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PUIPeSE of Project

i Trerdevelop software tergenerate \VVHDL for
each problem. This \VVHIDIL creates a Very.
fiast satistianility selverinia EPGA which can

then e used to solve the problem.
0 \Why programi it for each prenlem?

Tfoo much hardware Isineededtfor a large static
problem solver

Tlakesiadvantage off moest Impoertant aspect of
EPGA -- Reconfiguranle!




e Satistianility Preblem

0 Given:
a Set ofi niBoolean varianles X, X, ... X

a Set of literals, where a literal 1Sa Variable x: or the
complement ofi a varmable x;

a Set ofi distinctive clauses €; ... €. Where eachiclause
consists off literalsi combined by OR

Thefunction CNE=C, = C, e ... «C CNE = conjunctive
normall form
1 \We say tiier eguation| Is satistianle i tiere exists a
combination of truthivalues of x°s that make the equation
= true.

= IF nosuch solution exists, It IS unsatisfianle



e Satisfiability Problem (cont.)

Not an easy: proklem to selve!
The first NP-complete problem to be

0

Und:
NP = non-deterministic pelynomial.

Complete means It IS the key: te a Set of
proklems.

IHas never Peen proven that there IS ne easy.
selutien! (Ite., nen-exponentialiselution)

Anoether Is graph celoring




e Satisfiability Problem (cont.)

u AR exact solution calculation Increases
exponentially with the increasing numier
of variables and clauses.

AR average satistiavility: prenlem: may.
have 50/ nputs; 100 clauses and 300
literals.

A large problem: canihave 1000/ nputs,
3000 clauses anal 10000 literals!



Why dewe needisavistiannity?

o By mergingall eguations inte large equation; a system of
Boolean equations can be solved using satisfiability.

1 lLarge systems off equations are used in Impostant CAID
problems such;as:

timing verification

layeut calculation

routing analysis
0 State assignment & minimization
1 Autematic test-pattern generation

1 Autematic tiecrem-proving




SoIVinglniSelitware (oriet)

1 NG algomthn hasi heen fioundithat 1S nen-
exponential for all cases.

B

B

L

here are many algoerithms for selving satistianility
nat ane efficient for moest cases

WO classes:
Exnaustive seanch, exponentially: complexity.

Backirackinglalgerithms, Woerst case exponential usually:
Petter
— First Davis-Putnam algortim -~ 1960°S
— GRASP (Generic seaRch Algorithm for the Satisfiability Problem)
— tree pruning & bookkeeping backtracking algorithm 1996




Satistianility i Hardware

(only: programmed once)

1997 ESOP Minimization/Satistialnity
machine

[Deesnrt requike programming for each case
IS VERY limited on number: off Varmanles
East calculation



Satistianility i Hardware

ReconfiguranielHaraware
Reguires VVHDL generation, place

& loute and programming| tine: for
each prenlem

IHardware Isinot too complex and
can dovery: large: proklems

\/ery fast calculation



Reconfiguranle machines

1) Use efficient satisfiability: hacktracking algeritams in
nardware

0l Eor each problemiunigue VIHDIC must e generated and
programmed in EPGA that implements the algerithm

1| Because most (except ESOP) satisfianility: proklems do
not use all'varianles and terms, hardwalre dees not
grow. expoenentially withrnumier: ofi Varianles and

clauses.
0l Can have a speeduprofi 1000x over: the hest seftware
algoritm,

0l Tihe only/ tradeoeff IS the time: to generate \VIHDL ana
program the EPGA fior each problem.




Block Diagramiof typical Maclk

Ine

u Each variable i Canonicall Normall For
(CNE)has Its own state machine.

M

1 [Data patnlIs the combinational equation of

all the varables  representing the eutput
function.

