TeiVia a6Tafuiafc 814 ¢ 006c BARTEOIA6CO TYOT ITTOVEUT BOTEVHGPT
576 a4eV0T6T SAMOOUOARTE0 016 4Ti0 ADATARAAGOYO T TOVITE BARV+TOT
AGTAOUOCOR0 OOTTA0MIEPO OTEDADATANAAOIA0 ABUTC 64 GOV ADIDAAT 010
ABETY +APO0C. Wi A0ARTTAYO 816 ARUSTI0A LGOUOT 84 PAC BBEETOTATYT,
8h74¢ BADAGRAGAGTTTAD AtA GBGOPTA0A ATUIO ABATARAAG0P. OT ABTOVEA0TA AT 4s
BUO Tt A4I6A0 OUT 66+6fpT Tc-aiciUonT STesadepT ADATARAAGODT AaT
8174 ATUETAR0 600 ATIACHEPO Ay TATPO 6160
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t6oTEeU, ¢ 6UoC 6co
aarnuo oaf
OOTETAOOPT YadiTa
OU0 ¢ AdUATOC 6o
CPU atoeacdtaruoar
éled 40T +nlita, aip ¢
+afigoeliocha 6¢o
TiP1co aloeadtazuoai
éUed 1.5 +nuita. ¢
Ociantib aariu
11Pico aak+iaé 1t4
a6Tcgoieb 6U6¢ 6¢o 06 Po
0co, Ut 810 Todeaoa:
O0TT &rey 1aa0er

a4e1l TETEEPAtIOGO.

T 1(efiTadaTanaacobo 6502 8T6 boal T eaiofeio 40aTaNaa6oPo 616 SAUIGTOUATS
Apple I éa& 0160 Commodore PET (danrooiloocéai 6éoa oYéc 016 1977)
00aENRtTUTATTO 14 67T 68000 604 12 MHz 06co Motorola daRTOOAzA O+ V1

BfTo 20. T 68000 GiUo -4 4T0l60TE¢ ABUATOG 64 BAUTAC
11/780 o70 6anT6erooc;ea 0T 1978. Acéaab, 0T t6+0NUGART VAX

\ 00 ~ 0~ 2

a
40T+P0 &Ye404 20 OTAYO 14a4éy0afc AdUATOC 04 BAUT&0 aédnaltii 4dT 01
aioloore=T PC.

s o~ ANIATA ~--r - s m

Téa oodaeénieb 1Tilaa |Yongogo (e] o] |6|n|y|a 14 +AcoHiITATPOTO1a alTfaé ¢ VUP
(VAX Unit of Performance). T¢ 8OTETA00Y0 Apple éaé PET &+ai adtauoao 6&o ia

0.05 VUP, a||o AT0lo0TE+a0 PoaT ea&¢ Tt adtaldaio oul dfipoui PC 13 adatanaasdob

AN &

8088. A&eayit +flita anaio ﬁé Yi4o Pentium 00 66MHz &taéYodt t0+y lo¢ 14 64.5

VUP 87106 6¢ialia 8o ¢ 6+ (; astatoaut aruo adery PC 610 '78 (67 TOTIT Uivo

&1+8 tacdo aOkaLIGA0 4ARANTIT 14 OTT 6502 BTG &16Aail00ces 61 1975) 14 Yia adél
T6066060cea o1 1 URGET 676 '93) ¢0Tyda: 14 1:1290.

