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Figure 2. R10000 block diagram (a) and pipeline timing diagram (b). The block diagram shows pipeline stages left to
right to correspond to pipeline timing.
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Alpha AMD HFP £: 0] Intel Intel ] Suim
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212640C Athlon ¥XP  PA-8700 Paiwerd REamiLm Itaniam X ] 0 LilEra-11l
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float a[20],b[20],c;
for( i=0; i<20; i++){

. BEOBMHTOYI L

@IA-647tVTS 2095
mov ar.lc=19;; [IW=Thy 2 CEH-1%ty
loop:1dfs £32=[r15],4;; /@S TIV—=T0 (a1 7))
fmpy.s £33=£32,£17;; //@STN—T1 @QH190)

stfs [r16]=£33,4 //é‘a TN—=T2 (141 71)
br.cloop.sptk loop /IS TI—T2 (1 i 7)b)

B ' a
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mov pr.rot=0 //7°l/5"'{/7'—|*'1/‘77(‘9’é7')7
cmp.eq plé=r0,r0 //prleicl1Zty b
mov ar.lc=19 /I =T - A A -1%Ey b
mov ar.ec=7 HIEQ~7 +« A3 AT~V
loop:
(p16) 1dfs f3ziﬂs],4/lil—l~"‘:4ﬂ4’7)lx
(p20) fmpy.s fQ:£36,f17 MUL:2H A4 )L
(p22)stfs [rl6]=£39,4
\ .sptk loop
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mov pr.rot=0

cmp.eq ple=r0, r0

mov ar.lc=19

mov ar.ec=1/

va?4#—h-b929€7U7-

//prl6lll1 &ty b

[IV=T - h 2 iCBH- 15y b
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BA2I)L26 stfs20 ' 1'0 0 00 B b 1 4

loop:

(pl6)ldfs £32=[rl5],4
(p20) fmpy.s £37=£36, £17
(p22)stfs [rl6]=£39,4
.sptk loop
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STORE M(R4) R12

LOAD R6 M (R8)

ADD R5 R6 R/

STORE MRS RS R8=RAMDEF. IxHELEX

* ALAT (Advanced Load

 OADAG o6 " (R8 Address Table) T&IE
Y R (R8) ALATOR6D T > k1) %
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A.1 Core Pipeline

The core pipeline is separated into a front end (FE) and a back end (BE). The FE and BE are
separated by an Instruction Buffer (IB).

Figure A-1. Core Pipeline of the Itanium® 2 Processor

IPG ROT

Front-End (FE)

e EXEY RENGCREGHC EXE | BERL WRE

Back-End (BE)
Instruction Buffer (I1B)

The core pipeline consists of 8 stages:

IPG: Instruction pointer generation

ROT: instruction rotation

EXP: Instruction template decode, expand, and disperse

REN: Rename (for register stack and rotating registers) and decode
REG: Register file read

EXE: ALU execution

DET: Last stage for exception detection

WRB: Write back

e \J S




A.41 FPU Micro-Pipeline

The FPU pipeline is four stages deep (FP/ to FP4), with write back performed in the fifth stage
(FWB). The FPU is fully pipelined. In the /P stage, an early examination of the numeric operands
is performed to determine if the instruction can be numeric exception free.

Table A-1. FPU Pipeline
Core Pipeline REG EXE BET: WRB
FPU Pipeline FP1 FP2 FP3 FP4 FWB

A.4.2 L1D Micro-Pipeline

In the L/M stage, the L1 data, tag and the L1 DTLB are accessed in parallel and deliver data to the

execution units.

Table A-2. L1D Micro-Pipeline
Core Pipeline REN REG EXE BET: WRB
L11 L1M 1= 4i[ WRB

L1D Pipeline

A.4.3 L2 Micro-Pipeline

The first stage is used for L2 TLB accesses. The L2A stage arbitrates for the data array accesses.
Demand fetches for instructions have the highest priority, followed by loads and prefetches. Data
array access occurs in the L2M stage. The L2D stage is for way selection, and data delivery. The
L2C stage is used for correction of ECC errors and for error detection.

Table A-3. L2 Micro-Pipeline

Core Pipeline REG EXE DET WRB
L2 Pipeline =25 L2A L2M L2D L2€ L2W




write - 1 cycle

write - 1 cycle

write - 1 cycle

~ . Eb > == ~ N
Frylartl): ER.ITANTETFLAFyyia
Table 6-4. Cache Summary
11 L1D L2 =3
Size 16 KB 16 KB 256 KB 3MBor 1.5 MB
Associativity 4-way 4-way 8-way 12-way
Line size 64 Bytes 64 Bytes 128 Bytes 128 Bytes
Latency 1 cycle 1 cycle Minimum 5 cycles Minimum 12 cycles
integer load use load use
Minimum 6 cycles
floating-point load
use
7 cycles with 6 cycle
stall penalty in ROT
stage for instruction
load use
Tag Read 2 / cycle 4 [/ cycle 4 / cycle 1/ cycle
bandwidth
Data Read 1 X 32B / cycle 2 X 8B/ cycle 4 x 8B / cycle 1 x 32B / cycle
bandwidth
Data banks NA 8 bytes/bank 16 bytes/bank NA
(store only)
Write bandwidth NA 2 x 8B / cycle 4 x 16B / cycle 1 x 32B / cycle
Fill bandwidth 64 bytes 64 bytes 128 bytes 128 bytes in 4
assembly 2 cycles assembly 2 cycles assembly 4 cycles cycles

Outstanding

7 prefetches

8 unigue lines

16 unigue lines

22 (16 read shared

misses with L2, 6 write)
Line size 64 Bytes 64 Bytes 128 Bytes 128 Bytes
ANT7RIL—  RRT7AY ANT7AY
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Tahle 2-8. Branch Prediction Latencies (in cycles)

