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asinqronuli damgrovebeli cifruli mowyobilobebis sinTezis 

meTodis damuSaveba winaswar arCeuli trigeris bazaze 

aleqsandre benaSvili, levan imnaiSvili, nana svaniZe 
saqarTvelos teqnikuri universiteti 

reziume 

SemoTavazebulia meTodi, romelic asinqronulad miwodebuli informaciuli 

signalebis cvlilebis dinamikis srulad gaTvaliswinebis da winaswar arCeuli trigeris 

bazaze asinqronuli damgrovebeli mowyobilobebis sinTezis procesis mTlianad 

formalizebis saSualebas iZleva. 

gasaReburi sityvebi: sqemoteqnika, asinqronizmi, bulis diferenciali. 

1. Sesavali 

cifruli mowyobilobebis damproeqteblebis asinqronuli sqemebisadmi interesi 

bolo periodSi mniSvnelovnad gaizarda [1]. es, upirveles yovlisa, imiTaa ganpirobebuli, 

rom asinqronul cifrul mowyobilobebSi ar gamoiyeneba masinqronizirebeli signalebi. 

isini Semavali sainformacio signalis cvlilebaze im siCqariT reagirebs, romelic ele-

mentebis realuri droiTi dayovnebebiT ganisazRvreba [2]. 

 logikuri (orobiTi) sistemebis gamokvlevis sayovelTaod miRebul aparats logi-

kis (bulis) algebra warmoadgens [3]. magram logikis algebris klasikuri aparati, rome-

lic zustad aRwers aseTi sistemebis statikas, e.i. maT struqturas da funqcionalur 

kavSirebs Sesasvlelebs da gamosasvlelebs Soris, sistemebis dinamikis aRwerisaTvis sak-

marisi ar aris.  

 dResdReobiT farTod gamoiyeneba sqemebi, romlebSic impulsis warmoSoba, rogorc 

wesi, romelime elementis mdgomareobis cvlilebasTanaa dakavSirebuli. magaliTad, dam-

grovebeli amjamavis TanrigSi gadatanis impulsis warmoqmna trigeris gamosasvlelze [4]. 

aseT SemTxvevebSi aucilebeli xdeba sqemis zogierTi elementis mdgomareobaTa cvlile-

bis, erTi mdgomareobidan meoreSi gadasvlebis formaluri aRwera. amitom saWiro gaxda 

Sesabamisi maTematikuri aparatis Zieba. aseTi aparatis saxiT aRebulia bulis diferen-

cialuri aRricxva.  

bulis tradiciuli algebrisagan gansxvavebiT, sadac signalis arseboba, an arar-

seboba igulisxmeba, bulis diferenciali dx aRwers sididis cvlilebis faqts. aqve 

aRvniSnavT, rom bulis diferencialze srulad vrceldeba bulis algebris kanonebi [5]. 

bulis diferencialis es Tviseba sinTezirebadi damagrovebeli mowyobilobis sawyisi 

cvladebis siaSi misi damoukidebeli cvladis saxiT Setanis saSualebas iZleva. 
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cnobilia asinqronuli damgrovebeli sqemebis sinTezis meTodi bipolaruli ujre-

dis bazaze [6], romelic saSualebas ar iZleva sinTezis procesSi gamoviyenoT damuSa-

vebuli trigeruli sqemebis biblioTekebi, an seriuli trigeruli Cipebi. 

2. ZiriTadi nawili 

SemoTavazebuli meTodis mixedviT sinTezi etapobrivad sruldeba.  

I etapi. aigeba gadasvlaTa pirveladi cxrili. damgrovebeli cifruli mowyobi-

lobis logikuri funqcionireba SeiZleba sityvieri aRweriT, logikuri gamosaxulebis, 

droiTi diagramebis an gadasvlaTa cxrilis saSualebiT moices, magram yvelaze mosaxer-

xebelia gadasvlaTa pirveladi cxrilis gamoyeneba. cxrilSi Seitaneba Semavali cvlade-

bis mdgomareobebi, rogorc maT miwodebamde Xt (X={xi}, n,1i = ), aseve miwodebis Semdeg Xt+1. 

Semavali cvladebis akrZaluli kombinaciebi `_~ simboloTi aRiniSneba. 

