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Abstract

This paper presents a new high-level synthesizer for ASIC designs using ASIC library or
FPGAs. DAMUL defines the VHDL description for a specified hardware and allocate some
VHDL codes, which describe the behavioral specification, to the corresponding hardware before
the synthesis. The interconnections are implemented by the multiplexers, and the objective of
allocation is the minimization of the number of multiplexers. Also, the dedicated registers is
used for global variables. in order to implement the other necessary registers as well as

EE& S

status and control registers. The effectiveness of the proposed system is shown

synthesis results of benchmark circuits.
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Fig. 1. The system configuration.
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Fig. 2. The target architecture.
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iled g eay
wait until(F3 #9))
end loop

(a) VHDL 7l (b) HSFG
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Fig. 3. VHDL description of counter and
corresponding HSFG.
(a) VHDL description
(b) corresponding HSFG
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clk_count := baud_clocks:

while( clk_count /= "00000000”) loop
TxD {= 0":
wait until (CLK = '0") and (not CLK stable):
clk_count = clk_count ~ “00000001”:

end loop:

Tx (= 1:

13 4. 4 bit 7HEE ] €l
Fig. 4. An example of a 4 bit counter.
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(b) =l w2) ¥
8 5. 4 bit 7-EEC i 32 3K Ax
Fig. 5. The synthesis result on 4 bit counter.
(a) Before pattern matching
(b) After pattern matching
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Fig. 6. A pattern matching of 4 bit counter.
(a) HSFG before a pattern matching
(b) HSFG after a pattern matching
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case(set(1 downto 0)) is

when 00" =)

syncl <= buffer:
when “01" =)

sync2 (= buffer;
when "10"7 =)

sync3 (= temp:
when “117 =)

sync4 (= buffer:
end case:

(a) CASEZ9] 4

set(1) — 2x4 buffer - — SYNC1

set(o) —{ Decoder ‘] P

buffer Dﬂ SYNC2
b

(b) stesle] 34
8 7. CASE®S 48
Fig. 7. The implementation of a CASE
statement.
(a) An example of a CASE
statement
(b) The hardware implementation
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Fig. 8. A status register.
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temp 1= "0100":

ASIC A& Addd 471

ko 3

while ( temp /= "0000") loop

temp - "0001":

count ‘= clocks:

while ( count /= "00000000") loop
TxD {= buffer(0):

:= count - "00000001":
end loop;
buffer =

end loop:

temp =

count

‘0" & buffer(7 downto 1):
(a) o1%F

Qf "0100" ; - Q? ~—---—#Control legic
. W .
. i\\ oo |4 t] >1

8 bit parallel load
counter

RREAE-2 o]

clocks| =

- 1ILOAD

- {CLK

0
! [07 =

shift reglsler e
} cx  buffer _‘I> J‘L)» xD

- Control logic

) sheslel 74
a8 9. ol% Hw— o 7
Fig. 9. The implementation of a nested
loop.
(a) An example of a nested loop
(b) The hardware implementation
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Fig. 10. An example of the cost calculation.
(a) Before memory allocation
(b) After memory allocation
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Fig. 11. The sets for the allocating
operations to FUs.
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B

adder 1
(c) Seed A9 (2719] 7M7) 418

[+s +a ] [+4 o]

L4

adder 2

adder 1 adder 2
(d) Seedsh fAMo] 713 & <A4be A
2 4.1 5.3
2 0 0 1
4.1 0 0 0
5,3 1 0 0

+5 +3

adder 1 adder 2

(f) A% 23

a8 12 A4k g o
Fig. 12. An example for F.U. allocation
(a) A scheduling result
{b) .The compatibility matrix construction
(c) The seeds selection
(d) The allocation of operations
with maximum compatibility value
(e) The compatibility matrix recon-
struction
(f) The final result
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if( x > y ) then (1)
temp ‘= a; (2)
else
temp ‘= b: (3)
end if (4)
al{=x+y: (5)
b (= x + temp: (6)

(a) VHDL 7)&

PN
4

-
9.
i

%6

*y
(b) W Eel
% 13 A W 9o HWEE B
Fig. 13. The seperation of variables with
the same name.

