r s t append(T,X) i s cal l ed r ecur s i ve l y t o get t he r et ur n val ue and t hen t he
val ue i s us ed t o cons t r uct t he l i s t [H|append(T,X)]. Compar ed t o t he Janus
execut i on ( wher e due t o l ogi cal var i abl e s t he r es ul t l i s t i s c r eat ed be f or e t he
r ecur s i ve cal l ) we cannot us e t he l as t cal l opt i mi zat i on, and t es t t wi ce f or memor y
over 
ow: when cr eat i ng t he l ocal f r ame ( t o s t or e H) , and when cons t r uct i ng t he
l i s t ( i n Janus t he t es t s can be combi ned) .

As a gener al opt i mi zat i on we can gr oup al l heap r equi r ement s bet ween t wo
f unct i on cal l s and t es t f or t he heap over 
owj us t once f or t he whol e gr oup.

Each cal l f r ame on t he s t ack s t ar t s wi t h r et ur n addr es s f ol l owed by l ocal
var i abl e s whi ch ar e acces s ed by i nt eger o�s et f r oma poi nt er t o t he t op of t he
s t ack. Fr ames ar e al l ocat ed onl y af t e r a c l aus e guar d i s eval uat ed and i f t he
c l aus e body cont ai ns l ocal var i abl e s and f unct i on cal l s . Fr ames ar e al l ocat ed
and di s car ded by t he macr os Allocate(N) and Deallocate(N) wi t h expl i c i t l y
gi ven f r ame s i ze N. As we ar e us i ng gcc a r et ur n addr es s i s a s t or ed addr es s t o
a l abe l i n t he gener at ed C code and r et ur n f r oman Er l ang f unct i on i s s i mpl y
a got o i ns t r uct i on t o t he gi ven l abe l . For gar bage col l ec t i on pur pos es t he s t ack
s t r uct ur e can be obt ai ned by l ooki ng f or s t or ed r et ur n addr es s e s r epr es ent ed as
uns i gned i nt eger s and t hus havi ng t he t wo l as t bi t s s e t t o 0. To di s t i ngui s h t he
r et ur n addr es s e s f r omt he Er l ang dat a obj ect s t he dat a obj ect s do not us e t ags
havi ng t he t wo l as t bi t s s e t t o 0.

3. 3 arbage Col l ecti on

ur gar bage col l ec t i on al gor i t hm i s a s i mpl e s t op- and- copy one . Af t er each
gar bage col l ec t i on t he t ot al s i ze of t he heap and s t ack ar ea i s dynami cal l y ad-
j us t ed t o f ol l owt he execut i on r equi r ement s , i . e . i t gr ows or s hr i nks . Havi ng t he
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heap and s t ack al l ocat ed t oget her i nt r oduces a cer t ai n over head s i nce each t i me
we do a gar bage col l ec t i on t he s t ack i s copi ed as we l l . The over head i s not t oo
bad s i nce copyi ng a heap r es i di ng i n a s epar at e ar ea woul d r es ul t i n s t ack t r aver -
s al and updat e anyway. Anot her advant age of t hi s s cheme i s t hat i t ens ur es good
l ocal i t y of dat a r es ul t i ng i n bet t er us e of t he cache .

A s t op- and- copy gar bage col l ec t or s eems not s u�ci ent f or a s ys t emt hat i s
meant f or r eal - t i me appl i cat i ons . But s i nce each Er l ang pr oces s has i t s own heap
and s t ack ar ea, and does i t s own gar bage col l ec t i on, t he gar bage col l ec t i on t i me
i s bounded by t he s i ze of t he l ar ges t Er l ang pr oces s us ed. For a t ypi cal t e l ephone
appl i cat i on a pr oces s s i ze i s ver y s mal l . I n f ut ur e we pl an t o r ewr i t e our gar bage
col l ec t i on al gor i t hmt o guar ant ee a r eal - t i me r es pons e t i me.

To avoi d dangl i ng poi nt er s whi l e doi ng gar bage col l ec t i on t he unbound l ocal
var i abl e s ( al l ocat ed i n a s t ack f r ame) have t o be i ni t i al i zed. The i ni t i al i zat i on i s
done onl y i f t he var i abl e s ar e not as s i gned di r ect l y af t e r t he f r ame i s c r eat ed.

3. 4 Regi sters

The TEAMus es a s et of r egi s t e r s dec l ar ed as C gl obal var i abl e s . Some of t he
var i abl e s ar e dec l ar ed as gl obal r egi s t e r var i abl e s ( t hi s f eat ur e i s pr ovi ded by gcc

i n cont r as t t o cc) . We have t he f ol l owi ng r egi s t e r s : t op- of - heap poi nt er , t op- of -
s t ack poi nt er , r e t ur n- addr es s poi nt er ( poi nt er wher e t o go when a f unct i on i s
r eady execut ed) , and ar gument r egi s t e r s ( t o pas s f unct i on par amet er s ) .

