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Three Parts
VM Evolution

Lazy Forwarding/
Partial Read Barrier

Spur Memory Manager




Spur IsA: MemoryManager new

@ faster

@more powerful

@ 64-bit ready




Spur isAn: Evolution
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inherited traits

class table
64-bits
stack-to-register
mapping JIT

WedrEh _—— object-oriented

ephemerons

in-line -
JIT context=to- Simulator and
cache stack mapping Slang brothers

object’table |
indirection

contexts direct pointers

method
cache




object-oriented??
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B AT % NewOQObiject
Memory
= & . ..4
PR B Colnterpreter A SpurMemory
3 Manager
SimpleStack CogObject | i
BasedCogit Qpresentaﬂon ?\h:)g rré%ﬁg;t ?\}I:)grrr?l\‘/llg;t
teleology 4
StackToRegister CoSgObj Rke\eg > SpurGeneration
MappingCogit qued Scavenger
CogObjRepFor SpurSegment
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HPS Object Table Indirection
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BS Direct Pointers




yeah, right...

oops!

64-bit HPS 7

sparse
class
table




class indices/class tags

@ class index is index of class in class table

@ classs identity hash is its index in class table

. its instances’ class tag
Behavior>>identityHash (& Behavior>>new)

® use them in method caches; resolve to class
object on #class or full method lookup

@ constants, never moved by GC
@ cheap allocation of well-known objects

@ puns & special non-objects
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species : Homo sapiens
proposed natural habitat : coasts & beaches

possible aquatic adaptations in human
arguments for the aquatic ape hypothesis and related water-based models

water birth the natural way of
Lboring i human

- bess paindul, low risk

- prederred by women

< Infant mortalty & infection rates
no higher than land births

- practiced in primitive cultures

pregnancy & infancy gender & sex walking & running

swimming & floating

- human is the best swimmer
& diver among the apes,
capabiity Lasts from birth to
death

- various swimming gaits dke

infant ace able 1o ywien/dive
before being able to
crawl/walk, no fear or harm
caused by immersion

rare condition of
webbed toes

fackl hair & bald
head streamlines
the head and
ok for diving

longer scalp halr (becomes
thicker & strosger during
pregnancy) for the Sioating
infant to clieg on

Immerdon
relieves pain,
roduces stress
hormones
(adremaline) &

bcutaneous fat layer
prevents heat kons

increases budyancy
streamlines the body

force exerted on the
first & the last toes
(ko in wealy)

dark skin plgment
blocks suniight in

tropical waters breaststroke, front crawl...

redeced body hair &
smooth skin surface
reduce drag

scooper-like hands
with thumb webbing
for catching water

I hair growth
flexible arms & pattern follows
shoulders produce water fiow
steering strokes

rare condition of
webbed fingers

diving & foraging

- underwater foraging
Imponant to early Homo
sapiens, still practicing among
coastal trives i
- collecting shelfiuh £ hunting
fish for food, precious shells &
pearls for trading

- Bimodal diving pattern
similar 1o sea otters (serial
short dives to <20m,
separated by recovery
Intervals, in extreme cases

dive to 100m} able 1o equalize

ears ot depth

descended larynx alows
mouth breathing for
inhaling more air before
dives [ during swim

better voluntary breath
control for planning of
inhalation

breathing pattemn (guck
inhale & slow exhale)

similar 10 speech

£ bunting, vtarted
tool-making on the

shoee
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paddle-lice
with fused t

both water & land

locomotion

|
|

lower normal body

temperature with how

Muctuations lice n

Hgaatic mammaiy

powerful
force in §

long legs

> 1year

foet
0es for

voluntary movements,

starts learning to

ywim, dive, walk

e

brown fat tissues

generates heat

produce
propeling
wimming,

diving & running

Blood cells, higher
hemoglobin

spleen contracts
10 release extra
red blood cells

bradycardia: beartbeat
reduces during immersion

blood flow 1o Smbs cuts
down 10 sive oxygen for
important argans

Blood shift: biood fillks lung
vessels & cavities in extreme
depth to peevent organs
crushed

vemix casecsa (waxy substance
with squalene on newborns)
with waterpeoofing &
antibactena properties

Ao sdbla hackh

0.4 months

Infant diving reflex:
opens eyes, holdy
Beeath, rinythmic
limb movesents 1o

/
f propel forward
4 |

4.12 months
Infant floating reflex:
rols onto the buck to
foat & breathe

<

|

sbundant body fat ‘L
prevents heatloss &
Increases buoyancy

multi-lobed kKidney
{renicul) a5 in
macine mammal
{Tused Later)

