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Á We use LLVM, but not like you may think! 

 

Á Runtime Recompilation and Specialization 

ÁMPI optimizations [EuroMPIô13, LCPCô13] 

 

Á Automatic Performance Model Generation  

ÁStatic and dynamic modeling [SPAAô14, PACTô14] 

 

Á Compilation for Heterogeneous Systems  

ÁFocused around Polyhedral techniques 

 

Á We only compile test-applications! 

ÁMainly deal with IR and internal issues 
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Setting the stage 
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Topics Today (ask anything!) 
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What your vendor sold you 

4 Schneider, Kjolstad, TH: MPI Datatype Processing using Runtime Compilation, 9ǳǊƻatLΩмо 
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What your Applications get 

10% of  

Ping-Pong 

performance 

5 Schneider, Kjolstad, TH: MPI Datatype Processing using Runtime Compilation, 9ǳǊƻatLΩмо 



spcl.inf.ethz.ch 

@spcl_eth 

What your Applications get 

10% of  

Ping-Pong 

performance 

Why? 

6 Schneider, Kjolstad, TH: MPI Datatype Processing using Runtime Compilation, 9ǳǊƻatLΩмо 
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What your Applications get 

10% of  

Ping-Pong 

performance 

Why? 

How to measure? 

7 Schneider, Kjolstad, TH: MPI Datatype Processing using Runtime Compilation, 9ǳǊƻatLΩмо 
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What MPI offers 

sbuf = malloc(N*sizeof(double)) 
rbuf = malloc(N*sizeof(double)) 
for (i=1; i<N-1; ++i)  
    sbuf[i]=data[i*N+N-1] 
MPI_Isend(sbufΣ Χύ 
MPI_Irecv(rbufΣ Χύ 
MPI_WaitallόΧύ 
for (i=1; i<N-1; ++i) 
    data[i*N]=rbuf[i] 
free(sbuf) 
free(rbuf) 

MPI_Datatype nt 
MPI_Type_vector(N-2, 1, N,  
                              MPI_DOUBLE, &nt) 
MPI_Type_commit(&nt) 
MPI_Isend(&data[N+N-1], 1, ntΣ Χύ 
MPI_Irecv(&data[N], 1, ntΣ Χύ 
MPI_WaitallόΧύ 
MPI_Type_free(&nt) 

ÅNo explicit copying 
ÅLess code 
ÅOften slower than manual  

packing (see [1]) 

Manual packing MPI Datatypes 

[1] Schneider, Gerstenberger, TH: Micro-Applications for Communication Data Access Patterns and MPI DatatypesΣ 9ǳǊƻatLΩмн 8 
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Á MPI DDTs are interpreted at runtime, while manual pack loops are 
compiled 

Interpretation vs. Compilation 

bt = Vector(2, 1, 2, MPI_BYTE) 
nt =Vector(N, 1, 4, bt) 

Vector: 
    count: N 
    blklen: 1 
    stride: 4 
    size: 10 
    extent: 51 

Vector: 
    count: 2 
    blklen: 1 
    stride: 2 
    size: 2 
    extent: 3 

Primitive: 
    size: 1 
    extent: 1 

Internal Representation 

If (dt.type == VECTOR) 
    for (int i=0; i<dt.count; i++) { 
        tin = inbuf; tout=outbuf 
        for (b=0; b<dt.blklen; d++) { 
            interpret(dt.basetype, tin, tout) 
        } 
        tin +=  dt.stride * dt.base.extent 
        tout = dt.blklen * dt.base.size 
    } 
    inbuf += dt.extent 
    outbuf += dt.size 
} 

9 Schneider, Kjolstad, TH: MPI Datatype Processing using Runtime Compilation, 9ǳǊƻatLΩмо 
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If (dt.type == VECTOR) 
    for (int i=0; i<dt.count; i++) { 
        tin = inbuf; tout=outbuf; 
        for (b=0; b<dt.blklen; d++) { 
            interpret(dt.basetype, tin, tout) 
        } 
        tin += dt.stride * dt.base.extent 
        tout = dt.blklen * dt.base.size 
    } 
    inbuf += dt.extent 
    outbuf += dt.size 
} 

Å None of these variables are 
known when this code is compiled 

Å Many nested loops and branches 

Schneider, Kjolstad, TH: MPI Datatype Processing using Runtime Compilation, 9ǳǊƻatLΩмо 
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Á MPI DDTs are interpreted at runtime, while manual pack loops are 
compiled 

Interpretation vs. Compilation 

for (int i=0; i<N; ++i) { 
    for(j=0;  j<2; ++j) { 
        outbuf[j] = inbuf[j*2] 
    } 
    inbuf += 3*4 
    outbuf  += 2 
} 

11 Schneider, Kjolstad, TH: MPI Datatype Processing using Runtime Compilation, 9ǳǊƻatLΩмо 
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Á MPI DDTs are interpreted at runtime, while manual pack loops are 
compiled 

