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BE. 4+ AALATRAEGEEFE B ARG RLREREASYE AT FT US4 4 8 JRIRE R,
Biass RAREMSZAL TNHALP BB LA L0 g G R LG REM FET
RFLBE AP RENLERENESEAEE KBHAFEAS LR, 1T E2R0E (1) BEgE, T4
BUEAOATBREFSBEERSEI A AARIEESNH (D) U BNARR, A EBALREN R DL
HES SR FULREAEMERATHAR—EEEA BOGRABARSECHEINAFRT. ¥ REHE
TESME AR L B AT BT M R AL T R 5 B A B TR OA B k.

XA BT HA RGBS R RERER

PG ES: TP kAR IRAD: A

W TEF B SRS AT (] R B — /N RS b A5 B X — A . A R
FHmESRITHTER RS,

P87 —FRIAFF A o, B B 1 A AR RO TE AR F T R B 8 S RO 17 1 (instrue
tion level parallelism , i B TLP). 723002 5 8 A V06 T4 0 89 s 7 o 8 o o JE . 19 3F 1 i o 3R
FREZH.TUE ST - MERK, —# 2 @ K E @ 2 8 8 7 51 B Gnitation interval . i 48
ID. RERKEEMBEERAIEIER.ZABONES. AXE AR BREKKHEZ. B
B — A EEER (RO ME LU I NAPEERT. aRRAEREHER SN E. #
EMAERF LGB B HERNITZERIEF .

— WS AR RS L. R TR OEY - RKFE N AR BRI RBETH
FriLBy . FME/DEEAT TT R KGR AKMNEE S45.

NZHEEZEAER. (1) BHEBW. 2R R ds e MENE RS RELR TR,
ML e, H ERERSEFERES. () MARN. BeEZ HEEEEMNEENR, ETR
ERAZE S T BIESRE A REAT. 4 1 KAMR, B LB AL 5w F A #RIE

WFARE T REYE(ARAE), FEXFMERECEUEE-TTFHRE. BAERE
WHITHRFESHR . BB MM ILBETUEEEL. XIEBEEE T RA

EFEARERENES REEIFHEERABN. BAEBINERERTELARE. B
SBANENSHLATRSRA - SERREBRE, RERMEANEEAITHEELMN -BiEmE
& (intra-path overlapping) . 4 7] §2 B F F] B B i & & (inter-path overlapping). — -~ 1 #F (£ #) &

« ECEREIH. 1995-11-15; fEeX B4 2000 0125
E&WE BE AR ERE ST H (59773028)
EEMT, BB B BATSA M E. FERASB AT RELEFRROMI . B 0T TH
ASEHE. B ELTH, TRATEE BRI R FirRiFE AL
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BREgrtRRAFREMEFEATTHEBRZLEA ST AEE DI ZR S -FHHE
R 614 A9 3 R S AT IR AR IR R R IR T A B R B B DK . BEE R B A K
AR O TUFREL LR -TMESTREFIHNIE. HREERRSEL U, A LUE 48
S/ W I miALRN - SRETEANIL AT OMENELFIMTEN AR
5 & 1L

HTFRASEBEPHATHEZRERFAMOAY . BEFERL D, B RINTGERE

AN K TR BN R MR MR RSB, ST e -TREERTR
FHEEM.

R FIBE 2, 2 SR o B s (R A2

BE EBHEARM). T -1+F2EER. DREEKGRKTET E2ME0 . M EL
f] & 7 7 o V] B Ak

HEAPHE T EEESEF, GA#TRANSHARTEHE 5 MBESEHRLZ
7% % E AR, B AR R R ) BERT R R MR RS BT T RL R AL A 5
WHRE, T GH N M RESEIR. RS KRBT R B E I T A0 A AR AE R MR T AT
ARBEN . KRB EAEEFRTEROBEBRGE X, I EBSER T ERENERE
BT E R HEMEA.

FEHEMHKER LR SaRERE Y E 2B S -+ ERH BN RORESR

Y-
EE 2 BEAR). M T E4EER DRFLRETFFRTHEAR MR H R
BRI, A A R WRE TR TR .

