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ABSTRACT

This paper presents the prototype design of a hardware/software cosynthesis system for pipelined application-
specific instruction processors. Taking application programs in VHDL as inputs, the proposed system generates a
pipelined instruction-set processor and the instruction sequences running on the generated machine. The design
space of datapath and controller is defined by the architectural templates embedded in the system. Generating the
intermediate code adequate for parallelism analysis and extraction, the system converts it into assembly codes. Ex-

perimental results show the effectiveness of the proposed system.
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Fig. 1 Design flow of the proposed system
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Bk - set ot ail hasic operators supported in the architecture template:
Bk _nRD - 010 e et of basic operators mapped */
Yuiian the # 9 execntion Tor each aperation in 0P
w0 P o descending order of the # of execution:
Lo each operatton 0P in OP
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I mapping fauls §
Map (8 1o the combination of nne or more basic operaters in BOP:
© the mapped hasic operator(s) into B_OP_SEL:
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Fig. 2 Mapping algorithm for basic operators
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Table 1. Format of basic operators
(a) Arithmetic/logic operator
(b)Memory management operator
(c) Branch operator (d)Move operator

kg LK 53 1§
add add Rt, Rsl, Rs2 Rt <= Rsl add Rs2
sub sub  Rt, Rsl, Rs2 Rt <= Rsl sub Rs2
mul mil  Rt, Rsl, Rs2 Rt <= Rsl mul Rs2
and and Rt, Rsl, Rs2 Rt <= Rs] and Rs2
inv inv Rt, Rs Rt <= complement value of Rs
or or  Rt, Rsl, Rs2 Rt <= Rs] or  Rs2
xar xor Rt, Rsl, Rs2 Rt <= Rsl xor Rs2
sl sl Rt, Rs, Const, Rt <= Rs Const. bit shift left
T Ng sr Rt, Rs, Const. Rt <= Rs Const. hit shift right
(a)
SR L F8) i g
store store Rta,Rs mem{Rtal <= Rs
store $Addr, Rta mem| $Addr | <= Rs
store Ria,disp,Rs . mem{Rtatdisp) <= Rs
load toad Rt.Rsa Rt <= memlRsal
load Rt, $Addr Rt <= mem|$Addr |
load Rt Rsa,disp Rt <= mem[Rsatdisp]
(b)
Ay 5 | dud 34 7] 3
je | je Rs, Rt, Immediate[address) Rs = Rt
jei jei Rs, lmmediate, Immediateladdress]| Rs = Immediate
jne | ine Rs, Rt, Immediateladdrss] Rs /= Rt
jnei f jnei Rs. Immediate, Immediateladdress} Rs /= lmmediate
ig jg  Rs, Rt, Immediate[address} Rs > Rt
Conditional jgi jgi Rs. Rt, Immediateladdress]) Rs > immediate
Branch jge | ige Rs. Rt, Immediateladdress) Rs >= RI
jegei §igei Rs, lmmediate, Immediatefaddress] Rs >= lmmediate
jt i1 Rs, Rt, Immedateladdress) Rs < Rt
ili ili Rs, Immediate, Immediate[address} Rs < lmmediate
jle {jle Rs. Rt. Immediateladdress] Rs <= Rt
jtei | jlei Rs, Immediate, Immediate{address] Rs <= Immediate
Unconditional jmp jmp  Immediate
Branch
©
4t = A 28 W8
move move Rt, Rs RU <= Rs
move i movei R, disp Rt <= disp
movepi movepi Rt, $Addr Input port @ WE} ool 9@
movepo movepu $Addr, Rs Output portil dlolgt %¥]

(d)
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entity exp is
port{ x1, x2, x3 . in integer;
yvi, y2, v3, y4: out integer).
end exp:

architecture exp of exp is
begin
vl <= x14x2;
y2 <= x3+4;
process
variable cl, c2:int H
begin nteger pl add tmp x1 x2

cl = x1-x2; pl sub cl x1 x2
€2 1= (x14x2)+x3; p2 mul ¢2 tmp x3
if ¢1>0 then p2 jg ¢l 0 L_true
y3 <= cl+c2: p6 jmp L_false
v4 <= cl+2; L_true: p4 add y3 cl c2
else pd add y4 ¢l 2
y3 <= ¢l-¢2; p7 Jmp L_exit
v4 <= ¢2¢2; L_false:p5 sub y3 ¢l ¢2
end if; p5 mul y4 ¢l 2
end process: L_exit: p3 add yI x1 x2
end exp: 3 add y2 x1 4
(a) (©
b3 32
x3, p3

02! 3. VHDL 98 ¢8& 22y 7 3= ¥ o
() VHDL 13 €€ =29 (b)C/DFG
©Ft 2=

Fig. 3 Transformation of application input into intermedi-

ate code
(a) Application input in VHDL  (b)C/DFG
(c) Intermediate code
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(IF-stage delay), t2 (ID & OF-stage delay), t3 (EX-st-
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78] 4. o}7)E 3 71 R E o] molaaiel He.
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Fig. 4 Architecture templates for pipelined datapath.
(a)3-stage pipeline(Typel) (b)4-stage pipeline(Type2)
(c)4-stage pipeline(Type3) (d)5-stage pipeline(Typed)

t1 ¢ IF Jo|=atol eAS x| Alzh
t2 : I1D & OF mol=atol TAel Al Alzh

t1,t2,t3,t4,16,18,t7,CIkP t3 : EX mo|z2iol eAe x| Azt
t4 : MEM Molx2tel cMel Xt A2t
t6 : WB molmaiel gMe Xie Algt
t6 : IF & ID & OF Do Z2tel A x| Azt
t7  EX & MEN TrolZa2iel ciAel X ALyt
ClkP : &% F7) Meh =Y

(11 <CIkPY12<CIkP)(t3<C Ik P)(14<CIkP)(t5<CIkP)

v v v

= PR D) R4 WAz M4 WAz 49 WA td WoHE
g s ol e 2 WY
Fig. 5 Method of pipeline style decision
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Fig. 6 Intermediate code analyzer
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Table 2. Performance compare result of synthesized ASIP
and MIPS/SPARC

Benchmark ASIP MIPS(MIPS-X) | SPARC(microSPARC)
olABY ;E 77 298 502 617
Clock F7](ns) 57.31 50 40
FFT T8 A zt(ns) 20,689 25,100 24,680
spol Zgjel el 2% 49 A2
oAy ;T 7] 117 112 148
Clock F71(ns) 19.20 50 40
EWF T8 A X (ns) 2,630 5,600 5,920
ol g}l & e 29 49 324
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