tanium® 2 Processor

ltanium® Processor

Correctly predicted taken IP-relative branch 0 1
Correctly predicted taken indirect branch 2 0
Correctly predicted taken return branch 1 1
Last branch in perfect loop prediction 0 2
Misprediction latency 6+ 9
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Figure 2-3. Itanium® 2 Processor Block Diagram
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Figure 2. Powerb chip (FXU = fixed-point execution unit, ISU
= instruction sequencing unit, IDU = instruction decode unit,
LSU = load/store unit, IFU = instruction fetch unit, FPU =
floating-point unit, and MC = memory controller).
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Intel Processor Date Max. Clock | Tran- Register | Ext. Max. Caches
Intro- Frequency sistors Sizes' Data Extern.
duced at Intro- Bus Addr.
duction Size? Space
8086 1978 8 MHz 29 K 16 GP 16 1 MB None
Intel 286 1982 12.5 MHz 134 K 16 GP 16 16 MB Note 3
Intel386 DX Processor 1985 20 MHz 275 K 32 GP 32 4 GB Note 3
Intel486 DX Processor 1989 25 MHz 1.2 M 32 G 32 4 GB 4k 8RB
80 FPU
Pentium Processor 1993 60 MHz 3.1 M S2ER 64 4 GB 15 =567 B
80 FPU
Pentium Pro Processor 1995 200 MHz 55M 320G 64 64 GB L1: 16 KB
80 FPU E2:-256HKB or
SHI2CKB
Pentium IT Processor 1997 266 MHz 7 M 32 GP 64 64 GB Bl ele) (=]
80 FPU 2 256K Bier
64 MMX 512 KB
Pentium Ill Processor 1999 500 MHz 8.2 M 32 GP 64 64 GB B4 328
80 FPU IE2: 52 KB
64 MMX
128 XMM
Pentium Il and Pentium IlI 1999 700 MHz 28 M 32 GP 64 64 GB Eqje 82 |5
Xeon Processors 80 FPU L2: 256 KB
64 MMX
128 XMM
Intel Date Microarchi- Clock Tran- Register System Max. On-Die
Processor | Intro- tecture Frequency sistors Sizes1 Bus Extern. Caches?
duced at Intro- Band- Addr.
duction width Space
Pentium 4 2000 Intel NetBurst 1.50 GHz 42 M GR: 32 3.2 GB/s 64 GB 12K pop
Processor Microarchi- FPU: 80 Execution
tecture MMX: 64 Trace
XMM: 128 Cache;
SKBILL1:;
256-KB L2
Intel Xeon 2001 Intel NetBurst 1.70 GHz 42 M G322 3.2 GB/s 64 GB 12K pop
Processor Microarchi- FPU: 80 Trace
tecture MMX: 64 Cache;
XMM: 128 8-KB L1;
256-KB L2




Intel Date Microarchi- Clock Tran- Register System Maxc. On-Die
Processor Intro- tecture Frequency sistors Sizes' Bus Extern. Caches?
duced at Intro- Band- Addr.

duction width Space
Intel Xeon 2002 Intel NetBurst 2.20 GHz 55 M GP: 32 32 GB/s 64 GB 12K pop
Processor Microarchi- ERU: 80 Trace
tecture; MMX: 64 Cache;
Hyper- XMM: 128 8-KB L1;
Threading 512-KB L2
Technology
Intel Xeon 2002 Intel NetBurst 1.60 GH=z 108 M G 32 3.2 GB/s 64 GB 12K pop
Processor Microarchi- EREE 80 Trace
MP tecture; MMX: 64 Cache;
Hyper- XMM: 128 8-KB L1;
Threading 256-KB LZ2;
Technology 1-MB L3
Intel 2002 Intel NetBurst 3.06 GH=z 556 M GP: 32 4.2 GB/s 64 GB 12K pop
Pentium 4 Microarchi- FPU: 80 Execution
Processor tecture; MMX: 64 Trace
Supporting Hyper- XMM: 128 Cache;
Hyper- Threading 8-KB L1;
Threading Technology 512-KB L2
Technology
Intel 2003 Intel Pentium 60 GHE= 77T M GP: 32 32IGB/s 4 GB L1: 64 KB
Pentium M M Processor FPU: 80 E2:5 10N
Processor MMX: 64
XMM: 128
Intel 2004 Intel NetBurst 3.40 GHz 125 M G132 6.4 GB/s 64 GB 12K pop
Pentium 4 Microarchi- FPU: 80 Execution
Processor tecture; MMX: 64 Trace
Supporting Hyper- XMM: 128 Cache;
Hyper- Threading AGRISBI= i
Threading Technology 1 MBIE2
Technology
at 90 nm
process
Intel 2004 Intel Pentium 2.00 GH=z 140 M GR: 32 3.2 GB/s 4 GB L1: 64 KB
Pentium M M Processor FPU: 80 L2: 2 MB
Processor MMX: 64
7553 XMM: 128
64-bit Intel 2004 Intel NetBurst 3.60 GHz 125 M GP: 32, 64 6.4 GB/s 64 GB 12K pop
Xeon Microarchi- FPU: 80 Execution
Processor tecture; MMX: 64 Trace
with 800 Hyper- XMM: 128 Cache;
MHz System Threading 6B
Bus Technology; 1 IMBrE2

Intel Extended
Memory 64
Technology




T R e

N —--- -

7

Intel Date Microarchi- | Clock Tran- Register System | Max. On-Die
Processor | Intro- tecture Frequency | sistors | Sizes! Bus Extern. | Caches?
duced at Intro- Band- Addr.

duction width Space
64-bit Intel 2005 Intel NetBurst | 3.33 GHz 675M GP: 32, 64 5.3GB/s4 | 1024 GB | 12K pop
Xeon Microarchi- FPU: 80 (17TB) Execution
Processor tecture; MMX: 64 Trace
MP with Hyper- XMM: 128 Cache;
8MB L3 Threading 16 KB L1;
Technology; 1MB L2,
Intel Extended 8 MB L3
Memory 64
Technology
Intel 2005 Intel NetBurst | 3.73 GHz 164 M GP: 32, 64 8.5GB/s | 64 GB 12K pop
Pentium 4 Microarchi- FPU: 80 Execution
Processor tecture; MMX: 64 Trace
Extreme Hyper- XMM: 128 Cache;
Edition Threading 16 KB L1:;
Supporting Technology; 2MB L2
Hyper- Intel Extended
Threading Memory 64
Technology Technology
Intel 2005 Intel NetBurst | 3.20 GHz 230 M GP: 32, 64 6.4 GB/s | 64 GB 12K pop
Pentium Microarchi- FPU: 80 Execution
Processor tecture; MMX: 64 Trace
Extreme Hyper- XMM: 128 Cache;
Edition 840 Threading 16 KB L1;
Technology; 1MB L2
Intel Extended (2MB Total)
Memory 64
Technology;

Dual-core ©
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30 £%&t~ri= 1000nm—130nm : 1/8
T—bt (FO4)EBE A T—2
3 84F04—12F04 : 1/7
g 907 66 MHz
e =] v K ) Avd
E 100 MHIJH, 5 33MHz—2GHz : 601Z
[—=
2. 40 - 200 MHz
it
=]
=
@)
20 -
2 GHz
______________ TS EQkes o conin tine opamabiaas
0 | T F 5 r I 1
Year 1990 1992 1994 1996 1998 2000 2002
Tech (nm) 1000 800 600 350 250 180 130

N. Joppi et.al., [SCA, 2002

185



1.5 1 15

A—\~NFK7ig

A NG B L et a L =
- ] . 8F04 T Nong—vecmr Fp 2 — Non%veclorFP
% 1.0 4 % 1.0+
{5 0.5 % 0.5
00 ‘ T | | I I | | 1 OO ‘ I I | i 1 I I 1
2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 1
Useful logic per stage (FO4) Useful logic per stage (FO4)
b . —_ 5 e
e 1RT—VDHD 10F04—6F04 - o FWtEAEr L
F—sAw R B — M 11. 8F04—7. 8F04 : B;R%41. 515
2F04 F D E 4 S
—_— oL }[/ ooy 312 Z\ :El e .
19F04 AT—U82E. BIER RIS R
1. 7545 28F04—32F04
Fi F2 D1 D2 E E2 M1 M2 S1 S2

186
6F04 ! ~ ~ -



1BIAA7ToEyYNERILE - EEAHEL
(1) XiBEFHDOFAA

TILFALY R/, )VF ALy Y
A—NAAS, VLIW: BE—TJAn+RXR/
ALYy FOEZEIE
ﬁﬁjztxgﬁuvaﬁﬁm

NYIAVAH : H1o0ENDTAEX

Intel Hyperthreading,

NEC MUSCAT, X SKY,

Wisconsin Multiscalar

IBM POWER4 Ao FwITILF IO
t+ v+ (CMP)

187



[— - e N —

JILFALY PR DDAtV

DM BNATHARRELZETILFALYR
(AEALE . FAMLE)
Temporal Multi-Threading (TMT)
QMBNATHARBEETILFALYR
Simultaneous Multi-Threading(SMT)
PMBNATZETILFALYE
@CMP (Fy7RILF7OtEvH)

188



 ALwk2 B zxLvra
__| Empy = X1 7S
2Lk BEma/NM T4

[ssue Width

oF

Execution Cycle

Lyk1 ALYy EF2 ALY FS




(T I
VEVAIDYVAN
48 2.

