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1bc: execution times for each instruction. accumulated durina the teSt, excludina the 
boot"Slrap. were as foUows : 

mS %rime %opcodes 

send 13.94 61 23.6 
exit 3.99 17 10.S 
Iv 3.24 14 21.8 
sv 0.64 2 3.2 
pseudo 0.27 -I IS.I 
integer 0.22 -I 12.4 

From these figures it is clear dw six insuuctions conaume �~� of the time, and two of 
these nearly So-.. these bema Send and Exil . Thex same six inJUUCliona comprise 
some �~� of the dynamic opcode <OUIlU. It io clear. �~�f�o�n�: �.� IIW ......... pusing in 
this Smalltalk instruction set is the main 8Clivity . II should be ncxed, however. that in the 
lime allooed to messaae sendinJ. the Send instruction iDdudes the time �~�t� wilhin • 
primitive if that messq:e was implernaued directly in microcode. Since BK' of mess.ael 
sent in the example were primitive, it is not au.rprWna char: Send i. the dominant 
insuuction. 
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Instruction Formats 

SEND I ..... ooIoa,.. 

ALLOC 

PVSH -,.-
GET .... 
PUT .... 

aLuxrr 

IXIT 

UV - -
SIV - -

INTEGER -. ...... 
CH ..... cru 1 ... 

PSEUDO ... 
SBING .- 1 -LV - -

SV - -
oUY .-

a..uI ..... "jIoI 

M&TIIOD .-

IIII [ ... Jt 14111' .6 U. 
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REIWRSlV Smallralt InsrrucriOll S., 

General Notes 

(I ) . The Slack is ~·inaanented. so always points ar the lopmo1l element. 1hc 
re,isleD are : 

fp 
sp 
&lJPU' 

and .......... suck _ . .... objecu. 

However. there are abo ~pnen in object fOrmll : 
current context 
CwrenI receiver 
current mechod 

for fua acccu. 

(2). Gatbqe coUecrion ..... omaQc. 

(3). Euc:ution_7 

("). Thete IR DO ad&h JeI, DO ;m.,.. poIitioo-iD.. .... code, mahoda are 
cochocI in. 

m. InItIu<tiona _ only cIurini _ ........ em __ be deleted from 

the COIItIOI ..... mop II1II _ .-_~ _iq only the ----. 
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THE MESSAGE AND METHOD CACHES 
Messaae lookup. method invocacion and methrxi execution are aU Luisted by the 
existence of caches . 

That is, lhe instruction cache is loaded only with those methods wruch get invoked. 
1besc are loaded dynamically. when needed . nus cache IS WIUun the processor 
arcrutcC1'W"e. close 10 lhe sequencer, so that opcode decoding and operand strippmg can 
be pipclined. 

Each method so cached is taged with me stan address of its cociestft:&m in the 
instruction cache. This lets sel when the: melhod's codestream is first loaded intO the 
cache. A simple examination of • method reveals both ,.,.hemer or not it has been cached, 
and identifies its stan point in the cache in the case thai is has. 

The insttuction cache is filled on i. first-come basis, so when it overflows aJ.J methods 
which point into iI are ~sel to indiclle thai they are no lonler cached, and the cache 
pointer ~set to the base of the cache. To facilitate this unlilWng, an array of method 
idenliflen is k.ept. and this is IUtomalically scanned when the cache is cleared and each 
method identified by it has its cache address set to zero. to indicate not-<:ached. 

Thus. liven. method. it can quickly be eslablished tbat it has been cactoed and. because 
of beinl 'locked into' the processor's xquencer. it can executed very efficicndy. aearly. 
therefore. because it is uuJy a method cache. there: will be no paae faults from the 
cociestftcn durinl execution of a method. and so no need for disk: access. 1be instruclion 
cache is quite wle. up to 128K inlttuc:tiona. Ind bec&Ule methods lend to be fairly soon. 
a few dozen instructions. there can be many methods in the cache II any Ihlen time . To ~ 
RtnOve the possibility of the cache manaaemem table causina a pr!:~ flush. the 

cached-metbod table pows automaticaJ.Jy when necessary . 

It is in the nature of messale·based systems that much time can be spent merely 
searchinl the messqe dictionaries assocWed with any ,iven item of dau.. tryinl 10 find 
the meaninl of • panicular messaae. This could involve searching the entire class 
hierarchy. 10 find the proper method. An opc:imisation over repearedly searchina: the class 
hierarchy is to mainWn a cache thIr records which method wu found each time a 
particular pair of selector and receiver clus are looked up. If tIw messaae h&s been sent 
to thai class of daa befon:. the cache idetuifies the oppropriare method. so • fuU Kitch 
is not necessary. 

