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1 In troduction 

I'm I a-51~111 (t>r<>II<>Uil<•d I'ORl \ '"""''d) .., a pnrt.1l>l•• 
high-lcvd JMI(U&~r for progrMUIIIII!: "''''"'d) p>Tilllrl 
SIMD (Smglr-lu,truruon Muhlt•l• D.11.11 <ompuvr- h 
111 the fina tuch l.mgun.gr· acLua.ll) IIIIJH• rllt"nt«-J 10 Lh«" 
sam,. forrn on mort" lhan onr Sl\10 (omput,.r ... rclu 
h.·tture Poua SJ~I D h&. ... hf:t'n ,mrl~trt"':'IIE~I on t';\( ... , 

Pixel .. Plane-a -1 ll'ucllsG • &~.Eyl,.,..\ •1.\i) IUld I"'D A J ln11~~ 
11111 Mar hinr• Connrruon ~!&thmr [lhlh•l>li Tlnu~lllt-7), 
thNt' Uf tilttO o ~wqurntiu.l irnplrm'"ntfttion t.hA\ run1oo nu 
onl1na.ry cotflpUlt'tl\ 

Th~ PortA SIMI) ll\nguage L\ a notur>J cxtrn>~<•n of 
(' ++ to SJ\1 {) M<hltr<ture:. &ud i• rd.•ll\d~ •"->)' to 
lea.rn for progronuncr, fom11iar "lth (' '" C-- llu• 
manUAl b antrnd.,.d for such pro~r!U11n¥'r~~t Otb~r r4!a.-Jt·u 
Me encouraged to consult [Strou"~6 K··r mgR7~) for an 
introduction to C'+..- or C. u-,pe<ti,tly \\hue f;umhar · 
lly Wlth one or more s n1n archuerturt., IS helpful 1L 10 
not necessary 

An mtrodutt1vn to SIMD a.r(bltt:r..t•JrM ls prerot·nt(J m 
the next ~tton It pro, ides the bvkground """"''at} 
to unden.t&nd thr rest of thi!. manu41 S..Cuon 3 pro,jJ..,. 
~o o•erview of Porta-SI~IO and~ <ummar) of iu ext,.n­
sions to C++ The Porta-SIMD langu>g• a:. currently 
implemcnteJ ,. Jescribed 111 detrul in St<tion ~ - St!ct1on 5 
presents exrunple Porta·Sl~ill prosrams. and '-> follow•<! 
by a seetiou cont:umng inslrucuon~ for r:ompilm£ Portw. 
SIMD progrllll» The final section< , o 3nd ~ <Lscuso th• 
•trate~· used 10 implem~nt Poru-SI~I D. >nd addi:10nal 
features planned for Porta-SI\10 > futur• 

2 SIMD Computers 

An understandlOI\ or Porta-SI~ID '• ext•n<lon< tO C+-.. 
must b~g~n '"'" <orrk kno .. ledg• t~f Sl\10 comr lll~t­
as they appe;u to a programm<1 A SI\ID con•t•Ut•r 

• A\Hhor-"s d('C'I.roru~ ad~ And r•t..-""~ •ud, ~ un;: tdu or 
rrtOGdukr.nJu; (!)19) ~1-l 7~S. (91!}) ?t·~·l!<IJ!, OT (919} ,-~a 
6110. 

con~L\u; of two l\MU M ordma.ry tt>QUf"O t13l computer 
c:l!l<d the ·b~t" and a larse numbrr of 1<lrn tiral PE• 
( Proct'!\..10\ing Flt"u.,-uu~) tlt>nid!'1i Pvnlun.tiOA scalar ~xprt·~· 

"'*IOU~ and ex,_.cuung How~Ontrul slnt,.rnt•nts, t.hc hn~.; t 

"'''"h conun<Uld to th• P£. All til• 1'•:.. in a1multa 
n('Vtl' lock.sh•p f.'\.~luon f"Xf"'CUtf" f't\th t'DRUllt\Od ~COl b) 
th,. hoa.t In r~J.'<'"~ co h~t conunn.nd., t"Afh PF: CM1 
,., ,)uate- b~ic l\nthmrt1c .uu) 1ogu~al .. xprt"saon~J, &tor 
1111; tlMa 111 1la lor.J mt-1nor) ... n~rdNI In Rc!dlliOO, Lh<· 
hr..,t can command ta<h P lo. to """ tho rt<~ulL of a loginJ 
rxpre-.sslan to Jf"cld•• "'hether Lo igmltt• comrnandf! until 
further oottce TbOM" P £., u•cuting h06l rommands arr 
•a1d to be "tnl\bl···l .. , "'htlt thObl' currently 1gnoung hO&t 
command~ are- .. dL~3blt~d"' Fina.ll)>·, tht" P~.:. .. art· oum· 
ber' J conse<utl.-1) fr<>m 0 aod rMb 1• aLl• to computr 
1t~ own PE oumbf"r 

Th~ orgam>MIOII allows au entlf< collect iOn of datu 
v3lu~ t.o be ston~d oue per PE and operM('d on at. once 
For •xampl• . th•· followmg >tatement adds <HW set of data 
to another 

a +; b, 

Thts b much f,l.,tN than dotng the >am<' oper~UOn 00 tb~ 

host OOC' \a.lur at :t lime 

for ( l•O: l < num_values: 1++) { 
a [l) • • b(l): 

