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MBP-light:
DSM management processor
on Massivelly Parallel Processor JUMP-1
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JUMP-1 has been developed for building an efficient cache coherent distributed shared mem-
ory on a massively parallel processor with more than 1000 processing elements. MBP(Memory
Based Processor)-light is designed and implemented as a distributed shared memory controller
for JUMP-1. In the MBP-light, operations which require high speed execution, such as tag
reference, acknowledge packet generation, and collection are completely implemented with a
hardware. Other operations are executed by software of the core processor which adopts the
buffer-register architecture for efficient manipulation of packets. Estimation results show that
MBP-light supports a comparable performance with smaller gates than those of SCLIC chip
and OBIC chip used in Sequent NUMA-Q. Furthermore, we show that the buffer-register ar-
chitecture used in MBP-light is suitable for distributed shared memory management protocols,
by comparing with a common 32-bit RISC processor.
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MBP Core i34y & O —H)L T — & BHF O 21bit i@
X 64K O O—H)) A' U ZHFICHED. MMC W3l
HWTBIITAYAEURYT AEVUIE, PBR & DFH
TEELTHFryyadl  BOT Oy VEgEETY
JEAINS. 5T, MBP Coreld, 256 X 16bit
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MBP CORE F
21bit Instruction / 16bit data pipeline
EX
™ I
4

Local N oreltotal 112
Memo;y:/ / 1PBR}
Address/data

21hitx64K Internal
Memory
T v

General purpose PBR

6 MBP Core DR
Fig. 6 Structure of MBP Core

OHNEAEY 2HD. ZORNEATUIL PBR [,
GPRERAHZELTT 7 EAIN, BENTY b
HAOEY R T OB v > T =TI &L TH
nwsins.

PBR(Packet Buffer Register) D#EHK:

PBRIZ RDT #%18 - ZEANENETN 24 &, NA
W64 EHD, AFF112A8THS. PBREZT VAT
HHITIE, GPRERAFEL, 4bitDFTEw b
ZNA NBATHRELTPBRIZY Z7+EA9 5. PBR
13 14568 bit THREN, 7y b 0o~727 0
T RATBHEMED 64 bit DF—FEHBEET VAT
x, 7y b8BT VAT HET—FIINT B 4
bit DF T HRET 72 ATES. ZOHBEIX T4
bit DT —F USNIBERE Rz, £, 78y
N 9O~15 13 EHL 7.

MMC & RDT A 2% 72— ADEE LOHEN S,
TNENA Y T2 — ADHIEZRZ>TWS. RDT
EZEROZNTNO PBR 24 A&1%, RDT D 1/%%7
N4> (PBR 8 &4)) D RKEIZHAMAEL TENEN 3
INT Y BT HEIL T, FIFO 2#5K9 %. MBP Core
I2INGEZHBAMICIEELT, RDTA>Y 7z —A
ICHlEZEBL TEENN Ty FREZEETRS. ZOM
f8EL 7z PBR fHEIZIZ MBP Core ™57 72 AT
HZEIITET, T OREZENKRDS BB TH
VHEZGOEZS. ZOYDEZIT1 70y 7 THR
TE5. ZHIHLT MMC 2NALTHESZ T A
FAEVDY I ABIVIAENZEERAOERH/N Y
7y EOMONTy ORI, 1MaTI Oy Vg
EOETITObNS. Zomaid, 3EEO PBR OER
DOEFFNTHKL TRIEETH 208, FBHICE-oTid 10 7
OvJZUE &R0y 7)) 8IS, ZO5E, #
BmaE AN =3RS &It E RE<HLIE
5k, BHRGFTOIBEHEEROL O LFIED PBR
27 7EXTHmEE, BEKTERETICETTS

EAFIFEHE TUMP-1 1B 5083 AT U ERT 0+ v Y MBP-light 7

—3 8 8 8
PBR-imm. [ oP [ PBR [ Imm. | PBR
PBRGPR [op1 | _Per _[aPredoP] d: direction
GPR-GPR | OP1 [GPR1GPR2|GPR3[ OP2 | 8
GPR-imm. | OP1 [GPR1GPRZ Imm. | PBR1

—2

7 REWIMAET+—<v b

Fig. 7 Typical instruction format

PBR-PBR [ OP1 | PBRL | PBR2 |

ZEMTES. 9785 Out-of-order completion %
9. LN->T, AfEDPBR 27 7 2AL KR\
FEHDIADZ ENTENL, BERNIRERINS.
FfD PBR 27 7Y AT 50ENH HHEIT, AE

VERERMMAEETL, BEAKTL TS L%
LT B END 5.

