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Pseudo Vector Processor Based on Slide-Windowed Registers

HiromiTsu Imori,t Hirosur Nakamura,t Tawsuke Boxutt
and Kisasurou Naxazawalt

In engineering/scientific applications, caches do not work effectively. This is because
there is little temporal locality and large amount of data are required in these applications.
Therefore, the performance of the ordinary scalar processors is seriously degraded by the
penalty of main memory access. In order to avoid this degradation, we propose a new
pseudo vector processor based on slide-windowed registers : PVP-SW. The proposed pro-
cessor can tolerate main memory access latency by introducing slide-windowed registers
with preloading feature and pipelined memory. The processor holds upward compatibility
with existing scalar architectures. Compared with our previous work of register window,
registers can be utilized more flexibly in the proposed processor. This paper describes the
architecture, the principle, and the evaluation results of the proposed processor. The eval-
uation results show that the proposed processor can drastically reduce the penalty of main
memory access. This new processor with 88 registers can tolerate the main memory access
latency of 60 CPU cycles. This is two times longer than what our previous work of re-
gister window can tolerate. From these results, we concluded that the proposed processor
is very suitable for high-speed vector processing.
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%, XRMET 7 2D 54 vt ZEDOLIR
2, LIREADT ) u— FEEEBKRELES. bh
HbHICD3EABFEDRAA T T —F 57 F +» DR
KX OERUEHY~N, 7ty 3 PYP-RW
(Pseudo Vector Processor based on Register Win-
dow) ZIBEL, ZOHFPEIEL TV 5970,
PVP-RW 12, BE/NEELVYREEVIRE T4 Y
FoBRICT 52 EiED, WEHOT—F77F v
M EBREAEDBEEL VYR BERNTSCE
PHEEETHB.
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U4 Y FOBKREUEBNN brvF ey PVP-
SW (Pseudo Vector Processor based on Slide-Win-
dowed registers) Z#HiCRET 5. PVP-SW O =%
SAFY 4 Y FORBRIE, UETETAVr—YaV
TIHLTo 4 Y FoEY 7 bo-TioEDE@TEC
EMTED. KRATRT—F577F v LZONEE
BEBRBL, NvFv—27F0s 5 s% ORI
RAERT.

2. PVP-RW 07 —+50F v+ EZOLE
%

AZETIE, PVPRW O7 —&57 7 F v LUEEREH
KOWTHHBICR~ 5. FEMIZITR 4) ~6) 2283
nio,

2.1 7—FFUF+

PVP-RW O7—+77F v+ 3BEDRANZT—F
FIF v DURELUTCERTE, WRAOT—F77
F o LR EMHEEMEAFETS, ERERSEIMUTO 2
BTH5.

(1) voRA2Y4 v FURBEK:

BEVNEELVYAZRLY A2 Y 4 v FOUBRER
3. R1R3vyzrzy s v FUOERMATSHS. K1
DY 4 v FUBRATRBL Y R 25388 THD,
SHEHICADDY 4 YV FUICAEERRTVS, 194
VEFUDVIRAZBIIRFOT—FF7F+ DL Y

87 rid
local
register
72
overiap 77 3T } ?
register 68 —l8, 8
67 27
locai
register
52 12
overlap gg %Y 1T
register 8
9 —37] —5H
locai
register
32 12
overlap 31 31 17
register ._229_ —%;- 8
locai
register
12 12
overlap 11 171 31
register 37 573 28
global 7 ’ 4
register o a Q9 q 0

physical window 0 window 1 window 2 window 3

register \\____‘_"/

logical register

1 vOREY 4 v PR
Fig. 1 Structure of register window.
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ZAABEAEUTHS. HAHBEIITE T, active 73
V4 Y FUyR1DTHY, KicBR~BBEMGSDAD
L active U4 YFYHROL YR ZDHEHERHT
5. CHNICXOUIRRIO T —+ 7 7 F + & _LArH #dk
RT3,

(2) ‘e :

oY 4 YFURARNGEHS : LYRZY L VYD
OB EEIEET 24 EHS.

¢4 Y IFUHIDBI A4S active LY 4 Y F %
EET 5.

o 7Y o—Fagd:active Y 4 Y Fouhd 10454
DU 4 YFUDRBLY R 2 E2EELTF—4%
F)a—FF35.

