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ABTOMATUYECKUA CUHTE3 KOMBUHALIMOHHOIO
ABTOMATA C NOMOLLBbIKO STATE MACHINE EDITOR
CUCTEMbI QUARTUSII

B cucteme npoekTnpoBaHus nMporpaMMUpyeMbIX NOrMYeckux uHterpanbHbix cxem (MIAC)
Quartusll doupmbl «AnbTepa» nmeetcst onums State Machine gns aBTomMaTM4YeCcKOro CMHTE3a CXeMbI
no rpady KOHEYHOro aBToOMaTa 4Yepe3 MNPOMEXYTOYHbIA 3Tarn MONy4YeHUst NporpaMMbl Ha A3blke
VHDL. Onumu HenocpeacTBEHHOrO BBOAa Tabnuubl UCTUHHOCTM B YUCIIOBOM BUAE C LENbio nocre-
OYIOLLEr0o aBTOMATUYECKOro CUHTE3a CXeMbl aBTOPOM He Oblnu OBHapYXeHbl, @ CUHTE3 C MOMOLLLHO
onuuin A3blkoB nporpammupoBaHua VHDL n apyrux He BXOAUN B KPYr MHTEPECOB aBTopa, No3ToMy
NpeAnpuHSATa NomnbITKa UCMONb30BaHWA AN 3TUX Lenen onuMin aBToMaTU4ecKkoro cuHTesa nocpeact-
Bom State Machine Quartusll.

Wccnenyetcst aBToMaTUYeCKUiA CUHTE3 KOMBUHaUMOHHOro aBTomarta B cucteme Quartusll ¢ no-
Molbtio State Machine Editor un si3bika VHDL. OkasbiBaeTcs, aTa onums nNo3BonseT CUHTe3MpoBaTb He
TOJNIbKO KOHEYHbIV aBTOMAaT C NamsiTbio, coaepallunii Gonee ABYX COCTOSIHUIA, HO U KOMOWHALIMOHHbI
aBTomaT. B cnyyae kombBrHaumMoOHHOro aBToMarta rpad COAEpPXUT BCEro 0gHO cocTosiHue. Jlornyeckne
dYHKUMK, ONMCbIBalOLLUME KOHEYHbIN aBTOMaT, ABMSIOTCA METKaMU MHOXeCTBa Ayr 3TOr0 COCTOSIHUS.
MeTku nonyyaloT 3 CooTBETCTBYHOLLEA Tabnuubl UCTUHHOCTK, KOTOPas AormkHa ObITb Nony4veHa nepeq
mcnonb3oBaHneM State Machine Editor Quartusll.

CvMBOMbI  NOMMYECKUX OMepauui, Ucnofb3yemble MNpu 3adaHun Tabnuubl NepexonoBs-
BbIXOOB KOHEYHOro aBTOMaTa U oTobpaxaemble nocrne cuHTesa cpeactsoMm Map Viewer, umeroT
CyLLeCTBEHHbIE OTNMNYMSA. AHaNU3NPYTCA Normdeckne yHKUMK, peanuayemMble NOrMYeckKuMmn s4en-
kamn LUT (Look Up Table), n yctaHaBnmBalwoTCcs 0COBEHHOCTM MOMyYeHHOW CXeMbl aBTomaTta C no-
MoLLbto cpeacTBa Map Viewer.

KniouyeBble cnoBa: KOMOGUHALIMOHHBIV aBTOMaT, NOrM4eckuin anemeHT — J19, nornyeckas syen-
ka LUT (Look Up Table), nporpammupyemas norudeckas uHterpanoHas cxema MNUC, FPGA (Field —
Programmable Gate Array), a3bik VHDL, State Machine File, Map Viewer.

S.F. Tyurin
Perm National Research Polytechnic University, Perm, Russian Federation

AUTOMATIC SYNTHESIS OF COMBINATIONAL CIRCUITS
USING QUARTUSII STATE MACHINE EDITOR

The system design of programmable logic integrated circuits (FPGAs) Quartusll firm Altera have
the option State Machine for automatic synthesis scheme the graph of a finite automaton through the
intermediate step of receiving a program in VHDL. Options direct input truth table as a figure for subse-
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gquent automatic synthesis of circuits by the author have not been found, and the synthesis via the op-
tions of programming languages VHDL and others not within the interests of the author, therefore, at-
tempt to use for these purposes the options of automatic synthesis by the State Machine QuartusiI.

