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Hardware Implementation of Communication Protocols By Neural

Networks Representing Finite State Machines
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3-5-1, Johoku, Hamamatsu, 432, JAPAN

This paper describes a neural network which can represent the behavior of any finite state machine. Proposed

network is applied to hardware implementation of communication protocols.

Recent trend toward high speed communication of multimedia sources requires the hardware implementation of
communication protocols. In addition, protocol hardware must be preferable for mobile computing, since the
mobile host is usaally small and has limited memory capacity. So far, however, translation of protocol specifications
described by formal description techniques to VLSI circuits has not been matured yet. This paper proposes to
apply neural network to hardware implementation of protocols. Neural network is self-organized by training to
obtain the functions of given protocol. That is, protocol circuit is synthesized automatically during the learning

process.

The software implementation has a big advantage, i.e., its modification and copy are very easy. Thus protocols have
been often implemented by software. Neural network can realize any kind of protocol by adjusting the Synaptic
weights. Therefore, its hard ware configuration remains unaltered. This paper suggests to fabricate Synaptic weights
by programmable switches. The protocol circuit presented here can be easily modified and copied just by rewriting
the Synaptic weights.
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LAN % ISDN SO #CE @M A L, ¥ 7=, 2AWNAUL
L O mMEBIL - WHEBEAFL V. ZHhICL B2ew,
2y R =7 LY —EANEAL, RERZIVF AT 4
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HABOBIE I RS H, 2 TOHKRICES VA M-
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y(uv) =

27iu

Nda(a. )}

)+b sin(

ao + E{a. cos(
for u=20,1,-- ,N4¢m -1 (3)

CEYRBICEHATEIZIULHNTETHS. 22T, A7
{y(u)} OREHHE {y(u)} ={---,0,1,0,1,---} A cos(xu)
TRINDZZ DS, BREMBEBN L Nawa /2 = 2N -1
TH5.

H-T, EEROREWHIF 1 I REND 1 D=2~
Shixy NT—-2ICkYRBAZNS. T, ERFIIAS
u I8 U T cos( 2rex -) & 7243 sin( &7 2riy -) DREZDH
HhE2T5. -ﬂbd)ﬁ?‘ﬁ v Yo /Z:W"S(. Az b
D— 2B ) ZO UL 2N, = 2Vis = Nygro T
5. BEEESHHE {a,},{b;} BREIREZIN22HE7 LT
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1 TiREBELOBEH EMEX 5 =HICHARNIC
AVNV—ANBAZINTWS. OV —-Ri105 LALE
DAHCHLU LI EHAL, FOMOBEIIH 10 RXET
YHANMEIEZhS7-8, HERE

5.AUNV=RIC&

Fig.1. Neural network to approximate general logic

cos sin
functions, where § and i express trigrons to output

2
cos(%%) and sin N:::. }, respectively.

RSMEETHE {a,},{b,} DHBTHEL THHEL .
2.2 EF BB OER

NE P 18 D B LS
Y'=g(X', Q") (4)
Q' =h(X', Q') (5)

IKEYRINB. 22T, X' Y, QUERERFRAAX
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Y = gi(X o Xa X5 QN Q5L QY
i=1,2, .., Nout (6)

Q! = h(Xi, 1 X3 XL QN Q7L QY
1=12.,N, (7)
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R#UAFI 7O rANVOHRERBEBR (23K
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Fig.3. PNA implementation of universal digital sequential circuit.

Za-0Y - 74 (PNA) LS. 70 h 3 VEIRE OB
EXHHIL, PNADRAL 9F - T U7 AL WERL D
E3Tiw. BREE3ISRT.

2B, AYNV-FDUELEVE 0L, 7—) THEY
DERED ao L ELHBZENTES. (DY, 4) =
ay - 8. ZZT, {A)) BN ABHBOKEESHETH S )
32PNAo2®7/0d) XA

PNA OMBULHEDSH I3, BEHE DR S EHF
BAEha.

2.2 TR X D12, R (1) TRE D5 REMK O
NEEBROERTHS. LEN T, 22 TIILDE
», R (1) ORFICHUTRT. 2EOBN, R (8) &
W=T LI, MBILAE {4,),{B,) *MBT22T

Hd.
y(u) = §(u), for u=0,1,..., Nyg1a — 1 (8)
ZZC, Ny 2ei ori
. iy . riu
B0) = sontdo + 3 Ascon( E22) 4 Bsin( FT))
for u= 01 11 ceny Ndatu -1 (9)
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State 0 (000): idle.

State 1 (001): sending of request to a terminal.

State 2 (010): waiting to get a messege from the
terminal.

State 3 (011): timer increment.

State 4 (100): decoding of the messege.

State 5 (101): processing of job_A.

State 6 (110): processing of job_B.

Fig.4(a). The state transition diagram for job selecter.