} 

However. talang full advantage of thiS capability gener­
~~~~ requir~ different algorithms than tho.;c commonly 
used on sequential computers 

The abo•e d~c11p11on IS true of •Menui\lh all SDIO 
compu ters Uowcvl'r, some feature- addnional capa.bil­
llles The m0111 unportMlt of l.bcsc " intP.r-PE r.om­
municauon. Whit• <Ornr Sl'l-10 comput•rs, including 
P1xei-Pianes. provid• no means of communication be~ 
,.,-~•o PEs mv;t do Th• mo:.t comn10n form L< a 20 
g11d tnterconnccuon n.cwork. the PL. ar• arranged m a 
20 array and adpr•nl PL. ran exchange data. The most 
general form of commumcauon. supporl•d by the Con­
nection Machmr l'i chi\r:lCtC"rizt~d by l\ cornplcte gra1,h 
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I~ allows each PE ~o comput~ the number cf anvth-r PE 
and send dot& to or retro<" data fr<>m that PE All PEs 
mny do this m p!<raiiPI 

Anoth•r optional f•atur• of SI\IU computer• '' th• 
Ahlhty of roch PE to md1'·1duall) rompute • "''"I ad­
drt-s.' tnto JL" own memory In ardnt~"CI urrs w11 hout tlu!t 
fr·Murt•, PE memory can b• acc~d onl) b) • •on.~tl• 
glohl\l l\ddr<'-' computed by the ho<t 

fhese "nd other opuonal archll.-tura.l f•~t.~r·~ of 
SI \1 D computNS ha,·o ••groificant •mph•:AIIon• f, ,r olg<>­
rolhm !Uld proy;ram portAhlh~) Takrng R<h•nt•g• of th• 
OpLionaJ ((lntu rr~ provtdrd by lL p~Hirul.\r a.HIHtr('t Uff.' 

may allo~ " rroLle-nt t. h,.. ~h..,.,~ rr~..or*" tl\padl~ th:\n 
.... ou1tJ b~ p<-""-•uhl~ wttl.out th~ (r.\,Ur~ Hut 11 .illso 
prrvt~nts t.lw 1\lgori dun ( 1\0d l'to~n -l m) from h,·•nA u M!'d 
011 nrch itf·c: turr•"" 1nc:klllR QIU' or mnrf" n( thn'-" (f'ahlft':oo 

l ht~ prog.r.'Jmw·r mu~t t·vl\luftl,. tht tf,,,j,~,fi .u~tl tl,. <"ltlr 

wtu.·h r~a.lurt to u~4'" ThL• lD turn ti tl\t('S lh~ fl()t~nu3.1 

IOrl>hrhl) nf th~ re;;ullln~ r rogram 
~'""' S l M I) programomn~ languallri do IIOl olio" r•rO. 

);fftiiUnt'fs to dr·(ld<' "t11ch archileclut .. \1 f•·:ltun ... to Ll ... 
TIIC") Slmpl) &.\SUffiC th&t il pa.rllcultU lt'l of opUOn:\l r..-a.-­
lllf<•> wtll b.. ft\'AIIabl< And w 11l be u ... d Tb<r•fore, th,.,.• 
Jan~uhgc..."S &.u· uto<·ful ouly ou architr('turr;o.. J•tO\ u.l111~ th~t· 
f~·ld Uteit, 3.1\d thcr~ ifl IIU \\h)' to tl\kr" "'J\.'4UtttU.tt" o( an~ 
Mld1Uonal ftAlUtt"'& pro\lde<t by AJJ: archll,.('lur,. Pr.na.­
SI\1 0 d""" uot haw th" hnutat10n II io ·copllm:.ll~ 
portable'", wluda meantt ll 1,.t.S lht- pn·gramnlf·t rlt!C ide 

rxaetly wbi rh •r~bjtecturnl feature• to lise 'I hr p ro. 
grnmmer lhrrtb) d<tl'lmlne£ the pot<nta•l portahtht}' or 
th<· program S.... (Tutk~'j for a full d•·cuss•on of opt1mal 
port abilit) 

3 Language Overview 

l'ort•-Sl~lD •xtends C++ by addrng sntD p>rallrl di'Ua 
rypes. ~l c"'t C++ operato;~ro, and a few addntnnal opera­
tions, are defin•·d for thef.e new ~ype; C ~ '" turn ex­
tends C b) adding obJ~t..(lrrented ftMut<» Fanulnro<) 
w1th Cis •ufficient to hegm usins P'>rt:~· SI~ID produc­
tively, though knowledge of c~,. allow' the prop~m.mer 
lo ~ake fuller advantage of the featur•"' C --'- l•nds to 
Porta-51~10 

Porta-Sl\10~s current and futur•· extension~ to C-­
c~n be summarized as follow• 

Parallrl dol a types - f or each io~egcr and OOJ\Iong-pomt 
data tYP'' to C. there " a corre.•p•>udmt; Sl \I D pa:­
:dlelt)·P"" consist mg. of a dat.e rl('n~ent of th:\t ·~·pe m 
each PC Th,. lypc' IS named b) prependmg su:<l_ 
Lo tb<: ltt\me of tbc origma1 t~l)f" For in!'ltanc:e, 

simd _Uit is th• parallel wrsi?n C•f the typ•· 1nt 

f'ltn61r dolo typt s"" Fachofth••~- tnl•s;.rdat> 
types m3) bt declared 10 con lam any numl>tr <•f ba~ 

2 

from 1 to some •mrl•meotalton-defined maxrmum 
In addo11on. a boolean u=d_bool type i$ provided 
whrcb reqmres only a smglc b1l m each PE. Th•sP 
ut<!nsron• allo.,. b•ll•r use of t hr I united lor Ill P E 
~mor~ 

i::ztcnd<rf typr ron•trJIOII rule. - ihr C and C.t -1 rules 
go\·e_rnintt t)-pc con\·,.raion!; wiltun 1\n exprf'.5SIOn con­
r..ainmr. mulupl< d•u types ba" b~n •xtrndM! to 
~ncompA.'-' th~ n~w ty~s 

\tv/t opic S/.\1 {) orchotaturn- Th~ dmd_ tYI''"' .ach 
ha,·~ a \'IUI~l) of forrru cor-rt"Spondmg to tht" vari­
"Y of r'-'"''l-1< Sl\1 D •rchll«~u,., Thes• ty~• are 
namd b} 1n<rrtuo~ ~hr nnl'!ll' of tho· M<hil.•clnrr of. 
l<:r sud Var1~bl~ m 8lttlNrwnh u11ing optionnJ r.Lr· 

chll~"Cturi\J fr.\lUt""l' mu'l hr cJrd.u,.d wath f\ t)'pt"' 

supporunr, lh('lo(.lo r .\l11fe!~ 

flow cont rol A parnllo•l of-then ,.~~;,. condit.Otlld <'XtCu · 
t1on nv·ch.\nL'•m lb J•fCl\ u1t-d For Ar<'h 1tcct.urcs \olo htch 
support thrm . Lhf"tf" au,. funcuon~> ~A.hich J~How loo~ 
to e-xrc\llf' M lonJ; 1\..\ any prorrl'lltor satUJfif-s so~ 
logiCal •xpress1on 

'I hr rxtcnd•··l featur..s "hrth h~''' alrudy lor;·n im. 
plt'n,,.nted a.r~ descnb~d m detail m ttrttion ·1. a.nd il· 
lu!ttrate:d thtrt" with program fragmtnlh Thoot• fNtLur~ 
r<lnAJning tO hr adJed .,.. <ove .. d in •~<Lion 8 Of tbc 
pMalld dati\ t~ ~e. tbr tnteger an.J boolean type< ..,.,. 
•mt•l•m<nt•J but th• Ooa~ing pomt ~nd charartcr ~ypes 
&Z< not Oul} s 'rngl~ opuonal arcb otectural feature os 
currently pro'lded: a 21) arrangement of PEs, Wl~hout 

1nt<r-P£ commun1cauon The moot important parallel 
tl.,,.. conlr<.>l <rrol<tUrt ba.s been lntplement~d 8 parallel 
•n.Uog of the u staten•ent However. funouon< 10 de­
terrrune whether any or all PEs s alL,fy some expression 
muSt wa1t until addit1onal 'Uchitecwral features nr<' sup­
ported_ 

4 Language Defini tion 

P~rta-Snt o·s e:nerutvo' 1o C-+ are ,J.,cribed below in 
detail Tbe-;e txteruioll! have been 1nade as much m the 
sprrit of C+ ... (and C) as possiblr, and in most r.~es 
uisting lacg.u•g• ruleo arply to the ~x<ension.s ... , well. 
Tlt-.• c"""" "·ill g~n•rall> not b~ OJen tioned. '" ord•r to 
focus on the ext•ns•on• themselves ~od on the few excep­
tion< A lithe language fratu res d""crob~>d m tilts SJ!CLioo 
ACP current!) implemcotrd Fu•ure addotional extensron> 
are- descub~ wn secuon ~ For authoritath·e rt'frrt'nce~ 
on c~ and C. >ee [Stroust86) and [HarbtsSM). r,...pec­
IIVtly 
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4 . 1 Reserved Words 

Th~ 1dtnufirr nmd and tl.ll1dtoltfie" hrginnms wuh th• 
prrfix sad_ are "'"""'rd by Porl&-Sl MD 'tn<l Ill'} not 
\w usPd ~ program id,.n ufi,.rs 

4.2 Archit.ecture Identifiers 

Ardntectun· 1denuficrs arP 'hort ~lriU,[!:!o. th.u ,,f,.nllf~ 