1 TThe glekal contreller sets up the system

and keeps; track off When' it 1s complete.



l I host interface

I Block

Diagram
of typical
Machine
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Fig. 1. Block diagram for the basic architecture (CE), consisting of an array of FSMs
(#1 ... #n), a datapath, and a global controller. The variables x; and the CNF are
modeled in 3-valued logic.



State Machine for each variable




State Machine for each variable

FB FB
o - 0 0 o

init

Fig. 2. State diagram for an FSM of the architecture CE. The inputs are FT (from
top) and FB (from bottom) that activate the FSM, and the 3-valued CNF. The output
signals displayed inside the states are the variable value, and the signals TT (to top)
and TB (to bottom) that activate the previous and next FSM.



Simple Example CNF = (x+y)(y’+z")(z+X)

Global Controller

If this ever becomes 1,

1 \
/ we have proved

unsatisfiability

5 Assign 0ite variable

X

0 0 LOOP(

1 F=(X+X) (X+X)(X+X) If CNF = 1 we found'a
=X selution, end

Combinational F=(0+X)(X+X)(X+0) [T CNF = 0 we made the
F = eyib e =X function unsatisfiable. Set

X F=(0+0)(1+X)(X+0) variable to 1. Continue loop.

(1) F_=C()0+1)(0+X)(x+0) If CNE = X activate the next

5 — % ESIVI down.

0 F=(0+1)(0+1)(0+0) [T weve tried both 1 & 0
=0 assign varable te X and
F=(0+1)(0+0)(1+0) activate next higher ESM

=0

F=(1+1)(0+0)(1+1)

=0

0 F=(1+0)(1+0)(1+1) Solution Found!
1

) END LOOP

P O X
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1 VIHDL for state machine
1 VIHDL code torimplement 3 valued legic
i1 € code to generate VIHDL fior selver logic
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Ny VhDLiorsingle state mac

LI EA iy s, WHEM s _low =3
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USE work =men AL Woai w1 o dop ©= 0% tn_biod €= 0% = Vit €= 00
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ST LG — migral ko= Righar FoR L

M STDLOGIC.  — sigeal o lowe: F5 R = AR
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-
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FITERHARY: — mgns ot
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BEGM
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BEEGM
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Vol €= "N o _tgp <= 10% fo_kbo# <=
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ELSE

ried_siste £= nactroe:

ERIC F:

Sl w7 A3 _map L a3_fwol n
F{FIH = *-f y THEM

ot _stmbe <= motromte_baol_highc
ELSAF| FId = 1) THEHN

i _falke d= ned_bath

ELEE

Aia_EisiD €= nsoFa

Erl F:

‘WHEN Streaks_bid s =¥

"o €= "1 In_jop €= 0% lo_bal €= 1
I rom_bot = 1) THEN
ned_winle 4= nctre_hligh

ELEE

Toid_ihe: & BCTRET ol

S ) o

WHEN actvate_bof_hich =k

Yhoap] = 0% toi_bop = 0% to_bai =1
19 rom_bod = 1" 3 THEN
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ELEE
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END I
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Bl Caise
Bl PrOCerd s
o siuchimk




1
4 -
N VHDL for 3valuedlegic

ACEALE BOD rerhany |5

»
. 0 Overleads eperators so
| “47 x> and NOT can be

::-:-.-4:;-:=r:,l'r OF_TAELE: TERMARY_200= | u Sed fo r T E R N A R Y

h] o

1=
CRLL L -

CONETANT AND_TABHLE: TERMaSREY 200 = |

< . (o )

FLRCTIOM *F [&FG: TERMARSY) FETURM tomany 1S
BEGH

| F

EMD
FURCTION "+ (L_&RG. R_ARG TERMARTY] RETURN Emeny 15
JE Gl
FETURM| OF_TABLE[L_aRG, R_aRG] |

EMD:

