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Evaluation of splitting and speculation of load /store
instructions

Yoshikazu Koide
Abstract
One of the factors that prevent the performance of supar scalar processor is the
problem of ambiguous memory dependence. Instructions scheduling grasps and
satisfies the data dependence among some instructions. There are two types on
the data dependence.

They are the dependence through the register and the memory. The de-
pendence through the former can be resolved. But, The latter that is of the
dependence among the memory access instructions can be not resolved, be-
cause the referenced address is not determined until the instruction is executed.
Therefore, the limitation that load instructions following a store instruction can
not be executed until the store instruction is completed is needed to assure that
the deta dependence is satisfied.

This makes the load instructions following a store instruction depend on
the preceded store instruction,even if the addresses of the load instructions are
different from that of the store instruction. This is the problem of ambiguous
memory dependence and makes prevent ILP to be extracted.

For this problem,there is one of the solutions that memory access instructions
are split and the instructions calculating the referenced address and just memory
accessinstructions are made.

Store instructions need the resources like a value to be executed but calculat-
ing the referenced address instructions are executed without them. Therefore,
the referenced address is determined rapidly. If the referenced address of load
instructions do not coincide with that of store instructions preceded ,then load
instructions can be executed before the store instructions is done. Splitting
the memory access instructions, referenced address of prior store instruction is
executed rapidly, so the problem of ambiguous memory dependence is solved
quickly.

This paper sais that the method of splitting the memory access instructions



v

solves the problem of ambiguous memory dependence.

And the load instructions are executed speculatively to solve the problem
of ambiguous memory dependence. Whether the address of store instructions
coincide with that of load instrutions following store instructions, or not is
predicted and if the prediction is that the address of the load instructions does
not coincide with another, then the load instructions are executed speculatively.
Some methods about the prediction and recovery have already proposed.

This paper sais that we evaluate performance of super scalar processor with
StoreSet as the method of prediction and reissue mechanism as that of recovery
from speculative mistakes. StoreSet is the system that maintains the dependence
amaong memory access instructions using unique table. Referencing this table
to detect the dependence of a load instruction for store instructions, referenced
address is predicted. And that we evaluate about three reissue mechanisms for
speculative mistakes, they are non selective nullification, selective nullification,
and the way of using wakeup logic.

First is the method that all the instructinos fetched after miss-load instruc-
tion was done are reissued. Second is the method that only the instructions
depending on miss-load instructon are reissued. Third is the method of using

wakeup logic.
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I0: (100) STORE r0 M[X]
I1: (101) LOAD r1 MI[Y]
I2: (102) ADD ri 1
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BEHRLTEL s n—F o BRBENICETII, ZOZETEF L A25tkE 5
F T, issue queue (CFE X M7z (& select logic CRAINANWE 5 ICT 54463
BHbo ZDDIC, no-request bit L WS 777 %, m—F DL T3

10



misprediction

remove «—— Removal Circuit |e— latency-
predicted
non-visible/visible : : f ?issued entries
. > R E L R
------------ FEEEEEEEF R = >
00 2
& 3 ~ |2
o = Dependence (g |g Select
— . .
o8 Matrix S |5 Logic
o 0
: ~+
... _:_:_:_:_:_:_:_:_:_:_:_:_._._.?Z ...... i-ned >
b) A A a)
" | Register Scoreboarg
Circuit le— latency-predicted
g a) readys no-request
activation T L result available ) / q
of latency b) selected
counters misprediction

54 6: issue queue DR

INTRICT =2y FINBMDDILTHEIRETHIT 5, FTTICRITEI N
SN E D IREM D AR\~ & Do Tl £ Dy issue queue 2> LIRS o
AT b BB X DB TENCT 2 WBEND Do 7T 7 "I L L select
logic KRR35 X5 I L THEMEBE AR L TIT9 £ 51T 5,
OO T3 72 DD OHIHBEKIC O WTIER 5, (46))
—DHIE removal circuit &\ issue queue 2>b (ZIHHEERL T LT HR)
BETEN B EHERL « FRRICHERIME DB B IUL select logic ICTEA
X517 77N THRODEKETH 5, —DHD register-scoreboard circuit
AT I N finss LHRME S B I LT < [R5 TH % o Ready bit 1
/@‘H‘/f 7/1/%5%21@3 NsDT, FERME I NS EH b D ready bit % FHEH
\ HEMEE LT BB IR S 52 TomS iR 7ZRBEICR 7 B o
ﬂ‘ﬁ‘/r 7 AT EIC, removal circuit 23T E IS H#HE L | register-scoreboard
circuit FZDOZBHET F L X %H15,
PUFCRIBER ., I L UERWIM D FIEIC O WTEEL <iB~ 5,
7 & e DUEEREREE LT — 47— 537 CTHb, TL7 7y b
JHC7 =y FINTREHD LT 5,
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_r
DO®
» © _