SHIET ) m— F&4 active LY 4 Y Foii 2
DEROY 4 VY FUOHRBL IR AEBELTF —
%Y u—Fg5,

e R MR PT A active kw4 Y Fohd 1D
FIOY 4 Y FYDRBLIYRAEBELTRA T
7.

22 nEER

M EICB O TR ONERNZBRELT B0
BT TH 5. PVP-RW I XETHET 7 €2
V7 vy =BT LI I DEHEIC oy — T A E
TTx5.

B2z oBEEARY. 120 — 0B
BESHIIC T — 2 O v — F/BEENB/EROR F 70
320 phase 5K B. PVP-RW <Tldcho %,
preload/execution/poststore (D 3-D(D phase {Z45 %]
L, % phase 2RI ALY R LB LT/ 754
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dow (% window 7 T#H B8, TO iteration ITHBL
TUTFOREISTHONS.

e preload phase: /R (i+1)-th iteration THL
DNBF -2V o—FHYC LD 125%DY
4V ¥v (window j+1) It Yu—¥Fr4 3.

e execution phase: (7)-th iteration DEFTA A
active TH 5 v 1+ ¥ F v (window j) THLE
95,

® poststore phase : ({—1)-th iteration TEHE X h
leF—4%2KA PR P TREEHOTIOHOY
4V Fy(window j—1) SRR FZA T3 5.

VE, R2RBVTHL Td Kdb27—4207)

= FRaBRTEh, TOF—2 8% Tex TE
BUCRHBEICERA NS Ed 5. ¢ Tid & Tex &
ORHEERBSEEBT 7 e2L—F vy —L0EDTh
i, FEET 7 Rk BHBETRFT 5.

phase pipelining Ti3#& phase B2 hEh 12D
VAV FIDOUVIREEEETEILD, 501
loop unrolling 75 EMTE 3. THICLDE
phase DEIZ#EL T, Tld & Tex OMREA
BLT&%. 20 k5kL T PVP-RW RFalE7 7
AV —F VY —EERTE 5.

Ef, 228DV 4 Y FUANDF Y u—Fi4eH
W, FSRBVERET 7 AL —F vy~
WMTBLNTES,

3. ASAFY 4 v FOERWEEBLUNRY PV
ikl

AETRARNTEHIICRET S, BE/NGEL Y

YHRICLE ST % (phase pipelining)®. #X 13X 2 RE"RRFZAFY 4 Y FOBREUEHURS b7
BT, (i)-th iteration AHEFFrhd active win- v+ v ¥4 (Pseudo Vector Processor based on Slide-
window window window window Windowed registers: PVP-SW) %
_change change change change DB FEBICDONTHAT 3. PVP-SW

j2-j-1 j1—j j—j+ j+Hl—j+2
e wi v wind Jr .d; ve window! DT —F77F +id, BEORHFT—

active WI[!QQW active window ~ active window. QQ___ Y Q -

floating- point ~, {2 ] . L T FT7TI7F v OWRELTERT X, IR

registerspace i prabadof i execution | poststore of |
A window L_data(i-1) _§ ofdata(i-1) § data(i-1)
1 i

BT —F7 7 F v &3 LA E#M 4R

T5.

3.1 PVP-SW 07 —%5F4F+

3.1.1 ZE/MELUZRYDRS A
kK4 v Btk

winqowf ale
i ex
. : i preloadof : execution :
Wi 1 data(i+1) { ofdata(i+1) j
b (F2)th e i (1)t i (D i (i)t
i iteration iteration 1 iteration iteration %
time »

[ 2 phase pipelining i€k 38LI~2 b L
Fig. 2 Pseudo vector processing in phase pipelining.
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Fig. 3 Structure of slide-windowed registers.

B 3ITRY. CCTREBEENGAL Y R 2 OE%E
m&T D, mEOYEL YR ZITHBHICERD Y 4
vEwieaEEh, §v4 v FyOMNER window-
offset ICXDEZOLN5.