21T 2 H 3R B E W B AR Sy, g T IR T R OR AT EIE 11, 4 BT AR
(T A3 130

ERSEBTHATRT A o — 7R3 6 8 R 38 2 10 otk U O, 35 Rl H O % R0 ¥ H
f o BDFT B o A8 36 s, 0 BROG RE W BUIT. A KT 3% [ BR W7 AR A U R T T LSS R B, R T A
o 1 =B, ER M ITH ERE T4 X FRRAEE TSGR ) AT R0
PATR YR NG R ERENES K& LIL® B, JF B SR 508 641 (exception) 8 24
romERM T A A AR SE RS UERERE S AE SN T RANSE
] #0202l Ab L Al BT A R 0 (6] B R A S 2 B 4 A 5% mi B AT B, A s R AR AL
R ol R AS BB T (8 RO AR I BT ok 4T 8.

AT AT L BT AR AR U - O B KB — R o S R
i (path grouping and data dependence relaxation, # # PGDDR). Hi B £ -

(1) BRYA BRTHEZEREANMTER KON EEEERSE, RIERER N
BrHE B XEF THENR 1

(2) FiRHEEm st ¥ F— - BRE E T R e E B s Aok B 1L R
W AAAT B A R A i RS T B B [A) RS 2.

1 T 1% FF RIS 4T o (8] & oy 4 () 3% 85 0 18 RS AR BT I Il e 1, B e B B E - NEL/
BRAE. 2R TEHNREE:

(1) 2 FEEIERSE. AR R BT H0E AT A ¥ ¢ 3Ha 7 (8 GURPR # APP #i£),4
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ARESRHEETMNLIEE — (8 GURPR » #1 PNP Fp#8), T 2 8 B8 H A GG IR 00 3 B4 0 Ar A 3
17k

(2) R BUBHXMAREHEL A - AVRATNRTHNER KT 4 FA4%
W HEHXFEEAAITRBENE L. BB B R U YHAXH T F o4 B A XK
BT XRTH RN EGE RS,

EERFSAABERE LA E A PR KRR OB RAEL T WE AR AT
HOT R R ey, E ‘

(D EMPBLEARREWEMME—F. B - BERNG. RIEE SRAFSHMNETFYE
B XN, FESE NI, B, /o E 88 s m L F R

(2) BR72 54 FVHRCEE 48 D0 08 B A o0 BT B o 0 ek 0 B 0 4 57 ES A L AS AT — N ER AT L 4R 7 R R
B A B K B 2 B R B AR A L B R A OE Bt A SR TT L

AXHIEMENATEKAARESI A 4K B2 W UMW FFiEHE S PGDDR #3
H. 5 3 W3 PGDDR £ T SHA. £ 4 VB LT E PGDDR 5 HMEEK. 5 VE—8F
XETR RERER

1 HXI®E

HIFE AWK T LR T AT 4 B, i ME ST 6 R A fT AL, A SO e Bk 4 Fr 4
B WRRELBRLEH BRBERBESEILESE

#1216 & B L (oop linearization), IHER 7+ X WA £ T EART B P4 HA R K
RER Lam BEMAHHFRENITHRBAE--LEARELSXBAB TR THELAB.HELHS
th stk gl 2 AT HERE LB AR RO R 2, AR BB IS, B AR AL

55 2 3%, BB A% 5 8 (pah splivting) , o BT B 42 40, 7 BUALK, 8 S 6 & 1 32 A AT AR LR
FEBAEEAD. GENEARRC Y ARERARERTR—-BEOFERET REHEEE
KogAmG L B e ULEA T A AR AR IR IR A DL IR AT F] — B AR LB IEST AAT AR BRI KB
EAHEER L ZRHEEABSLE IR PHRIHEEEARBRARNEBEER BV RAAEY
FREF . ZREASA RS XL A0 B2 HEBARE A ALRERER. '

%5 K, BB (as-a-whole scheduling) & T A MR BFAABRRE-RBTE
EVOLETARNAAEAOEEY T BAREES N EANBECRTXFRE ETEAEN
woHE REMNBEHAEZZEEE VLIW - HELAMENCEEHR ASEFES BAE
BOUYRAREARMNEN EEAEEEF LRI TBRASABEANEBEELRBNFE
K AFWB AN TRETEME EAWE T A0 EH0R S 2 by #5068,

F o4 G HHE i (path selecting) LR L 7 81 4 BL B 09 BR 42 2 © (F. 15 KBR 12 5 H B2 &
LW R M BRE R TR TRERTER, SRR HMEL
BOHFR, B Ll R B R BT e, ER R BB RRITHEMAF EREAMEEEE, ]
it — R I BRET AU A HMARE TR AR SHEHN.

