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COWPI LI NG TO NATI VE CODE

Exanpl e Java source code:

public static void foo(int a[], int b[],
a[i] = (2 * a[i] + b[i]);
}

Cor respondi ng JVM code:

Met hod void foo(int[], int[], int)
al oad_0 ;oa

Il oad_2 Co

I const 2

al oad_0 ;oa

Il oad_2 [

I al oad al[i]

i mul [i1] * 2

al oad_1
iload 2
I al oad
10 i add

11 iastore
12 return

©ooo~NOOITh~WNEFO

a
b

i
b[i]
a[i] * 2+ b[i];
al[i]

Maxi mum stack height =5
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Native code generation for a pretend machi ne:

Assume RISC-like |oad/store architecture, wth
registers rl,r2,r3,...,fp,sp

| nstructions: nove r,r
add r,r/c,r
sl c,r,r
cnp r,r/c
br{eg/neqg/leu/...} lab
load c(r),r
store r,c(r)

Note: this is simlar to SPARC code, but not identical.

Assunme constants have been resolved prior to code generation.
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STACK LAYQUT

Conmbi ned data/control stack |ayout for procedure with mlocals, of
which n are args; and nmax operand stack depth s.

sp -> | operand stack p | (p < 5s)

St ack pointer sp nust always be honest, i.e., we nust assune that
anyt hi ng bel ow sp m ght be garbaged at any tine (e.g. by a signal).

Note: this layout is not very convenient for passing argunents.
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STACK LAYQUT EXAMPLE

f p+16 | arg 0 (a) |

fp+12 | arg 1 (b) |

fp+8 | arg2 (i) |

fp+4 | return addr |

fp --->| saved fp | <---

fp-4 | operand stack 0 |

fp-8 | operand stack 1 |  possible
fp-12 | operand stack 2 |  val ues
fp-16 | operand stack 3 |
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| nt eger Arrays:

a---> | class ptr ------- | ------- > (bj ect
at4 | length |
a8 | afo] |
a+12 | af] |
| |
atg+i*4 | ali] |

Recall that there are other alternatives, e.g.
having a -> a[0] and length at a-4.
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NATI VE CODE VERSI ON 0

Very nai ve;
i nterpreter.

just lay down code equivalent to what' s executed by

f oo: store fp, (sp) ; save old frame pointer
nmove sp,fp ; new frame pointer
;aload 0
| oad 16(fp),r0 ; fetch a
add sp, #-4, sp ; push
store r0, (sp) ;a
;i load 2
| oad 8(fp),r0 ; fetch i
add sp, #-4, sp ; push
store rO0, (sp) oo
;iconst_2
nmove #2,r0
add sp, #-4, sp ; push
store rO0, (sp) ;2
;aload 0
| oad 16(fp),r0 ; fetch a
add sp, #-4, sp ; push
store r0, (sp) ;a
;i load 2
| oad 8(fp),r0 ; fetch i
add sp, #-4, sp ; push
store rO0, (sp) oo
1 al oad
| oad 4(sp),r0 ; fetch array ptr
cnp r0, #0 ;. null check (use MMJ i nstead?)
bneq L1 : branch i f ok
...raise exception...
L1: load 4(r0),r1 . array length
| oad (sp),r2 ;1 ndex
cnp r2,rl ; bounds check
britu L2 ; branch if ok (note standard trick)
... raise exception ...
L2: sl #2,r2,r2 ; calculate byte offset
add r0,r2,r2 ; add array base
| oad 8(r2),r2 ; fetch a[i]
add sp, #4, sp ., pop one
store r2,(sp) . push a[i] (replace)
1 mul
| oad (sp),rO0 ; fetch a[i]
| oad 4(sp),rl ;2
mul rO,rl,rl afi] * 2
add sp, #4, sp ., pop one

;aload_1

store r1,-12(sp)

push a[i]*2 (repl ace)
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;i load 2
;i al oad
L3:
L4:
;i add
; lastore
L5:
L6:
; return

