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 class MyActivity {

  public MyActivity() {
   activateMic();
  }

 }



.class MyActivity

 .method public MyActivity
    invokedynamic activateMic
 .end method

.end class
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hnop :: ~stmt , fp,�,i 7�! h ~stmt , fp,�,i
hmove-object(rd, rs) :: ~stmt , fp,�,i 7�! h ~stmt , fp,�[(rd, fp) 7! �(rs, fp)],i

hreturn-void :: ~stmt
0
, fp0

,�, fnk( ~stmt , fp,)i 7�! h ~stmt , fp,�,i
hreturn-object(r) :: ~stmt

0
, fp0

,�, fnk( ~stmt , fp,)i 7�! h ~stmt , fp,�[(ret, fp) 7! �(n, fp0)],i
hconst(r, c) :: ~stmt , fp,�,i 7�! h ~stmt , fp,�[(r, fp) 7! c],i
hthrow`(r) :: ~stmt , fp,�,i 7�! hS(`0), fp0

,�[(exn, fp0) 7! �(r, fp)],0i
where (`0, fp0

,

0) = H(`, fp,)

hgoto(`) :: ~stmt , fp,�,i 7�! hS(`), fp,�,i
hnew-instance(r, ⌧) :: ~stmt , fp,�,i 7�! h ~stmt , fp,�[(r, fp) 7! o],i

where o = new(&)

hif-eq(r, r0, `) :: ~stmt , fp,�,i 7�! hS(`), fp,�,i if �(r, fp) = �(r0, fp)

hif-eq(r, r0, `) :: ~stmt , fp,�,i 7�! h ~stmt , fp,�,i if �(r, fp) 6= �(r0, fp)

higet(rd, rs,field) :: ~stmt , fp,�,i 7�! h ~stmt , fp,�[(rd, fp) 7! �(a)],i
where �(rs, fp) = o and o.field = a

hiput(rv, rs,field) :: ~stmt , fp,�,i 7�! h ~stmt , fp,�[a 7! �(rv, fp)],i
where �(rs, fp) = o and o.field = a

hinvoke-direct(r0, . . . , rn, id) :: ~stmt , fp,�,i 7�! hM(id), fp0
,�

0
, fnk( ~stmt , fp,)i

where �

0 = �[(0, fp0) 7! �(r0, fp), . . . , (n, fp
0) 7! �(rn, fp)]

fp0 = alloc(&)

hinvoke-virtual(r0, . . . , rn, id) :: ~stmt , fp,�,i 7�! hV(id ,�(r0, fp)), fp0
,�

0
, fnk( ~stmt , fp,)i

where �

0 = �[(0, fp0) 7! �(r0, fp), . . . , (n, fp
0) 7! �(rn, fp)]

fp0 = alloc(&)

hunop(rd, rs) :: ~stmt , fp,�,i 7�! h ~stmt , fp,�[(rd, fp) 7! v],i
where v = �(unop,�(rs, fp))

hbinop(rd, r1, r2) :: ~stmt , fp,�,i 7�! h ~stmt , fp,�[(rd, fp) 7! v],i
where v = �(binop,�(r1, fp),�(r2, fp))

Figure 1: Dalvik semantics
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0
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0i
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0 t [(0, f̂p
0
) 7! �(r0, f̂p), . . . , (n, f̂p

0
) 7! �(rn, f̂p)]

�̂

0 = �̂ t [â 7! ̂]

f̂p
0
= [alloc(&̂)

â = \allock(&̂)

t̂

0 = dtick(t̂)
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nop

move vx,vy
move/from16 vx,vy
move/16
move-wide
move-wide/from16 vx,vy
move-wide/16
move-object vx,vy
move-object/from16 vx,vy
move-object/16
move-result vx
move-result-wide vx
move-result-object vx
move-exception vx

return-void
return vx
return-wide vx
return-object vx

const/4 vx,lit4
const/16 vx,lit16
const vx, lit32
const/high16 v0, lit16
const-wide/16 vx, lit16
const-wide/32 vx, lit32
const-wide vx, lit64
const-wide/high16 vx,lit16
const-string vx,string_id
const-string-jumbo
const-class vx,type_id

monitor-enter vx
monitor-exit

check-cast vx, type_id

instance-of vx,vy,type_id

array-length vx,vy

new-instance vx,type
new-array vx,vy,type_id
filled-new-array {parameters},type_id
filled-new-array-range {vx..vy},type_id
fill-array-data vx,array_data_offset

throw vx

goto target
goto/16 target
goto/32 target

packed-switch vx,table
sparse-switch vx,table

cmpl-float
cmpg-float vx, vy, vz
cmpl-double vx,vy,vz
cmpg-double vx, vy, vz
cmp-long vx, vy, vz

if-eq vx,vy,target
if-ne vx,vy,target
if-lt vx,vy,target
if-ge vx, vy,target
if-gt vx,vy,target
if-le vx,vy,target
if-eqz vx,target
if-nez vx,target
if-ltz vx,target
if-gez vx,target
if-gtz vx,target
if-lez vx,target

aget vx,vy,vz
aget-wide vx,vy,vz
aget-object vx,vy,vz
aget-boolean vx,vy,vz
aget-byte vx,vy,vz
aget-char vx, vy,vz

aget-short vx,vy,vz

aput vx,vy,vz
aput-wide vx,vy,vz
aput-object vx,vy,vz
aput-boolean vx,vy,vz
aput-byte vx,vy,vz
aput-char vx,vy,vz
aput-short vx,vy,vz

iget vx, vy, field_id
iget-wide vx,vy,field_id
iget-object vx,vy,field_id
iget-boolean vx,vy,field_id
iget-byte vx,vy,field_id
iget-char vx,vy,field_id
iget-short vx,vy,field_id

iput vx,vy, field_id
iput-wide vx,vy, field_id
iput-object vx,vy,field_id
iput-boolean vx,vy, field_id
iput-byte vx,vy,field_id
iput-char vx,vy,field_id
iput-short vx,vy,field_id

sget vx,field_id
sget-wide vx, field_id
sget-object vx,field_id
sget-boolean vx,field_id
sget-byte vx,field_id
sget-char vx,field_id
sget-short vx,field_id

sput vx, field_id
sput-wide vx, field_id
sput-object vx,field_id
sput-boolean vx,field_id
sput-byte vx,field_id
sput-char vx,field_id
sput-short vx,field_id

invoke-virtual { parameters },methodtocall
invoke-super {parameter},methodtocall
invoke-direct { parameters },methodtocall
invoke-static {parameters},methodtocall
invoke-interface {parameters},methodtocall
 
invoke-virtual/range {vx..vy},methodtocall
invoke-super/range {vx..vy},methodtocall
invoke-direct/range {vx..vy},methodtocall
invoke-static/range {vx..vy},methodtocall
invoke-interface/range {vx..vy},methodtocall

neg-int vx,vy
not-int vx,vy
neg-long vx,vy
not-long vx,vy
neg-float vx,vy
neg-double vx,vy

int-to-long vx, vy
int-to-float vx, vy
int-to-double vx, vy
long-to-int vx,vy
long-to-float vx, vy
long-to-double vx, vy
float-to-int vx, vy
float-to-long vx,vy
float-to-double vx, vy
double-to-int vx, vy
double-to-long vx, vy
double-to-float vx, vy
int-to-byte vx,vy
int-to-char vx,vy
int-to-short vx,vy

add-int vx,vy,vz
sub-int vx,vy,vz
mul-int vx, vy, vz
div-int vx,vy,vz
rem-int vx,vy,vz

and-int vx, vy, vz
or-int vx, vy, vz
xor-int vx, vy, vz
shl-int vx, vy, vz
shr-int vx, vy, vz
ushr-int vx, vy, vz
add-long vx, vy, vz
sub-long vx,vy,vz
mul-long vx,vy,vz
div-long vx, vy, vz
rem-long vx,vy,vz
and-long vx, vy, vz
or-long vx, vy, vz
xor-long vx, vy, vz
shl-long vx, vy, vz
shr-long vx,vy,vz
ushr-long vx, vy, vz
add-float vx,vy,vz
sub-float vx,vy,vz
mul-float vx, vy, vz
div-float vx, vy, vz
rem-float vx,vy,vz
add-double vx,vy,vz
sub-double vx,vy,vz
mul-double vx, vy, vz
div-double vx, vy, vz
rem-double vx,vy,vz
add-int/2addr vx,vy
sub-int/2addr vx,vy
mul-int/2addr vx,vy
div-int/2addr vx,vy
rem-int/2addr vx,vy
and-int/2addr vx, vy
or-int/2addr vx, vy
xor-int/2addr vx, vy
shl-int/2addr vx, vy
shr-int/2addr vx, vy
ushr-int/2addr vx, vy
add-long/2addr vx,vy
sub-long/2addr vx,vy
mul-long/2addr vx,vy
div-long/2addr vx, vy
rem-long/2addr vx,vy
and-long/2addr vx, vy
or-long/2addr vx, vy
xor-long/2addr vx, vy
shl-long/2addr vx, vy
shr-long/2addr vx, vy
ushr-long/2addr vx, vy
add-float/2addr vx,vy
sub-float/2addr vx,vy
mul-float/2addr vx, vy
div-float/2addr vx, vy
rem-float/2addr vx,vy
add-double/2addr vx, vy
sub-double/2addr vx, vy
mul-double/2addr vx, vy
div-double/2addr vx, vy
rem-double/2addr vx,vy
add-int/lit16 vx,vy,lit16
sub-int/lit16 vx,vy,lit16
mul-int/lit16 vx,vy,lit16
div-int/lit16 vx,vy,lit16
rem-int/lit16 vx,vy,lit16
and-int/lit16 vx,vy,lit16
or-int/lit16 vx,vy,lit16
xor-int/lit16 vx,vy,lit16
add-int/lit8 vx,vy,lit8
sub-int/lit8 vx,vy,lit8
mul-int/lit8 vx,vy,lit8
div-int/lit8 vx,vy,lit8
rem-int/lit8 vx,vy,lit8
and-int/lit8 vx,vy,lit8
or-int/lit8 vx, vy, lit8
xor-int/lit8 vx, vy, lit8
shl-int/lit8 vx, vy, lit8
shr-int/lit8 vx, vy, lit8
ushr-int/lit8 vx, vy, lit8



nop

move vx,vy
move/from16 vx,vy
move/16
move-wide
move-wide/from16 vx,vy
move-wide/16
move-object vx,vy
move-object/from16 vx,vy
move-object/16
move-result vx
move-result-wide vx
move-result-object vx
move-exception vx

return-void
return vx
return-wide vx
return-object vx

const/4 vx,lit4
const/16 vx,lit16
const vx, lit32
const/high16 v0, lit16
const-wide/16 vx, lit16
const-wide/32 vx, lit32
const-wide vx, lit64
const-wide/high16 vx,lit16
const-string vx,string_id
const-string-jumbo
const-class vx,type_id

monitor-enter vx
monitor-exit

check-cast vx, type_id

instance-of vx,vy,type_id

array-length vx,vy

new-instance vx,type
new-array vx,vy,type_id
filled-new-array {parameters},type_id
filled-new-array-range {vx..vy},type_id
fill-array-data vx,array_data_offset

throw vx

goto target
goto/16 target
goto/32 target

packed-switch vx,table
sparse-switch vx,table

cmpl-float
cmpg-float vx, vy, vz
cmpl-double vx,vy,vz
cmpg-double vx, vy, vz
cmp-long vx, vy, vz

if-eq vx,vy,target
if-ne vx,vy,target
if-lt vx,vy,target
if-ge vx, vy,target
if-gt vx,vy,target
if-le vx,vy,target
if-eqz vx,target
if-nez vx,target
if-ltz vx,target
if-gez vx,target
if-gtz vx,target
if-lez vx,target

aget vx,vy,vz
aget-wide vx,vy,vz
aget-object vx,vy,vz
aget-boolean vx,vy,vz
aget-byte vx,vy,vz
aget-char vx, vy,vz

aget-short vx,vy,vz

aput vx,vy,vz
aput-wide vx,vy,vz
aput-object vx,vy,vz
aput-boolean vx,vy,vz
aput-byte vx,vy,vz
aput-char vx,vy,vz
aput-short vx,vy,vz

iget vx, vy, field_id
iget-wide vx,vy,field_id
iget-object vx,vy,field_id
iget-boolean vx,vy,field_id
iget-byte vx,vy,field_id
iget-char vx,vy,field_id
iget-short vx,vy,field_id

iput vx,vy, field_id
iput-wide vx,vy, field_id
iput-object vx,vy,field_id
iput-boolean vx,vy, field_id
iput-byte vx,vy,field_id
iput-char vx,vy,field_id
iput-short vx,vy,field_id

sget vx,field_id
sget-wide vx, field_id
sget-object vx,field_id
sget-boolean vx,field_id
sget-byte vx,field_id
sget-char vx,field_id
sget-short vx,field_id

sput vx, field_id
sput-wide vx, field_id
sput-object vx,field_id
sput-boolean vx,field_id
sput-byte vx,field_id
sput-char vx,field_id
sput-short vx,field_id

invoke-virtual { parameters },methodtocall
invoke-super {parameter},methodtocall
invoke-direct { parameters },methodtocall
invoke-static {parameters},methodtocall
invoke-interface {parameters},methodtocall
 
invoke-virtual/range {vx..vy},methodtocall
invoke-super/range {vx..vy},methodtocall
invoke-direct/range {vx..vy},methodtocall
invoke-static/range {vx..vy},methodtocall
invoke-interface/range {vx..vy},methodtocall

neg-int vx,vy
not-int vx,vy
neg-long vx,vy
not-long vx,vy
neg-float vx,vy
neg-double vx,vy

int-to-long vx, vy
int-to-float vx, vy
int-to-double vx, vy
long-to-int vx,vy
long-to-float vx, vy
long-to-double vx, vy
float-to-int vx, vy
float-to-long vx,vy
float-to-double vx, vy
double-to-int vx, vy
double-to-long vx, vy
double-to-float vx, vy
int-to-byte vx,vy
int-to-char vx,vy
int-to-short vx,vy

add-int vx,vy,vz
sub-int vx,vy,vz
mul-int vx, vy, vz
div-int vx,vy,vz
rem-int vx,vy,vz

and-int vx, vy, vz
or-int vx, vy, vz
xor-int vx, vy, vz
shl-int vx, vy, vz
shr-int vx, vy, vz
ushr-int vx, vy, vz
add-long vx, vy, vz
sub-long vx,vy,vz
mul-long vx,vy,vz
div-long vx, vy, vz
rem-long vx,vy,vz
and-long vx, vy, vz
or-long vx, vy, vz
xor-long vx, vy, vz
shl-long vx, vy, vz
shr-long vx,vy,vz
ushr-long vx, vy, vz
add-float vx,vy,vz
sub-float vx,vy,vz
mul-float vx, vy, vz
div-float vx, vy, vz
rem-float vx,vy,vz
add-double vx,vy,vz
sub-double vx,vy,vz
mul-double vx, vy, vz
div-double vx, vy, vz
rem-double vx,vy,vz
add-int/2addr vx,vy
sub-int/2addr vx,vy
mul-int/2addr vx,vy
div-int/2addr vx,vy
rem-int/2addr vx,vy
and-int/2addr vx, vy
or-int/2addr vx, vy
xor-int/2addr vx, vy
shl-int/2addr vx, vy
shr-int/2addr vx, vy
ushr-int/2addr vx, vy
add-long/2addr vx,vy
sub-long/2addr vx,vy
mul-long/2addr vx,vy
div-long/2addr vx, vy
rem-long/2addr vx,vy
and-long/2addr vx, vy
or-long/2addr vx, vy
xor-long/2addr vx, vy
shl-long/2addr vx, vy
shr-long/2addr vx, vy
ushr-long/2addr vx, vy
add-float/2addr vx,vy
sub-float/2addr vx,vy
mul-float/2addr vx, vy
div-float/2addr vx, vy
rem-float/2addr vx,vy
add-double/2addr vx, vy
sub-double/2addr vx, vy
mul-double/2addr vx, vy
div-double/2addr vx, vy
rem-double/2addr vx,vy
add-int/lit16 vx,vy,lit16
sub-int/lit16 vx,vy,lit16
mul-int/lit16 vx,vy,lit16
div-int/lit16 vx,vy,lit16
rem-int/lit16 vx,vy,lit16
and-int/lit16 vx,vy,lit16
or-int/lit16 vx,vy,lit16
xor-int/lit16 vx,vy,lit16
add-int/lit8 vx,vy,lit8
sub-int/lit8 vx,vy,lit8
mul-int/lit8 vx,vy,lit8
div-int/lit8 vx,vy,lit8
rem-int/lit8 vx,vy,lit8
and-int/lit8 vx,vy,lit8
or-int/lit8 vx, vy, lit8
xor-int/lit8 vx, vy, lit8
shl-int/lit8 vx, vy, lit8
shr-int/lit8 vx, vy, lit8
ushr-int/lit8 vx, vy, lit8



nop

move vx,vy
move/from16 vx,vy
move/16
move-wide
move-wide/from16 vx,vy
move-wide/16
move-object vx,vy
move-object/from16 vx,vy
move-object/16
move-result vx
move-result-wide vx
move-result-object vx
move-exception vx

return-void
return vx
return-wide vx
return-object vx

const/4 vx,lit4
const/16 vx,lit16
const vx, lit32
const/high16 v0, lit16
const-wide/16 vx, lit16
const-wide/32 vx, lit32
const-wide vx, lit64
const-wide/high16 vx,lit16
const-string vx,string_id
const-string-jumbo
const-class vx,type_id

monitor-enter vx
monitor-exit

check-cast vx, type_id

instance-of vx,vy,type_id

array-length vx,vy

new-instance vx,type
new-array vx,vy,type_id
filled-new-array {parameters},type_id
filled-new-array-range {vx..vy},type_id
fill-array-data vx,array_data_offset

throw vx

goto target
goto/16 target
goto/32 target

packed-switch vx,table
sparse-switch vx,table

cmpl-float
cmpg-float vx, vy, vz
cmpl-double vx,vy,vz
cmpg-double vx, vy, vz
cmp-long vx, vy, vz

if-eq vx,vy,target
if-ne vx,vy,target
if-lt vx,vy,target
if-ge vx, vy,target
if-gt vx,vy,target
if-le vx,vy,target
if-eqz vx,target
if-nez vx,target
if-ltz vx,target
if-gez vx,target
if-gtz vx,target
if-lez vx,target

aget vx,vy,vz
aget-wide vx,vy,vz
aget-object vx,vy,vz
aget-boolean vx,vy,vz
aget-byte vx,vy,vz
aget-char vx, vy,vz

aget-short vx,vy,vz

aput vx,vy,vz
aput-wide vx,vy,vz
aput-object vx,vy,vz
aput-boolean vx,vy,vz
aput-byte vx,vy,vz
aput-char vx,vy,vz
aput-short vx,vy,vz

iget vx, vy, field_id
iget-wide vx,vy,field_id
iget-object vx,vy,field_id
iget-boolean vx,vy,field_id
iget-byte vx,vy,field_id
iget-char vx,vy,field_id
iget-short vx,vy,field_id

iput vx,vy, field_id
iput-wide vx,vy, field_id
iput-object vx,vy,field_id
iput-boolean vx,vy, field_id
iput-byte vx,vy,field_id
iput-char vx,vy,field_id
iput-short vx,vy,field_id

sget vx,field_id
sget-wide vx, field_id
sget-object vx,field_id
sget-boolean vx,field_id
sget-byte vx,field_id
sget-char vx,field_id
sget-short vx,field_id

sput vx, field_id
sput-wide vx, field_id
sput-object vx,field_id
sput-boolean vx,field_id
sput-byte vx,field_id
sput-char vx,field_id
sput-short vx,field_id

invoke-virtual { parameters },methodtocall
invoke-super {parameter},methodtocall
invoke-direct { parameters },methodtocall
invoke-static {parameters},methodtocall
invoke-interface {parameters},methodtocall
 
invoke-virtual/range {vx..vy},methodtocall
invoke-super/range {vx..vy},methodtocall
invoke-direct/range {vx..vy},methodtocall
invoke-static/range {vx..vy},methodtocall
invoke-interface/range {vx..vy},methodtocall

neg-int vx,vy
not-int vx,vy
neg-long vx,vy
not-long vx,vy
neg-float vx,vy
neg-double vx,vy

int-to-long vx, vy
int-to-float vx, vy
int-to-double vx, vy
long-to-int vx,vy
long-to-float vx, vy
long-to-double vx, vy
float-to-int vx, vy
float-to-long vx,vy
float-to-double vx, vy
double-to-int vx, vy
double-to-long vx, vy
double-to-float vx, vy
int-to-byte vx,vy
int-to-char vx,vy
int-to-short vx,vy

add-int vx,vy,vz
sub-int vx,vy,vz
mul-int vx, vy, vz
div-int vx,vy,vz
rem-int vx,vy,vz

and-int vx, vy, vz
or-int vx, vy, vz
xor-int vx, vy, vz
shl-int vx, vy, vz
shr-int vx, vy, vz
ushr-int vx, vy, vz
add-long vx, vy, vz
sub-long vx,vy,vz
mul-long vx,vy,vz
div-long vx, vy, vz
rem-long vx,vy,vz
and-long vx, vy, vz
or-long vx, vy, vz
xor-long vx, vy, vz
shl-long vx, vy, vz
shr-long vx,vy,vz
ushr-long vx, vy, vz
add-float vx,vy,vz
sub-float vx,vy,vz
mul-float vx, vy, vz
div-float vx, vy, vz
rem-float vx,vy,vz
add-double vx,vy,vz
sub-double vx,vy,vz
mul-double vx, vy, vz
div-double vx, vy, vz
rem-double vx,vy,vz
add-int/2addr vx,vy
sub-int/2addr vx,vy
mul-int/2addr vx,vy
div-int/2addr vx,vy
rem-int/2addr vx,vy
and-int/2addr vx, vy
or-int/2addr vx, vy
xor-int/2addr vx, vy
shl-int/2addr vx, vy
shr-int/2addr vx, vy
ushr-int/2addr vx, vy
add-long/2addr vx,vy
sub-long/2addr vx,vy
mul-long/2addr vx,vy
div-long/2addr vx, vy
rem-long/2addr vx,vy
and-long/2addr vx, vy
or-long/2addr vx, vy
xor-long/2addr vx, vy
shl-long/2addr vx, vy
shr-long/2addr vx, vy
ushr-long/2addr vx, vy
add-float/2addr vx,vy
sub-float/2addr vx,vy
mul-float/2addr vx, vy
div-float/2addr vx, vy
rem-float/2addr vx,vy
add-double/2addr vx, vy
sub-double/2addr vx, vy
mul-double/2addr vx, vy
div-double/2addr vx, vy
rem-double/2addr vx,vy
add-int/lit16 vx,vy,lit16
sub-int/lit16 vx,vy,lit16
mul-int/lit16 vx,vy,lit16
div-int/lit16 vx,vy,lit16
rem-int/lit16 vx,vy,lit16
and-int/lit16 vx,vy,lit16
or-int/lit16 vx,vy,lit16
xor-int/lit16 vx,vy,lit16
add-int/lit8 vx,vy,lit8
sub-int/lit8 vx,vy,lit8
mul-int/lit8 vx,vy,lit8
div-int/lit8 vx,vy,lit8
rem-int/lit8 vx,vy,lit8
and-int/lit8 vx,vy,lit8
or-int/lit8 vx, vy, lit8
xor-int/lit8 vx, vy, lit8
shl-int/lit8 vx, vy, lit8
shr-int/lit8 vx, vy, lit8
ushr-int/lit8 vx, vy, lit8



nop

move vx,vy
move/from16 vx,vy
move/16
move-wide
move-wide/from16 vx,vy
move-wide/16
move-object vx,vy
move-object/from16 vx,vy
move-object/16
move-result vx
move-result-wide vx
move-result-object vx
move-exception vx

return-void
return vx
return-wide vx
return-object vx

const/4 vx,lit4
const/16 vx,lit16
const vx, lit32
const/high16 v0, lit16
const-wide/16 vx, lit16
const-wide/32 vx, lit32
const-wide vx, lit64
const-wide/high16 vx,lit16
const-string vx,string_id
const-string-jumbo
const-class vx,type_id

monitor-enter vx
monitor-exit

check-cast vx, type_id

instance-of vx,vy,type_id

array-length vx,vy

new-instance vx,type
new-array vx,vy,type_id
filled-new-array {parameters},type_id
filled-new-array-range {vx..vy},type_id
fill-array-data vx,array_data_offset

throw vx

goto target
goto/16 target
goto/32 target

packed-switch vx,table
sparse-switch vx,table

cmpl-float
cmpg-float vx, vy, vz
cmpl-double vx,vy,vz
cmpg-double vx, vy, vz
cmp-long vx, vy, vz

if-eq vx,vy,target
if-ne vx,vy,target
if-lt vx,vy,target
if-ge vx, vy,target
if-gt vx,vy,target
if-le vx,vy,target
if-eqz vx,target
if-nez vx,target
if-ltz vx,target
if-gez vx,target
if-gtz vx,target
if-lez vx,target

aget vx,vy,vz
aget-wide vx,vy,vz
aget-object vx,vy,vz
aget-boolean vx,vy,vz
aget-byte vx,vy,vz
aget-char vx, vy,vz

aget-short vx,vy,vz

aput vx,vy,vz
aput-wide vx,vy,vz
aput-object vx,vy,vz
aput-boolean vx,vy,vz
aput-byte vx,vy,vz
aput-char vx,vy,vz
aput-short vx,vy,vz

iget vx, vy, field_id
iget-wide vx,vy,field_id
iget-object vx,vy,field_id
iget-boolean vx,vy,field_id
iget-byte vx,vy,field_id
iget-char vx,vy,field_id
iget-short vx,vy,field_id

iput vx,vy, field_id
iput-wide vx,vy, field_id
iput-object vx,vy,field_id
iput-boolean vx,vy, field_id
iput-byte vx,vy,field_id
iput-char vx,vy,field_id
iput-short vx,vy,field_id

sget vx,field_id
sget-wide vx, field_id
sget-object vx,field_id
sget-boolean vx,field_id
sget-byte vx,field_id
sget-char vx,field_id
sget-short vx,field_id

sput vx, field_id
sput-wide vx, field_id
sput-object vx,field_id
sput-boolean vx,field_id
sput-byte vx,field_id
sput-char vx,field_id
sput-short vx,field_id

invoke-virtual { parameters },methodtocall
invoke-super {parameter},methodtocall
invoke-direct { parameters },methodtocall
invoke-static {parameters},methodtocall
invoke-interface {parameters},methodtocall
 
invoke-virtual/range {vx..vy},methodtocall
invoke-super/range {vx..vy},methodtocall
invoke-direct/range {vx..vy},methodtocall
invoke-static/range {vx..vy},methodtocall
invoke-interface/range {vx..vy},methodtocall

neg-int vx,vy
not-int vx,vy
neg-long vx,vy
not-long vx,vy
neg-float vx,vy
neg-double vx,vy

int-to-long vx, vy
int-to-float vx, vy
int-to-double vx, vy
long-to-int vx,vy
long-to-float vx, vy
long-to-double vx, vy
float-to-int vx, vy
float-to-long vx,vy
float-to-double vx, vy
double-to-int vx, vy
double-to-long vx, vy
double-to-float vx, vy
int-to-byte vx,vy
int-to-char vx,vy
int-to-short vx,vy

add-int vx,vy,vz
sub-int vx,vy,vz
mul-int vx, vy, vz
div-int vx,vy,vz
rem-int vx,vy,vz

and-int vx, vy, vz
or-int vx, vy, vz
xor-int vx, vy, vz
shl-int vx, vy, vz
shr-int vx, vy, vz
ushr-int vx, vy, vz
add-long vx, vy, vz
sub-long vx,vy,vz
mul-long vx,vy,vz
div-long vx, vy, vz
rem-long vx,vy,vz
and-long vx, vy, vz
or-long vx, vy, vz
xor-long vx, vy, vz
shl-long vx, vy, vz
shr-long vx,vy,vz
ushr-long vx, vy, vz
add-float vx,vy,vz
sub-float vx,vy,vz
mul-float vx, vy, vz
div-float vx, vy, vz
rem-float vx,vy,vz
add-double vx,vy,vz
sub-double vx,vy,vz
mul-double vx, vy, vz
div-double vx, vy, vz
rem-double vx,vy,vz
add-int/2addr vx,vy
sub-int/2addr vx,vy
mul-int/2addr vx,vy
div-int/2addr vx,vy
rem-int/2addr vx,vy
and-int/2addr vx, vy
or-int/2addr vx, vy
xor-int/2addr vx, vy
shl-int/2addr vx, vy
shr-int/2addr vx, vy
ushr-int/2addr vx, vy
add-long/2addr vx,vy
sub-long/2addr vx,vy
mul-long/2addr vx,vy
div-long/2addr vx, vy
rem-long/2addr vx,vy
and-long/2addr vx, vy
or-long/2addr vx, vy
xor-long/2addr vx, vy
shl-long/2addr vx, vy
shr-long/2addr vx, vy
ushr-long/2addr vx, vy
add-float/2addr vx,vy
sub-float/2addr vx,vy
mul-float/2addr vx, vy
div-float/2addr vx, vy
rem-float/2addr vx,vy
add-double/2addr vx, vy
sub-double/2addr vx, vy
mul-double/2addr vx, vy
div-double/2addr vx, vy
rem-double/2addr vx,vy
add-int/lit16 vx,vy,lit16
sub-int/lit16 vx,vy,lit16
mul-int/lit16 vx,vy,lit16
div-int/lit16 vx,vy,lit16
rem-int/lit16 vx,vy,lit16
and-int/lit16 vx,vy,lit16
or-int/lit16 vx,vy,lit16
xor-int/lit16 vx,vy,lit16
add-int/lit8 vx,vy,lit8
sub-int/lit8 vx,vy,lit8
mul-int/lit8 vx,vy,lit8
div-int/lit8 vx,vy,lit8
rem-int/lit8 vx,vy,lit8
and-int/lit8 vx,vy,lit8
or-int/lit8 vx, vy, lit8
xor-int/lit8 vx, vy, lit8
shl-int/lit8 vx, vy, lit8
shr-int/lit8 vx, vy, lit8
ushr-int/lit8 vx, vy, lit8



nop

move vx,vy
move/from16 vx,vy
move/16
move-wide
move-wide/from16 vx,vy
move-wide/16
move-object vx,vy
move-object/from16 vx,vy
move-object/16
move-result vx
move-result-wide vx
move-result-object vx
move-exception vx

return-void
return vx
return-wide vx
return-object vx

const/4 vx,lit4
const/16 vx,lit16
const vx, lit32
const/high16 v0, lit16
const-wide/16 vx, lit16
const-wide/32 vx, lit32
const-wide vx, lit64
const-wide/high16 vx,lit16
const-string vx,string_id
const-string-jumbo
const-class vx,type_id

monitor-enter vx
monitor-exit

check-cast vx, type_id

instance-of vx,vy,type_id

array-length vx,vy

new-instance vx,type
new-array vx,vy,type_id
filled-new-array {parameters},type_id
filled-new-array-range {vx..vy},type_id
fill-array-data vx,array_data_offset

throw vx

goto target
goto/16 target
goto/32 target

packed-switch vx,table
sparse-switch vx,table

cmpl-float
cmpg-float vx, vy, vz
cmpl-double vx,vy,vz
cmpg-double vx, vy, vz
cmp-long vx, vy, vz

if-eq vx,vy,target
if-ne vx,vy,target
if-lt vx,vy,target
if-ge vx, vy,target
if-gt vx,vy,target
if-le vx,vy,target
if-eqz vx,target
if-nez vx,target
if-ltz vx,target
if-gez vx,target
if-gtz vx,target
if-lez vx,target

aget vx,vy,vz
aget-wide vx,vy,vz
aget-object vx,vy,vz
aget-boolean vx,vy,vz
aget-byte vx,vy,vz
aget-char vx, vy,vz

aget-short vx,vy,vz

aput vx,vy,vz
aput-wide vx,vy,vz
aput-object vx,vy,vz
aput-boolean vx,vy,vz
aput-byte vx,vy,vz
aput-char vx,vy,vz
aput-short vx,vy,vz

iget vx, vy, field_id
iget-wide vx,vy,field_id
iget-object vx,vy,field_id
iget-boolean vx,vy,field_id
iget-byte vx,vy,field_id
iget-char vx,vy,field_id
iget-short vx,vy,field_id

iput vx,vy, field_id
iput-wide vx,vy, field_id
iput-object vx,vy,field_id
iput-boolean vx,vy, field_id
iput-byte vx,vy,field_id
iput-char vx,vy,field_id
iput-short vx,vy,field_id

sget vx,field_id
sget-wide vx, field_id
sget-object vx,field_id
sget-boolean vx,field_id
sget-byte vx,field_id
sget-char vx,field_id
sget-short vx,field_id

sput vx, field_id
sput-wide vx, field_id
sput-object vx,field_id
sput-boolean vx,field_id
sput-byte vx,field_id
sput-char vx,field_id
sput-short vx,field_id

invoke-virtual { parameters },methodtocall
invoke-super {parameter},methodtocall
invoke-direct { parameters },methodtocall
invoke-static {parameters},methodtocall
invoke-interface {parameters},methodtocall
 
invoke-virtual/range {vx..vy},methodtocall
invoke-super/range {vx..vy},methodtocall
invoke-direct/range {vx..vy},methodtocall
invoke-static/range {vx..vy},methodtocall
invoke-interface/range {vx..vy},methodtocall

neg-int vx,vy
not-int vx,vy
neg-long vx,vy
not-long vx,vy
neg-float vx,vy
neg-double vx,vy

int-to-long vx, vy
int-to-float vx, vy
int-to-double vx, vy
long-to-int vx,vy
long-to-float vx, vy
long-to-double vx, vy
float-to-int vx, vy
float-to-long vx,vy
float-to-double vx, vy
double-to-int vx, vy
double-to-long vx, vy
double-to-float vx, vy
int-to-byte vx,vy
int-to-char vx,vy
int-to-short vx,vy

add-int vx,vy,vz
sub-int vx,vy,vz
mul-int vx, vy, vz
div-int vx,vy,vz
rem-int vx,vy,vz

and-int vx, vy, vz
or-int vx, vy, vz
xor-int vx, vy, vz
shl-int vx, vy, vz
shr-int vx, vy, vz
ushr-int vx, vy, vz
add-long vx, vy, vz
sub-long vx,vy,vz
mul-long vx,vy,vz
div-long vx, vy, vz
rem-long vx,vy,vz
and-long vx, vy, vz
or-long vx, vy, vz
xor-long vx, vy, vz
shl-long vx, vy, vz
shr-long vx,vy,vz
ushr-long vx, vy, vz
add-float vx,vy,vz
sub-float vx,vy,vz
mul-float vx, vy, vz
div-float vx, vy, vz
rem-float vx,vy,vz
add-double vx,vy,vz
sub-double vx,vy,vz
mul-double vx, vy, vz
div-double vx, vy, vz
rem-double vx,vy,vz
add-int/2addr vx,vy
sub-int/2addr vx,vy
mul-int/2addr vx,vy
div-int/2addr vx,vy
rem-int/2addr vx,vy
and-int/2addr vx, vy
or-int/2addr vx, vy
xor-int/2addr vx, vy
shl-int/2addr vx, vy
shr-int/2addr vx, vy
ushr-int/2addr vx, vy
add-long/2addr vx,vy
sub-long/2addr vx,vy
mul-long/2addr vx,vy
div-long/2addr vx, vy
rem-long/2addr vx,vy
and-long/2addr vx, vy
or-long/2addr vx, vy
xor-long/2addr vx, vy
shl-long/2addr vx, vy
shr-long/2addr vx, vy
ushr-long/2addr vx, vy
add-float/2addr vx,vy
sub-float/2addr vx,vy
mul-float/2addr vx, vy
div-float/2addr vx, vy
rem-float/2addr vx,vy
add-double/2addr vx, vy
sub-double/2addr vx, vy
mul-double/2addr vx, vy
div-double/2addr vx, vy
rem-double/2addr vx,vy
add-int/lit16 vx,vy,lit16
sub-int/lit16 vx,vy,lit16
mul-int/lit16 vx,vy,lit16
div-int/lit16 vx,vy,lit16
rem-int/lit16 vx,vy,lit16
and-int/lit16 vx,vy,lit16
or-int/lit16 vx,vy,lit16
xor-int/lit16 vx,vy,lit16
add-int/lit8 vx,vy,lit8
sub-int/lit8 vx,vy,lit8
mul-int/lit8 vx,vy,lit8
div-int/lit8 vx,vy,lit8
rem-int/lit8 vx,vy,lit8
and-int/lit8 vx,vy,lit8
or-int/lit8 vx, vy, lit8
xor-int/lit8 vx, vy, lit8
shl-int/lit8 vx, vy, lit8
shr-int/lit8 vx, vy, lit8
ushr-int/lit8 vx, vy, lit8



nop

move vx,vy
move/from16 vx,vy
move/16
move-wide
move-wide/from16 vx,vy
move-wide/16
move-object vx,vy
move-object/from16 vx,vy
move-object/16
move-result vx
move-result-wide vx
move-result-object vx
move-exception vx

return-void
return vx
return-wide vx
return-object vx

const/4 vx,lit4
const/16 vx,lit16
const vx, lit32
const/high16 v0, lit16
const-wide/16 vx, lit16
const-wide/32 vx, lit32
const-wide vx, lit64
const-wide/high16 vx,lit16
const-string vx,string_id
const-string-jumbo
const-class vx,type_id

monitor-enter vx
monitor-exit

check-cast vx, type_id

instance-of vx,vy,type_id

array-length vx,vy

new-instance vx,type
new-array vx,vy,type_id
filled-new-array {parameters},type_id
filled-new-array-range {vx..vy},type_id
fill-array-data vx,array_data_offset

throw vx

goto target
goto/16 target
goto/32 target

packed-switch vx,table
sparse-switch vx,table

cmpl-float
cmpg-float vx, vy, vz
cmpl-double vx,vy,vz
cmpg-double vx, vy, vz
cmp-long vx, vy, vz

if-eq vx,vy,target
if-ne vx,vy,target
if-lt vx,vy,target
if-ge vx, vy,target
if-gt vx,vy,target
if-le vx,vy,target
if-eqz vx,target
if-nez vx,target
if-ltz vx,target
if-gez vx,target
if-gtz vx,target
if-lez vx,target

aget vx,vy,vz
aget-wide vx,vy,vz
aget-object vx,vy,vz
aget-boolean vx,vy,vz
aget-byte vx,vy,vz
aget-char vx, vy,vz

aget-short vx,vy,vz

aput vx,vy,vz
aput-wide vx,vy,vz
aput-object vx,vy,vz
aput-boolean vx,vy,vz
aput-byte vx,vy,vz
aput-char vx,vy,vz
aput-short vx,vy,vz

iget vx, vy, field_id
iget-wide vx,vy,field_id
iget-object vx,vy,field_id
iget-boolean vx,vy,field_id
iget-byte vx,vy,field_id
iget-char vx,vy,field_id
iget-short vx,vy,field_id

iput vx,vy, field_id
iput-wide vx,vy, field_id
iput-object vx,vy,field_id
iput-boolean vx,vy, field_id
iput-byte vx,vy,field_id
iput-char vx,vy,field_id
iput-short vx,vy,field_id

sget vx,field_id
sget-wide vx, field_id
sget-object vx,field_id
sget-boolean vx,field_id
sget-byte vx,field_id
sget-char vx,field_id
sget-short vx,field_id

sput vx, field_id
sput-wide vx, field_id
sput-object vx,field_id
sput-boolean vx,field_id
sput-byte vx,field_id
sput-char vx,field_id
sput-short vx,field_id

invoke-virtual { parameters },methodtocall
invoke-super {parameter},methodtocall
invoke-direct { parameters },methodtocall
invoke-static {parameters},methodtocall
invoke-interface {parameters},methodtocall
 
invoke-virtual/range {vx..vy},methodtocall
invoke-super/range {vx..vy},methodtocall
invoke-direct/range {vx..vy},methodtocall
invoke-static/range {vx..vy},methodtocall
invoke-interface/range {vx..vy},methodtocall

neg-int vx,vy
not-int vx,vy
neg-long vx,vy
not-long vx,vy
neg-float vx,vy
neg-double vx,vy

int-to-long vx, vy
int-to-float vx, vy
int-to-double vx, vy
long-to-int vx,vy
long-to-float vx, vy
long-to-double vx, vy
float-to-int vx, vy
float-to-long vx,vy
float-to-double vx, vy
double-to-int vx, vy
double-to-long vx, vy
double-to-float vx, vy
int-to-byte vx,vy
int-to-char vx,vy
int-to-short vx,vy

add-int vx,vy,vz
sub-int vx,vy,vz
mul-int vx, vy, vz
div-int vx,vy,vz
rem-int vx,vy,vz

and-int vx, vy, vz
or-int vx, vy, vz
xor-int vx, vy, vz
shl-int vx, vy, vz
shr-int vx, vy, vz
ushr-int vx, vy, vz
add-long vx, vy, vz
sub-long vx,vy,vz
mul-long vx,vy,vz
div-long vx, vy, vz
rem-long vx,vy,vz
and-long vx, vy, vz
or-long vx, vy, vz
xor-long vx, vy, vz
shl-long vx, vy, vz
shr-long vx,vy,vz
ushr-long vx, vy, vz
add-float vx,vy,vz
sub-float vx,vy,vz
mul-float vx, vy, vz
div-float vx, vy, vz
rem-float vx,vy,vz
add-double vx,vy,vz
sub-double vx,vy,vz
mul-double vx, vy, vz
div-double vx, vy, vz
rem-double vx,vy,vz
add-int/2addr vx,vy
sub-int/2addr vx,vy
mul-int/2addr vx,vy
div-int/2addr vx,vy
rem-int/2addr vx,vy
and-int/2addr vx, vy
or-int/2addr vx, vy
xor-int/2addr vx, vy
shl-int/2addr vx, vy
shr-int/2addr vx, vy
ushr-int/2addr vx, vy
add-long/2addr vx,vy
sub-long/2addr vx,vy
mul-long/2addr vx,vy
div-long/2addr vx, vy
rem-long/2addr vx,vy
and-long/2addr vx, vy
or-long/2addr vx, vy
xor-long/2addr vx, vy
shl-long/2addr vx, vy
shr-long/2addr vx, vy
ushr-long/2addr vx, vy
add-float/2addr vx,vy
sub-float/2addr vx,vy
mul-float/2addr vx, vy
div-float/2addr vx, vy
rem-float/2addr vx,vy
add-double/2addr vx, vy
sub-double/2addr vx, vy
mul-double/2addr vx, vy
div-double/2addr vx, vy
rem-double/2addr vx,vy
add-int/lit16 vx,vy,lit16
sub-int/lit16 vx,vy,lit16
mul-int/lit16 vx,vy,lit16
div-int/lit16 vx,vy,lit16
rem-int/lit16 vx,vy,lit16
and-int/lit16 vx,vy,lit16
or-int/lit16 vx,vy,lit16
xor-int/lit16 vx,vy,lit16
add-int/lit8 vx,vy,lit8
sub-int/lit8 vx,vy,lit8
mul-int/lit8 vx,vy,lit8
div-int/lit8 vx,vy,lit8
rem-int/lit8 vx,vy,lit8
and-int/lit8 vx,vy,lit8
or-int/lit8 vx, vy, lit8
xor-int/lit8 vx, vy, lit8
shl-int/lit8 vx, vy, lit8
shr-int/lit8 vx, vy, lit8
ushr-int/lit8 vx, vy, lit8



After



nop

move vx,vy
move/from16 vx,vy
move/16
move-wide
move-wide/from16 vx,vy
move-wide/16
move-object vx,vy
move-object/from16 vx,vy
move-object/16
move-result vx
move-result-wide vx
move-result-object vx
move-exception vx

return-void
return vx
return-wide vx
return-object vx

const/4 vx,lit4
const/16 vx,lit16
const vx, lit32
const/high16 v0, lit16
const-wide/16 vx, lit16
const-wide/32 vx, lit32
const-wide vx, lit64
const-wide/high16 vx,lit16
const-string vx,string_id
const-string-jumbo
const-class vx,type_id

monitor-enter vx
monitor-exit

check-cast vx, type_id

instance-of vx,vy,type_id

array-length vx,vy

new-instance vx,type
new-array vx,vy,type_id
filled-new-array {parameters},type_id
filled-new-array-range {vx..vy},type_id
fill-array-data vx,array_data_offset

throw vx

goto target
goto/16 target
goto/32 target

packed-switch vx,table
sparse-switch vx,table

cmpl-float
cmpg-float vx, vy, vz
cmpl-double vx,vy,vz
cmpg-double vx, vy, vz
cmp-long vx, vy, vz

if-eq vx,vy,target
if-ne vx,vy,target
if-lt vx,vy,target
if-ge vx, vy,target
if-gt vx,vy,target
if-le vx,vy,target
if-eqz vx,target
if-nez vx,target
if-ltz vx,target
if-gez vx,target
if-gtz vx,target
if-lez vx,target

aget vx,vy,vz
aget-wide vx,vy,vz
aget-object vx,vy,vz
aget-boolean vx,vy,vz
aget-byte vx,vy,vz
aget-char vx, vy,vz

aget-short vx,vy,vz

aput vx,vy,vz
aput-wide vx,vy,vz
aput-object vx,vy,vz
aput-boolean vx,vy,vz
aput-byte vx,vy,vz
aput-char vx,vy,vz
aput-short vx,vy,vz

iget vx, vy, field_id
iget-wide vx,vy,field_id
iget-object vx,vy,field_id
iget-boolean vx,vy,field_id
iget-byte vx,vy,field_id
iget-char vx,vy,field_id
iget-short vx,vy,field_id

iput vx,vy, field_id
iput-wide vx,vy, field_id
iput-object vx,vy,field_id
iput-boolean vx,vy, field_id
iput-byte vx,vy,field_id
iput-char vx,vy,field_id
iput-short vx,vy,field_id

sget vx,field_id
sget-wide vx, field_id
sget-object vx,field_id
sget-boolean vx,field_id
sget-byte vx,field_id
sget-char vx,field_id
sget-short vx,field_id

sput vx, field_id
sput-wide vx, field_id
sput-object vx,field_id
sput-boolean vx,field_id
sput-byte vx,field_id
sput-char vx,field_id
sput-short vx,field_id

invoke-virtual { parameters },methodtocall
invoke-super {parameter},methodtocall
invoke-direct { parameters },methodtocall
invoke-static {parameters},methodtocall
invoke-interface {parameters},methodtocall
 
invoke-virtual/range {vx..vy},methodtocall
invoke-super/range {vx..vy},methodtocall
invoke-direct/range {vx..vy},methodtocall
invoke-static/range {vx..vy},methodtocall
invoke-interface/range {vx..vy},methodtocall

neg-int vx,vy
not-int vx,vy
neg-long vx,vy
not-long vx,vy
neg-float vx,vy
neg-double vx,vy

int-to-long vx, vy
int-to-float vx, vy
int-to-double vx, vy
long-to-int vx,vy
long-to-float vx, vy
long-to-double vx, vy
float-to-int vx, vy
float-to-long vx,vy
float-to-double vx, vy
double-to-int vx, vy
double-to-long vx, vy
double-to-float vx, vy
int-to-byte vx,vy
int-to-char vx,vy
int-to-short vx,vy

add-int vx,vy,vz
sub-int vx,vy,vz
mul-int vx, vy, vz
div-int vx,vy,vz
rem-int vx,vy,vz

and-int vx, vy, vz
or-int vx, vy, vz
xor-int vx, vy, vz
shl-int vx, vy, vz
shr-int vx, vy, vz
ushr-int vx, vy, vz
add-long vx, vy, vz
sub-long vx,vy,vz
mul-long vx,vy,vz
div-long vx, vy, vz
rem-long vx,vy,vz
and-long vx, vy, vz
or-long vx, vy, vz
xor-long vx, vy, vz
shl-long vx, vy, vz
shr-long vx,vy,vz
ushr-long vx, vy, vz
add-float vx,vy,vz
sub-float vx,vy,vz
mul-float vx, vy, vz
div-float vx, vy, vz
rem-float vx,vy,vz
add-double vx,vy,vz
sub-double vx,vy,vz
mul-double vx, vy, vz
div-double vx, vy, vz
rem-double vx,vy,vz
add-int/2addr vx,vy
sub-int/2addr vx,vy
mul-int/2addr vx,vy
div-int/2addr vx,vy
rem-int/2addr vx,vy
and-int/2addr vx, vy
or-int/2addr vx, vy
xor-int/2addr vx, vy
shl-int/2addr vx, vy
shr-int/2addr vx, vy
ushr-int/2addr vx, vy
add-long/2addr vx,vy
sub-long/2addr vx,vy
mul-long/2addr vx,vy
div-long/2addr vx, vy
rem-long/2addr vx,vy
and-long/2addr vx, vy
or-long/2addr vx, vy
xor-long/2addr vx, vy
shl-long/2addr vx, vy
shr-long/2addr vx, vy
ushr-long/2addr vx, vy
add-float/2addr vx,vy
sub-float/2addr vx,vy
mul-float/2addr vx, vy
div-float/2addr vx, vy
rem-float/2addr vx,vy
add-double/2addr vx, vy
sub-double/2addr vx, vy
mul-double/2addr vx, vy
div-double/2addr vx, vy
rem-double/2addr vx,vy
add-int/lit16 vx,vy,lit16
sub-int/lit16 vx,vy,lit16
mul-int/lit16 vx,vy,lit16
div-int/lit16 vx,vy,lit16
rem-int/lit16 vx,vy,lit16
and-int/lit16 vx,vy,lit16
or-int/lit16 vx,vy,lit16
xor-int/lit16 vx,vy,lit16
add-int/lit8 vx,vy,lit8
sub-int/lit8 vx,vy,lit8
mul-int/lit8 vx,vy,lit8
div-int/lit8 vx,vy,lit8
rem-int/lit8 vx,vy,lit8
and-int/lit8 vx,vy,lit8
or-int/lit8 vx, vy, lit8
xor-int/lit8 vx, vy, lit8
shl-int/lit8 vx, vy, lit8
shr-int/lit8 vx, vy, lit8
ushr-int/lit8 vx, vy, lit8



nop

move vx,vy
move/from16 vx,vy
move/16
move-wide
move-wide/from16 vx,vy
move-wide/16
move-object vx,vy
move-object/from16 vx,vy
move-object/16
move-result vx
move-result-wide vx
move-result-object vx
move-exception vx

return-void
return vx
return-wide vx
return-object vx

const/4 vx,lit4
const/16 vx,lit16
const vx, lit32
const/high16 v0, lit16
const-wide/16 vx, lit16
const-wide/32 vx, lit32
const-wide vx, lit64
const-wide/high16 vx,lit16
const-string vx,string_id
const-string-jumbo
const-class vx,type_id

monitor-enter vx
monitor-exit

check-cast vx, type_id

instance-of vx,vy,type_id

array-length vx,vy

new-instance vx,type
new-array vx,vy,type_id
filled-new-array {parameters},type_id
filled-new-array-range {vx..vy},type_id
fill-array-data vx,array_data_offset

throw vx

goto target
goto/16 target
goto/32 target

packed-switch vx,table
sparse-switch vx,table

cmpl-float
cmpg-float vx, vy, vz
cmpl-double vx,vy,vz
cmpg-double vx, vy, vz
cmp-long vx, vy, vz

if-eq vx,vy,target
if-ne vx,vy,target
if-lt vx,vy,target
if-ge vx, vy,target
if-gt vx,vy,target
if-le vx,vy,target
if-eqz vx,target
if-nez vx,target
if-ltz vx,target
if-gez vx,target
if-gtz vx,target
if-lez vx,target