HINEELAY T LEAER. BRT T IRAENSEAHBEEREET L.

— A EETERERTRAAN S M FERTAHE (DU ETRAEEINE? 2) FEEAY
FRABANEL? Q) BMEAETREARERE? ) (B2XEEMAHNEKRTG? 6 £ET
BEEMGY (6) RMEFHKBEED? (7D EWBCRANEERTEO0? 8) ERERALETE ™4
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Table 1  Ovcrview of curreat algorithms

F1 HATHE%—K

Self-Adap Transler code Worst-Case  Code  Prifile Special Kernel

Madulo
table 1T wnd Lime effect cxplosion DBased  hardware recognition
Lam W v
M3 with ifl- Rotating
v - ~
coaversion reg file
. o EMS v v v
Lirearization -
Rotating
Slack v . W
reg lile
Rotating
HRMS o _ o
reg file
o GURPR ~ ~ v
Splitting
APP v s v
DAG- EP3, 33.
. i v v
Based 5F EFS
Unrolling - RCSP W v
As a Based RDLE v v "
Whole  Petrionet
i Gao,PNP v W v
Dased o
GURPR =« v’ v 4
GPMB e v 0
Selecting Superblock v ~

RP i G R RR No”, NN E .

(1) BiFMG etk — 2B, @15 Lam B 155 3 0898 e 3 120 VEMSH, Slack
Scheduling!”? & HRMS™ #R A I B 2= 2078 WBE. (& 7 Lam B MM EEH I TRl Ems 2. &
FREs AR L AR R TR MR AN TR W ER AR RERAEE L Z &
Y AR .

(2) Biz/ir B2 B 5, 635 GURPR #1 APP-"1, {8 & 22 29 13 UL )= 50 4k . 1B i Wh % £5 B [0
BB AR, B IR R I1 20 ol S AR BB URD B AR B B R RREEN. BRR
PHEAESE, AL AMELBARE B HEE2REEFE T HEE

(3) TEB I HEE %P, 3T DAG BB &, 45 EPSTY, 337 f1 SP-EPS-', K15 Bl 4 B RS
WEF| 7 Aras 11 G2 4 w5 UR k. B AR M7 LR A R 8 11 2h.

HFIEHE H 8 E a5 RCSPUIM RDLPY, p= o= mf 8 11, v v e {1455 I I A0 2 LR ) Y
=] B

3T Petri W 118 75, 1035 Gao’s model™ 1 H1 PNP- 7, i iy [ i¢ <k B 4% 08 5. B A Petri ®
AT 45 5 A AT — R T e, DA S B — & G VA B LA, AN AT b A TE R E 2

HiE sk, 545 GURPR « i GPMB YL AR FES.IRFEEA. 3 A -1 REHF
HRAEMACIOEFMERTT-ARBRE BERLHE. EARBABANE R ARTFEREHH.

4) SHMEERE. BREELER BREEWERATHEN. T EHESHBBED
F BEARBLURTAL AR, CHBEANEBHELNESR.