71 instructions;

| oad 12(fp),r0
add sp, #-4, sp
store rO0, (sp)

| oad 8(fp),r0
add sp, #-4, sp
store r0, (sp)

| oad 4(sp),r0
cnp ro0, #0
bneq L3

7

fetch b
push
b

fetch i
push
[

fetch array ptr
nul | check
branch if ok

...raise exception...

load 4(r0),r1l

| oad (sp),r2

cnmp r2,rl

britu L4

... raise exceptio
sl #2,r2,r2

add r0,r2,r2

| oad 8(r2),r2

add sp, #4, sp

store r2,(sp)

| oad 4(sp),r0
| oad (sp),rl
add r0,r1,r1
add sp, #4, sp
store r1, (sp)

| oad 8(sp),r0
cnp ro0, #0
bneq L5

n .

array length
i ndex

bounds check
branch if ok

cal cul ate byte offset
add array base

fetch b[i]

pop one

push b[i] (replace)

fetch 2*a[i]

fetch b[i]

2*a[i] + b[i]

pop one

push 2*a[i] + b[i] (repl ace)

fetch array ptr
nul | check
branch if ok

...raise exception...

load 4(r0),r1l

| oad 4(sp),r2

cnmp r2,rl

britu L6

... raise exceptio
sl #2,r2,r2

add r0,r2,r2

| oad (sp),r0

store r0,8(r2)

add sp, #12, sp

| oad (sp),fp
ret

array length
i ndex

bounds check
branch if ok

cal cul ate byte offset
add array base

fetch val ue

store afi]

pop three

restore franme pointer

23 |l oads; 13 stores; 3 registers.
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NATI VE CODE VERSI ON 1

In JVM code, we always know current stack depth. So, can treat operand
stack as an array, saving the cost of adjusting sp each tinme we push
or pop.

f oo: store fp, (sp) ; save old frane pointer
nmove sp,fp ; new frame pointer
add sp, #- 20, sp . make space for operand stack
;aload_0
| oad 16(fp),r0 ; fetch a
store r0,-4(fp) . push a
;i load_2
| oad 8(fp),r0 ; fetch i
store r0,-8(fp) ; push i
;iconst_2

nmove #2,r0
store r0,-12(fp) ; push 2

;aload_0
| oad 16(fp),r0 ; fetch a
store r0,-16(fp) ; push a
;i load_2
| oad 8(fp),r0 ; fetch i
store r0,-20(fp) ; push i
1 al oad
| oad -16(fp),r0 ; fetch array ptr
cnp r0, #0 ; null check
bneq L1 : branch i f ok
...raise exception...
L1: load 4(r0),r1 . array length
| oad -20(fp),r2 ;1 ndex
cnp r2,rl ; bounds check
britu L2 ; branch if ok
... raise exception ...
L2: sl #2,r2,r2 ; calculate byte offset
add r0,r2,r2 ; add array base
| oad 8(r2),r2 ; fetch a[i]
store r2,-16(fp) ; push
;1 mul
| oad -16(fp),r0 ; fetch a[i]
load -12(fp),rl ;2
mul r0,rl,rl ;oafi] * 2
store rl1,-12(fp) ; push a[i]*2
;aload 1
| oad 12(fp),r0 ; fetch b
store r0,-16(fp) ; push b
;i load 2

| oad 8(fp),r0 ; fetch i
store r0,-20(fp) ; push i
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;1 al oad
| oad -16(fp),r0 . fetch array ptr
cnp rO0, #0 : null check
bneq L3 ; branch if ok
...raise exception...
L3: load 4(r0),r1 ; array length
| oad -20(fp),r2 ;1 ndex
cnp r2,rl : bounds check
britu L4 : branch i f ok
... raise exception ...
L4: sl #2,r2,r2 ; calcul ate byte of fset
add r0,r2,r2 ; add array base
load 8(r2),r2 ; fetch b[i]
store r2,-16(fp) ; push
© |1 add
| oad -12(fp),r0 ; fetch 2*afi]
| oad -16(fp),rl ; fetch b[i]
add r0,r1,r1 ;o 2%ali] + b[i]
store rl1,-12(fp) ; push
; lastore
| oad -4(fp),r0 ; fetch array ptr
cnp ro0, #0 ; null check
bneq L5 . branch if ok
...raise exception...
L5: load 4(r0),r1 ; array length
| oad -8(fp),r2 ;i ndex
cnp r2,rl : bounds check
britu L6 ; branch if ok
... raise exception ...
L6: sl #2,r2,r2 ; calculate byte offset
add r0,r2,r2 ; add array base
| oad -12(fp),r0 ; fetch val ue
store r0,8(r2) ; store afi]
; return
nove fp, sp . pop operand stack frane
| oad (sp),fp . restore franme pointer
ret