II etapi. xdeba damgrovebeli mowyobilobis gadasvlaTa cxrilis modifikacia bu-

lis diferencialis cnebis gamoyenebiT. modificirebul cxrilSi Semavali cvladebis 

mdgomareobebis nacvlad maTi miwodebis Semdeg Xt+1 damoukidebeli cvladebis saxiT Sema-

vali cvladebis diferencialebi dX Seitaneba. 

III etapi. damgrovebeli kvanZis gadasvlaTa cxrilis mixedviT ganisazRvreba gadas-

vlaTa funqcia FQ da aigeba FQ=f(X, dX, Q) funqciis karnos baraTebi, sadac Q aris mowyo-

bilobis mdgomareoba. 

IV etapi. SeirCeva statikur-dinamikuri marTviT trigeris tipi da aigeba karnos 

baraTebi trigeris Sesasvlelebis funqciebisaTvis. am dros gamoiyeneba im trigeris ga-

dasvlaTa leqsika, romlis bazazec aigeba asinqronuli damagrovebeli mowyobiloba. 

V etapi. karnos baraTebis mixedviT miiReba trigerebis Sesasvlelebis minimizi-

rebuli logikuri gamosaxulebebi. 

VI etapi. aigeba dasaproeqtebeli damagrovebeli kvanZis funqcionaluri sqema. 

meTodikis ilustracias vaxdenT asinqronuli sruli damgrovebeli amjamavis Tan-

rigis (sdaT) sinTezis magaliTze.  

 sdaT-is funqcionireba maxasiaTebeli gantolebiT [7] aRiwereba. 

iiii pbaS ⊕⊕= ,          (1) 

sadac Si – i-uri Tanrigis sruli jamia, ai _ pirveli Sesakrebis i-uri Tanrigia, bi _ meore 

Sesakrebis i-uri Tanrigia, pi _ gadatanaa umcrosi Tanrigidan. sdaT warmoadgens avto-

mats mexsierebiT, amitom (1) gamosaxuleba Semdegnairad transformirdeba 

ii
t
1

1t
i pbQQ ⊕⊕=+ ,        (2)  
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sadac Qit da Qi
t+1  _ sdaT-is mdgomareobebia bi meore Sesakrebis miwodebamde da miwode-

bis Semdeg. e. i. Qi
t = ai da Qi

t+1 = Si. 

gamosaxuleba (2) sdaT-is muSaobas srulad aRwers mxolod funqcionalur 

doneze, magram ar asaxavs Sesasvleli signalebis miwodebis Tanmimdevrobas da dinamikas. 

amitom damgrovebeli amjamavis funqcionirebis sruli aRwerisaTvis bulis diferencialis 

cnebas viyenebT. rogorc cnobilia, bulis diferenciali srulad aRwers Sesasvleli 

signalis xasiaTs da dinamikas. SemoTavazebul meTodikaSi diferencialis cneba saSualebas 

iZleva gamoyenebuli iqnas diferenciali dx rogorc Sesasvleli cvladi sdaT-is fun-

qcionirebis aRwerisas. 

sdaT-is, iseve rogorc nebismieri sxva cifruli mowyobilobis sinTezisaTvis 

saWiroa maxasiaTebeli gantolebis miReba. amisTvis saWiro gaxda asinqronuli damgrove-

beli amjamavis sinTezis pirobebis Camoyalibeba:  

1. Sekreba xorcieldeba Semaval operandze da sdaT-is Semcvelobaze; 

2. sdaT-is mdgomareobis cvlileba xdeba Semavali operandis Tanrigis miwodebisas da 

wina Tanrigidan gadatanis dros; 

3. sdaT-ze cal-calke miewodeba operandis Tanrigis signali da gadatana wina Tan-

rigidan (2 arxi);  

4. sdaT-Si droSi gancalkevebulad, e.i. araerTdroulad xdeba Tanrigis Semavali sig-

nalebis da wina Tanrigidan gadatanis cvlileba; 

5. sdaT-s gadatanis signali amjamavis wina Tanrigis erTeulovanidan nulovan mdgoma-

reobaSi gadasvlis dros miewodeba. 