a p3rliCUJn.r ""l Of OptlonJU &rcl11t«lUrlll f,.,'\IIJt~ tn•l 
lh-.~by defmr A SIMD Mclnt•ctu.- 11 .. null >rrlnt•<· 
ture 1de:nulir1r, an ernpt~ Mung, uJt-nttfirr. thf' l•Mf" 'JMO 
ardutecLurt• Wllh 00 OJ•laOrll\l f~3t.Urt·~ 

Port..i\...SIM D currt"nll} unrlem~>nt '\ c-n1~ On'· Oll\lon&J 
fr<ltUrr. n&nw~ 2d It aprctfi~ tb3l th,. Pt~ a.r,. "rr1lllgt"d 
m" 2D 1\fta.~· and ~ll.!'t~n<"d cont1gu• ·U~ non·nrt,!\ll\f' m· 
ltgu (r, y) rOcmJinMt"H, II dun: not JlfO\'id~ COIIHOUOIC\\· 

Lion beLween PF•. (Th" fN\Lurr 1• u.>•·lul, for ""'"PI•, 
111 Paxel-Pin.nNo. \\'hich u .•. th~ c "'rdanal~ tJ,.J\\11~ m 

UK "raphJC:t cornputal1cHJ!It) The archatt"Clurr tdf'ntditr 
:2d •pec>fit~ till' use of fraLure 2d 

Oue a.rduLN'ture id<"ullfier ts &J\H) tn be a ~ul1~t of 
anothtr af Jt •rlte:afit.o:. a tt.ub4t-t of lh.- f«":ltur~ l·~ lh<' -. .. ~. 
ond archatectun· td~nlaficr .'\ pro.,rarn rn.'l~ through 1t~ 
data declarblwns, us(' l'tU)' nutttbt-r ,f ~r-·lut"'CtiUt· 1Jt!Ull­

fi•·r•, provul<·d 1 he) ar• ~ll•ubseL• of ll Mngl~ ar<lut'<LUre 
ic.lentific.>r 'l hih umqu.- Jtlt·ntifier ~ c.1.1l,..J thr pr,··~rans ~ 

ardule-cturr ~tlrntlfitr 

4.3 Types 

Pona-SI~I 0 pro,·idts parAllel signeJ and un>1sn«< Inte­
g'< data t)·pr•. and a paralld bool•'lll data typ• .-\ par­
allel obje<L ron<osts of" >et of >dtntt<al element• onr prr 
PI': m Lhe Sl~ l D computer All panllel data t) J><' names 
ronsisL of thr strmg sad_ followe.J b) an ar.:hll•·<tUie 
1denufie; followed b~ a basic t) ~ name If tbe '" ' <t«· 
ture 1dentifier >s oon.null, an undcr.core ( _ I is app•nded 
10 ItS name Lo >eparate 1t from lhe ba.'i< type namt Be. 
cause theu names begin with s1..md_ parallel l)"f"~•"' ace 
also called s:uod_ L~pes 

sic.i_ L)-p<'~ containing the null archllec:.url" HJ~nttno:.r 
are called "bas<'" sicld _ t)J>es and art a\'allohf, on all 
SI~1D cowpulers Tbe.-fore, O>>er!IIIOtlS ar• prr.\'ided 
ror base Sl.md_ 1.~tpes only If lhey atf• tffiCli'ntl~ Hnp!e­
mentabJe on >II '>1)1 D computer:. T11• r•mam1n~ u~_ 

t)·pes are called •den,cd" su.d_ t)·pes. ~rt. denve<:f 
ll.md _ Lyp~ provide-s aJI the opera.liOil~ or Jls Ct:trrMpond-
101\ base typ<, plus add1t1onal operan•1n• wh1rh tAk• ad. 
'ant age oft he op11onal :urhllectunl f•Mur"' 'I n f.•d h) 
Jls arch1tr«:ture 1denqfit1 

The t.yp'' of demenl~ in a 6l.Ad_ 1")I.J~<"l t ... drlt•rtmne-d 
l1y the bMk typP nanw eootainf•d 111 thf" siod_ l,Yfo40-

rumH· Thr h'\.~tlt l,Yp,....1m)'l<mrnlf!ri !l'f 1nt 1'1~11~ mt~­

JIPT), \IDugned (unsign•d tnt•&•r ) or ll>ool looolea" ) 

4.3.1 0t'cJArlltiOD 

nmd _wu ignod,. an uno•gnrd tntrger 1Uid_ hMI' type; 
llmd_•ot 18 a ~lgn•d llltrJ~rr 1imd_ b~V~<" type ObJcct.s 
d J,oth IDI•K'' 1 uad_ bii.Y' ty~ "'' well M thr corte· 
top JO•i•n~ Jrrt\ _.,.f lYP''"-"" rna)· be dt'cliuf"d t.o conl:oun t\H) 
nurn~r of b1t1 rrom 2 to M>m,. unplf'lnf'Olal10U -df'finr.d 
IIIMimUm (wh1ch tS Bl (o•IV!t 32). rhe •Jenj\th" (I( Mill· 

'"'P:~'r •tmd_ t)'re IS th.- number of btts ll is •lt-C'Iatt'tl to 
C0 '1l41Q 111 r!l\t'h ~f,._m~Ot rhf' length or f\n i.nt""~,.r •i.ad ­
L}r~ can t,,. "P«"Ifit-d u ft.n PU"surnrnc to 1t.t1 c:on"truct.or 
And default• tv aL leo.• I I b lie~ nr•.• <1<>1tw cxrunpl• doc· 
li\latlon.s 

11ad_un11gned a, b(8); 
11Dd_1n< ~(2), d(32); 
limd_2d_uneignod o(24) . f ; 
silld_:2d_int &; 

at:d._bool •~ a.n unMgnf"d boolran a1.md_ hMr lfpt' 

It• kn,;th of IU!d_bool AnJ it.• Jo•r~-.d LYP'" 111 fllwny• 
I 

sud_bool a., b, 
nmd_2c!_bool G, 

-1.3.2 AIIO<IltiOII 

\ our.d. valur ,. not a smgle value stored 111 lhe host 
rompuLer, but a set or ,AJues sLored Otlo' per PI·; F'or !Lis 
r~a.•on simd_ obj-.ct> m<>y nol be •tored in malloc()'d 
mf"mory ln~uad. dynamac allocation t.s perform,.d us:in_g 
th• C- nov op•rator and •ucb allocation i! fN'•d with 
tb" C - ,.- delete operator. 

slQQ_~nt • sipa, • s1pb; 
s1=d_2d_bool • 12bp; 
s1pa = nev s1Dd_tnt; 
s 1pb =nov simd_>nt(17); 
delete aipa; 
s2bp • ne• sur.d_2d_bool; 
delete s2bp; 
delet• s!pb: 

4.4 Storage 

Tl1• exact 3tnount of ~tornge per PF used for data el. 
;om~nLS of t1 a uuL obJ~l ~ amplert'V'nLation-dtpcndcot. 
<Uf-J•Ct tO lh~ rollowmg COO.<Irallll$ Jh~ iod1•1dua.J vaf­
u-. of an) r~nicular 1ad. ob,i«t must be store<:! 1den. 
11<>11) m e>ch PE All•a.<l as many b1ts of Pt: m~mory 
must be u.srtl to Slore ew·r~ Slmd_ ohJ~C:t a.s spe<ifi~'d ill 
th• declaraunn of that ob)'•ct ~bough mor~ may b• u<ed 
.\II no;c!_ obJ"<L< d•<l.u•d ,..llh a p:vllcular lo·nt~th must 
bt ~lOrf'd 10 th~ same amount or p~ IHI"OlOr) 
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The C opera Lor •i4eo f doetl not. gi,·r mformatfon 
about the amount of P E sto rage used to sto.- ai ;:;d_ oh­
Jects Jl.nlhcr, il teporU. l.be: Sl%1' Of the imp1tm~n\aUOn· 
dr·pendcnt host ob;e<l u6<'d lo •lOr< rnformatron aboout 
the nmd_ ob;ccl The b.i t s method rna) he used lo lin•l 
t he declored length o r 1>11)' O>Jild _ ob)CCI The rollowtng 
fragment prrnts 16. 

a i md _U>t a( 16); 
prtn t f ( '"/.d" , a. b>ta ()) ; 

Ther~· ifi no pr()vi.qion for findmg, "h~ numb.tr of bllJJ ac·· 
r.u,.lly u.wd 10 $lore a oad_ o!J;oct 

4.5 Conv!'rsions 

T he type w nversron rnles go,ernrrog ordrno.r) (" t~'ll'"" 
an• t Xl(•nded 111 Porta·SI~ l D to ~ncorpomlr lhr ol.md_ 
types a.< naturally ru; pos.rbl< Th1> scctrou 's suh..,rllnn• 
desenbe each nrw or t.xtcnded r.onvt'"flilon rult.• lll Purta.· 
S l~l D. The first treats the actual repre"'=tHatron changos 
tn,,ol\'ed Ill t·hC'.h Lypc~ converstOIL The reit define "tHch 
~on version• 111e pt•rformed uudur .. htch crrcum•Lances 

4.S.l Representatio n C hanges 

The basic rules goveruing representation changes for 
foCt\lar iutegr.r types apply to con\'t'I'Sion~ among s.1md_ 

m leger t)' pes as well. 
'f he most basic conversion ls between obje<ls of th~ 

same type but different lengths. An unsigned n r:>d_ ob­
ject is converted to a shoner unsigned sl.Cld _ obj..ct by 
discarding t he excess high-order bits It rs con•erl••d 10 

a longer unstgued al.llld_ object by filling 1he addir&onal 
high-order b rtS Wrtb zeros [f Signed lllleger Slmd_ 0\>. 

jeets are represented m two's-complement form (as •n all 
r.urreot implementations). 1 he rules are very sunilar On 
convers-ion to a shon.er objec.l. e.xc.ess hlgb.ordcr b1LS are 
discarded. When converting lo a longer objl'r.t, the ad­
ditional high-order bi ts are fiiJed wi<h copie> of the ;ign 

bit 
