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Abstract : Resolving of memory access latency is one of the most important problems in modern

embedded system design. Recently, tons of studies are presented to reduce and hide the access

latency. Burst/page data transfer modes are representative hardware techniques for achieving

such purpose. The burst data transfer capability offers an average access time reduction of more

than 65 percent for an eight-word sequential transfer. However, solution of utilizing such burst

data transfer to improve memory performance has not been accomplished at commercial level.

Therefore, this paper presents a new technique that provides the maximum utilization of burst
transfer for memory accesses with local variables in code by reorganizing variables placement.
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Algorithm 1 Build Gy (Program I}
Gy € empty set;
For each basic block B in I do
Ry € compute L regions(B);
1% € compute § regions(B);
RER URs
While B 15 not empty do
(farbitrary variables u, v n B, o2y
inty ; lifetime interval of the variable v
inty.ub (upper bound of the fnterval ), ot th (lower bound of the mierval)
Select inty in B such that for all int, in IR, inty.ub <= int.ub,
OP € | inty
ifint, isin Iy then /' Loadable Region
Add to OF all the L-Regions overlapping with inty
else // Storable region,
Add to OF all the 5-Regions overlapping with inty
C 4« build complete graphii®);
Add € 10 Gy
RER- OB
od
od

Iy 3. W YR a2z g gaEls
Fig. 3 An algorithm of variable placement graph

construction
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3-address code w/ 3 blocks _L-regions
cyvele achd
] ) = g : L — 1
| rl =c¢ ; 1
2 2 =b; waes A}
i 0 = 0 4 rl ;
i Bl z0 =20 - 22 ;: S-regions
3 rd =4 ; E
f 0 = x0 + x2 ; 2
a =l afa= >I
bl =p_-goto Ll if x0 <= r:l..' aech
il call gstring ;
1 0 =a ; Tt ]
2 rZ =g ; . .
i 3 =b ;
4 B2 r1=z0+x2;
5 £fm=zl; | Eere G e
i 0 = 0 4 rl ;
7 2 =52 + 3 ;
¥ e = r ; .
) b—sd =2 ; . ,I
] L2: 0 = ¢ ; fad
1 S m e B smme -
! B3 rl =12 * 10 ; 2
3 2 =xl - z0 ; c 8
1 L—spe =r2 ; : d '>|
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Fig. 4 L/S region and generated parallel
loads/stores
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Fig. 5 Generated variable location graph
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HEe A dEow widd AL a7t v
of Y RE/~EoE 3= WFEC] o Z:7d
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HologM NP-Complete¥S 593lAtH8]. )
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Algorithm 2. Solver(Graph Gy, Program P)
Gyv. <- Build_wVLGraph(Gvyy);
mwp <- MWPCGen(Gyvy1);
// See Fig. 8. for MWPCGen()
Exe <- Get_NonPathEdges(mwp, GwvL);
// Construct mVL Graph.
For all complete graphs C=(V¢, Ec)in Gyi, do
if (u, v) in Exp is also in C then
Remove (inty, inty) from Ec
od
For every variable v in P do
v.offset <- assign_offsets_in_memory(v,
mwp);
od
return Gyt // Return MVL Graph.
TAE MWPCZ w®igtslr] $138] 92+ VLGE &
Fate] slte] weighted Graph= YWERSITE ©]
Y ZE wVL Graphebal 3tH, g3 o] 49
E=

Al 6. Weighted VL(wVL) Graph

wVL Graph W = <N, E>&= oS3 o] Ao
Hoh N2 ==9 S, EE dA9 IS vEr
wich,

D AE NS 2233 A5 o)