PVP-RW : DA, & 3RBZICENT active
THBY 4+ YFoiR1DTH%, 1v4 vFIROV
VA RBBAELENOT —FF 7/ F r DLV REEKER
UThd, ©D2HTH5.

o Slide-Pitch : 7 1 v ¥ v AL O E XA % slide-
pitch &9 5. HlZiF slide-pitch 432 DEE,
ML YR & m b5 global register 3 8 A&
72 (m—8)2 DY 4 ¥ F v ERIEETHEIIE 5.
WL YR ZE m B LU slide-pitch i3, EEITiZ
T—FF7F 2 KD —BUERINBETHD
hs, DIge—#ic m, slide-pitch [3EBEDEA
RELHDELTHATS.

e FWSTP, FWSTPE: BIEE D v 4 v F 7 48
active TH 2 ARNTHERERET 5 FWSTP
(Floating Window STart Pointer % floating-
point status register WICERY 4. (m—8)/slide-
pitch O w4 v FouiiEET 2 DICHENR
FWSTP o bit A& 5L, 2@ 1R
LhHBZons.

sli:(:-p?tch-i @1
fal: Y10 RFEET.

A5A K4 Y FOBBER 3 0E D ERT
1bit @ FWSTPE (Floating Window STart

n"—'—-[logz

254K 4 Y FOFRRCEBEHUNI b arTlaty ¥ 2615

Pointer Enable) % PSW (Program Status Word)
RickF 5. FWSTPE=0 UTRAZ74 Fvu4
VIEUBEAFERALRVES, 120Y 4V FY
DVYREZOHEFERTHC LD, HERATO
T—%77F v LRAHBUEHKRTS.

e Active Ty 4 ~ K D Window-Offset: active
75w 4 v Fu O window-offset {3 (3.2)Ric kD
BREXINS.
window-offset

if FWSTPE=0 then 0
= {if FWSTPE=1 then slide-pitchx FWSTP}
(3.2)

o MIBLURIBFTLREL S XIBET L OMIE:
RET TR ZBIMaFL LN D & 413, active 73
T4V FOROLYRZDAEFRL, £OLY
2 REERTRTHELV VR 2B L0TDN
B, LEh-THEL VX2 BEDPSYHL VR
2BENOEBRBUIBEI S, YEL YR 2FS
IRIZ, /B LV Y R E2EES #r & window-offset
WEOUTFToXHickEEIN S,

if 0<#r<7(global) then $R=14§r
if 8<#r<31(local)
then #R= {(window-offset
+ ($r —8))mod(m —8)} +8
(3.3)

o Slide-Length & Window-Stride : active 73
4 VEOERGPORZISEED, BAE active 5
4 VFWE, RIT active KB 4 Y Fo&D
M DiEME% slide-length T#E 9. slide-length iZ
B HRT L VHEEIND.
slide-length=slide-pitch X window-stride

(3.4)
(8.4)X o window-stride 3, v v FuiDE
A4HTHD FWSTPset @34 (3. L2HBRE) itk
DEZO6NS.

3.2 BEMm& S

PVP-SW it B TEMT 5 HHRUTD4>T
»5.

e FWSTPenable : FWSTPE ##&EL, 254 F
YAV FUBBERCIIENERET D HEHE
.

o FWSTPset : FWSTP Dfi%x & v b ¢ 5IE4HE
4. OS2 1bit @ s/i field(set/increment
field) & 7 bit @ window-stride field %%
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UFD X Hic FWSTPbit #85%d 5.
if s/i field=0(set) then
FWSTP :=window-stride
if s/i field=1(increment) then
FWSTP =(FWSTP+ window-stride)mod
{{m—8)/slide-pitch}
(3.5)
b, s/i=0 DL ¥, window-stride DfE4EEE
FWSTP itfRAT B & T, UL YR 2280
BT ZY 4 v FyOMEEMINCHRET S C
EMTEA. i s/i=1 O & &3, FWSTP %
window-stride DIEIC X DA 27 Y4 L, #
SINCY 4 ¥ F AR DELTHL,

o FRPreload : ¥ — 2% 4 £ Y 25, ERITIEESR
NBY4 Y FIYRDLYRZICn— 45, 5bit
DFHBL VX 255 field & 7 bit ® window-
stride field 2%H, v —FE&Dv 4 Y F o D
window-offset 12 (8.6)RXic kW EH5EZX S h 3.
o — FEOYEL P X 4 BEIZ O window-off-
set MBI LDIBEINIHHEL VX L2EED
5@ ARNICL->THEEINS.

window-offset(destination window)
= {(FWSTP+ window-stride)

x slide-pitch} mod(m —8) (3. 6)
BERBEROn - VRS LAKETH P, v v
va IZABIE, FrvvandT oy skl
b, FEBLV VYR EIATF — 4 S EEEX
ThH, LithoTHy vV 2aWOF—2RB3EHI
ngw.

