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Some Controversy
cool questions

✔  Can I run a 40x40 tiles matrix (1600 tiles) on ~1600 cores ?

✔  Can I run a 40K matrix on 40K cores ?

✔  Can I beat HPL (90% efficiency) with QR (2x operations) ?



  

snapshot of an ancient paper



  

PULSAR
Parallel Unified Linear Algebra with Systolic ARrays

Virtualization



  

dgeqrt dormqr dormqr

dtsqrt dtsmqr dtsmqr

dtsqrt dtsmqr dtsmqr

Tile QR
pLASMA kernels



  

Systolic QR
three nested loops = cone

FOR k=0 TO N­1
  DGEQRT(inoutAkk)
  FOR n=k+1 to N
    DORMQR(inA⬕kk, inoutAkn)
  FOR m=k+1 to N
    DTSQRT(inoutA⬔kk, inoutAmk)
    FOR n=k+1 to N
      DTSMQR(inAmk, inoutAkn, inoutAmn)

m

n

k



  

DGEQRTkkk
1ARG ← Ak,k | DTSMQRk,k,k­1
1ARG ⇒ DORMQRk,k+1..N,k(⬕)
1ARG ⇒ DTSQRTk+1,k,k(⬔)
1ARG ⇒ Ak,k(⬕)

DORMQRknk
1ARG ← DGEQRTk,k,k(⬕)
2ARG ← Ak,n | DTSMQRk,n,k­1
2ARG ⇒ DTSMQRk+1,n,k
2ARG ⇒ Ak,n

DTSQRTmkk
1ARG ← DGEQRTm­1,k,k(⬔) | DTSQRTm­1,k,k(⬔)
1ARG ⇒ DTSQRTm+1,k,k(⬔) | Ak,k(⬔)
2ARG ← Am,k | DTSMQRm,k,k­1
2ARG ⇒ DTSMQRm,k+1..N,k
2ARG ⇒ Am,k

DTSMQRmnk
1ARG ← DTSQRTm,k,k
2ARG ← DORMQRm­1,n,k | DTSMQRm­1,n,k
2ARG ⇒ DTSMQRm+1,n,k | An,k
3ARG ← Am,n | DTSMQRm,n,k­1
3ARG ⇒ DGEQRTm,n,k+1 | DORMQRm,n,k+1 |
     ⇒ DTSQRTm,n,k+1 | DTSMQRm,n,k+1 |
     ⇒ Am,n

FOR k=0 TO N­1
  DGEQRT(inoutAkk)
  FOR n=k+1 to N
    DORMQR(inA⬕kk, inoutAkn)
  FOR m=k+1 to N
    DTSQRT(inoutA⬔kk, inoutAmk)
    FOR n=k+1 to N
      DTSMQR(inAmk, inoutAkn, inoutAmn)



  

     A(m,k)IN 
DTSMQR(m,k,k­1)

A(m,k)OUT 

DTSMQR(m,k+1..N,k) 

DTSQRT(m+1,k,k)⬔ 
     A(k,k)⬔ OUT 

DTSQRT

     A(m,n)IN 
DTSMQR(m,n,k­1)

DGEQRT(m,n,k+1)
DORMQR(m,n,k+1)
DTSQRT(m,n,k+1)
DTSMQR(m,n,k+1)
     A(m,n)OUT 

DTSMQR(m+1,n,k)
     A(k,n) OUT  

DTSMQR

DTSQRT(m,k,k) 

DGEQRT(m­1,k,k)⬔
DTSQRT(m­1,k,k)⬔

DORMQR(m­1,n,k)
DTSMQR(m­1,n,k)

     A(k,n)IN 
DTSMQR(k,n,k­1)

A(k,n)OUT 

DTSMQR(k+1,n,k) 

DORMQR

DGEQRT(k,k,k)⬕ DORMQR(k,k+1..N,k)⬕ 

     A(k,k)IN 
DTSMQR(k,k,k­1)

A(k,k)⬕ OUT 

DTSQRT(k+1,k,k)⬔ 
DGEQRT



  

Systolic QR
systolic array for tile QR
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Systolic QR
data bypass / quick forwarding
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Virtualization
mapping of systolic processing units to cores

0 1 2 3 4 5 6 7



  

Kraken
National Institute for Computational Science

✔  two 2.6 GHz six-core AMD Opterons

✔  16 GB memory

✔  Cray SeaStar2+ Interconnects

✔  ca. 10K nodes (100K cores)



  

Kraken
National Institute for Computational Science



  

Implementation
multicore + MPI

✔  pthreads within the node

✔  MPI between nodes

✔  flat communicatiom model – core to core

✔  communication proxy – dedicated core



  

workload

tile QR factorization

problem size

24 x 288 = 6,912

number of cores

8 x 11 = 88 cores



  

Cray LibSci
tuning

10K x 10K 20K x 20K 40K x 40K



  

Netlib HPL
tuning

10K x 10K

20K x 20K

40K x 40K



  

PULSAR QR
Performance
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PULSAR QR
Performance vs. LibSci
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PULSAR QR
Performance vs. HPL
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PULSAR QR
Parallel Roofline Model
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PULSAR QR
Parallel Roofline Model
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Summary
cool observations

✔  running 40x40 matrix (1600 tiles) on ~1600 cores

✔  running 40K matrix on 20K cores

✔  using 2000 nodes for a problem that fits on one node

✔  7 times faster than HPL

✔  roofline accurate to within 5%
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Questions
and answers

PULSAR

HPL

G
FL

O
P

S

CORES

~40K size
~200 tiles

IB = 64
NB = 192

COMMUNICATE !
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