aget vx,vy,vz
aget-wide vx,vy,vz
aget-object vx,vy,vz
aget-boolean vx,vy,vz
aget-byte vx,vy,vz
aget-char vx, vy,vz

aget-short vx,vy,vz

aput vx,vy,vz
aput-wide vx,vy,vz
aput-object vx,vy,vz
aput-boolean vx,vy,vz
aput-byte vx,vy,vz
aput-char vx,vy,vz
aput-short vx,vy,vz

iget vx, vy, field_id
iget-wide vx,vy,field_id
iget-object vx,vy,field_id
iget-boolean vx,vy,field_id
iget-byte vx,vy,field_id
iget-char vx,vy,field_id
iget-short vx,vy,field_id

iput vx,vy, field_id
iput-wide vx,vy, field_id
iput-object vx,vy,field_id
iput-boolean vx,vy, field_id
iput-byte vx,vy,field_id
iput-char vx,vy,field_id
iput-short vx,vy,field_id

sget vx,field_id
sget-wide vx, field_id
sget-object vx,field_id
sget-boolean vx,field_id
sget-byte vx,field_id
sget-char vx,field_id
sget-short vx,field_id

sput vx, field_id
sput-wide vx, field_id
sput-object vx,field_id
sput-boolean vx,field_id
sput-byte vx,field_id
sput-char vx,field_id
sput-short vx,field_id

invoke-virtual { parameters },methodtocall
invoke-super {parameter},methodtocall
invoke-direct { parameters },methodtocall
invoke-static {parameters},methodtocall
invoke-interface {parameters},methodtocall
 
invoke-virtual/range {vx..vy},methodtocall
invoke-super/range {vx..vy},methodtocall
invoke-direct/range {vx..vy},methodtocall
invoke-static/range {vx..vy},methodtocall
invoke-interface/range {vx..vy},methodtocall

neg-int vx,vy
not-int vx,vy
neg-long vx,vy
not-long vx,vy
neg-float vx,vy
neg-double vx,vy

int-to-long vx, vy
int-to-float vx, vy
int-to-double vx, vy
long-to-int vx,vy
long-to-float vx, vy
long-to-double vx, vy
float-to-int vx, vy
float-to-long vx,vy
float-to-double vx, vy
double-to-int vx, vy
double-to-long vx, vy
double-to-float vx, vy
int-to-byte vx,vy
int-to-char vx,vy
int-to-short vx,vy

add-int vx,vy,vz
sub-int vx,vy,vz
mul-int vx, vy, vz
div-int vx,vy,vz
rem-int vx,vy,vz

and-int vx, vy, vz
or-int vx, vy, vz
xor-int vx, vy, vz
shl-int vx, vy, vz
shr-int vx, vy, vz
ushr-int vx, vy, vz
add-long vx, vy, vz
sub-long vx,vy,vz
mul-long vx,vy,vz
div-long vx, vy, vz
rem-long vx,vy,vz
and-long vx, vy, vz
or-long vx, vy, vz
xor-long vx, vy, vz
shl-long vx, vy, vz
shr-long vx,vy,vz
ushr-long vx, vy, vz
add-float vx,vy,vz
sub-float vx,vy,vz
mul-float vx, vy, vz
div-float vx, vy, vz
rem-float vx,vy,vz
add-double vx,vy,vz
sub-double vx,vy,vz
mul-double vx, vy, vz
div-double vx, vy, vz
rem-double vx,vy,vz
add-int/2addr vx,vy
sub-int/2addr vx,vy
mul-int/2addr vx,vy
div-int/2addr vx,vy
rem-int/2addr vx,vy
and-int/2addr vx, vy
or-int/2addr vx, vy
xor-int/2addr vx, vy
shl-int/2addr vx, vy
shr-int/2addr vx, vy
ushr-int/2addr vx, vy
add-long/2addr vx,vy
sub-long/2addr vx,vy
mul-long/2addr vx,vy
div-long/2addr vx, vy
rem-long/2addr vx,vy
and-long/2addr vx, vy
or-long/2addr vx, vy
xor-long/2addr vx, vy
shl-long/2addr vx, vy
shr-long/2addr vx, vy
ushr-long/2addr vx, vy
add-float/2addr vx,vy
sub-float/2addr vx,vy
mul-float/2addr vx, vy
div-float/2addr vx, vy
rem-float/2addr vx,vy
add-double/2addr vx, vy
sub-double/2addr vx, vy
mul-double/2addr vx, vy
div-double/2addr vx, vy
rem-double/2addr vx,vy
add-int/lit16 vx,vy,lit16
sub-int/lit16 vx,vy,lit16
mul-int/lit16 vx,vy,lit16
div-int/lit16 vx,vy,lit16
rem-int/lit16 vx,vy,lit16
and-int/lit16 vx,vy,lit16
or-int/lit16 vx,vy,lit16
xor-int/lit16 vx,vy,lit16
add-int/lit8 vx,vy,lit8
sub-int/lit8 vx,vy,lit8
mul-int/lit8 vx,vy,lit8
div-int/lit8 vx,vy,lit8
rem-int/lit8 vx,vy,lit8
and-int/lit8 vx,vy,lit8
or-int/lit8 vx, vy, lit8
xor-int/lit8 vx, vy, lit8
shl-int/lit8 vx, vy, lit8
shr-int/lit8 vx, vy, lit8
ushr-int/lit8 vx, vy, lit8



nop

move vx,vy
move/from16 vx,vy
move/16
move-wide
move-wide/from16 vx,vy
move-wide/16
move-object vx,vy
move-object/from16 vx,vy
move-object/16
move-result vx
move-result-wide vx
move-result-object vx
move-exception vx

return-void
return vx
return-wide vx
return-object vx

const/4 vx,lit4
const/16 vx,lit16
const vx, lit32
const/high16 v0, lit16
const-wide/16 vx, lit16
const-wide/32 vx, lit32
const-wide vx, lit64
const-wide/high16 vx,lit16
const-string vx,string_id
const-string-jumbo
const-class vx,type_id

monitor-enter vx
monitor-exit

check-cast vx, type_id

instance-of vx,vy,type_id

array-length vx,vy

new-instance vx,type
new-array vx,vy,type_id
filled-new-array {parameters},type_id
filled-new-array-range {vx..vy},type_id
fill-array-data vx,array_data_offset

throw vx

goto target
goto/16 target
goto/32 target

packed-switch vx,table
sparse-switch vx,table

cmpl-float
cmpg-float vx, vy, vz
cmpl-double vx,vy,vz
cmpg-double vx, vy, vz
cmp-long vx, vy, vz

if-eq vx,vy,target
if-ne vx,vy,target
if-lt vx,vy,target
if-ge vx, vy,target
if-gt vx,vy,target
if-le vx,vy,target
if-eqz vx,target
if-nez vx,target
if-ltz vx,target
if-gez vx,target
if-gtz vx,target
if-lez vx,target

aget vx,vy,vz
aget-wide vx,vy,vz
aget-object vx,vy,vz
aget-boolean vx,vy,vz
aget-byte vx,vy,vz
aget-char vx, vy,vz

aget-short vx,vy,vz

aput vx,vy,vz
aput-wide vx,vy,vz
aput-object vx,vy,vz
aput-boolean vx,vy,vz
aput-byte vx,vy,vz
aput-char vx,vy,vz
aput-short vx,vy,vz

iget vx, vy, field_id
iget-wide vx,vy,field_id
iget-object vx,vy,field_id
iget-boolean vx,vy,field_id
iget-byte vx,vy,field_id
iget-char vx,vy,field_id
iget-short vx,vy,field_id

iput vx,vy, field_id
iput-wide vx,vy, field_id
iput-object vx,vy,field_id
iput-boolean vx,vy, field_id
iput-byte vx,vy,field_id
iput-char vx,vy,field_id
iput-short vx,vy,field_id

sget vx,field_id
sget-wide vx, field_id
sget-object vx,field_id
sget-boolean vx,field_id
sget-byte vx,field_id
sget-char vx,field_id
sget-short vx,field_id

sput vx, field_id
sput-wide vx, field_id
sput-object vx,field_id
sput-boolean vx,field_id
sput-byte vx,field_id
sput-char vx,field_id
sput-short vx,field_id

invoke-virtual { parameters },methodtocall
invoke-super {parameter},methodtocall
invoke-direct { parameters },methodtocall
invoke-static {parameters},methodtocall
invoke-interface {parameters},methodtocall
 
invoke-virtual/range {vx..vy},methodtocall
invoke-super/range {vx..vy},methodtocall
invoke-direct/range {vx..vy},methodtocall
invoke-static/range {vx..vy},methodtocall
invoke-interface/range {vx..vy},methodtocall

neg-int vx,vy
not-int vx,vy
neg-long vx,vy
not-long vx,vy
neg-float vx,vy
neg-double vx,vy

int-to-long vx, vy
int-to-float vx, vy
int-to-double vx, vy
long-to-int vx,vy
long-to-float vx, vy
long-to-double vx, vy
float-to-int vx, vy
float-to-long vx,vy
float-to-double vx, vy
double-to-int vx, vy
double-to-long vx, vy
double-to-float vx, vy
int-to-byte vx,vy
int-to-char vx,vy
int-to-short vx,vy

add-int vx,vy,vz
sub-int vx,vy,vz
mul-int vx, vy, vz
div-int vx,vy,vz
rem-int vx,vy,vz

and-int vx, vy, vz
or-int vx, vy, vz
xor-int vx, vy, vz
shl-int vx, vy, vz
shr-int vx, vy, vz
ushr-int vx, vy, vz
add-long vx, vy, vz
sub-long vx,vy,vz
mul-long vx,vy,vz
div-long vx, vy, vz
rem-long vx,vy,vz
and-long vx, vy, vz
or-long vx, vy, vz
xor-long vx, vy, vz
shl-long vx, vy, vz
shr-long vx,vy,vz
ushr-long vx, vy, vz
add-float vx,vy,vz
sub-float vx,vy,vz
mul-float vx, vy, vz
div-float vx, vy, vz
rem-float vx,vy,vz
add-double vx,vy,vz
sub-double vx,vy,vz
mul-double vx, vy, vz
div-double vx, vy, vz
rem-double vx,vy,vz
add-int/2addr vx,vy
sub-int/2addr vx,vy
mul-int/2addr vx,vy
div-int/2addr vx,vy
rem-int/2addr vx,vy
and-int/2addr vx, vy
or-int/2addr vx, vy
xor-int/2addr vx, vy
shl-int/2addr vx, vy
shr-int/2addr vx, vy
ushr-int/2addr vx, vy
add-long/2addr vx,vy
sub-long/2addr vx,vy
mul-long/2addr vx,vy
div-long/2addr vx, vy
rem-long/2addr vx,vy
and-long/2addr vx, vy
or-long/2addr vx, vy
xor-long/2addr vx, vy
shl-long/2addr vx, vy
shr-long/2addr vx, vy
ushr-long/2addr vx, vy
add-float/2addr vx,vy
sub-float/2addr vx,vy
mul-float/2addr vx, vy
div-float/2addr vx, vy
rem-float/2addr vx,vy
add-double/2addr vx, vy
sub-double/2addr vx, vy
mul-double/2addr vx, vy
div-double/2addr vx, vy
rem-double/2addr vx,vy
add-int/lit16 vx,vy,lit16
sub-int/lit16 vx,vy,lit16
mul-int/lit16 vx,vy,lit16
div-int/lit16 vx,vy,lit16
rem-int/lit16 vx,vy,lit16
and-int/lit16 vx,vy,lit16
or-int/lit16 vx,vy,lit16
xor-int/lit16 vx,vy,lit16
add-int/lit8 vx,vy,lit8
sub-int/lit8 vx,vy,lit8
mul-int/lit8 vx,vy,lit8
div-int/lit8 vx,vy,lit8
rem-int/lit8 vx,vy,lit8
and-int/lit8 vx,vy,lit8
or-int/lit8 vx, vy, lit8
xor-int/lit8 vx, vy, lit8
shl-int/lit8 vx, vy, lit8
shr-int/lit8 vx, vy, lit8
ushr-int/lit8 vx, vy, lit8



nop

move vx,vy
move/from16 vx,vy
move/16
move-wide
move-wide/from16 vx,vy
move-wide/16
move-object vx,vy
move-object/from16 vx,vy
move-object/16
move-result vx
move-result-wide vx
move-result-object vx
move-exception vx

return-void
return vx
return-wide vx
return-object vx

const/4 vx,lit4
const/16 vx,lit16
const vx, lit32
const/high16 v0, lit16
const-wide/16 vx, lit16
const-wide/32 vx, lit32
const-wide vx, lit64
const-wide/high16 vx,lit16
const-string vx,string_id
const-string-jumbo
const-class vx,type_id

monitor-enter vx
monitor-exit

check-cast vx, type_id

instance-of vx,vy,type_id

array-length vx,vy

new-instance vx,type
new-array vx,vy,type_id
filled-new-array {parameters},type_id
filled-new-array-range {vx..vy},type_id
fill-array-data vx,array_data_offset

throw vx

goto target
goto/16 target
goto/32 target

packed-switch vx,table
sparse-switch vx,table

cmpl-float
cmpg-float vx, vy, vz
cmpl-double vx,vy,vz
cmpg-double vx, vy, vz
cmp-long vx, vy, vz

if-eq vx,vy,target
if-ne vx,vy,target
if-lt vx,vy,target
if-ge vx, vy,target
if-gt vx,vy,target
if-le vx,vy,target
if-eqz vx,target
if-nez vx,target
if-ltz vx,target
if-gez vx,target
if-gtz vx,target
if-lez vx,target

aget vx,vy,vz
aget-wide vx,vy,vz
aget-object vx,vy,vz
aget-boolean vx,vy,vz
aget-byte vx,vy,vz
aget-char vx, vy,vz

aget-short vx,vy,vz

aput vx,vy,vz
aput-wide vx,vy,vz
aput-object vx,vy,vz
aput-boolean vx,vy,vz
aput-byte vx,vy,vz
aput-char vx,vy,vz
aput-short vx,vy,vz

iget vx, vy, field_id
iget-wide vx,vy,field_id
iget-object vx,vy,field_id
iget-boolean vx,vy,field_id
iget-byte vx,vy,field_id
iget-char vx,vy,field_id
iget-short vx,vy,field_id

iput vx,vy, field_id
iput-wide vx,vy, field_id
iput-object vx,vy,field_id
iput-boolean vx,vy, field_id
iput-byte vx,vy,field_id
iput-char vx,vy,field_id
iput-short vx,vy,field_id

sget vx,field_id
sget-wide vx, field_id
sget-object vx,field_id
sget-boolean vx,field_id
sget-byte vx,field_id
sget-char vx,field_id
sget-short vx,field_id

sput vx, field_id
sput-wide vx, field_id
sput-object vx,field_id
sput-boolean vx,field_id
sput-byte vx,field_id
sput-char vx,field_id
sput-short vx,field_id

invoke-virtual { parameters },methodtocall
invoke-super {parameter},methodtocall
invoke-direct { parameters },methodtocall
invoke-static {parameters},methodtocall
invoke-interface {parameters},methodtocall
 
invoke-virtual/range {vx..vy},methodtocall
invoke-super/range {vx..vy},methodtocall
invoke-direct/range {vx..vy},methodtocall
invoke-static/range {vx..vy},methodtocall
invoke-interface/range {vx..vy},methodtocall

neg-int vx,vy
not-int vx,vy
neg-long vx,vy
not-long vx,vy
neg-float vx,vy
neg-double vx,vy

int-to-long vx, vy
int-to-float vx, vy
int-to-double vx, vy
long-to-int vx,vy
long-to-float vx, vy
long-to-double vx, vy
float-to-int vx, vy
float-to-long vx,vy
float-to-double vx, vy
double-to-int vx, vy
double-to-long vx, vy
double-to-float vx, vy
int-to-byte vx,vy
int-to-char vx,vy
int-to-short vx,vy

add-int vx,vy,vz
sub-int vx,vy,vz
mul-int vx, vy, vz
div-int vx,vy,vz
rem-int vx,vy,vz

and-int vx, vy, vz
or-int vx, vy, vz
xor-int vx, vy, vz
shl-int vx, vy, vz
shr-int vx, vy, vz
ushr-int vx, vy, vz
add-long vx, vy, vz
sub-long vx,vy,vz
mul-long vx,vy,vz
div-long vx, vy, vz
rem-long vx,vy,vz
and-long vx, vy, vz
or-long vx, vy, vz
xor-long vx, vy, vz
shl-long vx, vy, vz
shr-long vx,vy,vz
ushr-long vx, vy, vz
add-float vx,vy,vz
sub-float vx,vy,vz
mul-float vx, vy, vz
div-float vx, vy, vz
rem-float vx,vy,vz
add-double vx,vy,vz
sub-double vx,vy,vz
mul-double vx, vy, vz
div-double vx, vy, vz
rem-double vx,vy,vz
add-int/2addr vx,vy
sub-int/2addr vx,vy
mul-int/2addr vx,vy
div-int/2addr vx,vy
rem-int/2addr vx,vy
and-int/2addr vx, vy
or-int/2addr vx, vy
xor-int/2addr vx, vy
shl-int/2addr vx, vy
shr-int/2addr vx, vy
ushr-int/2addr vx, vy
add-long/2addr vx,vy
sub-long/2addr vx,vy
mul-long/2addr vx,vy
div-long/2addr vx, vy
rem-long/2addr vx,vy
and-long/2addr vx, vy
or-long/2addr vx, vy
xor-long/2addr vx, vy
shl-long/2addr vx, vy
shr-long/2addr vx, vy
ushr-long/2addr vx, vy
add-float/2addr vx,vy
sub-float/2addr vx,vy
mul-float/2addr vx, vy
div-float/2addr vx, vy
rem-float/2addr vx,vy
add-double/2addr vx, vy
sub-double/2addr vx, vy
mul-double/2addr vx, vy
div-double/2addr vx, vy
rem-double/2addr vx,vy
add-int/lit16 vx,vy,lit16
sub-int/lit16 vx,vy,lit16
mul-int/lit16 vx,vy,lit16
div-int/lit16 vx,vy,lit16
rem-int/lit16 vx,vy,lit16
and-int/lit16 vx,vy,lit16
or-int/lit16 vx,vy,lit16
xor-int/lit16 vx,vy,lit16
add-int/lit8 vx,vy,lit8
sub-int/lit8 vx,vy,lit8
mul-int/lit8 vx,vy,lit8
div-int/lit8 vx,vy,lit8
rem-int/lit8 vx,vy,lit8
and-int/lit8 vx,vy,lit8
or-int/lit8 vx, vy, lit8
xor-int/lit8 vx, vy, lit8
shl-int/lit8 vx, vy, lit8
shr-int/lit8 vx, vy, lit8
ushr-int/lit8 vx, vy, lit8



nop

move vx,vy
move/from16 vx,vy
move/16
move-wide
move-wide/from16 vx,vy
move-wide/16
move-object vx,vy
move-object/from16 vx,vy
move-object/16
move-result vx
move-result-wide vx
move-result-object vx
move-exception vx

return-void
return vx
return-wide vx
return-object vx

const/4 vx,lit4
const/16 vx,lit16
const vx, lit32
const/high16 v0, lit16
const-wide/16 vx, lit16
const-wide/32 vx, lit32
const-wide vx, lit64
const-wide/high16 vx,lit16
const-string vx,string_id
const-string-jumbo
const-class vx,type_id

monitor-enter vx
monitor-exit

check-cast vx, type_id

instance-of vx,vy,type_id

array-length vx,vy

new-instance vx,type
new-array vx,vy,type_id
filled-new-array {parameters},type_id
filled-new-array-range {vx..vy},type_id
fill-array-data vx,array_data_offset

throw vx

goto target
goto/16 target
goto/32 target

packed-switch vx,table
sparse-switch vx,table

cmpl-float
cmpg-float vx, vy, vz
cmpl-double vx,vy,vz
cmpg-double vx, vy, vz
cmp-long vx, vy, vz

if-eq vx,vy,target
if-ne vx,vy,target
if-lt vx,vy,target
if-ge vx, vy,target
if-gt vx,vy,target
if-le vx,vy,target
if-eqz vx,target
if-nez vx,target
if-ltz vx,target
if-gez vx,target
if-gtz vx,target
if-lez vx,target

aget vx,vy,vz
aget-wide vx,vy,vz
aget-object vx,vy,vz
aget-boolean vx,vy,vz
aget-byte vx,vy,vz
aget-char vx, vy,vz

aget-short vx,vy,vz

aput vx,vy,vz
aput-wide vx,vy,vz
aput-object vx,vy,vz
aput-boolean vx,vy,vz
aput-byte vx,vy,vz
aput-char vx,vy,vz
aput-short vx,vy,vz

iget vx, vy, field_id
iget-wide vx,vy,field_id
iget-object vx,vy,field_id
iget-boolean vx,vy,field_id
iget-byte vx,vy,field_id
iget-char vx,vy,field_id
iget-short vx,vy,field_id

iput vx,vy, field_id
iput-wide vx,vy, field_id
iput-object vx,vy,field_id
iput-boolean vx,vy, field_id
iput-byte vx,vy,field_id
iput-char vx,vy,field_id
iput-short vx,vy,field_id

sget vx,field_id
sget-wide vx, field_id
sget-object vx,field_id
sget-boolean vx,field_id
sget-byte vx,field_id
sget-char vx,field_id
sget-short vx,field_id

sput vx, field_id
sput-wide vx, field_id
sput-object vx,field_id
sput-boolean vx,field_id
sput-byte vx,field_id
sput-char vx,field_id
sput-short vx,field_id

invoke-virtual { parameters },methodtocall
invoke-super {parameter},methodtocall
invoke-direct { parameters },methodtocall
invoke-static {parameters},methodtocall
invoke-interface {parameters},methodtocall
 
invoke-virtual/range {vx..vy},methodtocall
invoke-super/range {vx..vy},methodtocall
invoke-direct/range {vx..vy},methodtocall
invoke-static/range {vx..vy},methodtocall
invoke-interface/range {vx..vy},methodtocall

neg-int vx,vy
not-int vx,vy
neg-long vx,vy
not-long vx,vy
neg-float vx,vy
neg-double vx,vy

int-to-long vx, vy
int-to-float vx, vy
int-to-double vx, vy
long-to-int vx,vy
long-to-float vx, vy
long-to-double vx, vy
float-to-int vx, vy
float-to-long vx,vy
float-to-double vx, vy
double-to-int vx, vy
double-to-long vx, vy
double-to-float vx, vy
int-to-byte vx,vy
int-to-char vx,vy
int-to-short vx,vy

add-int vx,vy,vz
sub-int vx,vy,vz
mul-int vx, vy, vz
div-int vx,vy,vz
rem-int vx,vy,vz

and-int vx, vy, vz
or-int vx, vy, vz
xor-int vx, vy, vz
shl-int vx, vy, vz
shr-int vx, vy, vz
ushr-int vx, vy, vz
add-long vx, vy, vz
sub-long vx,vy,vz
mul-long vx,vy,vz
div-long vx, vy, vz
rem-long vx,vy,vz
and-long vx, vy, vz
or-long vx, vy, vz
xor-long vx, vy, vz
shl-long vx, vy, vz
shr-long vx,vy,vz
ushr-long vx, vy, vz
add-float vx,vy,vz
sub-float vx,vy,vz
mul-float vx, vy, vz
div-float vx, vy, vz
rem-float vx,vy,vz
add-double vx,vy,vz
sub-double vx,vy,vz
mul-double vx, vy, vz
div-double vx, vy, vz
rem-double vx,vy,vz
add-int/2addr vx,vy
sub-int/2addr vx,vy
mul-int/2addr vx,vy
div-int/2addr vx,vy
rem-int/2addr vx,vy
and-int/2addr vx, vy
or-int/2addr vx, vy
xor-int/2addr vx, vy
shl-int/2addr vx, vy
shr-int/2addr vx, vy
ushr-int/2addr vx, vy
add-long/2addr vx,vy
sub-long/2addr vx,vy
mul-long/2addr vx,vy
div-long/2addr vx, vy
rem-long/2addr vx,vy
and-long/2addr vx, vy
or-long/2addr vx, vy
xor-long/2addr vx, vy
shl-long/2addr vx, vy
shr-long/2addr vx, vy
ushr-long/2addr vx, vy
add-float/2addr vx,vy
sub-float/2addr vx,vy
mul-float/2addr vx, vy
div-float/2addr vx, vy
rem-float/2addr vx,vy
add-double/2addr vx, vy
sub-double/2addr vx, vy
mul-double/2addr vx, vy
div-double/2addr vx, vy
rem-double/2addr vx,vy
add-int/lit16 vx,vy,lit16
sub-int/lit16 vx,vy,lit16
mul-int/lit16 vx,vy,lit16
div-int/lit16 vx,vy,lit16
rem-int/lit16 vx,vy,lit16
and-int/lit16 vx,vy,lit16
or-int/lit16 vx,vy,lit16
xor-int/lit16 vx,vy,lit16
add-int/lit8 vx,vy,lit8
sub-int/lit8 vx,vy,lit8
mul-int/lit8 vx,vy,lit8
div-int/lit8 vx,vy,lit8
rem-int/lit8 vx,vy,lit8
and-int/lit8 vx,vy,lit8
or-int/lit8 vx, vy, lit8
xor-int/lit8 vx, vy, lit8
shl-int/lit8 vx, vy, lit8
shr-int/lit8 vx, vy, lit8
ushr-int/lit8 vx, vy, lit8



nop

move vx,vy
move/from16 vx,vy
move/16
move-wide
move-wide/from16 vx,vy
move-wide/16
move-object vx,vy
move-object/from16 vx,vy
move-object/16
move-result vx
move-result-wide vx
move-result-object vx
move-exception vx

return-void
return vx
return-wide vx
return-object vx

const/4 vx,lit4
const/16 vx,lit16
const vx, lit32
const/high16 v0, lit16
const-wide/16 vx, lit16
const-wide/32 vx, lit32
const-wide vx, lit64
const-wide/high16 vx,lit16
const-string vx,string_id
const-string-jumbo
const-class vx,type_id

monitor-enter vx
monitor-exit

check-cast vx, type_id

instance-of vx,vy,type_id

array-length vx,vy

new-instance vx,type
new-array vx,vy,type_id
filled-new-array {parameters},type_id
filled-new-array-range {vx..vy},type_id
fill-array-data vx,array_data_offset

throw vx

goto target
goto/16 target
goto/32 target

packed-switch vx,table
sparse-switch vx,table

cmpl-float
cmpg-float vx, vy, vz
cmpl-double vx,vy,vz
cmpg-double vx, vy, vz
cmp-long vx, vy, vz

if-eq vx,vy,target
if-ne vx,vy,target
if-lt vx,vy,target
if-ge vx, vy,target
if-gt vx,vy,target
if-le vx,vy,target
if-eqz vx,target
if-nez vx,target
if-ltz vx,target
if-gez vx,target
if-gtz vx,target
if-lez vx,target

aget vx,vy,vz
aget-wide vx,vy,vz
aget-object vx,vy,vz
aget-boolean vx,vy,vz
aget-byte vx,vy,vz
aget-char vx, vy,vz

aget-short vx,vy,vz

aput vx,vy,vz
aput-wide vx,vy,vz
aput-object vx,vy,vz
aput-boolean vx,vy,vz
aput-byte vx,vy,vz
aput-char vx,vy,vz
aput-short vx,vy,vz

iget vx, vy, field_id
iget-wide vx,vy,field_id
iget-object vx,vy,field_id
iget-boolean vx,vy,field_id
iget-byte vx,vy,field_id
iget-char vx,vy,field_id
iget-short vx,vy,field_id

iput vx,vy, field_id
iput-wide vx,vy, field_id
iput-object vx,vy,field_id
iput-boolean vx,vy, field_id
iput-byte vx,vy,field_id
iput-char vx,vy,field_id
iput-short vx,vy,field_id

sget vx,field_id
sget-wide vx, field_id
sget-object vx,field_id
sget-boolean vx,field_id
sget-byte vx,field_id
sget-char vx,field_id
sget-short vx,field_id

sput vx, field_id
sput-wide vx, field_id
sput-object vx,field_id
sput-boolean vx,field_id
sput-byte vx,field_id
sput-char vx,field_id
sput-short vx,field_id

invoke-virtual { parameters },methodtocall
invoke-super {parameter},methodtocall
invoke-direct { parameters },methodtocall
invoke-static {parameters},methodtocall
invoke-interface {parameters},methodtocall
 
invoke-virtual/range {vx..vy},methodtocall
invoke-super/range {vx..vy},methodtocall
invoke-direct/range {vx..vy},methodtocall
invoke-static/range {vx..vy},methodtocall
invoke-interface/range {vx..vy},methodtocall

neg-int vx,vy
not-int vx,vy
neg-long vx,vy
not-long vx,vy
neg-float vx,vy
neg-double vx,vy

int-to-long vx, vy
int-to-float vx, vy
int-to-double vx, vy
long-to-int vx,vy
long-to-float vx, vy
long-to-double vx, vy
float-to-int vx, vy
float-to-long vx,vy
float-to-double vx, vy
double-to-int vx, vy
double-to-long vx, vy
double-to-float vx, vy
int-to-byte vx,vy
int-to-char vx,vy
int-to-short vx,vy

add-int vx,vy,vz
sub-int vx,vy,vz
mul-int vx, vy, vz
div-int vx,vy,vz
rem-int vx,vy,vz

and-int vx, vy, vz
or-int vx, vy, vz
xor-int vx, vy, vz
shl-int vx, vy, vz
shr-int vx, vy, vz
ushr-int vx, vy, vz
add-long vx, vy, vz
sub-long vx,vy,vz
mul-long vx,vy,vz
div-long vx, vy, vz
rem-long vx,vy,vz
and-long vx, vy, vz
or-long vx, vy, vz
xor-long vx, vy, vz
shl-long vx, vy, vz
shr-long vx,vy,vz
ushr-long vx, vy, vz
add-float vx,vy,vz
sub-float vx,vy,vz
mul-float vx, vy, vz
div-float vx, vy, vz
rem-float vx,vy,vz
add-double vx,vy,vz
sub-double vx,vy,vz
mul-double vx, vy, vz
div-double vx, vy, vz
rem-double vx,vy,vz
add-int/2addr vx,vy
sub-int/2addr vx,vy
mul-int/2addr vx,vy
div-int/2addr vx,vy
rem-int/2addr vx,vy
and-int/2addr vx, vy
or-int/2addr vx, vy
xor-int/2addr vx, vy
shl-int/2addr vx, vy
shr-int/2addr vx, vy
ushr-int/2addr vx, vy
add-long/2addr vx,vy
sub-long/2addr vx,vy
mul-long/2addr vx,vy
div-long/2addr vx, vy
rem-long/2addr vx,vy
and-long/2addr vx, vy
or-long/2addr vx, vy
xor-long/2addr vx, vy
shl-long/2addr vx, vy
shr-long/2addr vx, vy
ushr-long/2addr vx, vy
add-float/2addr vx,vy
sub-float/2addr vx,vy
mul-float/2addr vx, vy
div-float/2addr vx, vy
rem-float/2addr vx,vy
add-double/2addr vx, vy
sub-double/2addr vx, vy
mul-double/2addr vx, vy
div-double/2addr vx, vy
rem-double/2addr vx,vy
add-int/lit16 vx,vy,lit16
sub-int/lit16 vx,vy,lit16
mul-int/lit16 vx,vy,lit16
div-int/lit16 vx,vy,lit16
rem-int/lit16 vx,vy,lit16
and-int/lit16 vx,vy,lit16
or-int/lit16 vx,vy,lit16
xor-int/lit16 vx,vy,lit16
add-int/lit8 vx,vy,lit8
sub-int/lit8 vx,vy,lit8
mul-int/lit8 vx,vy,lit8
div-int/lit8 vx,vy,lit8
rem-int/lit8 vx,vy,lit8
and-int/lit8 vx,vy,lit8
or-int/lit8 vx, vy, lit8
xor-int/lit8 vx, vy, lit8
shl-int/lit8 vx, vy, lit8
shr-int/lit8 vx, vy, lit8
ushr-int/lit8 vx, vy, lit8
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Figure 1. We generated an abstract transition graph for the same
program from Figure 2 four times: (1) without pushdown analysis
or abstract garbage collection; (2) with only abstract garbage col-
lection; (3) with only pushdown analysis; (4) with both pushdown
analysis and abstract garbage collection. With only pushdown or
abstract GC, the abstract transition graph shrinks by an order of
magnitude, but in different ways. The pushdown-only analysis is
confused by variables that are bound to several different higher-
order functions, but for short durations. The abstract-GC-only is
confused by non-tail-recursive loop structure. With both techniques
enabled, the graph shrinks by nearly half yet again and fully recov-
ers the control structure of the original program.

(define (id x) x)

(define (f n)

(cond [(<= n 1) 1]

[else (* n (f (- n 1)))]))

(define (g n)

(cond [(<= n 1) 1]

[else (+ (* n n) (g (- n 1)))]))

(print (+ ((id f) 3) ((id g) 4)))

Figure 2. A small example to illuminate the strengths and weak-
nesses of both pushdown analysis and abstract garbage collection.

systems are restricted to viewing the top of the stack (or a bounded
depth)—a condition violated by this traversal.

Fortunately, abstract garbage collection does not need to arbitrarily
modify the stack. In fact, it does not even need to know the order of
the frames; it only needs the set of frames on the stack. We find a
richer class of machine—introspective pushdown systems—which
retains just enough restrictions to compute reachable control states,
yet few enough to enable abstract garbage collection.

It is therefore possible to fuse the full benefits of abstract garbage
collection with pushdown analysis. The dramatic reduction in ab-
stract transition graph size from the top to the bottom in Figure 1
(and echoed by later benchmarks) conveys the impact of this fusion.

Secondary motivations There are three strong secondary motiva-
tions for this work: (1) bringing context-sensitivity to pushdown
analysis; (2) exposing the context-freedom of the analysis; and (3)
enabling pushdown analysis without continuation passing style.

In CFA2, monovariant (0CFA-like) context-sensitivity is etched
directly into the abstract semantics, which are in turn, phrased in
terms of an explicit (imperative) summarization algorithm for a
partitioned continuation-passing style.

In addition, the context-freedom of the analysis is buried implicitly
inside this algorithm. No pushdown system or context-free gram-
mar is explicitly identified. A necessary precursor to our work was
to make the pushdown system in CFA2 explicit.

A third motivation was to show that a transformation to continuation-
passing style is unnecessary for pushdown analysis. In fact, push-
down analysis is arguably more natural over direct-style programs.

1.2 Overview

We first review preliminaries to set a consistent feel for terminology
and notation, particularly with respect to pushdown systems. The
derivation of the analysis begins with a concrete CESK-machine-
style semantics for A-Normal Form �-calculus. The next step is an
infinite-state abstract interpretation, constructed by bounding the
C(ontrol), E(nvironment) and S(tore) portions of the machine while
leaving the stack—the K(ontinuation)—unbounded. A simple shift
in perspective reveals that this abstract interpretation is a rooted
pushdown system.

We then introduce abstract garbage collection and quickly find that
it violates the pushdown model with its traversals of the stack. To
prove the decidability of control-state reachability, we formulate in-
trospective pushdown systems, and recast abstract garbage collec-
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Figure
1.

W
e

generated
an

abstracttransition
graph

for
the

sam
e

program
from

Figure
2

fourtim
es:(1)w

ithoutpushdow
n

analysis
or

abstractgarbage
collection;(2)

w
ith

only
abstractgarbage

col-
lection;(3)w

ith
only

pushdow
n

analysis;(4)w
ith

both
pushdow

n
analysis

and
abstract

garbage
collection.W

ith
only

pushdow
n

or
abstract

G
C

,the
abstract

transition
graph

shrinks
by

an
order

of
m

agnitude,butin
differentw

ays.The
pushdow

n-only
analysis

is
confused

by
variables

that
are

bound
to

several
different

higher-
order

functions,but
for

short
durations.The

abstract-G
C

-only
is

confused
by

non-tail-recursive
loop

structure.W
ith

both
techniques

enabled,the
graph

shrinksby
nearly

halfyetagain
and

fully
recov-

ers
the

controlstructure
ofthe

originalprogram
.
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Figure
2.

A
sm

allexam
ple

to
illum

inate
the

strengths
and

w
eak-

nesses
ofboth

pushdow
n

analysis
and

abstractgarbage
collection.

system
sare

restricted
to

view
ing

the
top

ofthe
stack

(ora
bounded

depth)—
a

condition
violated

by
this

traversal.

Fortunately,abstractgarbage
collection

doesnotneed
to

arbitrarily
m

odify
the

stack.In
fact,itdoesnoteven

need
to

know
the

orderof
the

fram
es;itonly

needs
the

setoffram
es

on
the

stack.W
e

find
a

richerclass
ofm

achine—
introspective

pushdow
n

system
s—

w
hich

retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in

ab-
stracttransition

graph
size

from
the

top
to

the
bottom

in
Figure

1
(and

echoed
by

laterbenchm
arks)conveysthe

im
pactofthisfusion.

S
e
c
o

n
d

a
r
y

m
o

t
i
v
a

t
i
o

n
s

There
are

three
strong

secondary
m

otiva-
tions

for
this

w
ork:

(1)
bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis

w
ithoutcontinuation

passing
style.

In
C

FA
2,

m
onovariant

(0C
FA

-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
hich

are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum

m
arization

algorithm
for

a
partitioned

continuation-passing
style.

In
addition,the

context-freedom
ofthe

analysisisburied
im

plicitly
inside

this
algorithm

.N
o

pushdow
n

system
or

context-free
gram

-
m

aris
explicitly

identified.A
necessary

precursorto
ourw

ork
w

as
to

m
ake

the
pushdow

n
system

in
C

FA
2

explicit.

A
third

m
otivation

w
asto

show
thata

transform
ation

to
continuation-

passing
style

is
unnecessary

for
pushdow

n
analysis.In

fact,push-
dow

n
analysis

is
arguably

m
ore

naturaloverdirect-style
program

s.

1.2
O

verview

W
e

firstreview
prelim

inariesto
seta

consistentfeelforterm
inology

and
notation,particularly

w
ith

respectto
pushdow

n
system

s.The
derivation

of
the

analysis
begins

w
ith

a
concrete

C
ESK

-m
achine-

style
sem

antics
forA

-N
orm

alForm
�-calculus.The

nextstep
is

an
infinite-state

abstract
interpretation,

constructed
by

bounding
the

C
(ontrol),E(nvironm

ent)and
S(tore)portionsofthe

m
achine

w
hile

leaving
the

stack—
the

K
(ontinuation)—

unbounded.A
sim

ple
shift

in
perspective

reveals
that

this
abstract

interpretation
is

a
rooted

pushdow
n

system
.

W
e

then
introduce

abstractgarbage
collection

and
quickly

find
that

itviolates
the

pushdow
n

m
odelw

ith
its

traversals
ofthe

stack.To
prove

the
decidability

ofcontrol-state
reachability,w

e
form

ulate
in-

trospective
pushdow

n
system

s,and
recastabstractgarbage

collec-
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Figure1.Wegeneratedanabstracttransitiongraphforthesame
programfromFigure2fourtimes:(1)withoutpushdownanalysis
orabstractgarbagecollection;(2)withonlyabstractgarbagecol-
lection;(3)withonlypushdownanalysis;(4)withbothpushdown
analysisandabstractgarbagecollection.Withonlypushdownor
abstractGC,theabstracttransitiongraphshrinksbyanorderof
magnitude,butindifferentways.Thepushdown-onlyanalysisis
confusedbyvariablesthatareboundtoseveraldifferenthigher-
orderfunctions,butforshortdurations.Theabstract-GC-onlyis
confusedbynon-tail-recursiveloopstructure.Withbothtechniques
enabled,thegraphshrinksbynearlyhalfyetagainandfullyrecov-
ersthecontrolstructureoftheoriginalprogram.

(define(idx)x)

(define(fn)

(cond[(<=n1)1]

[else(*n(f(-n1)))]))

(define(gn)

(cond[(<=n1)1]

[else(+(*nn)(g(-n1)))]))

(print(+((idf)3)((idg)4)))

Figure2.Asmallexampletoilluminatethestrengthsandweak-
nessesofbothpushdownanalysisandabstractgarbagecollection.

systemsarerestrictedtoviewingthetopofthestack(orabounded
depth)—aconditionviolatedbythistraversal.

Fortunately,abstractgarbagecollectiondoesnotneedtoarbitrarily
modifythestack.Infact,itdoesnotevenneedtoknowtheorderof
theframes;itonlyneedsthesetofframesonthestack.Wefinda
richerclassofmachine—introspectivepushdownsystems—which
retainsjustenoughrestrictionstocomputereachablecontrolstates,
yetfewenoughtoenableabstractgarbagecollection.

Itisthereforepossibletofusethefullbenefitsofabstractgarbage
collectionwithpushdownanalysis.Thedramaticreductioninab-
stracttransitiongraphsizefromthetoptothebottominFigure1
(andechoedbylaterbenchmarks)conveystheimpactofthisfusion.

SecondarymotivationsTherearethreestrongsecondarymotiva-
tionsforthiswork:(1)bringingcontext-sensitivitytopushdown
analysis;(2)exposingthecontext-freedomoftheanalysis;and(3)
enablingpushdownanalysiswithoutcontinuationpassingstyle.

InCFA2,monovariant(0CFA-like)context-sensitivityisetched
directlyintotheabstractsemantics,whichareinturn,phrasedin
termsofanexplicit(imperative)summarizationalgorithmfora
partitionedcontinuation-passingstyle.

Inaddition,thecontext-freedomoftheanalysisisburiedimplicitly
insidethisalgorithm.Nopushdownsystemorcontext-freegram-
marisexplicitlyidentified.Anecessaryprecursortoourworkwas
tomakethepushdownsysteminCFA2explicit.

Athirdmotivationwastoshowthatatransformationtocontinuation-
passingstyleisunnecessaryforpushdownanalysis.Infact,push-
downanalysisisarguablymorenaturaloverdirect-styleprograms.

1.2Overview

Wefirstreviewpreliminariestosetaconsistentfeelforterminology
andnotation,particularlywithrespecttopushdownsystems.The
derivationoftheanalysisbeginswithaconcreteCESK-machine-
stylesemanticsforA-NormalForm�-calculus.Thenextstepisan
infinite-stateabstractinterpretation,constructedbyboundingthe
C(ontrol),E(nvironment)andS(tore)portionsofthemachinewhile
leavingthestack—theK(ontinuation)—unbounded.Asimpleshift
inperspectiverevealsthatthisabstractinterpretationisarooted
pushdownsystem.

Wethenintroduceabstractgarbagecollectionandquicklyfindthat
itviolatesthepushdownmodelwithitstraversalsofthestack.To
provethedecidabilityofcontrol-statereachability,weformulatein-
trospectivepushdownsystems,andrecastabstractgarbagecollec-
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Figure
1.

W
e

generated
an

abstracttransition
graph

for
the

sam
e

program
from

Figure
2

fourtim
es:(1)w

ithoutpushdow
n

analysis
or

abstractgarbage
collection;(2)

w
ith

only
abstractgarbage

col-
lection;(3)w

ith
only

pushdow
n

analysis;(4)w
ith

both
pushdow

n
analysis

and
abstract

garbage
collection.W

ith
only

pushdow
n

or
abstract

G
C

,the
abstract

transition
graph

shrinks
by

an
order

of
m

agnitude,butin
differentw

ays.The
pushdow

n-only
analysis

is
confused

by
variables

that
are

bound
to

several
different

higher-
order

functions,but
for

short
durations.The

abstract-G
C

-only
is

confused
by

non-tail-recursive
loop

structure.W
ith

both
techniques

enabled,the
graph

shrinksby
nearly

halfyetagain
and

fully
recov-

ers
the

controlstructure
ofthe

originalprogram
.
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Figure
2.

A
sm

allexam
ple

to
illum

inate
the

strengths
and

w
eak-

nesses
ofboth

pushdow
n

analysis
and

abstractgarbage
collection.

system
sare

restricted
to

view
ing

the
top

ofthe
stack

(ora
bounded

depth)—
a

condition
violated

by
this

traversal.

Fortunately,abstractgarbage
collection

doesnotneed
to

arbitrarily
m

odify
the

stack.In
fact,itdoesnoteven

need
to

know
the

orderof
the

fram
es;itonly

needs
the

setoffram
es

on
the

stack.W
e

find
a

richerclass
ofm

achine—
introspective

pushdow
n

system
s—

w
hich

retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in

ab-
stracttransition

graph
size

from
the

top
to

the
bottom

in
Figure

1
(and

echoed
by

laterbenchm
arks)conveysthe

im
pactofthisfusion.

S
e
c
o

n
d

a
r
y

m
o

t
i
v
a

t
i
o

n
s

There
are

three
strong

secondary
m

otiva-
tions

for
this

w
ork:

(1)
bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis

w
ithoutcontinuation

passing
style.

In
C

FA
2,

m
onovariant

(0C
FA

-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
hich

are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum

m
arization

algorithm
for

a
partitioned

continuation-passing
style.

In
addition,the

context-freedom
ofthe

analysisisburied
im

plicitly
inside

this
algorithm

.N
o

pushdow
n

system
or

context-free
gram

-
m

aris
explicitly

identified.A
necessary

precursorto
ourw

ork
w

as
to

m
ake

the
pushdow

n
system

in
C

FA
2

explicit.

A
third

m
otivation

w
asto

show
thata

transform
ation

to
continuation-

passing
style

is
unnecessary

for
pushdow

n
analysis.In

fact,push-
dow

n
analysis

is
arguably

m
ore

naturaloverdirect-style
program

s.

1.2
O

verview

W
e

firstreview
prelim

inariesto
seta

consistentfeelforterm
inology

and
notation,particularly

w
ith

respectto
pushdow

n
system

s.The
derivation

of
the

analysis
begins

w
ith

a
concrete

C
ESK

-m
achine-

style
sem

antics
forA

-N
orm

alForm
�-calculus.The

nextstep
is

an
infinite-state

abstract
interpretation,

constructed
by

bounding
the

C
(ontrol),E(nvironm

ent)and
S(tore)portionsofthe

m
achine

w
hile

leaving
the

stack—
the

K
(ontinuation)—

unbounded.A
sim

ple
shift

in
perspective

reveals
that

this
abstract

interpretation
is

a
rooted

pushdow
n

system
.

W
e

then
introduce

abstractgarbage
collection

and
quickly

find
that

itviolates
the

pushdow
n

m
odelw

ith
its

traversals
ofthe

stack.To
prove

the
decidability

ofcontrol-state
reachability,w

e
form

ulate
in-

trospective
pushdow

n
system

s,and
recastabstractgarbage

collec-
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Figure
1.

W
e

generated
an

abstracttransition
graph

for
the

sam
e

program
from

Figure
2

fourtim
es:(1)w

ithoutpushdow
n

analysis
or

abstractgarbage
collection;(2)

w
ith

only
abstractgarbage

col-
lection;(3)w

ith
only

pushdow
n

analysis;(4)w
ith

both
pushdow

n
analysis

and
abstract

garbage
collection.W

ith
only

pushdow
n

or
abstract

G
C

,the
abstract

transition
graph

shrinks
by

an
order

of
m

agnitude,butin
differentw

ays.The
pushdow

n-only
analysis

is
confused

by
variables

that
are

bound
to

several
different

higher-
order

functions,but
for

short
durations.The

abstract-G
C

-only
is

confused
by

non-tail-recursive
loop

structure.W
ith

both
techniques

enabled,the
graph

shrinksby
nearly

halfyetagain
and

fully
recov-

ers
the

controlstructure
ofthe

originalprogram
.
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and

w
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nesses
ofboth

pushdow
n

analysis
and

abstractgarbage
collection.

system
sare

restricted
to

view
ing

the
top

ofthe
stack

(ora
bounded

depth)—
a

condition
violated

by
this

traversal.

Fortunately,abstractgarbage
collection

doesnotneed
to

arbitrarily
m

odify
the

stack.In
fact,itdoesnoteven

need
to

know
the

orderof
the

fram
es;itonly

needs
the

setoffram
es

on
the

stack.W
e

find
a

richerclass
ofm

achine—
introspective

pushdow
n

system
s—

w
hich

retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in

ab-
stracttransition

graph
size

from
the

top
to

the
bottom

in
Figure

1
(and

echoed
by

laterbenchm
arks)conveysthe

im
pactofthisfusion.

S
e
c
o

n
d

a
r
y

m
o

t
i
v
a

t
i
o

n
s

There
are

three
strong

secondary
m

otiva-
tions

for
this

w
ork:

(1)
bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis

w
ithoutcontinuation

passing
style.

In
C

FA
2,

m
onovariant

(0C
FA

-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
hich

are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum

m
arization

algorithm
for

a
partitioned

continuation-passing
style.

In
addition,the

context-freedom
ofthe

analysisisburied
im

plicitly
inside

this
algorithm

.N
o

pushdow
n

system
or

context-free
gram

-
m

aris
explicitly

identified.A
necessary

precursorto
ourw

ork
w

as
to

m
ake

the
pushdow

n
system

in
C

FA
2

explicit.

A
third

m
otivation

w
asto

show
thata

transform
ation

to
continuation-

passing
style

is
unnecessary

for
pushdow

n
analysis.In

fact,push-
dow

n
analysis

is
arguably

m
ore

naturaloverdirect-style
program

s.

1.2
O

verview

W
e

firstreview
prelim

inariesto
seta

consistentfeelforterm
inology

and
notation,particularly

w
ith

respectto
pushdow

n
system

s.The
derivation

of
the

analysis
begins

w
ith

a
concrete

C
ESK

-m
achine-

style
sem

antics
forA

-N
orm

alForm
�-calculus.The

nextstep
is

an
infinite-state

abstract
interpretation,

constructed
by

bounding
the

C
(ontrol),E(nvironm

ent)and
S(tore)portionsofthe

m
achine

w
hile

leaving
the

stack—
the

K
(ontinuation)—

unbounded.A
sim

ple
shift

in
perspective

reveals
that

this
abstract

interpretation
is

a
rooted

pushdow
n

system
.

W
e

then
introduce

abstractgarbage
collection

and
quickly

find
that

itviolates
the

pushdow
n

m
odelw

ith
its

traversals
ofthe

stack.To
prove

the
decidability

ofcontrol-state
reachability,w

e
form

ulate
in-

trospective
pushdow

n
system

s,and
recastabstractgarbage

collec-
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Figure
1.

W
e

generated
an

abstracttransition
graph

for
the

sam
e

program
from

Figure
2

fourtim
es:(1)w

ithoutpushdow
n

analysis
or

abstractgarbage
collection;(2)

w
ith

only
abstractgarbage

col-
lection;(3)w

ith
only

pushdow
n

analysis;(4)w
ith

both
pushdow

n
analysis

and
abstract

garbage
collection.W

ith
only

pushdow
n

or
abstract

G
C

,the
abstract

transition
graph

shrinks
by

an
order

of
m

agnitude,butin
differentw

ays.The
pushdow

n-only
analysis

is
confused

by
variables

that
are

bound
to

several
different

higher-
order

functions,but
for

short
durations.The

abstract-G
C

-only
is

confused
by

non-tail-recursive
loop

structure.W
ith

both
techniques

enabled,the
graph

shrinksby
nearly

halfyetagain
and

fully
recov-

ers
the

controlstructure
ofthe

originalprogram
.
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A
sm

allexam
ple

to
illum

inate
the

strengths
and

w
eak-

nesses
ofboth

pushdow
n

analysis
and

abstractgarbage
collection.

system
sare

restricted
to

view
ing

the
top

ofthe
stack

(ora
bounded

depth)—
a

condition
violated

by
this

traversal.