Conversion between a base siod_ type and Ollt> e>i i~ 

derived types. or be\ ween two de:-Jved t ype~ of thr same 
base t.ypes, requires no change of rr:pro:s.ent.auon 

Con version between signed and unsigned Integers ir:ld_ 
typ.es always begins by converting n., stillm tl .. s owu type. 
to the same lengch a.s the d~tinotion obJect tr lwo·.­
complemcnt form 1s used for srgned m~egers. no further 
con,·ersion ls needed bet \'i.'een integer s ad_ type& 

An mtege r simd_ type is con,•crted to a boolean s imd _ 

typ <' very simply Every non- zero element tak•, the 
boolean value oue (lrue). and r-·er~· 7.ero rkmrut lak"" 
!.he value ~ero (false). A bool~an a u:>d _ typr IS ronv..,rted 
Lo an integer s 1md_ type by treating it as 1'1 vPrr ~hort 
unsigned ob;e<:t· it is 51mply zero.exl.l'nded to the d.-,tred 

length The$<: rules az r cOnSLSI.ent wilh C's t reatment of 
boolean values (e.g., the test expr1!8$1011S of if , for, and 
11lul e st.atemen\.1, and the vnlu,~ o f rdat.io nal o perato rs 

such as <) 
A sc.alar io ~cgtr \a,Juc (.tLn be- conveHrd t.o f\ st.aad ., 

valu,. of the sarm typt! by replication: ,.ve.ry d emcnl. o f 
thr resultrng aUld_ ot>~ct hM t he .calar 's value Con­
version of ts scalar mv•ger valu e to a. a l.md_ valut- o( a 
d1ffrrt!nt bMIC lype proceeds m t.wo s tepR · convP-rsion Lc-1 

, o:u.d_ value or tbe ,,,.. type, fo llowed by corrversrorr 
to the desrred o l.Sd_ type. A scalar ftoatmg-pornl value 
CI\111\0t be converted drreclly to a umd_ ty pe (O f coors~. 
tt can be toovertrd to lln mteger scalar t.ype firtJL. Lbe n 
conv;ort(d 10 a Sl!'parale step toll eimd _ type ) A al.md_ 
typr ta.nno~ br con \·erlcd to 1\ t;t•.nln.r. 

4 .5.2 Ca~ ting 

C allows all legal converstoos to be lll\'Okcd explrcrtly 
u<ing > type cast. Uufortun<Jtely, Porta-SIMI) rloes not 
currently provide qUJto thrs flexib ility. However. nny con­
\'eraion not poss-ible wilh a co.st. c:~n be performed W&Lh a 
~omple as.ignrnent StMernt•nt (~eetion 4 !> 3) 

Porta-SI~I 0 allows CMta of aimd_ type.• from boolean 
and 6tgncd integer to unsigned tntog~r. It does no t •I· 
low the oppDBite casts, Crom unsigned integer to signed 
integer o r booltan It also does not allo w casts b~tweeu 
srgned mteger and boolean These casts mu•l be between 
sl.::¥:1_ Lypes w&th the ~amc architecture identifier, or from 
a denved 10 a base a ad_ type 

A Slmd_ type tna) always be cast to ItS bMe type or 
any deri••ed type or its base type. 

A scalar value cannot be cast to a sad_ type. 
The casts belo..- are acceptable. Legal casts Lbat 

change ool)· the arcbJtecture identifier are not showo 

s.ll>d_unngud su; 

s>~_2d_unstgned s2u; 
sl.tld_int 
s u:d _ 2d _t.n< 

s i rr.d.bool 
s,od_2d_b<>ol 

( siold_unngned) 
( siold_uns i gned ) 
(sad_ lln.ngned) 
( s ill>d_ urungned) 

., . -. 
s2~i 

sb; 
s2b; 

si; 
s2i : 
sb ; 

s2b; 

( simd_2d_unsigned) s2i ; 
( simd . 2d_uns igned) s2b; 

Howe,·er. t he casl.s below are not allowed 

( &imd_2d_unsigned ) si; 
( s imd_2d_un&lgned) s b ; 
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(sl.llld_ i nt ) au : 
(n.md_int) e2u; 
(oimd_int) ab: 
(si.md_lnt) s2b; 

(oi.md_2d_int) ou, 
(&l.llld_2d_int) a2u; 
(ai.md_2d_int) ob; 
(al~d_2d_lnt ) a2b, 

(ol.llld_bool) ou; 
(o1md_bool) a2u; 
(oimd_bool) n; 
(oimd_bool) o2i; 

(oimd_2d_bool) ou, 
(aimd_2d_bool) a2u, 
(ai.md_2d_bool) si; 
(ai.md_2d_bool) o21; 

l i (nmd_Ulla.lgnod) 
(slmd_2d_unoigned) 1 ; 
( sl.llld_lllt) 
(umd_2d_int) 
(oimd_bool) 
(si.md_2d_bool) 

4.5.3 Assignment 

I ; 

I ; 
I . 
1 . • 

All legal conversion. can be accomplished through the 
sirnplt?" a.sstgnment slatement . (The simple ass!gtnenl 
staLement use.t; the :; operator.) Simply wnte :m ObJt<t 
of the desired t.ype on the ltft stde of tl~t : and the value 
to be con\·erted on t he right $.ide 

4.5.4 Usual Unary Conversions 

C and C++ define cerLain "usual conversions" that a.e 
performed implicitly during expression evaluation. Thetr 
purpose is to COD\ 'Ctt aU 1 be operands of an operalor to a 
common type before performing the operauon Port»· 
Sl:IID a.lso conver ts the operands to a common base 
s i md_ type and common length before perforl11lng an op­
eration. l:towe,·er. t.he usuaJ con\·e:sions also ensure Lh:at 
the common type w11l be one of a ,·ery small set of types. 
Porta.Sl~lD ext~ods this set of t)'P"S to include all the 
&l.llld_ types As a resuJl there is no implicit coo,ersion 
of si.md_ types du ring evaluation of unan operators 

4 .5.5 Usual DiJlary Conversion$ 

T he followmg rules are added to the set of usual lnna:ry 
conversions. and arr AP lied , in ordrr, wht'!nt!'\"tr an op. 

If one operand"' ..:alar and the other is parallel, con­
,·erL the' scalar operand 1.0 iLs corresponding a imd_ 
type (:>ote that only inl.cgcr aealar types may be 
rni.•td with sud_ types ll-• oprrands of n singl•· OJ>­
erator since othrr scalar type.~ cannot h~ convertr~ 
<ltrectl) to a a ad _ lyp<') 

2 If the operands have diff<rent length~. l~ngthcn thr 
•horter to the length of the longer If one of thr 
oprro.nd.• Ill boolean, this impli<tlly convrrts it toM 
uns1p;ned 1 nteger 

3 If one op•r~llll is •ignod Mld lhr other is u11~1gned, 
convtrl Lhc sign,.d opcrf'Lnd to 1t.s uus1g.nt•d equivn.­
lent ('!his"' what C docs v.i th •calars) 

~ If the op<rand t)pes have dlffcr<nt Mchitecturc !dcn­
llfirrs. convert both to the samr type '!'his rnay 
be- ~he1r cornmon brL....t- L)'pf', or any derivNI Slmd_ 
type whtch '"'' an J.t<hltecturr !denlifi,·r •Pcrifying 
only arcbttectural featu rc:~ present in both operand 
type.. Tbo ~xa<t typr selerted •• Implementation 
dependent 

These erl>ur< that the operands have the s:unc bn.<c lyp<', 
length , and arcbite<lure identifier 

0£ course. while a Porta.-S!MD tmplementation is rv· 
quued l<> evaluate expressiOns a.s lf these rules had been 
uS<'d, it IS not requued to htera.lly perform the specified 
conversions tf the same result. ca.n be achJc \•ed by a more 
effic1cnt method. 

4 .5.C Function Arguments and R.eturo Values 

If an ~xpressu!ln appeanng as an argument in a function 
c;J I does DOl match the type of that l>rgumen t as declared 
in the funcuon declaration, it is cast to tbe declared type 
oi the argument. Similarly, ii the eJqlression appearing 
in a return stat.emeot does noL match the retu rn type in 
<be function dechuation, it is cast to the declared retuiO 
