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L.&1 noi dau

Cring voi sie tién bo cuia khoa hoc ky thudt, viée tie déng hod thiét ké
cde mach dién ne dong mot vai 116 quan trong trong vice thiic day suw phdr
rién k¥ thudt tinh todan. Tix nhivng ndm 50 cia thé'ky 20, yud trinh phat trién
kY thudt dicn ne dé qua nhiéu gial doan: tie nhimg béng dén dién nur den
nhimg béng ban dan, qua nhitug mach tich hop nhd roi 160 nhitme mach voi
mtie do tich hop 1on va siéu lon. Nhimg mach tich hop loai nay co thé chiiu
hang triéu linh kién ban dan trén mot mach. Vi duw dién hinh la cde bo vi xi
IN. Vie thiét ké" nhitng mach vor do tich hop lon va siéi lon khong the thie
hién mor cach thi cong, ma phai ¢ sue givip dé crice mdv 1inh.

Satt mot s6 nam gidang day mon hoe “Thiét ké" mach nha mdy tinh”
tai Khoa Cong nghé Thong tin, Trudng Pat hoc Bach khoa Ha Noi, nén co
s tham khdao kinh nghiénm giang day cua cde dang nghiép va cde rai lisu
thuée linh vie nay, ching 101 bién soan giao trinh cho mén hoc néay, nham
cting cdp tai lieu tham Mdo cho sinh vién chién nganh Cong nghé Thong
tin, Dién nrVién thong va nhiveg ai quan tant tim hicu vé mon hoc trén.

Trong cudn sdach nay cliing tor winh bav cde giai doan quan trong
trong qud wrinh thiétr ké"va san xudl cdac mach tich hop trong cong nghiép.
QOud trinh nay bao gom cdc bide mo hinh héa mach trén cdae nute dé chi 1iét
khdae nhan, xav dimg mach va kiem nghiény mach., Chiing 161 khong tham
vonge trinh bay 1at cd cde van dé lién guan 107 14t cd cde giai doun ciia qud
trinh san xudat ma chi xéu 1ap (rung vao motsG cong doan: thiét ké mo hinh
hoa mach va kicm nghicm tindt ding dan ciu thiét ké. Trén giai doan mo
hinh héa, trong thige 16" c6 nhidu peon ngit o6 thé duge sit dung nh SPICE,
VERILOG. VIIDL. .., song cluing 1o/ tap trang vao trinh bay ngon ngit VHDL
trong giao rink nay, boi ngon ngi VIIDL la mot ngon ngit 6 tinh cdu triic
cao. Mot déc diém quan trong cia ngon ngit VHDI. la né cho phép mo 1
thict ké" theo nhiéu mire dé chi 1161 khéae nhaw - 1e nuie kién triic dén cdc cdn
trie va dong div liéu. Vo nhimg i diém nav, ngon ngit VHIDL cho phép xiy
ding cdc thiét ké mach v tong qudi dén chi 1ié1, cho phép nha thiét ké'cé ithé’
nhin mor cach 1ong thé gud trinh thiét ké'va gitip cho qud trinh kidm tra tinh
diing dan ciia thiél ké dioe dé dang. Chinh nho vay ma ngon ngit VHDL
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diioe sit dung rong rGi trong comg nghiép ché 1o mach dién nr c6 do rich
hop cao.

Nhan dip euon sach dicoe xudt ban, ching t6i xin chan thanh cam on
St QOp ¥ chan tinh cua cde ban dong nghiép trong Bo mon Ky thudr Mdy
tinh, Khoa Cong nghé Thong tin Truong Bai hoc Bdach khoa Ha Noi. Dang
thot, ¢luing 160 cling chdn thanh cam on sy khuyén Khich va tao diéu kién
cia Nha xudt ban Khoa hoe va Ky thudt dé cuon sach nay som dioe ra doi.
Cuai crng ching 161 mong nhan diwge sy dong gép guy bdu ctia cde ban
dong nghiép va ban doc xa gdn dé ldn tdi ban sau cuon sdach duoe hoan
chnh hon.

Tic gia
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CHUONG I. MO PAU VAO THIET KE MACH VI DIEN TU

§1.1. Cac phan doan trong thiét ké cac mach tich hop

Su ra doi cua cde mach vi dien (¢ da lun co 0 phat tricn phin ciing va
phin mém cua cdc hé thong tinh todn trong nhitng thip ky cun day. Vice
tang lién tue mic do tich hop cta cac mach dico e trén mot nen don da dua
15i viéc ché tao nhiing he thong véi do phde tap ngiy cang tang. Cong nghe
ché tao mach tich hop wén co s cde chat bin dan phat tricn vit bio. Téi gitra
nhitng nam 80 cua the ky 20 ngudi ta did ¢ the ¢h¢ tao duoc nhing mach
tich hop chda t6i hiing tricu linh kién dién tir trén mot tinh the chiat bin dan.
Nhitng mach d6 duge goi [a macl tich hop cao(VLS]D hodc [a mach vi dién
ta. Viéce ra doi cua nhitng mach vi dién tr da lam nay sinh su can thiet phai
¢6 moét phuong phap luan va quy trinh thiét ké. ché tao thich hop.

Trong cong nghiép. viéc ché tao cac mach tich hop duge thuc hcn qua
bon giai doan:

e (Gial doan thict k&
e Giai doan chc tao.
o  Giai dogn kiém tra.
e Gial doan dong géi.

O gial doan thi€t k¢, tir cac chie nang ma mach s€ thue hién. ching ta
xay dung mo hinh ctia mach trén nhiéu mdc do chi tiét khdc nhau. Cic muc
do chi tiét ¢ thé duoc chia thanh mic kién tric, mde 16gic, muc vat 1y. Két
qua cua giai doan thiét k& 14 cdc mo hinh cta mach da duge sdc nhan khong
chita 161 trén phuong dién thiét ké.

Gial doun thit hai la giat doan ché tao. O g1ai doan ndy. mach tich hop sé
duoc ché tao theo cdc ¢ong nghé ciy ghép cic phin i mach 1én cice tinh theé
chat ban dian bang phuong phdp mat na che phu viv cong nghé xay dung cdc
mach nhiéu I6p. Két qua cha giai doan nay la nhing vi mach thuc hién
nhirng chic nang nhu trong thiét ké.

Giai doan ba [a gial doan kiém tra. O giai doan nay. nhiing mach da ché
tao € duoc Kiem nghiém ngau nhien dé khing dinh ring mach khong chia
161 vé mat ché tao. Trong truong hop ¢6 nhing (61 gap nhiéu lir ¢6 thé rdt ra



K&t loan 161 dé ¢ the 1a 16) trong qua trinh ch¢ (ao. Dua vao viece Kiem tra
quy (rinh cong nghé a ¢é thé rdt ra ket luan vé cde khau c6 the sinh ra 16

Giar doan cudi cing 1a giai doan dong goi. Lic do cac vi mach s€ duoce
phan tach va duoce tao vo boc.

Trong chuong trinh ta s€ nghién cdu ky giat doan dau tien la giai doan
thi¢t k¢, Qua trinh thiet k&' cac mach vi dién t trong cong nghiép duoe chia
lam ba phian doan:

e Mo hinh hoa.

e Tong hop va t3i uu hod.

« Kiém nghi¢m va ph¢ chuan.
Trong dé chiing ta tap trung vao bai todn mo hinh hod mach va tong hop. 161
e hod mach.

Phan dvan dau tién: Mo hinh hoa

O giai doan nay. nhi thiét k€ xay dung cdic ma hinh cdu tric mach va
cic chiie ning ma mach <& thue hi¢n. Cic mo hinh mach 1a cong cu bicu
did¢n cic v wong thiét k€. Mo hinh hod déng vai ted quan trong trong thict k¢
mach vi dién (r bai vi cde mo hinh la nhimg phuong tién mang thong tin V¢
cac mach se dvoc xay dung mot cich co dong va chinh xac. Do dé mo hinh
can phii chinh xac. chat ché cong nhu ¢é miic do tong quat, trong sudt va dé
hicu dai vai naudi thic¢t k¢ vie mdy. VOi sy phdt 1én cla cic k§ thuat mo
phéng, mo hinh mach ¢6 thé duge xdy dung trén ¢o sG cac ngon nait mo i
phan cting HDL (hardware description languages). Trong nhicu truong hop.
cdc mo hinh dé hoa nhu bicu dé dong thong tin, so do mach va mo ti hinh
dang hinh hoc cia cdc doi tugng ciing nhu cich sap x&p chdng (rén bin
mach déu ¢6 1hé duac dimg dé bicu dién mach. D61 véi nhiing mach ¢6 do
tich hop si¢u lén do do phic tap cua mach rat cao nén viée xay dung mo
hinh mach thuong theo cac mde do chi tiet khac nhau. Di¢u dé cho phép
naudt thiét K¢ tip trung vao timg phan cua mo hinh tai tine etal doan thiélt
K¢,

Phin doan hai: Téng hop va toi tu hoa

Tong hop mach 12 giai doan sang tuo thit hai cta qua trinh thict k¢, Guai
doan dau tuan theo cdc ¥ tudng cia nha thict k¢ hinh thinh dan cic kKhii



ni¢m vé mach va xay dung nhiing mé hinh so bo dau tién vé mach. Muc dich
chinh cua giai doan tong hgp mach 1a xay dung mé hinh chi 1ié1 cia mach.
vi du nhu céc ehi iét vé dang hinh hoc phuc vu cho cong doan Yap rip vil 1ao
vo boc cho mach. Dicu nay dat duge thong qua qui trinh xay dung va chinh
xdc hod thiét k€ timg bude trong dé mo hinh triru tuong ban dau dudge nauvi
thiét ké chi tiét hod timg budc lap di lap lai. Khi thue hién qua trinh tong hop
mach theo ciic bude cai tién mo hinh. ngudi thict k& can nhiéu (hong tin lién
quan ot cdc cong nghé ché tao va cic phong cich thiét k& mong mudn. Ta
¢6 he thay ciie chide nang cua mach ¢6 the doc lap véi cde chi Gét thue hicn,
trong khi dé cic dang bicu dién hinh hoc cita mach hoan toan plut thude vito
cic dac tinh cua cong nghé vi du nhu kich thude cua cac day dan trong mach
phu thuoe vao cong nghé ché tao.

Bai todn toi uu mach luon két hop chat ché vai bai toan tong hop mach.
Qud trinh 161 uu doi hot phat lua chon nhiimg chi tiél xdc dinh cua mach véi
muc dich lam tang khi nang cta wach vé phuong dién thiél k¢ wong tng
véi nhitng do do xdc dinh. Vai (r0 cua 161 vu la nang cao chat lugng cua
mach dién nhue (61 wu V¢ chde nang. vé dién tich, vé tinh dé kiém nghiém va
phdt hién 16i. Chie nang lién quan 161 thai gian dé thue hién mot qud trinh
X0 1y thong tin ciing nhu <0 luong thong tin ¢d thé duoe xir 1y trong mot don
vi thot gian. Cice tinh nang cua mach la anh huong 16n 161 kha nang canh
tranh ctua mach trén thi tuong. Van dé chat luong coa mach cing licn quan
t6i kich thuée ctng nhu dién tich cua mach. Dién tich ciing 1a doi tuong cua
to1 uu mach. Kich thude nho cua mach cho phép ¢é the phin bo nhicu mach
trén ot [Gp. dicu do Llam giam giit thinh ¢hé o va déng goi. Trong cong
nghi¢p ché tao ching ta mong muon ¢6 nhing thict k& cho phép phit hicn
161 va xde dinh vi ti 161 cua mach sau khi ¢h¢ o, Kha nang nay. trong
nhica teudng hop. anh hudng 16n (61 chat {uong cua mach. Mot thong ~o
quan trong trong van dé phat hién 160 cia mach 1 phan tram 16i ¢6 the duce
phat hicn déi véi mot bo gid tri thi nghiém. Noi chung, nguoi thict k¢ mong
muoén ¢6 nhimg mach dé Kicm nghicin, diéu dé 1am giam gid thanh chung
cua quat 1rinh san xuat.

Phan doan 3: Kiém nghié¢m va phé chuan

Qui trinh ph¢ chuin mach [a vice dat duge & mot mice do chac chan hop
iy rang mach dién s& lam viée ding véi gia thidt khong ¢d 161 ché tao. Tien
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phan doan ndy muc dich dat ra la phai loai bo moi 16 thiét k¢ ¢d thé ¢6 trude
khi dua vio san xuat. Qua trinh phé chuan macly bao 96m viée xay dung mo
hinh mo6 phong mach dua trén thict k€ va thue hién kiém tra. Mo phong
mach bao gom phan tich cic dién bién hanh vi cua mach dién theo thoi gian
doi véi mot hodc nhiéu bo gid i dau vao. Qua trinh mo phong ¢é thé ap
dung trén nhi¢u mdc thict k& khac nhau tuy theo cdc mtc triru tugng cita mo
hinh.

§1.2. M6 hinh hoa mach dién

Mo hinh mach 1a biéu dién triru tuong trong d6 chi ra nhiing dac tinh
thich hop ma khéng cé nhiing chi tiét tuong (ng.
Qua trinh 16ng hop mach 1a qud trinh tao mo hinh
mach bit dau tir nhimg biéu dién sor luge nhat.

Cac médé minh duge phan loai theo cac muic do mo
14 triru tugng vi cdc goc do quan sat. PC = PC+I
Fetch (PC)

Muic kién tric

o Cic muc do mo ta triru tugng duge chia
lam ba mutc nhu sau;
»  Miic kién (ric

G miic kién tric. mach dién duge (hé Miic logic
hién qua tap hop cic thao tic nhu cic

tinh toan trén dit licu, cdc phép chuyén iD'
doi va truyén théng tin. Vi du, trén miic '
kién triic, mach cé thé duoc bidn dién
(ua nhimg mé hinh trén cdc ngon ngi
md td phén citng. nhimg biéu do ludng Muc hinh hoc W
thong tin. —
» Muc logic EE
O mic logic, mach dien duoc thé hién
nhu tap hop cac chdce nang logic va duoc
chuyén thanh cdc ham logic. Vi du. trén

X - Hinh 1.1 Ba mic d6 atru
muc logic mach ¢é thé duoc bicéu dien  1weng bigu dién mach dien.

thong qua cic bidu d6 chuyén trang thii,
céc so do mach logic.
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*  Miic hinh hoc
O mic hinh hoc, mach ¢6 thé duge biéu didn nhy tap hop céc doi
twong hinh hoc. Vi du don gidn cfia bidu dién hinh hoc ¢ thé 1a
cdc 16p trong mach nhiu ldp, ding vé bé ngoai va phan bo cua
cdc phan tr cau thanh mach.
o Cdc g6c do gquan sit ciing duge chia thanh ba géc do:
= Géc do hanh vi
Goc d6 hanh vi mo ta cdc chic nang coa mach ma khong
quan tam té1 viéc thyce hién cic chire nang do.
=  Gobc db cau triac
Gée do cau triic mo ta mo hinh mach bang cac thanh phan co
ban clia mach va cdc lién két gitta cdc thianh phan dé.
*  Goc do vt ly
Géc do vit 1y ¢6 lién quan t8i cdc doi tugng vat 1y xuat hién
trong thiét keé.

Cic mo hinh cé cac mdc moé ta i (wong khic nhau v cé thé duge
quan sit theo nhimg goc do khic nhau. Vi du, & mdce kién tric theo goc do
hanh vi thi mach di¢n (& tip hop cdc phép todn va sulicn quan gifia ching
vai nhau, con theo géc do cau e thi mach la tap hop cic khoi ca s6 va cic
lien ké&t, ghép noi eida cac khoi co sa do. Néu xét truong hop thiét k¢ cdc
mach déng bo thi véi cdc mo hinh trén miic 16gic, ¢6¢ do hanh vi cé the 1a
céc luu d6 chuyén trang thii. con géc do cau tric 1a cde phan tr logic v cdc
két noi gita cidc phan tr dé. Mot quan he gifta cdc mie do trivu tugng va cic
g6c do quan st ctia mo hinh duoc bicu dién bing sg do chit Y cla Gajski-
Kuhn.

Goc do him\-} vi G}-{c do cau tric
Wue kién tnic /
Y
\ /
ll‘mh !.2 ( dc goc do quan st vt Mus 16gic
cidc miic mo @ i wgng cua bidu SRR WS A
dién md hinh mach. N

/
_/

\
LML’IC hi{y{h hocJ

Goe do vat ly
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Hinh 1.2 cho ta thay meéi lién hé giita cac mic bi¢u dién mo hinh vi cic
g26c do quan sat. O mdc kién tric va logic. mo hinh mach thuong duoe bicu
dién theo cdc goéc do hanh vi v cau tric, con ¢ mdc hinh hoc mé hinh
thuong duge bicu dién qua gée do cdu tric va vat ly. Trén hinh 1.3 cho ta vi
du\¢ cie nuic biéu dién ¢iia mo hinh bo xur 1y v cdc 26¢ dd quan sat tuong
ing. O muc kién tric, theo gée do haah vi, mo hinh i cdc dong lenh trén
neon ngii moé ta phan cing HDL: theo gde do cdu tric. mo hinh bao gom tip
hop cic khai ¢o so nhu bo tinh todn s hoc, bo diéu khién, ... va cic lien két
giita cic phan tir d6. G miic 16gic. theo gée do hanh vi, mo hinh bao ¢dm cdc
s dd chuyén trang thadi cia cdac otomat bicu dién hoat dong clia mach: theo
a6e do cau tric, mo hinh duge bieu dién bang céic so do mach 1ogic gitia cic
phan tr logic co bin.

Goc do hanh vi Goe do ciu e | Goe do_ //;L\XU:. |
T MUL
PC=PC +1 o
: DC : Mitc kicn trac
Fetch (PC) \ ADD c ki uc

I_ | Contro

State 0 4 X

P4 b~ A
C;D_‘L Muiic logic

2 + 1

Hinh 1.3 Céic miic bicu dién mo hinh vi cdc goe do quan st wong dng.

§1.3. Tong hop va toi wu hod mach diing may tinh

Cic cong cu trg gitp thiét k¢ bang mdy tinh cho phép nang cao nang
suat thict k&, Cic k¥ thuat thiét k& cho phép gram thai gian, ning cao chu
trinh thic¢t k& viv giam cong siic con ngudi. Cie kv thudt toi vu Jam tang chit
lugne thict ké. Do dé cde ky thuit tong hop vt t6i uu hod mach véi sy (rg
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gidp cua may tinh duge su dung trong hitu hét cde qua trinh thiét K¢ mach

dien 1T s0.

. Tong hop mach dién

Vige phan loai cic md hinh thinh cac mace tricu tugng va cic goc 46
quan sat cho chiing ta phuong phdp xay dung cac thi¢t ké teen giai doan (ong
hop mach. Giai doan tong hop mach ¢6 thé duge phan chia thimh cic phin

doan sau:

a

Tong hop ¢ miic ki¢n tric bao géom vice tao ma goc do cau tric
cua mo hinh o muc kién trie. Diéu nay tudng duong vai vice xic
dinh vi phan cic chic nang cda mach thanh cdc phép toan. Cac
phép toiin niy duoe goi 1a tiu nguyén cua thict ke, Trong mo hinh
cling bao gom ca cic kEt not gitia cde phép todn viy trinh ty thuc
hicn. Phan doan niy thuong duge got i tong hop & mite cao hay
tong hop ciu tric vi & dé ngudi hict ke phai xde dinh cic cau
tede v mao ( trén e do cic so do khai ) caa mach.

Tong hop 6 miic 1ogic la phan doan 120 ra géc do cau triic cua mo
hinh ¢ mic logic. Téng hop logic bao 20m cic thao tic st dung
k¥ thuat 16gic d¢ tao nén mo hinh 16gic. M6 hinh nay gém ¢é cdc
phan tr Iogic co ban va k&t noi gilGa cac phan wr ¢é. Nhu viy
budc tong hop logic [ bude xdc dinh ciu triic vi mé ( & miic cic
phin 1 logic ¢o ban ) cta nich. Cong viée chuvén doi mo hinh
[dgic thanh cic K¢t noi eida cac phan W dugc mé @ teong (h
Vicn cde phan it co so thudng goi la dnh xa cong nghé hay i Hen
ket theo thu vicn. .

Tong hop & mic hinh hoc bao gom viée tao ra géc do vat Iy cta
mo hinh ¢ muc hinh hoc. N6i cach khic, & mdae nay mo hinh
duoc m10 @ thong qua cdc dac tinh ¢ta tat ca cic miu hinh hoc
lao nén dang cua cac mach. phan ho cic mach trén bian mach.
Phan doun nay thuéng dugc goi la thict k& vat ly.
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N
Goce do hanh vig /Goe do cau triic
Miic kién thi{ Tong hop kién tric /
e ‘
Miic logic Tong hop logic /
N
N\ . .
N
i Mutic hinh hoc ’I Thiét k& vat 1y ’
Hinh 1.4 Cic g6¢ do quan ~dt, mite do Goc do vat ly

iy trong va cac phin doan thiét k&,
a. Tong hop Kién tric

M6 hinh hanh vi & muc kién tric ¢é the duge thé hién qua tap hop cic
phép todn vt moi quan hé phu thuoc gitta ching. Tong hop kién tric yéu ciu
phii xdc dinh cdc tai nguyén phan cting can duge sit dung dé thue hién cdc
phép todn. an dinh trinh w thue hién cde phép todn va gan k&t chiing véi cdce
L nguyén.

Vige thue hién xay dung mach sau nay phu thuoc nhiéu vio bude nay,
Thye vay, cdc thi¢t k¢ vé mit kién tric s& xdc dinh muc do thye hi¢n song
song cua cac phép todan. Thuc hién 61 uu hoa mach trén mic nay déng vai
1r0 heét stc quan trong trong qud trinh thict ke

Ta hity xét vi du sau: ta thict k¢ mach thue hién viée gidi phuong trinh vt
ph&n;’ijxy-0jv=0 (rén doan [0, a] bang phuong phdp 6 véi budce dich dy
va cdc ghinjlxuydﬁUA10)Tx.)10)—):}5ﬂU—JL

Mach dién ¢é thé dugc biéu dién bang ngon ngit méd ta phin cting phur
sau:
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vl =y + u*dx:

c=X<a ) 4 {
x =xl; y
L=l F
y=ylh
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Until (¢ ): khicn  |g—1 nhd

Write( v ):

} A ! A )

Hinh 1.5. Goc do cau trie & mire kicn tric.

Trong vi du nay. d¢ don gian, ta ¢6 thé coi cic dudng dir liéu cda mach xuit
phdt tir hai nguén: tr bo nhan va tir bo tinh todn s6 hoc ALU. Bo ALU nay
c6 thé thuc hién cac phép todn cong. trir vt so sanh. Mach s¢ gém ¢6 ciic
thanh ghi. bo xdc dinh dia chi va bo diéu khién. Géc do cau tric cua mo
hinh mach & mdc kién triic cho ta thay cic cau tric vi mé cua thiét k¢,

b. Tong hop logic

Mo hinh ¢ mitc logic cua mach ¢6 thé duoe bicu dién biing cic so d6
chuyén trang thdi cla cdc otdmat hitu han. bing cic so dé logic hoic biang
cdc ngon nglr mo ta phan cing HDL.. Cdc m6 hinh nay dugc nha thict ke dua
ra hodc duoc téng hap tir cdc mo hinh & mic kién tric.

Cic thao tic & mic [6gic ¢6 thé khic nhau tuy theo tinh chat cia mach
(hu miach 16 hop hodc mach tudn tu) va dang bicu dién ban din (bicu do
chuyén trang thdi hay so dé lagic). Vin dé t6i wu hod déng vai (rd hét siic
quan trong. N6 gan lién véi qua trinh téng hop trong viée xde dinh cdc ciu
triae vi mod cla mach. K& qua cudi cling cua tong hop & mic 1ogic 1i bicu
dién cau triic day du, vi du nhu bang cdc phan w0 16gic co bin va k&t noi gita
nhing phan 1u do.

Trong vi du trudce. cac dong da liéu duge dua vé bo nhd vd duge dua tu
b6 nhé 161 ALU va b nhan. Hoat dong cta bo dicu khicn duge bicu dién
bing s d6 chuyén trang thai va so dé 1agic.



c. Thiét ké vat ly

Thiet k¢ vat 1V 1a qui trinh tao ra so do bo i cha chip dien w. Cic 16p
bo tri mach tuong tung vai cic it na dung trong qua trinh che tao chip. Do
dé cidce bo tri hinh hoce 1a muc ticu cuoi cung cua thict ké cae mach vi dién .
Cac thao tdc chinh trén phin doan nay la bo ui mach, di day. dinh tuyen.
Trong cudn sich nay ching ta khéng di siu vao phan doan nay.

2. Toi uu hoa mach di¢n

Rai todn (61 un hod mach luon di doi vai bai 10dan (6ng hop mach. Tai wuu
hod mach khong nhing d¢ dat duge & mic do cao nhat v& chit luone mach
1 con tao ra nhimg mach co tinh canh tranh cuo. Chiing ta chr X8t cic vin
d¢ (a1 wu hai do do chat luong quan trong: dién tich v hoat dong ¢t mach.
Ngoii ra mot do do chdt lugng quan trong nira 13 khit nang dé kicm tra v
phit hicn 16t cua mach.

Ditn tich cua mach duge xde dinh bang tong dig¢n tich cta cic phan wr
mach. Do dé dién tich cd thé xic dinh duge thong qua ¢6¢ do cau tric cia
mach néu ta bict dién tich ciia timg thanh phan mach. Thong thuone cic
phan W ¢o ban cua mach logic 1 cide phan ur [ogic. cie thanh ghi, cic phan
tu nay ¢6 dign tich bi¢t teude tuy thuoe vao timg loai thict k&, Dicn tich cac
day noi dong vai o quan trong va khong thé bo qua. Cice thanh phan di¢n
tich ndy ¢6 the xdc dinh tor mo hinh mach teén gée do vac ly houe ude luong
tir cdc mo hinh theo goc do cau tric theo cac phuong phip thoug ke.

Hicu nang cua mach duoe 61 uu hod dua tren thoi gian (¢, thot gian
dong bo. canh tranh trén cdce phan . ... BE tinh todn do do hoat dong cia
mach can thict phai phan tich cio tede va hanh vi ctia mach. Van d¢é pay
khic nhau doi vai cac loai mach khic nhau.

Hicu ning cua cic mach 16 hop duge xic dinh thong qua (hai gian tré
truyén tu dau vio dén dau ra. Thong thudng d¢ giam do phic tap cla tinh
toan. ta ludn gia thict ring cde gia tri dau vio xuat hicn trong cimg mot thoi
diém v hicu nang cta mach duge tinh qua hoi gian tré truyén theo duding
di licu dai nhat.

Doi véi cde mach tudn tu dong bo. do do hieu ning ¢ the duge xac dinh
théng qua thoi gran quay vong cua mach. Thai glan nay la chu ky dong bo
nhanh nhat ¢6 the dat vio mach. Ta nhin thay ring thdi gian 1ré truyén clia
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thanh phin mach t6 hop ctia mach tadn w la can dudi cia thoi gian quay
vong. ’

Khi ta xét mo hinh (rén miie Kicn triic nhu tap hop cdc phép oidn. dor vai
cac mach tuan tu dong bo, ot trong nhirng do do hi¢u nang L thoi gian cin
thiét d¢ thuc hién cdc phép toan. Thoi gian ndy cé thé dugc udc luong thong
qua cic chu kv thor gian. Tich cta thon gian quay vong va thai gian thue
hién cho ta thoi gian thuc hién téng cong cua mach. Thong thusng thdi gian
quay vong vi thoi gian thue hién duoc téi wu hod ricng 18 dé don gian boa
qui 2inh 161 uu v thoa man cac yéu cau dat ra dot véi thi¢t ke,

Ciic mach dong bo ¢6 the duge thue hién day cdc phép todn theo che dd
dav chuyén ( pipeline ). trong dé mach sé thue hién cic phép todn song song
trén nhong (ap hop di licu khdc nhau. Nhu vay hi¢u nang ctoa mach con co
the duge the hicn qua Kha nang X 1y da icu, luong dir licu ma mach ¢6 the
xuw ly. PO do do goi La thong luong cua mach. Béi véi nhimg mach Khong
thuc hien qua k¥ thudt day chuyen, thong luong bi eidi han boi nghich dao
cua tich gifa thot gian quay vong va thot gian thue hicn. K¢ thuidt day
chuycn cho phép mach tang thong lugng dir licu duoe adr Iy vuot qua 2idi
han nol tren.

Vot nhitng do do néi trén, 161 wu hod hicu nang cua mach bao gom Vice
giam thic¢u thot gian 0 truyén doi voi mach 16 hop, thoi gian quay vong va
thot gian thue hién dét véi mach wan ty dong bo: Lun tang 161 da thong
lugng cuaa mach dot i nhitng mach thue hién theo k¥ thuat day chuyén.

Ngodi nhiing bai 1odn t0i uu hod vé kich thude va thai gian ndi (rén, hicu
nang cua mach con lién quan téi kha nang phit hicn 16i va dinh vi vi tf 161
trong mach. Bai todn xay dung nhimg mach cho phép dé dang tim 151 ddng
MOt val 1o gquan trong trong qua trinh thict k¢ va o1 uu hoa mach. Nhing
mach dé Kicm tra cho phép giam thoi gian smh cdc bo gid tri th nehicni va
aram so luong cie bo gid tri tha nghicm. Van dé dau tién duge giai quyct
bing cich 1im ra nhimg thuat todn tong hop mach ¢é hi¢u qua: con van dé
thir ha Lién quan tdi vice (m ra nhitng thuat toin tim 161 nhanh voi muce ticu
aiam thoi gian phat hicn 161 v vi trf 161 tuong dng véi timg bo eid ui tha
nghic¢nu.

Tom lai bai todn o1 vu hod thict k& duge dui v¢ K&t hop hai bad toan:
giam thicu dien tich thue ¢ cta mach va tang hicu nang ctia mach véi Kha
nang cao nhat ¢6 the ¢6. Bai todn toi tu hoa ¢6 thé phu thuoe vho cic rang
buge vi du nhur gidi han trén vé dién tich va gidi han dudi vé hiéu nang. Bai
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todn toi vy hoa ¢4 the duge bicu dicn trong khong gian veets nhu sau. Tap
hop cde cau rde ¢6 the ¢d cna mach s¢ duge thict k¢ tao thanh mot khong
oian. Khong gian nay goi 1a khong gian thict k¢ va chia mot ¢ hau han cac
dicm trong dé mdi dicm wong tng véi mot thict k¢ cu the, Mai dicn ( tuong
ing 1a thict k¢ ) s¢ ¢6 cde gid i dién tich vahicu nang woug ang. Ta s¢ Lap
ham gid tri trén co sd cic doi teong nhy dicn tich, thot gian oé, hoi gian
thue hicn. thot gian quay vong. thong lupng. Bai todn 101 un hod mach uo
thanh biu todn tim Kicm diem xac dinh tong kKhong gran thict ke sao cho cac
dot twong dat gid tri 161 uu.

Nhu vay. trong chuong nav chiing ta da nghi¢n citu cic bude cg ban
trong qua tinh thict ke tong hop mach.



CHUONG II. O SO TOAN HOC

Trong chuong niy ching t6i nhac lai mot 56 van dé todn hoe lam co 86
cho cdc chuong cp theo. Cic kién thie toan cht yéu xoay quanh co so Xay
dung cic mach s6 dua tren cic dang chuan (ac cua cdc bicu thic logic.
Nhitng van dé lién quan (61 qui trinh tim 15 trong ¢ic mach logic [ién quan
161 cidc phuong phdp ma hod va vy thuyét do thi. Do dé chuong ndy dugc chia
lim hai phan chinh, mot phan lién quan t5i vin dé 16i thiéu hod cic bicu
thitc 1ogic, phan tha hai fién quan 161 1y thuyvét do thi va mi hoa.

§ 2.1 Pai s6 Bool va ty thuyét chuyén mach
1. Daiso Bool va Iy thayet tap hop

[.¥ thuvel chuyén mach la co 8o (hiét ké cic he¢ thong s6 hicn dai. Ly
thuvét nay dua trén logic ky tu do nha todn hoc Bool sing tao nén. Linh vie
[6eic kv tw 1a phat trién cia l6gic hoc khi ta dua vio cdc ky hicu hinh thiic vit
cic thao tic dai $6 hinh thie. Pai 36 Bool duge dinh nghia la mot he dai so
thoa man he cdc tién dé.

Binh nghia: Doi voitap hop B={ a. b, ...} vd hal todn tr *+* va * ~. néu
bon (ién dé sau thoa mda tht hé théng dai so goi la dai s6 Bool:

Y Ya.be Bia+b=b+a a.b=>b.u Tinhchat giao hoan; (

2y Vu.b.ce Bl

a+t(h.ci=(a+b).(a+c)a.(b+c)=

2.H

(a.b)+ (a.c ) Tinhchat phan phoi: (2.2)
3) dle B30 e B
Jae B.a+0=u.a. 1 =a Tontaicic phan «r don vi: (2.3)
4y 3 aeB VaeDB.oa+ a=1l.a. a=0:Phin biL (2.4
Cac dinh 1y cua dai so Bool:
. a+a=a 2.59)
2. a.a=a; (2.6)
3a+l=1: 2.7)
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J.ooa. 020 (2.8)
5. u —«u (2.9
6. {(a.b).c=a.(b.c) (2.1
T. (a+Dby+c=a+(b+c): (2.11)
8 a+a.b=a; (2.12)
9 a.(a+h)y=u (2.13)
10. a+h=ab: (2.04)
) 1. U./)=L) .-'}7; (21;)

V6i he tien dé cila dai 6 Bool. ta ¢6 thé ching minh cac dinh 1V trén.
Ciic dinh 1¥ cua dai s6 Bool ¢6 the duoc (hé hicn dudi dang 1y thuvct tap hop
nhur sau.

Gia thict co1édp hop AL x¢tp hop S 1a tap cde tap con cua AL Dol var hai
phan (r bat kY coa tap S xae dinh phép hop W va phép giao M. Do S Ta tap
cla ¢ic @p con cta A nén ncu tip con ¢ € S thi phan bu cia a trong A la a
cang thuoe S, Véi eidic khin nicm 1ap hop A va S, ta ¢6 the minh hoa cic dinh
Iy ¢t dai so Bool.

2. Dai 6 chuyén mach

Mot T du caoa dar 80 Bool khi tip hop B = {0, 1}. Kbi d6 1a ¢6 he dai so
Bool don gian nhat. Mot licn he gita dat 0 Bool nd teen v Ly thuyet dong
neat mach dién duge Shannon dua ra vao nhing nani 50 cua thd ky 200 e
dar <6 bao gom hai phan 1 {0, 1] con duoc coi Ja dai 85 chuyén mach. Cac
ten de va cac dinh iy ¢l dai S6 Bool hodn toin duoe ap dung cho dai 58
chuven mach.

D¢ thict lap moi twong quan giia Iy thuy &t dong ngit mach dicn véi cdce
ticn d¢ va dinh Iy cua dar 56 chuvén niach, ta dua ra cdc so do mach duce
v dung tir ahiing <o do co so:

_ BN

b

ab

)

a =0 a

- a
a1 \_’_//4\_ F N

Hinh 2.1 Dar «6 chuvén mach va cic nieh Rl

o |

a+b

]



Trong cac sa do mach dé, trang thai déng mach cua khod tuong g \6i
gid tr1 11 va trang thdi ngat mach tuong Ung véi gia tri 0. Theo cich quy dinh
i tri nhu trén, phép todn tyén ¢6 the duge bicu dién nhu doan mach mic
song song cac khoi, trong khi d6 phép todn hoi s€ twong tng var doan mach
mac noi icp cde khod. Vai cde quy ude do. tién dé hai cla dai 56 Bool ¢ the
duoc bicu dién thanh cac mach tuong duonga nhu sau:

LH _ r/lL— A

atb. ¢ (a+b).(a*¢)
ITinh 2.2 So 36 mach déng ngat minh hoa cho tinh chat phin pho.

Su tuong duong gira hai so do mach khod nay ¢6 the duge kicm cluiig hang
cac bang chan ly tuong ng.

Dua vio su tvong thich gitta cic biéu thifc logic v cac so ddé mach khod
ta ¢6 the tao 1a cdc mach khod tuong duong cdc bicu thie 1ogic vai nhitng do
phic tap khidc nhau dua vao cic phép bicn doi trong mach di¢n. Mac dit vay
¢6 Mot 86 loai mach khong the bicu dién duge thinh k&t hop gida cic o hop
mach song song va néi tiep. trong nhiing truong hop dé ta phai xay dung
mach dura theo hing chin 1y hoac st dung phuong phip tao tap hop cac lien
ket

Clning ta xét truong hop mach theo lien két mach caw: cace duong di i
phan phia tridi mach sang phan phia phai mach bao gom cic dudng {ab, acd.
ceb. ¢d }.Phuong phip tao tap hop cic lién ket thé hien nhu sau: néu (rén bat

ky dudng di tu phan bén trit mach cav sang
phan bén phai ta dong (il ci cic Khod, khi
dé mach dién $€ & wung thdi dong, con

b

trong truong hop trén moi duong ¢d it nhat

a
€ > modt khod ma thi mach s¢ ¢t »o thii mo.
‘/T / Vidu ncu trén dudng aed ta dong tat ca cie

khod o, ¢, d mach sé o trang thidi dong. Nhu

¢ d R IR N .y . o
vay do1 vér mach teén, bieu thic logic trong
1linh 2.3 Mach cau. duong s¢ la:



a.b+a.e.d+c.e.b+c.d
Khi st dung 1¥ thuvét chuvén mach trong bicu dién cic bidu thic logic,
cdce dinh 1V cua dai 86 chuyvén mach ¢6 thé rit ra (i ciac tién dé, nguyén ly
déi ngiu cua ly thuvet mach ¢6 vai tro kha quan trong.
Neuvén Iy déi ngaw: nguyén 1y doi npau dua 1rén ¢ 8§ xay dung cdce
bicu thic déi ngau.

- Dol ngiu cia mot bicu thic dai so Bool [h mot bicu thuce
fogic trong d6 cdc bicn « cua bicu thdc ban diu duge thay
bang «. */7 thay bang ‘0%, *0" thay bang */’. phép tuyén
duoc thay bang phép hot, phép hot duge thay bang phdp
tuyen. Khi thinh Lip bicu thic déi ngau ta phai st dung cic
dau ngoic dé dam bao trat tw tinh todn bicu thiic.

- Neuvén Iy doi ngdu: eid ri ciia mot bicu thic dar 56 Bool
bing bit cua gid tri bbiéu thitc déi ngiu twong ung.

Ta ¢6 the chung minh nguyén Iy doi ngiu bang phuong phip quy nap todn
hoc va su dung cac dinh ly de Morgan.

§ 2.2. Cic ham logic va dang chuan tic
1. Cac ham 16gic va khoi n-chicu

Ham logic n bién duge dinh nghia [a danh xa khone gian #-chicu B" vao
B

B"—> B DB={0,1} (2.16)

Néu x, 1a phan tw thudée B, khi d6 x=(x,,....x,) [a mot veeto ciua khong gian
vecto » chi¢u B". Ham logic trén khong gian B" ¢6 thé duoc viet dudi dung
Jix,,..x,). Khong gian vecto B chita 2" diem vd mot veeto x thuoe khong
gian B" duoc biéu dién 1a mot trong s6 2" diém clia khong eian 2 chi¢u B™.
Cic di¢m nay c6 the duge dat wong ting véi cac dinh ctia mot hinh khai ¢6
2" dinh trong khong gian B" . Ham logic f(x,,...,.x, ) s& dit tuong ing mdi dinh
cua hinh khoi véi cac gia i 0 hoac /.



Frong hinh vue thiét k& cac mach »o kKhong ohat thice phar dan pia i 9
hoae / cho tat ca cac dinh cua khéi - cic veeto x. Mot ciach chinh xae hon,
ham fogie fduoe dinh nghta [y dnh xa cua tap con A cua khong eran 8" vao

B.
FACB S>B B={0.1) (2.17)

Khi ta xét mot tap con Ac B viv ham f ¢d micn xdc dinh 1d A.uhting
dicm thude B vi khong thuoe A ( xeB"\ A ) [a dinh 1a khong quan am (di
va Ay hicu L dinh-d; cic dinh thude A va twong dog vér cde gt tri 0 hodc /
s€ duoe goi lan luot 1a dinh-0 va dinfi- 1. Vi cdch ky Iméu cdac dinh cia hinh
Khot 2 dinh nhwe vay, mot ham 16gic /'s¢ anh xa cdc dicm trong khong
B" vao tiap hop (0.1 .d}

flxy B"— {0.1.d]} (2.1%8)

@iun

Néu mot dinh ¢ hinh khot #-chiéu bicu dién dudi dang bicu thic logic,
ta nhan duge mat bieu thite hoi. Vi du trong khéng gian 3-chicu, dinh 0/ /s¢
tuong tng v6i bicu thuc 1ogic x,x.x,. Bicu thic Togic ¢6 (h¢ nhan duoe tu
cidc dinh cta hinh khoi 2" chicu bang cich ehi 4, néu gid tri coa toa do thy 7
twong iing & /7 hodc v, nCu 2id ti wa do tha 7 1y 07, Bidu thie hoi ch
nhan gia tri 7 tal mot diém v duy nhiat. Nhurvay (oa do cia dinh sé wong
Gng v&i mot phan (i trong bicu thiic hoi.

Mot cach tong quil ta dua vao Khai nicm khoi cip m nhu sau:

Mot veeto & chiéu : ¢ = (¢;...p). ¢,e{0.1.x}, A< duoe got 1 khor va
mot khor chia m K (e v g 2ot a Aior cap .

Vidu: (O11) 1 khoi cap 0: (01x)- khoi cap 1:

Khai nicm A4o7 12 tong quat hoa cta Khii niém dinh cta khot n-chicu.
Khot eap m 1a khoi con m chiéu ¢6 chda 2" dinh. Vi du khoi (041 ) chia hai
dinh ()10) vix (011). N6i mot cach khdc Ky (0 v 6 the nhan gid trn *0° hoic
“17. Mot khai ¢dp mi twong dng vai bicu thitec hoi chia 7-m bicn. Bicu thic
hot ndy ¢6 the nhin duge néu ghi x, khi gid tei twong dng clia toa do thar 7 L
07 vy, khi gl i toa do do 1a /7 wong d6 vt coa ky tu . khong duoc
tinh dén. N cdch khac ky ey ¢6 the nhan gid tr “0° 277 vi khoy ¢ip o 8¢
tuong duong voi bicu thic logic gom (1-m) bicn.

Mot Khai ¢idp 0 sé tong tng véi dinh duy nhat caa khoi n-chicu, khoi
cap m s€ bicu dicn 2" dinh, nhu vay mot khéi cap 1 s& bao phu 2" khoi bac
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(). Mot cdch tong quat, vai hai tap hop cic khar C, via C, . néu tap hgp dinh
bao pht moi khai thuoe nhém C; 1a tip con coa tap hop dinh bao phi cic
khoi e C,. khi d6 ta néi rang C, bao phu €.

2. Cic dang chuan tac cua ham logic

Néu ham 16gic f khong chita dinfi-d, khi d6 d¢ xdc dinh ham ta can dua
ra tap hop cic dinh-1 va dinhi-0. Do khong chida ciac dimh-d nén tap hop cic
dinh-HV (1)) v tip hop cae dinh-0 (V (f1) bt nhau. Mot dinh ¢ (khér cap 0)
trong (ng véi mot biéu thiic hoi Pfej. khi d6 ham fiv) s& duoe bicu dién
thong qua tip hop cic dinh-1 'V (f} nhu saw:

flx)= Plo) (2.19)
e
P(c) goi 1a bicu thiic hot cuc teu hay ngidn gon La tich cue ticu.

Nhu trén dia dé cap téi, mot khéi cip m dai dién cho 2" dinh, bicu thic
hoi cue ticu s& tuong tng véi <o lugng cuc ticu cdc dinh tham gia vao bicu
thiic hoi vi s¢ nhan gia tri 7 tai nhitng dinh nay. Bi¢u thic (2.19) [2 biéu thiic
tuyén cta citc hic¢u thie hoi cuc ticu vi duge goi 1a dang chuin tac tuyén clia
biéu thiic logic.

Ta xéc dinh ham bu logic ( goi tit la bam bl Yeta mot ham f1a mot ham

.

nhan gia trp ‘0" tai nhong dinh ma f nhan gid o */” va nhao gid ut /7 tai
nhimg dinh ma fnhan ¢id tri “0’; hinu nay duge ky hi¢u bang /'
f ()= 1®fx) (2.20)
Ta ¢o thé nhan duge him f néu thay V (P(¢)) bang V (P(¢)) trong bidu (hiic
(2.19).
Jo= v o) (2.21)
cchut )
Tir d6 ta ¢é the nhan duge bicu thitc clia f{.v) bang cich dp dung cong thic:
f=1r.
vy = A S(©) (2.22)
cel'y( f)
Cic bi¢u thitc S(¢) nhan duge i P(c) bang thay «, thanh ._\‘, . x thinh v,

vit thay phép hoi (a) thanh phép tuyen (v). Ta nhan thiy S(¢) s€ tuong tng
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v6i (27 -1) dinh ngoai trit dinh tuong g véi P(c) v duge goi 1a bicu thue
tuyén cue dai. Cich bi¢u dién ham lagic f thong qua phép hoi cua cic bicu
thie tuyen cuc dai goi 1a dang chuén tac hoi.

Tiep theo dé ¢6 thé khio sit mot dang chudn tic nifa, ching ta dinh nghia
ham loat trir logic XOR nhu sau: XOR la phép toan hat ngoi cho gia tri */°
néu chi mot trong hat toan hang nhin 21d tri “/° vy nhan gid tr1 ‘07 trong
nhing truong hop con Ll N

XOy= XyAxy (2.23)
Trong bicu thic trén ta thiy néu x hodc v luon nhan oid tri 1 thi bILLl thie s¢
nhan g 1y tuong ung theo y hoac theo X, ¢6 nghia la / @ v = x. Thém

vao do phép todn XOR @, cling giong nhu phép cong. thoa man tinh chat
giao hodn, ket hop va phan phét vét 'phcp nhin. Dua vio cdc tinh chat trén ta
¢6 the dua ra dang chuin tac theo phép toan XOR nhu sau.

Mot hium logic bat kv ¢6 the duge bidu dién theo hé thic saus
JIN A X=X N, N O N L X I X O
"-Il)xl ’

Cu tiép tue nhue vay ta s¢ nhan duoe:

fx, X ) = (0, 0] \lxx..._" VL O, L0 NN, VLY

SO 1 ) s, (2.24)
Mai s6 hang trong bidu thife tén 1 mot bigu thide hoi cue ticu do do chi
c6 the ¢ mot dinh nhin gii 11 27" doi voi tting bo eid i cua 1,0, .y,

Thay phép toan v bing phép toan @ va véi moi x. thay bang bicu thic (/&
v,) ta nhin duge bicu thic 1ogic tuong duong chi chita phép hoi va phép loai
tru Jogaic.

JIn, e ox) = 0, L, HAB T x)..(1@x,) @ f(]. 0. ..., 0}

"

YI®x)..(1®@x) .. ®f1, 1, ... 1), 4, ..x,. (2.25)
M& cic dau ngoac va dp dung cdc 1inh chit két hop, phan phoi véi phép
hoi. ta nhan duge:
J Xy, =0, @
Ax® L@ . Daux, @
PR VAN o7 U WP > O 7 P W WA
d¥xv @ LDy v, @

rnl);r n[ n

g YL (2.26)
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e hé 8o, ¢y, ..., ay, , c6 thé ti ing cach wong dng cac bid
Cic hé oAy 55, €6 thé tim duge bang cach tuong ung cdc bidu
thite (2.25) va (2.26). D¢ bidu dién cic hé so a,, «,. ... ¢, , ta dua vao khdi
niém vi phan caa ham logic.

. - .0 C Vo ]
Ta dinh nghia vi phan logic - - f(x,.x,.....x,) cua ham f(«\.,f\g,---y\,,)

().\I
I bicu thie:
(;;/(.\‘,-.\’3,....\‘,,)'—'_f(,\‘(..\'g....,‘»’,_,.Lv\‘,,,,\....\‘,,)®,/(.\',..\'3 ..... v 0o, nx) (227

Do phép toin @ bidu dién déng thoi phép 1y tang vi phép 1ay hicu nen
bicu thic trén con goi 12 sai phin logic. Vi phin 1ogic 6 cdc tinh chat cua
todn wr tuyén tinh. Thém vio d6 két qua cia phép todn Ay vi phan theo bién
A, clia MmOt tich Jogic € bang ‘07 néu bién v, khong tham gia viio tich v s¢
hing chinh tich 1ogic loai trir di v, néu v, tham gia vao bicu thic.

A
p o i L
Vi du: LNNXX, =X Iy @x gl =y
N,
L NLEY =X Oxx ey =0
x;
Sur dyng khdi ni¢m vi phin 1ogic, cdc hé s6 a,, . trong dé «, el[l...n]
cua bicu thidc (2.26) s& ducc viét dusi dang
jn
a“’!”.‘ o a a” “.;_;- / '\1’.“5'X”
xul X s oX ”
iI=l..m . o, €f1....,n] (2.28)

Tit bicu thic ndy suy ra he s6 @ya, «, bang tdng loai trir ogic cia cic gid
tri tai cac dinh bao phu mot khai m chiéu. Khéi m-chi¢u nay chida vt cidc
VAT tuong ding VAL g, va ‘0 tal tat ca cac vi tri con lai.
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§ 2.3. 'T'6i thié¢u hoa cac bicu thuc logic

No1 dung cla muc ndy ban 15i cic phuong phap 61 thicu hod cic bicu
thic 1ogic co ban khi thiét k& cic mach s6. Viée 167 thidu hoi cic bicu thic
logic lam cic bicu thie d6 wrd nén don gian hon. Diéu dé lam giam kich
thuGe va tang hicu nang mach ( trén phuong dicn thot gian té va thot gian
thuce hién ) duge 16ng hop. Ngoai ra doi v6i vice phat hi¢n 167 va thir nghi¢m
thiét k&, nhamg mach cang don gian cho phép giam thii gian tin cde bo gid
tri thir nghicm va gidam thoi gian phit hién 16i. Do dé bai todn o1 thicu hod
cac bicu thiic 1ogic déng vai 1o quan trong frong qui trinh 1ong hop va toi
u mach.

1. Neuvén Iy chung dé téi thiéu héa cic bicu thiic logic

Cho hitm logic # bién f(x,, .. ..., x,) bicu dién dudi dang chudn tac uyén
(tong cac tich logic). T8 thi¢u hod so lugng cic tich logic cia ham f va s6
luong cdc bign 16gic trong tiing tich 16gic dan 16i vice [am giam eid thinh
the¢ ¢hé tao mach: 50 luong cic phan I co sd, 50 luong cic diau vio coa
mach va cic dau vio cla cac phan tr mach, dién tich ca mach, giam thoi
ajan kicm nghiém mach.

Ham /* dugce biéu dicn bai 1ap hop cac dinh-1 'V (f) v tap hop cic dinh-d
V., (/). Gilta ciic tich cuc ticu cua him ' vd cdac khoi €6 moi tuong quan mot
mot: khoi cip m s& tuong dng véi mot tich logic (hicu thic hoi) aom
(11 - m) bicn.

Pinh nghta tich 161 gian : khoi ¢ duge goi la tich tol etan cda ham /néu:

- Tap hop V(c) cla cde dinh ( khoi bic 0).
V(c) NV, (f) = &
- V() e V(Hu VD
- J khoi ¢’: V(c') € V(D) U V() v Vie) < V(c).
Vi du: Gia st ta ¢d ham f{x,,v,,10;) ¢é tap hgp dinh V (). V () va V ().

d d
0 : V() = {(0.0.0).(1.0.0)}
Vi) = {{0.1.0).(0.1.1).(0.0.1).(1.1.0)]
1 1 V() = (1.0, D)(1.1.1)]
0 | Ilinh 2.5 Ciic vch 100 gidn (vl i (o).
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Cic dinh duoe bieu dién bang khoi (x10) chida trong V() w V(). Mt khic
cic dinh duge bicu dién bing khoi (vlx) clng chiu trong V() w V (/) va
khot (v1.x) bao phtt bai khoi (x10). Do d6 (x10) khang phi 1a tich toi eidn.
Khéi duy nhit bao phtt (v11) 1a (xa¢) nhung tap hop bicu dién Khoi (i)
khong nam trong V() U V (), do d6 (x1x) 1a tich don gian cta haun f, ta
cang ¢6 (xvl) cling 1a tich t6i gian.

Ta kv hicu P 1a tap hop tdt ca cic tich 81 gian cua ham logic /. khi do ta
~C ¢6 dinh 1y v¢ bao phi cuc tiéu sau:
Dinh Iy vé bao phu cuc ticu:

Néw tip hop Y(C) ciia ¢ide dinh bicu dién tap hop cic khoi C duoc cho
dudi dang:

(Y= |V ()

khi d6 tap hop day du cde tich to1 gian P s€ nhan trong 6 nho nhat wong 14t
ca cde kha nang ¢6 thé ¢6 caa tap C thoa min hé thic:
Vi) c VIO c Vo Vf)

Ham trong so6 duoe gia thiet la duong va don dicu tang véi cac bien doc
lap la s6 lugng cdc bién tham gia vio cdc tich logic cua timg khoi va so
luong 1at ca cace kho.

D¢ chitng minh dinh 1y niv ching ta ding phuong phap phin ching. Gia
st ton tai tap hop cdac khoi €' ¢d trong so cuc ticu va khong thod man yéu
cau dinh 1y, khi d6 trong cidc khéi do 1on tai it nhat mot khoi khong phai Li
tich to1 gian. Khoi nay duge ky hicu [a ¢, khi dé ta xét tap hop:

C"=(C"-{c'}yw ("]
trong do ¢ I tich 101 gian bao phi ¢”. Ta ¢6 $6 luong cic khoi trong tip hop
C' va C" bang nhau. Vi ¢” 1a tich toi gian (¢” 2 ¢’) v bao phu ¢’ nén trong
s6 C" nho hon C'. Diéu dé 12 mau thudn vi ta gia thiét C* ¢6 trong s6 nho
nhat.

Qud trinh 61 thicu héa cic hivm ogic dua trén ca sd dinh 1V vé bao pha
161 thicu ¢6 thé duoc chia lam hai giai doan sau:

a) Xidc dinh tat ca cdc tich 161 gian cda ham (ogic f/( tip hop cic
tich 161 gian ky hiéu la P)

b) Tim trong tip hop cic tap con C cha tap P tap hop ¢é trong
s6 cue tiéu cac khoi C,;, théa min hé thiic V,(f) < V(o).



2. Tim cic tich toi gizan trén co so bic¢u dién trire quan.
Phuong phap bang Karnaugh

Cac tich toi guin ¢6 (h¢ duoe tim bang nhimea so do trge quan khi s hicn
cua ham / nho. Trong phan trén ching ta da chi ra rang, hivm Iagic / coa #
bicn doc Lap <o thé duge cho bang cich gin cde aid tri 0.1 va o cho cac dinh
cua khot # chicu. Gitia cac kKhoi n chicu va cac tich 61 gian ¢é mot moi licn
h¢ don gian. Theo dinh nghia tich 101 glan ¢6 thé bicu dién hang mot khoi.
Mat Khaic mot khoi cap mr 1d khoi con m chiéu nam trong khoi o chidu vid tich
o1 gian la khoi 1on nhat nim trong tap hop V (/) w V (f). Khai nicm khor
[6n nhit trong truong hop nayv ¢6 nghia [ chda (4t ca cide dinh ctia khoi v
khong (0n tai cic khai ¢6 chicu 16n hon nam trong V (f} U V (/]

Thu tuc tiey KiZm it ca cde tich 161 gian cua ham logic / dua vio tinh chat
161 trén dua t6i vice tim tap hop cic khoi ¢6 cdp 16n nhat ¢é the duoe Vi
nm < i bao phu it ca cac dinhi-1 v dinh-d ¢da ham /2 NEu 1 < 3 1hadt todn ¢6
thé duge thuc hién tuong minh trén bian v¢ cic khoi; trong trudng hop 1 > 4
vice ap dung phuong phap truc Gcp trg nén khé khan.
Phuong phap bang Karnaugh.
< Cac dinh cua cic khot [ cde 6 cua biang. Cic o cuua bang ¢o toa do
nhu cic dinh coa khoi. Gia tri trong 6 L gid tri cla ham /i cide
dinh tuona ting.
o CGie dinh duge ket hop theo quy tac O™

saus Xy 00 01 11 1o
Hai dinh Lan can ( hai khoi bic 0) 00 T 1
tao thanh mot kho bac 1. Cic dinh
nam trén bicn cua bing cling 1a cic 0l ! m

. - - - A4 ~ I
dinh Tin cin vor nhau. Cac toa do I | [ ‘

doc lip duoe Ky hicu Liv .y

S 10
Bon dmb 1an can ¢é the ket hop o
thimh mot khor bac 2 chda hal toa 1inh 2.6 Phuveng phiip
do doc 1ap bang Karnaugh
- Tam dinh {an can 1ao thinh khéi
bic 3.



Vi du: hiun logic duge bicu dicn qua tap hap cic dinh-1

S =V(3, 45 7.9 1112, 13) =

‘\‘I'\‘_"\-"\-I \V2 ‘\-I'\-]'\-\'\-l VALY, VLY.L YV ,\".\':,\:~\,\'l
(VZRUR R VS (R S S WA VR VI o g

= XX, VLY VY YL

» B¢ ton thiu hoa cdc ham ¢ dang chuin 1ac uyén ta dimg cic dinh-1
vadinh-d.
+  V6i ciac ham chuan tac hoi la dung cac dinli-0 va dinh-d.

3. Phuong phap tao bang theo cic buée lap.
IPhuong phap Quine - McCluskey

Tim kiém cdc tich tor gian theo bang Karnaugh trg nén rat phic tap va
mat tinh tryc quan néu so lugng cic bicn doc lap cua ham logic vuot (:a
nam. Uu di¢m cha phuong phap biang Karnaugh la & ché cho phiép xic dinh
mot cach true quan tinh lién hé cua cde 6. Mot phuong phip khi quan trong
trong cic bai todn 161 thicu hod cic bieu thie logic 1 phuong phip Quine-
McClushey. Phuwong phidp Quine - McCluskey cho phép xdc dinh su licn k¢
cua cac dinh bang cich lip bang.

s 1am logic duge cho bai tap hop cde khoi cap 0. Cic khoi niwv duoc
chia theo nhém. S6 luong don vi trong cic khoy licn k¢ chénh lech
nhau mol. Trong bang cua cic khoi cap 0, 1a sap XEp ciac hhoi theo so
luong don vi va nhdm cde khot ¢d cting so luonge don vi mot cach
tich bt

Vi du: cho ham / bicu dién bang 1ap hop cdc dinh-1 v ap hop cic dinhi-d

X, x..x,xp= V, (0.2.7.8.9.13)
Vi =(3,12,10)

< Qua trinh Kiém tea tinh 1ién ke cta cic dinh duoc thue hién vai (at ca
cac 10 hop cic khoi doi voi hai nhém Tan can. Néu hai Khoi Kic
nhau bot I va O chi @ mot vi tri. vi trr dé duge dat v va nhan duoc mot
Khoi ¢6 bac 16 hon. Khoi nav duoe dua vio bang maéi va danh diau
v vao v el cua cde khot ban dau duge bao phia boi khoi ¢é ciap 16n
hon. Sau khi thue hi¢n bude nay doy vai tat ca cac khoi 1a nhan dugce
bing mdi cé mot nhom it hon so véi bang ban dau. Néu trong bang
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mat nay ¢6 hai hoae nhiéu hon cde khai giong nhau thi chdng <& by
loat bo.
v Qua trinh tren 8¢ duac 1ap L voi ciac Khoi cap { cho 161 khi ching 1a
nhin duoc bang doi véi cic khor cap 2. Ticp tue qui trinh véi cac
khoi cap 2, cap 3. .v.v cho (Gt khi

\(‘l(]i:“\‘:: - Rhoreap o Kienutr ta khong ci)ln nhin duge cde bang
0 0000 N chua dau Kicm tra *v'.

T 0010 v < Trong cic hang nhan duge tir

. 1000 v phuong phip lap néi tren. nhing

2 (1)83)']; 1 - khot khong duge danh dau boi kv

010 v hicu v’ la nhimg tich 101 gian cla

110D v ham logic ban dau. Trong vi du ¢

IR (l)ll(]): N hinh bén, nhung tich 160 gian [a

V

(001x).  Ox] 1), (WOA0). (10N,
- Khi trong bicu dicn ham ¢6

- Khoteap | : ’
0 0020 v nhung durh-d, 13t ca nhine dinh do
. 2000 v s¢ duoe su dung nhu nhimg Jinh-/
. V0T —. va néu saw khi thue hién con i
! 100\ v . o, T C
! (050 Ny mot khot bao phu tat ca cic dinft d
- 010 v thi khéi dé ¢ the loai bo.
B 1,00 v Phuong phap Quine-
- o L
B Ox1t : - McCluskey dua teen cde phép lap
[N v . . Co :
— do do cho phép ta ¢6 the xay dung
KON v / R A oo
- cic chuong trinh wen may nh
- | Kbeicap2 thue hicn 101 thicu hod cac Jrinim
0 AN opie dot vai nhitng him ¢o so bicn
L INOx : {Gn.
[Iinl 2.7 Phueng phap Quine-McCluckey. Ngoat nhimg phuong phip néu

trén con nhimg phuong plidp (6t
thiu hod ciie bicu thic [ogic dua trén tich tong quit. phuong phip tai thicu
hod he cde hiam logic, cic phuong phidp heuristic. Gice phuong phap niy cho
phép giam ot gian 167 thicu hod cic hium 1dgic phic tap vé1 su tro vitip ¢
may tinh.

4. Phuong phap tim cdc tich téi gian thong qua tich két hop

Phuong phdp true quan cting onhu phuong phip ding bing d¢ tim cic tich



toi gian véu cau pha bicu dién ham 1dgic ban diu bang nhimg khér cip 0.
Khi so bicn doc Iap cta b 1ogic tang én. s6 luong cac khéi cap 0 s& tang
theo ty 1¢ ham mu. do dé d¢ tim nhiing tich 161 gidn theo cdc khéi ¢o cap tuy
v, trong k¥ thudt thuong dp dung cic phuong phip dai 6. Sau day chiing ta
nehicn ciu phuong phdp (61 thiéu hod dua trén tinh win cic khoi. Phuong
phip ndy fa tong quit hod phuong phip Quine-McCluskey.
Pinh nghia tich ket hop: Tich két hop ¢, coa hai khoi ¢, ¢, 1a khai ¢é
cap cue dai thoa man:
V(c. Yya Ve, )u Ve W Ve ) # V¢, ) Ve )= V()
DE ¢6 (he nhin duge tich ket hop ta thue hién cdc phép tinh theo hinh 2.8
d3i va nhitng himg @id (i cling tén ctia cide khoi. Cic ket gt s duoe the
hi¢n nhu sau:
- N&u trong ket qua cta cic thao tic do Ky hicu v xuat hien trong hai
hang hodc nhicu hon thi khong t6n tai tich k& hop. Trong trurong hop
nay hai dinh bat kv wong imgy

| Hang r ILmU oid tri cua ¢, 1 ham trong V( ¢, } vt V( ¢, )
eld tel | ( khong ¢é chung canh trong kol

“"“._l_ - 4’ i chidu.

}_ 0_ )‘ L I—‘( ‘J b N&u v khong xuilt hicn
—1__ "-t[ ) dica do6 ¢ nghia 1 cd mot kho

0 ;— \) g 1 C‘ht.‘ pll}'l l\‘hl(ii }fizl va khong phai i
| ( r giz’l tri “Ch, l(){l gian. l‘l'()l_lf:{ ll'll’[il_]“:! ho‘p’_\
—{ o ‘]_ Lcim ¢, ’ xuat hién ding tae midr vi i neu

thay v boi A (o nhin duoc mot

ki1oi thoa man cic dicu kicn cia
dinh nghia tich K&t hop. Do kho
nhan duge chia y nén khot d6 thod man dicu kién: V¢ ) £ V(¢ ).

imh 2.8 Cic phdép roian tim tch két hiop.

V(e ) # V¢, ) ngoal ra do k&t qua cua phép toin gidia 4 vix 1 cling
nhu eita v va 0 bang | va 0 wrong dng. Khoi nhan duoe thod min dicu
kien V(¢ ) V(e,)u Ve, ). Theo ket qua cia cic thao tdc, tu nhan
duoe Khoi co bac cue dai.

Vice tim ciie tich to1 gian trong tap hop bat kv cic khot C ¢o the diln ra

theo so do saus
- Loai bo khét ¢, ra khoi tip hgp C néu V( ¢, ) © V( ¢,
¢, ¢e (.
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- Thuc hién tim tich két hop déi vér ¢, ¢, € € va hop vio C
trong treong hop cho phép.

Tha tue nay duoge thue hién cho dén khi ta khong thé thém vio tip € cic
khéi méi. Do thu tuc niy bao him ca tha tuc hop cic khoi lién ké da duge
mo ta & phan trén, ket qua ta nhan duge cédc tich ot gian.

Tém lai trong chuong hai. chiing ta da nghién aiu co s6 logic d¢ xay
dung cic mach s6. Co so nay bao gom dai 6 chuyén mach - dai so Bool.
bicu dién cdc him logic bing cac dang chuan tic va cdc phuong phip toi
thiéu hod cdc bidu thic 1ogic. Nhiimg vin dé ndy nim trong nén tang ¢o hin
cua Ky thuat thiét ké cic mach 1ogic.

jo ]
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CHUONG Ill. CO SO CUA THIET KE LOGIC

Cic mach tich hop xit Iy cidce thong tin duoe bicu dién trong hé nhi phan.
Khi xay dung mach, cic phép toin thudong duge bicu dién qua cdc hin
logic, do d6 bi¢u dién cdc ham logic trong cdc mach tich hop bana nhing
phuong ticn dac tht [a co sd cua thiét k¢ 16gic. Thong thudng, cac hiam logic
c6 (hé thuc hicn dudi dang cdc mach (0 hop. nhung trong phin [6n cic
truong hop cdc macl ¢é do tich hop cao thuc hién nhiing chiic nang 1ap fai
theo thoi gian. P& {uu trit cde két qua trung gian cta cic phép todn v thue
hién qua trinh 1dp theo thdi gian cdc chide nang 6 hop duge thuc hién trén
nhimg mach thao tac twan tu. Co s& thict k& cic mach tic dong tuan tu dua la
mo hinh ciac otomat hou han. Trong chuong niy chiing i s¢ pghién ciiu van
dé thict k& cdc mach 16 hop vi thict k& cic mach tac dong tuin .

§3.1. Pac diém cha qua trinh thiét ké mach mady tinh

Trong chuong nay ching ta ngién ctiu cic phuong phdp thict K¢ cic Ao
chiic ning cta cdc thiét bi tinh toin. Cdc thiét bi tinh todn nay thuc hicn cice
vi thao tde doi voi cde tin hiéu tic dong. Cic vi thao tic tuong tng vér thang
tral tu thap nhit trong thang phian cip cde plwrong phéap bicu dién cic thict bj
tinh todn.

Cau trac cua cac khoi chiic nang phdce tap hon cau tric cua cac phan 1
logie. Do dé viée nghién ciu cac hoat dong cua cie Khor dé wén co sémach
dién tr néi chung khong the thuc hién duge. Trong A§ thuit thidl k&, nguoi ta
nghién cttu hoat dong cua cic khoi chide nang mét cich gan ddng mi khong
can thict phai tim hicu cdc so dd mach dién trong truong hop khoi [y nhimg
ciu (rie 1ogic. Cde cdu trie logic nav duoce xay dung ti nhing phan wr logic
ly twong.

1. Ddnh gia thoi gian tré trong cie mach logic

Trong quai trinh thi¢t k& cde thiet bt tinh todn, nha thiét k& khong chi
quan tam dén chie nang thue hién c¢dc phép todn ldgic clia mach ma con can
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thict tinh d¢ ca thoi gian tré cta tin hicu khi di qua cic phan (r logic va cdc
doan mach. Thai gian tr¢ niy anh hudng 16n dén hoat dong cua mach trong
thue t&. Do d6é viee mo ta vi xu ly cdc gid tri thoi gian tre trong cac thicét bi
tinh toan dong vay tro quan trong.

Trong mo hinh don ghin nhat va pho bién nhat ctia cic phin i logic.,
mot thude tinh coa thot gian truyén tin hidéu qua mach la thoi gian tré thudn
tuy ¢, . Trong wruong hop niy. thoi gian ré cua mach gom cic phan wr chiic
ning mac noi HEp s¢ bitng tong cic thoi gian t¢ cda cdc phan wr chiic nang
v 1hoi gian ¢ cua cdc phin wlien két. Thong thutne thoi gian wé trong
cic phan tu 1a nhiing dai lugng ngau nhién, do dé vice tinh den cde gia (i
thoi gian te phdi s dung cide phuong phap thong ké.

Thoug thudng cic nha san xuat dua ra ¢id (ri cue dai cua thoi aian tré,
Doi khi de cung cidp diy du thong tin hon vé thoi gian té, ngudi ta ¢6 thé
i ra gid i cue dai v nhime gid tri tiéu bicu. Mot cich day di hon ta ¢é
(h¢ cung cip gid i cue dai va cue tiéu cta thdi gian (g, Trong nhiing truong
hop can do chimh xde cao nguoi ta can phai cung cap nhing dac tinh thong
K¢ cta thor gian (¢ nhu k¥ vong todn hoc E, phuong sai &” va mod ta su phu
thuoe cta thai gian tr¢ vio nhiing diéu kicn moi trudng bén ngodi nhu nhict
do. do am. do dan dicn. ...

Ncu chi bict gii tr1 cue dai cha thdi gian tre. doi véi mot mach truy n tin
hicu bit kv, ta ¢hi ¢6 thé khang dinh duse ring tin hicu khi di qua mach s¢
bi tré kKhong lon hon 16ng cic gid tri cuc dai cta thoi gian & T d6 mot he
qua quan trong nay sinh la ching i khong co khd nang so sanli thot gian lan
truxen tin hicu gua cac doan mach Kide nhan. Trong moi doan mach gid tri
thoi gian ré ¢6 the nho wy y.

Ncu chiing ta biét gid tn cue dat va cue ticu cua thot gian ¢, khi do
trong moi doan mach ta ¢6 thé xdc dinh gid ti cuc dai va cuc Géu cia thoi
aian u¢. Trong trudmg hop nay, ta ¢6 the so sinh duve cdc thoi gian tré
nhung K¢t qua ¢6 thé xiae dinh hoac khong xic dinh. Dic¢u do phu thude vao
cde tham s6 thoi gian tré cua cac phan tr va s6 lugng cac phan wr trong doan
mach. .

Trong nhimg truong hop gidi han di bict, thoi gian ¢ thutng duge xdc
dinh bang cdch tinh dén nhiing kha nang xau nhat rong qud teinh truyén tin
hicu. Cach tinh nay dua tren gid thiét nhu sau: thai gian G¢ cda tin hicu khi
di qua cdc phan wr ¢6 the duoe xdc dinh thong qua nhiing trd ngai khi dam
bio nhilng ch¢ do fam vice xic dinh cda phin o, Voi ché do lam vice ly
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tuome., thoi gian té ¢6 the col nhu gin bang khona. Khi khéng the dam bio
dugc ¢hé do Lam vice Iv tuong do anly hudng (i bén ngoal. (hoi gian e cta
tin hicu s¢ tang Ien. Trong truong hop don gian nhat Khi tin hicu Khong bi
phan t Iim mdo. thon gian ¢ an truyén ¢6 the duge cot lia do 1éch pha cla
tin hiéu ra tuong tng vai tin hieu vao. Néi chung phuong phap nay chi tinh
dén nhimg trudng hop ¢6 kbha ning xday ra nho nhit trong mach. Cic dicu
ki¢n rang bude ¢é thé ducc xie dinh nhu sau.
Ta x¢t hai dutng truven tin Juéu. mot dudng chira N, phan 1, duong it
hai chita N, phan wr. Gia thict rang N, > N D6t vai nhiting mach 1oe do cao.
ta ¢in phii tinh dén thoi gian ¢ cva ca nhitng mach lién kel Tong (hoi gian
té trong nhing mach lién két duge ky hiéu {a t; vt s& duoe tinh gop vai thoi
gian 1ré cia phin wr.
Thoi gian tré 161 thicu trén dudng tin hicu chia N, nhém phin (¢ s¢ bang
U™ Nl L.

Thoi gian 1ré 161 da teén dudng tin hiéu chida N, nhém phan t s¢ bang:
Eman™ N§~ Tdmax

Trong qua trinh thiét k& ta ¢in thod man dicu Kicn 4 - (4 hay fa
N],f’l N.‘\ > Uman / Lymme

Nhie vay, néu he thic (rén thoa man thi tong trudng hop xau nhat in
hicu truyén theo dutng ¢é it phan te s& nhanh hon theo duong chida nhicu
philn td.

