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Global Load Instruction Aggregation
Based on Query Propagation

SUMIKAWA YASUNOBUY® TAKIMOTO MUNEHIRO!:P)

Abstract: Most modern processors have some cache memories that are much faster than a main memory,
and it is important to utilize these effectively for efficient program execution. The cache memories function
well if temporal or spatial localities in the program are enhanced. Therefore, the cache efficiency can be
improved by making accesses to the same array continuous. We previously proposed global load instruction
aggregation (GLIA), which reorders load instructions in the way that ones accessing to the same arrays were
aggregated. Because GLIA exhaustively analyzes the entire program based on dataflow analysis to each load
instruction, this is costly. We propose a technique to realize the GLIA based on demand-driven analysis
which is called query propagation in order to restrict the program region to be analyzed. We have imple-
mented our technique in a real compiler, and evaluated it on SPEC benchmarks. The experimental results
show that our technique can decrease analysis efficiency about 63% in average.
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Fig. 1 Effectiveness of GLIA.
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Fig. 2 Critical edges.
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Fig. 3 Eliminating partial redundant load instructions.
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Fig. 4 Analysis based on query propagation.
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al0]l ZNV—T7DH~BETE L. LALRRS, FHi3i
Xal0]l FEFENRVOT, WY LRXOFAMIE 4 TH
5. Hid~OFALLET 5L, H#i2~OfAIE, HrL<
BAT L —REBOEGFHBNELS R, VIRAE %
HEhsE5. g

L7335 T, ERICARHEL L7z 2 & 2R IbGE
ZEF L, isReal O true &, 7 VU O false D3G5
7272 61%, false Z1G7=ATHICREZFHAT 5.

Bl . X507 T ATIE, isReal(3) 1% false TH 5.
L72ino> T, Hi2 ~OAITATONR. —J, isReal(5)
X true 720D T, H#id ~H L XNEFHAT D, )

AR CHHIT 5 PREQP 1E, #% T GLIA ~D¥LiE %17
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WG E LTNWADT, Afad PREQP Tlixr =V O ZE
%, ¢ BB AZITS. £z, AR PREQP [L@HE
Ko7 v 7T AzEfxtgs LTnbHD T, Comp(n) 5
true 725 n DAY MMZREZFHA LT o700,
LALLM 5, HIZisReal 25 true & 72 2 EIZAFHAT
Ll N—TAREXOBEPITAROOT, 72 24k
EIC BV TR OFF AT T2,

LRLOEREEX, (BREOF AR SICAETL, K
FEMRIC X B RHEINEFIZ RSO THAL (3) & (4) 2 AnE
25T EILST, TEReEHRETES. Xed
Hin BT 5 FMEZeEomEE LTHWS Z = Ui
antqp(e,n) THRT.

BRI, 7 =) OBREORER, isReal 73 true Th %

isReal
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DownSafe, Earliest, Delayed, Latest, Insert &\ -
TR e 2 RS T —% 7 — RO ERD 5
el 7 v 7T MEE Y R U L2 v 72
WOT, T R S G RDBMA D -7 AFIER
PREQP #4LiET 5 Z L2k - T, 7025 AOENTEPH
EIRET 5.

AKFiESH PREQP & RERIZ, 72U MERE S Ve Eilc
) ORXNEEND & S true KT, LHL7ERD,
7 OfE LT false ZIRTEICIE, HiRNO B2 — Raa
DT 7w A ERET D X OIIET 5. R CESI~T 7
AT Lo — R G OWBILIE, RRLE5N~T 72 AT
LZu— R EBnHEid 5 & &, BRRLESI~T 7 8AT S
7— R FOEANIH L REfAT 52 & T, GLIA %
FET 5.

ARFETIE, 7Y Ofifz, PREQP IZBIF5 7=V 0
fi# isAvail |2, R CEHI~T 7€ A4 5 8m— Koo o
A BT 5 upSafe AT (isAvail, upSafe) e
Lo THET. HiNZ = ou— a4 &R CECANIC
EATHr— FMEREENTND L X, upSafe ld true
W72 %.

T3 LR L\ — R C R

5.