dependence graph

X7 7—27w—-r27

0

3.3.2 FEFEROVEPEHTR

b AU O 5L RMEs b & 75 2 AIREMED & B s B T H
BITTHDHETH b, P 22 L —FmHok, 7 2y FINLE
TOMmSEIENET 50

17— N i AR ICES T I N RICHRIT I N LT OmMS L issue queue D
HICHE-> T 5, 2D, BT X038 LT S RE, 20 Dfig [ issue
queue DD LHFFRI N B0 BB 2 TH o el LI DD T DD
b X, MBS E X 415 o removal circuit & register-scoreboard circuit 23
ZIBT N L ZADOMER Y A 7 v issue queue ICFE > e DRTZFT5 0

PRI 2T B & | removal circuit & register-scoreboard circuit {3 ESME%
FTREMDICEHET 2 1EHMRE D 5, £ D, register-scoreboard circuit {3 )
IEENZREMEDOENL VX ZICBET 5, KA THIDIT% 2 ) T L+ removal
circuit (XTI H DA D issue queue =¥ + Y D no-request bit Z 01CH & F%
Z?D_E. register-scoreboard circuit (ZIEMETREMBOBEMNL VXX ZDH D
b7V T T 5 WRMEE B ORICE HRMET R EMBICURAEL T
WIEER R A %%5 ENOOMSES Y —AF T v F RERARNE o

12



Source Operand 1 Source Operand 2 Destination

Ready | Tag | Content || Ready | Tag Content Register Content
Dispatched Functional Unit Executed Program Counter
Yes/No Unit Number Yes/No Content “

Register Update Unit.
B48: v ¥R Z2HF=~=> + (RUU)

TW3DT, BRICEITINDHELD 5o

COHETHE DT OBICE LR b,e,d,e,f,g,5,k D/NDHHEMAE X5,
3.3.3 EHERO—FEYLGTA

AETCHE ARBHEIMDETO I 2% LRICHRME L AT id R b v
MBDOHEFER L 1 4 7 v TENLOMSICK L THEM B %17 5 HikIc
DNTIERS , AKENME L AT E A b A vamS i, I X% Lice—

F ARSI T 2mBDC e THY | T TELE b,f9.k DIUDHBEIUCH 7
%o 2D BIHTCRAZIINAEE L, ~—F 7 = TR T M TH -
Te 3 FERIITH > oo

LIHETES b,f,9.k DVUDICHRITAUERZ o AL b DfnRICH 3 5 HER)
(B2 I AT E L 7R m T\ Fl—3 4 7 ANt T\», IR A 7 ATl
XM EHER DL - 7 RAEIC T 5, 2o, DBEEHTH Y | FRMbIct
S5IARNFAT A BIRDDENVEEZEZONDE, LEALZOAE A —F V2T
BT 5 RAIEF ICHE#ETH 5,
3.3.4 wakeup logic ¥ ALV -EDLH K

AETTIE RUU(register update unit) DISFOTNTY XLD—DTH D
wakeup logic Z AW mBHEME A ICDOwTiliR 5, ¥3°, RUU & 2% H
WeEMS AT Y a =Y v 7 %uﬁéﬁﬂj"éo TG eE 159) | Rl | (G AP /8
RL VA XFEH L=y b ICOWTIRAR, EROFRITEHET 5. [4]
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I1: r11 <~  fi(r10)
12: r12 «—  fy(rll)
13: r13 «—  f3(rl2)
I4: rl4 —  fy(r13)
I5: rl5  «—  f5(rld)
16: rl6 «— fg(rld)