N&u 1inh dén nbimg dic tinh thong ke cta thai gian ré ching la ¢d the
c6 nhiing danh gid chinh xac hon vé thai gian ré cha tin hi¢u khi di qua cdce
phin 1 so véi phuong phap dinh gid theo kha nang xiu nhat.

Gia thiét rang. cic gid tri thdi gian tré 1a cic dai luong ngdu nhién doc
Fap va ¢ phan ba xdc suat gin voi dang phan bo Gauss. Gia thict niay dugce
dua trén co so cdc nghién cuu dac tinh caa cic phan w logic.

Véi nhing diéu Ki¢n dé. thoi gian tré rong mot doan mach gom cic
phan 1t mac ndi tiép s¢ duge coi la dai lugng ngau nhién ¢4 phin ba xdce suit
dang Gauss v6i ky vong toiin hoc E va phuong sai 67 1 10ng cila cdc kY vong
todn hoc E, va tong cua cdc phuong sai 67 clia phan bo xidc suit clia cic
phan tu thanh phan. Khi d6 hiéu A cua thoi gian tré trén doan m: . ¢4 nhicu
phan w7 v6i thot gian r¢ trén doan mach 4 {t phan tr hon cung ta dai luong
ngau nhién ¢6 phan ba xic suiat dang Gi+ vor ky vong todn hoo E hing:

E(A) - 11(y) -

[V
~



trong d6 E( 1, va E( t, ) la k¥ vong todn hoc ciia thoi gian tré trén doan
mach 1. viy St vit phuong sai
D{A) =Dty ) ~ D(L)

trong dé D(1, ) v D(t) 1a phuong sai cha thoi gian té trén doan miach L v S.

D¢ tranh xung dot thi tin hicu tren dudng ¢d nhicu phan (r phai dén
cham hon tin hiéu teen dudng ¢é it phan tr hon mot khoang thai gian [6n
hon hoac bang 1,..

Xic suat dé dicu kicn nay bi pha v ¢é thé duoe xde dinh nhu sau: ta Xdc
dinh dar luong:
LE(A)Y-1,

o(A)

(rong do. a(A) = D)

Xitce suat dieu Kién tranh xung dot br phi va 1a xde sudt cua truong hop dat

lrong ( A -, ) 1éch khoi E(A) mot doan bang 1 do Iech quy chuin. Véi eid
tri 1 > 3, xic suat nay duoc tinh gan diing theo cong thiic:

P= {exp[— " /2]}/ w27

Khi vac dinh giid i thoi gian ré, ta cin phai tinh dén anh huéng cia
nhict do. ciia 1ai, ... 1¢n hoat dong cua phin .

Cac tinh todn néu trén wong trudng hop thon gian tre 1a dai luong ngau
nhien duce su dung cho trudmg hop mach duge xay dung tir nhing phin t
ricng biét. Khi mach duge tao mot cich déng nhat trén mot tinh thé, su tan
man (wong déi cta thoi gian (¢ giam di do sy tuong quan gida cdc phan
mach, thot gian (té (v1d nén gan nhu tat dinh.

2. Cac mach to hop va cdc mach tuan tu

Su phan chia c¢dc mach sé thinh cic mach t6 hop vii cdc mach tuin tu
xuit phiit tr cde diemkhdc bidt ¢ ban gida cdc dac tinh clia ching.

Cic bicn dau ra clia ¢ac mach 16 hop chi phu thudé vio cic tic dong vio
mach tai thot diém hién tai.

Ciic mach tuan tu tinh toidn cdc gid tri ra dua vio cde gid tri didu vao
Khong chi tai thor diém hién tai ma con phy thudc ca vio nhimg trang thii
cha mach tinh tir thdi di¢m dang x¢t 1r¢ Ve trude. Cise trang thai cla mach



tuan wr duoc leu i vivo cdac phan i nhé tropg thank phan caa o oL Trang
thii ctia mach tai mot thot dicm [ hiim 6 cta cic trang i caa mach va
cac gia trl dau vao lal ciac thon dicm rude do. Nhu vay mach tuan o bich
dol mot chudi cac eid tri cha cdc tin hicu vio thanh chudr cic gid iy cta tin
hiéu ra, Ciac mach tvan ty duge cdu tao boi hai phaa: ¢de o phan nha de luu
trit cdc trang thai coa mach: va mach to hop dung d¢ dicu khicn cac plan (o
nhg va hinh thanh cdc gid ter tin hicu ra.

Trong k¥ thuit tinh todn. cdc mach 16 hop la cic mach mi hod, giai i,
bo so sanh tin hicu. bo cong. Ciac mach wan tu la cac trgo, cde mach nha,
thanh ghi. bo dém. ... Cic phuong phap tong hop v phan tich cac nuach 1)
hop don gian hon so véi mach tuan ty.

Trong qui trinh thict k&, cic mach s6 thuong duoc bicu dién bang nhicu
phuong phdp. vi du nhu bang cic bang, ma tran. do thi hic bane cic otamat.
Fin hicw vio T e ra Tuv thude I\'i\l() kich thude va do

—» Machos > phuc tap cua mach ma ching ta

hop [ua chon phuong phip thich
: R hop. Mot cach tong quit. ca
Vang phan hor ' -

l V. ‘ maclt 10 hop 1an mach tuan tu
L Mach ] ¢G the duge bicu dicn bang cic
nho

otonmat. Cic otomat ¢o (he duoe

bicu dicn bang so do ket hop
[Minh 3.1 Bicu dien mach o bing dtomat, gifia mach nhd v mach 1o hop.
Mach nhé dung dé luu trilf trang thdi con mach 16 hop dimg d¢ tinh cic trang
thar méi va cde tin hicu ra mdi dua vho tin hicu dau
vilo, cdc trang thai cti. Vidu. mot mach to hop bit kv
¢6 thé duge bidu dién bing mot otomat ¢d hai trang
that 17 va ‘0" tin hicu diau ra duge xde dinh theo
trang thdi cta otomat: hiun chuydén trang thdi vio

trang thai ‘1" chinh Ia ham logic bicu dién chic niang
Hink 3.2 S d6 s1oni mach: i trang thdi *1° h¢ thong chuyén v trang hii
bicu dien mach o hap. ‘0’ bang tin hiéu Xic dinh biang ham dao cta him
chdc nang.



§3.2. Cic phan ta logic co ban

Trong qud trinh thiét k€ cic mach tich hgp ¢6 mot s6 phan wr logic ca
bian duoc st dung pho bién. Viée thue hién cde phan tr logic nay phu thudc
vao cong nghé san xuat linh Kién dicn to nhu cong nghé transistor CMOS,
cong nghd transistor truong, TTL, TTLS, ...v.v. Gic phan twr logic co ban
26m phan tr AND, OR, NOT. XOR. NOR. NAND, ngoai ra trong nhiéu
treomg hop phan tr déng ngit cing duge coi 1a phén it co ban. Trén hinh 3.1
dua ra Ky hiéu cdc phan (i co bian véi hai dau vio.

EE—— And JZ=r & Z- N0}
_'\_.ﬁ A

x —————
, Nand p2—3& ¥
-+
X - X
ITinh 3.3 Cdc phan wy
S S, . logic co ban.
——‘——/T—‘ G ($,=52) e
G

X. ¥ cde dau tin Inéw vao, z: dau vin hiéu ra, G:
dusng tin hicu dicu khien, §,. 8.0 cde un hiéu.

Trén quan di¢m vé kha nang xay dung cic ham logic bat ky, mot s6 phan
(W co bin hop thanh hé day du. Biéu dé ¢ nghia 1a v6i cdc ham co ban tham

S Z=r2ory &>

Hinh 3.4 Xay dung phan nr OR bang cde phin 1r NO'T vi AND.

via vao hé diy du. ta c6 thé xay dung moi ham Iogic. Ta ¢é h¢ cde phan tir
AND, OR. NOT tao thanh mot h¢ day du vi ta ¢6 thé xay dung moi ham
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logic theo cdc dang chuian tac tuyén hodc hoi voi su tham gia cua céc phan
ttr not trén, Duét day 1a xét mot 6 he day du ciac phin tir logic co ban.
e Heé phép toin bao pdm cic phan tr NOT va AND.

Ta nhan thay phép todn OR ¢6 thé duge bicu dién nhu sau qua NOT-
AND:

I=XVY=XAY (3.1)

Do d6 hé ham goém cic phan tor NOT vit AND tao thanh mot h¢ day du.

e Heé phép todn bao gom cic phan tad NOT vy OR.
Ta ¢6 phép todn AND ¢é the duge xdy dung trén ¢o s& ctia phép toin
NOT v OR theo h¢ thiic dudi diy. Do d6 hé ham bao gom phan tit NOT
vit OR ciing tao thinh hé day du.

I=XAY=XVY (3.2)

o Hé NAND va NOR:

]

= B

v DI
H) >

Hinh 3.5 Xay dung phan tt NOR/NAND trén co s& phan ur NAND/NOR.

Trong k¥ thuat thiét k& cac mach 36, cic phan tir trong hé NOT-AND
( NOT-OR ) duoc ket hop lai thinh phan tod NAND ( NOR ). Trén hinh 3.5

< >§wxl—: \
Cﬁxt X

Hinh 3.6 Xayv dung phian tr NOT trong hé NAND/NOR.
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la co s xay dung nhan tdr NOR (NAND) trong he phan tr NAND ( NOR ).
Ta nhan thay, wong hé phian wr NAND, cing gidng nhu trong he phan tee
NOR, phin t¢ NOT ¢6 thé nhan duge mot cdch don eiin tir phian (& NAND
hoic NOR nhu trong hinh 3.6. Cic phan tir AND vii OR ciing de dang nhan
duoe tir cic phan (ir NAND va NOR qua cic he thue logic don gian sau:

- Trong hé phan 1y NAND.

XAV=X /\1 (3.3)

XVY=IAT (3.4)
- Trong h¢ phan 1o NOR.

XAY= xv ; (35)

.\'vyz._\‘\/y (3.6)

Nhu vay hé phép todn chi ¢é mét phan tr NAND hoac mot phan ti NOR 1
mot hé day da.
o Phin tir dong ngat.

Vé khia canh logie phan wr nay 1a phan t0 truyén tin hi¢u. Phan 1w déng

g, ~ S, ngat thuc hiér} chic ‘n{mg nhu mét role. Néu
trén duong dieu khién G tin hiéu nhan gia tri

G ‘I, khi dé khod ddéng va tin hicu S, duoc

Hinh 3.7 Plan ur déng near. truvén téi duong S,. Néu gld i tin hicu G

bing ‘0. khod md va tin hiéu khong truyén qua duong S,S.. Do phian 1 nay
¢6 chiic nang nhu mdt mach déng ngit, nhu di chi ra trong muc 2.1 c¢la
chuong 2, ta cd thé xay dung cdc ham logic chi tir cic mach dong ngat.
Trong truomg hop nay ta can ¢é dudng tin hicu A di déi Vo dudng tin hi¢u
cua bién X. do dé nhiing mach 16gic duoe xay dung t nhimg phian tr déng
ngat thuong duge goi 1a mach logic hai dudng. Trong nhiing mach nay cic
duong tin hiéu thuong xuat hién theo cap v va v, Trong cong ngh¢ che tao
nhing mach ¢é do tich hop siéu 1on VLSI. nhing mach mot duong thuong
duae s dung. Khi dé gid i X duge tao ra bing phan t¢ NOT. Do do6 ta ¢6
thé néi ring cdc phian tr déng ngat vi phan & NOT tao thinh mét he day dd
cac phép toin.
e Phin tr XOR.

Phan ta XOR thuc hién phép todn loai writ logic. Phan tir niy ddng cicng
bhict khong thé tao thinh hé diy dd cia cic phép todn logic. Trong muc 2.2
cua chuong 2 chdng ta da thay mot ham logic ¢é the duoc tao thanh tir cic
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phép todn AND va XOR. Nhu vay hé cac phép todn AND vit XOR 1ao thanh
hé day du cua cdc phép todn. Phan tor NOT cé thé duge tao thanh tir phan i

T A

Xx® -

Hinh 3.8 Xay ding phan tr XOR tir cac phan tr NAND.
XOR bing cich cho mot dudng tin hicu ludn nhan gia tn 1. Phan 1y XOR
duge xay dung nhu sau trén cdc phan t&e NAND.

Ngoai cdc phan tir [ogic fiai dau vao néu trén, trong céng nghé con si
dung nhitng phin tu ¢6 nhi¢u hon hai dau vao. Cic phin wt ¢é nhicu diu vao
c6 thé dugc bicu dién nhw ghép noi nhicu I8p cic phan tr logic ¢6 56 luong
diau vao {1 hon hoac phu mot phan tir duy nhat. Cic phuong phap xay dung
ciac mach dé duge lua chon dua vao cde tiéu chuan 161 vu vé dién tich tinh
th¢ ban din cua mach, nang wgng ma mach téu thu vii thoi gian (¢ truyén
cba tin hicu khi di qua mach.

§3.3. Thiét ké cic mach to hop
1. Tong hop sach theo bicu thic logic

Thong thudng cac ham logic duge biéu dién bing nhimg biéu thic 1ogic
chita nhiing phép 10in AND, OR via XOR, NOT. Nhiing bi€u thiic dé c¢é the
duoc thuc hién thinh mach thong qua nhimg phan i 1ogic ¢g so.

Bieu thiic ¢6 thé duogc phan tich dudi dang cic cay tinh toin tuong dng
véi cde diu ngoac va miic do uu tién cua cdc phép odn. Dicu ndy ¢é thé dat

~dugc néu ta dap dung phuong phdp phan tich biéu thic toin hoc bing cdch
viet Balan v bo cdc diu ngoadc. Sau dé dua vao cdch viet Balan cua biéu
thitc ta xay dung cay biéu dién viéc tinh toin bién thifc. Dua vao cay tinh
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todn ta xay dung so d6 mach bing cach thay thé moi bi€n bang mat dudng
tin hi¢u, thay thd mai phép todn bang mot phin tir logic ¢co ban. Sau dé ta
xay dung mach theo cic hé didy da duge trinh bay trong phin trude. Moi
phin tr ca ban duge thay the bang so dd tuong duong (rong he day du duge
Jua chon va gian udc mach bang nhitng phép bicn doi logic, vi du nhu hai
phin t&r NOT mic noi ti¢p ¢é thé loai bo.

Ta hiay xét mot vi du thi¢t k¢ mach thuc hién bicu thic
logic: f=(x+3p.2)Dw.

Bicu thitc ndy duge viet dusi dang cdch viet Balan nhu  sau:

fo=wxe .+ ® . Céc budc phéan tich duge thuc hién tan luot cho dén

khi nhan duge mot cay hoan chinh, véi cdc nut trong liy cac phép todn va cic
nut 1a 1 cic bién .

Trong vi du trén : ta s€ co cdc budce xay dung cay nhu sau:

v
— —>
(x+y. 7)

— D ~—

thie _/ = (x + y.:) @D w.

Theo cay bicu dién trén ta ¢6 theé xay dung so dé biéu dién mach theo
ciac phép todn co s¢: XOR, AND, OR va NOT.
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Iinh 3.10 Xay dung s do mach theo cay bidu didn 1l cie phan
(W AND. OR. XOR. NOT.

Pe xay dung so do trén cdae phan (weo sd NAND va NOT hode NOR v
NOT thi ta s€ xay dung cdc phan twr AND, OR, XOR (i cic phan t cua he
day du tren:

> Ny \;J‘>k‘— — Ny
@ y _Dwﬁ}—t’

inh 3.11a Bicu dién twong duang clia cic phan ur AND. OR.
XOR trong he day di NAND.

Fd

ITinh .11b Bicu dida twone duong cia phin 67 XOR trong heé ddy da NAND.

Sau khi dp dung cic bicu dién tuong duong cia cic phan ur logic trong
cic he day da khdce nhau, ta nhan duge so do sau:



T OED D

W

Hinh 3.12 So d6 mach thuce hién bidu thic f = (v + 1.:) @ v tréen he NAND va NO

Néu phan 1o XOR tham gia vao trong thiét k& ta ¢6 thé st dung cic he
thic tuong duong teén hinh 3.11. Cac hé thic nay duge suy ra true Hcp

‘ot

1inh 3.13 Ciic so dd tuang duong cia phép loai trit loeic NOR.

Pidu d6 ¢6 nghta la todan tr NOT trong bicu thiic cla tong XOR ¢é the nam
G Mot v i

Tém lai phuong phap Xy dung mach truc tiép (it ¢ic bicu thae 1oeic uhy
dd néu trén la phuong phap don gidn. Vi phuong phip nay ta ¢é the xay
dung duge moi ham logic voi nhing do phire tap khic nhau. Phuong phap
nayv ¢6 mol nhuge diém én lién quan (61 thai gian ré cia tin hicu di qua
mach va 4o dai cue tin hiéu. T vi du trén ta thay, doi véi cic dau vao X, v, 2,
w, cie tin hi¢u tic dong phai ¢d do dai khic nhau. Bicu do 1a do ciu tric
phan tang caa mach. Tin hiéu = dé di ra duge diu ra f phai di qua bav phin
tr, rong khi d6 tin hicu w chi cdn di qua ba phan w. Nhu vay ta phai tinh
todn do dai cdc tin hicu tdc dong va thai diém tic dong sao cho nhan duoce
gid tri ditng & daura f.

2. Thuc hién ciac mach hai tang
Ta ¢6 the mé rong phuong phap trén v dua teén co sd cie phan i ¢é
nhiéu diu vao, ta c6 1the xay dung cdc so dd dudi dang chinh tic: AND-OR.

OR-AND., AND XOR. Trong cac phuong phip thiét k¢ cdc mach hai tang
trén ¢o s& cide phan tir AND-OR v OR-AND. bén canh bi¢n x, ta cin thém
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cde gid tri cta v, - Khit do ciu trde mach trd thinh ba ting do su dung them
phan 07 NOT dé tao nén phan ti bu.

Phuong phip xiy dyng mach true UEp tir cac dang chuin tac duge mo 1a
trong phin trude (rén thuc 1€ khong ¢6 hicu qua. Trong truong hop bicu dién
ham legic dudi dang (6ng cic tich lagic, trudng hop xau nhat ta can (2" - 1)
tich cuc ticu va khi dé cin ( 2" — 1) phan tr AND v&i 21 diau vao va mol
phan tu OR voi ( 2" - 1y diu vao. Trong trudng hop tham gia x, va v, khi do
can them nhicu nhit Iz phan wr NO'T trong trudng hop xay dung mach mot
duong. '

N¢u tich cue tiéu cha 2 bich thue hién nhu & phan trude. khi dé can tong
cong (n— 1) phan wr AND vdi hai dau vao hoiac mot phan wr AND vai
diu vao. Tuong tu mot phin wr OR véi m diu vio ¢ the thay boi (m - ] )
phan wr OR vér hai daw vio. Khi xiy dung mach cdce phan i ogic ¢ n dan
vio can nhicu dicn tich teen tinh the ban dan hon khi xay dung rén nhimg
phan tr 6 har ddu vao. Do dé gid thanh cua mach cing plu thudce vio s6
lugng dau vao cita cdac phan tir logic.

Doi voi vice thict k€ cic mach 1o hop sir dung so do hat ting thong qua
cic phan tr AND viu OR. dicu quan trong {a giam duogc s6 lugng cac phin td
AND v OR. Bén canh vide giam so lugng cic phian (&, mot dicu gquan trong
[ etam 8O luong dau vio et cde phan t d6.

Ta ¢&: tip hop cic khoi ¢6 gid thanh nho nhat cho ta so do hat ting ¢6
ata thanh nho nhdt wen co s AND-OR.

Chiing ta hay x&t mot vi du: @ thiét k¢ mach thue hien bam

=V (0.1.2.5.7.8.10.15)
Sau khi 1o thiéu héa, ta ¢o:
£ = {x0x0, 0xO1, [ 11x. 011}

So do thict k¢ mach thue hién ham f duge dua ra wén hinh 3.12 theo hai
thict k& thict ké theo dang chuidn tic tuyén truc tiép va thict k& sau khi toi
thicu hod. Ta nhan thiy (hict k& true icp phide tap hon thiét k¢ sau khi di 101
thicu hod ca v¢ 50 lugng cdc ket nol. ci vé s6 lugng dau vao cha cdc phian
logprc.

Khi ta 101 thicu hod cdc ham logic. wong 8o cha @p hep cac khoi duoe
xdc dinh bang dai tugng don dicu tang theo s6 vi trf bich trong kKhi npoai
v of chia X e Faccde v cba khot mochiéu (21— mi ), v so luong cic
khoi tham gia vao tap hgp. T tap hop khoi nay ta ¢6 thé dua ra true 1iép bicu
thitc 16gic dudi dang chuan tac tuyén. Mot khéi tuong tng v6i mot tich [ogic
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va ¢ thé duge xay dung trén phan wt AND ¢6 7 — m dau vio. Bién x, tuong
(ng véi gid tri “17 trong khoi & néi truc tiép véi phan tor AND con bién x,
trong tng véi gid tei ‘0" s& noi véi phan tr logic AND qua phan tr NOT. Khi
ta xay dung biéu thiic 16gic dudi dang chuén tac tuyén, mach duoc thiét ké
sé ¢6 dang AND-OR. S¢ lugng dau vio cua phan td OR s¢ bing s0 luong
cic khoi tham gia vao tap hop khot noi teén. Tu d6 suy ra khi ta thiét ké
mach 10 hop theo cic mach hai tang AND-OR. tap hop khéi cé trong s6 nhé
nhat s¢ tuong ng vaéir mach co gia thanh thuce hién nho nhat.

Hinh 3.14b So <dnh hai thiél ke ham frén mach AND-OR. Trong hinh b. mach
duoc thicl ké var 21d thanh nho nhat.
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Khi ta biéu dién bidu thice [6gic dudi dang chuan tac hoi. s¢ dd s& duge
thuce hién dudi dang cic phan tr OR-AND. Gilia cac so d6 dang AND-OR
v OR-AND ¢6 su chuyén ticp vé cic dang NAND vii NOR nhu trén hiah

3.15. Dicu do duoe suy ra true tiép wr dinh ly de Morgan: { +f, =, -1, .

Hinh 3.15 a. Sy wiong duong gifia mach AND-OR va NAND.
b. Su wong duong gitra mach OR-AND vit NOR.

Trong phan niy ta khong quan tam 101 van dé gioi ban 0 Jueng diu vio
cua cdc phan tw co bin ( gidi han theo cic nhanh di vio dau vio ) va gidi han
theo tai dat vao diu ra { 6 lugng 1€ nhdanh & dau ra ) cua chidng. Bién phap
thong thudng dé foai bo cde gidi han niy 1a tang so luong cic phan tir 1ogic
v tang s6 lugng cdce 16p phin (d.

3. Thue hién mach to hop trén co s cic PLA/ROM

Ma tedn Yogic lap irinh la cac khéi phan 1w vi mo duge st dung dé thiét
k& nhing mach LSI, VLSI theo cau trae cdc mach hai ting. Cic PLA bao
gdm ma tran AND vd ma tran OR duge mic néi ti€p. Ma tran tht nhat Ih ma
tran AND. ma tran tha hai la ma tran OR. T muc trudce ta thay rang citu tric
hai tdng AND - OR tuong duong voi cdu tric hai ting cua cic phan wr
NAND. Theo nguyen ly doi ngau, cau trac dé cling tuong duang vai cau tric
hai taing NOR — NOR. Do d6 trong ky thuat thi¢t k& cic cau tric hai tang
NAND-NAND va NOR-NOR duge st dung rong rii.
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Hinh 3.16 PLA theo cau utic AND-OR.

Nhu ta thay cdc PLA thuc hién hé cdc bam logic. Ta c¢é hé thong cic
ham logic ¢é thé ¢6 duge biéu dién dudi dang tap hop cac khéi duge danh
dau. Néu tiap hop T céc khoi duge ddnh dau 1a cho trude thi vige lap trinh
cho PLA trd nén don gian hon.

Trén hinh 3.15 gidi thiéu s¢ do thuc hien ma tran AND. Ma tran AND
duoc tao boi nhimg tuyén dif liéu sdp x&p theo nhing dudng thang ding va
nhiing dudng ngang. Cic tuyén dif liéu vao dat thang ding the hién cdc dau
vao. Thong thuong trong thict ké hai dudmg. ta ¢6 n dau vao danh cho v, vin
dau cho x, . Con trong thict k&€ mot dudng ta chi cé n dudmg dit licu vao cho
X . cac gid tri dao cla X, ;‘ duge tao
ra boi 18p cic phin tr NOT. Cac dau
ra cha ma tran AND s€ la cdc dau
vao cho ma tran OR va duge sip xép
nam ngang.

PLA duoc lap trinh biing cdch dua ra
. . cdc diem néi vao giao diém cua cic

A A dudng. Moi dau ra ctia ma trin AND
L _ZF - thé hi¢n mot tich 1ogic. Nhu vay siu
1 x|2 X, X, X dung PLA ta ¢é thé xay clL_rnjg cic
mach légic tr cac dang chuan tac
tuyén hoac hoi mot cich don gian.
P¢ giam do phdc tap clia thiét k€ trong cong nghé thudng su dung céc
phuong phap 161 thiéu hod hé cac ham lagic.

Trong vi du o hinh bén, cdc tuyén dif li¢u ra s tuong tng vdi cac bi¢u
thirc hoi sau:

—_

A W N

. X
Hinh 3.17 So do ma tran AND cua PLA.
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Ma tran OR duge lap trinh tuong tu nhu ma tran AND.

Dién tich ma PLA chiém trong mach VLSI ty 1& véi gid tei 2n + m )],
trong dé n: 88 diu vio, I — s0 cic tich logic trong dang chudn tic tuyen, m —
s0 fugng cdc diu ra. Cic gid tr1 n va m dac trung cho hé ham logic da cho.
con 7 xdc dinh s6 luong cic phan tr trong tap hop cde khéi duge danh dau &
st dung.

Mot phan td hay duoe st dung cta cau triic VLS viv cing cho phép lap
trinh duge nhu PLA 1la ROM. ROM khic PLA & chdé ROM 1a cau tric cho
phép lap trinh cdc gid tri 1 v 0 déi véi cie tich cuce tiéu mot cach wy v. Co
dau vio, mach ROM vé ca bian khong khidc PLA véi 2" tuyén dii lidu cia cic
tich logic. Nhuge diém chinh cua ROM so v6i PLA 1a ROM ¢6 hic¢u suat sir
dung dién tich tinh thé thap. Piém dic biét cha ROM la kha nang lap (rinh
tuong tng voi tap hop V(f) hoiac bang chan ly. So véi PLA, ROM c6 do
mém déo cao hon trén quan diém thay doi cdc ham logic trong h¢ him, do
d6 ROM duoc st dung trong Ky thudt tinh todn rong rdi hon PLA. Do6i khi.
dé¢ thay thé¢ ROM, ngudi ta cé thé sir dung cic bd nhé truy cap ngiu nhién
trong dé ¢6 ghi san cic bang chan ly.

§3.4. Nhirng van dé khi thi¢t ké mach 6 hop
1. Nhirng giai doan thi¢t ké mach to hop

Qua trinh thiét k€ mach t6 hgp thudng duge thye hi¢n theo nhiing budc
sau:
— Khado sit nhiing dic diém vé chitc nang clla mach t6 hgp, nhitng lien két
cta mach véi nhitng mach khic theo dau vao/dau ra, thiét lap cic quan
hé tuong dng véi cac bién logic.



- Dinh gia kich thudc ctia bai todn vi giai quyét viin ¢¢ phan chia mach 10
hop thanh cide phan hé theo mite d6 can thict.
Giai doan ndy giai quyét van dé tiép can mach to hop can thi¢t k¢ theo
tong thé hoic phin chia thinh cic phan hé. Viée phan chia mach thanh
cic phian h¢ s& lam giam do phic tap caa thiél k¢ néu so luong phan 1w
mach qud 16n. Vi du nhu khi thi¢t k€ cdc khoi chite nang xut 1y cic (U
may, mot cich ty nhién ngudi ta phian chia mach thanh nhimg phan
tuong tng véi timg hang bit cba tir mady.

— Xy dung biang the hién cic chde nang cia mach (6 hop.

—  Toi thieu hod mach.
Cic bang, bi¢u dd chic nang 12 cic ngudn thong tin cho qui trinh téi
thic¢u hod. G day, ching ta phai hiéu qud trinh 161 thicu hod theo nghia
rong. Dicu do ¢6 nghia 12 ching ta 161 uu hod khong chi bicu dién cic
ham logic ma con to1 vu hod mdi khiu trong toan bod qud trinh thuc hién
thic¢t k¢ haun theo nhitng ticu chuin xde dinh.

—  Lua chon cdc phin tr logic va bi¢u dién ham [ogic theo cic hé co s& da
lua chon.
Trén giai doan nay, nhimg ham togic di (61 thidu hoi s& duge bicu dicn
dudi dang chuan 1ac hot hodc chuan vic tuyén. Sau dé cic him logic sG
duge bicu dién bang nhiing h¢ diy di NAND va NOR. Cic thict k&
tuong tng s¢ phy thudce vio cac he dav du duge lua chon.

2. Anh huong cua thoi gian tré téi hoat dong cua cic maceh to hop

Anh hudng cuz thoi gian 1€ t6i hoat dong cua mach ¢6 the fam thay doi
hoan toan chic ring mach. Poi véi cac mach 16 hop, thoi gian 1ré khong chi
fam giam 16¢ dé hoat dong cua mach ma con ¢d the sinh ra nhing gid
nhat thoi bi sai & dau ra cda mach. Diéu d6 s lam hoat dong cua toan he
thong ¢4 thé by thay déi. Theo thai gian nhimg gid (ri ndy s& bicn mat va diu
ra cua mach s¢ nhin duge cic gid tr1 duge tinh theo cdc ham logic da thi¢t
k&. Nhung cdc gid tri sai nay rat nguy hiém trong nhimg truong hop khi
mach 6 hgp dugc noi véi cac mach nhé dung luu 1@ cdce trang thdi cia hé
thong. Khi dé s& xudt hi¢n cdc trang thdi khong du dodn trude va hoat dong
cua toan heé thong ¢6 thé bi sai hoan toan. Nhitng trudng hop ndy goi 1 cic
rdi ro trong mach.
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Trong kv thuit thuong phan biét hai loai rai ro: rui ro tinh v cdi ro -.ong.

Rui ro (inh xudt hién khi trang thdi cta tin hicu ra cudi cung khong thay

Nand

a) t

>,

&y

Ilinh 3.18 Rui ro tinh trong mach NAND.

d6i nhung ¢6 the xuat hién
nhiing thay doi trong khoang
thot gian ngan. Cluing ta xét
mach thuc hien  phép  toan
z=xyv. Do do1 vér tiing dudng
tin hidu, gid tri thot gian we ¢o
thé khac nhau. Khi 1in hi¢u dau
vao chayén trang thai wr ‘1
sang ‘01’ tin hicu dau ra coa
phan tor NAND phai khong
thay d6i. Trong trusne hop trén
hinh 3.18 a), khi tin hiéu 6 hai

dau x v v cling by tré, tin hiéu dau ra z van khong thay déi gia tri. Trong
khi d6 & hinh b) & dau ra cua mach xuat hién gia ti tin hicu 7z = *0° do
hién tuong (ré tin hidu trén hai dudng v va v. Gid tri nay khong duoc ham
chitc nang cba mach du dodn va chi xvit hicn trong mét khoang thdi

|
¥
1
(
|

Quad trinh qua do

bau
vao

C\

Iinh 3.19 Truéng hop xuat

hién i ro déng.

Mach (8
hop

 Nach b
Mach -
nha bau
ra

-

-

Hinh 3.20 Loai bo rui ro bang cdc mach nhe.

gian ngan. D6 chinh Ja gid tri rai ro tinh xuat hién trong phan wr NAND.

Truong bop thit hai 1a truong hop xuat hién rui « -

dong. Trong trudong

hop nily qua trinh chuyén tiép dau tién va cudi cung luon trimg véi qud
trinh chuvén ti€p theo thuat todn cda hoat dong mach (6 hop.

De loai trir kha nang 167 xudt hién do i ro. trong cic ni.ch 16 hop ngudi
ta st dung dong bo qud trinh nhan thong tin bang cic mach nhd noi voi
dau ra cua mach t6 hop. Thong tin duge nhan vio mach nhé thong qua
tin hiéu dong bo C. Tin hiéu ndy duge tic dong vao mach nhé sau khi
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cédc qud tiinh qué do trong mach t6 hop két thic, Nhu vay cic tin higu sai
s€ khong tdac dong dén phan tr nhd va do dé khong xuat hién (rén dau ra
cua mach.

§3.5. Thiét ké cac mach tuan tu

Cédc mach tuan tr trong ky thuat thuong duge thiét k& theo cau tric bao
g6m cac mach t6 hop lién két voi cic mach nhd. Cic mach 16 hop s& thie
hién céc tinh todn theo cac ham 16gic, con cidc mach nhé ding dé luu trit cac
két qua trung gian. Do dé ta ¢6 thé bidu dién hoat dong cta mach theo (hdi
gian. Trong muc nay ching ta sé khao st cdc mach nhd v cdc phuong phip
lien k&t ching véi cic mach t6 hop thanh cdc mach tuin tu.

1. Nguyeén ly cda cic mach nhé

Cic mach 0 hop cho phép thuc hién mot s6 mach phic tap. vi du nhu
mach nhan nhanh, nhung doi vér mot $6 thao tac xit Iy dir liéu phdc tap hon
yéu cau ghi nhé cac két qua tinh todn trung gian va thuc hién nhiing thao tic
lap tuong dng vdi trinh tu tinh todan. Trong linh vuc xu ly s6, cde di licu
dugce bieu dién dudi dang nhi phan do d6 cdn thiét nhitng mach cho phép
nhd lai hai trang thai *0” va */’.

C6 hai loai s6 dé nhd kinh dién d6 12 cic mach nhé dong va mach nhé
~tinh. Trong muc nay ta xem xét ciac dang mach nhd duge xay dung trén
nhiing phan ur logic don gidn nhat — phan (r NOT. Viéc xdy dung cic phan
tr nhé déu dua wén cic nguyén Iy chung. D6 1a hodc phai xdy dung cac
vong phan héi tin hiéu trong mach dé tu duy tri gid tri ctia 6 nhé; hoac la
diing thiét bi phu trg dé duy tri gid tri 6 nhé.

Hal nguyén 1y trén ducc minh hoa trén hinh 3.21. Trong hinh a, mach
nhé duge xay dung tir hai phan nr NOT maéc néi tiép vi mot vong phan hoi.
Khi mach & trang thdi 6n dinh dau ra cta hai phan 1 NOT lan luot 1a ), 0
hoac ‘07, ‘1’ . Nhimg gid tri dau ra cda cdc phan tir NOT ciing vé6i vong phan
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hoi ¢6 tac dung duy tri trang thii cda phian to nhd. Nhu vay mach nay ¢6 1de
dung lhuu trlr cac gia tri dur lieu ‘17 va *0’. Mach nhd nay goi la mach nhd

tinh. Vang phan hd

SW
a) —4@ b)

Ilinh 3.21 Cic dang mach nhd: a. mach nhd (inh: b. mach nhé dong.

Trén s6 do b) phan t& khéa SW ndi tiép vai phan tr NOT. Phan t0 nhd
nay luu trit gid tri dit Liéu cta 6 nhd bang phin wr dién dung ky sinh tai diu
vao cua phan tr 16gic NOT. Khi tin hiéu diéu khién ¢ = 1, khéa SW déng vi
dién dung k¥ sinh tai dau vao phan tir NOT dugc tich dién. Khi ¢ = 0, khda
SW mé vi dién tich & dau vio phan te NOT bi ¢o tap véi mach ngoii. Do dé
phan it NOT can phai ¢6 gia tri trd khang dau vao cao. O trudng hop nay,
trong san xuat thuong xay dung mach theo cdng nghé MOS. Thoi gian luu
trit duge xdc dinh theo thoi gian luu giir dién tich cua phan tir dién dung dau
vao. Thong thuong thoi gian nay phu thudc vao nhiét do vii c6 gia tri trong
khoang tr 1 giay dén 10 giay. Do d6 mudn lwu trir 1au dai gid tri cha 6 nhé
cin phai ¢6 nhiing chu ky nap lai dién tich trén phan tir dién cam. Loai phan
tir nhé nay goi 12 phan t nhd dong.

Trong ca hai truong hop, dit tieu duge nhd nhu la dién tich trén dau vao
cta phan td NOT. Nhung dai vdi phan tr nhé tinh dién tich luén duge nap
lai do dudng tin hi¢u phan héi. Dé san xudt phin tr nhé finh ngudi ta cé thé
sir dung cong nghé MOS ciing nhu cong nghé mach hai cuc va déi vén phan
tir nhd tinh khong ¢6 gidi han vé thoi gian nhd.

2. Cic so do thanh ghi va trigo

So d6 nhd dong cho phép luu trir truc tiép mot bit thong tin. Dé cé.thé
ghi nh&d dong thoi duge » bit thong tin nguoi ta dung song song 5 phan tr
nhé dong. Thiél bi d6 dugce goi la thanh ghi dong » bit ( hinh  22).

Doi véi phan tir nhé tinh vi trong d6 khong ¢6 mach thu nhan dir liéu,
trong ky thuat thuong dung hai phuong phap xay dung thanh ghi nhur sau.

- Plutong phdap 1:
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Hinh 3.22 S0 do cau triic thanh ghu dong.

e

v

XI1

Trong mach dau vao vit mich phin hoi ta ding cdc bd khéa SW (hinh
3.23). Cac khoi ndy duge diéu khién sao cho ching (uon & hai trang thai

nguoc nhau. DE dat duge dicu d6 cde tin hidu diéu khién s 1a ¢ v ¢ . Khi

tin hi¢u @ = 0. ¢ = 1 mach vio sC ngat va
vong phin hoi dong lai mach ¢ trang thii
nhé. Khr ¢ = 1, ¢ = 0 mach vio déng va
vong phan hoi bi ngit, mach & trang théi ghi.
Mach sé ¢6 hai dau ra: dau gia i thudn va
dau gid (ri ddo. Pac diém cia mach la thai
eian luu trr khong bi gid han, Khi sir dung
song song # mach nhd ta s&¢ ¢6 thanh ghi
tmh »n bit. Do trong mach su dung cdac khoa
nén phuong phap nay khong thich hop vai
cac mach bdn dan hai cuc.

Phionge plap 2:

T

—>

— X1

‘T

¢

— >

Xn

Xn

Hinh 3.23 Thanh ghi tinh

Thay vi diing cide phan nr NOT trong so dé cia phin to nhé, ta ding cic
phan tor NAND hoac NOR. Do 1a cic tnigo RS, D, T. JK. Trén hinh 3.24 ta
¢ 30 do cdlu tric va hoat dong cua RS trigo. Ta ¢6 thé xay dung cac phin ur
trigo Khdc dua trén co $6 trigo RS. Trong hinh 3.24 dua ra cdch xay dung

trigo D tir trigo RS.

Trong so do trigg RS ta thy khi tin hi¢u CK = "1’ va hai tin hicu R v6i S
cong bing “‘I’, diu ra Q va Q clng bing ‘1°. Khi CK chuyén sang gid tri
*07, trang thdi nay trd nén khong on dinh va do tinh bat d6i xding cda mach
(thot glan té truyen trén cdce phan (r mach khong nhu nhau ) va cdc nhidu
dong trong mach ma mot trong hat dudng tin hicu s¢ ¢d gid tri ‘0°. Qua trinh
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,_D-_' Ql 'y 5‘ Hinl 3.24 Cacmach uigo RS

atrigo D.
_ [) l —‘P ' \! l[ll:G .
L __(_51' [\/‘, ]_R _C_J_L
. CK=1
S~ 5 S=1,R=0:ghi
-Ts™ Q- - - Q $=0. R=1: xou
__'IL/ ll CK . ) N L S=0. R=0: gt trung tha
R Q. _ o S=1. R=1 @ khong xic
- ~ , : Q dinh. wang s cam.,
R = CK = 0. mach @1t rang
- thiy.

chuyén 1i¢p nay dién ra trong khodng thai gian rat ngin sau khi CK chuyen
trang thai. Nhu viy Q hoidc Q s€ nhin gid tn ‘0" mot cich ngdad nhicn va
khong thé dinh tude duge Khoang thai gian chuyén trang thdi. di¢u ndy dan
toi nhing tinh todn sat trong mach v trang thii nay thuong 1 trang (hdi bi
cam. _

Cic phan o trigo ¢6 the ding dé luu tel cdce bit thong tin vt néu ghép néi
song song n phin (u trigo ta <€ nhan duge thanh ghi # bit. Thanh ghi nay 1a
thanh ghi tinh va hoat dong twong w nhu thanh ght Gal xay dung bang cic
phin ta NOT.

3. Cic ché do dong bo
Tiy hicu didu khién cide dau vio ciia mach abid thudng cung cap boi cic

mach déng bo. Pau vao tin hi¢u dong bo tuong ng ctia mach goi 1 cde diu
vao dong bo. Tin hicu déne bo duoc vice dinh

oty bai do dai khoang thoi gian 1 ma tin hicu &

1 trang thdi ‘1° va chu kv T. Cic mach nhé su
dung tin hiéu dong bo trong cic muc trude

0 T > thue lén cdc thao tac doc va ghi di licu khi

didu vao dong bo nhan gid tei 1. Ciac mach loas
nay gol la cac mach lam viée trong ché do
dong bo theo muc. Khi thict k¢ cac mach (am vice theo ¢hé do dong bo, (o
das cua tin hicu dong ba dong mot vai o quan trong trong hoat dong cla

Ifinh 3.25 Tin hicu dong bo.

mach. Neu cic rigo D dong bo theo mie duge ghép noi nodt ticp va nodi
chung cic dau tin hicu dong Do ta s& ¢6 thanh ghi lany viée theo ché do nhu
sau. NEu tin hicu déng b ¢d do dai du 16n thi sau mot khoing thot aian it

37



ca cic trigo s¢ ghi cung mot gia tri. Trong trudng hop nguoe lai, khi do dai 7
cua tin hicu dong bo thoa man hé thic:

|nl< <1< dIn\n > ( 37 )
trong dé T, 12 gid tri cuc dai trong cdc d6 dai cuc ticu cua cdc xung dam

M
bio viee ght di héu; d,, 1a

mu

thoi gian tré cure ticu khi tin

Dau véo N .
L ‘r— (D —Q’f D Q hicu lan truyén trong mach
- _ nhd 1r dau vao & dau ra.
N/ S S B i 6 b oh e bic
Ck J hi d6 thanh ghi thue hién

viee dich dir licu sang phai
Hinh 3.26 Thanh ght dich st dung dong ba hep. mot 1op 5219 moi lan nhan

tin hiéu dong bo. Ché do
déng bo thoa man bat dang thic 3.7 goi 12 dong bd hep.

Uu diém cha ché do dong bo hep 1a don gian, dé thuc hién va d¢ xay
dung mach phit xung dong bo khong can nhiéu thiét bi. Nhumg néi chung
ché do déng bo ndy it duge sir dung trong cdc mach VLSI boi Vi tyén tat ca
cdc phin cha mach ta khé cé thé dat duge bat dang tinic 3.7. Trong nhiéu
trudng hop dé ¢é thé kiem sodt duge hanh vi cta cdc mach ngudi ta st dung
mét bicn the cua ché do dong bo hep. do 1a ché do lam viée theo sudn.

Dong bod theo sudn doc 1a ¢chd do 1am viée cua cde mach véi tin hiéu
ddng bo ¢6 do rong cha xung 1dn va tic dong thue hién theo sudn 1én hoic
sudn xuong cha xung. O ¢h€ do nly cic tic dong cha tin hicu déng bo doi
vGi mach xdy ra cing tuong tu nhu trong ché do dong bo hep. Toc do hoat
déng cua mach trong trudng hgp nay duge xdc dinh bai toe dd hoat dong clia
chinh cdc phan tr mach do dé diéu kién vé bat diing thidc déng bé hep duge
thoa man.

Nhuoe diém cta phrong phip dong bo theo sudn doc v dong bo hep L
micn dich pha cho phép cua xung dong bo. Do dich tuong doi cia cde xung
L& hién tugng xuat hicén do dich pha ctla cde xung trén dau vio dong bo caa
cdc phan tr nhg trong mach VLSI. Do dich pha cua cic xung dong bo xuat
hién chd ycu do két qua cla su phin bo cdc thoi gian tré trong cac mach
phan phoi tin hi¢u dong bo.
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Hinh 3.27 Minh hoa — b Q | Mach 1o hop
d6 dich pha ctia tin Tl
higu dong bo. ‘_J CK - ~~- DO
CK
]

o R T,
Tin hi¢u dona bo c

Trén hinh 3.27 minh hoa vé d¢ dich pha cta cic xung dong bo. Theo
mach nay phan tir trigo D th hai nhin tin hiéu dong bo CK 11é so véi trigo
tht nhat 1a T, dir licu dugce truyén tir dau ra Q cua trigo thi nhat dén dau vio
D ctia trigo thit hai théng qua mot mach td hop cé thai gian tré 1, . Su khac
biét trong thoi gian x 1y gin lién v6i thue hién bat ding thiic.

T, <T, (3.8)
-Bat dang thic ndy xde dinh tuong quan gita thoi gian teé theo mach
truyén de liéu gide cic mach nhé ( 1, ) va do dich theo thoi gian cia xung
dong bd ( 1. ). Po dich cua xung déng bo tang theo kich thude cia mach
VLSI, do dé6 trong cong nghiép thuong xay dung nhitng mach s dung hé
thong dong bo véi ving hoat dong rong.

Trong cic mach hout dong theo cic ché do dong bo theo miic. dong bo

| hep ngutt ta chi dang mot tin hi¢u

thue hign chiic nang déng ho. Dang

dong bo d6 goi la ché do dong bo

| r— mot pha. Trong nhiéu trudng hap, d¢

ol tang do tin cdy cva mach, nguat ta s

dung nhiéu tin hiéu déng bo Yéch pha

de diéu khién mach. Nhimg ché do
lam vi¢e nhw vay goi 1a ché do dong bo nhiéu pha.

Trén hinh 3.28 minh hoa cic tin hiéu dong bo cita hé théng déng bod hai
pha. Tai day ta st dung hai tin hiéu déng b6 khong phu nhau i trang thii
“1” 14 ¢y v @o. Trong thiét ké cha thanh ghi dich, hai tin hi¢u dong bo nay
duge tic dong lan lugt. Do rong coa xung va chu kv cua cde tin hicu
@ v ¢>co the duge xdc dinh sao cho trang thdi *1° cda ching khong phi
nhau, do dé di liéu s€ dich i mot 16p trigo sang 18p trigo sau chinh xdc theo
tung tin hiéu dong bd. Nhung trong truang hop nay trong hai mach nhé ¢6
thé luu gily mot bit div licu vit so v6i 1 ch dong bd mot pha thi can mot s6
lugng cdce ting nhd nhiéu hon hai 1an.

O,

Hinh 3.28 Tin hiéu déng bo hai pha.

59



Dau viio Pong bo hai pha

_ __ 1o dugc thict k¢ sao cho

“ el (D | P9 “ r | khong ¢d sy chong

B E QJl ‘ f—Q/ T o mhau cta cic xung
|

dong bo. Nhung trong
nhicu trudng hop ¢d thé
P> | cho phép su  chong
nhau cua cic xung theo
thot gian nho hon thot
gian tré o, 1 dan vio
dén dav ra cua mot
mach nhd. Thong thudng eid tr thoi glan e d,,,, (G hon thot gian 0 rén
mot phan tr logic, do dé ¢>c6 thé nhan dudc 1l ¢, qua mdt mach NOT sao cho
doan gii tri phu lén ¢, nho hon o, Néi cdch khic, dot véi nhimg phan khong
161 cha mach ta c6 thé sir dung tin hiéu ¢, thay cho ¢o.

Hinh 3.29 Thanh ghu dich B vice theo
ché d6 dong bo hai phat.

N

4. Cic trigo stt dung ché do dong ho hep va dong bo hai pha

Trong k¥ thuit, nhiéu mach nhd s dung cac trigo hoat dong theo ciic
che do dong bo theo sudn lén hoie lam #ec theo ché do dong bo hai pha.

= ;_ 1 .= Cic ché do fidng bo nay cho phép giai
O} Mmoo DG T quyét van dé canh tranh oifia cic phan

o _b ] f | — _, J ta 16gic trong hoat dong cua cdc trigo.
riR Q—" I biéu nay lam cho cdc mach nhé hoat
S dong tin cay hon va liim gidm tinh bat
Hinh 3.30 So d6 c4u trde triger T, dinh cua mach. D¢ minh hoa vin dé

nay ta hay xét so do T-trigo.

Vé mat ciu trdc va hoyt dong trigg T ¢6 thé dugce xay dung tir teigo RS
bing cdch néi vong dau vio R véi diu ra Q va dau vao S vdi diu ra Q.
Trigo T cling ¢4 thé duogc xay dung 1 trigo D biing ciéch néi vong dau ra Q
vGi dau vio D. Cau trde dé khong dam bio ché dé hoat dong on dinh. Trong
mach nay phitn o nhé trong thanh phin cua trigo 1 dong vai 1rd hai mat, Vé
hoat dong ta nhian thay rang phin o nhd ddng hai vai tro: vira 1A nguon
thong tin va via 12 bo phan nhan thong un. Thue hién hai ¢hiic niang dé dong
thot 14 khong 1hé duge vi Kii mach nhin thong tin mdéi thi dong (hdi xod bo
thong tin cii. Néu cac phan wr 10gic ¢6 toe do tac dung 1y twong thi 8o do trén
khong lam viee. Su ton tai coa thai gian 1ré trong mach cho phép thue hién
ché do dém trong maét so diéu kién, nhung do thoi gian t€ trong mach 1 dai
lugng ngau nhién do tin ciy cia mach thap.
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Dé tang do un cay caa mach ta sit dung hai phan i nhd trong dé mot
phan 1r nhin thong tin vio trong khi trang thai cfi van gidt nguyeén 6 1ang ra.
Khi cdc gid tri mdi duge hinh thanh & 1dp vao va thong tin ¢a khong can
thict, di hicu s duge truyeén tr tang vao t6i taing ra. Cic trigo loai nay fam

S\ _
\ ; i&g Q
C .. R -1 .
_ 'l ] a —_—
R e —

Hinh 3.31 Mach tngo RS Lun
vice theo ¢hé do dong bd hai pha,

J
o @ sosa
__I — R Q
R 4| g K
Ck

Hinh 3.32 Xay dung tigo
JK tirtrigo RS,

D .
A
) .--l N
| r Y
oL ; Q
A
§ ! S
' I - ~
\"-. | \'-. , . i 6
le/ _/,’ :Il 1 __//
Ck - -
Hinh 3.33 Mach trigo D lam viée
theo ché dd dong bd hai pha.
s RN - BN
o | ‘-‘?_'
i \.\'-. , \\\ ) N
e } A Q ' ! ' ‘ Q
/ - -
Ck e Ck_ | -7 .
:\_- M : ey N N - -\ -
— r | Q vl o a
- -
!
R x \v
7 D Y

Hinh 3.34 Mach rigo RS lam
viée theo suon len,

Hinh 3.35 Mach ngo D Jam
viée theo sudn len.
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viee trong mot chu trinh. Néu quan sit k. ta s€ thdy mach trigo loai nay lam
viée theo ché do dong bd hai pha.

Cic rigo con ¢é the duoce thiét k& dé hoat dong theo sudn cua tin higu
déng bo. Tren hinh 3.34, 3.35 trinh bay thiél k€ cua trigo RS va trigo D lam
vice theo susn 1én cha tin hiéu dong bod. Trong cdc trigg ndy ta c6 thé thay
doi cde tin hicu vio theo cdc mic bat ky cua tin hiéu dong bo. Tin hiéu déng
bo chi duge kich hoat trong khoang thoi gian nhd lan can suon [én hoac suon
Xuong.

5. Thiét ké cac mach tuin fur bang cac 6tomat hitu han

Trong mach 16 hop. cde gid tri diu ra duge hoan toan xdc dinh theo ciic
tin hiéu dau vio tai thoi diém hién tai. Nhung cic mach tuin ty ¢é cic gid tri
dau ra ducce xidc dinh theo day cdce gia tri dau vio tic dong vio mach tai
nhitng thoi diém trude thoi diém hién tai. Trong k¥ thuat, viée thict lap mot
day cdc gia tri dau vao vo han la khong thue hién duge var mot s6 hou han
cic phan i logic nén cdc mach tudn tu thudng duge biéu dién thong qua mot
s6 hu han cdc trang thai.

Cic mach voi s6 trang thai hiru han ¢6 thé duge bicu dién theo nhiing
bang hoac so dé chuyén rang thii. Trong cac mach tudn ty, trang thdi ¢ mot
thoi die¢m phu thudc vao trang thdi ¢ nhimg thai diém trude d6 cia mach.
hayv néi cach khdc mach tuin tu 14 mach cé nhd. Thong thudng s6 tugng cic
trang thai ctia mach twan tr 1a hiru han. Do dé mach diy c6 thé dugc bidu
dién bang nhitmg otomat ¢d trang thii hiru han.

Trong cic mach ¢6 s0 trang thdi hitu han, trang thai bén trong phu thude
vao day céc tin hiéu dau vio tic dong vio hé thong. Cu the [ gid tri ddu vivo
va trang thdi xde dinh gid tei dau ra va trang thii tiép theo. Do s6 luong cic
trang thdi ben tronug Ya hitu han nén cic dily tin hi¢u dau vio c6 thé duoc
phin chia thanh cdc ldp tuong duong. Néi cich khdc nhitng day tin hiéu dau
VAo 120 ra su chuyen trang thdi cua mach vé cing mot trang thdi thi nim
trong mot nhém. Nhu vay nhiing mach ¢6 6 trang thai biu han vé thue chat
khong phai ta mé hinh day di cta mach tuin tu. Trong nhitng mach tuan
tin hicu ra duge xde dinh hoan toan theo day cic tin hicu dau vao. Néi chung
cae muach ¢6 86 trang thdt hitu han ¢6 theé dung dé mo hinh hod cic mach
tuin tu vae mo hinh cang chinh xdc néu ta tang s6 lugng cdc trang thii bén
trong. Mo hinh nay duge ing dung rong rai trong qua trinh thié€t ké mach.

Trong ly thuyél tinh todn hai mo hinh 6tomat hiu han hay duge sur dung
nhat la 6t6mat Moore va 6tdmat Mealy.
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Otomat Moore 13 mot otdmat hitu han bao 2om tap hop cide tin hiéu vao
1a { x.XoenX, 1otap hop cde tin hico ra la { y,ys...v, ) tdp hop cdce trang
thal { a ..., }. Trong otémat Moore. su chuyén trantg thii phu thuédc vie
trang thii trude do va tin hiéu vio & thoi diém trude dé. Quan hé dé ¢é 1thé
duoc bicu dién bing hé thitc sau.

Z(t+1) = & [Z{t), X(t)): (3.9)
Tin hicu dau ra cta 616mat Moore chi phu thudc trang thii:
Y()= WI[ZW]: (3.10)

Doi véi otdomat Mcaly, su chuyén trang thdi phu thude vao trang thii
trGe dé va (in hicu vao o thn diém trude do.

Z(t+1) = D [Z(1), X(1)): (3.10)
Tin hi¢u diu ra caa dtémat Mealey phu thudce vao trang thii viv tin hicu diu
Vao:

Y(t) = W (Z(1). X(O): (3.12)
trong dé: @ (2.x) : him chuyéa trang thdi:

Y (7), W (2.X) : him xdc dinh gid tri dau ra ca 6tomat.

Cic otomat ¢o the duoce
biéu dién truc quan bang cic
g do chuyén trang thii hoic
bing cic ma trdin chuycn
trang thdi. Cic so do wong
ung vai1 otomat Moore s€ ¢d
cic dinh 1a cdc cap trang
thdt / tin hicw ra va cic cung
thé hién qud tinh chuyén
trang thdi v duge danh dau
bang tin hiéu vio tuong dng.

Tin hiéu Cdc so dé chuyeén trang thii
déng bd cua otomat Mealey ¢ cdc

dinh )a cdc trang thii con
cdc cung thé hi¢n qua trinh
chuyén trang thdi vi duoc
ddnh dau bang cap gia tri tin hiéu vao / tin hiéu ra.

Cidc mach tudn tir cé thé duce xay dung qua cic phin (o nhd va cic mach
10 hop theo cic sa dé dong bo hoic khong déng bo. Trong trudng hop thict
ké mach tan tu theo ché doé khong dong bo, cic tin hicu duoc hinh thanh

Hinh 3.36 Ciu triic mach tuan e dong bo
hinh thanh dau ra khong déng bo.
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trén diu ra cta mach t6 hop ¢ the thay doi va tic dong vho mach nhd d¢
thay déi trang thii cua mach. Nhu vy ¢6 mot khoang thoi gian chuyén tiép
cua cdc gid 1y trén dau ra cdia mach wan w khong du dodn duoge. Cau tric
khong dong bo ctia much tuin g duge bidu diéa trén hinh 3.36.

Pé khic phuc tinh trang bat dinh ¢ daw ra ciia mach tai nhiing thai dicm
chuyén trang thil, ngudi ta thém vio mach mot hé mach nhé noi true ticp
Vo dau ra coa mach
wan w. 1E mach
nhé nay ¢o tic dung
luw gity gid tri dau ra

Tin hicu cua mach wan

1 dong bo kit mach dang o
cia doan hinh thanh

trang thai mai. Khi

mach da & rang thidi

on dinh mai. cdc gii

tri dau ra maéi duoc

Tin hicu tinh toan. Saw khi

I dong bo \ \ toan bod qud tnnh
fIinh 3.37 Cau triie mach ruan te dong bo chuyén irang thii vi

ftinh thinth daw ra dong bo. R . S
< hinh thanh gia trn ra

mai ket thue. dudi
tic dung cua tin hicu dong bo mach nhd s¢ ghi gid ry maéi vi dua gid ui do
(61 daw ra. Khi tin hicu déng bo tit, mach nhé & trang thai luu (rd di licu va
mach san sang thuc hién cile thao tic mdi.

Pan vio Pawra
Much

—_— >{ Md@h _ nhd diu

I'a

6. T6i thicu hoa cac bang chuyén trang thaii cia eic otomat

Trong qua trinh xay dung cic mach tuan ty, sO lugng cdc trang thili ¢l
cidc otomat dnh huong rit 16n 161 do phic tap cua mach. Trong nficu trudng
hop cde 6tomat chita nhiing trang thii du thita, do dé mot trong nhitng bude
quan trong trong khi thict ké cdc otdmat L 161 thicu hod s6 luong cic trang
thds cla otémat. Qua tinh 161 thicu hod tang thdi thue hién bing cich
nhdm hai hoac nhiéu trang thdi tvong duong cua otémat. BE thue hién dicu
nay chidng ta st dung bang chuyén trang thdi — mot cich bicu diéa tuong
duong vé6i sg d6 chuyen trang thdi cta 6tomat. Mot dong cha bang chuyén
trang thidi (wong Gng véi maot trang thii, mot cot ctia bang sé xac dinh gid tri
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Trang thiai | Pau vao
0 |

S 0/S, 0/S,
S, 0/S, 0/S,
S, 1/S, 2/S,
S, 0/S. 0/S.
S, 0/S, 1S,
Ss 0/S, 0/S,
Se 1/S, 2/S,
S, 0/S 1/S,
S t/S, 2/S,

Hinh 3.38 Bang chuyén tang thar.

dau ra va trang thdi ticp theo cua
Otomat tuong ung véi gid tri dau vho
dang x&t.

Cic wang thdr twong duong cua
otomat ¢6 the duge dinh nghia nhu
sau, Hai rrang thai S va S, duoe col
la tuong duong n¢u véi mot chudi tin
hi¢u vio bat ky 1dc dong vao otomal
kbi otomat dang & trang thai S hoic
S, chdng ta cung nhian dugc mot
chuol tin hiéu ra nhu nhau.

Dinh nghia nay ¢6 mot v nghia
thue (& xidc dinh bdi Vi néu ta quan
sat 6tomat to bén ngoai ta chi thu

nhan duoc cic tin hiéu ra. Diéu kicn du cua sy tuong duong cac trang thai
dugc bict dén nhu diéu ki¢n ColdWell. Tuong ting véi diéu Kien nay, hai
dong bat ky “dau ra / trang thdl tep sau” giong nhau duge coi la tuong

duong.
ColdWell va do dé duge coi
la twong duong. Nhung tham
chi ca khi phimg trang thii
ti¢p sau phan biét nhung lai
la tuong duong thi hai dong
cing duoc col la tuong
duong. Nhu vy ta phai thuc
hién nhiing budc kiém tra
tinh wong duong cua cdc
trang thdi trong bidng theo
nhimg budc {ap. va st dung
tinh hoi tu cua tht tuc kiém
fra.

Phuong phip phan nhém
cac trang thai.

(ng v&i bang chuyén trang thiit trén hinh 3.38.

Cic tieu chuan ColdWell ¢6 thé dugce chia lam hai dic¢u kién.

—  Dicu Ki¢n tuong thich diu ra. Diéu ki¢n nay Ia tién quyct.

~  Dbiéu ki¢n tring hop cta nhiing trang thai tiép sau,

Trong hinh 3.39, cdc trang thdi S,, S,. S, thoa min di¢u ki¢n

1inh 3.39 So d6 chuyén trang thii cla otémal (wong
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Qua trinh phin nhém cdc cic dong trong bing chuyén trang thi ducc

thuc hién nhu sau:

66

Nhém cic dong trong bang chuyén trang thdi theo cic tin hiéu ra dé
nhian duge cic phan nhém. Vi duy, trong hinh 3.38. cdc phan nhém theo
tin hicu ra sé la;

Gy = { (S SIS 8 (5 S S5 1 (S §) 1
Ta thay G, thé hién nhém cic trang thdi tao ra nhiing gia tri tin hi¢u ra
nhu nhau véi ddy tin hiéu vao ¢6
do dii mot. Cic trang thdl S, va Trang thdi | Pau vao

S, nam trong cling mot nhém bot 0 1

Vi Vi ddu vao ‘07, S, chuyén v¢ [ 0/S. 0/S,«

Sf\, co‘n STIChL:lycn vé S.. {111Lrng % S 0/S,, 0/Som

va S, lal nam trong cung mot S 0/S 0/S
, Y o N N b 247

nhém (uwong duong: vai dau vdo S 1S

‘1°, S, va S, cung chuyén vé trang £ 5 2/,
e ) oe Sy, 0/S 1/S,

thii S,

Kiém tra sy tring hop cua nhiing
trang thai o thoi diem tiép dai
Vi cidc trang thdi & trong ting
nhém. Cic trang thii ticp theo

Hinh 3.40 Bang chuyén trang thdi sau khi
da o1 thidu hod cta 6tdmat trén ninh 3.39,

phai nam trong cung mot
nliom. Néu cac diéu kién nay
khong thoia mdn thi nhom s¢
dugc phan chia nho. Trong vi
duy truée, nhém thi nhit coa G,
la (S.. S, Si. S5) chida cde trang
thdi S, va S.. Cic trang thdi nay
chuyén v¢ nhing nhém giong Hinh 3.41 S0 dé olomat trén hinh
nhau: khi tin hiéu vao Ia ‘0, hé 3.39 sau khi da o thiéu hoi.

thong sé chuyén vé cic (rang

thdi trong nhém thid ba: S, va S;: khi tin hi¢u vio 1a 17, hé thong sé
chuyén vé teang thai trong nhém thit hai: S, va S,. Cac trang thai khic
chuvén vio nhing nhdm khac nhaw. Do d6 nhdm ( S,. S,. Si. Si) € duoc
phan chia thanh cic nhém (S,). ( S,. S;). (S, ). Cic nhém con lai cua G,
khong phén tich dugc. Cudi cung chiing ta nhan duge phan nhém tuong
duong nhu sau:




Gyo= 1 (S)-0SLSH) (S ) (S80S 80), (S 8) 1.
Phan nhom nay duge kiém tra véi cde chudi dau vio cé do dai hai.
Thit tuc vira trinh bay & trén sé duge 1ap lat cho 161 khi dat duoce sy hoi ty.
Ching ta khong the 1iép tuc phan nhém G,, do dé két qua nhan duge ¢6 the
duroe coi 13 101 giai bii todn 81 thicu hod.

§3.6. Nhiing van dé khi thiét k¢ cic mach tvan tu
1. Hién tuong canh tranh trong cic mach toan ty

Khic véi cic mach (8 hop, trang thai cua cdic mach tuan tr duge xdc dinh
khong chi ti cde tin hiéu vao ma con
phu thuoc vao cdc trang thdi trude dé6
cua mach. Viée luu ur cac trang thai s i t
trude dé cua mach duoc thue hién trén

cdac phan tr nhd nhu thanh ghi, triges, ... ¢ ___l-_‘ t

Nhu vay mach tudn tu cé thé biéu dién

bang nhing otomat c6 s6 trang thai Q _::‘ﬁ‘ ty

bitu han. Viéc phan tich v téng hop

I L . gy < L2
cac Otdomat la mdt phan quan trong 6
S Q Q
o e e
- ' ty2
~ Q
r
Hinh 3.42 Mach trigo RS. Hinh 3.43 Anh hudng cia canh

tratih trong phan ( trige RS.
trong 1y thuyét otomat. Trong muc nay
ching ta chi dé cap tGi mot s6 van dé khi thiét k€ cic otomat.

Trong cac otomat, do anh hudng cira thoi gian tré tin hi¢u teén cic phan
tr mach, ngudi ta quan sdt thay nhitng trang thai trung gian chuyén 11€p gifia
cic trang thai trong thiét k€. Nhitng t-ang thai chuyén (iép ndy ¢6 inh hudng
16n dén hoat dong cua mach. Su canh tranh trong qua trinh truyén tin hi¢u
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gitta cac phian (7 mach ¢6 the dan dén viée thiét 1ap nhing trang thai sai cua
cac phin tr nhd. do d6 6 thé dan dén hoat dong sai cia mach. Khi thiét k&
cdc otomat, su canh tranh trong cdc phan tr mach phai duoc loai trit,

Ching ta khao sat anh huong cva su canh tranh gita cac phan tr mach
trong vi dy don gian vé hoat dong cba trigg RS. Ta nhan thay, néu

S=R=1, wrigo giff nguyén trang thdi va gid tri trén hai dudng tin hiéu ra

QOva Q nguoc nhau. Vi du, khi Q = 1 thi hai dau vio cta phan 1t NAND,
s€ nhan gid trf “ 17, khi d6 gid tri dau ra Qs bang *0°. Gii tri ‘0’ nay sC duy
i gid trr 17 i dau ra Q. Khia nang nhd cua phin tr duge duy i bai vong
phin hot trén hai phan tr NAND. _

Néu cic dau vio S =0’ . R = *1", Gia iri cac dau ra 8¢ la Q = “1°,

Q="0". Cic gid tri nay duoc duy tri ngay ca sau khi S=1.

Didu naty ciing xiy ra twong wr khi R =°0", S =1, cic dudng tin hicu
a Q=10 _Q =1

Trang thai khi S='0". R = ‘0 1a trang théi cam. Trang thai nay khong
thé str dune duge vi khi cdc gid tri trén hai ddu vdo S . R chuyén sang nhan
cic gidui S='1", R="‘1", kél qua s& phu thudc vio su canh tranh gitta
hai phan tr NAND, vit NAND,. Ta nhan thay khi S =0’ . R = 0", hai ddu
ra Q va E) cing nhan gld tnn Q ="*1", (_) = ‘1", Trang thdi nay la trang thai
Z).\’\MJE' Nbung khi trigo

xic dinh mic du nd pha vo quan hé Qi =
chuycn ra khéi trang thii d6 bing cide gid i S= 1", R = “1", qud trinh
chuyen trang thii s¢ dién ra nhu ¢ hinh 3,34, Sau khi cic gid tri ‘17 xudt
hién tren har dau vao coa phan tr trigo, trén hai dau vao cta hai phan tu
NAND, via NAND, s& nhan dong thoi hat gia tri *f°. Nhu vay hai daw ra s¢
phai ciing nhan gid tri ‘0°. Nhung diéu d6 khong (hé xdy ra. bai vi su xuit
hi¢n gia tri ‘0”& mot daw ra s& [am cho ddu ra cdn lai nhan gid wi *1° va
trang thii nay s¢ duge duy (i, Nhu vay mot trong hai phan td NAND &
thing trong cudc dua va trang thai s¢ xac dinh theo phin 1y NAND d6. Vi
du, néu thai gian té cta phan td NAND, [6n hon thoi gian tré cla phan nr
NAND,, t;, >t tin hicu ‘0" s€ xudt hién ¢ dau ra cua phan wr NAND. trude
va trang that s€ duoe thiét lap s 1a Q =17, Q="0. Trong truéng hop, néu
() < tyg thi cde pid tri ra s€ bang Q = “0°, (-2 = ‘1. Mat khac gid trn thoi gian
tré 12 mot dai lugng ngau nhién do d6 ¢6 the két luan rang trong trudng hop
nay gid tri dau ra khong xdc dinh. Diéu nay lam cho cap gia tri S =0
R = “0° 1A cdc pid tri cam.
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Trona nhiéu trudong hop co ché canh tranh trong cdc mach wiéan ur xay ra
nhur sau. Cic trang thii coa 6tomat, do cdce tin hiéu thict 1ap thay dai lai phu
thuoc vao trang (hdi cua cde phdn t¢ nhd. Do hién tuong ¢ tin hicu trong
cic phan w logie. sy thict (ap cic gid tri coa 6 nhé khong xay ra dong thoi.
Dicu dé ¢ thé anh huong 161 tin hi¢u thiét 1ap cta cdce phan ur khic vid do d6
¢6 1h¢ dan dén nhamg trang thdi khong luong tude.

Phuong phip quan trong dé ngan chin hién tugng canh (ranh giita cdc
phin tu trong mach 1a sir dung cdc chd do dong bo. Trong cic ché do niy.
viée nhin cdc gid try tin hiéu vao cdc 6 nhd v dua cic gid g dé o1 dau ra
duge thuc hién vao nhiing thi diém xdc dinh sau khi cdc qua uinh qui do
trong mach két thuc.

Tren quan diem vé t6 chite cde qud trinh thoi gian cic mach s6 c6 thé
chia thanh cdc mach dong bo va cic mach khong dong bo.

Trong nhimg thiét bi khong dong ba, qua trinh chuycn mach cua céc
phin t&r xay ra khong theo su diéu khién tir bén ngoii. Téc do thue hién cla
cdc phép toan trong cdc thi€t bi dé phu thudc vao thoi gian (ré cha cdc phin
tr va 1a nhing dai luong ngdu nhién. Do thoi gian truyén tin hi¢u trong cic
doan mach khong duge biét trude. didu do 1am cho van dé gial quyét canh
tranh gidfa cic phan tor mach tré nén khd phaic tap. Nhing phuong phdp giadi
quyét canhy tranh hién ¢6 kha phic tap va khong duoe tng dung cong i
trong Ky thudt. Trén thue 1€ chi ¢6 mét s6 phan nho cva mach duge 1thue hién
theo ché do khong dong bo.

Trong nhiing thi¢t bi dong bo, qud rinh xa {y thong tin dvoc sap xEp
theo thai gian bai nhing tin hiéu dong ho do nhing thiét bi phdt xung dong
hé tao ra.Viec nhan da liéu vio cic phan 1 nhé duoe thuc hién 1ai nhiing
thoi diém thai gian xac dinh, sau khi cdc tin hicu tai diu vio cac phin
nhé dat duge gid tri xdc [ap. Nhiing gid tri xdc lip ndy do co ché hcat dong
ctia mach xdc dinh. Trong nhitng mach déng bo. tin hiéu dong hé duce tao
ra sau nhitng khoang th&i gian c¢8 dinh vdi do dai du 16n dé cho cdc gqua trinh
qud do trong cdc doan mach két thdc ngay ca trong truong hop thdi gian tré
tin hiéu cuc dai. Trén thuc té cdc qua trinh qud do trong phan 16n cic phan nr
mach két tlic sém hon dy tinh, do d6 trong toan bo do dii cia tin hi¢u dong
bo, cic phan (W mach & trang thdi “nghi™. Diéu nay 1d k&t qua cta qud trinh
cho don khodng thoi gian dong bo két thic tinh cho trudng hgp xau nhat khi
thot gian tre trong mach cue dai. Mic do khong str dung hét 16¢ do cia phan
tr mach phu thuoce vao sy phan tin tham s thoi gian (ré uen cde phan nr va
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dugc xdc dinh boi ty s6 gilta gid tri thoi gian tré cuc dai va gid tri trung binh
cua chiing.

2. Thiét ké nhing mach tvan tu dong bo

Céc gia tri | .Ma hoa D¢ ¢6 thé xay dung cic

. nhi phan otomat 1ir cic so dé chuyén

C:’i"i t}'i 0 9 trang thdi hoac hiang chuyén
d“F‘,"“? L 1 trang thai, ta can phai ma hod
G}u tr 0 00 nhi phan cho cdac gida trnn dau
dau ra | 01 N S ox s
B ¥ Va0, da’u ra v cde trang lhal.'