JREY : HEP (B.gglzith, Tera
. = Computer) : 1

BT e Es

HEwE 4 774 FR




@SMT Simultaneous

lﬁf\ﬂ Ilf'\N

IVIUIl.ILI I1SaAaUll Iy
MmS/NA THERBZEVILFALY K

BERGMENA1 T34 : 12
+EHDOLIORA, PCHE

ZHDA LY FDOZETT

Intel Hyper Threading

15-25% T4 e L.

F v TH A X5%1E

2A Ly FELT

191



In-order pipeline Out-of-order pipeline

Micro-op | igate duler. Register
queue read

. e e

|
I
I
I
I
I
1
!
I
I
I
1
I

giw |

Reg|sters

Figure 4. In this view of a Netburst microarchitebtufé"s': éké;cu
lization of the two software threads running on the two Iogtca

Execute | |

I

-
3

-

Regis’ter

D-cache | write
Store '
buffer
- i

~ Major pipeline queues —

p;pelme the hght and dark areas indicate the resource uti-

IEEE Mlcro 2003 March 192



HWPEG | o Aobal N
Wit DivX i & ~ and Virus Soan T
Adobe | | . | - ?:! .
- [maging 5% PowerPomt
 Phoioshop : ~ Acrobat, 20%
. B and Virus Scan
-~ Magix MP3 Audio URE
Maker Wmdows Movie
o _Make_rand Magix 18%
00E | . B
\ % . liP3Maker
After Effects i i

Fgute 7. Hypertreading technalogy perfomance gains o PR3 ke |

. and Virus Scan
several popular mutithreaded software packages.

15%

ngreB Hyperthreading echno)ogy perf ormance boos
mulitaskingworkoads.
Hyper ThreadingTMAER £ 103

L fe el



B/ TLE
TILFARALY F:
HAERLY K
BE—JOtvXAD
ALwF

NEC: MUSCAT
AR :SKYZE .

4



~
/
195




A, O Y 52 B -
N S
ALWRE
MmN 7741

—

<i:EiE&:ﬁ%%%

N /\4774/
2

[ BSE ST }

196



NEC MUSCAT

22 = al—g YN T AN
HE INGAY
% PE O
A i IF, ID, Issue/Reg, EX, WB, Graduate

Issue/Reg 7*5 WB % T out-of-order Ef7

mEU4 2Ry PE&S326F (BR/D—RIXFT7&16)
BEVJYV—X ALU 2xPE# L/S /%14 7 1xXxPE ¥
O—F /A7 34NV 7%
A—=NRAASE 4BFAKRTI—K /KT
ST 4 ighE TRERT
5 6 R P 2048entry 4 %8 (PE M#H)
Fyrwia
FryvahR @w/ Tk
FryvaB®R & 32Kbyte (64byte x 512entry)
TwEYTER 4Way Set Associative LRUBWHL

BEE.E#E. A+, #H., /NEA:On Chip Multiprocessor #& 6] i 1# it 51 7 —
FTOFYMUSCATDIEZE. JSPPO7. pp.229-236. 1997 197



Speedup Ratio
n ¥
=]

—h
(4]

-------------------------------------------------------

L s (v

.’ ————— # -‘-p,_bk)(*
- ew oty -wmpm

} |= ¥ reqntoit

' BPE:4SSE%E(H
1pE 2PE apE e

-----------------------------

--------------------------------------

S8PE&L32SS
N—FRRER

198
X 11: A—/SAH TREET IV OEER £



6 [J ss

SKY-2PE

5 SKY-4PE
BB sKy-sPE

IPC

.
S
iy

go
ijpeg fe=

. r.. —
- =] 3 . vV 2 -
m88ksim e e

SR SR DR O S L R
vortex S0l

6 SKYooafnz: O99:8 gE

COMPress95 frbmmm

INK, EH . Tk, BEE :3F*§&1|EOE+:%D°EI O‘EA_O)ZI/“JF‘
FMEaSLANILEFEZFRTS2702yH7—FTIFvSKY. 106
JSPP98. pp, 87—94 . 1998



DA FvIILFTOLyY CMP

- IBM POWER4 : 285 MSMP, AX—TJX v v o

-

MCM : 8 & TMOSMP., X% : 4MCM (3 2H&)
L1 (:6 4KBx2,D:3 2KBx2) : 24KEE. L2 (1. 5MB)

74KEE. L3 (3 2MB) : G5iKEE

Trace & : 1 SP
Debu : Controller
it i

Perf Monitor

Chip-Chip | -; » | Chip-Chip
Fal:bric i " Fabric
(2:1) i : (2:1) _

MCM-MCM J MCM-MCM
(2:1) (2:1)

GX Bus L3 Controller  p- e L3/Mem Bus
(n:1) i Mem Controller . (3:1)

200



Figure 9: Multiple POWER4 multi-chip module interconnection

201



- Dant+ii1im ECOAN
- rorieiudill CLLoav

Ta7I)LarJaoryy o 4EO IOy Y
£7O0YyY : N(IN—RLYTA Y

QonNmTHA IL—)L

3. 2GHz

£ty

17—3FvvyPa: 16KB
TrL—RFrYvyra1 2KB

2% vwv<, a2 : 10MB

SSE3

202



.?ﬁ?ﬂ‘/ @F]E%%ﬁldﬁh%%!ﬁ
‘i&%& :ff%ﬁ f? 'ri‘& roER (i%ﬁ@t}} %mae& b?”"%ﬁ%fﬁ) o

Pentiu
EE 840

BB R U L2 RS

T PR OBETUEEORR
-yﬁﬁﬁ%% %Xb@@%ﬁ% o

G Camal o e e -___.:_;_ecﬁ;_
Pentium 34587 ' o
0 625351*"

shec

.,ﬁnﬁ—jq:yﬁ‘j——l b#ﬁ?it@ﬂ%ﬁ ' _:”l":E‘E’Eﬁ"J:FJ?TZ H’ngﬁ @ Eﬁ%?ﬁf@ﬁﬁ%ﬁ

FA17)LATET A MRFEBN UcEEiE. ZOEMIEFEBESNEL, B0V D l*’i‘ﬂﬂ#% ‘9“%& 2I0IER
HHIEN LD BIELLE D, WBWNBIEY T MNERBSICEIN LIt A—Y—([CHBHE