AR I1ITUEE, NBRRE B, B SEIR s M R kW En, HEILFEER
FTRANRATEE L R, YR EwaAn . BE2AEREE IR L, ERELERABA
Fef 7y .
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o, B 32 SR M RE (M) B 1) 5 %5 A B (T g/ fle Tl R ol B 2) R AR A 9. S R p — T B
g, 7 — T AR EE K
s 2 Sk TR K S i) R C R M R T PR R

2 3 #M

T A B TR TR i PGDDR (9 341,

H1PRMAR 3T LREA2NHNEMATRREOF . 78 HrE2RMAFH. BUS
ARHMBH(EREN,. FEBRFREFS HAN . HEFMIR ), EOF MK, kb, 78,
MACHBAN TR BB, B TR el e s . Bk, AR EOR B2 23 0l a R

while ((c=getchar())! =EOF)  Rp BB KRBT N TR RE. — P HESROLHE F4
;rc%‘é:i«?eé‘z” B BF MRS IE RN — A B T A N s 2 A,
B EOF fifE A 3. BA 23K BR K —EHBRBH

else tf (07 <e&ue<l97)

X2 —HEMERMREN. AR NTEEEAG HE DT 8 =K,

else AN EFETE B PAT B R kB TUE A R AR R TR AT M S

A3 BREMERBEATYEFRTL. EEBSHFHHERBANDNSR

Figgl Anexample FHELLEY S RITHELR A CHLRE HBETL Y

B4R L (8] 4% $5 67 /] o] &L gy 4 R E S e IR A A thAT Bt a7

R — A AR B — A B i TR, R 4 AT A2 5 B R AT K B T A AT 4L
HIWEEOERMTLEME LR FEREAEHNEAPIERERRAHEN BHERENT
B/ BB e R

BHAIN—THF OB 2 ). B 20 &4 5 (control tlow graph, f# CFG) ;1 2(b) &
ABRY A 32 49 X B (PDG: program dependence graph,or C&DDG; control znd dara dependence
graph). Hef, — B AN A EG  REESAENHE XY EEFMRUBA —MFRE
(dom)d el /AT EE ,om RFAREE W, — H M KU ICE(O=0,d m)  REE i+m A TEF KK B
EO WESE  TEFENREOBSHZTAIARBUR A TRB I, A L, #iS4E
O, —0,.

EER 2P FHARMERARE. ZHRERETZLHAEARNBREIL A2 & THREME
—E#HIAARBAEFNER G THAHHERD Lam™', EMS®, HRMS!®,GURPR * - i
GPMB'“ 8 & IR G % 1>2 RERITH S, B8R -1/ T 4 HRE R LR,

FE I EDR L ERE FRMBTEART-ITRAEEXXRER4TAHN 24 KHKF
XA AT

EEWEHEX 1 EBEARATLRP L -FUR. URBE TR - EHE6. ZB2E D, %
A F - TRAGRBRITHEBREL HEY - MEFSRT M R A B, IS TRA %
Bl AMEHEET -+ HREELTRANERS. TN R RFALAHESM L4, BRIMO DT LEE
PRETEIHER BHNFEREN YA LARAEY. gt A T#H B THEMH LR LS
B 41X R R XA RIE SR NREAR EITERAET RN ELR . M
B ERREMROLOET FREFET TRABENMIIHEE, MERZARB MR-
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1

— 03
PN -
2 6 o . ey Q1) A+ 46
N m @Gmup 2 i
37 '8 / I\ i #
v/ 0.6/ 01 O.IWJ \
4 1 i \ \
3
\ p 0.8 e 5§ :
2 mLQﬂ 0. A== (2 0.4500. 1 (p1 0. 45==xp2 0.45) 2
=g 0 E = — ey T g
(a) CFG by FDG {c) Probahility graph (d} The reduced greph (e) The rew PDG
for group 1 afrer
relaxing flexible
dependence 4—»1
Ca) i i (k) BFExE (c) WERE (> R 1h R A Cey TEMYL B
Hxd+125 .4
1M RFHRXE

-+ Control dependenoem —» Data dependence® Note: Unlabeled arcs are assumed to have label of (1 ,U)®
CEHAX QREHRX. O AEIHEBERFERA O WH.