[

oOcianéit Pentium (8716 dan

ViTETEEP 0100 &A0TRU ETdUT 6Ty
Govyo V6o &6T 4O&TANEA00Y0 Oal OC

aecianeyo anUT&d (+AUTTO &A8A0A0TTY = 17.58 +fAliita
+AlT

atoeé

C +fi
: e

¢ é 8088p 1040 adEYd
log(2)/log(1290) = 1.7

a0aTanaaocer (6+yo
-I- 6- - ~0 ~/

1T aanel 40Tadéou

|- -t Q0

1ita) @A4daePaTdia O0T 00idYAadia oud ¢ i
e 6T 56

é éaeuoal eUea 1 7 nuna ere 6

==~ Zmmm~ O

Ao aryia enoui ea elot aaorndsen: Ao 6OTeYOTdIa 1ok c’) aentine |° VAX
11/780 673 TOVIIO ¢ AdUATOC t0Tyda: 14 1 VUP 14 Yia VAX 6716 1993, DEC,

adaranaaoop Alpha 66a 200 MHz (o|ona A3l 60aentiToia aéalanaaooYo éééU
OOTETAOOYD). OT VAX 076 '93 &laeYod adkauocdio f0&o ia 1109 VUP é&

Oz oL

Ai0:e4e00p 1040 04 A34TTYiA GOCT OATCATYTATC (OUOCHA (+AUTTO &OBAGAOTTY =
15 +Auita * log(2)/log(110.9) = 2.21 +iuita) anloéTrdia auo '| nU| To aideacealTy
0Co ¢0+yT0 &iTaé 2.21 +Alita. AT 4eATOTE14 04 40T danadUit adT&eYoTia0a ea



4 00 1YOT UAT, 4 &ad60poTo1a dTIO (T60I0, T +AUTTO ABEAGA0TTY &iTal 2

,A...

4 (1.96 at4 0cT aéntaata).

OV AACATAUGANRT mini 676 1978 Poai 20 6TAYO oa—yoanl 40T 0T ¢6+06nu0anT PC, aip
T ¢6-+0N

0T (6+0RUGART mini (server) OPTaRA 44T abi&é T04 2 OTAYO ARCATAUGART AT 0T OFY
¢6+06f0 PC

04 aitledde 14 460U BT6 6dTPetio BtO0ayTOT Tt DAROOUOANTE, Té AdAN0&0 ATli0
tasaloana AnPATATO OCTaNITY AOATAREAG0P 44T TOAET T4 60 DAMOETEEO 08+ T6EY0
06+3ata0iTy 60U eata+uncopi (registers), 0UIT anticoiepi éaé éraiepi irivaai
(ALU) b 6¢o 1iPico cache. Odci diadi aielocoa Ue&0 A&6OYO WE 08+ T6eY0
001 8aneaiaan "lYl’ 0 0cO 0a+Tteb0 480YBAOCO DAMEGOUNARLIT 0CO 1640 ATOTEPT aia
Bye&T ATETATY, Y101 bPac +AcHiITATICEd adT &Tey daéiU 66160 adaTanaadoYo

AN -

oui mainframes.
T UATO "superscalar” aTaoYhaoa: 6'Yial 40aTanaacob 810 Y+& 0¢ a6Tadlogoa Ta
860aeYOH OAMOOUANA0 AOT T4 &T0TEYO aia eyeer AvevaTy. Tt aé Tan C

Pentium & SuperSPARC &4eYordi &deYo 1TTU&80 &éoYedoco aiorep

Az A

[
18TATYT fa aitadréneryi orey ayéréa ooT AUET 0co aidepo 6Adou+hATic
460YE&0Co. ATolO0TE+4, Tt AD&TANEAG0Y0 PowerPC, HP PA7100 é&é i860 |6|'r”1'|'y|’ éat
A00Th T4 480AEYOTOT BAMEOOUNENA0 ADT Tt4 ATOTEY0 aTa eyeer ATETATY éa 10eto ﬁé

ATOTEY0 &A0TA&NEPO BYOCo. ASTY ETEAUT TE A&MOOUNARA0 AOANTTAYO ATE 6AY+T0
aba 85%, aeaaeeao[lao
0P0