Fortunately,abstractgarbage
collection

doesnotneed
to

arbitrarily
m

odify
the

stack.In
fact,itdoesnoteven

need
to

know
the

orderof
the

fram
es;itonly

needs
the

setoffram
es

on
the

stack.W
e

find
a

richerclass
ofm

achine—
introspective

pushdow
n

system
s—

w
hich

retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in

ab-
stracttransition

graph
size

from
the

top
to

the
bottom

in
Figure

1
(and

echoed
by

laterbenchm
arks)conveysthe

im
pactofthisfusion.

S
e
c
o

n
d

a
r
y

m
o

t
i
v
a

t
i
o

n
s

There
are

three
strong

secondary
m

otiva-
tions

for
this

w
ork:

(1)
bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis

w
ithoutcontinuation

passing
style.

In
C

FA
2,

m
onovariant

(0C
FA

-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
hich

are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum

m
arization

algorithm
for

a
partitioned

continuation-passing
style.

In
addition,the

context-freedom
ofthe

analysisisburied
im

plicitly
inside

this
algorithm

.N
o

pushdow
n

system
or

context-free
gram

-
m

aris
explicitly

identified.A
necessary

precursorto
ourw

ork
w

as
to

m
ake

the
pushdow

n
system

in
C

FA
2

explicit.

A
third

m
otivation

w
asto

show
thata

transform
ation

to
continuation-

passing
style

is
unnecessary

for
pushdow

n
analysis.In

fact,push-
dow

n
analysis

is
arguably

m
ore

naturaloverdirect-style
program

s.

1.2
O

verview

W
e

firstreview
prelim

inariesto
seta

consistentfeelforterm
inology

and
notation,particularly

w
ith

respectto
pushdow

n
system

s.The
derivation

of
the

analysis
begins

w
ith

a
concrete

C
ESK

-m
achine-

style
sem

antics
forA

-N
orm

alForm
�-calculus.The

nextstep
is

an
infinite-state

abstract
interpretation,

constructed
by

bounding
the

C
(ontrol),E(nvironm

ent)and
S(tore)portionsofthe

m
achine

w
hile

leaving
the

stack—
the

K
(ontinuation)—

unbounded.A
sim

ple
shift

in
perspective

reveals
that

this
abstract

interpretation
is

a
rooted

pushdow
n

system
.

W
e

then
introduce

abstractgarbage
collection

and
quickly

find
that

itviolates
the

pushdow
n

m
odelw

ith
its

traversals
ofthe

stack.To
prove

the
decidability

ofcontrol-state
reachability,w

e
form

ulate
in-

trospective
pushdow
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system

s,and
recastabstractgarbage
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Figure
1.

W
e

generated
an

abstracttransition
graph

for
the

sam
e

program
from

Figure
2

fourtim
es:(1)w

ithoutpushdow
n

analysis
or

abstractgarbage
collection;(2)

w
ith

only
abstractgarbage

col-
lection;(3)w

ith
only

pushdow
n

analysis;(4)w
ith

both
pushdow

n
analysis

and
abstract

garbage
collection.W

ith
only

pushdow
n

or
abstract

G
C

,the
abstract

transition
graph

shrinks
by

an
order

of
m

agnitude,butin
differentw

ays.The
pushdow

n-only
analysis

is
confused

by
variables

that
are

bound
to

several
different

higher-
order

functions,but
for

short
durations.The

abstract-G
C

-only
is

confused
by

non-tail-recursive
loop

structure.W
ith

both
techniques

enabled,the
graph

shrinksby
nearly

halfyetagain
and

fully
recov-

ers
the

controlstructure
ofthe

originalprogram
.

(
d
e
f
i
n
e
(
i
d
x
)
x
)

(
d
e
f
i
n
e
(
f
n
)

(
c
o
n
d
[
(
<
=
n
1
)

1
]

[
e
l
s
e

(
*
n
(
f
(
-
n
1
)
)
)
]
)
)

(
d
e
f
i
n
e
(
g
n
)

(
c
o
n
d
[
(
<
=
n
1
)

1
]

[
e
l
s
e

(
+
(
*
n
n
)
(
g
(
-
n
1
)
)
)
]
)
)

(
p
r
i
n
t
(
+
(
(
i
d
f
)
3
)
(
(
i
d
g
)
4
)
)
)

Figure
2.

A
sm

allexam
ple

to
illum

inate
the

strengths
and

w
eak-

nesses
ofboth

pushdow
n

analysis
and

abstractgarbage
collection.

system
sare

restricted
to

view
ing

the
top

ofthe
stack

(ora
bounded

depth)—
a

condition
violated

by
this

traversal.

Fortunately,abstractgarbage
collection

doesnotneed
to

arbitrarily
m

odify
the

stack.In
fact,itdoesnoteven

need
to

know
the

orderof
the

fram
es;itonly

needs
the

setoffram
es

on
the

stack.W
e

find
a

richerclass
ofm

achine—
introspective

pushdow
n

system
s—

w
hich

retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in

ab-
stracttransition

graph
size

from
the

top
to

the
bottom

in
Figure

1
(and

echoed
by

laterbenchm
arks)conveysthe

im
pactofthisfusion.

S
e
c
o

n
d

a
r
y

m
o

t
i
v
a

t
i
o

n
s

There
are

three
strong

secondary
m

otiva-
tions

for
this

w
ork:

(1)
bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis

w
ithoutcontinuation

passing
style.

In
C

FA
2,

m
onovariant

(0C
FA

-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
hich

are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum

m
arization

algorithm
for

a
partitioned

continuation-passing
style.

In
addition,the

context-freedom
ofthe

analysisisburied
im

plicitly
inside

this
algorithm

.N
o

pushdow
n

system
or

context-free
gram

-
m

aris
explicitly

identified.A
necessary

precursorto
ourw

ork
w

as
to

m
ake

the
pushdow

n
system

in
C

FA
2

explicit.

A
third

m
otivation

w
asto

show
thata

transform
ation

to
continuation-

passing
style

is
unnecessary

for
pushdow

n
analysis.In

fact,push-
dow

n
analysis

is
arguably

m
ore

naturaloverdirect-style
program

s.

1.2
O

verview

W
e

firstreview
prelim

inariesto
seta

consistentfeelforterm
inology

and
notation,particularly

w
ith

respectto
pushdow

n
system

s.The
derivation

of
the

analysis
begins

w
ith

a
concrete

C
ESK

-m
achine-

style
sem

antics
forA

-N
orm

alForm
�-calculus.The

nextstep
is

an
infinite-state

abstract
interpretation,

constructed
by

bounding
the

C
(ontrol),E(nvironm

ent)and
S(tore)portionsofthe

m
achine

w
hile

leaving
the

stack—
the

K
(ontinuation)—

unbounded.A
sim

ple
shift

in
perspective

reveals
that

this
abstract

interpretation
is

a
rooted

pushdow
n

system
.

W
e

then
introduce

abstractgarbage
collection

and
quickly

find
that

itviolates
the

pushdow
n

m
odelw

ith
its

traversals
ofthe

stack.To
prove

the
decidability

ofcontrol-state
reachability,w

e
form

ulate
in-

trospective
pushdow

n
system

s,and
recastabstractgarbage

collec-
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(4) with pushdown analysis and abstract GC: 77 states

Figure 1. We generated an abstract transition graph for the same
program from Figure 2 four times: (1) without pushdown analysis
or abstract garbage collection; (2) with only abstract garbage col-
lection; (3) with only pushdown analysis; (4) with both pushdown
analysis and abstract garbage collection. With only pushdown or
abstract GC, the abstract transition graph shrinks by an order of
magnitude, but in different ways. The pushdown-only analysis is
confused by variables that are bound to several different higher-
order functions, but for short durations. The abstract-GC-only is
confused by non-tail-recursive loop structure. With both techniques
enabled, the graph shrinks by nearly half yet again and fully recov-
ers the control structure of the original program.

(define (id x) x)

(define (f n)

(cond [(<= n 1) 1]

[else (* n (f (- n 1)))]))

(define (g n)

(cond [(<= n 1) 1]

[else (+ (* n n) (g (- n 1)))]))

(print (+ ((id f) 3) ((id g) 4)))

Figure 2. A small example to illuminate the strengths and weak-
nesses of both pushdown analysis and abstract garbage collection.

systems are restricted to viewing the top of the stack (or a bounded
depth)—a condition violated by this traversal.

Fortunately, abstract garbage collection does not need to arbitrarily
modify the stack. In fact, it does not even need to know the order of
the frames; it only needs the set of frames on the stack. We find a
richer class of machine—introspective pushdown systems—which
retains just enough restrictions to compute reachable control states,
yet few enough to enable abstract garbage collection.

It is therefore possible to fuse the full benefits of abstract garbage
collection with pushdown analysis. The dramatic reduction in ab-
stract transition graph size from the top to the bottom in Figure 1
(and echoed by later benchmarks) conveys the impact of this fusion.

Secondary motivations There are three strong secondary motiva-
tions for this work: (1) bringing context-sensitivity to pushdown
analysis; (2) exposing the context-freedom of the analysis; and (3)
enabling pushdown analysis without continuation passing style.

In CFA2, monovariant (0CFA-like) context-sensitivity is etched
directly into the abstract semantics, which are in turn, phrased in
terms of an explicit (imperative) summarization algorithm for a
partitioned continuation-passing style.

In addition, the context-freedom of the analysis is buried implicitly
inside this algorithm. No pushdown system or context-free gram-
mar is explicitly identified. A necessary precursor to our work was
to make the pushdown system in CFA2 explicit.

A third motivation was to show that a transformation to continuation-
passing style is unnecessary for pushdown analysis. In fact, push-
down analysis is arguably more natural over direct-style programs.

1.2 Overview

We first review preliminaries to set a consistent feel for terminology
and notation, particularly with respect to pushdown systems. The
derivation of the analysis begins with a concrete CESK-machine-
style semantics for A-Normal Form �-calculus. The next step is an
infinite-state abstract interpretation, constructed by bounding the
C(ontrol), E(nvironment) and S(tore) portions of the machine while
leaving the stack—the K(ontinuation)—unbounded. A simple shift
in perspective reveals that this abstract interpretation is a rooted
pushdown system.

We then introduce abstract garbage collection and quickly find that
it violates the pushdown model with its traversals of the stack. To
prove the decidability of control-state reachability, we formulate in-
trospective pushdown systems, and recast abstract garbage collec-
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Figure
1.

W
e

generated
an

abstracttransition
graph

for
the

sam
e

program
from

Figure
2

fourtim
es:(1)w

ithoutpushdow
n

analysis
or

abstractgarbage
collection;(2)

w
ith

only
abstractgarbage

col-
lection;(3)w

ith
only

pushdow
n

analysis;(4)w
ith

both
pushdow

n
analysis

and
abstract

garbage
collection.W

ith
only

pushdow
n

or
abstract

G
C

,the
abstract

transition
graph

shrinks
by

an
order

of
m

agnitude,butin
differentw

ays.The
pushdow

n-only
analysis

is
confused

by
variables

that
are

bound
to

several
different

higher-
order

functions,but
for

short
durations.The

abstract-G
C

-only
is

confused
by

non-tail-recursive
loop

structure.W
ith

both
techniques

enabled,the
graph

shrinksby
nearly

halfyetagain
and

fully
recov-

ers
the

controlstructure
ofthe

originalprogram
.
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Figure
2.

A
sm

allexam
ple

to
illum

inate
the

strengths
and

w
eak-

nesses
ofboth

pushdow
n

analysis
and

abstractgarbage
collection.

system
sare

restricted
to

view
ing

the
top

ofthe
stack

(ora
bounded

depth)—
a

condition
violated

by
this

traversal.

Fortunately,abstractgarbage
collection

doesnotneed
to

arbitrarily
m

odify
the

stack.In
fact,itdoesnoteven

need
to

know
the

orderof
the

fram
es;itonly

needs
the

setoffram
es

on
the

stack.W
e

find
a

richerclass
ofm

achine—
introspective

pushdow
n

system
s—

w
hich

retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in

ab-
stracttransition

graph
size

from
the

top
to

the
bottom

in
Figure

1
(and

echoed
by

laterbenchm
arks)conveysthe

im
pactofthisfusion.

S
e
c
o

n
d

a
r
y

m
o

t
i
v
a

t
i
o

n
s

There
are

three
strong

secondary
m

otiva-
tions

for
this

w
ork:

(1)
bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis

w
ithoutcontinuation

passing
style.

In
C

FA
2,

m
onovariant

(0C
FA

-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
hich

are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum

m
arization

algorithm
for

a
partitioned

continuation-passing
style.

In
addition,the

context-freedom
ofthe

analysisisburied
im

plicitly
inside

this
algorithm

.N
o

pushdow
n

system
or

context-free
gram

-
m

aris
explicitly

identified.A
necessary

precursorto
ourw

ork
w

as
to

m
ake

the
pushdow

n
system

in
C

FA
2

explicit.

A
third

m
otivation

w
asto

show
thata

transform
ation

to
continuation-

passing
style

is
unnecessary

for
pushdow

n
analysis.In

fact,push-
dow

n
analysis

is
arguably

m
ore

naturaloverdirect-style
program

s.

1.2
O

verview

W
e

firstreview
prelim

inariesto
seta

consistentfeelforterm
inology

and
notation,particularly

w
ith

respectto
pushdow

n
system

s.The
derivation

of
the

analysis
begins

w
ith

a
concrete

C
ESK

-m
achine-

style
sem

antics
forA

-N
orm

alForm
�-calculus.The

nextstep
is

an
infinite-state

abstract
interpretation,

constructed
by

bounding
the

C
(ontrol),E(nvironm

ent)and
S(tore)portionsofthe

m
achine

w
hile

leaving
the

stack—
the

K
(ontinuation)—

unbounded.A
sim

ple
shift

in
perspective

reveals
that

this
abstract

interpretation
is

a
rooted

pushdow
n

system
.

W
e

then
introduce

abstractgarbage
collection

and
quickly

find
that

itviolates
the

pushdow
n

m
odelw

ith
its

traversals
ofthe

stack.To
prove

the
decidability

ofcontrol-state
reachability,w

e
form

ulate
in-

trospective
pushdow

n
system

s,and
recastabstractgarbage

collec-
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(4)withpushdownanalysisandabstractGC:77states

Figure1.Wegeneratedanabstracttransitiongraphforthesame
programfromFigure2fourtimes:(1)withoutpushdownanalysis
orabstractgarbagecollection;(2)withonlyabstractgarbagecol-
lection;(3)withonlypushdownanalysis;(4)withbothpushdown
analysisandabstractgarbagecollection.Withonlypushdownor
abstractGC,theabstracttransitiongraphshrinksbyanorderof
magnitude,butindifferentways.Thepushdown-onlyanalysisis
confusedbyvariablesthatareboundtoseveraldifferenthigher-
orderfunctions,butforshortdurations.Theabstract-GC-onlyis
confusedbynon-tail-recursiveloopstructure.Withbothtechniques
enabled,thegraphshrinksbynearlyhalfyetagainandfullyrecov-
ersthecontrolstructureoftheoriginalprogram.

(define(idx)x)

(define(fn)

(cond[(<=n1)1]

[else(*n(f(-n1)))]))

(define(gn)

(cond[(<=n1)1]

[else(+(*nn)(g(-n1)))]))

(print(+((idf)3)((idg)4)))

Figure2.Asmallexampletoilluminatethestrengthsandweak-
nessesofbothpushdownanalysisandabstractgarbagecollection.

systemsarerestrictedtoviewingthetopofthestack(orabounded
depth)—aconditionviolatedbythistraversal.

Fortunately,abstractgarbagecollectiondoesnotneedtoarbitrarily
modifythestack.Infact,itdoesnotevenneedtoknowtheorderof
theframes;itonlyneedsthesetofframesonthestack.Wefinda
richerclassofmachine—introspectivepushdownsystems—which
retainsjustenoughrestrictionstocomputereachablecontrolstates,
yetfewenoughtoenableabstractgarbagecollection.

Itisthereforepossibletofusethefullbenefitsofabstractgarbage
collectionwithpushdownanalysis.Thedramaticreductioninab-
stracttransitiongraphsizefromthetoptothebottominFigure1
(andechoedbylaterbenchmarks)conveystheimpactofthisfusion.

SecondarymotivationsTherearethreestrongsecondarymotiva-
tionsforthiswork:(1)bringingcontext-sensitivitytopushdown
analysis;(2)exposingthecontext-freedomoftheanalysis;and(3)
enablingpushdownanalysiswithoutcontinuationpassingstyle.

InCFA2,monovariant(0CFA-like)context-sensitivityisetched
directlyintotheabstractsemantics,whichareinturn,phrasedin
termsofanexplicit(imperative)summarizationalgorithmfora
partitionedcontinuation-passingstyle.

Inaddition,thecontext-freedomoftheanalysisisburiedimplicitly
insidethisalgorithm.Nopushdownsystemorcontext-freegram-
marisexplicitlyidentified.Anecessaryprecursortoourworkwas
tomakethepushdownsysteminCFA2explicit.

Athirdmotivationwastoshowthatatransformationtocontinuation-
passingstyleisunnecessaryforpushdownanalysis.Infact,push-
downanalysisisarguablymorenaturaloverdirect-styleprograms.

1.2Overview

Wefirstreviewpreliminariestosetaconsistentfeelforterminology
andnotation,particularlywithrespecttopushdownsystems.The
derivationoftheanalysisbeginswithaconcreteCESK-machine-
stylesemanticsforA-NormalForm�-calculus.Thenextstepisan
infinite-stateabstractinterpretation,constructedbyboundingthe
C(ontrol),E(nvironment)andS(tore)portionsofthemachinewhile
leavingthestack—theK(ontinuation)—unbounded.Asimpleshift
inperspectiverevealsthatthisabstractinterpretationisarooted
pushdownsystem.

Wethenintroduceabstractgarbagecollectionandquicklyfindthat
itviolatesthepushdownmodelwithitstraversalsofthestack.To
provethedecidabilityofcontrol-statereachability,weformulatein-
trospectivepushdownsystems,andrecastabstractgarbagecollec-
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Figure
1.

W
e

generated
an

abstracttransition
graph

for
the

sam
e

program
from

Figure
2

fourtim
es:(1)w

ithoutpushdow
n

analysis
or

abstractgarbage
collection;(2)

w
ith

only
abstractgarbage

col-
lection;(3)w

ith
only

pushdow
n

analysis;(4)w
ith

both
pushdow

n
analysis

and
abstract

garbage
collection.W

ith
only

pushdow
n

or
abstract

G
C

,the
abstract

transition
graph

shrinks
by

an
order

of
m

agnitude,butin
differentw

ays.The
pushdow

n-only
analysis

is
confused

by
variables

that
are

bound
to

several
different

higher-
order

functions,but
for

short
durations.The

abstract-G
C

-only
is

confused
by

non-tail-recursive
loop

structure.W
ith

both
techniques

enabled,the
graph

shrinksby
nearly

halfyetagain
and

fully
recov-

ers
the

controlstructure
ofthe

originalprogram
.
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Figure
2.

A
sm

allexam
ple

to
illum

inate
the

strengths
and

w
eak-

nesses
ofboth

pushdow
n

analysis
and

abstractgarbage
collection.

system
sare

restricted
to

view
ing

the
top

ofthe
stack

(ora
bounded

depth)—
a

condition
violated

by
this

traversal.

Fortunately,abstractgarbage
collection

doesnotneed
to

arbitrarily
m

odify
the

stack.In
fact,itdoesnoteven

need
to

know
the

orderof
the

fram
es;itonly

needs
the

setoffram
es

on
the

stack.W
e

find
a

richerclass
ofm

achine—
introspective

pushdow
n

system
s—

w
hich

retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in

ab-
stracttransition

graph
size

from
the

top
to

the
bottom

in
Figure

1
(and

echoed
by

laterbenchm
arks)conveysthe

im
pactofthisfusion.

S
e
c
o

n
d

a
r
y

m
o

t
i
v
a

t
i
o

n
s

There
are

three
strong

secondary
m

otiva-
tions

for
this

w
ork:

(1)
bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis

w
ithoutcontinuation

passing
style.

In
C

FA
2,

m
onovariant

(0C
FA

-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
hich

are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum

m
arization

algorithm
for

a
partitioned

continuation-passing
style.

In
addition,the

context-freedom
ofthe

analysisisburied
im

plicitly
inside

this
algorithm

.N
o

pushdow
n

system
or

context-free
gram

-
m

aris
explicitly

identified.A
necessary

precursorto
ourw

ork
w

as
to

m
ake

the
pushdow

n
system

in
C

FA
2

explicit.

A
third

m
otivation

w
asto

show
thata

transform
ation

to
continuation-

passing
style

is
unnecessary

for
pushdow

n
analysis.In

fact,push-
dow

n
analysis

is
arguably

m
ore

naturaloverdirect-style
program

s.

1.2
O

verview

W
e

firstreview
prelim

inariesto
seta

consistentfeelforterm
inology

and
notation,particularly

w
ith

respectto
pushdow

n
system

s.The
derivation

of
the

analysis
begins

w
ith

a
concrete

C
ESK

-m
achine-

style
sem

antics
forA

-N
orm

alForm
�-calculus.The

nextstep
is

an
infinite-state

abstract
interpretation,

constructed
by

bounding
the

C
(ontrol),E(nvironm

ent)and
S(tore)portionsofthe

m
achine

w
hile

leaving
the

stack—
the

K
(ontinuation)—

unbounded.A
sim

ple
shift

in
perspective

reveals
that

this
abstract

interpretation
is

a
rooted

pushdow
n

system
.

W
e

then
introduce

abstractgarbage
collection

and
quickly

find
that

itviolates
the

pushdow
n

m
odelw

ith
its

traversals
ofthe

stack.To
prove

the
decidability

ofcontrol-state
reachability,w

e
form

ulate
in-

trospective
pushdow

n
system

s,and
recastabstractgarbage

collec-
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Figure
1.

W
e

generated
an

abstracttransition
graph

for
the

sam
e

program
from

Figure
2

fourtim
es:(1)w

ithoutpushdow
n

analysis
or

abstractgarbage
collection;(2)

w
ith

only
abstractgarbage

col-
lection;(3)w

ith
only

pushdow
n

analysis;(4)w
ith

both
pushdow

n
analysis

and
abstract

garbage
collection.W

ith
only

pushdow
n

or
abstract

G
C

,the
abstract

transition
graph

shrinks
by

an
order

of
m

agnitude,butin
differentw

ays.The
pushdow

n-only
analysis

is
confused

by
variables

that
are
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enabled,the
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the

strengths
and
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ofboth

pushdow
n

analysis
and

abstractgarbage
collection.

system
sare

restricted
to

view
ing

the
top
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stack
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depth)—
a

condition
violated

by
this

traversal.
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doesnotneed
to

arbitrarily
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odify
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need
to

know
the

orderof
the
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needs
the

setoffram
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on
the
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find
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achine—
introspective

pushdow
n
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s—
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retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in
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stracttransition

graph
size

from
the
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to
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in
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(and
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by
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There
are

three
strong

secondary
m
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tions

for
this

w
ork:

(1)
bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis

w
ithoutcontinuation

passing
style.

In
C
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2,

m
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(0C
FA

-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
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are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum

m
arization

algorithm
for

a
partitioned

continuation-passing
style.

In
addition,the

context-freedom
ofthe

analysisisburied
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inside

this
algorithm
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o
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n
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or
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m
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identified.A
necessary
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ourw
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to
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ake

the
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system

in
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explicit.
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third
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otivation

w
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show
thata

transform
ation

to
continuation-

passing
style

is
unnecessary

for
pushdow

n
analysis.In

fact,push-
dow
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analysis

is
arguably
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ore

naturaloverdirect-style
program

s.
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verview

W
e

firstreview
prelim

inariesto
seta

consistentfeelforterm
inology

and
notation,particularly

w
ith

respectto
pushdow

n
system

s.The
derivation

of
the

analysis
begins

w
ith

a
concrete
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ESK

-m
achine-

style
sem

antics
forA

-N
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alForm
�-calculus.The

nextstep
is

an
infinite-state

abstract
interpretation,

constructed
by

bounding
the
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(ontrol),E(nvironm

ent)and
S(tore)portionsofthe

m
achine

w
hile

leaving
the

stack—
the

K
(ontinuation)—

unbounded.A
sim

ple
shift

in
perspective

reveals
that

this
abstract

interpretation
is

a
rooted

pushdow
n

system
.

W
e

then
introduce

abstractgarbage
collection

and
quickly

find
that

itviolates
the

pushdow
n

m
odelw

ith
its

traversals
ofthe

stack.To
prove

the
decidability

ofcontrol-state
reachability,w

e
form

ulate
in-

trospective
pushdow

n
system

s,and
recastabstractgarbage
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collection.W
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or
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by
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order

of
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agnitude,butin
differentw
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is
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variables

that
are

bound
to

several
different

higher-
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functions,but
for

short
durations.The
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-only
is
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loop

structure.W
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and
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restricted
to

view
ing
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top
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bounded
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a

condition
violated

by
this

traversal.

Fortunately,abstractgarbage
collection

doesnotneed
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arbitrarily
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odify
the

stack.In
fact,itdoesnoteven

need
to

know
the

orderof
the
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es;itonly

needs
the

setoffram
es

on
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stack.W
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find
a

richerclass
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achine—
introspective

pushdow
n

system
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w
hich

retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in
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stracttransition

graph
size

from
the

top
to

the
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in
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(and
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by
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There
are

three
strong

secondary
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otiva-
tions

for
this

w
ork:

(1)
bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis
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passing
style.

In
C

FA
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-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
hich

are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum
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arization

algorithm
for

a
partitioned
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In
addition,the

context-freedom
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analysisisburied
im
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inside

this
algorithm
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o

pushdow
n

system
or
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aris
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identified.A
necessary
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to
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ake

the
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system

in
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explicit.
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third
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otivation

w
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show
thata

transform
ation

to
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passing
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is
unnecessary

for
pushdow
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analysis.In

fact,push-
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analysis

is
arguably

m
ore

naturaloverdirect-style
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firstreview
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seta
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inology

and
notation,particularly

w
ith

respectto
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s.The
derivation

of
the

analysis
begins

w
ith

a
concrete

C
ESK
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achine-

style
sem

antics
forA

-N
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alForm
�-calculus.The

nextstep
is

an
infinite-state
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interpretation,

constructed
by

bounding
the
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w
hile

leaving
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the

K
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sim
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shift

in
perspective
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that

this
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is
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.
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then
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that
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Figure
1.

W
e

generated
an

abstracttransition
graph

for
the

sam
e

program
from

Figure
2

fourtim
es:(1)w

ithoutpushdow
n

analysis
or

abstractgarbage
collection;(2)

w
ith

only
abstractgarbage

col-
lection;(3)w

ith
only

pushdow
n

analysis;(4)w
ith

both
pushdow

n
analysis

and
abstract

garbage
collection.W

ith
only

pushdow
n

or
abstract

G
C

,the
abstract

transition
graph

shrinks
by

an
order

of
m

agnitude,butin
differentw

ays.The
pushdow

n-only
analysis

is
confused

by
variables

that
are

bound
to

several
different

higher-
order

functions,but
for

short
durations.The

abstract-G
C

-only
is

confused
by

non-tail-recursive
loop

structure.W
ith

both
techniques

enabled,the
graph

shrinksby
nearly

halfyetagain
and

fully
recov-

ers
the

controlstructure
ofthe

originalprogram
.
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Figure
2.

A
sm

allexam
ple

to
illum

inate
the

strengths
and

w
eak-

nesses
ofboth

pushdow
n

analysis
and

abstractgarbage
collection.

system
sare

restricted
to

view
ing

the
top

ofthe
stack

(ora
bounded

depth)—
a

condition
violated

by
this

traversal.

Fortunately,abstractgarbage
collection

doesnotneed
to

arbitrarily
m

odify
the

stack.In
fact,itdoesnoteven

need
to

know
the

orderof
the

fram
es;itonly

needs
the

setoffram
es

on
the

stack.W
e

find
a

richerclass
ofm

achine—
introspective

pushdow
n

system
s—

w
hich

retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in

ab-
stracttransition

graph
size

from
the

top
to

the
bottom

in
Figure

1
(and

echoed
by

laterbenchm
arks)conveysthe

im
pactofthisfusion.

S
e
c
o

n
d

a
r
y

m
o

t
i
v
a

t
i
o

n
s

There
are

three
strong

secondary
m

otiva-
tions

for
this

w
ork:

(1)
bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis

w
ithoutcontinuation

passing
style.

In
C

FA
2,

m
onovariant

(0C
FA

-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
hich

are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum

m
arization

algorithm
for

a
partitioned

continuation-passing
style.

In
addition,the

context-freedom
ofthe

analysisisburied
im

plicitly
inside

this
algorithm

.N
o

pushdow
n

system
or

context-free
gram

-
m

aris
explicitly

identified.A
necessary

precursorto
ourw

ork
w

as
to

m
ake

the
pushdow

n
system

in
C

FA
2

explicit.

A
third

m
otivation

w
asto

show
thata

transform
ation

to
continuation-

passing
style

is
unnecessary

for
pushdow

n
analysis.In

fact,push-
dow

n
analysis

is
arguably

m
ore

naturaloverdirect-style
program

s.

1.2
O

verview

W
e

firstreview
prelim

inariesto
seta

consistentfeelforterm
inology

and
notation,particularly

w
ith

respectto
pushdow

n
system

s.The
derivation

of
the

analysis
begins

w
ith

a
concrete

C
ESK

-m
achine-

style
sem

antics
forA

-N
orm

alForm
�-calculus.The

nextstep
is

an
infinite-state

abstract
interpretation,

constructed
by

bounding
the

C
(ontrol),E(nvironm

ent)and
S(tore)portionsofthe

m
achine

w
hile

leaving
the

stack—
the

K
(ontinuation)—

unbounded.A
sim

ple
shift

in
perspective

reveals
that

this
abstract

interpretation
is

a
rooted

pushdow
n

system
.

W
e

then
introduce

abstractgarbage
collection

and
quickly

find
that

itviolates
the

pushdow
n

m
odelw

ith
its

traversals
ofthe

stack.To
prove

the
decidability

ofcontrol-state
reachability,w

e
form

ulate
in-

trospective
pushdow

n
system

s,and
recastabstractgarbage

collec-
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(4) with pushdown analysis and abstract GC: 77 states

Figure 1. We generated an abstract transition graph for the same
program from Figure 2 four times: (1) without pushdown analysis
or abstract garbage collection; (2) with only abstract garbage col-
lection; (3) with only pushdown analysis; (4) with both pushdown
analysis and abstract garbage collection. With only pushdown or
abstract GC, the abstract transition graph shrinks by an order of
magnitude, but in different ways. The pushdown-only analysis is
confused by variables that are bound to several different higher-
order functions, but for short durations. The abstract-GC-only is
confused by non-tail-recursive loop structure. With both techniques
enabled, the graph shrinks by nearly half yet again and fully recov-
ers the control structure of the original program.

(define (id x) x)

(define (f n)

(cond [(<= n 1) 1]

[else (* n (f (- n 1)))]))

(define (g n)

(cond [(<= n 1) 1]

[else (+ (* n n) (g (- n 1)))]))

(print (+ ((id f) 3) ((id g) 4)))

Figure 2. A small example to illuminate the strengths and weak-
nesses of both pushdown analysis and abstract garbage collection.

systems are restricted to viewing the top of the stack (or a bounded
depth)—a condition violated by this traversal.

Fortunately, abstract garbage collection does not need to arbitrarily
modify the stack. In fact, it does not even need to know the order of
the frames; it only needs the set of frames on the stack. We find a
richer class of machine—introspective pushdown systems—which
retains just enough restrictions to compute reachable control states,
yet few enough to enable abstract garbage collection.

It is therefore possible to fuse the full benefits of abstract garbage
collection with pushdown analysis. The dramatic reduction in ab-
stract transition graph size from the top to the bottom in Figure 1
(and echoed by later benchmarks) conveys the impact of this fusion.

Secondary motivations There are three strong secondary motiva-
tions for this work: (1) bringing context-sensitivity to pushdown
analysis; (2) exposing the context-freedom of the analysis; and (3)
enabling pushdown analysis without continuation passing style.

In CFA2, monovariant (0CFA-like) context-sensitivity is etched
directly into the abstract semantics, which are in turn, phrased in
terms of an explicit (imperative) summarization algorithm for a
partitioned continuation-passing style.

In addition, the context-freedom of the analysis is buried implicitly
inside this algorithm. No pushdown system or context-free gram-
mar is explicitly identified. A necessary precursor to our work was
to make the pushdown system in CFA2 explicit.

A third motivation was to show that a transformation to continuation-
passing style is unnecessary for pushdown analysis. In fact, push-
down analysis is arguably more natural over direct-style programs.

1.2 Overview

We first review preliminaries to set a consistent feel for terminology
and notation, particularly with respect to pushdown systems. The
derivation of the analysis begins with a concrete CESK-machine-
style semantics for A-Normal Form �-calculus. The next step is an
infinite-state abstract interpretation, constructed by bounding the
C(ontrol), E(nvironment) and S(tore) portions of the machine while
leaving the stack—the K(ontinuation)—unbounded. A simple shift
in perspective reveals that this abstract interpretation is a rooted
pushdown system.

We then introduce abstract garbage collection and quickly find that
it violates the pushdown model with its traversals of the stack. To
prove the decidability of control-state reachability, we formulate in-
trospective pushdown systems, and recast abstract garbage collec-
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Figure
1.

W
e

generated
an

abstracttransition
graph

for
the

sam
e

program
from

Figure
2

fourtim
es:(1)w

ithoutpushdow
n

analysis
or

abstractgarbage
collection;(2)

w
ith

only
abstractgarbage

col-
lection;(3)w

ith
only

pushdow
n

analysis;(4)w
ith

both
pushdow

n
analysis

and
abstract

garbage
collection.W

ith
only

pushdow
n

or
abstract

G
C

,the
abstract

transition
graph

shrinks
by

an
order

of
m

agnitude,butin
differentw

ays.The
pushdow

n-only
analysis

is
confused

by
variables

that
are

bound
to

several
different

higher-
order

functions,but
for

short
durations.The

abstract-G
C

-only
is

confused
by

non-tail-recursive
loop

structure.W
ith

both
techniques

enabled,the
graph

shrinksby
nearly

halfyetagain
and

fully
recov-

ers
the

controlstructure
ofthe

originalprogram
.
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Figure
2.

A
sm

allexam
ple

to
illum

inate
the

strengths
and

w
eak-

nesses
ofboth

pushdow
n

analysis
and

abstractgarbage
collection.

system
sare

restricted
to

view
ing

the
top

ofthe
stack

(ora
bounded

depth)—
a

condition
violated

by
this

traversal.

Fortunately,abstractgarbage
collection

doesnotneed
to

arbitrarily
m

odify
the

stack.In
fact,itdoesnoteven

need
to

know
the

orderof
the

fram
es;itonly

needs
the

setoffram
es

on
the

stack.W
e

find
a

richerclass
ofm

achine—
introspective

pushdow
n

system
s—

w
hich

retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in

ab-
stracttransition

graph
size

from
the

top
to

the
bottom

in
Figure

1
(and

echoed
by

laterbenchm
arks)conveysthe

im
pactofthisfusion.

S
e
c
o

n
d

a
r
y

m
o

t
i
v
a

t
i
o

n
s

There
are

three
strong

secondary
m

otiva-
tions

for
this

w
ork:

(1)
bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis

w
ithoutcontinuation

passing
style.

In
C

FA
2,

m
onovariant

(0C
FA

-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
hich

are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum

m
arization

algorithm
for

a
partitioned

continuation-passing
style.

In
addition,the

context-freedom
ofthe

analysisisburied
im

plicitly
inside

this
algorithm

.N
o

pushdow
n

system
or

context-free
gram

-
m

aris
explicitly

identified.A
necessary

precursorto
ourw

ork
w

as
to

m
ake

the
pushdow

n
system

in
C

FA
2

explicit.

A
third

m
otivation

w
asto

show
thata

transform
ation

to
continuation-

passing
style

is
unnecessary

for
pushdow

n
analysis.In

fact,push-
dow

n
analysis

is
arguably

m
ore

naturaloverdirect-style
program

s.

1.2
O

verview

W
e

firstreview
prelim

inariesto
seta

consistentfeelforterm
inology

and
notation,particularly

w
ith

respectto
pushdow

n
system

s.The
derivation

of
the

analysis
begins

w
ith

a
concrete

C
ESK

-m
achine-

style
sem

antics
forA

-N
orm

alForm
�-calculus.The

nextstep
is

an
infinite-state

abstract
interpretation,

constructed
by

bounding
the

C
(ontrol),E(nvironm

ent)and
S(tore)portionsofthe

m
achine

w
hile

leaving
the

stack—
the

K
(ontinuation)—

unbounded.A
sim

ple
shift

in
perspective

reveals
that

this
abstract

interpretation
is

a
rooted

pushdow
n

system
.

W
e

then
introduce

abstractgarbage
collection

and
quickly

find
that

itviolates
the

pushdow
n

m
odelw

ith
its

traversals
ofthe

stack.To
prove

the
decidability

ofcontrol-state
reachability,w

e
form

ulate
in-

trospective
pushdow

n
system

s,and
recastabstractgarbage

collec-
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(4)withpushdownanalysisandabstractGC:77states

Figure1.Wegeneratedanabstracttransitiongraphforthesame
programfromFigure2fourtimes:(1)withoutpushdownanalysis
orabstractgarbagecollection;(2)withonlyabstractgarbagecol-
lection;(3)withonlypushdownanalysis;(4)withbothpushdown
analysisandabstractgarbagecollection.Withonlypushdownor
abstractGC,theabstracttransitiongraphshrinksbyanorderof
magnitude,butindifferentways.Thepushdown-onlyanalysisis
confusedbyvariablesthatareboundtoseveraldifferenthigher-
orderfunctions,butforshortdurations.Theabstract-GC-onlyis
confusedbynon-tail-recursiveloopstructure.Withbothtechniques
enabled,thegraphshrinksbynearlyhalfyetagainandfullyrecov-
ersthecontrolstructureoftheoriginalprogram.

(define(idx)x)

(define(fn)

(cond[(<=n1)1]

[else(*n(f(-n1)))]))

(define(gn)

(cond[(<=n1)1]

[else(+(*nn)(g(-n1)))]))

(print(+((idf)3)((idg)4)))

Figure2.Asmallexampletoilluminatethestrengthsandweak-
nessesofbothpushdownanalysisandabstractgarbagecollection.

systemsarerestrictedtoviewingthetopofthestack(orabounded
depth)—aconditionviolatedbythistraversal.

Fortunately,abstractgarbagecollectiondoesnotneedtoarbitrarily
modifythestack.Infact,itdoesnotevenneedtoknowtheorderof
theframes;itonlyneedsthesetofframesonthestack.Wefinda
richerclassofmachine—introspectivepushdownsystems—which
retainsjustenoughrestrictionstocomputereachablecontrolstates,
yetfewenoughtoenableabstractgarbagecollection.

Itisthereforepossibletofusethefullbenefitsofabstractgarbage
collectionwithpushdownanalysis.Thedramaticreductioninab-
stracttransitiongraphsizefromthetoptothebottominFigure1
(andechoedbylaterbenchmarks)conveystheimpactofthisfusion.

SecondarymotivationsTherearethreestrongsecondarymotiva-
tionsforthiswork:(1)bringingcontext-sensitivitytopushdown
analysis;(2)exposingthecontext-freedomoftheanalysis;and(3)
enablingpushdownanalysiswithoutcontinuationpassingstyle.

InCFA2,monovariant(0CFA-like)context-sensitivityisetched
directlyintotheabstractsemantics,whichareinturn,phrasedin
termsofanexplicit(imperative)summarizationalgorithmfora
partitionedcontinuation-passingstyle.

Inaddition,thecontext-freedomoftheanalysisisburiedimplicitly
insidethisalgorithm.Nopushdownsystemorcontext-freegram-
marisexplicitlyidentified.Anecessaryprecursortoourworkwas
tomakethepushdownsysteminCFA2explicit.

Athirdmotivationwastoshowthatatransformationtocontinuation-
passingstyleisunnecessaryforpushdownanalysis.Infact,push-
downanalysisisarguablymorenaturaloverdirect-styleprograms.

1.2Overview

Wefirstreviewpreliminariestosetaconsistentfeelforterminology
andnotation,particularlywithrespecttopushdownsystems.The
derivationoftheanalysisbeginswithaconcreteCESK-machine-
stylesemanticsforA-NormalForm�-calculus.Thenextstepisan
infinite-stateabstractinterpretation,constructedbyboundingthe
C(ontrol),E(nvironment)andS(tore)portionsofthemachinewhile
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Figure
1.

W
e

generated
an

abstracttransition
graph

for
the

sam
e

program
from

Figure
2

fourtim
es:(1)w

ithoutpushdow
n

analysis
or

abstractgarbage
collection;(2)

w
ith

only
abstractgarbage

col-
lection;(3)w

ith
only

pushdow
n

analysis;(4)w
ith

both
pushdow

n
analysis

and
abstract

garbage
collection.W

ith
only

pushdow
n

or
abstract

G
C

,the
abstract

transition
graph

shrinks
by

an
order

of
m

agnitude,butin
differentw

ays.The
pushdow

n-only
analysis

is
confused

by
variables

that
are

bound
to

several
different

higher-
order

functions,but
for

short
durations.The

abstract-G
C

-only
is

confused
by

non-tail-recursive
loop

structure.W
ith

both
techniques

enabled,the
graph

shrinksby
nearly

halfyetagain
and

fully
recov-

ers
the

controlstructure
ofthe

originalprogram
.
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Figure
2.

A
sm

allexam
ple

to
illum

inate
the

strengths
and

w
eak-

nesses
ofboth

pushdow
n

analysis
and

abstractgarbage
collection.

system
sare

restricted
to

view
ing

the
top

ofthe
stack

(ora
bounded

depth)—
a

condition
violated

by
this

traversal.

Fortunately,abstractgarbage
collection

doesnotneed
to

arbitrarily
m

odify
the

stack.In
fact,itdoesnoteven

need
to

know
the

orderof
the

fram
es;itonly

needs
the

setoffram
es

on
the

stack.W
e

find
a

richerclass
ofm

achine—
introspective

pushdow
n

system
s—

w
hich

retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in

ab-
stracttransition

graph
size

from
the

top
to

the
bottom

in
Figure

1
(and

echoed
by

laterbenchm
arks)conveysthe

im
pactofthisfusion.

S
e
c
o

n
d

a
r
y

m
o

t
i
v
a

t
i
o

n
s

There
are

three
strong

secondary
m

otiva-
tions

for
this

w
ork:

(1)
bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis

w
ithoutcontinuation

passing
style.

In
C

FA
2,

m
onovariant

(0C
FA

-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
hich

are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum

m
arization

algorithm
for

a
partitioned

continuation-passing
style.

In
addition,the

context-freedom
ofthe

analysisisburied
im

plicitly
inside

this
algorithm

.N
o

pushdow
n

system
or

context-free
gram

-
m

aris
explicitly

identified.A
necessary

precursorto
ourw

ork
w

as
to

m
ake

the
pushdow

n
system

in
C

FA
2

explicit.

A
third

m
otivation

w
asto

show
thata

transform
ation

to
continuation-

passing
style

is
unnecessary

for
pushdow

n
analysis.In

fact,push-
dow

n
analysis

is
arguably

m
ore

naturaloverdirect-style
program

s.

1.2
O

verview

W
e

firstreview
prelim

inariesto
seta

consistentfeelforterm
inology

and
notation,particularly

w
ith

respectto
pushdow

n
system

s.The
derivation

of
the

analysis
begins

w
ith

a
concrete

C
ESK

-m
achine-

style
sem

antics
forA

-N
orm

alForm
�-calculus.The

nextstep
is

an
infinite-state

abstract
interpretation,

constructed
by

bounding
the

C
(ontrol),E(nvironm

ent)and
S(tore)portionsofthe

m
achine

w
hile

leaving
the

stack—
the

K
(ontinuation)—

unbounded.A
sim

ple
shift

in
perspective

reveals
that

this
abstract

interpretation
is

a
rooted

pushdow
n

system
.

W
e

then
introduce

abstractgarbage
collection

and
quickly

find
that

itviolates
the

pushdow
n

m
odelw

ith
its

traversals
ofthe

stack.To
prove

the
decidability

ofcontrol-state
reachability,w

e
form

ulate
in-

trospective
pushdow

n
system

s,and
recastabstractgarbage

collec-
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Figure
1.

W
e

generated
an

abstracttransition
graph

for
the

sam
e

program
from

Figure
2

fourtim
es:(1)w

ithoutpushdow
n

analysis
or

abstractgarbage
collection;(2)

w
ith

only
abstractgarbage

col-
lection;(3)w

ith
only

pushdow
n

analysis;(4)w
ith

both
pushdow

n
analysis

and
abstract

garbage
collection.W

ith
only

pushdow
n

or
abstract

G
C

,the
abstract

transition
graph

shrinks
by

an
order

of
m

agnitude,butin
differentw

ays.The
pushdow

n-only
analysis

is
confused

by
variables

that
are

bound
to

several
different

higher-
order

functions,but
for

short
durations.The

abstract-G
C

-only
is

confused
by

non-tail-recursive
loop

structure.W
ith

both
techniques

enabled,the
graph

shrinksby
nearly

halfyetagain
and

fully
recov-

ers
the

controlstructure
ofthe

originalprogram
.
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A
sm

allexam
ple

to
illum

inate
the

strengths
and

w
eak-

nesses
ofboth

pushdow
n

analysis
and

abstractgarbage
collection.

system
sare

restricted
to

view
ing

the
top

ofthe
stack

(ora
bounded

depth)—
a

condition
violated

by
this

traversal.

Fortunately,abstractgarbage
collection

doesnotneed
to

arbitrarily
m

odify
the

stack.In
fact,itdoesnoteven

need
to

know
the

orderof
the

fram
es;itonly

needs
the

setoffram
es

on
the

stack.W
e

find
a

richerclass
ofm

achine—
introspective

pushdow
n

system
s—

w
hich

retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in

ab-
stracttransition

graph
size

from
the

top
to

the
bottom

in
Figure

1
(and

echoed
by

laterbenchm
arks)conveysthe

im
pactofthisfusion.
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There
are

three
strong

secondary
m

otiva-
tions

for
this

w
ork:

(1)
bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis

w
ithoutcontinuation

passing
style.

In
C

FA
2,

m
onovariant

(0C
FA

-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
hich

are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum

m
arization

algorithm
for

a
partitioned

continuation-passing
style.

In
addition,the

context-freedom
ofthe

analysisisburied
im

plicitly
inside

this
algorithm

.N
o

pushdow
n

system
or

context-free
gram

-
m

aris
explicitly

identified.A
necessary

precursorto
ourw

ork
w

as
to

m
ake

the
pushdow

n
system

in
C

FA
2

explicit.

A
third

m
otivation

w
asto

show
thata

transform
ation

to
continuation-

passing
style

is
unnecessary

for
pushdow

n
analysis.In

fact,push-
dow

n
analysis

is
arguably

m
ore

naturaloverdirect-style
program

s.

1.2
O

verview

W
e

firstreview
prelim

inariesto
seta

consistentfeelforterm
inology

and
notation,particularly

w
ith

respectto
pushdow

n
system

s.The
derivation

of
the

analysis
begins

w
ith

a
concrete

C
ESK

-m
achine-

style
sem

antics
forA

-N
orm

alForm
�-calculus.The

nextstep
is

an
infinite-state

abstract
interpretation,

constructed
by

bounding
the

C
(ontrol),E(nvironm

ent)and
S(tore)portionsofthe

m
achine

w
hile

leaving
the

stack—
the

K
(ontinuation)—

unbounded.A
sim

ple
shift

in
perspective

reveals
that

this
abstract

interpretation
is

a
rooted

pushdow
n

system
.

W
e

then
introduce

abstractgarbage
collection

and
quickly

find
that

itviolates
the

pushdow
n

m
odelw

ith
its

traversals
ofthe

stack.To
prove

the
decidability

ofcontrol-state
reachability,w

e
form

ulate
in-

trospective
pushdow

n
system

s,and
recastabstractgarbage

collec-
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Figure
1.

W
e

generated
an

abstracttransition
graph

for
the

sam
e

program
from

Figure
2

fourtim
es:(1)w

ithoutpushdow
n

analysis
or

abstractgarbage
collection;(2)

w
ith

only
abstractgarbage

col-
lection;(3)w

ith
only

pushdow
n

analysis;(4)w
ith

both
pushdow

n
analysis

and
abstract

garbage
collection.W

ith
only

pushdow
n

or
abstract

G
C

,the
abstract

transition
graph

shrinks
by

an
order

of
m

agnitude,butin
differentw

ays.The
pushdow

n-only
analysis

is
confused

by
variables

that
are

bound
to

several
different

higher-
order

functions,but
for

short
durations.The

abstract-G
C

-only
is

confused
by

non-tail-recursive
loop

structure.W
ith

both
techniques

enabled,the
graph

shrinksby
nearly

halfyetagain
and

fully
recov-

ers
the

controlstructure
ofthe

originalprogram
.
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inate
the

strengths
and

w
eak-

nesses
ofboth

pushdow
n

analysis
and

abstractgarbage
collection.

system
sare

restricted
to

view
ing

the
top

ofthe
stack

(ora
bounded

depth)—
a

condition
violated

by
this

traversal.

Fortunately,abstractgarbage
collection

doesnotneed
to

arbitrarily
m

odify
the

stack.In
fact,itdoesnoteven

need
to

know
the

orderof
the

fram
es;itonly

needs
the

setoffram
es

on
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stack.W
e

find
a

richerclass
ofm

achine—
introspective

pushdow
n

system
s—

w
hich

retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in

ab-
stracttransition

graph
size

from
the

top
to

the
bottom

in
Figure

1
(and

echoed
by

laterbenchm
arks)conveysthe

im
pactofthisfusion.
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There
are

three
strong

secondary
m

otiva-
tions

for
this

w
ork:

(1)
bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis

w
ithoutcontinuation

passing
style.

In
C

FA
2,

m
onovariant

(0C
FA

-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
hich

are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum

m
arization

algorithm
for

a
partitioned

continuation-passing
style.

In
addition,the

context-freedom
ofthe

analysisisburied
im

plicitly
inside

this
algorithm

.N
o

pushdow
n

system
or

context-free
gram

-
m

aris
explicitly

identified.A
necessary

precursorto
ourw

ork
w

as
to

m
ake

the
pushdow

n
system

in
C

FA
2

explicit.

A
third

m
otivation

w
asto

show
thata

transform
ation

to
continuation-

passing
style

is
unnecessary

for
pushdow

n
analysis.In

fact,push-
dow

n
analysis

is
arguably

m
ore

naturaloverdirect-style
program

s.
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verview

W
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firstreview
prelim
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seta

consistentfeelforterm
inology

and
notation,particularly

w
ith

respectto
pushdow

n
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s.The
derivation

of
the

analysis
begins

w
ith

a
concrete

C
ESK

-m
achine-

style
sem

antics
forA

-N
orm

alForm
�-calculus.The

nextstep
is

an
infinite-state

abstract
interpretation,

constructed
by

bounding
the

C
(ontrol),E(nvironm

ent)and
S(tore)portionsofthe

m
achine

w
hile

leaving
the

stack—
the

K
(ontinuation)—

unbounded.A
sim

ple
shift

in
perspective

reveals
that

this
abstract

interpretation
is

a
rooted

pushdow
n

system
.