2 Sy —47 v 2D

3.3.5 RUUEHWAGRRTYa—") v

RUU ZHWMHBY 4 v F YV M8 ICRT, gV A Y F YV DK{L Y Y
F\ 220DV —ZAF T v F 74—} (Source Operand) 7 A7 4 F— =
V7 4—LFK (Destination), T AANYFE Y b (Dispathcd), BEE2L = }
7 4 —F (Functional Unit), Efrey b (Executed). % L arJ4h
VAV SRy AN (Program Counter) DO ENS, DLY —ZAFXTVF
BnELFEONAVWEZICE,. LT 4EY b (Ready) 23V v P Y — A F
T YR HFIHAANRRE TS 6 C & &R T o [T, ZDF T v F &R 47
(Tag) 23ty P ENdo ATV HBFIHARECR S & ¥ — AL P X ZD(ED
Content 7 A —AF ICt» F T4, Ready E'v F 23ty b S5, Tag % & D
Bl T AT 42— a vy L VR EE I Destination 7 4 — K DRegister
7 4 —AF ICEREFE . ﬁﬁ @%f?jf‘n%(/i Content Kﬁéﬁéﬂ5o Dispatch
¥ w } [ Functional Unit 7 4 — AN THEINBEEEL = M KM DHT 4
2Ry FEINThAENE S % NT o Executed B F S5 T T56¢ Yy
F XN b, Executed E v F 23ty P INTWS L, CoOmS & T — 2 EFR%
T Bigkema 3T 4 2%y FHAJREIC & % o 12 IC Program Counter 7 4 —/b
N ds TR D6 07 v £y FUIRAEORHE R IEMEAE Y 1AH 2T T 5
flLy ik L 7z StoreSet IC T 5 index ICfHbIL 5o

% TR OFEfT ﬁﬁ%ﬁ%#éoEQK%Toﬁ%v—&yzéﬁm

T %0 PR AGICT 5 DICLITOREE B0 3 HH i — fo
FRTZURE1DET b £, R BRER—F @S L, %@ﬁﬁv47/
VATFLVAHELI S AINEAE) T 7 RRANIAIADDLRDIIDET B,
RFIC, B OMSDOL AT v 3 TRTL I A7 0 EF 5,
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g2 K7 CT 27D TOIREERINZ 50 7 22y H D7 2y FlRET 4
ARy FHEE L D3 LT 5, HHE2 = + OFUIHIRE 35, amo=2I v
M EERRA D D ERE T B0 IRIZIC, X7 EMEBGALRT AT A X —va vy L YR
ZHEGEN T—FT7 7 F v VIR EZB/ZEFALTHL LEL LY XX 10
R CIFIHAREE o TV B D LT 5, DL EDREICE ST, MH AT
Va— ) 7 wEAT 5,

ETROIDOY A 7 L Tansy 11 — I3 BRUUICHKITE NS o r10 25FIFHFIREA
DTHA 1 D Ready E'v b (r) 23ty b IH, S bICms 11 FHEAEL=> +
T 4 A3y FEHT Dispatched E v b (d) 3ty P ENdc 234 71LHT
s 4 — 16 BFITIN D iy [ HEFE AL Z Executed B b (e) Z v b
T 50 r1l AFIHFAIREC A D L S 12 5357 4 A3y FE1 5, 34 A 7 LHT,
iy 12 DS Z R 2 r12 SFIHFIREC R Y e I3 3T 4 23y FEN 50 fy
S I3Ee—F@SaOT, fHRMEOINE ETIC2 A 7 VR, Lie
BoT 4 A7 VAT 4 Ay FEINEMBEEL S A7 LEHT, r—
F A 13 23r13 ZagA L 0 [4 37 4 A3y FE1 50 6 A 27 LHT,
anay 14 DRE R Z r14 BSFIHFREIC R Y | S 53T 4 A3y T3NS0 T
F A7 VBT, S 15 BEE R Z r15 SFIHFIREC 2 Y | S 116 57 4 %
RNy FEIND. REICE YA 7 VE TS 16 03 HF 2 X K 2 OBIDTFEHTH
bbb

HEn ks, coflomsy —r7 v 2RT — XMEFDDICy —7 v v %
WMCETEE %8R\ ZDOFTICIES 4 7 v E2EF 5,

3.3.6 R DEYILILE

48 IR L7 RUU %2415k L TR b 2 AIREIC L7ty 4 v F 7 %249
RS Y CET—ZTF LATZ 4 —AF (Data Address) ETFHIE Yy
I (Predicted), & OICHERNEE v b (Reissued) AINEN TS, Reissue
Ey MEIST eI iz c L % Fb L T3, BifflioaA & [Flkk