/

newborn holds
breath until
reaching water
surface

eating

'-m&mmm
head & upper body ~ usually out of water;
Insulation in the lower parts

- oral cavity modified for aguatic det, later
- brain enlarpement enabled by marine diet
- senses attuned 10 aquatic environment

Alows lift-based
“dolphin kick™
under water

multh-pyramidal
kidnays excrete san

from sea wates

high output of water &
salt: abundant sweat &
tears, saturated
expieation, Slute urine,
watery Laeces

sweat (perbaps alwo
tears) excretes
ex0ms salt

qudfiéApe Hypothesis

P
asust the head floats
aboree water surface

dowrnward nostrils avold
water splashes in

upper lip & philtrum /

enable sealing of nostrils
while divirg

- specialived oral cavity
(small mouth, round jaw &
palate, reduced teeth, round
versatile tongee) for suction
feeding of ippery seafood,
pre-adapted for speech

blunter molars with thick
enamel for cracking hard
shellfish

low drinking
capacity, low

tolerance to

dehysration

ow

Lacilitates “love”
hoemane

(oxytocin]

,/

no practice of

placenta

(placentopbagy)
a3 not possible
In waber

or
fackal halr 25 2
waual vgnal
abowe water
surface

longer penis in

reponse to

decpet vagina
longer vaginal canal
Isolates the uterus
from sea water

N\

labia major, hymen & vaginal ridges
waterproof the vaging, low pM “4.5 &
lactobaclius colony in vaginal canal
Inhitet waterborme puthogens

menstrustion

syascheonired
T with circalunar

(tidal) cycle

. Ndden estrus due to visual
N\, signals (genital swelling) &
scent signals (pheromone)
not efficient in water

moee face-toface sex due to
straight body plan, vagina
drected towards the front

head & upper body

scalp hair blocks
surlight in the
tropecal waters

greasy halr for
waterprooling

o wax (contans
sebum) repels

/ waler entenng the
can

webaceous glands

recent brain shrinkage
due to charge to riverine
& terrestrial habitat

7
beain enfargement cnabled by
marine diet (seafood, seaweed)
- high aailabiley & refiatility
- essential micronutrients (DA,
iodine, ring, selenivm._ )

v
Beain enlargement &
receganization led 1o higher
intelligence, creativity &
syntactic ability

\ 4

et

(with squalene)
/ tor waterproofing
" (inhead, upper

body, back)

sweat evaporates
through the upper
Bbody (highest rate
in head, upper

vestigial air sacs Body, back)

{Lryngeal saccule)
wied 10 akd floating
N Ipe Inceion

m‘mm
© human language
speech, 1ong & facial
expressions replaced body
eapressions 3 more efficient

above water surface
“.

!
vocal leaming, speech & song
enabled by
fine breath control (Yor diving)
erbanced articulating
apparatuns (for aquatic diet)

(1]

eccrine sweating, 1
aches, short toes...

Inherited from ape
acerton

- clisnbing, gyseastics
- partial bipedalism &
partial upright posture
- opponable thumb

myopia &
astipmatism correct
for light refraction
in water
I
good enderwater
vislon by maximally
constricting pupils
|
color vidon &
color Blindness
adapted 10 aquatic
emdronment

( " redoced smelling
sense o useless in
Of abowe water




The VM System
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prims
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The VM System

heap

Y Y

lookup stack  code

cache zone Zone

A AN
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method lookup

findNewMethod

"Find the compiled method to be run when the current

messageSelector is sent to the class |kupClass, setting

the values of newMethod and primitiveIndex."

<inline: frue>

| ok |

ok := self lookupInMethodCacheSel: messageSelector class: |kupClass.

ok ifFalse: "entry was not found in the cache; look it up the hard way"
[self lookupMethodInClass: |kupClass.
self addNewMethodToCache]
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become

size flags hash class index size flags hash class index
inst var O inst var 1 inst var O inst var 1
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become

size flags

forwarded index

size flags

forwarded index

forwarding ptr

forwarding ptr

copy
\P/

C

opY
B~

size flags hash class index

size flags hash class index

inst var O

Inst var 1

Inst var O

Inst var 1
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follow

followForwarded: objOop
| referent |
referent := self fetchPointer: 0 ofMaybeForwardedObject: objOop.
[(self isOopForwarded: referent)] whileTrue:
[referent .= self fetchPointer: 0 ofMaybeForwardedObject: referent].
referent

followField: fieldIndex ofObject: anObject
| objOop |
objOop := self fetchPointer: fieldindex ofObject: anObject.
(self isOopForwarded: objOop) ifTrue:
[objOop = self followForwarded: objOop.
self storePointer: fieldindex ofObject: anObject withValue: objOop].
NobjOop

