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"'OJ. , ,'- d"".,.. ""," -... muo;h moo. I .... ,h .... , .. , .. ocaIo .. _ .... "oS ", ... ,.n _ .. o!ut<oO 
(.n.! p<>W<,-hu"ll'Y) u.-"",. ,_'" ,ha, m.ot ..... , ........ hI_ """" In ",,10, to """, ••• 
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1 Introd uction 

Sun ~IO(fUS)~"'''' ;n'roJuu<i .he 6 .... ....,."' ..... .,,, ""00 odtm,ili<: ""ml'u<l~ «)<nmtLn11y j" 198'l II. \00 
la'" 19601. Su" had _ .. 'M ~"d"pu.O<i ~ .. Itr d tnt .-orbt.,,,,,, """led "·I .. ~ t!"'l' '~lroJ.....d ,he Su" 
SPARc.. .. tiot11 . TOt.«! at 12 .~ M,PS ond 1 4 !>11\opo while . uno"., a. 'lO ~lIh ",.. " ·orltst,,iott'. Ioat .... 
""'" 00 <.y.<ly ;n~a.ed thar. tMy fit ,n a lG" ~ ,,- X r encioou .. _ the ft .. , "ptua """" .. "' .... awoo 
By 1m. Sun in.roducod <I", first 1l>U1"~1Ij\ ob~lOp worUu.<Ion. ,he S"n SI'AflCo .. ,",n 10 .-ith dual 
6O-~lH.I SuP<fS"ARC P""-"'" bu, .. the< ,halt ...... in, .. 1(, .... "'·~I' ,be n.m,he. of ptC><eM>t. '" ,h. 
SPARCo,ar.ion 10. Sun.-=I d<],.....-ed 1M 6.1 bot l'IIf .... P ... IIC In tbo mid·lt9Ql-.. lhoush it.o prn.. 
""'~ ,01"'..". much ~ ,h.,. rc.. TbtJ ",?;uabl,1od I<> 1M ... m .... d lhe «><11". ... , __ • 
"h<!o, "",plod ""b the <n ........ d PUt as ..... Ir<rt, ... 1..,." ... 1_ to:> ...;otbWioroo 

C<:toxu ....... '0 1M """' .. t>Ct<>ltb< PC ..... be upe...-.,,~ Lim ... ~,,&$"''''''' (OS). '11> .. "",a"""", 

of tedtnolor;leo ,,1t;m • ..,'y iorIl<> 'M l\oooYuU """",..-.dny-cl ... "",,,, ,,~, ..... t ;1: •• <II<W<' ..... ' .~ drarn.o.t­
"'-'I", ~ u... ~lIrl' _ .. In", ho&h-"...w.m&1l« «om"." ...... """'PU'.I_a! ~iI'" arid pnMded 
ded><01«l ..... "......,..,pu,j"t. lor ..... ~ of ... " H"" ..... " .. lb. "",""""M ......... 1"«1 'h'""'4lt tho I&I~ 19OCIo 
aod ."'y 20000 . rommodlly <I ........ bo-<ame 'M nr:1 thins th .. tMy ... ~ pu,port,"" I<> be an aI~n.otM. 1<>. 

,_~_. '"" P_~. aparu:o .... aod...-. bWW)" .... "'" .two ...... In "1!'K'&U,-tt>t)1ood Wt,-nw "Ix-
oIw","" ua< io arbi" .. ,"" by. boocb ... hod"l .. ouch as J ... r or PUS 

'An ........ __ of, .. __ ...... ,_ .. vr CS 1\<'-:01 ~ 01"""1 -' ..... , ... ".0.-", ""' !;'"">' of. 
,_~_o-..-

·Orpta.ofc.... ..... -.-'-.."'" .. C • , .. ~, ..... ~".,_T_g.""" ~ ....... 
'1I •• ~c-... """,""'_.",,_. &_1 ........ hc .... --. ... 'e-p., .... ~_ .. ~_ P,,_ ...... A'_ ~ .. .-l t..bo<....,. &-_, . .-__ 



II " h \I", ""h"" <A ···''' I''' ' ' ' 'nll'''' ' '''. 1(" 'h" """ " ~I II" ""~. <tkc'","y ~I """"'''' I..,.. oo.~." "p pl "-",,, .. , 
" "n' .. 1 rt,..,,-I"ll ~ 1',,,,,lld ...... ' .1 du..I - ~.o< •. .......,. ~\ 1I ' hlo· ,h. n.-II p,.~· .. !-.d!l' l6.5O """ ,,,,,,I><. I>< 
e , ,,,,,~. , ~, tlch,,& ~ p>.r.lId..-.l. '''of '0 t,·" i,_ .. ·.1 • • ,,1".1 0" ,b.. o.h, 1>'0'1. ""i"ll ~ .1",.-..1 d""",,,l<, 
111>(' ",,,,~ , rc. I". ~ 1"~"",,,,8'. oh"IO' c." , resull'~ .. -1,,<1,,1 ,"., "",~ .ct.; .... lvn~ quou,," ,,,,,,It]llY. in 10n,:01 
""n",w",J Hn .... lor lh. progran. <1,,,<10,,,,, Th ", m ..... ," bUAAi"p' ~ 1'<',,11.1 "Vpl"M"," T"""~ 01. b>"ch 
V'O<>e"" IIL;m ~n ""." .w,.., 0'" '1'1", •. '0 odd" ... ,il< . 1",· •. this P"f"" 1"""'''''' ,h. o'ig'", .,chi,,,,,""". 
,.0<1 l'<,fQrn .. ",,,,, ", ... Iu~tooo oj a ~''''' n '''p''"",mpmc, on • <bk,op box. i.e., • I ~.PfOC"OSOf d"k'o~ <1",,1.,.,­
,n "" o,-.",,,od I""'" box ""d .,,,h "p".1< [1<>""" .,,,"Iope of "nl) I .. " ~·a't. ~'''''n 'U""' ''& L"'p,,, '~ , 