Cic trang s, 000 Mo( so nh.!, p.lzim. nibn ‘C(’) tljé
thii s, 001 blCU\ dién 2 gm tri guu“\-'u'oi dau

[ S, 010 m_ \-'aj'ra_mg' }'ha1. D’01 VOl 61omat
s, | 011 da to1 thicu hoa trongl muc

| S, ‘ 100 truse (hinh 3.40, 3.41) cdc gid

tri dau vao, dau ra va trang thii

Hinh 3.44 M3 hoda nhi phan cic gid N .
$€ duoc ma hoa nhu sau.

tri VAo, gid tri ra va cdc trang thii.

O day chiing ta chd y ring,

khi ma hod cdc gid tri dau ra, diu vao va dac biét la cdc trang thdi, ta can

chon nhiing 8 hgp ma sao cho khoing cdach mi giita hai trang thdi chuyén

tiep la it nhat. Néi cich khdc, ta can phai ma hda cic trang thdi S, v S, sao

cho khi chuyen tir irang thdi S, vao trang thai S, theo so dd chuyén trang thai,
6 luong bit cdn phai chuyén trang thdi 12 it nhat.

Chiing ta coi rang su chuyén trang thdi xdc dinh véi moi dau vao.
Tren thue té, trong cac mach tuan tr, ¢6 thé xdy ra cdc truong hop khi
gid tri cua dau ra va trang thdi ti€p theo khong xic dinh vdi moi gid tr
dau vao. Nhu viy, trong mach s¢ xuat hién tinh trang khong xdc dinh.
Trong nhing truong hgp niy, cling giéng nhu cic mach t6 hgp, chiing ta
c6 thé don gian hod chic nang hoat déng clia mach, nhung khi d¢é ta
khong thé st dung phuong phip t6i thiéu hod trang thdi theo cdc tiéu
chuan ColdWell nhu trong muc §3.5.6. Ngudi ta thudng st dung cic
phuong phap dva trén kinh nghi¢m.
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Hau véo N
>

Mach 18

— s hoptaogid

tri ddu ra va

- —> trang thai

Hinh 3.45 Cau tric mach win e hinh
thanh dau ra khong dong bo.

, ’l— -
-

So dé

Tin hieu dong bé, didu
khién nhé trang thij

bau 'q

EEE—

N

il

nhé P

Khi ta ma hod cac trang i,
vél cac ¢hé do dong bo thich
higp, ching ta s¢ nhin duye mach
twin tu véi so do dang chinh tac
nhu trén hinh 3.45.

Cic mach nho ¢d the duogc
thuc hién dugi dang cidc so do
dang thanh ghi su dung nhiing
thiét k¢ mach khic nhau véi
nhiing ch& do dong bo thich hop.
Trén linh vé 3.45, cidc mach nhd
¢6 chiée niang luu trl cdc trang
thdi cia mach tuan w. Mach 16
hap thuc hién chidc nang cac ham

logic thi¢t 1ap gid tri trang thai mdi va cde gid tri dau ra theo gid tri cde dau

: " Gi4 i ri doi v6i
Gia tri dau vao | Trang thai Gid tri dau ra trang thit uép
theo
0 000 00 00x
| 000 00 0x0
0 010 00 Oxx
1 010 00 x00
0 001 00 0x0
I 001 00 0xx
0 100 0x 000
1 100 XX 000
0 011 00 x00 N
1 011 Ox 000

Hinh 3.46 Ham logic nhicu dau ra trong tng voi bang chuyén wrang (hdi

trén hinh 3.40 va bang ma hod trang thar wén hinh 3.45.

vao vA cdc trang thii hién thai ghi trong mach nhd cua 6tomat. Mach 16 hop
ndy c¢6 thé duoc xay dung trén cdc phan tir 16gic co ban hoac trén nhing
PLA, ROM vi dé dang dugc xay dung tir nhitng bang chuyén trang thdi va
cdc sa do ma hod trang thdi va tin hiéu vao / ra. Vi du, bang gid tri trén hinh
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3.46 1hé hién ham 16gic ¢6 nhi¢u diu ra tuong dng véi tang chuyén trang
thal 3.40 va bang mi hoa trén hinh 3.44. Bang nay nhia dugc biang cich
chuyén sang hé bicu dién nhi phan cic trang thii. dau vao va didu ra. Trong
bang nay, Ky hi¢u v tuong dng véi gia tri don vi.

Khi thue hién mach tudn tu dudi dang mach dong bo theo so do trén hinh
3.45, chang ta can phai quan tam dic bi¢t dén quan hé thor gian pitta cdc tin
hicu dong bo v cic tin hicu daw vao. Quan hé nay duge mo i trén hinh
3.47. Vai 1o cha tin hi¢u dong bd, khong phu thudce vao dang déng bo. 1a
thee hién chiic nang ghi nhd cde gid tri trang that va dong bo hod vice thidt
lap cdc gid tri dit [iéu ra dua vio trang thai duge nhé. Cic dir iéu dua vio bo
nh& can phdi duoc thiét Iap trude thoi diém thue hién luu trit. Theo so do

Ghi trang thin Thict 1ap Ghi trang thar Thict lap
diura dan ra
Tin tuéu déng bo L i l i
Thiet lap Thict lap
dau vio dau vio
i
|
Tin hiéu vao '
7 T
lE i >
: )

Hinh 3.47 Quan hé (hdi pran giira tin hi¢u dong bo va tin lnéu diu vao.

thiét ké dang dau ra khong dong bo (hinh 3.43), cic gia tri tin hiéu dat vio
hé mach nhé la két qua cha cdc phép tinh todn trong mach 16 hop déi véi cic
gid tri ddu ra cda hé mach nhé (chinh la cdc trang thii) vi cdce gid tri dau vao
¢ thong. T d6 suy ra cde gid tri dau vao cin phai duoc thiet lap trude thoi
diém duoc dua vio hé mach nhd dé luu triif mot khoang thoi gian 16n hon
hoac bing 1, — gid tri thoi gian tré cla mach 16 hop. Do dé chu kY clia tin
hicu dong bo phai 16n hon hoiac bing t,,. Thém vao d6. trong sg d6 mach
tan w véi dau ra khong dong bo, 1on tai thoi gian tré gia thai diém thict
lap cdc gia tei dan vao vi cde gid tei dau ra cda hé mach 16 hop. Do d6 khi
thiét k& cdc doan mach mac néi ticp nhu irén hinh 3.45 (ddu ra cda mot doan
mach ghép néi ndi tiép véi dau vao cla doan mach tiép theo), thot gian thiét
lap gid tri ddu vao s cang tré khi tin hidu chuyén tiép tir [6p mach nav sang
16p mach ti€p theo.



Trong muc trude ching ta dd thay rang gida cdc phin tir trong mach ¢6
hién tuong chay dua trong qud trinh truyén tin hiéu. Nguyén nhan cua hién
trgng nay Ja tham o thoi gian wé tin hiéu trén cac phan (o cia mach 1
nhiing dai lugng ngau nhién. Hién tugng nay anh hudng rit 16n dén hoat
dong ctua mach. Do hién tugng chay dua niy trong mach ¢6 the xuit hi¢n
nhiing trang thdi khong duge tinh dén tr (rude v diéu dé cé the din 16
nhtng haab vi khong ludng teude duge cua mach.

Piu vao B ra bé  loai tru
: Mach 18 n;:([:ﬁ}:u nlutmg I]}U(}C tinh

- —— hoptao [T g [P ngau nhién trong
gia tri ddu o hanht vi cua mach,

7] revatrang I({)ﬂ&:;g{l 1|;l;)> I(l,%ﬁ nhilng otdomat  hiu

thai moi ri ra mét } han thuong  dugc

thiét k& theo ché do
dong bo vicc thiét
lap gid tri dau ra.

Nach nha
trang thai

Trén  diau ra cua
mach trong hinh

" Tin hiéu ddng bo (hict
lap wang that mdi

[inh 3.48 Cau triic mach tuan wr déng bo 3.45, chung ta thém
hinh thanh diu ra dong bo. viao mot hé mach

nhs. He mach nhd
ndy ¢6 tic dung lua i gid tri cia tin hiéu didu ra. Khi trong mach (0 hop va
h¢ mach nhé trang thii dang dién ra quéa tinh thiét lap vang thai mdi thi qua
trinh chuyén tiép niy khong anh huong t6i dau ra. Khi qud trinh thit Jap
trang thdi két thic, h¢ mach 16 hop s xdc dinh gia tri ddu ra méi. Khi toan
bd cac qud trinh hinh thanh gia tri nay két thuc, tin hiéu dong bo cia hé nhd
gid i diu ra s& dicu khién viée nhap gid tri diu ra méi vio hé mach nhé.
Nhu viy viée hinh thanh gid tri dau ra s& chim hon viée hinh thanh trang
thdi mot chu kY dong bo, nhung khi d6 quan hé thai gian theo nhu hinh 3.47
cd the duge thoa man khéng phu thude vao s6 lugng cdc ting trong doan
mach n6i tiép. Ta nhan thiy ring so o dtémat nhie hinh 3.48 ¢o thé duge coi
ta so do otomat Moore do thong tin chiga-trong hé mach nhd gid trr dau ra ¢6
th¢ coi nhu chi phu thuge hoan toan vao trang thii.
Mot van dé quan trong Khi thict k& cac otomat dudi dang nhimg mach
dong bo [ quan hé gia thoi diem tic dong cua tin hiéu dau vio cla otdmat
vi thai didm tde dong chia tin hi¢u déng bd. Doi véi stdmat bicu dicn bang



s0 dd chuyén trang thdi trong hinh 3.39, mot cach don gian, ching 1a cé the
16 chidc quid trinh dong bo sao cho mai khi xuat hién tin hicu daun vio, ta thuc
hién viec chuvén trang thdi sang trang thai maéi. Do dé ncu thue hién mach
theo ché do khong dong bo dau ra (hinh 3.45), khi xuit én tin hicu dau vao
tai diau vao cua 6tomat. ching ta phai phdt ra mat tin hiéu dong bd. Néu
khodng thoi gian gifia nhing lan xuat hién tin hiéu vao khong nhu nhau, khi
d6 chu k¥ dong bo sé khong déu. Trong nhiéu truong hop diéu nay s&é lam
viée thiél k& ché do dong bo phic tap 1én nhiéu. Cic sg do6 dong bod theo
dang nay goi la cdc o do dong bo xung. Trong nhimg mach dong bod xung.
nguoi ta su dung nhiing xung déng bd ¢é chu k¥ xdc dinh, néu tin hiéu dau
vao xuat hién trong nhiing
khoang thoi gian  bicn
thién. khi do chiing ta sé
dua vao nhitng gid tri tin
hicu vao moi. Nhitng gia
(ri tin hiéu nay goi la *“gia
tr1 khong ¢d tin higu”™ va
ky hiéu la gia ui “*'. Néu
tinh dén nhiing truong
hop nay, 6tomat trén hinh
341 s€ chuyén thanh
otomat trén hinh 3.49. -
Néu dau vao ctua otomat
nhin gia tri “*°, khi do tadi
tat ¢4 cde trang thii coa Hinh 3.49ISd.d6 OIOnTzn rén h‘lnh\
LT 3.40 sau Khi da duoe dong bo hod va
thém gid tri vio khong xde cnh <+,

mach thém chu tinh chda.
Chu trinh nay gitr nguyén
trang thdi cGa mach tai thoi diém hién thoi. Diéu ndy khong lam tang s6 cic
trang thdi cua 616mat, nhung s6 lugng dau vao ting lén mot duong. Nhu vay
cic gid tri tin hidu vao tuong wng véi vi du hinh 3.41 & duge ma hoa bang
hai bit.

Cic so do ma hod trang thai ctia 6tomat bang cdc biéu dién nhi phan ¢6
the anh hudng t6i gid thinh thye hién phan mach 16 hgp. Vice lua chon
nhimg bo mi tai uu cho ta gid thanh t6i thiéu, nhung cdc thuit todn ma hod
(3i uu phu thuéc vao ting trudng hop cu thé va hién nay chua ¢é nhing thuat
todn tim ma téi vu mot cich tr dong. Tuy vdy, néu chd y 131 qud trinh toi
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thicu hoa cdc ham logic, ta s¢ nhan thay rang. nhiing trang thai gan nhau
trong so do chuyén trang thai (cac trang thdi lién k& vdi mot trong nhiing
trang thdi trude va mot trong nhitng trang thai tiép sau) nén duge mi hod
bang phiing t6 hop ma nhi phan gan nhau. Tiéu chuan gan nhau & day 6 the
dua trén khai nicm khoang cich Hamming.

Nhu vay trong chuong nay ching ta da nghién citu cic phuong phap thiét
k& mach s8 bao gém cic van dé lién quan tdi thiét k& cac mach 16 hop va
thiét k& cac mach twan tu. Do su khic biét dic thi vé chic nang vi hoat
dong nén cdc mach 16 hap va cac mach diy duoc xiy dung vai nhimg dac
diém khidc biet. Nhimg van dé quan trong khi thict ké cdc mach so 12 lva
chon cdc ch& do dong bo va xu ty cdc canh tranh trong mach.



Bai tap cho chuong 3

6.

76

Hay thigt ké thiét bi diéu Khién cho mach cong hii s6 nhi phan dau phay
tinh 8§ bit.

Hay thict ké thiét bi xir ly dit liéu cho mach cong hai s6 nhi phan dau
phiy tinh 8 bit.

Hay thiét k¢ mach thuce hién phép cong hai $6 nhi phan dau phay tinh 8
bit.

Hay thi¢t ké thiét bi diéu khién cho mach ¢ong hai 56 trong ma BCD véi
4 hang chir s6 thap phan.

Hay thiet k& thiét bi xu Iy dir liéu cho mach cong hai sO trong mi BCD
vt 4 hang chir s6 thap phan.

Hay thiet k¢ mach thuc hién phép cong hai s6 trong ma BCD véi 4 hang
chit s6 thap phan.



CHUONG IV. NHUNG KHAI NIEM CHUNG VE MO HINH HOA
PHAN CUNG

§4.1. Mo hinh hod phan ciing

Mo hinh phan cing Ia nhimg biéu dién phin cing trén céc mic do triw
twgng khac nhau. Mo hinh cho ta thiy nhimg phan tr lién quan ma khong
chi r6 nhitng chi tiét cua ching. Trong qud trinh thiét k&, mo hinh duge su
dung dé dac trung cho mach. the hién cdc tinh chat cha mach va I phuong
tién d¢ trao doi théng tin vé thiét k& gidra nhiing ngudi thict k& hoic gitta
nguoi thiét ké va may tinh. Cic dic ta mach la cic mo hinh m6 i chi tict
mach s€ duge xay dung. Cic dac ta nay luon di doi voi cdce rang budce V¢ mit
thiét k& nhu hiéu nang, dién tich.

Cac mo hinh mach bao git cing duoe dinh nghia bang cdc qui tic cl
phap, ngit nghia va duoc mé td trong nhimg nglr canh st dung khdc nhau.
Ciing nhu cdc biéu thic todn hoc. cd phap cia mach bao gom cic mo ti
nhiing thanh phan co s cta mach vi mo ta moi licn k¢t gitta cie thanh phan
do trong mach. Ngit nghia cia mach fa cdc mo ta vé hoat dong cua mach.
hanh vi, chite nang cta mach. Ngit canh ciia mach la moé ta vé hoat dong cua
mach khi duge ghép néi véi nhimg mach khdc, nhimg nguon tin hicu tic
dong 1 bén ngoiai khdc nhau. Cic md @ dé cung cap mot cich toan dién
théng tin v & mach d¢ loai trit moi trwdng hop mo hé trong thiét ké.

Mach ¢6 thé duge mo hinh héa theo nhimg ciach khdc nhau tuong dng
vai cdc muce do trtru tugng (muc Kién tréc, mdc [ogic, miic hinh hoc), theo
cac gbée dd quan sat (goc dd hanh vi, gde do cau tric va goe do vat ly) vi
twong wng véi cac phuong phiap mo hinh héa duge su dung trong qua trinh
thict K¢ (cide ngon nglr mo ta thiét ke, cac so do mach hoic cdc mo hinh
todn hoc).

Hicn nay trong qua trinh thiét k& mach, dé biéu dién cic mé hinh mach,
ngudi ta thuong su dung rong rai cdc ngon ngt mo hinh hod phan cing
( HDL). Viéc mo6 timach bang cdc ngdn ngr mé hinh hoa phian cing cling
giong nhu viée viél chuong trinh bing cic ngon ngd lap trinh phan mém.
Tinh stc iich vi dé hicu cba cic ngon ngit HDL pidp cho viéc mo ti mach
bing cic ngon nglr d6 duge va chudng hon viéc biéu dién bing cic bizw do,
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S0 dé trang théi, so d6 logic, mac du trong nhiéu truong hgp mot s6 so do
cho phép ta thay mot cach true quan cde chite nang cua mach dién.

Trong chuong niy ching toi s dé ¢ip 181 cic md hinh truu tuong cla
mach. Cac mo hinh nay s&€ duge nghicn ctu & mic kién tric va miic 1ogic.
Ciic mo hinh triu tuong 13 cdc moé hinh toin hoc dua trén co s& do hinh va
dai s0 Bool.

O mic kidh tric, hanh vi clia mach dién & duge triu tugng hoa thong
qua tap hop cic phép todn va moi quan hé phy thuoc giira ching. Cic phép
1odn ¢o thé la cdc phép toan s6 hoc, dai 56, (ogic. Hinh vi clia cic mach tuin
w ¢6 the duge mo ta thong qua cac d16mal ¢6 trang thii hitu han, hoac cic
ham (ogic trong trudng hgp cdc mach 6 hop. Géc do ¢iu e cha mo hinh
s& duge bicu dién thong qua cac lien két gilffa cdc khoi fogic. cdc mach dong
ngdt (néu xét trén mic 16gic) hodc cic tai nguyén (ro. 6t 1rén mie kicn
trac).

Ciic m6 hinh triiu tugng di manh dé ¢6 the nim duce cic dac diém clia
mach thong qua cdc ngén ng@t mo hinh hod HDL v so dé. Dong thoi cic mo
iinh d6 ciing khd don gidn dé ¢6 the kidm ching cdc hoat dong cia mach.

§4.2. Cic ngon ngir mo hinh hda phan cing

Trong linh vue thiét k&€ mach, — - =
. c o e Mb& hinh ngén M&é hinh triu
cic ngén nglt md hinh hod phan ngt tuang

ciing (F-lDF) xuat hxf:n 'do l}hU citu F—— —

phat ¢é cong cu md ta chinh xdc > wen | Gac phap toan phu 8
N e e g T v = ch thude | qong da =

mich vé cau trde cing nhu hanh vi. § S I Ao z

Mot $6 ngon ngld mé ta phan cing Jlo 2

T < :

duge thigt ké vol nhitng dac diem \8! !ro.:g hop kien tiue ]%‘

va nhimg muc dich khic nhau, f—) —Y —— ’ =

thz-_@ chi mot s0 ngon nglt mo oL Wby Gac a6t i

phan cting duge phat trién tr cdc ,——\ ochy|  nan. sa dS dgi ’——-‘,

ngon ngd ap trinh, nhung gida cic |3 L 1 IJ
N ~ 1A . N - - ] - N . Q

ngon ngir 1ap trinh va ngdn ngit mo 3 TT“‘Q hopiogic va tor /'@,

hinh hoi phan ciing ¢é nhing di¢m {2 3
. R ~ . ke .

khiic biét quan trong, Nhing khic 8 | Lienket giva cac =

nhau nay la do su khdc biét giga |O aen|  Kholegic

nhiing doi twgng ma cac ngdn ngtt

HDL va ngon nglr lap trinh mo ta. Hinh 4.1 Céc mo hinh mach, qud
trinh téng hop va 8i tu mach.
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Sau day chiing ta s xem xét nhiimg dic di¢m do.

- Cdce mach phan cing ¢6 the thuc hién nhimg phép 10dn ¢6 mic do
song song (d6ng thoi) 16n con cdc phan mém thi nguoc lai. tren
nhimga mdy don xwr 1y chi thue hién duge nhing phép todn tuan . VE
mat nay. cdc ngon nglt mo (@ phan cing & gan giong vadi cac ngon
nglt lip trinh cho cdc mdy tinh xw (v song song.

- Cdc mo6 hinh phan cing luén phai chda nhang thong tin vé cau tric.
Vidu, su tiép xde cua niach vaéi cic mach khde lam nay sinh yéu cau
phil mod A ciac cong viio ra cua mach v khuon dang dir héu ducce
trao doi qua nhiing cong d6. Do dé cic ngon ngit mé hinh hod phin
cting can phii héd trg viée mé ta thiét k& ca trén gde do hanh vi va cau
triic dé ¢d thé biéu dién cdc dic trung cia mach mot cich ¢é hicu
qua.

- Viée xdc dinh thai gian vi thoi diem thye hién cua cdc phép toan hét
stic quan trong trong phan ciing do cic wiong tac gilla cic thanh phian
phan cting vdi nhaw. Trong khi dé van dé twong tac theo thoi gian it
anh hudng 61 viee thue hién cde phép toan trong cic chuong trinh
phan mém, trlr mot so trudng hop trong nhiing tng dung thdi gian
thue.

Mach di¢n ¢6 the duoc mo ta dusi nhimg goc do quan sit khic nhau, do
do cdc ngon ngl HDL véi nhimg dac trung tuang ung cing duge phat tricn.
Trén thuce &, khi nghién ctu cdc mo hinh & mdc Kién tric va 16gic cua qua
trinh mo hinh héa, nguoi ta sir dung cde mo ta mach theo cac goe do hanh vi
vir g6¢ do cau tric duge s dung. Mot $6 ngon ngilr con giap ta ¢6 mot cich
nhin tone hop. dicu nay cho phép nhi thiét k& ¢6 the dac ta cde chi (il cua
cidc phan mach cing nhu tiing bude xay dung cic mo hinh ciu trac (o cac
mo hinh hinh vi. Cic ngon ng® mo hinh hod phan cing con phuc vu cho
muc dich truyén fai va trao déi cac khuon dang cua thiét k& gitta nha thict k¢
va cong cu.

Cic ngon ngit HDL khong chi duge phat tri¢n do véu ciu cua bai toin
mo hinh hoa phan cing. D€ ¢6 the ph¢ chuin duoc thiét k¢, cic mo hinh
phiin cing phai duge kiém nghiém qua mo phéng hode bang cic phuong
phap ki¢m tra. Céic phuong phdp téng hop mach sir dung cic mo hinh tién
cdc ngon ngit HDL Iam di¢m xuat phit. Cic mo hinh nay phai ddp iing duoc
ting muc dich cu thé cha qua trinh thict k¢ mach. Vi du nhu ngon nglt mo
hinh hod phan cing VHDL duge phit trién véi muc dich dé mo ta nhing
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mach ¢é dé tich hop si¢u 16n, ngon ngit Verilog duge thi¢t k& dé nang cao
hiéu qui ctta qud trinh mo phong mach.

Viée dip ung nhidu muc tiéu nhy vay cua cic ngon ngd HDL khang the
dat dugce néu ta chi stta déi cac ngon ngit 1ap trinh phan mém de thoa man
cdc nhu cdu cua qud trinh mo 14 phan cing. Cic ngon ngd lap trinh ¢6 the
diing d¢ mo phong hoat dong cha mot s6 thiél b tinh toin, nhung khong thé
dung trong qud trinh xay dung thiét keé.

1. Nhirng dac diém khac biét cua cic ngon ngir mo ta phan cing

Cic ngodn ngd duge dic trung nhd cic quy tac ¢d phdp. ngit neliia v thuc
t¢ str dung. Ci phap lién quan téi cde cau trde cua ngon - o va ¢d (hé duge
the hién qua cidc quy tac ngli phap. Ngi nghia chi ria ¥ uhia cla cic thanh
phan ngon ngd. Cac quy tic ngi nghia tdc dong tuong tmg t6i nhitng thanh
phin ngon nad thoa min cdc quy tac cd phdp. Thic € st dung ngon ngir licn
quan téi phang Khia canh kKhdce cia ngon ngt, bao gom ca van dé su dung va
thuc hién npdn ngir.

VE dai thé ¢é the chia ngon nglt lam hai loai: ngon nglr thit (e
(procedural) va ngon ngdr mo ta khat bao (declarative).

- “Frong cic ngon ngi tha tuc, cic chuong trinh the hién cic tic dong
mong muon bing cach moé ta day cdc budc can thict d¢ thue hién cac
tic dong da.

- D01 v6i ngdn ngd khai bdo, cdac mo hinh thé hi¢a cic vin dé s¢ duoe
gial quyét bang tap hop cdce dic ta. khai bdo ma khong dua ra chi ticl
cic phuong phdp gidi quyét . Do do trinh (i mo ta cdc kKhoi co »o
Khong quan trong trong nhimg ngon ngr Khai bao.

Ciic ngon nglr moé hinh hod phan cing duge phan loa dua ticn co sé goce
do quan sit cic doi tuong duge mo tia. Vi du, nhiing ngon ngldt mo i1 thidt ke
& muic vat 1§ s¢ duge hd trg nho cic dac i nhimg doi tugng hinh hoe nguyen
thuy, cic thao tic trén cdc doi twong do. Ching ta chi tip rung vao nghicn
ctru biéu dién mo hinh mach tuong tng véi cic gé¢ do quan sit hanh vi va
cau utic. Theo khia canb do ta cing nghién ctu nhing ngon ng thich hop
tuong ting. Phan 16n cic ngon nglr HDL déu ho trg ci hai dang moé td mo
hinh theo cice gdc do hanh vi va cau tric.

Citc ngon nglr HDL thudng duoc phat tricn kem theo cdc bo mé phong.
Toe do thuc hién 1a mot trong nhitng yéu cau doi vér b md phong. Cic
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thuat toan mo phong theo su kién duge s dung rong rii boi vi ching cho
phép bd mo phong gidm thicu s6 lugng cédc tinh toin va do dé lam giam thoi
gian thue hién mo phong.

Qud trinh mo phong bao gam viéc tinh cdc gid tri cia tin hiéu trong mol
khoang thoi gian xidc dinh. Khoang thai gian nay duge chia thanh ciac khung
thoi gian. Trong mo6i khung thoi gian, chu trinh mo phong bao gom cic bude
sau.

- Tin hicu duge lan truyén trong mach vi duge cap nhat.

- Tat ca cac qua trinh nhay cam véi cdc su kién duoe tinh 1oan cho tdi
khi ching duge dung lal.

- Khi tat ca cac qua rinh tinh toan déu dimg laj, thdi gian trong bo mo
phong ducgce chuyeén sang khung tiép theo va hinh (haph chu trinh mo
phong mai.

Phuong phidp mé hinh hod mach ndi trén du téng quét dé cho phép mo ta
cac mach dong bo v khong ddng bd. Trong cic mach dong bo 1a1 ca cic
qua trinh ¢6 thé duoce kich hoat tai méi chu ky déng hé. Néu thon gian tré
cha cic thanh phan mach da biél, chiing ¢6 thé dwoc dac ta nhy mot thuoce
tinh ctia tin hi¢o vd bo moé phong ¢6 thé mo ta chinh xdc hanh vi theo thai
gian cua mach. Trong truong hop cde thoi gian tré 1 chua biét, ngudi thict
k& hoac phai tim nhiing thong tin vé thiji gian tré tr cic mo nhinh hanh vi,
hoac dua ra cic gia thiel vit ring bude vé thii gian tré dé thuc hién cic phcp
toan trong khung thot gian xac dinh.

2. Cac ngon nelr mo ta cau tric phan cing

Mo hinh duoc mo ti bang cic ngon ngit cdu trde thé hién cdc két noi
oifa cdc phian wr. Do dd cic ngon ngd nay ¢d site manh bitu cam tuong ty
nhu cdc so do mach mic du nhiing dac diém cua ngén ngd cho phép cung
cip nhimg mo ta khii quat hon. Cac hé thong thtr bac tong ngon natr cho
pliép tao cic mo hinh ¢é tinh modun hod va ngan gon. Cic thanh phin co so
cua ngodn ngd cau trde cho phép xép cde ngon nglt ndy vao nhom cdc ngon
nati khai bdo ( declarative ). mac du mot 6 ngdn nglt mo ta ¢au trdc co chiia
nhing thanh phan thu tuc. Cdc bién trong ngon ngd tuong tng véi cdc cong
cua cdc phan tur.

81



Ta hity xEvi dumo i mach nta tong bing ngon ngir VHDI .

x N carry
G1 0 :
b y o
xS sum
G2 0

Hinh 4.2 Cau trie cda bo nira ong.

Architechture STRUCTURE of Halt_Addcr is
Component AND2
Port ( x. v: in bit: 0: out ):
End component
Component EXOR2
Port ( x. v: in bit : 0: out ):
End component
Begin
Gl AND2
Port map ( a. b, carev ):
G2: EXOR2
Port map ( a. b, sum ):
IEnd STRUCTURE;

Trong mo hinh nay chira hai khat

bao cua mo hinh khiac I AND2 va put(1) { __ BUS-INV.
EXOR?2 va hai khoi tuo mo hinh 1d - pest?: T
Gl va G2. Thong tin cu the vé cic VAR
o hinh AND2 vi EXOR2 duagc SUAPUC 1)+~ ek
khai bdo & mot vi tf khide. vi du  supum I '

nhu trong cic thu vién chuan. _

Dang khic cua bién la cdc sieu bicn,
Cic bien nay duoe dung dé lam md
linh mach gon hon. Vi du v¢ cic

PR

Hinh 1.3 Bicu didn can tric cta
mang cdce bo dao tin hicu.



bien loai nav ¢6 the f cdc chi s cta mang. Cac loai bicn nay khong bicu
dicn true UEp cie thanh phan cba phan cung va duge loar irie khor mo hinh
sau bude dich diu ticn.
Vi du vé cac sicu bicn: Ta xay dung maé hinh cua mang 32 bo dio (in
hieu noi eiita hai tuyén tin hicu bang ngon ned VHDL. Tir khow generare
cho ta nhidu phicn bin coa bicn vong lap /:

Architecture STRUCTURE of BUS_INV is
Component INVERTER
Port (il ;:in bit; 0l : out bit ):
End component
Begin
G:foriin | to 32 generate
INV:INVERTER port map ( inputs( 1 ). outpuot( 1));
End generate:
End STRUCTURE:

3. Ngon ng mo ta chife nang phan citng

Cic much 18 hop ¢6 the duge mo td bang tap hop cde phin W logic vi tap
hop cde phuong trinh. Cdc cau tric nay lién ket cde bien thianh cdc bieu thie
logic. Phuong thiie khai bido tng dung 10t nhat cho truong hgp mo ta cic
mach to hop - nhimg mach duge mé 2 khong cin bo nhé. That vay. cic
mach t6 hop ¢é Ihé coi a cdc ghép noi (vé mat cau trdc) cha cic odn 1,
trong dé moi todn W xae dinh mot haum logic. Cac mo hinh nay khidc véi cic
md hinh cau triic 6 chd khong ¢6 tong quan “mot - mot™ giffa cdc biéu thic
va cdce cong logic, bai vi dai v6i mot 86 bicu thic. s& khong 16n tai phin i
ldgic thue hién bicu thic dé.

Cic neon ngiv tha tue ¢6 the su dong ¢ ma ta cdc mach 16 hop. Phan [6n
cdc ngon ngl ¢iu trae cho phép thye hicn phép gin nhicu lan véi mot bicn.
D¢ trinh sy map mo ve gid 1 bicn, rong cic ngon ngd mo i chiic ning ¢
cdc co ¢hé gidl quyet map ma. vi du nhu nhing phép toin sau s& xoa bo tic
dong cia phép toan trude.



Ta xét vi du nhur sau: mo ta bo nira tdng trén VHDL dung mé hinh hanh

AU

Architecture BEHAVIOR of HALTF ADDER is

Process
Begin

Carty <= (aandb);
Sum < (a xorb);

End process:
End BEITAVIOR;

Trong vi du nay, bén trong khéi gidt han bai cap tu khod Process va End
Process cde bicu thiic duge thue hién mot cich tuan ty. Hai phép gin

tuong ng vai hai ciu tric trong mo hinh bo nla tong.

I'rong truong hop mo hinh héa cic
mach dong bo. phong cich mé hinh
héa chiu danh hudng nang né bdi co
ch& diéu hod thai gian coa ngon ngi.
Nhiing phuong phdap mo Iinh héa cédc
mich 16 hap ¢4 the duge md rong cho
cdc mach tudn tu. Cic mach tuan 1y
¢ theé duge mo & dua vio ap hop
cic phép gdn cua cdc biéu thic. Cic
doi s6 trong cic bicu thie 1 cdc bicn
cung vai thoi gian ué dong bo. Mo

b

X
i
)
{ o3
4
|

mid s

Hinh 4.4 Mach loc o truy hoi.

hinh nay thudng duge sir dung cho cic bo xiur 1y tin hiéu 6 hoac cac duong

truyén dir licu déng bo.

Ta xét vi du vé mach loc s6 truy hoi. Cdc bién chia gid tri thoi gian 1€
duge ky hiéu bdi @ va di theo sau la gid tri thoi gian tré. Khi dé mach

loc €6 thé bicu dién nhu sau:

Function IIR (al. a2, bl, b2, x : num)

/* Gid tri ud lan */
Begin

y: num =

y =mid + a2* mid@1 +b2 *mid@2,

mid = x + al*mid@ | +bl *mid@?2:

end.
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Mach tuan tu cung thudng duoc mo hinh héa bing cac ngon nga thu tuc.
Ciic otomat ¢6 trang thii hitu han bic¢u dién hoat dong cia mach ¢ thé dugc
mo ta bang nhing mo hinh tha tuc trong 46 cde bién luu gill cdc thong tin
trang thai. Khi dé cdc thao tic cla 0tdomat hitu han duge mo ta bing nhing
budc lap déng bo theo xung nhip dong ho, voi nhing phin nhinh chuyen
trang thai tuong ¢ng vai trang thai hién thoi.

Pay Ia vi du mo ta 6téomat hitu han thue hién viée nhan bict ¢dc bit *1°

lien 1iép & dong dit licu vao. Mo ta duoc Vit trén ngon ngd VHDLL.

architecture BEHAVIOR of ReC is
type STATE_TYPE is { STATE_ZERO, STATE_ONL):
signal STATE : STATE_TYPE := STATE_ZERO:
process

begin
C -1 11 wait until clock 'event’ and clock ="'1"
o T T if (in ='1") then
et A “case STATE is
00 (1)1 he :
" ﬁ{\ 10 >.J:_/ when = STATE_ZERO
e STATE < STATE_ONE:
Hinh 4.5 D4 hinh chuyén trang thdi cua out = 0%
otomat hitu han nhan biét day cdc bit ‘1° when = STATE_ONE
lien ticp. STATE < STATE_ONE:
out < '
end casc
else

STATE «= STATE_ZERO;
out < '0";
end if
end process
end BEHAVIOR.

Ta xét truong hogp mo hinh héa hanh vi & mic kién tric bing nhimg
ngon ngir thu tuc. Phuong thic chung 1A bicu dién cdc phép gin tuan tu cho

céc bién bang nhiimg cau trdc diéu khién ludéng théng tin nhu ré nhanh, vong
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lup. 2ol cdc mod hinh ( trong ngdt canh cua cde ngon ngd HDL, cdc mo hinh
twrong duong voi nhing chuong trinh con trong cdc ngoén ngit 1ap trinh phan
mém ). Dicu nay cho ta thay cdc hinh vi ctia mach ¢6 the duoc mo hinh héa
nhu 12 tap hop cdc phép todn va quan he. Cic phép todn s€ tuong tng voi
phép gin, nhom cic gdn hoac cic phép goi méd hinh. Sy phu thudce cua cic
dong dir licu va dong dicu khién s€ xdc dinh nhitng rang budc vé trinh tu cla
cdc phép todn va mic do dong thai thie hien ching trong biéu dién moé hinh.
Vi du nhu ki ta mo 14 tap hop cic léenh mdy bang ngon ngid VHDL. 1a ¢6
th¢ nhan duae doan chuong trinh sau.

Ir < fetch (pe i
ALICRTTY
when = AND
acc <= regd and regh;
when = OR
ace < rega and regb;
when = XOR
acc <= rega and regb:
when = ADD
acc < rega and regb:
end case;

pc <= pc +1:

Doun chuong trinh nay mo td ba budc thuc hién.

- Goi ham ferch, ham nay tra lai gid tri cua thanh ghi ir,

- Cac tua chon gid tri cho ace tuong Ung voi cac phép toin duoe
¢hi trong thanh ghi Iénh /r v6i cdc todn hang niun trong thanh ghi
regavaregh.

- Tang bo d&¢m chuong trinh pc lén 1.

Phan tich cdc qud trnh thue hién Iénh ta thdy dong lénh phép todn cusi
cung cé thé thige hién song song vai hai phép trén.

Cic mo hinh hanh cho phép biéu dién cdc khung thoi gian thuc hicn
phép todn v4i mot mie do tr do nhat dinh. Viée kiém sodt trinh w thuc hién

va hanh vi cha mach theo thoi gian ¢dng ¢6 theé dugec mo hinh hanh vi cung
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cap. Ta xét mo hinh otomat hitu han da nev ¢ vi du trude trude. Vice Kicm
sodt vé thot gian duge thue hién dua vio cic todn ur dong bo dudi dang bicu
thite cha cau Ienh wait. Do mo hinh chi ¢6 mot 10dn Wwart nen tat ca cac
phép todn sé thue hién trong mot vong Lap thoi gian. Viée dicu khien v¢ thoi
gian cho phép ta kKiém s0dt trinh ty thue hi¢n cic phép todn cun mo hinh.
Trong vi du trude, hai phép todn dau phai thue hién tuan ta, con phdp todn
thi ba ¢6 thé song song voi mot trong hai phép todn tren. Do dd v can them
cac cau lenh warr 3¢ Kiém sodt trinh we thue hién ching:

wait until clock’ event and clock ='1";
ir < fetch (pe):
wait until clock' event and clock ="
case ir is
when = ADD
acc <= rega + reghe
when = AND
acc <= rega & regb;
end case
pe <= pc +1:
Trong trudng hop nay, mo hinh tic déng vio bo mo phong va bo mo
phong s& lam tr¢ qud trinh tha hai vi thad ba.

§4.3. Cic mo hinh trou tuong
Trong muc niy, clwing ta mod ta cic mo hinh triu tugng diing dé bicu
dién mach trén cdc midc do phan tich va theo cdc gd¢ do quan sat khiac nhau
trén muc logic va mde kién tridc. Cac mé hinh nay thudng dua trén cich bién
dién bang cac do hinh. '

1. Cac cau truc

Cau triic cha mach ¢6 thé mo hinh héa dua vao cic cau tric hién kér. Cac
citu tric lien két bao gém tap hop cic modun. tip hop cdc mang két noi va
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quan hé lién két gifa cic modun v mang két ndi. Mo hinh c&u tric ¢d thé
duogc biéu dién bing nhiéu cich.

— Cé thé biéu dién mo hinh cau tnic mot cach don gian biang cic
sieu do thi. trong dé6 moi dinh cha do thi wong dng véi cic
modun va cung tuong Gng véi mang lien k&t. Quan hé lién két
gita cdc modun vi mang duge mo ta bing cic ma tran lién Keét.
Ta ¢é siéu do thi tuong duong véi mat do6 thi hai phéan ¢é tap hop
dinh chia lam hai phan, trong dé mét phin tuong duong véi cic
modun, phan con lai twong duong véi cic mang.

— Mot cdch bicu dién khic cla can trac la biéu dién mdi modun
bang cic diém diu cudi hay 1a cong va mo ta su K&t néi gidu cdc
mung véi cac cong ctta modun.

Thong thudng cic ma tran lien k&t rat tan man, khi d6 st dung danh sdch
mang ¢6 hi¢u qua hon dé mo ta cau tric. Trong danh sich mang ta dinh s
tat ca cac mang noéi véi ting modun ( danh sdch loat nay goi la danh sdch
mang hudng moédun ) hode danb s6 tat ca cdc modun k&t nol vai mdt mang
( danh sdch mang huéng mang ). Vi duy, trén hinh 4.6 ta biéu dién cau tnic
cia mot dai tugng gém ba khéi co so. Cic cau tnic két noi duge bidu dién
bing ma tran lién két va do thi:

Ma tran lién két &

T — danh sdch lién két: '/””\'T /;’

n, [ oom, | o ‘ N \\/\

P o m, |11 X S

_p[\ o n, | m, I 10 \Inz/ ¥ -\/)'n2
o _ my 011 o e N
‘ 1 of— — P, Ps n, Ny Ny / m3 ‘} / \‘i n3
T T,y T

. b s N ;
ml:nl, n2. n3 Hinh 4.6 Bicn dién mo hinh ¢iu teidc.

m2: nl.n2
‘ - . m3:n2,n3
P2 Py MZJ P M )mz

T Py | Cic cau tnic lién k¢t ¢6 thé tao thanh wat
! D, Ny P2 1 tu nhu sau: nhang médun nam tai cdc niit
; — 5‘;21 r [4 12 cdc doi tuong co so cung tip hop cic
{‘ _ ( — | ] cong. Cac modun khong nam tai ndt ld 1a
p3| tap hgp cac modun con. Tap hop cdc mang
Ilinh 4.7 Chi 1t cha kK06 m-. va cdc cau tric lién két s& gan két cdc
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mang v&i cic cong cita cdc modun hodc vai cic cong cia cdc modun
con. Trong vi du trudc, cac modun cé thé cé chia cic modun con nhu
khoi m,. Khoi m, chita cdc khoi m,, va m,, va cdc cong py. Pa. Pass Poss

Pas.

Mang logic

Mang logic 16ng quat 1a mét cau tric trong d6 nhitng madun tai ld twong
Gng véi cidc ham 1ogic tuan o hoac 16 hop. Khii niém nay 12 khd tong quat
va manh. Ta gidi han hai truong hop déi véi mang cdu tric: mang logic 16
hap vii mang logic dong bo.

Mang logic 10 hop hay con goi 1a mang Bool 14 mét cdu triic phan cap,
trong do:

MdGi modun tai 14 tuong dng véi mot him logic ¢é nhiéu dau vio
va mot dau ra. Ham nay goi la hiim cuc bo.
Cic cong vao ra duoc chia lam hai nhém: cdc céng vio vi cic
cong ra. Cic céng kKhong thudc cdc médun con ciing duge chia
Jam hai nhém: cdc dau vao vi cdc diu ra so cip.
M1 mang ¢é mot cong tich biét goi 1a cong ngudn va ¢6 dinh
hudng tir cong ngudn t6i cdc cdng khic. Cic cong ngudn cua
mang ¢6 thé hoic 1a diu vao so cap hoac 1a diu ra so cdp cla
mé&dun thude muc thap hon. Trén thuc €, cdng nguon cdn cé hé
1 cde dau ra cia nhimg ham cuc bo.
Quan hé gita cic mang trong modun 1a quan hé dugc sip mot
phan.
Mot mang logic ¢6 thé duce bicu
dién bing cdc do thi. HE don gidn, ta

a_ i
b..| p=ab i\—T - X xem x¢t truong hgp mang khong phin

q=p+c ——y  <ap. Pad thi mang logic G(V,E) la d6
— thi ¢ hudng trong &6 tap hop cic dinh

Hinh 4.8 So dé mang logic. V chifa cic phan (o la tuong Ung “mot-

mot™” véi cdc dau vao so cdp, cdc ham

cuc bo (1 cac modun ) va cde dau ra so cap. Tap hop cic cung ¢6 hudng E
bicu dién sy phan tdch mang nhiéu cuc thanh cdc mang hai cuc. Theo dinh
nghta. do thi nhin duge s& khong chida mach vong bai vi mang la duge sip
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o mot phan doi véi cac modun. Hinh 4.9
e thé hi¢n d6 thy mang logic cla cau trtc

T ~~,_ &hinh 4.8, trong d6:
Ve >V, > V. onBLO
~ - v v lacba dinhovao:
- \‘; P . .
o A o - v v hat dinhorag
V. SAVR e

_q g _ _y,, - Vv

.|“

~

v, hai dinh trung gian wong ing
ITinh 4.9 So do mang logic. véi cdc ham 1(‘?'(:“(:1 o . .
Mang logic 1a bicu dicn hon hap
theo cau trdc va hanh vi, vi cac ¢o ché lién két cung ¢dp cic ciu trde, ¢on
cic ham 1ogic dua ra hanh vi tai ¢dc cong ciia cic modun niam tal nit {a.
Trong mot so trutng hgp, cic him logic khong th¢ thue hién duge nhu vy
Vi cic gidi han k¥ thuat. Vi du ham AND 64 dau vao ¢6 thé bicu dién bing
cdc ham cuc bd ¢lia mang 1ogic. Nhung trong ky thuit ham AND d6 ¢6 thé
dugce phan tach thanh tap hgp cdc phan tr AND hai cong va do do ¢6 cilu
tric khic véi ban dau.

Trong nhing tiudng hop ma mang logic ding dé mo i cic licn két giiia
cac cong 10gic. ta c6 bicu dién cdu tric thudn tuy. Phin 1én, mang logic sa
dung dé bicu dién cic him logic ¢6 nhiéu diu vao-dau ra bang phuong phip
cau tric. That vay. cac mang ldgic ¢d tuong quan “mot — mot™ véi ham
vao / ra 1agic t6 hop. Ching ta ¢6 thé nhan duoc ham ndy bang cich két hop
cic ham cuc bo véi nhau dé xdc dinh cde diu ra so cip theo cic diu vio so
cip. Thong thudng cdc ham vio/ra khong the dé ding bicu dién dudi dang
chudn tac, vi du nhu dang chuan tic tuyén hoac hoi, hodc dudi dang cic so
do quyct dinh nhi phan do kich thude va do phtic (ap cia ham. B6 fa mot
trong cdic nguyen nhan st dung mo hinh mang logic. Mo hinh nay cing
khong phai la bi¢u dién duy nhat cta cic mach 16 hop.

Cic mang logic ¢6 déng bg 1a truong hop tong quit héa cua cic mang
16gic 16 hop. Mang 16gic loai nay ding dé mé ta cic mach tuin w lam viéc
theo ché do dong bo. Trong mo hinh nay cdc modun tai 1d ¢6 (hé dung dé
mo tia cic ham Iogic t6 hgp ¢ nhicu diau vio véi mot dau ra hoac cic phin
w e dong bo. Mang khong nhat 1hiét phai duge sip timg phan (uong tng
VoL cic modun. Tuy nhién. mét mang con cda mang dang xét, trong do cic
phin 0 ngudn khong phai a phan e dong bo. c6 thé duge sap timg phan
dé mé hinh hod nhimg trudng hop dic biét. Nhimg trudng hgp dac biét nay
yéu cau trong nhitng mach dong b khong chia nhitng vong phan hoi qua’
céc mach 16 hop.
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3. Céic otomat va so do trang thai

Tren phuong di¢n hanh vi, & mic logic, cdc mach day ¢6 thé duge bicu
dién bing cic otomat hiu han. Cic otomat hitu han duge dinh nghia [a mot
bonam A =<X,Y.S. 6. A >, trong dé:

~ X la tdp hop cac ky tu vao cua 6tdmat.

~ Y 12 tap hop cdc Ky t ra cua 6tdmat.

~ S latap hgp cic trang thdi cua dtomat.

— Tap hop cdc ham chuyén trang thdi : §: X xS — S

— Taphgpcichamra: A:X xS — Y :otomat Mealy

A:S > Y : otomat Moore.

—  Vas, la trang thdi khoi dong cua 61omat.

Biang chuyén trang thdi cia otomat chia cac trang thdi chuyén 1iép va
nhing ham ra. Tuong ting véi cdc bang chuyén trang thii, khi biéu dién
étémat biang do thi ta cb so dé chuyén trang thii.

So dé chuyen trang thdi 12 mot dé thi ¢6 hudng G(V,E), trong do:

—  Tap hop cic dinh cda do thi V tuang tng “mot - mor™ vai 1ap hop cédc

trang thai S cia 616mat.

—  Tap hop cdc cung ¢6 huéng E trong ting “mot — mot™ véi su chuyén
tiep trang thdi. Nhing su chuyén tiép trang thdi nay duoc dic tung
bt ham chuyén i¢p 8. Dac hidt, cung ( v,. V) 16n tai néu on tai ky
1w vio xe X sao cho

d(x,8)=s . Vij=12 ..[S|

Trong md hinh otomat Mealy moi cung duce gan nhan baoi cip ky tu

V/A(x, 5,). Con trong mo hinh 6tomat Moore méi cung duge gin nhian boi v,

vis moi dinh v, e S duge din nhan tuong tng véi ham ra A(s,).

Ta hay xét vi du otomat Mealy thuc hien viec déng bo gidra hai tin hi¢u.
Cic diu vio so cap 1a a vi b, tin hiéu khdi tao r. Otomat ¢6 mot diu ra so
cip o. Piu ra o nhan gid trr * 17 néu hai tin hicu ¢ va b cung dong thor nhan
aid tri rrie hode trong truong hop moét tin hiéu nhin gid tri /rue ¢on tin hiéu
kia nhan pid tii e wong thai diém trude d6. Otomat ¢6 bon trang thai sau:

—  Trang thai khéi dong s,,.

— Trang that ohd s, khi a 1a frue VA b 1 false.
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—  Trang thadi nhé& s, khi b kacrree va wla fulse”

— Trang that nhd s, khia va b cung true.

Trong mat s6 trudng hop, dé tién lgi khi bicu dién cdc so do 6tomat hi
han ngudt ta phian tach
otomat thanh cdc so do 26+ t/0
con. Mai sg da con,
ngoai trlr so do goc. ¢
cdac trang thai vao va
irang thai ra. Cdc trang
thii nay tuong (ng vl
mot hoic nhiéu dinh cda
so d6 ¢ nhiing mic cao
hon. Cic dinh & mic
cao hon nay goi lia dinh
tham chigu. Moéi  su
chuyén trang thdi 4t
dinh tham chiée wong

. ) Hinh 4.10 So dé chuyén trang thai cia otdmat

ling vai su chuyeén trang Mealey thuc hién viee dong bo gifta hai tin hiéu,

thal 161 trang thai vao

clia so do dtomat hifu han tuong dng tai miac thap hon. Su chuyén trang thdi
161 cdc trang thii ra twong Ung vai viée quay vé trang thii tham chiéu.

Cic so d6 phan cap thudng duge ding trong qud trinh dng hop thiét ké
d¢ ghép néi cic otomat hiru han theo con dudng modun hod. Cic phuang
phip niy thudng diing d¢ mo 12 nhiing mach ¢6 kich thude 16n.

Trong k¥ thuat mo hinh hod. ngudi ta thudng sur dung cic phuong phdp

xdy dung cic Ootémat phiic

A, A% tap tr nhimg otomat don

gian. Cic phuong phdp nay

dua trén viéc ghép noi cic

otomat thco phuong phdp

ghép ndi ndi ti€p. ghép nai

song song hoiac hon hop cla
ca hai cach ghép nédi uén:

Y=(Y.Y,)

Hinh 4.11 Ghép noi song song ha d16mal.
- Ghép nodi song song cdc 6tdmat.
Hai otémat A, va A, duge goi 1a ghép noéi song song thanh mat 4tomat
A néu hai ddu vao cda hat 6tomat A, va A, duge noi chung véi dau vao



cua otomat A. Dicu kién dat ra ¢ day 1a hai tap hop tin hicu dau vaoe cua
hai 6tomat A, va A, phai hoan 10an giong nhau. Cic dau ra cua A va A,
duoc néi vio bo tong hap tin hieu. Bo tong hop nay thuc hién ham ¢ lén
hai ddu vao cia hai 6t6mat ban dau va hinh thanh dau ra cua 6tomat A,
So do ghép noi son‘g song duge dura ra én hinh 4.11. Cic thong so cua
otomat A duge xdc dinh theo cic thong so cua cdc 6tomat A, va A, nhu
sau:

‘A1:<X,Y1,SI,6} ,)\,|>

Ay=<X,Y,.8,, 85, >

A=<X Y. 5.4, % >
trong dé
S=8, xS, ={(s, N8, €8,.5,€8, 1:
X = X X5y oo X, )
Y=Y, xY,)
3(Xy8)=(8,(x,8 ) 5,(Xy8,));
A, 8) = (A (X, 8 )y Ay( Xy 8;) ).

- Ghép noi noi 1iép hal otomat.
Hai o6tomat A va A, duge got la

X Y, Y, ghép noi noi tiep néu cic tin hicu
_‘——> A' "'—_-’ A‘) —_’ N . . N A s N S
2 dau ra cua otomat A la cic tin
hicu dau vio cua otémat A,. O
day chiing ta phai gia thiét rang
khi ¢hép néi noi 1ép hai otomat, cic tinh chat ban dau cia cdc 6tomat khong
bi thay doi. Hai otomat duoc ghép nsi ndi ticp s¢ tuong duong véi mot
otomat A=< X. Y, S, 8, L >, wong dé.
S=§5,xS:={s=(s5,$)s;€8§,.5.€8§,}
X=X,.
Y=Y,
(X 8) = (8;( %8} &:(A(X,8)8:) )5
AX8) =2, (A (xy8 )8,
Tém lai, trong chuong ndy chdng ta nghién cdu mot s6 khii ni¢ém ¢o ban
trong bai todn mo hinh hod mach. Trong cong nghiép thiét k& cic vi mach,
mach dién duoc thiét k¢ trén cac mo hinh phin cing va sau dé duoe cu thé

Hinh 4.12 Ghép né 0161 (1ep hai otdmat.
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hod bang nhitng ngon ngd mo (4 phan cing. Cic ngon ngil niy ¢é dic diém
khic vai cic ngon ngit lap trinh truyén thong ¢ cic khia canh mo ta cau tnic
va himh vi mach theo thét gian. Trong chuong tiep sau, ching ta s¢ nghicn
ctiu cde van d¢é Jién quan 18i bai 10dn mo hinh hod logic.
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CHUONG V. CAC PHUONG PHAP MO HINH HOA LOGIC

Mo hinh hoa l1ogic 1a hinh thie kiém tra thiét k& st dung cic mo hinh
cla mach da duge thiet ké. Qua trinh mé hinh hod 16gic va mo phong thict
k¢ 6 thé duge bidu dicn theo sg dé trén hinh 5.1. Chuong trinh mé phong &

|

Chumg rinh
ma phong

Cic anl o diu

vao v cde dicu
Khidn

Mo Hinb mach

Hinh 5.1 So dé bicu dién qud orinh mo hinh hod 16gic vi mo phong.
bicu dién cdc tin hi¢u vdo va tin hiéu diéu khién, phat trién qud trinh tinh
todn trén cac tin hi¢u theo thai gian va hinh thanh cdc gid tri diaw ra dua trén
mo hinh coa mach.
Vice kicm chiing thi¢t k& logic {a qud trinh Kiém tra thidl k¢ mach trén
phuong di¢n hoat dong vé chdc ning va theo thdi gian. Qud trinh nay duge
thue hién dua teen sy so sinh cde két qui nhin duge qua qua trinh mo phong
VoL nhing aid i duge tinh todn tir trude dui vao chiic nang. Thém vio do.,
mao hinh hod logic con ¢é the sir dung dé kicm chimg cdc 1inh chit sau ciia
hoat dona cva mach duoc thict ké:
—  Su doc lap cua cdce trang thdi ban diu;
—  Su nhay cam cuta cic bién (tin hiéu) vio tham s6 thai gian tré cua cic
phan n:

—  Trong hoat dong cta mach khong 10n tai su chay dua gitta cic phin
ny, sy dao dong, cic diéu kien diau vio khong thich hop hoac cic
trang thai treo.



Thong thuong nha thiét ké xay dung nhing phién ban mau cua mach
theo thi€t k& vi kiém tra hoat dong cha miu. Vice kiém tra ndy & cho phép
tim ra nhimg 161 1iém dn trong thiét k&. Uu diém ctia viée 1ao mau la ching
cho phép nha thiét ké kic¢in nghiém thiét k€ theo toc do tinh todn thuc 1€,
Nhung viéc tao miau ¢é6 mot nhuge diém la gid thinh xay dung phién ban
mau tht nghiém tén thoi gian va ¢é gid thanh cao. Mo hinh hod légic va mo
phong thay thé viee xay dung mau tht bang cdc phin mém. Dicu nay cho
phép nha thiét k¢ phan tich. kiém nghié¢m va hiéu chinh mo hinh mot céch
dé dang. So v&i qua trinh kiém nghi¢m trén mau, viéc kiém nghiém thiét k&
bang mo hinh ¢6 nhiing uu diém sau: '

—  Cho phép kiém tra cdc diéu ki¢n sinh ra 16i (vi dv nhu cic mau thuan

trén dudng tin hiéu);

— Cho phép thay doi tham s6 thoi gian té cua cdc phan (o trong mo
hinh dé kiém tra nhiing trudng hgp xau nhat v¢ diéu phoi thoi gian
trong mach;

— Kié¢m tra nhing gid tri do nhi thi€t ké xdc dinh trong qua trinh mo
phong; ' ’

~  Cho phép much dugc mo phong bt -ddu hoat dong tai bat ky trang
mot thil nao;

~  Cho phép kiém soidt mot cach chinh Xdc viée dicu phai thoi gian doi
véi nhimg su kién khong dong bo;

— €6 kha ning ty dong ki€m tra hoat dong cua mach duoce thict k¢
trong moi trugng lien két vadi nhimg mach khic.

Miic dit cic mé hinh moé phong chay chim hon cdc mau phin citng nhung
viéc kiém nghiém dung mé phong cho phép nha thict k& dimg qud trinh mé
phong tai nhiing thoi dicm xdc dinh va hién thi cic gid tri tin hi¢u k¢ ca tai
nhiing dudng 1in hiéu khong the quan st teuc tiép trong phin cdng. Do d6
viée st dung ¢ac mo hinh mo phong trong qua trinh thiét k& mach duoe thue
hién rong riai. Trong chuong nay ching ta s€ nghién ctiu mat s6 phuong phip
mo hinh hod logic va xdy dung mo hinh mo phong trong cong nghe thict k¢
mach véi do tich hop cao. Cic phuong phdp nay tao co & cho viée xay dung
va hoat dong cta cdc ngon nglr moé hinh hod phan cdng HDL.
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§5.1. Co so mo hinh hoa légic
1. Cac phuong phap mo hinh héa va cac hé mo phong

Trong k¥ thuat thi¢t ké cdc mach logic, nguoi ta phan ra hai phuong
phip chinh d& mé hinh hod mach. Céc phuong phip niy duge xay dung dua
trén co s cac mo hinh noi tai ma hé mo phong s€ xir ly. Cic hé chuong trinh
md phéong thue hién cic mo hinh l6gic duge dich tir cdc ngén ngldt mo hinh
hod phéan citng va duge goi la hé mo phong bing bién dich. Cic md bién dich
diurgc tao ra tir nhimg mo hinh 1rén mre thanh ghi, ti cdc moé hinh chic nang
hoidc mo hinh cdu triic. Cac hé mo phong bicu dién cdc mo hinh dua trén cac
cau tric dir licu dugc goi 12 cic hé mo phong bing cdch 1ap biang. Cdc ciu
tric dir licu duge xay dung o cic mé hinh trén mifc thanh ghi truyén dat
hodc t cdc mo hinh cdu tric. Viéc thé hién hoat dong cua mod hinh duoc
ki€ém sodt bing cdch dat nhing tic dong vio mach va goi nhiing chuong
trinh con thuc hién nhitng chifc nang cua cdc todn tr cg s ( d6i véi mo hinh
trén myc thanh ghi truyén dat ) hoac chitc nang cda cdc phan t co s ( doi
vSL mo hinh cau tric ).

Gia st chiing ta khao sit mach dién khi mach hoat dong va quan sat
nhiing tin hi¢u thay déi gid tri tai nhiing thai diém thi gian bat ky. Cic tin
hiéu niay duge got 1a nhitng tin hiéu kich hoat. Ty 1& gitia <6 {ugng cic tin
hi¢u kich hoat va t3ng $6 cic tin hiéu trong mach goi Ia hoat tinh ctia mach.
Trung binh hoat tink cla mach thudng nam trong khoang tir 1% dén 5%.
Diéu nay I co s6 cta phuang phdp md phong theo hoat tinh coa mach. Theo
phuang phdp niy, hé thng chi mé phéng nhitng phan hoat dong cua mach.

Trong mach dién, su thay déi gid tri cda tin hiéu trén mot dudng truyén
tin hicu duge goi 1a mot sy kién. Nhu vay maéi khi ¢6 mot su kién xuat hién
trén dudng tin hiéu 7, ching ta ndi ring phan tr mach nhan dudnag tin hiéu i
lam dau vao dugce kich hoat. Qua trinh tinh todn cédc gid tri dau ra cda phin
tr duge goi 1a qud uinh xdc dinh gia tr tin hi¢u. Phuong phdp mo phong
theo hoat tinh cua mach chi xdc dinh gid tri tin hiéu doi véi nhimg phan
duge kich hoat. Nhimg phin tir duge kich hoat s¢ thay déi cdc gii tri tin hiéu
trén dau va caa ching va tao ra cdc su kién mdéi. Nhu vay, hoat tinh cia mach
duge xde dinh boi cdc su kién trén cde dudng tin hiéu, do d6 phuong phap
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mo phong theo hoat tinh con duge goi la phuong phdp mé phong hudng su
kien. D¢ ¢6 thé truyén cac su kién theo cdc dudng lien két trong mach gidia
cic phan td, hé thong mo phong hudng su kién can phai biét mé hinh cau
tric cua mach. Do dé mo hinh hod 1ogic vi mo phong hudng su kién thuong
dua trén cdch lap bang.

Phuong phdp mo hinh hod 16gic vd mo phong bang bién dich phan {6n
chi quan tam t&i viec kiém ching chic nang hoat dong cia mach ma khong
quan tam tdi viee diéu khién va diéu phéi cac qua trinh tinh todn theo thai
gian cua mach. Do d6, phuong phap moé hinh hod logic va md phong thich
hop véi nhing mach déng bo, trong d6, viéc diéu phéi cdc tién trinh tinh
toan theo thoi gian cé thé duge kiém tra tach rdh v3i viée kiém tra chic nang
cba mach. Nguoc lai, phuong phdp mo hinh hod logic va mé phong hudng su
ki¢n tap trung chi y&u vao cdc mo hinh diéu khién ti¢n trinh tinh todn theo
thoi gian va cé thé lam viéc véi nhitng mé hinh thoi gian chinh xdc. Nhu
vay. phuong phap mé hinh hoa 16gic va mod phong hudng su kién cé tinh
tdng quit cao hon va c6 thé dp dung cho ca nhiing mach khong déng bo.

Truge day, phuong phidp bién dich duge st dung kha pho bi¢n trong ky
thuat nhung véi nhiing nhuoe diém trong viéc xur ly thai gian tré nén phuong
phdp nay té ra khong thich hop véi viéc phan tich hanh vi cla mach theo thoi
gian. Do d6 tai thdi diém hién tai, phuong phip mé hinh hod logic va mé
phong bang bién dich trd nén it duge sir dung mot cich doc lap ma thudng
duoce st dung két hgp véi nhimg phuong phédp khic. Néi chung, phuong phip
bién dich ciling to ra kha thuan lgi trong vicc moé hinh hod cac mach t6 hop
va trong mot s6 truong hgp trong ca vice xay dung mo hinh cho cac mach
tuan-tu dong bo.

Phuong phdp mé hinh hod logic va moé phong hudng su kién cé thé thao
tdc voi nhiing dau vao thoi gian thuc. Diéu dé ¢6 nghia 1a nhing dau vio cé
0 lan thay doi trang thdi doc 1ap véi hoat tinh cliia mach dugec moé phong,
Vin dé nay déng vai trd quan trong trong viéc kiém ching thiét k& bai vi
phuong phdp hudng su kién cho phép mé phong mot cich chinh xdc nhiing
su ki¢én khong dong bd nhu cic su Kién ngét hodc cdc canh tranh trong yéu
cau st dung tuyén dit liéu. Phuong phdp mé hinh hod 16gic va mo phong
bing bién dich chi cho phép cic dau vao thay déi gia (i khi trang thii mach
én dinh. Diéu nay thich hop khi cdc tdc dong diu vao la cdc vecto duge dat
vao mach theo nhiing td¢ do ¢ dinh. Ta chi ¥ ring, nhing diu vao thoi gian
thuc bao gém ca nhimg vecto dau vao vdi t6¢c d6 cd dinh.

98



Trong ky thuat hai phuong phiap mé hinh hod vd mé phong noéi1 trén
thuong duoc sur dung mot cach két hop, trong d6 nhimg thu tuc hudng su
ki¢n s€ truyén cdc sy kién trén cac dudng tin hi¢u qua cdc phan tr mach con
phing phin tr duge kich hoat s¢ thue hién cdc thao tic lén tin higu bang cdc
mé hinh xay dung tir nhimg ma bien dich.

Cic muc mo hinh hod 16gic va mé phong tuong timg véi cdc mic biéu

dién hé thang, Ching ta cd thé ¢ cdc mitc mé phong sau:

— Mo hinh hod trén mac thanh ghi: hé thong s€ duwgc moé ta hoan toan
trén muc thanh ghi truyén dat hodc nhu lién két gita nhitng thanh
phan cia mé hinh rén thanh ghi:

— Mo hinh hod trén mdc chic nang: hé théng duge mo ta bang cic
thanh phan ca ban va lién két gitta cic thanh phan dé:

— M0 hinh hod trén mic cdc phan tr logic;

— M& hinh hod trén mic cdc transistor;

— Mo hinh hod hén hop.
2. Cic gia tri logic khong xac dinh

Trong qud trinh mé hinh héa logic. dé ¢ thé mo ta chiic nang va hoat
ddng ctia mach theo thai gian, ta phai mo ta duge moe cich chinh xdc cédc
qui trinh dién ra trong mach. B¢ dat duge diéu d6, ching ta phai mé ta duoc
sw bién thién gid tri tin hi¢u trén cdc duong tin hiéu trong mach. Mot trong
nhitng van dé phidc tap la moé ta duge cdc qua trinh qui do dién ra trong
mach méi khi xudt hién cdc su kién trén nhing dudng truyén tin hi¢u. Do
hoat dong cua cdc mach s6 dua trén ¢o s cha logic chuyén mach, nhung véi
hai gia ti { 0, 1 } ta khong thé mo ta duge su chuyén ticp gid try tin hicu tir
mot mitc sang mot mitc khic. Dicu d6 dan 61 viée ta phai mo rong mién xdc
dinh cta cdc phép todn logic truyén thong vi ma rong cdc phép todn nay trén
mién xiac dinh méi.

Trong qui trinh mo hinh hod, dé mé ta cdc gid tri tin hi¢u trén cic dudng
tin hi¢u trong cic qud winh tinh todn, ngudi ta thudng s dung hai dang gid
tri tin hi¢u sau: '

- Cdc gid tri tin hiéu thyc - cdc doi twong duge mo hinh héa truc tnép

va tugng Ung vdi cic gid tri tin hiéu trong so do thuc.
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- Cic gid tri ao - ciéc gid tri chi ton tai trong mo6 hinh mach khi thuc

hién qua trinh mo phong.

Trong logic nhi phan, cdc gid tri tin hiéu thuc khong chi la *0” va ‘1.
Trong nhic¢u trudng hgp nha thiét
k& can thi¢t phai chi ra cdc trang
thai bien doi gid tri tir ‘0’ — ‘I
- ky hicu 1a T v tir ‘1’ 0" — ky
hiéu 12 ' cia tin hicu. Cdc trang »
thai nay thé hién cdc qud trinh qua 0-»1 150
do trong mach trén cic duong
truyén tin hiéu. Ngodi ra doi vdi
nhing phan t ¢ ba trang thdi ta con phai sir dung thém gid tri ‘2’ dé chi
trang thdi trd khdng cao. Nhu vdy mién xdc dinh cua cic phép todn 1dgic
duge md rong tir tap hop { 0, 1 } sang tap hop {0, 1, T, \NVAR

Cic gid tri a0 duge st dung trong nhitng trong hop trong qud trinh moé
hinh héa khi ta khong the thiét 1ap gid tri tin hicu nhu 2 két qua cua céc
phép todn trén nhiing gid tri thuc hoac khi ta phai mo hinh héa cédc phan 1
cua mach trong diéu kién gid tri thoi gian tré cla cdc phan nr khong xac
dinh. Vi du, khi mo phong hoat dong cia phan tr NAND ¢6 hai dau vao

Hinh 5.2 Cic eid ritin hieu 0. 1. T. L.

bing cdc gid tri tin hiéu thue { 0, 1, T. ¥, Z 1, ching ta khong thé thiét lap
gid tri ddu ra bang cdce gid tri tin hiéu thuc néu trén khi gid tri dau vao I T
vit ‘4", Trong nhiing trudng hop nhu vay chiing ta phai sir dung thém gia tri
tin hiéu khong xac dinh — ky hicu 1a ‘U’,

N6i chung, ddp tng cha cdc mach tuln tu d6i vdi cdc tic dong phu thudc
viio cdc gia tri khoi tao ban dau, do d6 & giai doan dau cua qua trinh mo
phong, ching ta can xac dinh nhiing gid tri tin hi¢u tuong dng véi trang thdi
ban diu cia mach. Tuy nhién khi mach bit ddu duge cung cip nang luong,
do pid tri thai gian tré cua cdc phan tlr mach la céc dai luong ngdu nhién nén
trang (hdi cua cdc phan tir trigo, thanh ghi. 6 nhd khong xdc dinh. D6 12
nguyén nhan vi sao trude khi mach bit dau thuc hién cdc chic nang tinh
todn thong thudng, ching ta thuong dwa mach vé (rang thdi ban dau bing
mot chudi cac thao tdc khdi tao ‘reset’. Nhu vay, trong qué trinh mé phong,
khi cung cap niang luong cho mach, d thoi diém ban dau tin hiéu thuong
dugce gén gid tri ‘X', Néu gid tri cta mot tin hiéu 1a X’ tai mot thai diém
xidc dinh, diéu d6 ¢6 nghia 12 tin hiéu c6 thé nhan gid tri hoac ‘0’ hoac *1” tai
thot diém do.
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Thue chat cdac gid tri ‘U’ va ‘X’ ¢d y nghia khdc nhau mac du ching
cuing Ia nhiing gia tei khong xdc dinh. Gid ui ‘X" chi su bat dinh V¢ trang
thdi cia mach tai thoi diém ban dau. Do ¢6 su chay dua gida nhiing phan b
logic thanh phin va su bi¢n thién ngau nhién cda tham $6 thdi gian tré cia
ching nén & thai diém ban dau, cic phin nr nhd c6 thé nhan cic gid i ‘0’
hoac ‘1 mot cich ngiu nhién. Khi dé ta biéu thi trang thai clla mach 1h X",
Gid tri ‘U’ xuat hién khi chidng ta lam cdc phép todn trén cdc tin hiéu. Vi du.
tai thoi diém «, gia tri tin hi¢u s, Ia day “T1”, gid i tin hidu s, [H 30", Cdc
day tin hiéu ndy biéu thi cdc qud trinh qud do xay ra trén dudng tin hicu s,
vit s, tai thoi diém t khi gid tri tin hicu chuyén tr ‘0" sang ‘1” va or *1° vé ‘0.
Néu cdc dusag tin hiéu s, va s, 1a cde dau vao caa phan tod AND, khi d6 phan
t& AND s& thyc hién phép todn and( ‘1, 47 ). Két qua cua phép todan nay la
khong xdc dinh. Trén ddu ra cha phan 1o AND tin hiéu s¢é khong nhan gia tri
‘0’ ciing nhu ‘1°. Trong trudng hgp ndy ching ta biéu thi gid tn tin hi¢u
bang ky hi¢u ‘U”.

AND ['O° | | X OR 0T X NOT

‘0 ‘00 o ‘0’ 0 X 0

‘1 0 Lr X ‘1 ‘oo Lr T
| X .S RS X XY ‘X’ﬁ ‘X | X

Ilinh 5.3 M rong cic phép todn logic sang hé biéu didn 3-gid i

Néu s6 lugng cdc gia tri thuc va do cua tin hi¢u tong qud trinh mo hinh
hod 1ogic vd mo phong bing n thi ta nhan duge méd hinh mo phong n-gid tri
va hé cdc phép todn logic tuong Ung phai duge md rong thanh he 16gic n-gid
rri. Vidu,

- Neéun =3, tap hop cdc gid tri ma tin hicu ¢é thé nhin duge trong md
hinh mé phong cila machsé 1a | 0, 1, X };
Néu n = 5, tap hop cic gid tri ma tin hiéu ¢6 thé nhian duge trong mo
hinh mo phong chamachsé a {0, 1, T, 4, U };

- Né&un =7, tap hop cdc gid tri ma tin hiéu cé thé nhan duoc trong md
hinh mo phéng clamachséla {0, 1. T, 4, U, X, Z };

Cic phép toidn trong truong hop logic 3-gid mi { 0, 1, X } duac ma rong

nhu trén hinh 3.3.
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ITinh 5.4 Cdc phép roan NAND via NOR trong hé logic 5-gid .