 me-2 pirobis Tanaxmad da im daSvebiT, rom amjamavis Tanrigi reagirebs Semavali 

operandis Tanrigis gadasvlaze erTeulovani mdgomareobidan nulovan mdgomareobaSi, me-

ore operandis bi sdaT-ze miwodebis procesi SegviZlia Semdegi saxiT warmovadginoT:  

bi
* = bi .dbi .             (3) 

 gadatanis signali pi me-5 pirobis Tanaxmad iqneba: 

pi
* = Qi

 
-1.dQi

 
–

 
1.             (4) 

 me-4 pirobis Tanaxmad, romlis mixedviTac bi da pi signalebi amjamavis i-ur sdaT-

ze araerTdroulad miewodebian da (3), (4) gamosaxulebebis Tanaxmad samarTliania Sem-

degi gamosaxuleba 

Qi
t+1 = Q1

t ⊕ b*
i  ⊕ p*

i  .                                (5) 

 (3) gamosaxulebis Tanaxmad bi
*=0, rodesac dbi=0, e.i. rodesac ar xdeba Semavali bi  

operandis cvlileba. Sedegad SegviZlia CavweroT:  

iiii
*

ii
*
i dbbdbb)0bi(dbbb ⋅⊕⋅==⊕⋅= ,               (6) 
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sadac idb  warmoadgens bi operandis ucvlelobis faqts. aqve unda avRniSnoT, rom 

1dbdb ii =⊕ . analogiuri gamosaxulebebi SegviZlia miviRoT gadatanis pi  signalisaTvis. 

 maSin gardavqmniT ra (5) gamosaxulebas, miviRebT 

=⊕⋅⊕⋅⊕⊕⋅⊕⋅+= −−−−−− )dbdb)(dQQdQQ()dQdQ)(dbbdbib(QQ ii
t

1i
t

1i
t

1i
t

1i
t

1i
t

1ii1i
t
1i  

⊕⋅⋅⊕⋅⋅⊕⋅⋅⊕⋅⋅⊕⋅⋅⊕= −−−−−−
t

1ii
t

1i
t

1iii
t

1iii
t

1iii
t

1iii
t
i dQdbQQdbbdQdbbdQdbbdQdbbQ  

t
1ii

t
1i

t
1ii

t
1i

t
1ii

t
1i

t
1ii

t
1i dQdbQdQdbQdQdbQdQdbQ −−−−−−−− ⊕⊕⋅⋅⊕⋅⋅⊕ . 

 me-4 pirobis Tanaxmad 1dQdb t
1ii ≠⋅ − .  

amas garda, radgan me-5 pirobis Tanaxmad 0dbb ii =⋅  da 0dQQ t
1i

t
1i =⋅ −− , amitom  

0dQdbb t
1iii =⋅⋅ −  da 0dQdbQ t

1ii1i =⋅⋅ −− . 
maSin  

)dQdb)(Qb(QQ t
1ii

t
1ii

t
i

1t
i −−

+ ⊕⊕⊕= .     (7) 
 miRebuli gamosaxuleba warmoadgens sawyis gamosaxulebas sdaT-is sinTezisaTvis. 

 sdaT-is sinTezisaTvis virCevT damagrovebeli sqemebis sinTezis meTods winaswar 

arCeuli trigeris bazaze, romlis Tanaxmadac sinTezis procesi etapobrivad xorciel-

deba. 

I etapi. winaswar aigeba sdaT-is gadasvlaTa sruli cxrili (cxrili 1), romlis 

safuZvelsac warmoadgens gamosaxuleba (7). cnobili meTodikebisagan gansxvavebiT, cxril 

1-Si Seitaneba bi da Qi-1 Semavali cvladebis mdgomareobebi maT miwodebamde da miwodebis 

Semdeg. radgan Semavali signalebi, me-4 pirobis Tanaxmad, araerTdroulad icvleba, am 

cxrilSi zogierTi kombinacia, romelic aRniSnulia `_~-iT, akrZalul kombinacias warmo-

adgens.  