·n,,· ",n .. ,n,k , of."" P'lP<' I> "~""",,l "" 1"IIt,,,, •. s.",,,,, ~ l>tien) expL'UH' .h" o,,~ , n "r tl .. ~!..o",,,,,,,,. 
,1v",,1 y<_ " '''1*''''"''1'' '''' ." " do;:,k'o~ b< .. , ']>'''''~' ~l l v .',. 0"0" \1"il ''.Ne,,,, OT- 12 ..... ,"'" 1 p"""d"" 
.'" ""~,,, .• '"r~1 .,,'orv,n' ... .- tI" ~.~ . .. ,~U (i " , .. V....,\' I I>T- 12 "' ... Ii .. " I ~r""'TIl< . .., 'u",,,1 po.·'[Of!IW"" 
.,.,J""lk>o, " I tl" lIT·. 2 'er''-" • '}'pi(&i f;~11' ~'Ofk>'atioo •• ",.,. F wolh. s..--t".n ~ """"1.,,10-, om _u,1: 

2 Backgrouud 

JlJ, """" 01 'he 0, "'" .\1,.1'"1''''''' DT 12 c.,n .. I,,,,,od 00.-. to the ., .. ,~" .... n,"" nt CI«''' 0.,.,,,,,,- ri"", 
t<, .5 1;,3], ",hkh l",w..",.-1 ~'dl 01 , .. , .. t""hno"~" (.ud, .. romm,xlt" h., d~·a", i. , ,,~x, ""J ~IP1 J 

~'h,", 1><"'1\ e ... ,~· ,'>n""""'" (; e, p<>WOr ''''''''''cc..,. at ~I~o lLm.) kn Old .. '0 ,ml"oo.", the .. hab,I"~ ..00 
a,."dabi l.t), "f rump"" ,)·ci.." 1"0< l>a!;ic ,ru,a I ... h,,,d tl .. DT·\2 .. "" '0 <l<lher ,n., aboo. ... I,,,,,,,,,!:,," of 
(: ' ''''' lK .. ,,,,· Lu' i" ,I>. ~""' f. ,,,,, ,-,r d "1'''''' 1:>0.<." t.he.< fill,,,& tho ~ ,d,n,,,~ I"',fofm . ..""" 1')'[' lA"w,~ " 
""1"''''''''1''''''''' .,,,1 , .. .v,l" ,,>tw PI' """"Ut;,,"> 

&c. '" ~All ~' .. , ..... ',., .•. .1 'Od' 'UI'<''''''''I>"''''-' ~<'" b..""" ,,, ~ h .... ,·th. "t ~'it h «_'1><'<" '" ..... '10 
1><"'-''' ",,,I ' r""" .,....,'"''1''''''' f .. , ",.,mvi<, ,"",L.Ilh lhe .. ,rfMIM"'" .. '" 0" , ".bo<ly fox!, ,h ... >"",ul,·.,,, 
S.U.,Y lo,tM'''.>n ;uer . .... l 2OJO ~~d from ,I .. <3d)' 19'.b. ". ,!Ie ",,Iv 200();, 'h< I"', r....-m.,n' ... p. r " '3<l ar~1 
""rhm.""" pe' ,,_~",~ fo"l o"ly 'mp,~"ed ") 3UO·101.1 ~,)(I t>fl.loid. '"'1-><"""-'1, '1 ~u.!~ .... ultod in 'be 
co""",,,,'ooo or m"",,,'< d,t • .,..r.t<" ~'''h ",0',.. <OOYIJn~ toe," " '" l."d ",·"n . ..""",1. ,,"". I>uHdulV I to hou", 
'~'Uf'<,ruIDPU,"", thus i • ..ning to &!l e"'<IOTdmOf,I; h'r.h 'otal cool d "w".",h,p 

Ti>o """lL 'Oa.«ln lor ,I", i". tlici""..')" h .. .,.,.." th. upo<o<n"Allv Inc,,,..,,,,, P'W'<' r«l"If<n\en .. uI com»U.c 
O<><l .. , ie, ~!"",~', ). ..... ' 10< row" C"""U'''P'''''' I~ , a. I r Whe" nod .. d, .~ mOfe flOW" ,h.y ftoU" be 
'1""',,1 bU' and ~_i,dy ooo]od' 0", 0.·" omp",taI d"'~ ao "",II .. ",,~ubu.h,d ~"'p",~aI ,la,~ f",," ~ 
I,'ad",t , .. "d<>!- ,,,,h,,,.,, tha, ,)-e f,,,lu.~ ' ''co of d <~",p.". ",>(Ie '/0""1" ~ .,10 .. wy 10 I' (1_' f l i""..,.,., 'n 
'.mf'<'atu« .1""," 75'F ",ud l<ml',"Mu,," " plOl"."''' .. ..r '0 I .... ·'" de,, 'O ty 11,u,. 'b" $\'pt"""'OjI"l'"" '" 
,foe TOi':.lMI Lis!. '''G'''''' OXotlC rooli"~ bnht""', ",he,,,,,,,,. th<v .,C>UId "" 10 umdialoo (duo '0 OO',Ofh .... 'in~. 
,nd",<~ f<J,i :", .. l , .. " .he ,' ",,,,,,<I I", 'lll,,,",,la~1< fu, "'" by ,It" .pplioa",," ..::;","ist 