FARDEE
Pentium EE B40#& : CPUIZPentium EE 840 (3. EGHZ) AEU—(ZDDR 2 687?]‘51 GB. HDDI&"?EOG
#5990 250GB. 977«(‘)91(IRADEDN X850 XT 256MB .
Pentium 4 EE# : CPUIZPentium 4 EE (3.73GHz). ffilPentium EE 84D&tﬂb
Pentium 4# : CPU(FPentium 4(3.4GHz). XEU—ZDDR 2 5335(]‘175168 HDD[;?EODIEEE::/‘&NJ
300GB. 9774‘/91|3¢HADEON XB600Pro 128MB i

LORIFHEES VG F A MDHE, BEERE bKD‘b'&ﬁEf‘J#JﬁTK h’éiﬂb‘bnc‘:*@’?ﬁ%n O
EAISENEERE LIh' SHEES + 0 7 X hegih b'ﬁ_t*la_b‘b‘:)tﬁfﬁ

= IAN A=

2005. 5.9

203



L1
cache (16 KB)

Branch
prediction

Instruction
TLB

il

B

BB || I
B

RY
Y v

M|M|[M
Y vy

FlrE

Register stack engine/Rename

Y vy

¥y YV ¥ v

v v

L1 Branch Instruction 0
cache (16 KB) prediction TLB =
| E
ele|el |1 |[mM[M|{M|M[|F|F|lail B
=
Er e nin s B A R I 5
Register stack engine/Rename :Lé
| Branch and Integer Floating- ||
predicate registers point
registers registers
I T T T e ey | B T 8
T R il ARl
: Integer|| | Memory/ Floating- 2
Brangydn ﬂ unit Integer point unit E
lI | | [ 2
g
L1D Data w
cache (16 KB) ALAT TLB
L2D L2l B
cache (256 KB) j[ cache (1 MB)
@
Queues/ - 3 =
Control «——— cache (12 MB) I
_ ]
Synchronizer e

Branch and Integer Floating- || | ’
predicate registers point ||
registers registers
Brabch. Uit Integer Memory/ FIc_Jating_-

unit Integer point unit
Eije) Data
cache (16 KB) A TLB
L2D L2] i
cache (256 KB) jt cache (1 MB)
Queues/ -t L3
Control «———| cache (12 MB)
..4._
Synchronizer

Figure 2. Block diagram of Intel's Montecito. The djua'l:' coresand '
processor. Montecito also addresses Itanium 2 por_t'.'aj-_s"'y'iﬁ mm

hierarchy.

hreads realize performance unattainable in the Itanium 2
nd inefficiencies in branching, speculation, and cache



| tanium2-Montecito
2D Itanium2 7ot vHY, 2XAL v K
BNEZETILFALY Faas/N4 THF (TNT)
oot yH
1Xx vy al6KB, 19149
2% v alMB, 554U
3Fx v v al2B. 14H49)L
ALY FRAYF : 15H4%49)L (FBEETNT)
I3F v aZR, BALT IO RGEESDDER
1. 72{2TR
SHETE N - 100W
&R # : 1. 8GHz |IEEE  Micro
Vol25 No2 2005 Jos




SPARC : Niagara

1Z2EFETH6ARAT—UOSPARCTO+EvY 85
£AtvyY . 4RXALYF

A

BREIZETILFALY Fand/N1 THE
(FEFIEETMT)
L1+ wvi,ra : 8KB. Write Through

12x% w2 B3MB. 4/\>49 . 2 OR/N\SWT

=

e /N2l dvyyoaTa L RO Y
mELAN)LEFHINE <,

k™

ALY FLRJIIEFIORELGWEBOT—EAR—XLHMRE

206



Table 1. Commercial server applications.

- : Instruction-level Thread-level Working Data .
"B_e__nchm'ark Application category parallelism parallelism set sharin_g
Web99 Web server Low High Large Low
BB Java application server Low High Large Medium
IPCC Transaction processing Low High Large High
5T Enterprise resource planning Medium High Medium Mediune -
o Enterprise resource planning Low High Large Pigh
ey Decision support system High High Large Medidme =
SpAIGpipe Dram control bEr
4-way MT it - Ghanrgl 0 -t
L2 BO
rc pipe g e B
4-way MT
Sparc pipe DDR
= & Dram control
g AN B i Channel 1
L2 B1
Sparc pipe i -]
—_ 4-way MT I
Ta4LY ) _
PEAIO IR S 4 - Dram control e
i L i Channel 2
+ L1—DR®D
Sparc pipe ~ - -
4-way MT v '\" IN rb
YV —
Pl Dram control e
I\ e b Channel 3
L2 B3
Sparc pipe
7 4-way MT
 L1—DR I
| ] Yvy
X 1/0 and shared functions -
1/O interface 207

Figure 2. Niagara block diagram.



k.

16E k- S Mssksd2Evhe . YAFTOESTT S [X=—d7 éﬁ
v(oO70eYEE . Oty -a7EHME . SoCEHE(MPSoC) \(manyooreﬂ B

%:“\‘ 1T
.
N
> 100G
1
g
:;TZJ 1OG S———
) 7]'/? /7 ./ \X
| e T? =
ik 1G i S SR S
» . SED
2SN RIAVS
1ODM i e TN

MPSoC:multi-processor system on a chip

1980 1990 2000 ' 2010 2020
AEHER ()

% : BH¥Micro devices, No242, 2005
K1 Fy7RABEOTF—2BEREHIEL
FoFIcERBTEZ7OLTOBEERNORLICSGDET, Fv TRBED/N> RIEHHL
*43, ZhEZERTEE01C, BEFEIEDS, ZEDT—32,




b7l |[Pa7]| |[PazfiPa7] 37 R
i = — 3
NIU || [ NIU P27 |8(IPa7| |||, SR ¥*?
AH NIU ﬁ%@
S ipa7 al
NIU NIU
S X F— B T =32k
S TRV
K Fyh7=o¢
NIU
NIU ey NryME,
P27 NIU NIU 5'\"7}1 Gt Bt/ — KRN\ VL
— E""I:
\ I3 NIU IP27 i MitfE EBLANINTDXRSE
N 7 = A
NG i P
T B2 NIUDLA Tl
g ol o (S
D | D
RERERE
NIU:network interface unit

RI3  IP a7 DBEEHEEHN T L

2015 FRICAHD &, Fyl2HOTOLY - A7RIPATHE S, FIPIT7HBEHE
BEZ$ S, NIU (network interface unit) ERE T2 £ ICh B, BEEDTF— 42,




H R ()

2005 2010 2015 2020
| CIVFAFAT barv ot G i SHIE LT
58I/ BB/ S p1—-H AL BT 1= pREFES-ar
| JPEG/MPEG/MP3 =R RR B ER R/ RBOLIE
T =53 P B—2 Uk D 1B TR DINE /4 H D ITEN TR L A G AL
7594 Java Yy T EI RS SEF 1A EIR
b r—LA PEXaUT1/ TN bEEEIYA AT —R
'7°D'ﬁ21f_f{’€'(:hm')_”m: e 65 ”45:. 5 e T