o FRPostore: 7 — 2 2FERICEEIN 5 v 1
YEYRD VYV REDLAEYNRFTTB,
FryvabOBR BLU bbit ORBL Y
2 LY R 25E field & 7 bit @ window-stride
field A3@y AT & % stk FRPreload 434> & Ak
THbH. APTIEDOY 4 ¥ Fu D window-offset
BEBNRCL-TELILNS.

window-offset(source window)
= {(FWSTP—window-stride)
X slide-pitch} mod(m —8) 3.7
Loop: ADD r4{-rd+1r29
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3.1.3 PVP-RW Bz

PVPRW O7—*5 7 F » i3 PVP-SW 84X
n5 R1ovas v FuBHRERS PVPRW (3,
m=88, slide-pitch=20 T& % PVP-SW L&
%5,

PVP-SW & PVP-RW OHEZERUTD22TH
3. 112 PVP-SW TRvw 4 v FolR, 35bb
active 2V 4 Y F o Y0 EZ2LE0DY 4 VFY
REEHAY 7 b = TIREDHBTEBZ ETH S,
PVP-RW Ti3, v Y FoflnEI 369 1o
FDY 4 v F o active I B9, B.4HRO
slide-length 1CH 72 6DBT—F5F7F » LLTH
FINKDD L B—F, PVP-SW Tl slide-length
V7 2T THRETCEZRDEEDY 1+ v F o
BRABIRTE 3. 82t PVP-SW CREFERDEEY
A VFORF—4%27V o~ FNTE B L TH 5.
PVPRW D7) u— F44, RS ) o — FHda,
PVP-SW |t 81J %5 FRPreload &4 ® window-
stride 21 & 2ICEELIODEANET T EMBTX
%. PVP.-SW > FRPreload #4412, window-stride
EHPRTERICIEETE 3.

3.2 PVP-SW [CHIFZBLAY FILREOERR

3.2.1 #BlElxY FILILESE

PVP-SW ic\F 28U~ 7 + v LE O EE 43008
T57cD, HlEUTHRBEEE (c=ct+a(i)xb(i) £
HEf5,

{isE & LT FRPreload £40FRET7T 27 21—
FrYv—Tev ¥4 (MC), BEI/INEUSEHRE
HEDL—F vy —% 3MC £ 5. BIAMMICT
BRI ERET 5.

slide-pitth 22+ L 72 2 D1 —7DF TV 2
b a—FEE4IRT. A7V 22 ba—rFdiop
'FRPreload r30{+2)' X, 22%DY 41 v FoDiy
BULYRZ 130 KF—4%27FYu—F432t4%
BB, U4 v FvRAM—F T i FWSTPset 44
Lo EDS. K4DA 7Y/ ba—FTRH,
BN =P LRHICHEELNB2DDF— 252 FHL
WYL O R 2D YT ERENS S, LidioT
Y4 Y Fogln#Z B0 slide-length i3 2Pl F T4 2

96r4(c){-rd(c)+r29%(a(i—1) X b(i—1))[window j]

MULT r31¢{-r31xr30 96r31(a(i)x b(i)){-r31(a(i)) x r30(b(i))[window j]

FRPreload 1r31(+2)
FRPreload r30(+2)
FWSTPset -+1

9%131{+2)[window j+2]¢{-a(i+2)
%130¢+2y[window j+2](-b(i+2)
%(FWSTPset(-FWSTPset+1)[FWSTP: j{-j+1]

B 4 RBEE (c=ct+a(®)xb(i) 0F7Y=7 ba—-F
Fig. 4 Object code of inner product (c=c-+a(i)x b(i)).
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window-offset « j I.°..._ZJ lg .......... 2829 30 31,
54K vindow-oftset = j+1 10-... T 18 28 20 30 31)
LR ] indd fisel = j+2 19. 7 18, 28 29 30 31
window-offset = j+3 0.0 [ S M
instruction (282 Do 34
© oo (i) afi)
time c afi-1) b(i-BO “‘Lﬁ.‘; N
) . X R
17ADD racrd + 29 c A cacea(k)biny ¥
2 MuLtT 31 < 131 ° 130 } a(iy'bi) '
3 FRPreload a(i+2) -> 31 <+2> (EWSTE =0 a(i+2)
4 FRPreload b(i+2) -> 130 <+2> 0 b(i+2)
5 PWSTPsa i (EwsTPiwsTean Y Y
€ ADD td<rd + 129 (-3 c=cea(i) b} y
7 MULT 131 <- 131 * 130 n -y
8 FRPreload a(i+3) -> 131 <+2> (EWRIP = je1) a(i+1)°b(i+1) 3)
9 FRPreload b(is3) -> 130 <+2> . b(i+3)
10 FWSTPset_+1 (FWSTP < FWSTR 4.9 Y
11°ADD 1d<-14 + 129 ¢ A c=ceai+1)'b(i+1) YV
12 MULT 31 <-131° 130 f a(i+2)'b(i+2)
13 FRPreload  afi+4) -> 131 <+2> (FWSTP = j12 -
14 FRPreload bii+4) -> 130 <+2> 3
15.EWSTRser 1 (FWSTR - FWSTR.E). L. Y
\A.