FURCTION ™= (L_AFKG, R_AAG TERMAF) AE TURN amany 15
BEGEM

FETURM[ AMD_TABLE[L_ARG A_ARG] |
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¢ FILE: aim-50-1_6-no-2.cnf

o

o Program will parse a CNE
¢ SOURCE: Kazuo lwama, Eiji Miyano (miyano@cscu.kyushu-u.ac.jp), .
c and Yuichi Asahiro format f||e and generate the

c

¢ DESCRIPTION: Artifical instances from generator by source. Generators entlty and arCh iteCtU e for the

and more information in sat/contributed/iwama.
solver.
¢ NOTE: Not Satisfiable

: = A “c” on first of line denotes a

h C code togenerate VHDL for logic

.M
517370 comment a prdefines the file

“‘“ 2428370
428 400 parameters
Tt p (file fermat) (3 vars)(#

“‘“ -13-24-290 Clauses)

o o

-410-170
-4-10-170
26 33-370
5-26340
33-34480
33-37-480
5-33-370

CNF Format file
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l. € code toigenerate VHDL fierlegic
N,
u
- |.
m
B |.
m
. 1
I

T

0 Program hegins by
opening the: CNEfille &
copying|a template file
(Contains the entity.
description) te: the output
\V/HIDL file

<
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N C code to generate VHDL forlegic
'

= Next the code reads a line
and parses the preamile
lIne; to findl out the numBer
of variables and clauses




Pord Ledjladbpdle+ 3
[
1f| fmdigicsd a_buffer|di] | |
1
A _NCEWAT [L-#) = a_Dufteridir
1
@lEd ir1 B_BUCCAEIL] = i |
I
Ezmal
1
wlea
I
FTlotEl "[evalld prasmbleiaia® |
cotereill;
i
I
forg lec jei+dij=aiijes |
L
4 £ Smdigicy a_buffer 11
1
B_NGEO eI L-1] = S_BATC&T
1
@lia LC1 @& BulCaE[3] = 1
I
Ezaailcr
1
mlea
i
prlezfi "[evalld pra ilasathn® g
rotereil]}
1
I
O_NENIRT & ool A_masssT |
A_PiECINEAS & NCol| A_NCEOIALAE
OELECT | "Hiksd#y VAFLahL#é: %l WEEEGT JI&dlss) W17, [ EWAET, B_Frasd 1aiis |-
[ir gudin] L& ¥EAD [ile
Ipriot wm _bap » ETO_LOGIC_VECTTN (W DOMETD Qb:\R". a_awmwar |r
Ipriot Eop :  ST0_LOGTC WECTUN (%4 [OMMTD 0i:%n°. e_pumwar b2
Iprict _mark r THEEWARY _KEFENY (% DiFNTO 10:'un®, n_reowearl:
fprictfi vadl_file,. "SOGHAL cleuss 1 TEFESRET_BFEAY (% DOWETD L):'n". m_mumwari:
fpricel vadl _fila, "HBGIEafrom bopil] == stsrt:into_topibd] == '[ 1| ri_REwEr |
|“ fprice vadl_fila, “'aFask «= * jj

T

0 The rest of the preamble Is
parsed and the signals
petween ESIVIs are defined
for the number of
Varanles,

ol Erom_top, to, top &
\alr_out

<
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N C code to generate VHDL forlegic

e Lol eachiling, the inner through
each character of: the line.

i It generates +, * and NOTs and

it p_affar[l] == ‘="' |

e aeie, e stings them tegether

“m“““ R l.e 1 2 0 would become
H“ L T — (var_out(1) + var_out(2)) *

it s Eufferflel] == '0° |
|

Efddl;

1
tprintf{ whal_fille. *1 + = )

l B riet meizsiad s | The last few: statements

IprinkE(|

il | generate the state machines and

fprinEfd vhal_fii=, "] * = 1

5 ” connect them together

FprinkEf| whdl_film, "|;%=" 1;

