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Time {in clock cyc
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Moore’s Law

Moore's Law

ors. In 2008,

hald more than 1 biltion transistors. ntel continues to drive
Meare's Law, increasing functionality and performanca, and
halping to bring growth to Industriss worldwide.

Year of Introduction
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i TR EEFROBV GRS

LY R4A
R3 :=R3 + 1 (1)
R4 := R4 + 1 2)
R5 :=R5 + 1 3
R6 := R6 + 1 (4)
®KA
i 5| 1S AT AT Ak
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i THEREEROH LB RS

R3 :=R3 x RS ¢))
R4 :=R3 + 1 @
R3 :=R5 + 1 ®
R7 :=R3 x R4 4)

If R3=20, R5=3

60 := 20 x 3 ¢))
61 := 60 + 1 ®))
4 =3 +1 3)
244:= 4 x 61 4)
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i ENOT—AKTE (true data dependence)

H 514K %% (output dependence)

R3 := R3 x RS O (R3):= B3 x R o moerw
= 3 i= K5 4 ki) = 3 i= K5 4 3)
RE = RS + 1 @ Eoen 8 R = RS 4L @ Riea 0
Ro +1 Esi If R3-20, R5-3 ‘= RS +1 (3) If R3-20, R5-3
= R - 20 x O ) = A 1o 20 x )
R7 x R4 9 jwa o R7 := R3 x R4 (4) |0 w
It K320, R5-3 L8 It R3-20, 53 L8
60 := 20 x 3 (1) := 20 x 3 1
61 := 60 + 1 2) 61 := 60 + 1 @)
=3 +1 3) (:):=3 +1 (3)
244:=x 61 (@) xxx:=x 61 (4)
3BEHOGEMNTET T BRI, 4BBOHRERTLTIILIFAL. 1BEOGSORANSEEDOHRDORAIYEZICTET LTIELIFARLN.
RAW (read after write) WAW (write after write)
W1{&k7F (antidependence) i T—AKEFEZROH CEE)
RS i= RS x RS W moery
R4 (RS 1 @ =0 RS :=R3 xRS (1 ()
(R)=16 + 1 3) '
If R3-20, RS- 3
R7 :=R3 x R4 (4) |60 20xs m .
STHE- R&:=R3+1 @ (@
If R3=20, R5=3 L o
60 := 20 x 3 @
XX i=(2 )+ 1 ) R3 := R5 + 1 (3) (@)
@;: 3+ 1 (3)
XX:i=4 x XX 4 R7 :=R3 x R4 (4)

2EBOGBHETEIROSHN, SBEOHRET T LTI

WAR (write after read)
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i Exercise

T—RRERZEOH CEE)

(A) EQOT—4IK?EF (true data dependence)
(B) H A& 7FE (output dependence)

(C) #{&7F (antidependence)

K4, #8ES,
FHEESY—IMERET)
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& T—HKEFE RDHI

R3 x R5 (1)

R3

(2)

(3)

R7 := R3 x R4 (4)
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i T—RKFEROBH

R3 R3 x R5 (1) @

(2) @

® (o
@)

MHELAJLAFIEG 2

i LORSARMRZ, LRS- YR—304 (EE)
R3 := R3 x RS 1)
R4 :=R3 + 1 2) @
R3 :=R5 + 1 ©)
R7 := R3 x R4 (@) @
RS := R3 x R 1)
R9 := 2 @
R10:= )
Rll:= @)

i Exercise

T—RREEZROH CEE)

(A) EDT—4AIKF (true data dependence)
(B) H AK7E (output dependence)

(C) #{K7F (antidependence)

K%, PHEES,
SHEEST—IMERT)

i LORBLGRIRZ, LORAYR—3T

R3 :=R3 x RS ¢))
R4 :=R3 + 1 2
R3 :=R5 + 1 3)
R7 :=R3 x R4 4)
R8 = R3 x R5 @
R9 :=R8 + 1 2
R10:\=R5+\1 ®)
~.

R11:="R10 x R9 4)




LORBLRIMZ, LOAR ) R—IVY

R3 :=R3 x RS o))

R4 :=R3 + 1 2)

R3 :=R5 + 1 3 @

R7 :=R3 x R4 4

R8 < R3 x R5 o))

R9 :="R8 + 1 @

R10:=R5.+ 1 (3)

RI1:="R10 x RO (4)
MELANILIFIMEE?
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T—41&7ER% (data dependence)

= EDT—AKTE (true data dependence)
= RAW, read after write

= H A= (output dependence)

= WAW, write after write
BOT—2KTF
= H{&K7F (antidependence)
= WAR, write after read

= RAR ?, read after read
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RFMEEER

= LOREDEBMEBRIZof=5. . .
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IN—ROITIZKBLIRZLHIZ

= SRIELTU X4 (logical register)
» TOUSTOaVNRASHBRAIBLIRE
» BHHESDI—ILETIEE
= MIPSO&StEYRTIL RO - R31 EVWSHEBLOR4EFIA

= WEL T XA (physical register)
» oYY 7 —FXTIOFvOLRIBLIORE
» TOTST0aVIR(SHLBIZRZZBEITEL.
= MEBEHICHFEETEHLORS

YIRITTICEBLORAARARTEZ
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MIPS Register File

