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4 $ ot Algorithm 1: ST-HOSVD
' %, o Data: Tensor X, accuracy bound €
3 Ooﬁ o /( i Result: Tensor core G , factor matrices
#.P $ /°#$%(#¢ 1 G « X;/* Initialize G */
119$"+ 0", &*)3+:78' 9b 2 forn=1:Ndo
&#5/ @ 119%"+)4$ %", &*)3+: 78" %( L o ram mati ;
:3*&$*-#,<$ &#5/ 4 7&(","3) s | [A V] eig(S)
/* Ry, is smallest value that satisfies € */
2#%(1+,<$#,$5/,1/6$1+,<-8#5/$%*1/ 5 U, « V(,1:Rp)
6 ghgxnUg;/*TTM */
7 F—U...Un
8 return G, ¥
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Algorithm 1: ST-HOSVD

Data: Tensor X, accuracy bound €
Result: Tensor core G , factor matrices ¥ /\/ /_\
1 G « X;/" Initialize G */ — — —
2 forn=1:Ndo
3 S «— gng,f; /* Gram matrix */
4 [A, V] < eig(S)

/* R, is smallest value that satisfies € */
5 U, < V(,1:Ry) 175 .
6 G Gx, UL * TTM */ 200 il 200

200 e — —
7 Fe«—U;...UN 120 100

| — |
120
8 return G, ¥ , , i ’
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Algorithm 3: FaST-HOSVD

I,T Data: Tensor X, accuracy bound €
Result: Tensor core G , factor matrices
Irf Irf /* Initialize G */

1 G« X
I, J{ l J{ Susss /* First Gram matrix */
2 S1— GiGT

L J 3 [, V] « eig(S1)
/ pack I, 4+1 columns together 4 Uy« V(,1:Ry)
/* Ry is smallest value that satisfies € /
TTMn trans [ || cramna g 5 forn=1:N-1do
I — Jn : — L 4 L 6 [Gn+1> Sn+1] < Fused_Packed_Kernel(Gy, Uy, n)
— 7| [ V] eig(Sni)
Inyt I+t Jn I+t 8 Up+1 < V(, 1: Rpyt1)
/* Last TTM K
T
L =T AP ke |
10 FeU...Un
I; = H11Y=n+1 I, 11 return G, ¥
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Algorithm 6: FIST-HOSVD I 1
Data: Tensor X, auxiliary memory limit in 8 . T I
Result: X overwritten with core tensor, Factor matrices -
1 Sy« X1X1T§ /* First Gram matrix */ : ’ || /
2 forn=1:N-1do ’"i
3 [A, V] < eig(Sy)
4 Un <« V(, 1: Ry,); /* Ry, smallest value that satisfies € */ . \\}
5 Sn+1 < Fused_Inplace_kernel(G, Uy, B ) H
6 [A, V] « eig(Sn) S
7 UNy « V(, 1:RN) o
8§ X «— X XN UIE; /* Last Inplace TTM */ 3) Fused multiplication overwriting core tensor
s Fe U ... .Un and accumulate gram matrix
10 return ¥ 4) Repeat steps 2 and 3 for each interleaved section
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(a) Random: 64 X 64 X 64 X 64 X 64 X 4 (b) HCCI: 672 X 672 X 33 X 326

(c) SP: 500 x 500 X 500 X 11 X 10

Sample bar charts of runs with an error-tolerance (¢) of 1e-07.

Bars not shown did not complete due to running out of memory.
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(a) Random: 1 slice is 64 X 64 X 64 X 64 X 64 (b) HCCI: 1 slice is 672 X 672 X 33 (c) SP: 1 slice is 500 X 500 X 500 X 11

