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ABSTRACT

In this paper we describe and evaluate four alternative
strategies for assigning processors to queries in multiprocessor
database machines. Our results demonstrate that SIMD database
machines are indeed a poor design when their performance is com-
pared with that of the three MIMD strategies which we present.

We also introduce the application of data-flow machine tech-
niques to the processing of relational algebra queries. This
strategy 1is shown to be superior to the other strategies
described by several experiments. Furthermore, if the data-flow
guery processing strategy is employed, our results indicate that
a two-level storage hierarchy (in which relations are paged
between a shared data cache and mass storage) does not have a
significant impact on performance.




[P

Jo s3Insai

pa3onpuod 31am

ut paqraosap

mo3 ¢ uorg

-eaado

-2I13S juUa13]

-pIsSuod a3n
03 ®A18S pPT
sustueryDDW
® 8sed Ino
suoijeiado
uo13ed131pPO
-1seq pue
a)e3 suorle

*suorieriado

1otaadns A
IT1a xaded

Apeaiie se
-sks jususbh
ays @aaieduwo

~Absjeaas

an’s peieys e pu

syl  3°U3

-yio ayj 1is

ajepdn

auL

EET

q113

nom

ur)

w Ag

ITe2
STyl

Yy u

a2 o

buts

aje]

A0 13

pug psonpoljur aie sarbajeass

3tp eya go ssanzesy

asays

1sdo e3epdn (e)

m:mﬁ aseqgeiep [RUOTIIRIDSI v YJIM 1DIYIQ Jo

*Abaje13s yoes Jo aoueswiogjiad asy3z siedwod 03

UoTym sjuaurtiadxe 8yl S2qriIdSap p UOTIDBS  *TIRI8D
jusuubisse aosssooad

UI  *I1D3YIQ IO MOTAISA0 UB SUIR3IUCD 7 UOI309S
*21In3ngy Jedu Byj Ul TO0I3U0D ADUL1INDUOS pue SUOII

go 3oedwy 8yl I3pPISUOD 03 pusjuy ATInd aM °*sarbey

juesITes eyy burpry o3 Alqeas

uoos pue sjuswrladxs ayjy jo AztxsTdwos ay3 osesidUT

Aeya Aem Teax Aiea e uy souewaojisad a3oedwr pinom
2TTUM 3Jey3z 19937 aM ° (Sustupys3wW YONS JO Jaqunu

WS TURYDSW TOI3UOD Adbusiinouos e 0ﬂw>0uﬂ isnu U0

pdn bButiapisuod uayM (q) -°ssydny psideles ayz Jo

pamoT(og uorjeiado TRA®T1I3Id1 B JO 13ISISuoz  ATTed
oL o3 paiedwos) 23noexd 03 2wl 3jioys ATsAarielai e
ISUOSEal JO ISQUNU B IO JUOP SBM STUL
AST23931 03

pa3o131s81 sy uoljebrisaAur Ing

*$31IN310831YydI® QWIS ,8%IT-dv¥, 3O 3ey3y o3
ous b ST LOod¥IQ 3o mUCmEuOWMGQ 3yl 3Byl s8jrajsuouwsp
jey3 asarTeq em pue [pldvy 107

pawiozisd uasq

ostiedwon e yons *i183ndwod TRUOIIUSAUOD B UO wWaj
souewaoziad
3 ‘1sasmoy ‘3ou st 1sded sty3z jo asodand syl

saoo1d Aisnb morz-eiep syy 103 a1qibirhsu sy ayoeo
© sbeiojs ssew uesmisg sabed ejep burtaow jo 3Foedut
Jsuowsp

osTe am ‘siowisy3zing *so1bozeils AWIW I8

usuwsnsoidwy T:z e pue Absjeils QWIS Byl IBA0 T:ip JO

juswsaoaduy odueuwrojiad abeisase ue sproth

snbruyoel Syl °sotianb eigabre TeuCIIRISI

senbruyosey auIydeW MOTF-BIRP JO voizent1dde
ABbaje1as e aq 03 umoys s satbsjeils assyl

souewiogzied Teixsass 03 3dadsex ylIM yoe

usyl pue mmwmeMHMW aAT3RUIB]TE ANOJ aqraos

-o8s BUIMOTTOJ BYz UI -UOTINDBX3 107 S23

-01d butubisse 103 satbejeiys slqissod Teld

-e1ado o3epdn 1o ‘sutol ‘s3oeload ’s3ot

s3sisuod A1

eigoble [euOr3lRI21 [RIBA8S JO

ssutydEW

ueyy aiow oq Afieisusb T1IA 213Ul ‘gissn  Auew

-TNUIS YyoTym wWalsAs
sseqejep 2yl JI

-ep

puranp feuoizeirado agq ITIM aoadxs am UDIUM
jo uorjejuowe Tdut Byl YA puipesosoad ussq
ya M Terieded ul caWI} UOIINDIXD Kisnb uo