&= O

s AQ ~ 2

0604 PC ao16asryita: adT onUTao 08TETAOTTY aéanaiar é
. . 0/ g

a i

aideelatiogo éada 15% éaé 6-aaui eaeuerd onUTan & 00TatadcdTéPoy, ¢
407a0U0coa 0aB0U+ATICO 460Y8a0CO dTéépi SAUTALIT AGaRANCIT OOTT & +AUTT
ahiat aracnaotel aiaaoyYATdoa

OT ayniTo 616 atayerd adaviviai

(; aaoieb aroeail ogo iTT04ad0 ALU aifuo 16enTadartanaacoh aifaé fa araoUza
TEEWEEL) 6'|'()Ué(;oao A3arIVTOT, 14 aa+4neada TROTYia aoT 4doU e& Ta aeelndé
OT8y &autana. Ata Ta O adiy+ak adol SNV Ta Y+& O00Ta+h adETETCIA 14 OCT
gaTonepr 1ibic 010 OOTETAGOP. T Adeilo adid+tad 0co ALU 60TT AUET 0cO
aranoUoas AdT 6T AyiTo 010 &tayeTd adariyYiui 10 00TaYa: 01T anitel cotell d6MPTa
0c0 ALU 6tio 11P140 DRAM 016 8aionieTy addTanaacop. Aap aéfitapo Y-161a eat

oci aioUitég 6¢o ooYluogo OT0 6a THeo1YTao Bant

Am = O 7 mmay Amans

Neumann bottleneck. 00T Apple Il, 6T ayiTo 610 aé’ye 'O 43aTIYTGT Poai 1 byte
g4t ¢ 6o+Tuocoa ATETATY 1 TCz, &iTicdd oréy adél bandwidth 16T 1& 1
MByte/aa60anueadoT.

Atéo Pentium 66 MHz T TOWT0 &i& 1290 6TAY0 oa—yﬁ

Apple, &4eYodt ala6eT ayfiTeo 64 bit (a(;eaab 8 x 1 bytes) éa
O06+TU0coA ATETATY T40 alT& T4 A1406T A4&TTYTUT OT0 aﬂl’ée

- A LN 2o~ P AN 2

a(’il aoom 0|o 6502 ere 6|o aaf!—lae eaeanU éuo ¢ adeoltiog 0co asual

Do
31
o',
[N
(o]
=
-

- o
a1
o
N

-\ O

o O\
N o

@ o.
(@]

- &
o =<
o
(@)}
. QIJ\
§v) ‘<;
o O o

- m\a
O: an
- N

o
>

(@}
O m/ O
\ O 2

=/ Qo >
=\ =\ )
C: -

1°)



OAMETARS OCT ABUATOC 016 OOTETAGOP, a6ty aneadl 1rioYea Pentium
E0EETOUNRCOAT T4 ayiiTo AAyETo adeTETUIilao 1a0aTy 0co AadoanayTéoao cache éas
0co éaioneepo 1TPIco, 1UTT 32 bit.

UGOUET, T E48TRGTI0 010 OfadianéTy aynToo 010 &ldyerd adaviviai &ia
6 6808 1ed6¢. At BanUadiaTa, T MIPS R4400 &taéYoadé 64bit data

o

bus @& afa Ta+Uftoou 128 bit data bus OTd &d0RYD& OCT adETETTITA 0T
40aTanaaoob 14 oci 4adoandyréoa cache. Tiwo, oyiotiia 1a 460U &10 adaia
OATCATEIYTCI0, 84 W A6T 0ydTE cache ATD &AYOTdT Té OCTARET T 4OATANAAG0Y0
alTat 68ayesiTt ata 6c AyTcoc oUT Adtaloap i 6160. Tou0d aTadUzTidao 61T R4400
40T 0c 6&TAIU dUIT 4dtaNGANIT 64 0BTadA0TU 14 0T &yATO 01O &tayeTd adarTiviai
431 10TATY14 T4 43087614 6618YRA0Ta UOTT aoTAU OF dRadTaneu aynro 616
AAyero (Abiae

AN AIA -

64 bit, 128 bit b eUt¢ aialiaoT;). Aéliic & T 40800 486 &taeYoas
ﬁ" s rmm et .

eUTTT040 OTT OATOATNOTU 010 OCIald USTO an+ed ¢ SRAdiacep atdaeacta

140407TAUO 6UIT A3&TTYTGT SATO 0C 1

~~ A O

a
Pic, 0T6eU+00TT 06a84+01YTC.