Néu ta str dung logic S-gida i | 0.1, T, 1. U }, cic phép toan NAND va
NOR s& duge mé rong nhu trén hinh 5.4.

Trong k¥ thuat thiét k&€ mach véi do tich hop [6n. rat it khi qua trinh mo
hinh hod logic va mé phong duoc thuc hicén chi véi hai gid tri tin hiéu thue 1
{ “0°, ‘I’ }. Thong thuong ching ta phai sir dung it nhit ba gid tri tin hiéu.
Ching ta xét mot trudnug hop don gian khi su dung logic 3-g¢id #i ddng thoi
khao sdt nhitng van dé nay sinh khi md& rong hé 16gic va anh hudng cua
ching lén qud trinh mé hinh hod 16gic va mo phong.

Nhu ta da dé cip 16i & trén, khi bt ddu cung cap ngudn cho mach, trong
mach xuat hién sy chay dua giita cdc phan tr mach. Diéu dé din 161 viéc
trang thdi cua mach khong xdc dinh tai thoi diém ban dau. Trang thédi cua
mach s& nhan ot cdch ngau nhién mot trong hai gid tri ‘0” hoac ‘1’ tuy
thudc vio gia tri tham s8 tré trong mach. Trang thai cua mach tai thor dicm
nay khong thé du doén trudce va dugc ky hi¢u I “X’. Gijd tri ‘X’ ndy tuong
ing véi ‘0’ hodc ‘I’ va ¢d thé duge tham gia vio qud trinh thuc hién céc
phép todn logic cung vai cac gid tri logic nhi phan khdic trong qud trinh mo
hinh hoa l6gic vi md phong. Sau khi thém gid tri *X’, h¢ cdc phép todn
logic 2-gid tri duge md rong thinh hé cic phép todn logic 3-gid ni.

Gid tri ‘X’ biéu thi mot trong hai gid tri ctia tap hop {0.1}. Tuwong (i ta
¢4 thé coi gid tri ‘0" tuong vng v&i tap hop {0}; gid tri ‘I’ tuong img véi tap
hop {1}. Phép toan logic B gira hai gid tri p va ¢ trong do

pqgel0. 1, X}
duge xdc dinh thong qua phép todn gidfa cdc tap hop biéu dién gid i clia p
va . K&t qua cta phép todn B duge xdce dinh biang hop cua tap hop két qua
coa mol kha nang thuc hién phép todn B vdi cic thinh phan cla hai tap haop
tuong ung véi hai todn hang.
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Vidu,
And( 0, X)=And({0},10,1 })=
={ And(0,0). And(0, 1)} ={0.0}=0:
Or(0,X)=0r({0},{0,1})=
={0Or(0,0),0 (0, 1)}={0.1}=X
NOT(X)=NOT({0.1})=
={ NOT(0),NOT(1)}={1,0)=]0,1}=X
Tat ¢i cic ket qua cha ba phép todan AND, OR, NOT trong hé logic
3-gid tri ducc dua ra trén hinh 5.3, Viéc xdc dinh gid tri ctia mot ham 6 hgp
bat ky f{ x,, 5. ..o, X, ) d8i VOt mot tap hop cdc dau vao { v, vy, ... v, ) nhan
gla tri trong tap hop { 0. 1, X } duge thuc hién nhu sau:
Xay dung khot Fx (v, vy, ..., v, /X )

- S& dung phép toin giao mo ~ 0 1 T | X
rong tim giao cua khoi Fx 0 0 > 0 @*‘
val khél co s& cia ham f. 1 o 1 0 >
Néu tim thay tap hgp giao, v 0 I . X
gt tri cua hdm f's€ bang gia X o L@ X E—‘JX

tri ndm tai vi tri bén phai
nhit; trong truong  hop
nguoc lai, gia tr1 ham f s
bang ‘X’.

Dé hiéu so dé tinh todn ndy, v6i ky hiéu x trong mét khéi co sd ching ta
hiéu ring ta khong quan tam i gid tri cda bién. Gid tri ‘X’ s€ tuong dng véi
dinh x trong mot khoi co s, Tuy nhién, gid tri didu vao nhi phin xdc dinh
trong khéi co s 12 can thiét, do dd gid tri ‘X’ & ddu vio khong thé sinh ra
gid tri dau ra twong @ng. Vi du, déi vaéi phan t& AND ¢6 hai dau vao, khoi
( XOlx ) tuong thich vdi mét khéi ca sd, wong khi d6 khoi ( X1lv ) khong
tuong thich. )

Khi sir dung 1ogic 3-gid #ri chiing ta s€ bi mat thong tin trong biéu dién
chiic ning va hinh vi cia mach.
Dicu dé cé thé thay khi ta khao st
trong bang chan 1y cua phép todn
NOT. Khi gid tri tai dau vao cua
phin tr NOT la ‘X’, ta bi mat quan
hé nghich dao giGta gid tri tin hiéu

vio va tin hi¢u ra cda phan tr - Hinh 5.6 Két qua clia qui ainh mo
) phong trong he logic 3-gid by.

Hinh 5.5 Bién thé cha phép toin giao trong
trudng hop logic 3-gid t1.
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NOT( X ) = X. Diéu dé ciing x4y ra khi ta xét gia tri dau dio Q cla phin tr
trigo cd trang thii 1a “X’. Van d¢é nay dan tdi nhing két qua sai trong qua
trinh mo hinh hod va mé phéng. Vi du, trong mach trén hinh 5.6, néu tinh
toan theo 16gic 2-gid i, gid tri tin hicu 1wén dau ra cta phan tt NAND phai
1a “X’. Trén thue (€ tht duong tin hi¢u nay nhdn gid tri “1° do tin hi¢u trén hai
duong ¢ va b tuon nguge nhau. Gid tri “1° trong trudng hop nay 1a tat dinh
khoéng phu thude vao gid tri trén dudng tin hicu vao ‘X’. D€ gidi quyét van
dé d6 chiing ta dua vao di kem véi gia i X 13 gid tr X thoa man cdc he

thiic:

X. X=0
X+ X=1

Viéc dua thém gid tri X vio logic 3-gid tri cling chi giai quyét dugc mot
phan van dé néu wén khi trong mach ta chi ¢6 mot bién trang thdi nhan gia
tri “X°. Trong nhimg trudng hop khic di¢u niy ¢6 thé dua dén 16 trong qua
trinh mo6 hinh hod logic va mo phong nhu trong vi du mach trén hinh 5.7.
Trong vi du nay. hai phan tir trigo [3 doc lap. D6i v6i hai ddu ra Q v Q ctia
cung mot trigo, gid tri tin hié¢u 1a ddo nhau nén néu dau ra Q ¢d gid tri ‘X’ thi
diu ra Q s& nhan gid tri ¢ X’. Nhung doi vai hai phan wr wigo doc tap thi
pifia ddu ra Q cta mot phan tr va dau ra Q chia phan r tht hai khong ¢
quan hé nghich dio dé. Do dd, néu tinh theo Yogic 3-gid i va gid tri ¢ X thi
diu ra cha phan td AND ¢é gid i ‘0’ ( X and X=0). nhung trén thue €
gid tri tai ddu ra cda phan tr AND

QX 12 “X°. Nhu vdy chi s dung hai

g—X gm tri ’X ?’i\i X k}}éng gial quyét

o triét dé van dé vé tinh toan ven

} thong tin.

3 x Pe gidi quyét van dé néu

|5 trén,ching ta ¢é thé sir dung nhiéu

< tin hiéu khong xdc dinh khac nhau

Hinh 5.7 Truong hop sir dung logic 3- Xis ?{2""’ Xy tuong tmg vdi cac
gid tri ciing gid 1y X cho két qua sai. nguén tin hieu doc lap ( cdc tin

hi¢u doc lap nay c6 the 1a cic bién
trang (hdi cua cdc phan tir mach ) va cdc quy tic tinh todn doc lap:
X. X,=0:X + X =1
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baoi véi nhitng mach ¢é do tich hgp 16n thi phuong phdp nay khang dung
dugc bdi vi cdc gid tri trén mot duong tin hiéu ¢6 thé phai duoc bidu dién
biing mot bicu thic 16gic 16n véi nhiéu bign doc lap .

Thong thuong phép todin do mot phan tir chiie ning thuc hién duge xdc
dinh bang cich ma héa cic gid tri trén nhom cac dudng tin hi¢u diéu khién.
Vin d¢ nay sinh trong qué trinh mé hinh hod 16gic va mo phong khi phan 1
chdc nang can thuc hién va mot s6 dudng tin hiéu diéu khién nhan gid tri
“X’. Mot cich tong quat, n€u & dudng tin hi¢u diéu khién nhan gid wi ‘X",
phan tr chic nang cé thé thuc hién mot frong 2' phép todn. Lai gidi chinh
xdc s& nhan duge khi ta thuc hién todn bo 2" phép todn va két qua cla phép
toan la hgp cla 11 ca cdc két qua rieng phén cua ting phép todn trong 2*
phép toan nodi trén. Nhu vay, néu mot bién so nhan gid tri ‘0" trong mot s6
phép toan, va nhan gid tri ‘1’ trong mot sO phép todn khac, ket qua sau khi
tong hop lai s€ 1a { 0, 1 } = ‘X°. Phuong phdp ndy chi kha thi khi 2" 1h mét
sO nguyeén nho. Vidu, ta gia thiét rang hai bit trong dia chi cha bd nhg ROM
nhin gid tri *X°. Diéu nay s& din 161 bon gid tri dia chi, trong d6 mobi gia tri
cho phép truy cap tdi nhiing tr may khdc nhau trong bo nhé. Két qua tai dau
ra s€ nhan gid tri nhi phan b tai nhitng vi tri bit trong dé mdi tir duoc truy cap
nhan gtd tri b, va nhan gid tr1 ‘X’ tat nhitng vi tri ma tir duge truy cap khong
dong trong mach. Diéu nay ¢6

tuong thich véi dia chi.
Oy
thé thay trong hinh 5.8. Cic

Trong nhitng mach khéng
dong b0, su xuat hi¢n cua gid

tin hiéu tham gia vio dao Hinh 5.8 Hién nrong dao dong trong mach
) khi su dung logic 3-gid 1.

tri ‘X' ¢6 thé din (61 dao

dong tin s6 cao ¢é thé duoc
coi 1a hiéu dién th& gilta cic
miic twong tng vai gia tri 16gic ‘0° va *1°. Nhu vay. bé sung thém vio cdc
gia tri khong xac dinh tinh gid tri ‘X ¢on c6 thé biéu dién gid (ri khong xac
dinh dong hoac gia tri 16gic trung gian.



§5.2. Phuong phap mo hinh hea bién dich

Phuong phip mo hinh hoa légic va mo6 phong bing bién dich 13 phuong
phip mo hinh hda trong dé cde tin hiéu duoc xic dinh gid tri bang cich tao
cho moéi phdn t cua mach mot mia lénh tuong dng voi cac phép todn ma
phin tr dé can thuc hién. Cic ma lénh nhan duoc s& ducc biéu dién theo
mot trat tw (vong Ung.

Trong phudng phdp mo hinh hod va mo phong bing bién dich, mo hinh
hang cdc ma lénh [a mot thanh phan cha hé thong moé phong. Trong nhing
trieomg dac biét. hé md phong chinh la cAc mé hinh trén cidc ma lénh. Noi
chung. mo6 hinh trén ma kénh duge két noi véi hé mo phong, trong dé moi
ticn trinh bao gém viéc doc cdc vecto dau vao, thuc hién mo hinh véi timg
veeto diu vao va hién thi két qua.

Qud trinh mo hinh hod bing phuong phdp bién dich s& ¢6 nhing budc
sau:

- Buéc mot: phin hang cdc phan tir cia mach can moé hinh hod thco

trat wr thuc hién cac phép toan sao cho khong ¢é mau thuin ndy sinh.

— Budc hai: tao cdc mi lénh tuong tng vdi cac phép toin do cdc phan
t thue hién.

Pé phan hang cic
phan t& cua mach, didu
tién chiing ta ngit cic
: vong phan hoi  trong
‘ mach néu c¢é. Cic diém
ngat  dwoc  xdc dinh

twong dng véi cdc chic
E - nang cuta mach. Trong
truong hop mé hinh hod
} cdc mach tuan ty dong
ITinh 5.9 Phan hang v ma hod mach logic. bo viée ng‘fil mach phin

g :

: : ! { :
hangQ hang 1 hang 2 hang 3 hang 4

hoi thue hién trén nhing phan tr true ti€p nhan cdc tin hiéu dong bo.
Gia str /(k) Ja hang cua phan wr £, khi dé qua wtrinh phan hang duge thue
hi¢n nhu sau:
- Cdc dau vio cua mach ¢6 hang ‘0.
Neu &y, k. ..., £, 1a cde phan tir duge néi véi cic dau vao cua phan
(k. hang cha phan (£ s& bing:
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k) =1 +max(lCky), .. 1(k,)).
Vi du, xét mach trén hinh 5.9, theo phuong phap phan hang néu trén ta s€
nhan duge hang cua cic phan tr trong mach.
Tao ma ciac 1énh 1a viéc thay thé cdc phép 1odn ma phan i thae hién
dugc biang nhing lénh ma mdy hiéu dugc. Vi duy, trong so dd trén hink 5.9,
céc phan wr s€ duoc ma hda bing nhitmg l1énh sau:

l. g = And (a.b) 4. 1= Nand (g.h)
2. h=And (¢,d) 5. n = Nand (L.
3. m = Nand (e.g) 6. p = Or (m.n)

Trinh tu méa héa duge thue hign theo thi tu taing dan hang cua cdc phan tu
mach. Day 1énh nay sé duge bien dich va thuc hién voi nhing gid tri vao cho
trudge.

Chiing 1a xét rrudng hop mach tuan 0 dong bo ohu trén hinh 5.10. Mach
tudn tr nay duoc diéu khién
bing tin hi¢u déng hdé CLK.
Gia thiét ring sau khi vecio

>

o)

dau vao méi duge tdc dong vao
C p- F mach, ta ¢6 d0 thdi gian dé gii

E D O tri trén dudng die fiéu vao cua
phan 1 trige duge on dinh it

C nhat & mot thoi gian £, trude

CF — khi phan t trog dugce kich hoat

bing tin hidu dong hd. Didu do
¢S nghta la thoi gian ¢, la thot
gian thict 1ap cua phin W trigo.
Néu diéu kién nay duoc thoa
man, ta ¢6 thé bd qua nhing gid tri thdi gian tré cha timg phan tr 16gic trong
qué trinh mo hinh hod vi moé phong, boi vi thdi diém chinh xdc khi tin hieu
thay doi gid tei trong mach t6 hop khong quan trong. Do d6 déi vé moéi
vecto gid tri dau vao, qua tiinh mo phong chi can tinh gid tri (inh cia dudng
tin hicu F v truyén gia tri d6 t6i dau ra Q. Theo phuong phip phan hang thi
cdc ddu vao A, B s€ nam trén hang ‘0°, nhung tin hiéu trang thii cla trigo
ciing nam trén hang ‘0’ néu ta gia thiét gid tri khoi tao cua trang this duoe
biét trude. Trong trudng haop nay hé thdng mo phong sé thuc hién mo hinh
mach nhu trong trudng hop mo hinh hod mach t8 hop bang cich tinh cdc gid
tri tin hiéu trén dau ra cGa tat ca cde phan tr d6i véi mdi vectd gid tri tin hicu

Hinh 5.10 Phan hang va ma hod
mach tudn wr dong bo.
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didu vao. Trong truong hop gid tri cua phan tu trige khong duge biét trude, hé
thong mo phong phai thuce hién tinh todn trén cdce gid tri ‘0, “1° va *X’. Céac
gid tri nay duge ma hod hai bit nhu sau: ‘0’ — “00™; ‘1° =117 X" - "D1™.
Cic phép todn logic hat ngdi AND ( OR ) gida cic chudi hai bit duge thuc
hién trén cd s& cic phép todn mot bit twong Ung, nhung phép toin NOT
khong (hé thuc hién trén bit duge vi gia tri NOT( X ) cho ta k&t qua chudi
“10” - 1a gid tr1 khong ¢d trong bang ma. Van dé nay dugc giail quyét bang
cdch doi ché hai bit sau khi ddo bit.

Tu nhing dieu dua ra & trén, ta thay, phuong phap bién dich khong tinh
tSi dnh hudng cha thai gian tré khi tin hiéu duge truyén qua mach. Diéu ndy
1a do qud trinh xdy dung mé hinh mach dugc thuc hi¢n theo hung.

~—  Né&u ching ta chi gidi han truong hop thoi gian tré 12 cdc thai gian
lan truyén thi viéc mé hinh hod hoat dong ctia mach c6 thé thuc hién
dugc theo ciach phan hang. Cic thoi gian tré lan truyén sé duge tinh
dén mot cach tuong minh trong qud trinh phan hang va truyén tin
hiéu qua timg 16p phan hang.

—  Doi véi cic dang thoi gian tré khac nhu thoi gian tré ngau nhién hoic
thdi gian tré quén tinh thi viéc mod hinh hod mach theo phuong phip
bién dich khong thé thuc hign duoc.

— Do ta phai ngat ciac vong phan héi trong mach, phuong phdp bién
dich chi c6 thé st dung trong nhing trudng hop khi ¥ nghia cta viée
ngat vong phan héi ré ring. Vi du nhu trong trudng hop cdc mach

dong bo.
M6 hinh hod mach biang phuong phip bién dich ¢6 thé ducc thuc hién
kha nhanh. Nhung phuong phip nay c¢é
L_J |z, nhuoc diém quan trong 12 khong tinh thai
C gian tré trong mach. N&u ta coi thoi gian
y Y tré trén tat ca cdc phan ti mach duge coi 1a

bing nhau thi viéc phan hang s& the hién
duoc su tré cha tin hiéu khi di qua mach.
Trong trudng hop thoi gian tré cé nhimg
dang phitc tap thi phuong phdp bién dich
\ o o khong thé thuc hién duoce chinh xac. Khi
trén dudng phan héi. cdc vong phan hoi cling lam cho ngi

nghia cua mach bi thay doi. Trong trudng

[
1
I
I
1
T
1
1
1
I

=
&
Q.
B
-
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hap d6i véi nhitng mach khong dong bo viéc khong tinh dén thoi gian té ¢
thé din t6i nhilng két qua sai.

bPé gidi quyét mot phan nhimg khé khan trén, doi véi nhitng mach khong
dong bo, ta phai gia thiét gid tri thai gian ué chi tip trung trén dudng phan
hoi ( hinh 5.11 ). Dé ddp
\ing véi vecto diau vao x,
mach phai trii qua mot
chudi cdc 1an chuyén trang

Do gid e veeto din

thdi. Qud trinh chuyén trang vio A tigp (heo
thai ndy duogc biéu dién
hing su thay déi gid tri cua |
o ; . _ Thue hign cice nu énh (uomg
bién trang thai y. Ta gia y=Y (s mch 16 hop O

thiél riing vecto tin hi¢u dau
vao chi tic dong khi trang
thdl cua mach on  dinh
y =Y. butng tin hiéu phan
héi ¢ hang ‘0’ phai duge

xic dinh truée khi cic mi ITinh 5.12 Mo phang mach khéng dong
' b6 bang mo hinh ma lénh bién dich

lénh tuong dng véi mach to

hop C duge tao ra. Trén

hinh 5.12 chdng ta ¢é thuat toan moé hinh hoa logic va mo phong mach

khong dong bo. Khi thue hién moé phong mé hinh, qua trink mo hinh hod «&
thue hién tinh gid tri tin hicu z va 'Y dua trén gid tri x va y.

Phuong phip moé hinh hod va méd phong ndéi trén khong chinh xdc khi

thuc hién déi vai cic mach khong dong bo

¢ trong do cdc thao tic tinh todn déu dua trén

tham 6 thoi gian (ré cia cdc phan ta mach.

Vi dy, ta xét mach tao xung bicu dién trén

hinh 5.13, khi tin hi¢u trén dudng A ¢é su

thay doi gid tri tir ‘0° sang *1°, néu mach dao

B khong tam tré tin hiéu thi tin hiéu trén dutng C s& ludn nhan gid tri ‘0’ do

tin hi¢u trén hai dudng A va B ludn nguge nhau. N&u phan td B lam ué (in

hic¢u, trong khoang thoi gian ¢é dg dai bang gid tri thdi gian tré 1in hidu qua

phin tr B, hai dau vio clia phan tir AND s€ ¢6 cung gid tei 1 vis trén dudng

A

B

Hinh 5.13 Mach rao ,v:ung

tin hiéu C s& xudt hién xung ‘0’ — ‘1" — 0’ ¢4 do rong bang gia tri tham s
tré cua phin tr dao B. Néu ching ta khong xay dung md hinh bing phuong

109



phédp bién dich mot cdch can than, xung ‘1’ ndy s& khong xudt hién trén
duong tin hiéu C badi vi phuong phdp bien dich chi quan tam tdi hanh vi tinh
cba mach ( néu khéng quan tam dén sy tré tin hiéu, gid tr1 trén duong C luon
biang ‘0" ). Néu chiing ta thém vao phin i
tr¢ D vao dudng tin hiéu tai dau ra coa
phan tir B, mach s& duogc mo phong mot
cich ding dan. Trong trudong hop nay
Hinh 5.14 Mo hinh mach tao xung ~ phdn t(r tré D déng vai trd phin tr tré tap
k& tham s6 (r¢. trung trén dudng phan hoi. N&i chung ta
khong thé tao ra nhitng mo hinh ding dan
doi voi mach khong déng bo mot cich tu dong ma can phaii ¢6 cic kinh
nghi¢m cila cic nhi thiét k&
Trong nhing truomg hop., khi cau tric cta mach cho phép xdc dinh mot

A

R |

o
Ol

]

D SR 00 » 11 c)
ITinh 5.15 Mach rigo RS va phuong phdap mo hinh hoa bién dict.

cich tuong minh cic vong phan hdi, ta van ¢6 thé tao ra cic mo hinh bien
dich khdc nhau dé mo t cing mot mach. Trong médi mo hinh khic nhau cda
mach, ta ¢6 nhimg gia thi¢t khac nhau vé vi tri caa phan (€ Ap trung nén
nhitng mo hinh nay ¢ the phan img khdc nhau doi véi cling mét tic dong.
Ta hiy xét truong hop mo hinh hod logic va mé phong mach trigo RS khi 2id
tri vecto tin hi¢u ddu vdo RS chuyén tiép tr 00" sang “ 117, Néu ta str dung
mo hinh véit duong tin hicu Q 1a dudng tin hi¢u phan hoi ( hinh 5.15 b. ), ta
thay duong tin hi¢u Q chuyén tir *1” sang ‘0” trong khi gid tri trén dudng Q
luon bang ‘17 d6i véi ca hai vecto ddu vio. Tuy nhitn néu ta st dung mo
hinh vé1 duong tin higu Q la duong tin hicu phan hoi, ta sé ¢6 duong tin
hiéu Q s& chuyén trang théi tir ‘1° sang ‘0, trong khi dudng tin hiéu Q vin
gitt nguycn gid tri ‘1°. Hi¢n tugng nay phdt sinh to¢r nguyén nhan sau: hai
vectd nay (ao ra su chay dua giita cic phin tir NAND, trong d6 két qua phu
thude vao thai gian tré thue t¢ trén cic phan tir d6. Nhu vay, vi du nay cho ta
thay phuong phip mé hinh hod lagic va mo phong bing phuong phdp bién
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dich theo so do trén hinh 5.12 khong thich hop véi nhimg mach lam viéc
trong nhimg ch¢ do ¢d su chay dua giita cic phan td hoic i ro (hazard).
Cic hién tuong nay thuong thay trong cac mach khong dong bo.

§5.3. Phuong phap moé hinh hoa huong su kién

Phuong phiap mo hinh hod hudng su kién cho phép xdy dung nhimg mo
hinh mé phéng trén may tinh v4i do chinh x4c cao, trong d6 ta ¢é thé mo ta
toan bo cdc lién két trong mach va dua vao dé xay dung nhing mo hinh hoat

Ne¢u khéng cé su
kién wong danh
sdch su kién

4
Thai diem mo phong
tiép theo
Xiac dinh su kién
hién tai

l

Thay mdi cdc gid tri

Lan truyén céc su kién
qua cic phan i

Tinh todn trén cac
\phén tur duge kich hoat

biéu phoér cic su kién
mdi duoge xuat hién

Hinh 5.16 So dé (hire hién mo hinh hod logic
theo sur kién.

dong cta mach theo tién
trinh thoi glan.

Trong qua trinh mo
hinfi hoa logic v mo
phong hudng sy kién.
ching ta quan sat qua
trinh truyén cac su Kién
xudt hién trén cdc duomg
tin hiéu cia mach tir diu
vao dén dau ra. Trong
truong hop nidy, ta gia
thi€t rang ving anh
hudng giy nén boi su
bién thién cia mot tin
hi¢u khong Ion. Trong
nhitng  mach thong
thuomg. sy thay doi cua
tin hiéu dau vao s& anh
huong t5i khoing (0%
cdc duong (im hicu trong
mach. Nhu viy, ching ta
thuc hién md hinh hod
logic va mo phong chi
khi xuat hién cic sy thay
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doi gid tri tin hiéu trong mach, hay néi céch khdc 1a khi xudt hién cdc su
kién trong mach. Diéu nay lam tang hiéu suat cia qua trinh mo hinh hod va
mo phong.

Heé thdng mo hinh hod logic va mé phong hudng su kién su dung mo hinh
cau tric cla mach dé lan truyén cac su kién. Sy thay déi gid tri tai cdc dau
vao chinh ctia mach dugce xdc dinh bang cdc vecto tin hiéu kich hoat. Moi su
kién trén cic dudng tin hiéu khdce ciia mach duge tinh toan theo cde phan 1
bi kich hoat.

Cidc su kién xudt hién tai nhitng thdi diém thoi gian mo phong xdc dinh.
Co ché diéu phét thoi gian cia qua trinh mo phong diéu khién sy xudt hién
cua cac su kién theo mot trat w xde dinh. Cic tac dong vio mach s¢ duge
biéu dién bing diy cdc su kién xudt hién trén cac dudrg tin hicu tai cdc thai
diem thoi gian xdc dinhi. Cac su kién s€ xuat hién trony tuong lai s€ phai chd
va duge lvu trong danh sdch cde su kién. Nhiing su kién trong danh sich su
Kién s& duge diéu phdi va xi Iy tai nhiing thoi diém mo phong.

So do cla qui trinh mo hinh hod 16gic va mo phong hudng su kién duge
thé hién trén hinh 5.16. Thoi diém mo phong hién thoi duge chuvén tép
thanh thoi diém tiép theo doi voi nhing su kién dang & trang thai cho va thoi
diém tiép theo niy chuyén thinh thdi diém mo phong hién tai. Sau do, he
thong mo phong sé duyet danh sdch sy kién va chon nhitng su kien duoc
diéu phoi dé xuat hi¢n trong thdi diém hién tai déng thoi cap nhit L gid tri
cta nhiing tin hiéu kich hoat. H¢ moé phong s¢ duyét danh sich cde dudgng 1€
nhanh cua tin hi¢u kich hoat dé xac dinh cdc phan nr s& duge kich hoat.
Trong mach thuc, qua trinh truyén sy kién tai cdc diem 1€ nhinh duoc thuc
hi¢n song song. Qud trinh tinh todn (rén cde phan wr bi kich hoat ¢6 the sunh
ra cic sy kién mdéi va nhiing su kién méi nay s& duoe didu phoi dé xuat hién
tai phiing thoi diém tiép theo tuong ting v6i tham ¢ thai gian tré cua cie
phép todn licn quan 16i phan te dé. He thong mo phong s& dua nhimg su kicn
md1 duge sinh ra nay vao danh sdch su kién va qua trinh mé hinh hod logic
va mo phong s& 1iép tuc cho dén khi con ¢6 trang thii kich hoat logic (rong
mach, hay ndi cach khic 1a cho dén khi ma danh sidch su kién rong.

Qua trinh tinh todn trong phin & M ¢6 (hé sinh ra cic sy kién thay doi
trang thdi cuia phin ur. Khi nhiing su ki¢n thay déi trang thai xudt hién, su
kién nay chi kich hoat phan t&¢ M va phan tr nay s€ thuc hién cic tinh todn.
Dé don giin ching ta gia thiét ring 141 ca cic su kién dugc xdc dinh cac tac
dong kich hoat mach duge dua viao danh siach su kién truée khi mo hinh hod
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logic va mo phong. Trén thue €, hé mo phdng dinh ky doc cic tép chia tic
done kich hoat mach va két hop cic su kién tai dau vao véi cic su kien duge
sinh ra trong qud trinh hoat dong cia mach. Thém vao d6. ngoii cdc sur Kién
sinh ra sy tinh todn cic gid trf tin hiéu trong mach, trong k¥ thuat mo hinh
hoid 1ogic hé thang mé phong con ¢d the thém cée sy kién diéo khién qua
trinh. Cdc su kién {oai nay khéi tao cic hoat long khde nhau coa mach tai
citc thoi diém thoi gian xdc dinh. Dudi day Ta mat s6 téc dong cha cdc su
kicn dicu khicn:

— Hién thi gid tri ca nhitng tin hicu xdc dinh;

— Kiém tra gid tri cua cdc tin hicu cy the vi ¢o the dimg qui trinh 116

phong néu ¢ sai s6t trong qua trinh tinh todn.

PE mo ta 1o qui teinh mo hinh hoi logic v mo phong hudne su Kiuit,
chidng ta cu the hod thudt todn mo phong hudng su kién nhu sau.

N¢u ky hicu tap hop cice cap “gii tri tin hica - dudng truven tin hicu hay
dot G thoi dicm thoi gian hién ™ bang V, va 1dp hop cdc cap “gid tri 1in
hicu - duong truyén tin hicu thay doi dudi tae dung cta V" biang V,. Khi dé
thudt toan mo hinh hoa 1ogic hudng su kién thue hién theo trinh (e nhu sau:

I. Thict ip hai tip hop Vo va V viigina « 0 . b« |
Thict [ap gid tri cua trang thdi ban dau cda mach.
boc cic gid tri dau vio. Xét cac duong tin hiéu mi trén do xuat
hicn cdc su kien ( su thay doi gid tri tin hicu ). Cic gid tri cla su
ki¢n xay ra nay duge ghi vao tap hop V.

bt

4 Kiem tra tap hop V,. ndu V, réng ta quay vé budc 3: néu V, khong
rong, thue hién bude 5.

5. Thue hicn mo hinh hoa togic dor véi cae gid tri trong 1ap hop Vi
cac dusng dir hicu trén do xuat hien sy kién vi gid i cua chung
duoc ¢ght vio V.

6. Gina <« I .b« 0, val trd cha V, vt ¥V thay doi. Kiém tra su

xuat hién dao dong trong mach. Néu

c khong ¢6 dao dong, quay vé budc 4.

X—0
a——— X—»1

Nhu vay. chiing ta thdy phuong phap

moé hinh hod logic huéng su kién khic

d Vol perdng phdp mé hinh hod bing bién

b X2 X—0 dich & cho: ta khong can thue hién viéc
phin bang cdc phin wr. Théem vio dé vai
St cO mat cua vong lap. ta ¢d thé thue

Hinh 5.17 Hoat dong cia (rigo RS,
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hien viée mo hinh héa voi do phie tap tuy y.

Vi du, ta moé hinh hoi qua trinh hoat dong cia trigs RS:

o

6.

9.

Bl: ThictapV,va Vi (A« 0, Be 1)

B2: Do trang thdi ban diu cia mach khong xidc dinh, gid tri trén
1al ca cac dudng tin hieu duge gén bang ‘X’;

B3: Pat cic gid tri ddu vao : a = 0, b = 1. O day 1a co
vu: {(a,0). (b 1)}

B4: Ta thay tap hop V, khéng réng, ta chuyén sang bude 3.

B3: Gia tri trén duong tin hiéu ra ¢ thay doi tir ‘X’ sang ‘17, tap
hop Vi={(c, 1)}

B6: Gan V, vio V. Tap hop Vynhan gid tri V= { (c. 1) | va
quay lai budce 4.

B4: Ta thay tap hop V, khéng réng ta chuyén t6i budce 5.

BS: Gid tri tin hicu teen dudng o chuyén tr ‘X’ sang ‘0.
Vi={(d.0)}

B6: Gan V, vao V. Tap hop V, nhin gid trit V, = { (d. 0 ) } v
quay vé bude 4.

. B4 Ta thay tap hop ¥V, khong rong. ta sang budce 5.

B3: Do khong ¢6 tin hi¢u vao va khong ¢é tin hiéu thay doi khi
d=0,V,=J.

. B6: Ta gin V| vao V. khi d6 V= & va chuyén sang budc 4.
. B4: Ta thiy tap hop V, rdng nén quay vé budc 3.
3. B3: Doc cac gid tri ti€p theo § diu vio.

Nhu vay véi gid tri dau vivo a = ‘0°, b = ‘1", ta nhin duoc cac pid trr dau
rac="“}",d="0".

Nbu viy chdng ta da thay nguyén ly cua phuong phip mo hinh hod
hudng su kién. Trong  truong hop cin phai tinh téi anh hudng cua tham s
1hoi gian 1€ cua cdc cic phan wr, ta khong thé chi sir dung hai trang thai V,,

V, . Trong truong hop ndy ta ¢6 thé dua thém vio qua trinh mo phong cic
trang thdi V; twong tng véi cde gid tri thoi gian tré va sap xép theo winh tu
cac trang thai V.
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§5.4. Mo hinh hoa qua trinh tré tin hi¢u trong cac phan tir mach

Khi ching ta thuc fiién mé hinh hda logic va mo phong hoat dong cua
mach wén miic cac phan t 1dgic, mot nhin t6 quvét dinh mic do chinh xdc
ctia mo hinh so véi mach thue (€ 1a tham s6 thoi gian té cia cdc phan tu
fogic. Néu ching ta biéu dién hoat dong cila mach khong tuong Gng Véi
nhimg tinh huong thuc t¢ s& dién ra wong cic phan wr logic, khi do s€ xuat
hién st Khong chinh xic trong cac mo hinh hoat dong cua mach cha ycu
theo nhing quan he v¢ thai gian. Khi thuc hién qud trinh mé hinh hoa huényg
s kién theo so do trong muc 5.3 ( hinh 5.16 ) ching ta ¢6 (hé nhan duoc
nhimmg bidn the cua thuit todan. Sy khiac nhau can ban trong nhing bicn thé
dé phu thude chit yéu vao cdc mo hinh (€ tin hicu twong tng véi hoat dong
cta nhimg phan tu 16gic tham gia vao mach. Viée mo hinh héa qud trinh tré
tin hiéu 14 nhan 6 co ban trong viée xdc dinh tinh chinh xdac coa mé hinh
mach va miic do phiic tap cia thudt todn mo hinh héa.

1. Mo hinh hoa qua trinh tré tin hi¢u qua cac phan tir logic

Moi phin tr logic déu tic dong Lén cic tin hiéu vao vi lam ué cdc tin
hicu dé. Trong ky thuat, ta thuong su dung hai m6 hinh tré qua cic phin o
logic: mo hinh (1€ lan truyén va mo hinh tré quan tinh. Ngoai hai loai tré ndi
trén, trong mot 4 trudng hop dé mo ta dugce hoat dong cua mach, ngudi ta
con st dung cdc mo hinh teé ngdu nhién.

Teé lan troyén: 14 su e tin hicu phat sinh khi ta cho tin hiéu di qua
phan trr mach.
Tré quan tinh: [ su tré 1 hicu gan lién véi nang lugng dé kich hoat
phan tor mach.

a. Treé lan truyén
Thoi gian tré lan truyen [ thoi gian ma tin hiéu ra cda mach ¢ham pha
S0 vOI tin hiéu vio mach. Mo hinh tré [an truyén fa mo hinh ca ban. trong dé6

xac dinh khoang thoi gian At cach biét gifta cice sy kién xudt hién tai dau ra
vOi cac su kién xuat hién tai ddu vao sinh ra ching. D¢ don gian, trong cdc
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thudt todn mo hinh hod via mé phong, gid tri thong so thot gian tre su dung
tong mo phong 1a cde 86 nguydn.

Trong mot s (rudng hop. khi mé hinh hod mach 1a khong tinh dén thai
aian (& tin hiéu khi di qua cdc phin wr. Lic d6, ching ta coi thoi gian ¢
cua phin tt bang khong. Nhu vay trong trudng hop ndy. ching ta sir dung
mo6 hinh véi thoi gian tré tin hiéu bing khong. Phuong phap mo hinh hod
[ogic vii mo phong bang bién dich sir dung mé hinh thuoc tinh tré nay. Mo
hinh cac phin 1 voi thai gian wé biang khong chi duoc st dung dé mo hinh
hoa cde gid i logic trong nhing mach 8 hop vi mach tuan (v déng bo.

Mo hinh cua mach wrong dé thdi gian (¢ coa tat ca cic phan ur logic

bang nhau goi 1A mo hinh

a L voi thuoe tinh tré  thudn
@\c——ﬁ@' nhat. Do cdc phan iy logic
4 L ¢6 thoi gian  tré Khdc

khong, nhu vy chilng ta ¢6

e kha nang mo hinh héa va
g xu 1y cdc mach khang dong

bd ¢od phan hoi. Mo hinh
nay [& mo linh chaa thong

1

Hinlt 5.18 Vi du vo dé mach cho truong hop ué 31 don oian nhat. T ’
. N R . . 5 W i ¢ K {
thuan nhat va e phan tan. SO e don gran nhat. - 1rong

truong hop ndy, ta ¢é thé

chon gid (rt thong $o 1€ lam don vi v6i ty 1€ mot. Nhu vay. ching ta ¢é mo
hinh tré goi 1a mo hinh e don vi.

Trong trudng hop 1ong quat, cic phin 17 cia mach ¢6 thé nhan nhing

thong 6 thot gian ¢ khidc nhavu, BE thue hién qua trinh mo hinh hod hoat

S N S A I E
L _ LN N G
< I R : r L -

o J — ; [ S
A . LI

I ] L 7
LI ML N R

Iinh 5.19 Hoat dong ctia mach trén hinh - Hinh 5.20 Hoat dong cla mach wen hinh
5.18 v@i mo hinh tré thuan nhat. S5.18 véi o hinh né phjn 1an. Ap= ) = 2.

1én nhimg phan tu khdc A= |,
(16




dong cla mach. ta st dung don vi thoi gian dé do gid tri thong s6 thdi gian
1ré 12 ude s& chung 16n nhat A cua cdc thong s6 thoi gian teé trén cic phan
ti va phan phéi cdc gid tri thong s thoi gian té theo ty 1€ twong tng vl A .
Mo hinh do goi 3 o hinh hoat dong véi thong 6 thot gian ¢ phan tan.
Mo liinh 12 moé hinh pho bi¢n dé bi¢u dién cdc thuoc tinh tré lan truyén.

Vi du, d6i véi mach trén himh 5.18, néu ta thuc hién mo hinh héa mach
vGi mo hinh qud trinh (r¢ tin hi¢u véi thong s6 thoi gian 1ré thuan nhat, ta s&
nhan duoc so do hoat dong theo thoi gian nhu trén hinh 5.19. Khi thong so
thai gian tré cua cac phin tr B vi E bing 2., nhitng phén t0 con [ai nhan ¢d
thong <6 thai gian tré biang 1, ta ¢é so do hoat dong cha mach theo thot gian
thé hién trén hinh 3.20.

Khi mo hinh hod hianh vi cta cdc cdc phan I logic, ching ta thuong
phan tich chic niing tinh todn 10gic v co ché dicu phoi thdi gian cia chdng.

X, , [ gl N’h.u \"fly. mﬁ}l 1"]@} . 1

x2 x’—@_%éﬁ' > \!({1 thong s6 thoi gian

2 3 té la A, s¢ tuong dng

Hinh 5.21 M6 hinh phin tach chite nang logie véi phin to logic véi

vathuoe tinh e, thong s6 thoi gian tré

bang khong v phan wr 0€ ¢6 thong s6 thoi gian wé 1a A, Trong qua trinh

mo6 hinh hod hinh vi cta phan tu logic, dau tién phan 1 bi kich hoat s¢ dugc

tinh todn theo chic nang 16gic, sau dé cdc thude tinhy wé s& duge tinh 1odn va
the hién qua qud trinh diéu phéi (hoi gian.

Viée chi ra gid tri duy nhit cta thong sé thoi gian twé cua phan o rat

‘ phitc tap ca tren khia

Z:D_c a . C canh cau tridc mach vit

. — trén khia canh san xuat.

IR Ta ¢6 thé thuc hien do

Ay=2.A,=1 c 7 7 dac truc (iép trén cic

uo1ou mach thuc, nhung doi

Iinh 5.22 Sy xuat hién gid tn khong xdc dinh ‘v’ trong 4 nhi h duoe
hoat dong cua phdn tir AND vdi mo6 hinh qud trinh ué tin “5_1‘ n lthg 1?76“' 1 dugc
hi¢u véi thai gian 1eé cue dai - cuc tidu, thiét ké duai dang cic

mach tich hop VLSI thi

kba nang do tryc ti€p 12 khong (hé cé duogc. Trong trudng hop nay dé nang
cao tinh chinh xac cla qua trinh moé hinh héa va mé phong, ta chi ra khoing
bi¢n thién clia thong s6 thoi gian tre. Mo hinh qud trinh tré tin hi¢u nay duge
20i 1a mo hinh véi thai gian tré khong xdc dinh. Néu trong mo hinh véi thoi
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giun tré khong xdc dinh, ching ta chi rd gid tri cuc dai A, va gid tri cuc tiéu
A, clia thong s6 thoi gian tré, mo6 hinh sé duge goi la mo hinh véi thai gian
e cue dai - cuc ticu. Vi dy. thong s6 thai gian tré coa mot loai phan wr
NAND ¢6 the bién thién trong khoang tir 5 ns dén 10 ns, nhu vay dai véi loai
phan wr NAND ndy. A, =5 ns vd A, = 10 ns. D& khio sit mo hinh niy. ta cé
thé xem xét hoat dong cua phan to AND ¢6 hai dau vao ( hinh 5.22 ). Trong
vi du nity, phan tr AND c¢é gid wri thoi gian tré cuc dai - cuc tieu: Ay, = 2, A,
= 1. Ta thdy tin hic¢u trén duding ¢ chuyén tiv trang thai ‘0’ sang trang thai ‘1’
khi tin hiéu trén diu vio a chuyén tir *0° sang ‘1°. Ta thay ring trong khoing
thdi gian trude A, tinh tir thai diém xuat hién su kién trén dutng a. trén
duong ¢ khong ¢6 sy thay doi gia tri tin hi¢u. Clng tuong ty, sau khoing thoi
glan A, tinh (r thoi diém xudt hién su kién trén dudng «, trén dudng ¢ thiél
lap gid tn “1°. Nhu vy, trong khoang thoi gian tir A, dén A, sau khi xuat
hién su kién trén duong «, tin hiéu trén dudng ¢ 1la khong xidc dinh, ta s¢
ding gid tri “U’ dé biéu thi i tri tin hiéu. Tém lai, khi ta sit dung mé hinh
tré khong xdc dinh hodc mé hinh tré cuc dai — cuc (iéu. trong hoat dong clia
mach s& xuat hién nhitng hanh vi khéng xdc dinh va biéu thi qua nhiing gia
tri U’

ITinh 5.23 Anh huong cia
mo hinh tré cuc dai - e
tcu lén qui trinh moé phong
hoat dong cta mach.

a °
LY P
° < wn
E _- d.f m
g e 7

c —
) 9

V6i mo hinh tré cyc dai — cuc tiéy, ta ¢6 thé mo hinh hod phin 16n céic
truong hop phitc tap xudt hién trong hoat dong cta mach trén thue 1€, Nhung
trong mé hinh nay néu ching ta gid thiét khoang bién thicn cia thoi gian tré
16n, trong qua trinh mé hinh hod ta ¢é thé truyén toan cdc gia tri *U’ hoac
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trong mach ¢é thé xuat hién nhang dang tin hi¢u khong cé trong so d6 thuc,
Pé minh hoa vin dé nay, chiing ta xét s dé teén hinh 5.23. Gid thict rang
cdc phaa tir mach ¢é thong so thoi gian tré Ay = 3 va A, = 2. Theo so do
logic ta phai c6 gid tri trén dudng tin hiéu g luon bang ‘0.

- Néu bit dau qud trinh mo phdng 1 duding tin hi¢u ¢, ta nhin duoc
gia tri trén dudng tin hiéu ¢ & bang ‘U’ ( theo hinh 5.23.¢ ). Vi aid
tri tin hi¢u trén dudng g luon bang ‘0, do d6 su xuat hicn gii tri ‘U°
¢6 nghia Ia pid tri d6 ¢é thé [ “1° hodce ‘07, Su xudt hicn gid (i * 1
trén dudng ¢ ¢é nghia 13 trong mach cé thé xay ra su co. Piéu nay
dugc qua trinh mo hinh hod dy dodn, nhung trong thuc 1€ khong bao
2idr Xdy ra.

Néu bat dau qua trinh mo phéng tir dudng tin hidu ¢, ta & nhan duoc
g =0 ( thco hinh 5.23.b ), bdi vi do wé cuc tiéu trén dudng tin hic¢u
¢ —d — ¢ c6 gia tr1 bang 4, trong khi do d6 ré cuc dai (rén duong
¢ —fbang 3. Nhu vay, trén hai dudng tin hi¢u ¢ va f khiong bao gio cé
cung gid tri ‘17 dong thoi va dicu dé cé nghia & dudng ¢ (uon nhin
g1d tr ‘0.

Khi ta mé hinh hod mach vé mo hinh tré khong xdc dinh tuong img véi

inh 5.24 Hienuong = | Q —
ma rong mién gid i ‘U’ b

khi s dung moé hinh tré
khong xac dinh.

Au=2 A =1
trudng hop xau nhat, méi khi tin hiéu di qua mach, mién gid tri *U’ 6 thé
S€ bi md rong. Ta hiy x¢ét hoat dong cua mach trigo RS v6i hai phan wr
NAND c6 cling thong s6 thoi gian tré ( hinh 5.24 ). Ta s dung mo6 hinh tré
cuc dai — cuc tiéu véi A, =2 va A, = 1. Gia thiét, trang thdi ban dau Q = ‘O’
. Q="1I"vd a=b="‘1".Trong trudng hop khi gid tri trén dudng « thay doi
tir ‘1°— ‘0’. Khi ¢ thay déi, & ddu ra Q xuat hién gid tri ‘U’. Gid tri ‘U’ ndy
s€ sinh ra gid tri ‘U’ tai dau ra Q Viéc ti€p tuc qud trinh tirh todn véi cic
gid tri ‘U’ dan 13i tinh trang sau: bit dau tr mot thai diém nao do. gia tri cha
Qva Q trd thanh ‘U°. Nhu vay mo hinh tré khong xdc dinh khong thé dp
dung dugc trong truong hgp nay.

Trong cic mach s6, viéc tinh gid tri thong s& thai gian (ré <& phu thuac
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vio hat van dé:

- Su phu thuoc clia thai gian tré viio hudng truyén tin hicu;

- Do chinh xdc cha vice xde dinh thoi gian (€.

Trong mot s6 thiét bi. thoi gian (¢ phy thude vao hudng truycéa cia tin
hi¢u ra. Doi véi nhiing thict bi nhu vay, thdi gian dé 1in hi¢u ra tang ti *0° —
‘17 va gidam w17 — 07 khide nhau khd xa. VI du trong nhiing mach MOS,
thot gian dé thiet lap sudn xudng cua tin hiéu ( thdi gian tré cla sudbn Xudng
A, ) 160 hon thoi gian thiét [ap suon 1én ( thoi gian tré cha suon lén A, )
khodng ba lin. DE mo ta nhiing trang thai ndy. ta dua ra gid tri thot gian 0é
cua suon 1én (rise) va thai gian té cua suon xudng (fally A, va A doi v6i
timg phan @r. Trong nhing trudng hop nhu vay khi mé hinh hod hoat dong
cua mach, do dar cia xung s€ tang. Thém vao d6, doi véi nhing gid tri thoi
gian (¢ suon Ién va xudng khic nhan, ¢ thé xuat hién nhiing trudng hop
khong ¢6 trén thie 1€ khi mo hinh hod mach. Truong hop niy ¢é the thay
wrén hinh 5.25. Trong hinh 5.25, trudong hgp a), tin hicu ra ¢6 (hoi gian tré

Tin hicu V{SF A [
o S SN 25— G 2
ETSY S S T S SN 2 S
AVA=1. 4, =3 )AL =2. A =1 ) AL=3 A =1 udng

_ ) . . o ) hop khong thé xay ra.
Ilinh §.28 Vidu v¢ md hinb tré sudn 1én va suron xuong. P

sudn xuong A; bing ba con thoi gian tré sudn 1én bing mol, trong truong
hop nay do dat coa tin hicu ra ting. Trudong hop b), tin hicu ra ¢é thdi gian
tré sudn xuong A, bing mot con thoi gian tré sudn 1én A, bing hai, trong
tudng hop nay do dai coa tin hi¢u ra giam. Trong trudng hop c). tin hicu ra
¢ thoi gian (ré sudn xudng A, bing mot c¢dn thdi gian 1 sudn Ién A, bing
ba. tin hidu ra ¢é sudn xudng virot trude sudn lén - dicu khong thé xay ra
trong thuc &, Nhiing trudong hop nhu vay phai duoc loai bo trong qui trinh
mo hinh hod v mo phong.

b. ‘T'ré quan tinh

Moi mach dién dé can nang lugng dé chuyén trang thii. Nang luong cla
tin hiéu 1a ham s6 cua bién do va do dai tin hi¢u. NEu dy did cha i hiéu qua
ngin, tin hieu khong thé kich hoat dé phin «r chuyén trang thii. Do dii 15i

thi¢u cua tin hieu dau vao da dé kich hoat mach chi .ng thai duoce go
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I3 thai gian tré qudn tinh dau vio coa phan & va ky hi¢u 1a A, Nhiing tin
hi¢u ¢6 dd dii nho hon A, s¢ duoe goi 1i xung nhon va s¢ khong duge phan
tr cho di qua. Ncu do did cua tin hiéu vio 16n hon hoile hing A, tin hicu s&
duge di qua mach vdi do tré bang thai gian wé lan truyén cua phin (. Viée
dua ¢ quédn tinh dau vao cho phép moé hinh hod nhiing truong hop dic biét
trong cic so d6 thuc khi phin ta ngung 1am viée voi nhiing xung rat hep.
o — Hinh 5.26 dua ra
*D—f minh hoa trudng hop
N=20 A=) N " ¢ quidn tinh dau vao
Vo1 xung ¢o dd rong
bang ba via xung ¢6

Hinh 5.26 Ninh hoa cho luén wong tré gudin tinh dau vio.
do rong bang mot. Phin nr ¢6 do tré quan tinh diu vao A, = 2 vi ud lan
truyén Ap = 1. Khi do vong cda xung bing mot thi tin hic¢u khong 16i duoce
dau ra.

Trong nhiéu trudng hop. két qua cua vice mo hinh hod tré quin tinh phu
thudc vao vige tré quan tinh xuat hi¢n ¢ dau vio hoac diu ra cua phan . Tré
quin tinh xudt hién o daw ra dic trung cho vice dau ra cha phan tur khong theé
dua ra (in hicu ¢é do dai nho hon A, Xung tin hiéu tai dau ra ¢6 thé duge
xung tin hicéu dau vao sinh ra, nhung cang ¢é the bi loai bo néu ¢ do dii

o T ow
—
g
=%
o oo
a
o
o

N Iinh 5.27 Su khic biet ki M
a a

e qudn tinh xuit hien

N M dau vio vatai ddu ra. . M
[ D < ___El—4
<] [ l d

qud nho. Ta hay xét phan tr OR ba dau vio véi thong 56 thoi gian (¢ lan
truyén Ay = 2 va Ay = 2. Cic tin hiéu dau vao déu ¢6 d¢ dai bang 1 vi tic
dong lan lugt v6i do ¢ bang 1. Trong trudng hop tré quan 1inh duge dat tai
dau ra, ba tin hiéu dau vao lan luot sinh ra cdc xung gid i ‘17 ¢6 do dai
bing 1 lién ti€p. Cic xung niy hop thanh tin hiéu gid tri *1” ¢6 do dai bing 3
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tai dau ra. Tin hiéu nay $€ xudt hién trén dau ra vi ¢6 do dai 16n hon thong 6
tré quin tinh ddu ra ( 3 > 2 = A}). Trong trudmg hop thi hai khi t5¢ quan tinh
dugc dat i dau vao, ba tin hiéu diu vio déu c¢6 do dai nho hon thong s6 e
quén tinh do dé khéng thé kich hoat phan tr. Di¢u nay din 16 viée tin hiéu
dau ra khong dugc hinh thanh. Nhr vay viéc moé hinh hod qud trinh (ré quin
tinh gin lién vai céc dac tinh vat Iy clia phan wr va can than wrong khi nghién
cttu. Hinh 5.28 cho ta thdy nhimg dnh hudng khic nhau cta cic mo hinh tré
161 viéc hinh thanh tin hiéu ddu ra déi véi phan td AND hai dau vao.

B¢ qua trinh mé hinh hod mach duge chinh xdc 1a can phai nghién ciu 16
hop nhing dang khdc nhau clia thai gian t(ré. Nhung diéu ndy lam ting thai

aA=2

b.Ar=1.A, =3

Hinh 5.28 So <inh cde mo hinh qud tin -«
N 1 R1 R2 / = =
Be tin ey 2) Tré Lan tuyen thudn ahac ; : 1 " ¢ Am=1 Ay=3
1) Teé uem beu vi suim xudng, o) Trd e 3 i
Ko e dutt, d) Tré quiin tink (lngu c :
p N O Tyl i (F : d A=2
g 1hu hep \ung ) ¢) Trd quin tinh :

c.N=2.A=2

pian thuc hién mé hinh hod va moé phong, diéu ndy khong thé chip nhan
duge trong k¢ thuat. Nhwr vay, dé thuc hién mé hinh hod qud trinh & tin
hieu vit khong 1am anh hudng t6i thoi gian mo phdng 1a ¢é thé st dung trinh
(r sau:

- Kiém nghiém légic clia mach str dung mé hinh chi gém cic tré thuan
nhat:

- Thuc hién mé hinh hod via md phong tinh té su khdc biét cua thoi
gian tré sudn 1én va sudn xudng;

- St dung mé hinh tré khong xédc dinh trong qua trinh mo hinh hod va
mo phong;

- Thuc hién qud trinh mo hinh hod sir dung cdc phuong phdp thong ké
d6i véi nhimg 16 hop khdc nhau clia qud trinh tré tuong Gng.
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2. Mo hinh héa qua trinh tré tin hiéu qua cic phan tir chde nang va
thanh ghi

Céc chite nang logic va cic dac tinh thoi gian cda cic phan tr chide nang
phdc tap hon so vdi cdc phan tir logic co ban. Ta hdy xét vi du mo td hanh v

| L QI SITRICD]TQ[ON Tglrc
0] 0 Vx| ox | 0 Ago =4 Aypn = 3
! ! 0 X 0 ! App =3 A =4
VLt T oo Al = 81 A =6
0 1 1 T ! 1 0 ANig=06:A (=8
L X 0 0 | x X u u

ITinh 5.29 Minh hoa dé tré vao/ra dot véi phan wr chiic nang trigo D.

hoat dong cia phan ti trige D lam viéc theo suon 1én véi hai dudng tin hiéu
khong dong bo thiét lap S ( set ) va khdi tao R ( reset ) ( hinh 5.29 ). Trong
bang trén hinh 5.29, k¥ hiéu “A,,” chi do ué cta dap \ing tai diu ra ‘O’ doi
vai tac dong tdi ddu vio ‘T’; cdc ky hieu A" va A' chi do (ré suon 1én vi sudm
xudng cua phan tr. Ta xét mot dong clia bang, vi du dong thi ba. Dong nay
chi ra ring: néu trang thdi ban dau cva phin wr ¢ = ‘1’ va tai cde dudng tin
hiéu S, R khong ¢6 tic dong ( S = “1I’. R = ‘1" ), su chuyén trang thdi cua
xung dong hé Ctir ‘0’ sang ‘17 s& lam cho diu ra Q nhan gid tri cia dudng D
vSi thoi gian tré sudn xuong A'c,, = 8; ciing tuong tu nhu vay. ddu ra QN
chuyén tlr ‘0’ sang ‘1’ véi do ué A’y = 6. Dong cudi cung clia bang chi ra
rang, néu cac ddu vao R va S nhin gid tri cdm “00™, ca hai dau ra s¢ cung
nhan gia tri “U°.

Ciing tuong tu nhu doi véi phan tr 16gic, khdi niém do tré gudn tinh dau
vao ¢6 thé md rong cho phan ur trigo néu ta dua vio cdc thong s6 chi do
rong cuc (iéu cua xung tac dong dai vai cdc ddu vao C, S, R. Nhitng dudng
tin hiéu nay ¢6 tdc dung kich hoat qua trinh chuyén trang thii cia trigo.

Doi véi phan tr trigo D néi trén, trong nhicu trudng hop, ta can dua ra
nhitng yéu cau vé do dai cla tin hi¢u dé tranh hién tuong chay dua piita cic
duong tin hiéu C va D. Hai thong s6 thoi gian khaéi tao (setup time) va thoi
gian 16n tai (hold time) 13 nhitmhg thong s chi khoang 1hai gian nho nhat
trudc va sau thoi diém chuyén trang thdi trén dudng C trong d6 gid tri trén
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dudng tin hicu D phai on dinh ( khong thay doi ) d¢ trigo hoat dong chinh
xac. Cic qua rinh moé hinh hod lagic va mo phong phai phan danh duge cdc
véu ciau nay.

Poi vai nhiing phan wr phiic tap hon nhu cice thanh ghi, quad trinh te¢ tin
hi¢u dugec mo ta it chi uét hon. Trong nhiéu trudng hop. cic md hinh trén
mittc thanh ghi s dung cic chu (rinh thai gian 1ap va néu trong dé ¢d xic
dinh cic thong so tré, cdc thong s6 nay se dugce cot la do ¢ lan truyén.

§5.5. Mo hinh héa trén mite cic phan tir logic

Cic phuong phdp diéu khién qud trinh thé hi¢n trinh tu thuc hién mo
hinh hod va nhing phuong phdp xu Iy pan lién véi qué trinh mo phong
mach. Trong phuong phap bién dich, trinh tu thuc hién mé hinh hod duge
xidc dinh bing viée phan hang cdc phan tr. Nhu viy. viée ngit cdc vong phin
hoi trong nhiing mach tudn tu va phan hang phin (o chinh la phwong phip
dicu khien qui trinh mo hinh hod. D6 chinb 1a nguyvén nhan dan 161 viéc
khong the sit dung cde mo hinh tué trir mo hinb véi do té biang khong. Trong
muc nay chiing ta nghién citu céc phuong phdp dicu khién trong qud trinh
mo hinh hod hudng su kién nhu moét phuong ién mo hinh hoa mach vai do
¢ khie khong.

Khi sit dung phuong phdp mo hinh hod hudng su kién néu gid tri tin hicu
vij) tal thot diem thoi

D danh

sach sian 7, khide gid tey v(j)
A L TASukien| ¥ tair thor dicm  trude,
\ didu dé cé nghia la

/4

Sebien | A—[Suken ] A—¢  xudt hién sy Kién, ta s&

coi rang tin hiéu thay
oG {surien ] A—=[Sutica [ A~ doi gid ti vio thoi
\ dicm t, + A, . trong do
A, la do u¢ lan truyén
cua phan t& dang xét.
Dé mo ta sy xudt hi¢n su kién trén cde dudng tin hiéu trong mach theo thoi

Hinh 5.30 Minhb hoa danh sdch su kién.
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alan fa chia cic su kicn vao danh sach tuyén tinh ¢é dang hi¢u dién tren
hinh 5.30 va goi la danh sidch sir kien. Tuong wng véi mdi mot thasi diém thai
pian | la 8¢ cé mot danh sdch cde sy kién xuat hién vao thot diém dé.

Khi ¢6 mot su kicn méi xuat hién, su kién nay duoc dua vao danh sich
st kién gan lién véi mot thot diém thot gian xde dinh. ‘fa luw ¥ mot dicu nhu
sau, su xuat hien cua mot thoi diém thoi gian duge danh dau trong qua trinh
mo hinh hod khong phu thuoe vio chudi thai gian. Do do, de xic dinh vi tei
cla cac thoi diem 43 duoc tinh trude trong danh sach su kién, ching ta can
phii ¢6 chudi thai gian twong dng véi danh siach duge xtr 1y, Picu niy ¢o the
duoc thue hién dua vao cic dnh xa thot atan.

Khi ta sir dung phép anh xa thin gian, dily cdc thai diém thoi gian duge
xde dinh véi khoang thoi gian cich déu Al moi su kién trong hi¢ thong <&
dugc xac dinh dua vao cic thoi diém thai gian nity. Khodng thoi gian A duoc
xic dinh biing wde so chung 16n nhat ¢ua cta thoi gian truyén tin hicu vir do
€ cha cic phan 1 trong mich. Do gidi han vé bo nhé dime dé thue hicn qua

Hinh §.31 Vong cdc thai diém thai gian mo phong.

trinh mo hinh hod mach. ta xdc dinh gid i gidi han coa thai dicom thoi gian
cue dai bang M. Nhu vay, cdc thoi dicm thoi gian sau thoi diém cuc dui s¢
quay lai bt didu v thot dicm ban diu vi tao thanh vong quay (hoi glan
(banh xc thot gian).

Thong thudng, khoang thoi gian A tuong thich véi do tre cua cde phan W
trong mach. Trong nhitng trudng hop khi trong mach ¢é nhimg phan t véi
do tré 16n, khoang thai gian A ¢6 thé vuot qud thoi gian gidi han M, dicu niy
dan 161 vice thoi diem mo phong vugt ra ngodi vong thoi gian vd giy nén
hicn tuong tran. DE giai quyét van dé nay, ta xay dung dank sach bo vy dé
luu Ut cde thoi diém tran va goi 1a danh sich trin. Trong trudng hop sir
dung danh sdch tran, méi khi banh xc thai gian thue hién duoc mot vong
quay, ta cin thue hién thao tac (ra ¢dc thai diem trong danh sich tein vé chu
trinh xu ly theo vong thai gian.



Khi thuc hién qud trinh mé hinh hod theo vong thai gian, cic budc clta
qui trinth moé phong c6 thé duge biéu dién dusi dang sau:

- Bi: Thiél lap cic gia tri ban diu cua tin hiéu tai thoi diém 1 < 1, vh

dat cic gid tr1 dé thanh gia tri hién thai.

B2: Poc cic gia tri dau vao. Néu gid tri nay khdc cde gid tri hién
thai, ta dua chung vao tap hop L. trong d6 1= 1 + A4

B3: Néu L, = &, ta chuyén t&i budc B3, trong trudng hop ngugc lai,
ta chuyén 161 budc B4.

- B4: N¢u gia (ri trong L, trung vaéi gia tri hién thoi. ta gilt nguyén gia

tri hién thot; néu cac gid tri nay khdc nhau, ta lam cap nhat gid tri
hien thoi va dua vao L, t=1+ A

- Gidn 1 ¢ 1+/ vaquay vé bude B2.

Ta hay xét mot vi du minh hoa thudt todn mo hinh hod hudng su kién doi
v6i mach biéu dién trén hinh 5.32. Cic gid tri ‘1° va ‘0’ twén mor duong tin
hiéu bat kv, vi du la trén duong a, s€ duoc ky hicu 1a (a: 1) va (a: 0). Gia
thiét rang cdc tin hiéu diu vio thay doi theo gidn dé thoi gian trén hinh 5.32,
phan t OR ¢ do tré lan truyén A; = 2. Trong trudng hop niy qua trinh mo
hinh hoa hudng su kiéa s€ duge thue hicn theo trinh tr dudi day.

a
a:D—D— o
b c
(3
Ar=2 c=a0ORb 1 2 a ¢ 5 b

V-

ITinh 5.32 Minh hoa thuat todn mo hinh hod hudng < kien. -
{. BIl: Tai thoi diém ban dau t = ¢, (t,= 1 ); Cdc gid tri ban dau: (a:0).
(b:0), (c:0):
B2: Poc gid tridau vao: (a; 1 )i L,y =Li={ (c: 1) };
B3: Kiém tra L,, L, = @, chuyén 16i budc B3:
BS:t«t+ 1 (t=2); Quay lai budc B2;
B2: Doc gidtridauvao (b; 1 iL,, =L, =t (c; 1) )2
B3: Kiém tra L,, L,= & , chuyén téi bude BS;
S:te« t+ 1 (t=3); Quay lai buéc B2;
B2: Doc gid tri dau vao (a; 0 );
B3: KiémtraL., L,={(c: 1)}, L# &; Thuc hién budc B4;
0. B4: Gid tri hién thdi duge thiét lap bing (c: 1 )

BN

=0 0N
=
N
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11.B5:t«t+1 (t=4); Quay lai budc B2;

12. B2: Giatnndauvao (b; 0); L= { (¢c;0) }:

13.B3: KiémtraL,, L,={ (c; 1)}, L, #@: Thuc hi¢cn budc B4

14. B4: Do L, tring véi gid tri hicn thoi ( ¢; 1). thuc hién bude B3

15.B5:t« (+ 1 (1 =35); Quay lal budc B2;

16. B2: Cic tin hi¢u vio khong thay déi gia tei; Thuc hién B3:

17. B3: Kiém tra L;, L.= @, chuyén t8i budce BS:

18.BS:t«—t+1{t=6)

19. B2: Cic 1in hi¢u vao khong thay doi gia tri; Thuc hicn B3;

20. B3: Kiemtra L,. L, = { (¢; 0) }. L, #& . Thuc hién bude Bd:

21. B4: Gid tri hién thai duge thiét lap bang (¢ 0 );

Cuoi cung, ta nhin duge gidn do thai gian ahy trén hinh 5.32.

Trong trudng hgp khi qud trinh phan tich va mé hinh héa mach ¢é st
dyng cdc m6 hinh (ré khong xic dinh, d¢ thuc hién cdc tinh todn cho vice
xdy dung danh sdch sy Kicn, ta cin phai hinh thanh duge cde su kién xudt
hién trong khoang thoi gian gitta cdc 2id ui A, va A,,. Nhu trong vi du déi
vdi mach trén hinh 5.32. néu phdn tor OR ¢6 do tré khong xdce dinh vai gid tri
cuc tiéu A, = 2 vi gid tri cuc dai A,=3, khi d6 budce thir hai trong trat ty tinh
toan néu trén s&€ duge ghi nhu sau:

Li={(c;U)LLi={(c: 1) }:
Sau d6 qua trinh mé hinh hda va mo phong hudng su kién s€ duoc thuc hién
nhu binh thudng chi can tinh dén gid tri “U’, Thém vio d6, do trong qua
trinh mo hinh hoa ta phai lién tuc tao thém nhing danh sich su kién mai,
thot gian thue hién moé hinh héa s¢€ tang I&n khi phii xu 1y cdc danh siach sy
Kien.

Ncu trong qui trinh phan tich va mo hinh héa mach can phai sir dung mo
hinh vdi a¢ quin tinh, ta cin phai bieh déi thuat todn va thém vio dé uhdng
thao tdc tinh todn tuong dng. Hon nita, do viée can thiét phai s dung lai
nhing su ki¢n da duge xir 1y, ta can phii tang chi phi vé mat bo nha va thoi
gian tinh todn.

Pé nang cao do chinh xdc cila qua trinh phan tich mach theo thdi gian Vi
mo hinh héa hudng su kién, ching ta phai thu nho da 16n cda fuong t thoi
gian A. Diéu nity s¢ dan dén viéc ting dung luong bo nhd d¢ luu it cic su
ki¢n trong trudng hop ta giit can trén vé thoi gian mo phong M khong doi.
D¢ piai quyét van dé ndy ta phai dua ra nhimg bién the thich hop ctia phuong
phap danh xa thoi gian va phuong phdp danh sich su Kién.
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Trén thue (& mot trong nhifng phuong phip dé ting 8¢ do cho qui trinh
mo hinh hoi va mo phong logic la phuong phdp mé hinh hod hudng su kién.
Viée tinh todn déi véi cic phan wr logic chi duge thue hién khi gid i tin
hicu khic v6i nhitng gid tri did duge tinh. U diém coa phuong phap mo hinh
hoa hudng su kien 1 qua trinh tinh todn ¢hi thue hién khi ¢6 cdc su kién xuat
hien (rong mach, trong khi dé khi cice id tri diu vio thay doi. trung binh chi
¢6 2.5% cic tin hicu trong mach thay déi gid tri. Didu d6 lam tang mot ciich
ddng ke 16¢ do qua trinh mo hinh hoa néi chung.

Khi thuc hién mé hinh hod trén mic cic phin tir logic. ta ¢ thé xdc dinh
mot cich dé dang su thay doi gia tri trén cic dudng tin hicu ra clia cde phan
twr dua vio cic gid til dau vao cia phan (¢ dé. Vi du. néu tren mot trong
nhitng dau vao cla phian tr AND gid trj tin hicu khong doi va bang *0°, khi
dé gidt tri tin hicu rén dau ra ¢ khong thay doi khong phu thudce viio su thay
déi coa gid tri tin hicu (én cde diau vao khidc cta phan «r. D1 vt phin (i
OR. gid tri khong déi bing 17 trén mot trong nhing diu vio & diam bio
khong ¢6 su thay doi gid tri tin hic¢u trén dau ra, Néu chd v t6i nhiing tinh
chat cha phin 1 16gic, ta cd thé don gian hod vice tinh todn trona qui trinh
ma hinh hod moi ki ¢ ciic sw kién xudt hién trong mach.

Nhu vay. trong chuong nay ching ta di nghién ctu nhiing van d¢é licn
quan 161 qua trinh mo hinh hod v mé phong mach. Nhimg van d¢ quan
trong 1a thé hién duoe hoat dong cta mach theo thoi gian v hianh vi Lun té
tin hi¢u cua cic phan tu logic trong mach.



Bai tap cho chuong §

[

Hay st dung phuong phip mo phong biang bién dich 3 gid tri ma ta hoat
dong cta mach trén hinh B3.1. Mach hoat déng véi trang thdi ban dau Q
= u déi véi veeta gid tri dau vao: <017 va “1 17

Hinh B5.1

13y st dung phuong phdp mé hinh hod bang bién dich mo ta hoat dong
mach trén hinh 5.15a doé1 véi cdce vecto dau vao “00” va *“11”. Gia thiét
ring trong mo hinh, hai duong Q va NQ déu duoc coi 1a cac dudng tin
hiéu phan hoi véi do tré bang nhau.

Hay [ap chuong trinh trén ngén ngi 1ap trinh truyén thong ( Pascal, C,
C++, ...) md 1a cdu trdc va chiic nang cua phan tixr trigo RS master-slave
theo phuong phip huéng su kién.

Hay lap chuong trinh trén ngon ngit 1ap trinh truyén théng ( Pascal, C,
C++, ...) mO ta cau trtic va chie nang cua thanh ghi dich 4 bit theo
phuong phdp hudng su kién.

Hay lap chuong trinh trén ngon ngl 1ap trinh truyén thong ( Pascal, C,

C++, ...) mo ta cdu tridc va chie nang cda bo cong 4 bit theo phuong
phdp hudng su kién.
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CHUGNG VI. NGON NGU MO HINH HOA VHDL

§6.1. Mo dau ngon ngir VHDL
1. Nhimg khai ni¢m chung vé ngon ngiv VHDL

Cic phuong phdp thiét k¢ dua trén co sé& cta cic ngdon nglr HDL ngay
cing 1ré nén phd bién. Cic ngén ngir mo ta phan cing HDL. duge cic nha
thiet k&€ mach sir dung chi yéu dé mo td cau tric hoac hanh vi cta cdc hé
thong $6 cho qud trinh mo phong hodic thiét ké.

Phuong phap thiét k& trén co s& cdc ngon ngit HDL so véi cide phuong
phap thi€t k& truyén théng trén co s clia cdc cong logic ¢b cac uu diém sau:

- Cic phuong phip nay cho phép tang nang suit thi€t k&, nd cho phép
nha thiét k&€ ton it thai gian hon va cho phép nhiing ngusi khong cian
kién thifc sau vé phén ciing ¢4 thé thiét k& phén cung.

- Phuong phap thiét k& dua trén cdc ngon ngit HDL khid co dong vai
nhiing cong nghé khdc nhau. Cic mo ta trén cic ngoéon ngd HDL cung
cap cdc tai licu doc lap vdi phan cing cua mach dién. Sit dung cic
chuong trinh tién ich hé trg thi€t k& ta ¢é thé chuyén doi cdc biéu
dién trén cdc ngoén ngd HDL thanh nhicu muc 'ing dung cho nhimg
cong nghé khdc nhau.