—pjusubeiy uoljze(ar Jo wdelgoid syy 3onpod
-noaxs pue uorjeziuebio Aisnb 8qriIossp oM
ag ued LDI¥IA JO 21n3D133TYDIE YL ssataenk
uoiINo8xs® 8y3l 103 SUTYDPW Bseqelep B JO UO

ay3 butjebiisaaur Ua3aq vARy BM siesk TRi1®A

satianb burinoaxs 103
jo uorjnoexa 8y3y o3
8yl uo psseq ST YoIym
o 3saq syl ‘eTIBITIAD
b a1seijuod pue aieduwod
PP TTIM 3S11J @M sSuoll
tianb 8sayl 03 S10Ssad
hes oae aasyy ‘(suorl
“6+3) suoizeiado

laysalx

snb yoes 3JBY} USAID

sseqejep aya Ag peindaxs 8g 03 Apea1 ST yorum A1enb auo

saaios Aisnosuel

sseqeijep e 031 pus-ydeq B S SIAIIS BUTYORW
<qusuupbrsse 1o0sseoo1d 3o eyl ST sauiyoeu aseqel

1ossanoid-aTd13 [nW UT SBSTIB YODIYM wefgoad juejziodut uy

*6L6T 3O 1Te3 @yl
Lo3urg 3o adhjozoid e
aAey @M ’‘sS310338 8s3Ul

aoeduy s31 pur uoIll

jur pue LD3IYIQ Ul uorl

€] ur -[z‘1] ur punog
eiqabye Teuol3lBIS1 JO
(jejusws dut pue ubisep

5s 3sed ayz butang

uoijonpoilul #°1




A1snoau
puranoaxe yoes
= A5ua1anouod
sa13iadoad om3y

Kiowsw

—e{a1 ydes auULY

Aq paubisse

s10S582
ue 10 aesoed ay
Jaqunu 343l
-81 3T I1933¥ °

putrioeial

10 om3 3eyz st &

ayL

°y3

NSIp © Se s3oe §

proy

sabed

=

1317IM Jo osed ayi Ul ATIATISNIOXD sdeyiad) sainpouw
ze331p sSsapoe Asnoauejnuls ued s1o0sseo01d siou
h1sdoid puooss ayl ‘eInpow Arowsw (D) BuWes ayj
nuis ued> ‘sarienb jusi83IITP sdeyizad 10 swes ayj
s10ssas01d saow 10 OM3} 3Ryl ST Aazedoad asaty 8yl
snb-133Ul pue e2i3jul y3zoq purzzoddns 103 3Jueiziodut
ey yotym [Z’T] XTI3ew UOI}DBUUODIIJIUL ue ybnoiayz
gas) oy3 o031 pajdauuod  3Ie siossspoad ayl
-wyjtaobre ny1 pargtpow e Puisn pobeuru
*uyoranoaxa Aisnb buranp ebelols uoileId1 1037
Xq pesn s1 pue sadiasp obriols ssew 3y3z 103 3dyosed
s{npow Aiowsw (3D Jo 385 2BUL uoijere@l e 3Jo
ues pue sweiy 2bed e o3 spuodssxioo arnpou Azowauw
321S POX1j O3IUl DOPTATP ST aseqejep dyj U1 uotl

ew sseqejep Alowsuw TeEN3ITA B ST LDENIQ d2UIS

+12770J3U0D pua-yoeqg 3Y3

t30n3135UT 93noexe 03 ST Josseooad yoes Jo uoIoUNg

oM M8Z U3ITM £@/11-I1917 dad e ST 10ss3201d yoed

+suoraoni3isul o3 wayl subisse ‘aiqelreae

bid se ‘usy3z pue ‘38yded Byl UTUITM UOTJONIJSUL
h ojnoaxe o3 paubisse 8g pInoys 3Jeul siossavoiad
ssutwislap 3T ‘Isoy ayj uwoig joyoed Aisnb e saatad
k10sse001d oya BurTTorjuOD pue 1ossadoid 3soy AUl

