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GPU Speed-of-Light
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Roofline Chart
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Roofline Chart: Peak Values
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Roofline Chart: Achieved Values
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Roofline Chart: Regions
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Hierarchical Roofline: L1 Peak Values
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Hierarchical Roofline: L2 Peak Values
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Hierarchical Roofline: Achieved Values
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Roofline Analysis
Example



BerkeleyGW
§ Massively parallel package for 

GW calculations
§ Sits on top of DFT codes

§ Computational Motifs
o FFTs
o Dense linear algebra
o Large reductions
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GPP Pseudocode
do i in 1, nbands: ! n' ~= 2763

do j in 1, ngpown: ! G' ~= 6633
do k in 1, ncouls: ! G  ~= 26529

do h in 1, nw: ! E  ~= 3
compute() ! Mixed data types:

!   complex double, double, int
! Various memory access patterns
! Complex number divisions

reduction() ! Complex numbers
! Billions of iterations
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Initial GPU Port – SOL and Roofline
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Initial GPU Port – Memory Analysis
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Optimization Step #1: Loop Reordering
< !$ACC LOOP GANG VECTOR reduction(+:...) collapse(3)
< do i = 1, nbands ! O(1000)
< do j = 1, ngpown ! O(1000)
< do k = 1, ncouls ! O(10000)
---
> !$ACC LOOP GANG VECTOR reduction(+:...) collapse(2)
> do j = 1, ngpown ! O(1000)
> do k = 1, ncouls ! O(10000)
> !$ACC LOOP SEQ
> do i = 1, nbands ! O(1000)

Runtime: 1.17 sec à 1.10 sec
Speed-up: ~6%
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Optimization Step #1: SOL
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Bottom value (green) represents baseline



Optimization Step #1: Memory Analysis
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Optimization Step #1: Roofline
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Optimization Step #2: Data Reuse
< complex(DPC) :: ssx_array_2, ssx_array_3,
sch_array_2, sch_array_3
---
> complex(DPC) :: ssx_array, sch_array

§ More changes to accommodate data restructuring
§ Split kernel into two iterations

Runtime: 1.10 sec à 0.98 sec
Speed-up: ~11%

Total Speed-up: ~17%
19



Optimization Step #2: SOL
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Optimization Step #2: Memory Analysis
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Optimization Step #2: Roofline
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Optimization Step #3: Arithmetic Optimization
< delw = wtilde / wdiff
<
< if (abs(ssx) .gt. ssxcutoff .and. ...) ssx=0.0d0
---
> wdiffr = wdiff * CONJG(wdiff) ! reciprocal math
> rden = 1.0d0 / wdiffr
> delw = wtilde * CONJG(wdiff) * rden
>
> rden = ssx * CONJG(ssx) ! replace abs with squares
> ssxcutoff = sexcut**2 * ...)
> if (rden .gt. ssxcutoff .and. ...) ssx=0.0d0

§ division à reciprocal math & abs à squares
Runtime: 0.98 sec à 0.53 sec

Speed-up: ~45%
Total Speed-up: ~54%23



Optimization Step #3: SOL
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Optimization Step #3: Memory Analysis
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Optimization Step #3: Roofline
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Deoptimization Step #4: Fixed vector length
< !$ACC PARALLEL PRESENT(I_eps_array, aqsntemp)
---
> !$ACC PARALLEL PRESENT(I_eps_array, aqsntemp) vector_length(512)

§ Set the vector length to a non-optimal value

Runtime: 0.53 sec à 0.58 sec
Speed-up: -10%
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Step #4: SOL of v4 vs. v3
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Bottom value (orange) represents optimization step #3



Step #4: SOL of v4 vs. v2
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Bottom value (pink) represents optimization step #2



Step #4: Memory Analysis of v4 vs. v3
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Step #4: Memory Analysis of v4 vs. v2
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Recap of Step 4 vs. Steps 2 and 3

Runtime 
(msec) SM SOL % Memory SOL 

%
L1 Cache Hit 

%
L2 Cache Hit 

%
Memory 
Traffic

Step #4 292 79.5 19.6 54.2 72.7
186 GB A*

71 GB B*
37 GB C*

Step #2 487 +0.8% +25.54% -6.8 -52.9
+8.2 %

+163 %
+366 %

Step #3 265 +9.8% +123% -6.2 -51.8
+7.6 %

+158 %
+352 %
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A* = L1 to L2 traffic, B* = L2 partition traffic, C* = Device to L2 traffic 



Step #4: Roofline of v4 vs. v3
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Step #4: Roofline of v4 vs. v2
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