Joknzko, FIAT S8y s OBRITIZIER
FoTWBE, TREFENDONY 77 DAYFIL PBR
LehohUofEoThE, /—RBEEDPTRL AR
KT BEHD T 4 =)V RIZHL TOH GPR-PBR iy
FTT—FEHEZAOHENENTHS. A PBR
1364 BB SN TWBRD, REWBNNTY DAY
TSN DERL THML TBL ZENATRET
»5.

astyh:

B 7 12 MBP Core OfrmiE & RENRMTER
9. GPRIZ3R—h AEUTHD, GPRALOEE
M3T7RLy I 2T AERTITONZDIIXHL, PBR
EEDEEIE 2R —FT27RL I I AERTH S
PBRIE, NAMEMEDTRL v 2 TNRINTH
D, GPRZRA>H (4bit DT 4 AT L —A Ak
f1&) LTy rtERINSB. =EXIE, GPR-PBR
ald, GPR2OWAE, GPRIIZE>THREINZ
PBR H® 8bit DR THEENfTHON 5. PBRIIHT
HIEFEIIFEE D 8bit, 16bit IZXL TIFHONZA, T
NN Y EDAYT DEFNTND T 4 —IVE D%
8 8bit ANTH D, 74—V BTN OENKZ
Fio T3/ THS. GPR-GPR, GPR-PBR D
HEIZEETH 52, PBR-PBR HIDEREIL 68 bit
F—HEBEETWENZHbDOTHS.

NRATS A EBRK:

X 6 HIZRT L ST, MBP Coreld 4 BONAT 5
A HRZERS. GPRIZ 16bit ® 3 R—KL I X¥
ThD, HEMFTHEDT —FIIEARMIC 16bit AN
Thb. £z, T4 AT L —ZA A b OHPHIZ 4bit IZ
WXz, MBP-light I&, CPU(SuperSPARCH) ®
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70y 7 IZFEL TEET %72%, 50MHz ® 7Oy
U TEET DENH B, SEIEEHNEZ ASIC D
F—NEBEEEZ S L, 170y 7RI TGPR OFH»
HU+T 4 ATV —ZA AL MEE] 50 TPBR ®
HeAHU +-16bit HE | 217720 TENAIRETH S, T
Dizd, GEOFRETIE, 1 ATF—IHNTINSDOMN
HEITROZEITKD, AT—IV8KERSL, AT—
PHOT T —TF 4 2T BT B HEERAL .
BARMIZIE, 4DOZATF—IT, UFOBERITRRS.
() IF(&|7zyF): O —JIV ARUDS @Y
EEAHT. ZONET 1 70y IV TKRTT 5.
(2) RE(LZ RE T Ty F):

AERUT7 V€A GPR Z#HmAHHL, EXNT R L AGH
Befils>.

Syl K, 7R ZFE, 2EETRS
ZOMDME: MHd— R R THEEINZ GPR XF
OfEzEHAHL, T4 ATV —A A MNEEZETRRD.
(3-1) EX(%1T): PBR Z#AHLU 16bit R 2177
D.

(3-2) LM(A—=ANAEYVT7 O ER): O—H)L AE
U, /O D7 72 ZA&fiizn, BNI/OIKNTET Y
CATIZAI—VT 5.

(3-3) GM(MMC &D%E(E): MMC 2L TY F
AZ AU T 7 ABLUNZNT Y N DEREETR
5. ZOAT—IM MMC &gk, BEOBEY
% PBR 27 7 ZALRRWH4AIE LM, EX 28> T
RICEDZENTES. DI EITED Out-of-order
completion ¥BEZ EELIT 5.

(4) WB(BERL): #RDOHKME PBR, GPRIZX
LTz 2.