F§ GUCDEL QanaTat for SonLrol DLOCKE
Epslntr| whal_ria AT LT
foringF{ whdl B DOEMTD 4 GEMERATE =", n_nuersr-1 |1
Ep:'ln:tl whdl S ]
Cprlace| whal_ l'.l-i
"CX: mati 1 PORT HAP| clk, reammk_] = _Eop(Il, Ec_top|I+l]."
1:I]I IIT topiI+L). Fouk AC_DukE ! "o

“ka
fprinc tl\rul flla, *BEWD E«IEHM__H'I'HL LS ‘R
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0 Example CNEFile& output VEDL
'l

I

W TheabovecnFiile

¢ A simple example F =
(x+y)(y'+z')(z+x)
pcnf33

110
-2-30
310

SECHITECTIURE M OF fesi_ol_sysiem 15

CORFOMEMT satts_coninod
FORT

saiel n 1M S

i

o ELFFER TERKRARY

generates the VHDL code [

N
<

T R
i ] e

Font £= fumr_oui ] + wer_out] 130® (MO war_od] 3+ HOT var_oet{ o ] = wmr_pu] i
| : . ) .Jl-r.L H.I". I L
1 : O Bl ok, sasat_n, oo _iopd) io_top(ls 1 wo_op®h fom_ioglb ) Foul, wer_oul=1 &

I
HERATE CONMTROL,

EMDATL

| -




M% Schematic after synthesis
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imine Diagraniforsimple

Fout =1

prOb I em solution,found

frest_of_system/clk .
frest_of_systermnfreser_n
frest_of_systern/fout

frest_of _systern/start

: : i : : : Y
jest_of system/from top [0 TGl el X

fest_of_system/ito_top .mm

A y |
frest_of_systemivar_i DIJtT_::*'W—“&I—HL’L
fest_of_sy \temh].m\e [ coo

i
A

-+ -r -r -r -r -F
H T H H T H H
] | | | | | ]
1 ' ' ' ' ' 1

0 |t selves the problem 10 cycles after It Is started



N Amore complexexample: hole6
2 ol the DIMACS henchmark suite

sat IN STD_LOGIC

¢ DESCRIPTION: Pigeon hole problem of placing n (for Compared to previous
. file holen) pigeons reATECTURE s

: . o example
¢ in n+1 holes without placing 2 pigeons in the same hole P

T

c File: hole6.cnf

Not meant to be readable
C

std_logic_1164 ALL

¢ SOURCE: John Hooker (jh38+@andrew.cmu.edu) Notice though how lon
c

ENTITY test_of_system IS

the datapath logic is

Fout 1 BUFFER TERNARY;

C to_bot : BUFFER STD_LOGIC; ignal to lower FSM
- - - i
¢ NOTE: Part of the collection at the Forschungsinstitu
fuer SIGNAL to_top  : STD_LOGIC_VECTOR(42 DOWNTO 0);

SIGNAL var_out ; TERNARY_ARRAY(42 DOWNTO 1);
SIGNAL clause + TERNARY_ARRAY (42 DOWNTO 1);

art;

st (NOT Va0 NOT Vr (1) * (0T v i)+ NOT s (19 * (NOF v () ¥ NOT v ui(19) * (NOT i 02 1 NOT r (25 *(NOT i Gu)  NOT v (3 (NOT st G oT

¢ anwendungsorientierte Wissensverarbeitung in Ulm i
Germany
Var_QuI(7) = (NOT var_Qul(7) » NOT ver au(]s)) (wa ou(7) » NOT var_ou(19) = (NOVVav m(/) + NOT var, m(m)l (NO\Vav ou(h) + vaav m(sm (NO\ var_out(7) + NO