Tn .,iO ..... , lJ .. ~"",.., ~-. .. "",," (h,' S"f>"'o"(lmr''' i "~ ," Sm>.ll Spo.c .. (h"pJ/ ... . iw.L~1 P"'I''Ci In 
1M. ~'OOI ~"d .Ie,,',""" 1""-'1""" lM.,I,li'Li I...,.. .. w """,,",., n,,, ""'rgy .!fin.-·"I C:,..,n 0.",,,,,, I~. 1 ~. ,II, 
3 2'1J.!""'~"'~ Jj • ...,..." lf elL .. M, 'h '" hl ,n A lOl<p ..... '" 1...,lh (, • • lOO'I'"t •• ,,/ fi, .. '" ,.,~ h' I "nd "w.'d 
0,, 1>' 3.2 k'lo~,,'" .. !to." '''''"''' " d"I;~ .... 1. ,~'(] l,oI~I".,,,,. hut w"h 1",1",,,,,,,,,· ,;';I,tl. """" tI ,"" , 
I n pro"" ,>D< C,ny TJ[:; '>00 (, ,,"" 11/2001 TOP~ L"t) ~· "n tu"nl"S L, nl-"-' Io (:''',; Do"'''n), "' .~ ,do-d 
,. hal,l. """P"'" ,vol", ~. " IL "" u" ...,ht.,Jul.,J riownt""" f<o", Apdl :!OCt~ tu lip"] 2<\)1 nil ~·1.1 :0 .otton~ i" 
OOL" r ,Iu,t)' "-M"h",,>c AI 7. 100 r",~ "00.'.",,, Iovel tl"" l' l u""~!H"~ i" ~b, : , ,, ,,, "" """'0<1 OO[ 01,1 .. 
,",'''''enter ~nd lnt" all '<>Hic. >P""~-- ,1L,t d,d nol Ita,', ~nv '-P«w ",,~,n.g (.,.c"",.,. 110 .. "~,,,IOn , ... t",,, 
[,"'" '"''"'"'''''' dl1>t<, t o otlle< 01,..", ullom>!",. led to , ""bseq"",,' "~n>""m"tion n"" " ~'"'. ">p ,I""", 
... e,nbodiro !t\ 'h~ On"" ~!ul'".''':<"''' 1)'1' Il 

:I Arcli itectll !'(I! Ove l" vi~w 

1'1,. 0,"-", ~1"ll"Y,;t, .. ", D1'·12 i •• 1'<"_"''''-.1 d".(0l' ch",,, "'''''''tion .~o, O"',\,m, I~ ' n,),,',du. 1 ~'" 
""''';''''~ """ .. ,,,.2-1" " I ~' ~ : lor one <"hi< ~""! pi"'" 00.< ~'" Ioru,~ Col.,·""I)', ,h_ 000,"" p'''''',le 
,I>< I.,....po~<! 01 a .moll .UPo'CN" 'I"l''', t h~ ,dm'n .. tra"<e c_ of a . ingi. P"~~"'_ '''mp,,''''.' ."d tile ---------- ------' fl>. ,.",,,"," • D< ,'""""c·"", "'M """" ...... m ,.,<t, ""'" " ( :11. ''''rl .,..,., <"".""~, ' ~"'. l"lO .... ,' ~r... 
""''''"" .......... 

' f~,'.,," " , "" ,<J;, .... ",~ , " , t"< , ."" •. ,,""",><,,~, "", , ... ,rO """" •• ,., .... ,,< •• "~ ,~ •. _ ,,, ,,"~ __ 
".' ".,.1 "_'~~ .• "''''' , ...... ".~ •... "V'. "'"~ p'", ...... ~" .. f~, 

'0.,..." ... ,"")'1' l' ...., .... '" "''''-'''1' ~ .. " "".,," """ .... , ,. j_ .'M' "'""" , , ... ""' . .. ~ .... " .... ," .... 
~ " .... "" ... ""'y to '"". "...':oJ,.,. 



It". noi>l', heat , .",1 po .... , dr.'" 01" oon""nlional d .. ktop 
Each compute nod< <:O/113in, a 1,.,.,0'''. Illli"""" P'~ runn;ns th~ l-inux .,.,.,ra';ng ')~"'rn ""d 

1hn,,,,,,"" . I"'",,,,·awa,,, LongRun2 oofl""',", i ~' O"'n ",omot)' an " CI~.1>it Elhornet inlen''''', a"rt '-'I'tlon­
.11)", it, ""n h.,,1 disk drlv< , Th. "",I"" .h .. ~ • PO:OW<' .up~y, roolit\~ .""."', .",1 .,"''''01 IO · G,~t.il. 
~:'I><m'" n"l"",k "",,_lion. (The h."d )oodG pro. in... an intori""" 10 t l ... '-'O ,".or.) 

In ,ho,t, Ih" OT·12 «P'".U 1M m""",t in , inl pliciW ",ith only n,w I_'H pl,<,g. on. p<l~"r ,~'I ,ch , "',. 
momtor oonn«l ion , o~ keyboM~, 8"d 0"" ,no.",,,. AT. kwl, it ~b ie ... I '\ G~Of>' on I,inpatk ... lu l" drn~'ing 
only 185 ... at" of po:ow<r ,e., 1= th~n '''''' loo-",~n l,gM bulbo , (lI." ,h"",,,,"co.l peak .. 2S Gttop,,) 

3.1 Har d ware 

Th~ 0'1"-12 .. ~ d u>«r of 12 .u.-«). n~tibl~ " 0<100 I;nkod by a .,.itd.e<! Gig. b i, E'h .... ..,t labric' TllO 01""., 
Ol"''''' OO "" ~ . in.gle rompu,"r wit h" 'ingle po~-rr .~'ilth .od • 'i"&I"")'8t<m UMj;e rop,d IX>Ot ""'I'~_. 
~'h,ch olio" .. , 'be enti", .y,,"m to COme on-lone in j.", <we, ~ mI,,"t<, 

In 'M DT_12 . ".". "ode fuocllo'" ,.. 'he h.od ,,00,,, pro,id,"~ an irMTI.oo ' 0 'h" end us .. .oo coolrolli"ll 
}obo ,h,ouSOOu' 'he d ,,,t<r, 1'''' o,he! node> , ref"nod to '" oompu", nod<s; Ole ., ... ilaLle to ,Joe h~&d nod< 
for p;ual1.1 «),npu 'I~. When idie, the t....d rood;, ca. .. l>Iso oct ... rompute """" 

T1 ,c DT-J2 plu", d i.«lIy ;"'0" , t and .. -d l ~A o!li"" ou .... , ",ith 00 ' j><'ciol e....-.li"l! OT pow", ' '"l ui """"" ... 
The included I/O h._ d provid<"O 'idoo, koyboald and mou". "",i. 1 """, USB, and Ian «)n'<oI . The DT- 12 
ol>o pnwid"" ~ OVD/CD_HW "nd 0"" 3.," hard d",e on tho t~ noJ<>. The _rrl co." acmwmo,b". ,.,. 
2 . ~" h~,ci_d ;sk rlr;,c pool e",h oj tbe ",he, ,ood .. ~I'bough di>l< ciTi,',", "Io th" «)lnpu ' " " od ... " . option,". 