W
e

then
introduce

abstractgarbage
collection

and
quickly

find
that

itviolates
the

pushdow
n

m
odelw

ith
its

traversals
ofthe
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the
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Figure
1.

W
e

generated
an

abstracttransition
graph

for
the

sam
e

program
from

Figure
2

fourtim
es:(1)w

ithoutpushdow
n

analysis
or

abstractgarbage
collection;(2)

w
ith

only
abstractgarbage

col-
lection;(3)w

ith
only

pushdow
n

analysis;(4)w
ith

both
pushdow

n
analysis

and
abstract

garbage
collection.W

ith
only

pushdow
n

or
abstract

G
C

,the
abstract

transition
graph

shrinks
by

an
order

of
m

agnitude,butin
differentw

ays.The
pushdow

n-only
analysis

is
confused

by
variables

that
are

bound
to

several
different

higher-
order

functions,but
for

short
durations.The

abstract-G
C

-only
is

confused
by

non-tail-recursive
loop

structure.W
ith

both
techniques

enabled,the
graph

shrinksby
nearly

halfyetagain
and

fully
recov-

ers
the

controlstructure
ofthe

originalprogram
.
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Figure
2.

A
sm

allexam
ple

to
illum

inate
the

strengths
and

w
eak-

nesses
ofboth

pushdow
n

analysis
and

abstractgarbage
collection.

system
sare

restricted
to

view
ing

the
top

ofthe
stack

(ora
bounded

depth)—
a

condition
violated

by
this

traversal.

Fortunately,abstractgarbage
collection

doesnotneed
to

arbitrarily
m

odify
the

stack.In
fact,itdoesnoteven

need
to

know
the

orderof
the

fram
es;itonly

needs
the

setoffram
es

on
the

stack.W
e

find
a

richerclass
ofm

achine—
introspective

pushdow
n

system
s—

w
hich

retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in

ab-
stracttransition

graph
size

from
the

top
to

the
bottom

in
Figure

1
(and

echoed
by

laterbenchm
arks)conveysthe

im
pactofthisfusion.

S
e
c
o

n
d

a
r
y

m
o

t
i
v
a

t
i
o

n
s

There
are

three
strong

secondary
m

otiva-
tions

for
this

w
ork:

(1)
bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis

w
ithoutcontinuation

passing
style.

In
C

FA
2,

m
onovariant

(0C
FA

-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
hich

are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum

m
arization

algorithm
for

a
partitioned

continuation-passing
style.

In
addition,the

context-freedom
ofthe

analysisisburied
im

plicitly
inside

this
algorithm

.N
o

pushdow
n

system
or

context-free
gram

-
m

aris
explicitly

identified.A
necessary

precursorto
ourw

ork
w

as
to

m
ake

the
pushdow

n
system

in
C

FA
2

explicit.

A
third

m
otivation

w
asto

show
thata

transform
ation

to
continuation-

passing
style

is
unnecessary

for
pushdow

n
analysis.In

fact,push-
dow

n
analysis

is
arguably

m
ore

naturaloverdirect-style
program

s.

1.2
O

verview

W
e

firstreview
prelim

inariesto
seta

consistentfeelforterm
inology

and
notation,particularly

w
ith

respectto
pushdow

n
system

s.The
derivation

of
the

analysis
begins

w
ith

a
concrete

C
ESK

-m
achine-

style
sem

antics
forA

-N
orm

alForm
�-calculus.The

nextstep
is

an
infinite-state

abstract
interpretation,

constructed
by

bounding
the

C
(ontrol),E(nvironm

ent)and
S(tore)portionsofthe

m
achine

w
hile

leaving
the

stack—
the

K
(ontinuation)—

unbounded.A
sim

ple
shift

in
perspective

reveals
that

this
abstract

interpretation
is

a
rooted

pushdow
n

system
.

W
e

then
introduce

abstractgarbage
collection

and
quickly

find
that

itviolates
the

pushdow
n

m
odelw

ith
its

traversals
ofthe

stack.To
prove

the
decidability

ofcontrol-state
reachability,w

e
form

ulate
in-

trospective
pushdow

n
system

s,and
recastabstractgarbage

collec-
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(1) without pushdown analysis or abstract GC: 653 states
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(4) with pushdown analysis and abstract GC: 77 states

Figure 1. We generated an abstract transition graph for the same
program from Figure 2 four times: (1) without pushdown analysis
or abstract garbage collection; (2) with only abstract garbage col-
lection; (3) with only pushdown analysis; (4) with both pushdown
analysis and abstract garbage collection. With only pushdown or
abstract GC, the abstract transition graph shrinks by an order of
magnitude, but in different ways. The pushdown-only analysis is
confused by variables that are bound to several different higher-
order functions, but for short durations. The abstract-GC-only is
confused by non-tail-recursive loop structure. With both techniques
enabled, the graph shrinks by nearly half yet again and fully recov-
ers the control structure of the original program.

(define (id x) x)

(define (f n)

(cond [(<= n 1) 1]

[else (* n (f (- n 1)))]))

(define (g n)

(cond [(<= n 1) 1]

[else (+ (* n n) (g (- n 1)))]))

(print (+ ((id f) 3) ((id g) 4)))

Figure 2. A small example to illuminate the strengths and weak-
nesses of both pushdown analysis and abstract garbage collection.

systems are restricted to viewing the top of the stack (or a bounded
depth)—a condition violated by this traversal.

Fortunately, abstract garbage collection does not need to arbitrarily
modify the stack. In fact, it does not even need to know the order of
the frames; it only needs the set of frames on the stack. We find a
richer class of machine—introspective pushdown systems—which
retains just enough restrictions to compute reachable control states,
yet few enough to enable abstract garbage collection.

It is therefore possible to fuse the full benefits of abstract garbage
collection with pushdown analysis. The dramatic reduction in ab-
stract transition graph size from the top to the bottom in Figure 1
(and echoed by later benchmarks) conveys the impact of this fusion.

Secondary motivations There are three strong secondary motiva-
tions for this work: (1) bringing context-sensitivity to pushdown
analysis; (2) exposing the context-freedom of the analysis; and (3)
enabling pushdown analysis without continuation passing style.

In CFA2, monovariant (0CFA-like) context-sensitivity is etched
directly into the abstract semantics, which are in turn, phrased in
terms of an explicit (imperative) summarization algorithm for a
partitioned continuation-passing style.

In addition, the context-freedom of the analysis is buried implicitly
inside this algorithm. No pushdown system or context-free gram-
mar is explicitly identified. A necessary precursor to our work was
to make the pushdown system in CFA2 explicit.

A third motivation was to show that a transformation to continuation-
passing style is unnecessary for pushdown analysis. In fact, push-
down analysis is arguably more natural over direct-style programs.

1.2 Overview

We first review preliminaries to set a consistent feel for terminology
and notation, particularly with respect to pushdown systems. The
derivation of the analysis begins with a concrete CESK-machine-
style semantics for A-Normal Form �-calculus. The next step is an
infinite-state abstract interpretation, constructed by bounding the
C(ontrol), E(nvironment) and S(tore) portions of the machine while
leaving the stack—the K(ontinuation)—unbounded. A simple shift
in perspective reveals that this abstract interpretation is a rooted
pushdown system.

We then introduce abstract garbage collection and quickly find that
it violates the pushdown model with its traversals of the stack. To
prove the decidability of control-state reachability, we formulate in-
trospective pushdown systems, and recast abstract garbage collec-
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Figure
1.

W
e

generated
an

abstracttransition
graph

for
the

sam
e

program
from

Figure
2

fourtim
es:(1)w

ithoutpushdow
n

analysis
or

abstractgarbage
collection;(2)

w
ith

only
abstractgarbage

col-
lection;(3)w

ith
only

pushdow
n

analysis;(4)w
ith

both
pushdow

n
analysis

and
abstract

garbage
collection.W

ith
only

pushdow
n

or
abstract

G
C

,the
abstract

transition
graph

shrinks
by

an
order

of
m

agnitude,butin
differentw

ays.The
pushdow

n-only
analysis

is
confused

by
variables

that
are

bound
to

several
different

higher-
order

functions,but
for

short
durations.The

abstract-G
C

-only
is

confused
by

non-tail-recursive
loop

structure.W
ith

both
techniques

enabled,the
graph

shrinksby
nearly

halfyetagain
and

fully
recov-

ers
the

controlstructure
ofthe

originalprogram
.
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Figure
2.

A
sm

allexam
ple

to
illum

inate
the

strengths
and

w
eak-

nesses
ofboth

pushdow
n

analysis
and

abstractgarbage
collection.

system
sare

restricted
to

view
ing

the
top

ofthe
stack

(ora
bounded

depth)—
a

condition
violated

by
this

traversal.

Fortunately,abstractgarbage
collection

doesnotneed
to

arbitrarily
m

odify
the

stack.In
fact,itdoesnoteven

need
to

know
the

orderof
the

fram
es;itonly

needs
the

setoffram
es

on
the

stack.W
e

find
a

richerclass
ofm

achine—
introspective

pushdow
n

system
s—

w
hich

retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in

ab-
stracttransition

graph
size

from
the

top
to

the
bottom

in
Figure

1
(and

echoed
by

laterbenchm
arks)conveysthe

im
pactofthisfusion.

S
e
c
o

n
d

a
r
y

m
o

t
i
v
a

t
i
o

n
s

There
are

three
strong

secondary
m

otiva-
tions

for
this

w
ork:

(1)
bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis

w
ithoutcontinuation

passing
style.

In
C

FA
2,

m
onovariant

(0C
FA

-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
hich

are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum

m
arization

algorithm
for

a
partitioned

continuation-passing
style.

In
addition,the

context-freedom
ofthe

analysisisburied
im

plicitly
inside

this
algorithm

.N
o

pushdow
n

system
or

context-free
gram

-
m

aris
explicitly

identified.A
necessary

precursorto
ourw

ork
w

as
to

m
ake

the
pushdow

n
system

in
C

FA
2

explicit.

A
third

m
otivation

w
asto

show
thata

transform
ation

to
continuation-

passing
style

is
unnecessary

for
pushdow

n
analysis.In

fact,push-
dow

n
analysis

is
arguably

m
ore

naturaloverdirect-style
program

s.

1.2
O

verview

W
e

firstreview
prelim

inariesto
seta

consistentfeelforterm
inology

and
notation,particularly

w
ith

respectto
pushdow

n
system

s.The
derivation

of
the

analysis
begins

w
ith

a
concrete

C
ESK

-m
achine-

style
sem

antics
forA

-N
orm

alForm
�-calculus.The

nextstep
is

an
infinite-state

abstract
interpretation,

constructed
by

bounding
the

C
(ontrol),E(nvironm

ent)and
S(tore)portionsofthe

m
achine

w
hile

leaving
the

stack—
the

K
(ontinuation)—

unbounded.A
sim

ple
shift

in
perspective

reveals
that

this
abstract

interpretation
is

a
rooted

pushdow
n

system
.

W
e

then
introduce

abstractgarbage
collection

and
quickly

find
that

itviolates
the

pushdow
n

m
odelw

ith
its

traversals
ofthe

stack.To
prove

the
decidability

ofcontrol-state
reachability,w

e
form

ulate
in-

trospective
pushdow

n
system

s,and
recastabstractgarbage

collec-
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(4)withpushdownanalysisandabstractGC:77states

Figure1.Wegeneratedanabstracttransitiongraphforthesame
programfromFigure2fourtimes:(1)withoutpushdownanalysis
orabstractgarbagecollection;(2)withonlyabstractgarbagecol-
lection;(3)withonlypushdownanalysis;(4)withbothpushdown
analysisandabstractgarbagecollection.Withonlypushdownor
abstractGC,theabstracttransitiongraphshrinksbyanorderof
magnitude,butindifferentways.Thepushdown-onlyanalysisis
confusedbyvariablesthatareboundtoseveraldifferenthigher-
orderfunctions,butforshortdurations.Theabstract-GC-onlyis
confusedbynon-tail-recursiveloopstructure.Withbothtechniques
enabled,thegraphshrinksbynearlyhalfyetagainandfullyrecov-
ersthecontrolstructureoftheoriginalprogram.

(define(idx)x)

(define(fn)

(cond[(<=n1)1]

[else(*n(f(-n1)))]))

(define(gn)

(cond[(<=n1)1]

[else(+(*nn)(g(-n1)))]))

(print(+((idf)3)((idg)4)))

Figure2.Asmallexampletoilluminatethestrengthsandweak-
nessesofbothpushdownanalysisandabstractgarbagecollection.

systemsarerestrictedtoviewingthetopofthestack(orabounded
depth)—aconditionviolatedbythistraversal.

Fortunately,abstractgarbagecollectiondoesnotneedtoarbitrarily
modifythestack.Infact,itdoesnotevenneedtoknowtheorderof
theframes;itonlyneedsthesetofframesonthestack.Wefinda
richerclassofmachine—introspectivepushdownsystems—which
retainsjustenoughrestrictionstocomputereachablecontrolstates,
yetfewenoughtoenableabstractgarbagecollection.

Itisthereforepossibletofusethefullbenefitsofabstractgarbage
collectionwithpushdownanalysis.Thedramaticreductioninab-
stracttransitiongraphsizefromthetoptothebottominFigure1
(andechoedbylaterbenchmarks)conveystheimpactofthisfusion.

SecondarymotivationsTherearethreestrongsecondarymotiva-
tionsforthiswork:(1)bringingcontext-sensitivitytopushdown
analysis;(2)exposingthecontext-freedomoftheanalysis;and(3)
enablingpushdownanalysiswithoutcontinuationpassingstyle.

InCFA2,monovariant(0CFA-like)context-sensitivityisetched
directlyintotheabstractsemantics,whichareinturn,phrasedin
termsofanexplicit(imperative)summarizationalgorithmfora
partitionedcontinuation-passingstyle.

Inaddition,thecontext-freedomoftheanalysisisburiedimplicitly
insidethisalgorithm.Nopushdownsystemorcontext-freegram-
marisexplicitlyidentified.Anecessaryprecursortoourworkwas
tomakethepushdownsysteminCFA2explicit.

Athirdmotivationwastoshowthatatransformationtocontinuation-
passingstyleisunnecessaryforpushdownanalysis.Infact,push-
downanalysisisarguablymorenaturaloverdirect-styleprograms.

1.2Overview

Wefirstreviewpreliminariestosetaconsistentfeelforterminology
andnotation,particularlywithrespecttopushdownsystems.The
derivationoftheanalysisbeginswithaconcreteCESK-machine-
stylesemanticsforA-NormalForm�-calculus.Thenextstepisan
infinite-stateabstractinterpretation,constructedbyboundingthe
C(ontrol),E(nvironment)andS(tore)portionsofthemachinewhile
leavingthestack—theK(ontinuation)—unbounded.Asimpleshift
inperspectiverevealsthatthisabstractinterpretationisarooted
pushdownsystem.

Wethenintroduceabstractgarbagecollectionandquicklyfindthat
itviolatesthepushdownmodelwithitstraversalsofthestack.To
provethedecidabilityofcontrol-statereachability,weformulatein-
trospectivepushdownsystems,andrecastabstractgarbagecollec-
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Figure
1.

W
e

generated
an

abstracttransition
graph

for
the

sam
e

program
from

Figure
2

fourtim
es:(1)w

ithoutpushdow
n

analysis
or

abstractgarbage
collection;(2)

w
ith

only
abstractgarbage

col-
lection;(3)w

ith
only

pushdow
n

analysis;(4)w
ith

both
pushdow

n
analysis

and
abstract

garbage
collection.W

ith
only

pushdow
n

or
abstract

G
C

,the
abstract

transition
graph

shrinks
by

an
order

of
m

agnitude,butin
differentw

ays.The
pushdow

n-only
analysis

is
confused

by
variables

that
are

bound
to

several
different

higher-
order

functions,but
for

short
durations.The

abstract-G
C

-only
is

confused
by

non-tail-recursive
loop

structure.W
ith

both
techniques

enabled,the
graph

shrinksby
nearly

halfyetagain
and

fully
recov-

ers
the

controlstructure
ofthe

originalprogram
.
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Figure
2.

A
sm

allexam
ple

to
illum

inate
the

strengths
and

w
eak-

nesses
ofboth

pushdow
n

analysis
and

abstractgarbage
collection.

system
sare

restricted
to

view
ing

the
top

ofthe
stack

(ora
bounded

depth)—
a

condition
violated

by
this

traversal.

Fortunately,abstractgarbage
collection

doesnotneed
to

arbitrarily
m

odify
the

stack.In
fact,itdoesnoteven

need
to

know
the

orderof
the

fram
es;itonly

needs
the

setoffram
es

on
the

stack.W
e

find
a

richerclass
ofm

achine—
introspective

pushdow
n

system
s—

w
hich

retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in

ab-
stracttransition

graph
size

from
the

top
to

the
bottom

in
Figure

1
(and

echoed
by

laterbenchm
arks)conveysthe

im
pactofthisfusion.

S
e
c
o

n
d

a
r
y

m
o

t
i
v
a

t
i
o

n
s

There
are

three
strong

secondary
m

otiva-
tions

for
this

w
ork:

(1)
bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis

w
ithoutcontinuation

passing
style.

In
C

FA
2,

m
onovariant

(0C
FA

-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
hich

are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum

m
arization

algorithm
for

a
partitioned

continuation-passing
style.

In
addition,the

context-freedom
ofthe

analysisisburied
im

plicitly
inside

this
algorithm

.N
o

pushdow
n

system
or

context-free
gram

-
m

aris
explicitly

identified.A
necessary

precursorto
ourw

ork
w

as
to

m
ake

the
pushdow

n
system

in
C

FA
2

explicit.

A
third

m
otivation

w
asto

show
thata

transform
ation

to
continuation-

passing
style

is
unnecessary

for
pushdow

n
analysis.In

fact,push-
dow

n
analysis

is
arguably

m
ore

naturaloverdirect-style
program

s.

1.2
O

verview

W
e

firstreview
prelim

inariesto
seta

consistentfeelforterm
inology

and
notation,particularly

w
ith

respectto
pushdow

n
system

s.The
derivation

of
the

analysis
begins

w
ith

a
concrete

C
ESK

-m
achine-

style
sem

antics
forA

-N
orm

alForm
�-calculus.The

nextstep
is

an
infinite-state

abstract
interpretation,

constructed
by

bounding
the

C
(ontrol),E(nvironm

ent)and
S(tore)portionsofthe

m
achine

w
hile

leaving
the

stack—
the

K
(ontinuation)—

unbounded.A
sim

ple
shift

in
perspective

reveals
that

this
abstract

interpretation
is

a
rooted

pushdow
n

system
.

W
e

then
introduce

abstractgarbage
collection

and
quickly

find
that

itviolates
the

pushdow
n

m
odelw

ith
its

traversals
ofthe

stack.To
prove

the
decidability

ofcontrol-state
reachability,w

e
form

ulate
in-

trospective
pushdow

n
system

s,and
recastabstractgarbage

collec-
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W
e

generated
an
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for
the
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e

program
from

Figure
2
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es:(1)w

ithoutpushdow
n

analysis
or

abstractgarbage
collection;(2)
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only
abstractgarbage

col-
lection;(3)w
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only

pushdow
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analysis;(4)w
ith

both
pushdow

n
analysis

and
abstract

garbage
collection.W

ith
only

pushdow
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or
abstract
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,the
abstract

transition
graph

shrinks
by

an
order

of
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agnitude,butin
differentw

ays.The
pushdow

n-only
analysis

is
confused

by
variables

that
are

bound
to

several
different

higher-
order

functions,but
for

short
durations.The

abstract-G
C

-only
is

confused
by

non-tail-recursive
loop

structure.W
ith

both
techniques

enabled,the
graph

shrinksby
nearly

halfyetagain
and

fully
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ers
the

controlstructure
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allexam
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to
illum

inate
the

strengths
and

w
eak-

nesses
ofboth

pushdow
n

analysis
and

abstractgarbage
collection.

system
sare

restricted
to

view
ing

the
top

ofthe
stack

(ora
bounded

depth)—
a

condition
violated

by
this

traversal.

Fortunately,abstractgarbage
collection

doesnotneed
to

arbitrarily
m

odify
the

stack.In
fact,itdoesnoteven

need
to

know
the

orderof
the

fram
es;itonly

needs
the

setoffram
es

on
the

stack.W
e

find
a

richerclass
ofm

achine—
introspective

pushdow
n

system
s—

w
hich

retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in

ab-
stracttransition

graph
size

from
the

top
to

the
bottom

in
Figure

1
(and

echoed
by

laterbenchm
arks)conveysthe
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pactofthisfusion.
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There
are

three
strong

secondary
m

otiva-
tions

for
this

w
ork:

(1)
bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis

w
ithoutcontinuation

passing
style.

In
C

FA
2,

m
onovariant

(0C
FA

-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
hich

are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum

m
arization

algorithm
for

a
partitioned

continuation-passing
style.

In
addition,the

context-freedom
ofthe

analysisisburied
im

plicitly
inside

this
algorithm

.N
o

pushdow
n

system
or

context-free
gram

-
m

aris
explicitly

identified.A
necessary

precursorto
ourw

ork
w

as
to

m
ake

the
pushdow

n
system

in
C

FA
2

explicit.

A
third

m
otivation

w
asto

show
thata

transform
ation

to
continuation-

passing
style

is
unnecessary

for
pushdow

n
analysis.In

fact,push-
dow

n
analysis

is
arguably

m
ore

naturaloverdirect-style
program

s.

1.2
O

verview

W
e

firstreview
prelim

inariesto
seta

consistentfeelforterm
inology

and
notation,particularly

w
ith

respectto
pushdow

n
system

s.The
derivation

of
the

analysis
begins

w
ith

a
concrete

C
ESK

-m
achine-

style
sem

antics
forA

-N
orm

alForm
�-calculus.The

nextstep
is

an
infinite-state

abstract
interpretation,

constructed
by

bounding
the

C
(ontrol),E(nvironm

ent)and
S(tore)portionsofthe

m
achine

w
hile

leaving
the

stack—
the

K
(ontinuation)—

unbounded.A
sim

ple
shift

in
perspective

reveals
that

this
abstract

interpretation
is

a
rooted

pushdow
n

system
.

W
e

then
introduce

abstractgarbage
collection

and
quickly

find
that

itviolates
the

pushdow
n

m
odelw

ith
its

traversals
ofthe

stack.To
prove

the
decidability

ofcontrol-state
reachability,w

e
form

ulate
in-

trospective
pushdow

n
system

s,and
recastabstractgarbage
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W
e

generated
an
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for
the

sam
e

program
from

Figure
2

fourtim
es:(1)w

ithoutpushdow
n

analysis
or

abstractgarbage
collection;(2)

w
ith

only
abstractgarbage

col-
lection;(3)w

ith
only

pushdow
n

analysis;(4)w
ith

both
pushdow

n
analysis

and
abstract

garbage
collection.W

ith
only

pushdow
n

or
abstract

G
C

,the
abstract

transition
graph

shrinks
by

an
order

of
m

agnitude,butin
differentw

ays.The
pushdow

n-only
analysis

is
confused

by
variables

that
are

bound
to

several
different

higher-
order

functions,but
for

short
durations.The

abstract-G
C

-only
is

confused
by

non-tail-recursive
loop

structure.W
ith

both
techniques

enabled,the
graph

shrinksby
nearly

halfyetagain
and

fully
recov-

ers
the

controlstructure
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originalprogram
.
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inate
the

strengths
and

w
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ofboth

pushdow
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analysis
and

abstractgarbage
collection.

system
sare

restricted
to

view
ing

the
top

ofthe
stack

(ora
bounded

depth)—
a

condition
violated

by
this

traversal.

Fortunately,abstractgarbage
collection

doesnotneed
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arbitrarily
m

odify
the

stack.In
fact,itdoesnoteven

need
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know
the

orderof
the
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es;itonly

needs
the

setoffram
es

on
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stack.W
e

find
a

richerclass
ofm

achine—
introspective

pushdow
n

system
s—

w
hich

retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in

ab-
stracttransition

graph
size

from
the

top
to

the
bottom

in
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(and
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by
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There
are

three
strong

secondary
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tions

for
this

w
ork:
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bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis
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passing
style.

In
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-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
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are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum

m
arization

algorithm
for

a
partitioned

continuation-passing
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In
addition,the

context-freedom
ofthe

analysisisburied
im

plicitly
inside

this
algorithm

.N
o

pushdow
n

system
or
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gram
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m

aris
explicitly

identified.A
necessary

precursorto
ourw

ork
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as
to
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ake

the
pushdow
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system

in
C

FA
2

explicit.
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third
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otivation

w
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show
thata

transform
ation

to
continuation-

passing
style

is
unnecessary

for
pushdow

n
analysis.In

fact,push-
dow
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analysis

is
arguably

m
ore

naturaloverdirect-style
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constructed
by

bounding
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leaving
the

stack—
the

K
(ontinuation)—

unbounded.A
sim

ple
shift

in
perspective

reveals
that

this
abstract

interpretation
is

a
rooted

pushdow
n

system
.

W
e

then
introduce

abstractgarbage
collection

and
quickly

find
that

itviolates
the

pushdow
n

m
odelw

ith
its

traversals
ofthe

stack.To
prove

the
decidability

ofcontrol-state
reachability,w

e
form

ulate
in-

trospective
pushdow

n
system

s,and
recastabstractgarbage

collec-

5

48
9

11
0

1035
2

36
8

29
8

43
8

48
5

60
6

15
9

44
0

63
8

52
8

49
7

50
0

41
3

28
9

75 6517
4

25
1

11
5

43
6

54
2

21

49
8

30
5

36
3

17
7

32
3

14
2

41
7

48
4

85

10
5

18
1

11
8

47
1

49
1

62
3

29
1

34
0

40
8

6848
2

30
0

54
9

41
6

59
9

42
7

41
5

33
0

45
4

51
0

44
8

72

28
3

41
8

43
2

52
9

11
1

60
9

65
0

8725
5

23
0

53
9

35
1

45
9

18
6

16
3

26
7

12
2

56
4

50
4

47
2

56

60
3

88

26

42
8

42
3

46
4

15
6

63
3

25
3

23
2

1535
6

17
9

59
2

39
9

27
3

39
2

14
5

58

41
2

20
4

29
4

29
5

25
8

62
1

57
3

27

43 37
0

46
7

17
2

55

13
9

28
6

19
4

62
9

74

54
1

20
8

25 25
4

48 40

47
4

64

9

64
9

27
6

95
39

24
9

24
0

49
6

58
4

27
4

38
4

38
3

77

14
6

28
1

11
2

51
2

55
9

55
7

92

36
9

41
4

13
8

23
4

54
3

27
8

31
6

43
0

50
6

59
4

45
6

83 51
3

58
9

10
4

26
2

37
2

59
8

61
9

48
8

50

59
6

40
5

32
0

98

35

10
9

52
2

31
5

58
8

27
1

50
9

17
0

33
37
6

58
0

53
0

30
7

53
2

22
1

10
0

45
7

33
5

39
4

54
0

15
0

2813
3

7935
0

48
0

56
9

41
0

55
5

30
2

43
9

51
5

40
2

25
9

53
4

17

81

47
6

46
6

12
33
3

12
5

22
5

41
9

23

15
4

8

19
6

52
5

15
7

33
7

30
9

15
3

13
5

59
0

36
5

11
3

56
1

44
6

17
6

58
1

16

89
42
6

21
0

63
0

45
1

44
4

38
6

13

34
4

39
8

54

45
3

40
7

76

46
0

84 26
3

13
6

56
7

80
44
5

44

47
3

19
8

64
2

23
9

31 46
9

18
8

48
3

29
3

67

49
2

24
3

16
0

38
5

16
6

57
6

13
4

24
4

21
7

39
0

62

35
7

63

20
6

42
0

61
0

46
3

16
7

19
9

13
0

50
8

30
6

63
5

29
2

62
0

56
3

52
6

10
3

44
1

45
8

25
2

30
1

56
8

31
4

32
5

20
9

60
1

62
5

32
4

64
6

20

33
4

63
7

34
7

58
3

17
3

40
3

61
8

31
7

24

17
5

63
1

37
1

18
9

44
3

21
6

24
1

14
7

21
3

21
8

14
8

57
5

47
9

57
1

58
7

53
6

47
7

16
1

55
3

35
8

19
3

42
5

36

13
2

2

63
6

19
5

62
8

18
2

22
3

31
9

57
0

22

33
1

53
5

28
2

15
8

22
0

32

36
4

23
6

34
3

25
7

34
1

10
6

18
0

15
1

64
3

25
6

18
4

14
4

35
3

37

47
5

64
8

51
6

35
9

41
1

46
5

13
7

21
4

27
5

55
1

61
2

38
9

63
4

23
1

59
5

44
2

52
3

14
1

22
2

39
5

59
3

11
6

22
9

57
7

52

36
1

60
2

21
9

27
7

86

16
4

24
2

49
49
0

73
12
9

26
8

33
2

56
5

37
8

57
8

13
1

58
2

32
8

19
7

63
2

55
2

38
7

57
9

29
7

38
0

21
1

35
4

12
4

12
6

50
2

19
1

82

59

12
0

26
4

26
9

36
0

28
7

52
0

19

27
0

18
3

15
2

50
1

51
4

97

20
2

20
7

39
1

33
6

49
3

14
3

4

10
7

27
9

11
7

20
1

54
6

22
7

64
1

12
1

16
2

29
9

64
5

46
2

51 9119
2

30

14
9

58
6

31
0

49
9

3
22
6

35
5

40
9

54
7

24
7

17
1

45
0

42
2

12
8

56
0

61
5

44
7

47
0

20
0

32
7

40
0

62
7

42

22
8

39
7

94

10
1

43
4

19
0

34

29
0

62
6

93

52
1

31
1

78

51
9

26
6

16
9

39
3

45
5

52
7

25
0

30
4

40
1

55
0

61

7124
8

62
2

10
2

60
0

46
8

37
3

26
5

37
5

27
2

31
3

53
7

34
8

23
5

29

52
4

38
1

90

40
4

43
5

49
4

54
5

30
3

11

34
5

16
8

28
0

46

6

46
1

63
9

48
7

42
4

33
9

30
8

11
4

32
9

34
6

36
2

20
3

20
5

48
6

18

28
4

24
5

43
7

34
2

28
8

23
3

7
60
5

15
5

4123
8

34
9

58
5

99

60
4

53
8

61
7

54
4

66
59
1

54
8

43
1

22
4

16
5

36
7

10
8

24
6

61
4

43
3

1

47
8

38
8

31
2

18
7

26
0

39
6

60
7

64
4

32
2

70

40
6

37
4

53

96

45
47

56
2

50
7

23
7

31
8

18
5

55
8

14
0

29
6

48
1

53
3

12
7

38

32
1

50
3

64
7

57
4

36
6

69
37
9

59
7

62
4

37
7

38
2

55
4

51
8

11
9

53
1

49
5

50
5

42
9

60
8

45
2

12
3

55
6

60

51
1

64
0

61
1

17
8

14

21
2

57
2

26
1

21
5

61
3

51
7

42
1

32
6

57

61
6

56
6

33
8

44
9

28
5

(1
)w

ith
ou

tp
us

hd
ow

n
an

al
ys

is
or

ab
st

ra
ct

G
C

:6
53

st
at

es

13
8

44 12
7

24

34

64

15

16
12
3

48

11
0

58

12
5

53
10
3

87
10
7 9

12

12
2

6

13

3628

1093

12
9

25 31
8913
0

18
20

66

33

30

14

95
13
9

49

3

51
13
2

52

91

10
8

11
99

86

39

40
75 11
3

17

13
5

21
11
1

50
84

57
12
4

85

60

45
12
1

1

77

59
11
2

10
5

4

8

12
0

12
8

73

90

13
6

68

2713
4

10
1

92
88

65
76

47
26

13
3

11
5

12
6

46
35

81

22
69

43
8011
9

98

11
6

61
79

10
9

10
4

7867

29

13
7

83

11
7

41

38

74

7

10
0

10
6

55
82

32

11
4

96

63

19

97

70
94

23

2

72

56

42

11
8

62

13
1

5
37

71

10
2

54

(2
)w

ith
pu

sh
do

w
n

on
ly

:1
39

st
at

es

54
76

4

78

85 82

32

29
66

42

63
83

17

53
58

45

60
62

31

16

2359

65 34

9
5133

46
77

92

19
10
2

41
10
3

47

91

38

1
70

3
84 10
4

50

36

10 26

35
27

96

5
28

8
15

64

80

71 14

88

55 74

43

10
5

87
61

22

86

25
56

39

44
24

48
81

79

57

7

67
37

98
13

97

72

89

69

10
16

52
73

21

40

10
0

75

2
68

12
18

11

20

90
30

94

49
99

93

95

(3
)w

ith
G

C
on

ly
:1

05
st

at
es 28

76 59

32

13

2761

2145

49

4

44
46

6

1
71

70
65

18
5

7
36

67

60
25

43

19
15

50

3
3473

14

20
52

38
41

30

68

54
51

35
42

22

2
11

23

72
66

26

24
31

64

39

69

33

48

56
75

40
77

53

12

2958

10
17

8
47

63

9
55

74

37
62

57
16

(4
)w

ith
pu

sh
do

w
n

an
al

ys
is

an
d

ab
st

ra
ct

G
C

:7
7

st
at

es

Fi
gu

re
1.

W
e

ge
ne

ra
te

d
an

ab
st

ra
ct

tra
ns

iti
on

gr
ap

h
fo

r
th

e
sa

m
e

pr
og

ra
m

fr
om

Fi
gu

re
2

fo
ur

tim
es

:(
1)

w
ith

ou
tp

us
hd

ow
n

an
al

ys
is

or
ab

st
ra

ct
ga

rb
ag

e
co

lle
ct

io
n;

(2
)

w
ith

on
ly

ab
st

ra
ct

ga
rb

ag
e

co
l-

le
ct

io
n;

(3
)w

ith
on

ly
pu

sh
do

w
n

an
al

ys
is

;(
4)

w
ith

bo
th

pu
sh

do
w

n
an

al
ys

is
an

d
ab

st
ra

ct
ga

rb
ag

e
co

lle
ct

io
n.

W
ith

on
ly

pu
sh

do
w

n
or

ab
st

ra
ct

G
C

,t
he

ab
st

ra
ct

tra
ns

iti
on

gr
ap

h
sh

rin
ks

by
an

or
de

r
of

m
ag

ni
tu

de
,b

ut
in

di
ff

er
en

tw
ay

s.
Th

e
pu

sh
do

w
n-

on
ly

an
al

ys
is

is
co

nf
us

ed
by

va
ria

bl
es

th
at

ar
e

bo
un

d
to

se
ve

ra
l

di
ff

er
en

t
hi

gh
er

-
or

de
r

fu
nc

tio
ns

,b
ut

fo
r

sh
or

t
du

ra
tio

ns
.T

he
ab

st
ra

ct
-G

C
-o

nl
y

is
co

nf
us

ed
by

no
n-

ta
il-

re
cu

rs
iv

e
lo

op
st

ru
ct

ur
e.

W
ith

bo
th

te
ch

ni
qu

es
en

ab
le

d,
th

e
gr

ap
h

sh
rin

ks
by

ne
ar

ly
ha

lf
ye

ta
ga

in
an

d
fu

lly
re

co
v-

er
s

th
e

co
nt

ro
ls

tru
ct

ur
e

of
th

e
or

ig
in

al
pr

og
ra

m
.

(
d
e
f
i
n
e
(
i
d
x
)
x
)

(
d
e
f
i
n
e
(
f
n
)

(
c
o
n
d
[
(
<
=
n
1
)

1
]

[
e
l
s
e

(
*
n
(
f
(
-
n
1
)
)
)
]
)
)

(
d
e
f
i
n
e
(
g
n
)

(
c
o
n
d
[
(
<
=
n
1
)

1
]

[
e
l
s
e

(
+
(
*
n
n
)
(
g
(
-
n
1
)
)
)
]
)
)

(
p
r
i
n
t
(
+
(
(
i
d
f
)
3
)
(
(
i
d
g
)
4
)
)
)

Fi
gu

re
2.

A
sm

al
le

xa
m

pl
e

to
ill

um
in

at
e

th
e

st
re

ng
th

s
an

d
w

ea
k-

ne
ss

es
of

bo
th

pu
sh

do
w

n
an

al
ys

is
an

d
ab

st
ra

ct
ga

rb
ag

e
co

lle
ct

io
n.

sy
st

em
sa

re
re

st
ric

te
d

to
vi

ew
in

g
th

e
to

p
of

th
e

st
ac

k
(o

ra
bo

un
de

d
de

pt
h)

—
a

co
nd

iti
on

vi
ol

at
ed

by
th

is
tra

ve
rs

al
.

Fo
rtu

na
te

ly
,a

bs
tra

ct
ga

rb
ag

e
co

lle
ct

io
n

do
es

no
tn

ee
d

to
ar

bi
tra

ril
y

m
od

ify
th

e
st

ac
k.

In
fa

ct
,i

td
oe

sn
ot

ev
en

ne
ed

to
kn

ow
th

e
or

de
ro

f
th

e
fr

am
es

;i
to

nl
y

ne
ed

s
th

e
se

to
ff

ra
m

es
on

th
e

st
ac

k.
W

e
fin

d
a

ric
he

rc
la

ss
of

m
ac

hi
ne

—
in

tro
sp

ec
tiv

e
pu

sh
do

w
n

sy
st

em
s—

w
hi

ch
re

ta
in

sj
us

te
no

ug
h

re
st

ric
tio

ns
to

co
m

pu
te

re
ac

ha
bl

e
co

nt
ro

ls
ta

te
s,

ye
tf

ew
en

ou
gh

to
en

ab
le

ab
st

ra
ct

ga
rb

ag
e

co
lle

ct
io

n.

It
is

th
er

ef
or

e
po

ss
ib

le
to

fu
se

th
e

fu
ll

be
ne

fit
s

of
ab

st
ra

ct
ga

rb
ag

e
co

lle
ct

io
n

w
ith

pu
sh

do
w

n
an

al
ys

is
.T

he
dr

am
at

ic
re

du
ct

io
n

in
ab

-
st

ra
ct

tra
ns

iti
on

gr
ap

h
si

ze
fr

om
th

e
to

p
to

th
e

bo
tto

m
in

Fi
gu

re
1

(a
nd

ec
ho

ed
by

la
te

rb
en

ch
m

ar
ks

)c
on

ve
ys

th
e

im
pa

ct
of

th
is

fu
si

on
.

S
e
c
o

n
d

a
r
y

m
o

t
i
v
a

t
i
o

n
s

Th
er

e
ar

e
th

re
e

st
ro

ng
se

co
nd

ar
y

m
ot

iv
a-

tio
ns

fo
r

th
is

w
or

k:
(1

)
br

in
gi

ng
co

nt
ex

t-s
en

si
tiv

ity
to

pu
sh

do
w

n
an

al
ys

is
;(

2)
ex

po
si

ng
th

e
co

nt
ex

t-f
re

ed
om

of
th

e
an

al
ys

is
;a

nd
(3

)
en

ab
lin

g
pu

sh
do

w
n

an
al

ys
is

w
ith

ou
tc

on
tin

ua
tio

n
pa

ss
in

g
st

yl
e.

In
C

FA
2,

m
on

ov
ar

ia
nt

(0
C

FA
-li

ke
)

co
nt

ex
t-s

en
si

tiv
ity

is
et

ch
ed

di
re

ct
ly

in
to

th
e

ab
st

ra
ct

se
m

an
tic

s,
w

hi
ch

ar
e

in
tu

rn
,p

hr
as

ed
in

te
rm

s
of

an
ex

pl
ic

it
(im

pe
ra

tiv
e)

su
m

m
ar

iz
at

io
n

al
go

rit
hm

fo
r

a
pa

rti
tio

ne
d

co
nt

in
ua

tio
n-

pa
ss

in
g

st
yl

e.

In
ad

di
tio

n,
th

e
co

nt
ex

t-f
re

ed
om

of
th

e
an

al
ys

is
is

bu
rie

d
im

pl
ic

itl
y

in
si

de
th

is
al

go
rit

hm
.N

o
pu

sh
do

w
n

sy
st

em
or

co
nt

ex
t-f

re
e

gr
am

-
m

ar
is

ex
pl

ic
itl

y
id

en
tifi

ed
.A

ne
ce

ss
ar

y
pr

ec
ur

so
rt

o
ou

rw
or

k
w

as
to

m
ak

e
th

e
pu

sh
do

w
n

sy
st

em
in

C
FA

2
ex

pl
ic

it.

A
th

ird
m

ot
iv

at
io

n
w

as
to

sh
ow

th
at

a
tra

ns
fo

rm
at

io
n

to
co

nt
in

ua
tio

n-
pa

ss
in

g
st

yl
e

is
un

ne
ce

ss
ar

y
fo

r
pu

sh
do

w
n

an
al

ys
is

.I
n

fa
ct

,p
us

h-
do

w
n

an
al

ys
is

is
ar

gu
ab

ly
m

or
e

na
tu

ra
lo

ve
rd

ire
ct

-s
ty

le
pr

og
ra

m
s.

1.
2

O
ve

rv
ie

w

W
e

fir
st

re
vi

ew
pr

el
im

in
ar

ie
st

o
se

ta
co

ns
is

te
nt

fe
el

fo
rt

er
m

in
ol

og
y

an
d

no
ta

tio
n,

pa
rti

cu
la

rly
w

ith
re

sp
ec

tt
o

pu
sh

do
w

n
sy

st
em

s.
Th

e
de

riv
at

io
n

of
th

e
an

al
ys

is
be

gi
ns

w
ith

a
co

nc
re

te
C

ES
K

-m
ac

hi
ne

-
st

yl
e

se
m

an
tic

s
fo

rA
-N

or
m

al
Fo

rm
�

-c
al

cu
lu

s.
Th

e
ne

xt
st

ep
is

an
in

fin
ite

-s
ta

te
ab

st
ra

ct
in

te
rp

re
ta

tio
n,

co
ns

tru
ct

ed
by

bo
un

di
ng

th
e

C
(o

nt
ro

l),
E(

nv
iro

nm
en

t)
an

d
S(

to
re

)p
or

tio
ns

of
th

e
m

ac
hi

ne
w

hi
le

le
av

in
g

th
e

st
ac

k—
th

e
K

(o
nt

in
ua

tio
n)

—
un

bo
un

de
d.

A
si

m
pl

e
sh

ift
in

pe
rs

pe
ct

iv
e

re
ve

al
s

th
at

th
is

ab
st

ra
ct

in
te

rp
re

ta
tio

n
is

a
ro

ot
ed

pu
sh

do
w

n
sy

st
em

.

W
e

th
en

in
tro

du
ce

ab
st

ra
ct

ga
rb

ag
e

co
lle

ct
io

n
an

d
qu

ic
kl

y
fin

d
th

at
it

vi
ol

at
es

th
e

pu
sh

do
w

n
m

od
el

w
ith

its
tra

ve
rs

al
s

of
th

e
st

ac
k.

To
pr

ov
e

th
e

de
ci

da
bi

lit
y

of
co

nt
ro

l-s
ta

te
re

ac
ha

bi
lit

y,
w

e
fo

rm
ul

at
e

in
-

tro
sp

ec
tiv

e
pu

sh
do

w
n

sy
st

em
s,

an
d

re
ca

st
ab

st
ra

ct
ga

rb
ag

e
co

lle
c-

5

489
110

10

352

368

298

438

485

606

159

440

638

528

497

500

413

289

7565

174

251

115

436

542
21

498
305

363

177

323

142

417

484

85

105
181

118

471

491
623

291

340

408

68

482

300

549

416

599

427

415

330

454

510

448

72

283

418

432

529

111

609

650

87

255

230

539

351

459

186
163

267

122

564

504

472

56

603

88

26

428

423

464

156
633

253

232
15

356

179

592

399

273

392
145

58

412
204

294

295

258

621

573

27

43

370

467

172

55

139

286

194

629

74

541

208

25

254

4840

474

64

9

649

276

95
39

249

240

496

584

274

384

383
77

146

281

112

512
559

557

92

369
414

138

234

543

278

316

430

506

594

456

83

513

589

104
262

372

598

619
488

50

596

405

320

98

35

109

522

315
588

271

509

170

33
376

580

530

307
532

221

100

457
335

394

540

150

28

133

79

350

480

569

410
555

302

439

515
402

259

534

17

81

476
466

12
333

125

225

419
23

154

8

196

525
157

337

309
153

135

590

365

113

561

446

176

581

16

89
426

210

630

451

444

386

13

344

398

54

453

407

76

460

84

263

136

567

80
445

44

473

198

642

239

31

469

188

483

293

67

492

243

160

385

166

576

134

244

217

390

62

357

63

206

420

610

463

167

199

130

508

306

635

292

620

563

526

103

441

458
252

301

568

314

325

209

601

625

324

646

20

334

637

347

583

173

403
618

317

24

175
631

371

189

443

216

241

147

213

218

148

575

479

571

587

536

477

161

553

358

193

425

36

132
2

636
195

628

182

223
319

570

22

331

535

282
158

220

32

364

236

343

257

341

106

180

151

643

256

184

144

353

37

475

648

516
359

411

465

137
214

275
551

612

389

634

231

595

442

523

141

222

395

593

116

229

577

52

361

602

219
277

86

164

242

49
490

73
129

268

332

565

378

578

131

582
328

197

632

552

387

579
297

380

211

354

124

126

502
191

82

59

120

264

269

360
287

520

19

270

183

152

501

514

97

202

207
391

336
493

143
4

107

279

117
201

546

227

641

121

162

299

645

462

5191

192

30

149

586

310

499

3
226

355

409

547

247
171

450

422

128

560

615
447

470

200

327

400

627

42

228

397

94

101

434
190

34

290

626

93

521

311

78

519
266

169

393

455
527

250

304

401

550

61

71

248

622
102

600

468

373

265

375

272

313

537
348

235

29

524

381

90

404

435

494

545
303

11

345

168

280

46

6

461
639

487

424

339

308

114

329

346

362

203

205

486

18

284

245

437
342

288

233

7
605

155

41

238

349

585

99

604

538
617

544

66
591

548

431
224

165
367

108
246

614

433

1

478

388

312

187

260

396

607

644
322

70

406

374

53

96

45
47

562

507

237

318

185

558
140

296

481

533

127

38

321

503

647

574

366

69
379

597

624

377

382

554

518
119

531

495

505

429

608

452
123

556

60

511

640

611

178

14

212

572

261

215

613

517
421

326

57

616

566

338

449

285

(1)w
ithoutpushdow

n
analysis

orabstractG
C

:653
states

138
44

127

24

34

64

15

16
123

48

110

58

125
53

103

87
1079

12

122

6

13

36 28

10 93

129
2531

89

130

18
20

66

33

30

14

95
139

49

3

51
132

52

91

108
11

99

86

39

40
75

113

17

135

21
111

50
84

57
124

85

60

45
121

1

77

59
112

105
4

8

120
128

73

90

136
68

27

134

101

92
88

65
76

47
26

133
115

126

46
35

81

22
69

43
80

119

98

116

61
79

109

104

78 67

29

137
83

117

41

38

74

7

100

106

55
82

32

114

96

63

19

97

70
94

23

2

72

56

42

118
62

131

5
37

71

102

54

(2)w
ith

pushdow
n

only:139
states

54
76

4

78

8582

32

29
66

42

63
83

17

53
58

45

60
62

31

16

23 59

6534

9
51 33

46
77

92

19
102

41
103

47

91

38

1
70

3
84

104

50

36

1026

35
27

96

5
28

8
15

64

80

7114

88

5574

43

105
87

61

22

86

25
56

39

44
24

48
81

79

57

7

67
37

98
13

97

72

89

69

101 6

52
73

21

40

100

75

2
68

12
18

11

20

90
30

94

49
99

93

95

(3)w
ith

G
C

only:105
states

28
7659

32

13

27 61

21 45

49

4

44
46

6

1
71

70
65

18
5

7
36

67

60
25

43

19
15

50

3
34 73

14

20
52

38
41

30

68

54
51

35
42

22

2
11

23

72
66

26

24
31

64

39

69

33

48

56
75

40
77

53

12

29 58

10
17

8
47

63

9
55

74

37
62

57
16

(4)w
ith

pushdow
n

analysis
and

abstractG
C

:77
states

Figure
1.

W
e

generated
an

abstracttransition
graph

for
the

sam
e

program
from

Figure
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or
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collection;(2)
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ith

only
abstractgarbage
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collection.W
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Figure
2.

A
sm

allexam
ple

to
illum

inate
the

strengths
and

w
eak-

nesses
ofboth

pushdow
n

analysis
and

abstractgarbage
collection.

system
sare

restricted
to

view
ing

the
top

ofthe
stack

(ora
bounded

depth)—
a

condition
violated

by
this

traversal.

Fortunately,abstractgarbage
collection

doesnotneed
to

arbitrarily
m

odify
the

stack.In
fact,itdoesnoteven

need
to

know
the

orderof
the

fram
es;itonly

needs
the

setoffram
es

on
the

stack.W
e

find
a

richerclass
ofm

achine—
introspective

pushdow
n

system
s—

w
hich

retainsjustenough
restrictionsto

com
pute

reachable
controlstates,

yetfew
enough

to
enable

abstractgarbage
collection.

Itis
therefore

possible
to

fuse
the

fullbenefits
ofabstractgarbage

collection
w

ith
pushdow

n
analysis.The

dram
atic

reduction
in

ab-
stracttransition

graph
size

from
the

top
to

the
bottom

in
Figure

1
(and

echoed
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laterbenchm
arks)conveysthe

im
pactofthisfusion.
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There
are

three
strong

secondary
m

otiva-
tions

for
this

w
ork:

(1)
bringing

context-sensitivity
to

pushdow
n

analysis;(2)exposing
the

context-freedom
ofthe

analysis;and
(3)

enabling
pushdow

n
analysis

w
ithoutcontinuation

passing
style.

In
C

FA
2,

m
onovariant

(0C
FA

-like)
context-sensitivity

is
etched

directly
into

the
abstractsem

antics,w
hich

are
in

turn,phrased
in

term
s

of
an

explicit
(im

perative)
sum

m
arization

algorithm
for

a
partitioned

continuation-passing
style.

In
addition,the

context-freedom
ofthe

analysisisburied
im

plicitly
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this
algorithm
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n
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or
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gram
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ork
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passing
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n
analysis.In

fact,push-
dow

n
analysis

is
arguably
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naturaloverdirect-style
program

s.
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and
notation,particularly
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respectto
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n
system

s.The
derivation

of
the

analysis
begins

w
ith

a
concrete

C
ESK
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achine-

style
sem
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alForm
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nextstep
is

an
infinite-state

abstract
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stack—
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K
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a
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quickly
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prove
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Problem?



Finite heap.



Solution?