& O— AT —F 3o —1)) AT VKIS
N37EH, =)V AEY T 7t ZmEd structural
hazard L X ONAT S22 1 70y A=)V &
w5, FESBEGFT 170y 7OBEAD Y k%
BHET 5,

AR~ DILEE:

MBP Coreld MMC, RDT i/f, SB1/0 7/NA A
MEQERIZEDT—TNIY T oS58 0ADE
PBR—FLTWE. BIVARIIF AFT—I TR
F, RATTAPORMBBTRTETTH0%HR->
TEIDRABIN—F D% > T HHENDIEHR D
DOTH%. FOABRERI MMC, RDT i/f NEBT
Fa—A273N, ETOEIVALZERNVHREIND
FTHEBL TEVABNNNDS, LEE|DADAET
HY, T=TNOr T OBRIBMERHETEI B
AEETHD. ZOTF—TNIx T, BRI D

June 1998

&1 MBP-light D7 —h ¥k
Table 1 Number of gates in MBP-light

Joyr4 | F—r& | AEVUR (bits)
MBP Core 35,734 6,144
RDT i/f 19,832 38,704
MMC 43,203 0
MEHRE 98,769 44,848

%2 SCLIC, OBIC O — M EEAEUR
Table 2 Number of gates in OBIC and SCLIC

Jayr4 | =& | AEUE (bits)
SCLIC 140,000 152,000
OBIC 170,000 8,700

METE 310,000 160,700

THBNZITRIDINCS, =TIy T asic
o TEHL, RV T CHATEIEHTE .

4. M EE M

4.1 T—bEEBERE

MBP-light i, ¥Z CMOS T>RyFvyRY LA
TC203E340 T3535(197,000 7" — ~)(3.3V/5V {BTE)
ZRNTHED, 352D TBCGA XA r—I THEE
9 5. FFHTIE VHDL 2 AW, @MEARITIE Men-
tor Graphics #:® Autologic Z Wz, RKEBES X a2
L —3 a 13 Mentor Graphics #:® QuicksimII % Fl|
HLU 7. Autologic IZ &k 5 E AR, MBP-light B
13 60MHz TEIMEMNRIEETH U, JUMP-1 1& Super-
SPARC+DZ 0w ZIZ&HE T 50MHz DHE— X
TLOY I TEET S TETHS. BIE, (KBTS
2al—TariTLTW5. MBP-light D)\—R
U7 BEFMEL ZERER 1IORT. KPP TIEAE
U BI3Y — MBI R# R 20 v TR TW
%. MBP-light TIZ#S — 197,000 — D55
LTy JIdKESEEDTBO, EROIINE
ARUIFEHAENS.

¥/, ®2IZ NUMA-QIZHBIF 5 SCLIC & OBIC
RSN TWSS — & ZERT Y. MBP-light & O-
BIC, SCLIC & ltR% &, MBP-light TIZPEK RAM
DR, T2 A0V 7T KIBIT/NS 7R REN TR
NTNBZ ENHMSB. MBP Core IZ Buffer-Register
T—F5FIF v 2EAL, N—RUzT7RBEZRESLE
BN ZITENTNS,

4.2 AEVUT7 I RRAUERE
A4BETRLUEF Yy a7 0 bV OETHD S
B MBP-light IZ8VF 5L % Mentor Graphics £t
® VHDL ¥ 2alb—#THlEL /=z. MBP-light I&
60MHz TEMENRIRETH 54%, JUMP-11% 50MHz T
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# 3 Read Miss R ALEEREH]
Table 3 Read miss Latency

HrE

Cs0

Tso

Tstanr

MMC %5 (R)
#HORAH, FI—K (R)

RDT /% v hARERE (R)

10
26
56

200
520
1,120

0
120
100

Requester total

92

1,840

220

Network Latency

4n

80n

RDT i/f %{5 (H)
#ORB, FI—K (H)
57 Wt (H)
F—IHHIEL (H)
RDT /X% v b AR (H)

8
17
23
20
43

160
340
460
400
860

Home total

110

2,220

Network Latency

4n

80n

RDT i/f 2% (R)
#ORAAH, TI—K (R)
T—YEH (R)

& JE#H (R)
CBus X7 v F2(E (R)

16
16
28
15
20

320
320
560
300
400

Requester total

95

1,900

Total

298+-8n

5,960-+160n

Cyo : 50MHz BifER 7 Oy 7

Ts0 : 50MHz BIERLERRFH] (ns)
Tstar : MBP Core @A b —)VII# (ns)
(H): Home iZ3B1F 208