ObjectMemory>>followField: fieldindex ofObject: anObject
Aself fetchPointer: fieldIndex ofObject: anObject
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lazy forwarding issues

@ Inst var access
(& method access in interpreter)

@ message sends
@ class hierarchy method lookup
@ global var access (including super sends)

@ primitives
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lazy forwarding: inst vars
partial read barrier

size flags forwarded index size flags forwarded index
forwarding ptr _ forwarding ptr

copy copy
\P/ \P/

size flags hash class index size flags hash class index
inst var 0 inst var 1 inst var 0 inst var 1

+ if became pointer or method object,
scan stack zone to follow forwarding pointers
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lazy forwarding: sends

findNewMethod
(self lookupInMethodCacheSel: selector classTag: |kupClassTag) ifFalse:
[((heap isOopForwarded: selector)
or: [heap isForwardedClassTag: |kupClassTag]) ifTrue:
[(heap isOopForwarded: selector) ifTrue:
[selector := self handleForwardedSelectorFault: selector].
(heap isForwardedClassTag: |kupClassTag) ifTrue:
[IkupClassTag := self handleForwardedTagFault: |kupClassTag].
(self lookupInMethodCacheSel: selector classTag: |kupClassTag)
ifTrue: [“self]].
lkupClass := heap classForClassTag: |kupClassTag.
self lookupMethodInClass: |kupClass.
self addNewMethodToCache: |kupClass]
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lazy forwarding:
class hierarchy method lookup

@ after any pointer become could scan
every class in class table
every method on entry to stack zone

® KISS
read barrier on access

superclassOf: classObj
"Read barrier here costs very little because lookup is rare,
& class and superclass almost certainly share a cache line."
AobjectMemory followField: Superclassindex ofObject: classObj
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lazy forwarding:
global variable access

@ after any pointer or method become could scan
every method in stack & code zones
every method on entry to stack zone

® KISS
read barrier on access

pushLiteralVariable: literalindex
| litVar |
litVar := self literal: literallndex.
(heap isForwarded: litVar) ifTrue:
[litVar := heap followForwarded: litVar].
self push: (heap fetchPointer: Valuelndex ofObiject: litVar)
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lazy forwarding: primitives
self validate

IfTrue: [self operate]
ifFalse: [self fail]




primitives
self validate

ifTrue: [self operate]

slowPrimitiveResponse . :
> fFalse: [self faill

primFailCode = 0.
self perform: primitiveFunctionPointer.
self successful ifFalse:
self checkForAndFollowForwardedPrimitiveState ifTrue:
[primFailCode := 0.
self perform: primitiveFunctionPointer]]

checkForAndFollowForwardedPrimitiveState
| depth |
depth := primitiveAccessorDepths at:
(self primitvelndexOf: newMethod).
AaccessorDepth >= 0
and: [self followStackedArgumentsToDepth: accessorDepth]
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Spur Memory Manager

@ ephemerons

@ object representation & heap walking
@ pig compaction

@ pinning, bridges and segments

@ debugging
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ephemerons

processEphemerons
"There are ephemerons to be scavenged. Scavenge them and fire any whose keys are
still in pastSpace and/or eden. The unscavenged ephemerons in this cycle can only be
fired if all the unscavenged ephemerons in this cycle are firable, because references
to ephemeron keys from unfired ephemerons should prevent the ephemerons with
those keys from firing. So scavenge ephemerons with surviving keys, and only if none
are found, fire ephemerons with unreferenced keys, and scavenge them. Read the
class comment for a more in-depth description of the algorithm."

| unfiredEphemeronsScavenged |
unfiredEphemeronsScavenged := self scavengeUnfiredEphemeronsinRememberedSet.
self scavengeUnfiredEphemeronsOnEphemeronList ifTrue:
[unfiredEphemeronsScavenged = true].
unfiredEphemeronsScavenged ifFalse:
[self fireEphemeronsinRememberedSet.
self fireEphemeronsOnEphemeronList]
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object size/heap walk

3 22 S 22
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another two finger
at least one slot




pins, segments and bridges

_isPinned
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status )
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