Var_out(25)) (19 - NoTar (o « (voroa OTvm im) - ) (NOT vr (e
C var_out(3 NOT vt () (NOT vt (2) NOT vt (48) ~ (40T vt T var_ou(a o ooy (VO var ongd « NOT v o
* (NOT var_ou(2) + NOT var_oui(38)) * (NOT var_ out(8) + NOT var. vu!\A” O var () - NOT var ou(2)  (NOT vt u(8)  NOT ar.01(28) ~ (NOT ver_o(8) = NOT var ()~ 0T
VAt o) NOT ar-oul(35)  (NOT var_oul(14) NOT var (20 * (NOT var-oui(1) - NOT var ou(Z5) * (NOT var cli(i4) + NOT v ou{32) * (NOT var {12 NOT var 1130 ~ (N0

Var_out(20) + NOT var_out(26)) * (NOT var_oul(20) + NOT var_out(32) * (NOT var_out(20) + NOT var_out(38)) * (NOT var_oul(26) + NOT var_out(32)) * (NOT var_out(26) + NOT var_out(38)) * (NOT
C N OTE . Not satisfi able Var_out(32) + NOT var_out(38)) = (NOT var_out(3) + NOT var_ou(8)) * (NOT var_out(3) + NOT var_oul(15)) * (NOT var_out(3) + NOT var_out(21)) * (NOT var_out(3) + NOT var_out(21)) * (NOT var_out(3)

+ NOT var_out(33)) * (NOT var_oul(3) + NOT var_out(38)) * (NOT var_oui(8) + NOT!var_out(18)) * (NOT var_oui(8) + NOTivar_out(21)) * (NOT var_out(€) + NOTvar_out(27)) * (NOT var_oul() + NOT

+ NOT var_out(37)) =

Ver_0ul(33)) ~ (NOT var_0ul(8) » NOT var_0ut(38)) * (NOT Var_out{15) + NOT var_out(21)) * (NOT var_Ou(18) + NOTIVar_ out(27)) = (NOT var_aut(15) + NOT ver_ui(33) * (NOT var_oui(15) + NOT
VarLo(69) - NOT (3 - NOTvaC 9 £ (NOT va () NOvar o 10) < (NOT v sl - NOTa a5 V0T ar o) £NOTwar ulc0) < NOTNar () £ NoT
VarLar(i8)  NOTVarou ()« NOTvar () ‘!NOTvur o)« NOT var (4 (NOT var ()« NOT var o)« (NOTNar_ou(0) NOT vr_(2) < (0T vac (1) - NOT
Var_oui(34) * (NOT v mma,omowv« mma,,-worw 0u1(22) + NOT var wu?my"!NOTv )+ NOT var_ou(34) (22)+
VALOU{(30) * (NOT VAT_0A(28) + NOT va_ul{40)) * (NOT va_oi(36)+ NOT vr_out(0)) * (NOT V- ui(5) - NOT var. Gu(i1) * (NOT var. u1(5) NOT va_(17) * (NOT var 0t(5) * NOT
Ver_0u1(23)) * (NOT var_Qut(11) + NOT var_oul(28)) * (NOT var_out(31) + NOT Var_0ut(35)) * (NOT var_out(11) + NOT ver_u(41) * (NOT Var_oul(17) + NOT var_0ul(23)) * (NOT var_out(17) » NOT
ch 1 VAT 0(29) - (NOT vr () + NOT var (8 * (NOT Var (1) + NOT var () ~ (0T vt (29 + NOT vt (5 * (NOT v ou(29) + NOT V(39 * (NOT A (29 + NOT
clauses! Vi a4 NOT v (2 NOT v (0 (DT v ) K0T var ) (0T var () NOTvaru) (40Tt - NOT var (1) (0T v ) 167
2 (NOTVar (12 NOT i 0u(30) = (NOT vr. (1 a7 i o)~ (NOTar o0(1B) + NOT
V- oui(24)* (NOTva-Ou(i8) - NOT v * (NOTvar_out(18) + NOT Var_out(36)) * (NG #NOTvATOU(0) S (NOTwar (28 K0T
s T vuM?/y (NOT var_out(30) + NOT var wuzau"!NOTv
v )+ var_ou (1) (et OH16) - var () v OL(i6)  var_ou(15) v ou(14)
et GU(E8) - (At oW 5 vt CLI2S) v DU AT GOt U208 (vt 30 vl ONZE) + AT O(28) » et (T vt OU(3E) s vt o2 (o DU0)
1 13 O Ver_0uI(35) + Var_Ou1(34) + Var_OUl(33) + Var_OUt(32) # Var_OuI(31)) * (Var_oul{42) + Var_OuL(41) + Var_oul(40) + var_Oul(38) + Var_Out(38) + var_out(37);
GoNTROL
9 O END GE