Iy FHI7F v R Data Address 7 4 —F ICERFFE AL, ZiILE W TigA
HX 7T — Xt Destination ® Content 7 4 — /LK Vcﬁlﬁz—b}'é nad. FHITF
LR L TEBOTF LAZETR IS & W& % g L T FHIESI 0¥ E
BTbIDo TDE & Predicted By M EY £y F ¥ b, b LEHEBHER S —
BLATNE TR TH D | Reissued Ev b3ty b AN, S IHKT
LEERBE OIS & BEROMB AT YV a—Y v 7 LFBRICT A7 42— =
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Source Operand 1 Source Operand 2 Destination

Ready | Tag | Content || Ready | Tag Content Register

Content

Dispatched Functional Unit Executed Data Address Predicted Reissued

Program Counter

Yes/No Unit Number Yes/No Content Yes/No Yes/No

Content

Extended RUU for instruction reissue.

£49: v Y2 2FF=~=> + (RUU)

v 27 EFATRERDPMGE S N Do FIRHCHRTE v P dBGEEI NS, D D
BEEINMEET LML 2 ICT 50 THICEIN L 58 BIEkD 2 7 2 —
Yy 7 FEREIC, FRT AR =2 a v ZT LY —RAFRT YR 27 D—H LT
TR DB BT ~T v F 2G5 50 — 77, THICKRK L7 & &Ik, 727 4
I—vavRT LY —XFRT UV 2T O—F L i L X 45 FRERE
BB 5o ﬁ?“@*ﬁbfcnnm@Dlspatched Ey b3 TlCEy hEINTNWES
HEts ZoMBEER->7Y —2AFX7 v EHWTHEEEZET LTS &
DI I N AT NE AR b A v, Dispathched E'v I} & Executed E v (&Y
v } I, Reissued By b A3 ky b ID, HEME I N B OETHHKT
LGB ML EZ A MoE I b, Ldis Ty ﬂ§b4kf§ﬁﬁ\ TELX
THNCKII L 7 6 WIEFHRIT I N MBS B E T2 T L L #EDL
TWwb, LIFRE Eab gl & [FRRIC, #7258\ 7>DDispatched E'v b 23
v b ENTMHIIME I D0 T 5 LT Reissued By F BEH LT T
& FEME I AT E AR O A S aHICRH S LS, 2. HEMEX
BREMGDODEL D & Reissued B F BHZ HDT, k& 2 RUUNICHS
DBFAEL e & LTHIBMEIEC b v, AEREEIIEROMTY 4 v F 7 &It
LTS SETS | ad ) OBFRMEEE3 1 KX 2T THD |, »~—F
V= TOHRKESF A 7 A2 A LOERZT TS, BEMEE D&MD