3.2 Softwa re 

\1',110 'h" .i,,~I .... ) .. t"'" imag. ",pid.boot ~uen"," fTOm Orion ~lul'i.)">'<m> , tb. f/f· 12 app""'" .. mono­
li,hic "" _ihle to th" end ""', "-~ .• Iouin.g Into individual compUI< nocI<s i< typically un __ y. The 
oy".," ooft ~-ate """"no pli,h.,. ' hi< by pro"iding ,h •• ame Linu~ 1eo"",1 on :>11 ,ood;" "ia • 'ingle OS i "st~lIa( inn 

010 the t....d "'xle ,h., .. ,ha..,.] ",",on&.11 <o .... pu .. nod"", E""h oomP"t< ,>Ode thon locally'''''' "",,, ,o,,,,ly 
--.J ciUS4rr I<X>IoI , " d, os "'h. Sun Grid E/lVpe •• ,od MPICH2. 

4 Experimental Results 

In Ih .. _"OIl, ~.., p.--n< nn mOl ioj I"'norm&nce ~"."OO of ,to. D1'·12 and ronlpare" to a common 
~d()p""'n' pla ,fo,m in u'"' to<lI>y. ie " A S~IP wor"lation .. rver. We ct.o.<, ,h" roml""wn fo, "",veral 
r.,.,.,n • . Fi ...... ~, i ' h &Ow"l! duste,. h.vi .. ~ 0="" . 1o",«l da',,<,mt.r ","",or""", , ~'. ",~ue that "P~lic .. ' io" 
pmy .. r", .. " ... have turnod to S~lP-~ ..... kl.Op pl ~tforrns in urder 10 .k,.lop ,.elr pari<l lel ~. A SMI' 
no""hi"" OM fi, 0<' 0'''' '' desk ~'ithout tl .. """" for ,po<i~l " All OlOtl"", or roolloo~ f""iU,\oS, s.w..d. 'h' 
0'1'-11 h .. ,hooi l", d imensions \0 ' yri",,1 S.\TP ,,,.elli,,", .... <1 ..... 3 .simi l", amount of po~", 

Our <aile ... "dy 01 an SMP """""'ion toen'€X 'n ...... l>-.. a 0.11 1''''''''rEdS'' :1600. a duaJ .proct"SliO, 2U 
cba.>ois machine. OU"...,.. ronfiSUTed ~ ,t b duo! 2 Z-C II . Xoon pTO<"<t\oo .... 1 ,,-C B Tfl€mo,)·. ~fid a Fuj • ..,u 
I~ ~·GB 11«XXJ RPM U lru SCS I dri v .. PoACh X«>n Pr0ce:<50T .-r h),per-,h",odin& for. to",1 01 4 Vorl "oj 
prooessors. A Gulck oompalison 01 <I>< DT_1 2 and tho J>ow."I'..d1l" 26W in T!<bl. I ill ... " .. ~ """'" of 'ho 
key hMll ..... ,. dill'",.n= I><'",,,,",n ,h. two d.,'elopme",aI platforms Th. dimen,iOO1.l of the t",o j.>Ia,fo.-"", 
ore neM ly ;den, ko!. ""d , 1>< powor draw, at Iood (i.<., LinP"Ck) '"'" "" np",.ble, 

We rondlK....r numerou, oxl"'Timen" to oj.ow ,ha' a 1"'"",".1 deskl.Op du.s'rr Willkstatioo that i, ~""rgy 
eif.ct~n'. 0 .. 01, as tl>< O,,,,n Mul"')">"'''"' OT_12, co." p!Q'I id< • n>Qn! wltab'" d ..... lop""'''t plMform for 
p", oJ l,,1 C<l<h ,""'" the typi",,1 S~IP "",r' statio .. . ~Io,. i,nportandy, "" de"",,,,,,,.,,, t~"' ,he DT 12 ""n 
doli"" g, .. n ,uf*tmmp"'in~ io • d .. ktop box. Our b<> • ...,h,narks induOOJ SPEC CP U2OCIO. HPL , NAS MI' I, 
ST I\EII~!S MPI . lieI', "'et.'IPE, bonn .. , ond mri-io-teot.' 

• "'""" DT _., ., ...... _ .... , .. to'"" bo odur,"" ". ,ho .. ""nar '<).G""'~ E,,,.,,,,, ' .... ,_ 
' D", '" -"' '''''ol," ... nd , .. """"'" ... """ _tt. .,." , , .. .,..,. '0 h ..... ·"" • • o.:1 I".,."., ... _. _", ... "'" 

'OO""",, '" ,,.. .... ,. 



b ",. i",".1 ,,,,'in,,no,,,,,, rI'~''''·'"",n'","'' ,n,. Elf"""," pn~"" ,,-~:d on t'" Dr-l~, ~l' 1"'1;." "ur.< 
,~rl",e"" Wilt. .he "PEC <:1'1'2000 "''ld'"j"r~. 1121 ,,, ,"s (,ro """I a-'''I)J '''' 1"01>""" g I J "I'd ~"h tho 
1>.:>.<1,,,,, "I''''"';<3t''''' <.pti""" -tl3 -IW -' po. 1~b'" 2 ,h""", YU' ,,..,,,11,,,, r","ul .. The UT·ll J>t1uc,ro:;ltI 
10, SPECmt2Ol)J an~ Jr.>! for SPFA;tp2GW wh,l. ti,. r,umbe,. fur the PO'O'c,]'. 2t«l ~· .. ,e 792 and 7:>1, 
, .. ,,,,," 1, .. 1.1' (l .... had run 'he """'. <u'<om' ...... (bu, ?'o~r"'t>lyl l"~h perlo,m""," 000< morphinR "'(''',"'0 
~"thoe OT_12 ""'~.., d,d OIl G,,,,," u..",,)'. tbe !I"""n~_poi", pe,Io<" ... n • .'. ~ould h:n'o impw>,-d by al""" 
" 8 to 'he '~ighbo<llOOd 01 ',;;:, fur SI'EClp~) 