3. 5 Ari thmeti c

When ar gument s have mi xed t ype or t he i r t ype i s unknown at compi l e t i me we
cal l a gener al pur pos e C pr ocedur e t o do t he ar i t hmet i c . When ar gument s ar e
i nt eger s t he bas i c ar i t hmet i c oper at i ons ar e di r ect l y compi l ed i nt o C code .

Type t es t s and t er mcompar i s ons can r es i de i n a guar d or a body par t of an
Er l ang c l aus e . The cor r es pondi ng condi t i onal i ns t r uct i ons cont ai n a l abe l s t at i ng
wher e t o go when t he condi t i on i s not met . The l abe l s i n guar d par t s poi nt t o
t he next c l aus e t o be t r i ed or t o an er r or act i on i f t her e ar e no c l aus es l e f t . The
l abe l s i n body par t s poi nt t o an er r or act i on becaus e a cal l ed Er l ang f unct i on
s houl d not f ai l .

Ter mt ypes ar e pr ovi ded at compi l e t i me by guar d t ype t es t s ( e . g. float(T),
atom(T)) , s i nce onl y t er ms wi t h t he r equi r ed t ype can pas s t he guar ds at r un
t i me.

3. 6 Functi ons

To cal l an Er l ang f unct i on we pas s par amet er s i n a WAM- l i ke s t yl e l oadi ng
ar gument r egi s t e r s x(N), and updat e t he r et ur n- addr es s r egi s t e r . I n or der not t o
des t r oy t he ar gument r egi s t e r s al l guar d oper at i ons and t es t s ar e per f or med i n
t empor ar y r egi s t e r s . n f unct i on r et ur n t he r et ur n val ue i s s t or ed i n x(0).
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3. 7 Concurrency

Er l ang pr oces s e s ar e dynami cal l y s pawned and ki l l ed dur i ng t he execut i on. Each
pr oces s has i t s own heap and s t ack ar ea. For concur r ency pur pos es t he TEAM
pr ovi des s us pens i on and s chedul i ng mechani s ms . A s us pendi ng pr oces s s t or es
i t s cur r ent s t at e i n i t s s us pens i on r ecor d and i s added t o a s chedul er queue .
To guar ant ee a f ai r s chedul i ng a pr oces s i s s us pended af t e r a �xed number of
r educt i ons and t hen t he �r s t pr oces s f r omt he queue i s r e s umed.

To r ece i ve mes s ages each pr oces s has i t s own l ocal mes s age queue . Sendi ng
a mes s age r es ul t s i n copyi ng t he mes s age i nt o t he r ece i ver heap and s t or i ng t he
mes s age r e f e r ence i n t he r ece i ver mes s age queue . Whi l e wai t i ng f or mes s ages t o
be r ece i ved a pr oces s i s s wapped out , and i s added t o t he s chedul er queue onl y
when a new mes s age i s r ece i ved ( i . e . t he addi t i on i s done by a pr oces s s endi ng
t he mes s age) , or a t i me- out occur s .

Tes t i ng f or a cont ext s wi t ch ( cal cul at i ng and t es t i ng t he number of r educ-
t i ons ) i s a cons t ant over head per f or med at each Er l ang f unct i on cal l .

3. 8 Error Recovery

Each Er l ang pr oces s has i t s l ocal l i s t cont ai ni ng al l pr oces s e s t he pr oces s i s l i nked
t o. As ment i oned ear l i e r upon abnor mal t er mi nat i on ( a r un- t i me er r or ) a pr oces s
s ends a s pec i al exi t s i gnal t o al l t he cur r ent l y l i nked pr oces s e s . Sendi ng t he s i gnal
means t hat al l t he l i nked pr oces s e s ( r e s i di ng i n t he s chedul i ng queue and wai t i ng
t o be s wapped i n) have t he i r r e s umpt i on addr es s e s updat ed t o execut e t he code
r es pons i bl e f or exi t i ng. A pr oces s upon r ece i vi ng an exi t s i gnal pr opagat es t he
s i gnal t o ot her s t i l l al i ve l i nked pr oces s e s .

I f t he l i nked pr oces s e s ar e t o r ece i ve t he exi t s i gnal wi t hi n a r ece i ve s t at ement ,
t he s i gnal i s s ent as an or di nar y mes s age .