Interpretation vs. Compilation 

for (int i=0; i<N; ++i) { 
    for(j=0;  j<2; ++j) { 
        outbuf[j] = inbuf[j*2]  
    }   
    inbuf += 3*4 
    outbuf  += 2 
} 

ÅLoop unrolling 

12 Schneider, Kjolstad, TH: MPI Datatype Processing using Runtime Compilation, 9ǳǊƻatLΩмо 



spcl.inf.ethz.ch 

@spcl_eth 

Á MPI DDTs are interpreted at runtime, while manual pack loops are 
compiled 

Interpretation vs. Compilation 

for (int i=0; i<N; ++i) { 
    int j = 0 
    outbuf[j] = inbuf[j*2] 
    outbuf[j+1] = inbuf[(j+1)*2] 
    inbuf += 3*4 
    outbuf  += 2 
} 

ÅLoop unrolling 
ÅConstant Propagation 

13 Schneider, Kjolstad, TH: MPI Datatype Processing using Runtime Compilation, 9ǳǊƻatLΩмо 
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Á MPI DDTs are interpreted at runtime, while manual pack loops are 
compiled 

Interpretation vs. Compilation 

for (int i=0; i<N; ++i) { 
    outbuf[0] = inbuf[0] 
    outbuf[1] = inbuf[2] 
    inbuf += 12 
    outbuf  += 2 
} 

ÅLoop unrolling 
ÅConstant Propagation 
ÅStrength reduction 

14 Schneider, Kjolstad, TH: MPI Datatype Processing using Runtime Compilation, 9ǳǊƻatLΩмо 
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Á MPI DDTs are interpreted at runtime, while manual pack loops are 
compiled 

Interpretation vs. Compilation 

bound = outbuf + 2*N 
while (outbuf<bound) { 
    outbuf[0] = inbuf[0] 
    outbuf[1] = inbuf[2] 
    inbuf += 12 
    outbuf  += 2 
} 

ÅLoop unrolling 
ÅConstant Propagation 
ÅStrength reduction 

15 Schneider, Kjolstad, TH: MPI Datatype Processing using Runtime Compilation, 9ǳǊƻatLΩмо 
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Á MPI DDTs are interpreted at runtime, while manual pack loops are 
compiled 

Interpretation vs. Compilation 

bound = (outbuf + 2*N)/2 
while (outbuf<bound) { 
    outbuf[0] = inbuf[0] 
    outbuf[1] = inbuf[2] 
    outbuf[2] = inbuf[4] 
    outbuf[3] = inbuf[6] 
    inbuf += 24 
    outbuf  += 4 
} 
Χ 

ÅLoop unrolling 
ÅConstant Propagation 
ÅStrength reduction 
ÅUnrolling of outer loop  

16 Schneider, Kjolstad, TH: MPI Datatype Processing using Runtime Compilation, 9ǳǊƻatLΩмо 
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Interpretation vs. Compilation 

ÅLoop unrolling 
ÅConstant Propagation 
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ÅSIMDization  

17 Schneider, Kjolstad, TH: MPI Datatype Processing using Runtime Compilation, 9ǳǊƻatLΩмо 
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Á MPI DDTs are interpreted at runtime, while manual pack loops are 
compiled 

bound = (outbuf + 2*N)/2 
while (outbuf<bound) { 
    outbuf[0] = inbuf[0] 
    outbuf[1] = inbuf[2] 
    outbuf[2] = inbuf[4] 
    outbuf[3] = inbuf[6] 
    inbuf += 24 
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} 
Χ 

Interpretation vs. Compilation 

ÅLoop unrolling 
ÅConstant Propagation 
ÅStrength reduction 
ÅUnrolling of outer loop 
ÅSIMDization  

18 

for (int i=0; i<N; ++i) { 
    for(j=0;  j<2; ++j) { 
        outbuf[j] = inbuf[j*2] 
    } 
    inbuf += 3*4 
    outbuf  += 2 
} 

-O3  

Schneider, Kjolstad, TH: MPI Datatype Processing using Runtime Compilation, 9ǳǊƻatLΩмо 
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Use 

Runtime-Compiled pack functions 

MPI_Type_vector(cnt, blklenΣ  Χύ 

MPI_Type_commit(new_ddt) 

MPI_Send(cnt, buf, new_ddtΣΧύ 

Record arguments in internal 
representation (Tree of C++ 
objects) 

Generate pack(*in, cnt, *out) 
function using LLVM IR. Compile 
to machine code. Store f-pointer. 

new_ddt.pack(buf, cnt tmpbuf) 
PMPI_SendόΧtmpbuf, MPI_BYTE) 

19 

Declare 

  
  

Optimize 

Schneider, Kjolstad, TH: MPI Datatype Processing using Runtime Compilation, 9ǳǊƻatLΩмо 
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Á Basic elements of DDTs are always consecutive blocks 

Á If the size of the block is less the 256B we completely unroll the loop 

Á Otherwise: use fastest available instruction (SSE2 on our test system) 

 

Detour: Copying Data 

35% 

In-cache measurement on AMD Interlagos CPU (Blue Waters test system) 20 
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Á Lots of choice to move 
data! 

