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Tumol E¢aptnoewv Asdopevwy

- Types of Data Dependences

- E¢aptnon Ponc (Flow dependence)
S1: = ¢*10
$2: :)“a + ¢

- Avuieéaptnon (Anti-dependence)
S1: e=f4+g
S$2: ﬁ:



AvaAlvon E¢aptnoswv Bpoyou

do #1 = 1.1
do 1z = [2;uz *
do i1 =2, n

do g = [, 1ug 1 ali] = a[i] + c

1 a[fiulz-'-::i-d_l]:-":f'm.(:ii:-'-:id)] = aua 2 b[i] = a[i—]_] * b[i]
2 coe= algniin oo fd)s e P81 000 1 0] end do

and do

and do
[1a Tov urioAoyiouo 1nc ninpo@opiac eEaprnonc oe
pwAiaouevouc yvia Booyouc, To Baciko rnpoBAnua
EIVal N Karavonon Tn¢ xpnonc twv rnvakwv. Ta Babuwra
OEO00LIEVA EIVAI OXETIKA EUKOAO va Oiaxeipiorouv. [ia
va rnapakoAouBrioeTe Tn OULINEDIPOOd TOU
11ivaka, o UETAyAWTTIOTIIC MPEME]
va avaAuoel To OEIKTN EKPPAOEIC O KABE avapopd O€ rivaka:



AAyoplOuikot Metaoynuotlopotl

Metaoxnuotiopoi pe Baon tn pon dedopevwv oto Bpoxo
AvadiLataén Bpoxwv

AvadiapBpwon Bpoxwv

Metaoxnpatiopoi Avtikataotaonc Bpoyxou
Metaoxnpatiopoi tpoofaonc otn HvAun

Mepikni aéloAoynon

E¢aAewdn Tou mAsovacpuou

Metaoxnuotiopot yio KAnong
OUVOPTACEWV/UNMOTIPOYPAUHATWV



Metaoynuatiopol Avadiataénc Bpoxwv
Loop Reordering Transformations

AAN\oyn TNC oXETIKNCG akoAouBlog eKTEAEONC TWV
ertovaANPewv Tou/Twv PWALACUEVOU/ VWV
Bpoxou/wv
Avadelen mapaAlnAiog kat BeAtiwon TNC TOTILKOTNTOC
oTNV KUVAun.



Metaoxnuatiopol Avadtataénc

Booywv (1)
- EvaAAayn Bpoxov (Loop

Interchange)
d. = 2,
J = 1 n-1
al::. jl = al::. -1,j+1]
end do [ e
end do

(a)




Metaoyxnuatiopol Avadiataéng Bpoxwv (2)

>TPEPAwoN Bpoxou (Loop Skewing) = Ztp€PAwoN TNC
eKTEAEONC TwV emavaAnPewv (skew iterations execution)

Useful for Loop Interchange

do 1 =2, n-1
do j = 2, m—1
ali,jl = (ali=-1,j]1 + ali,j=11 +
ali+i,jl + ali,j+il)/4
end do
end do

(a) original code: dependences {(1.0).(0.1)}
J

% ) AN

(b) origimal space

AN

(¢) skewed space

{Parallel iterations

)

do 1 =2, n-1
do j = 1+ '
ali,j=i] = (ali-1,j=i] + ali,j=1-il +
ali+i,j-i] + ali,j+1-i1)/4
end do
end do

(d) skewed code: dependences {(1, 1), (0. 1)}

do j = 4, mtn=2
do i = max(2,j-mt+1), min(n-1,j-2)
ali,j-il] = (ali-1,j-i] + ali,j-1-i]1 +
ali+l,j=i] + ali,j+1-i1)/4
end do
end do

(e) skewed and mterchanged code: dependences
{(1,0).(L. 1)) 8



Partial Evaluation

Partial evaluation refers to the general technique of performing part of a
computation at compile time.

Constant propagation is one of the most important optimizations that a
compiler can perform and a good optimizing compiler will apply it
aggressively.

Programs typically contain many constants; by propagating them through the
program, the compiler can do a significant amount of pre-computation.

The propagation reveals many opportunities for other optimizations.

n = %4

c =3

doi=1, n doi=1, 64
[] — [l] + C a.[i] =a.[i:| + 3

end do end do

(a) original code (b) after constant propagation

Constant folding is a companion to constant propagation: when an expression
contains an operation with constant values as operands, the compiler can
replace the expression with the result.



Partial Evaluation (2)

Strength Reduction: replace an expensive operator with

an equivalent less expensive operator.

Expression Reduced Expr. | Datatypes
T X 2 i integer. real
72 T X I integer, real
Tee ¢ % ST real

1% 2° 1< ¢ mteger
(a,0)+ (b.0) | (a+b.0) complex
len(s; & sz2) | len(sy)+len(sz) | string
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ENZOMATQMENA
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>Tatikn Awaxelplton Mvnunc:

Apxec Kal Epappoyec



Opiopoc MpoBARpatoc

Ot epappoyec moAvpecwyv (multimedia) (1.x., mpeg-
4, ipeg, h.264) yapaktnpilovtoL oo Heyalo aplOuo
MPOCTIEAACEWV OTNV LUV

OL TPOCTEAACELC OTNV VAN Eival TO LEYOAUTEPO
TTOOOOTO TNC OUVOALKAC KatavaAwonc Loxvoc (ue
Apeon enidpaon otnv ToXUTNTO EKTEAECNC)

[l TV AUon Tou TIPoBANMATOC auToU artaltteltal n
avamntuén cuotnuatikne pebodoloyioc
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Embedded Systems
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P(Ext. Access) = typ. 30 x P(Arithmetic Operations)
P(Int. Memary) =1y .4Q.% 89 96 P(Chip)
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KatavaAwaon EVEPYELAC OTNV UV N YLa
EVOWMOTWUEVA CUCTNMOTO

Eval TUTTLKO EVOWLATWLEVO CUCTNUO TTOAUUECWV
rnepltAapBavetl SUo TUTTOUC UVNUWV:

Mvrun Asdopévwy (Data Memory)

Mvnun EvtoAwv (Instruction Memory)
2toY0¢: EAaxlotomoinon tTng CUVOALKNG KaTtavaAwong Loxvog,

Protal, KOIL TWV SUO CUVIOTWOWV, Pdata KOUL Pinstruction:

Piotal = Pdata + Pinstruction
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Kotavoun Evepyeloc
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Mvnun= To epmodlo otnv anodoon
Memory = Performance Bottleneck

N
Atrédoon
1000 P UProc:
e 60%/ye
Py ar.
109 CP/L.)"/ Processor-Memory
) | Ny Performance Gap:
10| Moores La\{v/_/- (grows 50% / year)
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