Ngoén ngir VHDL ( VHSIC Hardware Description Language ) [a ngon
ngit duoc sir dung phé bién trong céng nghé ché tao cic mach VLSL. VHDL
duoc cong nhan 1a ngén ngi tiéu chuén trong mo ta phin cing cua IEFE va
cua Bo Qudc phong My.

V¢ mat ¢t phip, ngon ngtr VHDL 1a mét ngdn ngt duge dinh Kicu chat
ché va ¢é mot tap hop 16n cédc ciu 1énh. Ngon ngit VHDL hé tro cic phuong
phdp mo ta nhiéu I8p trong d6 cic thanh phian ciu iric hoac mang luéi cic
phin ti ¢ thé di déi véi cdc mé ta hanh vi hoac cac thuat toan.

VHDL cung cdp kha niang mo ta cia mach s6 trén nhimg mic do tri
tuong khic nhau: mirc thuat todn; mic cdc thanh ghi, ham truyén dat; muc
céc cong 16gic. Nha thi€t k& ¢6 thé sir dung chién lugc thiét Ké tir trén xudng,
dau tién mo ta thiet ke trén muce kién trdc, sau dé chi tiét hod timg budc thiét
ké. Vi du ta ¢6 thé mé (4 mach so sanh mot bit bing ngon ngit VHDL theo
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nhimg mic do chi tiét khiac nhau. Mach nay bao gom hai dau vao va mot
dau ra véi cac tin hiéu tai cac diu nay 1A cac tin hiéu s6. Nhu vay mach s€ .
tuong ng véi mot thue thé ¢6 hai dau vio va mot dau ra. Kién triic cla
mach dic td quan h¢ gitta ddu vio va ddu ra cia mach va c6 thé mo ta theo
hanh vi , dong truyén di liéu qua mach, hodc theo cdu triic cua mach.

- Mo ta trén miic thue thé
Trén mitc thuc thé, ta mo 1a vé s6 lugng cdc cong vio ra cia mach vi
cdc dang tin hiéu tai cic céng dé. Trong vi du vé mach so sanh mot
bit, mach dugc moé ta bang mot thuc thé bao pdm hai cong vao va
mot ¢éng ra. Cic dit liu tai cdc cong ndy 12 cic bit.

entity COMPARE is
port ( A, B: in BIT; C: out BIT );
end COMPARE;

- Mo ta mach bang hanh vi .
Pe mo td mach biang hanh vi. trong ngon ngit VIIDL nguoi ta dung
ciu tric process. Khi mo ta bang hanh vi, ta khong can thiél phai
cung cap chi 1iét v¢ viée thuc hién thiét k€. Trong vi dy nay ta thay
mach so sdnh duge mé ta bang mot qud trinh process. Quid trinh nay
chiu tic dong cua hai tin hiéu [d A va B.

atchitechture BEHAVIOR of COMPARE is
begin
process (A, B)
begin
if (A=B)then C<="1";
else C<="0";
end if
end proccess;
end BEHAVIOR,;

- Mo ta bang dong dir li¢u
Theo biéu dién bang dong dif lieu, hé théng dugc biéu dién nhu cic
luéng chuyén dong clia cac tin hiéu diéu khién va cic dit liéu. Theo
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phuong phip nay, hoat dong clia mach duge biéu dién nhu cdc 1ach
l6gic t6 hap, nhu mach cong, mach so sdnh, mach gidi mi. Dai véi vi
du vé mach so sdnh, ta thay tin hiéu C dugc gdn gid tri cla bicu thuc
logic cla A va B sau mot thai gian 10 ns sau khi ¢6 su thay déi gid
tri tin hiéu trén cdc cong A, B.

architechture DATAFLOW of COMPARE is
begin

C <= not ( A xor B) after 10 ns;
end DATAFLOW;

Mo ta mach bang cau trac

Bai vdi cdch mo td mach qua cau triic, ta phai mo ta cic thanh phan
c4u tnic va mai lién kél gida cdc thanh phan dé. Trong vi du vé mach -
$0 sdnh cau triic cta mach gébm mot phan tir XOR ¢6 hai dau vao 10,
11, két noi vdi mot phan tir NOT. Diu ra coa phan tr XOR noi véi
dau vao cua phan tir NOT. Cau trdc két néi trén duge mo ta bang
doan chuong trinh VHDL.

architechture STRUCTURE of COMPARE is
component XOR_Gale
port (10,11 : in BIT; O : out BIT );
end component;
component NOT_Gate
port (10 : in BIT; O: out BIT )
end component;
signal NET_I : BIT;
begin
U0: XOR_Gate port map (10=> A, 11 =>B,0=>NET_I]);
Ul: NOT_Gate port map ([0 =>NET_[.O=>C);
end STRUCTURE;



2. Qua trinh mo phong

Nhu di dé cap (3i trong
chuong 4. cdc ngon ngd  signala
HDL luén di kem véi céac
bo mo phong. Cic thiét k&
trén ngon ngh VHDL <&
thuc hién trén bd mo phong
VHDL dé kiém tra hanh vi
cta hé thong dugc md hinh
hod. ¢ tii tao hoat dong
cia md hinh, nha thict ké a
can cung cap 1ap hop cic '
tic déng vao m6 hinh.
Chuong trinh md phong sé
gan cdc tac dong d6 t6i dau
vao C‘_"‘,,‘ md hinh tai nhiing Hinh 6.1 M6 hinh b3 so sanh mét bit va
thoi diém thoi gran xdc dinh cdc tin léu qua mo phong.
va dua vao mo hinh dua ra
céc ddp tng cta mach. Cic két qua d6 ducgc nha thiét k& st dung dé kiém tra
muc do thich hop cua thiét ké.

Ta c6 thé thyc hién mo phong trén bat ky giai doan ndo clia qua trinh
thiét k€. Tai cdc muc bao quat nhét ctia thi¢t k& md phong cung cap cho ta
thong tin vé hoat dong cta mach dang thiét k& Thong thuong mo phong &
mic nay thuc hién riat nhanh va khong cung cap cho ta nhitng thong tin chi
ti€t vé hoat dong ctia mach va ch& do dinh thoi gian. Khi qud trinh thict k& di
xudng cdc muc thip hon, moé phdng sé chiém thdi gian dai hon. Mo phong o
ciac muc thap chiém nhiéu thai gian hon nhung cung cap cho ta nhiéu thong
tin chi tiét vé hoat dong clia mach, ché do thdi gian dong ho. Ngon ngl
VHDL cho phép st dung co ché mé phong hén hop, trong dé mot s6 thanh
phan c6 thé dugc mo ta & miic cao con mot s6 thanh phan khac ¢6 the duge
md ta chi tiét. Uu diém clia phuong phap mé phong hon hop 1a cho phép nha
thiét k€ 1ap trung vao xay dung nhiing phan mach quan trong. D€ giam gia
thanh thyc hién moé phong & cic muc thap, cdc bd mod phong can duge dung
d¢ phat hién cic 18i thiét k& cang sém cang tot. Trong qud trinh mé phong

¢ <= not
(a xor b}
after 10 ns

signal ¢

—o
sighal b




chuong trinh VHDL, cdc nha thiét k€ can cung cdp tip hop cic gid iy tha
nghiém tai nhig thoi diém mo phong xéac dinh.

3. Téng hop mach

Tong hop mach 13 qud trinh xay dung cdc mo ta thiét k€ tir mot mdc triu
tuong ndo dé sang modt muc triu tugng thdp hon. Quad trinh ndy ¢é thé la sy
bién dai tir hanh vi ndy sang hanh vi khdc hodc tir hanh vi sang ciu tric. Qud
trinh bién déi nay tuong ty nhu qud trinh bién dich chuong trinh phan mém
Viét trén cdc ngon nglt bic cao sang cdc ma assembly. Cic dau vao cla cac
cong cu hoé tro thiét k& thuong la cdc mo ta trén cdc ngdn ngit HDL, cdc co
ch& diéu khién thoi gian, cdc muc tiéu (61 uu, cac thu vién ky thuat. Pio ra
clia hé thong ho trg thict k€ la cac danh sdch mang ludi da 61 uu, cac hiéu
nang clta mach, dién tich cua thiét k& duge xay dung. Sau day chdng ta mo
td ngan gon v¢ qué trinh tdng hop hanh vi, tdng hop & muc thanh ghi truyén
dat va tong hop logic.

- Téng hop hanh vi 1a quad trinh bién déi cac mé ta bang nhiing
ngon ngl tha tuc sang cdc mod ta & mic thanh ghi truyén dat.
Thiét k& & muc thanh ghi truyén dat thudng bao gém cdc duong
truyén dit liéu, cdc mach nhd va cac bo diéu khién. Qué trinh
tong hop hanh vi thudng ‘dugc goi la qua trinh téng hop & mic
cao hay con goi la tong hop kién triic. Budc ndy thudng bao gém
tdng hop cac duting dit liéu, téng hop cdc mach nhd va 1dng hop
cac mach diéu khién.

— Toéng hop & miic thanh ghi truyén dat 13 qud trinh tao ra cau tric
mang cho cdc mach tuan ty tir tdp hgp cdc ham truyén dat thanh
ghi. Cic trang thai tuong ttng véi ché do dong hé ciing duge xdc
dinh & mic nay. Cac thao tic d mitc thanh ghi truyén dat cé thé
mo td bing cac 6tdmat hiru han hoac tap hop céc phuong trinh
truyén dat & mitc thanh ghi. Cic thanrh phin cta qud trinh bao
gdém: (61 uu hod trang thdi, ma hod trang thdi, t6i vu hod logic,
inh xa cong nghé. ’

— Téng hgp légic 1a qud trinh chuyén cic biéu dién inach bang céc
biéu thic logic sang cac mach l6gic. Qud trinh &1 wu hod mach
1ogic thiét k& duge chia lam hai giai doan: cdc qua trinh t6i vu
mach khong phu thudc vao cong nghé; va cac danh xa cdc so do
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VA cdc phan tir vao cdc lign k&t cia cdc phan tr mo ta trong ho
thu vién.

Nhu vay chiing ta di thay nhing khdi niem chung vé ngon ngit VHDL va
cdc piai doan trong qud trinh thiét k¢ su dung cic ngon ngld mo td phin

cung.

§6.2. Cac cau tric co so trong VHDL

Mbi mot hé thdng mach s6 duge thiét k€ nhu mot hé phan cap cdc
moddun. Mdi moédun twong dng v mot thuce thé cha thiet k€ trén ngon ngir
VHDL. Thuc thé thiét k& thé hién mot déi tugng cha thiét ke phan citng. Doi
tugng nay cé cdc ddu vio va dau ra duge xac dinh rd rang, dong thoi thuc
thé thiét k¢ ciing phat chi ra duge chitc nang cna déi tuong thong qua ciic
phép toan dugc dinh nghia trude. Mbi thuc thé thiét k& gém cé hai phan:
phan khai bio thuc thé va kién trdc thie thé.

Phin khai bio thuc thé mé td dang bén ngoai clia thuc thé, cde gio
dién cua thuc thé véi cdc thuc thé khdc. Giao dién ndy duoc thé hién
qua cdc cong vdo va cong ra cha thuc thé.

Kién tric thyc thé mo td nhitng thinh phin bén trong ctia thuc thé.
Ngodi ra chdng ta con cé thé ding céc géi tién ich dé hd trg thict ké.
Cic go6i tién ich xdc dinh cdc thong tin chung cta mét 6 thuc theé.
Cic thuc thé con ¢6 cic ciu hinh. Cau hinh 1 cdc dang twong duong
cua thiét k&. Vi du nhu mach nira t6ng 6 thé coi 1a mot thuc the thict
ké. Thuc the nay cé thé duge xay dung trén cdc phan tir NAND hoac
trén cdc phan tr NOR. Khi d6 ta néi thuc thé ndy ¢6 hai cau hinh.
Cic cau hinh cho phép ta khao sit cic bién thé khic nhau cia thiét
ké& va lua chon nhiing bo thiét bi (61 tu.

Cac thu vién 12 tap hop nhing thuc thé dugc mo ta sin. Cic thuc thé
nay dugc bién dich va luu trir thudng wrye. Céc thuc thé trong thu
vién s€ dude sir dung tuy theo mic do quan trong trong thiét ké.

Cdc cau tric cd 56 cta ngon ngir VHDL bao gom:
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Cic thuc thé (cntity)
Cic kién tric (architecture)
Cic goi (package)



— Cic cau hinh (configuration)
— Cdc thu vién (library)

1. Mo ta cic thuc thé

Cic khai bdo thuc thé cho ta c4i nhin d6i véi phan tit mach cin duoc mo 1
tir mat bén ngoai. Bing cac khai bdo thuc thé, phan t& mach sé dugc mo ta
biang s6 lugng va chitc ning cla cdc cong giao tiép va cdc tinh chat cua di
liéu tai cic cdng nay theo phuong dién tir ngodi vio. Cic khai bio thuc thé
khong cho chung ta thay cach thitc xay dung phan (0 mach.

Ngon ngt VHDL duge mé td theo nhiing quy tic ci phdp. Dol véi cic
mo ta thyuc thé, cd phip cé dang nhu sau.

entity tén_thic 1hé'is

[ 1énh_khai bdo_generic |

[ cdc_Indt tai cong |

| cac_thanh_phéin_khat _bdo thnie _thé' )
[ begin

cae_thanh _phdn_biéu_thiie 1hite thé')
end | rén_t/u_t'c'_lhé’ I;

Lénh khai bao generic diing dé khai bdo cdc tham s6 duge s dung dé kiém
sodt cau tric hoidc hanh vi cua thue thé. Cdc hang 56 nay goi I cic tham s6
chung. Cdc tham s0 chung cé pham vi s dung trong toan bé thuc thé. Cau
léenh generic c6 ci phip nhu sau.
generic (
1én_héng: kiéu_con [ := gid_tri_khdi_tuo')
{1+ 1én_hdng: kié’u__mn [ :==gld i khoi_tao 1}
):
tén_hang: 1a t¢én cia tham s chung.
kiét: kiéu dix licu cua tham so.
gid i khci_tao: gid tri khdi tao ciia tham s6.
Cic luat cong dac ta cho cdc kér  giao ti€p cla thuc thé va ¢é quy tac
cu phap nhu sau.
port (1én_cong: | mode | kiéu_con | = giga_ i khol_1qo )
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{s1én_cong: [ mode | kidu_con | := gid_tri_khéi_tgo 1}

%

16n_cong: 1én clia cdng duge mo 1a.

mode: chi huéng ciia tin hiéu fai cong.

kiéu_con: kiéu dif ligu tai cong hoac cdc tham 6 chung.
gid_tri_khoi_tgo: gia tri Xhai tao cho cong.

Trong phan khai bdo, thuc thé va cdc cdng cia thuc thé luon duge dat tén
hodc ddnh dinh danh. Tén, dinh danh trong ngén ngt VHDL khéng phan
biét chir hoa va thudmg. Mot s6 dinh danh 12 cdc tir khéa caa npgon ngir nhar:
entity, port, is, end, ... Nhimg tir niy ¢6 y nghia ¢6 dinh va khong thé thay
déi trong toan bo ngdn ngit.

Cic céng 12 cdc tin hiéu két noi thuc thé véi cic thuc thé khac Nhimg tin
hiéu tai cong duge dat twong Ung vdi cic dang: in. out. buffer, inout va cic

kidu d licu. Y nghia ctia céc dang cdng nhu sau.

138

Cong cé dang in la cong chi diing dé doc. Trong cic mach s6 cic
céng dang in chi dugc st dung 1am céng tin hiéu vao.

Cong dang out 1a cdng chi dé gdn cdc gid tri. Trong thiét k&
mach, cong dang out chi sir dung lam c¢éng tin hiéu ra.

Céng dang buffer 12 cong ¢6 thé cho phép ca hai thao 1ac doc va
gdn dif lieu. Nhung trong timg ngit canh cong chi ¢d thé nhan
mot trong hai chite niang doc hoac gin dir liéu. Vi du v& cong
dang buffer 13 hai dudng tin hiéu ra Q va Qctia RS trigo. Dot
véi thuc thé trigo, hai dudng tin hi¢u nay 1a hai tin hi¢u ra.
Nhung ddi vdi hat phan tf NAND hop thanh trigoe, cac duong tin
hiéu nay 1a cdc tin hiéu vao. Trong cic chuong trinh trén ngon
nglt VHDL, cdc tin hi¢u dang buffer thuong duoc sa dung trong
cdc trudng hop khi ta muon doc va ghi dir licu & bén trong
chuong trinh nhung tlr bén ngoai chuong trinh thi chi ¢6 1hé¢ doc
dir liéu ma khong thé ghi vio dudng tin hiéu nay.

Cong dang inout 13 ¢6ng ¢6 thé vira doc va vira gdn gid tri. Cdc
cong loai ndy cho phép ¢6 nhiéu diéu khién di ficu dong thoi
trong moi nglr canh. Cic vi du vé cdng dang inout cé the (A céc
tuyén dir lid¢u vao/ra cta bo xu Iy,



Trong phén cdc_thanh_phdn khai bdo thie thé cha thuc thé chita khai
bdo cdc hing s6, cdc kiéu hoac tin hiéu cé thé st dung trong gua trinh xay -
dung thuc thé. Phan cdc_thanh_phdn_biéu_thitc_thitc_thé chia céc bicu
thdce thuc hi¢n dong thoi. Cic biéu thwic nay duge A A
st dung dé¢ kiém tra cac diéu Kién ring budc cic L
phép todn trong hanh vi cta thuc thé can thiét ké. !

Ta hay xét vi du mo td mach céng mét bit. ¢ |
Mach cong c6 tén la FULL_ADDER va c¢é ba [
cong vao 1a A. B va Cin. Hai cong ra cua mach | ‘
cong 13 Sum va Cout. Céc cong vio vi ra déu ¢é -
kidu tin hiéu 12 BIT, trong dé kidu BIT 13 mot kicu voum
dugc dinh nghia trude cta ngon ngly VHDL. Doan  Hinh 6.2 Biéu dién ctia bo
chuong trinh mé 4 thuc thé mach cong mot bit cong mot bit.
duge viét nhu sau.

entity FULL_ADDER is
port ( A, B, Cin : in BIT;
Sum, Cout : out BIT);
end FULL_ADDER

Chiing ta cé thé kiem sodt cau AG) BBIAZ) BRIAET) A0)BO)
tric va che do6 dinh tt.1(31 gian cua ‘L(_—L( Jl_ _}_L |
thuc thé bing cdch sir dung cdc C,, | I
tham $6 chung. Vi du, néu ching «-—
ta mudn xay dung mach cong N |
bit, ta s& duing tham s& chung N dé ] *’L—l_—ﬁl—
chi so bit cia mach cong va tham s, s, 's, s
s6 chung M dé dac trung cho hinh
vi theo dién bién thdi gian clia thuc Hinh 6.3 Bi€u dién cva bo

thé. Trong trudng hop mod ta bo cong bon bit.

cdng ban bit, ban dau N duge khdi tao gid tri 4. Trong qud trinh mo phdng
hodc tong hop mach gid tri thyc cla ¢i * tham s6 chung c6 thé thay déi tuy
theo nhu ciu. Doan chuong trinh VHDL sau cho ta vi du mé ta mach cong
bon bit.
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entity ADDER is
gcneric ( N : INTEGER :=4;
M:TIME :=10ns );

port (A, B:in BIT_VECTOR (N - 1 downto 0 );
Cin: in BIT;
SUM : out BIT_VECTOR(N - 1 downfo 0 );
Cout : out BIT ) ;

end ADDER;

2. Cac kién trac

Sau khi cdc phian tr mach duge mé ta tr mat ngoai bang cédc khai bdo thic
thé, mot hoac nhiéu cdach thuce hién phin ti s duge mo ta bing céc kién triic.
Trong ngon nglr VHDL. cic kién tric cung cap cai nhin bén trong cta thuc
thé. Kicn tric cta thuc thé xdc dinh moi quan hé gifta cic diu vao va cdc
dau ra ciia thue thé va ¢d thé biéu dién theo hanh vi, theo dong van chuyén
dir liéu hoiic theo cau tnic.

Kién trisc xdc dinh cic chiic nang cua thue the. Ki¢n trdc chida phin khai
bdo, trong d6 bao gém cic khai bdo cia tin hi¢u, khai bdo kiéu, khai bdo
hiang, khai bdo céc thanh phin va cdc chuong trinh con. Theo sau phan khai
bao Ya phan than cia kién tric. Trong phan than cua kién triic chida cde cau
k&t cau thue hién dong thai. Cic k&t ciu thuc hién dong thdi ¢6 the la: cdc
khot gdn tin hicu song song, cac khoi ciu triic va cic thanh phan khoi tao.
Ciic k¢t cau thuce hién dong thoi thé hién tinh chat thyc hién déng thoi ¢da
cic thanh phin phan cimg trong thiél k& khi ¢6 su thay doi trang thii tin hiéu
tdc dong vao mach. Cic k&t cau thuc hién dong thdi tuong tic véi nhau
thong qua cdc tin hicu. M1 két cau thue hi¢én dong thoi xdc dinh mét phin
t tinh todn. Phan t&r nay doc tin hiéu, thuc hién cic phép todn trén cdc tin
hi¢u va gdn phitng gid tri tinh dugc cho tin hi¢u. Cic két cau nay biéu dién
cdc khoi phan ciing va cach thide lién ket gifta cliding theo dang cau tric hoac
theo dang hanh vi. Bing cdch d6 cic k&l cau thue hién dong then s mo ta
tong thé cdu tric va hanh vi cta thue thé duge thict k&, Cic két cdn dong
thon duge thue hién song song khong phu thudc vio tiinh tu xuat hién coa
ching trong mo ta kién tric.

Ki¢n trdc duge mo td theo quy tiac cd phip sau.
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architecture 1én_kich _triic of tén_thife_thé is
{ phan_khai _bdo_ctia_kién_tric )
begin
{ cde két cdu_thue hién dong thoi )
end [ 1én_kicn tric},

Trong dé. tén_thie thé 1a tén cta do1 tugng s& xay dung. Tén nay phai
trung véi tén cua thuc thé tuong dng véi kién tric di khai bdo trong phan
khai bdo thuc thé.

Phan khai bdo phan khai_bdo ciia_kién_tric chia nhitng khai béo trong
mo ta kién triic. Hat diu {} cé nghia 1x c6 thé khong chiia mot khai bio nio
hoac ¢é chida nhicu khai bao.

Phin  nam  gita  hat  «r  khoda  begin  vi  end,
cde kétl_can_thie hién_dong_thoi xdc dinh cic khol phin cling theo dang
ciu tric hoiac hinh vi. Cac thanh phan signals ding d¢  két néi nhung Khoi
rieng biét ctia kién trdc. Moi tin hiéu tuong tng véi mot ki¢u di licu. Cic
kiéu dé xic dinh dang ctia dit liéu duge truyén trén cdc dudng tin hidu.

Mot thue thé cé thé ¢6 nhiéu kién tric. Nha thiét k€ cé thé xay dung mo
hinh thét k& si dung cic phuong phédp thuc hién khic nhau theo cdc géc do
quan sdt khic nhau hodac & cdec muc do triru tugng khiac nhau. Thong thudng,
ta ¢6 thé biéu dién kién tric cta mot thuc 1thé & ba phuong dién: phuong dién
hanh vi, phuong dién dong dir liéu va phuong dién cau tric. Mot kién tric
ciing ¢6 thé c6 hén hop cit ba phuong dién biéu dién thict k&. Ta hily xét vi
du bieu dién kién tric thiét k& cta mach cong mdt bit. Theo hanh vi. mach
cong cé thé dugc biéu dién nhu mot hé ham logic tic dong lén ba bicn doc
lap 12 A. B va Cin dé hinh thanh céc tin hi¢u ra I3 Sum va Cout. Theo cich
bi¢u dién biang dong di lidu, mach cong thue hién cic tic dong.

A j S » Sum
B Bo céng J c
» DUt

|
Co ~——

/_.«/’/ B -‘\\\
Hanhvi " D°|,“.9 da - Cau tric
e By — i
[VProcess(A,B,Cm) [ S<=Axor8 ’ ' TD .
Begin . Sum<=Sxor(G, | B
[ s . after 5ns L
‘ End ‘ ’ch(A&B)V(s&cm)

Hinh 6.4 Mo ta thue thé mach cong va cde kién tric.
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a. Bicu dién Kkién triice theo hanh vi

Biéu dién kién triic cta thuc thé theo hanh vi ld md ta chiic niing cua hé
thdng tuong tu nhu cac chuong trinh phan mém bing cic qua trinh tinh rodn.
Trong biéu dién nay ta khong cung cap chi tiét viéc thuc hién thiét ké. Trong
ngon ngit VHDL, d€ biu dién ki¢n tric thco hanh vi, cau tric chinh cta
hanh vi s€ 1a qua trinh. Mot qué trinh ¢6 thé coi nhur 1A mot chuong trinh va
dugce xay dung tir nhiing cdu tric thi tuc va c6 thé cho phép goi cic chuong
teinh con gidng nhur trong cdc ngon ngi lap trinh truyén théng.

Ta hdy xét vi du mo ta Kién tric cua mach cong mot bit bang hanh vi.
Trong mo ta chifa mot qua trinh véi ba tham 6 1a cdce tin hiew A, B, Cin. Cic
tin hiéu nay duoc chaa trong danh sdch cdc tin hi¢u tic dong vao qua trinh.
Viéc thuc hién qud trinh s€ dung lai néu khong ¢6 cdc su kién xay tra trén
cdc dudng tin hiéu xvat hién trong danh siach hay nét mot cach khic [a cic
tin hi¢u trong danh sdch cdc tin hiéu tdc dong khong thay doi gid tri. Méi
khi c6 mot su kién xdy ra wén cdc dudng tin hiéu, qud trinh s¢ duoc kich
hoat va cdc cau lénh bén trong cdu tric s€ duge thuc hién tuan tu.

architecture BEHAVIOR of FULL_ADDER is

begin
process ( A, B, Cin )
begin
if(A="0and B="0'and C="'0") then
Sum <="0";
Cout <='0"; }
elsif (A='0'and B='0"and Cin="1")or
(A=0'and B="1"and Cin ='0") or
(A="l"and B="0"and Cin ='0" ) then
Sum<="1";
Cout <=0 ;
elsif (A="1"and B="1"and Cin ="1" ) then
Sum <="1";
Cout <="[";
end if
end process;
end BEHAVIOR;



s L ea o s-aenoc,
C,-- » ' .S C.=(A®RB)C,, + AB
A"‘}" \\“\! s V\L S=A®B @C Hinh 6.5 Cau tric va hanh vi bo
B___) | ;-’Z'//I | | - £,| cong mot bit.
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{ | ' N ; I ,\'J c \'\ ou(—
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Mot quad trinh mo ta hanh vi cia mot phan hoic toan bé thiét ké. Qua
trinh xdc dinh cdc khoi ma ténh tuan tw doc 1ap. Cic khéi ndy c6 thé duge
kich hoat tng vdi cdc bicn doi trang théi cta tin hiéu. Khi ¢é nhi¢u hon mot
qua trinh trong kién tnic thi nhitng qua trinh d6 duge thue hién dong thai.

i. Mo hinh hanh vi
Thi¢t k&' s6 duge mo hinh héa nhu moét nhém cic phép todn tic dong lén
cdc gid tri dir liéu truyén qua hé thong. Trong mo hinh hanh vi cia VHDL

Qua trinh i Qua trinh k

— I —

tin hidu _ | .
— i T e in_hiéu
\—J\{_/ : tinhieu L.~ y

tnheu LA\ T - __/__/ N
A

Qua trinh i

|
tin hieu | . —l M5 hinh clla qua trinh
T r

- /\ /L-———>

B tin hiéu

tin hiéu

I o

ITinh 6.6 Mo hinh hoat dong clia mot qud trinh process.
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mo6i phép toan duge goi 1a mot qua trinh va cic gid ul dir liéu di qua hé
thong duoc goi 1a tin hiéu. Mot hé thong c6 thé coi 1a tap hop cédc qud trinh
va cde qud trinh tuong tde véi nhau thong qua cac tin higu. Tat ca cdc qud
trinh trong mo hinh thuc hién ddong thoi va cdc tin hiéu duge dung d¢ dinh vi
cac qua trinh song song.

Chiing ta ¢6 thé coi viée thuc hién mot qua trinh nhu mét vong lip vo
han. Vong lap ndy bat dau tir viée thuc hién dong 1énh dau tién, ldn luot dén
dong [énh tha hai, thit ba, ...cho dén dong léah cuoi cling va lai quay ted lai
dong 1énh dau tien. Viée thuce hién cde cau Iénh trong qud trinh duge thuc
hién cho dén khi gap cau lénh wait. Khi bi dimg lai. qud trinh ¢6 thé dugc
1ep tuc thyc hién tra lai. Diéu kién d¢ qua trinh thue hicn g lai phu thuoe
vao thoi gian théh glan ngung cuc dai trong cau lénh wait woi qua. Trong
nhié¢u trudng hop qud trinh ¢6 thé duge kich hoat ¢ ui tuy thudc vio sy
thay daéi trang thdi coa cde tin hiéu tdc dong hodc khi cdc diéu kién dit ra
duge thoa man. Ngon ngdt VADL cung cap kha niang m6 14 nhing tin hidu
tic dong vao cic qud trinh bang danh sdch cdc tin hiéu tic dong. Khi gid ti
cta cdc tin hi¢u trong danh sich tac dong bi thay déi. qua trinh duoc kich
hoat va bit dau thuc hién.

Trén hinh 6.6 ta ¢é6 mo hinh kién tric cia hé thong gom ba qud trinh |, J,
k. Mdi qua trinh 7 v3 j ¢ hai tin hiéu tic dong con qud trinh 4 chi c6 mot.
Dau ra cta qua trinh J noi vai dau vao cia qud trinh & va diu ra clia qud trink
J nGi véi diu vio cta qud trinh 7. Ca ba qud trinh cling thyc hién dong thoi va
cic tin hiéu 1ac dong dung dé kiém sodt tién trinh thuc hién cac qud trinh.

ii. Mo hinh diéu khién thoi gian

Sy thay doi gid tri tin hiéu tai nhing thoi diém thdi gian xdc dinh duge
thé hién qua “thot diém mo phong”™ cia hé thong. Thai diém mo phong trong
ngon ngd VHDL 12 thoi diém tai 46 ¢6 cic sy kién xvat hién trén dudng tin
hicu. Khdi niém thdi di€m mé phong teén thue t¢ 1 khdc véi khdi nicm thoi
gian dong hé noi tai. Cic qua trinh trong VHDL duge kich hoat lai méi Khi
c6 sy thay doi gid tri cha tin hicu trong danh sich tin hiéu tic dong. Khi qud
trinh tao nén gid tri cho tia hi¢u dau ra, ¢ thong mo phong sé chi dinh fugng
tr thoi gian tude khi gid i duge gin ra ddu ra. Lic d6 ta néi ring hé mo
phong thyc hién viéc dinh ¢ wong trinh cho giao téc sau thdi diém moé phong
xdc dinh. Hé thong mo phoag cua VHDL ciing cho phép dinh chuong trinh
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cho mét s6 bt Ky cde gino tdc Aol g3 qau me phéng

VGl duong tin hiéu ra. Tap hop tal \ .
Gi duong tim hiéu ca. Tap hop ] Chu trinh mb phang

ca cic viao tde dar vai tin hicu

trong mot gua 1rmh 2ol la - Giai doan mét_
VHDL cung cap mo hinh hat giai Cép nhat tin hiéu

doan: chu trinh mo phong.

Trong giai doan 1: gi1d tri \ \
clia cic tin hiéu s& thuce ~

Giai doan hai
Thuc hién tinh toan

hién giao dich trong thoi

gian hién tai duge lun mot Diéu khién lich trinh
- Trong g doan 2: nhing cac giao dich
process nhin thong tin tai ‘ i
nhimge tin hicu tic dong s¢ Két thue mé phong D

thue hién tinh todn ¢cho (81 hinh 6.7 Chut winb mo phong cia qua tinh.

khi bi (reo. K¢t thic giai

doan 2, théi diém moé phong s& phan gid tei mdi vd chu trinh thue

hién lai.

Nha thiet k& €6 1hé chi dinh thoi gian tinh tr thoi diém hién thot ma 2id

11 s€ duoc aui a1 tin hicu ra trong cac cau {énh gidn tin hi¢u. Néu trong ciu
lénh gan tin hicu Khong chi 16 gid tri thoi gian ré hoic gid tri nay bang ()’
thi thoi gian ré mic dinh delta cha bo mo phong & duge sit dung d¢ dinh
lich trinh cho thao tac. Thai gian wé ndy khong thay doi thoi diém xuat hicn
tin hi¢u dong hé mo phong nhung duge st dung dé két thiic mot chu trinh
mo phong vit bt diau mot chu trinh méi. Néu gid tri méi duge gidn cho tin
hi¢u khac vér gid tri ch. tren duong tin hicu xudt hién su ki¢n.

b. Bicu dien Kién triic theo dong dir liéu

Phong cdach mo ta kicn (rdace theo dong die Heu dic (a he thong nhu ciic
bi¢u di¢n song song cua cdc dony da licu va dong cdc tin hicu di¢u khien.
Theo phuong phdp nay ching ta mé t cic dong théng tin, hanh vi luan
chuven cic dong dir licu theo thot gian cua cde ham 16gic 16 hop nhu mach
cong. mich so sianh, mach giidi ma v cac phan o 1ogic co s6. Vi du, ta ¢
th¢ bicu dién kién trde cua mach cong FULL_ADDER theo phong cich
dong dir [icu nhu sau.



architecture DATAFLOW of FULL_ADDER is
signal S: BIT .
begin
S<=A xor B:
Sum <= § xor Cin affer 10 ns;
Cout<={ A and B)or ( Sand Cin ) affer 5 ns ;
end DATAFLOW:

Trong vi du niy 1a cé ba bicu tinfe gin tin hiéu song song. Méi bicu thic
gdn nay ¢o (thé hieu nhu mot qud trinh véi tin hicu v€ bén phai cta phép gan
[ cdc tin hicu nam trong danh sdch cdc tin hiéu tic dong cua qua trinh. Vi
duy. trong phép gan thi nhat, dudng tin hi¢u S s& nhan gia tri A xor B sau khi
¢6 su kicn xudt hién trén duong A, hoidc teén dudng B hode trén ca hai duong
A vh B. O day chiing 1a khong dat gia tri twdng minh cia thoi gian tré. Do do
d¢ mo phdng tién trinh thuc hién qud trinh theo thoi gian, hé thong st dung
thoi gian ¢ miic dinh delta, Trong phép gan thi hai, dudng tin hi¢u Sum
nhin gid tri biéu thiic S xor Cin sau 10ns so véi thoi diém ¢é cde su kién trén
cde dau vio S vi Cin ctia phan wr Xor. Cling wong tu nhir vav., dudng 1in
hicu Cout s&€ nhan gid tr

((Aand B)or (Sand Cin)))

sau 3 ns so voi (hat diem ¢é sy Kién trén cde duding tin hiéu A, B. S hoac
Cin.

Cic hing so co 56 c6 thé duge ding nhu cic tham s6 ¢, Trong vi du
ndy, ching ta thily cdc khai bido cha tham s& tré caa phin khai bio thye the
va viée st dung ching trong Kién tric.

Vi du,

entity FULL_ADDER is
generic ( N: TIME =5 ns );
port (A, B, Cin : in BIT; Sum, Cout : out BIT);
end FULLADDER;
architecture DATAFLOW of FULL_ADDER is
signal S: BIT:
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begin

S<=Axor B:

Sum <= S xor Cin affer 2¥N :

Cout <= (A and By or ( Sand Cin ) affer N ;
end DATAFIL.LOW;

¢. Biéu dién kién truc biang civ trac

Phong cich mé ta kién tric thong qua ciu tric xidce dinh cau trdc coa
thue the su dung cic khai bido cli ciac phan tir thinh phin va cdc phicn bin
cua cdc phan tu thanh phan. Cic mo ta ciuv trde chia danh sdch cac phan
hoat dong dong thai va licn két gitta ciac phan tr do. Vi duy, khi ta mo ta ciu
tedc cua mach cong mot bit FULL_ADDER. Mach FULL_ADDER duoc
thict k& 1rén co sd cite thinh phan @ HALF_ADDER va OR_GATE. Cau
tric duge thiét k¢ clia mach cong mot bit chia hai mach nia téng vit mot
phan tu 1ogic co ban la OR_Gate. Cic phan ta nay lien K&t véi nhau bang cic
tin hicu.

S

A oo 1M - & N3
8 HA1 No !> HA2 Sum
- s S >

ITih 6.8 Cau utic & mde kién triic ¢la
mach cong mot bit cua har tn hiéw.

architecture STRUCTURE of FULL_ADDER is
component [TALF_ADDER
port (L1.L2 :in BIT;
Carry,Sum : out BIT );
cnd component:
component OR_GATE
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port ( L]. L2: in BIT:
O: out BIT );
¢nd component:
signal N1 N2 N3 : BIT;
begin
HA' : HALF_ADDER port map ( A, B, N1. N2 ),
HA2 - HALP_ADDER port map ( N2, Cin, N3, Sum ):
ORI : OR_GATE port map ( N1, N3, Cout ):
end STRUCTURE:

Khi d6 phic tap cua thiét ké tang 1¢n, nha thiét k& thudng phan tich hé
thong thinh nhiing hé thong con. Cic hé thong con nay lién két chit che
theo chic nang trong thinh phin cia hé thong 16ng thé. Moi hé théng con
lai ¢d the duoe phin tich thanh nhing phan hé & mic thap hon nita. Trong
ngdn ngd VHDL, & mtc cao nhit cta (hiét ké ngudi 1a st dung mo hinh kién
triic theo phong cich cau tric ctia thue thé. Cau tric nay s& gém tap hop
phién bin cua cic phan hé két ndi véi nhau bang cde dudng tin hicu.

Mai phién ban cia thinh phan mach duoe mo td bang cdc hop den trong
bicu dicn ciu tric véi ciac Jien két dau vao v hén k&t dau ra duoe mo i ro
rang. Citc phién ban thanh phin phai tuong thich véi cic thue the. Cic thuc
thé ndy s¢ mo ta cie chiic nang cua thanh phian mach bang cdc mo hinh kién
tric theo bicu dién cau trdc hoic hinh vi. Vi du, déi véi mach cong mot bit
cta hai tin hicu, ta ¢é mach cong s€ duoc xay dung tir hai mach nia 16ng va
mot phin tr OR. Khi dé theo cde mo ta kién tric cia cac thue thé bang cic
mo ta cau tric. thue (hé FULL_ADDER duce tao bdi hai thuc the
HALF_ADDER va mot thuc thé OR_GATE. Trong d6 thuc the
HALF_ADDER ¢4 thé duge xay dung tu cdc phan tir XOR v AND.

Mo ti thue thé HALF_ADDER theo cau tric tir cac phan nr AND va
XOR.

entity HALT-_ ADDER is
port (10, I1 :in BIT: S. CO : out BIT );
end HALF_ ADDER:
architecture STRUCTURE of HALF_ADDER is
component XOR_GATE
port (10.I1: in BIT; O: out BIT ).
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end component:
component AND2_GATE
port ( 10. I} : in BIT; O: out BIT );
end component:
begin
Ui: XOR_GATE port map (10,11, S ):
U2: AND2_GATE port map (10, 11, CO);
end STRUCTURE:

Maéi thanh phin cia thuc thé néu trén ¢ the xay dung tr cdc thue the
khac mé ta cdc chidc nang caa ching. Vi du phan td XOR_GATE ¢6 thé
duoc mo ta theo hanh vi nhu sau.

entity XOR-GATE;

port (10, 1 :ip BIT: S, CO : out BIT );
end XOR_GATE; :
archifecture BEHAVIOR of XOR_GATE is
begin

0O <= 10 xor 11 affer 10 ns:
end BEHAVIOR:

Bicu dién cdu tric cua cdc phan cap thiét k€ anh hudng téi qua trinh
phan tdch thiét k&, Didu ndy xudt phdt tir ciac dic dicm cia hé thong duge
thict k¢, G mat mite phan cap bat
ky, hé thong duge ciu tao bai cic )
lién kér cua nhing thanh phan & /

mic dang x¢t Bidu dién caw tric T

cua kién tric chia danh sich cdc >~

hop den. O mite thip nhit cha qui _ FARN o '
trinh phan tich. ta phai mé td hanh F2Z F 71, G T Mohgn::;oa
vi cia cac phin 1 nam trong thiét i s 2

k& & mie nay. Qud tinh phan cép Hinh 6.9 Cay phan cap v dign

oy aex y o . kién trie clia mo hinh 1hnét ke,
¢6 the bicu dién dudi dang cay phan

cap ( hinh 5.9 ). Tai muic thdp nhit ctta phédn cdp, ta phai md ta hanh vi cia
cdc thuc the theo trinh ty ma mé hinh mach s& dugc mé phong.
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3. Cic g6i thiét k¢

Muc dich chinh cta cdc goi [a tap hop cic phdn ¢ the ding chung
gitfa hat hoac nhicu don vi thi¢t k&é. Mot g6i bao gém hat thanh phan: phan
Khai bio gbi va phian thin goi.

Phan khai bio géi chira tat ¢a cdc khai bdo cta moi tén. Nhitng
tén nay sé duge cic don vi thiét k& dung dén khi s dung goi.
Thong thudng phan khai bio chita mot s6 kidu di ficu chung, cic
hiang va mé ta cua cde chuong trinh con.
Phan than gdi bao gom cdc phin than cta ¢ic chuong trinh con
mo ta trong phan khai bio gét. Phan than niy 1a an doi véi bén
ngoal. Phan than cua géi khong bat bude phai ¢é néu Khong ¢6
chuong trinh con dugc mo 4 trong gol.

Vi du. ta ¢ khai bdo géi nhu sau. Géi nay khai bdo mét 56 kicu.

bicn, hing va chuong trinh con.

package EX_PKG is
subtvpe INTE is INTEGER range O to 255
constant ZERO : INT8 :=0:
constant MAX ; INT8 ;=100
procedure Increciment ( variable count : inout INT8 )
end EX-PKG.

Do trong khai bido ¢é thi tuc Increcment nén ta can phai ¢é thin cia goi
wong ung v khat bao goi tren.

package body EX-PKG is
procedure Increement ( variable Data: inout INTE ) is

begin
if ( Count >= MAX) then
Count := ZERO:
clse
Count ;= Count + 1;
end if

end Increcment;
end EX-PKG;
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4. Cac ¢au hinh

Mot thue the ¢é thé ¢d mot vai Kién tric. Trong quad trinh thi¢t K&, ¢é
thé can phai tha nghiém mot vai bi¢n the cha thiét k& bang cach sir dung ciic
kien tric khic nhau. Cau hinh 14 thanh phan co bin cua don vi thict ke, Ciu
hinh cho phép gan cdc phién ban cha thuc the vio nhimg kiéh tnic khdc
nhau. Ciu hinh ciing cé the duge st dung dé thay the mot cich nhanh ¢héng
cic phan 1 ca thue the trong bidu dién cau trde cha thict ke

Cu phap cua mo ta cau hinh:

Configuration tén_cdu hinki of tén_thie_thé'is
{ phan_khai_bdo_cria_cdu_hinh |
for ddc_1a_ciia_khoi
| ménh_dé use
{ cdc_phan_ut cua_cau hinh )
end for;
Vit phan_khai_bdo_cra_cdu_hinh cho phép ciu hinh st dung cic
phan t trong cac gdi vi cdce thu vién.
Vitlr déc ta_cra_khéi xac dinh cau hinh cho kign tric cia thuc the.
Vidu

Configuration FADD_CONFIG of FULL_ADDER is
for STRUCTURE
for HA1, HA2: HALF_ADDER
use entity WORK.HALF_ADDER(STRUCTURE)
for OR1: OR_GATE use entity WORK.OR_GATE;
cend for
end FADD_CONFIG;

trong ciu hinh nay, ching ta thay:

STRUCTURE chi 16 kién trdc cta thue thé FULL_ADDER dugc dat cau
hinh.

HA1L vi HA2: 1a céc thue the gin véi thue thé HALF_ADER cua kicn
tric STRUCTURE trong thu vién WORK.



Phicn ban OR1 gan vé6i thue thé OR_GATE trong thu vién WORK.
5. Cic thu vién thi¢t k¢

Phian tich VHDL 1a qud trinh ki¢m tra thict k¢ VHDL cho ddng ¢t phip
v ngli nghia. Sau kln phin tich VHDL, cac don vi thict ké s& duge luu gifr
wong cic thu vién d¢ su dung sau nity. Thu vién thiét k& ¢é thé chita nhiing
phin tr thu vién sau:

Goi ; 1a nhing mo td, khat bido duge dung chung.

Thue thé : la nhing mo ta thict ké duge dung chung.

Kien trde « nhitng thict k& chi tict duge dung chung.

Cau hinh : 12 ahiing phién ban cta thue the duoc diing chung.

Cic don vi thu vién 14 cic ciau tric VHDL ¢6 thé duge phan tich riéng g
theo trinh tu nhit dinh. Vi du, thue thé phii duge phan tich trude kién tric
cua ching: cdc gd phai duge phan tich trude khi duge don vi thiét k& su
dung.

Trong ngon ngtt VHDL ¢6 thu vién thiét k¢ dic bict co tén [a “WORK™.
Khi ¢hidng ta bién dich mot chuong trinh Vi€t trén ngon ngt VHDL nhung
khong chr ré thu vién dich, chuong trinh nay sé duge bién dich va chia vao
thu vien “WORK™. Vi du, I¢nh

ve My-Design.vhd
s¢ Kiém tra cd phdp chuong trinh nam trong tép “My-Design.vhd™, dich

Library-1 BS mo phong
ep ) O phan ) \
VHDL tich STD
WORK BG tong hop

—

Hinh 6.10 So d6 bidu dién qud trinh bien dich v mé phong tir echuong trinh (hanh
cde thur vien cta ngdn ngtt VHDL, sau dé cde thu vien <& dude dua vao ¢ mo phong.

chuong trmh dé roi chida vio thu vign “WORK™. Hinh 6.10 chi ra cic
phuong thie st dung cac thu vien thiét k& trona ngon ngit VHDLL.



§6.3. Céc kicu dir liéu

Ngon ngtt VHDL ¢6 ba dang doi tugng: bién, tin hicu va hing. Phan khai
biio 1rong cic ciu e ngon ngd s& lict ké cic doi tuong sé s dung. cac kicu
cua cdc doi wong d6 va gid tri ban dau ma ching s¢ nhan trong qui trimh mo
phong.

1. Cac doi tuong dix lico

Trong ngén natt VHDI. ngudi ta phin biét ba loai doi tuong dir ficu: hing.
bicn vii tin hicu. Cac doi tuong duoce diic ta dua vao cdc tir khod. Nhimg tir
khod nay phai xoat hién ¢ phan dau cda phan kha bdo déi tugng.

a. Hang

Hing 13 dai wgng duge khoi tao hing nhimg gid tri nhat dinh khi duoc
tao nén trong qua trinh thue hién va sau dé gid i cua hang khong thay doi.
Hing ¢6 thé¢ duoe khai bdo trong cic gol. thue thé, kién tric, chuong trinh
con, khoir va qua trinh.

Ca phap khai bdo hang:

constant /én hang | . tén_hang }: kicu |:= gid_t7 |
Vi du.

constant CHART7 : BIT_VECTOR (4 downto 0) :="00111";
constant MSB ; INTEGER := 5:

b. Bién

Bi¢n i doi tugng di ligu diung dé chida nhiing K&t qua trung gian. Bich
chi ¢6 thé duge khai bdo bén trong cic qud trinh hoac chuong trinh con. Bién
fuen di doi véi kicu. do dé bicn phai duge khai bdo kicu. xic dinh khoang
@131 han hoac gid tri khéi tao ban ddu. Mot cach mac dinh, gid tri khai tao
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cla bicn I gid tri thap nhat trong cdc gid tri thude mién xde dinh cua kicw.
Ricn ¢é cu phap khai bdao nhu sau.

variable r1éu_bicn |, 1én_bicn): kicu |:= gid_tri khoi tao |

Vi du,
ariable Temp: BIT_VECTOR ( 8 downto 0 )
variable Delay: INTEGER range O to 15 :=0:

c. Tin hi¢u

Tin hiéu la doi tuong dir licu dung d€ két noi gita cic qud trinh hoac
déng bo cic qua trinh. Khai bdo tin hiéu s¢ tao tin hicu mai ¢6 cic gid i
cla kicu xidc dinh. Tin hi¢u ¢é th¢ duge khai bido trong phan khai bio goi
( khi dé tin hi¢u s& [a tin hiéu toan cuc ). khai bdo thuc the ( khi d6 tin hicu
Ja tin hiéu todn cue cla thue the ), khai bio kién tric (tin hicu s& [a tin hiéu
toan cuc cua Kién tric ) va trong khai. Cic tin hiéu ¢6 theé duoc su dung
nhumg khong thé duge khai bdo trong cic qui trinh va cic chuong trinh con.
C6 the giar thich didu nay nhu sau, cde qua trinh va chuong trinh con la céic
thanh phian co $6 cta moé hinh va duge coi 1a cic hop den. Cic tin hic¢u s¢ tic
dong vao cic hop den dé i bén ngoat. Cic dip dng cua hop den s¢ anh
huong dén duong tin hicu ra. Cice tin hi¢u ¢ cu phiip khai bio nhu sau.

signal tén_tin_hiéu (. tén 1in_hiéu }: kicu [:= gia 1ri_khoi_tao );
Vidu,
signal Beep: BIT :='07
signal Res : INTEGER range O to 1023:
2. Cic kiéo div licu
Moi doi tuong dir licu trong ngon ngir VHDL déu phai duoc dinh nghia

bai cic ki¢u du téu. Ngon nglt VHDL cho phép sir dung cic kicu co s d¢
tao nén cic doi tuong phiic tap hon.



Kiéu phai duge khai bio trude khi sir dung. Khai bdo kiéu xic dinh t&n
Kiu va mién xdc dinh cta kiéu. Cac khai bdo kifu ¢6 thé nam trong phin
Khai bio cia géi. khai bio thue thé, khai bdo kiéh tric, khai bio chuong
trinh con va Khai biao cic qua tnnh.

Céc kicu dir lieu chinh trong ngon ng VHDL:

- Kicu kiet keé.

- Kiéu s nguyen

- Kic¢u duoc dinh nghia trude cua VHDL
Kicu mang
Kicu ban gh

- Kidu STD_LOGIC.

- SIGNED via UNSIGNED.
Cic kicu con.

a. Kicu hiét ké

Kiéu liét ké duge dinh nghia bang cich 1i¢t ké tat ca cde gid tri c6 thé ¢d
ctia kic¢u. Cic gid ti nay do ngudn s dung xic dinh va ¢é (h¢ )a cic 1¢n hoic
nhing Ky u.

Cu phidp cua kicu tigt ké

type 1en _kicwis ( gia_tri ligr ke {. gid 1 lidt ké )} );

Trong ngon ngd VHDL kicu li¢t ke ¢6 dac diem khie vdi kiéu li¢i ke cha
cie ngén ngir lap trinh khic. Méi gid tri trong thinh phian cua kic¢u ¢é thé
xuat hi¢n trong hai hoac nhic¢u hon kicu liét ke.

Vidu,

type Color is (Red, Orange, Yellow. Green, Blue, Purple):
type Light is ( Red, Yellow, Green );

type STD_LOGIC is (U''X', 'O ' 2, "W UL ' HY, ')
variable X: Color:

signal Y: STD_LOGIC;

Trong cdc ngon ngil lap tinh truyén thong, cic liét ké khong duge phép
chita nhiing phan tr giong nhau. Trong vi du trén. trong cic ngon ngd lap



trinh truvén thong cdc khai bdo hai kiéu “Color™ va “Light™ li sai vé mat cd
phip. Didu dé 1a do néu mot hien X ¢é kicu 1a “Color™, thi khi thyc hicn
phép gian

X :=Red;
chueng trinh dich sé khong xac dinh duoe gid tri ‘Red’ thuoe mién xde dinh
cua kicu ndo! Néu gid tri ‘Red’ d6 thudc kicu “Color™ thi phép gin I ding.
Trong trudng hop 2id tri *Red’ thudc kicu “Light™ thi phép gin dé 1a sai.

D¢ giiti quyct tinh trang map my do. trong ngon ngir VHDL. ton @i co
ché dinh ki¢u. Co ché nay cho phép xdc dinh mot cich wong minh gid tri
dang x¢l thuée kicu nio.

Mai doi tuong xuit hién trong kicu ¢6 mot vi trf nhit dinh va duoc xidce
dinh boi trat tr xuat hién. Mot cdach mac dinh, doi wong dau tién ¢o vi tri 0,
doi tuong 1icp theo ¢6 vitri 1. vav, Trong qud trinh téng hop phan ciing,
kich thude cua tin hicu hoac bicn kicu lict k¢ duoe xdc dinh bai $6 luomg bil
nho nhit de ma hda so luong cde giad tri liéL ke.

b. Kiéu so6 nguyén

Ki¢u nguyeén Ja midn xdc dinh ¢ia cic s6 nguyen. Tat ca cic phép todn
toin hoc thong thuong déu.dp dung duge cho 88 nguyen. Cic phép toin thue
hicn teén kidu nguyén la @ +, -, *, /. Quy tic cii phip khai bio kicu nguyén
¢6 dang nhu sau;

type (én_kiciis range mién so_ nguyén ;
mién_s6_ nguyén 1i mién con cla 1ap hop so nguyeén.

Vi du,
type Integer is range -2147483647 to 2147483647
type Twos_complement_Integer is range -32768 to 32767,

¢. Cic Kki¢u duoe dinh nghia truée trong VHDL
Theo ticu chuin IEEE 1076 — 1987 ngudi ta xdc dinh hai géi chuan: g6

Standard va g6i Textio trong thu vién STD. Mo6i g6i chia tap hop cic kicu va
todn 1. Trong gdi Standard chita tat ca cdc &p ngudn clha ngon ngt VIHIDL
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VoI cde menh dé an. Sau day la mot s6 kiCu chuian duoc o ta trong

a0)

o

Standard.

Boolean: hicu Jict K¢ ¢6 hai gid tri false vi true voi quan he false <
frue. Cic phép tic dong 1én déi tuong Kiu Boolean ia phép todn
[6eic vivquan he. Cac phép todn ndy tra L gia tri kicu Boolean.

Bit: kicu ¢t K¢ véi hai gid i '0" va "I'. Cic phép toidn logic ¢6 the
thue hién trén cde doi tuong kicu Bit va tra lai gid tri hicu Bit,
Character: kicu Lict ke véi midn xdc dinh )i tap hop cic ke w
ASCII, Cic ky trr khong hien duge bicu dién biang tén chiu ba kv tu.
Cdc ky tu hién hinh duge bicu dién gitra hai dau mée don.

Integer: Kigu sO nguyén vai nhimg gid tri duong hoac am. Mién xac
dinh cla kicu Integer trong ¢6i Standard 12: e 2,147 483,647 dén
2. 147 483,647, Cic phép roin trén cdc doi tugng Kicu Integer L cic
phép toan s6 hoe: +, -, L /.

Natural: la mot kicu con cua Ki€u s nguyén va ding dé chi cic 50
nguyen khong am - s6 tu nhién.

Positive: 1a Kicu con ca Kicu s6 nguvén st dung dé bicu dicn cic 50
duone.

Bit_vector: 1 kicu bicu dién mang cic Bit.

String: Kicu dit héu bao gdim nuing cac Charater. Mot giid i kicu
String duoc clnf trong mot cip moc kép.

Real: mo 1 cic so thye trong gidi han: tr -1.0FE + 38 dén 1.04 + 38,
Physical type Time: kicu Time duge sic dung dé bicu dién cie gid tri
thoi gian ding trong qua trinh mo phong.

d. Kiéu mang

Tuong tu nhu trong ¢ic ngon ned {ap tinh truycn thang. trong ngon nad
VHDL. phitn 1t kicu ming 1a nhém cde phan w cing Kicu va duoe truy cap
(Gi nhu mot doi wigng. Phin (I kidu mang trong ngdon ngit VHDL ¢6 nhimg
dic dicm nhuy sau.

Cic phin (0 cia mang ¢6 the I moi Kicu trong ngon ngt VHDL.

S6 Tugng cice chi 6 cia mang ¢ ndi cich khic la »6 chicu cua mang )
¢6 the nhan moi gid tri duong.

Mang chi ¢6 mot v chi mot chi 8 dung d¢ truy nhap 161 phan .
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— Mién bidn thién cha chi 88 xidc dinh s& phan (0 cua mang v hudng
sdp XEp chi s6 trong mang: tir cac chi s6 cao xudng cic chi s6 thip
hoidc ngugce lat.

Kié¢u ctia chi 6 ¢6 the 1a kicu nguvén hoac kicu 161 ke.
Khiic vai cdc ngon nad 1ap trinh truycn thong, trong ngon ngr VHDL, mang
duoe chua [ hai loai: mang ¢d rang bude va mang khong rang budc.
Ming ¢6 ring buoc 12 mang trong dé kiéu cua chi s6 ¢6 mién Xic
dinh duge quy dinh mét cich twong minh. Dicu d6 ¢6 nghia K sau
kin duge khai bdao, mang ¢6 kich thude ¢o dinh. Nhuw vay mang cé
rang budc wong tr vél doi tuong Kicu mang trong cic ngon nad lap
trinh teuyén thong.
Cii phip cva mang ¢6 rang buoc:

type réu_mang is avray (khodang _ciia_chi s6'y of kicu_ciia_phdan ni
Trong dé.
khodng ciia_chi_sd'la mién con cta kicu nguycén hoac kicu lict ke.
kicu_cua_phdn_nila kiéu cda phan t mang.

Vidu, khai bdo ming cua 64 phan ta nguyén.
tvpe Arl-is array ( 0 fo 63 ) of Integer:

- Ming Kkhong ring bude [ kicu mang trong dé micn vic dinh ciia
Kicu chi so v hudng sip x&p cua cde chehi 86 khong \dc dinh mac
db so luong chiéu cua ming duve ¢hi 6. Nhw viv doi tuong ming
khong rang bude cd the ¢6 56 luong phian (& Khone xie dinh. noi
cich khic marg khong rang buoc ¢4 56 kich thude ien thien. Nhu
vay dung luong bo nhd sir dung cho mot mang khong rang buoc ¢
the thay doi wy theo nhu ciu s dung, Didu niy khide \6i cic ngon
ngit lap uinh truyén thong nhie C, Pascal. ...

Cu phip cua mang khong rang huoc:

type sen_mdng is array ( Oon kicn chi 860 range < > ) of
kicu phdn_ti.
tén_kién ol so'lakicu con xie dinli chi so.



Vidu.
type BIT_VECTOR is array ( Natural range <> ) of BIT:
type String is array ( postive range < > ) of character:
subtype B4 is BIT_VECTOR ( 3 downto 0 ):
variable VS - BIT_VECTOR ( 4 downto () ):

Mang thuong ding d¢ bicu dién ¢iu tric tuyen tinh nhu thanh ohi.
RAM, ROM. Cic phan td mang duge ddnh dia ¢hi bing cic chi so. do dé
chi so cta mang phii ¢d Kidu 161 rac nhu Kicu s6 nguyén, kico Lict ke.

Vi du: mé i bo nhé ¢ hich thude 16 x 10:

subtvpe Int-is Integer range O to 13:
subtype [nt10 is Integer range O to 1023:
type Memory is array ( Int4d ) of Int(0;

Ta ¢6 (hE truy ¢ap 161 cite phan 1 cta ming theo chi 86,
Vi du, d¢ truy cap t6i cée phin tr coa mang X theo chi so 1.

variable X: Mcmory:
variable I: [ntd;
variable Y: Int10;

Yi=X(1+3):

Neon ngt VHDL cho phép khai bido cic mang nhi¢u chiéu. Vi du v¢ truy
cap mang nhicu chicu duge dua ra dudi day.
Vi du,

tvpe Twowrray is array (O to 7,0 to 3 ) of BIT:

constant TwoROM : Twoarray:=
(000 ) L 00 T
(OO Yy L 00N
(00 0,0
(G S R A 0 T (R RO BOD RR |

X = TwoROM (2.3);



¢. Kiéu ban ghi

Bin ghi i nhém cta mot hoac nhiéu phan nr thuoe nhimg ki¢u khac
nhau va duge truy cap (6i nhu mot doi twong. Ban ghi ¢6 nhang dic di¢im
sau. '

- Mai phan wr cua bian ghi duge truy nhap téi theo 1én truong.

- Cic phan 1 ctia ban ghi ¢é thé nhan moi kicu clia ngon ngit VHDI,

k¢ ca mang va ban ghi.

Vi du ki¢u ban ghi:

type Date_Type is ( Sun, Mon. Tue, Wed. Thr, Fri, Sat ):
type Holvday is
record
Yecar : Imteger range 1900 to 1999
Month : Integer range | to 12
Day :Integer range [ to 31;
Date : Date_Type:
end record;

Cic phin tr cua ban ghi duge truy nhip theo tén ban ghi vit in tudne.
Hai thinh phian nay ngan ciach nhau boi dau ' .
Vi du, -
signal S: Tolidav:
variable T1: Integer range ( 1900 to 2099 ):
variable T2: Date_Type:

Tl := S.Year:
T2 := S.Data;

f. Cic Kicu trong g6i Standard Logic

D¢ mo hinh hod cdc tin hicn ¢ (h¢ nhan nhicu hon hai gii tri. trong
ngon ngdt VHDL xic dinh géi Standard Logic ( twong tng véi chuan IEEE
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Std 1164 — 1993 ). Hai ki¢u di Hiéu co sa trong géi ndy 1a STD_ULOGIC va
STD_LOGIC.

STD_ULOGIC xic dinh ki¢u di licu gém chin gid tri. Cde gid tri tin hicu
kicu STD_ULOGIC Kkhong thé tham gia vao
cic phép toin logic vi 6 hoc cu ban. Trong
truong hop nay ta phai mé rong cdc phép toin S
$6 hoc va logic co ban bang cich cung cap cic
ham quyét dinh. Trong nhing trudng hop khi %
tin hicu trén mot dudng cé thé nhin duge i
nhiéu nguén tin hicu khic nhau, ching ta
cting phadi cung cip cdc ham quyct dinh. VI pay ga ham quye
du. trong truong hop trén hinh 5.1 duong tin - dwnh gid tri vin logu
hicu s i ket noi cua hai dudng tin hicu doc Lap

s, ViUs, . kDhi d6 tai diém k&t néi cha hai duong 1o 6.11 Truong hop o
) dung ham quyét dinb.

S

tin hiéu ta can phai xdc dinh gid tin hiéu trén
duong s s& nhan duge tr gid tri 1in hicy trén dudng §; v s, nhu thé nao.
Thong thudng gid ui teén duong s duge Xic dinh bang cde phép toin OR,
AND hoiic XOR. Trong truong hop giid tri cua tin hiéu duge mo ta bing mot
trong chin gid tri cua kieu STD_ULOGIC. ta cin phii md rong cic phép toin
logic cho cde gid tri khong thude tap hgp { 07, “17) hay { ‘false’, “true’ ).
Nhitng phép todn ma rong dé duge biéu dién bang cic hiun quyet dinh.
Cic gia tri cha Kiéu STD_ULOGIC:
type STD_ULOGICis (U 'X, 'O, ' V'Z "W 'L T H -

STD_LOGIC 1a kieu duge xidce dinh. Cic him quyél dinh cia kicu niy
duoe cung cap boi géi Stundand Logic.

Tuong i nhu BIT va BIT_VECTOR. ngon ngidt VHDL cung cap hai Kicu
STD_ULOGIC_VECTOR va STD_LOGIC_VECTOR.

Vi du.

entity ADDER is
port ¢ A.B:in STD_LOGIC_VECTOR ( 3 downto O ):
Cin :in STD_LOGIC:
S out STD_LOGIC_VECTOR ( 3 downto O ..
Cout; out STD_LOGIC; ;
end ADDER;
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g. Kiéu signed va unsigned

Kiéu ¢6 diu signed va khong ddu unsigned duge st dung doi véi nhiing
doi tugng s€ duge truy cap (6i nhu cde bit va nhu cdc s6 nguvén. Hai kiéu
nay duge dinh nghia trong hai géi NUMERIC_BIT va NUMERIC_STD nhu
sau:
tvpe signed is array ( natural range <> ) of BIT/ STD_LOGIC:
type unsigned is array { natural range <> ) of BIT/ STD_LOGIC:

Vidu,
Card_Input: unsigned ( 3 downto 0 );
Score: signed ( 4 downto () ) := "00100";
Cac phép toin s& hoc duoge md rong cho nhiing kiéu di liéu niy va dugc
mo (a trong cac g6i NUMERIC_BIT va NUMERIC_STD. Cic doi tuong
kicu unsigned duge biéu dién nhu cic s6 nguyén nhi phan khong dau.

h. Kié¢u con

Cic kiéu con liv mot tap hop con clia cdc kiéu di duge dinh nghia khic.
Phép khai bdo kic¢u con ¢6 thé nam 0 moi Vi tri cho phép khai bdo kicu. Sy
khdc biet gida kicu con va kiéu 1a ¢ chd kiéu con chi 12 tp con cui mot kicu
hodc mot kiéu con di duoe dinh nghia trude.

Kic¢u con thutng dung dé gidi han cic dang dit licu trong cic phép gan va
trén cde dudng di licu. Vi viee khai bio cic kicu con, cdc dung dif licu ¢6
thé duoc nhan cic gid tri c6 nghia, Cic ki€éu con k¢ thira moi todn (0 va
chuong trinh con tic dong Yén cdc ki¢u cha. Vi du, cic kiéu natural vi
positive 14 cdc kiéu con cia kiéu nguyeén integer. Cic khai bdo kic¢u con ¢6
dang sau:

subtype Intd is Integer range O to 15:

subtype BIT_VECTOR®6 is BIT_VECTOR ( 5 downto 0 );

§6.4 Toan tir va bicu thire

Trong ngdn ngit VHDL, cdc biéu thiic 12 cdc cong thic. Cic cong thic
nay xdc dinh cdc tdc dong tinh todn Ién céc doi tuong di licu. Cic bi¢u thic
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thuc hién cic tinh todn s6 hoc va logic st dung cdc ¢ic todn tr véi mot s
cac todan hang. Cic todn wr diac trung cho phép todn sé duge thue hi¢n con
cdc todn hang 1i cde ngudn dit licu cho cidc phép todn.

1. Cidic toan ty

Cic toan tur duge phan chia theo cic mic do wu ién Vi trat tu tinh todn.
Trong bang 5.1 dua ra cac nhém phép todn véi miic do vu tién tang dan. Cic
quy ude vé trat ty thue hién cic phép 1idn trong bicu thie duoc thé hicén nhu
sau;

Trong biéu thic cic phép todan ¢6 mic do wu ticn 16n hon s& duoc
thue hién trude. Cac dau ngoac don cling gidp xdc dinh ddng trit ty
tinh todn bicu thic.

Cic phiép todn trong phom vé cung ot mue do uu Gén $€ duoe thue
hi¢n tir trii qua phai trong cdc bicu thic.

Bang 6.1, Cic 10dn tir vi mic do vu tién.

Cic phép toan togic and, or, nand. nor, xot
Cac phép toan quan hé =, /2, < <=0, >=
Cic phép toin cong + - &
Todn 1 diu +. -
Cic phép tedn phan | *, /. mod. rem
- > / P I
Cic phcp toin khiic >, ubs. not

a. Cac phép toan logic

Trong ngon nglt VHDL. cic phép todn logic gom ¢6 and, or. nand. nor,
xor va not. Cic phép toan ndy 1i¢c dong 1én cdc di licu kic¢u BIT, Boolean
va mang mot chicu cdc BIT. Do véi cde phép todn hai ngoi and, or. nand,
nor, Xor. cac toin hang phii cung kiéu. Trong trudng hop cic 1odn hang 1a
cic miang mat chicu cde BIT thy cic ming phai ¢6 cung do dai. Cac phép
todn nhi phan xac dimb cac ham tr¢n cac bit coa nhitng phan w mang co
cung chi sa, két qua sé 1a mat ming ¢6 cing do dai va gié han cic chi 6
Phép todn mot ngodl not xac dinh phép dao bit doi véi todn hang cua b
Trong truong hop 1odn hang 1a mot mang thi phép toin not tic déng Ién tat
ca cide phin te cua mang.



Vi du.
signal A. B. C: BIT_VECTOR ( 6 downto 0 ):

A<=Band C
b. Cac phép toan quan h¢

Cic 1odn 1l quan h¢ gom ¢é cdc phép todn so sinh “=" /=" <" “<="

W ™ s

>, “>="". Cidc phép toin so sdnh 1a ciac phép todn hai ngoi v cie todn
hang phai ¢6 cling ki¢u. K&t qua so sanh nhan kicu Boolean.
Phép todn “=" kiém tra quan hé “bing™: /=" — kiém tra quan hé¢ “khdc™ .

AL I3 N

<" — quan hé “nho hon™ “<=" — nho hon hoic bang .

“>T = “lon hon™ .
“>=" - 16n hon hodc bang™. K&t qua nhan gid tr1 true néu quan he duge
nghiém ding va nhan gid tri false trong truong hgp nguoc lai.

Céc quan hé “=" va “/=" xdc dinh véi moi kicu dir licu. Con cdc quan hé

con lai "<t L =", ST, “>=" chi xide dinh vdi cac kieu lict ké, s& nguyén,
mang mot chicu cac 1iét ké hoiac s6 nguyén,

Sur sap X€p cdc gid tri trong miép xic dinh clia kicu xdc dinh két qua cia
cic phép toan so sinh. Cic s6 nguyén duge sip xép theo thit tu tu nhicn ti
cdc 88 am dén ciac 6 duong. Cic mang s¢ duge so sdnh bang cdch so sinh
timg phan tr cua mang bat dau tir can trii cua mién xdc dinh chi 6 mang.

Vidu,

signal A, B: unsigned ( 6 downto 0 );
sicnal C, D, E: Boolean;

E<=(A:B):

¢. Ciic phép todn cong

Cic phép todn cong buo gom “+™, “-  “&". Cic phép todn “+, *“-* thuc
hicn trén cac doi tuong kiéu integer. Phép todn ndi “&" dp dung vdéi cic dor
tugng 13 mang thanh ghi. Phép todn ndy xay dung mang mdéi biang cdch ghép
ndi hai mang nam trong todn hang véi nhau. Mdi todn hang cta phép todn
“& c6 thé [a mét médng hodc phan (i ciia mang. Cic phép todn niy ciing
thuc hién véi cic toan hang ¢6 kiéu signed vi unsigned.
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Vi du.

signal W: BIT_VECTOR ( 3 downto 0 );
signal X: integer range 0 to 15;
signal Y. Z: unsigned ( 3 downto O )

Z<=X+Y+7Z
Y<=7(2downtoO) & W(1);

d. Cic phép toin dinh dau

‘e Al e Lk
+

Cic phép todin mot ngoi , =L “abs™ thue hién véi cic toidn hang

dang $6 va tra lai gid tri cling kicu.
e. Céac phép toan nhan

Sasle VY
Lygesle?

Cic phép todn nhan VT mod |, rem thue hién rén cic kicu
integer. Phép todn *#*™ thé hien phép nang len luy thit; “*" — phép nhing
“/” — phép chia: mod — [dy modun: rem - [av phiin du.

Vidu,
signal A, B, C: infeger range O to 31:

A<=DB*RB;
D <= E mod 4:

2. Cac toan hang
s 7

Trong mét biéu thic, cdc todn tir dung cdc todn han: Aétiwh cic eid tri
ctia ching. Thong thudng trong ngén nglt VHDL ¢6 nhicu dang 1odn hang.
Cdc 104n hang ciling ¢6 thé 1a chinh cédc bieu thic.

Cic dang todn hang wrong ngén ng VHDL bao gom:

— C4c hang. ky hid¢u ahu 'x’, "1001" , 345; .