3. 9 Catch and Throw

When a pr oces s execut es a catch, t he cat ch r es umpt i on addr es s i s s aved i n a
l ocal f r ame on t he s t ack. Upon exi t i ng or execut i ng throw t he s t ack i s s ear ched
f or a s aved r es umpt i on addr es s and t he execut i on cont i nues t her e . To know i f a
pr oces s execut es wi t hi n a cat ch t her e i s a pr oces s s pec i �c count er of s aved cat ch
r es umpt i on addr es s e s . An exampl e of t he C code cor r es pondi ng t o a cat ch i s
s hown l at er i n Sect i on 4. 5.

3. 10 oti on of Time

To pr ovi de t he Er l ang t i me- out mechani s mt he U I t i mer i s s e t t o gi ve a
per i odi c i nt er r upt and a s i gnal handl er i s s e t t o i ncr ement a gl obal var i abl e
whi ch act s as i nt er nal abs t r act machi ne c l ock. The c l ock i s checked on each
cont ext s wi t ch.

The per i odi c i ncr ement of t he abs t r act machi ne c l ock adds a cons t ant over -
head t o t he whol e Er l ang execut i on.
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4 enerationo ode

Us i ng gcc and t hus us i ng l abe l s as �r s t - c l as s obj ect s al l ows us t o s t r uct ur e t he
gener at ed C code i n a ver y 
exi bl e way. I n gcc l abe l s can be s aved i n gl obal
dat a s t r uct ur es s o t he TEAMexecut i on can j ump i nt o di �er ent C pr ocedur es
wi t hout cal l i ng t he pr ocedur es t hems e l ves and t hus avoi di ng t he C pr ocedur e
cal l over head. The onl y r equi r ement i s t hat t he TEAMus es onl y gl obal or s t at i c
dec l ar ed dat a obj ect s dur i ng t he execut i on.

4. 1 l obal Data Obj ects

The gener at ed Ccode acces s e s a s et of gl obal var i abl e s ( s ome of t hemr es i di ng i n
har dwar e r egi s t e r s ) cor r es pondi ng t o t he TEAMr egi s t e r s . Ther e i s a gl obal at om
t abl e ( cont ai ni ng r epr es ent at i on of at oms ) , gl obal modul e t abl e ( cont ai ni ng s ome
Er l ang modul e s pec i �c i nf or mat i on) , and a gl obal f unct i on t abl e ( cont ai ni ng
addr es s e s of expor t ed Er l ang f unct i ons , t he addr es s e s at t hi s s t age ar e l abe l s i n
t he gener at ed C code) .

4. 2 Modul es

Each Er l ang modul e i s compi l ed i nt o a C f unct i on r es i di ng i n a s epar at e �l e .
The C f unct i on cons i s t s of t wo par t s : an i ni t i al i zat i on par t , and a code par t .

The i ni t i al i zat i on par t i s r e s pons i bl e f or updat i ng t he gl obal at omt abl e ,
expor t i ng s ome l ocal Er l ang f unct i ons , f e t chi ng addr es s e s of f unct i ons f r omot her
modul es , and updat i ng t he gl obal modul e t abl e . The i ni t i al i zat i on par t ends wi t h
t he C r et ur n i ns t r uct i on and i s execut ed when t he modul e i s l oaded.

The code par t cons i s t s of t he Ccode cor r es pondi ng t o compi l ed Er l ang f unc-
t i ons . The f unct i ons ar e acces s ed by got o i ns t r uct i ons wher e t he r equi r ed l abe l
i s t aken f r omt he gl obal f unct i on t abl e . Cal l s ( j umps ) t o f unct i ons i n t he s ame
modul e ar e done di r ect l y. Labe l s t o f unct i ons i n ot her modul es ar e f e t ched f r om
t he gl obal f unct i on t abl e at l oad t i me. As t he f e t chi ng i s done at l oad t i me al l
f unct i ons r es i di ng i n ot her modul es can be acces s ed wi t h no over head when t he
modul e code i s execut ed.

4. 3 Functi ons

To i l l us t r at e t he C code cor r es pondi ng t o an Er l ang f unct i on we ar e goi ng t o
l ook at t he pr evi ous l y ment i oned append/2:

append([H|T],X) -> [H|append(T,X)];

append([],X) -> X.

t he cor r es pondi ng C code i s s hown i n Fi gur e 1. The code i n Fi gur e 1 us es
s ome U ext ens i ons t o t he C l anguage , i . e . t her e ar e l ocal l y dec l ar ed l abe l s
whi ch s i mpl i �es gener at i on of uni que l abe l s . A l ocal l y dec l ar ed l abe l i s us ed as
we l l i ns i de t he Call(append2,2) macr o t o gener at e a new r et ur n addr es s ( s ee
Fi gur e 2) .
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append 2: l abel acti ng as functi on address
Clause; f label next; l ocal l y decl ared l abel
TestNonEmptyList(x(0),next); i f x i s not a non-empty l i st goto next