(R): Requester IZBVF 240L#

n: Xy hI—UFRyTEK

OEHERFEINTND D, SEIOFMETIZ 50MHz
BERFOUER R ZRIEL 2. 57 FAFITBNT
TORALZETA > DAE—NT T A NITHEERT,
FDIADEHR—L/)—RIZENBTA DFEEL
5H D Read ERIUHEFE TR 3 ITRT.
ZOMEE, 1. EREREAELE/—F (Re
quester:R) T CBus M 5/%%7 v b #3251 Home /—
R (H) IZ Read Bk/X7 v h 2£(E9 %, 2. Home
J—RIZBWTNT Y b Z2%ZEFEL, Read reply /N7
N %&3R%9 5, 3. Requester /—R TNy &%
L, CBusiZ Read reply N7 v b 2%ETS, D3
ATV T IRHIBZENTES., INSDARATY T &
T DOFENERIC DWW T OIS RZ2R 3 1ITRT. K
R Terqu ldT SAZ AR, T AR, v
FEZE, O—AIVARUT I EAREICLVEZS
AN =)VEETH B, LEONEDSE 3. OEST
1%, Read reply % 3ZIFEl> 7= Requester 23772 5 4L
HOFRNIIZEWIT —F ORGEBEGENEFEEL, &3
ICRTEDIZYTAI AR T AERYDT IR
DD D A - — VRN 2RO NERR O 1/3 % 5%
T3, ¥, A=A/ —ROT—FE2HRDDITH—
% JVT 5,960 + 160x (R h T =7 DRy T E)nsec
DOFREMBETH D NN 5.

EAFIFEHE TUMP-1 1B 5083 AT U ERT 0+ v Y MBP-light 9

NUMA-Q THWSNTWS SCLIC Fv 7/ THH
BROBIEONERFEAFMEINTHY, SCLIC Fv
TV 4 J —R %D Read request BMEIC 4-10psec® B
LTWwa. ZOZEMNS, MBP-light OFETHEET
60MHz TEMEL 72858 (5.0+ 0.13x R v T E)usec
1%, SCLIC &IZFREDHEZRL TWELEFZS.
#€> T MBP-light /X OBIC,SCLIC & b#&L T, ' —
FATHATHD, FAFEOHEEEZRLTNS.

4.3 Buffer Register Architecture

RIZ, MBP Core DH§pRZE —MHI/RBERD < 1 &
O/ oty v & il TFHMET 5. igkss L T,
HERD 32bit RISC 7Ot w8 ELTELERL T
W% DLX'?) #8A7%. DLX #HAWT MBP-light
EHRL 72 BEOFMEET IV ER 8 ITRT. 2
MBP Core ® PBR % RDT W AE U & MMC A
HAEVIZAEIL7ZETITH D, RDT MMC N
DEFBIIZONTBAEY ENASN—R T 7 Tirikb
N3O ERELZ. £z, HFEHT Core EDLLEED
BEtTI2 5728, MMC BEK RDTi/f1&F—D/N\N—
Ryz7Z2HVWBERELZ. £/2, DLX ZHWiE
BEERDT A, MMC AIZNENOWHAEUHET
DMA 217725 ZEMTED EREL 2. DB, 4E
FEL 7= MBP-light Z MBP Core iR, DLX %W
T MBP-light Z kL 7235 % DLX fR&T 5.

FHEDEE, MBP Core fRICHBIF5 VHDL > I a2l —
2 a I KBHEERNE T T AT AERUANDTY It
AW, WWAAND/NT v N #ERME, ZERMEZTN
EN15, 13, 1170y 705 EKEL, DLX fRIZ
BNTIEIN-R U7 #EZFTRS MMC-DLX >
YT —AMFET DD ERKEL 7=.