    sdaT-is  gadasvlaTa sruli cxrili cxr.1 

bi
t bi

t+1
 Qt

i-1 Qt+1
i-1 Qt

i Q i
 t+1

 F  bi
t bi

t+1
 Qt

i-1 Qt+1
i-1 Qt

i Q i
 t+1

 F  
0 0 0 0 0 0 0 1 0 0 0 0 1 ∆ 
0 0 0 0 1 1 1 1 0 0 0 1 0 ∇ 
0 0 0 1 0 0 0 1 0 0 1 0 - - 
0 0 0 1 1 1 1 1 0 0 1 1 - - 
0 0 1 0 0 1 ∆ 1 0 1 0 0 - - 
0 0 1 0 1 0 ∇ 1 0 1 0 1 - - 
0 0 1 1 0 0 0 1 0 1 1 0 1 ∆ 
0 0 1 1 1 1 1 1 0 1 1 1 0 ∇ 
0 1 0 0 0 0 0 1 1 0 0 0 0 0 
0 1 0 0 1 1 1 1 1 0 0 1 1 1 
0 1 0 1 0 - - 1 1 0 1 0 0 0 
0 1 0 1 1 - - 1 1 0 1 1 1 1 
0 1 1 0 0 - - 1 1 1 0 0 1 ∆ 
0 1 1 0 1 - - 1 1 1 0 1 0 ∇ 
0 1 1 1 0 0 0 1 1 1 1 0 0 0 
0 1 1 1 1 1 1 1 1 1 1 1 1 1 
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II etapi. bulis diferencialis cnebis gaTvaliswinebiT aigeba sdaT-is gadas-

vlaTa sruli cxrili (cxrili 2), romelSic bi da Qi-1 Semavali cvladebis diferenci-

alebi _ dbi da dQi-1 damoukidebeli cvladebis saxiTaa warmodgenili. 

   sdaT-is  gadasvlaTa sruli cxrili bulis diferencialis cnebis 
gaTvaliswinebiT 

cxr.2 

bi
t Qt

i-1 dbi
t dQt

i-1 Qt
i Q i

 t+1 FQi bi
t Qt

i-1 dbi
t dQt

i-1 Qt
i Q i

 t+1 FQi 
0 0 0 0 0 0 0 1 0 0 0 0 0 0 
0 0 0 0 1 1 1 1 0 0 0 1 1 1 
0 0 0 1 0 0 0 1 0 0 1 0 0 ∆ 
0 0 0 1 1 1 1 1 0 0 1 1 1 ∇ 
0 0 1 0 0 0 0 1 0 1 0 0 0 ∆ 
0 0 1 0 1 1 1 1 0 1 0 1 1 ∇ 
0 0 1 1 0 - - 1 0 1 1 0 - - 
0 0 1 1 1 - - 1 0 1 1 1 - - 
0 1 0 0 0 0 0 1 1 0 0 0 0 0 
0 1 0 0 1 1 1 1 1 0 0 1 1 1 
0 1 0 1 0 1 ∆ 1 1 0 1 0 0 0 
0 1 0 1 1 0 ∇ 1 1 0 1 1 1 1 
0 1 1 0 0 1 ∆ 1 1 1 0 0 0 0 
0 1 1 0 1 0 ∇ 1 1 1 0 1 1 1 
0 1 1 1 0 - - 1 1 1 1 0 - - 
0 1 1 1 1 - - 1 1 1 1 1 - - 

III etapi. gadasvlaTa miRebuli cxrilis saSualebiT (cxrili 2) ganisazRvreba 

gadasvlebis funqcia FQi da aigeba FQi=f(bi, dbi, Qi-1, dQi-1, Qi) funqciis karnos baraTi, 

romelic warmodgenilia 1-el naxazze. 

bi dbi Qi-1 dQi-1 

 
Qi 0001 0101 1001 1101 0010 0110 1010 1110 
0 0 ∆ ∆ 0 0 ∆ ∆ 0 
1 1 ∇ ∇ 1 1 ∇ ∇ 1 

nax. 1. FQi funqciis karnos baraTi 

 

IV etapi. cnobilia, rom sdaT-is agebisaTvis SesaZlebelia gamoyenebuli iqnas 

nebismieri tipis statikur-dinamikuri trigeri, romelzec miRwevadia T-trigeris funqciis 

ganxorcieleba. simartivisaTvis avirCioT uSualod T-trigeri statikur-dinamikuri mar-

TviT, romelic Semavali signalis ukana frontiT imarTeba, amitom misi Sesasvleli aRi-

wereba funqciiT _ dTT ⋅ . mocemuli tipis trigeris gadasvlebis leqsika warmodgenilia 

me-3 cxrilSi. 