Allocate(1); chec memory over ow, al l ocate stac f rame,
save return address regi ster

GetList2(x(0),y(0),x(0)); get head y and tai l x of l i st x

Call(append 2,2); chec for context swi tch, set newreturn
address, goto a en ,
on return x contai ns return val ue

TestHeap(2); chec memory over ow
PutList2(x(0),y(0),x(0)); create a l i st x wi th head y and tai l x

eallocate(1); get return address, deal l ocate stac f rame
eturn; goto return address

ClauseEnd; next:g

Clause; f label next;

TestNil(x(0),next); i f x i s not goto next

Move(x(1),x(0)); set return val ue: x 1 i s moved i nto x

eturn; goto return address
ClauseEnd; next:g

ErrorAction(FunctionClause); goto to error handl er, i ndi cate i nd of f ai l ure

i . 1. The generated Ccode for append 2 (x(0), x(1) are argument regi sters, y(0)

i s a l ocal vari abl e; the code consi sts of Cmacros; l abel s wri tten i n i tal i c are the macros
Ccode).

define Call(LBL,Arity)

(f label ret; l ocal l y decl ared l abel
etAddr = ret; set newreturn address
ispatch(LBL,Arity); chec for context swi tch

goto LBL; goto to cal l ed Erl ang functi on
ret:g)

i . . The Call(LBL,Arity) Cmacro used to generate an Erl ang functi on cal l . ret

i s the address of l abel ret and i s one of the extensi ons to the Cl anguage, etAddr

i s the return-address regi ster poi nter.

ndexi ng Se l ect i on on t er mt ypes i s s i mpl y done by t he C i f - t hen- e l s e cont r ol
s t r uct ur e . The pr obl emget s mor e di �cul t when i t comes t o i ndexi ng on di �er ent
at oms ( we cannot us e t he Cs wi t ch s t at ement s i nce t he cas e par t of t he Cs wi t ch
r equi r e s a cons t ant expr es s i on) . I n t he cur r ent Tur bo Er l ang s ys t emwe appl y a
s i mpl i �ed i ndexi ng, i . e . we gr oup s ome Er l ang c l aus es t oget her t o avoi d r epet i t i on
of t e s t s . I n t he f unct i on i n Fi gur e 3 whi ch i s par t of t he Tower s of Hanoi pr ogr am
we gr oup t oget her pai r s of c l aus es havi ng t he �r s t ar gument i n common. The
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cor r es pondi ng gener at ed Ccode i s depi c t ed i n Fi gur e 4.

free(a,b) -> c; i f the rst argument i s atest i f
free(a,c) -> b; the second argument i s bor c

free(b,a) -> c; el se i f the rst argument i s b test i f
free(b,c) -> a; the second argument i s aor c

free(c,a) -> b; el se i f the rst argument i s c test i f
free(c,b) -> a. the second argument i s aor b

el se goto error handl er

i . . Afragment of the Towers of anoi program.

Clause; f label next;

Equal(x(0),a(13),next); i f x i s not agoto next (test i f b)

Clause0; f label next ;

Equal(x(1),a(1 ),next0); i f x 1 i s not bgoto next (test i f c)
Move(a(15),x(0)); return c

eturn; goto return address
ClauseEnd0; next :g

Clause0; f label next ;

Equal(x(1),a(15),next0); i f x 1 i s not cgoto next (error handl er)
Move(a(1 ),x(0)); return b

eturn; goto return address
ClauseEnd0; next :g

ErrorAction(FunctionClause); goto error handl er, i ndi cate i nd of f ai l ure
ClauseEnd; next:g

i . . The generated Ccode correspondi ng to the rst pai r of cl auses i n i gure 3
(a(13), a(1 ), and a(15) are the TEAMrepresentati on of atoms a, b, c; x(0), and
x(1) are argument regi sters; the code consi sts of Cmacros; l abel s wri tten i n i tal i c are
the macros Ccode; there i s no cal l f rame al l ocated si nce the return address resi des i n
the return-address TEAMregi ster).

As t he s i mpl i �ed i ndexi ng i s not s u�ci ent we pl an t o i mpl ement has h t abl es
t o gui de s e l ec t i on of c l aus es .