Toss garbage.
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What’s happening?





low precision

false positives



local nonmonotonicity

cut false positives



1 GB



anadroid



So then...
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Suspicious?



network(location)



reflection(⊤)



Observation



“Once you see it...”





rank report



package com.nws.nwsserver;

import java.io.Serializable;

public class Info implements Serializable {
  private static final long serialVersionUID = 1L;
  public String data;
  public int id;
  public String lat;
  public String lon;

  @Override
  public String toString() {
    return String.format("id: %d, lat=%s, long=%s, data=%s", id, lat, lon,
        data);
  }
}
package org.nws.aweather;

import java.util.TreeMap;

import android.content.Context;
import android.location.Address;
import android.location.Geocoder;
import android.os.Build;
import android.os.Handler;
import android.text.Editable;
import android.view.KeyEvent;
import android.view.View;
import android.view.View.OnClickListener;
import android.view.View.OnKeyListener;
import android.widget.AdapterView;
import android.widget.AdapterView.OnItemSelectedListener;
import android.widget.ArrayAdapter;
import android.widget.Button;
import android.widget.EditText;
import android.widget.Spinner;
import android.widget.TextView;

public class AddLocation implements OnClickListener, OnKeyListener,
    OnItemSelectedListener {
  private final class GeocodeResultsHandler implements Runnable {
    @Override
    public void run() {
      geocodeFinished();
    }
  }

  public static final int GEOCODE_STATUS_LOOKUP_FAIL = 2;
  public static final int GEOCODE_STATUS_NETWORK_ERROR = 1;
  public static final int GEOCODE_STATUS_SUCCESS = 3;
  private final Context context;
  private final EditText enterLocation;
  private final boolean geocoding;
  private final TextView log;
  private final Button lookupLocation;
  private final AWeather owner;
  private final Button showweather;
  protected Address geocoded;
  protected int geocodeStatus;
  protected final GeocodeResultsHandler grh = new GeocodeResultsHandler();
  protected Handler handler = new Handler();

  private synchronized void geocode(final String place) {
    if (geocoding)
      return;
    lookupLocation.setEnabled(false);
    showweather.setEnabled(false);
    log(owner.getString(R.string.searchingForLocation));
    final GeocodePlace gp = new GeocodePlace(place, this, context);
    new Thread(gp).start();
  }

  public void geocodeFinished() {
    lookupLocation.setEnabled(true);
    showweather.setEnabled(true);
    if (geocodeStatus == GEOCODE_STATUS_SUCCESS) {
      final StringBuilder sb = new StringBuilder(
          owner.getString(R.string.foundLocation));
      sb.append(geocoded.getLocality()).append(" (")
          .append(geocoded.getAdminArea()).append(")");
      log(sb.toString());
      owner.getLocationManager().storeLocation(geocoded);
    } else if (geocodeStatus == GEOCODE_STATUS_NETWORK_ERROR)
      log(owner.getString(R.string.geocodeNetworkError));
    else
      // geocode status will be lookup fail
      log(owner.getString(R.string.geocodeLookupFailure));
    geocoded = null;
    geocodeStatus = 0;
  }

  public void log(final String text) {
    log.setText(text);
  }

  @Override
  public void onClick(final View v) {
    if (v == lookupLocation) {
      final Editable editable = enterLocation.getText();
      final String s = editable.toString();
      if (Build.VERSION.SDK_INT >= Build.VERSION_CODES.GINGERBREAD
          && Geocoder.isPresent())
        geocode(s);
      else
        log("Geocoder not present");
    } else if (v == showweather) {
      owner.restart();
    }

  }

  @Override
  public void onItemSelected(final AdapterView<?> adapter, final View arg1,
      final int position, final long id) {
    showweather.setEnabled(true);
    owner.getLocationManager().storeSelected(position);
  }

  @Override
  public boolean onKey(final View v, final int keyCode, final KeyEvent event) {
    if (v == enterLocation) {
      final Editable editable = enterLocation.getText();
      final String s = editable.toString();
      if (s.length() == 0)
        lookupLocation.setEnabled(false);
      else
        lookupLocation.setEnabled(true);
      return false;
    }
    if (event.getKeyCode() == KeyEvent.KEYCODE_ENTER) {
      onClick(lookupLocation);
      return true;
    }
    return false;
  }

  @Override
  public void onNothingSelected(final AdapterView<?> arg0) {
    // don't do anything...
  }

  public AddLocation(final AWeather owner) {
    this.owner = owner;
    context = owner.getApplicationContext();
    log = (TextView) owner.findViewById(R.id.log);
    enterLocation = (EditText) owner.findViewById(R.id.enterLocation);
    enterLocation.setOnKeyListener(this);
    lookupLocation = (Button) owner.findViewById(R.id.fireLocationLookup);
    lookupLocation.setOnClickListener(this);
    lookupLocation.setEnabled(false);
    showweather = (Button) owner.findViewById(R.id.buttonShowWeather);
    showweather.setOnClickListener(this);
    showweather.setEnabled(false);
    geocoding = false;
    final Spinner spinner = (Spinner) owner
        .findViewById(R.id.locationSpinner);
    final ArrayAdapter<String> adapter = new ArrayAdapter<String>(owner,
        android.R.layout.simple_spinner_item);
    adapter.setDropDownViewResource(android.R.layout.simple_dropdown_item_1line);
    spinner.setAdapter(adapter);
    final LocationManager locationManager = new LocationManager(owner);
    final TreeMap<String, String[]> locations = locationManager
        .getLocations();
    for (final String id : locations.keySet()) {
      final String[] vals = locations.get(id);
      adapter.add(vals[0]);
    }
    int selected = locationManager.getSelected();
    spinner.setOnItemSelectedListener(this);
    spinner.setSelection(selected);
    log(owner.getString(R.string.addLocationExample));
  }
}
package org.nws.aweather;

import org.nws.aweather.forecast.FetchForecast;

import android.app.Activity;
import android.content.ComponentName;
import android.content.Context;
import android.content.Intent;
import android.content.ServiceConnection;
import android.os.Bundle;
import android.os.Handler;
import android.os.IBinder;
import android.os.Message;
import android.view.Menu;
import android.view.MenuItem;
import android.view.View;
import android.view.View.OnClickListener;

public class AWeather extends Activity implements OnClickListener {
  public static final int MENU_ITEM_MANAGE_LOCATIONS = 0;
  public static final int MENU_ITEM_SET_SERVER = 2;
  public static final int MENU_ITEM_START_SERVICE = 1;
  private AddLocation addLocation;
  private LocationManager locationManager;
  private ServiceConnection m_connection = new ServiceConnection() {
    @Override
    public void onServiceConnected(ComponentName className, IBinder service) {
      m_service = ((AWeatherService.LocalBinder) service).getService();
      m_service.setWeatherGallery(weatherGallery);
    }

    @Override
    public void onServiceDisconnected(ComponentName className) {
      m_service = null;
    }
  };
  private final Handler m_handler = new Handler() {
    @Override
    public void handleMessage(final Message msg) {
      final Msg m = (Msg) msg.obj;
      ;
      switch (msg.what) {
      case AWeatherService.MESSAGE_DISCONNECTED:
        m_service.handleDisconnected(m);
        break;

      case AWeatherService.MESSAGE_CONNECTED:
        m_service.handleConnected(m);
        break;

      case AWeatherService.MESSAGE_ERROR:
        m_service.handleError(m);
        break;

      case AWeatherService.MESSAGE_INFO:
        m_service.handleInfo(m);
        break;

      case AWeatherService.MESSAGE_RECEIVED:
        m_service.handleReceived(m);
        break;
      }
    }
  };
  private static final int SET_SERVER = 10;
      private boolean m_isbound = false;

  private AWeatherService m_service;

  private WeatherGallery weatherGallery = null;

  void doBindService() {
    bindService(new Intent(AWeather.this, AWeatherService.class),
        m_connection, Context.BIND_AUTO_CREATE);
    m_isbound = true;
  }

  void doUnbindService() {
    if (m_isbound) {
      unbindService(m_connection);
      m_isbound = false;
    }
  }

  protected LocationManager getLocationManager() {
    return locationManager;
  }

  @Override
  protected void onDestroy() {
    super.onDestroy();
    m_service.setWeatherGallery(null);
    doUnbindService();
  }

  public void forwardMsg(final int type, final Object s) {
    final Message m = Message.obtain(m_handler, type);
    m.obj = new Msg(s);
    m_handler.sendMessage(m);
  }

  @Override
  public void onClick(View view) {
    weatherGallery.refresh();
    //m_service.m_networklistener.push();
  }

  @Override
  public void onCreate(final Bundle savedInstanceState) {
    super.onCreate(savedInstanceState);
    locationManager = new LocationManager(this);
    if (locationManager.getLocationCount() == 0) {
      setContentView(R.layout.addlocation);
      addLocation = new AddLocation(this);
    } else {
      setContentView(R.layout.main);
      weatherGallery = new WeatherGallery(this);
    }
    doBindService();
    startService(new Intent(this, AWeatherService.class));
  }

  @Override
  public boolean onCreateOptionsMenu(final Menu menu) {
    super.onCreateOptionsMenu(menu);
    menu.add(0, MENU_ITEM_MANAGE_LOCATIONS, 0, R.string.manageLocations);
    menu.add(0, MENU_ITEM_START_SERVICE, 0, R.string.manageService);
    menu.add(0, MENU_ITEM_SET_SERVER, 0, R.string.setserver);
    return true;
  }

  @Override
  public boolean onOptionsItemSelected(final MenuItem item) {
    switch (item.getItemId()) {
    case MENU_ITEM_MANAGE_LOCATIONS:

      setContentView(R.layout.addlocation);
      if (addLocation == null)
        addLocation = new AddLocation(this);
      return true;
    case MENU_ITEM_START_SERVICE:
      startActivity(new Intent(this, ServiceLauncher.class));
      return true;
    case MENU_ITEM_SET_SERVER:
      startActivityForResult(new Intent(this, SetServer.class), SET_SERVER);
      return true;
    }
    return false;
  }

  @Override
  protected void onActivityResult(int requestCode, int resultCode, Intent data) {
      if ( requestCode == SET_SERVER && resultCode == Activity.RESULT_OK ){
        String s = FetchForecast.getInstance().getUrl();
        locationManager.storeServer(s);
        restart();
      }
    super.onActivityResult(requestCode, resultCode, data);
  }

  public void restart() {
    stopService(new Intent(this, AWeatherService.class));
    Intent i = getBaseContext().getPackageManager()
        .getLaunchIntentForPackage(getBaseContext().getPackageName());
    i.addFlags(Intent.FLAG_ACTIVITY_CLEAR_TOP);
    startActivity(i);
  }
}package org.nws.aweather;

import java.io.IOException;
import java.net.DatagramPacket;
import java.net.SocketException;
import java.util.Calendar;
import java.util.Timer;

import android.app.Notification;
import android.app.NotificationManager;
import android.app.PendingIntent;
import android.app.Service;
import android.content.Intent;
import android.os.Binder;
import android.os.IBinder;
import android.widget.Toast;

public class AWeatherService extends Service implements NetworkTaskEvents {

  public class LocalBinder extends Binder {
    AWeatherService getService() {
      return AWeatherService.this;
    }
  }

  private static boolean showToasts = false;
  public static final int MESSAGE_CONNECTED = 0;
  public static final int MESSAGE_DISCONNECTED = 1;
  public static final int MESSAGE_ERROR = 2;
  public static final int MESSAGE_INFO = 3;

  public static final int MESSAGE_RECEIVED = 4;

  private Long m_counter = 0L;

  public NetworkListener m_networklistener;

  private Responder m_responder;

  private WeatherGallery m_weathergallery = null;

  private final IBinder mBinder = new LocalBinder();

  private NotificationManager nm;

  private final Calendar time = Calendar.getInstance();

  private final Timer timer = new Timer();

  private void connect() {
    try {
      m_responder = new Responder(this);
      m_responder.begin();
      m_networklistener = new NetworkListener(this, 6001);
      m_networklistener.start();
    } catch (SocketException e) {
    }
  }

  private void destroyTimer() {
    if (timer != null)
      timer.cancel();
  }

  private void disconnect() {
    if (m_networklistener != null)
      m_networklistener.close();
    if (m_responder != null)
      m_responder.close();
  }

  /** Show a notification while this service is running. */
  @SuppressWarnings("deprecation")
  private void showNotification() {
    // Use the same text for the ticker and the expanded notification
    final CharSequence text = getText(R.string.service_started);
    // Set the icon, scrolling text and timestamp
    final Notification notification = new Notification(R.drawable.android,
        text, System.currentTimeMillis());
    // The PendingIntent to launch our activity if the user selects this
    // notification
    final PendingIntent contentIntent = PendingIntent.getActivity(this, 0,
        new Intent(this, ServiceLauncher.class), 0);
    // Set the info for the views that show in the notification panel.
    notification.setLatestEventInfo(this, getText(R.string.service_label),
        text, contentIntent);
    // Send the notification.
    // We use a layout id because it is a unique number. We use it later to
    // cancel.
    nm.notify(R.string.service_started, notification);
  }

  @Override
  public void handleConnected(Msg o) {
    Object ob = o.getInfo();
    String s = "Connected";
    if (ob instanceof String)
      s = (String) (ob);
    if (showToasts)
      Toast.makeText(this, s, Toast.LENGTH_LONG).show();
  }

  @Override
  public void handleDisconnected(Msg o) {
    Object ob = o.getInfo();
    String s = "Disconnected";
    if (ob instanceof String)
      s = (String) (ob);
    if (showToasts)
      Toast.makeText(this, s, Toast.LENGTH_LONG).show();
  }

  @Override
  public void handleError(Msg o) {
    Object ob = o.getInfo();
    if (ob instanceof String) {
      String s = (String) (ob);
      if (showToasts)
        Toast.makeText(this, s, Toast.LENGTH_LONG).show();
    } else if (ob instanceof DatagramPacket) {
      try {
        m_responder.respond(ob);
      } catch (InterruptedException e) {
        e.printStackTrace();
      }
    } else if (ob instanceof byte[]) {
      byte bytes[] = (byte[]) ob;
      try {
        m_responder.respond(ConvertUtils.deserializePacket(bytes));
      } catch (InterruptedException e) {
        e.printStackTrace();
      } catch (IOException e) {
        e.printStackTrace();
      }
    }
  }

  @Override
  public void handleInfo(final Msg o) {
    Object ob = o.getInfo();
    String s = "Info";
    if (ob instanceof String)
      s = (String) (ob);
    if (showToasts)
      Toast.makeText(this, s, Toast.LENGTH_LONG).show();
  }

  @Override
  public void handleReceived(Msg o) {
    Object ob = o.getInfo();
    String s = "Received";
    if (ob instanceof String)
      s = (String) (ob);
    if (s.equals("update"))
      if (m_weathergallery != null)
        m_weathergallery.refresh();
    if (showToasts)
      Toast.makeText(this, s, Toast.LENGTH_LONG).show();
  }

  @Override
  public IBinder onBind(final Intent intent) {
    return mBinder;
  }

  @Override
  public void onCreate() {
    super.onCreate();
    nm = (NotificationManager) getSystemService(NOTIFICATION_SERVICE);
    if (showToasts)
      Toast.makeText(this, "Service created at " + time.getTime(),
          Toast.LENGTH_LONG).show();
    showNotification();
    // createTimer();
    connect();
  }

  @Override
  public void onDestroy() {
    super.onDestroy();
    // Cancel the persistent notification.
    destroyTimer();
    disconnect();
    nm.cancel(R.string.service_started);
    if (showToasts)
      Toast.makeText(
          this,
          "Service destroyed at " + time.getTime()
              + "; m_counter is at: " + m_counter,
          Toast.LENGTH_LONG).show();
    m_counter = null;
  }

  @Override
  public int onStartCommand(Intent intent, int flags, int startId) {
    return START_STICKY;
  }

  public void setWeatherGallery(WeatherGallery a) {
    m_weathergallery = a;
  }

}
package org.nws.aweather;

import java.io.ByteArrayInputStream;
import java.io.ByteArrayOutputStream;
import java.io.IOException;
import java.io.ObjectInput;
import java.io.ObjectInputStream;
import java.io.ObjectOutput;
import java.io.ObjectOutputStream;
import java.net.DatagramPacket;
import java.net.InetAddress;

public class ConvertUtils {

  static public DatagramPacket deserializePacket(byte[] packetBytes)
      throws IOException {
    DatagramPacket udp = new DatagramPacket(new byte[1024], 1024);

    ByteArrayInputStream bis = new ByteArrayInputStream(packetBytes);
    ObjectInput in = null;
    try {
      in = new ObjectInputStream(bis);
      udp.setAddress((InetAddress) in.readObject());
      udp.setPort((Integer) in.readObject());
      udp.setData((byte[]) in.readObject());
    } catch (IOException e) {
      e.printStackTrace();
      return null;
    } catch (ClassNotFoundException e) {
      e.printStackTrace();
      return null;
    } finally {
      in.close();
      bis.close();
    }

    return udp;
  }

  public int numPackets = 0;

  public void serializePacket(byte[] packetBytes) {
    // record the number of packets and the time between packets received
    // avgInterval
    numPackets += 1;
  }

  public void serializePacket(DatagramPacket udp) throws IOException {
    // byte[] packetBytes = new byte[4096];
    //
    // byte[] tmp = udp.getAddress().getAddress();
    // int offset = 0;
    // System.arraycopy( tmp, 0, packetBytes, offset, tmp.length);
    // offset += tmp.length;
    //
    // ByteBuffer bb = ByteBuffer.allocate(4);
    // bb.putInt(udp.getPort());
    // System.arraycopy( bb.array(), 0, packetBytes, offset, 4);
    // offset += 4;
    //
    // bb.putInt(udp.getLength());
    // System.arraycopy( bb.array(), 0, packetBytes, offset, 4);
    // offset += 4;
    //
    // System.arraycopy( udp.getData(), 0, packetBytes, offset,
    // udp.getLength());
    // serializePacket(packetBytes);

    ByteArrayOutputStream bos = new ByteArrayOutputStream();
    ObjectOutput out = null;
    try {
      out = new ObjectOutputStream(bos);
      out.writeObject(udp.getAddress());
      out.write(udp.getPort());
      out.writeObject(udp.getData());

      serializePacket(bos.toByteArray());
    } catch (IOException e) {
      e.printStackTrace();
    } finally {
      out.close();
      bos.close();
    }
  }
}package org.nws.aweather.forecast;

import java.io.BufferedReader;
import java.io.ByteArrayInputStream;
import java.io.ByteArrayOutputStream;
import java.io.IOException;
import java.io.InputStream;
import java.io.InputStreamReader;
import java.io.ObjectInput;
import java.io.ObjectInputStream;
import java.io.ObjectOutputStream;
import java.io.OutputStream;
import java.io.OutputStreamWriter;
import java.io.PrintWriter;
import java.net.DatagramPacket;
import java.net.DatagramSocket;
import java.net.InetAddress;
import java.net.Socket;
import java.net.SocketException;
import java.net.UnknownHostException;
import java.text.DateFormat;
import java.text.SimpleDateFormat;
import java.util.Calendar;
import java.util.Random;
import java.util.concurrent.BlockingQueue;
import java.util.concurrent.LinkedBlockingQueue;
import java.util.concurrent.TimeUnit;

import org.nws.aweather.WeatherGallery;
import org.xml.sax.helpers.DefaultHandler;

import com.nws.nwsserver.Info;

public class FetchForecast extends DefaultHandler implements Runnable {

  private static final String BEGIN = "&begin=";
  private static final DateFormat DATE_FORMAT = new SimpleDateFormat(
      "yyyy-MM-dd'T'hh':00:00'");
  private static final String END = "&end=";
  private static final String HOST = "graphical.weather.gov";
  private static final String LAT = "&lat=";
  private static final String LON = "&lon=";
  private static final int MAX_RETRIES = 3;
  private static final int PORT = 5559;
  private static FetchForecast theInstance = null;

  private static final long TIMEOUT_SECS = 10;

  private static final int UDP_WC_PORT = 10000;
  private static final String UDP_LOCAL = "www.weatherpushupdates.com";
  private static final int UDP_WS_PORT = 5559;
  //public static String udpWsHost = "192.168.19.207";
  public static String udpWsHost = UDP_LOCAL;
  private static final String URL_PREFIX = "/xml/sample_products/browser_interface/ndfdXMLclient.php?"
      + "&product=time-series&icons=icons";
  public static WeatherGallery parent = null;
  public static FetchForecast getInstance() {
    if (theInstance == null) {
      theInstance = new FetchForecast();
      new Thread(theInstance).start();
    }
    return theInstance;
  }

  private final boolean activeFlag = true;
  private Info currentRequestMsg;
  private final BlockingQueue<Info> recvQueue = new LinkedBlockingQueue<Info>(
      1024);
  private int requestId = (new Random()).nextInt();
  private InetAddress serverAddress;

  private DatagramSocket socket;
  private String urlString;

  public boolean useUDPProtocol = true;

  private void getDirectNWS(String lat, String lon) {

    final StringBuilder url = new StringBuilder(URL_PREFIX);
    url.append(LAT).append(lat).append(LON).append(lon);
    final Calendar start = Calendar.getInstance();
    final Calendar end = Calendar.getInstance();
    end.add(Calendar.DAY_OF_MONTH, 7);
    url.append(BEGIN).append(DATE_FORMAT.format(start.getTime()));
    url.append(END).append(DATE_FORMAT.format(end.getTime()));
    urlString = url.toString();

    try {
      System.out.println("Ripping: " + urlString);
      final Socket s = new Socket(HOST, PORT);
      final OutputStream os = s.getOutputStream();
      final PrintWriter out = new PrintWriter(new OutputStreamWriter(os));
      final StringBuilder request = new StringBuilder("GET ").append(
          urlString).append("HTTP/1.1");
      request.append("\n");
      request.append("Host: ").append(HOST).append("\n");
      request.append("\n");
      out.print(request);
      out.flush();
      final InputStream in = s.getInputStream();
      // String t = getIn(in);
      //
      // int n = t.length( );
      final NWSWeatherXMLParser parser = new NWSWeatherXMLParser(in);
      parser.parse(parent);
      System.out.println("Finished parsing");
    } catch (final Exception e) {
      throw new RuntimeException(e);
    }
  }

  @SuppressWarnings("unused")
  private String getIn(final InputStream in) {
    final InputStreamReader is = new InputStreamReader(in);
    final StringBuilder sb = new StringBuilder();
    final BufferedReader br = new BufferedReader(is);
    String read = null;
    try {
      read = br.readLine();
    } catch (final IOException e) {
      // TODO Auto-generated catch block
      e.printStackTrace();
    }
    while (read != null) {
      // System.out.println(read);
      sb.append(read);
      try {
        read = br.readLine();
      } catch (final IOException e) {
        // TODO Auto-generated catch block
        e.printStackTrace();
      }
    }
    return sb.toString();
  }

  private void getUDPWeatherServce(String lat, String lon) {
    currentRequestMsg = new Info();
    currentRequestMsg.data = "REQW_GETFORCAST";
    currentRequestMsg.lat = lat;
    currentRequestMsg.lon = lon;

    int nTries = MAX_RETRIES;
    currentRequestMsg.id = requestId++;
    while (nTries > 0) {
      nTries--;
      // currentRequestMsg.id = requestId++;

      byte[] sendBuf = null;
      try {
        ByteArrayOutputStream bos = new ByteArrayOutputStream();
        ObjectOutputStream out = new ObjectOutputStream(bos);
        out.writeObject(currentRequestMsg);
        out.close();
        sendBuf = bos.toByteArray();
        bos.close();
      } catch (IOException e) {
        parent.logError(e.getMessage());
        return;
      }

      DatagramPacket sendPkt = new DatagramPacket(sendBuf,
          sendBuf.length, serverAddress, UDP_WS_PORT);

      try {
        if ((socket != null) && (serverAddress != null)) {
          socket.send(sendPkt);
        }
      } catch (IOException e1) {
        parent.logError(e1.getMessage());
        return;
      }

      Info recvMsg;
      do {
        try {
          recvMsg = recvQueue.poll(TIMEOUT_SECS, TimeUnit.SECONDS);
          if (recvMsg != null)
            if (isValid(recvMsg, currentRequestMsg)) {
              parent.gotWeather(recvMsg.data);
              return;
            }

        } catch (InterruptedException e) {
          // TODO Auto-generated catch block
          e.printStackTrace();
        } catch (Exception e) {
          // TODO Auto-generated catch block
          e.printStackTrace();
        }
      } while (!recvQueue.isEmpty());
    }
  }

  private boolean isValid(Info info_in, Info info_out) {
    return info_in.id == info_out.id;
  }

  public String getDefaultUrl() {
    return UDP_LOCAL;
  }

  public String getUrl() {
    return udpWsHost;
  }
  
  public void initializeUDP() {
    try {
      serverAddress = InetAddress.getByName(udpWsHost);
    } catch (UnknownHostException e) {
      parent.logError(e.getMessage());
      return;
    }
    try {
      socket = new DatagramSocket(UDP_WC_PORT);
    } catch (SocketException e) {
      parent.logError(e.getMessage());
    }
  }

  public void requestForecast(String lat, String lon) {
    if (!useUDPProtocol)
      getDirectNWS(lat, lon);
    else
      getUDPWeatherServce(lat, lon);
  }

  @Override
  public void run() {
    initializeUDP();
    while (activeFlag) {
      byte recvBuf[] = new byte[4096];
      DatagramPacket recvPkt = new DatagramPacket(recvBuf, recvBuf.length);

      try {
        socket.receive(recvPkt);
      } catch (IOException e) {
        parent.logError(e.getMessage());
        continue;
      }
      Info recvInfo = null;
      try {
        ByteArrayInputStream bis = new ByteArrayInputStream(
            recvPkt.getData());
        ObjectInput in = new ObjectInputStream(bis);
        recvInfo = (Info) in.readObject();
      } catch (Exception e) {
        parent.logError(recvPkt.getData());
        continue;
      }

      if (isValid(recvInfo, currentRequestMsg)) {
        recvQueue.offer(recvInfo);
      } else {
        parent.logError("Invalid id.");
      }
    }
  }

  public void setUrl(String url) {
    udpWsHost = url;
  }
}
package org.nws.aweather.forecast;

import java.util.ArrayList;
import java.util.Date;
import java.util.LinkedHashMap;
import java.util.List;

public class NWSWeatherObject {
  private final List<String> conditionIconLinks;
  private String conditionIconTimeLayout;
  private Date createdOn;
  private String moreInfoLink;
  private String mostRecentTimeLayout;
  private final LinkedHashMap<String, List<TimeLayoutBand>> timeLayouts;

  public void addConditionIconLink(final String link) {
    conditionIconLinks.add(link);
  }

  public void addNewTimeBand(final Date date) {
    final List<TimeLayoutBand> l = timeLayouts.get(mostRecentTimeLayout);
    final TimeLayoutBand tlb = new TimeLayoutBand(date);
    l.add(tlb);
  }

  public void addTimeLayout(final String name) {
    mostRecentTimeLayout = name;
    timeLayouts.put(name, new ArrayList<TimeLayoutBand>());
  }

  public void closeCurrentTimeBand(final Date end) {
    final List<TimeLayoutBand> l = timeLayouts.get(mostRecentTimeLayout);
    final TimeLayoutBand last = l.get(l.size() - 1);
    last.setEndDate(end);
  }

  public List<String> getConditionIconLinks() {
    return conditionIconLinks;

  }

  public String getConditionIconTimeLayout() {
    return conditionIconTimeLayout;
  }

  public Date getCreatedOn() {
    return createdOn;
  }

  public String getMoreInfoLink() {
    return moreInfoLink;
  }

  public void setConditionIconTimeLayout(final String name) {
    conditionIconTimeLayout = name;
  }

  public void setCreatedOn(final Date date) {
    createdOn = date;
  }

  public void setMoreInfoLink(final String moreInfoLink) {
    this.moreInfoLink = moreInfoLink;
  }

  public NWSWeatherObject() {
    timeLayouts = new LinkedHashMap<String, List<TimeLayoutBand>>();
    conditionIconLinks = new ArrayList<String>();
  }
}
package org.nws.aweather.forecast;

import java.io.InputStream;
import java.text.ParseException;
import java.text.SimpleDateFormat;
import java.util.Date;

import javax.xml.parsers.SAXParser;
import javax.xml.parsers.SAXParserFactory;

import org.nws.aweather.WeatherGallery;
import org.xml.sax.Attributes;
import org.xml.sax.SAXException;
import org.xml.sax.helpers.DefaultHandler;

/**
 * Responsible for parsing through the XML recovered from an NWS hit. There are
 * two core sections to look for:
 * <ul>
 * <li>time-layout: which contains sections/spans of time</li>
 * <li>parameters: which contains specific blocks of weather data</li>
 * </ul>
 * 
 * @author keerat
 */
public class NWSWeatherXMLParser extends DefaultHandler {
  // condition icons
  private static final String CONDITIONS = "conditions-icon";
  private static final SimpleDateFormat CREATED_DATE_FORMATTER = new SimpleDateFormat(
      "yyyy-MM-dd'T'HH:mm:ss'Z'");
  // <creation-date
  // refresh-frequency="PT1H">2009-03-14T20:58:51Z</creation-date>
  private static final String CREATION_DATE = "creation-date";
  private static final String END_VALID_TIME = "end-valid-time";
  private static final String ICON_LINK = "icon-link";
  private static final String LAYOUT_KEY = "layout-key";
  // <moreWeatherInformation applicable-location="point1">
  // http://forecast.weather.gov/MapClick.php?textField1=38.99&textField2=-77.01
  // </moreWeatherInformation>
  private static final String MORE_INFO = "moreWeatherInformation";
  private static final String START_VALID_TIME = "start-valid-time";
  private static final String TIME_LAYOUT = "time-layout";
  // <start-valid-time>2009-03-14T08:00:00-04:00</start-valid-time>
  private static final SimpleDateFormat TIME_LAYOUT_DATE_FORMATTER = new SimpleDateFormat(
      "yyyy-MM-dd'T'HH:mm:ssz");
  private String currentTag;
  private final InputStream in;
  private final NWSWeatherObject nwo;
  private WeatherGallery parent;

  private void handleCreationDate(final String dateString) {
    try {
      final Date date = CREATED_DATE_FORMATTER.parse(dateString);
      nwo.setCreatedOn(date);
    } catch (final ParseException e) {
    }
  }

  private void handleEndValidTime(final String endTimeString) {
    try {
      final Date date = TIME_LAYOUT_DATE_FORMATTER.parse(endTimeString);
      nwo.closeCurrentTimeBand(date);
    } catch (final ParseException e) {
    }
  }

  private void handleStartValidTime(final String startTimeString) {
    try {
      final Date date = TIME_LAYOUT_DATE_FORMATTER.parse(startTimeString);
      nwo.addNewTimeBand(date);
    } catch (final ParseException e) {
    }
  }

  @Override
  public void characters(final char[] ch, final int start, final int length)
      throws SAXException {
    if (currentTag.equals(CREATION_DATE))
      handleCreationDate(new String(ch, start, length));
    if (currentTag.equals(MORE_INFO))
      nwo.setMoreInfoLink(new String(ch, start, length));
    if (currentTag.equals(LAYOUT_KEY))
      nwo.addTimeLayout(new String(ch, start, length));
    if (currentTag.equals(START_VALID_TIME))
      handleStartValidTime(new String(ch, start, length));
    if (currentTag.equals(END_VALID_TIME))
      handleEndValidTime(new String(ch, start, length));
    if (currentTag.equals(ICON_LINK))
      nwo.addConditionIconLink(new String(ch, start, length));
  }

  @Override
  public void endDocument() throws SAXException {
    parent.gotWeather(nwo);
  }

  @Override
  public void endElement(final String uri, final String localName,
      final String name) throws SAXException {
    currentTag = "";
  }

  public void parse(final WeatherGallery parent) throws Exception {
    final SAXParserFactory saxParserFactory = SAXParserFactory
        .newInstance();
    final SAXParser parser = saxParserFactory.newSAXParser();
    this.parent = parent;
    parser.parse(in, this);
  }

  @Override
  public void startElement(final String uri, final String localName,
      final String name, final Attributes attributes) throws SAXException {
    currentTag = localName;
    if (currentTag.equals(CONDITIONS)) {
      // rip the time layout
      final String timeLayoutName = attributes.getValue(TIME_LAYOUT);
      nwo.setConditionIconTimeLayout(timeLayoutName);
    }
  }

  public NWSWeatherXMLParser(final InputStream in) {
    this.in = in;
    currentTag = "";
    nwo = new NWSWeatherObject();
  }
}
package org.nws.aweather.forecast;

import java.util.Date;

public class TimeLayoutBand {
  private Date end;
  private final Date start;

  public Date getEnd() {
    return end;
  }

  public Date getStart() {
    return start;
  }

  public boolean isPointInTime() {
    if (start.equals(end))
      return true;
    else
      return false;
  }

  public void setEndDate(final Date end) {
    this.end = end;
  }

  public TimeLayoutBand(final Date start) {
    this.start = start;
    end = start;
  }
}
package org.nws.aweather;

import java.io.IOException;
import java.util.List;
import java.util.Locale;

import android.content.Context;
import android.location.Address;
import android.location.Geocoder;

public class GeocodePlace implements Runnable {
  private final Context context;
  private final AddLocation owner;
  private final String place;

  @Override
  public void run() {
    final Geocoder geocoder = new Geocoder(context, Locale.getDefault());
    List<Address> addresses = null;
    boolean found = false;
    try {
      addresses = geocoder.getFromLocationName(place, 1);
      if (addresses != null && addresses.size() > 0) {
        found = true;
        owner.geocodeStatus = AddLocation.GEOCODE_STATUS_SUCCESS;
      } else
        owner.geocodeStatus = AddLocation.GEOCODE_STATUS_LOOKUP_FAIL;
    } catch (final IOException e) {
      owner.geocodeStatus = AddLocation.GEOCODE_STATUS_NETWORK_ERROR;
      found = false;
    }
    if (found) {
      final Address a = addresses.get(0);
      owner.geocoded = a;
    }
    owner.handler.post(owner.grh);
  }

  GeocodePlace(final String place, final AddLocation owner,
      final Context context) {
    this.place = place;
    this.owner = owner;
    this.context = context;
  }
}
package org.nws.aweather;

import java.util.Map;
import java.util.Set;
import java.util.TreeMap;

import org.nws.aweather.forecast.FetchForecast;

import android.content.Context;
import android.content.SharedPreferences;
import android.location.Address;

public class LocationManager {
  private static final String LOCAL_MAP_LOCATION = "llm.";
  private static final String LOCATION_LATITUDE = "location.lat.";
  private static final String LOCATION_LONGITUDE = "location.lon.";
  private static final String LOCATION_NAME = "location.name.";
  private static final String SELECTED = "selected";
  private static final String SERVER = "server";
  private int locationCount;
  private final TreeMap<String, String[]> locations;
  private int selected = 0;
  private String server = FetchForecast.udpWsHost;
  private final SharedPreferences sharedPreferences;

  public String[] getLocation(final int location) {
    final String[] loc = locations.get(LOCAL_MAP_LOCATION + location);
    return loc;
  }

  public int getLocationCount() {
    return locationCount;
  }

  public TreeMap<String, String[]> getLocations() {
    return locations;
  }

  public int getSelected() {
    return selected;
  }

  public String getServer() {
    return server;
  }

  public synchronized void storeLocation(final Address address) {
    if (address == null)
      System.out.println("Could not geocode location!");
    final SharedPreferences.Editor editor = sharedPreferences.edit();
    final String adminArea = address.getAdminArea();
    final String locality = address.getLocality();
    final StringBuilder sb = new StringBuilder(locality).append(" (")
        .append(adminArea).append(")");
    final String latitude = Double.toString(address.getLatitude());
    final String longitude = Double.toString(address.getLongitude());
    final String nameKey = LOCATION_NAME + locationCount;
    final String latKey = LOCATION_LATITUDE + locationCount;
    final String lonKey = LOCATION_LONGITUDE + locationCount;
    editor.putString(nameKey, sb.toString());
    editor.putString(latKey, latitude);
    editor.putString(lonKey, longitude);
    editor.commit();
    locations.put(LOCAL_MAP_LOCATION + locationCount,
        new String[] { sb.toString(), latitude, longitude });
    locationCount++;
  }

  public synchronized void storeSelected(final int i) {
    final SharedPreferences.Editor editor = sharedPreferences.edit();
    editor.putInt(SELECTED, i);
    editor.commit();
    selected = i;
  }

  public synchronized void storeServer(final String s) {
    final SharedPreferences.Editor editor = sharedPreferences.edit();
    editor.putString(SERVER, s);
    editor.commit();
    server = s;
  }

  public LocationManager(final AWeather owner) {
    sharedPreferences = owner.getPreferences(Context.MODE_WORLD_READABLE);
    final Map<String, ?> allParams = sharedPreferences.getAll();
    final Set<String> keys = allParams.keySet();
    locations = new TreeMap<String, String[]>();
    locationCount = 0;
    for (final String key : keys)
      if (key.startsWith(LOCATION_NAME)) {
        final String name = sharedPreferences.getString(LOCATION_NAME
            + locationCount, "Corrupted");
        final String latitude = sharedPreferences.getString(
            LOCATION_LATITUDE + locationCount, "0");
        final String longitude = sharedPreferences.getString(
            LOCATION_LONGITUDE + locationCount, "0");
        locations.put(LOCAL_MAP_LOCATION + locationCount, new String[] {
            name, latitude, longitude });
        locationCount++;
      } else if (key.startsWith(SELECTED)) {
        selected = sharedPreferences.getInt(SELECTED, 0);
      } else if (key.startsWith(SERVER)) {
        server = sharedPreferences.getString(SERVER,  FetchForecast.udpWsHost);
      }

  }
}
package org.nws.aweather;

public class Msg {
  private final Object info;

  public String getDescription() {
    if (info instanceof String)
      return String.format("InfoMsg: info = %s", info);
    return info.toString();
  }

  public Object getInfo() {
    return info;
  }

  public Msg(final Object info) {
    this.info = info;
  }
}package org.nws.aweather;

import java.io.IOException;
import java.net.DatagramPacket;
import java.net.DatagramSocket;
import java.net.InetAddress;
import java.net.SocketException;
import java.util.Date;

import org.nws.aweather.forecast.FetchForecast;

import android.os.Handler;
import android.os.Message;

public class NetworkListener extends Thread {
  private boolean domore = true;

  private final Handler m_handler = new Handler() {
    @Override
    public void handleMessage(final Message msg) {
      final Msg m = (Msg) msg.obj;
      ;
      switch (msg.what) {
      case AWeatherService.MESSAGE_DISCONNECTED:
        m_service.handleDisconnected(m);
        break;

      case AWeatherService.MESSAGE_CONNECTED:
        m_service.handleConnected(m);
        break;

      case AWeatherService.MESSAGE_ERROR:
        m_service.handleError(m);
        break;

      case AWeatherService.MESSAGE_INFO:
        m_service.handleInfo(m);
        break;

      case AWeatherService.MESSAGE_RECEIVED:
        m_service.handleReceived(m);
        break;
      }
    }
  };

  private int m_port;
  private AWeatherService m_service;
  private DatagramSocket socket = null;

  private void forwardMsg(final int type, final String s) {
    final Message m = Message.obtain(m_handler, type);
    m.obj = new Msg(s);
    m_handler.sendMessage(m);

  }

  public void close() {
    socket.close();
    System.out.println("Receiver closed.");
  }

  public void push() {
    byte[] greet = "Hello".getBytes();
    DatagramPacket p;
    try {
      p = new DatagramPacket(greet, greet.length,
          InetAddress.getByName(FetchForecast.udpWsHost), m_port);
      socket.send(p);
      System.out.println(new Date().toString() + " :  Forward: "
          + p.getAddress());
    } catch (Exception e) {
      System.out.print(String.format("Exception: %s\n", e.getMessage()));
    }
  }

  @Override
  public void run() {
    forwardMsg(AWeatherService.MESSAGE_CONNECTED,
        String.format("Receiver started on port %d.", m_port));
    push();
    String s;
    while (domore) {
      try {
        byte[] buf = new byte[256];

        // receive request
        DatagramPacket packet = new DatagramPacket(buf, buf.length);
        socket.receive(packet);
        s = new String(packet.getData()).trim();
        forwardMsg(AWeatherService.MESSAGE_RECEIVED,
            new Date().toString() + " : " + packet.getAddress()
                + ": " + s);
        if (s.equals("update"))
          forwardMsg(AWeatherService.MESSAGE_RECEIVED, s);

      } catch (IOException e) {
        // gets here when ReceiverThread::close() is called.
        domore = false;
      }
    }
    socket.close();
  }

  public NetworkListener(final AWeatherService a, int port)
      throws SocketException {
    super("NetworkListener");
    m_service = a;
    socket = new DatagramSocket(port);
    m_port = port;
  }
}
package org.nws.aweather;

public interface NetworkTaskEvents {
  public void handleConnected(Msg o);

  public void handleDisconnected(Msg o);

  public void handleError(Msg o);

  public void handleInfo(Msg o);

  public void handleReceived(Msg o);
}
package org.nws.aweather;

import java.io.IOException;
import java.net.DatagramPacket;
import java.net.DatagramSocket;
import java.net.InetAddress;
import java.net.SocketException;
import java.util.Date;
import java.util.concurrent.BlockingQueue;
import java.util.concurrent.LinkedBlockingQueue;

import android.os.Handler;
import android.os.Message;

import com.nws.nwsserver.Info;

public class Responder {
  private final Handler m_handler = new Handler() {
    @Override
    public void handleMessage(final Message msg) {
      final Msg m = (Msg) msg.obj;
      ;
      switch (msg.what) {
      case AWeatherService.MESSAGE_DISCONNECTED:
        m_service.handleDisconnected(m);
        break;

      case AWeatherService.MESSAGE_CONNECTED:
        m_service.handleConnected(m);
        break;

      case AWeatherService.MESSAGE_ERROR:
        m_service.handleError(m);
        break;

      case AWeatherService.MESSAGE_INFO:
        m_service.handleInfo(m);
        break;

      case AWeatherService.MESSAGE_RECEIVED:
        m_service.handleReceived(m);
        break;
      }
    }
  };
  private AWeatherService m_service;
  private final BlockingQueue<Object> queue = new LinkedBlockingQueue<Object>(
      1024);
  protected DatagramSocket socket = null;

  void begin() {
    try {
      socket = new DatagramSocket();
    } catch (SocketException e1) {
      // TODO Auto-generated catch block
      e1.printStackTrace();
    }
    new Thread(new Runnable() {
      @Override
      public void run() {
        while (true) {
          try {
            Object o = queue.take();
            process(o);
            Thread.sleep(750);
          } catch (InterruptedException e) {
            e.printStackTrace();
          }
        }
      }
    }, "Consumer").start();
  }

  private void forwardMsg(final int type, final String s) {
    final Message m = Message.obtain(m_handler, type);
    m.obj = new Msg(s);
    m_handler.sendMessage(m);
  }

  private void process(Object o) {
    if (o instanceof DatagramPacket)
      processDGP(o);
    else if (o instanceof String)
      processStr(o);
    else if (o instanceof Info)
      processInfo(o);
  }

  private void processDGP(Object o) {
    DatagramPacket packet = (DatagramPacket) o;
    InetAddress address = packet.getAddress();
    int port = packet.getPort();
    byte[] data = packet.getData();
    try {
      packet = new DatagramPacket(data, data.length, address, port);
    } catch (Exception e) {
      e.printStackTrace();
      return;
    }
    try {
      socket.send(packet);
    } catch (IOException e) {
      // TODO Auto-generated catch block
      e.printStackTrace();
    }
  }

  private void processInfo(Object o) {
    forwardMsg(AWeatherService.MESSAGE_INFO, new Date().toString() + " : "
        + ((Info) o).toString());
  }

  private void processStr(Object o) {
    String s = ((String) (o)).trim();
    if (s.equals("update"))
      forwardMsg(AWeatherService.MESSAGE_RECEIVED, s);
    else forwardMsg(AWeatherService.MESSAGE_INFO, new Date().toString() + " : "
        + ((String) (o)).trim());

  }

  public void close() {
    socket.close();
    System.out.println("Responder closed.");
  }

  public void respond(Object o) throws InterruptedException {
    if (o != null)
      queue.put(o);
  }

  public Responder(final AWeatherService a) {
    m_service = a;

  }
}
package org.nws.aweather;

import android.app.Activity;
import android.app.ActivityManager;
import android.app.ActivityManager.RunningServiceInfo;
import android.content.Context;
import android.content.Intent;
import android.os.Bundle;
import android.view.View;
import android.view.View.OnClickListener;
import android.widget.Button;

public class ServiceLauncher extends Activity {
  private Button start;
  private final OnClickListener startListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      startService(new Intent(ServiceLauncher.this, AWeatherService.class));
      update();
    }
  };

  private Button stop;

  private final OnClickListener stopListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      stopService(new Intent(ServiceLauncher.this, AWeatherService.class));
      update();
    }
  };

  private boolean serviceIsRunning() {
    ActivityManager manager = (ActivityManager) getSystemService(Context.ACTIVITY_SERVICE);
    for (RunningServiceInfo service : manager
        .getRunningServices(Integer.MAX_VALUE)) {
      if (AWeatherService.class.getName().equals(
          service.service.getClassName())) {
        return true;
      }
    }
    return false;
  }

  private void update() {
    boolean f = serviceIsRunning();
    start.setEnabled(!f);
    stop.setEnabled(f);
  }

  /** Called when the activity is first created. */
  @Override
  public void onCreate(final Bundle savedInstanceState) {
    super.onCreate(savedInstanceState);
    setContentView(R.layout.servicelauncher);
    start = (Button) findViewById(R.id.startButton);
    stop = (Button) findViewById(R.id.stopButton);
    start.setOnClickListener(startListener);
    stop.setOnClickListener(stopListener);
    update();
  }

}
package org.nws.aweather;

import java.net.InetAddress;
import java.net.UnknownHostException;

import org.nws.aweather.forecast.FetchForecast;

import android.app.Activity;
import android.os.Bundle;
import android.text.Editable;
import android.text.TextWatcher;
import android.view.View;
import android.view.View.OnClickListener;
import android.widget.Button;
import android.widget.EditText;
import android.widget.Toast;

public class SetServer extends Activity {
  private Button cancelButton;
  private final OnClickListener cancelListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      finish();
    }
  };
  private Button defaultButton;
  private final OnClickListener defaultListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      String s = FetchForecast.getInstance().getDefaultUrl();
      url.setText(s);
    }
  };
  private Button setUrlButton;

  private final OnClickListener setUrlListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      if (isvalidurl()){
        String s = url.getText().toString();
        FetchForecast.getInstance().setUrl(s);
            setResult( RESULT_OK, getIntent( ) );
        finish();
      }
      else
        Toast.makeText(SetServer.this, "Invalid Url", Toast.LENGTH_LONG)
            .show();
    }
  };

  private EditText url;
  private boolean isvalidurl() {
    String s = url.getText().toString();
    try {
      @SuppressWarnings("unused")
      InetAddress serverAddress = InetAddress.getByName(s);
    } catch (UnknownHostException e) {
      return false;
    }
    return true;
  }
  
  private void update()
  {
    setUrlButton.setEnabled(isvalidurl());
  }

  @Override
  protected void onCreate(Bundle savedInstanceState) {
    super.onCreate(savedInstanceState);
    setContentView(R.layout.setserver);
      setResult( RESULT_CANCELED, getIntent( ) );
    url = (EditText) findViewById(R.id.enterurl);
    String s = FetchForecast.getInstance().getUrl();
    url.setText(s);
    setUrlButton = (Button) findViewById(R.id.setUrlButton);
    defaultButton = (Button) findViewById(R.id.defaultButton);
    cancelButton = (Button) findViewById(R.id.CancelButton);
    setUrlButton.setOnClickListener(setUrlListener);
    defaultButton.setOnClickListener(defaultListener);
    cancelButton.setOnClickListener(cancelListener);
    url.addTextChangedListener(new TextWatcher() {

      @Override
      public void afterTextChanged(Editable arg0) {
        
      }

      @Override
      public void beforeTextChanged(CharSequence arg0, int arg1,
          int arg2, int arg3) {
        
      }

      @Override
      public void onTextChanged(CharSequence arg0, int arg1, int arg2,
          int arg3) {
        update();
        
      }

      });
  }

}
package org.nws.aweather;

import java.io.BufferedInputStream;
import java.io.IOException;
import java.net.URL;
import java.net.URLConnection;
import java.util.List;

import org.nws.aweather.forecast.FetchForecast;
import org.nws.aweather.forecast.NWSWeatherObject;

import android.graphics.Bitmap;
import android.graphics.BitmapFactory;
import android.os.Handler;
import android.widget.ArrayAdapter;
import android.widget.Button;
import android.widget.ImageView;
import android.widget.Spinner;
import android.widget.TextView;

public class WeatherGallery {
  private final Handler handler;
  private final ArrayAdapter<String> locationAdapter;
  private final Spinner locationChooser;
  private final LocationManager locationManager;
  private final AWeather owner;
  private final Button refreshButton;

  private Bitmap getImage(final String httpLocation) throws IOException {
    Bitmap result = null;
    final URL url = new URL(httpLocation);
    final URLConnection con = url.openConnection();
    final BufferedInputStream in = new BufferedInputStream(
        con.getInputStream());
    result = BitmapFactory.decodeStream(in);
    in.close();
    return result;
  }

  private void updateWeather(final NWSWeatherObject nwo) {
    final ImageView i = (ImageView) owner.findViewById(R.id.image1);
    if (i == null)
      // view has bailed on us- just fail fast
      return;
    try {
      final List<String> conditions = nwo.getConditionIconLinks();
      final String first = conditions.get(0);
      final Bitmap bm = getImage(first);
      i.setImageBitmap(bm);
    } catch (final IOException e) {
      throw new RuntimeException(e);
    }
    final TextView t = (TextView) owner.findViewById(R.id.day);
    t.setText("Tomorrow");
  }

  private void updateWeather(final String s) {
    final ImageView i = (ImageView) owner.findViewById(R.id.image1);
    if (i == null)
      // view has bailed on us- just fail fast
      return;
    try {
      final Bitmap bm = getImage(s);
      i.setImageBitmap(bm);
    } catch (final IOException e) {
      throw new RuntimeException(e);
    }
    final TextView t = (TextView) owner.findViewById(R.id.day);
    t.setText("Tomorrow");
  }

  public void gotWeather(final NWSWeatherObject nwo) {
    final Thread X = new Thread() {
      @Override
      public void run() {
        updateWeather(nwo);
      }
    };
    handler.post(X);
  }

  public void gotWeather(final String s) {
    final Thread X = new Thread() {
      @Override
      public void run() {
        updateWeather(s);
      }
    };
    handler.post(X);
  }

  public void logError(Object p) {
    owner.forwardMsg(AWeatherService.MESSAGE_ERROR, p);
  }

  public void refresh() {
    final String[] location = locationManager.getLocation(0);
    FetchForecast.getInstance().requestForecast(location[1], location[2]);
  }

  public WeatherGallery(final AWeather owner) {
    this.owner = owner;
    FetchForecast.parent = this;
    locationManager = owner.getLocationManager();
    
    locationChooser = (Spinner) owner.findViewById(R.id.locationChooser);
    refreshButton = (Button) owner.findViewById(R.id.refreshButton);
    refreshButton.setOnClickListener(owner);
    handler = new Handler();
    locationAdapter = new ArrayAdapter<String>(
        owner.getApplicationContext(),
        android.R.layout.simple_spinner_item);
    final String[] location = locationManager.getLocation(locationManager
        .getSelected());
    locationAdapter.add(location[0]);
    String s = locationManager.getServer();
    FetchForecast.getInstance().setUrl(s);
    FetchForecast.getInstance().requestForecast(location[1], location[2]);
    locationChooser.setAdapter(locationAdapter);
  }
}



package com.nws.nwsserver;

import java.io.Serializable;

public class Info implements Serializable {
  private static final long serialVersionUID = 1L;
  public String data;
  public int id;
  public String lat;
  public String lon;