,I"'wl i,,~ to ' ",' ~PF.C m.""""'",",,,tJ>. , he '""'eO< I""~" ,.".,,"" '" ~ I 1-G It. Fffi<'<'"' I~""' " r""doly 
.... u.,·,," n' "'" J '.(;11, 1" ""U''l .; (i 0 .. '"''',.,''' 5'~ ""d ~I II .. ,,· ...... .'!. ,ho; 1Io.",~ poin, "",I .. 'm~TlCc 01 
'Il< Ellic,""" ,,,OC<">,,,,,!oe. HO' ' ''''V up ~i tlJ the 1 :, ·(:11, I'.""u,,, 4 II " .. b<, w«"n :l ~.'1 ",otl :";" rornp"'cd 
'0 tho Eflkrou', ;15~J l>i,ho.!.':IL " I,'.,~ 'WOu!,' h;" e ,I Tror"m .... Iw.d ,I><'<i tJ.e p,,,,o,"v,e:ol hi~b 'pe,lu,ma,,,,. 
<:<t<l.-murl'hilljl ""'tw,,,. ,I"" ~.". ori~i~>.l:\· d .. ."Iop<d fur U""," flo~t"'v nnd tailor..! ..,...td. il<rnti l<' 
« i",.,,,;" t<"-'", 

0", """ '''''''1. II PJ. t61. " ;\ f""'ly a>~r.AI,'" .mtw, ... I .... k~ ,hr" '"1''''''''" ''' (h~ Ihgl,-p"wn.,Q"' 
('''m''<l'i' '~ L"V/I<" 1l< .. eJ"" .. k It "'10-.... 1\ (' N,d ... ,,) ,t~,1S€ Iw • ..., """~'" j" ,Jo"b" vn"»Jo" :61 bj",) 

""U""",;'- 011 (ILso n!'u'"I-,"",(Jo" Y <"00111""0'" (I,,", lU'I """I.", ...... " 'U'I I I oon 'pi"'''' ",.p,,"""'~i""'" 
.nd ,.""" th .. 110 .. " [. "',,3< .... g.b,. ~ut'I'r<>r;",,'" ifll .ASI or ,t-,. 1"0<10' ~,tIlI"l 1",_ 1'"""",.,'1\ l . , tx~,,· 

(VSII'LI U<I",,"II) liP 1 .. ' """d .. " I "," I, ),t., "",,h ""'I>""' \(\ , t>. nu" 'Oer " f P"~''''''''' ",..1 uu ,,"~ ''''''i''~ 
,,"""" ,'" u>'N3,1 p. 'o/y",,~,,-... " .... , •• ""hut,,1 '" II ,< 'j ,,"ot, " ('P! 

r or III·L. tho I'T I~ J eh"I' I~ f7 (";il<.p« .. ·h i., 'h~ J),.11 P""~rbj~. 2:.ro .N,I", ... ~ j Gflu:oo. Of ruUGhh 
,hff,e Urn"" .1""" th • .." , ho· U1 ·1~ Sm,'", the 0 I II I"., '""h< p<'O<"""'" <omp", ... f ,,, thr t~ o pro< ~"""'" 
in tI ", P""'<rEd~ .. 26:.Q , we tnl .. that a Z:! C llz Xoor, I'roce>M)r lH',iurm. "'gIL,h' moro ,han ,~""' .. I,." .. 
A \. 2 C lio EffiN"On on 'h", .?~jk'."ioo 

In ,"or fin .1 CPU , .. , ~'e ".n «p"nme,,'- u'"o~ the .-; ,\5 PA,.: ltlll<<><h"wk" (~ 1'B1 11' Co I'""" ... [" 
they ,,,.m" Ih. (Ot":'" '"'''''' ""~ J."A mm'~""'" ,h"''''-''',''",,'.., ... "Wl"~,,,,,,,, ' n ''''''1'''''''''''''" ~"id d) 
,,'mH, ,(TO) KPU '" ~I "" ~(H""" .nd \11'1 1'1, ..... 'mph .... ,"""'". , ~·I"d. ~,. ,,,a,,,1oJ Lo I", '''" 
~ th I" ,!. ur "" 'U"'n~, ~Pf'>n","'A'e ,~ ( .... ,..... ,,",,"', th~' " t, plC.,1 ,.,.., 0.'" '~I""' . , fn.m • po" ,", I. 1',,011, , 
p,.~,'''n '" a d",,, loJl,'d-rr ... ,,""Y <Q,u p"'i u~ <P"'''' 

IIi ,M""'M ,~c ",."le, in Tobl. ~ ""d T~hl. 4 fron. ,be ,!au A ... "d <'I .... , !l ~,,,,ltk,,,d. ,.,,,,,,tll·cll· \)1" 

", I"'"' '" """, . """" i" "'In< tost-, "'. onll o>b&. ,,.,.u ,...~c l " 10' < ..... ,n "'umbo. ... <>I~. 1'01 ' ,.",»><-. 
~p "od In rOG,. i", ,I ,a, ,I ,. n"mbor 01 p~ be a "'1 UM. ol.n ,,'u>;., th."""",~ .. ha'" ,""ul .. r",m 
I.~. "-0<1 ~ proco=or< 

In ~,,,,,,.I. "" tn. numb., "j I>I'OC"",""" "I<"'~ ... , the DT I~ >caw, ".a,h· h""",l) m ,tIe Lt!. B r, [I' 
,nd t"G tea. Th, FT. ~lC ~ I ' ond I" ,os<. do ",al. to ><lnl"d.-t;"'" on Iho IJT \1 alt""u~h!K>t 1i" .... , I, 



TaNe 3: I'AS p""ollel Ilene"mOT.' Ch", A 

l~ble 4- I'AS P",all<l Bencbmatk.s CL=. B 

II~~, b<=" .. """'''' ,,{ Ih_ tftIl •• re d'l",nu,,", "" s;-.u.m «>mpoo"o" ~,~ p~r. l]oey .re 
no< ""pe<t..-t to wol< lu",,,,]y In oon""" . t he P""~r£dge 2650 d.,.. "'" ach",ve linear ""..t~bO h,y 01\ any 01" 
,I>< 8 NPB t"'''''!\lId ,.-o"ld provide pOOr f..ooback on <l<moo.;trMin~ ~-h<ther a ~rollel rod" IS Ach;"vin& an 
"xl""te<ilin<ar . pe«lup 