4. 4 Case Expressi on

I f t he cas e expr es s i on pr evi ous l y i nt r oduced i n Sect i on 2. 4 get s t he f or m:
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call case(N) ->

case N of

1 -> 10;

N -> N

end.

t he cor r es pondi ng C code i s depi c t ed i n Fi gur e 5. The code i l l us t r at es an
ext ens i ve us e of l ocal l y dec l ar ed l abe l s t o gener at e t he r equi r ed 
owof cont r ol .

call case 1: l abel acti ng as functi on address
Case; f label ret;

TestPattern( f label next;

Equal(x(0),ma e integer(1),next); i f x i s not 1 goto next;
PutInt(x(0),10); set x to 10; goto ret;

); next:g
TestPattern(;); f label next; otoret; next:g
CaseEnd; rror ction ase lause ;

ret:g
eturn; goto to return address

where:
define TestPattern(Test Action)

f label next;

Test Action;

goto ret;

next:g

define Case f label ret

define CaseEnd

ErrorAction(CaseClause);

ret:g

i . . The generated Ccode correspondi ng to call case 1 i n Secti on . . oti ce that
the empty TestPattern(;) i s expanded i nto goto ret, si nce the return val ue N resi des
al ready i n x(0) (x(0) i s an argument regi ster; the code consi sts of Cmacros; parts
wri tten i n i tal i c are the macros Ccode).

4. 5 Catch and Throw

Anot her exampl e of t he gener at ed C code i s t he f ol l owi ng Er l ang pr ogr amcon-
t ai ni ng a cat ch expr es s i on pr evi ous l y di s cus s ed i n Sect i on 2. 7:

protect bad code(X) ->

catch foo(X).

t he cor r es pondi ng C code i s depi c t ed i n Fi gur e 6. The cat ch r es umpt i on ad-

12



protect bad code 1: l abel acti ng as functi on address
Allocate(1); chec memory over ow, al l ocate stac f rame,

save return address
Catch(y(0)); f label ret;

i ncrement catch counter, save resumpti on
address ret i n stac f rame as y

Call(foo 1, 1); cal l oo 1

CatchEnd(y(0)); ret:

decrement catch counter,
cl ear resumpti on addressg

eallocate(1); get return address, deal l ocate stac f rame
eturn; goto return address

where:
define Catch( )

f label ret;

c p->catches ; i ncrement catch counter
= ma e catch( ret) save catch resumpti on address ret i n stac f rame

define CatchEnd( )

ret:

c p->catches--; decrement catch counter
ma e blan ( );g cl ear catch resumpti on address

i . . The generated Ccode correspondi ng to protect bad code 1 i n Secti on . 5.

dr es s i s s t or ed i n t he s t ack cal l f r ame, and i s s ear ched up when a t hr own i s
execut ed, or an exi t s i gnal i s r ece i ved. Si nce i t i s pos s i bl e t o have many nes t ed
cat ch cons t r uct i ons , when a cat ch i s execut ed t he cor r es pondi ng cat ch r es ump-
t i on addr es s i s c l ear ed. Each pr oces s has i t s own count er of pendi ng cat ches ,
c p- catches, t o know i f t her e ar e cat ch r es umpt i on addr es s e s t o be f ound on
t he s t ack.

4. 6 Code Management

Anewl y compi l ed Er l ang modul e ( r e s i di ng i n a s epar at e �l e ) can be dynami cal l y
l oaded at r un t i me. Fi r s t t he compi l ed Ccode i s l i nked t o t he execut i ng C code
and t hen a C pr ocedur e cor r es pondi ng t o t he new modul e i s cal l ed. Cal l i ng t he
pr ocedur e act i vat es i t s i ni t i al i zat i on par t whi ch i n t ur n updat es ent r i e s i n t he
gl obal f unct i on t abl e cor r es pondi ng t o t he modul e Er l ang f unct i ons .

I f t her e i s al r eady an ol d l oaded ver s i on of t he modul e , l oadi ng t he new
ver s i on means t hat al l newcal l s t o t he modul e ar e done t o i t s newver s i on whi l e
al l pr oces s e s al r eady execut i ng t he ol d code cont i nue t o do s o ( t he ol d code i s
s t i l l l oaded but cannot be acces s ed t hr ough t he gl obal f unct i on t abl e ) .

As ment i oned ear l i e r i t i s pos s i bl e t o r emove t he ol d code when t her e ar e
no pr oces s e s execut i ng i t ( we f r ee t he memor y bl ock cont ai ni ng t he code) . The
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i nf or mat i on about addr es s ar ea a code occupi es i s s aved i n gl obal modul e t abl e
at l oad- t i me. To knowi f t her e ar e any pr oces s e s execut i ng t he code , al l pr oces s e s
have t he i r s t acks checked f or s t or ed r es umpt i on addr es s e s poi nt i ng i nt o t he code
addr es s ar ea.