Fig. 2
2

3 HMEFRKIER

BAMmAKERES 4 5 MERMR.BETE AR T RARES.
3.1 EENR

B 1w e TN T A AR B R Y TTT S AR IR ] i S R R R R R AR 1Y
HEHR. ENGEHEH MR K R X PR, i o RO ] SR

WM o0 TR EHE GBI T AR 0ot ol EXBHBE 6 BPTEE=: &
T g IR/, 10 EP. B XBAR ¢ BIEE ¢ R BRE =R ", E LR T
BB/ R e B E e E TPy R TPL A TP E R,
3.2 MEHA

i 1 B W) fik BRTT 4B R A P U 1) e R RO R A A R D B BB AL i [R] — £
HRE-TEANHER GC=V.E) . EF —1THa R 2B, EME R n e aS S
BH—FARL BIMFANECARENBRREEIGTELARC. SR HBEE I HNER KK
B8R AR L. a0, B 2a0 B X A4 R B R B 20D,
Bl 3 REEOHARRE G ME L SR MBEEGCHBEERL S T8 HEYTE
B o R R R D RR A4 '
1.  Delete from & all the arcs ke pi—p;, waere g, and p; are two nodes (paths) . EPi<Ca or TP:;=(f3.

cand F€[0,17] are two thresholds of EP and TP respectively.
2 Tn the resulted graph 7, find 1l the strongly ronnected components (SCCY. The nodes (paths) in

SCC compase of a group.

Fig.3 Path groupiag algorithm
A3 FEsHER
B G BA LR,
D PITEF RSP 4. REEE A TENEP D THREHRERFA S SN
B BSRETRBHFLEAL BECAITES RIS sdEr - T BERRT. XEA
HE L, HAESRMBEHRE BB wIi B2 nmE. B REETRMAXES, ATTE:
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A BESEaniEr—A, BRANERASBEIECTERTEENBHE ¥R SR
Ti BB RS S A R & L BT IR 2 5 )k & o)

(2) HHZEER LM ENEFITRES S TR - REAT P MR EIEHFTLS
RPTEOR R MRS R s NES TR ETERH R, GEH S &L MmERE. &
FE i 0 [E] . T ATV 2 — 46 F T bR R 2 R 56 T 0H . 1) B4 3 0 A 1R 3T 0 AT I ().

() MFAFEPHUEERR oM g A g Bl g BFH I p; 8 o B ELE 0 [BE . X
BEHERNEERN TR MM T.

a fl BREERSAHKE, ST L ERERI F{

BB mu A e a Mg s Ao ratE. - ST AT iR s & k.

Be®MBAHHOI0.6ME 2()MFEGCLEdMFErAFTENLA, S8 G NE 2
() i 7).

3.3 ARHTIL

B G BEETE R RL —£HE .

(D MARAE p HEE A BB TR -BE 70 0B 4, LR p AR I
S B 1 o — B B O B2

(2) HW P A S B AL A 98 (R B BT BT MR p B el BEVEA R, R HE, WX —H B K
feE SR E A B £, R MR A R A B it 4 0 AR U AR £ R B
MEEIRE g IR, AR K.

FHPERFEERRE. M FRIIFAFE- S IESRL, SESIEENIFTHER . EEY
B o) B A4
3.3.1 EriRAIE

IENEE 2 WU FHRR, G FESLXEXR. . BEHLRRLHET HAFEEA AN 24
BN Il e R NS S O i = L= v 1R A B O

Bm, L FREMERE . EE R AR SsssflRahEhs, nidEdHsmg
FOO A, &% o) B 3= X B R . B0, I 2CO RIE 2(horp, BRIENT R AIE R A/E ¢ RS 8
M NG iT . BRI A E H e E 4 Bl At a— — A - EfEE. 8§
18 1 2EMEFR RS RTH.

FANTHUAB P B S — 0 SR AR S5 AU FRAOAE G D B LB L SR S AR T 00 A oS B A
Wl ER K. BE - NMBEESE RS A FRHENSEHEX S E TR WBEARES
B EZHETZEHE SR EIREPTUERZM RS oo RS0 AT ES 5 fl et BT
. R E ) e T AR

FLOE [ R B R R sk g i M A R R L AR HE T B el E.

Wil CEBHEBMARE HARE T SNECHRA TR T TR, BT
TR BB HERR, AR EAT FAKAFEEBEAFgENIL

BT ERTE AR 2 T VR R, T T N A 2 ]

AFBETLEL . ERHEGCEFC T, AF 1 MEAMA— DAL entry s AT TR #
BOEE S A — 405 8 FR AR exar.