5 PVP-SW ki3 ABEEOL Y2 2H DAY
Fig. 5 Register allocation of inner product on PVP-SW.
PEDBH S, 0, slide-pitch2$2THBDT, (3.4)
K&V FWSTPset &4 ® window-stride {3 1211
&3 5. 22T, window-stride 21 &L,
'FWSTPset+1' T .

M4 OEROERIL, active Y 4 ¥ F U win-
dow j TH 5 L XDORMV/OBEERT. [ 1 HIZ,
BaSDMERT R4 Y FUERL TS,

MADATY 27 +a—FEEFTHLEDLYR
s FIHORFEBRSICRY. 5MC & & D RIRE,
FWSTPset @41 &0 v 4 Y F I EI0ED->TH
BHRRART .

£ —70 FRPreload 413, 22%DY 4 v ¥
YDUIRERF—2%HOHLDT I —F55,
BHEASIIEE active W4 Y FIDLIYR2DH
AFHOTHREATS., ROU 4 VFO&EF—N=F v
FLTWABLYREE, U4 v FYMOT—2OBE
LicHb»oNn 3,

NPT LT 4 Y FUEGOER 5D, Ev—
SRR ST 4 Y Py ETERIN S, $5bb
F—0HBESEL DL IRE S, V=TT EIYE
BB VYR ZEBELTOE T EITES. T
ek 82 LY RZUMEETERVEREGSES
BOLY A2 EZROTREBEITI T LBTEED.

3.2.2 Permitted Latency

FYu—FaPickbdo—FERE, HEMMICE
I & ORI OB/ ME% permitted latency
LeEsd 59, permitted latency 35X oA 7
Y2y ba—FickV—EITHRE %. permitted la-
tency BERET 7 v AV —F vV —XDRUNETE
T 7 R RFNTF 4~ K BHEETRECSI
VY. L7edi=C permitted latency 2EL{ 52 &8

FHEICN A, M5opTIiR, SMC BETRTINT
a(i+2) & 4MC BTHRir&hk b(i+2) 25, 12MC
BOBEETHOON DT, bi+2) ks 5 RRH
RBTHA8MCH, 5047 V=7 ba—FitBY
% permitted latency &735.

—f#ic permitted latency X (8.8)Ric LD EALL
ha.

permitted latency

window-stride (FRPreload)J
window-stride(FWSTPset)

+0 (3.8)
lal: WOBTEERT.
7272 L, loop-cycle : 1 )v—7DETER] (MC).
window-stride (FWSTPset): FWSTP-
set 444 O window-stride.
window-stride (FRPreload):
FRPreload £4 C® window-stride.
#=window-stride (FRPreload) 250D &
% (D permitted latency,
4o+ 79 =2 b a— KT T, window-
stride (FRPreload) # 0 &35 &, 4FH®D FRPre-
load 44 Tu—FIn3®WFIbOF—58, 2FH
OREHASTHERINDC LIS, Lich-T 0=
—2:0UB. ZDEE, R4DOAT V27 Fa—F
@ permitted latency 13, (3.8)FK i loop-cycle=
5, window-stride (FWSTPset)=1, window-stride
(FRPreload) =2, 6=-2 #fRAT 3 LItk ORD
5N 5.
3.2.3 Permitted Latency DK
B.8)R I BT, loop-cycle, window-stride
(FWSTPset), 0 SHERRICLD —RITBRT 5.
L 72585 T permitted latency DS KfE% & 5 Did,
BHEVY 4 Y FYRT ) u—FEFHILETHY,
zhi window-stride (FRPreload) D% HKIC
TBLETHE. FTVu—FEOLYRLR, EEK
FERBPOLY R Z EOBEEEBG 5 KBNS BCD,
window-stride (FRPreload) RZPITOREH Iz T4
BERdB.
window-stride(FRPreload)

Lm~8—(# of utilized registers)J
slide-pitch

=loop-cycle X t

<

(3.9)
4 of utilized registers: 1 V—FTHERH INL T3
global register IAADRBE L Y X 2 HA2ET.
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BRIV HZ 5N B window-stride (FRPre-
load) DH|EKIEE B.8)RICKRAT 5 C &ic kD,
permitted latency OB REMELNS.