2) Eoll &3t 499 oA e = (u, vl disl,

ol o
W uof M oy VL Graph M =
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<KN’, E>e] EAl8t4, E'o] (intU, intV)E&
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oA (u, v 7FEAE W4 usk Mg v SAll
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Bl, B2, B39 Wd Z=o 93] FAld AR
2, 39 7teAE 7MY Solverol| A o] #&
Build_wVLGraphO F¥lel| 93] st} o] F8
2 VL_Graph(Gy)E 8oz wWwo} wVL
Graph(Gyw) & A/d 3t

wVL GraphdlA] $-8& A#Ho=z FAld A}

X

%

He REZE 22 UG5S A58 vEY T4 3
el wjgsle ol MAE RE IS F U &
X o2 st FEds AL + Uk =,
wVL Grapholl Al 7} =29 Mg Aas w:=g
< dAste dAEY A Fol Ayt HE
F £A4F Bete Aolth A AFdRol, o #
A+ Maximum Weight Path Cover (MWPC) #
Az geld 9ew, S, Liao S0 o]y
NP-Complete S T3t 252 H3F o] &

Ag s4dst7] S8 Adl 239 E (Maximum
Spanning Tree)oll 7]W3t Fe]~g dauglES A
orsldeh(6, 71. AtE Solver() 4= ©] MST
719 FE~g7EE duEEs AMEste] BigEe
TAE AARTT o A 13 89 MWPCGen
ol o3 thEat Eo] et

- Gy e 9382 MWPCGensts 3%,

- Gynr® BEE oAE TtEAE VR U
2k AEste] gl2E Foll A4

- HY 7tE ARE AATD u FRo| Mo]F o]
A 51A] BES AAFsE= 1
(Graph_cycle_check)E& %713}, V&= Gowi et &
3, E's 3%

- Foll o o] ol e o7t gls wW7hA
VA7t B SAR dAE s Ade] Eel
7}, olwl Aol F (cycle)o] HASH e AlA.

- 4" ES AU e AR EFAMeR
MWPC_recordell A#43dle] 2]&lg,

YR0IM HAE HlolE M& 7|52 guidel &8

4]

a9 6. 29 59 VLGOI A" wVLG
Fig. 6 wVLG generated from VLG of Fig. 5

a¥ 7. Ad 7t A= (MWPO)
Fig. 7 Maximum weighted path cover

MWPCGGH(GWVL)

F = sorted list of edges of GywyL in
descending order of weight;
MWPC_record = 0;
Graph_cycle_check(V',E") : V'=V of Gy,
E'={};
while (F not empty) {
choose e = first edge in F
F=F - {e}
if(e does not cause a cycle in
Graph_cycle_check)
add e to E'
else
discard e;
}
/*construct an assignment from E's/
return MWPC_record = E';

oY 8. MWPCAA dxgE
Fig. 8 Algorithm of MWPC generation

a9 69 GyuiE AR AWERd, 7}EX7 7}
} =2 a-c7} AWolA Path={a-c}Z A&}
&8 a-bet c-b7} 7FEA 28 ve AR o

oN
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GNU Memory GNU

C compiler ARM of‘fsgt Optimized binutils
assembly optimizer assembly T
codes codes

Executable
codes

Memory accesses
Execution time
result

fesil Energy model

a8 11 7E A
Fig. 11 Detailed Implementation

Armulator
(arm7 simulator)

E 1WA 54

Table 1. Benchmark characteristics

program acronym total femory
accesses

N_REAL_UPDATES NRE 98
LMS LMS 128
;\I_COMPLEX_UPDATE NCO 201
STARTUP STA 113
BIQUAD_N_SECTION BIQ 167
FIR2DIM FIR 261
MATRIX1 MAT 81
DOT_PRODUCT DOT 33
CONVOLUTION CON 49
FFT_BIT_REDUCT FFT 299

9 10941 gen_time Z} H2E HF0]
Ag"E wo]AEEq A 9XE UERITH
A=A o2 7 mVLG] EFE+= Uﬂg—él s
TE 99 A o= A= HaAd F Ut
At %131%% gho] Ze}el A==
Hagtelr] 98 HAE e 3% 999 Ad
-, i BMEE 2EoE FE I99Y
A v e FRo A s

or

oFol  AANA AskE MWPE a-c-b-dolt}.
mVLG Graph+ 3719 Connected Component@®
T/l glom, wabA acbd, acbh, ca 371¢]

MAE AF0R gWe] REg e ¥ 4 qrk

v. 4 &
Adet= HAE A 78] AA Aol =
T8-S Hrkerl s, ARM7 ZRAAME
o w AIs FPsrt. ARM7 ZEAANE
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