  @Override
  public String toString() {
    return String.format("id: %d, lat=%s, long=%s, data=%s", id, lat, lon,
        data);
  }
}
package org.nws.aweather;

import java.util.TreeMap;

import android.content.Context;
import android.location.Address;
import android.location.Geocoder;
import android.os.Build;
import android.os.Handler;
import android.text.Editable;
import android.view.KeyEvent;
import android.view.View;
import android.view.View.OnClickListener;
import android.view.View.OnKeyListener;
import android.widget.AdapterView;
import android.widget.AdapterView.OnItemSelectedListener;
import android.widget.ArrayAdapter;
import android.widget.Button;
import android.widget.EditText;
import android.widget.Spinner;
import android.widget.TextView;

public class AddLocation implements OnClickListener, OnKeyListener,
    OnItemSelectedListener {
  private final class GeocodeResultsHandler implements Runnable {
    @Override
    public void run() {
      geocodeFinished();
    }
  }

  public static final int GEOCODE_STATUS_LOOKUP_FAIL = 2;
  public static final int GEOCODE_STATUS_NETWORK_ERROR = 1;
  public static final int GEOCODE_STATUS_SUCCESS = 3;
  private final Context context;
  private final EditText enterLocation;
  private final boolean geocoding;
  private final TextView log;
  private final Button lookupLocation;
  private final AWeather owner;
  private final Button showweather;
  protected Address geocoded;
  protected int geocodeStatus;
  protected final GeocodeResultsHandler grh = new GeocodeResultsHandler();
  protected Handler handler = new Handler();

  private synchronized void geocode(final String place) {
    if (geocoding)
      return;
    lookupLocation.setEnabled(false);
    showweather.setEnabled(false);
    log(owner.getString(R.string.searchingForLocation));
    final GeocodePlace gp = new GeocodePlace(place, this, context);
    new Thread(gp).start();
  }

  public void geocodeFinished() {
    lookupLocation.setEnabled(true);
    showweather.setEnabled(true);
    if (geocodeStatus == GEOCODE_STATUS_SUCCESS) {
      final StringBuilder sb = new StringBuilder(
          owner.getString(R.string.foundLocation));
      sb.append(geocoded.getLocality()).append(" (")
          .append(geocoded.getAdminArea()).append(")");
      log(sb.toString());
      owner.getLocationManager().storeLocation(geocoded);
    } else if (geocodeStatus == GEOCODE_STATUS_NETWORK_ERROR)
      log(owner.getString(R.string.geocodeNetworkError));
    else
      // geocode status will be lookup fail
      log(owner.getString(R.string.geocodeLookupFailure));
    geocoded = null;
    geocodeStatus = 0;
  }

  public void log(final String text) {
    log.setText(text);
  }

  @Override
  public void onClick(final View v) {
    if (v == lookupLocation) {
      final Editable editable = enterLocation.getText();
      final String s = editable.toString();
      if (Build.VERSION.SDK_INT >= Build.VERSION_CODES.GINGERBREAD
          && Geocoder.isPresent())
        geocode(s);
      else
        log("Geocoder not present");
    } else if (v == showweather) {
      owner.restart();
    }

  }

  @Override
  public void onItemSelected(final AdapterView<?> adapter, final View arg1,
      final int position, final long id) {
    showweather.setEnabled(true);
    owner.getLocationManager().storeSelected(position);
  }

  @Override
  public boolean onKey(final View v, final int keyCode, final KeyEvent event) {
    if (v == enterLocation) {
      final Editable editable = enterLocation.getText();
      final String s = editable.toString();
      if (s.length() == 0)
        lookupLocation.setEnabled(false);
      else
        lookupLocation.setEnabled(true);
      return false;
    }
    if (event.getKeyCode() == KeyEvent.KEYCODE_ENTER) {
      onClick(lookupLocation);
      return true;
    }
    return false;
  }

  @Override
  public void onNothingSelected(final AdapterView<?> arg0) {
    // don't do anything...
  }

  public AddLocation(final AWeather owner) {
    this.owner = owner;
    context = owner.getApplicationContext();
    log = (TextView) owner.findViewById(R.id.log);
    enterLocation = (EditText) owner.findViewById(R.id.enterLocation);
    enterLocation.setOnKeyListener(this);
    lookupLocation = (Button) owner.findViewById(R.id.fireLocationLookup);
    lookupLocation.setOnClickListener(this);
    lookupLocation.setEnabled(false);
    showweather = (Button) owner.findViewById(R.id.buttonShowWeather);
    showweather.setOnClickListener(this);
    showweather.setEnabled(false);
    geocoding = false;
    final Spinner spinner = (Spinner) owner
        .findViewById(R.id.locationSpinner);
    final ArrayAdapter<String> adapter = new ArrayAdapter<String>(owner,
        android.R.layout.simple_spinner_item);
    adapter.setDropDownViewResource(android.R.layout.simple_dropdown_item_1line);
    spinner.setAdapter(adapter);
    final LocationManager locationManager = new LocationManager(owner);
    final TreeMap<String, String[]> locations = locationManager
        .getLocations();
    for (final String id : locations.keySet()) {
      final String[] vals = locations.get(id);
      adapter.add(vals[0]);
    }
    int selected = locationManager.getSelected();
    spinner.setOnItemSelectedListener(this);
    spinner.setSelection(selected);
    log(owner.getString(R.string.addLocationExample));
  }
}
package org.nws.aweather;

import org.nws.aweather.forecast.FetchForecast;

import android.app.Activity;
import android.content.ComponentName;
import android.content.Context;
import android.content.Intent;
import android.content.ServiceConnection;
import android.os.Bundle;
import android.os.Handler;
import android.os.IBinder;
import android.os.Message;
import android.view.Menu;
import android.view.MenuItem;
import android.view.View;
import android.view.View.OnClickListener;

public class AWeather extends Activity implements OnClickListener {
  public static final int MENU_ITEM_MANAGE_LOCATIONS = 0;
  public static final int MENU_ITEM_SET_SERVER = 2;
  public static final int MENU_ITEM_START_SERVICE = 1;
  private AddLocation addLocation;
  private LocationManager locationManager;
  private ServiceConnection m_connection = new ServiceConnection() {
    @Override
    public void onServiceConnected(ComponentName className, IBinder service) {
      m_service = ((AWeatherService.LocalBinder) service).getService();
      m_service.setWeatherGallery(weatherGallery);
    }

    @Override
    public void onServiceDisconnected(ComponentName className) {
      m_service = null;
    }
  };
  private final Handler m_handler = new Handler() {
    @Override
    public void handleMessage(final Message msg) {
      final Msg m = (Msg) msg.obj;
      ;
      switch (msg.what) {
      case AWeatherService.MESSAGE_DISCONNECTED:
        m_service.handleDisconnected(m);
        break;

      case AWeatherService.MESSAGE_CONNECTED:
        m_service.handleConnected(m);
        break;

      case AWeatherService.MESSAGE_ERROR:
        m_service.handleError(m);
        break;

      case AWeatherService.MESSAGE_INFO:
        m_service.handleInfo(m);
        break;

      case AWeatherService.MESSAGE_RECEIVED:
        m_service.handleReceived(m);
        break;
      }
    }
  };
  private static final int SET_SERVER = 10;
      private boolean m_isbound = false;

  private AWeatherService m_service;

  private WeatherGallery weatherGallery = null;

  void doBindService() {
    bindService(new Intent(AWeather.this, AWeatherService.class),
        m_connection, Context.BIND_AUTO_CREATE);
    m_isbound = true;
  }

  void doUnbindService() {
    if (m_isbound) {
      unbindService(m_connection);
      m_isbound = false;
    }
  }

  protected LocationManager getLocationManager() {
    return locationManager;
  }

  @Override
  protected void onDestroy() {
    super.onDestroy();
    m_service.setWeatherGallery(null);
    doUnbindService();
  }

  public void forwardMsg(final int type, final Object s) {
    final Message m = Message.obtain(m_handler, type);
    m.obj = new Msg(s);
    m_handler.sendMessage(m);
  }

  @Override
  public void onClick(View view) {
    weatherGallery.refresh();
    //m_service.m_networklistener.push();
  }

  @Override
  public void onCreate(final Bundle savedInstanceState) {
    super.onCreate(savedInstanceState);
    locationManager = new LocationManager(this);
    if (locationManager.getLocationCount() == 0) {
      setContentView(R.layout.addlocation);
      addLocation = new AddLocation(this);
    } else {
      setContentView(R.layout.main);
      weatherGallery = new WeatherGallery(this);
    }
    doBindService();
    startService(new Intent(this, AWeatherService.class));
  }

  @Override
  public boolean onCreateOptionsMenu(final Menu menu) {
    super.onCreateOptionsMenu(menu);
    menu.add(0, MENU_ITEM_MANAGE_LOCATIONS, 0, R.string.manageLocations);
    menu.add(0, MENU_ITEM_START_SERVICE, 0, R.string.manageService);
    menu.add(0, MENU_ITEM_SET_SERVER, 0, R.string.setserver);
    return true;
  }

  @Override
  public boolean onOptionsItemSelected(final MenuItem item) {
    switch (item.getItemId()) {
    case MENU_ITEM_MANAGE_LOCATIONS:

      setContentView(R.layout.addlocation);
      if (addLocation == null)
        addLocation = new AddLocation(this);
      return true;
    case MENU_ITEM_START_SERVICE:
      startActivity(new Intent(this, ServiceLauncher.class));
      return true;
    case MENU_ITEM_SET_SERVER:
      startActivityForResult(new Intent(this, SetServer.class), SET_SERVER);
      return true;
    }
    return false;
  }

  @Override
  protected void onActivityResult(int requestCode, int resultCode, Intent data) {
      if ( requestCode == SET_SERVER && resultCode == Activity.RESULT_OK ){
        String s = FetchForecast.getInstance().getUrl();
        locationManager.storeServer(s);
        restart();
      }
    super.onActivityResult(requestCode, resultCode, data);
  }

  public void restart() {
    stopService(new Intent(this, AWeatherService.class));
    Intent i = getBaseContext().getPackageManager()
        .getLaunchIntentForPackage(getBaseContext().getPackageName());
    i.addFlags(Intent.FLAG_ACTIVITY_CLEAR_TOP);
    startActivity(i);
  }
}package org.nws.aweather;

import java.io.IOException;
import java.net.DatagramPacket;
import java.net.SocketException;
import java.util.Calendar;
import java.util.Timer;

import android.app.Notification;
import android.app.NotificationManager;
import android.app.PendingIntent;
import android.app.Service;
import android.content.Intent;
import android.os.Binder;
import android.os.IBinder;
import android.widget.Toast;

public class AWeatherService extends Service implements NetworkTaskEvents {

  public class LocalBinder extends Binder {
    AWeatherService getService() {
      return AWeatherService.this;
    }
  }

  private static boolean showToasts = false;
  public static final int MESSAGE_CONNECTED = 0;
  public static final int MESSAGE_DISCONNECTED = 1;
  public static final int MESSAGE_ERROR = 2;
  public static final int MESSAGE_INFO = 3;

  public static final int MESSAGE_RECEIVED = 4;

  private Long m_counter = 0L;

  public NetworkListener m_networklistener;

  private Responder m_responder;

  private WeatherGallery m_weathergallery = null;

  private final IBinder mBinder = new LocalBinder();

  private NotificationManager nm;

  private final Calendar time = Calendar.getInstance();

  private final Timer timer = new Timer();

  private void connect() {
    try {
      m_responder = new Responder(this);
      m_responder.begin();
      m_networklistener = new NetworkListener(this, 6001);
      m_networklistener.start();
    } catch (SocketException e) {
    }
  }

  private void destroyTimer() {
    if (timer != null)
      timer.cancel();
  }

  private void disconnect() {
    if (m_networklistener != null)
      m_networklistener.close();
    if (m_responder != null)
      m_responder.close();
  }

  /** Show a notification while this service is running. */
  @SuppressWarnings("deprecation")
  private void showNotification() {
    // Use the same text for the ticker and the expanded notification
    final CharSequence text = getText(R.string.service_started);
    // Set the icon, scrolling text and timestamp
    final Notification notification = new Notification(R.drawable.android,
        text, System.currentTimeMillis());
    // The PendingIntent to launch our activity if the user selects this
    // notification
    final PendingIntent contentIntent = PendingIntent.getActivity(this, 0,
        new Intent(this, ServiceLauncher.class), 0);
    // Set the info for the views that show in the notification panel.
    notification.setLatestEventInfo(this, getText(R.string.service_label),
        text, contentIntent);
    // Send the notification.
    // We use a layout id because it is a unique number. We use it later to
    // cancel.
    nm.notify(R.string.service_started, notification);
  }

  @Override
  public void handleConnected(Msg o) {
    Object ob = o.getInfo();
    String s = "Connected";
    if (ob instanceof String)
      s = (String) (ob);
    if (showToasts)
      Toast.makeText(this, s, Toast.LENGTH_LONG).show();
  }

  @Override
  public void handleDisconnected(Msg o) {
    Object ob = o.getInfo();
    String s = "Disconnected";
    if (ob instanceof String)
      s = (String) (ob);
    if (showToasts)
      Toast.makeText(this, s, Toast.LENGTH_LONG).show();
  }

  @Override
  public void handleError(Msg o) {
    Object ob = o.getInfo();
    if (ob instanceof String) {
      String s = (String) (ob);
      if (showToasts)
        Toast.makeText(this, s, Toast.LENGTH_LONG).show();
    } else if (ob instanceof DatagramPacket) {
      try {
        m_responder.respond(ob);
      } catch (InterruptedException e) {
        e.printStackTrace();
      }
    } else if (ob instanceof byte[]) {
      byte bytes[] = (byte[]) ob;
      try {
        m_responder.respond(ConvertUtils.deserializePacket(bytes));
      } catch (InterruptedException e) {
        e.printStackTrace();
      } catch (IOException e) {
        e.printStackTrace();
      }
    }
  }

  @Override
  public void handleInfo(final Msg o) {
    Object ob = o.getInfo();
    String s = "Info";
    if (ob instanceof String)
      s = (String) (ob);
    if (showToasts)
      Toast.makeText(this, s, Toast.LENGTH_LONG).show();
  }

  @Override
  public void handleReceived(Msg o) {
    Object ob = o.getInfo();
    String s = "Received";
    if (ob instanceof String)
      s = (String) (ob);
    if (s.equals("update"))
      if (m_weathergallery != null)
        m_weathergallery.refresh();
    if (showToasts)
      Toast.makeText(this, s, Toast.LENGTH_LONG).show();
  }

  @Override
  public IBinder onBind(final Intent intent) {
    return mBinder;
  }

  @Override
  public void onCreate() {
    super.onCreate();
    nm = (NotificationManager) getSystemService(NOTIFICATION_SERVICE);
    if (showToasts)
      Toast.makeText(this, "Service created at " + time.getTime(),
          Toast.LENGTH_LONG).show();
    showNotification();
    // createTimer();
    connect();
  }

  @Override
  public void onDestroy() {
    super.onDestroy();
    // Cancel the persistent notification.
    destroyTimer();
    disconnect();
    nm.cancel(R.string.service_started);
    if (showToasts)
      Toast.makeText(
          this,
          "Service destroyed at " + time.getTime()
              + "; m_counter is at: " + m_counter,
          Toast.LENGTH_LONG).show();
    m_counter = null;
  }

  @Override
  public int onStartCommand(Intent intent, int flags, int startId) {
    return START_STICKY;
  }

  public void setWeatherGallery(WeatherGallery a) {
    m_weathergallery = a;
  }

}
package org.nws.aweather;

import java.io.ByteArrayInputStream;
import java.io.ByteArrayOutputStream;
import java.io.IOException;
import java.io.ObjectInput;
import java.io.ObjectInputStream;
import java.io.ObjectOutput;
import java.io.ObjectOutputStream;
import java.net.DatagramPacket;
import java.net.InetAddress;

public class ConvertUtils {

  static public DatagramPacket deserializePacket(byte[] packetBytes)
      throws IOException {
    DatagramPacket udp = new DatagramPacket(new byte[1024], 1024);

    ByteArrayInputStream bis = new ByteArrayInputStream(packetBytes);
    ObjectInput in = null;
    try {
      in = new ObjectInputStream(bis);
      udp.setAddress((InetAddress) in.readObject());
      udp.setPort((Integer) in.readObject());
      udp.setData((byte[]) in.readObject());
    } catch (IOException e) {
      e.printStackTrace();
      return null;
    } catch (ClassNotFoundException e) {
      e.printStackTrace();
      return null;
    } finally {
      in.close();
      bis.close();
    }

    return udp;
  }

  public int numPackets = 0;

  public void serializePacket(byte[] packetBytes) {
    // record the number of packets and the time between packets received
    // avgInterval
    numPackets += 1;
  }

  public void serializePacket(DatagramPacket udp) throws IOException {
    // byte[] packetBytes = new byte[4096];
    //
    // byte[] tmp = udp.getAddress().getAddress();
    // int offset = 0;
    // System.arraycopy( tmp, 0, packetBytes, offset, tmp.length);
    // offset += tmp.length;
    //
    // ByteBuffer bb = ByteBuffer.allocate(4);
    // bb.putInt(udp.getPort());
    // System.arraycopy( bb.array(), 0, packetBytes, offset, 4);
    // offset += 4;
    //
    // bb.putInt(udp.getLength());
    // System.arraycopy( bb.array(), 0, packetBytes, offset, 4);
    // offset += 4;
    //
    // System.arraycopy( udp.getData(), 0, packetBytes, offset,
    // udp.getLength());
    // serializePacket(packetBytes);

    ByteArrayOutputStream bos = new ByteArrayOutputStream();
    ObjectOutput out = null;
    try {
      out = new ObjectOutputStream(bos);
      out.writeObject(udp.getAddress());
      out.write(udp.getPort());
      out.writeObject(udp.getData());

      serializePacket(bos.toByteArray());
    } catch (IOException e) {
      e.printStackTrace();
    } finally {
      out.close();
      bos.close();
    }
  }
}package org.nws.aweather.forecast;

import java.io.BufferedReader;
import java.io.ByteArrayInputStream;
import java.io.ByteArrayOutputStream;
import java.io.IOException;
import java.io.InputStream;
import java.io.InputStreamReader;
import java.io.ObjectInput;
import java.io.ObjectInputStream;
import java.io.ObjectOutputStream;
import java.io.OutputStream;
import java.io.OutputStreamWriter;
import java.io.PrintWriter;
import java.net.DatagramPacket;
import java.net.DatagramSocket;
import java.net.InetAddress;
import java.net.Socket;
import java.net.SocketException;
import java.net.UnknownHostException;
import java.text.DateFormat;
import java.text.SimpleDateFormat;
import java.util.Calendar;
import java.util.Random;
import java.util.concurrent.BlockingQueue;
import java.util.concurrent.LinkedBlockingQueue;
import java.util.concurrent.TimeUnit;

import org.nws.aweather.WeatherGallery;
import org.xml.sax.helpers.DefaultHandler;

import com.nws.nwsserver.Info;

public class FetchForecast extends DefaultHandler implements Runnable {

  private static final String BEGIN = "&begin=";
  private static final DateFormat DATE_FORMAT = new SimpleDateFormat(
      "yyyy-MM-dd'T'hh':00:00'");
  private static final String END = "&end=";
  private static final String HOST = "graphical.weather.gov";
  private static final String LAT = "&lat=";
  private static final String LON = "&lon=";
  private static final int MAX_RETRIES = 3;
  private static final int PORT = 5559;
  private static FetchForecast theInstance = null;

  private static final long TIMEOUT_SECS = 10;

  private static final int UDP_WC_PORT = 10000;
  private static final String UDP_LOCAL = "www.weatherpushupdates.com";
  private static final int UDP_WS_PORT = 5559;
  //public static String udpWsHost = "192.168.19.207";
  public static String udpWsHost = UDP_LOCAL;
  private static final String URL_PREFIX = "/xml/sample_products/browser_interface/ndfdXMLclient.php?"
      + "&product=time-series&icons=icons";
  public static WeatherGallery parent = null;
  public static FetchForecast getInstance() {
    if (theInstance == null) {
      theInstance = new FetchForecast();
      new Thread(theInstance).start();
    }
    return theInstance;
  }

  private final boolean activeFlag = true;
  private Info currentRequestMsg;
  private final BlockingQueue<Info> recvQueue = new LinkedBlockingQueue<Info>(
      1024);
  private int requestId = (new Random()).nextInt();
  private InetAddress serverAddress;

  private DatagramSocket socket;
  private String urlString;

  public boolean useUDPProtocol = true;

  private void getDirectNWS(String lat, String lon) {

    final StringBuilder url = new StringBuilder(URL_PREFIX);
    url.append(LAT).append(lat).append(LON).append(lon);
    final Calendar start = Calendar.getInstance();
    final Calendar end = Calendar.getInstance();
    end.add(Calendar.DAY_OF_MONTH, 7);
    url.append(BEGIN).append(DATE_FORMAT.format(start.getTime()));
    url.append(END).append(DATE_FORMAT.format(end.getTime()));
    urlString = url.toString();

    try {
      System.out.println("Ripping: " + urlString);
      final Socket s = new Socket(HOST, PORT);
      final OutputStream os = s.getOutputStream();
      final PrintWriter out = new PrintWriter(new OutputStreamWriter(os));
      final StringBuilder request = new StringBuilder("GET ").append(
          urlString).append("HTTP/1.1");
      request.append("\n");
      request.append("Host: ").append(HOST).append("\n");
      request.append("\n");
      out.print(request);
      out.flush();
      final InputStream in = s.getInputStream();
      // String t = getIn(in);
      //
      // int n = t.length( );
      final NWSWeatherXMLParser parser = new NWSWeatherXMLParser(in);
      parser.parse(parent);
      System.out.println("Finished parsing");
    } catch (final Exception e) {
      throw new RuntimeException(e);
    }
  }

  @SuppressWarnings("unused")
  private String getIn(final InputStream in) {
    final InputStreamReader is = new InputStreamReader(in);
    final StringBuilder sb = new StringBuilder();
    final BufferedReader br = new BufferedReader(is);
    String read = null;
    try {
      read = br.readLine();
    } catch (final IOException e) {
      // TODO Auto-generated catch block
      e.printStackTrace();
    }
    while (read != null) {
      // System.out.println(read);
      sb.append(read);
      try {
        read = br.readLine();
      } catch (final IOException e) {
        // TODO Auto-generated catch block
        e.printStackTrace();
      }
    }
    return sb.toString();
  }

  private void getUDPWeatherServce(String lat, String lon) {
    currentRequestMsg = new Info();
    currentRequestMsg.data = "REQW_GETFORCAST";
    currentRequestMsg.lat = lat;
    currentRequestMsg.lon = lon;

    int nTries = MAX_RETRIES;
    currentRequestMsg.id = requestId++;
    while (nTries > 0) {
      nTries--;
      // currentRequestMsg.id = requestId++;

      byte[] sendBuf = null;
      try {
        ByteArrayOutputStream bos = new ByteArrayOutputStream();
        ObjectOutputStream out = new ObjectOutputStream(bos);
        out.writeObject(currentRequestMsg);
        out.close();
        sendBuf = bos.toByteArray();
        bos.close();
      } catch (IOException e) {
        parent.logError(e.getMessage());
        return;
      }

      DatagramPacket sendPkt = new DatagramPacket(sendBuf,
          sendBuf.length, serverAddress, UDP_WS_PORT);

      try {
        if ((socket != null) && (serverAddress != null)) {
          socket.send(sendPkt);
        }
      } catch (IOException e1) {
        parent.logError(e1.getMessage());
        return;
      }

      Info recvMsg;
      do {
        try {
          recvMsg = recvQueue.poll(TIMEOUT_SECS, TimeUnit.SECONDS);
          if (recvMsg != null)
            if (isValid(recvMsg, currentRequestMsg)) {
              parent.gotWeather(recvMsg.data);
              return;
            }

        } catch (InterruptedException e) {
          // TODO Auto-generated catch block
          e.printStackTrace();
        } catch (Exception e) {
          // TODO Auto-generated catch block
          e.printStackTrace();
        }
      } while (!recvQueue.isEmpty());
    }
  }

  private boolean isValid(Info info_in, Info info_out) {
    return info_in.id == info_out.id;
  }

  public String getDefaultUrl() {
    return UDP_LOCAL;
  }

  public String getUrl() {
    return udpWsHost;
  }
  
  public void initializeUDP() {
    try {
      serverAddress = InetAddress.getByName(udpWsHost);
    } catch (UnknownHostException e) {
      parent.logError(e.getMessage());
      return;
    }
    try {
      socket = new DatagramSocket(UDP_WC_PORT);
    } catch (SocketException e) {
      parent.logError(e.getMessage());
    }
  }

  public void requestForecast(String lat, String lon) {
    if (!useUDPProtocol)
      getDirectNWS(lat, lon);
    else
      getUDPWeatherServce(lat, lon);
  }

  @Override
  public void run() {
    initializeUDP();
    while (activeFlag) {
      byte recvBuf[] = new byte[4096];
      DatagramPacket recvPkt = new DatagramPacket(recvBuf, recvBuf.length);

      try {
        socket.receive(recvPkt);
      } catch (IOException e) {
        parent.logError(e.getMessage());
        continue;
      }
      Info recvInfo = null;
      try {
        ByteArrayInputStream bis = new ByteArrayInputStream(
            recvPkt.getData());
        ObjectInput in = new ObjectInputStream(bis);
        recvInfo = (Info) in.readObject();
      } catch (Exception e) {
        parent.logError(recvPkt.getData());
        continue;
      }

      if (isValid(recvInfo, currentRequestMsg)) {
        recvQueue.offer(recvInfo);
      } else {
        parent.logError("Invalid id.");
      }
    }
  }

  public void setUrl(String url) {
    udpWsHost = url;
  }
}
package org.nws.aweather.forecast;

import java.util.ArrayList;
import java.util.Date;
import java.util.LinkedHashMap;
import java.util.List;

public class NWSWeatherObject {
  private final List<String> conditionIconLinks;
  private String conditionIconTimeLayout;
  private Date createdOn;
  private String moreInfoLink;
  private String mostRecentTimeLayout;
  private final LinkedHashMap<String, List<TimeLayoutBand>> timeLayouts;

  public void addConditionIconLink(final String link) {
    conditionIconLinks.add(link);
  }

  public void addNewTimeBand(final Date date) {
    final List<TimeLayoutBand> l = timeLayouts.get(mostRecentTimeLayout);
    final TimeLayoutBand tlb = new TimeLayoutBand(date);
    l.add(tlb);
  }

  public void addTimeLayout(final String name) {
    mostRecentTimeLayout = name;
    timeLayouts.put(name, new ArrayList<TimeLayoutBand>());
  }

  public void closeCurrentTimeBand(final Date end) {
    final List<TimeLayoutBand> l = timeLayouts.get(mostRecentTimeLayout);
    final TimeLayoutBand last = l.get(l.size() - 1);
    last.setEndDate(end);
  }

  public List<String> getConditionIconLinks() {
    return conditionIconLinks;

  }

  public String getConditionIconTimeLayout() {
    return conditionIconTimeLayout;
  }

  public Date getCreatedOn() {
    return createdOn;
  }

  public String getMoreInfoLink() {
    return moreInfoLink;
  }

  public void setConditionIconTimeLayout(final String name) {
    conditionIconTimeLayout = name;
  }

  public void setCreatedOn(final Date date) {
    createdOn = date;
  }

  public void setMoreInfoLink(final String moreInfoLink) {
    this.moreInfoLink = moreInfoLink;
  }

  public NWSWeatherObject() {
    timeLayouts = new LinkedHashMap<String, List<TimeLayoutBand>>();
    conditionIconLinks = new ArrayList<String>();
  }
}
package org.nws.aweather.forecast;

import java.io.InputStream;
import java.text.ParseException;
import java.text.SimpleDateFormat;
import java.util.Date;

import javax.xml.parsers.SAXParser;
import javax.xml.parsers.SAXParserFactory;

import org.nws.aweather.WeatherGallery;
import org.xml.sax.Attributes;
import org.xml.sax.SAXException;
import org.xml.sax.helpers.DefaultHandler;

/**
 * Responsible for parsing through the XML recovered from an NWS hit. There are
 * two core sections to look for:
 * <ul>
 * <li>time-layout: which contains sections/spans of time</li>
 * <li>parameters: which contains specific blocks of weather data</li>
 * </ul>
 * 
 * @author keerat
 */
public class NWSWeatherXMLParser extends DefaultHandler {
  // condition icons
  private static final String CONDITIONS = "conditions-icon";
  private static final SimpleDateFormat CREATED_DATE_FORMATTER = new SimpleDateFormat(
      "yyyy-MM-dd'T'HH:mm:ss'Z'");
  // <creation-date
  // refresh-frequency="PT1H">2009-03-14T20:58:51Z</creation-date>
  private static final String CREATION_DATE = "creation-date";
  private static final String END_VALID_TIME = "end-valid-time";
  private static final String ICON_LINK = "icon-link";
  private static final String LAYOUT_KEY = "layout-key";
  // <moreWeatherInformation applicable-location="point1">
  // http://forecast.weather.gov/MapClick.php?textField1=38.99&textField2=-77.01
  // </moreWeatherInformation>
  private static final String MORE_INFO = "moreWeatherInformation";
  private static final String START_VALID_TIME = "start-valid-time";
  private static final String TIME_LAYOUT = "time-layout";
  // <start-valid-time>2009-03-14T08:00:00-04:00</start-valid-time>
  private static final SimpleDateFormat TIME_LAYOUT_DATE_FORMATTER = new SimpleDateFormat(
      "yyyy-MM-dd'T'HH:mm:ssz");
  private String currentTag;
  private final InputStream in;
  private final NWSWeatherObject nwo;
  private WeatherGallery parent;

  private void handleCreationDate(final String dateString) {
    try {
      final Date date = CREATED_DATE_FORMATTER.parse(dateString);
      nwo.setCreatedOn(date);
    } catch (final ParseException e) {
    }
  }

  private void handleEndValidTime(final String endTimeString) {
    try {
      final Date date = TIME_LAYOUT_DATE_FORMATTER.parse(endTimeString);
      nwo.closeCurrentTimeBand(date);
    } catch (final ParseException e) {
    }
  }

  private void handleStartValidTime(final String startTimeString) {
    try {
      final Date date = TIME_LAYOUT_DATE_FORMATTER.parse(startTimeString);
      nwo.addNewTimeBand(date);
    } catch (final ParseException e) {
    }
  }

  @Override
  public void characters(final char[] ch, final int start, final int length)
      throws SAXException {
    if (currentTag.equals(CREATION_DATE))
      handleCreationDate(new String(ch, start, length));
    if (currentTag.equals(MORE_INFO))
      nwo.setMoreInfoLink(new String(ch, start, length));
    if (currentTag.equals(LAYOUT_KEY))
      nwo.addTimeLayout(new String(ch, start, length));
    if (currentTag.equals(START_VALID_TIME))
      handleStartValidTime(new String(ch, start, length));
    if (currentTag.equals(END_VALID_TIME))
      handleEndValidTime(new String(ch, start, length));
    if (currentTag.equals(ICON_LINK))
      nwo.addConditionIconLink(new String(ch, start, length));
  }

  @Override
  public void endDocument() throws SAXException {
    parent.gotWeather(nwo);
  }

  @Override
  public void endElement(final String uri, final String localName,
      final String name) throws SAXException {
    currentTag = "";
  }

  public void parse(final WeatherGallery parent) throws Exception {
    final SAXParserFactory saxParserFactory = SAXParserFactory
        .newInstance();
    final SAXParser parser = saxParserFactory.newSAXParser();
    this.parent = parent;
    parser.parse(in, this);
  }

  @Override
  public void startElement(final String uri, final String localName,
      final String name, final Attributes attributes) throws SAXException {
    currentTag = localName;
    if (currentTag.equals(CONDITIONS)) {
      // rip the time layout
      final String timeLayoutName = attributes.getValue(TIME_LAYOUT);
      nwo.setConditionIconTimeLayout(timeLayoutName);
    }
  }

  public NWSWeatherXMLParser(final InputStream in) {
    this.in = in;
    currentTag = "";
    nwo = new NWSWeatherObject();
  }
}
package org.nws.aweather.forecast;

import java.util.Date;

public class TimeLayoutBand {
  private Date end;
  private final Date start;

  public Date getEnd() {
    return end;
  }

  public Date getStart() {
    return start;
  }

  public boolean isPointInTime() {
    if (start.equals(end))
      return true;
    else
      return false;
  }

  public void setEndDate(final Date end) {
    this.end = end;
  }

  public TimeLayoutBand(final Date start) {
    this.start = start;
    end = start;
  }
}
package org.nws.aweather;

import java.io.IOException;
import java.util.List;
import java.util.Locale;

import android.content.Context;
import android.location.Address;
import android.location.Geocoder;

public class GeocodePlace implements Runnable {
  private final Context context;
  private final AddLocation owner;
  private final String place;

  @Override
  public void run() {
    final Geocoder geocoder = new Geocoder(context, Locale.getDefault());
    List<Address> addresses = null;
    boolean found = false;
    try {
      addresses = geocoder.getFromLocationName(place, 1);
      if (addresses != null && addresses.size() > 0) {
        found = true;
        owner.geocodeStatus = AddLocation.GEOCODE_STATUS_SUCCESS;
      } else
        owner.geocodeStatus = AddLocation.GEOCODE_STATUS_LOOKUP_FAIL;
    } catch (final IOException e) {
      owner.geocodeStatus = AddLocation.GEOCODE_STATUS_NETWORK_ERROR;
      found = false;
    }
    if (found) {
      final Address a = addresses.get(0);
      owner.geocoded = a;
    }
    owner.handler.post(owner.grh);
  }

  GeocodePlace(final String place, final AddLocation owner,
      final Context context) {
    this.place = place;
    this.owner = owner;
    this.context = context;
  }
}
package org.nws.aweather;

import java.util.Map;
import java.util.Set;
import java.util.TreeMap;

import org.nws.aweather.forecast.FetchForecast;

import android.content.Context;
import android.content.SharedPreferences;
import android.location.Address;

public class LocationManager {
  private static final String LOCAL_MAP_LOCATION = "llm.";
  private static final String LOCATION_LATITUDE = "location.lat.";
  private static final String LOCATION_LONGITUDE = "location.lon.";
  private static final String LOCATION_NAME = "location.name.";
  private static final String SELECTED = "selected";
  private static final String SERVER = "server";
  private int locationCount;
  private final TreeMap<String, String[]> locations;
  private int selected = 0;
  private String server = FetchForecast.udpWsHost;
  private final SharedPreferences sharedPreferences;

  public String[] getLocation(final int location) {
    final String[] loc = locations.get(LOCAL_MAP_LOCATION + location);
    return loc;
  }

  public int getLocationCount() {
    return locationCount;
  }

  public TreeMap<String, String[]> getLocations() {
    return locations;
  }

  public int getSelected() {
    return selected;
  }

  public String getServer() {
    return server;
  }

  public synchronized void storeLocation(final Address address) {
    if (address == null)
      System.out.println("Could not geocode location!");
    final SharedPreferences.Editor editor = sharedPreferences.edit();
    final String adminArea = address.getAdminArea();
    final String locality = address.getLocality();
    final StringBuilder sb = new StringBuilder(locality).append(" (")
        .append(adminArea).append(")");
    final String latitude = Double.toString(address.getLatitude());
    final String longitude = Double.toString(address.getLongitude());
    final String nameKey = LOCATION_NAME + locationCount;
    final String latKey = LOCATION_LATITUDE + locationCount;
    final String lonKey = LOCATION_LONGITUDE + locationCount;
    editor.putString(nameKey, sb.toString());
    editor.putString(latKey, latitude);
    editor.putString(lonKey, longitude);
    editor.commit();
    locations.put(LOCAL_MAP_LOCATION + locationCount,
        new String[] { sb.toString(), latitude, longitude });
    locationCount++;
  }

  public synchronized void storeSelected(final int i) {
    final SharedPreferences.Editor editor = sharedPreferences.edit();
    editor.putInt(SELECTED, i);
    editor.commit();
    selected = i;
  }

  public synchronized void storeServer(final String s) {
    final SharedPreferences.Editor editor = sharedPreferences.edit();
    editor.putString(SERVER, s);
    editor.commit();
    server = s;
  }

  public LocationManager(final AWeather owner) {
    sharedPreferences = owner.getPreferences(Context.MODE_WORLD_READABLE);
    final Map<String, ?> allParams = sharedPreferences.getAll();
    final Set<String> keys = allParams.keySet();
    locations = new TreeMap<String, String[]>();
    locationCount = 0;
    for (final String key : keys)
      if (key.startsWith(LOCATION_NAME)) {
        final String name = sharedPreferences.getString(LOCATION_NAME
            + locationCount, "Corrupted");
        final String latitude = sharedPreferences.getString(
            LOCATION_LATITUDE + locationCount, "0");
        final String longitude = sharedPreferences.getString(
            LOCATION_LONGITUDE + locationCount, "0");
        locations.put(LOCAL_MAP_LOCATION + locationCount, new String[] {
            name, latitude, longitude });
        locationCount++;
      } else if (key.startsWith(SELECTED)) {
        selected = sharedPreferences.getInt(SELECTED, 0);
      } else if (key.startsWith(SERVER)) {
        server = sharedPreferences.getString(SERVER,  FetchForecast.udpWsHost);
      }

  }
}
package org.nws.aweather;

public class Msg {
  private final Object info;

  public String getDescription() {
    if (info instanceof String)
      return String.format("InfoMsg: info = %s", info);
    return info.toString();
  }

  public Object getInfo() {
    return info;
  }

  public Msg(final Object info) {
    this.info = info;
  }
}package org.nws.aweather;

import java.io.IOException;
import java.net.DatagramPacket;
import java.net.DatagramSocket;
import java.net.InetAddress;
import java.net.SocketException;
import java.util.Date;

import org.nws.aweather.forecast.FetchForecast;

import android.os.Handler;
import android.os.Message;

public class NetworkListener extends Thread {
  private boolean domore = true;

  private final Handler m_handler = new Handler() {
    @Override
    public void handleMessage(final Message msg) {
      final Msg m = (Msg) msg.obj;
      ;
      switch (msg.what) {
      case AWeatherService.MESSAGE_DISCONNECTED:
        m_service.handleDisconnected(m);
        break;

      case AWeatherService.MESSAGE_CONNECTED:
        m_service.handleConnected(m);
        break;

      case AWeatherService.MESSAGE_ERROR:
        m_service.handleError(m);
        break;

      case AWeatherService.MESSAGE_INFO:
        m_service.handleInfo(m);
        break;

      case AWeatherService.MESSAGE_RECEIVED:
        m_service.handleReceived(m);
        break;
      }
    }
  };

  private int m_port;
  private AWeatherService m_service;
  private DatagramSocket socket = null;

  private void forwardMsg(final int type, final String s) {
    final Message m = Message.obtain(m_handler, type);
    m.obj = new Msg(s);
    m_handler.sendMessage(m);

  }

  public void close() {
    socket.close();
    System.out.println("Receiver closed.");
  }

  public void push() {
    byte[] greet = "Hello".getBytes();
    DatagramPacket p;
    try {
      p = new DatagramPacket(greet, greet.length,
          InetAddress.getByName(FetchForecast.udpWsHost), m_port);
      socket.send(p);
      System.out.println(new Date().toString() + " :  Forward: "
          + p.getAddress());
    } catch (Exception e) {
      System.out.print(String.format("Exception: %s\n", e.getMessage()));
    }
  }

  @Override
  public void run() {
    forwardMsg(AWeatherService.MESSAGE_CONNECTED,
        String.format("Receiver started on port %d.", m_port));
    push();
    String s;
    while (domore) {
      try {
        byte[] buf = new byte[256];

        // receive request
        DatagramPacket packet = new DatagramPacket(buf, buf.length);
        socket.receive(packet);
        s = new String(packet.getData()).trim();
        forwardMsg(AWeatherService.MESSAGE_RECEIVED,
            new Date().toString() + " : " + packet.getAddress()
                + ": " + s);
        if (s.equals("update"))
          forwardMsg(AWeatherService.MESSAGE_RECEIVED, s);

      } catch (IOException e) {
        // gets here when ReceiverThread::close() is called.
        domore = false;
      }
    }
    socket.close();
  }

  public NetworkListener(final AWeatherService a, int port)
      throws SocketException {
    super("NetworkListener");
    m_service = a;
    socket = new DatagramSocket(port);
    m_port = port;
  }
}
package org.nws.aweather;

public interface NetworkTaskEvents {
  public void handleConnected(Msg o);

  public void handleDisconnected(Msg o);

  public void handleError(Msg o);

  public void handleInfo(Msg o);

  public void handleReceived(Msg o);
}
package org.nws.aweather;

import java.io.IOException;
import java.net.DatagramPacket;
import java.net.DatagramSocket;
import java.net.InetAddress;
import java.net.SocketException;
import java.util.Date;
import java.util.concurrent.BlockingQueue;
import java.util.concurrent.LinkedBlockingQueue;

import android.os.Handler;
import android.os.Message;

import com.nws.nwsserver.Info;

public class Responder {
  private final Handler m_handler = new Handler() {
    @Override
    public void handleMessage(final Message msg) {
      final Msg m = (Msg) msg.obj;
      ;
      switch (msg.what) {
      case AWeatherService.MESSAGE_DISCONNECTED:
        m_service.handleDisconnected(m);
        break;

      case AWeatherService.MESSAGE_CONNECTED:
        m_service.handleConnected(m);
        break;

      case AWeatherService.MESSAGE_ERROR:
        m_service.handleError(m);
        break;

      case AWeatherService.MESSAGE_INFO:
        m_service.handleInfo(m);
        break;

      case AWeatherService.MESSAGE_RECEIVED:
        m_service.handleReceived(m);
        break;
      }
    }
  };
  private AWeatherService m_service;
  private final BlockingQueue<Object> queue = new LinkedBlockingQueue<Object>(
      1024);
  protected DatagramSocket socket = null;

  void begin() {
    try {
      socket = new DatagramSocket();
    } catch (SocketException e1) {
      // TODO Auto-generated catch block
      e1.printStackTrace();
    }
    new Thread(new Runnable() {
      @Override
      public void run() {
        while (true) {
          try {
            Object o = queue.take();
            process(o);
            Thread.sleep(750);
          } catch (InterruptedException e) {
            e.printStackTrace();
          }
        }
      }
    }, "Consumer").start();
  }

  private void forwardMsg(final int type, final String s) {
    final Message m = Message.obtain(m_handler, type);
    m.obj = new Msg(s);
    m_handler.sendMessage(m);
  }

  private void process(Object o) {
    if (o instanceof DatagramPacket)
      processDGP(o);
    else if (o instanceof String)
      processStr(o);
    else if (o instanceof Info)
      processInfo(o);
  }

  private void processDGP(Object o) {
    DatagramPacket packet = (DatagramPacket) o;
    InetAddress address = packet.getAddress();
    int port = packet.getPort();
    byte[] data = packet.getData();
    try {
      packet = new DatagramPacket(data, data.length, address, port);
    } catch (Exception e) {
      e.printStackTrace();
      return;
    }
    try {
      socket.send(packet);
    } catch (IOException e) {
      // TODO Auto-generated catch block
      e.printStackTrace();
    }
  }

  private void processInfo(Object o) {
    forwardMsg(AWeatherService.MESSAGE_INFO, new Date().toString() + " : "
        + ((Info) o).toString());
  }

  private void processStr(Object o) {
    String s = ((String) (o)).trim();
    if (s.equals("update"))
      forwardMsg(AWeatherService.MESSAGE_RECEIVED, s);
    else forwardMsg(AWeatherService.MESSAGE_INFO, new Date().toString() + " : "
        + ((String) (o)).trim());

  }

  public void close() {
    socket.close();
    System.out.println("Responder closed.");
  }

  public void respond(Object o) throws InterruptedException {
    if (o != null)
      queue.put(o);
  }

  public Responder(final AWeatherService a) {
    m_service = a;

  }
}
package org.nws.aweather;

import android.app.Activity;
import android.app.ActivityManager;
import android.app.ActivityManager.RunningServiceInfo;
import android.content.Context;
import android.content.Intent;
import android.os.Bundle;
import android.view.View;
import android.view.View.OnClickListener;
import android.widget.Button;

public class ServiceLauncher extends Activity {
  private Button start;
  private final OnClickListener startListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      startService(new Intent(ServiceLauncher.this, AWeatherService.class));
      update();
    }
  };

  private Button stop;

  private final OnClickListener stopListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      stopService(new Intent(ServiceLauncher.this, AWeatherService.class));
      update();
    }
  };

  private boolean serviceIsRunning() {
    ActivityManager manager = (ActivityManager) getSystemService(Context.ACTIVITY_SERVICE);
    for (RunningServiceInfo service : manager
        .getRunningServices(Integer.MAX_VALUE)) {
      if (AWeatherService.class.getName().equals(
          service.service.getClassName())) {
        return true;
      }
    }
    return false;
  }

  private void update() {
    boolean f = serviceIsRunning();
    start.setEnabled(!f);
    stop.setEnabled(f);
  }

  /** Called when the activity is first created. */
  @Override
  public void onCreate(final Bundle savedInstanceState) {
    super.onCreate(savedInstanceState);
    setContentView(R.layout.servicelauncher);
    start = (Button) findViewById(R.id.startButton);
    stop = (Button) findViewById(R.id.stopButton);
    start.setOnClickListener(startListener);
    stop.setOnClickListener(stopListener);
    update();
  }

}
package org.nws.aweather;

import java.net.InetAddress;
import java.net.UnknownHostException;

import org.nws.aweather.forecast.FetchForecast;

import android.app.Activity;
import android.os.Bundle;
import android.text.Editable;
import android.text.TextWatcher;
import android.view.View;
import android.view.View.OnClickListener;
import android.widget.Button;
import android.widget.EditText;
import android.widget.Toast;

public class SetServer extends Activity {
  private Button cancelButton;
  private final OnClickListener cancelListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      finish();
    }
  };
  private Button defaultButton;
  private final OnClickListener defaultListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      String s = FetchForecast.getInstance().getDefaultUrl();
      url.setText(s);
    }
  };
  private Button setUrlButton;

  private final OnClickListener setUrlListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      if (isvalidurl()){
        String s = url.getText().toString();
        FetchForecast.getInstance().setUrl(s);
            setResult( RESULT_OK, getIntent( ) );
        finish();
      }
      else
        Toast.makeText(SetServer.this, "Invalid Url", Toast.LENGTH_LONG)
            .show();
    }
  };

  private EditText url;
  private boolean isvalidurl() {
    String s = url.getText().toString();
    try {
      @SuppressWarnings("unused")
      InetAddress serverAddress = InetAddress.getByName(s);
    } catch (UnknownHostException e) {
      return false;
    }
    return true;
  }
  
  private void update()
  {
    setUrlButton.setEnabled(isvalidurl());
  }

  @Override
  protected void onCreate(Bundle savedInstanceState) {
    super.onCreate(savedInstanceState);
    setContentView(R.layout.setserver);
      setResult( RESULT_CANCELED, getIntent( ) );
    url = (EditText) findViewById(R.id.enterurl);
    String s = FetchForecast.getInstance().getUrl();
    url.setText(s);
    setUrlButton = (Button) findViewById(R.id.setUrlButton);
    defaultButton = (Button) findViewById(R.id.defaultButton);
    cancelButton = (Button) findViewById(R.id.CancelButton);
    setUrlButton.setOnClickListener(setUrlListener);
    defaultButton.setOnClickListener(defaultListener);
    cancelButton.setOnClickListener(cancelListener);
    url.addTextChangedListener(new TextWatcher() {

      @Override
      public void afterTextChanged(Editable arg0) {
        
      }

      @Override
      public void beforeTextChanged(CharSequence arg0, int arg1,
          int arg2, int arg3) {
        
      }

      @Override
      public void onTextChanged(CharSequence arg0, int arg1, int arg2,
          int arg3) {
        update();
        
      }

      });
  }

}
package org.nws.aweather;

import java.io.BufferedInputStream;
import java.io.IOException;
import java.net.URL;
import java.net.URLConnection;
import java.util.List;

import org.nws.aweather.forecast.FetchForecast;
import org.nws.aweather.forecast.NWSWeatherObject;

import android.graphics.Bitmap;
import android.graphics.BitmapFactory;
import android.os.Handler;
import android.widget.ArrayAdapter;
import android.widget.Button;
import android.widget.ImageView;
import android.widget.Spinner;
import android.widget.TextView;

public class WeatherGallery {
  private final Handler handler;
  private final ArrayAdapter<String> locationAdapter;
  private final Spinner locationChooser;
  private final LocationManager locationManager;
  private final AWeather owner;
  private final Button refreshButton;

  private Bitmap getImage(final String httpLocation) throws IOException {
    Bitmap result = null;
    final URL url = new URL(httpLocation);
    final URLConnection con = url.openConnection();
    final BufferedInputStream in = new BufferedInputStream(
        con.getInputStream());
    result = BitmapFactory.decodeStream(in);
    in.close();
    return result;
  }

  private void updateWeather(final NWSWeatherObject nwo) {
    final ImageView i = (ImageView) owner.findViewById(R.id.image1);
    if (i == null)
      // view has bailed on us- just fail fast
      return;
    try {
      final List<String> conditions = nwo.getConditionIconLinks();
      final String first = conditions.get(0);
      final Bitmap bm = getImage(first);
      i.setImageBitmap(bm);
    } catch (final IOException e) {
      throw new RuntimeException(e);
    }
    final TextView t = (TextView) owner.findViewById(R.id.day);
    t.setText("Tomorrow");
  }

  private void updateWeather(final String s) {
    final ImageView i = (ImageView) owner.findViewById(R.id.image1);
    if (i == null)
      // view has bailed on us- just fail fast
      return;
    try {
      final Bitmap bm = getImage(s);
      i.setImageBitmap(bm);
    } catch (final IOException e) {
      throw new RuntimeException(e);
    }
    final TextView t = (TextView) owner.findViewById(R.id.day);
    t.setText("Tomorrow");
  }

  public void gotWeather(final NWSWeatherObject nwo) {
    final Thread X = new Thread() {
      @Override
      public void run() {
        updateWeather(nwo);
      }
    };
    handler.post(X);
  }

  public void gotWeather(final String s) {
    final Thread X = new Thread() {
      @Override
      public void run() {
        updateWeather(s);
      }
    };
    handler.post(X);
  }

  public void logError(Object p) {
    owner.forwardMsg(AWeatherService.MESSAGE_ERROR, p);
  }

  public void refresh() {
    final String[] location = locationManager.getLocation(0);
    FetchForecast.getInstance().requestForecast(location[1], location[2]);
  }

  public WeatherGallery(final AWeather owner) {
    this.owner = owner;
    FetchForecast.parent = this;
    locationManager = owner.getLocationManager();
    
    locationChooser = (Spinner) owner.findViewById(R.id.locationChooser);
    refreshButton = (Button) owner.findViewById(R.id.refreshButton);
    refreshButton.setOnClickListener(owner);
    handler = new Handler();
    locationAdapter = new ArrayAdapter<String>(
        owner.getApplicationContext(),
        android.R.layout.simple_spinner_item);
    final String[] location = locationManager.getLocation(locationManager
        .getSelected());
    locationAdapter.add(location[0]);
    String s = locationManager.getServer();
    FetchForecast.getInstance().setUrl(s);
    FetchForecast.getInstance().requestForecast(location[1], location[2]);
    locationChooser.setAdapter(locationAdapter);
  }
}

http://forecast.weather.gov/MapClick.php?textField1=38.99&textField2=-77.01


package com.nws.nwsserver;

import java.io.Serializable;

public class Info implements Serializable {
  private static final long serialVersionUID = 1L;
  public String data;
  public int id;
  public String lat;
  public String lon;

