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Abstract

A microprocessor description langnage called PDL is described. The language allows behavioral descriptions
being aware of clocks, from which an RTL description in Verilog-HDL of the processor’s control and datapath as
well as an assembler source program are generated using a table describing correspondence between mnemonic
instructions, machine codes, and operations. The PDL supports task invocations from other task, where task is a
construct specifying a set of sequential and/or pipelined operations, permitting to describe complex operations.

We examine in detail various ways of translating behavioral PDL descriptions into RTL counterparts, including
ways of converting sequential and/or pipelined operations to actual circuit organizations and of realizing task
invocation. A way of generating an assembler source program is also described. These investigations show the
feasibility of implementing a design-aid system comprising the PDL compiler and assembler generator.

B key words: Microprocessor, Verilog-HDL, RTL description, behavioral description, assembler.
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alias table [op, vinodu] begin
{*+%, adder16]
{"-*, sublé )
(*&", andl16 ]
[*|*, orls ]
end

function [y 16 = 2116 Hop# b:16] is module #vmodu#(y, a, b);

al#l:af] = #4;
: Ll

function [y:16 = a:16 + b:16] is module adderl6{y, a, b);
function [y:16 = a:16 - b:16] is module subl6ly, a, b);
function (y:116 = a:16 & b:16] is module andl6(y, a, b);
function ([y:16 = a:16 | b:l6) is module orlé(y, a, b);
al1)] = 1;

af2] = 2;

al3] = 3;

al4l = 4;
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#include <stdfunc.h>

/] EWOER

clock clk;

extern memory imem<31:0>[0D:OxfffEEfff],
dmem<31:0>[0:OxE£EEEEEE) ;

register regfile:32{1:31];

ragistesr pc:32;

const register zero:32 = 0; // For »30%
/1 LIRS ~TiaE
group register r begin
80 zero 0:5;
$#1:318 regfile [##] H4:5;
end

1/ IR N—THRE
group clock posedge clk = [IF, ID, EX, MEM, WB];

/! AA8RY
behavior main
pipeline begin
@IF: ir = imem(pcl; pc = pc + 4;
®ID: dec_sxec(ir);
end

/! BEMETF—TH
table dec_exec begin {1
nop [0x00000000]
}

1w x.t, #.0fs "(* r.s *)* [0b10D011l s t ofs:16)
{@EX: addr = s + ofs:32;
®MEM: dat = dmem[addr];
@4B: t = dat;}
sw r.t, #.0fs (" r.s *)* [0b101011 s t ofs:16)
: {®BX: addr = s + ofs:32;
@MEM: dmemfaddr] = t;}
[0b000100 s t ofs:16)
{@EX: if (t == g)
pc = pc + {ofs:30,0:2};}

beq r.t, r.s, #.ofs

[0b00D00D0 s t d 0b010000]
{@EX: res = s + t;
@MEM:
@WB: d = res; )

add x.4, x.s, r.t

[0b000000 s t 4 0b020000)
{®EX: res =8 + t;
BMEM:
@WB: d = res; }

{0b000000 s t d 0b011010]
{8EX: res = (s < t);
- @MEM:
@WB: d = res;}

sub r.d, r.s, z.t

slt r.d, r.s, r.t
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Q@LB: .QLB:
a = by r a,= b;
if (c==0) B if (c == 0)
a=at lisce G <Ayt li
else £ else
a=a 1;@ anz-au-li
a=a<<1l; 3 By = o 1S

M4, TMOAMBIOA
apBiorz W if XRBMREBOMATHD.

then, slse HEHB X elas BLON X

i ORX FOW wfi2
If ( %1 ) begin @
W eB2) RANOH
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A= H
end elae If ( Seftd ) .

x = JWM2;
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register B~ DRATIL, HERRE —RIZY 4
P—TZF. EOTAY—FBVICAFDANTTS, L
T oT, MBI, wire WEE~ORADLE LFEILT,
FDT AX—DHRITVIAIRBBETTH D, KL,
register S~ DRADBEIL. RARIOEE LT vy
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serial XOEIE, = b u—LEEF—Z/X2E
D 2 DT, b a—iE, AT ey TR
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ShEEBOHAE I Fu—AnbDESIT LIRS
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behavior mal(y, a, b) @chk:
output y:8;
input a:4, b:4; ‘it St:g) .
register y = 0, /e BX */;
N il‘dﬂ = {0,a}:8; else
sarial begin goto @WAIT:
@chk: . *@add:
while (b t= 0) begin @shift:
@add: N
16 (b<0>) goto @chk;
y=y+¢t
@shift
b=D>b> 1

(a) (b) -
B 6. serial M=k ZHEMOM (a) LFEHEOIMY UL (b)
(b) @ tmp i, tmp = (b != 0) & LTAHTEET 5.