BHIT 57012 7 R HeET B8R BIICR Ty Y a—Y v 7 %757 rty
PICIL I TIC wakeup logic £ LTHEL TS, ZDD, TOBRERKR N L
* v 7 ICRR bR\, — TR UAa oS ERInITE TS L 5 FIREMEDS D 5 23, 1K
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HRIRIC D 5 ST DBERER K & 2o 72 D B¥EE= = » + OB DHlERH - 72 1
T 5720, 3 L IHEFERRE FHIT WS s LTI n s b clii iz <.
MECHTEINMEOHDIHIRE S &b O CHELAAMETIR AV,
RIC B HEMEDOFTINICONWTEIHT %, 2 CEIWMS AT Ya—Y v 7
ZAL D0 LRI Laa L IREZH 5. ARlEE bic, S 133 —F 7—
ATF LR TRIL. i I3 &7 — ZKRAEHRIC D B i TIN5 &
5. £F, NIl - I3BARUUICETI NS r10 2FIFHFRER DT, vy
N 2EREL = P ICT 4 A%y F X4, Ready ¥ v I & Dispatched E v b 23
ty b END, D I3Ee—F T —XTF LAXA%ZFHIL, Predictecd E'» T+
(p) Tty F 35, FHIEINAZ TR L AXData Address 7 4 — LN ICER{FEI L
TV ROV AT AT, iy 14— 16 DFEITI N Do D 11 DEHEZAEZ r11
PFIHFTREIC AR Y | B 237 4 28y F 3N D50 B I3 A AEY 22br13 %
FHH L. £ % Distination @ Content 7 4 — AN ICIREfT %, s 14 1%
ZDr13 #FHWTT 4 A%y FENS ., WA ERKZ 72D 11 & I3 X Executed
By b &ty 35033 A7AETMAI2 & 14 DFEERKZTr12 & rid 28
FIFHRIREIC A B 7280 i I3 L IS 3T A ANy FEINSE o IRDF A 7 AT(2
Y OEEREZ bILE, Thbb, H 3BT LVATHICEINL 7255 &
KL 755 TH B T VATHICHEIN L 75E B TO@) TH 5o fdy
I3 BEEZRZATHIE Yy V2 Y €y b 35, FRHICHS 15 DEE LRI M
16 37 4 A8y FEND o BEDY A 7 T4y 16 DA AL ol
fa sy —7 Y RAESH A I AT T T 50 HEIFE TR TR WSS & AT,
TN VR THICHEIT 5 & EFTRTEID 3 A 7 VFEHECE 50— THRIICK
LU 7255 s I3 D Predicted B M d Y &> b X4, Reissued E v b
() 23ty b INb, MBI31IEDS —EAERY LT 7 2R T 5LERD 5, [FlR;
ICanas 15 DR ZRE XD 16 3T 4 Ay FEIND, ROV A 7 VT, s
I3BAEY T 7 2R %KX r13 BFIHFIREIC & % 0 sy [3 D Reissue E' v b
ity b ENTRLEOTHEINLEZ LS N D0 27 OB Zefindy 14 (RfE
D> 7c r13 ZFHWTT 4 2%y FEIN TV BEDT, 113 OHBGEIC X > THEE)
IEdxfg & LTSNS, 5y [4 DReissued E'v F 23ty + I, XML
INDREMBORMIMEM T 20 6 4 7 VE TS 14 GEFAEZEL ., @5
15 23ERME x5, B MS 14 DERME L FIEECH %, KLk A4 7 v Tndy
I5 BT AR Z S @y 16 05 bE it o 2 L TRD I A 7 AT 16 5HA %
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Kz T, COPIOGEy —7T v ZAZ8HA I LTHETT 5, COHITE. 7T—
ZEDTFHNCKRE U S B A A 7 VUL 7 — RGO E T2 7
bRV CHELEF A 7 A EFILTH 5,

B4E AR
4.1 FHmIRE

HREARDT aty B e EFAET UL o 7« F—F—FfTR{TH Z—3—
ANT e Tty B THb, TV o« A7 o F—F —%FEHTLDICILZRUU
AL T, FEEHROBIILITO®E) TH 5,

BROINELRH 8 BEEREZR3 1, A€ Y A—1 238, FEYNEUSINEZR 232,
FFE NS REEEA 1 CRHIi % 17> 720

FEROFHMIC X\ Simple scalar > —t v b (ver.2.0) Wiz, Ry F~<—
77 a7 LIk SPECIS ZFIFHL . FHM L 70

PIEDEIET, A€) T 7 XG50, v —F a5 OREIIFET,
StoreSet IC X 2ZHET F L AAR—FFHI, IEERIVEEIMEMLEE, SERIY—fH
SMEILEE, wakeup logic & FIW7HEMERNUEE, %521 |, 5D\ CEH
L 7o IKETT T b OFHMifERE RS,

4.2 FHmAER

10 [FAFED 2 B TR~ 3 B TR~ BBEIVTE T R Z Dl
FOSiERABEDE LD DICONTFHI L 72 d DTH S, 7277 L BHEIE
FICONWTIEERE I ZDBRD I ZARFAT 4 TR LT,

default & 7> T3 DE, FEDHEE « FEHRER TN TI H 7D IPC(Instruction
per cycle) TH Y | 10 TR EN%E 1 & LD TEC K 5 IPC KRR ED
KXo h>krER LTS,

COKERD O, DEEHRZERE L 2D D& v —F G 0OBENFET, L3 IC
IPC DA LICkt T 2 G8MEA MR L 7o 7o $BSISEST & L DHED DR %
L7z b DOBIICKE RZERHR LN >DIE IRDESICEZ NS,

B2 &[43 2 HEbns L5, pH o e —F @SR TOXAI v 7
BRI ETO v —F S RITDOZNICHE S N Do FEDEE - JERFETH B¢
KOFECH LT, BT F L 2OBIRMEZEH T 2 FH 2B E . 0
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28 speculative = -
split & speculative =2