E aluation esults

The TEAMhas been al r eady i mpl ement ed ( we have i mpl ement ed concur r ency,
mes s age pas s i ng, gar bage col l ec t i on, dynami c l oadi ng of code , not i on of t i me,
er r or r ecover y) . We have de�ned al l C macr os r equi r ed f or compi l i ng Er l ang t o
C. We have t es t ed t he macr os by hand- compi l at i on of Er l ang pr ogr ams . Whi l e
compi l i ng we do not us e any opt i mi zat i ons ( we us e onl y t he s i mpl e i ndexi ng
ment i oned i n Sect i on 4. 3) . The compi l ed code maps s t r ai ght f or war dl y i nt o t he
cor r es pondi ng Er l ang code as s hown e . g. f or append/2 i n Sect i on 4. 3. The par t
whi ch i s s t i l l mi s s i ng i s t he Er l ang t o C compi l e r whi ch i s be i ng wr i t t en.

To have t he pos s i bi l i t y t o compar e wi t h eval uat i on r es ul t s f or t he Janus
Vi r t ual Machi ne our benchmar k pr ogr ams ar e t hos e us ed i n [ 6] . The pr ogr ams
wer e nai ve l y hand- compi l ed f r omt he cor r es pondi ng Er l ang code . Af t er us i ng
s ome opt i mi zat i ons ( e . g. avoi di ng s ome t es t s on r ecur s i ons ) we expect our r es ul t s
can be f ur t her i mpr oved. The gener at ed code does not us e any opt i mi zat i ons ,
as we woul d cons i der i t unf ai r t o s howeval uat i on r es ul t s of an opt i mi zed hand-
compi l ed code .

The hos t machi ne us ed f or t he eval uat i on i s a Sun 4 60 ( S A Cs t at i on-
1) wi t h 28 MB of mai n memor y. Each benchmar k pr ogr amwas r un a number
of t i mes t o meas ur e a r eas onabl e l ong execut i on t i me. The whol e benchmar k
package was r un 20 t i mes and t he aver age t i me was t aken. The C code f or t he
Tur bo Er l ang s ys t emand t he benchmar k pr ogr ams wer e compi l ed us i ng t he gcc

ver s i on 2. 1 wi t h t he - 2 opt i on.
ur benchmar k cons i s t s of t he f ol l owi ng pr ogr ams :

nrev nai ve reverse of a l i st of l ength 30 (run 1000 ti mes)
qsort qui c sort of a l i st of l ength 50 (330 ti mes)
ta the "Ta euchi " benchmar : ta (1 ,12, ) ( ti mes)
hanoi the Towers of anoi program: hanoi(13) ( ti mes)
factorial compute the factori al of a gi ven number: fact(11) ( 000 ti mes)

As t he Janus eval uat i on r es ul t s do not i nc l ude t i me f or gar bage col l ec t i on ( t he
Janus Vi r t ual Machi ne has no gar bage col l ec t i on i mpl ement ed yet ) we pr ovi de
t he TEAMeval uat i on r es ul t s wi t h and wi t hout t he gar bage col l ec t i on t i me.
We al s o compar e our r es ul t s t o t he exi s t i ng JAMEr l ang i mpl ement at i on [ 2]
wher e Er l ang pr ogr ams ar e compi l ed i nt o i ns t r uct i ons f or a vi r t ual machi ne ,
and t he i ns t r uct i ons ar e t hen i nt er pr et ed by an emul at or . The JAMEr l ang
i mpl ement at i on pr ovi des a copyi ng gar bage col l ec t or s i mi l ar t o t he one i n TEAM.

Ther e i s anot her i nt er es t i ng i mpl ement at i on compi l i ng i nt o C, t he exper -
i ment al i mpl ement at i on of KL1 r epor t ed r ecent l y i n [ 5] . The i mpl ement at i on
us es t he cc compi l e r and t hus s har es al l t he e�ci ency pr obl ems wi t h t he Janus
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i mpl ement at i on ( cos t l y f unct i on cal l s , i nabi l i t y t o cont r ol r egi s t e r al l ocat i on) .
The pr e l i mi nar y eval uat i on r es ul t s pr es ent ed i n [ 5] wer e gat her ed f or t he nai ve
r ever s e pr ogr amonl y and i ndi cat e t hat t he KL1 i mpl ement at i on per f or ms wor s e
t han t he Janus one . As t he us ed benchmar k cons i s t s onl y of one pr ogr amwhi ch
was r un on di �er ent har dwar e ( t han our benchmar k) we wai t wi t h compar i s ons
unt i l mor e compl et e eval uat i on r es ul t s ar e r epor t ed.