.............

TéTéecAuiYiut) oanu o6

"1480840" aTaéacyméio ouii

83466CTUTUT.
O0T ATCIOYAT O+Y&T TOTA&0E T4 43804 0cT 0UOC BTO 48TETORTYT Tt 840A08ABAG0Y0
0T 4OATANAAOOPT OOCT 04+T1TETANA OTIeAdTOCO dUT &aodUoati. AdT Aa6oui oTT
Oliaéa atainyeceai e AdATANAAOOYO Té TOTTE danUATI0A T4 &&aeYo 0a+TteY0 O&
A8y 168fY0 ATOUNCHA0 eaepo A&l ADTHEETYT ATGOATOCIOADNEU &dlaTa Tazébo
danaauapo. C o0U6c értdui aa TeRncanc 0a+TTeTala (3ea+ooTdTicoc 0co
A0u66a06co Ta0aTy ouf arandciloar) 14 Oc arbéda oOudT-&eTaRAaoiepo
TENTOA+-TTETAIA0 ADT0AEAl 0T AAGLeLdANT EUAT AayTcoco 0co OO6+Tudcodo ouf




a8TOTNORA) 060 BANAGIEYO +UINGHENCHa0 OUIT GOTEATT 6T6 (+ORgkeudcta aap
ATTITYi4 01 4OT0Yéddia 016 OO6TadadiTy 0co O60Pd AToooadcd & 0co
4060804a01aP0). Add Ta &diy+Tdoi1a UICI0 dwcéltdna nayiada ea OnYdé ia
1&poT6iad oci aitlobaoe 10 SanTeGUzTdT 16 A6TI6aRETT aa0ar  o1o
40&TAMEAG0P. ABOU TOTAE T4 &lT& TUTT 14 0T T4 18poTdia oci éaeanuocoa 616
BONOITG 8T6 ~ACOTTOTA0A &a 0cT 640a6eadh 0160, "iTedyriolo" oF 1a Ueea
oatel

An+e0, T T16enTa0ATAREAG0Y0 eadaiUeniial 1Al oToU Aivnaaao ea oai
aorovedoia ¢ aowlidl ordo boai o6+daui daavivic (foc 6+4aii ia oci
edniTenacta oantaleeriond). Afad 486DX2/66 eaiaiaépia 6 Watt &4 Yl’?é

Pentium 66MHz éafaiaépia 13 Watt (iY&60T 16 Watt). Tico, T iYro N6
ataividoat 14 eadbaiaepiéd ayfiu Gda 25 Watt, a&+iTi640 oci 6U6¢ 6co Intel Ta
OATODARS T4 18P0 ocT adUGOA0C BT Oci +Ufikkd AdT 0WE0 4OATARAAOOY0
BocepT &dtEUGATT =

o C:

0~ 7/
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T anéeiuo cied
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atdeaoilzaoas ele

oONT
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ayTcoc 616 184Y8T60 616 die,
AaNEIYTTo14 0cT aduiaic aariu
adatanaadopi 1a ataeyoas

TETEECAPTTI0A0 T1aaUéco E&lT1 4640
606838Y0 64 YT TUTT éyéeunia.