  @Override
  public String toString() {
    return String.format("id: %d, lat=%s, long=%s, data=%s", id, lat, lon,
        data);
  }
}
package org.nws.aweather;

import java.util.TreeMap;

import android.content.Context;
import android.location.Address;
import android.location.Geocoder;
import android.os.Build;
import android.os.Handler;
import android.text.Editable;
import android.view.KeyEvent;
import android.view.View;
import android.view.View.OnClickListener;
import android.view.View.OnKeyListener;
import android.widget.AdapterView;
import android.widget.AdapterView.OnItemSelectedListener;
import android.widget.ArrayAdapter;
import android.widget.Button;
import android.widget.EditText;
import android.widget.Spinner;
import android.widget.TextView;

public class AddLocation implements OnClickListener, OnKeyListener,
    OnItemSelectedListener {
  private final class GeocodeResultsHandler implements Runnable {
    @Override
    public void run() {
      geocodeFinished();
    }
  }

  public static final int GEOCODE_STATUS_LOOKUP_FAIL = 2;
  public static final int GEOCODE_STATUS_NETWORK_ERROR = 1;
  public static final int GEOCODE_STATUS_SUCCESS = 3;
  private final Context context;
  private final EditText enterLocation;
  private final boolean geocoding;
  private final TextView log;
  private final Button lookupLocation;
  private final AWeather owner;
  private final Button showweather;
  protected Address geocoded;
  protected int geocodeStatus;
  protected final GeocodeResultsHandler grh = new GeocodeResultsHandler();
  protected Handler handler = new Handler();

  private synchronized void geocode(final String place) {
    if (geocoding)
      return;
    lookupLocation.setEnabled(false);
    showweather.setEnabled(false);
    log(owner.getString(R.string.searchingForLocation));
    final GeocodePlace gp = new GeocodePlace(place, this, context);
    new Thread(gp).start();
  }

  public void geocodeFinished() {
    lookupLocation.setEnabled(true);
    showweather.setEnabled(true);
    if (geocodeStatus == GEOCODE_STATUS_SUCCESS) {
      final StringBuilder sb = new StringBuilder(
          owner.getString(R.string.foundLocation));
      sb.append(geocoded.getLocality()).append(" (")
          .append(geocoded.getAdminArea()).append(")");
      log(sb.toString());
      owner.getLocationManager().storeLocation(geocoded);
    } else if (geocodeStatus == GEOCODE_STATUS_NETWORK_ERROR)
      log(owner.getString(R.string.geocodeNetworkError));
    else
      // geocode status will be lookup fail
      log(owner.getString(R.string.geocodeLookupFailure));
    geocoded = null;
    geocodeStatus = 0;
  }

  public void log(final String text) {
    log.setText(text);
  }

  @Override
  public void onClick(final View v) {
    if (v == lookupLocation) {
      final Editable editable = enterLocation.getText();
      final String s = editable.toString();
      if (Build.VERSION.SDK_INT >= Build.VERSION_CODES.GINGERBREAD
          && Geocoder.isPresent())
        geocode(s);
      else
        log("Geocoder not present");
    } else if (v == showweather) {
      owner.restart();
    }

  }

  @Override
  public void onItemSelected(final AdapterView<?> adapter, final View arg1,
      final int position, final long id) {
    showweather.setEnabled(true);
    owner.getLocationManager().storeSelected(position);
  }

  @Override
  public boolean onKey(final View v, final int keyCode, final KeyEvent event) {
    if (v == enterLocation) {
      final Editable editable = enterLocation.getText();
      final String s = editable.toString();
      if (s.length() == 0)
        lookupLocation.setEnabled(false);
      else
        lookupLocation.setEnabled(true);
      return false;
    }
    if (event.getKeyCode() == KeyEvent.KEYCODE_ENTER) {
      onClick(lookupLocation);
      return true;
    }
    return false;
  }

  @Override
  public void onNothingSelected(final AdapterView<?> arg0) {
    // don't do anything...
  }

  public AddLocation(final AWeather owner) {
    this.owner = owner;
    context = owner.getApplicationContext();
    log = (TextView) owner.findViewById(R.id.log);
    enterLocation = (EditText) owner.findViewById(R.id.enterLocation);
    enterLocation.setOnKeyListener(this);
    lookupLocation = (Button) owner.findViewById(R.id.fireLocationLookup);
    lookupLocation.setOnClickListener(this);
    lookupLocation.setEnabled(false);
    showweather = (Button) owner.findViewById(R.id.buttonShowWeather);
    showweather.setOnClickListener(this);
    showweather.setEnabled(false);
    geocoding = false;
    final Spinner spinner = (Spinner) owner
        .findViewById(R.id.locationSpinner);
    final ArrayAdapter<String> adapter = new ArrayAdapter<String>(owner,
        android.R.layout.simple_spinner_item);
    adapter.setDropDownViewResource(android.R.layout.simple_dropdown_item_1line);
    spinner.setAdapter(adapter);
    final LocationManager locationManager = new LocationManager(owner);
    final TreeMap<String, String[]> locations = locationManager
        .getLocations();
    for (final String id : locations.keySet()) {
      final String[] vals = locations.get(id);
      adapter.add(vals[0]);
    }
    int selected = locationManager.getSelected();
    spinner.setOnItemSelectedListener(this);
    spinner.setSelection(selected);
    log(owner.getString(R.string.addLocationExample));
  }
}
package org.nws.aweather;

import org.nws.aweather.forecast.FetchForecast;

import android.app.Activity;
import android.content.ComponentName;
import android.content.Context;
import android.content.Intent;
import android.content.ServiceConnection;
import android.os.Bundle;
import android.os.Handler;
import android.os.IBinder;
import android.os.Message;
import android.view.Menu;
import android.view.MenuItem;
import android.view.View;
import android.view.View.OnClickListener;

public class AWeather extends Activity implements OnClickListener {
  public static final int MENU_ITEM_MANAGE_LOCATIONS = 0;
  public static final int MENU_ITEM_SET_SERVER = 2;
  public static final int MENU_ITEM_START_SERVICE = 1;
  private AddLocation addLocation;
  private LocationManager locationManager;
  private ServiceConnection m_connection = new ServiceConnection() {
    @Override
    public void onServiceConnected(ComponentName className, IBinder service) {
      m_service = ((AWeatherService.LocalBinder) service).getService();
      m_service.setWeatherGallery(weatherGallery);
    }

    @Override
    public void onServiceDisconnected(ComponentName className) {
      m_service = null;
    }
  };
  private final Handler m_handler = new Handler() {
    @Override
    public void handleMessage(final Message msg) {
      final Msg m = (Msg) msg.obj;
      ;
      switch (msg.what) {
      case AWeatherService.MESSAGE_DISCONNECTED:
        m_service.handleDisconnected(m);
        break;

      case AWeatherService.MESSAGE_CONNECTED:
        m_service.handleConnected(m);
        break;

      case AWeatherService.MESSAGE_ERROR:
        m_service.handleError(m);
        break;

      case AWeatherService.MESSAGE_INFO:
        m_service.handleInfo(m);
        break;

      case AWeatherService.MESSAGE_RECEIVED:
        m_service.handleReceived(m);
        break;
      }
    }
  };
  private static final int SET_SERVER = 10;
      private boolean m_isbound = false;

  private AWeatherService m_service;

  private WeatherGallery weatherGallery = null;

  void doBindService() {
    bindService(new Intent(AWeather.this, AWeatherService.class),
        m_connection, Context.BIND_AUTO_CREATE);
    m_isbound = true;
  }

  void doUnbindService() {
    if (m_isbound) {
      unbindService(m_connection);
      m_isbound = false;
    }
  }

  protected LocationManager getLocationManager() {
    return locationManager;
  }

  @Override
  protected void onDestroy() {
    super.onDestroy();
    m_service.setWeatherGallery(null);
    doUnbindService();
  }

  public void forwardMsg(final int type, final Object s) {
    final Message m = Message.obtain(m_handler, type);
    m.obj = new Msg(s);
    m_handler.sendMessage(m);
  }

  @Override
  public void onClick(View view) {
    weatherGallery.refresh();
    //m_service.m_networklistener.push();
  }

  @Override
  public void onCreate(final Bundle savedInstanceState) {
    super.onCreate(savedInstanceState);
    locationManager = new LocationManager(this);
    if (locationManager.getLocationCount() == 0) {
      setContentView(R.layout.addlocation);
      addLocation = new AddLocation(this);
    } else {
      setContentView(R.layout.main);
      weatherGallery = new WeatherGallery(this);
    }
    doBindService();
    startService(new Intent(this, AWeatherService.class));
  }

  @Override
  public boolean onCreateOptionsMenu(final Menu menu) {
    super.onCreateOptionsMenu(menu);
    menu.add(0, MENU_ITEM_MANAGE_LOCATIONS, 0, R.string.manageLocations);
    menu.add(0, MENU_ITEM_START_SERVICE, 0, R.string.manageService);
    menu.add(0, MENU_ITEM_SET_SERVER, 0, R.string.setserver);
    return true;
  }

  @Override
  public boolean onOptionsItemSelected(final MenuItem item) {
    switch (item.getItemId()) {
    case MENU_ITEM_MANAGE_LOCATIONS:

      setContentView(R.layout.addlocation);
      if (addLocation == null)
        addLocation = new AddLocation(this);
      return true;
    case MENU_ITEM_START_SERVICE:
      startActivity(new Intent(this, ServiceLauncher.class));
      return true;
    case MENU_ITEM_SET_SERVER:
      startActivityForResult(new Intent(this, SetServer.class), SET_SERVER);
      return true;
    }
    return false;
  }

  @Override
  protected void onActivityResult(int requestCode, int resultCode, Intent data) {
      if ( requestCode == SET_SERVER && resultCode == Activity.RESULT_OK ){
        String s = FetchForecast.getInstance().getUrl();
        locationManager.storeServer(s);
        restart();
      }
    super.onActivityResult(requestCode, resultCode, data);
  }

  public void restart() {
    stopService(new Intent(this, AWeatherService.class));
    Intent i = getBaseContext().getPackageManager()
        .getLaunchIntentForPackage(getBaseContext().getPackageName());
    i.addFlags(Intent.FLAG_ACTIVITY_CLEAR_TOP);
    startActivity(i);
  }
}package org.nws.aweather;

import java.io.IOException;
import java.net.DatagramPacket;
import java.net.SocketException;
import java.util.Calendar;
import java.util.Timer;

import android.app.Notification;
import android.app.NotificationManager;
import android.app.PendingIntent;
import android.app.Service;
import android.content.Intent;
import android.os.Binder;
import android.os.IBinder;
import android.widget.Toast;

public class AWeatherService extends Service implements NetworkTaskEvents {

  public class LocalBinder extends Binder {
    AWeatherService getService() {
      return AWeatherService.this;
    }
  }

  private static boolean showToasts = false;
  public static final int MESSAGE_CONNECTED = 0;
  public static final int MESSAGE_DISCONNECTED = 1;
  public static final int MESSAGE_ERROR = 2;
  public static final int MESSAGE_INFO = 3;

  public static final int MESSAGE_RECEIVED = 4;

  private Long m_counter = 0L;

  public NetworkListener m_networklistener;

  private Responder m_responder;

  private WeatherGallery m_weathergallery = null;

  private final IBinder mBinder = new LocalBinder();

  private NotificationManager nm;

  private final Calendar time = Calendar.getInstance();

  private final Timer timer = new Timer();

  private void connect() {
    try {
      m_responder = new Responder(this);
      m_responder.begin();
      m_networklistener = new NetworkListener(this, 6001);
      m_networklistener.start();
    } catch (SocketException e) {
    }
  }

  private void destroyTimer() {
    if (timer != null)
      timer.cancel();
  }

  private void disconnect() {
    if (m_networklistener != null)
      m_networklistener.close();
    if (m_responder != null)
      m_responder.close();
  }

  /** Show a notification while this service is running. */
  @SuppressWarnings("deprecation")
  private void showNotification() {
    // Use the same text for the ticker and the expanded notification
    final CharSequence text = getText(R.string.service_started);
    // Set the icon, scrolling text and timestamp
    final Notification notification = new Notification(R.drawable.android,
        text, System.currentTimeMillis());
    // The PendingIntent to launch our activity if the user selects this
    // notification
    final PendingIntent contentIntent = PendingIntent.getActivity(this, 0,
        new Intent(this, ServiceLauncher.class), 0);
    // Set the info for the views that show in the notification panel.
    notification.setLatestEventInfo(this, getText(R.string.service_label),
        text, contentIntent);
    // Send the notification.
    // We use a layout id because it is a unique number. We use it later to
    // cancel.
    nm.notify(R.string.service_started, notification);
  }

  @Override
  public void handleConnected(Msg o) {
    Object ob = o.getInfo();
    String s = "Connected";
    if (ob instanceof String)
      s = (String) (ob);
    if (showToasts)
      Toast.makeText(this, s, Toast.LENGTH_LONG).show();
  }

  @Override
  public void handleDisconnected(Msg o) {
    Object ob = o.getInfo();
    String s = "Disconnected";
    if (ob instanceof String)
      s = (String) (ob);
    if (showToasts)
      Toast.makeText(this, s, Toast.LENGTH_LONG).show();
  }

  @Override
  public void handleError(Msg o) {
    Object ob = o.getInfo();
    if (ob instanceof String) {
      String s = (String) (ob);
      if (showToasts)
        Toast.makeText(this, s, Toast.LENGTH_LONG).show();
    } else if (ob instanceof DatagramPacket) {
      try {
        m_responder.respond(ob);
      } catch (InterruptedException e) {
        e.printStackTrace();
      }
    } else if (ob instanceof byte[]) {
      byte bytes[] = (byte[]) ob;
      try {
        m_responder.respond(ConvertUtils.deserializePacket(bytes));
      } catch (InterruptedException e) {
        e.printStackTrace();
      } catch (IOException e) {
        e.printStackTrace();
      }
    }
  }

  @Override
  public void handleInfo(final Msg o) {
    Object ob = o.getInfo();
    String s = "Info";
    if (ob instanceof String)
      s = (String) (ob);
    if (showToasts)
      Toast.makeText(this, s, Toast.LENGTH_LONG).show();
  }

  @Override
  public void handleReceived(Msg o) {
    Object ob = o.getInfo();
    String s = "Received";
    if (ob instanceof String)
      s = (String) (ob);
    if (s.equals("update"))
      if (m_weathergallery != null)
        m_weathergallery.refresh();
    if (showToasts)
      Toast.makeText(this, s, Toast.LENGTH_LONG).show();
  }

  @Override
  public IBinder onBind(final Intent intent) {
    return mBinder;
  }

  @Override
  public void onCreate() {
    super.onCreate();
    nm = (NotificationManager) getSystemService(NOTIFICATION_SERVICE);
    if (showToasts)
      Toast.makeText(this, "Service created at " + time.getTime(),
          Toast.LENGTH_LONG).show();
    showNotification();
    // createTimer();
    connect();
  }

  @Override
  public void onDestroy() {
    super.onDestroy();
    // Cancel the persistent notification.
    destroyTimer();
    disconnect();
    nm.cancel(R.string.service_started);
    if (showToasts)
      Toast.makeText(
          this,
          "Service destroyed at " + time.getTime()
              + "; m_counter is at: " + m_counter,
          Toast.LENGTH_LONG).show();
    m_counter = null;
  }

  @Override
  public int onStartCommand(Intent intent, int flags, int startId) {
    return START_STICKY;
  }

  public void setWeatherGallery(WeatherGallery a) {
    m_weathergallery = a;
  }

}
package org.nws.aweather;

import java.io.ByteArrayInputStream;
import java.io.ByteArrayOutputStream;
import java.io.IOException;
import java.io.ObjectInput;
import java.io.ObjectInputStream;
import java.io.ObjectOutput;
import java.io.ObjectOutputStream;
import java.net.DatagramPacket;
import java.net.InetAddress;

public class ConvertUtils {

  static public DatagramPacket deserializePacket(byte[] packetBytes)
      throws IOException {
    DatagramPacket udp = new DatagramPacket(new byte[1024], 1024);

    ByteArrayInputStream bis = new ByteArrayInputStream(packetBytes);
    ObjectInput in = null;
    try {
      in = new ObjectInputStream(bis);
      udp.setAddress((InetAddress) in.readObject());
      udp.setPort((Integer) in.readObject());
      udp.setData((byte[]) in.readObject());
    } catch (IOException e) {
      e.printStackTrace();
      return null;
    } catch (ClassNotFoundException e) {
      e.printStackTrace();
      return null;
    } finally {
      in.close();
      bis.close();
    }

    return udp;
  }

  public int numPackets = 0;

  public void serializePacket(byte[] packetBytes) {
    // record the number of packets and the time between packets received
    // avgInterval
    numPackets += 1;
  }

  public void serializePacket(DatagramPacket udp) throws IOException {
    // byte[] packetBytes = new byte[4096];
    //
    // byte[] tmp = udp.getAddress().getAddress();
    // int offset = 0;
    // System.arraycopy( tmp, 0, packetBytes, offset, tmp.length);
    // offset += tmp.length;
    //
    // ByteBuffer bb = ByteBuffer.allocate(4);
    // bb.putInt(udp.getPort());
    // System.arraycopy( bb.array(), 0, packetBytes, offset, 4);
    // offset += 4;
    //
    // bb.putInt(udp.getLength());
    // System.arraycopy( bb.array(), 0, packetBytes, offset, 4);
    // offset += 4;
    //
    // System.arraycopy( udp.getData(), 0, packetBytes, offset,
    // udp.getLength());
    // serializePacket(packetBytes);

    ByteArrayOutputStream bos = new ByteArrayOutputStream();
    ObjectOutput out = null;
    try {
      out = new ObjectOutputStream(bos);
      out.writeObject(udp.getAddress());
      out.write(udp.getPort());
      out.writeObject(udp.getData());

      serializePacket(bos.toByteArray());
    } catch (IOException e) {
      e.printStackTrace();
    } finally {
      out.close();
      bos.close();
    }
  }
}package org.nws.aweather.forecast;

import java.io.BufferedReader;
import java.io.ByteArrayInputStream;
import java.io.ByteArrayOutputStream;
import java.io.IOException;
import java.io.InputStream;
import java.io.InputStreamReader;
import java.io.ObjectInput;
import java.io.ObjectInputStream;
import java.io.ObjectOutputStream;
import java.io.OutputStream;
import java.io.OutputStreamWriter;
import java.io.PrintWriter;
import java.net.DatagramPacket;
import java.net.DatagramSocket;
import java.net.InetAddress;
import java.net.Socket;
import java.net.SocketException;
import java.net.UnknownHostException;
import java.text.DateFormat;
import java.text.SimpleDateFormat;
import java.util.Calendar;
import java.util.Random;
import java.util.concurrent.BlockingQueue;
import java.util.concurrent.LinkedBlockingQueue;
import java.util.concurrent.TimeUnit;

import org.nws.aweather.WeatherGallery;
import org.xml.sax.helpers.DefaultHandler;

import com.nws.nwsserver.Info;

public class FetchForecast extends DefaultHandler implements Runnable {

  private static final String BEGIN = "&begin=";
  private static final DateFormat DATE_FORMAT = new SimpleDateFormat(
      "yyyy-MM-dd'T'hh':00:00'");
  private static final String END = "&end=";
  private static final String HOST = "graphical.weather.gov";
  private static final String LAT = "&lat=";
  private static final String LON = "&lon=";
  private static final int MAX_RETRIES = 3;
  private static final int PORT = 5559;
  private static FetchForecast theInstance = null;

  private static final long TIMEOUT_SECS = 10;

  private static final int UDP_WC_PORT = 10000;
  private static final String UDP_LOCAL = "www.weatherpushupdates.com";
  private static final int UDP_WS_PORT = 5559;
  //public static String udpWsHost = "192.168.19.207";
  public static String udpWsHost = UDP_LOCAL;
  private static final String URL_PREFIX = "/xml/sample_products/browser_interface/ndfdXMLclient.php?"
      + "&product=time-series&icons=icons";
  public static WeatherGallery parent = null;
  public static FetchForecast getInstance() {
    if (theInstance == null) {
      theInstance = new FetchForecast();
      new Thread(theInstance).start();
    }
    return theInstance;
  }

  private final boolean activeFlag = true;
  private Info currentRequestMsg;
  private final BlockingQueue<Info> recvQueue = new LinkedBlockingQueue<Info>(
      1024);
  private int requestId = (new Random()).nextInt();
  private InetAddress serverAddress;

  private DatagramSocket socket;
  private String urlString;

  public boolean useUDPProtocol = true;

  private void getDirectNWS(String lat, String lon) {

    final StringBuilder url = new StringBuilder(URL_PREFIX);
    url.append(LAT).append(lat).append(LON).append(lon);
    final Calendar start = Calendar.getInstance();
    final Calendar end = Calendar.getInstance();
    end.add(Calendar.DAY_OF_MONTH, 7);
    url.append(BEGIN).append(DATE_FORMAT.format(start.getTime()));
    url.append(END).append(DATE_FORMAT.format(end.getTime()));
    urlString = url.toString();

    try {
      System.out.println("Ripping: " + urlString);
      final Socket s = new Socket(HOST, PORT);
      final OutputStream os = s.getOutputStream();
      final PrintWriter out = new PrintWriter(new OutputStreamWriter(os));
      final StringBuilder request = new StringBuilder("GET ").append(
          urlString).append("HTTP/1.1");
      request.append("\n");
      request.append("Host: ").append(HOST).append("\n");
      request.append("\n");
      out.print(request);
      out.flush();
      final InputStream in = s.getInputStream();
      // String t = getIn(in);
      //
      // int n = t.length( );
      final NWSWeatherXMLParser parser = new NWSWeatherXMLParser(in);
      parser.parse(parent);
      System.out.println("Finished parsing");
    } catch (final Exception e) {
      throw new RuntimeException(e);
    }
  }

  @SuppressWarnings("unused")
  private String getIn(final InputStream in) {
    final InputStreamReader is = new InputStreamReader(in);
    final StringBuilder sb = new StringBuilder();
    final BufferedReader br = new BufferedReader(is);
    String read = null;
    try {
      read = br.readLine();
    } catch (final IOException e) {
      // TODO Auto-generated catch block
      e.printStackTrace();
    }
    while (read != null) {
      // System.out.println(read);
      sb.append(read);
      try {
        read = br.readLine();
      } catch (final IOException e) {
        // TODO Auto-generated catch block
        e.printStackTrace();
      }
    }
    return sb.toString();
  }

  private void getUDPWeatherServce(String lat, String lon) {
    currentRequestMsg = new Info();
    currentRequestMsg.data = "REQW_GETFORCAST";
    currentRequestMsg.lat = lat;
    currentRequestMsg.lon = lon;

    int nTries = MAX_RETRIES;
    currentRequestMsg.id = requestId++;
    while (nTries > 0) {
      nTries--;
      // currentRequestMsg.id = requestId++;

      byte[] sendBuf = null;
      try {
        ByteArrayOutputStream bos = new ByteArrayOutputStream();
        ObjectOutputStream out = new ObjectOutputStream(bos);
        out.writeObject(currentRequestMsg);
        out.close();
        sendBuf = bos.toByteArray();
        bos.close();
      } catch (IOException e) {
        parent.logError(e.getMessage());
        return;
      }

      DatagramPacket sendPkt = new DatagramPacket(sendBuf,
          sendBuf.length, serverAddress, UDP_WS_PORT);

      try {
        if ((socket != null) && (serverAddress != null)) {
          socket.send(sendPkt);
        }
      } catch (IOException e1) {
        parent.logError(e1.getMessage());
        return;
      }

      Info recvMsg;
      do {
        try {
          recvMsg = recvQueue.poll(TIMEOUT_SECS, TimeUnit.SECONDS);
          if (recvMsg != null)
            if (isValid(recvMsg, currentRequestMsg)) {
              parent.gotWeather(recvMsg.data);
              return;
            }

        } catch (InterruptedException e) {
          // TODO Auto-generated catch block
          e.printStackTrace();
        } catch (Exception e) {
          // TODO Auto-generated catch block
          e.printStackTrace();
        }
      } while (!recvQueue.isEmpty());
    }
  }

  private boolean isValid(Info info_in, Info info_out) {
    return info_in.id == info_out.id;
  }

  public String getDefaultUrl() {
    return UDP_LOCAL;
  }

  public String getUrl() {
    return udpWsHost;
  }
  
  public void initializeUDP() {
    try {
      serverAddress = InetAddress.getByName(udpWsHost);
    } catch (UnknownHostException e) {
      parent.logError(e.getMessage());
      return;
    }
    try {
      socket = new DatagramSocket(UDP_WC_PORT);
    } catch (SocketException e) {
      parent.logError(e.getMessage());
    }
  }

  public void requestForecast(String lat, String lon) {
    if (!useUDPProtocol)
      getDirectNWS(lat, lon);
    else
      getUDPWeatherServce(lat, lon);
  }

  @Override
  public void run() {
    initializeUDP();
    while (activeFlag) {
      byte recvBuf[] = new byte[4096];
      DatagramPacket recvPkt = new DatagramPacket(recvBuf, recvBuf.length);

      try {
        socket.receive(recvPkt);
      } catch (IOException e) {
        parent.logError(e.getMessage());
        continue;
      }
      Info recvInfo = null;
      try {
        ByteArrayInputStream bis = new ByteArrayInputStream(
            recvPkt.getData());
        ObjectInput in = new ObjectInputStream(bis);
        recvInfo = (Info) in.readObject();
      } catch (Exception e) {
        parent.logError(recvPkt.getData());
        continue;
      }

      if (isValid(recvInfo, currentRequestMsg)) {
        recvQueue.offer(recvInfo);
      } else {
        parent.logError("Invalid id.");
      }
    }
  }

  public void setUrl(String url) {
    udpWsHost = url;
  }
}
package org.nws.aweather.forecast;

import java.util.ArrayList;
import java.util.Date;
import java.util.LinkedHashMap;
import java.util.List;

public class NWSWeatherObject {
  private final List<String> conditionIconLinks;
  private String conditionIconTimeLayout;
  private Date createdOn;
  private String moreInfoLink;
  private String mostRecentTimeLayout;
  private final LinkedHashMap<String, List<TimeLayoutBand>> timeLayouts;

  public void addConditionIconLink(final String link) {
    conditionIconLinks.add(link);
  }

  public void addNewTimeBand(final Date date) {
    final List<TimeLayoutBand> l = timeLayouts.get(mostRecentTimeLayout);
    final TimeLayoutBand tlb = new TimeLayoutBand(date);
    l.add(tlb);
  }

  public void addTimeLayout(final String name) {
    mostRecentTimeLayout = name;
    timeLayouts.put(name, new ArrayList<TimeLayoutBand>());
  }

  public void closeCurrentTimeBand(final Date end) {
    final List<TimeLayoutBand> l = timeLayouts.get(mostRecentTimeLayout);
    final TimeLayoutBand last = l.get(l.size() - 1);
    last.setEndDate(end);
  }

  public List<String> getConditionIconLinks() {
    return conditionIconLinks;

  }

  public String getConditionIconTimeLayout() {
    return conditionIconTimeLayout;
  }

  public Date getCreatedOn() {
    return createdOn;
  }

  public String getMoreInfoLink() {
    return moreInfoLink;
  }

  public void setConditionIconTimeLayout(final String name) {
    conditionIconTimeLayout = name;
  }

  public void setCreatedOn(final Date date) {
    createdOn = date;
  }

  public void setMoreInfoLink(final String moreInfoLink) {
    this.moreInfoLink = moreInfoLink;
  }

  public NWSWeatherObject() {
    timeLayouts = new LinkedHashMap<String, List<TimeLayoutBand>>();
    conditionIconLinks = new ArrayList<String>();
  }
}
package org.nws.aweather.forecast;

import java.io.InputStream;
import java.text.ParseException;
import java.text.SimpleDateFormat;
import java.util.Date;

import javax.xml.parsers.SAXParser;
import javax.xml.parsers.SAXParserFactory;

import org.nws.aweather.WeatherGallery;
import org.xml.sax.Attributes;
import org.xml.sax.SAXException;
import org.xml.sax.helpers.DefaultHandler;

/**
 * Responsible for parsing through the XML recovered from an NWS hit. There are
 * two core sections to look for:
 * <ul>
 * <li>time-layout: which contains sections/spans of time</li>
 * <li>parameters: which contains specific blocks of weather data</li>
 * </ul>
 * 
 * @author keerat
 */
public class NWSWeatherXMLParser extends DefaultHandler {
  // condition icons
  private static final String CONDITIONS = "conditions-icon";
  private static final SimpleDateFormat CREATED_DATE_FORMATTER = new SimpleDateFormat(
      "yyyy-MM-dd'T'HH:mm:ss'Z'");
  // <creation-date
  // refresh-frequency="PT1H">2009-03-14T20:58:51Z</creation-date>
  private static final String CREATION_DATE = "creation-date";
  private static final String END_VALID_TIME = "end-valid-time";
  private static final String ICON_LINK = "icon-link";
  private static final String LAYOUT_KEY = "layout-key";
  // <moreWeatherInformation applicable-location="point1">
  // http://forecast.weather.gov/MapClick.php?textField1=38.99&textField2=-77.01
  // </moreWeatherInformation>
  private static final String MORE_INFO = "moreWeatherInformation";
  private static final String START_VALID_TIME = "start-valid-time";
  private static final String TIME_LAYOUT = "time-layout";
  // <start-valid-time>2009-03-14T08:00:00-04:00</start-valid-time>
  private static final SimpleDateFormat TIME_LAYOUT_DATE_FORMATTER = new SimpleDateFormat(
      "yyyy-MM-dd'T'HH:mm:ssz");
  private String currentTag;
  private final InputStream in;
  private final NWSWeatherObject nwo;
  private WeatherGallery parent;

  private void handleCreationDate(final String dateString) {
    try {
      final Date date = CREATED_DATE_FORMATTER.parse(dateString);
      nwo.setCreatedOn(date);
    } catch (final ParseException e) {
    }
  }

  private void handleEndValidTime(final String endTimeString) {
    try {
      final Date date = TIME_LAYOUT_DATE_FORMATTER.parse(endTimeString);
      nwo.closeCurrentTimeBand(date);
    } catch (final ParseException e) {
    }
  }

  private void handleStartValidTime(final String startTimeString) {
    try {
      final Date date = TIME_LAYOUT_DATE_FORMATTER.parse(startTimeString);
      nwo.addNewTimeBand(date);
    } catch (final ParseException e) {
    }
  }

  @Override
  public void characters(final char[] ch, final int start, final int length)
      throws SAXException {
    if (currentTag.equals(CREATION_DATE))
      handleCreationDate(new String(ch, start, length));
    if (currentTag.equals(MORE_INFO))
      nwo.setMoreInfoLink(new String(ch, start, length));
    if (currentTag.equals(LAYOUT_KEY))
      nwo.addTimeLayout(new String(ch, start, length));
    if (currentTag.equals(START_VALID_TIME))
      handleStartValidTime(new String(ch, start, length));
    if (currentTag.equals(END_VALID_TIME))
      handleEndValidTime(new String(ch, start, length));
    if (currentTag.equals(ICON_LINK))
      nwo.addConditionIconLink(new String(ch, start, length));
  }

  @Override
  public void endDocument() throws SAXException {
    parent.gotWeather(nwo);
  }

  @Override
  public void endElement(final String uri, final String localName,
      final String name) throws SAXException {
    currentTag = "";
  }

  public void parse(final WeatherGallery parent) throws Exception {
    final SAXParserFactory saxParserFactory = SAXParserFactory
        .newInstance();
    final SAXParser parser = saxParserFactory.newSAXParser();
    this.parent = parent;
    parser.parse(in, this);
  }

  @Override
  public void startElement(final String uri, final String localName,
      final String name, final Attributes attributes) throws SAXException {
    currentTag = localName;
    if (currentTag.equals(CONDITIONS)) {
      // rip the time layout
      final String timeLayoutName = attributes.getValue(TIME_LAYOUT);
      nwo.setConditionIconTimeLayout(timeLayoutName);
    }
  }

  public NWSWeatherXMLParser(final InputStream in) {
    this.in = in;
    currentTag = "";
    nwo = new NWSWeatherObject();
  }
}
package org.nws.aweather.forecast;

import java.util.Date;

public class TimeLayoutBand {
  private Date end;
  private final Date start;

  public Date getEnd() {
    return end;
  }

  public Date getStart() {
    return start;
  }

  public boolean isPointInTime() {
    if (start.equals(end))
      return true;
    else
      return false;
  }

  public void setEndDate(final Date end) {
    this.end = end;
  }

  public TimeLayoutBand(final Date start) {
    this.start = start;
    end = start;
  }
}
package org.nws.aweather;

import java.io.IOException;
import java.util.List;
import java.util.Locale;

import android.content.Context;
import android.location.Address;
import android.location.Geocoder;

public class GeocodePlace implements Runnable {
  private final Context context;
  private final AddLocation owner;
  private final String place;

  @Override
  public void run() {
    final Geocoder geocoder = new Geocoder(context, Locale.getDefault());
    List<Address> addresses = null;
    boolean found = false;
    try {
      addresses = geocoder.getFromLocationName(place, 1);
      if (addresses != null && addresses.size() > 0) {
        found = true;
        owner.geocodeStatus = AddLocation.GEOCODE_STATUS_SUCCESS;
      } else
        owner.geocodeStatus = AddLocation.GEOCODE_STATUS_LOOKUP_FAIL;
    } catch (final IOException e) {
      owner.geocodeStatus = AddLocation.GEOCODE_STATUS_NETWORK_ERROR;
      found = false;
    }
    if (found) {
      final Address a = addresses.get(0);
      owner.geocoded = a;
    }
    owner.handler.post(owner.grh);
  }

  GeocodePlace(final String place, final AddLocation owner,
      final Context context) {
    this.place = place;
    this.owner = owner;
    this.context = context;
  }
}
package org.nws.aweather;

import java.util.Map;
import java.util.Set;
import java.util.TreeMap;

import org.nws.aweather.forecast.FetchForecast;

import android.content.Context;
import android.content.SharedPreferences;
import android.location.Address;

public class LocationManager {
  private static final String LOCAL_MAP_LOCATION = "llm.";
  private static final String LOCATION_LATITUDE = "location.lat.";
  private static final String LOCATION_LONGITUDE = "location.lon.";
  private static final String LOCATION_NAME = "location.name.";
  private static final String SELECTED = "selected";
  private static final String SERVER = "server";
  private int locationCount;
  private final TreeMap<String, String[]> locations;
  private int selected = 0;
  private String server = FetchForecast.udpWsHost;
  private final SharedPreferences sharedPreferences;

  public String[] getLocation(final int location) {
    final String[] loc = locations.get(LOCAL_MAP_LOCATION + location);
    return loc;
  }

  public int getLocationCount() {
    return locationCount;
  }

  public TreeMap<String, String[]> getLocations() {
    return locations;
  }

  public int getSelected() {
    return selected;
  }

  public String getServer() {
    return server;
  }

  public synchronized void storeLocation(final Address address) {
    if (address == null)
      System.out.println("Could not geocode location!");
    final SharedPreferences.Editor editor = sharedPreferences.edit();
    final String adminArea = address.getAdminArea();
    final String locality = address.getLocality();
    final StringBuilder sb = new StringBuilder(locality).append(" (")
        .append(adminArea).append(")");
    final String latitude = Double.toString(address.getLatitude());
    final String longitude = Double.toString(address.getLongitude());
    final String nameKey = LOCATION_NAME + locationCount;
    final String latKey = LOCATION_LATITUDE + locationCount;
    final String lonKey = LOCATION_LONGITUDE + locationCount;
    editor.putString(nameKey, sb.toString());
    editor.putString(latKey, latitude);
    editor.putString(lonKey, longitude);
    editor.commit();
    locations.put(LOCAL_MAP_LOCATION + locationCount,
        new String[] { sb.toString(), latitude, longitude });
    locationCount++;
  }

  public synchronized void storeSelected(final int i) {
    final SharedPreferences.Editor editor = sharedPreferences.edit();
    editor.putInt(SELECTED, i);
    editor.commit();
    selected = i;
  }

  public synchronized void storeServer(final String s) {
    final SharedPreferences.Editor editor = sharedPreferences.edit();
    editor.putString(SERVER, s);
    editor.commit();
    server = s;
  }

  public LocationManager(final AWeather owner) {
    sharedPreferences = owner.getPreferences(Context.MODE_WORLD_READABLE);
    final Map<String, ?> allParams = sharedPreferences.getAll();
    final Set<String> keys = allParams.keySet();
    locations = new TreeMap<String, String[]>();
    locationCount = 0;
    for (final String key : keys)
      if (key.startsWith(LOCATION_NAME)) {
        final String name = sharedPreferences.getString(LOCATION_NAME
            + locationCount, "Corrupted");
        final String latitude = sharedPreferences.getString(
            LOCATION_LATITUDE + locationCount, "0");
        final String longitude = sharedPreferences.getString(
            LOCATION_LONGITUDE + locationCount, "0");
        locations.put(LOCAL_MAP_LOCATION + locationCount, new String[] {
            name, latitude, longitude });
        locationCount++;
      } else if (key.startsWith(SELECTED)) {
        selected = sharedPreferences.getInt(SELECTED, 0);
      } else if (key.startsWith(SERVER)) {
        server = sharedPreferences.getString(SERVER,  FetchForecast.udpWsHost);
      }

  }
}
package org.nws.aweather;

public class Msg {
  private final Object info;

  public String getDescription() {
    if (info instanceof String)
      return String.format("InfoMsg: info = %s", info);
    return info.toString();
  }

  public Object getInfo() {
    return info;
  }

  public Msg(final Object info) {
    this.info = info;
  }
}package org.nws.aweather;

import java.io.IOException;
import java.net.DatagramPacket;
import java.net.DatagramSocket;
import java.net.InetAddress;
import java.net.SocketException;
import java.util.Date;

import org.nws.aweather.forecast.FetchForecast;

import android.os.Handler;
import android.os.Message;

public class NetworkListener extends Thread {
  private boolean domore = true;

  private final Handler m_handler = new Handler() {
    @Override
    public void handleMessage(final Message msg) {
      final Msg m = (Msg) msg.obj;
      ;
      switch (msg.what) {
      case AWeatherService.MESSAGE_DISCONNECTED:
        m_service.handleDisconnected(m);
        break;

      case AWeatherService.MESSAGE_CONNECTED:
        m_service.handleConnected(m);
        break;

      case AWeatherService.MESSAGE_ERROR:
        m_service.handleError(m);
        break;

      case AWeatherService.MESSAGE_INFO:
        m_service.handleInfo(m);
        break;

      case AWeatherService.MESSAGE_RECEIVED:
        m_service.handleReceived(m);
        break;
      }
    }
  };

  private int m_port;
  private AWeatherService m_service;
  private DatagramSocket socket = null;

  private void forwardMsg(final int type, final String s) {
    final Message m = Message.obtain(m_handler, type);
    m.obj = new Msg(s);
    m_handler.sendMessage(m);

  }

  public void close() {
    socket.close();
    System.out.println("Receiver closed.");
  }

  public void push() {
    byte[] greet = "Hello".getBytes();
    DatagramPacket p;
    try {
      p = new DatagramPacket(greet, greet.length,
          InetAddress.getByName(FetchForecast.udpWsHost), m_port);
      socket.send(p);
      System.out.println(new Date().toString() + " :  Forward: "
          + p.getAddress());
    } catch (Exception e) {
      System.out.print(String.format("Exception: %s\n", e.getMessage()));
    }
  }

  @Override
  public void run() {
    forwardMsg(AWeatherService.MESSAGE_CONNECTED,
        String.format("Receiver started on port %d.", m_port));
    push();
    String s;
    while (domore) {
      try {
        byte[] buf = new byte[256];

        // receive request
        DatagramPacket packet = new DatagramPacket(buf, buf.length);
        socket.receive(packet);
        s = new String(packet.getData()).trim();
        forwardMsg(AWeatherService.MESSAGE_RECEIVED,
            new Date().toString() + " : " + packet.getAddress()
                + ": " + s);
        if (s.equals("update"))
          forwardMsg(AWeatherService.MESSAGE_RECEIVED, s);

      } catch (IOException e) {
        // gets here when ReceiverThread::close() is called.
        domore = false;
      }
    }
    socket.close();
  }

  public NetworkListener(final AWeatherService a, int port)
      throws SocketException {
    super("NetworkListener");
    m_service = a;
    socket = new DatagramSocket(port);
    m_port = port;
  }
}
package org.nws.aweather;

public interface NetworkTaskEvents {
  public void handleConnected(Msg o);

  public void handleDisconnected(Msg o);

  public void handleError(Msg o);

  public void handleInfo(Msg o);

  public void handleReceived(Msg o);
}
package org.nws.aweather;

import java.io.IOException;
import java.net.DatagramPacket;
import java.net.DatagramSocket;
import java.net.InetAddress;
import java.net.SocketException;
import java.util.Date;
import java.util.concurrent.BlockingQueue;
import java.util.concurrent.LinkedBlockingQueue;

import android.os.Handler;
import android.os.Message;

import com.nws.nwsserver.Info;

public class Responder {
  private final Handler m_handler = new Handler() {
    @Override
    public void handleMessage(final Message msg) {
      final Msg m = (Msg) msg.obj;
      ;
      switch (msg.what) {
      case AWeatherService.MESSAGE_DISCONNECTED:
        m_service.handleDisconnected(m);
        break;

      case AWeatherService.MESSAGE_CONNECTED:
        m_service.handleConnected(m);
        break;

      case AWeatherService.MESSAGE_ERROR:
        m_service.handleError(m);
        break;

      case AWeatherService.MESSAGE_INFO:
        m_service.handleInfo(m);
        break;

      case AWeatherService.MESSAGE_RECEIVED:
        m_service.handleReceived(m);
        break;
      }
    }
  };
  private AWeatherService m_service;
  private final BlockingQueue<Object> queue = new LinkedBlockingQueue<Object>(
      1024);
  protected DatagramSocket socket = null;

  void begin() {
    try {
      socket = new DatagramSocket();
    } catch (SocketException e1) {
      // TODO Auto-generated catch block
      e1.printStackTrace();
    }
    new Thread(new Runnable() {
      @Override
      public void run() {
        while (true) {
          try {
            Object o = queue.take();
            process(o);
            Thread.sleep(750);
          } catch (InterruptedException e) {
            e.printStackTrace();
          }
        }
      }
    }, "Consumer").start();
  }

  private void forwardMsg(final int type, final String s) {
    final Message m = Message.obtain(m_handler, type);
    m.obj = new Msg(s);
    m_handler.sendMessage(m);
  }

  private void process(Object o) {
    if (o instanceof DatagramPacket)
      processDGP(o);
    else if (o instanceof String)
      processStr(o);
    else if (o instanceof Info)
      processInfo(o);
  }

  private void processDGP(Object o) {
    DatagramPacket packet = (DatagramPacket) o;
    InetAddress address = packet.getAddress();
    int port = packet.getPort();
    byte[] data = packet.getData();
    try {
      packet = new DatagramPacket(data, data.length, address, port);
    } catch (Exception e) {
      e.printStackTrace();
      return;
    }
    try {
      socket.send(packet);
    } catch (IOException e) {
      // TODO Auto-generated catch block
      e.printStackTrace();
    }
  }

  private void processInfo(Object o) {
    forwardMsg(AWeatherService.MESSAGE_INFO, new Date().toString() + " : "
        + ((Info) o).toString());
  }

  private void processStr(Object o) {
    String s = ((String) (o)).trim();
    if (s.equals("update"))
      forwardMsg(AWeatherService.MESSAGE_RECEIVED, s);
    else forwardMsg(AWeatherService.MESSAGE_INFO, new Date().toString() + " : "
        + ((String) (o)).trim());

  }

  public void close() {
    socket.close();
    System.out.println("Responder closed.");
  }

  public void respond(Object o) throws InterruptedException {
    if (o != null)
      queue.put(o);
  }

  public Responder(final AWeatherService a) {
    m_service = a;

  }
}
package org.nws.aweather;

import android.app.Activity;
import android.app.ActivityManager;
import android.app.ActivityManager.RunningServiceInfo;
import android.content.Context;
import android.content.Intent;
import android.os.Bundle;
import android.view.View;
import android.view.View.OnClickListener;
import android.widget.Button;

public class ServiceLauncher extends Activity {
  private Button start;
  private final OnClickListener startListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      startService(new Intent(ServiceLauncher.this, AWeatherService.class));
      update();
    }
  };

  private Button stop;

  private final OnClickListener stopListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      stopService(new Intent(ServiceLauncher.this, AWeatherService.class));
      update();
    }
  };

  private boolean serviceIsRunning() {
    ActivityManager manager = (ActivityManager) getSystemService(Context.ACTIVITY_SERVICE);
    for (RunningServiceInfo service : manager
        .getRunningServices(Integer.MAX_VALUE)) {
      if (AWeatherService.class.getName().equals(
          service.service.getClassName())) {
        return true;
      }
    }
    return false;
  }

  private void update() {
    boolean f = serviceIsRunning();
    start.setEnabled(!f);
    stop.setEnabled(f);
  }

  /** Called when the activity is first created. */
  @Override
  public void onCreate(final Bundle savedInstanceState) {
    super.onCreate(savedInstanceState);
    setContentView(R.layout.servicelauncher);
    start = (Button) findViewById(R.id.startButton);
    stop = (Button) findViewById(R.id.stopButton);
    start.setOnClickListener(startListener);
    stop.setOnClickListener(stopListener);
    update();
  }

}
package org.nws.aweather;

import java.net.InetAddress;
import java.net.UnknownHostException;

import org.nws.aweather.forecast.FetchForecast;

import android.app.Activity;
import android.os.Bundle;
import android.text.Editable;
import android.text.TextWatcher;
import android.view.View;
import android.view.View.OnClickListener;
import android.widget.Button;
import android.widget.EditText;
import android.widget.Toast;

public class SetServer extends Activity {
  private Button cancelButton;
  private final OnClickListener cancelListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      finish();
    }
  };
  private Button defaultButton;
  private final OnClickListener defaultListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      String s = FetchForecast.getInstance().getDefaultUrl();
      url.setText(s);
    }
  };
  private Button setUrlButton;

  private final OnClickListener setUrlListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      if (isvalidurl()){
        String s = url.getText().toString();
        FetchForecast.getInstance().setUrl(s);
            setResult( RESULT_OK, getIntent( ) );
        finish();
      }
      else
        Toast.makeText(SetServer.this, "Invalid Url", Toast.LENGTH_LONG)
            .show();
    }
  };

  private EditText url;
  private boolean isvalidurl() {
    String s = url.getText().toString();
    try {
      @SuppressWarnings("unused")
      InetAddress serverAddress = InetAddress.getByName(s);
    } catch (UnknownHostException e) {
      return false;
    }
    return true;
  }
  
  private void update()
  {
    setUrlButton.setEnabled(isvalidurl());
  }

  @Override
  protected void onCreate(Bundle savedInstanceState) {
    super.onCreate(savedInstanceState);
    setContentView(R.layout.setserver);
      setResult( RESULT_CANCELED, getIntent( ) );
    url = (EditText) findViewById(R.id.enterurl);
    String s = FetchForecast.getInstance().getUrl();
    url.setText(s);
    setUrlButton = (Button) findViewById(R.id.setUrlButton);
    defaultButton = (Button) findViewById(R.id.defaultButton);
    cancelButton = (Button) findViewById(R.id.CancelButton);
    setUrlButton.setOnClickListener(setUrlListener);
    defaultButton.setOnClickListener(defaultListener);
    cancelButton.setOnClickListener(cancelListener);
    url.addTextChangedListener(new TextWatcher() {

      @Override
      public void afterTextChanged(Editable arg0) {
        
      }

      @Override
      public void beforeTextChanged(CharSequence arg0, int arg1,
          int arg2, int arg3) {
        
      }

      @Override
      public void onTextChanged(CharSequence arg0, int arg1, int arg2,
          int arg3) {
        update();
        
      }

      });
  }

}
package org.nws.aweather;

import java.io.BufferedInputStream;
import java.io.IOException;
import java.net.URL;
import java.net.URLConnection;
import java.util.List;

import org.nws.aweather.forecast.FetchForecast;
import org.nws.aweather.forecast.NWSWeatherObject;

import android.graphics.Bitmap;
import android.graphics.BitmapFactory;
import android.os.Handler;
import android.widget.ArrayAdapter;
import android.widget.Button;
import android.widget.ImageView;
import android.widget.Spinner;
import android.widget.TextView;

public class WeatherGallery {
  private final Handler handler;
  private final ArrayAdapter<String> locationAdapter;
  private final Spinner locationChooser;
  private final LocationManager locationManager;
  private final AWeather owner;
  private final Button refreshButton;

  private Bitmap getImage(final String httpLocation) throws IOException {
    Bitmap result = null;
    final URL url = new URL(httpLocation);
    final URLConnection con = url.openConnection();
    final BufferedInputStream in = new BufferedInputStream(
        con.getInputStream());
    result = BitmapFactory.decodeStream(in);
    in.close();
    return result;
  }

  private void updateWeather(final NWSWeatherObject nwo) {
    final ImageView i = (ImageView) owner.findViewById(R.id.image1);
    if (i == null)
      // view has bailed on us- just fail fast
      return;
    try {
      final List<String> conditions = nwo.getConditionIconLinks();
      final String first = conditions.get(0);
      final Bitmap bm = getImage(first);
      i.setImageBitmap(bm);
    } catch (final IOException e) {
      throw new RuntimeException(e);
    }
    final TextView t = (TextView) owner.findViewById(R.id.day);
    t.setText("Tomorrow");
  }

  private void updateWeather(final String s) {
    final ImageView i = (ImageView) owner.findViewById(R.id.image1);
    if (i == null)
      // view has bailed on us- just fail fast
      return;
    try {
      final Bitmap bm = getImage(s);
      i.setImageBitmap(bm);
    } catch (final IOException e) {
      throw new RuntimeException(e);
    }
    final TextView t = (TextView) owner.findViewById(R.id.day);
    t.setText("Tomorrow");
  }

  public void gotWeather(final NWSWeatherObject nwo) {
    final Thread X = new Thread() {
      @Override
      public void run() {
        updateWeather(nwo);
      }
    };
    handler.post(X);
  }

  public void gotWeather(final String s) {
    final Thread X = new Thread() {
      @Override
      public void run() {
        updateWeather(s);
      }
    };
    handler.post(X);
  }

  public void logError(Object p) {
    owner.forwardMsg(AWeatherService.MESSAGE_ERROR, p);
  }

  public void refresh() {
    final String[] location = locationManager.getLocation(0);
    FetchForecast.getInstance().requestForecast(location[1], location[2]);
  }

  public WeatherGallery(final AWeather owner) {
    this.owner = owner;
    FetchForecast.parent = this;
    locationManager = owner.getLocationManager();
    
    locationChooser = (Spinner) owner.findViewById(R.id.locationChooser);
    refreshButton = (Button) owner.findViewById(R.id.refreshButton);
    refreshButton.setOnClickListener(owner);
    handler = new Handler();
    locationAdapter = new ArrayAdapter<String>(
        owner.getApplicationContext(),
        android.R.layout.simple_spinner_item);
    final String[] location = locationManager.getLocation(locationManager
        .getSelected());
    locationAdapter.add(location[0]);
    String s = locationManager.getServer();
    FetchForecast.getInstance().setUrl(s);
    FetchForecast.getInstance().requestForecast(location[1], location[2]);
    locationChooser.setAdapter(locationAdapter);
  }
}

http://www.weatherpushupdates.com
http://forecast.weather.gov/MapClick.php?textField1=38.99&textField2=-77.01


package com.nws.nwsserver;

import java.io.Serializable;

public class Info implements Serializable {
  private static final long serialVersionUID = 1L;
  public String data;
  public int id;
  public String lat;
  public String lon;