Memory consumption over different timeslice counts for an error-tolerance (¢) of 1e-07.
Bars not shown did not complete due to running out of memory.
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Table 1: Random tensor runtime (in seconds). Table 2: HCCI tensor runtime (in seconds). Table 3: SP tensor runtime (in seconds).
1 slice: 64 X 64 X 64 X 64 X 64 1 slice: 672 X 672 X 33 1 slice: 500 X 500 X 500 x 11
[ € [ Slicess [ 1 | 4 [ 16 [ 28 | [e | Slices [ 176 | 326 | 476 [ 626 | [e [ Slicess | 5 | 10 | 15 | 20 |
TuckerMPI 13.4 66.5 — - TuckerMPI 354 | 714 | 104.9 - TuckerMPI 34.0 — — —
Te<09 ST-HOSVD 44 | 142.1 - - 1e-09 ST-HOSVD 18.0 | 37.4 | 58.6 - 1600 ST-HOSVD 24.9 | 386 _ _
FaST-HOSVD | 4.4 | 70.0 — — FaST-HOSVD | 23.9 | 47.8 | 76.0 | 125.2 FaST-HOSVD | 35.1 | 54.2 - -
FIST-HOSVD | 55 | 32.3 | 107.6 | 219.3 FIST-HOSVD | 25.0 | 51.2 | 77.6 | 105.7 FIST-HOSVD | 256 | 49.3 | 72.7 | 92.6
TuckerMPI 134 | 664 — - TuckerMPI 200 | 437 | 638 | 84.2 TuckerMPI 129 | 254 | 381 —
iciiE ST-HOSVD 44 | 1438 - - e ST-HOSVD 9.6 | 23.3 | 356 | 47.7 ] ST-HOSVD 10.1 | 19.2 | 28.9 -
FaST-HOSVD | 4.3 | 7438 — = &05 || FaST-HOSVD | 120 | 313 | 448 | 667 1605 | paST-HOSVD | 122 | 228 | 355 | —
FIST-HOSVD | 55 | 32.1 | 107.3 | 219.8 FIST-HOSVD | 135 | 31.5 | 457 | 60.2 FIST-HOSVD | 125 | 24.3 36.4 | 48.2
TuckerMPI 13.5 | 65.6 — = TuckerMPI 114 | 27.1 | 383 49.1 TuckerMPI 84 | 166 | 248 | 333
e ST-HOSVD 44 | 1433 - = ] ST-HOSVD 57 | 126 | 195 | 25.6 ST-HOSVD 7.0 | 13.9 | 21.36 | 27.6
FaST-HOSVD | 4.4 | 7038 - - 1e03 || paST-HOSVD | 6.9 | 160 | 243 | 335 1e03 | pasT-HOSVD | 95 | 189 | 290 | 379
FISTHOSVD | 5.6 | 32.7 | 1074 | 219.6 FIST-HOSVD | 7.0 | 165 | 247 | 316 FIST-HOSVD | 99 | 194 | 289 | 384
€ |] Dataset | Slices | Resulting Core
Random | 4 64 X 64X 64X 64X64X4
1e-09 HCCI 326 631 X 610 X 31 X 326
SP * 20 187 X 288 X 278 X 9 X 20
Random | 4 64 X 64 X 64 X 64 X 64 X 4
1e-05 HCCI 326 433 X 410 X 33 X 234
Sp * 20 79% 116 X 117 X7 X 5
Random | 4 64 X 64 X 64 X 64 X 64 X 4
1e-03 HCCI 326 232 % 217 X 29 X 81
SP 20 27 X 48 X 48 X2 X 3
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Table 5: Random tensor memory consumption (in GB). Table 6: HCCI tensor memory consumption (in GB).  Table 7: SP tensor memory consumption (in GB).

1 slice is ~ 8 GB 1 slice is ~ 0.12 GB 1 slice is ~ 11 GB
[e [ Slicess [ 1 [ 4 [16] 28] [e || Slices: [ 176 [ 326 | 476 | 626 | | e [ Slicess [ 5 [10 [ 15 ] 20 |
ST-HOSVD 242 (962 | —] — ST-HOSVD 490 | 94.0 | 135.6 — ST-HOSVD 35.5 | 70.3 — -
1le-09 FaST-HOSVD | 16.2 | 641 | — | — 1e-09 FaST-HOSVD | 34.2 | 65.2 | 94.1 | 123.0 1e-09 FaST-HOSVD | 30.8 | 60.2 — -
FIST-HOSVD | 1.2 | 1.6 | 1.9 | 1.2 FIST-HOSVD | 1.1 | 11 1.1 1.1 FIST-HOSVD | 15| 1.8 | 15| 17
ST-HOSVD 242 962 | — | — ST-HOSVD 184 | 473 | 658 | 825 ST-HOSVD 10.4 | 20.4 | 304 —
1e-05 FaST-HOSVD | 16.2 | 641 | — | — 1e-05 FaST-HOSVD | 152 | 37.9 | 54.1 | 70.1 1e-05 FaST-HOSVD | 10.3 | 20.2 | 30.2 —
FIST-HOSVD | 1.2 | 1.6 | 1.9 | 1.2 FIST-HOSVD | 1.1 | 1.2 1.1 1.1 FIST-HOSVD | 1.2 | 1.2 | 14| 13
ST-HOSVD 242 | 962 | — | — ST-HOSVD 67 | 177 | 241 ] 306 ST-HOSVD 32| 63| 93| 123
1e-03 FaST-HOSVD | 16.2 | 641 | — | — 1e-03 FaST-HOSVD | 6.8 | 17.0 | 234 | 29.8 1e-03 FaST-HOSVD | 33 | 63| 94 | 124
FIST-HOSVD | 1.2 | 1.6 | 1.9 | 1.2 FIST-HOSVD | 11| 1.2 1.3 13 FIST-HOSVD | 11| 11| 11| 11
€ H Dataset | Slices I Resulting Core

Random | 4 64 X 64 X 64 X 64 X 64 X 4

1e-09 HCCI 326 631 X 610 X 31 X 326

SP * 20 187 X 288 X 278 X 9 X 20

Random | 4 64 X 64 X 64 X 64 X 64 X 4

1e-05 HCCI 326 433 X 410 X 33 X 234

SPp * 20 79X 116 X 117 X7 X 5

Random | 4 64 X 64 X 64 X 64 X 64 X 4

1e-03 HCCI 326 232 X 217 X 29 X 81

SP 20 27X 48X 48X 2% 3
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Algorithm 2 ST-HOSVD 401
function ST-HOSVD(Tensor X, accuracy bound ¢) —h
Ge X > Initialize G 30
for n=0,1..N —1 do
S « g,6T > Gram matrix
A, V] + eig(S) )
Un < V(:,1: R,) > R, is smallest value that satisfies € 40H:| 13107
G+ GxnUT > TTM L '§<\15
end for 13 T
f(—U()...U_.\,'__l 3OIH 201!;
return G, F H 15
end function 8
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