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Assignment 10 — Task 1

Stencils a) Layer Condition

#pragma omp parallel for schedule(static)
for (j=0; j<N-2; ++j)
for(i=1l; i<M-1; ++1i)
y[31[i] = ¢ * (x[3][i-1]
+ x[§+1] [4]
+ x[j+2] [4i]
+ x[3+2]1[i-1]1);

Stored in a different
grid (Jacobi-like)

j+2,
i-1

j+2,i

j+1,i

\J
=t

= Layer condition: 3 rows of length M have to fit in the cache - LC:

3XMXx8|B] <C(Ct/2

where C; is the cache size per thread
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Assignment 10 — Task 1

Stencils b) Code Balance

#pragma omp parallel for schedule(static)
for (j=0; j<N-2; ++j)
for(i=1; i<M-1; ++i)
y[J1[i] = ¢ * (x[J][i-1]
+ x[j+2] [1-1]
+ x[j+1][1i]
+ x[J+2]1[1i]);

= Case 1: LC satisfied (best case)
= 1 LD miss on x

= 1STmissony

-1

LC:3 X M X 8[B] <C;/2

— By = (8 + 16)[B/LUP] = 24 [B/LUP]
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Assignment 10 — Task 1

Stencils b) Code Balance

#pragma omp parallel for schedule(static)
for (§j=0; j<N-2; ++j) J
for(i=1l; i<M-1; ++1i) A
y[Jl[i] = c¢ * (x[J][1i-1]

+ x[J+2] [1-1]
+ x[j+1][1i]

+ x[j+2][1]);

-1

= Case 2: LC broken (worst case) LC: 3 x M x 8[B] < C,/2
. t

= 3 LD misses on x

= 1STmissony
— B, = (24 + 16)[B/LUP] = 40 [B/LUP]
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Assignment 10 — Task 1

Stencils ¢) Performance Limit

= Optimistic limit when LC satisfied: ‘j
_ by 160 [GB/s] _ [GLUP]
b= B, 24[B/LUP] s
= Single Fritz ICX core: - i
- 1.5 [MiB] L3 cache LC: 3 XM x 8[B] < (/2

= 1.25 [MiB] L2 cache
- M < 2.75 x 2%2°[B]/48 [B] =~ 60000

\‘ Inner grid dimension
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Assignment 10 — Task 1

Stencils d) Modified Stencil

#pragma omp parallel for schedule(static)
for (§j=0; j<N-2; ++j) J

for (i=1l; i<M-1; ++i) A
y[jl[i] = ¢ * (x[J][1-1]

+ x[j+2] [1]
+ x[3+2] [i-1]) ;

\J
=t

= no “middle” row:
each neighbor has to keep two rows in cache

=2 LC:4XxMXx8[B] < (/2
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Assignment 10 — Task 2

Claim: “Slow code scales better”

T(1) =Ty +T,, T(N) =T, +-2+T,(N) (and T,(1) = 0)

T(1) T+T, 1

I R
Ts + 3 + Te(N) s+t cV)

with the dimensionless quantities

¢ — T p = Ty o( ):TC(N)
Ts+Ty’ Ts+Ty’ Ts+Ty
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Assignment 10 — Task 2

b) Slowdown factoro <1: s — g p — %, c(N) unchanged

. B 1/0 B 1
W)= s/o + 24 c(N) - s+L£ 4 oc(N)
No N

- communication overhead gets damped (reduced) by a factorof 0 < 1
2> S(N,o <1)>S(N,o=1)aslongasc(N) >0

Prerequisite: There must be a non-negligible communication overhead for this
“stunt” to work!
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Assignment 10 — Task 2

c) Cases=0,c(N) = aN unchanged

oP(1) oP(1)
P(N,o0) = oP(1) X S(N,0) = > = >
s+ytocN) 5 +oaN

P(1)

alN

2> IfFP(N>1) =

l.e., the slowdown does not matter because the sync dominates performance !
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Assignment 10 — Task 3 a)

= Wavefront Gauss-Seidel (int i=1; di<imax-1; ++i) { o
x[kI[31[1] = ( x[k][3][i-1] + x[k][3][i+7]
+ x[kI[3-11[4] + x[k][3+1][4]
+ x[k-11031[1] + x[k+1][j]1[4])
* one_over_six;

g To

x[kI[j11i-1] [ ADD ] [ MUL ]
1 4cy 4cy

x[k][j][i+1]