KA4DA 7V =2 ba—FieBOTIE 4r29~4r 31
ZHEICHERAL TV B30T, #of utilized register i3
3TH5. Lichi-T m=64 71 512, B.9ORELD
window-stride (FRPreload) mRAfEiZ 26 &30,
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ng*ZANB L BTE, LYRZEDATICEL
T, (4 v POl ¥ —2 28 SETEIC, £0
T 2 ICEONG N AHREL VX2 ERR, slide-
length DEBTFNITES 0] &0 5 R EH
BEIIE B DD, T OHKIGMEERHI T register
coloring® N AZ ENTx 5,

4. F Ml F &

4.1 FE/EFN

FTTICBRI K DI, BN v oty 2B
BOAAST—F77F v+ DUIRIC L VEBTRETH
5. KRXTRUETBRAAST—*77F %D 1
LT, TRIcZDESA R L 72 Hewlett-Packard
#td PA-RISC 1.1 Architecture'®% Bt b _FIFCsE
i %17 - 7.

HRAEZ QR
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O —F/AMTT—FF/F%»THYD, 450L°
i3 8byte DF — 2 Wu—F/ZA+THASIKL -
THXE N 3.

o iy ElT 4byte EETHB.

o R/ BE/NBUE L Y R 2 I3FH & b 32 H TR
AN, BENABEVYR21Z1LI24% 8byte
BTHB. 12120, BEVNREL YR 2 iCBELT
3 dr 0~4r 3 BTFHINTHY, 2 —F Bk
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e 1 DDHABPT2EBOEELIEETX 244
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tm, ra, ta' LD 1DOD&4IE, "FRIm]
{-FR[7m 11xFR[rm 2] ; FR[2a]{-FR[¢a]+FR
[ra]" OISR EMBEOWHE A1T5 T &M TE
5. KEU raFttm, tatrml, rm2, tm 2D
HlRoS DT < .

PVP-SW OF#MEARIET 2720, DTFo 420
Fuy PEFVICHUHELT - 7. BEF VO
BEUTICORT. RIZZEFVOBEEEE LD 5B,
{original) : #kiE %474 754> PA-RISC 1.1 Architec-

ture ZHATEEFANTHY, FEBR <1475

A4 vEZRhTHiL,

(PVP-RW-88): RI1IC/RT LY REZ w4 v o A8
AUtceFn. EZED A4 754 vk, 7Y
O—F/BRRX PR MTRPORAST—F 57 F +
NDEIMETT > TV 5.

(PVP-SW.-m/slide-pitch) : &3 L CIRET L2 54
Fo4 Y FOZROTENNZ P VlBAFT S €5
V. FERDSNA P54 L E, FYm—F/ER
FRPTRBDAD S T—FT 7 F v ~OBNEFT
- T5%., YEHRRE/NGSE L Y 2 2 OB Am
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(idealy : 7—* 5 7 F v i {original) LR L7205,
MBEERDZF—ZTNCHBF— 2+ v vy 210
S TVB T EEREL BB EF .

*x1

T o€y Y ET VO

Table 1 Specification of evaluated processor model.

e v Architecture F T OB Data cache Preload%/gﬁr%fgch 2 VYR 2K VIR A
Original | PARISC1.1 |not pipelined| fopventional %L AR L 32
PVP-RW-88| #;58 PA-RISC 1.1 pipelined conventional register @ preload| register window 88

PVP-SW | #i3E PA-RISC 1.1] pipelined conventional register ~ preload| slide window m (48~128)
Ideal PARISCL.1 |not pipelined| . cauo pye s U TRERISL 32
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O HBTLT  2HBRITDOR— =R B FHAELT
B, A b—uhgetbd b, BEGAEA £
w7 XN 5. ABRTING 2H&PT, vn—F/
2 + 7% (FRPreload %), 281/ SR,
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) OVWTNDEEB IS Vv—FICBIRTNER
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254 FU 4 VY FUFRCEBEYPNRNZ b7 aty ¥ 2619