¥a)ue type. In both cases, it is an error if the tesulcing 
cast IS Dot allowed by Porta-Sl~JD. 

4.6 Expressions 

sizld _ .. ·alues rna} be accessed only b} mechanisms e.x­
plietlly pronded b) Porta-SIMO. W1th a few exr.•ption• 
discussed in this section. ail C operators may be applied 
to si.cd_ obJects. fhe use of each operator with si.md _ 
types !'I d&Scu..'<sed lD det.ail below, !Dcludmg the preCise 
operand l) pes allowed, whether to apply the uS•Jal b1oary 
COO\'C~IOD$ . a.nd the type Of the re~;ull 

All (be C operators i.tuplerncuted by Porta.sn!D per­
form the same computat ion ~ in C i\nd C++, but df\ 
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Thry have the Sl\111< pr('(edrnte and U.."'tiall''tl}'"" 111 (; 

""d C++ 
l'nlik~ C vatu.,. , all oswl_ va.lu~..,. cur.-ntl) omJ•l•­

mc-nted art .. h·AJu~· . l'nf'"&n•ns \bat the~ may apr•·ar on 
th~ l~ft Sid~" of an l\li.:')l~nmcnt OJ,ttator Thu L"' ~n :un .. 
plrmenta.llOD fla\\. not a )&ngU&I:,~ fealUft' (')o UO\ lJ~ 
M rut h·a.lue an) •l.lad- tx.prr.s&ion whacb ~·'>IJI i not h.- •• 
lrsal h·aluc mulcr C'• rul"" Pret;rams that o~n•>rr •h" 
rulr mny noL work und•·r futurr vw;oonsof Portl\.SI\1(} 

•I .G. l Euublutl 1u1d Di.,•hlt•d l'Es 

O Jl('fAllons and m ... thodM that mod1fy alJid_ ot•Je<l!l ( lfl· 
<'lud~ng tc:mponu~ obj,.ct" rr,.at~ •mplicatl~ dtJtllt~ t").• 

l•re~)<l0 ('VaJui\liOn) IUf" prr(orn~d QnJ: In t'nabfe-d J'f~ 
Op,.rauons watho'n ••d~ t-fff'('\5 AU" p~rfc.rnV"d an :..11 J•u. 
t•nal.lod and dosahlt•l S.noc•n ·I<> defon .. wlorn 1'1:0 orr 
t·nnblrd. 

·1.6.2 Prionnry 1\nd l"ustfox Opct'ntor> 

oimd_ objects are not arr•)''· and <Mnot br >ul.o.cropl!·d 
wnlo the 0 (•ul•><topt) op~rolor 10 gain ace..,. to uodo­
,.odual data dcmtnls (Th1> r~lricuou m~> b~ trl...,.ed 
ou future "~rsion• of l'orta.SI\ID) Ho,..,·cr,"" .ma) of 
na:l_ Ob.J"CI.$ ma) b~ d('(brcd and subscript~d loi.~ an) 
other bnsic t)'~ 

Sonularly, Lhere an no pnralkl funwon calls n th• 
() (function call) operator cannot be apploed to uaod_ 
objects Of COUJ'f><>, Hftl>t funcloon.s can t'IUtO tl.md_ 

oLjP<ts. 

Th•re are l\lso no paralld •tructur<'S or pomter, ""' th•· 
. (dorect sclt-cuon) ~r.d -> (mduen ~l·ction I opcr"w"' 
cauuot be applied to sUid_ ,a.Ju~ Scala: ;;;;cructur~ n1a~ 
conlam s~d- object!>. though Tb~ ~nure su:d_ oby:<t, 
represented by 1ts ho•l·r.,.odent ·handle- or -,-!...,mptor" , 
1s contained to the structure. 

The posdix operator• .._ (J!<*t-in't~m~nq and -­
(pa<t-decrement) rna) be applied to mteger sud_ >l>­
Jetl5 only 1.'ofonunattl), Porta-SniD is liomt~d by It• 
implementation withon C++ here, and "' unablt to rr~ 
vide the prope:r acct•~the.n.operate semantit~ Ttu:r~ 

fore, th~e post fix r·pcrato~ are curre.nth l!'Xttctly ..qu•'. 
al•nt to their pr•fix forltl> .~ fUIUt~ implem.nl~t.OII cf 
Port.a-SB!D may corrrctly omplemt'Dt the l'(>'llo\ rorrru 
of lbes<- operators l ' ntol then , Pt<>&lams sbouiJ "'Old 
thc5<' postfi.~ operalo" Md U" only lhett pref" rcrrn• 

4.6.3 Unary Opcratoro 

The prefix ++ (pre-uocreonrnq and - (pr•·tkcr•on•nt) 
"l><'tators and unary- (nrgat•) operator noa~ lw ;opph«l 
to mleger smd_ typ~ And produce a ,aJu,. "( tltt' -..,In•• 
type They rna~ not he aprlo•d to '-I•"" tlmd_ t'f"" 

The • (bttw&SI' not) oprrator may be apphed \o any 
u.s_ ~~·~. producon11 a •alue of the sam' type 

Th• 1 (log~clll nr,l) opnator may be apphed to MIY 
oswl_ ty~ anJ pr:>•luc ... a boolel>lo ouod_ Vl\lur woth 
lbt satn" ~r<hll• ·tur• od•nllfier ""Lh• oprraJul IYf>!' 

The •u•ot and ( '\..'Ill Opt'rators WN,. dsscu.r.M"d 111 ,..,. 

tton.s ~A Md I S 2 '"'P'''" el) 
l'h• t (addr,..,, nf) opnMor may be applor.lto a oi&d_ 

obyct, and pro<luc,.. a scalar po1nter to the ohJ•<l ('I hr 
poonler poonts to th• obJr<l's hoet "bandit•" ) l'hc unary 
• (indtt•ttoon) op•rMor may b~ apphed lo n poooot.tor to a 
flood_ object (onlloothzrd woth the t operator), ot produc,..; 
• oiAd_ ob.J"tl whorh rna) be used like any other ol.Jod 
object Thor~ ar• DO point-.. 10 tndivldul\1 e lemenlt or 
nood_ obje· t• 

4 .G.4 Aritlunctic Op<'rntoro 

rhe bmary iltlthmew op-.ators ondudo· • (muluploca 
lion). I (diV.,IOn), X (rromunder) . + (adihlion), 1111<1 -
(subtraetoon) Th•ll<' oporatora may be Applood to nuy 
combination or •c•IAr Atltl p&.ralld integer Ollt'tAnd$. The 
usu~l binary eonvtr.io111 apply to the op~rand8, and tho 
r .. ult is the t)'pe 10 "lucb the operands w~re cor>vrrlfod 
flo• corresponJ1ng binar~· Mtliunetie a.oo;sognnwnl Optr.­
lor.. are •=, 1• , X•, u, and -= Th""" rnA)' b• opphed to 
!.D} combination of acalftr anti parallel u11egvr Of>trand>, 
pro•ided th• left operand ,. parallel Th .. usual binary 
con,·ersio115 appl) to th•· operands, and the n'tOult i• con­
' er~ to the ty~ of th• left operand. 

Boolean sin:d_ types may appear as operandR to these 
operators under the followwg conditions O nly one 
operand ma} be bool•>n, and the other operand must 
ba\'e a parallel Integer type A boolean object may not 
t,, the leit operand of an arithmetic assignment operator 
Thp coo\'ei'Slon rul.,; "'~ not i\Jrected by the pr<M'n<r of 
a boolean operand 

4.6.5 Shift Operators 

The shift operators ontlude « (left sbift) and » ( right 
shift). These operatOrt> may be applied to any COII1bina­
locon of scalar and parnllel onteger operand~ The usual 
unary con\'nsions i\pply to each operand, hul ll•e u~ual 
binary conversion~ do ot;t apply Howt>ver. if onf' operand 
1> sc:olar and the other 1$ paraUd, the scalar optrl\nd "' 
converted to a s1&d_ c·pNand of its oY.-n basic c.y~ and 
the same arcbnrctut' od•nlofier as the parallel opt:rand 
The operands"'~ abo con\'erted 10 a common archller­
ture 1denuficr ustng th• t<an~ rule used b) the u•ual 
hmaz) con,·e~&on' The result bas Lht• Lype, urt~r all 
conve~1ons, of thr t •. n opcrnrod The com,.pondinp: sh orl. 
..ssignfTI"nl op•rMoro Me «= and »• These operators 
Ill~) bt apph~ lo an~ ~ombma.uon of sr n.lnr and par 
all•! m<-g•r opa>noh. pro•-oded the left operand ., I"" 
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aile!. The same conversion rules appl) a.• for 1 ht non­
MBign m(nl forms 

Boolean sad_ type; may apptar 1\$ op~rands 10 lh"""' 
operators under the followmg condrt1ons. Only on,. 
opc•rand may be bool•ar1, and th• 01 b.r operand mu<l 
have a parallel utteger type A boolean ObJe<l rna) not 1..­