100fEREE OO -27/P37 |

10{BREETO E 50fBRR £ TO 7Ot 4 -37/IPa7 |

& 704 -27/IP37 KRS
Tt FHF | i pas 7)[{?37&—('@%“_]:5
ﬁ _ /'f’iﬂw/"i) L : —
e o _ —— ARREre ——— . 27 DiRE
o MREAECHBIL TR RS E |
— b0 _—» EX
e & — M“”’/ﬁ/sm{tf‘%ﬁir’ﬂi |
g AT /i ok B
| * AT TR SRR R DER
b NSRS A CRES B RS EH0 |
- B —» %
gi— AN £ HIRIEATY - THEEHEM |
%@ —r BHREE

77;/1 x{u mm wzwiﬁﬂ{t J:éﬁﬂ?%‘%_’i_ DEE

Jlllﬂﬁ INR El%iMmro devices, N0242 2005



AR TO O2y 7 R ERM BB,
Fy 7 TEEE XE!)— (MRAMZE) FeFrad e 2 |

TINARRD =
IWFTO—7
AE—
100fEI L ED
T—AN—Z A EEEOREREM AT — 3 (R

X2 2015 NDSoC7—F57F7F+
A—AJ)L (SoC i) (CBBET—EAN—ZNDERICIE, YILFTA—-T - XFY -1 &
DRERTERMEX T P UBEICLE D, BEDF—4,

211




TILFATDHEEHESS
5T I8 B

DRIL—Tw b

QLA T

QEHEEH: RAAvF+EH
@mE*E

GOELHREH

-P.P.Pande etal: Performance Evaluation and Design Trade-offs for Network-
on-Chip Interconnect Architectures, IEEE Trans. Computers, Vol54,

No0.8,pp.1025-1040,2005

-R.Kumar etal: Interconnections in Multi-core Architectures: Understanding
Mechanisms, Overhead, and Scaling, pp.408-419, ISCA, 2005 "



60 -

} *Archltecled busses «#=Control wires Total ltrwerheardJ
S10F
~ 2 A
: SBFDIZ 5
E40
=
@
gao — S &
Q@
-
o
) A S e Ao TR el
2 . = o
< e
10 i
0 - . 1
4 16 Kumar etal

Number of ores

Figure 4. Area overhead for shared bus fabric.

1 GJTFEE%JiEESOmmZ <65nMT YA FAH 44X 400mm2,137:10
mm?2, L2¥ v 1:0.125MB.” mm2Z{x & i

AOYI(L2ZOTF): 5. 6mm2(43a7).8. 6mm2(8a7).17. 94mm2(1637)



400 -

2 2 8 &

Area overhead in mm”*2
o 8 8 8

-8 two-way sharing
O - four-way sharing
== all-sharing
=&~ assuming crossbar can routed over (2

1X 2X 4X
Metal plane




25 B leakage due to logic |

latches

- B dynamic power due to
20 —————— ol ~ 7 logic latches(w/o
. ating)
B leakage due to wiring
latches

(W%
|
|

Oleakage due to
repeaters

]
|
|

|| Odynamic power due to

S | wiring latches(w/o
' _gating)
‘ B dynamic power due to

i repeater cap(AF=0.2)
777

| I dynamic power due to
_______________ | wire cap(AF=0.2)

._.:"- Sl O
O 28T . Y HH . ke

Eower
o

Number of cores
Figure 5. Power overhead for shared bus fabric.

137 (Power4) : 10W
F—IAYR: 27 ZFHY (22mm2 1637 DIEE)

215



i ———— o r——

| M leakage due to wiring latches
45 1 O leakage due to repeaters
40 U dynamic power due to wiring latches
) @ dynamic power due to repeaters
35 | 0 dynamic power due to wiring cap v

<30 |-
S i

Metal Plane . : 2 : e



by CLICHE

i
.

() TORUS

G i
L] L _J
I diEifE
P Ll =ty
ol o Dﬂj

(f)

Folded TORUS OCTAGON

BFT pande etal

SPIN:Scalable,Programmable,Integrated Network, CLICHE: Chip-Level Integration of

Communicating Heterogeneous Elements, BFT:Butterfly Fat Tree

217




(2) T—REBEST
KL () 2T 58
THEFEERT HEIRTEE B R T

DHE T
OIERFIFE

218



35I| FF

219



CaY =
WIE

4' V 4
(HEN

X

Last-ValuefE., R F54 FE. 2L RNILA NS A FELZETFHE

100%
Ig 90% - |ui
% 80K | =%: "
Adi W Bel B W |} =3#. R3
P i b ‘No predict,
o gl o, iEroNE e . iMiss predict Ea /. JSPP9
c :
S 50% . m
o i Two-level
= e | stride
g 30% | ;
~ e
5 20% EStrlde
e i
S 10% ;
i Last-value

ccl compress go m88ksim perl xlisp

9: Multi-stride {E IR O FRIBLED 220



1.6

lashvalie Reordelr buffer size 32
15 F
B Last value and stride
i4
B Last value, stride
138 = and two—level stride
400 L SRR
1.1
1.0
cel compress go m88ksim perl xlisp
10: Multi-stride [EF IR IC & A MERB ] B

=R, WFH.
H 9 : JSPP9

221



>
Tt

ZIIEH

-_za

4

INTG A—R (2K BB -

EITEHARD AR

HIRITICK DIEBFADAEEEDOIEXIE
’5!1 E‘F’é‘%ﬁ#;&ﬁl K HEBFIAD
Al RETE D IS KL

Al

Lum

222



ratio of cycles

1.20 . I
No reuse i ! J

f Func. reuse and precompﬁtatlnn (MSP+55P*3 F)
Func./Loob reuse and precomputation I‘MSF{'+SSP‘3 F+L)

1.00
0.80 —
0.60 —
0.40 —
0.20 —

1 B write | cache-miss [] reg-window
0.00 a | By | g |’§ Iﬁ G I Erdik F B

Quick  Bubble Trees Perm Intmm Mm Queens FFT Towers  Puzzle

12 MSP 2"FEATL 729 14 7 L% (Stanford-Integer).
Fig.12 Executed cycles on MSP (Stanford-Integer).

hE E=H:ACS2, No.SIG10, 2003

223



ratio of executed steps

1.00

0.80

0.60

0.40

0.20

0.00

101.tomcatv

b
o
w

{(ImspF

MSP F+L
MSP+SSP*3 F

B VISP+SSP*3 Fal

LSWIm

102

103.5u2cor
104.hydro2d
107.mgri

141

124.mBBksim

126.gcc

130.1i

132.ijpeg

MSP AT 125 AT v 78 (SPECY5).

Sl 48

Executed steps on MSP (SPEC95).

