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About development of eigenvalue solver
optimized communication by auto tuning

Hirokl KoNDpo,! TAKEHIRO YOSHIDA, !
Ryova TamMurA™ and TosHIYUKI IMAMURATL:12

We propose two-types of communication optimization for eigenvalue solver
Eigen-K developed for K computer; i) reduction of the issues on collective com-
munication by using associative law in linear operation, ii) the optimization
for subgrouped communication by using automatic tuning. In this report, we
present the results of numerical experiment on the T2K supercomputer.
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1 U< a.
2: L «— uj.
3: s « sign(||ul|,t).
4: B — s(s+|t]).
5: u—u+ser{ea 000000 10000000}
6: v« Au,
7. [Cu; Cv] — [UT; VT,
8: v—v— (UCy +VCy),
o f = (u,v)/28,
10: v (v— fu)/B.

0 1 Algorithm 1, 00 Householder 0D O00O0ODO
Fig.1 Algorithm 1, Front part of Householder transformation
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2. s « sign(/s, t).
3. B s(s+t]).
4 [u,v] « [u,v] + sle1, d],
5. [Cu; Cvigl — [UT; V50T u,
6: ve—v— (UCy+VCy),
7 f—g—CEOv/B,
8 v (v— fu)/B.

0 2 Algorithm 2, 0000000000000O000O0DOODOOODOODO
Fig.2 Algorithm 2, Algorithm which reduces the number of issues on collective communication
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2.2 Block reflector 000000

ooooood [¢®,e®,...,a®] (= A) 000 Householder block reflector U 00 [ [
ooooooooooooouan (I*UCUT)A:E]CRDDD ADO0DOOOOOOOO

0 OHouseholder 00000000000 DO0OO0O [a®,a®,...,a® e e0,...,ex] (=
[A,E]))000000000000000UOODOOO000
U := ACy + E,Co (1)
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1 C1,2 C1,k g1 51,2 51,k
i = ! ] e= g2 : @)
' Ck—1,k Ok—1,k
1 gk
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1: for i:=1 to k do
(%) [

2: si = llagly,

3: g; = sign(s;, agl))

4: Ui 1= af;)n] + gigi

s fii=si(si+ o))

6: CL,(L’L) = —gi

7 for I:=:¢+ 1 to k do

s e =(uia))/B
o oD =g
: [isn] [i:n] 1,1t

10: end for

11: end for

D000000i000000000000000000000 (lef),)0000000

[t:n
01000000000000 ((uw,u,))000000000000000000000

[ID[II][II]DDDDDDDDDDDI[]DDDDDDDDDDD (allreduce) 00O O0DOOO
000000000000 100000000 oooooeE,SO0DO0O0O0OD0OO0O0O0O
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f/ = BU =VC1 + BExC-> (3)
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1 {E =Ela®,a?,... a®]}.
. {S = Upper([aV,a@, ..., a®T[a® @ . o]}
3: for i:=1 to k do
4: Si = +/Sii,
5 ti = Ei,
6: gi = sign(s;, t;),
7: Bi = si(si + |til])-
(%)

[t:n

9: Siit1:k = Siit1:ke + giBiiv1e (= (wiya

N

8: Ui = a 1 + gi€i,

(i+l:k)))

10: Eii = FE;;+ g, az(.l) = —g,
11: for I:=i+ 1 to k do

12: i = Si1/ B,

13: ag:)n] = aff:)n] — Ci, Wi, By = Eapg — cii By

14: Sit1:,0 = Sig1,0 — ¢, 18410 (= (agjl]l:l), Ell)n])),
15: Sigrik, = Sigrkg — C,iSi41k (= (aff:)n],a[(fjl]lzm)).
16: end for

17: 9i = —9i,01:i—1,6 = Er_14.

18: for [I=i+1to k do

19: St =Sty — EiEr (= (afilﬁzn],agilm])).

20: end for

21: end for

0 3 Algorithm 3, 00000000D000O00O block reflector 00000 00DO
Fig.3 Algorithm 3, Algorithm which makes a block reflector with sequentially a single collective
communication
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1: for 7:=N to k (step —M) do
2: U «— @7 V — @, W «— A(*’ j—M+1:5)
3: for k:=0to M — 1 do
4 (a) Householder reflecctor: u® = H(W(., ;_1))
5: (b) Matrix-Vector multiplication
2
6: v*=8) Ak, 1;3'71@71)16(’6)
7 (c) v 3) k=3 VT +vUT)u®
8. (d) o™ — oE=3) _ ((u™®, v(kf%))/2|u(k)‘2)u(k)
9 U—[U, u®], Ve [V, v®)].
T T
10: (©) Wes, jmrid) = Wen, gty = @0 4 0®u® 7y, )
11: end for
12: A(*’ j—M+1:5) < w
13 (f) 2M rank-update
14: Aqj—m, 1j—m) — A@—M, 1:5-M) — wvT + VUT)(ij, G—M)

15: end for

0 4 Algorithm 4, Block Householder 000000 O00O0DO
Fig.4 Algorithm 4, Algorithm of block Householder transformation
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Fig.5 Arrangement of process and collocation map of vector u
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Fig.6 Schematic view of inner product and calculation of the sum
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Fig.7 Image of the tuning on neighbor process grouping
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5. 0 004

5.1 0 OO0
T2KO00000000000000T2K0000000 HAgooOOODOOOO 10
oooooo

01 T2KO0000000 HA80O0OOODOO
Table 1 Hardware specification of T2K Tokyo system HA8000

ooo 000000 (000): 4(16)

ooooo 32GB(936 00 0)0128GB(16 00 0)
ooooo CPU: AMD Opteron 00000 8356(2.3GHz)
gooooooo L2:512KB/000L3:2MB/00000
ooo DDR2
OSs RedHat Enterprise Linux 5.1
oooooo Myrinet-10G link
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Fig.8 Ratio of performance improvement with respect to the size of matrix and the number of node
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Table 2 Execution condition in the case of tuning
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Fig.9 Tuning result on algorithm 4 (c)
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Integration time of 1 to Loop num(s)
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Fig.10 Tuning result on algorithm 4 (d)
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