®A

A1
o it ()
Al h-:;n
el 2w
Az alse
@B goto @c2 @A
L B; - Bite @
while (e
b [LE ] begin
oad ec Az
alse $ C1
goto ®B2 @5

c2
acg
. ]

D il
[ b1 I o ] en
101 c

E1 L]
end :%
x2 goto @F

r ] .131:?2 B
(a) (b)

B7. @570y 7 0lHsRz
(a) if XOWBSE, (b) while XNDRE.

3.2.1 avhO—)LEOER
BUBIT, EEHEDA>TNS case Xk [if ~ else

if o else ~)] OWITT B, WIZ, FFOAF~ VT vy s

ST while . f XRE7OL5IC, @F~AT YT

OMBIEZ L 217729, WIZ, goto L FIUTEHRDH D if

XOHERY BT (R 6(b)). £FLT, @F~NEZXTF—h

L LTRBITS, BVATFATIXT 7 AV~ i one-hot
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e WAIT WS AF—F 2H o UOAET D, WAIT
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‘define ST_BIT  [2:0]

‘define ST_WAIT 3/b000
‘define ST_chk  3°b001
‘dafine ST _add 3'b010D
‘define ST _shift 3b100

wire tmp;
reg ‘ST_BIT state;

is_neaq tmp000(tmp, b, 0);

always @(posedge clk or posedge reset) begin
if (reset) begin
state <= 'ST_WAIT;
end else begin
case (state)
4 ST_WAIT:
if (start) bagin
statae <= ‘ST chk;
end alse begin
state <= ‘ST WAIT;
end
*ST_chk:
it (tamp)
state <= ST _add;
else if (start) begin
state <= ‘ST chk;
and else begin
state <= ‘ST_WAIT;
end
*8T_add:
state <= 'ST_ghift;
8T_shift:
gtate <= ‘8T chk;
default:
state <= ‘ST_WAIT;
endcase
end

assign busy = | {(stata == ’ST_WAIT)
|| ({state == ’ST_chk) && !tmp));

8. RF—+TLUOERER
EV a2/ isneq’ tt, ~vF T FANT
function [y:1 = a:4 != b:4] is module is-neq(y, a, b);

ELTEELTHS ERE.
3.2.2 F—HIRRAEBPDER

T IR ZMOERIIUTO LS ZFIRTITRS,

1. BIEOZTERY - BEOMBULIL, INIT 1) {F
DAT—h E2EYVQBEITRI,

2. @FT vy 7 ORBBEZINE LTI »7 PDL
FRIZ 3.1 HTOLEETRV, #QTF~ LTy
ZHEOEBEEEEAER TS (K 9).

3. avbe-AnbHAZNBRT—FOERT 22—
KL, &, EDORTF—F 2ETHRODERTE
ExESRKERERTS.

4. BEBBIIRADHBAT—F2WETS,

5. ZOMERBEE B LIV RAIOBXARESH
HEEEADT— 2 OBRERZEHE TS, =0
L & OBREKIIAFICHEKOX T — N ETT3
Z LRV O TRIBLSBIRER T LV,

6. VORFEAVAZ AL, HARERS, A
HTF—F LFBEARMERIL 5 TORREEOHS
EATS,

K6 DFREDT—FRAOERBEREEK 10 177,

Bz, MEBHRITHZITER L wire ZEHL, =
Y h o= e F— F R REBOFRE DRITF | serial X%
Verilog-HDL @ 1 DD%EY 2§35,

INIT
assign a_ INIT = _a;
assign b_INIT = _b;
asgign y_INIT = 0;
apgign t_INIT = {0, _a};

@chk
L ]
@add
adder addl (tmp_add, y, t};
assign y_add = selB_2(y, tmp_add, b(0]):

shift_r shiftl (b_shift, b);