Z® DLX k& MBP Core BUIZ BT MBP-light
BT EANET OS5 LAEBESE, TOr0y
IRELBLZ. ZOHRER4ITRT

MBP Core fix& DLX fk%Z L9 % &, MBP Core
ROFIEIE PBR 282 THO, "M TS5 EAM—
NTBZERIVIAZEL TNy NTF—F&T Y
T ATES M, DLX OFIRIE 32 bit T—F &S Z
LONHRET H B & 16 bit DEMEZIEETZ5HTH
5. ZOkH, DLXIZEINT Y DEY T 4 —
WREZHSEIEFITH DM, —HTDLXIELI A
7« AR RMEERTERNWZD, REATY LD/
v hF—4 2 BETIRIINTHRBL P XS & AE
JRTO—R /AT §T20ENEC S, £z, MBP
Core FRTIX PBR D 68 bit IEMFEEHT 5T
EMTEREDIT, FyviadfoT—F% 4Mma
(Z0y D) THETDHIENARETHD, T—F &
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Cluster Memory

TAG

MBP-light

RDT
router

RDT
router

Kowa eusayul
b
Kowa eusaul

local bus
Local Memory

8 DLX ZHWk MBP-light D7 —FF 27 F ¥ E5)
Fig. 8 Architecture model of MBP-light using DLX

#&4 MBP Core iR& DLX T OHEANE D MERE LB
Table 4 Comparison between MBP Core and DLX in

typical process

pUk:) Tm | Td | Td/Tm

CBus /87w MMERR (T—#72L) 28 | 29 1.04
CBus N7 v MERR (T—F &) 28 | 36 1.29
CBus7a—R 27 | 31 1.15

RDT 85y MERR (F—F7&L) 49 | 54 1.10
RDT X7y MR (F—F &) 60 | 69 1.15
RDT X%y hFa—Fk 15 | 20 1.33
J0—=)N)V7 KL ZZH#H 23 | 23 1.00
O—4)V7 R L A%H 40 | 50 1.25
57O g 28 | 35 1.25

57 B 42 | 50 1.19

T —% E#i (Global Memory) 17 | 22 1.29

Tm : MBP Core fiZ 0y 7%
Td : DLX lZ By 27 ¥

NI N OARRRHZIE DLX BRICHAR 3 710w 7 FF
IZ7/2%. E5IZ, MBP Core fRTIZ PBR IZHL T
ENA B TERICH 72y S ORENIRETH S
N, DLX TR ARUT X THRICESLINT
WEWTF—FIZT BT 72 AZHFL TWARWN., Z0
7%, U—RBEREZENoET—FIIHLTT 7tk
A9 BBIZIE MBP Core lR&ED® 3~6 710y 7D
F—=NANy RINEL 5.

DLX i, MBP Core fifi& B IZHFIARFIZR S0 D
A, FEOT O D)VEO—ETH S RDT /7 b
® CBus /N7 v bMAERKOMERHIC BN TIE, 41
ARIEDICRDT ATV K, CBus/ ¥y hDEBES%E
HEOBONTNDEHE RS MBP Core BIBNEBRK 33%F
FTHBHZENDNS. £z, FJO—)NIVT7RL AR
oo —J)V 7 R L AT —H)V A€ LOFT—
TIEBIE, TRL A2 BT D ERTR-OTN
5. O—HV7 R AEHOBFEIZIT RDT /X7y b
DT R AN R—VFEEY 0 HTERICESIE

June 1998

&5 MBP Core iR& DLX RO Z )T 4 VS ZBIEE T — b
b
Table 5 Comparison between MBP Core and DLX in
number of gates and delay in a critical path

oty DT 4 FIVSAEE | 7— b
MBP Core it 12.7nsec 22,973
DLX fi 13.3nsec 27,405

%6 MBP Core & DLX 0% — I ¥EH#M ik
Table 6 Comparison between MBP Core and DLX in
number of gates in detail

azy bk MBP Core(¥—F) | DLX (¥ —h)
ALU 960 1,800
MET v F 845 1,709
Fa—R 3,103 3,714
AT 6,232 2,535
AEUTIEA 459 1,701
AN 6,461 9
WAL P RS 3,736 15,692
Z D 1,177 888
~—%)l 22,973 27,405

INTVARNT—FIINT 27 7 2ANEL 572012
MBP Core BB >TNWS. iz, FTPF—
& DEHORRIZIE, MBP Core FRIZBWTT T AF A
FBURY T ARUADT 7 AH Out-of-completion
TH5IET, MBP Core iRid 5~8 7 1w 772G FI
IZBoTW5., £E0BE, Ty hENANEBALT
AT T4 HNSEHBIZY 72 A TE% PBR 27|
AL TWB Z LT X2 F5% PBR MO 68 bit x5k
DY R—b, FTAERURTFTAF AEYT 7 AN
Out-of-completion T#H 5 Z &A%, DLX @ 16 bit D
EEEEARETH DREDREZ LFE>TNWEZ &N
bhoTz.