Á> 36 ways on x86 

Á Restricted semantics 
allow for super-optimization [4] 

ÁExhaustive search 

ÁRuns ~1 day 

ÁGenerates close-to-optimal  
copy sequences 

 

Detour: How to Copy Fast on x86? 

Overview of data movement and 
loop-forming instructions on x86-64. 

[4]: S. Bansal and A. Aiken: ά!ǳǘƻƳŀǘƛŎ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ǇŜŜǇƘƻƭŜ superoptimizersέΣ {LDt[!b bƻǘƛŎŜǎ нллс 
 

21 
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Detour: Optimized Local Copy Sequence 

optimized copy 

libc memcpy() 

libc bcopy() 

7x 

>3x 

22 Schneider, Gerstenberger, TH: Compiler Optimizations for Non-Contiguous Remote Data MovementΣ [/t/Ωмо 
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Á Vector count and size and extent of subtype are always known 

Á eliminate induction variables to reduce loop overhead 

Á Unroll loop for innermost loop 16 times  

 

 

Datatype Example (1): Packing Vectors 

14x 
faster 

HVector(2,1,6144) of 
    Vector(8,8,32) of 
         Contig(6) of 
               MPI_FLOAT 
 
This datatype is used by the 
Quantum-Chromodynamics 
code MILC [2] 

[2] Bernard, et al.: Studying quarks and gluons on MIMD parallel computers, Intl. Journal  of Supercomputer Application, 1991 23 
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Datatype Example (2): Irregular Data 

copy(inb+off[0],  outbҌΧΣ len[0]) 
copy(inb+off[1],  outbҌΧΣ len[1]) 
copy(inb+off[2],  outbҌΧΣ len[2]) 

Inline indices into code 

for (i=0; i<idx.len; i+=3) {  
   inb0=load(idx[i+0])+inb 
   inb1=load(idx[i+1])+inb 
   inb2=load(idx[i+2])+inb 
   // load oub and len 
   copy(inb0, outb0, len0) 
   copy(inb1, outb1, len1) 
   copy(inb2, outb2, len2) 
} 

Minimize loop overhead by unrolling 
the loop over the index list 

Depending on index list length: 

24 Schneider, Kjolstad, TH: MPI Datatype Processing using Runtime Compilation, 9ǳǊƻatLΩмо 
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Datatype Example (2):  Irregular Packing Performance 

Hindexed DDT with 
random displacements 

33% 
faster 

25 Schneider, Kjolstad, TH: MPI Datatype Processing using Runtime Compilation, 9ǳǊƻatLΩмо 
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Á Emitting and compiling IR is (too?) expensive! 

Á Commit should tune the DDT, but we do not know how often it will be 
used ς how much tuning is ok? 

Á Case study: MIMD Lattice Computation (thanks to Steve Gottlieb) 

²ƘŀǘΩǎ ǘƘŜ ŎŀǘŎƘΚ 

0-1 column is empty. 
²Ŝ ŘƻƴΩǘ ƳŀƪŜ ŀƴȅǘƘƛƴƎ  
slower than Cray MPI 

Most datatypes become 
seven times faster! 

Some even 38 times 

Most datatypes have to  
be reused 180-5000 times 

But some need 30000 
uses to amortize their  
costs at commit time 

26 



spcl.inf.ethz.ch 

@spcl_eth 

Can we beat manual packing? 

27 Schneider, Kjolstad, TH: MPI Datatype Processing using Runtime Compilation, 9ǳǊƻatLΩмо 
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Á Example demonstrator: MPI Datatypes (works great!) 

ÁHas (limited) language interface  

ÁMissing information: 

How often will the DDT be reused? 

How will it be used (Send/Recv/Pack/Unpack)? 

Will the buffer argument be always the same? 

Will the data to pack be in cache or not?  

Á How can we generalize this?  

ÁRuntime-optimize everything!! 

ÁTwo main problems: 

What to runtime-recompile?  

 Idea: largest subgraph ƻŦ /CD ǿƛǘƘ Ŏƻƴǎǘŀƴǘ ǾŀǊƛŀōƭŜǎ όŘŜŦƛƴŜ άƭŀǊƎŜǎǘέΗύ 

When to runtime-recompile? 

 Is it worth the recompilation overhead!? 

The Runtime Recompilation for HPC Manifesto 

28 

Is this a dead end? 

http://spcl.inf.ethz.ch/Research/Parallel_Programming/MPI_Datatypes/libpack 


