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Implementation of a processor for Functional Languages on FPGA

KELI YANAI , TETSURO TANAKA and MASATO TAKEICHI

A processor for functional languages was implemented on a Field Programmable Gate Array
(FPGA) with 10 thousand gates. This processor has two execution modes, “normal mode”
for execution of normal instructions and “reduction mode” for reduction of combinators.

The design of this processor is to execute five frequently used combinators in reduction
mode and others in normal mode. Combination of normal mode and reduction mode enables
the processor to execute functional programs about five times as fast as that only with normal

mode.
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fac=An. if (=0n) 1 (xn(itfac (- n1l)))
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fac3 = 3s«fac?2 = 3x(2+fac 1)
= 3+(2¢(1xfac 0)) = 3%(2+(1x1))
= 3%(2+1) = 3*2
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Szyz=>z2(y2)
Kzy=>z
Iz =z
Brzyz=>z(y2)
Czyz=>zzy
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*#.$ : same cells 1
& : new cells
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() ZLESLCHERITLE) DN OHEDIER
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Ci2(plus1) ——— |(plus1)2

Stack #,* : same cells
Before & : new cell
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ETCRTRLTV A, ¥— M ROBESTHIRTE L
oz,

RBETH®D A4 YA +5 2 a it BETH®D A ¥ X
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%1 @4ty (LB:BETH &%, TEGRBETH WIRAS)

4 DN BN
XA 1d, st
nhide add, adc, sub, sbb, neg
o4 20 cmp
RS and, or, xor, not
WG4 inc, dec
7 A sr, sl, rr, 1l, ar,y al
RS jpa, jpn, juhi, juhe, julo, jne, jeq
jve, jvs, jpl, jmi, jshe, jslo, jshi, jsle
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Ay gy push, pop, sread, s.init
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EwyRit, foa—F% 6000h &L, XEY LD

8000h HH A LB ETAHEL, MINXLH KB SIS,

L 12]
[FT1] 330556501 {constand

M3 urEi— 7 RONBER

8000h : 8002 (pointer)
8001h : 0003 (constant)

8002h : 8004 (pointer)
8003h : 0002 (constant)
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RIMR ERr4a¥ o+ fEDFER
Bl (B 0 0 x x| 0000h-+3FFFh
WBIVEF—% 0 1 0 0| 4000h—4FFFh
P8 = AYE S 0 1 1 x | 6000h—7FFFh
KA ¥ 1 x. x x-| 8000h—FFFFh
NULL#i(¥—-2#) |0 1 o0 1 5000h

3.5 XEURM : ‘
V¥7varE— FTRELADLHITATY EZHHE
Hahas.

®4. V¥ are—FDAEYEN

0000h—7FFFh ROM
5000h— Overflow Routine
6000h+7FFFh External Combinator
8000h—+FEFFh  RAM ’
8000h+FEFFh Combinator Program
8000h«+FEFFh Heap Erea (in Free List) |
+FEFFh Stack Erea .
FFooh—FFFFh 1/O (KEY,LED etc,)

‘A% v 7k, RAM © LRTH % FEFFh Fib 5/
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¥ 7 DBIET e — 7L 8000h B LIBED 7 FL
ARBYIND, e=ThOBELNVZT7Y—) R T
HT5. 7V YAIOBRBEODENMIBEIAF AT
? NULL 22— F (5000h) #*&»hTHY, 7y—1y 2
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No. | BFRE BiE
1 ESUIETE TN POP MAR
2 [MAR+1]-WO0,R0
3 EREN-TE 3.8 POP MAR
4 ' [MAR+1]-»W1
5 B 3FIBOBIALR SREAD MAR
6 [MAR+1]oW2
7 | WLvEroNs HP0— HP1,[HP0}—+HPO
8 Py TErORERL | WO0-[MAR]
9 HP1-[MAR+1]
10 | fiotA~0FERA | Wi[HP1)
11 W2 [HP1+1]
BREORT A~

BXYZ —W x(y2)

stack  *#$ : same cells
Before & : new cell After

4 Ao E¥i—5 B ok

6 LVIRREBED. by TN (x) RIEORIC L RA
SRTVRMRELSHZDOT, T6THBERITHL.

B7 NBar¥i-s+onn

No. | BARE BF (R ERAE)
1 | redex yGOBAhdh Fetch
2 PC %ii#+3 PUSH PC
3 AY 7 EIET B PUSH MARK
4 RODHFIZL > T [ DK A]
(B3 ¥ ¥ A= 5 S0~ RO(LfE 4 ¥ v })=0100
(GHEBT > ¥ A — y A o11x
(F4 vy oE~N) Ixxx
[¢:¢:13: 28] 00xx
(NULL #.8~) 0101
ELEEAE ST ] [
Ao —ruE [CIET)
E-1 RO D+ Hw~ JUMP RO PC

X2~ ) (F5/5-2)