@shlft
shift_ 1 shift2(t_shift, t); ]

9. @570y BEOHAEER

// AF=—rEDTFI—F

assign DO_chk = (state == ’ST_chk);
assign DO_add = (state == ‘ST_add);
aseign DO_shift = (state == ST ghift);
assign INIT = start && lbusy;

// INIT

assign a_INIT = _
assign b_INIT =._b;

assign y_INIT = 0;

assign t_INIT = {0, _a);

// ®add

adder addl (tmp_add, y, t);

assign y_add = sel8_3Z(y, tmp_add, bl0]);

// ®shift
shift_r shiftl(b_shift, b);
shire 1 shift2(t_shift, t);

/] LIRS REDAHRBOER
assign 14 y = DO_add || INIT;
assign 1d_ b = po_shift || INIT;
assign 1ld4_t = DO_shift || INIT;

/1 ULIXEABT—2OBRR

assign yin = ssel8_2(0, y_add, (INIT, DO_add});
assign bin = sseld_2{_b, b_shift, {INIT, Do_shift}};
assign tin = gsel8_2(_a, t_shift, {INIT, DO_shift});

/] LORSDA R UYL

register8 mul_y(y, yin, ld_y, clk, rst);
registerd mul b(b, bin, 14 b, clk, rst);
registerd mul_t(t, tin, 1d t, clk, rst);

10, F—=2/{AWOERKER

a;

3.3 pipeline XDOEI#IL

pipeline XTI, FQI_NT Oy IWMRATF AL A
T—IRRIELTWD, LEaoT, @I vray s
BIZHAYERERAEL. ThOoDAHAI, A4TF
AVVVREERATEI LT, RAT T A DERD
T&5, Z2ThH, B1l(a) &> RARELITR D MH
72 pipeline X OB EER U TARBREHHTS,

behavior mul ly. a, b)

output yt8)
input ai4, brds ea1 Ton Yvii = 0;
vire yi ign y81°2 = [4°h0,a);
pipeline bdegin apign y sl itl = sel8 2(y_sl_ 1, y sl 2, bi3])
"11('_ o shift I sll(y 51, vy ®1_ifl);
e (b<3>) o2
y = (0, aj:8) addard -u(y £2.1, y, {4'ho,a})
. !:l Yy <1 assign y_s2 1€1 = sell_2(y, v_s2_1, b[2));
%21 g [3hift L 922(y_s2, y.si_ifl);
LE (b<2>) ¥ X
y=y+a LIS
Yy Yy <<l -aa-n su(y_-! 1, y. (4'n0,a})
31 assign y_83_ifl = selB 2(y, y_: ss 1, v[1l);
if (b<1>) shitt_L 532(y..‘3 y_83_ifl);
-y +ay
Y y<<1; osd
ents adder8 adl(y_sé_1, v, (4°h0,al);
it (b<o>) In-sgn Y4 = sel8 20y, y_sd_1, bol);
ywy+a
end

(@) ()
M 11. pipeline XICKA%HDOH (a) &
EXF—-CHOMEALER (b)

FERAT—CHOERAONE

@F~NTay 7 BOBEEEREAER TS (K11(b)).
ERINEERT, BAHINLTWEESREIZQT N
NEDTFORNBD (DFEY, RATTFAVRAT—DD
AN I, @F )4 LTS “IN” 2IFE LTHMTS
(K 12),

3.3.1



aseign y a2 ifl = ssl® 2(y, y 821, b(2]};
shift_l s22(y_s2, y sl _ifl),

¥ BT ‘w0 ot

[T}
adder® s2l(y a2 1, y, {4'h0,a)); 1

asders 221(y_s2_1, y_«3 N [4’h0,a .3 18);
assign y w2 1€1 = 2018 2(y »s IN y sl 1, b _a1f2]);
shife_l s22{y_s2, y sl ifl):

® 12, FF “IN” OfFmON

RATSA LR EDOER

RATS A VPREE, AT T A DREDFH
HEEE LTV, —BREDAT— ORI/ ATF
AV VPR FIMBERVOTER LY, UTOZ &%
EFEDORT—VETHRYIET,

1. F “IN” OOWERSFEHATEISA T T AV

VA I YUHRT—-CORICER TS,

2. UHATF—VDRADNRAT T ALV VI AZDR
ISTAAANLYUERATF— oA HEROH E
B 5.

3. ADRATFTALVIATDANNT, YA T—
POHA L OBRBOTHRNLORBIUE, YiER
F—UORNI AT ITAV VORI EERL, =
DLVPRAFHAEBRIDNATS AV VLIRED
RETHAN RT3,

