1 2

1 2

ABSTRACT

Keywords:

[Ma89a].

CL MS FSM

The CL CL

CL

MS

The FSM CL MS

MS

DMEM and IMEM

RF R_0

imem

able b b_{s1},_{s2}

d). R_{s1}, r_{s2} and r_d ldi,

R_{s1} , R_{s2} , R_d R_d ← R_{s1} + R_{s2} SUB R_{s1} , R_{s2} , R_d R_d ← R_{s1} − R_{s2} XOR R_{s1} , R_{s2} , R_d R_d ← R_{s1 s2} AND R_{s1} , R_{s2} , R_d R_d ← R_{s1 s2} OR R_{s1} , R_{s2} , R_d R_d ← R_{s1} | R_{s2} R_{s1} , R_d R_d ← R_{s1} + R_{s1} SRL R_{s1} , R_d R_d ← logical_right_shift(R_{s1} SRA R_{s1} , R_d R_d ← arithmetic_right_shift(R_{s1} R_{s2} , R_d R_d ← M[ R_{s2} ] R_d R_d ← OPERAND R_{s1} , R_{s2} M[R_{s2} ] ← R_{s1} ← Address ← risc * [ b := imem (pc

ldi ( ) → (_d = , pc := pc + ld ( ) → (_d = dmem (_s , pc := pc +1 store ( ) → dmem (_d = (_{s1} pc := pc +1 cbranch ( ) → cond ( , cc) → pc := ]

[ ¬ cond ( , cc) → pc := pc + 1

( ) → pc :=

( ) → ( (_d cc = ( (_{s1} pc := pc + 1

[ arith ( ) → ( (_d cc = ( (_{s1} (_{s2} pc := pc + 1

cbranch, b imem dmem are pc imem r_{s1} and r_d index dmem(in ld, ldi store). Cc cond

(BP (DP BP and DP IMEM DP DMEM bp dp

BP and DP DP BP

X!a and X?b ack − less chan- X a and X b

ADROUT ack − less DOUT DOUT ADROUT ack − less ack − less cases.

I F1 and F3 dp and bp

risc

DP RF

A I

F2

F1

DIN DOUT

ADROUT RW

ADR IB ID

IMEM

BP DP DMEM

dp *^{[ ID ? b;}

ldi ( ) → (_d = ld ( ) → ADROUT (_{s1} RW ′r′, DIN (_d ) store ( ) → ADROUT (_{s1} DOUT ! (_{s2} RW ′w′ cbranch ( ) → COND ! cond( ,cc)

( ) → nop

( ) → ( (_d cc = ( (_{s1}

[ arith ( ) → ( (_d cc = ( (_{s1} (_{s2}

bp *^{[ IB ? d;}

ADR! pc] cbranch ( ) → CONDI?c; c → pc:=

[¬ c → pc:=pc +1

( ) → pc :=

[ ¬ branch( ) → pc : = pc + 1

imem * [ A addr ; I imem(addr

dmem * ADROUT addr , RW rw write(rw) → DOUT ? data ; dmem(addr =data

[read(rw) → DIN dmem(addr)

ALU DECOD R_{s1}, R_{s2}, R_d and CMD RF and ALU BC R_{s1}, R_{s2} of RF R_d RF R_d.

SEL ALU alu comld DECOD ldi

ALU CC

MS selectors. CC MS DP ALU, SEL, BC DECOD, CL

alu ldi ld

R_{s2}

OP

BOUT

alu ldi ld

ID

R_d

R_{s1}

CMD

DOUT

F2

RW ADROUT

CA

C

BUSC

DIN D

BUSB

BUSA

COND

SEL

CC

BC

ALU RF

DECOD

decod * [ ID ? b;

ldi ( ) → OPERAND , R_{d d} , ldi ′ldi′] ld ( ) → R_{s2 s2} , R_{d d} , RW ′r′, ld ′ld′ store ( ) → R_{s1 s1} , R_{s2 s2} , RW ′w′ cbranch ( ) → BOUT ! condit( )

( ) → R_{s1 s1} , R_{s2 s2} , R_d ′0′, CMD ′nop′, alu ′alu′

[alu ( ) → R_{s1 s1} , R_{s2 s2} , R_{d d} , CMD , alu ′alu′

bc *^{BOUT ? b , C c COND ! cond(b,c}

*^{Rs1 r s1 ; BUSA (r s1 Rs2 r s2 ; BUSB (r s2 Rd r d ; BUSC ? (r d)} alu *^{BUSA op BUSB op CMD cmd D (cmd, op op CA (cmd, op op}

IB

W CONDI

ADR

IL

LI

BADR

PC

BCOND

BDEC

or cbranch

CL FSM bdec * [ IB ? d;

cbranch ( ) → W BADR

( ) → LI ! ′load′, BADR

[¬ ( ) cbranch( ) → LI ! ′incr′

bcond * W CONDI ? cond

cond → IL ! ′incr′

[cond → IL ! ′load′

pc *^{LI ? il ]}

[IL ? il load(il) → BADR pc ADR! pc]

[incr(il) → pc:=pc +1

FIFO

port Din ack

read Dout read

F1 n IMEM DP

FIFO F2 F2 DP BP DP and BP FIFOs F3 and F4 IMEMand BP I F3 IMEMto BP F4 BP to IMEM F3 (and F1 A I, Aand I are ack − less

read

D_{out}^1

D_{out}^0

D_{in}^1

D_{in}^0

ack

C

C

C

C

C

C

C

C ack read read ack

Instructions

BP

IMEM c

variable

(BR BADR BDEC trailer BP CONDI DP CONDI, BCOND PC BROUT address.

BP DP.

BROUT

BR

IB

RD LR

LI

W CONDI

ADR

IL

BADR

PC

BCOND

BDEC

bp *^{[ IB ? d;}

ADR! pc]

→ CONDI?c ; c → pc:=br

[ ¬ c → pc:=pc +1

∠ cbranch( ) → br:= , pc:= pc +1

∠ ( ) → pc :=

[ ¬ branch( ) → pc : = pc + 1 bdec * [ IB ? d;

→ W RD ′r′

∠ cbranch ( ) → LI ! ′incr′, LR ′l′

∠ ( ) → LI ! ′load′, LR ′l′, RD ′r′, BADR

[¬ ( ) cbranch( ) → LI ! ′incr′

bcond * W CONDI ? cond

cond → IL ! ′incr′

[cond → IL ! ′load′

pc *^{LI ? il]}

[IL ? il load(il) → BROUT pc ADR! pc]

[incr(il) → pc:=pc +1

br *^{[ LR l → BADR b , RD r → BROUT b ]}

and

variable delay.

ack − less chan-

[Ma89b].

The selection G_1 → S_1 G_n → S_n G_1 ... G_n S_1 ... S_n G_i S_i

The repetition command: * [G_1 → S_1 G_n → S_n G_1 ... G_n S_1 ... S_n i G_i S_i G_i

*^{[S S G G}

[G → skip S S S S2; S S S S data acknowledgmentlines. a b X ! a:

wait for ack = :=a; wait for ack = ;

X ? b :

wait for ; :=X; = wait for ; ; =0 ϕ where ϕ ϕ

X a , :=a; , X b

, :=X; ,

References IEEE

1984.

Systems,