—  Cic tén, dinh danh;

—  Cic chi $0:



Céc (én ngin va biet danh;
Cic tén thuée tinh:

Cic nhom:

Cic bi¢u thiic dinh kiéu;

Cac phép got ham;

Cic hiéu thic chuvén déi kiéu.

a. Cice hang va gia tri ky hiéu

Cic hang ky va gid tri Ky hicu hodc 1a gid tri so, gid ter ky tu, cdc gid tn

liet k¢ | cac gad tny xau.
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Cic gid i s8 1d cde bang gid tri nguyén. Cic gid tr1 s6 duoe bidu
didn wy thuoc theo hé ¢ s6 mi i tri dé bicu dién.
o Trong hé co sO mudi cde gia tri s6 duge viét nhu binh thuong.
e  Trong hé coso khdc tir 2 — 16, ta viet dudi dang
co_so #gid tri_hang
Vidu, 2#1101
Cic hang ky tu 1a cdc ky tu rieng 1¢ duge vi¢t trong hal ngoic don.
Vidu. 'Z.
Cic hang liet ke 1a cic hang duge xdc dinh trong dinh nghia kicu liét
ké. Trong ngon ngil VHDL, cac gid i lict ké cua cic kidu liet ke
khdc nhau ¢6 thé trung nhau.
Vi du,
tvpe Color is { Red, Green, Blue );
tvpe Light is ( Red, Yellow, Green );
Cic gid tri xau ky tu 1a bi¢u dién ciha mang ky tr mot chicu cic ky
tu. C‘é’hﬁfd:}ng hang xau: cic xau ky 0 va xdu cdc bit.
o Cic xau ky tr i chubdi cdc ky ty nam gilia hai ddu méc kép. Vi
du, “Demo™, 1001001
e Xiu cic bit duge bicu dién tuwong w nbhu xau ky ty, nhung phin
biét cdc cdc dang xdu nthi phin. octal va hexa bang cdc ky 1w chi
hé casd. Vidy, B"10011".0Q "277". X "4C".



b. Cac tén va dinh danh

Cic dinh danh déi1 khi con goi mot cach don gian la 1én. Dinh danhy [a
cdc 1én doi v6i hing, bién, tin hicu, thyc thé, cua cde cong, chuong trinh con
vt cua cdce khai bao tham s6. Cac & kbod trong ngon ngir VHDL ciing i cdc
dinh danh. Cdc tén phai bat dau wr chir cas va chy chida chi cii. chd s v dau
gach n6i '_' . Dau gach ndi '_' khong thé 1a ky tu sau chng trong mét dinh
danh. Trong ngon ngtr VHDL cdc ten va dinh danh khong phan biét theo chir
hoa v chit thuong. Mot s6 dinh danh nhu entity, port, is v end [3 cdc
khod trong ngon ngit VHDL. Mai tir khod cé ¥ nghia xdc dinh trong ngon
ngir va khong thé s dung trong cic muc dich khic.

¢. Tén duve chi so hoa

Nhimg t&n nay xdc dinh mot phan t coa ddi tuong mang. Cu phip mo 14
cha tén chi $6 nhu sau:

1én_mdng ( bidu_tlic )

Trong d6, bién_thire phdi trd Tai gid tei 1a chi s6 cta phin tr mang
trong mién xdc dinh ctia chi 80.
Vi du,

type Memory is array (0 to 7 ) of integer range 0 to 1023:
variable Data_Array: Memory:

variable ADDR: integer range 0 to 7;

variable Data: integer range 0 to 1023;

Data := Data_Array ( ADDR );
d. Tén ngan va biét danh

Tén ngin xdc dinh chuéi cdc phin tir cda déi tuong mang. Huéng ciia
cac chy so phan tir mang 1a to hoic downto. Tuy nhién chiéu chi sé ctia tén

ngan phai tuong thich véi chiéu chi s6 cla kiéu mang tuong ung. Tén ngan
¢6 thé sir dung cling vé6i cdc biét danh ( alias ).
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Biét danh tao ra madt tén mdi cho mot phin hodc toin bo mang. Bict danh
cung ¢idp mot co ¢h€ truy cdp khide (61 phan tr coa mang.
Vi du,

variable Org : BIT_VECTOR ( 7 downto O );

alias Al :BIT_ VECTOR (0to3)is ORG ( 7downto 4 );
alias A2 : BIT_VECTOR ( 107 downto 100 }is ORG:
alias A3 :BITis ORG (7

¢. Thuoce tinh

Thuoc tinh fa dir licu gan lién véi doi tuong trong ngén nglt VHDL.
Thuoc tinh trong ngon ngdr VHDL cua cdce bién hoic tin hiéu tuong tng véi
nhiing aid trj cu thé vit duoc xde dinh theo quy tac ci phdp sau:

ticn 16" thude_tinh

Cic thude tinh duge dinh nghia trude trong ngén ng VHDL 1a left,
right, low, high, range, reverse-range, length.

—  Cic thuoc tinh left hoic right tva lai chi $6 cua phan fr bén trdi nhat
hoac bén phai nhit cua kicu dit licu.

- Cdc thuoc tinh high, Tow tra lai chi 86 cua phan tw cao nhat hodc thap
nhat cla kiéu dii licu.

—  Cic thudc tinh range va reverse_range xdc dinh khoiang cia chi so.

— Thuoc tinh length dua ra s0 luong cic phan 1w cua mot
BIT_VECTOR.

Vi du,

subtype Index_range is integer range 10 downto 0:
variable Vectl : BIT_VECTOR ( Indx_runge );

khi do ta sé co:

Vectl' left & Indx_range' left == 10;
Vectl' right <> Indx_range’ right == 0:
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Vectl' high < Indx_range' high == 10;

Veetl' low <> Indx_range' low == 0;

Vect]' range <> Indx_range == 10 downto 0
Veetl' reverse_range <> Indx_range == 0 to 10:
Veetl' length <> 11,

— Cac thude tinh event va stable chi c¢é doi véi cic tin hiéu. Cic thudce
tinh ndy chi rang trén duong tin hiéu dang xét ¢ xuat hién sy Kicn
hay gid tri teén dudng tin hiéu on dinh tai thoi diem hién tai. Trong
qué trinh t6ng hop mach. cdc thudce tinh nay thudmg dimg véi cdc
lenh wait va lénh if,

Trong ngdn ngit VHDL con ¢6 moét so thude tinh duge dinh nghia trude
Khic. Phan 1én cic thuoc tinh niy duoce dung cho gua trinh mo phong. Vi du
nhu cdc thudc tinh delayed, active, bchavior. structure. last_even.
last_active.

f. Cac nhom

Cic nhém két hop mot hoie nhidu gid tri viio mot gid tri ket hop cta kicu
mang hoac Kicu ban ghi. Nhém duge ding dé gdn gia tri cho doi tuong kicu
ming hoic bin ghi khi khéi tao hoic trong cic biéu thitc gin. Vice danh chi
s6 cac phan tr duge dac ta theo tén hodc theo vi tri.

—  Dic ta theo tén: su tuong ung gitra cdc phan to coa nhdm v phin tr
cua doi tuong duge gin duge chi rd theo tén cua timg phan (o va gid
tri ctia ching.

Vi du,

type Color_list is ( Red. Orange, Blue, White ):
type Color_array is array (Color_list)
of BIT_VECTOR ( | downto 0 );

variable X : Color_array;

X :=(Red =>"00", Blue => "10", Orange => "01", White => "[1" )
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—  Pac i theo vi tri : mdi phin tr nhan gia tri cta chdng trong bicu thic
theo trat .
Vi du. nhu trén trir phép gdn cudi :

tvpe Color_list is ( Red, Orange, Blue, White ):
type Color_array is array (Color_list)

of BIT_VECTOR ( I downto 0 );
variable X ; Color_array;

X :: ( "00'\ ) ‘\‘O" ; "0[” . ”l l” );
Khi gan gia tri cho nhém. ta cé thé khong cin thiét dit gid tri cho tat ca
cic phan o cha nhém.

Vi du,

subtype BV7 is BIT_VECTOR ( 7 downto 0 );
variable X : BV7;

1

i1

(GO ¢ S 0 L R R U RN A
('0',0 .0, others =>"'1");

X
X
X :=BV7 ('0','0'",'0", others =>"'1");

i

g. Cac bi¢u thire dinh Kiéu

Cic biéu thic dinh kicu 1a nhding biéu thic hoic nhém ding dé xic dinh
0 nhing tinh trang map ma. Vi du. nhu trong trudng hop hai kiéu li¢t ke co
nhiimg gid tri ligt ké giong nhau. Cd phip ctia biéu thic dinh Kiéu nhu sau:

1én_kiéu' ( bidu_1hiic )

biéu_thire phai cé kiéu tring véi 1én_kiéu.

Vi du. trong truong hop hai lLiét ké ¢6 nhing gid tri giong nhau.
type Colorl is ( Red, Orange, Yellow, Green, Blue, Purple );
type Color2 is ( Green, Black, White, Yellow );

variable X : Colorl;
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X ;= Colorl' ( Yellow );

Gid i1 ‘Yellow’ duge xdc dinh tuong minh Ja thuoc kicu Color).
Nhu vay phép gdn trén Ia ddng voi ca phap.

h. Phép chuyén doi kicu

Phép chuyén doi ki¢u cung cip phuong tien bién doi gid tri cla nhiing
do1 tugng thude nhiing kiéu ¢6 quan hé chat ché véi nhau vi du nhu kiéu real
vi kiéu integer. Cii phap ctia phép bién doi kiéu nhu sau:

16n_kicu (bicu_tluic )
Viduy,

signal X: STD_LOGIC_VECTOR ( 3 downto 0 ).
signal Y: STD_ULOGIC_VECTOR ( 3 downto 0 );

Y <= STD_ULOGIC_VECTOR ( X ):

§6.5. Cic cau truc tuan (o

Trong ngon ngir VIIDL, kién tric xdc dinh chic ning cta thue the.
Trong kién tric chda phan khai bdo cic kiéu, cdc tin hieu, cdc hang, cic
thinh phin vi cde chuong trinh con. Theo sau phin khai bio la cde ciu triic
thuc hién dong thos. Cac cau tric thue hién dong thot ¢é thé 1a cdc biéu thic
gian 1in hiéu song song, cac khol va cic [énh khai tao phién ban cuia thanh
phin. Cic 1énh thuc hién dong thoi duge két nsi véi nhau bang nhiing tin
hieu. Mai khoi 1énh thuc hién dong thoi trong mot kién tric xde dinh mét
don vi tinh toin bao gom cdce thao tdc tinh todn nhn: doc tin hicu vio. thuc
hién cic tinh todn trén cdc tin hiéu do va gdn nhitng gid tr tinh duoc cho cic
tin hiéu ra.

Trong ngon ngr VHDL, mét cau trde thue hién dong thai 12 qua trinh
( process ). Qui trinh 13 mot cau tric quan trong duge st dung dé mo ti
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hanh vi hoat dong cta mach. Trong mot kién tric, 1at ¢t cac qud trinh s¢é
dugc thuc hién dong thoi khi mod phong.

Mot qud trinh duge xay dung (r nhiomg cau tiic tuan - hay con got la
cic 1énh tuan tu. Trong thoi gian mé phong, cde [énh twan tu trong Mot qua
trinh s& duoc thuce hién lan lugt trong mot chu trinh vo han bat dan wr lénh
thie nhat dén 1énh (hit 1 va sau d6 vide thue hién qud trinh lai quay tré lai
Ienh dau. Vice thue hién mow qua trinh trong qua trinh mo phong trén ngon
nglt VHDL bi dumg lai khi gap cau lénh wait va duge kich hoat lai khi ¢6 sur
thay do1 trang thal ca it nhat mot trong cdc tin hiéu nam trong danh sdch
cac tin hicu tic dong.

Cic leénh wan tu trong ngon ngit VHDL gom ¢o:

— Cau Iénh gédn cho bién;

~  Ciu [&nh gédn cho tin hiéu;

Ciu lénh if;
" Cau [¢nh case:
Ciu [enh réng null;

|

I

Ciic I1énh vong lap.
e fre oo Ladi
1. Phép gan bién

Trong ngon ngld VHDL, phép gin bién cé tac dung tuong tu phép gin o
cde ngon nait ap trinh truyén théng. Phép gin bién thiét 1lap gid tri mdi cho
bicn. Cii phip cua phép gin bién nhu sau:

bién := bicu_thic;

Vé trii cua phép gdn phai la bién da duge khai bdo tir trude. VE phai cua
phép gan 1 bicu thic. Dé phép gdn c6 thé thuc hién duge, bicu thic 0 V¢ tril
vl bién & v& phii ciia phép gdn phai cling kicu.

Khi mat bién duogc gdn gid tri, phép gin duge thuc hicn véi thai gian mo
phong bang khong. Dicu dé ¢6 nghia 1a su thay d6i gia tri cua bién duge xay
ra tic thoi ngay tai thi diém mo phéng hicn tai.

Cic bién chi duge khai bdo trong cdc qud trinh hoic chuong trinh con va
duoge su dung dé luu i cdc két qua trung gian. Mot biént duge khai bio bén
trong mot qud trinh hodc chuong trinh con s& ton tai cuc bd trong qud trinh
hoic chuong trinh con dé va khong thé duge truy cap 16i tir cde ciu tric song
song khic.

172



Vi du phép gin bién,

subtype Int16 is integer range 0 to 65633;
signal S1. 52 : Int16:
signal GT: boolean:
process (S1, 52)
variable A, B : Int16:
constant C: Int16 := 100;

begin
A=S1L+1[;
B:=82*2-C:
GT<=A>0B;

end process;
2. Phép gan tin hi¢u

Trong ngon ngt VHDL, tin hiéu la mot dang doi tuong dic bict. Phép
adn tin hiéu dung dé thay doi gid tri cha tin hi¢u. Cic tin hiéu luén duge bicu
dién k&t hop véi dién bién thoi gian. Phép gén tin hicu thay doi gid i cda tin
hiéu twong ing theo thtn gian va phu thude vao cic méd hinh qud trinh tré
trong cidc phan wr mach. Khi tin hiéu duge gdn gid tri. gid try mé d6 khong
duoce gin vai tin hieu mot cdch tic thai ma phai sau mot thai gian duge dinh
tich (rinh (ruée trong thai diém mo phong tiép theo tuong ting voi mo hinh
tré. Phép edn tin hiéu ¢6 cd phip nhu sau:

tin_hiéu dich <={ fransport ] l)l'é"u__rhl'rr' Lafter thoi_gian ]

hién_thire xde dinh cic gid tri gan. Kiéu cla bicu_thie phil tring voi
kicu cba tin_hidu_dich.
thot_gian la bicu thiic ¢ kiéu TIME.

Trong mét qud trinh, viéc gan gid ti cha biéu thitc cho tin hiéu s¢ duoc
lam tré khi chu trinh mo phong dang thuc hién va duge kiém sodt boi todn
wait. Chiing ta hay xét vi du vé phép gin tin hiéu trong doan chuang trinh
sSau:
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process

begin
S1 <= not CLK after 30 ns ;
S2 <= Din after O ns ;
S3<=S] and S2 ¢
wait on CLK ;

cnd:;

Trong doan chuong trinh nay. thao tdc gin ket qua caa phép todn “not CLK™
cho bicn S1 & duoe thuce hién sau 30 ns tinh tir thai diem mo phong hién tai.
Trong cau fénh thit hai. thoi gian tré cta phép gian duge cho bing “0°. khi d6
vige gdn gid tri cua tin hicu DIn cho tin hicu S2 s¢ duoge thue hién sau
khoang thai gian delta tinh tr thai diém md phong hién tai. Tuoug tu nhu
vay. trong phép gdn tin hica thit ba. k&t qua cua phép todn logic and thue
hign trén cde gia trl hicn thoi coa tin hiéu S1 va S2 & duge gan cho tin hicu
S3 sau khodng thoi gian delta tinh tir thoi diem mé phong hién thai. Khi
xuat hicn sy kién trén duong tin hiéu CLK ( gid tri teén duong tin hicu CLK
chuyen tir *0° sang “1°), tat ca cic giao dich da duoc dinh lich trinh trude
thai diém xudt hién sy kién s¢ duge thye hién bai bo mo phong.

Khi tin hi¢u duge gan gid trl trong qua trinh, phép gan s€ xac dinhh mot
bo diéu khi¢n tin hicu. Trong mot qua trinh, mot tin hiéu chi ¢6 thé cd mot
di¢u khién, dicu dé c¢é nghia ta bén trong mot qua trinh tin hiéu chi ¢6 thé
xudt phat tr mot nguon. Néu tin hiéu duge gdn gid tri trong nhicu qud trinh
khic nhau, chdng ta noi ring tin hiéu ¢6 nhiéu diéu khi¢n. Trong ngon ngl
VIIDL. trong truong hop mot tin hicu ¢6 nhicu dicu khicn, cic ham quydt
dinh duoc xay dung d¢ xdc dinh gid ti cic tin hiéo cé nhicu dicu khicn.

Nhu di d¢ cap tdi trong chuong ba, trong thict k¢ mach, ching ta phan
biét hai hai dang thoi gian tré khi ta diéu khién cic thao tac tén tin hica theo
thot gian: thoi glan wé quan tinh vacthor gian e lan truyén,

— Thoi gian tré quin tinh duge thé hicn mac dinh trong ngon ngd

VHDL. Gia tri thon gian ve quan tinh Ia do dai gidi han can thict cua
1{n hi¢u tic dong dé thic¢t ¢6 the phan ting véi su xuat hién tin hicu
dau vao. Néu thoi gian 16n 1ai cua tin hicu dau vio khong vuot qui
id trj thoi gian tré quan tinh thi mach s& khong phin ung véi su thav
301 cha tin icu. Thong s thoi gian tré quin tinh duoc s dung trong
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qué trinh mo hinh héa cic thi¢t bi so dé loai trir sy xuat hicn nhiing
xung nhon tai dau vio.

—~  Thoi gian tré lan truyén 1 thai gian tré xuat hién khi tin hiéu di gua

mach.

Tir khéa transport duge dung trong trudng hgp tho gian (e trong phép
gdn 1a hoi glan ré lan truyén. Néu khong sir dung tr khéa transport trong
phép gdn tin hiéu. thoi gian tré s& duge coi ta thor gian 1€ quin tinh mot
cdach mic dinh. Viée st dung tr¢ quin tinb va tré lan truycn tao nén nhiing
hi¢u tng khdc nhau 1én qua wrinh mo phong. Ching ta hday xét qud trinh sau:

signal S: BIT :="0"
process
begin
S<="t"after Sns;
S <="0" after 10 ns ;
cnd process:

Trong cau 1énh tha nhat. hé thong mé phong sé dinh lich trinh cho phép giin
tin hiéu S gid tri '1" sau 5 ns tinh t thai didm mo6 phong hién (hoi. Doi véi
cau 1énh thi hai, hé mo phong sé dinh lich trinh cho phép gin gid tri ~0" cho
tin hiéu S sau 10 ns tinh tir thai diem mo phong hién thai. Nhur vay, cau lénh
thit hai s€ xod bo két qua cua phép gan thit nhat bai vi gid tri thoi gian (¢ 1a
thoi gian tré quédn tinh. Cau [¢nh thit nhat chi ra ring thdi gian tré qudn tinh
cua phép gin i 5 ns, trong khi d6 caw 1énh thi hai khang dinh thoi gian ué
quan tinh caa phép gdn fa 10 ns.

Néu doi ¢hd hai phép gan trong doan chuong trinh trén, chiing ta nhin
duge qud trinh dudi day,

signal S: BIT :='0":

process

begin
S<="0" after 10 ns ;
S<="I"after Sns ;
wait on CLK ;

end process:



Trong truong hop niy, cau 1énh gan thit nhat s& xdc dinh mot phép gin gid
tri "0’ cho tin hi¢u S sau 10 ns tinh 1 thai diém mo phong hién thot con
phép gdn tha hai s¢ xdc dinh thao tic gan gia tri “17 cho S sau 5 ns so véi
thot diém hi¢én thoi. Nha vay, khi bd mo phong bat dau thue hién, ciac giwo
tac cua phép gdn thit hai duge thue higén thay cho cdce giao tac cua phép gin
thi nhat, icu d6 cd nghia ta, chi ¢6 phép gin gid tri '1' cho tin hiéu S w
thii dicm S ns tinh 1r thai diém mé phong hién thoi s& duoce thue hién.

Néu trong doan chuong trinh trén. ching ta thay thai gian tré qudn tinh
bing thoi gian tr¢ lan truyén nhu trong doan chuong trinh dudi day, két qua
thuc hién cta qud trinh s& thay doi,

signal S: BIT := 0",

process

begein
S <= transport '1" after 5 ns ;
S <= transport '0" after 10 ns :
wait on CLK :

end process:

Trong doan chiuong trinh nay, viéc gan gid tri '} cho tin hicu S s¢ duoce lam
tré 5 ms tinh t&r thoi diem mo phong. Con phép gdn tin hicu thir hai sé théem
mot thao tic maéi cho diéu khién cOa tin hiéu S. Diéu niy ¢6 nghia [3 S& ¢
hat thao tic duge thue hén: mot thao tac gan gid tri Xay ra sau 3 ns tinh tir
thoi diém mod phong va thao tac gin (hi hat s& duge thue hién sau 10 ns tinh
tir thai dicm mo phong. K&t qua i tren dugmg tin hiéu S s€ xudt hicn mot
xung bang ‘17 ¢6 do dai 5 ns tai thoi diém 3 ns tinh t thoi diém hicn tho.
Trong vi dy dang xét & trén, ching ta déi chd hai phép gan nhu sau:

signal S: BIT :='0"

process

begin
S <= transport ‘0" after 10 ns :
S <= transport 'l after 5 ns ;
wait on CLK :

end process;
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Trong qua trinh mo phéng. phép gan thid nhat xdc dinh thao tic gan gia tri ‘0’
cho tin hicu S sau 10 ns tinh tir thdi diém moé phong hién thai. Trong khi do,
phép gan thi hai s& dit cho tin hiéu S gid tri ‘1" sau 5 ns tinh tir thoi diém mo
phong hién thai. Nhu vay. trong qud trinh moé phong, cdce thao tic thuc hién
phép gin thi hai s&€ d¢ 1én cdc thao tic cua phép gan tha nhat va qua trinh
trén s€ twang Ung voi viée gan cho tin hiéu S gid tri “1° sau S ns tinh i thoi
diém mo phong hiéen thai.

Peé chi rd su khdc biét gida phép gin tin hieu va phép gan bién, chiing ta
hay xét vi du doan chuong trinh sau,

signal SI, CLK: BIT ;
Main: process
begin
SI<="l"
Sl <="0"
wait until CLK'event and CLK ="1";
cnd process Main;

Trong doan chuong trinh ndy. cdc cdu Iénh gan gid tri ‘1 va ‘0’ cho tin hiéu
S1 duoce dit trude cau lénh wait. Phép gan thit hai s€ loai bo tic dong cua
phép gan thid nhat va do dé tin hicu SI s& duge gdn gid tri ‘0’ sau khi qud
trinh mé phong thuc hién léenh wait. Trong doan chuong trinh ti€p theo dudi
day, '

signat S1, S2: infeger ;
Main: process
begin
SI <=35;
wait until CLK'event and CLK ='1";
SI <= 10z
S§2 <=8l
wait until CLK'event and CLK ='1";
end process Main;
thao tdc gan gid tri ‘10’ cho tin hi¢u SI duge dinh trude véi thoy gian uc
delta tinh tr thoi diém mo phong hign tai. Trong khi d6 phép gin pid tri hién
thai cia SI ( bang ‘5’ ) cho tin hiéu S2 duge dinh trude v6i thoi gian tré
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delta tinh tir thoi diém mé phong hién tai. Nhu vay. sau cau [énh wait thd
hat. cdc tin hiéu S1 va S2 s& duoc gdn gid tri 1a “10” va ‘5’ mot cdch tuong
ing. Diéu d6 cé nghia la tin hiéu S2 s& nhan duge gid tri bang ‘5’ - gid tri
cua S trudce khi phép gan “S1 <= 10;” duge thuc hién. Ching ta xét thém
mot vi dy nira voi doan churong trinh sau,

signal S2: integer ;
Main: process
variable V1 : interger;
begin
VI :=10;
S2<=VI; .
wait until CLK'event and CLK ='I["
end process Main;

Trong vi du nay, khi phép gdn “V1 := 10;” duge thuc hién, gid tri 10 s€ duoc
gin cho bién VI mét cach tic thoi tai thdi diém mo phong hién tai. Sau dé
thao tdc gdn gid tri cta V1 cho tin hi¢u S2 s&€ duge dinh lich trinh va sau khi
cau lénh wait dugc thuc hién, tin hiéu S2 s& duoc gan gid tri bang *10°.

3. Caulénh if

Cau lénh if tao nén phan nhanh wong khi thuc hién chuong trinh. Tuy
theo két qua cua biéu thitc diéu kién ma cd thé hodc mot s6 1¢énh hodc khéng
¢6 lénh nao s€ duge thuc hién. Cau lénh if ¢6 cu tric cd phdp nhu sau:

if < diéu kién > then
{<cdu_lénh_tuan tr>|
{elsif < diéu_kién >then}
(< cdu_lénh _tuan tie>)
[else {< cdu_lénh_tuan ti>}]
end if;

Trong 46, < diéu_kién > 12 biéu thitc kiéu boolean.
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Trong méi nhdnh cta todn tir if ¢6 thé chita mot hoac nhiéu ciu lénh tuin
tu. Dau tién bidu thire diéu kién duogc tinh toin, néu kél qua cho gid tri true.
cdc cau lénh tuian tu nam sau tir khoa then sé duge thuc hién tic thoi. Trong
truding hap nguge lai, néu bicu thie diéu Kién sau tir khoa elsif cho gid tri
true, ciac cau I¢nh tudn tu sau tr khéa then tiép theo s& duge thue hién, ...vv.
Doan chuong trinh dudi day si dung cau Iénh if dé€ mo ta phian td AND véi
hai diu vao:

signal Inputt, Input2, Output: STD_LOGIC;
And_process: process ( Inputl, Input2 );
begin
if Input! ='0" or Input2 ='0" then
Output <= "0"
elsif Inputl ="X" or Input2 =X’ then
Output <= "X";
else  Output <="1";
end if
end process;

4. Cau lénh Case

Cau lénh case duoc st dung trong trudng hop cé mot biéu thic dé kiem
sodt nhi€u r& nhdnh trong chuong trinh VHDL. Cic lénh tuong dng véi mot
rong cac lua chon sé duoc thue hién néu bicu thic kiém sodt ¢d gid tri bang
gid tri tuong Ong cua lya chon. Cau Iénh case c6 cau tric ¢t phap nhur saw:

case < hicu_thirc > is
when < liva_chon > =>
(< edu lénh man_nr>)
{ when < lya_chon > =>
{<cdu lénh tan ne>) )
end case:
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Trong @4,

< bién_thire > sau khi tinh phai cé kiéu: nguyeén, kiéu liét ké hoic mang mot
chiéu cdc ky tu nhu BIT_VECTOR;

< lua_chon > hodc 1a nhing biéu thic cd dinh ( vi du nhu hing s6 ) hoac
mot khoang ¢é dinh;

moi gia tr trong mién xdc dinh cua < hiéu_tluic > phdi ducge phi bdi mot va
chi modt < fira_chon >;

< lita_chon > cudi ciing ¢6 thé 1a others. Tir khéa others tuong tng véi tat
ca céac trudng hop cdn lai cha < lya_chon > trong mién xdc dinh cda bieu
thac kiém sodt. D6t voi cac < liia_chon >, ngon ngt VHDL dua ra cac ¢idi
han sau:

— < hgu_chon > phii 6 cing kiéu véi < bidu_thiic >.

— mdi gid tri cla < bidu_thirc > phal duge bicu dién bing mot vi
chi mot < lya_chon >,

— néu khong ¢6 lya chon others thi moi gia tri ¢6 thé cé duge cua
< biéu_tiirc > phai duge phu béi tat ca cac kha ning ¢6 thé ¢é
cua < lya_chon >.

Vi du sir dung cau lénh case,

signal SI: integer range O to 7 ;
signa) 11, 12,13 : BIT;
select_process: process ( S1, 11,12, 13)
begin
case Sl is
when 0] 2 =>
OU<="0":
when | =>
OU<=11;
when 3t0 5 =>
OU<=12;
when others =>
OU<=13;
cnd case;
end process select_process:
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5. Cau lénh rong null

Cau lénh rong ¢6 ci phdp nhu sau:

null;

Trong ngdon ngr VHDL, khi chuong trinh mo phong gap cau lénh null,
né sé bo qua lénh nay va thuc hién 1énh ticp sau. Thong thuong, cau lénh
null dung dé chi trudng hop khong thue hién lénh mot cach tudng minh khi
¢ cdc diéu kién tra lai gid tri true. Do dé. ciu 1énh null thudng duce ding
trong cdc cau lénh case déi vai nhing [ya chon khong can thao tdc.

Vidu,

variable Sel : integer range O to 31;
variable V : integer range O to 31;
case Sel is
when O to 15 =>
V :=Sel;
when others =>
null;
end case;

6. Cac lénh vong lap

Lénh lap loop chda than vong lap bao gom day cic cau lénh & duoc
thuc hién khong hoac nhi¢u lan. Cau lénh loop ¢6 quy 1ac . phip nhu sau:

(< nhdn >:] |< su_do_ldp >] loop
{ <lénh tudn ne>)|
{next [< nhan >] [when < diéu_kién >}; }l
{exit [< nhan >] [when < diéu_ki¢n >1;)
end loop [ nhdn ]; ’

— < nhdn >: nhin cta vong lip va thudng dugc dung dé xay dung
nhiing vong lap 16ng nhau, trong dé mdi vong lap duoge két thic
bai tir khoa end loop:
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- < sq do_ldp > trong ngon ngd VHDL ¢6 mat s6 dang vong lap
vai cdc so do 1ap khdc nhau nhu: vong lap véi so do lap for, vong
lap while, v vong lap khong chita so do lap.

Vi nhiing vong lap khong chita < so dé_ldp >, cdc lénh trong day lenh
tuan tu s& dudc thuc hién cho t6i khi dugc ngit bdi cau 1énh exit. Trong
ngon ngit VHDL., cau lénh next ciing ¢6 thé duoc dung d¢ thay déi trinh tu
thuc hién than cua vong lap ( giong cau lénh continue trong ngon ngit C ).

Vidu,

Count_down: process
variable Min. Sec : integer range O to 60;

begin
L1 :loop
L2 : loop
exit L2 when (Sec=0);
wait until CLK'event and CLK ="1",
Scc :=Sec - 1,
end loop L2;

exit L1 when (Min=0 ),
Min := Min -1;
Sec := 60;
end loop L1;
end process Count_down;

Vong lap chita < so dé_Iip > dang for la mét dang khac cua vong lap.
Vong lap for 1a cau lénh tudn ty nam (rong qué trinh process, va cho phép
than cua vong lap thuc hién theo s6 luong xdc dinh céc lan fap. Vi du,

for lin 1 to t0O loop
I square (I):=1T%*1;
end loop:
Bi¢n diu khién vong 1ap | khong cin thi¢t phai khai bdo trude va khong thé
duoc gdn gid tei trong than vong lap. Trong nhing trudng hop dé chi ra ring
bién lap nhian khodng 10i. ching ta cd thé sir dung tir khéa downto. Vi du.
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for I in X downto Y loop
[_square (1):=1*1;
end loop;

So do lap while la sg d6 lip trong d6 qua trinh lap duge thue hién néu
biéu thitc diéu kién lap nhan gia tri true. Vong lap s& dung lai khi gid tri cia
biéu thitc dicu kién tro thanh false hoiac qud trinh thuc hién than vong lap
gap lénh exit. Ciing tuong tu nhu vong lap for, cau lénh next ciing ¢6 thé
dugc dimng dé thay doi trat ty lap. Vi du,

process
variable A, B, C, D: integer;
begin
while ((A+B)>(C+D))loop
A=A-1;
C:=C+B;
next when (B< 10 );
B:=B-D;
end loop:

end process:

Dol véi cic vong lap, trong cidc nhanh chda phép gdn tin hicu phai ¢6 it
nhdt maét cau lénh wait. Néu khong thoa min diéu kién nay, qud trinh mo
phong ¢c6 thé khic di. Ching 1a hay x¢ét vi du doan chuong trinh sau,

signal S: integer range 0 to 10;
process
variable I: integer range O to 10;
begin
wait until ( CLK ’event and CLK =0 );
[:=0; ‘
while (1< 10 ) loop
S<=1
I=1+1;
end loop;
end process;



Trong vi du nay, tin hiéu S duoge cap nhat 10 lan trong vong lap. Hanh
vi nay sé khong duge bo m6 phong thé hién. Tuy nhién, cic két qua tic thai
¢6 thé duge hién thi trong qua tfinh mo phong két qua téng hop mach.

7. Cau lénh next

Lénh next chi ding trong ciac vong lap. Lénh niy ¢d tic dung loa
bo viéc thuc hién cac cau 1énh nam gifta ciu lénh next v cudi vong
lip khi diéu ki¢n trong cau 1¢nh duoc nghiém dang ( twong tw Iénh
continue trong ngdén ngit C ). Lénh next ¢4 ciu tric el phdp nhu sau,

next [< nhan_vong ldp > when < diéu_kién >];

Trong trudng hop ¢ cac vong 1ap 10ng nhau thi viéc thuc hién 1énh
next s¢ duge xdc dinh mot cich twong minh biang < nhan_véng lip >.
Néu khong ¢d nhidin vong lap trong ciu 1énh. 1énh next s& tic dung 1én
vong lap trong cung chua I¢nh next. Vi du,

L1: while I < 10 loop
L2: while J < 10 loop

next L1 whenI=1J,
end loop L2;
end loop L1I;

8. Cau lénh exit
Cau lénh exit c6 thé duge dung bén trong cdc vong lap. Cau lénh nay ¢6
tic dung bo qua cdc énh con lai cua vong lap va thuc hién ngay 1énh tiép
sau vong 1ap vira két thuic. Lénh exit ¢é cau trac cu phdp nhu sau,
exit [< nhan vong_ldp >)[ when < diéu_kién >);

9. Cau Iénh wait

Lénh wait diéu khién bo mo phong ngimg viée thuc hién cdc qua trinh
hoac cdc chuong trinh con cho 15i khi diéu kién bén trong cau lénh ducc
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nghiém ding. Ta ¢6 thé néi ring diéu kién trong cau lénh wait chi cd the
duge nghiém ddng khi xuat hién cdc su kién trén duong tin hieu. Nhu vay.
cdc doi tuong dit liéu tham gia trong trong dicu kién phii la cdc tin hi¢u. Cic
diéu kieén dé tiép tuc qud trinh bi dimg c6 the duge biéu thi dudi ba dang sau
day trong ngon ngt VHDL:

wait
[on<ién_tin_hiéu > (. <ién_tin_hi¢it>1]
[ until < biéu_thirc_Iogic >)
[ for < bicu_thite_thoi_gian >;

Chu 1énh wait on: chi cho ching ta danh sich cac dudng tin hiéu
ma bé mo phong sé chd su kién ( sy thay d6i trang 1thdi cdc tin
hiéu ). Vi du, déi véi cau lénh

wait on A.B;
qud trinh mo phong sé dimg lai cho dén khi cé xudt hién su kién
trén duong tin hiéu A, hoac B. Sau d6 bdo mo phong s& tiép tuc
thuc hién cau 1énh diing sau lénh wait.
Cau 1énh wait until s€ dung viée thue hién qud trinh cho t61 khi
bicu thitc 16gic nhan gia i true. Cau Iénh wait loal ndy S€ tao ra
mot danh sdch ngadm dinh cdc tin hi¢u tdc dong trong bicu thiic
logic. M&i khi ¢ bit ky mot sy kién xuat hién trén dudng tin
hi¢u trong danh sdch niy, biéu thic logic s& duge tinh. Trong
trudng hop 1énh wait until khong chita bieu thiic 16gic, ching ta
hiéu ring cau lénh sé 1A wait until true. Vi du sa dung 1énh wait
until,

wait until x < 10;
qud teinh thuc hién s€ ding lai cho t61 khi x < 10.
Cau lenh wait for s& dimg viéc mo phong qud trinh mat thoi gian
bang gia tri thoi gian duge chi dinh bén trong diéu kién. Sau
khoang thoi gian duge chi dinh, b6 mo phong thuc hién 1énh ticp
theo sau lénh wait. Néu bi¢u thic thdi gian khong cé, ching ta
hi¢u ring 1énh wait ¢é ¥y nghia nhu sau:

wait for time’high;



diéu nay co nghia la chiing ta khong c6 chi dinh tudng minh vé
thai gian chd. Vi du vé sir dung cau énh wait for,

wait for 10 ns;

—  Cic lua chon trén ¢6 thé duge st dung déng thoi, nhu trong vi du
dudi day:

wait on A, Buntil { x < 10) for 10 ns;

diéu ndy c6 nghia I3 bd mo6 phong s& cho khi ¢6 thay doi tin hiéu
A hoic B va s& tiép tuc chi khi ( x < 10 ) tai thai diém xuat hién
su kién, hodc cho téi khi 10 ns da téi qua.

Trong qua trinh mo6 hinh héa mach, Iénh wait ¢é thé dugc dung dé thiét
lap dong ho cho ché do dong bo. Trong cdc mo hinh thiét k& biang ngon ngit
VHDL, lénh wait ngimg qud trinh thuc hién cho (6i xuat hién suon duong
hoac suGn am trén dudng tin hiéu. Vi dy, khi mé hinh héa phan tir trigo D
lam viéc trong ché do déng bo theo sudn duong, ching ta ¢é th¢ nhan duoc
doan chuong trinh VHDL nhur sau,

entity D_FF is
port ( CLK: in BIT; D: in BIT: Q: buffer BIT ):
end D_FF;

architecture Behavior of D_FF is
begin
process
wait until CLK’event and CLK =’17;
Q<=D;
cnd process:
end Behavior;

10. Phép goi chuong trinh con va lénh return

Trong ngon ngit VHDL c6 hai dang chuong trinh con:

186



— Thu tuc: procedure ¢é thé trd lai nhiéu gia tri;
— Ham: function chi tra lai mot gid tri va cé thé tham gia vao céc
biéu thiic.

Cau lénh return ding dé két thiic hoat dong cua cac chuwong trinh con vi
chi duge sur dung trong ham hodc thu tuc. Poi véi ham, su c6 mat cia 1énh
return 13 bat buoc con trong thu tuc thi khong biat bude. Lénh return ¢6 ciu
tric cd phdp nhu sau:

return [< biéu_thite >|;

§6.6. Cac cau tric song song

Trong ngdn ngd VHDL, mot kién tric ¢6 thé chita mot hoac nhiéu céc
ciu trdc song song. Mai cdu triic song song xic dinh mot don vi tinh todn
bao goém cic thao tic doc tin hiéu, thuc hién cdc tinh toidn trén cdc gid tri tin
hiéu va gin nhiing gia tr tinh duge cho tin hiéu ra. Cdc cau trdc song song
xdc dinh cdc thanh phan va cdc qud trinh lién két nhing thanh phan do bang
nhiing cau tric va hanh vi cua cdc thue thé. Céc cau tric song song s& duoc
thuc hién dong thai trong qué trinh mo phong khong phu thuoc vao trit (e
xudt hi¢n cla ching trong kién tric.

Trong ngén nglr VHDL ¢6 cdc cdu trdc song song sau:

— Qua trinh process;

— Cac phép gdn tin hiéu song song;

— Phép gén tin hiéu ¢é diéu kién;

— Ph¢ép gdn tin hiéu ¢6 lya chon;

— Khoi;

— Phép goi chuong trinh con song song.
1. Cac qua trinh process

Qua trinh tinh todn process duoc tao thanh tr mot tap hop cic cau lénh

tuan tu. Tat ca cdic qua trinh process trong mot thiét ké duce thuc hién mot
cdch song song. Tuy vay, tai mot thdi diém xac dinh chi ¢cé mdt cau lénh
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tudn tu duge thue hién trong mdi qué trinh process. Mot qua tiinh process
lien k&t véi phan con lai cua thiét ké thong qua cie thao tdac doc cidc giid tri tur
cac tin hicu daw van, cic céng dugc khai bdo ngoai qui trinh hodc ghi gid tr
vao cdc tin hiéu, cong d6. Mot qua trinh tinh todn process duge mo ta theo
quy tac ci phdp sau:

(< nhan >:]1 process (< danh_sdch_cdc_tin_hi¢u_tdc_dong >)]
| < phan_khai_bdo >}

begin
< lénh_man_nr>)

end process [< nhdan >:

< phdn_khai_bdo > dinh nghia cic déi tugng t6n tai cuc bo trong

process bao gom:

—  Cic khai bdo bién, khai bdo hing, khai bdo kicu, kiéu con;
— Than chuong trinh con, khai bio cac biét danh. luit use.

Néu qud trinh cha < danh_sach _cde 1in_hidu _tic_dong > thi lic do

qua trinh nay sé tuong ty nhu qud trinh khong chifa danh sich tin hiéu

tdc dong nhung lai chira 1énh wait & vi trf cau 1énh cubi ciing trong qua
trinh:
wait on <danh _sach _cdc_tin_hiéu_tdc_dong >;

Nhimg qué trinh d6 khong can ¢é su xuat hién tudng minh cua lénh

wait.

Viée thue hién mot qua trinh process bao gom viée thuc hién 1ap lai cic
cau trdc tudn ty chiia bén trong than qud trinh. Sau khi cau 1énh tuan tu cudi
ciing dugc thuc hién, viéc mo phong qud trinh s& duge bt dau lai tir ciu l¢nh
tudn ty dau tién cua qud trinh. Diéu nay 1am cho viéc mo phong hoat dong
ctia qud trinh giong nhu mot vong 1ap vo han bao gom tat ca cdc cau [énh
tuan tif bén trong qud trinh. Viéc thuc hién mo phong qua trinh process cé
thé bi dung lai bang cau 1énh wait va cé thé dugc kich hoat lai khi xuat hién
su kién trén cdc duong tin hiéu trong danh sdch tin hiéu tac dong. Chiing ta
hay xét vi du moé kinh hod bo ma hod 8—3. Qua trinh bi¢u dién béo mi hod
niy s& c6 danh sach tin hiéu tic dong gdm cac tin hiéu y1, y2. v3, v4, y5,
y6, y7. Didu nay cling twong duong véi mot qud trinh khong cé danh sich
tin hiéu tic déng nhung chia cau 1&nh:
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wait on yl.y2,y¥3, v4, y5. v6, y7:

tai vi tri ciu lénh cudi cling trong qud trinh. Bo ma hoa 8 -> 3 duoc mo 1a
bang doan chuong trinh VHDL duéi day:

entity Encoder is
port ( v1.v2, y3.v4,yS, y6, v7: in BIT;
Vec: out BIT_VECTOR (2 downto 0 ) ):
end Encoder;
architecture Behavior of Encoder is
begin
process(yl.v2, v3, y4. v5.v6.v7)
begin
if (y7="1")then Vec <="111";
elsif (y6 ="1") then Vec <="110":
elsif (y3="1") then Vec <="101";
elsif (v4 ="1") then Vec <= "100";
elsif ( y3 ="1") then Vec <="011";
elsif (y2 ="1") then Vec <= "010";
elsif (yl ="1") then Vec <="001";
else  Vec <="000";
end if;
end process;
end Behavior;

Chuiing ta xét mot vi du vé sur tuong tic gilta hai qua trinh. O day ching ta ¢6
mot qud trinh gai thong tin va qud trinh thit hai nhan théng tin. Qua trinh gui
thong tin ¢é danh sach tin hiéu tic dong gom hai tin iéu CLK va Ack. Qui
trinh nhidn ¢é hai tin hiéu trong danh sich tin hi¢u tic dong CLK va Ready.
Hai qud trinh niy déng bo hod hoat dong ctia ching biang Iénh Ack vi
Ready. Poan chuong trinh VHDL dudi day mé ta hoat dong ctia hui qui
irinh noi trén.
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entity HandShake is
port( CLK :in BIT:
DIn :in integer;
DOut: out integer );
end HandShake,

r——__— Ready

Data-in | Process __D-E_i_ta N Process out
A B
_ACK

Hinh 6.12. Mo hinh tuong tac gita hai qud trinh process.

architectuye Protoco) of HandShake is
signal Ready, Ack : BIT;
signal Data: integer:
begin
Send: ptocess
begin
Ready <="1"
Data <= Dln;
wait until CLK 'event and CLK ='1"and Ack ="'1";
Ready <='0"
wait until CLK'event and C1.K = "{' and Ack ='0"
end process Send;
Receive: process
begin
Ack <='0";
wait until CLK'event and CLK ="}' and Ready =")';
DOut <= Data;
Ack<="1"
wait until CLK'event and CLK ='1' and Ready ='0";
end process Receive;
end Protocol:
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2. Cac phép gin tin hiéu song song

Mot dang khic cua phép gdn tin hidu trong ngon ngr VHDL 1a phép adn tin
hi¢u song song. Phép gin nay duoc sir dung bén ngoai cdc process vii bén
trong cdc kién tric. Dang don gian nhat cila phép gin tin hiéu song song ¢é
cdu trdc cd phdp nhu sau:

<iin_hiéu_dich > <= < bidu_tlite > {after < bicu_thitc_thoi_gian >]:

trong d6, < tin_hi¢u_dich >la tin hiéu nhan gid tri cua < biéu_thiic >. Cang
giong nhu trudng hop phép gin tin hicu wan tu, luat after s& dugc bo tong
hop mach bo qua.

Phép gén tin hi¢u song song tuong duong vér mot qua trinh process chia
phép gdn tin hi¢u. Ching ta hdy x¢t vi du vdi hai phép gan tin hicu song
song trong mot Kién tric.

Vidu,

architecture Descriptionl of Example is

signal 11, 12, I3, 14, And_Out, Or_OQut: BIT;
begin

And_Out <=11 and 12 and 13 and [4;

Or Out<=1Ilor 12 or 13 or 14;
end Descriptionl;

Poan chuong trinh ndy tuong duong véi chuong trinh VHDL véi cic
process chira cic phép gian tin hi¢u tudn tu sau,

architecture Description2 of Example is
signal 11, 12, 13, 14, And_()\ur, Or_Out: BIT;
begin
process( 11.12,13,14)
begin
And _Out<=11 and I2 and 13 and 14;
end process;
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process( F1, 12,13, 14)
begin
Or Out<=TItorI2 orI3or 4.
end process;
end Description2;

Doan chuong uinh trén cOng twong duong voi doan chuong trinh dud day,
trong dé6 cac qua trinh process khéng ¢6 danh sich cac tin hiéu tac dong
nhung chita cac [énh wait.

architecture Description3 of Example is
signal I1, 12, 13, 14, And_Out, Or_OQut: BIT;
begin
process
begin
And Out <=11 and I2 and I3 and 14;
aiton 11,12, 13, 14;
end process;
process
begin
Or_ Out<=1lor 2 orl3orl4:
wait on 11, 12,13, 14;
end process;
end Description3;

3. Phép gan tin hiéu ¢o6 diéu kién

Phép gin tin hicu ¢é dicu kién la cau 1énh song song thuce hién phép gdn
gid tr1 cla cdc bicu thic cho mot tin hi¢u dich ty theo cic didu kién dat ra.
Trong c4c biéu thiiz cla lénh gin. ngoai trtr biéu thiic cudi cing, nhiing biéu
thirc khac duge di kem véi diéu kién gin. Khi mot diéu kién nao dé nhan gid
tri bang true, bicu thic tuong tng vé6i diéu kién s¢ duge lua chon va két qua
cla viée tinh todn biéu thic s& duge gin cho tin hiéu dich. Tai mot thdji diém
thai gian, chi ¢6 mot bieu thic dwoc sir dung cho phép gidn. Phép gdn tin
hiéu c6 diéu kién duge mo ta theo quy tac ct phap sau:
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<tin_higu_dich > <= {< bidu_thie >[after < biéu_thitc_thoi_gian >]
when < diéu_kién > clse}
< biéu_thicc >{after < bicu_thitc_thoi_gian >).

Moi phép gin tin hiéu ¢§ diéu kién tuong duong véi mot qud trinh chia
1¢nh if. Doan chuong trinh dudi day cho ta vi dy vé sy twong duong dé.
Viduy,

architecture Description] of Example is
signal A, B, X, Z: BIT:
Z <= A when ( X > 10) else
B when ( X > 5) else
C;
end Description!;

Doan chuong trinh nay <& tuong duong vo1 qud trinh process sau:

architecture Description2 of Example is
signal A, B, X, Z : BIT,
constant C: BIT := ‘0" ;
process ( A, B, X))
begin
if ( X > 10) then
7.<=A;
elsif ( X > 5 ) then

~

N N

end process;
end Description2;

4. Phép gan tin hi¢u theo lya chon

Phép gdn tin hiéu theo lra chon thuc hién phép gan cho mot tin hiéu dich
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véi bicu thite with. Gid tri cua biéu thitc lua chon nim sau tir khéa with
duoc su dung giong nhu I¢énh ecase. Phép gin duge thuc hi¢n moi khi ¢ xuat
hien su kién lam thay déi gid tri cGa biéu thifc twa chon. Cd phdp ciia cau
(énh dugce bicu dién nhu sau:

with < hidu_thite_lita_chon > select

<tin_hiéu_dich > <= {< biéu_thirc >[after < biéu_thire _thoi gian >)
when < gid tri_Ira chon >}
< biéu_thiic >[after < bidu_thirc_thoi_gian >]
when < gid_tri_hta _chon >:

Phép gdn tin hiéu theo Jua chon wong duong vér mot qua trinh process
chita cau 1énh case. Vi du, phép gdn tin hi¢u theo lua chon sau day s& tuong
duong vdi mot qua trinh process chita 1énh case,

with Sel select
7 <=AwhenO]1]2,
B when 3 to 100,
C when others:

cau trie cuia prucess tuong duong:

process( Sel. A, B, C)
begin
case Sel is
when 012 =>
Z<=A:
when 3 to 100 =>
Z.<=B:
when others
Z<=C:
end case;

end process;
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5. Khéoi

Khéi bao gém mot tap hop cdc cau lénh song song. Mot ki¢h tric ¢6 thé
dugc phan tiach thanh mot 6 cdc cdu tric logic. Mai khai biéu dién mot
thanh phan clia mé hinh va thudng duoc st du..g dé 16 chifc mot tap hop cic
cdu tric song song phin cap. Khai duge biéu dién theo quy tac cd phédp sau,

< nhan >: block

{< phdn_khai_bdo >}
begin

{<cau lénl_song song>)
end block [< nhdn >]:

< phdn_khai_bdo > xdc dinh cdc d6i tugng ton tai cuc bo trong khoi v cd
the ¢6 cdc dang sau:

— Khai bdo hing, kiéu, kiéu con vi tin hiéu:

— Than chuong trinh con;

— Khai bdo cic biét danh;

—  Khai bio céc thanh phan;

— Luat use.

Trinh tu cha mdi < cdu_{énh_song song > trong khéi khong quan trong
boi vi cdc cau lenh ludn duge kich hoat. Cac < cdu_lénh _song song > luon
truyén thong tin thong qua cdc tin hicu. Cac déi twong duge khai bio trong
mot khoi block hi xdc dinh trong toan bo khoi, bao gém ca cdc khéi con.
NéEu trong mot khai con ¢6 khai bio mot déi tugng trung tén véi mot doi
tuong d khai bao nd, khi dé khai bdo cha doi tuogng & khoi con s€ che 1ap doi
tugng ¢ khoi bén ngoai. Chiing ta hay xét moét vi du,

architecture Behavior of Example is
signal Oul: integer;
signal Ou2: BIT:
begin
B1 : block
signal S : integer;

195



begin

Oul <=8§;
end block Bl;
B2 : block
begin

Ou2 <=8,
end block B2;

end Bchavior:;

6. Goi chuong trinh con song song

Phép poi chuong trinh con song song tuong duong véi ciac quéd trinh
process bao gom cac phép goi chuong trinh con tudn ty tuong dng. Moi
phép goi chuong trinh con song song tuong duong véi mot qua trinh process
khong chia didy danh sdch cdc tin hiéu tic dong, phian khai bdo rdéng va phan
than chiza mot phép goi chuong trinh con, ti€p theo 1a moét cau lénh wait.

§6.7. Cic chuong trinh con va cac géi chuong trinh
1. Cac chuong trinh con

Trong ngon ngtr VHDL c¢6 hai dang chuong trinh con la procedure va
function. Cic chuong trinh con ¢6 the duge st dung tai moi vi tri trong mé
ta VHDL. Cic géi chuong trinh xdc dinh tén cita moi déi twong ¢6 thé duoe
chia sé giita cdc thuc the.

— Céc thu tuc procedure sé duge goi dén nhu moét cau lénh va ¢é
thé tra lai nhiéu gid tri. Mot thd tuc procedure dugc phép thay
doi gid tr1 cic doi tugng tuong Ung v6i cac tham s6 hinh thic ciia
procedure. Nhu vay, cic tham s6 clia mot thi tuc procedure co
the cé cédc dang in, out, v inout.

~ Cic ham function sé duoc st dung nhu mot biéu thic va chi
dugc phép tra lai duy nhat mot gid tri. Ham function thudng
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duoc sir dung dé¢ thuc hién tinh todn trén cac gid tri cua thani 0
vh khong ¢6 muc dich thay déi gia tri ctia cac déi tugng duce gan
két véi tham s6. Do dé cic tham sé cia ham phai ¢6 dang in va
thude nhom cide tin hiéu signal hodc hing constant. DaGi véi ham
function, chiing ta phai mo ta kiéu cha gia tri tra lai.

Mot mé (4 chuong trinh con duge phdn chia thanh hai phan: phan khai
bio chuong trinh con va than clia chuong trinh con. Phan khai bio dua ra cdc
thong tin vé giao dién cla chuong trinh con ( ¢é nghia la cdc dav vao va diu
ra cua chuong trinh con ) va phan than chuong trinh con mé i cic chic
nang cua chuong trinh con.

Phan khal bdo chuong trinh con dugec mo ta theo quy tac ¢t phip sau:

< khar_bdo_clhwong wrinh_con >:: =

procedure < 1én_thii_tue >< danh_sich_tham_so™> |

funtion < tén_ham ><danh_sdch_tham so>

return < kiéu_gid i _trd lai>
< danh_sdach_tham_sé™> = [class] < danh_sdch_tén >
[mode) < kiéu >[:= < bidu_thiic >}

trong do,
nhém class : constant, variable, signal;
dang mode: in, out, inout.

Néu khong duge chi 18, tham s6 s& duge coi rang c6 mode la in mot
cdch mic dinh. Cling twong tu nhu vay, tham s$6 cé dang in s€ cé class [a
hang constant mot cich mac dinh va wong Ung cha dang out va inout 13
bién variable. Vi du duéi day cho ching ta thay khai bio clia chuong trinh

con,
Vi du,

funtion Incrementer ( Count: integer ) return integer:
Phan than clia chuong trinh con dugc mo ta theo quy tac ci phép sau:

< khai_bdo _chuwwng trinh_con > is
{< phdn_khai_bdo_ctia_chiwong trinh_con >}
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begin
{<lénh tudn_tw>})
end {< tén_clucong_trinh_con >,

Vi du sau day cho ta thay mo ta cua than chuong trinh con. Chi y rang. khi
goi ham function, phép goi ham s& bi ngat khi thuc hién dén cau lénh
return. Cau lénh return xac dinh gid tri tra lai cho phép goi chuong trinh
con. Vidu, )

funtion Incrementer ( Count: integer) return integer is
variable Temp : integer ;
begin
it ( Count >= 255 ) then
Temp :=0;
else
Temp ;= Count + | ;
end if;
return ( Temp );
end Incrementer;

Khi goi chuong trinh con, cdc d6i tugng thuc té (uong tng vdi tham so
hinh thic 19p variable phai la cdc bién; tuong iing v4i 16p constant phai la
hing s6 hodc biéu thiic va tuong ung vl 16p signal phai 1 tin hiéu. Cic
hang s6 va bién dugc truyén theo gid tri, con tin hiéu duge truyén theo dia
chi. Do d6 d6i véi I6p déi tugng tin hiéu thi moi tdc dong 1én tham sé truyén
vao than chuong trinh con cling chinh Ia tic ddng truc tiép lén tin hié¢u dugc
truyén vao. Chiing ta hay xét vi du chuong trinh con sau:

Vi du,

procedure Send ( signal CLK: BIT ; Data: integer;
signal Ack: BIT; signal Ready: out BIT;
signal Wire: out integer ) is
begin
wait until ( CLK'event and CLK ='1' and Ack="1"):
wire <= Data;
Ready <="1";
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wait until ( CLK'event and CLK ='1"and Ack ='1" .
Ready <="0"
end Send;

2. Cic ham guyét dinh

Chiing 1a bi¢t rang, méi tin hi¢u déu xuit phét tir mot ngudn. NGi cich
khdc 12 méi tin hiéu c6 mot diéu khién. Trong nhiéu trudng hop. vi du nhu
khi cic dudng tin hi¢u bi chap lai, tin hiéu di ra khéi nit chap s¢ duge t6ng
hop tir cdc tin hi¢u di vao nit theo mot ludt xdc dinh. Trong trudng hop ndy,
chiing ta néi rang tin hiéu di ra khoi nit chap c6 nhiéu diéu khien. Ngon ngi
VHDL cho phép chiing ta ¢6 thé xdc dinh cdc tin hiéu xuit phat tit nhicu
nguon néu st dung nhimg ham quyét dinh. Nhimg ham quyét dinh nay dung
dé xdc dinh gid tri cva dudng tin hicu 1 nhilng gid tri nhan duge i nhiéu
nguén diéu khién. Vi du,

Qua trinh i

Tin hiéu Ham guyét dinh

Tin hiéu
Qua trinh k
) —

Qua trinh j

Tin hiéu

Tin hiéu
—

Tin hiéu

Tin hiéu duoc
Tin hiéu  tinh de ham
quyét dinh

Tin hiéu

A

Hinh 6.13. Sc d6 hanh vi clla cdc qud trinh sinh ra tin hiéu ¢6 nhiéu diéu khién.

Trong vi du nay, ca hai qua trinh process i va proccs. § cing diéu khién
mot tin hiéu, do dé chiing ta cin c6 ham quyét dinh d¢ xdc dinh gid tri cho
tin hiéu nhan duoc.

D61 vai qua trinh mé phong, cidc him quyét dinh co thé . moi him bao
g6m cic chuong trinh viét trén ngon ngr VHDL. Trong nhimg mach thuc,
két qua cta cic ham quyét dinh 1a lién k&t cdc tin hiéu va cling cho qua mot
phan tir logic dac biet c6 mot dau ra. Trong k§ thuat, chi c6 mot s& 211 han
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céc Trong cdc phin cimg chi ¢é mot vai ki€u thuc hi¢n cdc ham quyct dinh
nhu lién két dang Or, lién k&t dang And hoac lién két dang ba trang thai
( hinh 6.14).

Lién két dang Or Lién két dang And  Ba trang thai

D 1 =

Hinh 6.14. Cac biéu dién phin ciing cla cdc ham quyét dinh: ham quyet dinh dang Or.
dang And va ba trang thir.

Cdc tin hiéu duge cdc ham quyét dinh tao ra néu khat bdo cua tin hiéu
chita ca cdc ham quyét dinh hoac khai bdo ki€u con ctia tin hiéu chda ham
quyét dinh. Vi du,

signal NODE: WIRE_AND BIT;
subtype RESOLVED_STD is WIRE_OR STD_ULOGIC;

Trong vi du nay, khai bdo thr nhat cho ching 1a thay tin hiéu NODE la tfn
hiéu duoc xdac dinh véi ham quyét dinh ta WIRE_AND. Maéi1 khi xuat hién
su kién trén duong tin hieu NODE, ham WIRE_AND duoc goi va tra lai gia
tri kiéu BIT — 12 gid tri cla tin hiéu NODE. Khai bdo thir hai xé4c dinh kiéu
con duge quyét dinh RESOLVED_STD. Cidc tin hiéu dugc khai bdo thude
kiéu RESOLVED_STD Ia nhiing tin hiéu dugc quyét dinh. Duédi day ching
ta thay cdch dé xdc dinh va stc dung cic tin hiéu duge quyét dinh:

—  Xdc dinh kiéu tin hi¢u ( néu cin thiél );

— Xdc dinh ham quyét dinh. Ham nay s€ nhan cédc tin hi¢u vao va

tra lai tin hieu thuéc kiéu da duge xéc dinh;

— Khai bdo ki€u con ciia kiéu tin hiéu kém véi ham quyét dinh;

— Khai bdo va su dung céic tin hiéu duge quyét dinh.
Trong vi du dudi ddy, chiing ta thay tin hiéu 7 duoc khai bio 1 thusc kiéu
duge quyét dinh WIREOR_STD. trong dé ham quyét dinh ciia kicu tin hiéu
la WIRE_OR. Trong kién tric, chiing ta ¢6 hai phép gén tin hiéu dong thai.
Ca hai phép gdn déu gdn gid tri cho tin hiéu Z. Nhu vay tin hi¢u Z s& nhan
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gia tri duce xac dinh qua phép todn or gitra hai dau vao cia ham quyét dinh:
(1]l and 12 ) va ( [3 xor 14).
Vi du.

architecture Resolved Arch of WOR s
function WIRE_OR( Din: in STD_ULOGIC_VECTOR)
return STD_ULOGIC is

..................................

return{ Din( 0 ) or Din( 1) );
end WIRE_OR;
subtype WIREOR_STD is WIRE_OR STD_ULOGIC,
signal 11, 12, I3, 14: STD_ULOGIC;
signal Z: WIREOR_STD;
begin )
Z <=11 and 12;
7. <=13 xor 14;
end WOR;

Cic gdi chuong trinh STD_LOGIC_1164 cua thu vién 1IEEE chira cic
kiéu dir lieu duoe gquyét dinh 1a STD_LOGIC va STD_LOGIC_VECTOR.
Dang quyét dinh cta kieu STD_LOGIC {a dang quyét dinh theo ba trang
thai. Cdc tin hidu ¢6 nhiéu nguén dicu khién sé duce gdn cho tin hi¢u kidu
STD_LOGIC va gia tri dugc quyct dinh boi cac ham ba trang thai.

3. Cic gdi chuong trinh

Cac ki¢u dit licu, hing so va chuong trinh con cé thé dugc khai bio bén
trong céc khai bdo thuc thé hoic bén trong than cua cdc kién tric. Cic khai
bdo niy 1a cuc bo trong nhitng Kién triic tong ung va thuc thé khac khong
thé truy cip 161 nhimg déi tugng d6. Tuy nhién trong nhiéu trudng hop
nhitng kién tric khac nhau ciing ¢6 thé phai chia sé nhing ddi tuong chung
nao dé. Cic gdi chuong trink ( Packages ) trong ngon nglt VHDL cho phép
chiing ta thuc hién cdc khai bdo chung -ho nhi¢u thuc thé khic nhau. Mét
géi chuong trinh cla ngon ngit VHDL duoc biéu dién thanh hai phan: phan
khai bdo géi va than cua goi.
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Phin khai bdo géi mo ta cdc giao dicén cua goi va ¢d cau tric ci phip
nhu sau,

package < tén_cria_goi > is
{<cdc_khai_bao_thuoc _goi >

end [< tén_goi >].

Cac khai bdo thuoc géi ¢6 thé la cic :

Khai bdo kiéu, kicu con, tin hi¢u, hang, bict danh:
— Khai bdo thanh phan, chuong trinh con;
— Luit use;
— Va6 thé chia ca céc package khdc.

Céc khai bao tin hiéu trong g6i tao nén mot s6 van dé trong qua trinh
téng hop mach bsi vi mot tin hiéu khong thé phan phoi giita hai thuc thé.
Cich giai quyét thong dung van dé nay la tin hico s& duge khai bio nhu mot
tin hi¢u cuc bo. N6i cdch khdc, néu hai thue thé sir dung cling mot tin hiéu
trong 261, moi thuc thé s¢ nhan duge mot phién bin sao chép cua tin hiéu
nay.

Vi du vé khai bio géi:

library IEEE

use IEEE.NUMERIC_BIT.all;

package Watch_Pkg is
subtype Mouth_type is inferger range 0 to 12;
subtype Date_type is interger range 0 to 31
subtype BCD4_type is unsigned ( 3 downto O );
subtype BCDS_type is unsigned ( 4 downto 0 );
constant BCD5_[: BCD5_type := B"0_0001";
constant BCD5_7: BCDS_type := B"0_0001";
function BCD_Inc ( L : in BCD4_type ) return BCDS_type;

end Watch_Pkg:

Than clta mot géi xac dinh cdc hanh vi cua géi. Than cita moét géi tuén

phai cing (én vai khai bio géi. Phan than géi duge bat diau boi tir khéa
package body. Cic thong tin trong trong than clia géi khong thé nhin thay
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dudge tir cic thiét ké hoac thuc the sir dung goéi d6. Nhu vay tir cdc thiét k&€ va
cdc thuc thé chiing ta chi ¢6 thé truy cap tdi cic doi tuong trong géi thong
qua cic giao dien dugce xac dinh trong phan khai bdo géi ma khong thé can
thi¢p truc ti€p vao bén trong goi. Noi mot cach khic géi 1a mét hop den vl
cac giao dién dugc dua ra trong phan khai bdo. Than cia géi duge mé ta
theo quy tic ci phap nhu sau:

package body < 1én_ciia_gdi > is
{<cdc khai_bdo _trong than_goi >}
end [< tén_ciia_goi >];
Trong phin khai bdo trong than géi cé thé chia cic:
— Khai bdo kiéu, kiéu con, hing;
— Than chuong trinh con;
— Luat use.
Vi du dudi day cho ching ta thiay viéc mo ti than cla géi trong ngén ngi
VHDL.:

package body WATCH_PKG is
function BCD_INC ( L: in BCD4_TYPE )
return BCDS_TYPE is
variable V1, V2, V: BCDS TYPE;
begin
VI:=L+BCD5-1;
V2:=L+BCDS5-7;
casc V2(4)is
when'0'=>V :=VI;
when 'l'=>V :=V2:
end case;
return (V );
end BCD_INGC;
end WATCH_PKG:

Cic phan ur duge mo ta trong phan khai bio géi khong thé nhin thay
duoc mot cach ty dong tu cic thu vién khac. Luat use diang trudc mot don vi
chuong trinh s& 1am cho tat ca cdc pidn W trong phan khai bio péi ¢6 thé
dugc truy cap tir don vi chuong trinh dé. Vi du, gia thi¢t ring, gbi chuong
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rinh WATCH_PKG néu trén duoc bién dich va dua vao thu vién
MY_LIBRARY. Dé cé thé sir dung cic khai bio trong géi WATCH_PKG,
chdng ta can dua ching vao thu vién chuong trinh hién thoi su dung doan
lénh sau:

library MY_LIBRARY ;
use MY_LIBRARY. WATCH_PKG.all:

Hot déng chuan hoa IEEE x4c dinh hai thu vién cho ngon ngit VHDL 1a
STD va [EEE. Méi thu vién chita mot s6 géi nhu:

— STANDARD va TEXTIO doi vér thu vien STD. Géi
STANDARD xic dinh cdc kiéu dir lieu quan trong nhu integer,
boolean, BIT. ...

— STD_LOGIC_1164, NUMERIC_BIT, NUMERIC_STD doi véi
thu vien [EEE. Cic géi ndy chifa céc ki€u va nhitng ham quan
trong cho qua trinh tong hop va mo phong bang ngén ngir
VHDL.

Trong chuong nay chung ta da khdo sdt nhitng dac diém co ban cla ngén
ngit VHDL - mot ngon ngir mo ta phan cing dién hinh. Ngon ngit nay dugc
diing dé mo hinh hod mach trong cong nghé thiét k&, ché tao mach véi do
tich hgp cao va siéu cao. Nhimg thanh phan chinh cua ngon nglr nhu cic
1énh tudn tu, cdc 1énh song song, cdc chuong trinh con, cac phuong phip moé
ta thuc thé va phuong phdp luan biéu dién mach theo cau chic, hinh vi hodc
thco dong dir licu di duge dé cap t8i. Trong chuong tiép theo ching ta st
dung n2én nglt VHDL dé xay dyng cdc mo hinh nhimg mach 1ogic co ban.
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Bai tap cho chuong 6

l.

Hay mo ta hanh vi cla bo chuyén mach 2 - 1.
Hay mo ta hiinh vi clia bo gidi ma 2 — 4 bang cau lénh case.
Hay mo ta hanh vi cua bo gidi ma 2 — 4 bing cau I¢nh if.
Bo ALU 8 bit thuc hién cac phép toan:
- phép cong khi diu vao diéu khién nhan gid tri “00™;
phép trir khi dau diéu khién nhan gid tri “017;
phép todn and khi dau diéu khién nhan gia tri “10”;
phép todn or khi diu diéu khién nhan gid tri “117.
Hay viét chuong trinh trén ngon ngt VHDL mo6 ta hanh vi ciia bo tinh

todn so hoc — logic noi trén.

Viét chuong trinh trén ngon ngt VHDL mé ta cau trdc vi chidc nang clia
bo chuyén doi ma BCD thanh hién thi 7 — manh.

Hay viét chuong trinh con thuc hién phép cong hai s6 thco ma BCD.
Haiy viét chuong trinh con kiém tra tinh chan 1é ctia chudi 16 bit.

Viét chuong trinh con thuc hién viéc chuyén déi s6 nguyén trong khoing
tr 0 d&n 253 thanh vecto 8 bit va nguoge lai.
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CHUONG VII. MO HINH HOA MACH BANG NGON NGU VHDL

§7.1. Mo hinh héa trén miic cau tric

Cidc mach s6 thusng duge biéu dién theo mot cau tric phan cap cac
thanh phan. Méi thanh phan cé tap hop cdc cong dé lién két véi cic thanh
phan khac. Mot thi¢t k¢ bao gom mot 1ap hop nhiing phién ban ¢ila mach xét
trén nhiing mac 86 chi tict khac nhau. Mot phién ban mach trén mot mue chi
tié1 cu the cua thiél k& duge tao thanb tir cic mo ta nhimg phan (it trén miic
chi ti€t d6 va nhiing phan t& nay duge lién k& thong qua cic tin hidu 1ai cic
cong cia ching xét trén mifc chi ti€t nay. Khi mé (d mach bing ngon nad
VHDL, viéc phin cdp thiet k& duge thue hién thong qua cdc khai bdo thanh
phéin mach va cdc bi€u thic mo ta phién ban cia thanh phén.

Khi mo ta hanh vi cila mach, thanh phén c¢o s& cua hanh vi 14 cic cau
1énh mo ta qua trinhy ( process ), con khi mo ta cau tric, don vi co so sé 1
cdac cau lénh mo ta phién ban cva thanh phan. Nhitng ciun 1énh mé ta qua
trinh va cdc cau lénh mo ta phién ban thanh phan can phai duge goi vio
rong than cia mo td Kién triic. Cic md ta Kién tric s€ ¢6 chie nang phan
tdch cdc don vi thist ké. Mot trong nhimg dac tinh quan trong caa VHDL la
ngon ngl nay cho phép mo hinh hod thiét k& 1rén nhitng mic do6 trivu tugng
vi chi 1ict khdc nhau. Néi mot cdch khac, mét bieu dién kién tric ¢6 thé bao
gom cde cau lénh mo ta qua trinh. cdc cau lénh mo6 td thanh phan.

1. Khai bio thanh phan

Mot kicn tric ¢6 the s dung nhiing thuc the da duoc mo ta mot cicl doc
lap. Nhimg thuc thé nay duge chita trong thu vién thict ké va ¢é (he duoc sir
dung trong cilc khai bdo thanh phan va nhitng cau 1énh mo td cic phicn bin
cua thanh phan. Trong phan mo ta cla thiét k&, mdi cau 1énh khai bio thinh
phan tuong ting véi mot thue the, Pé ¢6 the mo phong hoac tdng hap mot
thiét k& nao dé, thuc thé vi cac mo ta Kién tric cuu tat ci cdc thinh phin
mach phai dugc bién dich trude trong thu vién thiét k&,

Trong trinh ty mo phong hodc tong hop thiét k&, thuc thé va mo ta kién
triic doi véi moi thanh phan phai duge bién dich trong thu vién thiét ké.
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Cich thiic mo ta cau nic coa thanh phan cing tuong ty nhu cich thiic
mo ta thyc thé. Trudc hét d€ mod td cau tric cua thanh phin, ching ta phai
xdc dinh 16 cdc giao dién cua thanh phin. Cic giao dién nay chinh ja cic
dudng tin hiéu vao va ra khoi thanh phan. Trudc khi duoc sir dung, cic thanh
phan phil duge khai bdo mot cach tudng minh theo quy tic cd phip nhu sau:

component < tén_thanh_phan >
[port (< khai_bdo_cdng_cuc_bo >)]
end component;

Vi du, chidng ta mo ta thanh phan cua bo cong day du FullAdder. Bo
coOng day da mot bit cé ba dudng tin hi¢u vao:

- buong vao A, B la duong tin hiéu tuong Ung vd&i hang chir s6 tha &

cua hai s0 hang;
buong vao Cin la dudng tin hiéu twong ving véi hang 2id try nhé w
hang chit s6 thi &-/ vao hang chir s6 tha 4;

va hai duong tin fuéu ra:
Pudng tin hiéu Sum [ t6ng cua cdc dudng tin hicu A, B, Cin:
Duong tin hiéu Cout 1a hang gia tri nhé 1 hang chir s6 thu £ vao
hang chit s6 tha A+ /.

Vé mat cau tric. néu xét trén mic logic, b cong day da | bit duoc 1ao
thanh tr cdc phan tr AND, OR va XOR. Trén so do cau tric, bo c¢ong niy
duoc mo ta trén hinh 7.1b. Nhu vay, bo cong gom ¢6 hai phin tir XOR, hai
phan 1 AND vi moét phin tr OR. Cdc phin ti nay déu la nhitng phén t( ¢é
hai dau vao va mdi phin ur 16gic s& dugc mo ta bang cac khai bdo thinh
phan nhu dudi dav.