the left operand of a~lufl a.ss•gnrnrnl operator Thr con­
vcr.slon rult~s nrc• tflf' samt u.s m the ah!!i'"llC~ uf a Lool~an 
OJ>erand, exeep1 tbal a boolean left op<r>nd 15 con,erL<d 
to an unstgnod nmd_ type I ht• S>ntr len~th "" thr rrgh1 
op<'r<Uld. 

•i .G.C D ilwisc Opct·ators 

Thr bttwU.o• operators tndudc• ~ (and), • (x<>r), nnd I 
(or). Tht,~c Op<'<310r• lila) br Applied to a.ny cc.mhm"' 
lion or .ralM 1\0d p:uallel Ullcger operand •. Thr u•ual 
blUM)" ('Ouvcrsions apply t<.' the oper~Vtc.h. M,f th .. rr-. 
~ult is the snme typr lhat the: operandi. arf" corn~rted to 
1 he" r.orr•·sponding brtwt&e a.ss.1gnmcnt operator~ M<- a.:, 
-=, and I= ThC$<: may be aprlied to any mmbtnatiOn 
of scalar and Jl"rallcl tnteger opuands prcwtd<d the left 
operand is pnrall~l The usual bmary convers1on. apply 
to the operauds, and the result is com'erted to tlu" ty~ 
of Llie left operAnd 

Boolean • imd_ ~YJ>CS may appe~r as operand> t<> tb~ 
opcra..,rs under l he follov. mg condiuons Ouly one 
operand may bt boolean and the other op<rand mu>l 
have a paralld integer type. A boolean obJe<l ma) not 
be tho left operand of~ b11 wi;;, ""''snment operator. The 
CODVetsiOil rules are DOl afl'ected b) lht pr.,.;nce of a 
booleM operand. 

4.0. 7 RR.Iatioual Operators 

The relational operator. tnclude <(less than ). > (JY<aller 
than),<= (less !.han or equal),>= (greater than ar equal) 
== (equal}, and ! = (not equal) Tb~ operata~ may 
be applied to any combination of S<:alar m<eser parallel 
integer, and parallel boolean operands. The usual binary 
conversions apply to the operand,;. Tbe rtsull is boolean, 
with the same arebjtect ure- identifier as the typ.e lO \o\hich 
the operands were con\·ert~d. 

4.6.8 Logical Operators 

The log~<.al oper3tors include U (logical and ). and II 
( logical or) These operators may be applied to a.ny 
combination of •calar and parallel integer operand• and 
parallel bool~ar1 operands. The com er<>ion rniP$ whoch 
apply are the same as for thr shtft operatOI'l> The usual 
unary conversions apply. hut not the usual bmnry rocwer­
srons If one operand ts •ralar nod th•· other Js parallel, 
t,he scalar operand 1s converted to a sund_ op~raud of 1~ 
own basJt type- a.nd th~ same arcbitectur~ 1dcntifif'1 a.;;;;, th(' 

parallel operand . The operand• o.re also conver(ed to a 
conunon arch1Lecture 1dent1fier. usmg Lbe same ru1" us-ed 
by d1t• ~uaJ bma.ry con\·~r$Jons The rcsuiL 1S boolenu. 
w1th the same archu.ecture ldentltier nH Lh<· fOOVcrted 
operands 

4.0.9 Oth<!l' C 0r>erator5 

The ternary 1: (condttronal) opera(or may DOl have a 
sad_ first op<rand The steond and th11d op<rMds may 
bf" atmd_ expres:sJons. prov1dcd the cxpres~uons evaluut1• 

to •xactly the same tn>e. (Note that thi• identicoJ-type 
requ~terncnt impliel' lhl\t either both or neither of the 
.econd IUld 1h1rd Of>CrMds hav• a simd_ type.) 

The corntM operMor 1s lht• onmo in PortJ\..SIMI) M rn 
C and C++ It may 8cparn.tr "''Y P"" of rxprC6Sions. 

4. 7 Special Operations 

Porla-Sl~ID provido& n v>rioty of op<rnlions rcl•tcd l.o 
11>1 un1quc capab1lttie•. One i.. lh•· rnrl hud po_numbor, 
which may be llppli«l .., any ultcger umd_ l.ype object . 
Tho rM!ult is to place m each element the unique number 
or the f>~: holdrng It 

s:Uod_unaignod a; 
a. po_nWIIberO; 

Se' era! more methods may be applie<l l.o ftlmd_2d_ 
ob)e<l5. Recall that the 2d feature Jtliows each PE: to 
compule 1!.5 (z, y) coordinate. Methods coord_x and 
coord_y place the r and y coordmates, respectively, inl.o 
tbc object to which they are llpplied. They may be ap­
plred only to integer objects (not booleau), Tbe foUowing 
example computes a multipl ication table 

simd_2d _un8lgned x, y, mul<_<able ; 
x. coord _x(); 
y . coord_y () ; 
oult_tabl e : X a y; 

The bilinear method compute; aod stores az +by+c 
in each element of the object to which i~ is applied The 
coefficien~ a, b, and c may be floating-poinl. scalars, and 
the floating-point resull is truncate<! before being stored 
(This is the only floating-point cornpuLalion currently 
implemented in Por la-Sl~ID.) bilinear may be applied 
only to integer objects Th1s code fragment computes 
z: + ;,y- 3. 

sud_2d_int a; 
a.b1llnoar ( l, .5 , -3) , 

A dlSplay function 1s also provided for nmd_2d_ oh­
J~'<ts It diSplays llS argumenLS . one value per pc'<el, on 
a frame butTer if an appropnate one tS avai lable If given 
C'Hlt argument th~ d15play J.S monochrome. Ir given th ree, 
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Lhry a.rt- trrated as thl" ttd , gr'""'" "\nd bh1r Culnpon,.nl~ 
or tl color nnagf" 

a>md_2d_>nt gray, r, g. b, 
a1md_2d_bool black_and_wh>< o, 
/ • l.nlt.la.llze var1ablee . • / 
daplay(gray): 
d>aplay(r, g, b); 

dlaplay(blaek_&nd_vh>te); 

4.8 Flow Control 

l'orla Sl\11) proV~dt~ a par..Ud condollon~l IF •••••on•·nt 
armill\1 1 thr t:tl&.r 11 ~ta~~nl Thr I)Ol'' n 

tr ( <a1Dd oxpr> ) 
<atatecmta> 

ELSE 
<etat:eiZenta> 

EHDIF 

<1imd expr> rtprC'lli~l\l~ an) t'X'''''"-'1'lh wlnrh '"'Hhao\l'"a 
t.o n \'nlu;• of a simd_ lypc <sta.te~tntl> r•·rHr~·ots 
an) &tatt•m,·ut.~ . incluthng ne:.te-tl If ~tAt•·t~at·nt~ proru·rl~ 
pairt•d wot lo tloeor nearest followm~ U O!Fo !'lor ELSE'"''' 
ih f(•IJhWin&, <ltate.ment.S> IDA) bt"" Jdt OIH 

'"llw <aur.d expr> is evaluated onct, ;m,J f'tirctl,rb· ~· 
to~gnrd tulo a al.ll:ld_bool ~mporar) \'.&.nab!•· Dunn&; t'-· 
«Ullou or lilt Slaltmtnls bctwoen rr and ELSE (<•r EIIDir 
or tlorr. lb DO ELSE), only PEs "'h•re ,,,~ 1<1111•<"'"~ · ·au­
able il Hut art enabled. Our1ng t'Xe<uuon of th1 ~tat,.... 
mc·nt; betw.,en I lor ELS£ and EI!l!F',lheonl) enabi~.J Pf:, 
ft.rc· thC'l>f• "here the temporal) var1abl,.. ts fal .. -: \\ 'h,.n 
"n"'ted IF statem<:ol i> ex.cuted PE., >lr··•Jr •h,•bl•·d 
bPfort the neste-d IT statemtnt was .. ncoonteort!d '"'"'·'II 
clo sabi.·J t hroughou t 1t5 execuuon Comn•·tll' '" tlo• fol­
lowing ••xnmple •how wbicb PE. a~r enAbl•d, b) J>I''Htg 
Lho "xpros.sion whoch must be true in '''N) enablod PE 

ncod_bool a, b; 
I • In1t1alize a and b. • / 
IF (a) 

I • a • / 
rr (b) 

I • a .U b • I 
ELSE 

I • a .tl: 1 b •I 
EIIDIF' 
/ • a • / 

ELSE 
/ • •a •/ 
Ir (b) 

I • Ia U b • / 
ENDIF 
I • •a • / 

END IF' 

h. ts tmporlAZU to reco~m~~ th&l ever)" tilalern,.nt be­
tw,.f'!'n IF and E:JDIF -. \JW&~·l' rXt(U tPd , though only 111 