I 51T, MBP Core [REFR—D I T U EHAN
T DLX fRZEREERLZH/EDT UT £ FIVISAD
BIERE &7 — N ER 5 IRL, FMlor — Nz
R 6ITRLZ. 7 — NI CPU BIc DWW TH
U7z, 972bB MBP Core FRIZDWTIX, PBRE
RE MMC BLURDT i/f EDA ¥ 7 x— X [EH&
IFBRWTWS. —4 DLX FRIZDWTI, PBRIZH
BT BHNEAEY, DMA 3> b O—FEEIZERWT
P L 7z.

T 4 FIVINA 32bit HEZEMT 55, DLX
DENETELZO>TNVWS., —H, Y= IZONWT
1%, MBP Coreld PBRIZHT BRI F T 7508
HAEADON—R T 712X, —fRH78 16bit RISC
ICHRTN—R T 7RIIKREVDN, ZNTH bit &
DEW DLX RICHEN1T%EBERFITHS. £, Z
ZTHENL 72 DLX IS ATH 57280, SMEREID
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A, BIMLESEREL THE5T, EBIC DLX 2
A7 70y ELTHWSESIXE S ICEIIENS
EEZENS.

LA E, MBP Core I3 Buffer-Register 7 —F 7 7
FrEaEdIEiIkD, RAHD 32bit RISC 2277
Oy DB, N—R 77 EREITH|
BWIHIENTE, UHICETS 70y 78, Zay
AN EITEHENTE, KNy MERK
RACEWEEER B2 Z ENTE D Z LR INT.

5. Bb Y I

BAF< > JUMP-1 AOA#EEA AT ) EH S
Ot vH MBP-light 285t 7z. MBP-light I3
BHMEEERINDINE/NT Y b OERPIEITSERIC
N—R 749 3—F, 2770ty HiZ Buffer-
Register 7 —F 77 Fx ZHNWbHZ Lick D, fHET
BWIEREEBIT 5. 7 — MR & E TR Z FEL 25
£, NUMA-Q THWSHNTW5 OBIC, SCLIC F
TICHRT, DT — T, FAEOMEREZEES
LTWBZ EMHENT/E o7z, E£7z Buffer-Regsiter
7—FF 7 Fx &AWV MBP-light a7 oty
T, 32bit RISC @ DLX IZ EARFRBED/N—R 7z
TET, KVEWEEBROI/ Oy 72HNnSZENT
&, BTNy MERICEL T 33%BERETH 5
ZEMbMNo7z. 5113, Stanford FLASH ® MAG-
ICF v ICBL TR AR ITURE, 21T
BOBENRDS. £k, BE JUMP-1 O2fMREZ
MBP-light Ofttl, L2 Fvv a2 DEHE, X—T %l
B2V 77Uy, HEMEEI AT LEEKEHEY)
WWEFIMMEL T 2 alb—2a HTho, JUMP-1
ZROMREDH T, MBP-light DHREN BT T REIC
DNWTHETZHEND D, I5ICHEKTERIL, £
BT K BRI 21772 5.

HEE  MBP-light DFRET - FRICHIZDERRITX
B W W RER RO EHER BRI E# WL
£9. BREVICEBHIMRIEREOP EEREZ, Wi
TERFDODARTFINDEER, #PRKAOHGEHRIBBTF,
REH AT AEER BIFZEIICHET 2 JUMP-1 BF
TW—TDANIE# WL £9. £, MBP ®
BROWNLIZHEIR T W2 W ERZEOMA N BIF
B WL £9. MBP-light OEHTIE, Mentor
Graphics #:® University Program ZF[AL £L 7z.
IR BEHU XY

2B, AHRO—ISCREFI LI E - B AER
%% (1) (R8BS 04235130 [BMFIN—R I 2T -
T—FF I F v OHIE] ) BLRORBRIFZE (A)(1)(FR

EAFIFEHE TUMP-1 1281 5083 AT U ERT 0+ v Y MBP-light 11

EEF 06508001 BAFIFHEMK T O by 1T DT
ERMEl ITXKDET.
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