5 FMELEE
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(1) FEE77¥xv—57vy—120MC O
Be

FERET /R LV—F VY- 20MC DEED
K70ty FEFNOEGHWEELR 6 IRT. HRER
FLOPC (FLoating-point Operations Per Clock Cy-
cle) 'T#3. PA-RISC 1.1 Architecture T3 A4
BRI 1HIT2O0OBHNIEEE A NHETE,
IMC T120BB/NIAEEMSERTRELRE
LT 50 THIE Y —7 il 2FLOPC &85, C

FEET s AL —F v =Pk,

fI2Bo¥BLT 5.

e 7 —A& 44X 8byte &£F 5. Fi

v M2 8bytefeycle &L, NV
7av7Y s rRELEVEDE
REd 5.

e F—A4Fyya: 7Oy sHg
X 16 byte & L, <{original) T
12 line conflict 3HT &3 &
T 5.

e Ay v o PEZHTITS
ke vV 2 WICRHEINTNS
HEDET 5.

4.3 FEBAAVFI—-oTaYy

T
Livermore Fortran Kernels (LFK)
ERGTEEERLT D . 7oL EBROR

¥EREHEDOT 7Y r—Y a VICER
A, v—7DRDEL EERA
mEETHY, v—FRBEOEFIRE
AEMEHRET S, ATV 2y ba—
Fign~nv Fa gt kb g5
T rickBiLL, PVP-SW) B UL
T2 8. 3Hi T /c T v Y XA
OTE@QLTU‘Z) ﬁfﬂﬁiup'ﬁ/"fj’
SAVDORF—=ILRVDY I 2 b—
Va ViICE DT T

T B DR

m=288, slide-pitch=2 Tk % (PVP-SW-88/2) #H

BD &N — b EFTHS

FLOPC(Floating-point Operations Per Clock Cycle)
2 -

<original>
<PVP-RW-88>
<PVP-SW-88/2>
<ideal>

onEn

LFK1 LFK2 LFK3 LFK4 LFKS LFKG LFK? LFK8 LFK9 LFK10LFK11 LFK12 LFK13LFK14

Livermore Fortran Kernels

6 FUET I/ RV —F Y y—0B20MC DEEDES 0ty ETNDMRE
Fig. 6 Performance of each processor model
(memory access latency =20 MC).

FLOPC(Floating-point Operations Per Clock Cycle)
2 -

<original>
<PVP-RW-88>
<PVP-SW-88/2>
<ideal>

onEs

LFK1 LFK2 LFK3 LFKA LFKS LFKS LFK7 LFKa LFK9 LFK10 LFK11LFK12LFK13 LFK14
Livermore Fortran Kernels

BT BT 2RV -F Yy —N0MCOEEDET kv EF VDML
Fig. 7 Performance of each processor model
(memory access latency =50 MC).
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{original) i F v v & 2 I ABOFTET 7 R~
FF s —ic L OREHRESETL, (ideal) &k
BLUT2IZ 5~20% OBEEL HERL TOEL. —
#, (PVP-RW-88) i3 (ideal) > 456%~100% Di:kE
EHEL TS, LFK $14 2B3E, (deal) @ 92
%~100% THV, FRB/T 7 XL —F V¥V —-0DF
BLIRRABTIENTETCHB I E0bh 5,
(PVP-SW-88/2) %, LFK #14 % & 133 (ideald &
HEEDPE -1 EDLST, FRETI/ €2 Vv—F v
V-DORBEEACERKRL TV BT ENbh B,
(PVP-SW-88/2) iZ <{original) 1z L# 8 DMtk
HEBESNTVS. (PVP-RW-88) 13 (PVP-SW-
88/2) & H#L T, LFK #5, LFK 47, LFK #8 Cbh
TOICHRESED. IR iR (PVP-RW,
88 DY 4 VFURKTI, ROV 4+ ¥ FOIK &K
® 5 57— & A global register & overlap register
DULIRALETH? 12 DTREHRINL D, 7
Y2/ ba—FOGSRFYVa—Y vIBEEIN,
MER Ty TROBEINT 2.0 THS. CDT LRI,
Ihod LFK it L TR 1 DY 4+ ¥ F o B hsE#E
TRWC EAEL TS, (PVP-SW-88/2) 124 LFK
CETHBBENY 4 ¥V FUBREBIRTE 5120,
(PVP-RW-88) XD bE EMESELINTHS.