AT 8& ¢ easailenoc 016 aOATANAAG0P alTaé BTEy TéeRudanc adT 4dob 16 Y+& ¢
Ya+fitic Téuic 610 08TETAO0P aa danUaaaia, o1 dnuaécia aifadsaé arorTuoant
oui i 0OTET T TOTHE Y=101 O6Taanu onraébiada

u
00i0 BARBOPGA0 duIT OTACHp
4 < ,

C a614adlocoa ordTeYococo 4840 10MaT transistors 60cT adiOUTaiA ATl0 84 TUTT
TETEECAUITYITO @0eepiadro, adYonama O0TG0 O+aatadoYo Ta +NcoHiiTOTPOTOT

o
N
o
o>
=
Qo

0&+168Y0 Tt TOTIAO dap éat aaé 0 +ACOITOTETY 04 AT 6160 O+&&a00Y0 dUIT
mainframes. 00T 6+3&40il 0T6 Pentium &a oanUa&aia oTo adaevod 3.1
46A0TT1yMA transistors, T AUETO 01D O+346A00P DARITAIRAdA: OOT TAa 4OYTE 04
gaeyoana adiaol +anaéocnidoiel a1o ea ADORYRTOT 60T T AOATANAAG0P T4 Y+& oct
aceyoanc adTaob asuarég. banleécea, 7

gaeyoanc aoiao , T BARETTOT 10 0co eUOTISAT 6OT4a4dlI0coa0
0O A6aniTapi TAcadh 01d0 eadadeddaotyYo ia dSanRerieTor o6T1e0  1Y160
ADATANAA00Y0 60a adldaaa aaeoltiogo ouT 6dan+uroui +~anaeéocntddiept 6160 éat
0+ 66T 6-A&6A0T U TYUIT +ARAGOGRIGHEBP T

04 mini an+eU eataoeadlzTioal oUTu 64 13alUsdd oOseaéYeao ia oresl
IéTéecitiiYia écéépiada. Ma 07 &YRadia oré +Auird, T Aaneeiao ouaif
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00T TAaA00EP T TETEECATITYTOT T&pec
(Aceaab 1t servers) aaeYoror 1¢eATadATa
U0 TE AdDtAU6A0 Ul servers éaé Ui adepfl
gUot &TO aar to+yat GTuo é&t 60ci danldItioe
0: T A&eadTYITE OOTETAGOYO UdLIO high end

N IAMY =z A

40UzTi04f O& OTéy 1Yo OTOUcHad, O&

Adidniucedsa, asYaroid eaeanl o

OBTETAOOP T 6ATTOT T4 i

ouf ofipi. T GUATO aiTéaé i

workstations éaé servers éabaod

486404000040 &TO 660 O

0&+11080. AST oOci Uséc 1anU, T& A0ETT GOTETAGOYO eabacedolzrioa: eéa
OTTiyfita 64 AacoTTaoToriciYia &narooloia Y+Tidad oc AdTadldcoa
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00T 1997, TAUGA 6aé T NOTUO ADEAGA0TTY 0cO tO+yYT0 ea Ttényia 6oUTTi0A0 0a
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Téa 6a anranliiata 816 +AcoiiTATEYTa 00T
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danleTe +AuTea. Aar aTa: T6¢ aar 18TATYI TETEECATITYT
iéfpi, aeeU or1éy Aaderysddana aar 1oTATyia i
da6opi o6'Yia +AuiT. T1edo Tt
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a
a

iyfitd OYOTETT adadi
Q60Y0 0&4+168Y0 &a Oci danaaniab OYOTEtT TETEECATTYTUT 04 ADIOAAT 1amiebo
danaatIabo alias atanacel aadaiciyo. Aeduo ad0Ty &iias adRATT T4 éadanaceTyi
T ARATT1Y0 BARAANIAP) 84 T4 64a0a0e&adUzTi0& TETEECATITYTA 60T YAt A0 ici
i

)
&ia B0 TE 8yAET: dATARATTAMGOY0 T TOTHE eled iYiha
8&iTTyNnta A0aniTab ¢ 1o +hdilraoas aideloia to+y e 040
/T8 A4T436400Ty1 T4 aT06Ya o1 &ET danaslin, 14
i 00YDC 140, Y00t afaeeaab. Ad'Uot ediUTa: Tt 848T) O
1 EA 1iPico 84 404Tanaa00b £80, al+ai 66iUTat
a

10060T8+40 +RdUzT 104t 486 a4 T4 6AYTTOT.