4 .".! lI.-f enJor y Performance 

The STREAM benchm .. , ' /13[, ....... "r'" tho " 1£1",03blo memory bM.d w.dth ""d 'he cc.-... ,pondi~ oompu· 
lolion roU. lor ";mple '-.:<tor ke,.,,.IlI. Th. STREAM b<neh""". It .. ""n d Lfierflil oompon<nts wh,m "'" 
. ummarlud in Table ~ 

W ..... "'d tl>< Ul'T "<"'lOn of STIlEA.\i to lcst Lh" ><oJ><hillly of the men""y . ubo;-,"'m_ I3ach l",t ~.,.. 
""mpil .. 1 wilh ~IPICH2 IS[ ond n,n t IL"", Ii""" with to. ... , run US<I<I in our ","ults. FilIUle I •• hom 
Ih ... ,II< OT _12 oclIie' .... linear ocolabi llty whil< ,II< P""~rEJg. 2600 in Figu,,", IL struMI<> to ..rni~,.. ""). 
'pol<!<hlP Whilo it "' a l ~-o-~-ay S~II'."d .. en P"""""'" h .. h)I>",_th,rodiog ('Iw",by ha,-Ing ~ .irt,,01 
p,..,..,.......) . ~~ I".rdl), ""n..., a ,~up ""'~ 1 10 4 ptl~ on IIt~ I'o.;"t:.d~e u:.o 

Thble~. ITREA ~! T .. ", 
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I '- I • -, / \ • -' • 
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" " 0 , • • • " .. - --
·1.3 I/ O Perl" e,,""I,,' e 

In o"kr '0 t<=<, _u<lit",1 1.'0 p.,r""""O",,, ~~ u",.] bonnie i21 lJ,o"ni< ""rr~,rru d 5<11"" of t ...... on a [,i< 
~f unb",w" ,i,,. It ,k>< ...... L>OnlL..! oU'pn' us"'~ tb. p,"dl "flL" ".""ro. ... it"" uJ.x k. ,,,,jog the writ..,( I 
«>I"m~nd. ~nd ,,'~'ri..,. bloc.., of .. ,., 1~ h U lroad.> ,II<, "10< .. ]"'Q ,,,.""'')' d"'i ... ,t"'n" ""d ~'M\ .. 'I •• ", 
"n" XI It do • • ""'lu<ott,,] inpLLt ""Il<. ~"t«) .,Kl .ho, «adO oo"",,_od 11", t ... ",,"Il]:" <." l><> •• ~"ifi,o,,' l , 

nlf" ,,,I hv ,"" "m" ,,," of 'Y"o'" ,"""""" 'va,I.~1< ,lOCO ~ "IN> .• to "<llkt«! on n".' r,l~ ",,"',," 
II",,, ...r "", " .. " 1'1.\10'''''' IU<d .x,3, ""och «n."o!}' buff .... ~ M,,' '''l''O<'' ~ h<"~' ""'m(") ... "·,,,I.-.LI, 

II, »", u-l .10. "'''f'<\ file , i .~ [,,,,,, ,1>10 on ,I", !.x,1 hie ,,'",e," (20-1. ~Hl) I" ~"' '(,>l, S, ,,,,, .h" " • 
"",,,,,,,,,,11 / 0 l"" ,two lJT-l~ "sn .,,,Iy 'e ... · ~ ""g'" 1"""'-"'" ""rl ~ ""&"' ''''''"'') [I CUI f", I.I~ 'l'''''' 
i.uif" '''LII n,- l'''''e,E,I~. 20XMJ I .... l~~h ,I' I'''''''''''''' ~Yri, I >l,j" .>oldl ~ Gil ~f """Wl for 110 1"'~"fl"5 
1\"0",,,, '''' file ", •. I' 20-17 \TR. trIO" (,(Ih· file 1/ (1 ,'M ~ bcd",,,,1 ,," " '" ro~orl'dS" :!6.:rO, r'._lt ll,"~ " 
h,~, 110 fH'rlor"."",~ ;l ..... alb<" '" ,.ooo,l), W'.I,nr. '" """r.", Mnd 'Kl' '0 .~. a,,,"01I,,,,~ 01". ) r u<.tt. 
Dl l~ . .,,, ,,]"" ,...,,,,1 I/ O ""'= to a uo.>d'. 1oc.J "'o,,~" <nm.lj;h ex,;)...,d to """",,, """:;.~. on """d .. , 
",oJ. L""'g ~ rs On <~ l'ow .. rI'AlI" c'6JrO ... <t"'~ '\rs 1"'Iorffi<'''~ ,1..,.... nOl ,,,.-.ko> ... n .. '" OOIh P""""''''''"' 

h~,,, """""~ ,"." I,",~I ..J1>l; 
110. ",""I" fo! -*'1,,<,<,,1"1 ""'P'" "on "",,"'""ril '" P''' 0,.. .,,~~~n I" Fle." "'~' ,I , «"...,'KI. ther. aI>, 

c""~'" c..-. roc ""lA'"," .• I " 1.1vd • . ,,, •• n" ,I ... "lock ,...d. ,, •• , ~'" ~'ud "'!II"., f ..... " '" p. ... ,',t.d!< 2M'J 
01"" '0 ,I", m=~ loalfeTin, • "pOirJh'"" f,,~" 1'"'"lJlg "",.." ,,,,,,,,,.-.' 1><' PfVC>""'-', II l .. n j,onnJ~ ,e"'''' .. 
&,. 'hro,,~\, "FS ,." ,ho, UT· I2, ~< , ... tl,~, ", perlo<UL.!nt-< , o~II\' .ulfe" du" '0 fetlhinl\ dat. ",or ,be 
n<t~u'I...oo "~'''li"g it 

• ", - -_ .... ,""'..- 01<0 -.;""" ....... .-' - """''''--r .-- '~""M _ 
0. •• ~""" -." .- """.,,:- - r ._, -, "'.""'" 0"",,,-.. , 