Cin

A A ] Sum
‘”_’_'T Som  p
B
| A Cout _
Cin CONG Cow
pa— S B

@) b)

Hinh 7.1, Giao dién va ciu trdc bo cong day dia mot bit.
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component Or2_oate
port ([0, 11: in STD_LOGIC: O : out STD_LOGIC);
end component:

component Xor_gate
port (10.11: in STD_LOGIC : O : out SID_LOGICY;
cnd component;

component And2_gate
port (10, 112 in STD_LOGIC : O : out STD_LOGIC):
cnd component;

2. Mo ta cae phién han cua thanh phan

Cac thanh phan mo td trong kicn trde ¢ the duge khaoi 1ao bang cic ciu
[enh o phicn ban thanh phan. Tai cde vi i duge 1o rac phien ban cwi thanth
phan duve bicu dién thong quit cac thude tinh bén ngodi nhu @n, kicu hoac
hudng (in hicu tai cic cong vao/ra, nhung cic tin hicu bén trong thinh phan
Khone duoc bicu dién wone minh. Cic ciu [¢nh khai o sinh ra cde phicn
han cta thinh phan vic ket noi ching dé tao nén mot danh sich 1ien kSt cua
tnet ke,

Cau 1enh o phicn ban thanh phan ¢6 ciu triae cd phap nhu sau:

< nhin_khoi_ tao >:< wen thanh_phan >
port map ( [ < ©@n_cone _cuc. bo > => | < bicu thie >
[ ] < @n_cona_cuc_bd > == | < bicu thiic > § ):

Trona dd. < nhin_khoi_tao > [ en cua phién bian vira duoe tao ra cua
thimh phan. Moi cau [Enh o phica ban thanh phan fuon phai duoe kem vl
mot nhin Khoi _tao. Cic nhan nay s¢ duge tham chicu 161 trong cic cau hinh
caa thinh phan.

Ciu triic port map dnh xa cic cong cha phan tvao cie 1in hicu. Anh aa
nay ¢d the hicu nhu viee k&t néi cong tuong une cua phan 0 vio dudng tin
hicu. Cic cong duge mo ta trong khai hio thanh phan [ nhing cong cuc bo.
Trong khi do. nhimg cong cia cdc phicn ban thinh phan duge goi {a cong

209



thuc. Trong cic cau 1¢éoh tao phién ban thanh phan. ¢iu inic port map da
tuong ting moi cong thue cua phién bin vai mot cdng cuce bo cua thanh phan.
Moi cong thue phai 1a doi tugng dang 1in . Trong ngon ngd VHDL dua
ra_hai phuong phdp dnh xa cde cong cue bo vio cic cong thue: dnh xa theo
Vit vacanh xa theo tén.

A ’ Sum
) S
B |

g
C‘m - e _ _ __Sum
A — Nira tong

b —I-_'——J

B Nim tong Cout
—1__ — e =
Cin 0
A

L 0 sum
= [>Tl

4y A

Hinh 7.2. Cau tric phan cap ctia bo cong mot bit: a) ciu trie bd mra tong mot bir:
by Ay dimg bo cong day du mot bit tir cde bd ntia tong: ¢) chi (18 bo cong day du
maot it i cic phan urlézic AND, OR. NOR.

Khi st dung dnh xa theo vi tri, ching ta dua ra danh sdch cic tin hicu
tuan theo dung trit tu ma céng duge khas bio.

- Doi v trudng hop dnh xa theo tén, ching ta sir dung cau trie inh xa
tudng minh dat tuong Gng mai cong véi cdc tin hicu thye:

< 1én_cong_cuc_bd > = < tén_tin_hi¢u_tlhue >.
Ching ta hily xét vi dy mo td cau tric cua b nda téng mot bit. trong d6

bo cong duge two thanh tir cac phan wr logic AND. XOR theo so da rén hinh
7.2a.
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architecture Inst of TalfAdder is

component Xor2

port ( 10, I1: in STD_LOGIC: O: out STD_LOGIC )
end component;
component And2

port (10, 11: in STD_LOGIC: O: ouf STD_1.OGIC ):
end component;
begin

G!l: Xor2 port map ( A, B, Sum )

G2: And2 port map ([0 = A 1l = B. O = Cout ).
end nst:

Trong vi du niry, phicn ban G1 cta phin wr Xor2 co cac cong duoc anh
X theo vt vao cic doong tin hicu AL B v Sum: con phicn ban G2 cua
phin 1 And2 duoc ash xa twong minh theo (Cn cta ¢cong cuc ho v duding
tin hicu.

Thong thuong, mdi thanh phan & the hién mot thue thé doc ap cua thict
KC. nha vy, cae phicn ban cua thanh phin ¢ tao nen cde 16p phin cap cila
thi¢t Re. Bicu nay duoe minh hoa trén hinh 7.2, Trong vi du nay ching ta
thayv cau trac cua bo cong day du mot bit duge xay dung trén co o cua bo
it tong mot bit vi phin tir OR ( hinh 7.2b ). Trong kbt do, bo nia 16ng mot
bit ciing ¢6 th¢ duge cot a mot thue the dac lap va ¢ ciu tnic duose tao
thimh tir cie phan tr AND va XOR ¢ hinh 7.2a ). Nhu vy thict k¢ bo cong
¢d (he duge bicu dién theo hai 16p: 16p cic bo nua w0ng véi phin wr OR vA
op el tict véi ciac phan tirlogic AND, OR. XOR.

3. Cau léenh Generate

Cau 1¢nh Rhot tao Generate 1y ciu 1énh song song duoe dinh nghia ben
trong cic kicn trie v duge ding d& mé 1 cic phien ban thinh phin. Ciu
lenh Generate ¢6 cau triie et phap nhu sau:

< nbhin_khai_tao > : < so_do_khoi_tao > gencerate
| < cac_chu_lenh_song_song >}
end generate (< nhin_Nhoi_tao >



Trong ngon ngtt VDL, ¢6 hai lowi s¢ do khdi tao: so do khoi tao for v so
dé khot taoif.
So da for dimg dé mé ti cdc cilu tric ¢6 tmh quy ludt. So do nay dua
ra cic tham so Khoi tao v cdce bude lip. Cac tham o kKhai o khong
can phai khai bio trude. Gia tri cua chiing khong the gdn hodc truvén
ra ngoii cau (rie khot tao mac du VHDL cho phép s dung ching
bén trong ciu truc.

N3y Y63 ‘|,\’<2) NEEGY {\'m f\/(m P’«n
N [

Co .
<— FA@) |~ FA@R) < FA() FA(0) (<
T | 1 |
7(3) Z(2) Z(1) Z10)

Hinh 7.3. Nay dung bo cona ban bt dr cic bo cong day Ju ot bit.
Vi du. bo cong bon bit ¢6 the duge xay dung to bon bo cong day da mot
bit theo so dd wén hinh 7.3. Néu st dung cau Ienh khai o v6i so do for
cau triie cua bo cong bon bit sé duoe mo ta nhwr sau;

architecture Geon_l-or of FullAdderd is
sional X, Y, 7 : SITD_LOGIC_VECTOR ( 3 downto 0 ):
sienal Cout  : STD 1.OGIC:
signal 'mp STD_1.OGIC_VECTOR ( 4 downto 0 )
component FullAdder
port( A, BB, C: in STD_LOGIC:
S. CO: out STD_LOGICY;
end component:
begin
Tmp () <=0,
G: for 1in O to 3 generate
FA: FullAdder port map ( X(1). Y(1),
Tmp( D). ZC ). Tmpt 1+1 ) )
cnd generate:
Cout <= Tmp( 4 );
end Gen_For ;

(1]
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Thong thuong trong nhidu thict k& sy xuat hién v lién ket eita cidc
phan 10 khong tuan theo quy luat Lip giong trong vi du tren. Doi véi
nhting trudng hop niay. ngon ngdt VHDL cung ¢ip kha nang mo 1a
mach st dung so do if. Khic véi cau Ienh if tuan e, cau 1enh if kho
120 khong chiia cdc nhanh else va elsif. Dicu ndy ¢d (he hicu duoe vi
trong mot mach phin ciing xdc dinh khong the nio ton tai lua chon
cau trde dua vao di licu bén ngoad.

N3y 1Y) L\(l) ‘\'(2) XX(I) N i\(ﬂi\’(()»

-
o FA  |< FA < FA |« HA
L
| | |
743) Z(2) 7(1) Z(0)

Hinh 7.4. Nay dung bé cong bon bt tir ba bo cong diy di mot bit vir mot bo

nra 1ong mot bit.,
Vi du, chiing ta xay dung b cong bon bit t ba bo cong day du mot bit
vt mot bo nia tong. Caw tric ndy tong  cau tnic trén hinh 7.3, ¢hi
KL= ‘e tai mot dicm la khong ¢d diau vao “0™ cho phan ti dia tén. NCu s
dung cau tric if, cau e cua bo cong bon bit & duge mo ta nhu saw:

architecture Gen_for of FullAdderd is

signal X, Y. Z: STD_LOGIC_VECTOR ( 3 downto 0 )
siecnal Cout  : STD_LOGIC;
signal Tmp  : STD_LOGIC_VECTOR ( 4 downto 1 ):
component HalfAdder

port( A. B: in STD_LOGIC: S, CO: out STD_L.OGIC ):
end component:
begin

GO: for [in O to 3 gencerate
Gl:if [ =0 generate
HA: HalfAdder port map ( X([), Y(I).
ZCE). Tmpt I+ 1))
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cnd generate;
G2:if 1>1 and | <=3 generate
FA: HalfAdder port map ( X( 1), Y(I),
Tmp( 1), Z¢ D), Tmp( I+ 1) )
end gencrate:
end generate;
Cout <= Tmp() :
cend Gen_for:

Bat ky mot ¢iu tede song song ctia VIIDL nhur cde qua trinh. cac lenh
oidn tin hicu song song. cac khot hoac cic Ienh gor chuong trinh con song
song va cde lenh khai 1ao kKhic ¢6 thé nam bén trong cdc ciw 1énh Khai o,
Khi st dung cdc cau Iénh khidi two 10ng nhau, ching ta ¢é the xiy dung
nhtmg ciu tric ¢o tnh quy ludt nhu sau:

Nested_Gen: block
L1: for 1in 0 to 3 gencrate
L2: forJin O to 3 generate
FA:CELL port map (A(D). B(H).C2#1+D.DI+2%T )
end generate
end generafe
end block Nested_Gen

4. Cic cau hinh

Cic khai hio thiinh phéan va cdc phién ban coa thinh phian chr chita mo td
bén ngoai cua Mot phan tr mach trén mot mac ¢hi tict nhiat dinh. Cice thuce
(h¢ ndy khong thé sir dung duge trong qud trfinh mé phong b vi clhiing
khong chita nhimg thong tin moé ta vé chiic nang cua phan (i Nhu vay., dé ¢d
the thue hicn mo phong hoat dong cua phin w, ching ta can mot co chd lién
KC1 cie mo ta ben ngoai v cie ciu trde bén trong cua phan . Trong ngon
nult VHDL, co ché lien k&t nay duge the hién trong cdc can hindi céa phan
(. Chting ta hay xét vi du mo ta cdu tric cua bo cong dav du mat bit
FullAdder trén hinh 7.2, Bo cong ndv duge mé 1a bang doan chuong trinh
sau



libraly 1EEE:
use [ECE.STD_LOGIC_L164.all;
entity FFullAdder is
port ( A, B, Cin: in STD_LOGIC; Sum, Cout: out STD_LOGIC):
end FullAdder:
architecture IMP1 of FullAdder is
component Xorgate:
port ( 10, 111 in STD_LOGIC: O: out STD_LOGIC ):
end component:
component And2gate:
port( 10. [1: in STD_LOGIC: O: out STD_LOGIC ):
end component;
component Or2gate:
port ( 10. I11: in STD_LOGIC; O: out STD_L.OGIC ):
end component:
signal SI, S§2. S3 : STD_L.OGIC;
begin
Ul : Xorgate port map ( A, B, S1):
U2 : And2gate port map ( A, B. S2 ):
U3 And2gate port map ( Cin, S1.S3 ):
U4 : Xorgate port map ( Cin, S1. Sum );
U3 : Or2gate port map ( S2. 83, Cout );
end IMP1;

Trong doan chuong trinh mo ta @ trén, ching G ¢l khai bdo vé ki¢u cua
thanh phan va nhing phuong thic k&t ndi gita chiing ma khong chi 1o cdc
¢hifc niang cla 1img thinh phan. Nhu vay. dé thue hién va mo phong doan
chuong trinh néi trén. chdng ta can phat mo ta hanh vi cda ting thanh phan.
Trong doan chuong trinh dudi ddy, ching ta mo i nhimg thuc thé tham pia
VAo ciu trdc cla bo cong day du mat bit. Cic mé ta thue thé nay bao gdm
phan khai bido thuc thé va mo ta hanh vi.

library IEEE;

use [EEE.STD_LOGIC _1164.all;
entity And2gate is
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port ( 10.11: in STD_LOGIC: O: out STD_LOGIC )
end And2gate;
architecture BHV of And2gatc is
begin
O« 10and 11
end BHV:

library |LEE:
use IEEE.STD_LOGIC_1164.all;
entity Or2gate is
port ( 10, I1: in STD_LOGIC: O: out STD_LOGIC ):
end Or2aate:
architecture BHV of Or2gac is
hegin
O<=10o0rll:
end BHV:

libraly [EEL:
use IEEE.STD _LOGIC [ 164.all;
entity Xorpate is
port (10, I1:in STD_LOGIC: O: out STD_LOGIC ).
end Xoreate:
architecture BIV of Xorgate is
begin
O« 10 xor [1:
end BHV:

Sau khi tat ca cide thue thé vit Kicn trde coa timg phin @ duoe bica dich
va chira trong cic thu vien, chiing ta ¢6 thé ticn hinh bicn dich mo hinh cta
ho cong day du mot bit FullAdder néu treén. Trong khi bicn dich thict k¢ coa
bo cong dav da, chuong trinh dich s& déi sinb time dinh danh ¢ta cde thanh
phin trong Mo i thict k& vaoi cic thue the trong thu vicn dang st dung. Neu
tne vai moi thianh phan trong thi¢t k& ¢6 thé tim thay thue (hE ¢6 cling 1én
trong cac thu vicn, chuong trinh bién dich s¢ xay dung thue the mo phong
cho mo hinh thict A& cua bo cong FullAdder. Viode - kicn (ric véi (€n
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IMP1 cua b cong FullAdder ¢ ba thash phan la Xorgate. Or2gate vi
And2gate. Néu trong thu vien WORK chia cie thue the ¢d cung (¢n. chuong
trinh mo phong sé gin két Kicn rae duoe bicn dich sau cling ( trong trudong
hop thue the o nhicu han ot kicn trtic ) véi nhimg thanh phéin tuong tng.
Nhu vay nhi thict k& khone nhat thiét phic dac 1a mot cich twdng nnh sy
ein kE nhiing phicn ban cua thanh phan v cdce cip (hue (he - kicn trde chiva
trong thu vien thict k¢ Ching ta €01 su gian K&1nay 1a gan két mae dinh.

Trong truong hop mot thuce thé ¢6 nhidu Ki¢n i thi viee chon mac dinh
kien triie duoc dich sau cimg ¢6 thé khong lua chon duoe kichn tric can thict.
do d6 cin phai bicu dicn ciu hinh mot cich tudng minh.

5. Biéu dién ¢au hinh

Mot thue thé ¢ thé 6 nhicu kich trie. Méi kich trie ¢ the 1 mé hinh
thuat Gyin, kica triic Khic ¢é thé 1 mic thanh ghi truyén dat hoic ¢6 thé 1a
mo hinh ciu trde. Teén khia canh thict k&, chting ta ¢an lga chon cdc hicn
tric cua phan (i mat cach thich hop va phai chi o cic khai bio thue the va
cie hien tede s¢ duoe Tua chon. Nine vay. mot ¢ciu hinh <& cung cap cho
ching ta cich lua chon ahimg khai bio thue the va Kich trge dot vai 1iimg
phicn ban cta thinh phan duoe mo ta trong than Kicn tric cua thict ke.

Ciu hinh coa mot dace ta thanh phan duge bicu dién theo quy tic cd phip
sau:
for < danh_siach_phicn_ban >: < tén_thanh_phin > nse < dac_ta. aian_ket >:
Trong do:

< danh_siach_phien_bin > c¢hi ra danh sach phien ban cua thanh phan

duge dat cau hinb( ¢6 ¢n duge chi ra bang < t¢n_thanh_phan > ).

Phicn ban ¢6 the duge dac a bing < nhan_phicn_ban > houac dung

cite wr khoa others hodc all.

* Tl khoa others chi (61 cie phien ban ctia thanh phin ¢o (&n 1
< ten_thanh_phin > vi chua duoe dit cau hinh.

*  Tu Khéa all chi t6i moi phién bin cua thinh phan ¢6 en
< 1én_thanh_phan >.

< dac_ta_gan_k¢t > dua ra cie dnh xa gitra cac Kien irae duoe lua

chon, dua theo dd phicn ban <& duge xay dung. Thong un nay sé

dugc mo i theo quy tace ¢d phap sau:

entity < tén_thu_vien.ten_thue_thé > [ ( < 1&n_kicn_trtic > ) |:



Néu thue thé chi ¢6 mot kién tric thi tén cua kien trdc trong phin
< dac_ta_gin_kél > ¢ thé ducc b qua.
Vi du, ta ¢ the dac ta bo cong diy du bang cich st dung cic cau hinh
nhur sau:
libraly IEEE:
use IEEE.STD_LOGIC_1164.all:
entity FullAdder is
port( A, B, Cin: in STD_LOGIC:
Sum. Cout: out STD_LOGIC):
end FullAdder ¢
architectore IMP1 of FullAdder is
component Xorgate2:
port (10, I1: in STD_LOGIC: O: out STD_LOGIC ):
cnd component;
component Andgate2:
port (10, [1: in STD_LOGIC: O: out STD_LOGIC ):
end component:
component Orgate?2;
port ( 10, It: in STD_LOGIC: O: out STD_LOGIC );
end component;
signal S1, S2, S3 : STD_LOGIC;
for Ul: Xorgate2 use entity work.Xorgate( BHV ):
for others: Xorgate2 use entity work. Xorgate(BHV) :
for all: Andgate2 use entity work. And2gate:
for U5: Orgate?2 use entity work.Or2gatce;
begin
Ul: Xorgate2 port map ( A, B.N1);
U2: Andgate2 port map ( A, B.N2):
U3: Andgate2 port map ( Cin, N, N3 )
U4: Xorgate2 port map ( Cin. N1, Sum ):
U5: Orgate2 port map ( N3, N2. Cout )
end IMP1;
Trong vi du nay, phién ban ¢é nhin Ul cta phin t¢ Xor sé ¢6 mo ta
tuong tng véi thue 1hé Xor2gate chiia trong thu vien WORK. Vice thiét lap
lien két gilia phicn bin va mo ta thue the duge the hién tudmg minh biang ciu
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[énh giin két for. Cic phin td Xor ¢d nhiin khdc Ul s& duoc gin ket theo
dong 1én for others ticp theo. Tl ci cice phan ta Andgate2 s& st dung ciu
hinh twong tng véi thue thé And2gate. Doi véi phan wr Or vice the hicn gin
kCt cau trde cling xay ra tuong (.

§7.2. Mo hinh héa trén mde thanh ghi truyen dat

Mot thict k¢ teén mde thanh ghi truyén dat bao gom mot tap hop céc
thanh ghi lién k&t v6i cae mach 6 hop. Trong muc ndy. ching 16i s& trinh
bay mosr quan hé gitia ¢de ¢iu trie teén mdac thanh ghi trong ngon ned
VIIDL vit mach logic 8¢ duoc tone hop.

1. Mo hinh hoa mach to hop

Mot qua trinh khoag I)in Dout
chda ciu lenh if vai tin

Mach td

hicu dicu khicn theo \ly
suon  lén hoac  sudn

Thanh
¢hi

Clock J

Hinh 7.5, Bicu dién thict ke wren mite thanly ebi trayen dat,

xuong hoac khong chaa
caun fenh wait vat cice su
Kicn coa tin hicu goi L
qui trinh 10 hgp. Mot
qui trinh 16 hop s& duoc (6ng hop bing cdc mach (6 hop. Vi du sau day &
mo 1d mach 16 hop tinh gid tri nhd cha bo cong day di véi cac dau vio A, B,
Cin.

signal A, B. Cin, Cout: BIT:
process( A, B, Cin)
begin
Coute= (A and B)or ( (A or B)and Cin );
end:
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Trong vi du nay. tit ci cdc tin hicu vao phat duge ghi trong danh sich tin
hicu tic dong. Danh sdch tin hi¢u tdc dong chi ra rang. qua trinh tinh todn
dang X¢t && duge thue hien khi ¢6 su thay doi cla cic tin hicu ndm trong
danh sach.

Pé mo ta mach {ogic 10 hop. cite bién v tin hicu trong mot qud teinh
process khong duge nhan gid tri gdn khoi o trude boi i onach 16 hop
khong chiaa cic phan tor nhd. Khi trong mo hinh mach ¢6 cie bien hode tin
hicu duge khoi tao gid i trude. dicu nay s& wong duong vai vice trong
mach phai ¢é nhiing phan o luu o cdac gid it kKhot o, Nhu vay khi mo
hinh héa ciu tric, chuong trinh mo phong s sinh ra ¢dc phin & ohd de luu
(ra cdce gia tri khai tao. Mach tra thanh mach ¢6 nhé. Them vio do. trong cic
mo hinh mach (6 hop, cidc tin hicu viy bién can phai duoc gdn gia tri trude khi
duoe s dung.

Moi ciu Ienh tudn ty trix cide Jenh wait, loop Vi if voi nhiing tin hicu dicu
khi¢n theo sudn déu ¢6 the ding d& mo ti cic mach logic 16 hop. Cic phép
10dn so hoc nhu +, -, *, ...: cde phép toidn quan he v cic phép oidn logic déu
¢6 the duge st dung trong bicu thiic.

- / a) _D{ i . b)

Ilinh 7.6. 1Lu ket quit ong hop mach Kliic nha,

Cong ¢y tong hop ¢6 the thue hién ¢hia s¢ i nguyén néu ¢ cic thao téic
Lol (rlr trong bicu dién thict k&, Vi du, hai phép odn cong trong trong doan
chuong trinh dudi diy 12 hai phép cong loai trir vi chiing khang (he thuc hicn
déng thoi. Ching ta ¢6 (h¢ gdn cdc phép todn dé cho hai klidi chie nang
Khic nhau hodce gin cho cung mét khor chie nang thy thude vio cic rang
buode v 1al nguven. Néu dicu kién rang bude vé (i nguyén yéu ciu sur dung
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mot bo cona. mach tong hop duge s& 6 dung rén hinh 7.6a. Tuy nhicn, néu

di¢u ki¢n rimg bude véw cau hat bo cong. mach nhan duge s¢ ¢d dang ucn

hinh 7.6b.
Vi du.

process ( AL B, Sel )
begin
if (Sel=-1")
then 7. <= B+ C:
clse 7Z<=A+ D
end if;
cnd process;

Cic phép gan tin hicu song song ¢6 thé duoge str dung ngan gon doi vaéi

mot 5o loai mach [ogic 10 hop. Vi du. trong quit teinh sinh ra gia tei nhic cuia

bo cong day dd mot bit ¢6 the duge vict duéi dang mot phép gian tin hicu

song sony nhu trong doan chuong tinh dud day.
Vidu.

architecture DataFlow of FullAdder is
signal A. B, Cin. Cout: BIT:

Cout<=(Aand Bror{(AorB)and Cin )
cend DatalFlow;

2. Ciac mach trigo di¢u khién theo mde ( mach Lt )

Cic mach 1t [a cdc trigo lam vice v6i ché do dong bo theo mide. Cac

tngo lam vice theo suon v wrigo Jam  pry,

S ) . : DOW
viee theo mde thuong duoc s dung ——
trong cde phian ta nhé mot bit, Taxét v §
du mo e mach trieo D lam vice (heo
muc. linh 7.7. Mach tri-ga D Fam vice
Vi du. mé ta hanh vi mach trigo D v ché dé dong bo theo mie,
[am viée theo miic bing ngon nel

VHDL.:



signal S, DIn, DOut: BIT:
process ( S, DIn )
begin
if (S="1") then
DOut <= Din;
end if;
end process:

Chuing ta thav. danh sdch cidce tin hicu nhay cam chiia cac tin méu S va Din.
Cic tin hi¢u nay can thict d¢ phan wr trigo D boat dong ding. Nhu vav. khi
tin hicu tren duong tin hicu S va DIn thay doi 2id (1, qua trinh & duoe
chuong trinh md phong thue hi¢n. Chiing ta thay vice @in gid tri ¢ho tin hicu
DOut duge an trong cau lenh didu kien if, gid tri tin licu rén duong tin hicu
DOut s& khong thay doi néu gia tri trén dudng S biang “07. N&u @id tri tien
dudng tin hicu S bing ‘17, gid tri trén dudng tin hicu DOut s¢ thay doi va
bimg DIn mdi Khi tin hicu trong danh sach tin hicu nhay cam thay doi gid .
Do 1a hanh vi hoat dong cua phan i trigo [ vice theo mde. Nhu viv, doi
VoI cdae mach trigo lam vice theo mate, ching ta phai cht 1o danh sich cic un
hicu tic dong. Khi cac tin hicu tic dong thay doi thi qua tinh mo ta hiamh vi
cta mach s¢ duoe thue haén.

Noi chung. haush vi cua cic mach trigo lam vice theo miie s¢ duoe xav
dung tren nhimg cau Ienh dicu kicn if khong day do. Co the hicu cau lenh
dicu kicn if khong day da Ly cau lenh if ¢hi ¢é mot nhdnh then va Khong
chita nhanh else. Nhu vay. moi tin hicu hoie bicn khong duve dicu Khicn boi
tat ca cic kha nang ¢6 the ¢6 cha dicu Kien déu duse mo phong thanl nhiing
phan W tigo L vice theo mice. Cac phan tu trige L vice theo mide thuong
xual hicn trong qua trinh mo phong khi gap cic [Enb if va case ¢o cau tete
khong dav du. DBoan chuong trinh trong vi du vira neu trén twong tng VAl
phan wr trigo Tam viée theo muce vi duoe bicu didn biang cau Jenh if ¢o cau
trde khong day da.

D¢ trdnh sy xoat hién ¢oa cde phin wr tigd am vice theo mie khong
mong muon. ching ta phai gan tn hicu véi it ca cde kha nang ¢6 the ¢6 cua
di¢u Ki¢n trong cdce cau Ienh ré nhanh. Vi du, néu ta bo sung cde nhinh vio
cau [¢nh diéu Kien trong doan chuong trinh ncu trén, cau [énh if s¢ duoc bicu
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dién diy du. Khi d6 doan chuong trinh s¢ duge chuong trinh mo phong tong

hop nhu mot phan tr AND.
Vidu.

signal S, DIn. DOut: BIT:
process ( S. DIn)
begin
if (S="1") then
DOut <= Dln;
clse
DOut <="0;
end if
cnd process:

Chiing ta ¢o thé mo 1a nhimg phan tu trigo fam vice theo mite var hai dau

.

tin hicu thct Bp gia e *07 hoic

1" khong dong bod. Boan chuong trinh dudi

diy s¢ bicu dicn phin (W tripg lam viée theo mdc c6 gid trj 58 thict Lip vé -0

Khi tin hicu dau vao khong dong bo RST nhan gid tri bang *

LN ovay

trong vi du ndy. tin hicu RST 1a on hico kich hoat véi véi mde gl tri tin hicu

cao.

Vidu, néu RST =1 = tncl lap trang thai coa trigove 0.

signal S, RST, DIn, DOut: BIT;
pracess ( S. RST, DIn)
begin
it ( RST="1") then
DOut <0,
clsif (S="1") then
DOut <= Dln:
end it
end process:

Ncu chiing ta muon doi tin hi¢u RST thanh tin hicu kich h

at vai muc

gid tri thap. dicu Ki¢n trong cau iénh if s¢ chuyén tt ( RST = 1" ) thinh

(RST="0").



3. Xay dung mach ding ho hai pha

Cic mach dong hoé hai pha ¢d 1h¢ duge mo ta bang cdch st dung cic
trigo fam vice theo mace. Mach dong ho hai pha duge bicu dién bang hai qua
tinh. Trong dé. mot qud trinh mo ta mach 16 hap va mach lat ting moi. qui
(rinhy Rhae mo ta mach 16 hop viv mach [ac ang thy hai.

Vi du. thict k¢ cda mach dong ho hal pha s& duoc mo ta bane doan

chuong trinh tren ngon ngd VHDL nhu sau:

l
R S g ST

Iinh 7.8, Thidt k¢ cua mach dong ho ha pha

entity TwoPhase is
port( A, B:in BIT: Phl. Ph2: in BIT: Z: bufler BIT )
cnd TwoPlluase:
architecture Implement of TwoPhase is
stgnal D: BIT:
begin
process( AL 7. Phi_t)
begin
if (Phi_t ="1") then
D<=Aor7Z:
end if:
end process:
process( B. D, Phi_2)
hegin
it (Phi_ 2="1")then
Z<=Band ( not D )
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end if
end process:
end Implement;

4. Cdc mach trigo lam viée theo suon ( flip-flop )

Cic qua trinh chita cac tin hi¢u if hodc wait dicu khién theo sudn I¢n
( hoic suon xudng ) 1 cic qud trinh duge dinh gio. Cic mach rigo dicu
khién theo sudn 1én hodc sudn xudng cla tin hicu s& dudge tao ra (r mo (a
tren ngon nglt VHDL néu phép gan tin hiéu ( hodc phép gin bién ) duge thae
hién theo sudn I¢n hodc sudn Xudng cua cdc tin hicu diéu kliién. Khi tim ra
sudm cua tin hicu déng ho. chuong trinh mo6 phong ¢6 thé xdc dinh duge vi
tri d¢ dua phin 0¥ trigg vao mé hinh. Nhu viy moé hinh nhan duge s€ hoat
dong theo du dodn trong giai doan thiét k&.

Thugc tinh event coa tin hiéu duce ding Din DOut
dé bidu didn su bien thien cua tin hicu. Khi |
ching ta can xdc dinh sy bién thién cta tin F/F
hic¢u. thuoc tinh event s¢ cho ra gid tri logic  CLK

N
tuy theo tren dudng tin hicu ¢ xuat hién su - C

kién hay khong. Thuoc tinh stable ciing cho L]

gid tri logic va ¢6 v nghia nguoc lai véi thudce Hinh 7.9. Trigo D dicu khich
tinh event, theo sudn tin hicu dong lio.

Trong vi du dudi day. ching ta mo ta
triga D dicu khién theo sudn 1én bang ngon ngit VHDL. Bicu dién cta mach
hao gom mot qud trinh process ¢é danh sich tin hiéu tic dong chia tin hicu
dong hé CLK. Qua trinh nay chita mét cau lénh if ¢ bicu thic dicy kict
kiém tra sudn lén cta tin hicu déng hé CLK. Trong thai gian tin hi¢u thict
lap suon lén, gid tri trén dudng tin hicu DIn duge gan cho dudng tin hicu
DOut.

Vi dy mé i hoat dong cua trigg D fam viée theo sudn Ién cua tin hiéu
dong ho CLK.

signal CLK. DIn, DOut: BIT;
process( CLK )
begin
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if (CLK'event and CLK ="1") then
DOut <= Dln;
end if;
end process:

Trong cic chuong trinh trén ngon ngir VHDL, céc bi¢n cling ¢é (he sinh
ra cac trigo diéu khién theo suon tin hicu. Ching ta bi¢t rang, khi mot bicn
duoge khai bio trong moét quai trinh process. gid tri clia bicn s¢ khong roi
khot qud (rinh (¢6 nghia la gid tei chia bién duge khai biao beén trong mot qua
trinh s& khong duoce sir dung 0 bén ngoai qud trinh). Nhu vay, (hoi diém mi
mot bicn s& sinh ra mot trigo diéu khién theo sudn trong qui trinh mo phong
[ thoi didm khi bién duoc su dung trude lhe duge gan gid tri bén trong qua
trinh duge dicu khién theo tin hi¢u dong hd. Trong vi du duéi day, doan ma
chuong trinh VHDL s€ sinh ra hai phan t trigo Liun viée theo suon khi duoc
mo phong.

Vi du: doan chuong trinh tao ra hai phan tr trigo diéu khiéu theo sudn
trong qua trinh mo phong.

signal CLLK., DIn. DOut: BI'T:
process(CLK)
variable TMP: BIT;
begin
if (CLK'event and CLK ='1") then
DOut <= TMP:
TMP := DIn;
end if?
end process:

Trong vi du ndy, bién TMP duoc su dung trude khi duoc gdn gia tri. Nl
vay, gld tri chia trong bién TMP Lt gid tri ¢6 duge sau 1an lap e cda trinh
w thure hién qui trinh va ching ta cin phai ¢6 mot trigo dé i weld gid i
ndy. Néu ching ta déi ¢hd hai phép gdn trong doan chuong trinh ndi trcn,
bien TMP s¢é tuong dng don thuan véi mot day dan. Khi dé chi ¢6 mot phan
tu trigo € duoc tao ra trong qua trinh mé hinh héa mach.
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5. Thiét lap va x6a gia tri dong bo va kKhong dong hé trong cic mach
trigo di¢u khién theo suon tin hié¢u( flip-flop )

Gid tri cha cic phan tir flip-flop ¢6 thé duge thiét lap hodc xod mot cich
dong bo dua vio su xudt hién tin hidu trén cde dau vao tuong tng caa phan
tir. Phép gin gid tri chi duge thue hién khi xudt hicn suon coa tin hiéu dong

bo. Con trong cic thoi dicm khong

Din \—-—I c6 tin higu dong bo. su thay doi gid
DOut tri tin luiCu Iré;) c.{u: .dfiu '1hic’r lap
~ MUX D Ql—— A , T
0 hoac x6u khong anh huong 11 trang
,_‘_J FIF thdi cua phan tir nhé.
SRST e i Tat ca cdc phép gan beén trong
CLK [ \ cau lenh if phan dng véi sudn( Ién

hodc xuong ) cua tin hicu s€ ¢6 tic
dung thi¢t lap trang thdi cda phan (b
nhd trong toan bo that gian hinh
thanh suon tin hiéu dong ho. Phin t flip-flop véi cic dau thiét Iap hoic xéa
trang thdi ¢é (he ducge mod hinh héa bang cich xdc dinh thdi dicm diu vio
dong bo s¢ duge thiét 1ap theo su xudt hién sudn tin hiéu dong ho. Doan
chuong trinh dudt day sé€ tuong duong véi mach flip-flop ¢6 ciu trie duge
mo (& teén hinh 7.10. ‘
Vi du:

Hinh 7.10. NMach D thp-flop vér dau xéa
trang thii dong bo.

signal CLK, Din. DOut. SRST: BIT;
process( CLK ):
if ( CLK'event and CLK = '1" ) then
il (SRST="1") then
DOut « '0';
else
DOut « Din;
end if
end if;
end process:

Trong doan chuong trinh trén, ching ta thay cic tin hieu DIn va SRST
khong can thiét phai niam trong danh sdch cde tin hi¢u tic déng. Cic phép
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gdan chi xay ra khi xudt hién su thay doi gid tri cia tin hiéu dong hé CLK
(duoc kiém tra bing diéu kicn CLK’event) wr ‘0" sang ‘1’ (dugc kiém tra
bang dicu kién CLLK =*1").

Trong nhiéu trudng hop, viéc thiét lap hodc xo0d gid tri cla phan tr nhé
khong phu thude vao thoi gian déng ho. Vi du, trong cic phan ur trige D
di¢u khien theo suon tin hi¢u (D flip-flop) déi véi nhiéu trudng hop, can
thiét thiét 1ap gid tri hodc xoa gia tri khong phu thudce vao thoi gian dong ho.
Poan chuong trinh VHDL dudi day mo td phan ta D flip-flop ¢6 cac dau vao
Xod gid tri khong déng bo.

Vi du D flip-flop véi dau xod gia tri khong dong bo:

signal CLLK, ARST, DIn, DOut: BIT:

Din| 5 Q DOut
process( CLK, ARST) j FIF
begin % c
if (ARST="1") then
DOut « '0;
¢lsif (CLK'event and CLK ='1") then ARST

DOuL ¢ Din: Hinh 7.11. Mach D flip-flop véi
end if; dau xéa trang thii khong déng bé,

end process;

Trong vi du ndy, ching ta thay thuc thé dugc mé ti ¢6 mot ¢cong vao bo
sung — cong xod gia tri khong dong bo ARST so vai trudng hop xod gii tri
dong bo. Cdc tin hiéu CLK va ARST phai nam trong danh sdch tin hicu dicu
khién. Méi khi ¢6 mot su kién xuat hién trén cac duong tin hi¢u CLK hoac
ARST, doan chuong (rinh trong than cta process s& duge thuc hién. Trong
vi du nay, tin hiéu ARST ¢6 mic dd vu tién cao hon tin hiéu CLK. Kth tin
hteu trén duong ARST nhan gid tri ‘1°, dau ra cua D flip-flop nhan gia tri
‘0°. Trong nhimg truong hop khic, D flip-flop sé gin gid tr1 tin hicu dau vio
DIn cho diu ra DOut twong ing véi sudn 1én cia tin hiéu dong ho CLK.

6. So do chung mo ta mach ¢6 nha



NEu xét (rén quan diém cau tric va chic nang, mach ¢ nhd luén duge
chia thanh hai phin: ¢dc thanh phan 16 hop va cdc mach nhdé dong bo. Tuong
ling véi cach phan chia chife nang va cau tric nhu vay, mo hinh cia mach ¢6
nhd bao gom hai phian: mot phan mo ta cac cdu tric vi chife ning 10 hap:
mot phian moé6 ta cdc ¢du trdc va chie nang mach nhd dong bo.

Trong phén mé td cdc thanh phin t6 hop, chiing ta biéu dién nhing
thanh phian mach ¢é hanh vi phu thudc vao su thay doi gii tri tin hi¢u
nam trong danh sach tin hiéu tac dong. Tat ca cdc tin hi¢u duge tham
chiéu t6i trong phin mo a cdc thanh phan 16 hop phai dugc liet ké
trong danh sich cdc tin hiéu tac dong. Cdic thao tic déi véi tin hiéu
trong phan nay khong di kém véi cdc phép Kiém tra sit xual hién
suon tin hi¢u ( tde la khong chira cdc thudc tinh ‘event ).

Trong phian mo ta cdc mach nhg déng bo. ching ta bicu dién cdc
thanh phan mach ¢6 hanh vi phu thudc vao sy xuat hi¢n cic suon cua
tin hiéu dong bd. Cdc thao tac ddi véi tin hiéu trong phan nay chda
cac phép Kiém tra su kién trén dudng tin hiéu va kiém tra suon tin
hiéu ( nhur CLK ’event and CLK = “1").

Vi du, doan chuong trinh sau mé ta mach (ao xung c¢é so do thiét k€ ¢
muc logic nhur trén hinh 7.12.

entity Pulscr is
port ( CLK, PB: in BIT; Pulse: out BIT ):
end Pulscr;

Q Q-

PR —

FF FF

ek [ © [t

Pulse

o

Hinb 7.12. Mach tao xung.
architecture BHV of Pulser is
signal Q1, Q2: BIT;
begin
process ( CLK, Q1,Q2)
begin
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if (CLK'event and CLK ="1") then
Q1 <=PB;
Q2<=Ql;
end if;
Pulse <= (not Q1 ) nor Q2:
end process; '
end BHV:

Trong vi du nay. phin chdc nang 10 hgp dugce bicu dién bang phép gin:
Pulse <= (not Q1 ) nor Q2;
Con phin chic nang nhé dong bo theo sudn lén duge biéu dién bang ciu
1enh if kiem tra su kicn:
it (CLK'event and CLK ='1") then
Ql <=PB:
Q2<=Ql;

cnd if;
7. Cac thanh ghi

Cic dang thanh ghi khic nhau cong thuong duge s dung trong cdc
mach ¢é nhd. Trén hinh 7.13 ching ta bi¢u dién so dd cua thanh ghi bon bit
lam viée trong ché do dong bo bang tin hicu dong hé CLK. Thanh ghi dugc
thiét lap gid tri ban daw bing 11117 khi xuat hién tin hiéu thiél lap khong
dong bo ASYNC. Khi xuat hi¢n suon Ién cia tin hicu dong bo CLK, cic bit

Dout(3) Demnt(2) \1)\\u1(1) \L)null[))

Q Q Q 0
—° S — ] S
D b 9] D
A £ 4 o
CLK | L
ASYNC
D3 Din(2y Dint 1 D0y

ITinh 7.13. So dé ciw e thanh ghi -,
dau vdo cta thanh ghi duge truyén t6i diu ra dong thoi. V6i thanh ghi nhu
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trén hinh 7.13, ching tua c6 doan chuong trinh trén ngodn ngd VHDL tuong
Gng mo ta hanh vi cta mach.

Vi du mo ta hinh vi cda thanh ghi bon bit theo so do trén hinh 7.13.

signal CLK, ASYNC: BIT:
signal DIn. DOut: BIT_VECTOR ( 3 downto 0 ):
process ( CLK, ASYNC)
begin
if (ASYNC ='1") then
DOut <="11V1";
elsif ( CLK'event and CLK ='1") then
DOut <= DlIn;
end if;
end process:

Véi sa d6 chung dé mé ta cdc mach ¢6 nh6, ching ta ¢é thé bi¢n dién
ciac dang thanh ghi khic trén ngon ngd VHDL mot cach twong tu.

§7.3. Mo hinh héa cac 6témat hiru han
Mot thiét k& mach s8 ¢6 thé duoc chia [dm hai thanh phan: bo xtt ty dit

Thoéng tn trang thir

i Leénh .
H —»
M.{Ch Mach (¢ Much
diéu ) ; xit Iy
Khicn bo trg i liéu
IIIIIIIIIIIIIII Tin hidtra Dit liéu vio Dit licu ra
Pau vio tir

bén ngoal
Hinh 7.14. M6 hinh atémat hiu han véi cac thinh
phin diéu khién va thanh phan xirly di lieu.
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licu vd bo diéu khién. M6i quan hé giita bo diéu khién v bo xir ly dir licu
trong mach duge bicu dién trén hinh 7.14. Bé xur 1y dit licu thue hién cic
thao tiac doi véi dir Liéu chita trong cic phan (i nhd theo cac lénh do b6 diéu
khién dua ra. Bo dicu khién dua ra cdc [énh diéu khién thich hop cho bo xur
1y dir liéu tai mdi thoi diém thai pian. VSi nhitng 1énh diéu khién ti bo dicu
khién bo xir 1y dir ligu ¢é thé thuc hién nhitng chdc nang vi thao tic thich
hop dé xdc dinh duge cdc tin hiéu ddu ra can thiét. Bo diéu khién nhian
nhing thong tin phan hoi tir bo xwir 1y dit liéu - cdc thong tin trang thai xa 1y
dit licu. Cie théng tin phan hoi niy duge st dung 1am cdc bién quyét dinh dé
xdc dinh diy chuyén trang thdi ctia mach.

Bo diéu khién [ nhing mach tudn tu ¢o cic trang thdt duge ding d¢ xic
dinh cdc lénh diéu khién cho h¢ théng. Tai mot trang thdi hién thoi, dua vao
nhiing thong tin trang thdi va thong tin dau vao (thong tin dau vio do ho xu
Iy dif liéu cung cap hoiic 1a cic tin hiéu thict 1ap tr bén ngoai) bo dicu khicn
chuyén sang trang thdi mai va khdi tao cic 1énh diéu khién mdi va tao ra cic
gid tri ra wong ing. B diéu khién thudng duge xdy dung tir cic mach tuin
tu - cac thanh ghi trang thdi va cic mach 16 hop. Cic thanh ghi trang thai luu
giit cdc trang thadi hién thai, cdon mach 6 hop tuo ra cic Iénh diéu khicn va
trang thai méi dua trén ¢g so trang thdi hién thoi vi cde tin hiéu dau vio. Cic
mach tuan tu ¢é mot $6 hiru han cdc trang thdi goi la cdc 6témat hitu han.
Cic 6tomat hitu han 1a nhimg céng cu hitu hiéu dé thue hi¢n cic co ché diéu
khien va quyét dinh trong cdc mach so.

Mdy otomat hitu han [a mot bo sdu < X. Y, S. s, 0, & >, trong dé:
« X -tap hgp cdc tin hiéu vao cia 6tomat:
X = { XD X,(0) |
« Y - tap hop cdc tin hiéu ra clia 6tomat:
Y ={y (0. ¥}
. S-tap hop cdc trang thdi cua otomat:
S=1 5D 5.0) |
« 8, - trang thdi ban dau cua dtdémat:
so (1) e S
. Ham & (s, x) - him chuyén trang thdi cia otémat;
«  Ham A (s, x)-ham dau ra cta otomat.
Tuong tng vdi cic phuong phap tinh todn hiim chuyén trang thai v ham
ra, ching ta ¢6 cdc loai 6tdémat khdc nhau. Hai dang otomat hitu han thong
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dung 1a 6tdmat Moore va otdmat Mealy. Chuing ta st dung ngodn ngit VHDL
dé mo ta hai mo hinh 6témat nay.

1. Mo hinh héa 6tomat Moore

Trong  chuong 3,

. - R Mach t& hap 1 Mach nhé Mach ta hdp 2
ching ta da mo ta hinh . —
thiic 6tomat Moore. do dé —> > >

. N . — r d -
tai chuong nay, ching ta — > > —
sé chi nhic lai mot cich Bau ra
ngin gon.

Otdmat Moore 1a mot T ClockT
otomat hitu han cé ham

chuyén trang thai vi ham
ra ¢6 dang nhu sau;

(1) = 3(s(t-1), X(1))

y(t) = A(s(1) t=1,2, ...
Nhu vay trong 6tdomat Moore, tin hiéu dau ra ¢ thai diém hién thoi chi phu
thuoe vao trang thdi hién thoi cla 6tdmat; cdn trang thii o thoi diém hién
thai s& duoc tinh thong qua tin hiéu dau vio tai thoi diém hi¢n thoi va trang
thai trude dé cua 6témat. Theo sa do khéi (rén hinh 7.135. 6tomat Moore ¢6
th¢ dugc bidu dién bao gém mot mach 6 hop dung d¢ xdc dinh trang thii
mai cda 616mat thong qua tin hiéu vao va trang thai trude dé: mot hé mach
nhé dé hru il trang thdi. Doi vai otomat Moore, tin hiéu dau ra chi phy
thudc vio trang thai hién thai, do dd. ching ta can mot mach 6 hop nia d¢
xdc dinh tin hiéu ra. Mach 6 hop xdc dinh tin hicu ra s& ducc néi truc licp
véi hé mach nhé trang thai bai vi tin hi¢u ra chi phu thude vio trang thai cua
atomat & thoi diem hién thoi. Cic phan tir nhé cha 616mat Moore thudng
duoc diéu khién bang tin hiéu dong ho, do dé cic tin hiéu ra ciing duge dong
bo héa theo dong ho. Nhu vay 6tomat Moore 12 mét otomat voi diu ra dong
bo. Vi 1€ d6 ching ta khong can quan tam t6i nhitng kho khan ¢6 1thé xuat
hién do cdc qud trinh qua do hodc canh tranh gilta cac phan tir trong mach
clia 6tomalt gy ra (nhing van dé nay da duge d¢ cip (61 trong chuong 3).
Cic tin hiéu ra duge tinh qua mach t6 hop nhd cac tin hiéu tir hé nhé cic
trang thdi.

Ilinh 7.15. So dé khéi cla otémat Moore.



Ching ta ¢6 thé biéu dién 6tomat Mooic trén ngén ngr VHDL tuong
nhu khi bicu dién cic mach ¢é nhé trén mdc thanh ghi. Qua trinh bicu dicn
atomat hitu han s& duge chia thanh hai phan hé: phan h¢ 16 hop va phan hé
mach tuan tw. T hiéu x6a trang thiai khong dong bo khdéi tuo gid t1 cho ciie
thanh ghi va dua otomat vé trang thai bun diau. Clng v6i su xuat hién sudn
cula tin hicu dong bo CLK. gid tri cta trang thii mdi duge gdn cho trang thai
hi¢n thoi. Phan hé mach t6 hgp mé th mach (6 hop tinh todn trang thii mdi
va mach 16 hop tinh todn gid tri dau ra. Doi v6i 6tomat Moore, tin hiéu dau
ra chi phu thudc vao trang thai hién thoi nén mach 8 hop xac dinh diu ra
khong ket not véi cie tin higéu vao. Dudi diy ching ta xét vi dy xay dung
chuong trinh trén ngdn ngd VHDL mé i otamat Moore diéu khicn mach
cong hai s6 nguyén didu phay tinh.

Vi du. xay dung mach diéu khién phép todn cong hai s6 nguyén. So do
thuit 1odn duoe dua ra trén hinh 7.17. Cic s6 duong duoc luu teir dudi dang
ma (ruc tcp con cic $6 am duoge luu trir theo dang ma bu hai. Theo so do
thudt todn. chiing ta xdy dung duge so dé chuyén trang thdi cua otomat
Moore tuong Ung (hinh 7.16). Trén hinh 7.17. cdc trang thai cua otomat
Moore nim tuong g véi cic khoi thuc hién phép todan va khong ghi trong
dau ngoac don.

Otomat Moore niy ¢é cdc tin hiéu vao la: X =

cidctin hiéura la: Y
cac trang tharla: S=1{S,.5,.5,.5:.5,

Sq 1

Hinh 7.16. So d6 chuyén trang (hdi cia atomat Moore ttong
ung vai thuat todn wén hinh 7.17.



X
S,
) X2 \ |
S. l vy S
8. ¢- Sn*Reg S, S, tReg bu 2
’ Y
(5:)
Sq

Hinh 7.17. 8o dé thuat toan thue hién phép cong hai 6 ¢ diu phay tinh.

Doan chwong trinh dudi day ma ta mét phan cua g16mat Moore néi trén,

entity MooreSum is
port { CLK.RST: in BIT;
X:in BIT-VECTOR ( 3 downto | ):
Y: out BIT-VECTOR (4 downto 1) ):
c¢nd MooreSum;
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archifecture Implement of MooreSum is
begin
process ( CLK, RST. X))
type StateType is ( SO, S1. 82, 83, §4.85)
variable State, NextState: StateType;
begin
if (RST="1") then
for Lin 1 to 4 loop
Y({I)<='0"
end loop:
S <= SO«
clsif ( CLK'event and CLLK ='[") then
State := NextState:;

end if
case State is
when SO =>
for lin 1 to 4 loop
Y(1)<="0}
end loop:
if (X(1)="1")then
NextState := S1;
etsif (X(2)="1")then
NextState = S3:
clse NexiState := S2;
end if;
when Sl =>
Y(1)<="1",

if (X(2)="1")then

Nex(State := S3;
else NexiState := S2;
end if;



2. Mo hinh héoa otomat Mealy

Otomat Mealy ¢6 cdc ham chuyén trang thdi va ham ra duge biéu dién
theo hé thic sau:
s(1)=38(s(t-1).x(1))
vty =A(s(U). x(t)) =12 s

Doi vai otomat Mealy, cdc tin hiéu dau ra la phu thudc vao trang thidi va
tin hi¢u dau vio & thoi diém hién thoi. Nhu vay, tin hiéu dau ra ¢6 thé thay
doi néu tin hiéu dau vio bi thay doéi trong thoi gian xuat hién xung nhip
déng hé. Diéu d6 lam cho tin hiéu ddu ra ctia 6tomat Mealy ¢6 thé tac thoi
nhan gia tri khong du dodn trude do ¢6 su tré tin hiéu xét tir thoi diém tin
hiéu vao thay doi dén thdi diém ma gid tri dau ra cta phan t flip-flop thay
doi. Dé ngan chan su thay doi gid tri dau ra trong thoi gian ton tai cta xung
dong bo, ching ta phai dong bd hoa hoat dong cta otomat Mealy khong
dong bo. Dé dat dugc diéu nay, tin hi¢u di vao hé mach nhd trang thai phai
dugc dong bo bang xung déng ho va khi dé tin
hiéu diu ra phai duoc xdc dinh chi trong thoi
gian thiét lap suon cha xung dong ho.

Cung giong nhu otomat Moore, 6tomat
Mealy cing duoc mo ta trén ngon ngit VHDL
bang hai phan hé: phan hé mach t6 hop xdc dinh
ham ra véi ham chuyén trang thdi vi phan hé
mach nhé déng bo. Otomat Mealy c6 thé duoc
xdy dung theo hai dang: dang mach khong dong
bé dau ra va dang mach dong bé dau ra. Ching
ta hdy xét vi du xay dung mach diéu khién thuc
hién phép cong hai s6 dau phdy tinh dd néu ¢
muc trude. Otomat Mealy tuong ting v6i thuat

xu'{‘

Hinh 7.18. So doé chuyén
trang thai clia otomat

_ _ Mealy turong tmg vai

todn trén hinh 7.17 ¢6 gian dé chuyén trang thdi thuét todn wen hinh 7.17.

mo ta trén hinh 7.18. Otomat Mealy nhan dugc

s¢ ¢ cic thong so sau:

Cictin hieuvaola: X={ x,, %, Xy |5
Cdc tin hiéu ra la: Y={y,¥uYuYsl:
Céc trang thai la: §=48,8 I8 5 I

]
"t
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Nhu vay ching ta thdy ring. vér cung mot thudt todn, thict k& theo moé hinh
Mualy s¢ tict kiem trang thdi hon so véi thiét k& theo mo hinh Moore.
Ncéu  xay  dung  Otomat

Output

Mecaly theo thict k& khong dong  Ineut }

~ - N > .- - . —> —
bo. so do cua 6tomat s ¢6 dang —>  Mach thanh ghi trang thai
nhu trén hinh 7.19. Trong phan —> Bhop |-

. B R . . , —
he mach nhd dong bo. vice kich
hoat 1rang thdi khong dong bo ‘
(asynchoronous reset) dat gid Clock ‘
tri diu cho cde thanh ghi vis dua — ‘
mdy vé trang thdi ban dau. Moi .

lan xuﬁvl hl@:n Tuﬁm cuu u’n' hlc‘l’)l.l Hinh 7.19. S0 do nguyen 1§ el

CLK gid tr1 cua trang thii mo otomat Mealy hot d@ngilhcc;chc'dc}

(o thanh trang thdi hién thoi. khong ddng bé diu ra.

Phan h¢ ta hop cha 610omat mo

ta 1ogic cna vige tao ang thii méi va tin hiéu dau ra cta hé thong. Doan
chuong trinh dudi day bicu dién otomat Mealy theo (hict k& khiong ddng bo
cua thudt todn cong hai 6 ¢6 diu phiy tinh da néu & muc trude.

citity AsyncMealy is
port ( CLK, RST: in BIT:
X:in BIT-VECTOR ( 3 dovwnto | );
Y: out BIT-VECTOR ( 4 downto | ) ):
end AsvncMealy:
architecture Implement of AsyncMcaly is
hegin
process ( CLK, RST, X))
type StateType is ( SO S1.S2.83 ):
variable State, NextState: StateType :
hegin
if (RST="1")then
State = SO:
elsif ( CLK'event and CLK ='1" ) then
State := NextState:



end if:

case Slate is

when SO =>

clse

cnd if;

when S =

rang.  trong
bo, sur
xuat hien tin hicu dau ra khong
dong bo vai tin hiéu daw vio. Dicu
niy ¢6 the s¢ dan 161 nhimg két qua
thuc hi¢n phép tinh sai. DE Khac
phuc nhuge di¢m cua otomat Mealy
khong dong bo. chiing ta s& thém
vao trong miach mot hé nhd dong
bo. 11¢ nhd ndy ndm gitta mach 16
hop tinh todn ham ra véi dau ra cla
otomat. Thong thuong cac phan wr
cua mach nhd dong bo nay la cdc
phan i flip-flop. Cic flip-flop niy

Chung ta thay

olomat Mealy khong dong

if (X(1)="1")then

Y(l)y="1"
NexiState .= Sl

elsif ( X(2)="1")then

Y(3)="I"
NextState := 82
Y(2)="1"

NextState := S2;

If(X(2y="1")then

Y(3)="1"
Nex(State ;= 82:
else  Y(2)y="l"
NextState := §2:
end if:
Clock¢
¥ Qut
Input > >
F—> —>
—> —>
Mach
> t& hap
—
A,

»| thanh [--

—>| ghi —

\ ;
ClockT

Iinh 7.20. So do nguyen Iy
cta otomat Mealy hoat dong
theo ché do dong bo dau ra.




dugc déng bd theo suon giong nhu cdc thanh ghi trang thai. Khi xuat hi¢n
xung dong hd, trong thai gian thiét 1ap sudn cda tin hi¢u dong ho. hé mach
ah¢ ddu ra nhan gid tri do mach t6 hgp xdc dinh ham ra tinh toin duge.
Trong toan bo khoang thoi gian sau khi xung dong ho thiét lap suon. hé
mach nhd khong thay déi trang thdi. Diéu ndly Yam cho trong khoidng thoi
gian 160 tai cha xung dong hd, gia tri cua cdc tin hiéu dau ra khong thay dei
cho dit tin hicu dau vio ¢6 thé bi thay doi do nhitng 1y do khdch qua. Ching
ta ¢4 thé mo ti cic ham chuyén trang thii trong phan dong bé cua chuong
trinh VHDL. Dol v6i 6tomat Mealy theo thudt todan trén hinh 7.17. thiét ké
vai mach déng bo dau ra s& duoc bicu dién bing ngon ngit VHDL nhu dudi
day.

cntity SyncMcaly is
port ( CLK. RST: in BIT:
X:in BIT-VECTOR ( 3 downto 1 );
Y: out BIT-VECTOR ( 4 downto ! ) ):
end SyncMeal:
architecture Implement of SyncMeal is
begin
process ( CLK, RST, X))
type StateType is ( SO, S1, §2, S3, S )
variable Statc : StateType;
begin
if (RST="1") then
State ;= SO;
elsif ( CLK'event and CLK ="1") then
casc State is
when SO =>
if (X(1)Yy="1")then
Y(1)y<="1%
State := Sl;
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elsit ( X( 2y ="{") then
Y{3)<="1%
State 1= 83;

else  Y(2)<='l"
Stote =82

end if;

Nhu vay. rong chuong nay chiing 1a da dua ra rhimg phuong phip mo
hinh héa cau trie viv chde nang cua nhine mach 1ogic co ban - cdac mach 1
haop va cic mach tuan w su dung nhiing cin ttic co ban trong ngon ngu

VHDL.
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Bai

6.

9.

10.
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tap cho chuong 7
Hiy mo ta hanh vi cta bo ma hod 16 — 4 biing neén ngii VHDL.

Mo ta cau trde va chiic nang ctia bd dé€m thuan — nghich. dong bd, ma
NBCD bang ngon ngit VHDL.,

Mo ta ciu trie va chie nang cua bo dém khong déong bo. modul 10 bang
ngon ngu VIIDLL.

M6 ta cau trde va chide nang cta bo dém dat lai trang thai bang ngodn ngir
VHDL.

Mo ta cau trdic va chiic nang cla bo dé€m nhi phan khong dong bé bing
ngon ngte VHDLL.

MO ta cdu tric va chic nang cla mach ¢ong. trir ma bu 2 bang ngon ngl
VHDL.

Mo ta cdu tridc v chde ndang cua mach cong, trlr ma b 1 bang ngon ngd

VHDL.

M6 ta cau trie va chite nang cda mach cong, trir ma BCD bang ngén ngi
VHDL.

Mo ta ¢du trde va chie nang cua mach cong 2 s6 nhi phan § bit bing
ngén ngtr VIDI..

M6 ta cdu tric va chiic nang cua mach cong nhanh 2 s6 nhi phan 8 but
bang ngoén ngr VHDL.

Mo ta cau tric va chic nang cua cdc mach t6 hop, thuc hicn cic bicu
thitc todn hoc, togic bang ngon ngir VHDL.,



CHUONG Viil. CAC PHUONG PHAP KIEM TRA LO!
MACH LOGIC

Trong chuong nay chdng toi trinh bay mot 6 phuong phap phit hicn cdc
161 cha cdc mach logic. Viec phat hién 10i duc - thue hién dya vio cde bo gia
tri ther nghi¢m phat hiéa 16i. O day vice phat hién cic 181 1hiét ke ¢6 the thue
hién trén cdc mo hinh bidu dién bang cdc ngon ngit mo hinh héa phin cing.
Diéu nay dong mot vai trd quan trong trong qua trinh san xudt v lam giam
dugc chi phi kiem 1ra. Trong chuong niy ching toi tap trung chit yéu vio
cac phuong phdp phit hién 16i va tao b ¢id ti tha nghi¢m cho cdc mach 10
hop. D6i véi nhing mach wan w, do ¢ ch& hoat dong phiic tap cta ching
nén viée phit hi¢n 101 duoc thue hicn dua trén nhitng phuong phap phiic tap
hon déi véi cic mach 16 hop va vuot ra ngoai khuan khd cusn sdch nily.

§8.1. Cic mé hinh 16i logic

Bii todn phdt hién (61 rong cdac mach 1ogic 1a bai todn xdc dinh so do
logic duge thiét ké thyc hién duge cde chic niang da dé ra. Dé giai quyét bai
todn pay ching ta can phai xay dung mo6 hinh cta mach ogic nhu mot dai
tugng Xiém tra, sau d6 xiy dung phuong phap phdt hi¢n 181 va cudi cing la
xay dung mo hinh 161 ( ¢ nghia [a chi ra duge cde dac trung cda l6i ). Ta da
thay rang theo quan diém phin loai mach dya vao hoat dong cla ching, cic
mach 16gic duge chia thanh thanh ¢dc mach 16 hop va cac mach an tu.

Nhu ta da thdy trong cdc muc trude, trén quan diém vé hoat dong, cic
mach 16 hop duge thé hién & chd trang thii cla cdc diu ra § moi thai diém
thai gian duge xdc dinh hoan todn bang cdc trang thédi cla cdc dau vao tai
cling mot thai diem. Néu xét trén quan diém cdu tric, trong cic mach 6 hop
hoan toan khéong chida cdc vong tin hiéu phan hoi. Néu xét trén khia canh
phat hi¢n 161, cac mach t6 hop 1A nhitng d6i tugng nghién ctiu kha don gian.

Néu xét trén quan diém hanh vi, trong hoat dong cta ciac mach tuan tu
xudt hién cdc trang thii bén trong; con xét rén quan diém ciu tnic, cic
mach nay con chira cdc vong phan hoi. Diéu dé 1am cho viéc phdt hién 16
trong ciac mach tuan tu la mot bai todn vo ciing phic tap.

Cic bo nhd v cde bo vi x 1y vé ly thuyét ciing thude nhém cic mach
tuan tu, nhung vi $6 lugng cdc trang thdi trong cla chiing rat 16n, do d6, néi
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chune. cdic mach ndy khong (hé x¢p vao nhdm cic mach tudn w. Vi nhing
dac diém khde biét nhu vay vé cau triic vi hanh vi, vice phat hicn 161 doi vén
cac bo nhd vi bo vi xur ly can phai tinh dén cde dic trung cua chiing vé mil
cau (rie va hiamh v,

Nhu vay ching ta thay rang khéng thé ¢6 phuong phip chung d¢ phiil
hicn 161 trong cic mach Idgic. Dé ¢é thé thue hién duge cong vice dé ta can
phai lua chon cic phuong phap phdt hién 161 tinh 181 cde dic trung cta mach.

Mat bii toin quan trong xuat hién khi xav dung cac phuong phip phit
hicn 16t Iy lya chon diem dat cho cdc tin hiéu thir nehicm v cice diém quan
it thich hop. Trude day. khi kidm tra cic mach Jogic phic tap. ching ta
quan sit cic tin hic¢u thone qua cdc dicm nidt bén trong ctia mach. Khi miic
do tich hop cta miach tang [¢n (Gt made nhu trong ciac mach LSIL vice dat thict
bi Kicm tra cac ndt ben trong mach trg nén phiic tap hon nhicu. Dicu dé lam
cho vice dat vir quan siit cde tin hi¢u thir nghiém tai nhimge dicm bat kv cla
mach ¢ nén vo cang khd Khan va nhicu khi khéng the thue hién noi. Nhu
vav. phuong phip phit hien 161 doi véi nhiing mach LSI ehi duge su dung
ciac chan vio vi chin ra cda mach.

Khi do tich hop cia mach ang tr LST dén VLS v 1¢ gita so lugng chan
bén ngodi cta mach vivso luong phan e én tinh (the bin dan giam. dicu do
lam cho bat toin phat hien 160 doi véi nhiimg mach VLSI tr¢ nén phiic tap
hon nlicu so véi viee phat hien 16i cho ciac mach LS Vice ting miie do tich
hop caa mach cho phdép xav dung nhitmg mach ¢é chic nang phiic tap. vi du
nhitr cide bo vi xar v, dica ndy 1am tang do phiic tap cua bai toan phat hicn 16i.
Vice tim ra cdc phuong phdp giai quycét bai todan phat hien (61 L chia Ahod
cho vice thue hicn cac mach VLSI v déng vai tro vo cling quan trong (rong
thoi dai cia cac mach VLSL

Vi mach cian duce Kicm tra la mach Togic, nén ta @i thict rang khi trong
mach ¢é 161, mach van thue hién cic chide nang nhu mot mach ogic. Cic 1o
thoa min dic¢u kien niy dcu duoge got la cac 161 logic.

Ciic 101 logic bicu hién anh hudng cta cic 161 vat Iy [én hinh vi cua cic
he thone duge mo hinh hoa. Vi trong qud trinh mo hinh héa cdc phan ur
mach chuing fa tich bi¢t cic chue nang 1ogic va hanh vi thoi gian. cho nén la
s¢ phan chia cic 161 thinh cic nhém 161 sau:
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-~ Nhom cic 10i anh huong t6i ¢hite nang 1ogic cta phan

~  Nhém cdc 16i anh hudng téi do tré tin hicu di qua phan wr. Cac 161
loai nay <& anh hudng 161 thot gian tinh toan coa phan W va do dé
cling anh huong (61 10an mach.

Khi ta mo 1a cde 181 vt 1y nhu cdc 161 ogic. ta & duge nhane lor dicm
nhu sau: _

Thir nhat 1a. bi toin phan tich 161 tra thanh b todn 1ogic hon 1 hai
todn vat ly. Piéu ndy lam do phic tap cda bai todn cidm vi nhicu 16
vat 1y kKhic nbau ¢6 thé diroc mo hinh hida bang ciing maot 161 16gic.
Th hat 12 mot <o 160 logic g nén khong phu thuoc vio cong nght
theo nghta: cang mot mé hinh 161 ¢6 the su dung trong nhidu cong
ngh¢ khiac nhau. Do d6 cac phuong phip kicm tra viv chudn doan
duge xiy dung cho mot moé hinh 161 s& khong thav dai ngav ci khi ¢o
surthay doi vé cong nghg.

Thit ba [a cde bo gid tri thd nghiem d¢ phit hicn cic 161 logic ¢6 hé
duoc st dung doi vai ciae [61 virt 1y ¢6 hanh vi trong mach chua hoin
toan duoc hicu o hodac qua phifc tap dé ¢é (he phan tich.

Mot ma hinh {8i ¢ the {a mo hinh an hoac mao hinh twang minh.

Mo hinh 1oi tudmg minh xdc dinh mot khong gian 101, rong do ting
161 duoc xde dinh dac lap, v do do 161 s¢ phan tich ¢6 1h¢ duoc xic
dinh mot cich twong minh, Trén thue € moé hinh 101 (wong minh ¢
the duge md rong tuy nhicn phii dam bio duoe kich thude ctia Khong
gian [61 Khong qui lén.

~ Moé hinh 1oi an xay dung khong gian 181 bang cich xic dinh ¢6 lua

chon cdc 161 tuy theo mde do quan tun chi veu thong qua ¢ic tinh
chat cua ching.

Néu cho trude 161 logic va mo hinh mach, vé nguyén Iy, chiing ta 8¢ xic
dinh duge chie nang 1ogic cta mach V& sy on (ai cda 16 niy trong tnach.
Nhu vy, qud trinh mo hinh hoi 101 lién quan mat thiét 61 loat md hinh
mach dang st dung. Tuy theo md hinh mach cic 161 16gic ¢6 thé duoe chia
so bo thanh cdc loai sau:

Cac 10t dooc xac dinh gan 1ién vér mo hinh cav trde duge goi L cdc
161 ¢cau trde. Anh hudng cia cic 181 cdu trie fa Tim thay doi su licn
KEt oitra cdc thanh phin nmich.

Cic o1 duge xdc dinh gan liéa vdi mo hinh chiic nang cha mach
duge goi 1 cic 10t chite nang. Vi du, anh huong cha cdc (01 chie
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nang ¢6 thé 1am thay doi bang chan 1y cia thanh phin mach hoac
dan tdi viéc cam cidc phép toian trén thanh ghi.

Mac dii cac 161 ngau nhién hoac 18t dot bien ¢6 mat thudng xuyén trong
mach, viéec mo hinh héa nhitng 16i dé yéu cau cdc di licu thong k& vé su
xudt hién theo xdc sudt cta ching. Nhing dit liéu nay can thict dé xidc dinh
so 1an kiém tra mot cich doc 1ap can lap lai d¢ cuc dai héa xdc suat phat
hién nhing 16t chi xuat hién vai lan trong mach vdi nhimp gid i thu
nghi¢m. Thong (huong ching ta khong ¢6 day du nhing théng tin vé mit
thong ké. do dé doi véi nhang dot bién hoac xuat hién khong thudong xuyén.
16t nhat 1a sit dung cdc phuong phip kiém nghi¢m truc tuyén. Trong eido
trinh ndy chung ta chi nghién ctiu t8i cae 16i thuong truc.

Néu khong duge nhiic (6i mot cach tudng minh, chiing ta gia thiét ring
tai mot thot diém thoi gian, trong mach chi ¢ nhiéu nhat 1a moc 16i. Viée
lam don gian hod bii todn phdt hién 161 bing gia thiét vé 1oi don Ié dugc
bién minh boi chidn lige kiéni tra thitong xuyén. Chién luge ki¢m tra thutng
xuyén c6 thé duge phidt bi¢u nhir sau: ching ta cin kiém tra hé thong mot
cich thuong xuyén sao cho xdc suat xudt hién nhiéu hon moét 161 gilta hai lan
kiém tra lién i€p 1a du nhé. Do d6 néu khoang thai gian hoat dong ciia mach
cang 16n, ta $€ ¢6 nhi€u kha nang gap wudng hop xuat hién nhiéu 161 trong
mach mot lde. Trén thuc (€ van xuat hién nhimg truong hop ma chién luge
ki€m tra thudng xuyén khong di d¢ ngin chan trudng hop trong mach ¢6 the
xuat hién nhiéu 181 mét lic. Nhimg teudng hop c6 thé xuat hién nhiéu hon
mot 161 trong mach ¢d thé la:

- Cdc 161 vat 1V ¢6 thé xuat hién trong mach gitia hat lin ki¢m tra la.
Trong nhimg 161 vat Iy dé, mot s6 16i ¢6 thé tuong ting véi nhidu 161
logic. Diéu nay ¢o6 khi nang xay ra I6n dot véi nhitng mach ¢6 do
tich hop cao trong dé nhiéu 16i vat 1y ¢6 the anh hudng tdi bé mit
tinh thé trén dé c6 mét s6 cac thanh phan mach.

- Trong nhing mach mdi duge san xuit, thi trong nhimg lan tha dau
nhiing 161 kép 6 thé xuat hién.

- Trong wudng hop nhitng phép thir khong phdt hién dugc hét nhing
161 don ¢, tai bat ky hic nio, mach ¢6 thé chita nhitmg 18i chua duoc
phat hi¢n (161 an). Nhitng 16i an ndy, khi xuat hiéen nhimg 16i don 1é
thit hai giGa hai lan Kiém tra. s€ tao ra nhiéu 161 kép trong mach.

Tuy viy, mac dii trong mach cé thé xuat hién nhicu 16i dong thoi, nhung

nhitng bo gid tri thu nghieém ding d¢ phat hién cdc 161 don 1€ ¢é thé dung dé
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fim nhiing 16i kép. S& di ¢6 thé thuc hién duge nhu vay 1a do trong phan (én
cic trudng hop. nhitng 16i kép ¢6 thé ditoc phdt hién khi kiém nghiém béiny
nhitng bo gid tri thit nghiém thiét ké cho viéce phat hién nhitng 161 dow e hop

thanh 161 kép néi rén.

Noi chung, cdc moé hinh 160 cau riic gia thiét rdng: cdc thanh phan
khong ¢6 161 va chi ¢6 nhitng duong két néi chimg la ¢6 thé ¢o 16i. Cic loi
dac trung do cdc dudng két néi tao nén thudng li: ngdn mach hodc hd mach.