(a) VHDL description
(b) A variable seperation
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vl v2  v2 v3 v3 v4 v5  v6

B B — 1
o -

(a) 213 129 W22 life time

vl v2 v2' v3 v3 vd v5 v6
vi 0 O 1 0 1 0 0 O
v2 0 0 1 0 0 1 0 1
v2' 1 1 0 1 0 1 1 1
v3i 0 O 1 0 1 0 0 O
v3i'1 0 0 1 0 1 1 1
vd 0 1 1 0 1 0 1 0
vb 0 O 1 0 1 1 0 1
ve 0 1 1 0 1 0 1 O

(b) CVM 4

vl v2 v3 v4 vH v6
vi 0 0 0 0 00
v2 0 0 0 1 01
v 0 0 0 0 00
va 0 1 0 0 10
v5 0 O 0 1 01
vo 0 1 0 0 10

R1 R2 R3 R4
(d) Seed A1®8 ( 4709] #HA|2E o]&)

Rl R2 R4 Rl Rl RZ R3
P L 1
e [ M [ MX ]
[S— S——
’ ADDER 1 J [ ADDER 2 J
R2

(e) Seed Al o] sj=dgo] & 7=
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* vb7F R3ell &3 A

Rl R2 R }Iu Tl flzz R3
L

iR L] S

|

ADDER 1

COST =0
* v57h Raell &3 A<

51 f[iZ Fli4 El l]ll 1122 Rf[i Rllt
(] [ax]  [e] [
| I— | S—

L ADDER 1 J L ADDER 2 ]

(] (=]

COST = 1 7H8) MUX F7R&
(f) wlze] gl e sfuge] 42 F=

a8 14, wWlxe] &3] 4o
Fig. 14. An examle for memory allocation.
(a) The life time of variables in fig. 12
(b) CVM construction
(c) Merging seperated variables
(d) Seeds selection
(e) The hardware structure after
seeds selection
(f) The hardware
memory allocation

structure by

a3 144 24 #2171 gl dE HeE 2eg
olf= ¥ wWge] A #IAE RAFI] sjro]
b =3 29 14 (DA M v57) Raoll gk A
F+ A7 729 costv 109 dH Z7l) obd 2xl
HE|EAA 1709 ZoHRe| s €} =kl oY
103 22 A7) wAshd o] ul= cost® 00] =)
et B =Eellxe 1Y 59 Fub) obd HelE
A 5] 2715 A T2 G cost F5E 3]
A zlolneizled] 5355 HEZAXE ggstus g
=3

el A wwe] 3 dy2lEs slesid o
H 159 3t}

REGISTER_ALLOCATIONC( }{
Allocate shift register.

R

Divide nodes with same variable by their execution
condition: .
Construct CVM(Compatible variable matrix) for the
divided nodes:
Modify CVM by merging the nodes with same variable:
Select seed variables by CVM:
Allocate the seeds to the registers:
While( all variables are allocated )
K_WAY_CLUSTER():
}
K_WAY_CLUSTER(}{
Calculate the COST for each variable:
Determine candidate variables by COST:
IF(A variable is selected to candidates more than two
registers)
Tie break by WIRE_CQST:

Allocate the candidates to the registers:

8 15, #HRA|=E 3 dulEs
Fig. 15. Register allocation algorithm.
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Table 1. The experimental results.

Data | # of # of # of TYPE
Path Fus registers /# of
C_STEP / total MUY,
¥idth inputs
main 1 5 | CNT8(1) 4/ 29 MUN21/22
+ (1) MUX41/56
8251
DavU|
L T 1 9 | CNT8(1) 2/9 MUN21/12
CNT4(1) |(SR 1 / 8) | MLX41/9
Rx 1 17 CNT8(1) 4/ 28 MUN21/28
CNT4(1) [(SR1 / 8) MUN41/23
+ (1)
1 GR 26/111
TLC 1 ‘ 1 (4] 5/15 MN21/1
MUN41/3
GCD 1 2 |- 4/18 MUX21/40
COMP(1)
ARMS_COUNTER 1 1o+ (1) 6/12 MUN21/3
M - (1) MUN41/2
DIFFEQ 16 4 | x(2) 5/80 MUN21/6
(1)
- (1)
COMP (1)
main 8 5 177 ** 6/12
18251 | Tx 8 8 - 5/13 12/31
[10] Rx 8 13 - (1) 3/11 ! 9/22
Hunter 8 7 - (1) 2/14 4/11
MTLC 2 6 0 0 4/10
GCD 4 1 - (1) 2/8 9/25
COUNTER 4 1 (1 1/4 1/3
- (1)
DIFFEQ 16 4 [%(2) | 580 10/23
l (1)
1 - ()

£ 324% AH £ 8% 175

CNT8 : 8bit down counter

CNT4 : 4bit down counter

COMP : comparator

LR : Local register

GR © Global register

SR © 8bit Shift register

MUX21 : 2 input multiplexer

MUX31 : 3 input multiplexer

MUX41 : 4 input multiplexer

MUX51 : 5 input multiplexer

** : The number of multiplexers and
multiplexer inputs

+ 24709 processt 28 FAES g

X 28
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