The paper investigates the automatic synthesis of a combinational finite state machine using
Quartusll by the State Machine Editor and language VHDL. It turns out that this option allows to synthe-
size not only the state machine with the memory containing more than two states, but the combination
machine. In this case, the graph of a finite automaton contains only one state. Logic function describing
the state machine are marks set of arcs that state. Tags prepared from the corresponding truth table,
which must be obtained before using the State Machine Editor Quartusll.

Symbols of logical operations used when specifying a finite state machine and displayed after
synthesis tool Map Viewer are substantial differences. Are presented the results of a study the LUT
FPGA truth tables.

Keywords: Logic Cell, LUT FPGA, Quartusll, VHDL, State Machine Editor, Map Viewer.

Beenenune. B cucreme NpoeKTUPOBaHUS IPOrPAMMHUPYEMBIX JIOTHYE-
ckux uHTerpanbHbIx cxem ([TJIMC) Quartusliupmer Anbrepa [1, 2] umeercs
omus State Machineyis aBromatHueckoro cuHTesa CXeMsl 1Mo rpady KoHed-
HOT'0 aBTOMaTa 4epe3 MPOMEXKYTOUHBIHN 3Tall MOTy4deHHs POrpaMMBbI Ha SI3bIKE
VHDL. BpI3pIBacT UHTEpEC UCCIIEA0BAHIE BO3MOKHOCTH CHHTE3a OoJiee mpo-
CTOr0 aBTOMara — KOMOMHAIIMOHHOTO. [I0CKOIBKY OMIMK HEMOCPEACTBEHHOTO
BBO/JIa TAOJUIIbl ICTUHHOCTH B YUCJIOBOM BHJIE C IIE€JIbIO TIOCIIEAYIOIIETO aBTo-
MaTU4YeCKOro CHHTE3a CXEMbI aBTOPOM He ObUIM OOHApY>KEHbI, a CUHTE3 C T10-
MOLIBIO ONIMH s13bIKOB MporpammupoBanuss VHDL u np. He Bxoaun B Kpyr
UHTEPECOB aBTOPA, TO MPEINPUMEM IOTBITKY UCIOJIB30BAHUS IS 3THX Ieel
OITIMI aBTOMAaTHYECKOTO CuHTe3a rmocpencrsom State Machine Quartusl.

ABTOMATHYECKHII CHHTE3 aBTOMATAa, 3aJaHHOro B BHae State Ma-
chine File. Kak roBopurcs, He MyIpCTBYs JIyKaBO, IONPOOyeM aBTOMAaTH4e-
CKHU CHHTE3HPOBaTh HE YTO MHOE, KaK JBOMUHBIN cymmarop [1, 2] (puc. 1).

x1 | x2 | x3 | p(x1x2x3) | s(x1x2x3)
0(0|0 0 0
0101 0 1
0|10 0 1
01|11 1 0
1100 0 1
1101 1 0
1]1]0 1 0
1| 1]1 1 1

Puc. 1. Tabnuia HCTUHHOCTH CyMMaTOpa

Jlornueckue QyHKIHH, COOTBETCTBYIOIIHE TabuIie (prc. 1) IMEIOT BHT:
P(XXpX5) = XX, LIX X 5LIX X 4

S(X, X, X5) = X X2 X5 [ XaX, X3 L X X2 X3 X X X 5
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[TompoOyeM BBITIOIHUTH ABTOMATUYECKUN CHHTE3 CXEMBI COOTBETCT-
BYIOIIETO KOMOWHAIIMOHHOTO aBTOMAaTa — IMOJIHOTO CyMMAaTopa MO BBICOKO-
YPOBHEBOMY OMKCaHHUIO B Buje rpada aBTomara [3, 4]. 3amyckaeM OMIuio
State Machiner cozmaém rpad u3 oHOM eTUHCTBEHHOM BepIIUuHbI (pHC. 2).