147 .vartex

224



13.2 A TFT4770tvH

CG: FEI/MISERE. 4 x 4175EE
SH-4: 500AKR)IV/#
TLRATF2:1600AKRYI/F

E{®: MPEG

FESIE: 100GOPS,
#8414 : 10GOPS

225



(1) Sony:Cell
TILFAT7  ATAODZT AER

11

& DPPE:P

81E

MERGS

ower Processor Element

IBM  Power Architecture
2ZFEAXA—INANT., BLETLGL.
SEFRLGL, FEEICOUTIL

MDSPE : S

vhergistic Prosessing Element

4 S|MD:3

HIRMER

4 GHzX 8 : 256GFLOPS

,’L‘A ;

1) NX ., 2566GB/s

FAT AT

: N L3

226



Cover Story

(BH1EREE)
AT [Pentium 4] ORAEHIE
T & 53.8GHz% LA 5

(XEY - A 22T7 11— ADBKT— A8
#KRambus, Inc.D[XDRA >4 7z —X | %2

I LY bOo=
2 X2005. 2. 28

227

QO NIKKEI ELECTRONICS 2005.2.28



Pe
i
81 @
6005 1E Z {5
P

g ¢ % &
ad
N q 7ok
o =
{d "
2T
S2ME-0O
a 4
a i

N &
- - 228

NIKKEI ELECTRONICS 2005,




. cel

Emotion Engine

FEREFI

2005 F

1999

BERREL

4GHz

300MHz

32 hTEN N AT — S OBBMRE

256GFLOPS

6.2GFLOPS |

b7//19ﬁ

283400 H 1A

1350 H1H

ﬁ%a#o)nﬂnfn’ }l’

90nm

250nm

AR

SOl

NIV S

?/7EF

: 221mm2'_(-‘_l.'8.1mm><1.'_2”émm)

226mm?

cPUOY”

Power ( 2 in S RIFRTT)

ﬁsmﬂ7utﬂ

1128 HDSIMD*F”XBHEI

AEY A AT 1—ADF —FE e

B A25.6G/\ 1 I*/T’J

VAT A /’5!73:—7(0)7" QEELL_FF

Hﬁ?’(?G.SGH’l’ I\/?’,J?

INYF—2

1236ixFDBGA

(15.02mm X 15.04mm)
MIPS (2&4REIEET) :
128E v ROVLIWE X 2{A
BA32G/NA M
BA12GNA M
5403%F D75 X F v 7 BGA



A < IMD 3 Bl
OV D)
= = N : :
IRMEE SF [ F— 51 64K 51 RO
- ey 16431 b/ A 7)1 &, SPU I3#74000
;&% .4GH ﬁ,{lﬁ ¥4 7J)b (250ns) T
e WF bt Cnal 2 b MIBEET
LYAg | 1289k Bl APT L EAD
74 | X128K *
= 4000/ |
LB -/‘ vl
7u77Aar 9? | 7N
S  (128K/3 1 b) ié
128/81 &/ : I
HA I 128184 b/ | & 1
I H4 7
. DMAL RO w
e BPRXABE AT BRI/ FTI !

) JRINZX

{

BTNy D7
)y
ALy KA L A
. T—2DEXK
EENE %@@@gé}%i
BERR o
8 7 — 2 D%
7—2DBK £
%?@f% BEIE
| JBEERE
T — 2 DERxX

~
256GB/S///

XDRT -2 71 &

A

41) 27

Sl

7

2

5. 6GB/s

|

FEEHISD
O— Kz, #F
Y4 7 ILOEFE

ILB:instruction line buffer

230



SPE | SPE SPE| |SPE| |SPE| |SPE| |SPE | SPE |

1T 111111

o—an-l  da=pn-l  lo=pnl  lo=pnel  Qa-pnel  lo—pnel  |o-pel O—b+|
KT ANT | a7 B ANT a7 ||| AT i Az g @ a7 §

Co R S T I R O e Y

REA 2= TN (RKISNANFATIV) 256GB/s

161\ RH A7 ¢ .
N SR T T 16/54 M1 7 )b 16/54 b4 17 b

o

Xoysae

o Pl WA S
»x¥)- | KB L
e A8 T1—R>

32:\4|~/*f«rwvlT B o =
PPU

x%u— 16/\4#1 Ta7 Il

32KB #vjxl
2 el BESR  TxoR) EPEa fey®

PPE //71%2&5 HET LY FO=H a1
A—INAAS 2005. 2. 28




[Cell] DHE

i 64tk [Power Architecture] (PPE),
S[MD%I&(‘SD J‘JJD R“—?’&ﬁ')msc_’—#r’){-f( )

PPE?N SPEfJ‘ iy

%7':4 6G
_--5*—25?«’//:1 %-’EU-—(}\*{M | * el 512K T
AMGALAEY— E  xoRORAM
XEY—DINZR: /\/f\film(f\*rh@) | 25.6G |
ARAHARERR vk () L;_jjffffjfj_‘ __99@&%&:%1-&@@%@
EFRES R R (FLOPSF}- z7") 256G [HE#EE] - oty

R ;\bem{l: by 1024 [P 8]

46
70~80W

221

? 97 ﬁﬁ (.mmz}

®3 [Cell| DX Ltix
[ISSCC 2005 CRRINALREF v 7, AREXPET T EEICKFEIER,

32



1. aEF o7
DLALTF7) b
90nmJL—JL @ SOI
Bl =BV 2ME
3400 5 ED ~Z >
VA2 %18.1mm X
12.2mm®DF -y 7IZ
£,

BEI broadband engine
interface

EIB: element inter-
connect bus

MBL : MIC Bus Logic
MIC: memory inter-
face controller

PPE: power proces-
sor element

SPE : synergistic pro-
cessing element

XIO : XDR i/o interface

233



A< B2 H

22C)CH5£E(3U§H&EDSBF§7’E
T/‘

¥ SR

{0 GRS [2RE) A5
@v@21<13/t11&1®&§ %ﬁ%*IBM.%%

ﬁv//h/eaﬁm_*l*p$ ~{If et

N LN (| RE

v

B MIZxE

SRR #ﬁ%@gﬁ% CANUBINQRTER N TINOEER N~ (MY
=R HMNT MM (00 SEREEOD-GE MATNR-AIA (20)
NAANT TN HIBY0RHRAVAS 0

zm:yﬁﬁmlpﬁ
i@%&#b LY
BONEDY XES
gl €GN

|6 HQ 8

UPBLOETIRE [ RE" P=

M0
5&w5°
tbil F
7»17%%2@&&#
ERR

e SR AR T T

i GRS

& (1]

KU
yUELD
MEASRHISUAR

sl

INNMENEER
~4AZ)
OO gLmims

Ol %BUHO

{iEH O+

L-0{R) Y|
TR SRR+
@@E%E%%@TL

0
ﬁ

00K 1)
Un~t -l
I NHCHREDH
165

RS
i NINRES

S R ACy
SHESERE (5
PUV L%kffaﬁ
RS (Th) R
RNV X
~C-NNUA -5
DORERLMGNS
0 BROCMINEN
0P H~QNL]
HhiBe (RS
WHEL-& MAY
z;gyéﬁpsg:

HENIRIONR
7&?,&&Eﬁbﬁm
ﬁ%ﬁéﬂfbé

4E)

