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Virtualization of Semiconductor Extended Storage as
Extended Main Memory on Vector Supercomputers

Yasvo OkaBge,’* Hipevukr KawaBaTah* and Takao Tsupat

This paper proposes a new method for virtualizing semiconductor extended storage (ES)
as extended main memory by automatic program transformation done by a compiler, not
by dynamic address translation mechanism supported by the OS. The automatic vectorizing
compiler first extracts declarations of huge arrays and information on array references,
allocates the huge arrays on ES, and work area on main memory (MM), and inserts codes
for controlling data transfers between ES and MM. A huge array is divided into pages
lattice-wise, so that vector reference at any direction of the array could be performed with
the same cost. A vector of array elements on pages scattered on the work area by lattice-
wise division can be accessed as a whole in vector mode by utilizing list-vector addressing.
To confirm the availability of this method, a FORTRAN preprocessor which does the pro-
gram transformation at source-code level has been developed. The experimental result on
applying this preprocessor to an LU-factorization program tells us that the time for data
transfer is about 20% of the total execution cost, and the computation speed is about 50%
of that of the execution where all data were allocated on MM.
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Table 1 Specifications of extended storage on major vector computers.
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o BikICHEET AHFAD, L TRADHE

EREFIHREECEE L 2 - YTROBEET 7 +
27 74 nELTEIDMG S, EHOBEKRETIAXB]
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TRRDIC, Z07 A VOEBESEEFRSEL
THO 3.

RESOBM, +TbbENICHET B ELERD
REORMKIL, #0700 —F VAFUOHITC EIC L
> TIr9.

4.3 055 Lz

B5ic, us 52 BROB%ERT.

ZHEIOR S5 (a)D 4, BITHOBRICHEHNBE
SRR v T o h, ERBICRIEELD
PR (—keis) XXTT) OBBXICEEI
% (®5 (b), 15, 16 {7H). E% A 20 TRIERL
D5 8FIHOBETH 5 C ENShBd, BHAME
DN—TDHNTF —ZEEETICENTART D %
(K5 (b), 8347H). BEFBICcDONTIiT, BRBITES
BHRFERDB2RFTEHDICHY, M5(a)D 1754
BE K ETESNO IiTRICRT 27 — 2 B%AE1TS
c&isT&s (K6 (b), 1, 2 5~1147H). &<ic
BB, FIMER ISHFERCESENID, B
WON—FhTIDBIC LY 7 — FEXRORERDE
WAKMT 2 EMNTED, ERBICT — X EXINE
BRI - T B F — 2 EEN—F VERUH T &

DO 10 I=10,11
DO 10 K=KO,K1
DO 10 J=J0,J1
A(K,8)=1.0D0
B(I,J)=3.0D0
10 CONTINUE

Uk W N =

(a) Before transformation.

1 NXTBLK(2)=(I0-1)/BLWD(B,1)

2 CURBLK(2)=-1

3 CALL XXCL(A,1,1,8,1,.TRUE.,1,K0,K1)
4 D0 10 I=I0,I1

5 IF(NXTBLK(2) .NE.CURBLK(2)) THEN

6 CALL XXCL(B,2,1,1,1,.TRUE.,2,J0,J1)
7 CURBLK(2) = NXTBLK(2)

8 ELSE

9 XXDIFF(2)= I-LASTI1(2)

10 ENDIF

11 NXTBLK(2) = ((I+(1))-1)/BLWD(B,1)
12 DO 10 K=KO,K1

13 *VOPTION INDEP(XXTT), VIST

14 DO 10 J=J0,J1

15 XXTT(XXI(1,K)+XXDIFF(1))=1.0D0
16 XXTT(XXI(2,J)+XXDIFF(2))=3.0D0
17 10  CONTINUE

(b) After transformation.

5 Fas7ungmbl

Fig. b An example of source-level transformation.
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WAL ENHETH S (K5 (b), 61TH).

5. ik L UEZ

5.1 t & = Al
BETAFELZFMT 5700, FIfi TR~ 7)Y 7
o £y %%, FORTRAN Titl U7c LU 3R X UFT
PR Rs AEAL, BllET-. U, £2
3B XV 4icEN S CPU B, VPU iz zh
FahS oy Har=y b, X7 brFokyd
2=y b OBERRA R, BERERE - FERHEO
F—RERRAAF oy =y FTHREINS
DT, R CPU Biicssh 3.

5.1.1 LU < #®

4 X5 3000 % 3000 DFFFD LU 44 HITAC
S-3800/480 b T1T » 7 ERER A 2 1cRT . HIEI
Rk 7a s 5590327725 % AKICTET 57
Y bEEROTED, Bl U TRFRosRE
KWHAOBKARKIKITISDTH 2 (K 6). X7
FVEFICH T A BAMIIZERICE,. 201x201(323
KBytes), 301 x 301 (725 KBytes), 401 x 401 (1.3
MBytes) O=ZFEFDR—Y ¥4 XTHIEL .
BECTTH- B4k~ EEBhicRET %
TEMTARERREXTH -, BORTFITIR, LER
ABRTARDOS w5 LA 20F EFLEOSEME
AUTEFLILERTH L. EOEMS ZFIHIE, =
FEOERBERARS L U207k LD 584
EZRUTCVS. i, G0, SFETICBOTE

Ry PVEEBCET AUEREROMBEIEE LToRE

2565

X NFHEEE, BIUOKEEAELFLROAT
FZT UIBATES NWcERERER L OBRERLTY
5. BEREFIOESOKES X OFEEFEREFTRCH
BEIBCcEicky, FREOHOHAED 2 EREDK
MTEFIhk, 72, BERKEFIO 20% ORESD
VEEFEIR T, 600 MFLOPS %M % HFLHEEMNE
#lxhre.