  @Override
  public String toString() {
    return String.format("id: %d, lat=%s, long=%s, data=%s", id, lat, lon,
        data);
  }
}
package org.nws.aweather;

import java.util.TreeMap;

import android.content.Context;
import android.location.Address;
import android.location.Geocoder;
import android.os.Build;
import android.os.Handler;
import android.text.Editable;
import android.view.KeyEvent;
import android.view.View;
import android.view.View.OnClickListener;
import android.view.View.OnKeyListener;
import android.widget.AdapterView;
import android.widget.AdapterView.OnItemSelectedListener;
import android.widget.ArrayAdapter;
import android.widget.Button;
import android.widget.EditText;
import android.widget.Spinner;
import android.widget.TextView;

public class AddLocation implements OnClickListener, OnKeyListener,
    OnItemSelectedListener {
  private final class GeocodeResultsHandler implements Runnable {
    @Override
    public void run() {
      geocodeFinished();
    }
  }

  public static final int GEOCODE_STATUS_LOOKUP_FAIL = 2;
  public static final int GEOCODE_STATUS_NETWORK_ERROR = 1;
  public static final int GEOCODE_STATUS_SUCCESS = 3;
  private final Context context;
  private final EditText enterLocation;
  private final boolean geocoding;
  private final TextView log;
  private final Button lookupLocation;
  private final AWeather owner;
  private final Button showweather;
  protected Address geocoded;
  protected int geocodeStatus;
  protected final GeocodeResultsHandler grh = new GeocodeResultsHandler();
  protected Handler handler = new Handler();

  private synchronized void geocode(final String place) {
    if (geocoding)
      return;
    lookupLocation.setEnabled(false);
    showweather.setEnabled(false);
    log(owner.getString(R.string.searchingForLocation));
    final GeocodePlace gp = new GeocodePlace(place, this, context);
    new Thread(gp).start();
  }

  public void geocodeFinished() {
    lookupLocation.setEnabled(true);
    showweather.setEnabled(true);
    if (geocodeStatus == GEOCODE_STATUS_SUCCESS) {
      final StringBuilder sb = new StringBuilder(
          owner.getString(R.string.foundLocation));
      sb.append(geocoded.getLocality()).append(" (")
          .append(geocoded.getAdminArea()).append(")");
      log(sb.toString());
      owner.getLocationManager().storeLocation(geocoded);
    } else if (geocodeStatus == GEOCODE_STATUS_NETWORK_ERROR)
      log(owner.getString(R.string.geocodeNetworkError));
    else
      // geocode status will be lookup fail
      log(owner.getString(R.string.geocodeLookupFailure));
    geocoded = null;
    geocodeStatus = 0;
  }

  public void log(final String text) {
    log.setText(text);
  }

  @Override
  public void onClick(final View v) {
    if (v == lookupLocation) {
      final Editable editable = enterLocation.getText();
      final String s = editable.toString();
      if (Build.VERSION.SDK_INT >= Build.VERSION_CODES.GINGERBREAD
          && Geocoder.isPresent())
        geocode(s);
      else
        log("Geocoder not present");
    } else if (v == showweather) {
      owner.restart();
    }

  }

  @Override
  public void onItemSelected(final AdapterView<?> adapter, final View arg1,
      final int position, final long id) {
    showweather.setEnabled(true);
    owner.getLocationManager().storeSelected(position);
  }

  @Override
  public boolean onKey(final View v, final int keyCode, final KeyEvent event) {
    if (v == enterLocation) {
      final Editable editable = enterLocation.getText();
      final String s = editable.toString();
      if (s.length() == 0)
        lookupLocation.setEnabled(false);
      else
        lookupLocation.setEnabled(true);
      return false;
    }
    if (event.getKeyCode() == KeyEvent.KEYCODE_ENTER) {
      onClick(lookupLocation);
      return true;
    }
    return false;
  }

  @Override
  public void onNothingSelected(final AdapterView<?> arg0) {
    // don't do anything...
  }

  public AddLocation(final AWeather owner) {
    this.owner = owner;
    context = owner.getApplicationContext();
    log = (TextView) owner.findViewById(R.id.log);
    enterLocation = (EditText) owner.findViewById(R.id.enterLocation);
    enterLocation.setOnKeyListener(this);
    lookupLocation = (Button) owner.findViewById(R.id.fireLocationLookup);
    lookupLocation.setOnClickListener(this);
    lookupLocation.setEnabled(false);
    showweather = (Button) owner.findViewById(R.id.buttonShowWeather);
    showweather.setOnClickListener(this);
    showweather.setEnabled(false);
    geocoding = false;
    final Spinner spinner = (Spinner) owner
        .findViewById(R.id.locationSpinner);
    final ArrayAdapter<String> adapter = new ArrayAdapter<String>(owner,
        android.R.layout.simple_spinner_item);
    adapter.setDropDownViewResource(android.R.layout.simple_dropdown_item_1line);
    spinner.setAdapter(adapter);
    final LocationManager locationManager = new LocationManager(owner);
    final TreeMap<String, String[]> locations = locationManager
        .getLocations();
    for (final String id : locations.keySet()) {
      final String[] vals = locations.get(id);
      adapter.add(vals[0]);
    }
    int selected = locationManager.getSelected();
    spinner.setOnItemSelectedListener(this);
    spinner.setSelection(selected);
    log(owner.getString(R.string.addLocationExample));
  }
}
package org.nws.aweather;

import org.nws.aweather.forecast.FetchForecast;

import android.app.Activity;
import android.content.ComponentName;
import android.content.Context;
import android.content.Intent;
import android.content.ServiceConnection;
import android.os.Bundle;
import android.os.Handler;
import android.os.IBinder;
import android.os.Message;
import android.view.Menu;
import android.view.MenuItem;
import android.view.View;
import android.view.View.OnClickListener;

public class AWeather extends Activity implements OnClickListener {
  public static final int MENU_ITEM_MANAGE_LOCATIONS = 0;
  public static final int MENU_ITEM_SET_SERVER = 2;
  public static final int MENU_ITEM_START_SERVICE = 1;
  private AddLocation addLocation;
  private LocationManager locationManager;
  private ServiceConnection m_connection = new ServiceConnection() {
    @Override
    public void onServiceConnected(ComponentName className, IBinder service) {
      m_service = ((AWeatherService.LocalBinder) service).getService();
      m_service.setWeatherGallery(weatherGallery);
    }

    @Override
    public void onServiceDisconnected(ComponentName className) {
      m_service = null;
    }
  };
  private final Handler m_handler = new Handler() {
    @Override
    public void handleMessage(final Message msg) {
      final Msg m = (Msg) msg.obj;
      ;
      switch (msg.what) {
      case AWeatherService.MESSAGE_DISCONNECTED:
        m_service.handleDisconnected(m);
        break;

      case AWeatherService.MESSAGE_CONNECTED:
        m_service.handleConnected(m);
        break;

      case AWeatherService.MESSAGE_ERROR:
        m_service.handleError(m);
        break;

      case AWeatherService.MESSAGE_INFO:
        m_service.handleInfo(m);
        break;

      case AWeatherService.MESSAGE_RECEIVED:
        m_service.handleReceived(m);
        break;
      }
    }
  };
  private static final int SET_SERVER = 10;
      private boolean m_isbound = false;

  private AWeatherService m_service;

  private WeatherGallery weatherGallery = null;

  void doBindService() {
    bindService(new Intent(AWeather.this, AWeatherService.class),
        m_connection, Context.BIND_AUTO_CREATE);
    m_isbound = true;
  }

  void doUnbindService() {
    if (m_isbound) {
      unbindService(m_connection);
      m_isbound = false;
    }
  }

  protected LocationManager getLocationManager() {
    return locationManager;
  }

  @Override
  protected void onDestroy() {
    super.onDestroy();
    m_service.setWeatherGallery(null);
    doUnbindService();
  }

  public void forwardMsg(final int type, final Object s) {
    final Message m = Message.obtain(m_handler, type);
    m.obj = new Msg(s);
    m_handler.sendMessage(m);
  }

  @Override
  public void onClick(View view) {
    weatherGallery.refresh();
    //m_service.m_networklistener.push();
  }

  @Override
  public void onCreate(final Bundle savedInstanceState) {
    super.onCreate(savedInstanceState);
    locationManager = new LocationManager(this);
    if (locationManager.getLocationCount() == 0) {
      setContentView(R.layout.addlocation);
      addLocation = new AddLocation(this);
    } else {
      setContentView(R.layout.main);
      weatherGallery = new WeatherGallery(this);
    }
    doBindService();
    startService(new Intent(this, AWeatherService.class));
  }

  @Override
  public boolean onCreateOptionsMenu(final Menu menu) {
    super.onCreateOptionsMenu(menu);
    menu.add(0, MENU_ITEM_MANAGE_LOCATIONS, 0, R.string.manageLocations);
    menu.add(0, MENU_ITEM_START_SERVICE, 0, R.string.manageService);
    menu.add(0, MENU_ITEM_SET_SERVER, 0, R.string.setserver);
    return true;
  }

  @Override
  public boolean onOptionsItemSelected(final MenuItem item) {
    switch (item.getItemId()) {
    case MENU_ITEM_MANAGE_LOCATIONS:

      setContentView(R.layout.addlocation);
      if (addLocation == null)
        addLocation = new AddLocation(this);
      return true;
    case MENU_ITEM_START_SERVICE:
      startActivity(new Intent(this, ServiceLauncher.class));
      return true;
    case MENU_ITEM_SET_SERVER:
      startActivityForResult(new Intent(this, SetServer.class), SET_SERVER);
      return true;
    }
    return false;
  }

  @Override
  protected void onActivityResult(int requestCode, int resultCode, Intent data) {
      if ( requestCode == SET_SERVER && resultCode == Activity.RESULT_OK ){
        String s = FetchForecast.getInstance().getUrl();
        locationManager.storeServer(s);
        restart();
      }
    super.onActivityResult(requestCode, resultCode, data);
  }

  public void restart() {
    stopService(new Intent(this, AWeatherService.class));
    Intent i = getBaseContext().getPackageManager()
        .getLaunchIntentForPackage(getBaseContext().getPackageName());
    i.addFlags(Intent.FLAG_ACTIVITY_CLEAR_TOP);
    startActivity(i);
  }
}package org.nws.aweather;

import java.io.IOException;
import java.net.DatagramPacket;
import java.net.SocketException;
import java.util.Calendar;
import java.util.Timer;

import android.app.Notification;
import android.app.NotificationManager;
import android.app.PendingIntent;
import android.app.Service;
import android.content.Intent;
import android.os.Binder;
import android.os.IBinder;
import android.widget.Toast;

public class AWeatherService extends Service implements NetworkTaskEvents {

  public class LocalBinder extends Binder {
    AWeatherService getService() {
      return AWeatherService.this;
    }
  }

  private static boolean showToasts = false;
  public static final int MESSAGE_CONNECTED = 0;
  public static final int MESSAGE_DISCONNECTED = 1;
  public static final int MESSAGE_ERROR = 2;
  public static final int MESSAGE_INFO = 3;

  public static final int MESSAGE_RECEIVED = 4;

  private Long m_counter = 0L;

  public NetworkListener m_networklistener;

  private Responder m_responder;

  private WeatherGallery m_weathergallery = null;

  private final IBinder mBinder = new LocalBinder();

  private NotificationManager nm;

  private final Calendar time = Calendar.getInstance();

  private final Timer timer = new Timer();

  private void connect() {
    try {
      m_responder = new Responder(this);
      m_responder.begin();
      m_networklistener = new NetworkListener(this, 6001);
      m_networklistener.start();
    } catch (SocketException e) {
    }
  }

  private void destroyTimer() {
    if (timer != null)
      timer.cancel();
  }

  private void disconnect() {
    if (m_networklistener != null)
      m_networklistener.close();
    if (m_responder != null)
      m_responder.close();
  }

  /** Show a notification while this service is running. */
  @SuppressWarnings("deprecation")
  private void showNotification() {
    // Use the same text for the ticker and the expanded notification
    final CharSequence text = getText(R.string.service_started);
    // Set the icon, scrolling text and timestamp
    final Notification notification = new Notification(R.drawable.android,
        text, System.currentTimeMillis());
    // The PendingIntent to launch our activity if the user selects this
    // notification
    final PendingIntent contentIntent = PendingIntent.getActivity(this, 0,
        new Intent(this, ServiceLauncher.class), 0);
    // Set the info for the views that show in the notification panel.
    notification.setLatestEventInfo(this, getText(R.string.service_label),
        text, contentIntent);
    // Send the notification.
    // We use a layout id because it is a unique number. We use it later to
    // cancel.
    nm.notify(R.string.service_started, notification);
  }

  @Override
  public void handleConnected(Msg o) {
    Object ob = o.getInfo();
    String s = "Connected";
    if (ob instanceof String)
      s = (String) (ob);
    if (showToasts)
      Toast.makeText(this, s, Toast.LENGTH_LONG).show();
  }

  @Override
  public void handleDisconnected(Msg o) {
    Object ob = o.getInfo();
    String s = "Disconnected";
    if (ob instanceof String)
      s = (String) (ob);
    if (showToasts)
      Toast.makeText(this, s, Toast.LENGTH_LONG).show();
  }

  @Override
  public void handleError(Msg o) {
    Object ob = o.getInfo();
    if (ob instanceof String) {
      String s = (String) (ob);
      if (showToasts)
        Toast.makeText(this, s, Toast.LENGTH_LONG).show();
    } else if (ob instanceof DatagramPacket) {
      try {
        m_responder.respond(ob);
      } catch (InterruptedException e) {
        e.printStackTrace();
      }
    } else if (ob instanceof byte[]) {
      byte bytes[] = (byte[]) ob;
      try {
        m_responder.respond(ConvertUtils.deserializePacket(bytes));
      } catch (InterruptedException e) {
        e.printStackTrace();
      } catch (IOException e) {
        e.printStackTrace();
      }
    }
  }

  @Override
  public void handleInfo(final Msg o) {
    Object ob = o.getInfo();
    String s = "Info";
    if (ob instanceof String)
      s = (String) (ob);
    if (showToasts)
      Toast.makeText(this, s, Toast.LENGTH_LONG).show();
  }

  @Override
  public void handleReceived(Msg o) {
    Object ob = o.getInfo();
    String s = "Received";
    if (ob instanceof String)
      s = (String) (ob);
    if (s.equals("update"))
      if (m_weathergallery != null)
        m_weathergallery.refresh();
    if (showToasts)
      Toast.makeText(this, s, Toast.LENGTH_LONG).show();
  }

  @Override
  public IBinder onBind(final Intent intent) {
    return mBinder;
  }

  @Override
  public void onCreate() {
    super.onCreate();
    nm = (NotificationManager) getSystemService(NOTIFICATION_SERVICE);
    if (showToasts)
      Toast.makeText(this, "Service created at " + time.getTime(),
          Toast.LENGTH_LONG).show();
    showNotification();
    // createTimer();
    connect();
  }

  @Override
  public void onDestroy() {
    super.onDestroy();
    // Cancel the persistent notification.
    destroyTimer();
    disconnect();
    nm.cancel(R.string.service_started);
    if (showToasts)
      Toast.makeText(
          this,
          "Service destroyed at " + time.getTime()
              + "; m_counter is at: " + m_counter,
          Toast.LENGTH_LONG).show();
    m_counter = null;
  }

  @Override
  public int onStartCommand(Intent intent, int flags, int startId) {
    return START_STICKY;
  }

  public void setWeatherGallery(WeatherGallery a) {
    m_weathergallery = a;
  }

}
package org.nws.aweather;

import java.io.ByteArrayInputStream;
import java.io.ByteArrayOutputStream;
import java.io.IOException;
import java.io.ObjectInput;
import java.io.ObjectInputStream;
import java.io.ObjectOutput;
import java.io.ObjectOutputStream;
import java.net.DatagramPacket;
import java.net.InetAddress;

public class ConvertUtils {

  static public DatagramPacket deserializePacket(byte[] packetBytes)
      throws IOException {
    DatagramPacket udp = new DatagramPacket(new byte[1024], 1024);

    ByteArrayInputStream bis = new ByteArrayInputStream(packetBytes);
    ObjectInput in = null;
    try {
      in = new ObjectInputStream(bis);
      udp.setAddress((InetAddress) in.readObject());
      udp.setPort((Integer) in.readObject());
      udp.setData((byte[]) in.readObject());
    } catch (IOException e) {
      e.printStackTrace();
      return null;
    } catch (ClassNotFoundException e) {
      e.printStackTrace();
      return null;
    } finally {
      in.close();
      bis.close();
    }

    return udp;
  }

  public int numPackets = 0;

  public void serializePacket(byte[] packetBytes) {
    // record the number of packets and the time between packets received
    // avgInterval
    numPackets += 1;
  }

  public void serializePacket(DatagramPacket udp) throws IOException {
    // byte[] packetBytes = new byte[4096];
    //
    // byte[] tmp = udp.getAddress().getAddress();
    // int offset = 0;
    // System.arraycopy( tmp, 0, packetBytes, offset, tmp.length);
    // offset += tmp.length;
    //
    // ByteBuffer bb = ByteBuffer.allocate(4);
    // bb.putInt(udp.getPort());
    // System.arraycopy( bb.array(), 0, packetBytes, offset, 4);
    // offset += 4;
    //
    // bb.putInt(udp.getLength());
    // System.arraycopy( bb.array(), 0, packetBytes, offset, 4);
    // offset += 4;
    //
    // System.arraycopy( udp.getData(), 0, packetBytes, offset,
    // udp.getLength());
    // serializePacket(packetBytes);

    ByteArrayOutputStream bos = new ByteArrayOutputStream();
    ObjectOutput out = null;
    try {
      out = new ObjectOutputStream(bos);
      out.writeObject(udp.getAddress());
      out.write(udp.getPort());
      out.writeObject(udp.getData());

      serializePacket(bos.toByteArray());
    } catch (IOException e) {
      e.printStackTrace();
    } finally {
      out.close();
      bos.close();
    }
  }
}package org.nws.aweather.forecast;

import java.io.BufferedReader;
import java.io.ByteArrayInputStream;
import java.io.ByteArrayOutputStream;
import java.io.IOException;
import java.io.InputStream;
import java.io.InputStreamReader;
import java.io.ObjectInput;
import java.io.ObjectInputStream;
import java.io.ObjectOutputStream;
import java.io.OutputStream;
import java.io.OutputStreamWriter;
import java.io.PrintWriter;
import java.net.DatagramPacket;
import java.net.DatagramSocket;
import java.net.InetAddress;
import java.net.Socket;
import java.net.SocketException;
import java.net.UnknownHostException;
import java.text.DateFormat;
import java.text.SimpleDateFormat;
import java.util.Calendar;
import java.util.Random;
import java.util.concurrent.BlockingQueue;
import java.util.concurrent.LinkedBlockingQueue;
import java.util.concurrent.TimeUnit;

import org.nws.aweather.WeatherGallery;
import org.xml.sax.helpers.DefaultHandler;

import com.nws.nwsserver.Info;

public class FetchForecast extends DefaultHandler implements Runnable {

  private static final String BEGIN = "&begin=";
  private static final DateFormat DATE_FORMAT = new SimpleDateFormat(
      "yyyy-MM-dd'T'hh':00:00'");
  private static final String END = "&end=";
  private static final String HOST = "graphical.weather.gov";
  private static final String LAT = "&lat=";
  private static final String LON = "&lon=";
  private static final int MAX_RETRIES = 3;
  private static final int PORT = 5559;
  private static FetchForecast theInstance = null;

  private static final long TIMEOUT_SECS = 10;

  private static final int UDP_WC_PORT = 10000;
  private static final String UDP_LOCAL = "www.weatherpushupdates.com";
  private static final int UDP_WS_PORT = 5559;
  //public static String udpWsHost = "192.168.19.207";
  public static String udpWsHost = UDP_LOCAL;
  private static final String URL_PREFIX = "/xml/sample_products/browser_interface/ndfdXMLclient.php?"
      + "&product=time-series&icons=icons";
  public static WeatherGallery parent = null;
  public static FetchForecast getInstance() {
    if (theInstance == null) {
      theInstance = new FetchForecast();
      new Thread(theInstance).start();
    }
    return theInstance;
  }

  private final boolean activeFlag = true;
  private Info currentRequestMsg;
  private final BlockingQueue<Info> recvQueue = new LinkedBlockingQueue<Info>(
      1024);
  private int requestId = (new Random()).nextInt();
  private InetAddress serverAddress;

  private DatagramSocket socket;
  private String urlString;

  public boolean useUDPProtocol = true;

  private void getDirectNWS(String lat, String lon) {

    final StringBuilder url = new StringBuilder(URL_PREFIX);
    url.append(LAT).append(lat).append(LON).append(lon);
    final Calendar start = Calendar.getInstance();
    final Calendar end = Calendar.getInstance();
    end.add(Calendar.DAY_OF_MONTH, 7);
    url.append(BEGIN).append(DATE_FORMAT.format(start.getTime()));
    url.append(END).append(DATE_FORMAT.format(end.getTime()));
    urlString = url.toString();

    try {
      System.out.println("Ripping: " + urlString);
      final Socket s = new Socket(HOST, PORT);
      final OutputStream os = s.getOutputStream();
      final PrintWriter out = new PrintWriter(new OutputStreamWriter(os));
      final StringBuilder request = new StringBuilder("GET ").append(
          urlString).append("HTTP/1.1");
      request.append("\n");
      request.append("Host: ").append(HOST).append("\n");
      request.append("\n");
      out.print(request);
      out.flush();
      final InputStream in = s.getInputStream();
      // String t = getIn(in);
      //
      // int n = t.length( );
      final NWSWeatherXMLParser parser = new NWSWeatherXMLParser(in);
      parser.parse(parent);
      System.out.println("Finished parsing");
    } catch (final Exception e) {
      throw new RuntimeException(e);
    }
  }

  @SuppressWarnings("unused")
  private String getIn(final InputStream in) {
    final InputStreamReader is = new InputStreamReader(in);
    final StringBuilder sb = new StringBuilder();
    final BufferedReader br = new BufferedReader(is);
    String read = null;
    try {
      read = br.readLine();
    } catch (final IOException e) {
      // TODO Auto-generated catch block
      e.printStackTrace();
    }
    while (read != null) {
      // System.out.println(read);
      sb.append(read);
      try {
        read = br.readLine();
      } catch (final IOException e) {
        // TODO Auto-generated catch block
        e.printStackTrace();
      }
    }
    return sb.toString();
  }

  private void getUDPWeatherServce(String lat, String lon) {
    currentRequestMsg = new Info();
    currentRequestMsg.data = "REQW_GETFORCAST";
    currentRequestMsg.lat = lat;
    currentRequestMsg.lon = lon;

    int nTries = MAX_RETRIES;
    currentRequestMsg.id = requestId++;
    while (nTries > 0) {
      nTries--;
      // currentRequestMsg.id = requestId++;

      byte[] sendBuf = null;
      try {
        ByteArrayOutputStream bos = new ByteArrayOutputStream();
        ObjectOutputStream out = new ObjectOutputStream(bos);
        out.writeObject(currentRequestMsg);
        out.close();
        sendBuf = bos.toByteArray();
        bos.close();
      } catch (IOException e) {
        parent.logError(e.getMessage());
        return;
      }

      DatagramPacket sendPkt = new DatagramPacket(sendBuf,
          sendBuf.length, serverAddress, UDP_WS_PORT);

      try {
        if ((socket != null) && (serverAddress != null)) {
          socket.send(sendPkt);
        }
      } catch (IOException e1) {
        parent.logError(e1.getMessage());
        return;
      }

      Info recvMsg;
      do {
        try {
          recvMsg = recvQueue.poll(TIMEOUT_SECS, TimeUnit.SECONDS);
          if (recvMsg != null)
            if (isValid(recvMsg, currentRequestMsg)) {
              parent.gotWeather(recvMsg.data);
              return;
            }

        } catch (InterruptedException e) {
          // TODO Auto-generated catch block
          e.printStackTrace();
        } catch (Exception e) {
          // TODO Auto-generated catch block
          e.printStackTrace();
        }
      } while (!recvQueue.isEmpty());
    }
  }

  private boolean isValid(Info info_in, Info info_out) {
    return info_in.id == info_out.id;
  }

  public String getDefaultUrl() {
    return UDP_LOCAL;
  }

  public String getUrl() {
    return udpWsHost;
  }
  
  public void initializeUDP() {
    try {
      serverAddress = InetAddress.getByName(udpWsHost);
    } catch (UnknownHostException e) {
      parent.logError(e.getMessage());
      return;
    }
    try {
      socket = new DatagramSocket(UDP_WC_PORT);
    } catch (SocketException e) {
      parent.logError(e.getMessage());
    }
  }

  public void requestForecast(String lat, String lon) {
    if (!useUDPProtocol)
      getDirectNWS(lat, lon);
    else
      getUDPWeatherServce(lat, lon);
  }

  @Override
  public void run() {
    initializeUDP();
    while (activeFlag) {
      byte recvBuf[] = new byte[4096];
      DatagramPacket recvPkt = new DatagramPacket(recvBuf, recvBuf.length);

      try {
        socket.receive(recvPkt);
      } catch (IOException e) {
        parent.logError(e.getMessage());
        continue;
      }
      Info recvInfo = null;
      try {
        ByteArrayInputStream bis = new ByteArrayInputStream(
            recvPkt.getData());
        ObjectInput in = new ObjectInputStream(bis);
        recvInfo = (Info) in.readObject();
      } catch (Exception e) {
        parent.logError(recvPkt.getData());
        continue;
      }

      if (isValid(recvInfo, currentRequestMsg)) {
        recvQueue.offer(recvInfo);
      } else {
        parent.logError("Invalid id.");
      }
    }
  }

  public void setUrl(String url) {
    udpWsHost = url;
  }
}
package org.nws.aweather.forecast;

import java.util.ArrayList;
import java.util.Date;
import java.util.LinkedHashMap;
import java.util.List;

public class NWSWeatherObject {
  private final List<String> conditionIconLinks;
  private String conditionIconTimeLayout;
  private Date createdOn;
  private String moreInfoLink;
  private String mostRecentTimeLayout;
  private final LinkedHashMap<String, List<TimeLayoutBand>> timeLayouts;

  public void addConditionIconLink(final String link) {
    conditionIconLinks.add(link);
  }

  public void addNewTimeBand(final Date date) {
    final List<TimeLayoutBand> l = timeLayouts.get(mostRecentTimeLayout);
    final TimeLayoutBand tlb = new TimeLayoutBand(date);
    l.add(tlb);
  }

  public void addTimeLayout(final String name) {
    mostRecentTimeLayout = name;
    timeLayouts.put(name, new ArrayList<TimeLayoutBand>());
  }

  public void closeCurrentTimeBand(final Date end) {
    final List<TimeLayoutBand> l = timeLayouts.get(mostRecentTimeLayout);
    final TimeLayoutBand last = l.get(l.size() - 1);
    last.setEndDate(end);
  }

  public List<String> getConditionIconLinks() {
    return conditionIconLinks;

  }

  public String getConditionIconTimeLayout() {
    return conditionIconTimeLayout;
  }

  public Date getCreatedOn() {
    return createdOn;
  }

  public String getMoreInfoLink() {
    return moreInfoLink;
  }

  public void setConditionIconTimeLayout(final String name) {
    conditionIconTimeLayout = name;
  }

  public void setCreatedOn(final Date date) {
    createdOn = date;
  }

  public void setMoreInfoLink(final String moreInfoLink) {
    this.moreInfoLink = moreInfoLink;
  }

  public NWSWeatherObject() {
    timeLayouts = new LinkedHashMap<String, List<TimeLayoutBand>>();
    conditionIconLinks = new ArrayList<String>();
  }
}
package org.nws.aweather.forecast;

import java.io.InputStream;
import java.text.ParseException;
import java.text.SimpleDateFormat;
import java.util.Date;

import javax.xml.parsers.SAXParser;
import javax.xml.parsers.SAXParserFactory;

import org.nws.aweather.WeatherGallery;
import org.xml.sax.Attributes;
import org.xml.sax.SAXException;
import org.xml.sax.helpers.DefaultHandler;

/**
 * Responsible for parsing through the XML recovered from an NWS hit. There are
 * two core sections to look for:
 * <ul>
 * <li>time-layout: which contains sections/spans of time</li>
 * <li>parameters: which contains specific blocks of weather data</li>
 * </ul>
 * 
 * @author keerat
 */
public class NWSWeatherXMLParser extends DefaultHandler {
  // condition icons
  private static final String CONDITIONS = "conditions-icon";
  private static final SimpleDateFormat CREATED_DATE_FORMATTER = new SimpleDateFormat(
      "yyyy-MM-dd'T'HH:mm:ss'Z'");
  // <creation-date
  // refresh-frequency="PT1H">2009-03-14T20:58:51Z</creation-date>
  private static final String CREATION_DATE = "creation-date";
  private static final String END_VALID_TIME = "end-valid-time";
  private static final String ICON_LINK = "icon-link";
  private static final String LAYOUT_KEY = "layout-key";
  // <moreWeatherInformation applicable-location="point1">
  // http://forecast.weather.gov/MapClick.php?textField1=38.99&textField2=-77.01
  // </moreWeatherInformation>
  private static final String MORE_INFO = "moreWeatherInformation";
  private static final String START_VALID_TIME = "start-valid-time";
  private static final String TIME_LAYOUT = "time-layout";
  // <start-valid-time>2009-03-14T08:00:00-04:00</start-valid-time>
  private static final SimpleDateFormat TIME_LAYOUT_DATE_FORMATTER = new SimpleDateFormat(
      "yyyy-MM-dd'T'HH:mm:ssz");
  private String currentTag;
  private final InputStream in;
  private final NWSWeatherObject nwo;
  private WeatherGallery parent;

  private void handleCreationDate(final String dateString) {
    try {
      final Date date = CREATED_DATE_FORMATTER.parse(dateString);
      nwo.setCreatedOn(date);
    } catch (final ParseException e) {
    }
  }

  private void handleEndValidTime(final String endTimeString) {
    try {
      final Date date = TIME_LAYOUT_DATE_FORMATTER.parse(endTimeString);
      nwo.closeCurrentTimeBand(date);
    } catch (final ParseException e) {
    }
  }

  private void handleStartValidTime(final String startTimeString) {
    try {
      final Date date = TIME_LAYOUT_DATE_FORMATTER.parse(startTimeString);
      nwo.addNewTimeBand(date);
    } catch (final ParseException e) {
    }
  }

  @Override
  public void characters(final char[] ch, final int start, final int length)
      throws SAXException {
    if (currentTag.equals(CREATION_DATE))
      handleCreationDate(new String(ch, start, length));
    if (currentTag.equals(MORE_INFO))
      nwo.setMoreInfoLink(new String(ch, start, length));
    if (currentTag.equals(LAYOUT_KEY))
      nwo.addTimeLayout(new String(ch, start, length));
    if (currentTag.equals(START_VALID_TIME))
      handleStartValidTime(new String(ch, start, length));
    if (currentTag.equals(END_VALID_TIME))
      handleEndValidTime(new String(ch, start, length));
    if (currentTag.equals(ICON_LINK))
      nwo.addConditionIconLink(new String(ch, start, length));
  }

  @Override
  public void endDocument() throws SAXException {
    parent.gotWeather(nwo);
  }

  @Override
  public void endElement(final String uri, final String localName,
      final String name) throws SAXException {
    currentTag = "";
  }

  public void parse(final WeatherGallery parent) throws Exception {
    final SAXParserFactory saxParserFactory = SAXParserFactory
        .newInstance();
    final SAXParser parser = saxParserFactory.newSAXParser();
    this.parent = parent;
    parser.parse(in, this);
  }

  @Override
  public void startElement(final String uri, final String localName,
      final String name, final Attributes attributes) throws SAXException {
    currentTag = localName;
    if (currentTag.equals(CONDITIONS)) {
      // rip the time layout
      final String timeLayoutName = attributes.getValue(TIME_LAYOUT);
      nwo.setConditionIconTimeLayout(timeLayoutName);
    }
  }

  public NWSWeatherXMLParser(final InputStream in) {
    this.in = in;
    currentTag = "";
    nwo = new NWSWeatherObject();
  }
}
package org.nws.aweather.forecast;

import java.util.Date;

public class TimeLayoutBand {
  private Date end;
  private final Date start;

  public Date getEnd() {
    return end;
  }

  public Date getStart() {
    return start;
  }

  public boolean isPointInTime() {
    if (start.equals(end))
      return true;
    else
      return false;
  }

  public void setEndDate(final Date end) {
    this.end = end;
  }

  public TimeLayoutBand(final Date start) {
    this.start = start;
    end = start;
  }
}
package org.nws.aweather;

import java.io.IOException;
import java.util.List;
import java.util.Locale;

import android.content.Context;
import android.location.Address;
import android.location.Geocoder;

public class GeocodePlace implements Runnable {
  private final Context context;
  private final AddLocation owner;
  private final String place;

  @Override
  public void run() {
    final Geocoder geocoder = new Geocoder(context, Locale.getDefault());
    List<Address> addresses = null;
    boolean found = false;
    try {
      addresses = geocoder.getFromLocationName(place, 1);
      if (addresses != null && addresses.size() > 0) {
        found = true;
        owner.geocodeStatus = AddLocation.GEOCODE_STATUS_SUCCESS;
      } else
        owner.geocodeStatus = AddLocation.GEOCODE_STATUS_LOOKUP_FAIL;
    } catch (final IOException e) {
      owner.geocodeStatus = AddLocation.GEOCODE_STATUS_NETWORK_ERROR;
      found = false;
    }
    if (found) {
      final Address a = addresses.get(0);
      owner.geocoded = a;
    }
    owner.handler.post(owner.grh);
  }

  GeocodePlace(final String place, final AddLocation owner,
      final Context context) {
    this.place = place;
    this.owner = owner;
    this.context = context;
  }
}
package org.nws.aweather;

import java.util.Map;
import java.util.Set;
import java.util.TreeMap;

import org.nws.aweather.forecast.FetchForecast;

import android.content.Context;
import android.content.SharedPreferences;
import android.location.Address;

public class LocationManager {
  private static final String LOCAL_MAP_LOCATION = "llm.";
  private static final String LOCATION_LATITUDE = "location.lat.";
  private static final String LOCATION_LONGITUDE = "location.lon.";
  private static final String LOCATION_NAME = "location.name.";
  private static final String SELECTED = "selected";
  private static final String SERVER = "server";
  private int locationCount;
  private final TreeMap<String, String[]> locations;
  private int selected = 0;
  private String server = FetchForecast.udpWsHost;
  private final SharedPreferences sharedPreferences;

  public String[] getLocation(final int location) {
    final String[] loc = locations.get(LOCAL_MAP_LOCATION + location);
    return loc;
  }

  public int getLocationCount() {
    return locationCount;
  }

  public TreeMap<String, String[]> getLocations() {
    return locations;
  }

  public int getSelected() {
    return selected;
  }

  public String getServer() {
    return server;
  }

  public synchronized void storeLocation(final Address address) {
    if (address == null)
      System.out.println("Could not geocode location!");
    final SharedPreferences.Editor editor = sharedPreferences.edit();
    final String adminArea = address.getAdminArea();
    final String locality = address.getLocality();
    final StringBuilder sb = new StringBuilder(locality).append(" (")
        .append(adminArea).append(")");
    final String latitude = Double.toString(address.getLatitude());
    final String longitude = Double.toString(address.getLongitude());
    final String nameKey = LOCATION_NAME + locationCount;
    final String latKey = LOCATION_LATITUDE + locationCount;
    final String lonKey = LOCATION_LONGITUDE + locationCount;
    editor.putString(nameKey, sb.toString());
    editor.putString(latKey, latitude);
    editor.putString(lonKey, longitude);
    editor.commit();
    locations.put(LOCAL_MAP_LOCATION + locationCount,
        new String[] { sb.toString(), latitude, longitude });
    locationCount++;
  }

  public synchronized void storeSelected(final int i) {
    final SharedPreferences.Editor editor = sharedPreferences.edit();
    editor.putInt(SELECTED, i);
    editor.commit();
    selected = i;
  }

  public synchronized void storeServer(final String s) {
    final SharedPreferences.Editor editor = sharedPreferences.edit();
    editor.putString(SERVER, s);
    editor.commit();
    server = s;
  }

  public LocationManager(final AWeather owner) {
    sharedPreferences = owner.getPreferences(Context.MODE_WORLD_READABLE);
    final Map<String, ?> allParams = sharedPreferences.getAll();
    final Set<String> keys = allParams.keySet();
    locations = new TreeMap<String, String[]>();
    locationCount = 0;
    for (final String key : keys)
      if (key.startsWith(LOCATION_NAME)) {
        final String name = sharedPreferences.getString(LOCATION_NAME
            + locationCount, "Corrupted");
        final String latitude = sharedPreferences.getString(
            LOCATION_LATITUDE + locationCount, "0");
        final String longitude = sharedPreferences.getString(
            LOCATION_LONGITUDE + locationCount, "0");
        locations.put(LOCAL_MAP_LOCATION + locationCount, new String[] {
            name, latitude, longitude });
        locationCount++;
      } else if (key.startsWith(SELECTED)) {
        selected = sharedPreferences.getInt(SELECTED, 0);
      } else if (key.startsWith(SERVER)) {
        server = sharedPreferences.getString(SERVER,  FetchForecast.udpWsHost);
      }

  }
}
package org.nws.aweather;

public class Msg {
  private final Object info;

  public String getDescription() {
    if (info instanceof String)
      return String.format("InfoMsg: info = %s", info);
    return info.toString();
  }

  public Object getInfo() {
    return info;
  }

  public Msg(final Object info) {
    this.info = info;
  }
}package org.nws.aweather;

import java.io.IOException;
import java.net.DatagramPacket;
import java.net.DatagramSocket;
import java.net.InetAddress;
import java.net.SocketException;
import java.util.Date;

import org.nws.aweather.forecast.FetchForecast;

import android.os.Handler;
import android.os.Message;

public class NetworkListener extends Thread {
  private boolean domore = true;

  private final Handler m_handler = new Handler() {
    @Override
    public void handleMessage(final Message msg) {
      final Msg m = (Msg) msg.obj;
      ;
      switch (msg.what) {
      case AWeatherService.MESSAGE_DISCONNECTED:
        m_service.handleDisconnected(m);
        break;

      case AWeatherService.MESSAGE_CONNECTED:
        m_service.handleConnected(m);
        break;

      case AWeatherService.MESSAGE_ERROR:
        m_service.handleError(m);
        break;

      case AWeatherService.MESSAGE_INFO:
        m_service.handleInfo(m);
        break;

      case AWeatherService.MESSAGE_RECEIVED:
        m_service.handleReceived(m);
        break;
      }
    }
  };

  private int m_port;
  private AWeatherService m_service;
  private DatagramSocket socket = null;

  private void forwardMsg(final int type, final String s) {
    final Message m = Message.obtain(m_handler, type);
    m.obj = new Msg(s);
    m_handler.sendMessage(m);

  }

  public void close() {
    socket.close();
    System.out.println("Receiver closed.");
  }

  public void push() {
    byte[] greet = "Hello".getBytes();
    DatagramPacket p;
    try {
      p = new DatagramPacket(greet, greet.length,
          InetAddress.getByName(FetchForecast.udpWsHost), m_port);
      socket.send(p);
      System.out.println(new Date().toString() + " :  Forward: "
          + p.getAddress());
    } catch (Exception e) {
      System.out.print(String.format("Exception: %s\n", e.getMessage()));
    }
  }

  @Override
  public void run() {
    forwardMsg(AWeatherService.MESSAGE_CONNECTED,
        String.format("Receiver started on port %d.", m_port));
    push();
    String s;
    while (domore) {
      try {
        byte[] buf = new byte[256];

        // receive request
        DatagramPacket packet = new DatagramPacket(buf, buf.length);
        socket.receive(packet);
        s = new String(packet.getData()).trim();
        forwardMsg(AWeatherService.MESSAGE_RECEIVED,
            new Date().toString() + " : " + packet.getAddress()
                + ": " + s);
        if (s.equals("update"))
          forwardMsg(AWeatherService.MESSAGE_RECEIVED, s);

      } catch (IOException e) {
        // gets here when ReceiverThread::close() is called.
        domore = false;
      }
    }
    socket.close();
  }

  public NetworkListener(final AWeatherService a, int port)
      throws SocketException {
    super("NetworkListener");
    m_service = a;
    socket = new DatagramSocket(port);
    m_port = port;
  }
}
package org.nws.aweather;

public interface NetworkTaskEvents {
  public void handleConnected(Msg o);

  public void handleDisconnected(Msg o);

  public void handleError(Msg o);

  public void handleInfo(Msg o);

  public void handleReceived(Msg o);
}
package org.nws.aweather;

import java.io.IOException;
import java.net.DatagramPacket;
import java.net.DatagramSocket;
import java.net.InetAddress;
import java.net.SocketException;
import java.util.Date;
import java.util.concurrent.BlockingQueue;
import java.util.concurrent.LinkedBlockingQueue;

import android.os.Handler;
import android.os.Message;

import com.nws.nwsserver.Info;

public class Responder {
  private final Handler m_handler = new Handler() {
    @Override
    public void handleMessage(final Message msg) {
      final Msg m = (Msg) msg.obj;
      ;
      switch (msg.what) {
      case AWeatherService.MESSAGE_DISCONNECTED:
        m_service.handleDisconnected(m);
        break;

      case AWeatherService.MESSAGE_CONNECTED:
        m_service.handleConnected(m);
        break;

      case AWeatherService.MESSAGE_ERROR:
        m_service.handleError(m);
        break;

      case AWeatherService.MESSAGE_INFO:
        m_service.handleInfo(m);
        break;

      case AWeatherService.MESSAGE_RECEIVED:
        m_service.handleReceived(m);
        break;
      }
    }
  };
  private AWeatherService m_service;
  private final BlockingQueue<Object> queue = new LinkedBlockingQueue<Object>(
      1024);
  protected DatagramSocket socket = null;

  void begin() {
    try {
      socket = new DatagramSocket();
    } catch (SocketException e1) {
      // TODO Auto-generated catch block
      e1.printStackTrace();
    }
    new Thread(new Runnable() {
      @Override
      public void run() {
        while (true) {
          try {
            Object o = queue.take();
            process(o);
            Thread.sleep(750);
          } catch (InterruptedException e) {
            e.printStackTrace();
          }
        }
      }
    }, "Consumer").start();
  }

  private void forwardMsg(final int type, final String s) {
    final Message m = Message.obtain(m_handler, type);
    m.obj = new Msg(s);
    m_handler.sendMessage(m);
  }

  private void process(Object o) {
    if (o instanceof DatagramPacket)
      processDGP(o);
    else if (o instanceof String)
      processStr(o);
    else if (o instanceof Info)
      processInfo(o);
  }

  private void processDGP(Object o) {
    DatagramPacket packet = (DatagramPacket) o;
    InetAddress address = packet.getAddress();
    int port = packet.getPort();
    byte[] data = packet.getData();
    try {
      packet = new DatagramPacket(data, data.length, address, port);
    } catch (Exception e) {
      e.printStackTrace();
      return;
    }
    try {
      socket.send(packet);
    } catch (IOException e) {
      // TODO Auto-generated catch block
      e.printStackTrace();
    }
  }

  private void processInfo(Object o) {
    forwardMsg(AWeatherService.MESSAGE_INFO, new Date().toString() + " : "
        + ((Info) o).toString());
  }

  private void processStr(Object o) {
    String s = ((String) (o)).trim();
    if (s.equals("update"))
      forwardMsg(AWeatherService.MESSAGE_RECEIVED, s);
    else forwardMsg(AWeatherService.MESSAGE_INFO, new Date().toString() + " : "
        + ((String) (o)).trim());

  }

  public void close() {
    socket.close();
    System.out.println("Responder closed.");
  }

  public void respond(Object o) throws InterruptedException {
    if (o != null)
      queue.put(o);
  }

  public Responder(final AWeatherService a) {
    m_service = a;

  }
}
package org.nws.aweather;

import android.app.Activity;
import android.app.ActivityManager;
import android.app.ActivityManager.RunningServiceInfo;
import android.content.Context;
import android.content.Intent;
import android.os.Bundle;
import android.view.View;
import android.view.View.OnClickListener;
import android.widget.Button;

public class ServiceLauncher extends Activity {
  private Button start;
  private final OnClickListener startListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      startService(new Intent(ServiceLauncher.this, AWeatherService.class));
      update();
    }
  };

  private Button stop;

  private final OnClickListener stopListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      stopService(new Intent(ServiceLauncher.this, AWeatherService.class));
      update();
    }
  };

  private boolean serviceIsRunning() {
    ActivityManager manager = (ActivityManager) getSystemService(Context.ACTIVITY_SERVICE);
    for (RunningServiceInfo service : manager
        .getRunningServices(Integer.MAX_VALUE)) {
      if (AWeatherService.class.getName().equals(
          service.service.getClassName())) {
        return true;
      }
    }
    return false;
  }

  private void update() {
    boolean f = serviceIsRunning();
    start.setEnabled(!f);
    stop.setEnabled(f);
  }

  /** Called when the activity is first created. */
  @Override
  public void onCreate(final Bundle savedInstanceState) {
    super.onCreate(savedInstanceState);
    setContentView(R.layout.servicelauncher);
    start = (Button) findViewById(R.id.startButton);
    stop = (Button) findViewById(R.id.stopButton);
    start.setOnClickListener(startListener);
    stop.setOnClickListener(stopListener);
    update();
  }

}
package org.nws.aweather;

import java.net.InetAddress;
import java.net.UnknownHostException;

import org.nws.aweather.forecast.FetchForecast;

import android.app.Activity;
import android.os.Bundle;
import android.text.Editable;
import android.text.TextWatcher;
import android.view.View;
import android.view.View.OnClickListener;
import android.widget.Button;
import android.widget.EditText;
import android.widget.Toast;

public class SetServer extends Activity {
  private Button cancelButton;
  private final OnClickListener cancelListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      finish();
    }
  };
  private Button defaultButton;
  private final OnClickListener defaultListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      String s = FetchForecast.getInstance().getDefaultUrl();
      url.setText(s);
    }
  };
  private Button setUrlButton;

  private final OnClickListener setUrlListener = new OnClickListener() {
    @Override
    public void onClick(final View v) {
      if (isvalidurl()){
        String s = url.getText().toString();
        FetchForecast.getInstance().setUrl(s);
            setResult( RESULT_OK, getIntent( ) );
        finish();
      }
      else
        Toast.makeText(SetServer.this, "Invalid Url", Toast.LENGTH_LONG)
            .show();
    }
  };

  private EditText url;
  private boolean isvalidurl() {
    String s = url.getText().toString();
    try {
      @SuppressWarnings("unused")
      InetAddress serverAddress = InetAddress.getByName(s);
    } catch (UnknownHostException e) {
      return false;
    }
    return true;
  }
  
  private void update()
  {
    setUrlButton.setEnabled(isvalidurl());
  }

  @Override
  protected void onCreate(Bundle savedInstanceState) {
    super.onCreate(savedInstanceState);
    setContentView(R.layout.setserver);
      setResult( RESULT_CANCELED, getIntent( ) );
    url = (EditText) findViewById(R.id.enterurl);
    String s = FetchForecast.getInstance().getUrl();
    url.setText(s);
    setUrlButton = (Button) findViewById(R.id.setUrlButton);
    defaultButton = (Button) findViewById(R.id.defaultButton);
    cancelButton = (Button) findViewById(R.id.CancelButton);
    setUrlButton.setOnClickListener(setUrlListener);
    defaultButton.setOnClickListener(defaultListener);
    cancelButton.setOnClickListener(cancelListener);
    url.addTextChangedListener(new TextWatcher() {

      @Override
      public void afterTextChanged(Editable arg0) {
        
      }

      @Override
      public void beforeTextChanged(CharSequence arg0, int arg1,
          int arg2, int arg3) {
        
      }

      @Override
      public void onTextChanged(CharSequence arg0, int arg1, int arg2,
          int arg3) {
        update();
        
      }

      });
  }

}
package org.nws.aweather;

import java.io.BufferedInputStream;
import java.io.IOException;
import java.net.URL;
import java.net.URLConnection;
import java.util.List;

import org.nws.aweather.forecast.FetchForecast;
import org.nws.aweather.forecast.NWSWeatherObject;

import android.graphics.Bitmap;
import android.graphics.BitmapFactory;
import android.os.Handler;
import android.widget.ArrayAdapter;
import android.widget.Button;
import android.widget.ImageView;
import android.widget.Spinner;
import android.widget.TextView;

public class WeatherGallery {
  private final Handler handler;
  private final ArrayAdapter<String> locationAdapter;
  private final Spinner locationChooser;
  private final LocationManager locationManager;
  private final AWeather owner;
  private final Button refreshButton;

  private Bitmap getImage(final String httpLocation) throws IOException {
    Bitmap result = null;
    final URL url = new URL(httpLocation);
    final URLConnection con = url.openConnection();
    final BufferedInputStream in = new BufferedInputStream(
        con.getInputStream());
    result = BitmapFactory.decodeStream(in);
    in.close();
    return result;
  }

  private void updateWeather(final NWSWeatherObject nwo) {
    final ImageView i = (ImageView) owner.findViewById(R.id.image1);
    if (i == null)
      // view has bailed on us- just fail fast
      return;
    try {
      final List<String> conditions = nwo.getConditionIconLinks();
      final String first = conditions.get(0);
      final Bitmap bm = getImage(first);
      i.setImageBitmap(bm);
    } catch (final IOException e) {
      throw new RuntimeException(e);
    }
    final TextView t = (TextView) owner.findViewById(R.id.day);
    t.setText("Tomorrow");
  }

  private void updateWeather(final String s) {
    final ImageView i = (ImageView) owner.findViewById(R.id.image1);
    if (i == null)
      // view has bailed on us- just fail fast
      return;
    try {
      final Bitmap bm = getImage(s);
      i.setImageBitmap(bm);
    } catch (final IOException e) {
      throw new RuntimeException(e);
    }
    final TextView t = (TextView) owner.findViewById(R.id.day);
    t.setText("Tomorrow");
  }

  public void gotWeather(final NWSWeatherObject nwo) {
    final Thread X = new Thread() {
      @Override
      public void run() {
        updateWeather(nwo);
      }
    };
    handler.post(X);
  }

  public void gotWeather(final String s) {
    final Thread X = new Thread() {
      @Override
      public void run() {
        updateWeather(s);
      }
    };
    handler.post(X);
  }

  public void logError(Object p) {
    owner.forwardMsg(AWeatherService.MESSAGE_ERROR, p);
  }

  public void refresh() {
    final String[] location = locationManager.getLocation(0);
    FetchForecast.getInstance().requestForecast(location[1], location[2]);
  }

  public WeatherGallery(final AWeather owner) {
    this.owner = owner;
    FetchForecast.parent = this;
    locationManager = owner.getLocationManager();
    
    locationChooser = (Spinner) owner.findViewById(R.id.locationChooser);
    refreshButton = (Button) owner.findViewById(R.id.refreshButton);
    refreshButton.setOnClickListener(owner);
    handler = new Handler();
    locationAdapter = new ArrayAdapter<String>(
        owner.getApplicationContext(),
        android.R.layout.simple_spinner_item);
    final String[] location = locationManager.getLocation(locationManager
        .getSelected());
    locationAdapter.add(location[0]);
    String s = locationManager.getServer();
    FetchForecast.getInstance().setUrl(s);
    FetchForecast.getInstance().requestForecast(location[1], location[2]);
    locationChooser.setAdapter(locationAdapter);
  }
}

http://www.weatherpushupdates.com
http://forecast.weather.gov/MapClick.php?textField1=38.99&textField2=-77.01
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    send(false);
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void onClick () {

  if (sensitiveCheckBox.isChecked()) {
    send(true);
  } else {
    send(false);
  }

}



void onClick () {
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    send(true);
  } else {
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void onClick () {

  if (sensitiveCheckBox.isChecked()) {
    send(true);
  } else {
    send(false);
  }
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