(2) FEBET7ERAL—F vy =5 50MC OEFL

RiCETET 7 €AV —F ¥ ¥ —% 50MC L{RE
L7c e OftR %2R T10RT.

relative performance
1.0

0.8+
* <PVP-SW-64/1>

=== <PVP-SW-64/2> NN
=== <PVP-SW-64/4> \\ ~
-~ 0- = <PVP-SW-64/8> a

——d—— <PVP-SW-88/1>

BHLEELRGE

064 —— .pvP-sW-88/2> .
e <PVP-SW-88/4> \\ ~ .
——0— <PVP-SW-88/8> a
b <PVP-RW-88> \\\o

0.4 T Y T T —

0 20 40 60 80 100

BT O BRL—F1 Y —(MC)

B8 FEE77ERAV-—Fry—-2BiEx0g
(PVP-SW) &5 Dk

Fig. 8 Relative performance of each (PVP-SW) Model

under variable memory access latency.
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88) DI 2HEDOILBT 7/ ALV —F VY —%RBTC
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SW-64/2) 13, (PVP-RW-88) L DAL ¥ 2 2 Bhs
40O e b5, FEET 7 €A L—F
vy = 30MC Tk oA BRBETASEC
53, (PVP-RW-88) Lt ABEDEIMHETH 5.

RIT(PVP-SW) DK F NI DNTRETT 5.
H8IBNTERET 7 AL —F ¥ ¥ — 520
MC @& &, (PVP.SW-64/4), (PVP-SW-64/8)
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XVIEFLTWBDR, slide-pitchDEMAX L
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TL, U4 Y FOBRERBEICTEROLDTH
%, XFET /AL —F VY —BRVESE A
L, MULYPREEBENEON, TLBRLYR
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(1), (2), B)OBERLLERET 7 X
FNT 4 OFEHNBEANOEELBER I E, HO
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ESMerERT ARHEE LT, PVPSW) ik
(PVP-RW) L DENTHEYD, (PVP-SWH LB
THEL YR 2K E L, slide-pitch {T/AZWH
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5. INSEERT S L, slide-pitch DEELL T
1B 28EELNENL S,
5.2.2 BL YR y¥moOBEHE
RICHBL Y 2 2 FmOBRFEMECHEL THET 2. B
8 DEERMFRT LT, BLI 22 EmMBRENES
», ADBOFREET I ALV —Fry—RRIC L
PTES. chidzd b B permitted latency HSmiT
DNTEMLTWEZ LEEL TS, m& permit-
ted latency OB&IZ (3.4) 5, 3.9X#% B.8)RicHk
ALTELNBUTOEURTEZONS.
permitted latency

m—8— (4 of utilized registers)
slide-length

+8 (5.1)
(5. )R BT slide-length, loop-cycle & &I
BRYFT—y TS5 ACEET HETHB0DT,
loop-cycle/slide-length % const &9 5 & (5.2)x &
55,

permitted latency

=loop-cycle X

=const X {m—8—(# of utilizedregisters)}

+d (5. 2)
loop-cycle
slide-length’

L t2h8- T permitted latency 12 O(m) THEIIT 3
CEbhhb.

R 9ic slide-pitch % 2 LEEL, FERWT 7 €=
VT Y —RnN5 A =2 ELTHEA R ESORL Y
228 om LEHHROBEBERT. K9 TR (ideal)
DEMERE 1L L E EOMMERETERL, mid
48~128 F TEIE TS, N9 X, ERET 7
AL —F ¥ — (0 MC~100 MC) DEZEEE~D
BELERKT AT, BEENKETOYEL YR 2

const =

254 Fo 4 VY FOUFRREBEUNI brTaey ¥
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relative performance

1.0

——————

———————
-

-

0.8

FiEB7 72X T —F Y —(MC)

o6y S S/ T =0(MC) ===~ =60
=10 g =70
--e- =20 ==-o~= =80
0.4 =30 $ =90"
¥ === =40 - = =100
——i— =50
02 A T T T T 1
48 64 80 96 112 128
L& 228(m)

B9 #ULIREM (m) £8/L3EcE&D (PVP-SW) O

(slide-pitch=2)
Fig. 9 Relative performance of each (PVP-SW) model
under variable number of registers (m).
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Zhiextl, #ET S PVP-SW TR, Frv¥a
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