P1 | #1°5 % PUSH
P-2 | #4 5 Di8THED READ

PUSH RO,RO-+MAR
[MAR]- RO, 7k A ~

[M@.NULL BB (#72%)] (redex DR THLEL)
N-1 Elx POP T3 POP MAR
N-2 | PCEMRL, #7432 POP PC

REBIVER—SOERBILLT, 3> ¥%—F B
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5. 1 DoHDFIREMHERORICBOTRERICZZ0D
TRODMEL (R6,2178), b v 7H (+) 2Mi%H%
bEyTENELBDTAY v % READ(POP £ &
ZOWARY v I RL 2 BERLZV)LT, by TE
NDBEAL S EDELRY v 7 ITRATBL (617
B). My TN EHLBELERAVT o(yz) 2ED,
2HBL3IBHDOLNIMOKICHE STV 2 ThetE
FHBENT, ZOFFTILTEL. HEShTVERWE
BRTILLS,

NBIVER—SOERAL LT, HARIHH
plus(+) OR#HOBIELE 5, Z0OREBEETISRT.
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No. | BAAR BF
1| 81507 FLARY—F sread R13
2 FIBTERDF v 2 jpn lacks
3 | W15 MEo—F Id RO,[R13+41)
4 | ®13IBONME redex
5 | M13IMOTFLAERY S pop R13
6 | HITIMETEMLL st RO,[R13+41]
7 B2FBOTFLRAEY—F sread R13
8 | JIMTROF2y S jpn lacks
9 | MENAE 1M push RO
10 ®27 Mt F Id RO,[R13+1]
11 | W23 BN redex
12 AR 151 RouR pop R14
13 | $23MOTFLAEHY S pop R13
14 wa ) add RO,R14
15 AY¥r—-2lOa~-F Id R14,0x4027
16 | FyTeroEowsmi (1) st R14,(R13]
17 Py TENOEORERL (BR) st . RO,[R13+1}
18 | BAORT, KA~ ret.comb
19 lacks: [FIMTFROAA] pop R13
20 | redex DT, normal mode~ | ret
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Tuty YARO IOy JRER 6 12K,

F70 7 OB B LT ISRT.

® ALU(Arithmetic and Logic Unit)
PC(Program Counter)

MAR,MAR2(Memory Address Register)
IR(Instruction Register)

REGISTER(16 wordx2, Work Registerx4,
Heap Pointer x2)
2HDLIRS 77 A NHBESK, AEIC2o0



+(+32)1 —+ 6
[Tl
K11
II:I
Stuks &

Stack
B‘elore *#.$,& : same cells | Ater

3,&

@5 AR ER—7+oE

Reduction BETH CPU

rLUaY

wezT

ramained
ADD

6 RBETH O/—F x 7TIREL

VYRS IZT 22 ATES, RBETH Tit, 7—2
VYAZ 4Dbe—7RL V7 20 BMshTw
3.

¢ CONTROL UNIT
32€v I x64 7— FOKFRETAfr7na—Filk
h, 7oty Hefoary ro—- LT,

e JUMP CONTROLER
S D SAE % HIWET 5 85

e STACK UNIT
HNEAY v 2. 16 T—FDAEY), AY v I HL
YAy ) DOTREYRETHVIRY, AY v 7
OEELHBT AL u-SHEEh5.

e ADDRESS PLUS ONE UNIT
EVDEMIIT 7 EALBL 501, ALU %
AEFI, TRVASADESC+H1TAILAT
&5,

4. ¥ i

4.1 N—F9I7IX bORIAY
it L2/ oty % (RBETH) i3, XC4010 i &

S h#: CLB function generator 800 f® 3 %, 663 /&
PREET AT CEBRTEL. TCLCABE ey ¥
(BETH) Ti2 336 B A LANT, 2HHBILHL L.
Flip-Flop, RAM, 3-state buffer $OEH DI IZ
BB 70T, N —Frx7TOMAER2EHTDH
BLAMbLAZ EHTES.

4.2 VHI7YarE—-FIC&3@mELORIL

HBL-7uby 2 ERF-FVAFA (HT)KR
MAAR, FMizfTho7/. V¥ rvyavyE-FILE5
N—FY L7 CORBB IO A0EFRME ) —<
NE—FTECAY YTV ICEBY T PILTTOE
TR ERBT A LI, N—FoTIICL A
BILERRIEL 7.

3o ERYYINTATS LIV, TAME
ot ERLEETHHSERELTMT 2 ICRKR
Bh70YS5 A ETTILEND LN KEHETHR
BHETHEBRAOCPUT, A OHIHO HHD
T, FAMNCREBEL TR ARV

FUr A, 1550 FTOMERD S sigma, n
DREFE KD D fact, 74 KT v FHERD S fib D
32oTd5%. sigma 100,fact 5,fib 10 ¥ Zh ¥h
1.5MHz T 100 BIE4T LABON—FIZT LY 7}
PITIEAEMBMOEMELRBIIRY. Thi D,
FYLT5 U EOBEMASERTE TV D I EH5D
5.

