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Code Generation Using FSM and Symbolic State Traversal

KENSHU SETOt and MASAHIRO FUJITAf

As key components in high-speed embedded systems, a number of application specific pro-
cessors with parallel instructions, special datapath units, registers or bus architecture are
coming into the embedded market ®)~19) . However, it is difficult to generate code that fully
utilize hardware units in these processors only by traditional compiler techniques D. To re-
solve this problem, Roemer et al.2)3) built FSM from given DFG (Data Flow Graph) and
instruction set. Then they traversed the states of the FSM explicitly to generate code. In
this paper, we basically use the same approach with the paper 2),3), Differently from the ap-
proach, our approach analyzes the FSM symbolically and traverses much more states so that
it can possibly generate parallel code with smaller number of steps in less time. Monahan et
al. 21)~23) als0 proposed the use of symbolic state traversal to generate microcode. However
the approach cannot determine operand lifetime so that it may produce many unnecessary
states. Our approach uses a new FSM variable to build a condition which determines if
an operand must be kept or not so as to reduce the unnecessary states. In addition, our
approach generate codes with the minimum number of steps in completely phase-coupled
manner considering memory spills and reloads. Finally, experimental results are shown.
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Fig.1 DFG and instruction patterns.

000000 NOOOOOOOOOODFGOOO0O
000000000000 000000000000
00000000000 000000000000

01(a)0 DFGOOOOOOOO DFGOOOO
0Oae+bxc00000D0000O0DOOOODOODO
000 1020300000 DFGOODOOO «Ob0¢
0000000 400000000000 50000
000000000 1020300000000000
0000000000000 «0b0cO00DDOO0 4
000000000000 2000 30000000
00000000000000 5000000000
000 1000 40000000000000000
ooooo

00000000 300000000000000
e 0OO0OD

e J0DODODOODOO

e 000 OODODOODO

000DO00000000000000000000
oooo®Yogoooooo0o0Donongo
000000000000000000000000
00000000 DAGOOOOOOOODOOO
0000000000000 00000000000
0000O0DFGOOOOO0O0OO0DOOOO0O0OO0
00000000000 000000000DFGO0O
000000000 00000D0000000000
0000000000 00000000000000
00000000 0000000000000000
0000000000000 00000000000
000000000000000000000000
00000 1(b)0000003000000000
00000000 ADDOMULOMACO OOOD0DOOOD
0 R1—R2+R300000 R1«—R2xR30000D0
Rl —R2+R3xR4A00DO000O0DOOOOOOO

00 PO DFGOOOOOOOOOOODOOOD
0000000000000 PO DFGOOOOOO
000000000 POODOOOOOOOOOOO
00 DFGOOOOO NODODOOOOOOOO N
000000 POODOOOOOOOOODODOOO



Vol. 43 No. 5

pPOOOOOOOO DFGOOOOOOOOOO P
oooo NOOODOOOoOO MmDOOOOOO PO
ooo MOOOODOOOOODOOO MDBOOO
pOOOOOOOODOO
OO0 MOOOOOOOODFGOOOOOOO
gooooooooooooo MmOoOOoooOOoOoo
gooooooooo MOOOODODOODOO
oooo0o0 MOOOOOOO pOC0OOOOOOO
gooooboooooobooooooooooobod
gbobooboobooobooooooboooooooon
goooooooobooboooooooobbooboooo
gobooooooooooboobOoboobooooDboo
gbooooboocoooo
goooOoboooooobooooooboooooon
ooboooooooooboooooooobooooono
ooooo NOOoDoo pODODODOO MDO
goboooooobooobobbo NOOOooobooo
oooooooooooO PpOOCOOOODOODOO
0 LrLoooooooooooooo MmooOO0O0 N
gooooooooooooono Looooooo
Oo0ooooooooOooOooboooooO pOOOO
O0ooo0o0oooooooooo brGOOOO
0O NOOOOOODODODOOOoOooooooooo
gooooboooooobooobooboooobooooo
ODrFrGOOO0O0OO0O0O0O0O00000D0OD
brGOOO0OO NOOOO MOOOOOODOO
gooooooooobooooono NDODODOO M
0000000 oo0ooOoooobrGOOOOOO
ooooOooooobrGOOOOOOOOOOOO
goooooboooobooOobOoboooobOoobooo
ooooooooooOobrGOOOOOOODOO
goboobooooocoooooooboooobooooo
oooooooa
O10DbrGOOOOOOOOOOOOODODOOO
000000000 200000 2000000
5000 ADOO0ODOOO0OOO 4000 MULDO OO
gboo0oo0obooOO0o0obD 5000000 ADD
000000 M100000 5000000 DFGO

(a) (b)
02 DFGOOOOO0OO0ODOOO0O0OO0OOD
Fig.2 Matching between DFG and instruction patterns.
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Fig.3 Overall flow of our code generation program.
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02 00000000000 O000000DOOO0
Table 2 Various target architectures.

S1 R1 DPI1

4 ALU, MULT

16  ALU x 2, MULT x 2

16  ALU x 2, MULT x 2, MAC x 2
16  ALU, MULT

16  ALU, MULT

moaQw»
NN AR

S2 R2 DP2 BUS PORT
A — — — 2 R1W1
B — — — 4 R4W?2
C — — — 4 R4W2
D 2 16 2ALU x 2 4 R4W2
E 2 16 MAC x 2 4 R4W?2
w =x - al *wl ;
wo-= a2 * w2 ;
y =Db0 *w
y += bl * wl ;
y += b2 * w2 ;
w2 = wl
wl = w ;
(a)
1: LD M,R || LD M,R || LD M,R || LD M,R || LD M,R
|| LD M,R
2: LD M,R || LD M,R || MUL R,R,R || MUL R,R,R
3: MUL R,R,R || MUL R,R,R || ST R,M || SUB R,R,R
4: SUB R,R,R
5: MAC R,R,R,R || ST R,M
6: ADD R,R,R
7: ST R,M

(b)

08 ODOoOoooooooo
Fig.8 Example code generated by our method.
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Table 3 Code generation result for architecture A.

gooo ooooo ooooo oo

cm 62 9 7.6 x 10° 1.2
iir | 98 12 2.1 x10* 25
cu 80 10 1.6 x 10* 7.0
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Table 4 Code generation result for architecture B.

ooo ooooo ooooo oo

cm 62 5 1.1 x 10* 0.7
iir | 98 8 2.7x10* 1.1
cu 80 5 1.7x 10 1.1

05 0D0O000O0OODCOOOODOOOODOODO
Table 5 Code generation result for architecture C.

ooo ooooao ooooo oo

cm 64 4 6.7 x 10> 0.5
iir | 99 7 2.6 x 104 1.9
cu 82 5 1.8 x10% 2.5
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Table 6 Code generation result for architecture D.

ooo ooooao ooooo oo

cm 92 7 7.7 %x10° 1.6
iir | 151 8 2.0x 10 9.9
cu 124 7 1.0 x 10 6.4
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Table 7 Code generation result for architecture E.

ooo ooooo ooooo oo

cm 94 6 6.4 x 10° 1.6
iir | 150 8 2.0x 10° 4.5
cu 124 7 8.8 x 10°  11.1
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