‘
«k103-110a1—+{  ADD |+ MDD |
«1l+ifal [ AD |o{  ADD |
f

f

x[k-T1[3]1[1] x[k+1][j][1]

LUP
I)nmax — I.LJJI)/f;(:y ::().]JZE;-;E;—
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Assignment 10 — Task 3 b)

= \Wavefront Gauss-Seidel (int i=T; i<imax-1; ++i) { o
x[k][j1[1i] = ( x[k][j1[i-1] + x[k][j][i+1]
+ x[k1[§-11[4] + x[k][j+1]1[1]

+ x[k-T][j]I[i] + x[k+1][j][1i])
* one_over_six;

P, =18X0.125x 2.4 x 10° LUP/s = 5.4 GLUP/s

B
by =Bc X P = 16m X 5.4 GLUP/s =86.4 GB/s > 75 GB/s

= memory bandwidth
will be the bottleneck!
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  3 × M × 8   [B] <  C t / 2


   C t


  →  𝑩 𝑪 =  (  8 + 16 )  [  B / L U P ] = 𝟐 𝟒   [ 𝑩 / 𝑳 𝑼 𝑷 ]


  3 × M × 8   [B] <  C t / 2


  →  𝑩 𝑪 =  (  24 + 16 )  [  B / L U P ] = 𝟒 𝟎   [ 𝑩 / 𝑳 𝑼 𝑷 ]


  3 × M × 8   [B] <  C t / 2


  → M < 2 . 75 ×  2  20 [ B ] / 48    [ B ] ≈ 60000


  3 × M × 8   [B] <  C t / 2


  𝑷 =    𝒃 𝒔   𝑩 𝑪


  =   𝟏 𝟔 𝟎   [ 𝑮 𝑩 / 𝒔 ]  𝟐 𝟒   [ 𝑩 / 𝑳 𝑼 𝑷 ] = 𝟔 . 𝟕    [    𝑮 𝑳 𝑼 𝑷 𝒔 ]


  4 × M × 8   [B] <  C t / 2


  T  ( 1 ) =  T s +  T p


  T  ( N ) =  T s +    T p N +  T c ( N )


   T c  ( 1 ) = 0 )


  s =    T s   T s +  T p


  p =    T p   T s +  T p


    c ( N ) =    T c ( N )   T s +  T p


  S  ( N ) =   T  ( 1 )  T  ( N ) =    T s +  T p   T s +    T p N +  T c ( N ) =  1  s +  p N + c ( N )


  𝜎 < 1   :     s →  s 𝜎 ,     p →  p 𝜎 ,


  c  ( N )


  S  (  N , 𝜎 ) =   1 / 𝜎  s / 𝜎 +  p  N 𝜎 + c ( N ) =  1  s +  p N + 𝜎 c ( N )


  𝜎 < 1


  S  (  N , 𝜎 < 1 ) > S  (  N , 𝜎 = 1 )


  c  ( N ) > 0


  s = 0 ,


  c  ( N )   =   𝛼 N


  P  (  N , 𝜎 ) = 𝜎 P ( 1 ) × S ( N , 𝜎 ) =   𝜎 P ( 1 )  s +  p N + 𝜎 c ( N ) =   𝜎 P ( 1 )   p N + 𝜎 𝛼 N


  P  (  N ≫ 1 ) =   P  ( 1 )  𝛼 N


   𝑷  𝒎 𝒂 𝒙 = 𝟏   𝐋 𝐔 𝐏 / 𝟖   𝒄 𝒚 = 𝟎 . 𝟏 𝟐 𝟓   𝐋 𝐔 𝐏  𝒄 𝒚


   P  m a x = 18 × 0 . 125 × 2 . 4 ×   10 9   LUP / s   =   𝟓 . 𝟒   𝐆 𝐋 𝐔 𝐏 / 𝒔


   b s =  B C × P = 16  B  L U P × 5 . 4   GLUP / s = 𝟖 𝟔 . 𝟒   𝑮 𝑩 / 𝒔


  > 75 GB/s