BT, EBEDARALT S A VIR IDATRBIE L
FHENASL XD 12F3, K11 OAT T A DA
BAX 13 I1ZRY,

3.3.2

assign y_s1_1 = 0;

assign y_s1_2 = {4'h0,a_sl_IN};

assign y_sl1_ifl = selB_2(y_s1 1, y sl 2, b_sl IN[3]);
shift 1 s1l(y_s1, y s1_ifl);

pipereg8 sly(y_s2_IN, y_sl, 1d sl, rst_si, clk};

piperegd sla(a_s2 IN, y_s1_IN, 1d_sl1, rst_sl, clk);

_ 82 ] 81_IN,

piperegd sib(b_s2_IN, b_s1, 1d s1, rst_si, clk};

.82_1, y s2_IN,

)
assign y =2 _3if1 = sel®_2{(y =2 IN, y s2 1, b_s2 IN[2)};

shift 1 #22(y_s2, y_s1_ifl);

pipereg8 s2y(y s3_IN, y_s2, 1d _s2, xst_s2, clk);
pipereg4 s2al{a_s3_IN, y_s2_IN, 1ld_s2, rst_s2, clk);
pipereg4 s2b(b_s3_IN, b_s2, 1d_s2, rst_s2, clk);

addex® s31(y =3 1, y s3_IN, {(4'h0,a_s3_1IN));

assign y_sJ_?fl = gelB_2(y_s3_IN, y s3_1, b_s3_IN[1]);
shift 1 32 (y_s3, y s3_ifl);

pipereg8 s3y(y =4 _IN, y =3, 1d_s3, rst_s3, clk);

piperegé sda(a s4_IN, y s3_IN, 1d_s3, rst_s3, clk);
pipereg4 sib(b_=4_IN, b_=3, 1d s3, rst_s3, clk);

adder® s41(y s4 1, y s4 IN, {4'h0,a_sd4_IN}),

assign y_s4 = selB_2(y_sd4_IN, y_s4_1, b_s4 _IN[0]);
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3.4.3 serial XHSOFEHL

serial XH>H OFEH L E24T2 5 121X, BROH LHESD
HBHAT—N T, BET5EEHAL, LEBEROHD
call NI EBETH—bT B, O call EHIMFD
start {RITORB-oTWD, HERREBRNERFD
busy 5% RTHEEE L, busy A7 ¥ —k ERTWiUL,
FECH LDSFIREIC 22 £ T, ROHLFLORT— T
BOEET S, HEMRIELAEEBRIEL TS busy
BT7HPH—FENTWAM, 20, BRI, BIOXT—
PIZBY BT S, 22T, busy BT —hIhizh,
REPKT LT, BEILREVIEEZZITRORT—
k ~ite,

pipeline LEMOCH LEFRIT, RAT7F A0 6H
FENTVW AU LHEIT & 820U LEBIF2
FICEN Y S WTHT 2B T 5.

3.4.4 pipeline XM SOMH L

o lFFFR T
RAT T Ay DOH T FR I EFCHITHEE., A7
FAVREN, EITRERICE o TRAT T A OBE
REDL3,
in-order MiT: AT T A NTNBEEFLZIRET

ETT5,
out of order B{T: LI L= b DX ZIKEL
M= 1T Al Y N

L YOS SRR (T,
ZHLBERBHY, T ERICZONEFEZRTZDOF
7 (ST bR AT T AT, ZOIBFZ 1)
RAT S AN BEBREFEIND - IZERENDE
BRbLDOTHE, YTIRIBEDIAALT T LD
BRTF—V¥0N N 0BG, B N OfETIRFZ —
BIEDBHIi, JBEFES 71X, oN Egsitan
HEv, £ JBFEFIB, 0 OBEEF AT T A