002N, TN,
A A
e
% ]
7 7

A\

%%

being referred to

4

o SR

R oot
e e\

7,
//////7//;//,//

.

f

(b) Reference patterns of the latter half,

6 LU SHRIckD 37— 48R %2—>
Fig. 6 Data reference patterns of the
LU-factorization.

*x 2 LU /MBERTHEIERSE (1)
Table 2 Performance of LU-factorization on HITAC S-3800.

FHIDH 4 X+ 3000 % 3000

Tay a4 X | EEEEAR CPU BsfH sec SRR | R | W E
MByte MByte VPU | & GB/sec | GByte Mflops

14.5( 20%) | 27.6 | 11.7 | 14.3 2.57 36.8 653( 299)

201 % 201 19.4( 27%) | 24.4 | 11.7 | 11.1 2.52 28.0 739( 339%)

(323KBytes) | 24-2(34%) | 2.2 | 117 8.74| 2.54 22.2 811( 369)

29.1( 40%) | 20.1 | 11.7 6.35 | 2.54 16.1 896( 409)

33.9( 47%) | 18.3 | 1.7 4.38 | 2.53 11.1 986 ( 439%)

301 % 301 21.7(309%) | 23.9 | 11.2 | 10.7 3.00 32.1 753( 339%)

(195 KBytes) | 29-0040%) | 19.9 | 1L.2 6.51 | 3.00 19.5 905( 4094)

36.2( 509%) | 17.4 | 11.2 3.93| 3.00 1.28 | 1035( 46%)

401 % 401 30.9( 43%) | 23.4 | 11.1 | 10.7 3.20 34.3 769( 35%)

(1286 KBytes) | 41-2( 579%) | 18.7 | 11.1 5.29 | 3.20 16.9 962( 439%)

51.5( 7296) | 15.6 | 11.1 2.25| 3.19 7.16 | 1152( 519)

(FIEDS) | 72.0(100%) | 7.98| 6.89 — — — | 2250(1009)

1993 4 10 A AZEARIGTE# £~ & — S-3800/480 i THIE
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S-3800 TIY, N—Fv = THITI, F—FEmEIR
NT TRy K >TNY P VEEEETITS &
LINTEZ. BEEF— 2 EEOWFIRETFTNL—F L
NVTERI NN, 5B 28EHENEETE
3.

5.1.2 17 5 &

P4 X H3 2000X 2000 T B D DFFF DT TR A
HITAC S-3800/480 & LU HHEER4A%E 3 1
JRY. 201x201(323KBytes), 301x 301 (725 KBytes)
DFERDOR—Y ¥4 XTRHIELI. HIEIKHNS
v 7 A3RTOLDCFFEORTRRE LIchDT, B
7l A, B, C EdERDBICE Y 5 058E, BF
CHa0IMT A #EOEPCEE LcEa & TH
EAT - . BIfi & Rkkic, HEDEE RO TICER
BOLTEFTULKELEORTHICORT.

D EREFIOBED 10% DK XDIELFERS
FEECHARLLES, FREBOLE AV EEA D
12% OWFEEBB SN, Ti, 7 — AW L
R=VH A XEOERIL, K2 EEAKRTH 5.

KT 5E5Cit, RO ZBEr— 7" TLEDN
BREEN, ZD508IDS b THESEL F— &gk
Thohd. BICEELTEE ECEETE38EAI
37— 2 IREE S KIBICHIB X 11, T3 DRI
I ELTWa, chicdl, BESALZTERICER
UCh, FITEEDOH I DL > TN,

5.2 fhoBEEMEAK & DLLE:

PRSI E EEE ORI F — 2 %A BEILT 5
o FKELT, EH@ VP2000 vV —XDY 25
LFEIEAE O SSU BFIEEIZN 5 S DB 5.

Th AL 2 2 3R

Dec. 1994

SSU EA Lo#d 2 BRI T 5~/ P VBRT
R E & FFII N DR D TEETS 7 — FImE ST h
N5, Lal, SSU BFOFRICIIE F X% 4R
DRES TS, BAERE—-EHE TR b rvE
BT 2856 (BRTEFNOBBTE 1 BEIADEE
ZIRICHPTIHEAZEL) PRAHFF—-2 E UTER
TRBEII, 74 RE v RAEBEPERER LS LI
I DBOEZFABHNSN, F— 2 EXICEER
HOBHEABET 206520, Cchickd LAY
DH R, BPRAECLVBROFMICE S THR—
DT 7 ERARMNTHHTE, BIBROHET &1
F—AEREETHOOTE R V—THEEICERILT
F = ARSI T E B0 B5L51I LT
B, WEDHETRENTVS.