Input Table ——— « x
Input Part

resek

clock,

x1

e

3

P9 9% 0

Output Table —— « x
Oukpuk Pork

T =

T

Puc. 2.3amxanue rpada u3 oxHOM
BepmuHbl B State Machine

Tabnuiy nepexonoB (U3 coctosinust 1 B coctosinue 1 — npyrux Her!)
B State Machineamaém ¢ UCIoNb30BaHUEM CHMBOJIOB CIIEAYIOIIMX JIOTHYe-
CKHMX OTepaIuii:

| — AJIN» (BepTuKanbHas yepTa | B aHMIIMHCKOM aji(paBUTE HAXKUMATh
0OpaTHBIN CIIAII C HTHPTOM);

& — «M»;
~ — HE».
Jlenaem cienyrommm oopazom (puc. 3).
x|

Source state : Istate‘l

Destination state : Istate‘l

Equation : I&”xB]l["x‘I B2 & w28 B e 2 (o) B2 3 e 23]
[ UseWHDL 'OTHERS' transition.

Moate: The WHDL 'O0THERS' tranzition is uged when none of the outgoing transitions from the
state are true.

()8 I Cancel

Puc. 3. Ta6Jmua nepexoa0B KOM6I/IH&HI/IOHHOI‘O aBToMara
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Torma utoroBslii rpad OyaeT BBINIAACTH CISTYONMM 00pa3oM (puc. 4).

Puc. 4.Tpad KOMOMHAIIMOHHOTO aBTOMATa C JIOTMYECKOW (QyHKIMEH

MePEX0I0B U3 COCTOSTHUSA € B cocTosiHuE 1

Ta6muny ucturnoct B State Machineagaém tak (puc. 5).

State Properties

Generall Incoming Transitionsl Outgoing Transiiions  Actions I Fu:urmatl

Cukpuk Park

Cukput Yalue

Additional Conditi

e LB 283

o LB 283

o LB B3

1 B2 B3

w1 B Berew 3

e e e 3

1B 2B 3

318 2E3

L=l B B (O LR ST

o LB 28w 3

o L e 283 b

— | =
— O

o L e 283

—_
I

e 1 B2 3

T e T T T O P O R P P I VO P R P

—
O L)

S = R e e e e e L i

-t

w1 B e 3 -
3

BliLab7.smf o [=]

Input Table —— » x [ T R A
Input Port

B~ reset

B clock i - - A =

B 1 N N

B <2

| TEEE R eees S O s g 28 3y e )| CeLBron )] e Lbex2bena) ()

N F— 0 )

Cutput Table—— » x |-
Qutput Port.

T s

T

4 | 2= | v

* [\, General /i States )\ Inputs )\ Outputs. )\ Transitions. )\ Actions ,’

B oranenEmEe ol |

o ]|

OTrieHa |

Puc. 5.3aganne TaOIMIBI ICTUHHOCTH

I/ITaK, BXOJHBIC Ha60pr>1 MNPpUXOAUTCS MOBTOPATH ABAa pa3a — CTOJIBKO

dbynakuumii. Koneuno, ropasno ynooHee Obu1o OBl 3a1aBaTh B YUCIOBOM BH/JIE,

a He popmymnamu.
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KoMnuiasinuss KOMOMHAIIMOHHOTO aBTOMAaTa, 3aJaHHOIO B BHJe
State Machine File ITonyuaem B Hayane VHDL- daiin (puc. 6).
o

1 ¢ copyrigne (c) 1991-2008 Altera corporation P

z // Your use of Altera Corperation's design tools, logic functions

3 // and other softwars and tools, and its ANFP partner logic

4 // functions, and any output files from any of the foregeing

5 // (including device programming or simmlation files), and any

5 // mssoriated documentation Or information are expressly subjsct

7 // to the terms and conditions of the Altera Program License

8 // Subseription Agreswent, Lltera MegaCore Function License

] // Lgreement, or other applicable license agreement, including,

10 // without limitation, that your use is for the sole purpose of

11 // programwing logic deviees manufactured by Rltera and sold by

1z // kltera or its authorized distributors. Please refer to the

13 // applicsble agreement for further details.