75 CTG Wt B M entry 3 exit §977 MR A ERREE . ME VS, LitEHERLH
NTEEER ST,
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7 CFG F,fE Menuy SIE55 i MEB - K BAEHSHENR 4 WHE S J 14 (dominates)
Gk A0HE d dom i SERR M, T VSR (postdominate) B 40 M 7 F] exit B8 4 R B
BHGNE p IR p BIER £, icfF p pdom ™.

WA i, IR 7 dom 7,5 pdom iy B i%7, MFR 7,7 & 8 41 1 (control equivalent ).

MEBMEO Y entry BHFM, B4 EREHFELAZUATHRE. —THXO~0,.1,m),
WEO 50, FA—TFRLREHATH, MEHXARIN S BT PAIEEE. TEAEE -
S5 BB e 3 i BE i B A 75 15 R RO R B o gk A B G L (R K AT RR 2 R A B 9 48 X (flexible depen-
dence . .

PE AR B OO0, Lond m>>0, 40 X0 2 O & 8 w3, B DRSO —0,,
0o RRE O RBMTHER. (D 5O, E/l%FH: (2 #F EFES . —FE O ZWH ki

e b5 50 U A = B AT VRNE . 08 B AL R T GE A $R R I A AR X (O Oy Lom ) B 3, T I
BB O.GFmEF OO BEH B ERY FHEMRL.

E4FH MRAE S A8 2RLARRTFRAFVNELTH L, FERETEE. BEGH
FERIEREHHEREA

.0 2Ce) BB SR S 1 4 (B2 1 FER DM E PDG. H0b . IR A ME ML
=1, LD ERHEECL,0, DR, W MNE 2 LLNE, 844 2 SRE 41255t AE
2ChYAT LLBE A — & AR5 234, MW TARAE T A6 7 — DB FR & BR4E 2 B R #RAE 4 Z 60
WRE. SEEE T R T AH AL s T SR

35 30 B9 PG, B R 3 6 64 740, BE U B W 1k, L0 A T A e B BRI A O 4
1 B KA 4 () AR,

N - |
PR LSS 3
; j\Q \ 3 ?/ \5
‘ =3 Y \ " \\ r
I g s : o
P5s b -""'j;j%\i! l :i:“-x_\/gi .
a,2 0\ 7,1 |3;g, : g, ¥ ',/i"f:
3 9. ¢ ;‘9, ‘ . . 7 '
. ~ 8% 4 // /)(
. y g 5//"
; 9
(a) GURPR ( GURPR * (c; PGDDR

Fig. 4  Compariscn of algorithms

B4 BRI
AL WIEERE I EEETHEHNESER AR T EEERG. M2 TN
AAR W T BNA A BIGE 7 R R AL BRI E S s B BT FEE A 1L =11, — 4, 1 =1l
=2 AR, RA S Tk A e AZRTF -1 EFEEF 4 MEMRRS. B
NA R EAAE 41 HEW. UL F--MEABT AR BHERS. BR, B HEHEXA
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=11 108 S iy Bk 4 R (R B 2 R A
3.4 HAEEH

M—HEEAS ARERARBAT, Q. (D) AAMHESAG; Q) SBERANSEA
89 () Freefed AR . FEREAFLWFFSOEEFRSNFFHE P, UERT B Rand
B2 R 65 T8 7 8]