7 =Y Off T I2O ORI Z RO X HIZED, Eb
B L CEMT 5.
(1) HinlCBT D isAvail & LT true BELNT & &,

(true, true) R
(2) HinlcBiF 5 isAvail & LT false BMFHi, ni
sy @JEJ: [ CHECAIIE 7‘YZX?‘ZDEE§'J7JSE@75>E. iﬂ
TS 5I1E, (false, true) &K .
(3) Hint 76 isAvail & LT false W54, AT
nO)%@EF"C upSafe B true DL DPFTEL, n ITH
ROBINCT 7B AT HEANBRBEENRTND R H
i, n AN DIZH LS REFAL, (true, true) %
B3
EFROBANZ SN T PREQP 2L L e AFED TLEM
Btz 7 2 ) XY, Hin OXe 2O TILRMEE
B L&, 7V BT 5B propagate &, TN %
1A % B local Z M AAZFHImFEONE 9.
B local 1%, 7 =Y OEEFFHRANHIEL TS, 27,
29, 35, 39, 4217 HIE, ZHZHHA (1), (2), (3), (4),
(B) ITRIISLTWD. 2TATH T, T CIBE SN T-Hi DR
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DELNTWDIHE, TOMaIET. 341THDIREE isSel f
WX, LI ER 7 =Y AR LTS TH D Z &2k
T 5.

local BB ODOIRFAEIZ, isAvail, upSafe 2Nz T, isReal
D 3 DA (isAvail,isReal,upSafe) TH 5.

BIEL propagate 1%, FHATEHIOM A RDT1%, EOHITH
WZHT LS KREFHAT 2002 RET S, 104THITRT LD
12, isAvail 73 false T 2% 5eATHIZ oo AHi & L CRogk
T5. LM LZRRG, JATHIC isReal 73 false THDHHD
DIFET 7201 E3% v '35 (IT4TR). 13, 21, 2417
HiL, iz i3 7= (1), (2), (3) IZkh&T
%. isAvail 23 true THIUZL, 7272HIZ (isAvail, upSafe)
D (true, true) ZiEd. —J4, isAvail 28 false ThHDH &
&, BN — M eREENL52 61X (1817H),
R FICE ENDEINBROT 72 AET KL A OfiHT %
795, & LHEINIZE ENLEIIZHN e LA AN 11X
(false, true) i7" (2017H). —JF, e L BRI HZ
W% G 2, upSafe M true TH L IATHINTFET D72 51%
(2217H), niZHL<XEFHATH (231TH).

7 —

7LTY XL (GLIAQP O EHKRE)
input: CFG
output: B4 query, answer, insertCand

1: Function propagate(e,n)

2:  let isDownSafe := antqp(e,n)

3:  and isReal := true

4:  foreach p € pred(n)

5: let (isAvaily,isReal,,upSafey,) =
local(e,p)

6: if (isAvaily)

7 if (—isReal,)

8: isReal := false

9: else

10: insertCand[p] .= e

11 3 (T eprearn) isAvail,Vv

12: isReal A isDownSafe)

13: return (true,isReal, true)

14:  else

15: foreach p € pred(n)

16: if (—isAvail,,)

17: insertCand[p] ==L

18: if (isLoad(n))

19: let pUpSafe := Zpepmd(n) upSafe,

20: if (sameAddr(e,n))

21: return (false, false, true)

22: else if (pUpSafe)

23: insertCandln] := e

24: return (true, true, true)

25: return (false, false, false)

26: Function local(e,n)

27 if (n=5s)

28: return (false, false, false)

29: if (query[n] = e)

5.
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6 —EPED i

Fig. 6 Inconsistency answers

30: if (answer[n] #1) return answer(n]
31: else return (true, false, false)
32:  query[n] :=e

33:  let rlt :=1 and

34: (isAwail, isSelf) := isComp(e,n)
35 if (isAvail)

36: if (—isSelf)

37 insertCandln] :=e

38: rlt := (true, true, true)

39:  else if (isMod(e,n))

40: rlt := (false, false, false)

41:  else

42: rlt := propagate(e,n)

43:  answer[n| :=rlt

44:  return rit

THIZ, 5 4 B ClRANTAE R 2 — FEBEIZ T2 0

*ﬁﬁ’i’ TH. XBIZ, isReal 23 true THHNE D O
I, MO—BMERIET S Z LICHEBT 5 [17). GLIAQP
1L, Comp 2 true THHHIE, isAvail DY false TH HHi
CH LS REFAT 50T, PREQP L FEkIC, LoHFilC
REFALIEDOPPEETHS. b LHEO-BIENHEA
bivsd &, RFIZXOMBENE D)o il BV,
false THDHREMEN, true #HTLEY, ELWNWT B
T BEHAT Z TR0,
Bl - fEO— BRI A K 6 12T, 61X, Hi
8 D a[0] 1T L TERMEREZATY, Hi2 4T
U ORI R EZ R LTS, 22T, 7= Off
%, isAvail & isReal \ICEH T 572012, BELRNWER
upSafe & - TRILTD.