Ver_0u1(38)) * (NOT var_0ut(21) + NOT var_out(27)) * (NOT var_out(21) + NOT/var_out(z3)) * (NOT var_out(21) » NOT var_ui(3S)) * (NOT var_out(27) + NOT var_0ul(33) * (NOT var_out(27) » NOT
NOT Var_out(40)) * (NOT vat_out(z6) « NOT"
Var o1(09) * (NOT vr o1 (5 NOT var {29+ (NOT ar Su) + NOT ar S5 » (NOT ar S+ NOTva G(E 1) (NOT va a1 » NOT v B(LT) *(NOT v a1+ NOT
Ver_0ul(18)) * (NOT var_oui(6) + NOT var au(m)) (NOT var_oue)  NOT ver_ 1(30) * (NOT var o(€) + NOT ver_0ui(36)) * (NOT var o) iy bt il
VarLor(19) = NOTvarou (1) £ NOTvar o - 35)) * 42))
Varout(s) - var_out(3) + 0U1(3)) * (var_out(12) + var_out(11) + var_out(i0) +
FOR | IN 41 DOWNTO 0 G
1-250

ontrol PORT MAP{ clk, reset_n, from_top(l) to_top(11), ta_top(1), from_tap(1+1), Fout, var_out(1s1));
ATE CONTROL;

Schematic is 4 pages long!
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Total accumulated area :

Number of BUEG;:

Number of CLLB Flip Flops : 251
Number of FG Function Generators:: 1120
Number of H Function Generators: 134

Number of IBUE : 2
Number of OBUF : 2
Number of Packed CLLBS;: 476
Number of STARTUP:: 1

Device Utilization for 4013ePQ160

B R T R S T R R T R S R R R R S R e R R e R R e S R e R R e R e R S e R S e S

Reseurnce Usedl Avail Utilization

IOs 5 129  3.88%
FG Function Generators 11201 1152
H Eunction Generators. 134" 576
CLLB Flip Flops 251 1152
Clock : Frequency

97.22%
23.26%
21.79%

U. Viapping reportior hele6

m Max speed Is 2ZMHzZ,
With optimization
could be higher

o Uses 1120 FG and 251
FIES




‘. Perfiormance CompariSon efimy.
I. Machine to Software

0 Toecompare, I createdithe VHDIC and simulated the design
for Increasing|size hole benchmark prablems until it
. selved(or preved) the satisfianility’ ofi the problem
o Below!Is the results
I _
JEEEEE s =TS
“ 0 Notice that this dees not include to time to compile, place and route and
P
programithe ERGA. While that time can make the speedupiless than
4 zero for small designs, as the # off variables gets langer, the hardware
. time (and size) deesn’t grow: expenentially: like time to complete does
SO Speeduprincreases rapidly: with size (See reference papers).

g




y Conclusion/FutureWork

0 For larger designs I Which times to selve problem; by,
Software are measured In many neurs or days, hardware
selving By this means may: become fieasible. 1.e. If-an hour
off programming an EPGA saved you days of computer
time

m.. o Things | woeuld like to try In the future

S

Add more complex logic to allow: for faster selution (Implication legic,
eic)

Eind ways to minimize compilation andl programming time. [Leonardo;is
Not the way/ te go, custom seftware woeuld e better.
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