BFX—-HSHAMANITHEERE X ERAREEATS. H Rl x —#EEBN.
B ZE CERS 08 F T

4 BlFEXH

B—-FEALE 2 B3 5639 ¥4 PGDDR A4 S HREREEFESEET, B
gHHmMENTLREER,
i E U8 R 008 n, JF SR AT B4 00 3T A 1) A
T=3 %BEBHMITH SR =EP, snx L +EP, ®n% L, FEP,%n%l.=1.9n,
He L BB MRE HH EP «nx L REE W R PETRE.
HMERMNFPHGURPR(B 24 BB B ), GURPR » (# /4 8 FFRE %)M PCDDR #8#
FTALEME R, fr PGDDR §1.,% 8 FH & % 8E GURPR M INF 178 .
L TT AN FEHNB L EA DI j WEANYE OISR HTE, mERE
FGTERE AL, 7T 0.
X % I GURPR, 8 38 E B 4¢) i, ot , ST E A
T =n*EP % (TP » H TP,y * 11 ,+TP; « INY+nx EPy x (TP % 1, |
TPy # T, +TP, « 1) 4ns EPyx (TP, « 11, +TP,, « 11, +TP,, = Iy
=n*0.45% (0.1 244+0.8%5+0.125)+nx0.45% (0. 8%3+0.1%x2+0 1% 2)+
mx0.1% (0.6 %346 1%240.3#2)—35 725m,
Hrn = EP, = TP, % [T, 5 MW MBS 4 BT B2 1 R j B 5724 BT BG SRS I IE). &
A BAT B I D B A IR B R AR B IR
TT =n* EP » (TP «TT +TP,,+TT TP, +TT )+
n* EPy% (TP, x TTuo+ TPy ¢ TT o+ TPy« TTo) +
nt EPy% (TPy # TTy+TPs# TT+ TPy % TT )
=% 045 % (0 L% 0+C. 8 240,122 4 n s G 45 (0.8 3+0 1 #0+0.1%0)+
nx0.1%€0.6%34+0,1%0+0,3%0)=2.07a,
Hod oo EP TP, «TT, B NBFE T BER ; 5 Bata).
ERBEANESBELATEL HEEBRE S H T H L0 2. 072), & 8 RiTHEE
55%. AR 1.2 ZAHEZEE HFF T 2 RATo @K 48% 10T BiR .
it EP x (PPy s TT TPy % TTy) bn s EP, « (TP, 2 TT TP, T, =1, 8
WA B A GURPR = 83k, B B @& 4(b) BT R, BLAT, S B FT B ) 2
T =n#EP « (TP » I ¥+ TPy x 1, TP % I1,)+nxEDPys (I = IT,+
TPy = I, 4+ TPy » I dnx EP, & (I'P, % IF, TP, = I, +TP,; « II,;)
=n%0.45% (0.1 %44+0.8%4—0. 1% 4)+nx0.45% (0. 823401 = 3+
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0.1%3)+n%0.1% 0.6+ 34+0.1%340.3%3)=3.45n.
RE. BRI SFAREAREBIIBERNEE A FZEREAERAETNITERT N . R TE
DAL oM — 4 TR s R RO A AN E SN IL L =400 1, =1, =3 . B 2.5 —F
e —2Fmira B, e A CEMIEEE EP B 45%).
FEAEH R A PGDDR, 330 B 1 () FTRmiE &, it A k8%
T =nxEP « CI'P,, « I +TP, = 1T,+ TP« [I;)4n=EP, » (TP, =11, +
TFp# Ty 4+TP,y %Il )+nx EP,x» (TP, s I, +TP, «II,+TP,;% i)
=n*0.45% (0.1 % 4+0.8% 440. 1% 6)+nx 0. 45« (0. 8 x 240.1 * 2+
0,133 Fne0. 1 * (06w d+0.1%4+0.3%4)=2.830m,
Hoor 20 (8) 5% A8 1 Bl A
T =n* EP % (TP, #»TT\+TP,+TT,+TP s #TT ) +n+ EPy % (TP, «TTy—
TPy »TTy+ TPy« TT, ) +n% EP, « (TP »TT+TPy »TT,+TF,, *»TT,,)
=nx (45 # (0. 1% 00, 85040, 12 4n* 0. 45 % (D. §# 040.1 % 0+
0.1 +n*0.1%(0,6*5+0,1%2+0,3%0)=0, 455n,
HEHEEIBE AN, =TT,=4,1 Iy=1T,=2). M X~ 28T HESE (g GURPR
ABHE D BB M TT (5 EPS AR, 15 R 8 1 888 A 2w b i 8 1.