1be mesnce cachr: ia OIJmised a a triple. It records a binding between a selector. a 
class and • method. Given the selector and the class. il provides the proper method. A 
straiahrforward hash.in& al,orithm is employed. usinS lhe low order bits of the seleCTor 
and I:he class to provide a cache index. If the selector and class match those of the cache . 
the method is exu.ctcd. If they do noc match. the method is found by searchinl the class 
hierarchy of the receiver for thai mc:ssale and the message . class and method are Ihen 
wrinen 10 me cache for future reference . This cache can IT(m· if necessa0 

lbe access lime for the message cache is halt" a dozen cycles. to establish thal there " 
no maJch.. wilh • further ~ cycles to extract the method should a malch occur . 'Th..is IS 

likely to be fu fater than seuchinl even I:he fusl·level clas's dictionary . 

Once the dcsiRd method h&s been identifted. it then takes only half a dozen mort: cycles 
to establish whether its codesm:am has been loaded into the insttuction cache. and to 
sian scnm, this up in me pipeline. 
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Performance 

'The messaae cache perfonned. in ~mall scale tests using different ha.sh.in& algorithms. as 
foUows 

hash %slots ~hits cycles ..s 

I 13 81 154299 22603 
2 12 81 155172 22814 
3 II 78 162370 23744 
0 0 0 161207 24198 
4 5 47 169733 25170 
5 4 50 171657 254~ -

(The cache had 255 .Iou. and 1903 me .. ., •• sen! durin,!he test). 

for huhin, aI,oritluns 

o none 
1 ( clu. XOR me .. .,. ) 0 .. & 

2 

3 
4 

5 

( clus ADD """'II. ) 0 .. 1 

( clus 0 .. ) « .. ) I mesaqe 0 .. 3 

( (NOT cluo) AND messqe ) 0 .. & 

( clus AND messqe ) 0 .. 1 

where the result is always ORed with one to paranter: a valid (non-zero) index. 

1be favourite ul0ritlun is therefore die XOR of the mess .. e and receiver clus. Those 
all0rithms which performed poorly were actually disadvll1!a&oous. pruentina an 
ov~ rather than an optimiution. It should be noted, however, thai: these tests were 
carried our on • vet)' small eucurion profile. """" 25 rniIliIecandI durins which less than 
2000 masqea were IeIII; lonces leIli on a much larpr system will be needed to 
properly .valaooe!he _ of !he me...,. cache. 
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DISCUSSION 

The diacullion began by Dr. Kay asking Profenor Harland how small h. hoped to 
make the Recuaiv board. Profesaor Harland replied that their aim wu to reduce the size to 
that of a normal VME card, with double eurocard connectionl. Smaller that thil w .. UDlik
ley, and the target 10" to achieve thil reduction by next year. 

Profeslor Randell allted .. hether the essence of the Rekuniv architecture could b. 
summarised as being the ability to execute teste and conditional branch" in parallel. Prl>
fe.sor Harland replied that this capability was only one of the features of the architectur •. 

Professor Morrison aslted Professor Harland how conlident h. thought hil type system 
.. al for representing all type" a. concern was expreaaed about the size of the available 
taga. Professor Harland replied that the tagl could also be a .. ord (in addition to the 5 bill 
used by the compact type,), and he thought that would be sufficient. Professor Atkin.on 
followed up on the previoul que.tion, being worried about the type system not supporting 
persi.tence data fully. Profenor Harland replied that Rekursiv doe. not support a type .y.
tem, but such probleml could be .olved by building sui tab I. toola such as a browser to 
brows. the object. in the object stor • . 

A member of the audience pointed out that the buyers of computer hardware are wil
ling to pay extra for f .. ter proeening, but que.tioned whether they are also willing to pay 
extra for the security of the type system supported by the Rekuniv architecture. Profelsor 
Harland disagreed, pointing out that the type security supported by the architecture was 
becoming a requirement, in particular for military u .. , and that to date 17 machine. had 
been sold. In reply to a question asking whether these machine. had been bought by mili
tary users, Professor Harland replied that non. had been bought by the miltary. The prob
lem with buyers such as the military b.ing that th.y take such a long time to thiolt about 
buying a product that once decided, then the product il already obselete. 

Profeslor van der Poel asked where the nam.1 Relturliv, Objekt etc came from. Prl>
fe,"or Harland replied that the company (Lion ProdUctl) malt. hi-Ii, and have a habit of 
millpelling namel, so that .. hen the marketing people were cooaulteted al to what to call 
the architecture, the fact that it suppoprta recu.ive computatiooa in the micro-code sug
gested that it b. called Reltursiv, .. ith the nam. clearly being a millpelling of recursive. 
Thil theme continued with the other componenll of the architecture. 

Profellor Randell a.ked .. hether a number of the machine. could b. uled together. 
Professor Harland replied that thi ..... on. of the aim. of the group, and that hil main 
interelt .... now in cODltructing a di.tributed object store that could be shared by a 
number of machines. One pollibility being to use 6 bit. of the object id to name a particu
lar machine. Profe.sor Harland though that this wal an interesting problem, with lotI of 
triclty problem.. Profeasor Atlr.inlon stated that a limilar approach had been adopted by 
the IBM model 38 architecture, but there larger word size. had been used. Profes.or Har
land replied that he throught hil approach .. ould be sufficient to conltruct a diltributed 
object store. 