26

24 r
221

18
16

IPC rate

14 r

12

split -

default

08T
06

02r

gcc compress go(9) iPg lisp m88k perl
Program

10: 53 I X OB BT ORNR

EITICI ZARF AT 4 BEAASEIOFHETT I W hiEx B> T HFERIC
bk ave 20HME LT TDXS5 KEZ IS,
SEEFRICBWT, TR TARED ATY TF L AESOGE R TTICK
TLTED, 2DOA L THEKRTE T LTnAWnE 35, ZoOl;, B2 2
EY TF L AOBIRMERE I CICEHI N TED . v —F MBS ERTrlEE L & -
TWwb, —F . BIRIESSHE S N R v —F e i RBITTE Ao GmE
REZ Do BERLDHEIN TV I e —F M5 ERTINAR WD, FED
BECTH - 7S BIREIC TSI T I N D o LR T xos2 T b | M ERUE %
FTEHERD 55, SR> TRRFAT 4 ZFHE AWHEECEHliL T3
72, ZNHBIPC DIRT & > THNLA V. ZD7OIC, 78S LT iU
MR % [OREE L 7253 D IPC [A] EASIRFC & 723, 23R\ e DI 72
S ETOENMECHTE I NI & o7, EEZ DS,

Ric, 11 TEEE I AR =FEEO M EAUEIC K 3 2 DX oRh R %

19
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15 1 1 T T T T T

T
selective

non_selective
wakeup logic
n default
1
Q
S
O
a
05 r
0
gcc compress go(9) iPg lisp m88k perl vortex
Program
B 11: 5yl « 5088 R EALEE) oF il
AR

C T b B L5, IHERPIMERMEIEZ O D EE ORI HIT
w3 EEbh s, £DBH & LT, HREIC X > TRIRMICATS TR AL I
FEnTEh | HEMRBEDORHCIEME TN & B3 % \» T OFEICHICK)
RBHETwEEEZONS, LA L, XV HEWATEE S X 5 wakeup logic
% W 7 RO U CTRIRII Tl o

(12 &\ 3BT~ 7, HhE I 2% L R0 LA o ik =ffEe h £
o, FHXE « IFHETH 5 default XT3 2 H%M:% IPCRIERICL TRLAE D
DTH 5o

T, BHEETE TR0 TP LAA—ETHICEIL T, THIZ LAV
® (blind) & 3 FETuk~7z StoreSet Z H\»7c b DD 2 FEEECEHMi L 7o

Ry F~—7 LYV REREDPEL D, BBURRIREDH S LFX 56 3
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22 I I 1 1 T T T

]
selective [
2 F — non_selective [ -
wakeup logic [
18r 7
StoreSet |:|
167 7
14r - i
Qe
S 12 J
O ™ e
o
1
08r i
06 7
04r 7
02r 7
0
gce compress go(9) iPg lisp m88k perl vortex

Program

12: JEHEALE % | 755 Rl (S0 TRl L)

TR Y | FEERVESM N AR L A T KB icxf LTH 5
RETUFRE LT 5729, blind TFHfi L 2855 C flhoo “FED HEC T
I[PC2METF LTV EEZ bILS,

13 (& ERED D DI L THE TR Z T b DTH %0 THIC KD | IPC
BRI ARCHTO D D L EXTHIflE T b, 2O & LT, 2l
IRCEBRF AT AREERDIPC ZHRL T EDTEAVWDEEZ bILS,
METFRD I ZARFAT 4 ETFHII X L BOMSE 7 2y FHLRVET L
w5 H DT, Al T R ICERH L ERM LR & R % & 2 oFHEIRKR & v,
Lo T\ DIELTHII RO F AT 4 RVFATOHESNIC L BT R L
2 OEEIRMCKT 3 B RTE % HH 3 2 XRICHARTRE Do LEZ b,

StoreSet % FH WG ICOWTIE . 2AIINCEIRDIE FF 23 X Tnb, T
L BB I AR T2URK & E 2 biv, Oz UM ENUERCco
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] ] ] ]
selective [__]
14 r 1
non_selective -
wakeup logic [_]
ta2r selective_SS |:|-
1
e
o8 T
O
o
06 7
04r 7
02r 7
0
compress go ipg perl
Program

13: JEHEALE % L 75503 Hil (59 TS D )