14

15 // Generated by Ouartus IT Version 9.0 Build 132 02/25/2009 31 Web Edition

16 // Created on Thu Feb 19 18:40:44 2015

17

18 // synthesis wessage_Off 10175

19

20 “timeseale 1ns/lns

21

22 HEmodule Labil ( -
< v

Puc. 6. ®parment VHDL-daiina, coznannoro no rpady B State Machine

IMpoBoaum kommusiuio VHDL- daiina (puc. 7).

Flow Status Successful — Thu Feb 19 18:41:10 2015
Quiartus Il Version 9.0 Build 132 02/25/2009 SJ Web Edition
Revision Name Lab10
Top-level Entity Name Lab10
Family Cyclone Il
Device ET2C5AF256A7
Timing Models Final
Met timing requirements Yes
Total logic elements 2/4,608 (<1%)
Total combinational functions 2/4,608 (<1%)
Dedicated logic registers 0/4,608 (0%)
Total registers 0
Total pins 7/158 (4%)
Total virtual pins 0
Total memory bits 0/119,808 (0%)
Embedded Multiplier 9-bit elements 0/26 (0%)
Total PLLs 0/2 (0%)

Puc. 7.Pe3ynbrars komnusiunu VHDL- daiina, coznannoro no rpady B State Machine

Jlanee mpocMmaTpuBaeM pe3yabTaThl C IMOMOINBIO cpeacTBa Map
Viewer (puc. 8).

Ha puc. 8 yka3zaHbl IIeCTHA/IIaTepUUHBIC KOIbI HACTPOMKHU JOTHYe-
ckux anemenToB (sueek) LOGIC CELL COMB.Kaxmast norudeckas siueii-
Ka COJIEP)KUT MOCTOAHHOE 3amoMuHaromiee ycrporctso [13Y, HaspiBaemoe
npousBoautensmu LUT (Look Up Table)epositHo, moTomy, 4TO Tyaa 3a-
rpyaercs TabJiMIia UCTUHHOCTU TpeOyemMoit Jorudeckoit ¢pynkiun [5—10].
[Ipu BBIZENCHUU COOTBETCTBYIOIIEH SUCHKH OTOOpa)kaeTcsl JIOTHYecKas

¢bynknus (puc. 9,10).
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p~8
x[1..3][ > DATAA,
clock I DATAS COMBOUT———] >p
DATAC
reset > DATAD

LOGIC_CELL_COME (DDES)

5~8

DATAA
DATAB
DATAC
DATAD
LOGIC_CELL_COME (D09E)

COMBOUT———— > s

Puc. 8. Map Viewercxembl aBTOMara, CO3JaHHOM
o rpady State Machine

p~a
PR | - ATA
clock = ATAR — 0
ATAC
reset [ DATAD
LOGIC_CELL COME {ES
o-g p~B. LOGIC_CELL_COME [D0ES)
<cr p~8
DTS = IDATAD & [DATAS & [DATAR 8 DATAC] # DATAR & DATAC)
DATAR
DATAC ® DATAL = w*
DaTaD DATAB = &
LOG K _CELL_COME (X gglig Z ?;set

Puc. 9. Map Viewerc otobpaxeHneM JIOTHIECKO# HYHKIUH P

p~a
EVE] | - DATAL
clock T DATAR COMBOUT———] =
DATAC
reset [ DATAD
LG G _CELL_COMA (IES
5~g
DATAA
DATER COMBOUT e
DATAC £78, LOGIC_CELL_COME [003E)
DATAD <o ™8

LOGI:_CELL CoMa a5y = IDATAD & [DATAS § DATAR £ DATAC]
DATAS =y
DATAR = =
DATALD = =
DATAD = reget

Puc. 10. Map Viewek oToOpakeHHEeM JOTHYCCKON (BYHKIUU S

BbI3pIBaeT HEKOTOpOE HEAOYMEHHE pa3iiMune CHMBOJIOB OIEepari
¢ TemH, 4TO OBUIM KCIOJB30BaHBI MpU HACTpoiike rpada State Machine.
Tak, unBepcuss Ha puc. 9, 10 oGo3HaueHa BOCKIMLATENBHBIM 3HAKOM,
JM3BIOHKITHS — perméTkoit. OueBuano, uro $ Ha puc. 10 —310 cymMma 1mo mo-
nyio nBa (Mckmogaromee MJIN).
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Pacumm¢poBka mecTHagaTePUYHBIX KOA0B JOTHYeCKHX (PyHK-
UMid KOMOMHAIMOHHOW CXeMbl, ABTOMATHYECKH CHHTE3HMPOBAHHOM
B State Machine File.Paciugpyem nmorudeckyro pyukiuio. Tak, a1 Ha-
crpoiiku 0096monyuaem (puc. 11).