SYRHRMSE )
MHQUONZENIY
M- VBRI
Bhvn N NRE
sl O
HIYRMVED S
BV A
o




(2NEC IMAP-CE
HENHEHAEFLETOEYY

SIMDA =, o
PE:SE k. 2ALU+¥§E§+

>

JEEMERE AR KAX51.2GOPS
HEBEED AR K4AW
PE#X 8bit><128
ENERIERE 100MHz
EREE —+1.8V (R ER)
=33V (A Ha7a)
SLEFRMT 0.18 mJL—JL
o X2 E 3,270 73 1&
Fv T EtE 11mm><11mm
(b) FvTEE
(a) MEREBIE=

| BeERLITOty Y



IKFHEY o)=L A

fEREL BEE
2 AFBFREOITE{RERRLIE

QNI {5
NEC e
EHEIZESI B
2.4GHz .
ARZOwyy B S £
0 20 40 60 80
B aiFEad O FefrE=EME

3 R & SETE DRG] 236



—
o
o
\
3
=% Jnul
= di

51| LI | FE

CMOSOENEE

. BhEY
EEEASON, OFFF 5& = afCV?
CRNER Ve

- BTN o ft g,V

pMOS. nMOSAYR A v F > 4 By EIFFON
a:T—FEMEER, f  BE#M. C: F— FMRBE=.
BREE. t.,  RAMYFUIHEMH

T.Mudge: Power: A First-Class Architectural Design
Constraint, IEEE Computer, pp.52-58, April 2001

237



238



F=1D &=,

A 4

ABn T

A 4

nMOS OFF

P PMOS ON:V 2 D% %

%%

imIEERSF

nMOS

F=0DEE,

NMOS ON:7—XIZD%HAS
ME

pMOS OFF

239



EARI

P=a f CVZ2+V It af t
F max o< (V_Vthreshold) 2/N=V
|| cako€XP (_qvthreshold/kT)

ZETOHOEHEEDNDEE (%)
20w

$H A A H 2
EEJOtvY
MPEGAS | C
ATMSWAS | C

0
30
2 2
20

sc I short

FT—AR IR

33
25
34
10

AEY
11
4 0
2 2

/0

2 2
6 4

240



H Qs S -
ZEA*'“Hﬂﬁ/t/j
- RAYFUIEBMELLGLSTS
- BEEX LA (&EFEEINDS) BEIRRIZIE
g0y o#ELaEn
TR ZHEfE L&

BREXZHIEL T, BE+DGNEEE TEIT
EREX. BE#ZEEE LTHHNE, /N4 TS5 2T
172
FEE/NA T AEIMIZ &K %E‘E{E%ﬂ?ﬁﬂ ;
)= EiREIE (RTALyLa)LFY)—9FR)
EIREN - 1BEAME.
KRR o R - SRIE (/N1 7 XENM)

241



- TINARALARN)L
EERETEIE. BT — FBE=1b. EE/ N4 7 X Hl1E
o & L AL
INA RSO RARE
g—rGEOOYH
1) F DR
£ 1 SN B
JE [F) H#A [B] pR

- T—F TV FrwLAL

T—ANRADwELL : RELEERDRELGE
i 5B, /N4 TS5 A4 I8
e A= 1)

IR PFRLAORSI 2 EFB1E. T—32 EH5

- 0S, a4 Z, ZILT)XLLARN)L

=1k

Ey FEEDDGENa— FER

B Y R T I i) 2]

) B ] IR 2l i 242



=] o == ¢ H
\Y1 /4 / \47 ’f/ H’ I::
(1) LHNEBEDEA, 5S40
A | Lo 4 I AR o %E:jjfcvzlz
T|AH2(f2C(V/2)2 :ij
= 2
BAMCY fCV2/4 !
Elj ':5 If:' EmIE[E % 1/2
\ 4 \ 4 A\ 4 %EI,/:JE\V/Z
B i S
RIEE B REER|  |REER B
TRV EIRV/2 EIRV/2
JE R 4 BliREf2| |ERES2 ERERE 5 2/2
TIRV/2
B i S f

VIS EIZ1DDHER

L]

:?

ﬁl:

12 &Z2DMEE

—

Ll

VS EIZ1DDHEE

243




- v = S > N=
(2) %,%tf&x’r WF 7&/@5’9#
OF —M = imEE =t
=
o0y Enable
X Y X_—
@’7‘"J‘y9=0) v
HIBR CEN -
L FguyTF
Z
TALMEAN N4 TS4214k
ZIF
Qh—F{IEEE _§ —
> - E¥ oYARIE
BRIZIEXREIL
ZER AT

244



/s MEwREE | L
@DILEE . N
True | NE v

N-mE vkt —

Enable A YF 5 BT

WESIZFF1E

=15 Al "5 21k

=S

A 4

v
g
g
=
v

©T—32DEEIE.

® s o " Ny
MIEBIEDEE EDEDITIL—TE. BEOEDIIL—T&

1l cC
A 1
DISARS | | C-A+-C'B
?/:)Z ~C —_— o sle e S
? B — FSUCRAMOEIE P




T

(83) RAYFUIDLENWFEE
2 DHEBETTR . FEREEREXRE
IE+5 8-5
0 0101—1 1011

e ERRE . &
O 0O101—1 0101
hoo3 . RE2EFS

2SS 000001 010 011 100 101 110 111
¥t

RET2EFS 000001 011 010 110 111 101 100

1Evhg DZ1E

246



2 ERFFERIT 2 EFEDREL R
, by, bp, =, by) (81 8-t B v " 81)
b=1, g1

b.=0,b,_=00& Eg, =0
b.=0,b_=10& &g, =1
b.=1,b,_=00¢&Fg, =1
b=1,b_=10D& &g, =0

— Iz

@b =0DEE g, =0
. ®b_, =1 ©OLZ g, =1
0, Db, =g,

247



(4) A*FY Xy a rtETYDEEANIEL

OPZIZ E-EEDETERE SRR (| AR AL 47
QAF)D/INVD1E

@ B ruRIfEE

@) TL—R7% LiEE : EEROELGE
BRI AT IR, EREN

248



NiLIFED : BILEFEM.