I .,.",..,- '"=- ~ "' .. ,"'-. ... ..., 
::::;1 .... totO ,,,.,, -",_ I - ""."' ''''''' " "... ... ,-

! ""'"<-,- - -.... ..,-'" , -, , , 
! • - t"!! ' 
_. 
_I , -
:~I~l 

, 
-I r , , 
,-' 
,- 'mR'TZ 



Our ... ...J.h~ I/O MI .-"". pad l<4 I/ O ,,~\ I ..... " P\'I'S~ h'ot . ",,,, , ",1,,,1 ' ''I'' .-.."''' '"P<-i<,,-te<' "".pio· 
~·n" .. 16 \IB V<' P""'_" ,"I" ~ <I .. ,,,,~ r.Io> "",I ,.",1, " b,",~ 1/'fOugl. ,Joe .\ 11'1(;112 1\0~110 :111 i" .... ' .... ~ 
\I'e ..... up ,h" Pl' f~~ tll~ .""'" :1~, a .., ' <-t,. '~',~I",n ]",,,., 1<1 f,i< 'y,,.","" I.""" d ,,,,.· ,," , M LI;. ,,,,,k;. 
I<r .,""n lIr< hJglr f"""',hl .. l..-.lLd.·.d,l. 1'01 th 0]'·]2 phtfo,"" , ~~ ru"~~L"e.J All 12 ,,><1., "" I/ O """."'. 
~','h "'O' 1.00.' doub!",~ .. ,h., 1J", .. >d.t. , .. " .. , r ot 'h~ P"",,,,I~~. 21>50 pI.,forln , ~e COIJn,..",td 2 I'''''''''''''' 
..... 1/0 .... 'WI'< "',," on. douoh"S'" tho """...ta'a """,,, 

-r",_ •• l! T'" ---! .- ~ - • 

! . - r . I 

• '-1 :- : , , :- ! 

I .- 1 

-' . , 
I -' ./ 

-' / , -. / . -, • • • • " .. -. 
F i~L"o 3 1("",,1<. uo,n nopj·io-, .. t 10' both ,o.d and ~·"t o 

Ou, ,..,,,1,,, ,Ito~'n ,n r.ttl,~~, ,"d,,~" th'''''6Ioh, h.y of 'h~ OTtolJ 1> I' I~ A,~, "'-""" "P ,h. ""nIl"" 
Ill~. n .. ~. d""" '" I",,"r '1><"«l"1' 110 I/ U bond-..,J,h for 'ho 01'·12 flow,,·<r. the po~-",~< 
~~, ~,(I I/O oo.."dwi~th l> PI,"," c'''''''''''', I><'Wffn 1 .nd 12 ~~. In ,Iu, co., •.• p" "",,,,,1 d-sktop <:1"'1<1 
.. ,,,lc-tot;"1L hi« ,I", OT·12 ;, ,'elY ",,,,,1>1< klr p.,allol I/ O oo-.k>1'''''"' I' < "'''''lLg 1",011,1 ro.id! th., u.;o 

~Irl-I OJ 

A 1><"",,,.1 de.ktol> c""'" """k,,-,,,,,,,, , .. , .. I , ..... h",~ ' ",'<Ial VOW'"' ""UIW'J<lL\S (0 t " , 1"",1<1 I ... .010-
'" toe plu!,!\N in'o ~ ,,,,, ,,,~ I ",.11 ... d ,, '1) W . .. ,·.1"' ..... 1 , .. P'-'~-" ""","un.p' "'" of tI,~ UT ·12 ,-.,,"" , t.., 
1'0"0"<' E<l~~ :l6jO u>,~ "'" HI'I , I""" n",~,k [" ",.,Ie..- ~J u. "',,'" 'he .y.to,,, '. 1_'" COI",umptlO!l , ~ .. ">«I 
• Yo);,,,,~ .. ,, d Lci"" I""''' u,,-,., ,h .. , ~. ,,0 pluW<l ,,"(, ,I", "'''''' 11""" ,lrLP "" tho '.I">1<m n,.. p<>v.w m«<1 
"ootrmrouslv ... n,pl<d ,h. 'n.,''''''"'''''''''"' ~"''''~. a t . '3t. 01 ~ kHz "".1 d<i j,o,-,.d j" .....wirwo to a ptohli.4': 
<OlI.p"t~' 

11 .. "·<,, It; ,,{ HI'L ,u""ln~ ,.j,h 11", 1'0"'" m",,', VIUl'&'d ilL ~,,: <h,""lL j " '10.]",- ~ \\, i,h .... ,,·.,,1 ,,, 
fk' ''''t-'''''''''H'''~ co"')XI",n!..l, tn.' DT_n h ... I~ p",,""""". J2 OR..r ' ''' 'n<H·.'. It 1,;,,,1 ,I".,. ""d "" 
I"'~rnol ""tv"" .. ""," I",,,,d 10 ,... 1'.-..., , Mt." '. '''''' j1roc""' ",,, ,,,><I I 5 (; II of " ,."',,,)' "" 01<:'. .j" k. "!lei I.' 
tr,,,,mol """,wk S"'~I"'''\jL,I)', ,kl1'" l~w'"5 "'3"Y ,,""' .. """." ('Or;.urnLlLJ wlhj)On< nt.>. ti« tJT I ~ "tu .• l.,I" 
CG""UIT...:l },-"-, I" ,,<,~ 'h'", , h. r"~· .. , I·"~. 2ti'>O W["'T' n,"'''"~ I ..• n~ ~luo::h of ,boo O" .. ~ ",vjo, .. '0" t", 
~""b",.-d '0 th' T, "," rr",," I.ffi<""'" I"''''''~ ," I" "'ld ' ..... ". ,I\" rn I ~ "00 d. lh"', ... l ~ P'"ffi,m.-"'''~ /pu~er 
".1,,) ,I , .• t ~ .. , 'her tI" .... ' ~ i""'" I",,,,, th.~\ ,h. P'M. ·tI'-,I!.' :/1.'>0 

; 