llw approprti\lo r& 1 hi' ondudrs scah>r expressoon• 
\\h1ch ar"! tXf'('Utf"d m th,. host No usual The follow­
ong cod< fragmrno ollu.•u•trs lh• polentonlly surpmonj\ 
ct-sult.s 

nmd_bool a, 
I • ln1tial1Ze a • I 
l.Dt X : 0; 
IF' (a ) 

:1 +•; I • bad .tylo •I 
ELSE 

x.....,. ; I • bad atyle • I 
EIDIF 
prt.ntt ("x •t.d'". . ) . 

It prmb :z='2 h L"t utr.u,,ll~ W t»~ not to n10tl1f} !;tabu 
\,\rJabl~ wtttnn a pa.raJirl IF "ti'\lf'"rt\"nl An r·xceptlon 1-' 

n .. oeal<'\r \1\rl,,b( ... lorl\l t1 onl) OIW p:ul of Llw IF stnLl' 
rn,·11L (lhr a;ti\V·rn~nu followmA t' ILhn IF or ELSE, bur not 
hot h) 

4.9 Archileclurc Parameters 

l'orta-SI~lO program• ue •xrcuted on a SlMO compu1er 
v.-1th an archnccture sp«lfi("d by tbe program's architt"r 
tUrt odrntifiu B~ dchnuog l· \IX cnnronn~ol vaxiable< 
before exttuung thr progra1n. the u.s.er may r e:quest. spe­
nfic ,·alut'$ for ccrta:an a.rchllt'cturc: pa..rameters The pro­
grllm ,. oU e.xecut• on lh< tmulabl~ mac.biu• most close I) 
n•atclung tht rcque:.tod paramettn; In some ca.<es the 
SL\lD bardwarr woll con.uraon th~ p0<01ible paramet~r 
\alu~. causing tht ,.n\lronm~nt varulhi~J-s to be partially 
or compltld) ignOT'd O~fi\Uit \'aJUes are used for any 
parameters not specofi•d b) t nHronmenl varoable;; 

The environm•'nt varoable SIKD_IIORDS spedfies the 
number of words of PE mrmory. Word size is implc­
mcnlatoon dependent. 

The en,·>ronomm \'3loablc SIKD_PES specifies the num­
ber or PEs ThiS '""bl• IS tgnored 10 architecture> 
where it is computed from oth~r parameters. 

The number of PE.• 10 the " and !I dimension:, of a 
2d uclut«tu r• ma> be <p~tfi~d b) tb" SIKD_PES_l and 
SUO PES Y ~n' tronm-nl \ "l\taabl~. respectively. The to.­

tal n~.ru,;, of PEs i> th~ product of thoe...- valu"" For 
exampl•, 10 r.quesl II\ PE' m " 32 b) 32 squate array, 
U"<' tb~"" csll 1 t:'\IX C-sh•ll) commands before exKul­
mg th• Port.a.SI\1 0 progr.,m 

seten•· SIMO_PES_X 32 
sotenv SIHD_PES_Y 32 

Some of Lbe-~ Mdllt,.c"l urt• i'UHtunelers are av\Lill\blr 
wllhin Porta-51~! !) pro11"m• The pea met.hod, pro­
voded by all ol.llld_ t)"f"'$, return' tl1• number of J'l:;s 
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/ • Perform very • ~aple 
• prime-numbered P£a 
• I 

S1 eve o f Eratoe~henes ~ocput~tion to f ind ell 
Return l in pr4=e-number ed PEe , 0 1n othera . 

#include <auod_2d.h> 
oimd_bool pr~oa() 

/ • Uao 2d 1n order to go~ dioplay(). • / 

{ 

s1md_uns1gnod nu=ber(2~); 
Sl.md_bool ls._prl:r~e; 

numbor .pe_number{}: 
le_prlCJo =- 1 · 
IF (nw:~bor < 1) 

I • Juober to te•t tor prLCe-neas . • / 
/ • flag 11 true 1! numb.r 18 pr1me • / 

I • PlA~e PE number 1n each tl•=•nt. • / 
I • Inttlallze all number• to true . • / 
I • Zero 1s not prime. • I 

la_prime =- 0~ 

E!IDif 

I • Chock aga>na~ 2. 1000 Thio 10 fine !or <• 1,000,000 PEe, 
• though not vondor1Qlly o!!~cion~ • / 

for (1M 1=2; 1 <= !000; , .. ) { 
IF (((number % 1) :: 0) •t (number > i)) { 

1a_pr1~e = O: / • Set t&leo; number d1v1dea evenly . • / 
} E5DIF 

} 
retQTD(ls_pr>mo); 

} 

I • Dis~lay prime nuabera ~ br1ght p1~els and non-pr~ea aa dark . • / 
main() 

{ display(pr>mes()), } 

F'igure 1: Exan1ple program s1eve.c Despne us 0\'C f·:!itmphficat Jons th1s rouune wlU t.est up to a mJlhon numbers 
for prima.lny in 1000 operations. A surular :sequenu,.) algomhm would take m11hons of Oi)erauon• (up ~o a billion) 
to perform the same task. 

in the SIMD computer. All t~·pes with an archite<lQre 
identifier speclfring the 2d feature prov1de the pes_x and 
pes_y methods, which return the number of PEs in tile 
:r and y dimensions, respecttvely TbJs fragment prmts 
the sne of the SIMD computers PE a.rra~ 

s imd_2d_bool a; 

pr int.f ("PE array i s Y..u by ~~ ... 
a .pes_x(), a .pes_y()); 

5 E xample Progr a ms 

It is difficult to find real programs short and clear enough 
to mak•' good examples AILhough the problems soh-ed 
by the example programs w this sect >On may seem o,·e r­
simplificd, they are st1ll useful to Illustrate th~ us< of 
Porta-SJMD The example program" ar~ descnbeJ in 
their co!T\Jucnt.s. The first example. sieve. c L< con­
tamed in figur,. 1. The second. square.c 1 is .;;.tJo..,n in 
figure 2. 

6 Using Porta-SIM D 

The mechanics of wming. wmpiling, and linking a Porta· 
SnfD program ID''Oh"t only a rninor addition in each of 
these steps, compared to an ordinary C+.,. program. 

Ever:; Porta-51~10 program source file must begin by 
~ indude'ing a Porta-Sl~!D definition file. If the file uses 
no optional arch~<e<:tural feMures. the file to wclude » 
<sil:d .h>: otherwtse it is <simd_arch 1d.h>. where ardud 
IS a.n arcbtt-e~ture tdeotifier spec-ifying t.he op tional fea­
tures requited. (Arehittctu.r< identifiers are discussed in 
section 4.2.) -rhts ·~as shown in the previous :;ect.ion's 
example programs. 

When corn piling and linkmg a Porta-SfM D program 
hr hand, as opposed to using malt•. begin by defining lhr 
shoU variable PORH _snrn. Al l':>C, it should havt• ch~ 
,-aJue /home/c<>moon/tuck/sl.!Dd. rsing lhe csh. this i• 
done w1lb the followin& conunaod 

setenv PORTA_STHD \ 
/home/common/tuck/s.md 
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l tncl~do <otm4_2d.b> 

/ • aquare accepts the upper lett ~d lover r1ght corner• ot a aquare &lt&ned 
• v1th the coord1nate axea . Return• 1 1n each PE lRildt the aquare, 0 LD 
• each P£ outa1dt • / 

otmd_24_bool oquaro(ln~ x_ul, tnt y_ul. 1nt x_lr, 1nt y_lr ) 
{ 

} 

oud_2d_bool llla>do , 
o~md_2d_uno~gnod x, y: 
lt\lldtl • 1; 

x . coord_x (): 
J. coord_J (), 
tnndo I • (1 > x_ul) . 
insido I • (y > y_ul); 
1no1do I • (x < x_lr): 
1noido I (y < y_lr), 
uturn( tnudo), 

/ • CA~ d~aplaya a vhltO •quaro on a black backgro~d . • / 
.. 1no 
{ dtaplay(oquoro(2,6,24,S7) ): ) 

(1 b improve leg1biht)', tins and oth<r commnnJ, are 
•hown brokeu uno multiJ>I• hne<; "ith a \ (ba<hla.-.hl 
l'hey ma) hr l>·ped a:, ~ho~n but 1t ~ f"llre rJ ill . .~ta.l lo 

type th•m a. 3 sm&Jc h11< "'ltbout th~ \ ) 
The command which compiles •ach program source file 

Int o an ol>jrc t file must predefme two •ymbols usm~ the 
-D compiiN opu •n. The fin.t s~'tllholldenllfi<'li :he c:pe 
or 51~1 D hard,.arc on which the rro;ram will run Thi.< 
may be seq (to simulate parall•l hardwar<' u•nng a se­
quential comvutcr), pxpl4 {to use Ptxei.Pian.s ·1), o r C::> 

(to use the C'onnecuoo ~laclune) Th• second ;~mbol 