Hi2 LHi 4 CTHONDLMIL, TNEL (true, true, ),
(false, false, ) T 5. H#id MLz = VIZEHT S
L, Hid oo, #Hi6 MuiEShior =V, Hib, 3 LInik
INb. BRMEIEOHIN (2) 1Ick->T, i3 &Hi5lzBIT
BHIFE (true, false, ) ThBDH. LIzB-7T, Hi8 2 bifi 7,
S NEEIELIE7 VX, fis OffE LT (true, false, )
1G5 DT, #i T BELIDMIE (true, false, ) ToD.

TLRMMAEORR, #id ~Xa0] AT LHZ LTS
2, H#i 7D DHT 8 ~BIEET Sk FICFIH BB FETE L
RNDT, ZOTuTT REGITIEL SRV, 2R,
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Answer propagating.

Query propagation.

7 ERUSHE & T T b
Fig. 7 Analysis based on query propagation

3 DIKEBTfE (false, false, ) 23, Hi15 1 HHE1 3 ITERHEL
727 =V Off (true, false, ) L #7220, —EMENERDR
b ThS.

fiRDO—EMEE DT DI, isAvail IS true DfF B
7-& &, isReal ZWETHZ LICX - T, —EMNERD
NI &2 RGET 5. )

TLEMEREORER 2 AT, insertCand [ZFE§k ST
WAHNZKAEHAL, 70l T AEREITS.
5l : B 7(a) 1%, X 1(a) OFi 3 OIS al§] 12 GLIAQP
WA LZBED 7 T VR OFFEFRT. Hil, BILOH
2 (3EHB M alj] &£V OT, Hi 11285 isAvail
X false THDH. LizRn-o7TC, isAvail 23 false 72DT, Hi
LICEENDESNSROT 72 ART RVAEZRET 5.
T, 7Y DR%E, isAvail & upSafe \ZEBT DT
Iz, BELRWER isReal % - TRBLT 5.

i1 OFFSE ali]l X, 7=V OESIER L7220 T,
i 1 O (false,  true) THDH. F£iz, Hi21%, HEATHI
MOIE (false, -, true) B 6, i 2 O isAvail 1 false
LD, Lo T, BNOEIBROT 78247 KL
AERETSH. Hi21X, 7=V ORI &I DES] b~
77 ATAHESIZH 1] NEE, upSafe I true T
oA EATHNGFIET ADOT, Hi2 ODADOH L REHHA
L, fi# (true, _ true) 7. fERELT, 1(b) »7'm
TTEBNELND. g

6. EE&R

ARFEODR A RT IO, KFELIFIa 1 FM
[THBEA T FRXEZ9F+ (a COmpiler INfrastructure
project) [3] T, ME/kHEPRFEIL (Low-level Intermediate
Representation) Z8ffigs & U CHEIHL, ROLEKEIT-7=.
GLIA : GLIA Zi@H3 5.

GLIAQP : GLIAQP (KAFik) M7 5.

FMCHE Lz~ Vv DV AT ARG A= FEEK LI
AT RHIICEEH L7 e 7 F A%, SPEC2000 <>
~v—27 05 %, CFP2000 D 3207 1”7 A (equake, art,
ammp) &, CINT2000 @ 7 >0 717 F A (mcf, bzip2,
gzip, gap, vpr, parser, twolf) TH 5.
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Table 1 System parameters

CPU Intel Core 15-2320 3.00GHz
L1D Cache Memory
Total size 32 KB
Line size 64 bytes
Number of Lines | 512
Associativity 8
L2 Cache Memory
Total size 256 KB
Line size 64 bytes
Number of Lines | 4096
Associativity 8
L3 Cache Memory
Total size 6144 KB
Line size 64 bytes
Number of Lines | 98304
Associativity 12
oS Ubuntu 12.04LTS

EGLIA EGLAQP

bzip2

gzip

8 firrihR
Fig. 8 Analysis efficiency
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0 72.6% DM ERE BN RFEE, ERMEREE AT
GLIA ZFEBLL TWA DT, FATHHHEOR L TIXZbn i
LR T.

LREORER S, GLIA OFEBUITERBIENEH TH
L ERIRENT.

SEDRE

AFEL, 72V Ofgl LT false BMFHNTERIZ, v—
R OT 78 AET RLAZfTL, A€V 77 AR
Faigses 2 k> CGLIA #EHLTWA5.

SBOBEE LTUE, 7 UV EFEORRIC, =— Kado
77/ AT ATV, TUEMEORE L AEY T 7 ERIR
FFaBE LT a— FBIZFRRICIT Y KO ICiikd 52 &
NEZLND., ZOPRIZE > T, GLIA TiXkEEh5
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