61 instructions; 23 |loads; 13 stores; 3 registers.
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NATI VE CODE VERSION 2 (simlar to quickl.c)

Cache stack and |l ocal variables in registers, spilling (not shown
here) if necessary.

Not e: This approach may not buy too nuch on a nmachine with few
regi sters, because of greatly increased spilling.

Regi st er assi gnnents:

Stack slots 0,...,4 correspond to registers: r0,...,r4

Local variable slots 0,..,2 correspond to registers: r10,r11,r12
Scratch register: r20

In this code, we assune that argunents nust be | oaded into registers
fromthe stack the first tine they are used. In reality, argunents

are likely to be in registers already, so those |ocal variables can
just be assuned to be in place.

f oo: store fp, (sp) ; save old frane pointer
nmove sp,fp ; new frame pointer
;aload O
| oad 16(fp),r10 ; fetch a (first tinme used)
move r10,r0 ;. push a
;i load 2
| oad 8(fp),ri2 ; fetch i (first tinme used)
move rl12,r1l ; push i
;iconst_2
move #2,r2 ; push 2
;aload 0
nove r10,r3 . push a
;i load_2
nmove rl12,r4 ; push i
;i al oad
cnp r 3, #0 : null check
bneg L1 ; branch if ok
...rai se exception...
L1: load 4(r3),r20 ; array length
cnp r4,r20 ; bounds check
britu L2 ; branch if ok
... raise exception ...
L2: sl #2,r4,r4 ; calculate byte offset
add r3,r4,r4 ; add array base
| oad 8(r4),r3 . fetch and push afi]
1 mul
mul r2,r3,r2 ; push a[i]*2

;aload_1
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| oad 12(fp),ril ; fetch b (first time used)
nove r1l,r3 . push b
;i load_2
nmove rl12,r4 ; push i
;i al oad
cnp r3,#0 : null check
bneq L3 ; branch if ok
.raise exceptlon :
L3: Ioad 4(r3),r20 ; array length
cnp r4,r20 ; bounds check
brlitu L4 ; branch if ok
... raise except|on .
L4: sl #2,r4,r4 ; calculate byte offset
add r3,r4,r4 ; add array base
| oad 8(r4),r3 . fetch and push b[i]
; 1 add
add r2,r3,r2 ; push a[i]*2 + b[i]
© jastore
cnp ro0, #0 ; null check
bneq L5 . branch if ok
.raise exceptlon :
L5: Ioad 4(r0),r20 ; array length
cnp r1,r20 : bounds check
britu L6 ; branch if ok
... raise except|on .
L6: sl #2,r1,r1 ; cal cul ate byte of fset
add rO,r1,r1 ; add array base
store r2,8(rl) ; store a[i]
; return
| oad (sp),fp . restore franme pointer
ret

41 instructions; 9 loads; 2 stores; 9 registers.
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NATI VE CODE VERSION 3 (simlar to quickla.c)

Use nore el aborate descriptors for stack slots:

- register
- constant (snal

(either stack tenporary or
enough for direct use as operand)

| ocal vari abl e)

to achi eve constant propagation and avoid regi ster-regi ster noves.
Stack registers: r0,... (allocate as needed)
Local variable registers: r10,r11,r12
Scratch registers: r20
f oo: store fp, (sp) ; save old frane pointer
nove sp,fp ; new frame pointer
;aload O
| oad 16(fp),r10 ; fetch a (first ref) stack[0] = r10
;i load 2
|l oad 8(fp),riz ; fetch i (first ref) stack[1l] = r12
;iconst_2 ; stack[2] = 2
;aload 0 X stack[3] = r10
;i1 load_2 ; stack[4] = r12
1 al oad
cnp r10, #0 ; null check
bneq L1 ; branch if ok
.raise except|on
L1: Ioad 4(r10),r20 ; array length
cnp rl12,r20 ; bounds check
britu L2 branch if ok
: rai se exceptlon ..
L2: sl #2,r12,r20 ; calculate byte of fset
add r10,r20,r20 ; add array base
| oad 8(r20),r0 ; fetch afi] stack[3] =r0 (tos=3)
;1 mul
mul r0,2,r0 poafi]*2 stack[2] =r0 (tos=2)
;aload 1
| oad 12(fp),rll ; fetch b (first ref) stack[3] =r11l
;i load_ 2 ; stack[4] = r12
;1 al oad
cnp rll, #0 ; null check
bneq L3 ; branch if ok
.raise exceptlon
L3: Ioad 4(r11),r 20 ; array length
cnp rl12,r20 . bounds check
britu L4 branch if ok
rai se exceptlon C.
L4: sl #2,r12,r20 ; calculate byte of fset
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add r11,r20,r20 ; add array base
|l oad 8(r20),r1l ; fetch b[i] stack[3] =rl1l (tos=3)
© |1 add
add r0,r1,r0 oa[i]*2 + b[i] stack[2] =r0 (tos=2)
; lastore
cnp rl0, #0 . null check
bneqg L5 ; branch if ok
...raise exception..
L5: load 4(r10),r20 ; array length
cnp rl12,r20 ; bounds check
britu L6 ; branch if ok
... raise exception ..
L6: sl #2,r12,r20 ; calculate byte of fset
add r10,r20,r20 ; add array base
store r0, 8(r20) ; Sstore afi]
; return
| oad (sp),fp ; restore frane pointer
r et

33 instructions; 9 |loads; 2 stores; 6 registers.
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SCHEME 3 AND STORES

Not e that we nust be careful not to store to a |local variable register
if that register currently contains a stack value -- we nust first
nove the value to a tenporary register (updating the stack

descri ption)

Because Schene 3 assigns the local variables to fixed registers, the
generated code can still have lots of 'nobve instructions
corresponding to 'store’s from stack registers.

Sonme possi bl e sol utions:

- Allow | ocal variables to nove, i.e. allocate registers to them
on an as-needed basis. This is nessy in practice (nore bel ow).

- Keep local vars fixed, but use on-the-fly peephole optimzation to
el i de unnecessary ’'nove’ instructions.
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BEYOND BASI C BLOCKS

Schenme 3, unlike the previous ones, only works within a single basic
bl ock.

At join points, stack slot descriptors may be inconpati bl e:
Exanpl e Java code:

public static void foo (int a, int b) {
a=(a>h) ?20: 1;
}

Byt ecode:

iload O

iload_1

if_icnple 9

iconst O

goto 10

iconst 1

istore O <-- join point: what is in stack[O0] ?
return

To extend the approach beyond basic bl ocks, we nust reconcile stack
sl ot descriptors (and |ocal variable descriptors, if they can nove) at
control flow join points.

- Awkward, because we'd like to emt code for one branch before
exam ni ng the other.

- One way to do this is to "nornmalize" the descriptors at every join
point, e.g. by noving all values into standard stack registers.
Details are rather nessy, especially if we |let |ocal variables nove
t 0o.

- Sinple approach (for homework): only handl e code for which stack is
*enpty* at every join point. Also, don't let |ocals nove. Hence,
there’'s never anything to reconcile.

- This isn't really very restrictive: javac nornmally produces code in
which the stack is enpty after each statenent -- hence only when a
single statenent generates an internal join point can we get join
points with non-enpty stacks. Probably the :? operator is the way to
produce such things.