I n Tabl e 1, t he t i me r epor t ed ( i n mi l l i s econds ) i s t he t i me t o execut e t he
pr ogr amonce . The t i me f or t he Tur bo Er l ang s ys t em( TEAM) does not i nc l ude
t he gar bage col l ec t i on t i me. The Janus r es ul t s ( pr oduced on t he s ame t ype of
har dwar e as our r es ul t s ) ar e t aken f r om[ 6] ( Davi d udeman s ent us newr es ul t s
f or fact(11) as r unni ng fact(12) woul d bl ow up t he TEAM28- bi t i nt eger
val ue) .

Program TEAM(T) (ms) Janus (J) (ms) J T

hanoi 10 1 2 1. 5

ta 1 2 1.

nrev 1. 1 0. 2 0. 1

qsort 1. 1 2. 03 1. 12

factorial 0. 0 1 0. 03 3 0.

abe 1. The performance of Turbo Erl ang (the garbage col l ecti on ti me not i ncl uded)
compared to Janus.

The eval uat i on r es ul t s s howt hat t he Tur bo Er l ang of t en per f or ms bet t er t han
Janus . The Janus i mpl ement at i on i s bet t er f or t he nai ve r ever s e pr ogr am, but
we have t o r emember t hat we compar e t wo di �er ent l anguages i . e . t he execut i on
mode l of Er l ang i nt r oduces s ome over head i n append/2 as di s cus s ed i n Sect i on
3. 2. At t he s ame t i me compar ed t o Janus we have cons t ant over head due t o
t he Er l ang t i me- out mechani s m( per i odi c i nt er r upt s ) , and checki ng f or cont ext
s wi t ch ( t he Janus s ys t emdoes not pr ovi de f ai r s chedul i ng) . The ot her di �er ence
i s t hat Tur bo Er l ang put s r et ur n val ues i n t he r egi s t e r x(0) whi l e i n Janus i t i s
neces s ar y t o go t hr ough memor y. Havi ng one r et ur n val ue i n Er l ang i nt r oduces
a cer t ai n over head when handl i ng mul t i pl e r e t ur n val ues whi ch mus t be �r s t
bundl ed t oget her i nt o a t upl e .

The r es ul t s ar e ver y pr omi s i ng as we do not appl y any compi l e - t i me opt i -
mi zat i ons whi ch coul d f ur t her i mpr ove t he Tur bo Er l ang per f or mance .

We have al s o compar ed t he Tur bo Er l ang per f or mance wi t h t he exi s t i ng JAM
Er l ang i mpl ement at i on ( Tabl e 2) . Her e t he r es ul t s f or t he Tur bo Er l ang s ys t em
i nc l ude t he gar bage col l ec t i on t i me. ar bage col l ec t i on has a s i gni �cant i mpact
upon t he per f or mance of t he Tower s of Hanoi pr ogr am, whi ch execut i on al l ocat es
a l ot of dat a bot h on t he heap and s t ack, and t hus f r equent l y i nvokes gar bage
col l ec t i on caus i ng i n t ur n dynami c r es i z i ng of t he execut i ng pr oces s ( when t he
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Program TEAM(T) (ms) JAM(ms) JAMT

hanoi 30 21 0 . 0

ta 1 0 2010 11. 1

nrev 1. 3 1 12.

qsort 2. 23 2 . 13. 3

factorial 0. 0 5 0. 3 3 . 02

abe . The performance of Turbo Erl ang (the garbage col l ecti on ti me i ncl uded)
compared to the JAMErl ang system.

pr oces s has much mor e s t ack and heap s pace t han i t r equi r e s t he s t ack and heap
ar ea s hr i nks ) .

The r es ul t s i n Tabl e 2 s howt hat compi l i ng t o Cand des i gni ng a new, bet t er
abs t r act machi ne ( t he JAMabs t r act machi ne i s a t r adi t i onal s t ack machi ne us ed
t o i mpl ement f unct i onal l anguages ) i mpr ove t he benchmar k per f or mance about
10 t i mes . At t he s ame t i me compi l i ng i nt o Cr es ul t ed i n a l ar ger obj ect s i ze , and
compar ed t o JAMt he obj ect code f or t he benchmar k pr ogr ams i s about f our
t i mes l ar ger .

As t he goal of our i mpl ement at i on e�or t s i s t o c l os e t he e�ci ency gap bet ween
Er l ang and C code , we compar ed our r es ul t s wi t h t he per f or mance of C code
whi ch was wr i t t en i n t he s t yl e one woul d expect of a compet ent C pr ogr ammer
( us e of i t e r at i ons , des t r uct i ve updat es , and ar r ays ) . We r an C pr ogr ams f or
qsort, ta , and factorial onl y as Cver s i ons f or nrev or hanoi woul d have t o
us e malloc() and t hus s l owdown t he Ccode per f or mance s i gni �cant l y.

