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DAXPY (alpha X plus Y)

!$acc parallel loop

DO i = 1,n

dy(iy) = dy(iy) + da*dx(ix)

ix = ix + incx

iy = iy + incy

END DO

• Scalar times vector plus vector

• Should this work?
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Result

• PGI: PGF90-S-0155-Compiler failed to translate accelerator region (see 
-Minfo messages): Could not find allocated-variable index for symbol 

• GCC: Silently runs code in scalar

• The core computation of interest to the user is (most likely) 
parallelizable

• The problem: other parts are not

• Auxiliary transformations are necessary to accelerate the loop
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A Parallel Version

!$acc parallel loop

DO i = 1,n

dy(iy + (i-1) * incy) = dy(iy + (i-1) * incy) 

+ da*dx(ix + (i-1) * incx)

! ix = ix + incx

!  iy = iy + incy

END DO

• Can this be run in parallel?
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What to generate?

!$acc parallel loop

DO i = 1,n

dy(iy + (i-1) * incy) = dy(iy + (i-1) * incy) + da*dx(ix + (i-1) * incx)

END DO

• If incy > 0
dy(iy:iy+(n-1)*incy:incy) = dy(iy:iy+(n-1)*incy:incy)+

da*dx(ix:ix+(n-1)*incx:incx)

• If incy < 0
dy(iy+(n-1)*incy:iy:-incy) = dy(iy+(n-1)*incy:iy:-incy)+ 

da*dx(ix:ix+(n-1)*incx:incx)

• If incy == 0
dy(iy) = dy(iy)+ da* sum(dx(ix:ix+(n-1)*incx:incx))
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iy+(i-1)*incy

action expression result

start replace i with start (1) iy+(1-1)*incy iy

end replace i with end (n) iy+(n-1)*incy iy+(n-1)*incy

stride subtract i from i+1 iy+((i+1)-1)*incy-
iy+((i)    -1)*incy incy

DO i = 1,n

dy(iy+(i-1)*incy)=

dy(iy+(i-1)*incy) +

da*dx(ix+(i-1)*incx)

END DO

DO i = 1,n

dy(iy) = dy(iy) + da*dx(ix)

ix = ix + incx

iy = iy + incy

END DO

Inferring Key Parameters

iy

action expression result

start replace i with start (1) iy iy

end replace i with end (n) iy iy

stride subtract i from i+1 iy - iy 0
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Fundamental Challenge

• OpenACC Directives tell the compiler what to do

• The compiler is left to figure out how to do that

• Who is responsible for determining that it’s the correct thing to do

– From semantics

– From performance
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Exploiting parallelism

• Neither compiler nor programmer has all the knowledge necessary 
to fully exploit parallelism

– Compiler has the knowledge of the architecture and the implementation

– Programmer has the knowledge of the algorithm
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DO i = 1,n

dy(i) = dy(i)+ da*dx(i)

ENDDO

!$acc loop vector

DO i = 1,n

dy(i) = dy(i)+ da*dx(i)

ENDDO

!$acc loop gang,worker

DO i = 1,n

dy(i) = dy(i)+ da*dx(i)

ENDDO

Parallel Hardware; Sequential Languages
dy[1] dy[1]

dy[2] dy[2]

dy[3] dy[3]

dy[1] dy[1]

dy[2] dy[2]

dy[3] dy[3]

dy[1] dy[1]

dy[2] dy[2]

dy[3] dy[3]
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Reordering execution

• Loop execution
– !$acc seq:  specified sequential execution.  Normal semantics
– !$acc vector:  simultaneous execution
– !$acc gang, worker:  indeterminate execution
– !$acc reduction: special case of indeterminate

• Compiler problem: when do the different orders produce the same results?
– If it can answer that, it can take sequential as the specification and transform where 

appropriate

• Approach: capture required execution orders in a dependence graph
– A dependence exists between two statements if their order must be preserved for correct 

results
– Compiler builds a graph of all dependences in a loop nest
– Compiler can then choose any execution order that does not violate a dependence
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Who Should Do What?

Compiler

• “Normalize” program

• Optimize execution

• Schedule parallelism

• Implement parallelism

Programmer

• Design and describe parallel 
algorithm

Nov 13, 2017

• Build dependence graph
• Uncover parallelism

• Determine best fit
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Build dependence graph 

• Does the compiler need a dependence graph with OpenACC?
– The directives tell the compiler everything it needs to know, right?

• Building a dependence graph with loops and subscripted variables is 
undecidable, in general
– Accordingly, compilers take a conservative approach

– Assume a dependence exists unless proven otherwise

• Pruning is easy, but consider
– dy(iy + incy * (i-1))   v.      dy(iy + incy * (i-1)) : user probably right

– dy(i+n)                    v.      dy(i)                       : user may be right

– dy(i+1)                    v.      dy(i)                       : user probably wrong

– dy(i%4)                    v      dy(i%3+x)              : who knows
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Uncovering parallelism

• Do what the user says or what the user means?

• Users often take the “legal” approach to exploiting parallelism
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Determining best fit

• Determining the best execution depends on many factors

• Some best determined by the compiler
– Memory access pattern: contiguous access
– Parallelism available on hardware
– Architectural considerations (i.e. banking conflicts)

• Some best known by the programmer
– Loop lengths

• “Pirates of the Caribbean approach” probably best
– More like guidelines

Nov 13, 2017



©  Mentor Graphics Corp.    Company Confidential 

Implementation details

• Gang/worker loop

– Conversion is fairly easy regardless: loops update their iteration number 
independently

– Variables needing threadlocal storage easy to identify

• Vector loop

– More complicated, as described earlier

– Loop “increments” must be precalculated; requiring information which 
must still be ferretted out

• Reductions

– Not so simple as appears on first glance

Nov 13, 2017



Reductions

Reduction
DO I = 1, N

T = T+ A(I)

ENDDO

DO I = 1, N

T = T + A(I)

T = T + B(I)

ENDDO

DO I = 1, N

T = T + A(I)

A(I+1) = B(I)

ENDDO

Not
DO I = 1, N

T = T+ A(I)

X(I) = T

ENDDO

DO I = 1, N

T = T + A(I)

T = T + 1

ENDDO

DO I = 1, N

T = T + A(I)

T = max(T, B(I))

ENDDO
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Optimization

• Dependence graph duality enables optimizations based on 
memory reuse

– These optimizations are tedious to do by hand in source

– They are extremely machine dependence

– Matrix multiplication, for instance, becomes a 5 loop operations

• Enabling the dependence graph allows the compiler to enact these
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Summary

• Directives are more work, not less, for compiler

• An important function is telling the user when he/she’s wrong

– Users often tell the compiler to do something that can’t be done

– Figuring out when the user is right and the user is wrong is not simple

• The key job of mapping the parallelism to the hardware will 
always rest with the compiler

• More information never hurts that.
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Compiler v. programmer

Compiler

• Understands the specification

• Understands the target’s parallelism

• Deals well with detail

• Understands the implementation 
parameters

Programmer

• Understands the algorithm

• Understands the algorithm’s parallelism

• Deals well with abstraction

• Understands the algorithm’s parameters


