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Abstract This paper presents a distributed memory architecture for dedicated hardware automatically synthesized from Er-
lang programs. Takebayashi et al. had developed a framework for generating embedded systems controllers whose behavior
was specified by a subset of Erlang, where each process was mapped onto a hardware module running independently of those
for the other processes. However, the resulting hardware was not of practical use because it shared a single main memory
potentially accessed by all the process modules simultaneously. To address this issue, in this paper, the main memory is par-
titioned into banks so that each process can access its own memory independently of the other processes. In order to keep
the interconnections for message passing and garbage collection to a practical size, a bus architecture is employed where re-
quests for send and garbage collection are arbitrated by an arbiter module. From a simple Erlang specification consisting of 2
processes, a synthesizable Verilog HDL code has been generated whose behavior was confirmed by RTL simulation.
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: -module(roomba) .
: -export([start/0]).

: start() >

spawn(fun() ->
register(procl, self()),
loopl(0®, ©)

end),

spawn(fun() ->
register(proc®, self()),

Port® = open_port({spawn, "stdbuf -i® -00 -e® od

-h -w8 /dev/input/js® |

./controller"}, [{packet, 2}]),

Portl = open_port({spawn, "./roomba"}, [{packet, 2}1),

loop®(Port®, Portl)
end) .

: decode([Dt,Dh,Et,Eh]) ->

{((Dh bsl 8) bor Dt), ((Eh bsl 8) bor Et)};

: decode(X) -> X.

: loop®(Port®, Portl) ->

receive
{Port0®, {data, Data}} ->
Data2 = decode(Data),
procl ! {proc®, data, Data2},
loop®(Port®, Portl);
{procl, Data3} ->
Portl ! {proc®, {command, Data3}},
loop®(Port®, Portl);
{Port1, _} >
loop®(Port®, Portl);
->
loop®(Port®, Portl)
end.

: loopl(D, T) ->

receive
{proc®, data, Data} ->
{Drive, Turn} = calc(Data, D, T),
Cmd = encode(Drive, Turn),
proc® ! {procl, Cmd},
loopl(Drive, Turn);
X >
proc® ! X,
loopl(D, T)
end.

: calc({Para, X}, Drive, Turn) ->

if
X == 258 -> {Para, Turn};
X == 1026 -> {Para, Turn};

X = -> {Drive, Para};
X == 770 -> {Drive, Para};
true -> {0, 0}

end.

: encode(Drive, Turn) ->

if

Drive =< 57343, Drive >= 32768 ->
if

Turn =< 57343, Turn >= 32768 -> {146, 0,

127, 0,

Turn =< 32767, Turn >= 12288 -> {146, 0, 63, O,

true -> {146, 0,

end;
Drive =< 32767, Drive >= 8192 ->
if

127, 0,

63};
127%;
127}

Turn =< 57343, Turn >= 32768 -> {146,255,127,255,63};
Turn =< 32767, Turn >= 12288 -> {146,255,63,255,127};
true -> {146,255,127,255,127}

end;
true ->
if

Turn =< 57343, Turn >= 32768 -> {146,255,127,0,127};
Turn =< 32767, Turn >= 12288 -> {146,0,127,255,127};
true -> {146,0,0,0,0}

end
end.
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DAY —VEEY 7 TR FPHIUTERIEIHE > T—D%iE
Ry 5.

3) 7 m & A j D receive_message, remove_message,
save_message # EfTL T NIEZ DR T 2> T, LTk
THIEELILFILORA Yy 2= DX 2 —~"DDOHEIR%EH
A[§ % 78, enqready; I 1 2 & EiAdr.

(4) 7—¥Y%lEsendreq; & 112352 LICkD Li

REEH 252 5.

(5) Li 1% send_req; %% 1
HEET 5.

(6) Li DAL T L 725 sendreq; % 0
Y T3,

(7) 7—E %13 send_req; 2% 0
engreq; Z 0129 5.

727U, Ljidsend V 7 T A bOFAEFEoTHMIcb Y
¥Fa2—DYIIAFZFAITES L) ICHETHMELD 5.