20 | 20024107
200}
o
% o —70%
R
=
Ho
g 100}
HEn 701 BiHE-
® ] QCIF
34 Simple@L1
15fps
O |

(1) &&1ta] (2)DSPf3% (3) DSP+URAM
Ed== (URAM 88.0 k/S1H)

s31:BMC (Bhxwfg), EIDCT GEEti oy %#H), OQ(EFL)/IQ(EEF1E)
+VLC(AIEELE(L), ODCT (EEo > 2#), Oct (F4#E), OOME (85
¥80)

SF2:BEZESHAR QCIF (176 X144EEZENDETH{ES 74—~ vh), fps(Frames per

Second), Simple@L1 (EAZ{%E CHEMEL ENES)

E1 MPEG-4fFS{LREICH T D REERIKHB DRI
DSPEURAMEB AT H2ET, —MEAIECPUICLENT70%DENER R EZ K

WIBEDTEB, 249



(5) BIRER & ERES

B ZTAL:

BhE DZE{E: A IR T
h kv
(BHIZ—7)

SH

= A=

Vi (BA»EIRYICZTALE)

e FEUHBEN R ARD L
> EITRFE]

E2 MPEG-4§bu-F-":I—ﬁ'?@”ﬁ?%ﬁﬁlliﬁ
RFDOUIIE, (EE-REENPELL (RU—T) TH B, DIz, ER-SEEE
WICRIF T BIED £ DENEBTBIE P TES,




=1 ri»
DIEMIS| [&:

SR =
2f. BIRV & J1:fV2

| RILT—O R —1)2 5

'FIDI|E|IMIS

JE R E2, BIRV/2: & J1:1/8
NIEZSADES

INATSAVRT—E

ERE2. BIRV:EH:1/2

BEERETIEAEELLEE. H
jJ(U OESJL) 251

lI.IJI




FHF —7ITDLHHR
- Transmeta : Longrun

- Intel : SpeedStep
- AMD : PowerNow
- VIA :  LongHaul

252



13.4 BE#E. EXa7H70tyvYy

SEFE. X 7570y
X
RENTYFX
- IRIS—
HREEIE

X T4-TRAYY

253



=S1EfE %
FINA A LN
- FREERFRLANIL

2 Bk

T—F¥TOFvLAL

= {

MEEEREBE (D 2 E

”
= N

F—RINAD 2 E
SURALFTVA
A41) /)4 KERSE (Reliability and

EaEtXxa17it

551t

- RAY O A—NNTOA—TF v INE

X

N)T4., ECC, IYF .2y T2y TD

TILFRALY FTO 2 EETT.

Security Engine)

254



Memory

Memory-ready

Insft;t;ccrglon » Decode »| Execute » Memory —» Commit
Ristnictinn Register no. ALU result Data loaded | Commit/
Register values | Address/next PC from memory | squash
y y y y
-9 o 9 Fetch Out N =
. ° RegFile_Data §§
~ —— - Execute Out 2 §
Manager © =
] Memory_Out s
® L 4 ®— Commit_Qut =
Preemptive Application/ Selective Pointer H
; ardware
control-.ﬂow 0S hgalth replication tamtedness madidae
. checking monitor tracking
Instruction
A i s S
-

RSE framework

R.K.lyer et al, IEEE Micro Vol.25,
N0.6,2005

255




VIR T DMESEEDH /Ny Tr—A— /N TO—T7 2y E

\:>

Ll

=095 4

Ay kyT0

JA—LFRLR: 1000

M (R10) >

ARFYYR—2R0

M(RI1) —*

A32v90

FTOTSLDORIE

ESE:

ROWT—2DEHIEDIE—

o EB. O /N5, 0S,/\—F O T7HE TR
x /

2000F M SI8E S TEHOY
OS5 LNDET

ZBYIRYT 1 T—ADIE—
M —>
(RI0) rexsEe | |
T., SERL DR
INTGA—A
o e 1000%2000I=
RAYHIR—Z )3—2T7RL A %E
M(R11) | BIfY1) > <«— IBRI11 <« 2000&#h
Rlle— R10< = EyT
REYGN—R0 N mEyASFN
A1
B DIRE

A

L L O I




13.5 BfEAAIEERFIZ K B
A ZEEER O EL—4&

L

EHEE Y ME RPN )
RS e fE < o> i A n’f’{lbt
75 miEH > B BHOERK

(1)FPGA(Field Programmable Gate Array)
Xilinx#t:Virtex!|IPro (PowerPC) .
Altera%t:Excal ibur (ARM)

(2) Dynamical ly Reconfigurable Processor
NEC : DRP-1
PE7 L 1 RECE
MR - BESHIFPD
BRICHEEZIYVEZAAIEE (162 TFX )

FFT, MPEG7: & 28725 A 28 B
|PFLEX%t DAPDNA-2

257



1=k

FPGA

<ILFTLIY

O-0-0-0
O-0-0-0
O-O-0-0

-0 6@

<IJLF7Ow -

T AL
AR iy b

Fysa MMU

AE

PEF7LA
ALU : arithmetic logic unit
FPGA : field programmable gate array
LUT : look up table

MMU : memory management unit f@i‘; " E ﬁM | Ccro dev | CeS’ N0242, 2005

PE : processing element

X2 MEI1=.y O
TR TOEY - PLAEARBEICHELT, TOEMBIERLE, S, 3x8Fh 258
PIB1= v NEEDTOEY - FLAPBIEL TR ETFEEIND, BEEDT -4,




-

U

To SDRAM/ CLK
SRAM/CAM -~ 1PEDH#EL

g oo

E

-

Data + *

Ctrl <%

TWJE

i Reqgister File |

Instructions

Flag_out

xee ' — -

Test —1—%
- et bl it
Program »
H\\

IP Flag Wire Data Wire
Flag_in

Data_out
(8b)

CLK

FRER

Tile & EF’ﬁ é%é él[ﬁiﬂ\

PCI IF

150nm CMOS 7' O+ X

Ny —2 696 E > TBGA
EIEBE : 41E83. 3V, RERT. BV
PE%% : 512, PE7 L A1 : 64

28w ERE - &xK133MHz
BEATEY :2MEw b

27— kA
IR—FAEY

E!) (WEM: F2 M ILDOERIZEE)
(HMEM : DRP 27D L TFICEE)

VMU 5+ 2R ATY

259



|PFLEX#t

DAPDNA-2

260



DAP
DNA  DNA
PE %X
RAM &A=
=
g
P48 DNAX A L 7 b
e 1/0
%
7 DDR-SDRAM
7
I
_ PCI
A
ROM
ANERENIA T
Z DA,
g & I 5

N =

T—FFvrvia 8K A b

WmET L AL M 168 {# )

(
576K /XA = (RAM =1 X > &} 512KB + DNA N> 7 7 £ 64KB)
AN (T TITIT9R 1 RN + X"yl 059K 3
N ) A NP RIIANE AR Y v — RAf
166MHz( sk, M7 vy ZIZEMA ) . 32 By ME, A
HEF 6 F %L : 32Gbps (DAPDNA-2 DO#EHiEk: & vl

HE )

166MHz . 64 v - 1§ DDR-SDRAM £ > % 7 = — X KK &
512M A K

33MHz. 32 v ~ig PCl Ao %7 =—2% (3.3V LT
k)

T— b MHBLOXT2 o AH Serial ROM(SPI) A > % 7 =— X

8 K

UART 2 F - /L, GPIO 16 Fr /b, I UT L (=R

2 ) 1 Fxxb
166MHz

2 IR 1 2.5V(/0), 1.2v( =27 ) 261

FC-BGA x>/ — 1156 v



3 ER
(DEHESE : AVYEaA—37—FTIVFv HFE2hk HE\E, 2000
(2) J. R. Goodman, D. Burger: Billion Transistor
Architectures, IEEE Computer, pp.46-93,
Sep. 1997
(3) J. R. Goodman, D. Burger: Billion Transistor
Architectures, There and Back Again,
IEEE Computer, pp.22-28,March 2004
(1) EHER : fER7—XTI/FvD@EE, T’E, KK, FHROHE, 41, 5 2000

262