Ut 103 oTqIisuodsai ST 18[T0I3U03 pua-j}deq 3UL

+a913 Kisnb e Jo a1d

ue surejuod 7'z anbrd *uor3ze3lsidislul INoUITA s1o0ssadoad

jo aequnu Kiezjiqie ue Ag A13D3ITP PIINDSXy aq ues YoTym wioy

e ur ST pue (sepou jo lsqunue ojutl pesoduopsp @21e suorieaado sijep

-dn Atprenioe) uoijezsdo eigeble [euolle(di|E O3 spuodsaiiod apou

yoes *@s13 € JO wWioy sY3z Ul poztuebio ahe yosTUM (SUOT3IDNIISUTL)

suorjeiado eigabie Jeuorle(al 2iow 10 U0

Aisnb, yoeg -uUOIINDIXd 107 pud-3deq 33

jo pestadwod sT ,383doed

ba 11 spues pue ,333oed

Xisab, e o3jut Aizenb ay3 sayTdwod SITUONI +fosnb e s93IndD8X3 18sn

sy3 usyM °I1suuew [RWIOU Y3 UT spaanoid

bue [g] SIYONI JO UuOIS

_1sa paijIpouw B 03u0 SBOT LDAUIQ OSN 03 SIUSIA oym 18sn y -~siasn

syl Uyl sSuorjedjuUNWWOd i SI3TPURY ilosssooad 3soy ayl

“{*z 8in

—b1gd Ul punoj 8g ued SUOT3IDBUUODISIUTL 119u3. pue sjusuodwos 8sayl

jo weibeip Yy °S80TA3P epeiols ssew diouw

10 auo pue ‘sainpou

Kiowsw (@33 3O 9395 @8uy3 pue siosseooad J4 385 Syl USSMIBQ XTIIRU

UO0T3DBULODISIUT UR ‘SITIOURW sa1ieToOSSE-dpnasd Se pasn aie yorum

ssnpou Azowsw (33 3JOo 13I8 ® ‘sa1ianb BHuiandexs 103 siossanoad

jo 385 B ‘18TT0JI3U0D pua-3dEQ g ‘10sss8pold 3soy e :sauauodwod

utew XIS 3O SASTSUOD LDAWIA 3usuws [dwi 03 pasn siempley ayy

*{g] pue [z] ssouai
—us ST l12pesl ayj sTIeIsp dIow 104 °pa

Jo SDI3ISTISIORIBYD 2I1BMIJOS pue BieMplEy

szempley 1°2

b1 suruwexs o3 pabeanod
ho1A®1 ©g TTIM LDIUIA

buyy uOI3103S SIYl Uul

LO9HI0 3O MSTIAILA0 B°C

-c uoryosg up peausssfid ele sijusupiadxe 2sayl




uoT3zezTURbIO LDAVIA
1°Zz o2Inbtd

XIYLYR

NOILOENNODYHELNI

u JOSSHDOUd
XIEN0

Z ¥0ssddodEd
pasgciste)

T ¥0SsIEoodMd
A4EA0

OVIO0LS

SSYN

AY

INC

ION
a3

IO
[HIW

-~
s

(4
ITNAON
KEOWEW
and

T
HTNAOW
KIOWHRW
aso

YITTOILNOD
aNE-2D0VYe

LSO




J:Rel;

12,Re1]3-—+Re1M

R:Rel +Re1]3

, Q:Re1]b,Re1]]+Re1]2 3

R:Re12+Re]]]

R:Re]]%Re1]0

R:Restrict
J:Jdoin

Figure 2.2

A Sample Query Tree
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QUERY PACKET TASK TABLE

QPKT# RELNAME | CURRENCY . RELATION
POINTER PAGE TABLE
PTR

Figure 2.4

procedure join(qpkt,relA,relB,qpid: integer);

var i,),k: integer;

begin
{ +=NEXT PAGE (qpkt,relA,qpid);

while i <> -1 do
begin
readpage(i);
ji=1;

:=GET PAGE(qpkt,relB,qpid,j);

while k <> -1 do

begin
readpage(k); {read page of relB
from CCD module k}

join page of relA with page of relB;

j:=j+1;
k:=GET PAGE(gpkt,relB,qpid,j);

end;
i:=NEXT“PAGE(qpkt,relA,qpid);

end;

end;

Figure 2.5
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Figure 5.1
Effect of CCD to PROCESSOR Ratio for 50 Processors
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APPENDIX I

TEST DATABASE

RELATION SIZE IN PAGES TUPLE WIDTH

- T T IN BYTES
1 27 41
2 36 41
3 40 57
4 34 20
5 28 99
6 5 63
7 12 39
8 7 11
10 8 41
11 20 38
12 38 37
13 40 42
14 10 14

15 9 77




