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Executing Java Bytecodes
Direct Implementations

1 Individual operations are executed ore at a time
directly onthe stackk

d VM isbased on astack architecture
e Compact code
« Suitable for platform independence

1 Referencing the stack:
« Consumes extraclock cycles
o Extracyclesif the stadk isin the memory
e Creates a bottleneck
e Resultsin virtual dependency among instructions
e Forcesin-order issuing o the bytecodes
e Doesnaot permit multiple issuing
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Executing Java Bytecodes
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E gd By od

Examples:rl=r2-r3andr4=r5+ r6

Not Folded  Folded

lload 2 lload 2,iload 3,isub, istore 1
iload 3 Iload 5, iload 6, iadd, istore 4
Isub

Istore 1

iload 5

Iload 6

ladd

Istore 4

8 cycles 2 cycles
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Fod ngJa aBy od

Group contiguows operations that have a true
data dependency together

Directly routes the operands to/from the ALU
from/to local variables

Folded groups could be issued in ore clock
cycle

Advantages:
e Could eliminate referencing the stack

 Makesit posgbleto reducethe execution
clock cycles
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Fod ngJa aBy od
Po o Mod
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Fod ngJa aBy od
M m

Pattern matching
 Remgnzecertain patterns

 Try to match the bytecode gueue top with
the longest possble predefined pattern

 Example: (load, load, ALU, store)

Reaursive groupng
 Reaursively doesfoldability check

e If two byteomdes are foldable they are
marked as a single combined instruction

e Compoundinstructions are dhecked with the
following ore

e Continuetill failure

« Suffersfrom implementation restrictions

M. Watheq El-K harashi 8



Fod ngJa aBy od
M m

Examples:rl=r2-r3andr4 =r5+ r6 nested

Not Folded Folded

iload 2 lload 2

load 3 lload 3

Iload 5 lload 5, 1load 6, 1add, istore 4
Iload 6 Isub

ladd nop

Istore 4 Istore 1

Isub

nop

Istore 1

9 cycles
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Fod ngJa aBy od
M m

Existing folding mecdhanisms have limitations

Use simple linear search and/or matching:
e Isnat flexible enough
Does not reaognze nested patterns
Does not decoude the virtual dependency
Does not permit multiple isauing
Does nat allow out-of-order exeaution

Proposed algorithm compensates for these
shortcomings
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P p dF d gAg hm
A h

Folding goups consists of
e Producers

e Ananchor

* A consumer

An anchor instruction:
e Theprincipal instructionin afolding goup

e Can processthe value of stadk entries

Only one anchor instruction per folding goup

Groups may or may nat contain consumers
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P p dF d gAg hm
A h

An anchor instruction:
« AnALU operation(e.g. add)
A swap operation
A dup operation
A destroyer (e.g., pop)
A load/store operation (e.g., array operations)
A branch instruction (e.g. goto)

Producers can not be anchors (e.g. iload 0)

Consumers can be anchorsin afolding goup
with no dher anchor instruction
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Start at the queue head

Scan the byteaodes looking for the first anchor
Once it isfound,mark it as areferencepaint
Scan backward and pck the neaded operands

If a consumer isrequired, scan forward and
look for it

 |f aneaded consumer isfoundjust after the
anchor instruction, mark afolding goup
from the operands till the consumer

e Else mark till the anchor instruction

Fill intheissue table!
Mark groupinstructions as removed
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P p dAg hm W k
iload 0 iload O iload O iload O iload O
const 1 const 1 const 1 const 1 const 1
const 2 const 2 const_2 const_2 isub
nop nop nop nop istore 4
iload 1 iload 1 iload 1 load 1 | |.........
ladd iadd iadd iadd
istore 3  istore 3 istore 3 istore 3
istore4  istore4 istore 4 isub
iload 2 iload 2 iload 2 istore 4
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Popo dAgo hm
T gg g

| ncomplete folding groups: need consumers
but lack them!

Complete folding groups:. include neaded
consumers

All folding goups shoud be complete
Use tagged producers and consumers

e Tagged consumers are dtached to
Incomplete folding goups

e Tagged prodwceas replace incomplete
folding goups in the byteaode queue

Reference tagged local variables
Tagging eliminates virtual dependency
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Popo dAgo hm
Tgg g
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Popo dAgo hm

Example:

before ISsue aft
iload 2 lload 2
load 3 lload 3

ladd ladd iload $t0
load 6 Istore $t0 lload 6
Isub Isub
Istore 4 ISstore 4

LV $t0 isatagged locd variable
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Popo dAgo hm
S D g m
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Popo dAgo hm
Sp Op m

Combine some anchor operations and isaue
them simultaneously

Sequence Issued as
swap swap nop
dup swap dup
dup pop nop
dup pop2 pop
dup2 pop2 nop
pPop  pPoR, POR.+y
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Popo dAgo hm
Ag hm H d

Consumers are dways isaled in sequence
« RAW and WAW can na happen

Consumers could be issued before producea's
 WAR could happen!

Resolution bylocal variable renaming

Regular RISC pipeline hazards could till
happen!
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Popo dAgo hm
Ag hm H d

Example:

Folding After folding
load 2 iload 2 iload $t0
load 3 |iload 3 lload O
const 0 |[const O
ladd ladd
Istore 2 |istore
load 0 iload O
|saue:

e iload 2,istore $tO
e |load_3,const O, ladd, istore 2

M. Watheq El-K harashi 21



P foman E aua on
E m d Op

Eliminates upto 90% of stack operations
Eliminates up to 50% of all exeauted operations
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P foman E aua on
Sp dp

Actual speedup d abou 1.35
Optimum speadup d abou 2.20
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P foman E aua on
N d

Abou 35% of folded petterns are nested
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P foman E aua on
T gg g

Abou 50% of the folding goups are tagged
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Summa y & Con u on

Propaosed algorithm recognzes nested patterns

o It first looks for the anchors and then picks
thelr operands

Our algorithm decouples the virtual dependency
It usestaggingto handeincomplete groups

The dgorithm permits multiple issuing and
OO0O execution d Java byteades

|t decoudes dependency between groups

It isflexible

e Small changesin folding patterns can be
handed
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Summa y & Con u on

Folded instructions could beissued asasingle
RISC-type instruction

Ongang reseach involves detail ed quantitative
study d the propased algorithm:

e Hardware requirements of the algorithm

 Suitability for multiple isauing

o Usingsystolic arays as an aternative for
folding
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