The C pr ogr ams wer e compi l ed us i ng t he gcc ver s i on 2. 1 wi t h t he - 2 op-
t i on. The eval uat i on r es ul t s f or t he Tur bo Er l ang s ys t emi nc l ude t he gar bage
col l ec t i on t i me and t he compar i s on i s s hown i n Tabl e 3. The r es ul t s s how t hat

Program TEAM(T) (ms) C(unopt) (ms) C T C(opt: -O2)(ms) Copt T

ta 1 0 1 1. 0 . 5 0. 2

qsort 2. 23 2. 1. 2 0. 53 0. 2

factorial 0. 0 5 0. 0 0. 0. 02 0.

abe . The performance of Turbo Erl ang (the garbage col l ecti on ti me i ncl uded)
compared to C.

t he per f or mance of Tur bo Er l ang i s not ver y f ar f r omt he per f or mance of opt i -
mi zed C code . The l ar ges t di �er ence , t he one f or qsort, i s not t hat ups et t i ng as
t he Cver s i on us es ar r ays wi t h des t r uct i ve updat es whi l e t he Er l ang ver s i on us es
l i s t s and has t o do gar bage col l ec t i on. Taki ng i nt o cons i der at i on t hat r unni ng
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gcc wi t h t he - 2 opt i on pr oduces a hi ghl y opt i mi zed code , and t hat we di d
not appl y any opt i mi zat i ons whi l e compi l i ng f r omEr l ang t o C, t he r es ul t s i n
Tabl e 3 ar e ver y pr omi s i ng. Es pec i al l y as t he Tur bo Er l ang execut i on i nt r oduces
cons t ant over head due t o t he Er l ang t i me- out and s chedul i ng mechani s ms . We
expect t hat f or l ar ge concur r ent appl i cat i ons t he over head wi l l pay back and af t er
appl yi ng s ome compi l e - t i me opt i mi zat i ons we wi l l be abl e t o c l os e t he e�ci ency
gap bet ween Er l ang and C.

onclusions

We have pr es ent ed an e�ci ent and por t abl e s equent i al i mpl ement at i on of Er l ang
( cal l ed Tur bo Er l ang) , wher e Er l ang pr ogr ams ar e compi l ed i nt o t he Cl anguage .

or t abl e means t hat t he i mpl ement at i on can be por t ed t o any pr oces s or havi ng
a gcc compi l e r . We have chos en gcc t o al l ow gl obal r egi s t e r al l ocat i on and
us age of l abe l s as �r s t - c l as s obj ect s , whi ch i n t ur n s i mpl i �ed r et ur n addr es s
admi ni s t r at i on, and gener at i on of uni que l abe l s .

The Tur bo Er l ang s ys t emper f or ms ver y wel l i n compar i s on wi t h ot her hi gh-
l eve l l anguage i mpl ement at i ons l i ke c ( Janus compi l ed t o C) , and t he JAM
Er l ang i mpl ement at i on ( Er l ang compi l ed i nt o i ns t r uct i ons f or a vi r t ual machi ne ,
whi ch ar e i nt er pr et ed by an emul at or ) .

Compar i ng f ur t her t o Janus , i n our s ys t emeach Er l ang modul e i s compi l ed
i nt o a C f unct i on r es i di ng i n a s epar at e �l e and t he modul e f unct i ons can be
acces s ed f r omot her modul es wi t h no over head. I n t he Janus s ys t emal l pr o-
gr ams ar e compi l ed i nt o one C pr ocedur e whi ch does not al l ow f or l ar ge - s cal e
appl i cat i ons .

The compar i s on wi t h C s hows t hat t he per f or mance of Tur bo Er l ang i s not
ver y f ar f r omt he per f or mance of hi ghl y opt i mi zed Ccode . We expect t hat af t e r
appl yi ng s ome compi l e - t i me opt i mi zat i ons we wi l l be abl e t o r un l ar ge appl i ca-
t i ons i n Er l ang as qui ckl y as t he s ame appl i cat i ons wr i t t en f r omt he begi nni ng
i n C or C .

c no ledge ents

We woul d l i ke t o t hank ober t Vi r di ng and Mi ke Wi l l i ams f or di s cus s i ons con-
s i der i ng i mpl ement at i on as pect s of Er l ang. The C l eve l dynami c l i nk edi t or was
wr i t t en at our l abor at or y by Tor bj �or n T�or nkvi s t . We ar e al s o gr at e f ul t o Davi d

udeman f or pr ovi di ng hi s benchmar k pr ogr ams , and t o Dan Sahl i n, Mat s Car l s -
s on, ober t Vi r di ng, Joe Ar ms t r ong, Hans i l s s on and Tor bj �or n T�or nkvi s t f or
t he i r comment s on ear l i e r dr af t s of t hi s r epor t .
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