Physical Registers
32 bits

Logical Register File src addr _/;_,
32 bits src addr —f—
srcl addr—/5—» 2, srcl Iocatiiﬁg
data dst addr
src2 addr—/5—» 32 dst addr —f—|
dst add 5 locations
st addr —/—
2, src2
. 2 ) 2
write data 4—» data write data
write data 2
RO — R31 write data 72
write data 2

PO — P127
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2 src
data
2 src
data
2 src
data
2 src
data
2 src
data
2 src
data
2 src
data
2 src
data

N—FIITFIZEBLOREZRFHRZ

Physical Registers

1)— EVAS
2)—=8T - 1\vT7 32 bits

T LIRS " 32 src

2 head 2vIT—=TI data

P2 w0 2 src

P4 data
128

P6 R1 locations 2, src

p7 R2 data

2

P8 R3 P1 src

P9 R4 | P2 , taa

P10 |« tail R5 . 2 data

R6 write data 2 src

R7 write data —72 data

. 2 2 src

write data data

N write data —72 2 src

8Ewk data
PO — P127
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LSRR YH—I Y LORS - R—ZY
LORA-ZvTTF—T I LSRA Ty TF—T Il
Cycle 1 Cycle 2
0 0 0
10: sub $5, $1, $2 ——1 1 10: sub $5, $1, $2 1
11 add $9, $5, $4 —?2 2 — I1: add $9, $5, $4 2
12: or $5, 85, §2 3 3 12: or $5,$5,$2 3
13: and $2, §9, $1 4 13: and $2, $9, $1 4
5 v »dst = p9 5 v dst =
2)—=585 - 1\T7 6 = srel = pl TY—BG T 6 srcl =
T src2 = p2 > src? =
M e s
9 9
head 10 head 10
dst = $5 dst =
srcl = $1—! srcl =
sre2 = $2—— 10: sub p9, pt, p2 sre2 = I1: add
31 31
Adagted from CnmEule/ Olzanlzallanandbeslgn Pauersnn&Hennessz‘@QODS AdEEled from Enmgutelorgammzmn andDeS/Em Pattersun&ﬂenness*@zo%
LYRE-YR—IVT LORE-)2—IV Y
LORA-ZvT =TI LORB-2yTTF—T L
Cycle 3 TRSTITT Cycle 4 TRSRITT
0 0
10: sub $5, §1, $2 1 10: sub $5, $1, $2 1
11: add $9, $5, $4 2 11: add $9, $5, $4 2
12: or §5, 85,82 3 12: or §5, 85 §2 3
13: and $2, $9, $1 4 13: and $2, $9, §1 4
5 »dst = 5 v dst =
V=BG 1\ T7 6 srel = SRS Ny T 6 srel =
7 src2 = e src2 =
i 8 - 8
9 9
head 10 head 10
dst = dst =
srel = srel =
src2 = 12: or sre2 = 13: and
31 31
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LU RBLRIHRZ, LOARR ) R—22Y

R3 := R3 x RS o))
R4 :=R3 + 1 @
R3 :=R5 + 1 (3) @
R7 := R3 x R4 4
x R5 )
+1 @
+1 3
R11:="R10 x R9 4

wmELALASIED R E
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R—IN—RAF5-TOtvYIzB I+ 5RE

s LORGYR—ZDY
o AHAHLIZER(NE) DB R OYR—IVTEBTRIBEALSS.
= NfETEESES.

State _ State
Element — ( Combinationaly /g joment
1 logic 2
Clock cycle m

« NEDOGHERADELSICRIREERT .
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R—/IS—RAA5-TOwy YT 5HEE

2 BDLORE - R—IY

LORA- 2y TT—T )L

Cycle 1 qup $5,41, 82 sub p9, pl, p2
Combinational add $9, $5, $4 0 0 add p10, p9, p4
logic 1 1 —
Y=Y 1Ny TT g g —
—4 [ 4
head 6 srcl = pl
7 src2 = p2
dst =§5 8
11T —— src1 = $1 gk =10
e Mg sre2 = §2 10 11 dst == 12 src1 ?
" dst = pio
_ st =p
Clock cycle 12 R dst :$9 srcl = p9
srcl = §5 sre2 = pd
src2 = $4 31 p
Adagted from Cnmzule/ Olzanllallan and Des:gn Patterson & Hennessz‘ © 2005 AdEEled from EHmEuIEI O/Ean/zalmn and DeS/Em Patterson & Henness* © 2005
Out-of-orderR—/8—R A5 -FA+tyH T+FoUR
O— Instruction flow
e
[ Branch handler o————] Fetch | - Eﬁﬁx74l\' Eﬁﬁxb—/l_)b
- @ = www.arch.cs.titech.ac.jp
Rename stz [ = 3
———{_Register file_|———{_Operand Fetch . *ﬂ[i1*u§—c—g—
— Memory dataflow
RS Integer Floating-point Memory
[ITT7] [CIIrri ITr1] [CII1r1d [ITTT7] I
] i ] I} ] i
ALU ALU FPALU| [FPALU Adrgen.| [Adr gen.
[TTTTTTTTTTTTTTITITITIT]
Reorder buffer | Store
_ — queue Data cache
Register dataflow
34
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