3.4 JOEYa—I

GC.req; ¥ enq.ready; FDEZIE 7 FL XA 22 MNICHIE L
AEYRY 7T PO ICE->T, &H7BER, 7477Y,GCE
Pa— Ao TIRATES LTS, 20T 7 A&l
TEORNOEY 2—NVTH5. K5IC/OEY 2—NZBML
TeN—F 7 = THIEDP T TH B BEEY 2—)WEZ O EY 2 —
NENLUTNRICERT 2. Li»oDT 7 ABHI ~NDT 7
AP Qi NDT 7R AMII YO TY 2 — MW L, Bk %
TWHEZS.

4, FEIEZEFEER

REFRICHDETEMNERIRZDO 7O N ¥ A TRFEEL .
P13 Ubuntu Linux & Mac OS X ECEIfET 5. BEAM 7t ~
7)) 55 CDFG #4820 % (K 2 7D @) i Perl5 TF
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K7 JOEZ2—NE2EUAR)VFRT—FT7F*
V3.
K1DYATLZEHT 2 ERS DL D% n— 7 = THERK
E7 %, iport0 1XIX 1 (@) D port0 DT A 77 VEL 2—LTH
%. oportl IZX 1 (a) D portl D7 A 77 VEL 2—)LTHH, PO
MPOEDAY2—VEBIV IV ZANDRH -7 EZITF 2 —~DD
BREZAREINTIESEE5 2 5BEBOAREZET 5.

arbiter |

X Gc
iporto oportl

10 module 10 module 10 module 10 module

| bus module |

| bus module |

ibuffer obuffer
[ 01 HL

X8 GHREZ S Erlang 7’0 77 LD N— R = 7HERR

A AT LT Verilog HDL % £ L, FPGA % W R GHELG
U kR 22 1 1SR T, “LUTs” 13 LUT #¢, “FFs” 137V v 7°
780y 748K, “delay” 1& 7 V) T 4 AV S ARIER FT . mERAI
Artix-7 (xc7a100tcsg324-3) % ¥ —7%" v M IZ Vivado (2015.4) CIfi
BEat A 7> a v 2 1BE L TT> 7. & D7, MIPS R3000
Y7 b a7 1] OEEMERE “MIPS” {TICE# L T3, N R
EYa—), 7T—EYEY 22—, /O EY 22— VITTEEL -
LDTHY, WTNH/NSEHHTH L. 7477 VEY 2L
& MIPS ICHER 2 EIERICR & v, 24U, BiR S Cld £ 7251+45
BT —=%7 7 F 2 DIt ETo TR RWEZDTH Y, B
BEDOHIFIE 5B OMETH 5.

F1 G AR
LUTs FFs | delay [ns]
bus 245 0 5.030

arbiter 169 180 3.460
1/0 415 128 7.235

PO | 4,520 | 1,010 10.757
P1 6,007 | 888 12.171
GC | 5,968 | 1,349 12.003
LO | 9,163 | 1,323 14.441
L1 8,994 | 1,386 13.846
iport0 | 3,646 | 683 11.133

oportl 539 | 138 5.688
MIPS | 3,070 | 1,771 13.037

FERA K Vivado 20154, ¥ —/7 v b Artix-7

54?50%91~wuc§%@v«w13 Ya—% LT
BEMERR ICEM AR Z T o 72, FREFDEY 2 — )L Verilog
me&mﬁﬁiwrxr%%mtf(m%y;—wmcﬁ

FEOL )L Ta v Ea—8 L CEIfEERB ISR AR ETo
ﬁnéﬁ%@A—F717®ﬁW%miiﬁ??fm&w

RT L)LY S 2L — a v CHER L 7oK 25 2 DYLBRIRER]
ZR2ITRT. “cycle” IZANR—= DR T—=F %2ZITH->TH 56
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ZFNZT VT AANNRABBIEZ T U /M TH S, 72, v 32
L—yavicHwi A ) IERHRETH D, XY T 7 R
1 7uy 7 %2R TT52ETLVCHS. $4ID¥ I
L—yavfuc i —xXyar 7y a ViR EL Tukn,
£2 QUL EE R
cycle | time [us]
2471 | 35.684

5. 8 9 O
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