D

C f(DCBA)=
Reset | X3

<]
B

i = = = N S = N
RiRRRoleloslorrR R oloco|ls
R EEEEEEEE R EE
IR E R EEEEE R EE EEE
QLI CIC MO Q| O -

Puc. 11.Tabnuua HCTUHHOCTH
¢byHkiuy S, Hactpoiika 0096

BunuM, 4To 10 yMOTYaHUIO 337]aH aKTHUBHBIA YPOBEHB CUTHAJA COpO-
ca Reset —eguanyHbA. Takum 00pa3oM, NEHCTBUTENBHO 3aaHa (YHKIIUS
CIIOKEHHSI IT0 MOJTYJTIO JIBa — (YHKITUS CYMMBI.

S(X X ,X3) = X1X2X5 OX1X, X3 OX; X2X3 OX X ,Xs.

Pacmmgpyem norndeckyto pynxmuro u ans Hactpoiiku O0E8 mosyua-
em (puc. 12).

A | {DCBA)=

sle)
<]
%

Reset

| = = OO o oo ee| e
Lol Rl Ll Ll =0 E=—=R = = Rl Ll Ll ol =R = L= =1
| [ € | |k [k | € [ | ek [k | 2 | |k |k [ | 2
Ll E=R Ll E=R gl Bl R =R =R K= L =l ]
=2 =A== A =000 =R =] b= kol Ll Ll =1 L =g k=] ==}

Puc. 12.Tabnuiia HCTUHHOCTH
¢dbynkuu p, HacTpoiika 00E8
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TakuMm o0Opa3oM, AEWCTBUTENHHO 3aJaHa Ma)KOpPUTApPHAs JIOTHUYECKast
byHKIMS — QYHKIHS TIEpeHoca:
P(X,X,X5) = XX, X X 500X X 5

Tak u ecTh, QyHKIIMH COOTBETCTBYIOT pUC. 1 ¢ yu€TOM HYIEBOTO CHT-
Haya copoca.

BoiBoabl. Takum 00pa3oM, UCHONB30BaHUE rpada aBTOMaTa ¢ OAHUM
COCTOSTHMEM TO3BOJISIET MPOBECTH aBTOMATUYECKUI CHHTE3 CXeMbl KOMOWHA-
IIMOHHOTO aBTOMATa MO Ta0JIUIe UCTHHHOCTH, 33/1aBaeMOi (DAKTHUECKH B BUEC
(bopMyIT COOTBETCTBYIOIINX KOHBIOHKIMHN. [IpruéMm e€ HeoOX0arMo MOBTOPSITH
CTOJILKO Pa3, CKOJILKO UMEETCS BBIXOAHBIX (DyHKIMHA. CHUMBOJIBI JTOTUIECKUX
oTiepalyii, UCToIb3yeMble MPH 3aJaHuu Tpada 1 0ToOpaskaeMble Mociae CHHTe-
3a cpeacTBoM Map Viewer uMmeroT CyIeCTBEHHbIE OTIHYHS.

B nanpHeiimem nenecoo0pa3HO YCTaHOBHTH MMEIOIIMECS OrpaHHye-
HUS Ha KOJIMYECTBO BXOJHBIX MEPEMEHHBIX U BBIXOAHBIX (YHKIUH MpH I0-
TOOHOM 3aJaHMM KOMOMHAIIMOHHOIO aBTOMATa, a TaKXe MOMbITaThCsl HalTH
BO3MOXKHOCTH 33/IaHUS TAOJIUI] UCTHHHOCTH B OoJiee yJOOHOM — YHCIOBOM
BUJIE, BO3MOXXHO, U C HCIIOJIb30BAHHEM S3bIKOB OIUCAHMS alapaTHBIX
cpencts Tuna VHDL.
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