VORGP ANTARBTEETD Z L 2R/ LitT 5,
LB oT, n % 2N < 2™ 2748 e LT, JEFE
F7% 0 HALRNWEDzm 2" -1 2T
BT %, PDL 2 A5, F74LF T n By
b LESR AV 2 2ERTS, £k, EFZRE 3
DOBERT, 0 ZEXOELBARL, ZOoHT ¥
AR 271 —1 EEEL BT 2t huEis
2y, Tl i n=3 T, ZYU 2 FIT 3bit LFSR
D EBERLIELED a,b DIEFE, a <tag b ZHIE
TOHERT, K14 0 L5 2HABRELAUT LN,
T DHEERL, AT T A LR Shay L
YT IR IRBOARATTATEHT DL XIS
LOMBERITETTE1EZRETD & X FERTS,

a > 0{000!}[1(001)[2{200)[3(010){4(101)[5(110)|6(112}|7{011),

0{000) 0 0 0 0 o 0 0
1(001)
2(100)
3{oLo}
4 {101
5(110)]
6 {111}l
7 (011}

Fl=lololo|o
ofofe il
ololr|rlxlo o

ojo|r|r|rlo|o

olrlr|=lolo]|o

R o N [
- lojolo|o
lolo|o|o |-

1 0 0
B 14. 3bit LFSR #7244 7 L8N
4 <pag b BRI UL E 1 BMATS,
e IRAT S 4 2D5MK
NRAT G AVNEMOF T #2272 HUHT L WS 2
R, SATT A DFNENEEREZENVS LT
b, FOHTRONRLTT A 2R L VU, BT
HERBRMOF R 7E2KHENS Z LicT D, TH~
DT DHE . BRBMORA T — S ~DNRLT 5 4
LVOREEEYV Y T, b L., XENRTCIonm
EATRABRVRBRDBE . AROEFHRITE TR
DFERE B,
in-order R{T: XA IR ATHREIZ 2 B % CHY R F—
TUEAN—NERD,
out of order M{T: XFHMLEFREIZ/2 D E THY R
T=I DT~ FEEET B D DERL DR 2%
ABEL, 27— 2 2iBRS Y, #E7—F0
HERATT D, b L, BBV TR FITF— 8
BRICTEET D L &1L, BMRTF -V A L— X
Wb, Fi, serial XI~DHEDB/EIL, serial
KRB P OT — S RO DIV T — & 5B
X¥D,
o NRATSALLDER
XA serial XOBE, WBEOKT ¥ SRETH:LR
TR 620, AROETERICE L TRO LS I
WET 5,
in-order BfF: BT E CHYRT—C% R R —
X¥5,
out of order 4T: serial XOEITHIIEESZ 0
MAT 5, MEBHRTRIZAEDIERE Y 7 % HH
L. BVEL SRt LT\ a7 —F 2 Kk

CEREEs,
XFHOMERKT L, EFRCAMTIHE, EFEFY
FRTERICEREIN S EE L TETTIN, K
FONEFEZ 74 0 OHE . EFTFRRITRS U THISHLL
TFTok51ZR2 3,
in-order BfT: RITKBESN-HE 2 EE L CEITT
Do ARV VIEREZ M 0 1T 5T
DH/ENE, TOARAT—JLYVBEIDORTF—UITH D
NBFF & 7 %R AR A LTHBUC VS, L, %
DAF—T X YFIDRT— 2 BINERE & 7 32

TH 0 THhOIBEIT. EFFZYB 0 ThVLFE
CBETTS (R 15),
out of order RfT: JEFEF 7 0 TRV FR 2T+
3,

BYTDI4 IR

b-3 O

B 15, in-order MiTHO TS
ZOREYTH Y LS REBL, KEALT T LD
P/ 4 OF - FBRRBENDE T, TILA R~ 5,

3.4.5 [E—F2XI~AOMEOMEH L OFEE

HDERI~DFECH U ERD D HE. RRZFD
FRI~OMVH LB > T LES FIEERH S, L
2B o T, O VICEERIER % 1), %= olEizic L7z
BoTREEITRI L51T5, F7 VT, ®16
DL RWHEL2EE TR EITRS, ZOEK T, 5
FBEALOEV RO LI, #IERIKIRIZR > TLE 5 DT,
ZOABRLBEVIEET, REENME CH|ERTRO Y
EXbB,

* Is_busy
sond_date

receive_dets f—

call
Is_busy [
send_dats
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Is_busy
send_data
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utp
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