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Ehrhart Polynomials
-

S = 729n{xeQYAx+Cp+b >0}
= 7%n {xe@d\v I/I/>OZV—1}

Vertex Vi(p) = > . \jipi + f;

#S iIs an Ehrhart polynomial £(p)




Ehrhart Polynomials
-

S = 729n{xeQYAx+Cp+b >0}
= Zdﬁ{xe@d\v I/I/>OZV—1}
Vertex Vi(p) = > . \jipi + f;

#5'Is an Ehrhart polynomial £(p)
#® Pseudo-polynomial of degree d in p
o Coefficients: periodic numbers u, with period s

up = ul[p; mod s1]|p2 mod sg]| ... [p, mod s,

# Period s; Is Icm of denominators of A;;
L # Can be obtained through interpolation J

6.6%
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Validity domains

S R
o

P={z|z>0,20 <p+6,z<p}




Forward Reuse Distance

o N

# Reuse Pair: a pair of iterations that corresponds to
subsequent accesses to the same memory element

® Accessed Data Set: the set of data accessed In
between two iterations

# FRD: Number of memory elements read in between a
memory reference at iteration i and the next reference
to the same memory element, i.e., the number of
elements in the accessed data set of the reuse pair with
i as first element.

a a b ¢c ¢ b ¢ d a c

0 3 1 01 o0 2 0 o0 o

o |
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Reuse Pairs

o N

Vr,s € R :reuse,_,, = {(ir,js) e 7™ : subject to conditions Qla)—(ld)}

i, € I, Njs € I (iteration space) (1a)
1, < ig (execution ordering)  (1b)
rQi, = sQj, (same location)  (1c)

VieR:— (ks € I iy < k¢ < js A tQky = rQi,)

(no intervening access) (1d)

reusedr_>3 — {i”I“ ~ ]r ’ Eljs S [S : (ifr;js) < reuser—>s}

LUSGR reuse,_,, IS a function; {reused,_}, IS a partition J
_ 20.6% DTSE 20040204 — p.5/16




Forward Reuse Distance

map, ={i—le€l, x L|l=rQi}
iters, .+ s = {iy,is >kt € I, X Ig X I : iy < k¢ < js}
ADS, ., = {i,,is,l € I, x I3 X L |
It € R, 3ky : iters, ¢, 5(ir, is, ki) A map;(ke, 1)}
FADS, s = {i,,l € reused, s X L | js € I : (ir,]js,]) € ADS, 4}

FRD, . : reused, .5 — Z : i, — |FADS, 4| = £(FADS, ;1)

FRD, — Z FRD,_.
SER

|

33.3%




Example

for (i =0; i <= 99; ++i) {

All]; |/ reference a
Al 99-1]; |/ reference b
1 f (i >= 50)

Al 2*1]; [/ reference c

}

Assume: fully assiociative cache with line size 1
Calculate: FRD,_,;,

o |

40.0%




Example

map, = {i—le€l,xL|l=1}

map, = {t—lelyxL|l=99—1i}

map, = {1t —lel.xL|l=2i}
itersg—q—p = {6, —kel, xIyxI,|i<k<j}
itersq pp = {6, 2 kel xlyxT|i<k<j}
itersg—c—p = {4, 2 kel xyxI. |t <k<j}

reuse, ., ={(i,7) € lg X Iy | i < jAT =99 — jA
~(Fk el i <k<jA2k—100=i)}

o |
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Example

3<i<I<—i4+99)V T

FADS,—p = {(i,1) | (3
(Ja:2aa=1+i1A1<i<31,—-1+99,[—1)V
(
(

Ja: 20 =IA0<1< -2 +96A33<i)V
da, 6:2a=14+1A20=IN0<1<i<31)}

FRD, ., =

(33 <i <49+ 99 — 27) +
(1<i<3l—[(—i—1)mod2=0]-(99 — 2i)) +
(33 < i < 48— 49 — i) +

(1§i§3haK— 1) mod 2 = 0] - (g p+1;md2+;))J




Complication

o N

No-intervening-access constraint (1d):
vVt ERI_I(Hkt cl;: 1, <k -<j3/\t@kt :T@ir)

= Omega sometimes fails to construct (accurate) reuse,_.
= Equivalent to taking differences of sets
= Doing this in PolyLib would be madness

Exacerbated by
# Many references

# More complicated references
» Caches with limited associativity
s Line sizes different from 1
L = more existential variables J




.

N

Restricted Reuse Pairs
-

reuse;_, .. an iteration of reference r paired off with the
first iteration of reference s that accesses the same
memory element

= reuse’___ IS a function

r—s

reuse; ., ... an iteration of reference r paired off with the
first iteration of reference s that accesses the same
memory element, such that an intermediate iteration of
reference t also accesses the same memory element

(= reuse’ IS empty)

r—s—=S

- S S
reuse,_,, = reuse, . \ U reuse, ;..
t

S

reused, s = reused, . \ U reused, _, ..
t |




Restricted Reuse Pairs
-

Vr,s € R :reuse,_,, = {(ir,js) e 7™ : subject to conditions
i, € I, Njs € I (iteration space)
i, < i (execution ordering)
rQi, = sQj, (same location)

= (dks € I : i, < kg < js A tQk, = r@Qi,)

-

(2a)—(2d) }

(2a)
(20)
(2c)

(no intervening access from s)  (2d)
reuse, ., .. = {(ir,js) € reuse;_,. |
\— dk; € I; 11, < ky %js/\t@kt:T@ir} J
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Forward Reuse Distance

o N

T {FADS§_>8| i, € |J,reused’_,, .
el

- reused?’ .
otherwise

r—38

FRD!

r—=S

i, € reused®_ Nreused. ,
AFRD,. (i) ZO0AFRD,_,(i,) #0=s=1

U reused; ,, = U reused,_,s; FADS, s = FADS;_, .Nreused, s X L
SER SER

= FRD, = » FRD]_,
SER

o |




Forward Reuse Distance

o N

{FADSLSI i, & U, reused?

— 71 1, —
otherwise

S
. reused,._

FRD!

r—38

E(reused;_,, . ;i) :reused; . — {0,1}:

i 1 i, €J,reused]_, ..
0 otherwise

FRD, = E(FADS;_ ;i) | | (1 — E(reused; ;i)
teR

o |




Example

FADS! , = {(i,)) | (0<i <1< —i499)V
(Fa:2a=1A0<1 < —2i+96,1)

E(FADSY_,:4) = (0 < i < 49 — 99 — 2i) +

0<i<32m 8 2med2 4
32 <i <48+ 49 —

reused’ ={i|dJa:i=2aAN0<1i <32}

a—c—b

& (reused’ =0<i<32—[(—i)mod2=0]-1

a—c—sbr )

|




Calculating Restricted Reuse Pairs

o N

# Omega/PolyLib
Single difference = problem alleviated

o PIP
Consider
reuse’ . = {(ir.js) € Ir x I, | iy < is A rQi, = s@j,}
reuse’_, = {(i,js) | 3j. : (ir,].) € reuse?_ A
js = m{in(reusegﬁs; i)}

o |



	Ehrhart Polynomials
	Validity domains
	Forward Reuse Distance
	Reuse Pairs
	Forward Reuse Distance
	Example
	Example
	Example
	Complication
	Restricted Reuse Pairs
	Restricted Reuse Pairs
	Forward Reuse Distance
	Forward Reuse Distance
	Example
	Calculating Restricted Reuse Pairs