[S Get Ack Tout A EndA EndB] Q' QL' Q' @ QF Qi |Busy Send SetT IncT ED E_A EB]
0 ¢ ¢ ¢ ¢ & ¢ 0 0 0 6 0 0]1 0 0 ©0 O0 0 ©
1 ¢ ¢ ¢ ¢ é é 0 0 0 0 0 1 1 0 0 0 0 0 0
¢ ¢ ¢ ¢ ¢ ] ¢ 0 0 1 0 1 0 0 1 1 0 0 0 0
$ 0 ¢ ¢ ¢ ¢ ) 0 1 0 o 1 1]0 o0 0 ©0 o0 0 0
é¢ 1 0 ¢ ¢ ¢ é 0 1 0 6 0o 1]0 0 o0 ©0 0 o0 o©
¢ 1 1 ¢ ] ¢ ¢ 0 1 0 1 0 0 0 0 0 0 0 0 0
¢ ¢ ¢ 0 ¢ ¢ ¢ 0 1 1 0 1 0 0 0 0 1 0 0 0
¢ ¢ ¢ 1 ¢ ¢ ¢ 0 1 1 0 0 1 0 0 0 1 0 0 0
¢ ¢ ¢ ¢ 0 ¢ ¢ 1 0 0 1 0 1 0 0 0 0 1 0 0
¢ ¢ ¢ é 1 ¢ ¢ 1 0 0 1 1 0 0 0 0 0 1 0 0
¢ @ ¢ ) é 0 ¢ 1 0 1 1 0 1 0 0 0 0 0 1 0
s ¢ ¢ ¢ ¢ 1 é 10 1 0 0 0}J0 0 ©0 0 0 1 0
6 ¢ ¢ ¢ o ¢ 0 11 0 1 1 06 o0 o0 0 ©0 o0 1
¢ ¢ ¢ ¢ ¢ ¢ 1 1 1 0 0 0 0 0 0 0 0 0 0 1
Fig.4.(b). The state table for job selecter.

AAo = —ag - (¥(u) — Yerse 13

5. £E, o = —ag - (¥(u) = Yiree(u)) o (13)

A; = tre(a;,Th),  B; = tre(b;, Th) Aa; = —ag - ((u) = tiree(u)) - cos( N:"‘ ) - dtre/da,

ata
3‘=1,2,...,N, (10) i:1|2|"-vN] (14)
TH5. 28, B sgn(-), tre(-) XEHhFh, Ab; = —ay - (§(4) — Yerae () - sin( ;‘nu ). dtre/ab:
data
’ i 2 t = 3 Ly ooy

sgn(s) = { (1) lft: 20 a1 i=1,2,..,N; (15)

» oterwise LRHND. ZZT, gree(u) ZEEAENSBSNEHK

1, if > Th %{3%, Qg, Qg, ab‘i?g}\‘ax - 5 T’bé- &B, #go)

tre(z,Th)={ -1, ifz < -Th (12) INREEREEEDE=8,

1-|Th - z|l/o, if |Th-|z]l/c <1

0, otherwise

0, otherwise

TH5 PHI, AGHEOKSTHE {a.),{b)} ICHLTIT
bhd FUT, B tre(:) A {a:},{b:} ERKILT 3. Uk (IE®ICIR, Otre/dz = §(x — Th) + §(z + Th);
AMBORESTTE Ao, {ai | i = 1,2, Ny}, (b |i= 8(z) BAZ/NNVAB) 22T, sl EBTH 2.
L,2,.., Ny} ORI, RBRTHICLVESIRZHY ERE & R T OIS, EMEMERET S -HICEKT
NIV XLABWSHRS. 28, Fh£h, W) XLICE2ZENHAB ETITDhS. Y #F

dtre/dz = { (16)
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SFME 217D E % PNA ISP HX 8. ZXERORMK
BB REEBR LB 4(a),(b) ICRT. RMO 7 A K
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B SEST, R 1 THKICY aTORRE D 2HFTHE
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Send ki ). AIBFICHX ATty hEHD (XA TICH
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K, RBITRAIHA I VRAY PERD (RATIC
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t-UhSYa TR ERME TSI, BEA v
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TANKT TS (Va T ART 75 EndADNID) &
EHEIRMO ICRS. ARICT a7 B MRESNE (75
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PNA ORESHEDR2E % 3.207 VIV XLILEY
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— S SREBRITIIC, 00=0.015(F (13)), as=0.015(X (14)),
ap=0.015( (15)), Th=0.4(X (10)), o=1.0(R (16)) &
L= 2TOREMEE 0.0 ICFELL =8, 28217
. B EO2H THY LR ATTEAIUR L, AER O
ELRBT L EMBLE.
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ARIEROERRERREPLE T 20 —-F VXY
R - ERBLE. —a—S )Ry RO —7 %, [GED
WRTHD, EOHMILEBAEETS, HB—DN—-K7x
THRICE VEBROMELER T HSORFMERD, /0
ROV EEETZICHLEERTHELEAD. BICK
T, Xy b= OMATHEEREKILL, 2hE 70
Y5ITN AA v FCEETHZ L&Y, BEBRAT
O N aNEREEBRLE. N-KYx7IC&5 70
RaAVOEENRTGRE LBTIVF AT 14 7iBEPE—
NKANEBICBIS, KXy NO—-JDFEIKREW.

AMD=a—-SNVExy NT—7137—Y TREEM%E
FIALTREMNEEESS. 220705 -
—a-0Y- 7 U4 (PNA) OERMRL $E7)LTY X
LIZDWTRAR=.

S RSO N VOB % PNA ICKY £
U, TDMABTBIERRL =

AN, RBEASL 22 L, RTF (b yay) B
2HF—-ZAPHMRT 5. FREAICEANRARO 7O
N aINWEEETIHBEIIZ, BRI Y OMANLHE
KRB BRD.
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