B8 TUY5 LAOETHE (KM) (B B)

Prog. software | hardware | ratio
sigma 100 20.23 3.89 5.2
fact 5 12.53 1.98 6.3
fib 10 32.34 5.94 5.4

AHREFEMORREBRL DI, V- X 57—
yavkToyIalb-y AV, RBaYER-7,
WY ER—%, FSN—R, UFra IRTHL
(BRWMY T2 ¥ a YET) 04 oORBREEIORKD) ©



B9 TUYFLOEGHME (Y Iab—Yay) (BB (%)

Prog. Int.C. | Ext.C. Trav. | Redex | Total
sigma 100 9.29 3.34 4.77 2.76 | 20.16
(soft) (46.1) | (16.6) | (23.7) | (13.7)
1.03 1.98 0.40 0.21 3.71
(hard) (27.8) (53.5) (10.8) (5.7)
fact 5 7.51 1.15 3.20 0.96 | 12.82
(soft) (58.6) (9.0) | (25.0) (7.5)

0.88 0.68 0.27 0.07 1.93

(hard) (45.6) | (35.2) | (8.9) | (3.6)
fib 10 15.06 5.17 | 7.84 4.29 | 32.36
(soft) (46.8) | (16.0) | (24.3) | (13.3)

1.76 3.08 0.65 0.33 5.86
(hard) (30.2) | (52.8) | (11.1) | (5.7)

L7z (%9). chicdkart, /—IVvE-FTOL ¥
TV FICEBERTR, a3 ¥A—FonBIc4ETE
Bo#H50% #HroTWA I LR HE. 8612, 757
EloloTw{RBTHD b F/5—RI2# 25% #Ho
Twa,

N=FIZ 7 X o T, A2 v ¥R =¥ i34 9 45,
FIN—ARB12E0BBLEERL, 2HhoETHE
EOMLICKESHFEL TR LEELLNS. Stfa
Y=y OREIE, V¥ are=-FizBwTh, ¥
7rFIITHICEITL TV, ABAN—F 7 2 RUH
FEEDF — 8=~y FARA L 25528, R, VY
7aYIRUHLARL A —/S—~y FERI L 1345
2R, B koTW3,

DEoZ b6, MABREOK S,K,I,B,C D5
DDAV R—FE FIN—ANBERLE L= F
YITT, TR LEEEHSERTETVEEVL S,

4.3 ABX2 v I7OBRORE

RBA Y v 2 OBERLELSELBOEFERBROLEL
L, ARy 7 A nOEEE, MILEALY 70
L fib DEE 5 ICLBBICOVT, YIab—F%
FAWTHERTA: (X 10). ETREZ, ABR Y v 20
HEANELRRL, HDEAIPRVIEBEERICEITTES.

E10 WBRS v 7 OBFRICE2ETHRAOEILLNEBR S v 27 bs
ho#s (B 8,%)

Stack size 0 4 8 16 32 64

sigma 100 | 4.44 [ 3.83 [ 3.71 | 3.71 | 3.70 | 3.70
100 | 244 | 98 | 96 92| 84

fact 5 2.36 | 2.03 | 1.95 | 1.93 | 1.93 | 1.92
100 [ 270 | 77| 52| 34| 18
fib 10 7.13 6.16 5.93 5.86 5.82 5.82
100 | 25.7 | 81| 27| 03| o0
fib 15 79.6 68.8 66.2 65.4 65.1 65.0

100 | 25.7 8.1 2.7 0.4 0.0

RICLHE, AR Y vy 7 OBEEN8T— FE T,
HEUNFRIL, ETFHEMOBI LTVE, 87— F
INKRECLTY, dhh, ETEMICH T TN

LW ERGHB. 1277, £ib 2BV TIE 16 7— FiZ
THEHSNHFLB BRI TH. T LI, AR
Yy 7RRACPUNMEEZ TS 16 7— Fhhid, +54
ThorLELLNS.
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AR TRERBEITBOBELTOLD I, BENE
FE~-NEYF I avE—Figbeigoruty ¥
RERE, BEL. VY a v E—- FCOEFTLEH
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R, VERON-FI 2 T7OBMTRETE, /-
- FORDETEWB L TEY 5 B EOFEEDM L
PREE S .

A70t&y 4 TRELAETEFVIE 1979 £1281%
SN/ b DT, 0%, G-machine®, TIM?, STG®
R, MRA7aty 4 L COETICH L ETEF VN
WSOLREERTWI. EAMLE 7oty S OERIC
I, ShOEDEFEFVCHIELET %72 F v OlR

CHORELLRANEST.

WRDV T2 a v FoTDELHR—I— /12
RolDIH LT, EBRICEIET 2 b0k fEo LT L ],
BELKBEATRUDTORE Bbh, ZOEKICE
TEHDHDLDLVE B,
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