SSU EFIARNICEBE E AL D HR & D e
DHBROICDIT, Ehi@E VP2600 % BT EH %
7= 7z. 3000x3000 OFTFID LU MEDOETHRA
FRAWCRT. WEICHVI. 254351800
EATH B. ROZTRENEN LD SIHIC, AH
XTRET BFEEE O 301x301 ©R—VH 4 2
ICEBR=VBETOEIT, =IHEETOPDOY
R - XMoo — 2dmkic SSU B0 B8
FEEEAISH Licb o, SSU BFlA B BT, B

DO 10 I=1,N
DO 10 J=1,N
DO 10 K=1,N

ACT, D =A(I,D+B(I,K)*C(X, 1)
CONTINUE

T TS0 ST A
Fig. 7 Matrix multiplication.

10

3 THIERTRMINERSR

Table 3 Performance of matrix multiplication.
fTFIDH 4 X 2000 % 2000

TRy sHAR | EREERE CPU W5 sec R | R | W
MByte MByte VPU "o GB/sec | GByte Mflops

9.70( 10%) | 47.1 | 20.6 | 25.4 2.55 64.9 340( 129)

201 201 38.8 ( 409%) 35.6 | 20.6 | 12.8 2.54 32.5 450( 1694)

(323 KBytes) | 38.5 ( 409%)t | 17.8 | 16.1 0.0638 | 2.48 0.158 |  898( 339%)

38.5 (1 409)1 | 47.8 | 16.8 | 25.5 2.55 64.8 335( 129)

21.7 (23%) | 42.5 | 19.8 | 20.3 3.01 61.1 376( 149%)

301301 60.9 ( 63%) 29.7 | 19.8 6.86 2.98 20.5 539( 209)

(725 KBytes) | 42.2 ( 449%)+ | 17.4 | 15.4 0.593 2.91 0.173 |  921( 349)

42.2 (44%)%t | 44.5 | 16,1 | 23.7 3.00 71.2 360( 139%)

(FEEos) 96.0 (1009%) 5.83 | 4.10 — — — | 2746(10096)

t B C 2TRRICKE, 1 B A 2TERCEE
1993 4 10 ARFTRZER TG 5M £~ & — S-3800/480 1< CTHIE
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JUOFTROAE AN ETOERLRLTH
5.

H40 D5 3FHIT SSU B2 +DF %
ROEAOKETH 55, VPU KM IEL
ERBETH B Dicx U THRETEMMIEEICE
V. i, BV e S5 A5EFID
FHASEAZRALTE D, EXEBEOE,
T a4 ARV AEDPERT B D EEL LN
3. SSU EFIDFERICiZEBIOREE % A 5 &%
BinHy, DI ESERATIE, FHEOE
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x4 LU DEETHRTRERE (2)
Table 4 Performance of LU-factorization on
FACOM VP 2600.
FH DY 4 X : 3000% 3000
Fayyya x| s | 00 NH seC | g e
MByte MByte ] VPU Mflops
301x301 29.0( 40%) 54.7§ 19.5 329 (30 %)
301301t 29.0( 409%) 119 23.4 151 (14 %)
SSU B3 — 314 24.9 57.3( 5.2%)
(FEEos) | 72.0(100%) |  16.3 | 16.3 | 1101 (100 9)

ELLTHBRICHAVWA L ENTEZERIEVHE
W
F40LEbo 2FHIR F—2E&E% READ/
WRITE AHRAXTHHT, SSU FFID H Bz ik
REFRA L OTH S, 90bb, BERES4 IR
Foig ke SSU EAE LTI, DO v—7lck
b SSU EEFI» SEEREFICRAD 5 DI IEERE
Fl» 5 SSU FFNCRAT AL & TF— 2 k%17 -
fo. FRAERRTNTERERTH M, F40L
»5 1 FBOEH READ/WRITE X% f7cBE40
FH, BRICEFINTOS.

6. £ & &

AEXTH, FOREEERTE A B LR RO
FLOFMAECDOTER U, AFETRREROD
OS It X BREEEFRERRYEELHERAL ST
HEEBORKET YYD, T us s 208EEsc
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MEREEIL 5.
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TFROBE 7T — 2 OMESREMA SO IFREI X
b, IEEEOREE R, RERFIZBICELTER
WHEATE 5. BETIFEO—DOEHELT, &
H#17 FORTRAN BEEEY —A VRNV TITHI Y Pty
YEBEFK L. W2hD 7 e s 7 aflicd L7y
T LA TTOEREER AT » ok, 7 — 2Rk
FEDSHSETIIC LT ES IR 5 h, EfEc
BR DT — 2 ¥4 XORKBERETENEHERIC X
S THEANTBETETTE 2 EBHMATET.

LBOBEELTE, F—205EFRPLBREN
ZREICL, MBS U TEBIREHE®EIRT S

R~ OEAEFIOE D {17 ic SSU BFIAFIA
1993 4 4 A TR ZATE Sk & v 2 — VP 2600 1< THIE
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