identifies the host computer 1~1>" Th1> m") ~. •=2 
oun3 , sun4 , vax, or pxpl4gp (for tho Pixel-Plan ... ., 4 
Graphics Proce.sor rront...,.,d). Also. mclude I bil; com­
piler option: -IS{PORTA_SlltD}/inehde For txample 
the follow1ns cc.mmand compiks th< fi~ squa.ro <0 ~n 
f':\Mnplf" pro~ram in thr· pr~\iou5 ~-.·uon for :<· quenual 
execution on a 5un-4 ho;t 

CC •eO - g -I${PORTA_S,KD) \ 
-Daeq -Dsun4 -c sqoare.c 

When lmkm~; the ob;•cl files to g<nNMe an ··x•"<lltable, 
'J"'cif~ link•g• w1th a l'ona-51~11> hl.rar! tJ<1ns th• - 1 
optiOn. Jr the program lL.<es no ortocnal ardut<"ttural 
r.·.1lllrt>>. II'~ thr 5111d library OthHWt..<e II~ hbrat)' .. 

I ' ·- ---l • -• ••• .. •·••••• .r."t,. 

- LS{PORTA.SIHD}/hb/lomd..hw/ ho•t. Uero, sw1tLh IL 

A lid ho•t art th• S}mbol.s d<fined "'ith -D in the compile 
mrruuld d1•cussed abo-. The cornmand bdow links 

oquue . o. compiled abO\e, creatlllll an ex~utable prt> 
~ram squa.r• 

CC <ol -g -LS{PORTA_SIMD}/l>b/soq/aun4 \ 
-o sq~are square.o -lsLDd_2d 

F'tgure 3 ,. 3 Mue!llo to comp1le and hnk 1he eX· 

ample programs presenttd m secuon 5. The .Jirec tory 
S{PO!tH_SI!ID}/ex <Oni.\UI$ copies or tbe examph· pr~ 
~rams and !Wtoh l e 

7 Im plementation 

Por<a-51~10 b curccotl} ltllpl•m•nt~d >triclly w1tbm th• 
C -- lan~uag< Its e.x""-'IODS LO C++ are pro••1•l~d b) 
Include file$ and tibrams. and Ponn.SI~I D progrn1n' ar~ 
'''mp1ltd by CC /tb~ \'+.,. <Ompiltr) rather 1hnn by a 
Porta-51~10 compil~r Th1> ba.< both ad•'ant>g•s :utd 
dt,ud,·anta,;,.., 

Ont ad\'~ntnge i!= thl\t ~~ ~·M not necessar)" to \Hllt> a 
compiler This has sped th• implemc111 a11on procrl!.,, aud 
w11l conltnu• to do oo Anolher is thr guarantt'!' 1t pro­
'1·J•, that tl.- '<alar portion of Port;>-51~1 D I' ~xacll~ 
r...__ w1rhnur An'' rrMuatou~ or 1\icatlrntal mcompt~U· 
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I SlKD.BV is nru=o o! a real SIKD baroqaro Q&th1ne vhith Vlll execute tho 

• • 
# 

parallel part of Porta-SlKD programs CbOlC&a a.re: 
pxpl4 P1xel Planes 4 
em 

• ••q ordlnary 1equent1al Qechl~e (a~ul~tet parallel comput er ) 

# TARGET _C.PU l.& the naae o! a roi.U aoqt1ontial computer vhtch v1.ll execueo 
# the oequential part ot Po~a-SIMD pro&Tama. Cho1cea are : 
# sun (234) -- Sun- (234) (SlKD.HII aupport oo. aeq) 
# va.x DEC VU CSI KO_B\1 aupportod: aoq, pxpH, em) 
• pxpl4gp PxPl4 CP (SlHD.BV aupponod : pxpH) 
TARCET.CPU • aun4 

# Ooflno homo of Porta-SlKD, and ltl 1ncludo and ltbtary directorlte 
PORTA.SJHD = /homo/common/tuck/suod 
INC.OIR : ${PORTA.SIHD}/1Dtludo 
LlB.DIR = ${PORTA_SIKD}/llb/${SIKD.HII)/${TARCET_CPU) 
DEF • -DS{SIHD_H\1} -D${TARCET_CPU} :Port~·SIKD 1ncludo !ilea need those symbols 
CC : CC : Use 1TtT ct:on~ C++ comp1lor 
OPT = ·g : -& to 1ncludo oobugg1ng into 1n to=plleo program 
• U&e •eo to co~p1.le, and +el to link , to reduce size ot object t1les. 
CFUGS : +eO ${OPT} -I${!1C _D!R} ${DEF} 
CFLACS.LLNK = +e! ${OPT) · LS{LIB_DIR) I Use -Bstatit v/SunOS 4.0 only 

PROGRAMS = sieve sqnare 
all: ${PROCR.AJ1.S} 

sieve: CHECK aieve.o 
${CC} ${CFUCS_LIIiX} -o SCI s1eve.o -ls~d_2d 

square:- CHECK squa.re.o 
${CC} S{CFLAGS_LINK} ·o $0 square.o -lse~.d_'2d 

II 

F'igure 3: ~lakefile to compile and link th: •xample programs presented in sc<tioo 5 for •eqMntial exceutiall on R 

Sun-4. 

immediately be available 10 Porta-SIM D Another ad,·an· 
tage IS enhanced im1>!ementat!on portability-the C+~ 
complier has been widely porte<! . 

There are two primary disadvanL.-ages t-o no1 wrning 
a sepazate Porta.S!MD compiler fir~t. it place, suict 
limits on lexical az1d semamic ru<t<'osions. For example. 
the keyword sund would ideally be adde<l a.s a storage 

class mod1ficr. mstcad of adding sbd_ a.< a prefix "' 
the type nan1e. The archJlect.ure JdentJfier used to Darn~ 
vanant simd_ classes would als<> be s.:patal~ from tho 
type uame if tberc wtrc a d~'<licated oompilcr S•m•larly. 
parallel conditional flo~< '<ould be providNJ by ext~nding 
thr scmnntics of the it stntement instead or addm~; the 
IF statement. The S<'tond disadvantage IS 10 o<cution 
puformanre Porta-S!M D current!: mmtlmpknl"nt llS 
o1.md_ t.ypes a.• C'++ cla.s..o;es As a reouh , cxrr~•on 
evaluation gene rally requires more operation.." and more 

memory tban if Porta·Sl~ID weJe implemented by it.s 
own compiler 

8 Planned Features 

The Porta-SnlD implementation is just reaching suffi­
<lent ma.tu rir:- to support real users However. many iin· 
ponant f~a.twes are not yet 1 mplerneo ted Some of t.hese 
are descube•l below 

8.1 Integer and Character Types 

So~ fixed-length base types may be implemented, for 
example sad.I.Jlt8 simd_i nt!6 , and simd_int32. l l 
would hr p055ibl• to •valuat~ expr•~•ions involving on ly 
one of these l)!)% fa5tcr thAn expressions of thr current 
types 
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Tla• aad_char hue type IS not cunernly 1mpl,_ 
menlrd However. a lllld_u.naigned or •l.ad_lnt ohjf"'l:'\ 
declMrd wub a length of 1\ brts is an acc~plah(~ •ub•lo 
lute tad_ char m~) bf' omple""'nlf'<l as " l) r•drf to 
ti.ald_111101gned8, tf th~ Iauer oa ompl~monl..d 

8.2 Floating-point Types 

'I ll<• d~1gn of Port,..SIMD mclu<.lcs SIMD nt•n•l<m• of 
lht• C flo•llng-point typ•••, •n•losouo to lb~ ·~t-.,.ton• 
lrnpl(•mrnted ror lntt'J:,tr l ypt'S liOWfVf't, the~ ~u~ - UL)l 

toi(htdu J,.c.J for 1mpl<'mt>ULltlon m the neM futurr 

8.3 Architecture l dcntificrs 

l'ort~>·<;l\10 will <>tntullll) • UJ•I• •rl \II the !>l"ll M<h~ 
t.-ctm~..., an th.-. t;u,ont·rn~ ~·tf"1>,.ntr-f m (Tudr.,,"~ Uu· o r 
dr•t Ill \\·h1rh tbrOflhOflf\1 .\.tcllllMlUrAJ f("AltH,... "'" i\OI.f•~ 
w1ll dt·prnd on u,,., ur.-d'- \\'twn C'+.,.. '1 0 1.s \\nal.,l,)t 
w1th mult.1pl~ mheriiMcr, II will hr l'"""bl•to•··l"'t >11) 

rornbinataon of opuonsl ft•l,ture.tt 

8.4 Expressions 

A mt-cbanism will ht· 1'rov1d~ ve~ soon to ~(··-... ... U1d1~ 
\'lllulll data eltmenu. of~ tad_ obyct on udutrctur .. 
wh1ch support tbl5 Tlu• .. ,u b~ foUo..-td b) , m«b~hiSm 
for &peclfimg inl~r-PI:: commumcauon 

8.5 Flow Control 

In some archJteccureG , It LS poS!o1ble lO determine- wtwthf'lr 

:UI PEs are eoahled or wlltthtr all are dt>ablrd Th~ .. -
><alar logJcal ,-aJu., '"" b~ u.eful in s«•l"r fio" COil · 

trol >lluctures FunctiOn< prov1dmg th•m woll be un• 
plemeuted soon. 
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