statikur-dinamikuri T–trigeris gadasvlebis leqsika 

                                 cxr.3 

FQ dTT ⋅  dTT ⋅  
0 0 0 
1 0 0 
∆ 1 1 
∇ 1 1 
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sdaT-is T-trigeris Sesasvlelis funqciis karnos baraTi me-2 naxazze naCveneb 

saxes iRebs. 

bi Qi-1 dbi dQi-1 

 

Qi 0001 0101 1001 1101 0010 0110 1010 1110 

0 0 1 1 0 0 1 1 0 

1 0 1 1 0 0 1 1 0 

dTT ⋅  

nax.2. T-trigeris Sesasvlelis funqciis karnos baraTi 

 

 V etapi. T-trigeris Sesasvlelis funqciis karnos baraTis mixedviT miiReba 

maxasiaTebeli gantoleba  

∨⋅⋅⋅∨⋅⋅⋅∨⋅⋅⋅= −−−−−− 1ii1ii1ii1ii1ii1ii QddbQbdQdbQbdQdbQbTdT
 )Qb(d)Qb()Qb)(dQdb(dQdbQb 1ii1ii1ii1ii1iiii −−−−− ⊕⋅⊕=⊕⊕=⋅⋅⋅∨ ,   (8) 

sadac n,1i = , bi _ Semavali operandia, Qi _ sdaT-is mdgomareobaa. 

amrigad,   

)Qb(T 1ii −⊕= .        (9) 

orobiTi operandis parafazuli miwodebis Tavidan asacileblad, rac gazrdida 

sdaT-is Sesasvlelebis raodenobas (9) gamosaxuleba da da an-ara elementebis 

bazisSi Semdegnairad transformirdeba: 

1ii1ii1ii1ii1ii QbQbQbQbQbT −−−−− ∨∨⋅=∨=⊕= .   (10) 

 VI etapi. (10) gamosaxulebis Tanaxmad aigeba sdaT-is funqcionaluri sqema 

(nax.3). 

 

 

 

 

nax.3. sdaT-is funqcionaluri sqema 

 

3. daskvna 

asinqronuli damgrovebeli cifruli mowyobilobebis sinTezis SemoTavazebuli 

meTodi saSualebas iZleva srulad iqnas formalizebuli sdaT-is sinTezi winaswar 

arCeuli statikur-dinamikuri trigeris bazaze. 

 

& 

1 

bi 

Qi-1 
1 

  T 

 T Qi 

Qi-1 
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DEVELOPMENT OF A METHOD OF SYNTHESIS OF ASYNCHRONOUS ACCUMULATING 

DIGITAL DEVICES BASED ON THE ADVANCED SELECTED TRIGGER 

Benashvili Alexander, Imnaishvili Levan, Svanidze Nana 
Georgian Technical University 

Summary 

The article proposes the method of the synthesis of asynchronous devices. The input variables 

for these devices are the facts of change of input signals and not potential signals. The theory of 

Boolean differential notation is used for the mathematical description of the fact of change of input 

variables. The using of the proposed method completely formalizes the process of synthesis of 

asynchronous accumulating digital devices based on the advanced selected trigger. This is illustrated 

on the example of the asynchronous accumulating adder. 

 
РАЗРАБОТКА МЕТОДА СИНТЕЗА АСИНХРОННЫХ НАКАПЛИВАЮЩИХ 
ЦИФРОВЫХ УСТРОЙСТВ НА БАЗЕ ЗАРАНЕЕ ВЫБРАННОГО ТРИГГЕРА 

Бенашвили А.М., Имнаишвили Л.Ш.,  Сванидзе Н. А. 
Грузинский Технический Университет  

Резюме 

Предложен метод синтеза асинхронных устройств, для которых входными 

переменными являются не потенциальные сигналы, а факты изменения входных сигналов. Для 

математического описания факта изменения входных переменных используется теория Булева 

дифференциального исчисления. Использование предложенного метода позволяет полностью 

формализовать процесс синтеза асинхронных накапливающих цифровых устройств на базе 

заранее выбранного триггера, что проиллюстрировано на примере синтеза асинхронного 

накапливающего сумматора. 
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