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cycle | instr | ip™@(t) | ac™ U (t) | mdet(t) | mdgreti(t)
cycle 0 | load 1 idl W slp
cycle 1 | mult 0 act W wu
cycle 2 b 0 act WU w
cycle 3 | store 6 idl W slp
cycle 4 | load 5 idl WU slp
cycle 5 b 4 idl WY slp
cycle 6 b 3 idl wu slp
cycle 7 b 2 1dl WY slp
cycle 8 | add 1 1dl WU slp
cycle 9 | mult 0 act WU w
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0000000000000000 (mdy(t)0 Leaky™*(009) O

Leaki™ 1 (009) = 31mu!t 4 emult (2.3)
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. Instruction
Instruction Fetch

Y Simple Decode
Instruction Decode Sleep
| Controler
VDD
Integer FP FP
Multiplier Adder Multiplier
T - I " |
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Memory Access
v
Write Back
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Register Operation Format
31 26 25 2120 1615 1110 65 0
opp | rs rt | rd |shift | func

¢ .

000000 | sleepbit=ON Target Unit

100111 | sleepbit=OFF

025 MIPSO0O0O0OO0O0O0O0OOOOOOOOOOOO

cycle instr ac™ () | md™ut(t)
cycle 0 load 1dl slp
cycle 1 | mult(slpbit=OFF) act wu
cycle 2 b act Wy
cycle 3 store idl W
cycle 4 load 1dl Wy
cycle 5 b idl W
cycle 6 b 1dl Wy
cycle 7 b idl w
cycle 8 add idl W
cycle 9 | mult(slpbit=0ON) act wu
cycle 10 b act W
cycle 11 store 1dl slp
cycle 12 load 1dl slp
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1: br
2:add \
4:mul
3:br /

5:exit
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00000UTp[vy)]0 10000000 100000000000000000000000
0 a(v;) 0000000000000 ipae(a(vy))000000000000000UT[vy]
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[ 0 (if vy uses the target unit)
Tplos] = { 1 (otherwise) (3-4)
[ 0 (if vy uses the target unit )
Telv] = { 1 (otherwise) (3.5)
oooooooooboboboooboo
IND[Uf] :Tp[vf]OUTD[Uf]—i—TD (3 6)
INP[’Uf] :Tp[vf]OUTp[’Uf] '
if v¢ is a branch)
OUTplos = (L vr 3.7
D[ f] IND[UfSM] (3.7)
(otherwise)
(if vy is a branch)
OUTplvy] = 3.8
Pl f] INP['UfSM] (3.8)
(otherwise)

00000000000, 00, 00000000000 v,0000000vy,,,, 000
vf..,0 v; 000000000 20000000000¢[y]00000000000 vy 0
000000000000 00000000000000000000 vy, 0000000
0000000 ¢s)]000000000000000000000000000000000
000000000000000000000000000000000004000000
D0000000000000000 i000000000
00000000D00003.60-038000000000000000000000000
000000000000CFGOOD000000000 »v,000000

INp[vg] = Tplvg] * Tplof]DINR[vf] = Tp[vg]0

' ! (3.9)
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Node 5:exit 4:mul 3:br 2:add 1:br

step 0 (00 10000) | (0O00000) | (1010000) | (1010000) (101000 0)

step 1 (o010000) | (0OD0D0O1) | (3010401) | (3010201) | (304030 %)

step 2 (0010000) | (oODo0Do0O1) | (3010501) | (Lo1o201) | (3 0430203)
ideal result | (0010000) | (0000001) | (3010201) | (4010301) | (303 0203%)

034.03200000000000000000000000 (INpOQINpOOUTpOOUTP)

000000D0wy,,, 000000000000 00000O00

ooooo

(3.10)

0000000000 32000000000000000 1:brO03:br0000 00O 4:mul
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OO0D00LexitOODOOOOODOODOOOOOOODODOOODOO TphOTpOOO3400

oo03500000000000

TD[l : b?’]

TD [3 : br]

=Tp[l:br
Tp(2: add] = Tp[2: add
=Tp[3:br
Tpl4: mul] = Tp[4 : mul

]
| =
]
]

(3.11)
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funcB , funcD
/

.. / w\\\\funcE

N

"~ funcC

035 000000000

e Intra-Procedure Analysis ~N

INPUTOODOOOOOOOOO
ouTPUT OO0ODOOODOOOOOODOOOOOODOO

/*0 (3.10)0000000000%
INp[Sezit) < 1OIND[Seqit) < 0
for each node s € CFG other than s.,;+ do
/*0(3.9)0000000000000 */
Set initial values of INp[s|0 INpl[s], OUTp[s|0 OUTp|s]
end for
while changes to any OUTp or OUTp occur do
for each node s € CFG other than s..;; do
/*0 (3.6)0(3.7)0(3.8)000000D00000%/
update INp[s|OINp[s]OOUTp[s]DOUTp[s]
end for

end while

NS J

odooooboobobooboboobboooboooboobboooboooboobooo
goooobooboboobboobooboboobbooboooboobbooboon
g0oo0o0oOobOOobOOobOOooOO0OU0oOU0OoU0OobOOobOOU0OOo0OOobUu 400U0bUObLOo
gbboooboobboobooobuoobbon
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sccA / funcB/
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Tplpre] := INplvy,,, |0Tp[prc] == INp[vy,,,] (3.12)

gooooddoodpre00OdO0O0O0Owy,, O00O pre00000000O0O00O00O0O0O
OO00000O0o0bOo0oDoOo3330000ooonooug Ip0Tp000d0ODOODOOODO
goo

0 (if vy uses the target unit)

TD [Uf] = TD [pT‘Ccalled] (if Vf is “jal”) (313)
1 (otherwise)
0 (if vy uses the target unit)

Tp[Uf] = TP[PTCcalled] (if vf is “jal”) (3.14)
1 (otherwise)

precaeg 000000000 jel0000000000000000O0000000O0O0O
000000003330000000000000000000000000000000
0000000000000 0000000000000000000000000000C
000000000000 000000000000000000000000
00000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000C0
00000000000000000 Tp,07,0000000000000
000000000000000000000000003.4003.50000000003.130
0003.140000000000000003.9000000003.1000000000000
00000000000000000000000000000 Tp07»,000000000
000000000000000000000000000
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Inter-Procedure Analysis ~N

INPUT OOOOOOO CGO O00O0OO0OO0OO0OO0O0O0OooooOooooooooooo
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ooo

/*00000000000000000O00ooooooooo*

Find strongly-connected componets in CGO

Reduce the graph by treating a strongly-connected componet as one nodel]
Denote the reduced graph as CG'0O

Perform depth-first search on CG’'0 giving nodes post-order labels[]

/*0000000000000000000000000 Tp,Tp00OO0OODOON/
for P € CG’ according to the post-order do
for ¢ = 0 to the number of procedures in P do
for each procedure prc € P do
/*0000000 Tp,Tp0000%/
do intra-procedure analysis for prc
end for
end for

end for

/¥0000000000000000000000O000O0DO0O0OO INOOUT OO
ooooo*
for P € CG’ according to the depth-first order(Reverse of the post-order)d do
for ¢ = 0 to the number of procedures in P do
for each procedure prc € P do
/0000000 Tp,7p00000000OOOOUOO OUTpOOOOX/
do intra-procedure analysis for prc
end for

end for

end for
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