VO’ o
Q
=2
=
o

OT 08810 6T ABEAUGATIT (B4 OLIT AdéfyurT)

T¢ 1EATAOATAREAG0Y0 YOdaoal O&YYT O0T 0&ételu A1dUAT, O0T 0810 ouf
aotaloati. Té O+&&aooYo 0160 YeaTal 0,06 1OTATYOAl €asyddnT: n-way
superscalar, 1daUéc 1iPi¢ cache 14 +afiaéocritdoieU on-chip, nonblocking, critical-
word-first, write-back. Register rename, out of order execution, speculative prefetch,
branch prediction, branch folding, on the fly decoding, operand forwarding,

OT88408Y0 1TTUA40 460YEa6co 84 aUoTRA Usea ~aiiasil.

T iVt ADATANAA00Y0 04 Y=1O1 Uea. A&l 0100 éad& odTa. EUed oTAU 16
BanTo6tUza0at eUBTET TYT 06:dUEE UETE 1e 041681t TYTTOT a860adsadiYims. O Ueer
&4 68av0TYT ata oci aduiaic 0TAU; UGOUOT 44T 18TATY1a T4 V=151 60T 66noUnE
140 4DATAMEAO0Y0 OTD 1OTATYT T4 48048YOTDT 12 AT0TEYd 64 éUed eyéér Tc+aibo
0c 00taTP OO ¢ easyodanc a0aniTap aliat 06taaiYic aa Ta 6oYeiat danleecea TuiT
0YOOAMk0 AToTEYD
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, TE AAkBYO B30TONANA0 AlTAé OUOT OTEEYD BTD
0 40T oci Ueec 1antl 1a 18TATYOAT
Uad0 Reconfigurable Logic Units (1t & i 6baeafnpi ALU) 1 TOT&0 1a

O1d 0fY+& ¢ d0ANITAP OAMITOT AToTép & OATOANTURTI0& OOcT éUeéd
SanldotIoe. Toai ¢ éaionelo adaTanaaoobo aiteaialiada: 0o 68UM+a aioTep ¢
TOTIA dlTaé a6iadl 14 aradanaooaesdh asrt 6o 1TiU4ad0 RLU, o6ci adTodU adT o7
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C 4duaTo¢ 0co CPU adeasilzacas éUed 2 ~iuita

C B0éfuocoa out atandciloni aideadilzaoas eUea 7 +iufia

OT dyfiTo 616 atayero adariyiui adsaoilzao4: eUea 5 +Auia

AZ AN =

SPECint éaé SPECfp

- AZN N2\

T B8YTT &4a3ariYino coc
SPECInt92 876 140AU 68TeTa00eU 6d6obiada 6a ToTa ofY+1di éntiU public
domain &fATanUi14a0a4 64 UNIX. Adol 6T benchmark Y+& ©0éa+08 14 0YOTET oAUST
b6oa ¢ iTilaa 616 (1 SPECint 92) 14 ¢0Tydaé ia 6¢ci aduaroc oui 11/780 VAX.
Atéa 6+&06él benchmark &iéé 84 67 SPECTp 92 8716 6+3a¢060ced pood ¢ iTilaa o1d
T4 60TY04¢ 18 0CT AdUATOC 010 11/780 OTD AiYe404 84s ocT OATARAMMEP 1TTUAA FPA
(Floating Point Accelerator). C iTiUaa VUX (VAX Unit of Performance) {0Tyba¢
gauficoéU 14 1 SPECint 92 (60ci dARBOTIOC ATD 6T VAX 18TATYO04 T4 OfYTa:
UNIX).
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