BIROZNEDI DI T & HET b b o MR O EHHOEWIC L D |
blind TOFHI T ZZERD Wz IC D HJ°, StoreSet TIRAHIICZEL D E D
OIAEVDIE 5% I REROELSBIR L  HEMIE O~ F L7 4 1c k5 TPC
DIEFHRIAETE DREC A>T RE b EEZL LN D,

INEWEPDO DD, —ENvF~—7 7 07 7 AORESMEIE kD
W blind D55 & StoreSet # W5 T BRSIVET % L 7B A0 v —
F S RITREICT 3 243 2% L e —F @S 0ROENE R i~/ &
CAhH, EIDREC R >To

CDOERIPOL LD XS T, DT StoreSet ZH WG T B ==K
R LTI%LATICZ 2FHICHEINL T D, THCHEEEI ARKBMETF LT
570, BEMEABRIC L 5 I AXFAT 4 BIPC ICEZ B2 IR LA E AL
BolktBxbo ZORER LELOME ) RSN COfEAER AL 2D | 2
DER A IPC DM EICDRD > 70
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= 3. gt BT B blindy I K X StoreSet DA I 2SS 0ENS

SRR R wakeup logic
blind(%) | StoreSet(%) | blind(%) | StoreSet(%) | blind(%) | StoreSet(%)
compress | 5.484 0.019 17.54 0.041 17.73 0.034
go 3.804 0.261 1.139 0.168 3.358 0.260
ipg 4.690 0.032 16.80 0.042 13.42 0.040
perl 2.931 0.039 7.066 0.050 6.974 0.049

BEE B hH Y I(C

AFETES ILP FLEOIET & a5, BT v 2 OBERM:Z EH T 5 7o D
HELELT, v—F « X+ T Ol e v —F s OB I T T
VCOV‘fJi“fto 17— N i ORI ETICER L T v —F B DIEFT 5 R

T # & T 5 StoreSet # T A€ Y OBk ORME % fHk3 2 Hikx
IR Teo BRIE TR I XA LIGBICREL B —F 7 = TERFED S b
DM LA D 513 FEHIC DO W bR Teo D 3FTEEHD S & 1d | TN
B CH % HBLELL EOMmSEIRMET 5 . FEERIVIRIME S, T3
7 HLEERASERO M % 1 9 A 7 A CHEM BB A FIRE A | FE R8I by
XL BRS AT ¥V 2 —Y v 7 ICBEED wakeup logic ®FHATH A 70T &1
HWEMEITREMDETRL T LS, D=DTH 5, TIb(E EZED StoreSet
EHCLZBIET P L AR—ET % Lk b o 7258 ICHEEICE ORYROE 28
HbiTco

AIECENDICOWCEHli % (T o iR D THIZSERIC 475 & Lc
BIRZDOFINEERD bILE DD, B L TAIIROEETH 5T L
2 DEERYEZ M T 2HIC X 5 ILP [A L@ b T\nd EEX bits 23, 7
ISR B3I SRR CEHl L 72 /57 TR A~ F T 4
CE>TEZEDRAMFIENTLE o T EFERDD S o

oy#E R FEDEED b DICHANTHEICIPC IR T 1L SR TH o 7o
PRSI T TR BB AIC K DR C A7 5 —< v ZBE T T 5}
Db W o7 b3, EERINCHEETR E FIRRICTE 15 R ORER B b7

StoreSet & W 7z FHIIZRIR A E o $8KI R0ENS % . —HE 1%L T <l
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Hil T 2RO CHUC KD | RO =FERHDOHRMEAEHIC X 537 5 —
~ v ZDETFEIG N HRIE S A, PRI, ~F AT 4 OB & o3 ICHERE S
LT k&Rt AR IPC DL E WS Bl b BIED W FERDME S
NktEzxbid,

ASROMEL LTy EFDUTHEZIZE L 2 T, fTo~xvF<—7cxt
T 5 HLOFHM, F 7N EALEERRRIC issue queue AT 2D TlE AL
Recovery buffer # FHNTIT5 C & A EREET bt b,

&

AR HAED HICHY UA XY, —Fx @ CERAEEEY G £ L7
EHEREIRIC, RUEHOEEZE L E T, 2L T, HEIVEWDIHEEL T
Wi K& RHEZOVERICH LT I Z KA SBE2THEX X LA
FERRICODDO OB £ 7. T/ HEIDEEAICGHEL T D | <
DTGNS # [H 7 EHFFEE DR £ DOMIFIRICEED - 7 ERR ICE
HLET,

S5 3k
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