WERNMR LB R, 5T EOLPGDDR 7= A 48 8 By [ 17 Bt | 43 312 = 9716 37 . GUR
PR F1 GURFR = £ 58% ., 76 X f 822 B P W+ BRE E . (D) H I HF M BN BT R
M 2IBAAET W —4 %, GURPR 89 0745 J7F 806 — R M RE T EIFITEHER
PR F () S EAERS ., ST EE a1 MBS TR | SRR R
FHREERAR. FRENETHEIHFERXARN IEFER TR M AT ERE - RE
YU R E R RBLE 110 2. T GURPR = IS F A T 3% — ) 5,

BREFEAZRS X 1EE T -EWmPLRGER. AJUEL PGDDR MET AR % — & 1
GURPR #1 GURDPR » #4F, 55480 | 32 B GURPR /4, 2r 818 GURPR $#8 HR 8 2% ~71%
AE XTEASTHEMAHER I LERNTAANEY. BALUFARSBARRAMRL O ~2
£, PGDDR B ¥ B E 4 A1 GURPR $£iE.

5 HEL.PGDDR FTEE £ w]. BRERBMA AL & -+ EERNEENRIN, W
FEETEEZEMTZHES.

Table 2 DPreliminary cxperimental results

F2 mpIEHER

Examples™ Laops™® GURPR GURPR # PGDDR
1 1. 80/7 3.532n/33/0.07 3. 8n/%7 24404270, 62
2 &n/9 4. 06n/42,/0. 43 4n/ 18 3.8n/63/0. 01
3 50/10 3. 88n/534/0. 59 n/ #4 1. 8n/61 /0. 22
1 /9 2.6n/55/0. 61 Iny 2T 1.7n/57/0.18
3 5. 6n/13 1. 48n/151/0. 52 n/284 1. 3n/192/0. 23

Each item; execution time/space requirement /percentage of transier tirmce®

(G 1 A s — T - AT gl 2 I R A R R o S AT B A A A ALK
5 I #®
PGDDR ) & % F 45 & 8 /) 6 55 B B (7] 05 % B 25 29 2. 3 o3 00 38 4 4 0 S04 AF 20 0 i ik 3
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T XM H 9.
M SR A PRAT MR R S R R o W A B R LR R AT, B B — R R, o,
PGDDR B Al EIEE .

FH—TREEHE EEAMEN AT EER LSS EH MRS R E et g B #%
MEE—PTAR, iKf, L HEHIEMERM.PGDDR B R LT W kiFE.

T TR G, e 2 b R, B DL R 8 e 7 S B 78 aC B R s B HR AT AT ©
e E MR A B R ki EPSUY, ST B E R E .

BIEH RS TN AR B BERNRTFRAFE. B LSS0 IR/ S XEDR
¥ 7T RE P .

6 % it

SEMEBHFHHRTHATHEUE. B ETHFRORERATERELRE L6 ER.
ARG AR R EESHERAIITEX BREANFEBHELL RBERNR AT RN
FRE. BT ERX SHAE. EREEAEOHFHIKN. SHRESBENRERE &
AFELPGDDR ARMHFTBEFEHEHRT. MEL2EEEL I MAXEREEFTHIENR
ot H I AR EBEFENM AR T A SR J5h, REL RS R Pt £
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Software Pipelining Based on Path Grouping and Data Dependence Relaxation”
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Abstract . Software pipelining is an effective zppruach of loup scheduling. Pipelining of loops with conditional
branches remains a challenge. Current aigorithms are divided into four classes: loop linearizaton path splitting,
as-a-whole scheduling and path selecting. All of them fuil to selve concurrently two conflicting problems: transier
time minimization and worst-case constraings. In this paper, a novel software pipelining framework is presented ‘o
do s0. The key ideas are. (1) Path grouping . which splits paths into distiner aroups based on their execution and
transter probability, s6 as te minimize transfer time; (2) Dara dependence relaxation. Some data dependences may
oot have instances during execution when the loop has multiple paths. The idesl policy is to obey them only when
they have instances. Thus the worst case constraints are avoided., Preliminary experiments and qualitative analysis
all suggest thai the temporal benefin of the proposed approach is better than that of path splitting and as-a whele
scheduling.

Key words: instruction level parallelism; software pipelining: path; probability; data dependence
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