5 Cou cluJ;ioil 

II ..... 1''1'<' ... pc ........... A ,_ f,...-. "' .. ' "'1"''''''''1'''' .... 10 J<.itoj> too, 11 .. 1""1k-uW .D<.'W4' .... ' 
d,., "'. </..- ,,, ~.-.Iu.o'" ..-.. ' " .. 0......, \1..1,,.,,,,,_ J) f·12, .. ""b ... n.....IlXl ,~ ..... ,tc. dl\r:""" ( ;, ...... 
u..."" d",'~' ,ba! 6:-"'IU~1 10, J., .\,. \.,.. T, ... " l't. DT 12, a 11 ~ p<.-..I dook."!' 'Ul><'I"roa:l 
"""" . ..,1un8 U CiIopo"," Lmp;oci. ,,~rk "PP",~oorJI I~ ........ 3lJo.d. ,<SU.l.~ Ie. p<,Iut~.~u 
""I.., ,luI ,. "'~, .10(1-, 1>< ...... h ........ , ,~~ SMP pL.tfu<m. 

II" ....... .oJ",,, .... , ........ '.!).h .. · of ,be U1- U "" "....W-J,O loUtfoon, ,.- ,,,,.-... i00i "" ....... , .. 1"""_ 0,,, 

•• ....,.,""'~" ....... ..J 'b4' 'hI' p..........J <Io~~"'r <I, ....... ,.0.. ..... .,.. '""" • """'. "'" lui I .u. .... ""~I r 
1>-.... "" , ....... 001 ftlM'"" p.-.raI1OI "1';>1 ..... .,... ........ <, In' .. .,.-Ic. ..... , _ \:,..,., d .... ' "'1' n~""" ..,.... tl ... 
()I 12~" .. .d ~I"""".w",.,_, .,,'~ ..-._. '" (Jf<.ore>oo" o· .. r. ..... ,. _~~. and I 0 Tr.oo ra-,F<l.,. 
");,;0 ...... ~"I' '"""" ,n"",. ",.1 ...,. f." ...... -../I, ......... -mll luru .... OJ no """bt.;"y ... ~ , .... ,..-.! ,I>< 
"",..LIdIom of ..... , ~-'I"""'''''''' 

R cfc l'C IIN!>L 

I, 0 J 8«1.« 1 5''''''0,._ U "',"'..".., J E IlNbaad. '" .-I. Ila= .. -.. aDd C I p.ocm Bt:OWl·L. 
_I _ ..... , .","'<&t_ iuf «>t'!,.,/i.r: "''''1''-'. ,.... !D Proc_ 01 II .. IY':; In'''''''' ...... C~oj"'_'lC • ... 
P4,tJJ,1 !'run. _ (/CI'P!. _ 1 I -1·1. A.,,;uo.t Hi':'; 

II t ... ~ ~! .. ~ ,n,. ~ r_ "'" ,.~"""" .up<·'",mp<""'~ Af-:"lI Qtu;., I(h:>l f..l O<"*,,,,?CJll 

,1' II r,·". n ... 1m."'" .. ..". <>I ...... ,,~ ~,.. r--<-< ,n h'ei>-po rkor-r,...,ce <01"1'"""$ (:~ ,"""'"""" .",,­
n<~"...oqr Ih'.~. IIJ, I] !O,.lugu<o .'()O;, 

II ~.n~ I\. IIAf,~, . ..,<I E \Ie";" !"b. tol.>do!d booo.'Ull 0\ ooo;t",Ifrrt,,'. oI""oau"" to tr~'''''''''' 

""""Oill, In l'rDc oJ Jh. IE£E Inll C,,~J "" CI1o"" C .... p"' .. " s.ptemb<r".'U1! 

.. HVI 110< .... - P"4\.' ~<cp 1/,.. ..... . nnllb "'&/b<In<O=.o<k/hjll/ 

17' (' II" ...... II r",,~ I 1-""' ........ fUn·t",,,, -"",.", fu, hot~ fl'"th-",,,,,, ... """I'""'fiS I" P.-or 
., ,("200.> 7 ~< IF£f" 1('lf ,,,,,,,,,,,"'...,] "',,01, "'ftC< ,,~ H,v/t-!" '1"""«"" C"",~, \,<,,,,,,rl,,n~, 

~,,,,"q<' •• 0<1 .4",,11I""'~, )l""""lo-< ~ 
, ~If'kh! hum.. I~' OCtp,l/wv ",,1< &CO ",,1 ~oY/~p'/"P,ch~1 

'I, /II"'I"",.t~. I>«<I,n ••• " h,"'", pag<" hUp II""" ~ .. n.n_&ov/S<>I, "u4/~?B/ 

,/1\ 1',/,1 1~'""'lM" h«p /I""""' pvt . Q'''pvl .. 21 

,'1 Q ~'_"I..I ~I,.I." ,,,·d J (,;I .. taf .. ,,, 'l"P'1" I , .. ,.otlc 1-'<'''''''' ,~ok ... "d"" ".no,n' ...... ,·,--".u"'",", 

". 
,131 S~,,"ln.l>I. , .... ".,.., l"",d"'Ld1!, ilL 'u""" 1.,,1, 1 ... ,10",,,,,,,, 0 <'-""pH ' .... 

It ht'p __ ' .. ~ . .., .... ,."",, •• "lui.'''''''".' ,.-/ 1",,,1 

I II kn .... ,· Th'~\" \I L!:I,", r:",pp, ."d £. , .. " t. ... k Or, I"'pl~""·,,tln~ _I!PIIO pmtahh and Wl,b high 
r><~"m.,"«' f" p,.,..trion?. uJ u" ~'U"h II ,trj,hup on I"p~' '(}u'p~1 ,to P~,"II,j .,," D .. ",b."J S~I"'" 
~.,~,. ,~-." 1'0)< ' 

.: \1 \I .~"" I' 11,·,~it. """ W F"t.~ Il ,~h ,1.,,,,,,- cvmp""'" \ -'10 p'"""""" 1_'LlII in O"~ rubie 
""'1", I" p"", ~I W"-'oJo!'> /loq/I I'''J"''''.~''' \ '""""j '"9 I, C"'"P"""~ ronf-. /1100'101"", 2'1O~ 

• 
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