— Cac I6i ngdan mach ( chap mach ) 12 nhitng 16i xuat hién khi nhimg

duong truyén khong duogc phép lién két bi chip. Vi du, trong nhiéu
cong nghé, su ngan mach gitra day dat hoac nguon vdéi cdc dudng tin
hiéu c¢6 thé 1am cho dudng tin hiéu bi chap ¢é miic dién the ¢ dinh.
Khi d6 181 logic tuong ting véi su chiap mach s€ bao gom nhiing tin

hiéu nhan nhimg gid tri ¢ dinh ve {0,1}. Nhing 16i nay duge goi l1a
nhiing 16i hang s6 va duge ky hiéu 1a s-a-v. Su chip mach gitra hai
dudng tin hi¢u thuong sinh ra nhing ham 16gic mdéi va duoc poi la
cdc 10i bac cau. Tuong tng v6i nhimg ham logic duge sinh ra do
chap mach, ching ta phan biét 16i bac cau AND va 16i bic cau OR.

- Cdc loi mach ho la két qua cha su ditt cdc két ndi. Trong nhiéu cong

hd mach
- durong tin
héw br
a} nghén
nhénh
ré
ha mach ! _—
b)
y 4
rd
cac duang tin ¢ L_
hiéu bi nghén ¢ |
. .
LY

Hinh 8.1. L&i ho mach:
a) 161 hd mach don; b) 16
hd mach kép.

nghé, su hd mach trén nhiing dudng (in hiéu
mot chién véi mot nhdnh phan ky s& 1am cho
duong tin hiéu vao dé trg thanh bi ngat va
nhan mot gid tri 1dgic ¢ dinh ( nhu (rén hinh
8.1a ) va do dd6 trén dudng tin hiéu nay xuat
hien mot 161 hang & s-a-v. Nhitng 1561 nay
cling cé thé 1a két qua cta nhimg 15i vat ly
bén trong phan ti diéu khién duong tin hiéu.
Néu chiing ta khong Kiém tra gid tri trén hai
diu clia dudng tin hi¢u thi khong thé phan
bi¢t duoc hai trudng hop noi trén.

Nhu vay ching ta thidy ring, mot 16i
logic dan I¢, vi du nhu 141 hing s6 nhan gia
tri @ € {0, 1} tén dudng tin hiéu [ ¢é thé
biéu dién c4c 15i vat ly hoan toan khac nhau:

161 do duding tin hiéu 7 bi ngat: 16i do dudng tin hiéu 7/ bi chap vdi nguon
hoac dat; bat ky mot 161 vat Iy bén trong phan 6 ¢6 dudng tin hiéu i 13 diu ra
va 161 nay lam cho dudng tin hiéu / luén gitt gi4 tri bang a.



Su ho mach trén mot dudng tin hicu ¢d & nhanh ¢6 the sinh ra nhidu (61
hang <6 trén cde nhanh thanh phan (vi du nhu trén hinh 8.1b). N¢u chi gidi
han nghién ciiu mo hinh 161 hiing s6 don ¢, ching ta pliii xem xé mot 1o
hang o don ¢ ten cdac nhanh 18 cua duong tin hicu tich bict vé&i 16i rén
nhanh chinh.

Kht ta thye hign mo hinh hod mach theo wing bude phan cip, moi thanh
phan mach s¢ duge bicu dién theo c¢ic mo hinby ¢du tric bén trong cia
ching. Tuy nhicn. néu cice thanh phin mach duoce kicm tra doc lap trude ki
chung duge lap rdap. kbi d6 ching ta chi can thi¢t Kiém tra cic 16i anh hudng
16t cie duong ket not gitta cde phan ta dd. Nhu viy ching ta s¢ khong xem
Nt ocide loi xuat hien ben twong cde thanh phin mach ma chi gidi han vice
Khio st cde 161 ¢idn vét cae chin vio/ra cia thinh phan. Gid hiet v& gidi
han cie 100 tai chan vaofra ot [ me findi [of 1ai Chan vaolra. Say day ching
ta Xem XS mot so v de ve anh hudng cta cde dang 1610 ndt ren dén chie
nang logic cua cdc mach.

Trong cde mach logic. 101 hing s6 13 166 hay ¢dp. Khi trén mot duonge tin

‘D»—DY_—_—/'_,D'— o= (X i-_:\_)+_w Fyry)y=x \ “y

d

w —

Iink 8.2 Vi du <o do mach oaie,
hicu « xuat hién 161 hing so viv L cho gid tri tin hicu ¢d dinh hang & thi 1oi
nin € duge gotr 10101 hang so gid tri A vy dugce bicue dién trén o do mach 12
af k. Ta hdy x&vi du mach trén hinh 8.2
NCu trong mach ¢6 16i hang 8a /1 thi diu ra = sC bi thay doi viv hiom ra
caa miach s¢ hing:
=400 =0+ T
Trong truong hop ¢o 161 hing
7 80 /0 thi hium ra ¢ bing:
Ty =+ v 4 W
Neu cice 161 hang sa xuat

Hinh 8.2 Vi du mach fogic. hicn wen dutng tin hicu ¢é

¢ nhanh. ta can chad ¢ xd&t

anh hudng 1an nhau cua cic 161 tren cie phin nhinh cua dudng tin hicu. Nhw
trong vi du ten, tén dudng 1in hicu g xuat hien 16 ¢/0. vin d¢ dad ra 1o I&
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nay ¢6 anh hudng 1¢ dudng tin hicu £ khong. Trong mot s6 trwong hop. néu
chi Xt 1di cac lien k&t g1t ¢de dudng tin hicu tht mot cach wu nhién. 161 ¢/0
G adyv ra 161 /07 nhung néu X6t trén quan diém vat 1y thi didu dé khong chic
chan. Néi chung. d¢ dam bao tinh tong quat, ching ta cin phii gia thict ring
(o1 /0 viy k70 T nhiing 161 Khie nhau. Nhu viv, trong triong hop teong mach
auat hien 161 440, hivm ta 8¢ cho eid tei - bang:
=y = o vy f,

‘Trong truong hop nay. ham ra Khac véi truong hop 1ot ¢/0.

Teong truong hop trong mach xuat hién 161 /) . mot cach wr nhicn.
cliing ta ¢d he coi 161 ndy 10 1ap hop cua hai 161 9/0 va £/0. Nhu vay ching
ta thiy ¢é su phan nhanh va lan truyén 161 theo cic duong tin hicu Licn K&t

Tom i, khi ¢6 su phan nhdnh dudng tin hicu, ching a can cho v 105i
nhing kha ning phat sinh 101 tén cdc nhdanh va Kha nang x¢ cae duding tin
hi¢u phan nhinh: cac duong tin hi¢u nam sau dicm 1€ nhdanh ¢6 thé dude coi
I nhang duong (i1 hicu khde nhau, hodc tat ca nhimg dudng tin hicu héa ket
VOl nhau ¢6 the duoce coi la cing mot dudng.

Bay g1 ching ta x¢t cac 1oi chap mach. Nhu trén da d¢ cip 101, 1rong
nhicu truomg hop cie 101 chap
mach 1o nén nhimg 161 bac

X
y —'7 cau v duoc dac trung bo
vice thue hicn c¢ie hium [ogie
w —J AND hodc OR. Khi trong
Fhinh 8.3 1.6 bae caou ANDC e=ed ) s mach o s chap hai dudng
fuen trong niaeh nén hinh 8.2, tn hiéu « v s va sih ra cac

01 bac ciau, taong Gng vé
cide haun fogic mi chidng the hica i AND hoiac OR, cic 161 nay s¢ duoce ky
hicu twrong aing [ AND(a-b), OR(a-b). Ta hay x¢ét vi du mach een hinh 8.2,
ncu duong 1in hi¢u ¢ va  bi chip va sinh ra 161 chap mach bic cau AND( ¢-d
Y. ham ra s¢ ¢6 dang nhtr sau:

Sivmea W XN =0+ Ay e v oo
Mot trong nhiing bii todn co ban gin tién véi mo hinh 161 1ogic 1 wa loi
cau hoi: mé hinh [61 16gic ¢6 the phan dnh cde 161 vt Iy xudt hien trong ciic
mach voi do trung thue ndo. DE ¢d ME nhan duge su tuong ing mot cich
khdch quim véi cide 161 vist 1y, ching  can phai nghicn citu mot s6 luong 1on
cite mo hinh 101 logic. Nhung K do. mot kho khin gip phai 13 di¢u nay fian
cho cic thudt toan tao cic bo gid i (thar nehicm  dung d¢ phat hicn 161 1
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nén phic tap hon nhiéu. P61 véi mot s& mo hinh 161 logic nhu mo hinh 161
hang $6. viéc tao cac bo gia tri thi nghiém dé phat hién 161 twong doi don
gian. Thém vao dé mot diém yéu cia mo hinh {6i hing s& la mo hinh 16i
nay khong phan anh mot cdch day du cdce dic tinh cha cdce 161 vat ly.

§8.2. Bai toan phat hién 16i

Trong muc nay ching ta dua ra mot s6 khdi niém v¢ bai toin mo hinh
hod 161 va phdt hién 16i trong cic mach logic. Vi chiing ta chia cdc mach
lagic 1am hai nhém: ciac mach 6 hop va ciac mach tuan tur dua theo hanh vi
hoat dong cta mach. Céc loai mach nay cé diém khac biét & sy tdn tai cua
bo nhd va vong phan héi. Do dé cdc phuong phéip tao cdc bd gid tri tha
nghi¢m d6i vé6i hai loai mach ndi teén cling ¢6 nhiing diém khic biet. Chiing
ta s€ xét riéng timg loai mach; mot s6 phuong phap st dung cho cic mach to
hop ciing c6 thé phal trién sang trudng hop cic mach tuidn tr véi nhitng sta
doi thich hop.

1. Phat hién 16i trong cic mach to hop
a. DBai toan phat hién 16i

Cho Z(x) la ham 16gic ca mach 16 hop N véi x 1a vecto pid tri diu vio
bat ky va Z(x) bieu dién dnh xa thuc hién bdi mach N. V& mot vecta gid tri
diu vio cu thé £ = ( x),1%5,..,%, ), ta s& c6 Z(t) 1a ddp ing cia mach N dai véi
vecto 1. Déi vSi nhitng mach ¢6 nhiéu dau ra, Z(f) ciing 12 vecto.

Néu trong mach xudt hi¢n 161 /', mach N s€ chuyen thanh mach N,. Ta gia
thi¢t ring mach N, cing 1a mach t6 hgp v6i ham chie ning Z,(x). Mach duge
ki¢m nghiém bing cich dit day T cia cdc vecto gid tsi tha nghién £,.1,,...1,,
lén cic dau vio cla mach va so sanh nhimng gid tri thu duge trén dau ra theo
ly thuyét cua mach N twong ting vdi nhiing vecto dau vao dé: Z(¢,), Z(t,).....
Z(t,) voi nhiing gid tri thu duge wén thuc (8.

Chung ta dua ra dinh nghia nhu sau: vecto gid tri kiém nghiém ¢ dugc goi
1a phat hién 101 f neu: Z(¢) # Z(¢). Khi 4p dung dinh nghia trén, chiing ta phai
chd vy nhimg diém dudi day:
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—  Céc vecto gid tri kiém nghi¢m trong diy T ¢6 thé duoc sir dung khong
phu thuoc vao trinh tu dp dung, d6i vé mach t6 hop N, day T duoc
goi 12 tap hop cdc vecto gid tri kiém nghiém.

—  Dinh nghia nay khong dp dung duge ncu mach chita 160 N, trg thinh
mach tuan tu.

— Trong dinh nghia niy ching ta gia thict ring viéc kiém tra 161 bang
cach dat cdc gid tr1 tha nghiém va thu nhan cdc két qua thong qua cdc
chin cua philn tr va so sanh hoan toan cta cdc két qua nhan duge.

Chung t1a xac dinh ham:
Ft) = F(x,.5,,..5,) = Z(x,05,..,%,) @ Z(x,.x,,..x,)

Nhu vay, néu Z(t) # Z(t) ta s€ ¢6 F(t) nhan gid tri ‘17; con néu Z(1) = Z,(1)
bang nhau, tde [a F(#) nhan gid tri ‘0°, ta néi rang vecto gid tri thi nghiém ¢
khong phit hién dugce 161 f. Ham F(#) con duge goi ta ham khoang cich 101.
Vecto gid tii dau vao £ = (x,,3,,..,x,) 1lam cho F(¢) =1 d¢ phét hién duge 161 /
vl 2oi 1a veeto gid tri kiém nghiém phat hién 141 .

Néu trong mach ¢6 p 161 va n€u F,(¢), Fy(¢) . .. . F,(f) 1a cdc ham khoang
cidch tuong ung véi wWing 16i. khi d6 cdc vects gid tri kiém nghiém dé phat
hién nhiing 161 d6 duge tzo thanh tap hop:

r=Ufr)-1)

-1
TAp hop niy goi 1a tap cic gid tri kKiém nghi¢m dé phdt hién [61.
Ta hidy xét mot vi du, trén mach hinh 8.4 xudt hién 18i /14 16i biac cau OR

ojtta hai dudng tin hiéu v,vi x,. Loi bac cau nay

% Z dua cdc ham ra tat Z, va Z, trg thanh:
of Z,=x;+x,(thay cho Z, = x,x, )
x, Zy=(x;+x,)x, (thay cho Z, = x.v;)
Vecto gid tri dau vao t = “011" cho-phép phat
x 1 hién 101 nay vi vecto gia tri dau ra khi mach
— khong 161 bang

Hinh 8.4 Vi du rromg hop Z(011) =013

131 bic cau logic OR. trong khi d¢ khi xuat hién 161 f:

Z(011)=11.

Nhuvay, tacd Z(t)#Z(t)va F,(1)=1.

251



Ta xCtthem vi du v cae

x g L g e
% ) 161 hing 56 doi v mach
- G3

x

v ' tren hinh 8.5, Mach nay
] 4 - Z e
G2 _ (hue hign ham logie:
) > | G4 —— =N+ 0 0n N
' L Gia  hidt  ring  trong
Hinh 8.3 Vi du v¢ 161 hiing so v ,i0 mach xuat hien 1ot hang

SO [ oid 07 a0 tren

dudng vao A, (1o AL/0 ). Vi su xuit hicn cha 1ol /0. ta luon ¢ vy = 1y

ham ra i duong = o thanh: Z, = ( v+ x;n,. Dicu Kicn phat hign I
F{r)=1ud thanh

FAy=20t)®Z(t)= v, =

Nhu vy moi veeto gii tri dau vio ¢é x; va x| thoa man dicu keén tien - e
v, = 0 va g, = /. Iavecto pia tri kidém aghiém phit hién 165 4 /0. Suy ra
vecto gid i kidmnghiém phat hien 161 v,/0 ¢6 the 1d mot trong nhimg veclo
sau:( 0001, 0011, 0101, 0111 ).

b. PO man cam vai loi

Ta xétvi du mach tren hinh 8.5, Ta dat viio mach vecto gid i vio 10017
va quan sat hanh v cua

X\_O gy g
0 0 mach trong truong hop
Sy G3 \—— Ahone ¢d a1 v ¢d 1oi
X, . l o _ N .
T ,  co dmh s-a-/ uen dau

G2 - e
L_Do_-‘ ; ta cua phan w G,. Tren

x, ! - G4 hinh v dura ra @id 1 1in

_

hicu trén cie dudng tin
Hinh 8.6 Khao sit do man cam van 161 cdaa mach. hicu trong hai trudng
hop kKhong 161 Vi ¢6 o1 dudi dang v/v L trong dod Lo nhiing gid tri trong Gng
v truomg hop khong 161 vicy, - ¢d 161 Lo duge phit licon aén dau ra gid i
v=0 v, =1

Vi du trén mimh how hai khai ném co s trong bai todn phidt hicn 161 cua
ciac mach logic: '

o
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—  Veceta gid i kicm nehiem £ dimg d¢ phit hien 161/ da kich hoat o1
(rong quai trinh mo phong, ( con ¢ the noéi 1 khdi o 161 hoae Lo
hicu dng 101 ) bang cich o ra nhimg gid (i hhde shau v, v, rén cic
duong tm hicu tinh tie vi tri 161,

— Veoto gid i kiem nghiem 7 truyén 160 £ (61 dau raowe, v lam cho 1 ca
nhimy duong tin hicu wén it nhat mot duong dan gida vi uf bi lor v
diduw raow phan ¢o nhiing gid tny v viv v, Khide nhau. Trong viodu tren hinh
8.6, 101 duoe truven theo dudng qua cde phan wr ( G,. Gy, Gy).

Puong ruvén bi veeto aia tit ki nghicm ¢ thay doi giid tri khi zuat hicn
161 f trong mach goi 1 man cam vai 161 f qua vecto kicm nghiém £, Duong
dan duoe tao hdi nhiing dudng man cam <& duoe goi 1 duong dan man cam.

Phan tr 1ogic ¢6 dau ra man cam vai 101/ 58 ¢6 it nhat mot dau vio cang
duoc lm cho man cam v Gi 161 £, Cie gia i dao v, v gid i dicu khicn v, clia
phan W logic AND. OR, NAND. NOR ¢6 the duoe the hicn nhi sau:

—  Gid tri daw vao duge goi 1a gid i dicu Khicn v ncu gid ti do e
dinh dau ra cua phan tr khong phu thuoe vio cie diw vao khic.

—  Gia tri dao v: Cic phan tu logic And. Or, Nand, Nor nhan cic
gid tri dao v, va gia tri dicu Khién v, nhu trong bang sau:

VoV VoV AYER ¢ AV

t | 8 I ~ |

And O 0 Or 1 0 Nand O 1 Norc P

—  BDoi voi cice phan (i logic co ban ¥a And, Or, Nand, Nor, gia (ri
dau ra duoc tinh theo cac gia tri dao va gia tri dicu khicn va
bing v, @ v,.

Nhue vy, moi phian tr logeic vai 3 dau vao s¢ ¢d cac khoi co so nhu sau:

VXX vy
X VX SOAN
AXV vy,

R RV ORY

s

Vi cich bict dicn (hong qua ¢ic gid ey, vivy, menh dé vé tinh man
cim Vi 161 cua cac phin th 16gic ¢6 the duge phat bicu nhu sau:
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Ménh dé vé tinh man cam 10i

Cho G 1a phin 1 logic v&i gid tri nghich dao v va gia tri diéu khién v, ¢6

dau ra nhay cam véi 161 f (tuong dng véi veclo gia tri kiém nghiém ¢ phit
hién 161), ta ¢6:

Tat ci cac dau vao cua G min cam véi 11 f s€ nhdn cing mot gid tri
(vidu la a).

Tat ca nhimg diu vio clha G khong min cam véi 101 f (néu it nhat mot
dau vao nio do6) sé nhidn gid tr1 v,.

Pau ra cda G sé nhin gid tri ¢ @ v,

Chiung minh ménh dé vé tinh man cam 10i .

-« 1

254

f

ithoa man ménh dé vé tinh
man cam 16i. v =0, v, = 1,

Ching ta ching minh ménh dé nay bang
phuong phap phan chimng nhu sau:

wi

|
_a |

- Gia thiél ring ¢ hai diu vio nhay cim
Hinh 8.7 Phan it NAND voi 161 trong phan tir G 1a &, /. Cic daa vio
nay nhan cde gid tri khiac nhau vi gid s dau
vio & nhin gid tri diéu khién cta phin td v,
Khi trén phan wr xuat hién 16t £, hai duding tin hicu 4 v / thay doi a1d
tri va dudng / nhan gid tri diéu khicn. Nhung di¢u niy ¢6 nghia {a
phin 1 G van nhan gid tr i, doc 1ap véi su xuat hién cha 101 f. Dicu
nay mau thuan vai gia thiét daw ra cia G phai man cam véi 161 - tic
I3 phai thay doi gid tri khi trong mach xudt hién 18i £. Nhu viy. tat ca
nhiing dau vao man cam cua G can phai nhan cung mot gid i ( vi du
la a).

Diu ra cta G khong thé thay déi khi xuit hi¢n 181 f aéu mot trong cic
diau viao khaog nhay cam vai 161 fnhan gid tri v,; do d6 tat ci cac dau
vao clia G khong nhay cam véi 16i f ( néu ¢6 ) can phai nhan gia
lri \_

Neu ¢ = v, dau ra coa phan to [ogic nhan gid tri bing v @ v. NCu
¢ = v, it ca cac dau vio cia G & nhan gid tri v, vd do dé diu ra
cla,phan (0 s& nhan gid tri bang \_ @ v,. Nhu vay, trong ca hai trudmg

hop dau ra cia phan tr 16gic G déu nhan gia i bang « @ v,



Gia 111 \w go1 12 aid tri kich hoat vi né cho phép cdc 16i tan truyén qua phan
tr tGi dau ra. Trén hinh 8.7, dua ra vi du v¢ phian it NAND thoa man ménh
dé trén. Phan tr NAND nay $€ ¢6 tit ca céac dau vio nhan gid tei ‘17 hoac ti
ca nhing ddu vio man cam nhan gid tr{ ‘0’ va nhiing dau con Ly duge dat
giate ‘17,

NEu ta dp dung phin 3 cia ménh d¢ trén lap lai nhicu lin, chiing ta s¢

nhan duoe hé qua sau vé ciac duong dian man cam véi 16i:
H¢ qua

Gia thi¢t dudng tin hiéu j man cam vdi 161 hing $6 gid tri v s-¢-v f (tuong
ling v6i veeto gid tri kiém nghiém ¢ phat hién 16i ) va p 1A gia tri nghich dio
cua dudng man cam 161 gida f va J.

— Khi dé gid tri cua j trong vecto fla v @ p.

~ Neéu ¢d mot s dudng tin hiéu nhay cam gida f v j thi it ca cic

dudng dé déu cung nhén gid tri nghich dao p.

¢. Kha niang phat hién 16

Do cic diém quan sat chi gidi han (ai cic diu vao va dau ra ( ¢6 nghia i
viéc kiém tra chi dugc thuc hién theo gid tri ciia ham ra ) nén cé thé xay ra
trudng hap ¢é nhitng 161 khong phit hién duge hodc ¢6 nhimg 16i khong
phan biét durge. Mot 161 f duoc goi L4 ¢o thé phadt hién duge néu 16n tai vecto
eid tri kiem nghiém ¢ phat hién duge . Trong trudng hop ngudc lai, 16i f
duoc coi 1a khong thé phdt hién duge.

Nhing 161 f khong thé phat hién duge 1a nhing [6i 1am cho gid tri ham ra
khong thay doi so sanh véi trudmg hop trong mach khong ¢6 18i. Nhu viy ta
cO Z{1)=2(1). hay cod thé ndi cich khic I t)=0.Khi dé khong the ¢é
vecto gid tri kiém nghi¢m nio cé thé kich hoat qud teinh truyén [6i f va dong
thoi tao ra dudng dan man cam véi 161 [ dén dau ra chinh cua mach. Nhiang
161 khong thé phat hién ducc goi 1a nhing 16i du thira vi nhiing mach to hop
chia nhang 161 hang s6 du thira ducce duge goi la mach dur thua.



Vi du. vai mach (en
hinh &8, loi hing s¢

teen dudng tn hicu o s-
a-1 all Ya lor khong the
phat hicn duoc.

Nhing 161 khong
phit hien duoe ndr trén

Iinh 8.8, Ninth hoa truong hop Khong o _Illc ho qua vi Ch”“?

pittt lucn duoc 161 /! trong mach. Khong lam  thay  do

chie nang  ldaie caa

mach nhung sie ¢6 mat cta cic 160 niy ¢ the pha v via thidt ve dida kien

trong mach chi co mot 16i v ¢d the dian dén nhimg kot gua sal. Neu dua trén

chicn lege Kidm ra thudng xuyen, ¢6 the gia thict rang chidng 1a & phat hien

dugc 1ot trude khi 161 tht hai xuit hien. Nhung dicu nay ¢6 the khone thue
hicn duse néu 161 thir nhilt khong duge phat hién.

Khi ¢hiing ta tao ra cde veetd gid trr thue nghiém cho mot mach, muc dich
chinh I tao duge mot 1ap hop day di cde veeto gid te kiém nghicm de phiat
hicn Tor, Tap hop nay ¢
clhio phép phat hien mol
161 ¢6 the phat hicn duok.

Tuy nbicn. tip hop ndy
ciing Khong du de phit
hicn moi 1o ¢o the phat

hicn  duoc  ncu  trong
nitch ton i nhing  1oi
chura duoe phat hien. Vi
du, rong mach ven hinh
8.0a. 160 hing ~o nen
ducng tin hicu b s-a-0
[am cho gid tri duong 1a
0" b0 ¢S the duoe phat

hicn neu su dung vecto

Hinh 8.9. Anl hutsg ctia 165 a/! g re kicm nghiem 1 =
khong phiit luén duge trong mach S0, Lot ndy (ro thanh

tGi viee phdt hicn low thet hai A/, khong phit hicn duoe néu
= ¢ ; .

(kS
=
o)



trong mach ¢6 161 hang so @/ y-¢-1( hinh 8.9b ).

Truong hop 1on 1ai mot 161 khong phit lnén duge ngan chin viee im cic
[61 khdc trong mach khong chi gidi han trong vice tim ahing 16i cung loai
Cnhu truong hop cdc 161 hing & anh hudng (6i cde 161 hing $6) ma con ¢d
the diing doi vai nhime 161 khic loai, vi du nhu: mot 161 bic cit khong phit
hi¢n duge ¢é thé lam cho viee phat hién 161 ¢6 dinh khic khong thé thuc hi¢n
duoc. Ta hiy x&t vi du mach trén hinh 8.10.

Mich trén hinh 8.10 thue hién ham logic:
W= Ay + Az

Léi bic ciu OR gilta dudng tin hicu y va v 1a khong phat hign duoc vi:
W oS AVt VT4 AT =y 4+ T

Tren hinh 8.10a, ta thay vecto
gid tri kiém nghiem ¢ = 114"
cho phép phat hién 161 hang s6
s-a-0 rén dudng tin hicu ¢ ¢/0.
Khi trong mach xuoat hién 16i
bac ¢au OR noi trén thi vecto
gid tri kiem nghiém ndy khong
the phat hién duge 161 /0 (hinh

- i q
, 10
8.10b). Ta nban thay tip hop D ’___T

cic vecto gia tri kicm nghiém -
T = {111.010,001. 1011 13 tip : \I_jom b)
hop day du dé phdat hign 164 T
hing s6 don Vi vecto £ = 111" Hinh 8.10. Trudng hop 161 bic cin OR

fa vects wid ti kidm nohicm khong phit hien duge anh luAr('nI)g & vice
phdt lnén lor hang o /0.

q
T,
Tt

a)

duy nhat phit hicn 161 ¢/0. Nhu
vay ap hop T tra thanh kKhong day da khi trong mach xudt hién 161 bac cau
khong phit hi¢n duoc noi irén.

Nhiing mach 16 hop du thita ¢6 thé¢ duge don gian héa bing cich Joai bod
it nhat mot phan (o logic hojc mot dau vao cia phan wr. Vi du. gid thiét rang
161 f s-a-1 xudt hién tai diu vdo /7 cua phin ur AND [a khong thé phait hién
duge. Do chitc ning cua mach khong thay déi khi xudt hién 16i f nén ta cé
the dat gid tri ‘17 thuong truc tat ddu vao / ndy. Do phin tr AND véi n diu
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vao trong dé ¢d mot didu vao { nhan gid i ‘17 s& wong duong vér phan wr
AND v6i (n - 1) diu vio. Trong dé phan tr AND véi (- 1) dau vio nhan
duoc tir phan nr n dao vio ban dau bing cdch loai bo dau vao 7 d6. Tuong w
nhu vay, néu phan 1 AND ¢6 181 s-¢-0 tai diu vio 12 khong thé tim duge thi
phin t& AND dé ¢6 thé loai bd va thay th€ biang tin hi¢u ‘0.

x—-23 g K Néu hai 161 [ va g khi
R — m - .. N
y b—DigﬁL_ TD_Z xuat hién trong mach lam

. o | cho cdic ham ra cta mach

fly— JLDO' ( D J Z( x)va Z( x ) thoa min
Vg !| ; L hé¢thic Z(x)=2Z  x ) Vx.
Hinh 8.11. V{ du v& 160 dur thira va 161 iuong duong. khf d6 nhimng 161 nay \duOC
gol la tuong duong vé mit
chuc nang.

Veeto gid tri diu vao ¢ lam hai 16i f'va g phin biét duoe néu Z( £ )22t )
vit hat 161 f v ¢ s€ duoe goi 12 phan biét duge. Ching ta kKhong thé tim duge
vecto gid tri kiém nghiém £ cho phép phan bict hai 161 tuong duong vé mat
chiic nang. Quan h¢ tuong duong vé mit chie nang gita cac 101 cho phép
phan hoach tap hop cdc 16i thinh cdc 19p tuong duong. DE phan tich 161,
ching ta chi cin khao sat mét 161 dai dién cho timg 10p tuong duong. Ta hiay
xétvi du mach 1o hop trén hinh 8.11. Ham ra cda mach ¢6 dang:

T=Z(N VWIS A+ VA vV

Néu trong mach xuit hién 16i hing s6 f/0 1a s€ ¢6 :

Za(x, yon)=2Z(x, v, w)

Vay 18i f/0 1a 161 du thita. Néu trong mach xuat hién 16i hing s6 /7 hoic
f71 thi:

Zy(xoyw)=Z,(x y,w)=x+y

Vay cic 16i hang s6 d/1 va f/1 la ahing 161 tuong duong. Tuong 1w nhu
vity. cde 161 hang s6 j/0 va 110 ciing la nhiing 10+ tuong duong.

Cic 101 du thira va tuong duogng la hé qua cha viée xét mach La ot hop
den va chi quan sdt hinh vi cua mach qua céac dau vio v dau ra cia mach.
Néu ta ¢6 thé quan sat gia try tin hi¢u tai nhiing dudng truyén bén trong
mach thi nhiimg 16i nay € phadt hién duge. Néu ching ta dua ra phuong phdp
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xdc dinh duge khong nhiing su 16n tai cda (61 ma con vivchi ra duoe vi i 11
thi phuong phiip dé goi 1 phuong phip chuin doiin 101,

Paoi vai hai 160 bat ky /v ¢, ching ta xice dinh hium kKhoang cdch aitia hai
161 6 nhu sau:

FAu)=F{(x)@ I (x) =Zix)DZ(x)

NEu veeto gia ti thr nghiem ¢ lam cho [ £) = 1. 1a not rang veeto gii b
thir nghiém ¢ phan bict hai (61 £ ¢ va duge kv hicu [ 1%

Gia thict rang P 1 tap hop cic 161 ¢ thé ¢6 vy mach duoc thict k¢ Khong
chia 16i. Néu ching ta xde dinh tip hop @@t ¢ia nhiing vecto gid tri Kicm
nghi¢m phan bict kai 161 bat kv T = | £#) doi véi moi phin wr thude tap hop
P thi tip hop T = { #¢ ) 1 thimh 1ap hop cic veeto giid tri thit nehi¢m cho
phép thue hicn viee chuan dodn 16 v duoe goi T tip hop cde veeto chuan
doan 161, N6t chung. Khi xuat hicn cic 161 tuong duong, chiing 1a can Niic
dinh 13p hop cic vecto chuian dodn doi vai nhang 161 dai dién ¢ho cdc 1ap loi
twong duong vé mat chdc nang.

Vi du, ching ta xé mach bicdu dién trén hinh 8.12:

N¢u xde dinh cic 181 hing s6 s-a-0, y-a-/ trén cae duong truyén tin hicu
cua mach, ta cé cac phian nhom 101 nhu sau:

L,=L,=7 =L :':ZA):ZH:Zh.’:Z.I*l= 1.

Za= V+ ;\'1

L =Z =X+ W
Lyw=Zy=Lp=X+ ;
Lop= W

VAP :\ w

Zyy=0:

Zu=X+ V4w



trong do 161 ¢/0 fa 16

X 2 R du thira vi
Yy_»b c Z,( X )=2Z(x ). Nhu
vay ching ta thay rang
d ching ta cé bay 1o

w

da dien. Cic vecto
ll||11h :5.‘13. Vi d/u minh hoz} cho vige Ch!:lﬂl] gid tri Kicm nghi¢m dé
doan 16¢ bang cde vects gia trr th nghién. K . e .

chuin doan cac 161 dw
dién duoc dua ra trong bang sau:

Diu vao Léi 7
x |y [ w a1 |a0i06/1|d/t]e0]koO]| 10
ololtololo] 1o 1171
o1 |]olololobtyrlo]ol1]
o L] Ifolololololo
t 11 Jojlololololol 1 1
Lt ot ool [ l1]

T bing nay ta thay, doi véi mdi ¢ip 161 £, ¢ tu déu ¢d thé fim duge veets gia
tri dau vao ¢ phan biét ching ( ¢6 nghia la F, (£ ) = 1). Do dé. tap hop cic
vectd gid ri kicm nghiém trong bang 12 tap hop chudn doin cic 161 hing s6
trén cic dutng tin hiéu trong mach 6 hgp. Bang chiia cic gid tri cda ham
khodng khodng cich 161 /7 x ) doi véi cac veeto gid tei thu nghiém ¢ v 13i f
ot L& bang chuin doin 161.

2. Phit hién 16i trong mach tuan tu

Kiém tra cic mach tudn tr phic tap hon so véi truomg hop mach 16 hop.
DE c6 1he phit hién duge 161, chiing ta can phdi st dung chudi cdc vecto gid
tri kiém nghiém vi ddp dng cua mach tudn tu s& 12 bam doi véi cac trang
thai ban dau cua mach. Chiing ta sé dua ra mot $6 minh hoa qui trinh phat
hién 161 cho mach tuan tu.

Gid thiét T 1a chuoi veeto gid tri thir nghiém va R( ¢, T) la ddp dng cua
mach tudn tu N déi véi chudi T bit dau tir trang thdi ¢. Gia thiét ring khi
trong mach N xuit hién 16i £, mach N tr¢ thanh mach N, va R( ¢, .7 ) Ia dip
tng cua mach chia 161 N, doi véi chudi 1" bat dau tir trang thdi ¢,. Ching ta
dua ra dinh nghia sau:
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Chudi 7' cdic vectd gid tri kiém nghiém chae chan phat hién 181 / trong
mach tuan t néu va chi néu cic dap ing daura R( ¢, T va R( ¢, . T ) khiic
nhau véi mai cap trang thii ban dau ¢ va ¢,

Trén hinh 8.13 dua ra mach tudn tu véi bang chuyén trang thdi, diy gid
i tin hiéu dauw ra la didp dng cta mach déi véi day tin hiéu diu vio
T = 10111 wong trudng hop mach khong ¢é 16i. Chiing ta xét mach trong
nhiing trudng hop mach chifa 161 hang s6 f s-w-1 trén dudng ¢ a/f | trudng
hop va 161 hing 86 g s-a-0 ten dudng b b/0. Ta nhan thay 1at ca cic chudi
ddp dng cua mach khi chida {61 ¢ déu khic vai cic ddp ting cia mach khong
chia 16i d6i véi cung mot tic dong. nhu vay chudi T néi trén chic chan phit
hién duge 16i ¢. Mat khdc, moi ddp 1ing coa mach khong chia 161 doi véi
chudi T xéttir trang thii khoi 1ao B déu trang véi dip ting cua mach chia 16
f xét tai cung trang thdi bat dau B, nhu vay chudi T khong chiac chan phat

Yy ———

;_ Z
Y2

T
),

Y‘L_'

4o olb—
X Y
Y,

X a

y_1___
D Q—
Y,

ﬁ C
ol

CLK
Hinh 8.13. Mith hoa truong hop phét hién 18i cho mach wan ur.

<lIxI
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hien duoc 164 /.

Vi du néi (rén cho thay ring. mac dit chudi vecto ant i th nghicm T
chic chan phit hicn duge 161 g, nhung chang ta Xde dinh duge cde dau hicu
cta 16 mot cich khong don gisin. Thit vy, chiing ta khong the khing dinh
ring tal mot v i nao dé trong day ddp tng. mach khong bi 161 ¢ cho ra gid
i 17 vd mach chiia 161 8¢ cho ra gid ti 0" hoiac nauoe lai. Thay vio d6,
chdang ta phai [i¢ ke ra moi didp dog ¢ the ¢é cta mach binh thudng vi
mach chaa 161 Nhung didu nay [ Khong thue (8 vi doi véi mach tan e véi
i phin 1 nhd & ¢6 27 kha nang cua trang thii khéot dong. Thém nira. ching
ta cin phai xde dinh quy trinh ki¢m tra cho nbi thiet k¢ Nha thict k¢ phai
thue hien cdc phép tha qua cdc chan vao ra cua mach vt so sdnh cide dip ng
do dac dugce véi nhting didp tng mong muén trén Iy thuvet dot vai ting vecto
atd tri kicm nghicn. Nhu vy cic ddp Gng mong muon phai duoe Xie dinh
trade viv suy ra ca nhimg didp dng cua mach chita 161 cling phai duge xic
dinh hoac du doin duoc. P& thue hién didu ndy, ching a dua ra dinh nghia
di duoe 1am veu di cta khdi niem phac hicn 161 déi véi mach tuédn o nhue
sau:

Chudi T cic vecto gid tri kKicm nghiém phit hicn duge 101/ néu v chi
neu doi voi méi cap trang thii kKhoi dong cd the ¢6 ¢ v ¢,. cic chudi Adp tng
RCq, TYvit R(¢. Ty khic bict nhau doi vor mgt veeto f, cy thé nio do trong
chudi T

D¢ xite dinh duoc vecto ¢ khi 161 1 ¢4 the quan sdt duoc tai diu ra cia
mach, mot cich doe Tip voi cie trang thii khot dong ¢ vivy,. cide phép Kicm
nahi¢m thuong duoe thue hién qua har giat doan khac nha:

—  Trong giai doan thit nhit. chiing ta daw chuoi vecto gid tri khot dong

7', vao mach sao cho sau khi thue hi¢n dén cuoi chude 7', mach N va
N, duge dua vé hai tryng thai di bict ¢, vi ¢, Cde dip dng coa hai
mach M v N trong khi dp dung chudi vecto T duoe bo qua vi ching
khong du doin duoc.

—  Trong piai doan thir hai, ching ta dit chudi vecto T, va cic dip tng

| ! x A W ¢ lrang Chudr i hidu dio 13
g T lhi’!i Kh@ll l:- A [ 2 1
: . 2 otfuall v 161 e
AT DO 00 | g | N | 100 S
! )

B Cl1[C1] 0 ! :
; A 01011 | 01010 | 01101

P CBrjA0l B 11100 [ 11100 | 11101
Do AL T 0 C [ 00011 [ 00050 [ 01010
D 11001 10010 i 11010

Hinh 8.14. Bing chuyveén trang thinya bang sde dinh chudt tin hicu ra trong nuong hop
262 Khong lor v ed 1o phoue ¢ e maclh wen fanh 8 13,



RCg. T,)via R( ¢, T, ) 1 cic chudi du doin duoe. Thong thudng

vecto pid tri kiém nghiém t; [a vecta diu ticn trong chudi T,

diit vao mach & phat hi¢n duge 161

Phuong phip n6i trén d¢ kiém nghiém va phat hién 161 cho mach twan w
dua teén co sd gia thiét rang 16n tai chudi khéi tao T, Doi vor hau het cic
mach sur dung trong thuc (€ déu ¢6 the tim duge chudi veeta gid tri khoi tao,
chuéi nay cho phép mach bt dau hoat dong wr mot trang thii da bict. Thong
thudng cic mach sé& duoc thiét ké sao cho ching c6 thé dé dang duge khoi
tao. Phuang phip thong thuong nhat Ia s dung cac duang tin néu khoi tao
va dat gid tri dau cho ting phan ta trigo. Tuy nhién, chudi vecto gid tei khoi
tao cho mach khong chira 16t N ¢é thé khéng ddp ung véi viec khai tao mach
N, chia 161 f nio d6. Nhing 161 f nhu vay duge got [a 161 ngan chian khéi tao.
Ta hday xé1 mot vi du vé nhiimg 161 ngan chan khai tao di de cip 16i. Trén

hinh 8.15 dua ra so d6 cua trigo D duge két noi
—1 dé tao thanh bo dém 1 bit. Trén dudng (in hiu
R xuat hién 161 hang 6 s-¢-/. Chiing ta thay
rang mach khong chiga 161 N hoan toian duoc
D Q khoi tao bai tin hiéu R = *0° . nhung véi mach
chia 161 hing s6 R/J thi khong thé khdi tao
mach vé trang thii dé.

ma khi

c R NQ— Ching ta c6 thé sinh ra diiy cac vecto thi
nghiém T dé phit hicn 161 ngan chian khoi tao

?___ s-a-1 trang thai bing cdch phan tich mot cich rieng

biét mdi trang thii khoi tao khi xvat hién 161,

Hinh 8.15. Minh ho nhung néi chung, phuc. ~hdp nay khé_n")g thé
(31 ngan chan KNG 110, dp dung duoc trén thuc . Do do cic 161 ngan

chan khai tao trang thai phai duge cor fa khong
phat hi¢n duge néu chi dung cac phép kiém tra qua cic chan vio/ra cla
mach véi cic phép so sdnb trén toan bd cdc dau ra. Tuy nhicn khong giong
nhu trong trudng hop doi véi mach té hap, dicu nay khong cé nghia [d mach
dién ¢6 tinh du thira. Ching ta cling nén biét rang cic 161 ngin chian khai tao
trang thai cé the duge phit hién bing nhimg phuong phdp kiém nghiem
khac.



§8.3. Ciic phuong phap thuit toan tong hop cic gia tri thu nghiém

Nhu ching ta da dé cap 161 trong muc trude. hanh vi cia mach khi xudt
hi¢n 161 phu thude nhicu vao chic nang caa cac mach logic khi khong bi 16i.
Do phic tap caa viée tim nhing bo gid tri tho nghiém phit hién 161 phu
thuoc nhiéu vao foai mach: mach 16 hop hoac mach twdn 1. Nhiing mach
tuan tu 1a nhitng mach chia cdc vong phan hoi nén viee mo hinh hoi chiic
nina cuoa mach cing nhu viée xay dung cac bd gid tr1 thu nghiém phuc tap
hon rat nhidu so v6i truong hop cic mach 10 hop. Do phic tap coa cdc
phuong phdp tao cdic bo gid i phat hién 16i ciing phu thude rat nhiéu vio
loai 16i dang nghien cdu. Trong khuon khé giido trinh niy. chdng tai chi gidi
han trong viéc nghién cdu cac phuong phdp tao ciac bd gia tri thir nghiem
phat hi¢n 181 d6i v6i cdc mach 16 hgp va cling gidi han trong viée xét cic 16i
hing 50.

1. Phuong phip dua trén su kich hoat duong truyén

Ciic phuong phdp tao diy gii tei thi nghiém ¢ thé chia lam hai nhom:
Cic phuong phdp tim cide vecto gia i dau vao ¢6 the phat hién mot
[6i cho trude.

- Cic phuong phap tim cic 16i ¢6 thé duoe phit hien s dung mot
veetd gid tri kiém nghiém cho trude. Cic phuogn phdp thudée nhom
nay con duge gor lia cde phuong phip mo hinh hod [61.

Trong muc nay chung ta nghién ciu cac phuong phap loai thuée nhdom
thir nhat. Déi wgng duge kiém nghi¢m trong phin nay 1a cic mach 18 hop vi
ching ta chi xét cdc mo hinh 181 hiing s6. Cic phuong phip tao vecto gid tri
thtr nghiém cho cac 16i ¢6 thé ¢6 loai trir cac 16i du thia duge poi la cic
phuong phap thuat 1odn. Nhu viy. m6 hinh hod 161 khong thé goi la phuong
phdp thudt toan vi néu qua winh mé hinh hod khong duge thue hién véi moi
kha nang ¢6 thé ¢6 cua cic veclo gid tri diu vdo, ching ta kliong thé dam
bao duge viée tim ra cde vecto gid tri Ki¢m nghicm cho 1at ca cac 18i ¢d thé
duoc phit hi¢n.

Ciic phuong phip thudt todn tao cac veeto gia tri tha nghi¢n d¢ phit hign
161 duge strdung hi¢n nay déu dya trén khai niém kich hoat dutng truyén.
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Kich hoat dudng truyén la phuong phip xdc dinh cac vecto gid i thu

u d 1 nghiém dwa 1rén

viée tim duong ma

g
Xa 0 ¢ |° theco dé s Khic
b0 D biét gia cide g1a
y 0 D h Y (=

try i hicw  khi
mach chda 101 va
khi mach khong

Iinh 8.16, Minh hoa khibr nicmn kich hoat dudng iruyén. ¢6 161 duoc lruyén
ra bén ngoai. Noi cich khie lid ching ta phai xide dinh duoce cac duong din
man cam vai 161, Vi du. xét mach 16 hop trén hinh 8.16, gia thi¢t ring trong
mach xuat hién 161 hing s6 s-«-0 trén dudng ¢ 1a /0. D& phat hién duoe 16i
nay ta can Xic dinh veeto gid tri dau vao suo cho trén dudng ¢ nhin gia tri la
[ tic [a aid tri nghich dio vé1 gid tri 161 ). Dicu nay »¢ dian 161 gid tri tien
dusng b phai bing ‘0" suy ra gid tri (rén duong vio y cang phiti bang “0™:

c=U"=h=0 =>v="0".

Dat luong ¢6 gid tri bang *1° khi mach khong 161 va bang ‘0" trong truong
hop mach ¢6 161 duoe ky hicu 1a D ( deflect - 161 ). Tra lai vi du trén hinh
8.16, chiing ta thiy khi tin hicu trén dudng v ¢ gid tri bang 0. dudng tin
hiéu ¢ $€ nhan giid i bing ‘17, Trong trudng hop xudt hién 16i hang s s-a-0),
duong ¢ s¢ phan gia i ¢d dinh biang ‘0°, ndi cich khic trén dudng tin hi¢u ¢
xudt hicn gid i . Nhu vy, chidng ta ¢ mot s6 nhan xét nhu sau:

Néu dudng tin higu v = ‘0° thi dudng f nhan gid tei D, suy ra duong

tm hiéu g va i cung nhin gid tn D;

Nc¢u duong tin hicu v = 1" thy dudng ¢ nhan @1 tei D;

- Deé gid tri D xuat hién ¢ dau ra = cda mach ( trén dudng tin hicu £ )

thi dudng tin hicu j phai nhan gid tri *0" suy ra dudng tin hiéu ¢ phai

nhan gia tri *1° va duong tin hicu v nhan gid ai 1.
Chiing ta thay, véi c¢ic gid tri tin hi¢u dau vio v = ‘0’ v = 0’ 1 = ‘I,
v="10 gid tr D xudt hieén teén duong tin hiéu ¢ s&€ lan truyén 161 duge diu
ra. Nhu vay duong tin hi¢u 4 s& phan dnh day dd moi bién dong trén duong
¢, n6i cich khie dudng dan ¢-f~g-i-k fa dudng dan min cam véi 161 Nhu viy,
cac gid tritm hicu v =0, v =0’ =", v = ‘1" tao thinh vecto gid tri thu
nghiém phit hi¢n 16i hing s6 /0 va duonmg tin hi¢u ra nhan gid tri * 17 trong
trudng hop mach khong bi (01 va nhan gid tri *0” Khi xudt hién 161 ¢/0).
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Trong trudng hop trong mach xuat hicn 161 hang s y-¢-/ lam ¢ho duong
tin hic¢u ahan gid tr1 ¢é dinh * 17, trong dinh nghia coa dai lugng D cic gia tri
‘07 v 1T doi chd cho nhau v thay cho Khdi niem D ta dua vio khdi
nicm D. Cic i trg D va D nhin dugc trén nhimg dudng bi lor goi L cic
khoi-D. Qui trinh truyén cac khdi-D t6i diu ra cia mach goi 1a phép truyen
D v thi tuc thue hién phép truvén D goi [a th tuc chuycn D.

Poi véi timg phin tir logic co s, qui trinh thict [ap vi truyén D & gui

trinh Xiac dinh va dat

1o _—\\) o S TN\ o 'S;)Dﬂ cde gla trt tuong ung
) o—r tal cic daw vao con
):DQ B:D’—E ?:)DB lai cua phan :Fr khi
— 0 mot trong cic diau vio
clia phan ur bi 160 vi
nhan  gia w1 D

=

1inh 8.17. Tha e chuyén D qua cde phin or 16gic co bin.

hodc D, sao cho gid tri D ( hodc D ) duge truvén nguyén ven 16i dau ra cla
phan . Tren hinh 8.17, ta thay doi véi cdc phan v AND va NAND, phép
truyén D Ii thi¢t 1ap trén nhimg dau vio khong bi [6i nhimg gid tri bang ‘1°;
dai véi cde phan tr OR v NOR - thiét 1ap gid tri ‘0’: wong khi dé doi voi
phan tr XOR, phép truyén D tuong img véi viéc thiet 1ap trén dau vio con
lai gid ui bat ky trong tap hop { 0, | }.Chang ta nhan thay doi véi cic phan
(0 NAND, NOR, XOR, gid tri trén dau ra bi dao lai:
D— D, DD

Dua trén Khdi niém Ahdi-D, cic phuong phip tao vecto gia tri kiém
nghiém phit hién cac 16i hing s6 dua trén su kich hoat dudng truyén tin hicu
va thiet lap duong dan man cam véi (61 duge thuc hién qua ba giai doan:

1. Dai voi nhiing 161 hiang so tren mot dudng tin hidu xic dinh. ching ta
thi€t lap £hai-D trén phan td nhan duong tin hiéu lam diu vio va xic
dinh cdc gid tri thoa min Ahdi-D 46 ( th tue thiet lap D). Két qua
cua budce nay la xdc dinh duge cde gid tri dau vao trén phan i true
tiép chiu anh huong cua 161
Gid tri cua khoi-D duge dua ra dio ra caa toin mach bing thd tuc
truyén D. Két qua cua bude nay 1a xic dinh duge duong dan man
cam vdi 161 dé truyén gid tri D (i div ra. Trong mot s6 mach ¢6 the
xudt hién nhi¢u dudng dan man cam vdi 16i ( mot trudng hop dé thay
khi céic phin tir16gic ¢6 thé ¢6 nhiéu hon hai dau vio ).

o
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3. Xic dinh cic gid 11 dau vao tuong thich vol cie gid i1 “0° va " 1°
nhin duac trong qud tinh thict [ap D va truven D.

Cic budc 2 va budc 3 duge thue hien dua vio nhitng thao tac chinh nhu
sau:

- Thao tac truvén-1).

- Phép suy dién.

Phép quay lui.

Phép suy dién cin thi¢t d¢ xdce dinb gid ri teen nhiing dudng truyén tin
higu mat caeh duy nhit theo gid tri trén nhitng dudng tn hicu khie. Dicu
nay ¢é the duogc minh hoa bing vi dy (rén hinh 8.16, néu gid tri tai dudng tin
hidu f duge thiet lap bing 07 thi suy ra gid tri 1eén dudng /i v ¢ cing duoce
thict 1aph bing *0°. Theo chde nang cia phian tr AND. n¢u dudng ¢ duoe
thict 1ap bing *0°. suy ra dudng / ¢ duoc thict {ap bang ‘0. Mat khic d¢
thict lip duge dudng £ giid tri "0, gid tet trén dudng « va ¢ chic chin phai
biang ‘0", Gid trj trén dudng ¢ bing ‘0" s& suy ra dudng b phai nhan gid i
17, Ta ¢ thé tong két qud trinh suy dién tren nhu sau:

f=0=>h=0,g=020=0=1=0;
0= a=0.c=hc=0=>b=1{.

Phép quay lui Ja phep toin thict Lap ey irén cie dau vao ¢l mach sao
cho khong ¢é mau thudn véi cie gia i al cde dudng truyvén trong mach.
Phép todn nay khie voi phép suy dicn néi teen [y két qua ¢d the khong duy
nhit. Vi du alue tréa hinh 8,16, néu duong j ahin gid tri bang “0° thi theo
phép quay lui ta thiét lap wen duding /i viv e cic t6 hop ¢6 the ¢6 1a ( 1.0 ).
(0. ). 1 D) Vige lua chon cide gia trn pho hop phu thuge vao (img trutng
hop cu the vt dua vio céde ludt Iua chon. Cic ludt ua chon ¢6 the ¢é nhing
dic diém nhu sau:

- Cic tudt lua chon ¢6 the 1a nhimg luat nhu sau:

*  Chon duong tin hicu gan voi dau vio nhat;

*  Trong trudng hop gid tri tin hi¢u bang *1°, lga chon dudng truyén
chia phan nr OR;

* Trong trudng hop gid tri tin hi¢u bang *0’, jua chon dudng truyén
chda phan nr AND.

Vide dua cde luit lga chon cin thict ngay ca doi vai qud trinh truyén

D. Trong truong hop néu ¢ dau ra cua phan tr ¢6 & nhdanh thi <¢

khong duy nhat trong viée chon duong. Trong nhidu trudng hop kinh

nghigm cho thay nén chon duong tin hi¢u gin diu ra nhat.
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Trong qud trinh truyén D thong thudng s& khiong day du néu chi xét mot
dudng truyén. DE giai quyét cic van dé nay sinh khi chi xét mot dudng

G3

L
‘( L ’_d
Ilinh 8.18. Thict 1ap vi truyén D theo

h [
-~ m
u 1k I G4
o T
Lﬂ f
hai dudng dan man cam 161 kKhace nhau

T
yj G1 QJ -
p
t4>0_5 , ] )
Sy s
cho phép phat hien 161 ¢/1.

truyén D duy nhat, trong nhicu
truong hop ching ta can phiit su
dung nhiéu duong truyen D khic
nhau mot cich dong thoi. Trong vi
du dudi day, trong mach ¢6 the
xuat hicn 161, nhung 161 nay khong
thé phit hién duoc néu chi xét mot
dudng truyén D. Do dé6. néu cic
dudng tin hiéu ¢6 phan nhinh. ndi
chung ching ta phdi xem xét viéc
truyén gid tri D theo nhicu dudng
dan khdc nbau. Ta xét vi du tren
hinh 8.18, trong mach xuat hién 161
hang 50 s-a-/ trén dudng tin hiéu

a - 161 o/ 1. Trong vi du nay chdny a thay, d¢ thict lap khoi-D wong dng véi

101 /! gid trf trén duong @ phae Guge thiét lap bang *0° trong trudong hop
khong ¢6 o1, diéu nay s€ tuong duong voi vide dat gid i v = v = ‘1. Bay
210 ta s€ xét cac dudng truyén gia ui D khde nhau (6i diw ra - cia mach:

- Néu lua chon dudng truyén D qua cde duong tin hi¢u «-h-¢ thi trén
phin tr G6 theo thu tue truyén D, ching ta nhin duoc:

. Cic duong tin hiéu ¢, m. » phai nhan gia tey “17 ( khi dé gid tri

truyén 1ot diu ra 7 s€ 13 D)

. buong ¢ phai nhan gid
“I7 s dan (61 dudng p phai
nhan gid tr1 0’ vi dudng  da
phan gid tri D va ching ta
khong truyén D qua dudag d-
e-c. Diéu nay dan tdi duong v
phii nhin gid trj *0°.

. Dudong n phai nhin gid tri
‘17 s& dan 81 dudng s phai

Hinh 8.19. Vecto gid tri kiém
nghiém 16i o/l ¢ 0n tai néu
gid i D duoc tuyén qua déng
that ca hat duong a-b-c vit d-c-c.

nhan gid tri ‘0’ vi dudng y da nhan gid try ‘17 viy suy ra dudng ¢ cing



nhan gid i *1°. Duong s phai nhan gid try "7 s& suy ra dudng v phai
nhan gid tep 17, Dicu nay din 161 mau thudn véi ket luan via nhin
duoe vét duong e.

Ching ta s¢ nhin duge k&t qua tuong tu néu chon dudng truyén D it
dutng din di qua cic dudng truyén (in hi¢u d-¢-¢ do tinh déi xting
cua mach.

NEu ta chon ddng thoi vice truven D qua ca hai dudng a-h-¢ v d-e-¢
thi nhu da chi ra trén hinh 8. 19, hai duong tin hicu con lai cua phin
twr G6 ¢ cling nhan gid tri *17. Dicu nay s€ dan téi hai dudng 1 va v
& dong thai nhan gid tri *1”. Nhu vay v&i bo gid tri dau vio

X=y=pu=v=">4

ching ta &€ truycn duge i tri D 1é didu ra cua mach, hay nor cich
khic ching 1a s& phdt hién duge 181 af/! véi vecta gid tri dau vio
(voyonov)y=1, 1,1 D).

2. Thuat toan D

Thuat todn D 13 phueng phip thuat rodn dau tien ding dé tim cdc veela

aid tr Kicm nghiém dé phat hién cdc 16i hing s6 dua trén phuong phip kich
hoat dudng truyén. Trén khia canh vé khi niang xdc dinh cdc vecto gid ui

kiem nghi¢m tim ra moi 61 ¢6 thé phat hi¢n duge. vin dé quan trong nhit 12
nguyén ly truyén D theo nhic¢u dudng din khic nhau. Néu xét theo khia canh
vé phuong phdp tong hop cic vecto gid tri kiem nghiém thi vin dé quan
trong 1 can phai K&t hop qud trinh truvén D v quay lui nhu thé nao. Ching
ta s¢ xem xét mot s6 diém quan trong.

NEu mot so duong tin hiéu trong mach bi r& nhanh, khi dé trong qui
trinh truyén D ching ta s& phai fua chon dudng tin hic¢u dé truyén gid
tri D161 ditu ra cua mach.

Tap hop cdc phan tir qua dé ¢6 kha niang truyén gid i D (1dc 1a
nhiing phan tir véi ddu vao ¢ th nhan cdc gid tri D hoac D con gid
tri dau ra chua xdce dinh) goi 1a ranh giéi D. Ranh gioi D thudng duoce
bicu dién bang hang doi. Nhing phin r ¢é kha nang truyén D s&
duge dua vao diu hang dgi. Khi phin tir dé khong c¢on khi ning thuc
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hi¢n qui tinh truyén D thi € Tua chon phan wr tiép theo trong hang
doi.

Phép toin quay Tui trong (hudt toin D goi [ phép toin xic dinh dau
vao. D¢ xac dinb gia tri cde dau vao cda nhitng phan 1 chua duoe xur
ly, trong phép toin xde dinh dau vao, ching ta su dung phuong phip
lra chon mot ciach tuan w nhiting 8 hop ¢d the ¢é cha din vao. Néu
trong khi lua chon ta thiét [ap mot mde do vu ticn, khi do ta sa dung
nhitng neuven tic wong tng vai ludt chon, nhimg khi nang lua chon
chua st dung dén duoe luu trong moOt hang dot 2ot 1a hang doi nide
dinh dau vio.

Trén ¢o s cua nhitng nhan xét (wén. thudt oin 1D ¢d (he bicu dicn qua

cac bude nhu sau;
Thuat toan -

270

l.

o

Trong tap hop cic 161, ching ta lua chon mot 161 hing 86 s-a-v chua
khao sdt. Lol ndy thict lap gid tei v trén dudng tin hicu s va ky hicu 1
s/v. Khoi D tuong Gng véi 161 trén dudng s ky hicu 1 ' ( tic [a D"
tuong ing véi aii tr D con D' tong Gng v D). Phin (7 ¢6 diu vio
N1 var duong tin hicu s duge dua vio hang dot ranh giér 1.

boi vai khotr D. ching ta xdc dinh gid 1 ciae dau vao s dung thao
tic thict 1ap D. Név trong trudng hop nay can phan lua chon dudng
truyen D, thi ching ta lua chon dudng truyén theo ludt A:

Luat A: rrong gua vinh truxen D, cdce diiong tin hidu gan voi cac
daur vao ¢ duoe lua chon e,

Cic duong tin hicu khong duoe lua chon con Lai <& duoe dua vao

hang dyi thict Lap. Trong trudng hop khong nhin duve nhing gia tri
dau vao xiace dinh, 161 duoc coi [a du thit vi quay v¢ budc 1.

Thue hicn phép suy dien doi véi dudng tin hicu trong mach ¢o the
tham gia vao qua tinh thict [ap va tuycn D, Neu xuat hicn miu
thuan gitra cdce gid i nhan duge cua cic duong (in hicu trong qua
trinh (ruyén D, thi chiing 1a nglmg qua trfinh euyén D, lua chon gid
tri didw ticn trong hang doi xie dinh trude va quay vé bude 2.

Thuc hi¢n phep truyén D doi vaéi gld tri dau Lien cta hang dor ranh
0i6i D). Doi voi phin wr ticp theo lai nhan gid i D adén diw vao va
ching ta lai thye hicn phép lan travén D qua phan @ nay. Cac dau
vito cta phian wr s¢ duge lua chon giid tei. N&u ¢an (hidt phai lua chon
phin t dg duge truyén D, ching G st dung Tuat B:



Luat B: Cdc phan nr gan vdi nluing ddu ra ahdt sé dige lica chon

(roe tién rong qud rinh lan ruyén gid el D toi dau ra.

Nhiing phan ta khong duoc chon con {ai duge dua vio hiang doi. Néu

khong the thue hién phép truyén D. ching ta dua chon gid tri ban dau

LEp theo. Néu hang doi ranh gidi D réng. chdng ta cho rang 161 dang

x¢t duoc cot la 161 du thiia v quay vé budc 1.

5. Thuc hién phép suy dién dai véi 1dt ca nhimg dudng truyén cé (hé co.

Né&u xuat hicn mau thuan trong qud trinh truyén D va quay lui, ching

ta quay lai bude 4.

6. Né&u theo két qua ctia qué trinh trayén D, gid tri D hoic D dat duge
16i daw ra, thi ching ta lua chon (ép phan tr sau cda hing doi ranh
2161 D. Néu khong lua chon duge phan (o nao, ching ta s€ quay V&
budc 4.

7. Ap dung phép todn xdc dinh dan vio doi véi (At ca cic phin sir ¢é diu
ra da xac dinh va ¢6 cic dau vao chua duge xdc dinh va lua chon
nhitng gid tri dau vao ding luat A va hang doi phép 10dn xde dinh
dau vdo. Phép todan ndy duge thue hién [ap Lai Lién ticp khi khong gap
mau thuan trong gid tri cac dau vao caa mach. Néuv nhan dugce 1ap
hop khong rong cde gid tri dau vao, thi ching ta coi cde vecto giid (n
dau vao do6 @6 la veeto gid tri kicm nghiém d¢ phat hién 161 s/v v sau
dé quay vé bude 1. Trong truong hop phép todn xie dinh diu vao
khong thé thuc hicn duge, thi ching ta quay v¢é hudc 4.

Trong thudt toan D duge moé ta & rén. cdc luit A vid B chi xédce dinhy oinh

W lya chon dudng tin hicu vdi cdc phan ur tien quan va khong déng vai no
quan trong.

Ta hiy x¢ét vi du mach teén hinh 8.20:

u a

m
G5 Hinh 8.20. Vi du mmb hog
thudt todn D do1 vér mach cé
chita (61 hang «o Khi xudt hicn
2 o h/.
G6

Ching ta xdc dinh vecto gid tri Kiém nghiém dé phat hicn 161 hang so
S-a-0 trén dudng it H/0 st dung thuit todn D.



6.

Bl. Lua chon 161 // trong danh sich 106i; gdn cho dudng /i gid i 0.
Cic phan 1t noi véi duong it i G4 va G5 duge dua vio hing doi
ranh 2idl 1. Do phin w GS gan dau ra hon phan 1w G4 nén s¢ duoc
lua chon trudc trong qui trinh truyén D theo ludt B nén hang doi
ranh gidi D 1a | G5. G4 1.
B2. B¢ duong h ¢o gia g 17, ching ta can phdi ¢ hoic duong b
nhan gid iy 1 hodc duong g nhan gid i *1°. Theo ludt A dudng h
gan vt dau vao hon nén trude 1ién ching ta chon gid tei duong b
biang ‘1’

h=1=b=1vg=1:bgandiu vao hon. chonb=1;
Do dudng b fa dudng tin hi¢u vio nén chidng ta khong cian thuc hién
budc B3 cua thuat toin D méa chuyén sang thue hién budce B4
B-. Thue hién thao tdc truyén D qua phan (i GS. Gid tri D ¢ xuat
hién ten duong tin hiéu »r va trén dudng « tin hicu phai nhan 2id tri
“1”. Do phin tor G7 gin véi dau ra hon so véi phan ti G4 nén phan ne
G7 s€ duge dua vio dau himg dot ranh gidi D. Hang dgi ranh gicn D
s& bang | G7. G4 |;
BS. Thuc hién phép suy dién ching ta nhan dugc gid tri D 1rén
dudng tin hicu £;
B6. Vi dudng tin hicu m khong phii 1 dau ra ctda mach nén quay lai
bude B4,
B4. Thue hién thao 1dc truyeén D qua phin wr G7, dudng tin hicu p s¢
nhan gid wi D va dudng tin hi¢u # phdi nhian gid tri *0°. Dutng tin
hic¢u p 1 dau ya coa mach:
BB6. Vi gid tri D duge truyén ra diu ra cha mach ta chuyén (6 thao
tidc xdce dinh ticp sau:
B7. Tren duong truvén # L 4o tugng cia phip toan xic dinh diu vao
cho phan 16 G7. 1a ¢é dudng » phai ahan gid tri ‘0. Diéu ndy s¢ suy
ra teén phin tr G6. dudng tin hi¢u j phai nhan gid i "07 vi duone tin
hicu & da nhan gid ui D do phép suy dién qua phan (r G4. Thuc hicn
thao e xide dinh dau vio doi vér phan wr G6 v gid wr duong tin
hicu j bing 0", ching ta nhan duge nhing 16 hop gid tri cla cic
duong tinhicud, f 1A (1,0) (L 1) (0. 1)
Néu tgachond = 1", f=0" suy ra ¢ = 1" va phép todn xdc dinh diu
vao trén phin 10 G chota ¢ = 0.



Nfu vay bo gid tri thae nghiém phat hién 161 h/0 T
x=lLy=0u=1I,v=1.

Chang ta xét 1&p vi du tim vecto gid try the nghi¢m phat hién 1o hang o
s-a-0 tren dudng [ /0 dor véi mach trén hinh 8.20.

. Bl DBudng tin hidu f duge gan gid trr D, hang doi ranh gidi 1) bao

gom [ G3].

2. B2 Vai gid i dudng f bang “ 17, phép rodn xdc dinh diu vio ¢ho ta

aid trj wén dudng ¢ bang ‘17 viusuy ra duong ¢ nhan gia tri bang “0":

3. B3. Ap dung phép suy dién ta nhin duge gid i trén cic dudng 2. i, |,

1, k. noahu sau:
g=1h=1/=1Li=1,Ak=0.n=0;

4. B4 Thue hicn truyén D qua phan ta G3, chiing ta nhin duge trén
duong j etd tvr D ova teén Jd giad ter ‘0" hang doi ranh g6t D chira
| G6 ]

B6. Do dudng tin hiéu j khong pha [d dau ra nén chiang ta quay [

bude B4:

6. B4, Do gid 1 tren dudng tin hi¢u 4 bing ‘0’, cho nén ching ta Khong
the thue hien vige truyén 1 qua phan ¢ G6. Mat khde hang Jdot ranh

N

oidi D rong, dicu nay dan t6i ket Toan 161 f/0 [ 160 du thira,

Ta ¢6 hé thay rang st dung thuit win O cliing i c6 thé xide dinh duoc
moi bo gid tri thtr nghi¢m d¢ tim moi 161 hang s6 ¢6 the phat hién duoc.
Thém vao dé. thuit todn D ¢é thé md rong dé ap dung sang cic mo hinh 1o
khace.

3. Thuit toan PODEM ( Path-Ortented Decision Making )

Trong thuat todan D, diu tién gid i D duge dua 16t dan ra coa mach bing
phép truyén D, sau d6 diung phép 1odn xde dinh dau vio d& tim gid tri teén
cic dau vio. Néu khi xic dinh gid trp dau vao gap mau thuan thi thue hicn
quay lui va lua chon duong truyen D Khie tde 1 il bude B7 cua thudt todn
quay lui budc B4, Trong truong hop 2ap nhicu mao thuan trong phép xiic
dinh diu vio, thot gian 1ong hop vecto gia ti kKicm nghiém tang, Vi du. nhu
Khi xudt hién nhicu phin wr XOR trong mach. cic thao tic truyén 7 khi don
gian nhung viee dp dung phép odn xdc dinh diau vao thudmg ket thiic khong
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thanh cone Vi gud trinh wuven 1 phat guay ol Dicu nay lam cho vice tong
hop bo gid 1t oghiem bang thuat toan P phar tcu won them nhicu thot
Qlan.

Bé g hidu qua cta qua trinh truvén 1 viv xide dinly daa vio, neu tinh
tol nhimy tnh huong da néu trén. trong A thudt thuong swe dune phuone
phap PODEM. Trong phuong phdp nay. khi thue hien quay Tui wa dimg tha
tue dich chuven nguoe, Chdng ta cd the trinh bay ngan gon thu we dich
chuyen nguoe nhu sau.

Giathict ving trén dudng tin hicu v thiet 1ap eid i v, Tl vio o duge dduhy
nhin daw cen Kb duone tn hicu v duge gan gid tiove ching i haa chon mot
dutng dim theo hudng 161 daw vao. Gii tn cia nhin duge dao kbi di gua
nhitmy phan 0 loai NAND, NOR. NOT. Trong qua tinh dich chuyen nguoe
theo mot duomg., giid i nhin duoc truvén theo hudng (i dan ra cta mach (6i
cac dau vio. Do do dor véi nhing phan ta co nhicu dau vao, chiing ty cin
thiet phad lua chon cie duong vao tuong ung vai cde fugt lua chon. Nhiing
duong tin hicu khong duoce Tua chon duge dua vao hang doi quay lur va s¢
duoc s dung trong quad (rinh quay lur.

Cac ludt Taa chon duomg tn lico vao ¢6 dang nhu saws

Lt lua chon &:

1) La chon duong dan gan dau vio nhat:
2y Neu aid to cta nhan hang 07, chang tina chon dudne toven ka
dau racoa phan (w AND hoac NOR. Neu gid @i cua phan biang

1 chidng ta haa chon duony naven fa daun ra cua OR hoac

NAND.

Tren coso cua tht tue dich chuven nzuce nor e va luat A lua chon
duome truvén. thuedt todan PODEM ¢o the duoe trinh by nhu sau:

Thuat toan PODEM

. Trong tiap hop cdc boi fua chon 1oi hang so chua st dung s-a-1 tren

duong tin hiew v lam cho duong tin lugu nhian gia ter v - 1of /v Tren
duong o thiet Iap nhin D' va dua vao hang dor ranh gich 1) nhimg
phan e nhan duonge s lam dau vio. Néu khong con 101 trong tap hop
cic 1o ching ta dime qua tinh 16ng hop bo aid tri thir nghicm.

o

Tren dutog an hicu s thue hico thao tae thict [ap D' vaexaae dinl ede
ei (rp ddu vivo. Neuw adt hicn Rha nang Tua chon duong dan. st dung



[

‘I

joe]

9,

luat A, ahimg phan b con lai s¢ duge dua vao hang doi thich Lap phue
vu qua trinh quay {u.

Dot véi nhima gid tri diw vao nhim duoe tir ket gqua thue hucn thao tde
thi¢t Jap D', ching ta thue hien phép suy dicn.

Dot vai gia tri diw tién trong hing dot ranh gidr D, chiing ta thuce
hien phép truvén . Phin 1 nhin 4ep theo trong phép truydn /7 nhin
gia tri D tai dau vio duoe dua vivo dao haong doi ranh gidi 1. Trong
qui unh uyeén D, nfu cin thiét phai lya chon phan wr uén dusng
dan mén cam. ching ta dp dung feat B, Thoup thudng ching i ¢o
the su dung lnat B trong thuat toan D Jam Juat B cua thuit wdn
PODEM. Sau khi di lua chon phin (¢ ticn duong truven 1) 161 dau
ra. cidc phian tu con L duoe dua vio hang doi ranh giot D. "[rong
truomg hop thao tic truvén P 1§ diu ra Khong the ket thic duoc,
ching ta st dung phan (& Gcp theo trong hang dot ranh giéi D. Néu
himg doi ranh gidi D rang, 161 duge col Ja 161 du thita v vice thue
hicn thuit toan duge quay la bude 1.

Thuc hi¢n phep suy dien.

Thue hi¢n th tue dich chuyén neuge doi véi nhimg duong tin hicu
trén dé eid tri dau ra cua cac phan o duge xde dinh ¢con cic gia i
dau vao chua xde dinh. Trong truong hop can (hict phai lua chon
duong tin hicu, ching ta thuc hica lua chon duong su dung luit @,
Nhimg duong tin hicu chua duge {ua chon duge dua vio hiang dot
guay lut.

Thue hien phép suy dicn, sau khi da edn cho cie dau vao nhimg gid
trt nhiin nhan duoe w phép quay lur Kicm tra tinh ding dan cia gid
tri daw cua nban. Neu khong nhin duge ard ut dung, chang ta Kico
tratinh didng dan cua gid (i nghich dao. Néu vice Kicm tra gid tri cho
kel qua diing. chiing va chuyén sang bude 6 v st dung dudng tin
hicu dau tien vong himg doi quay lui. Trong truong hop vice Kicm tra
cho K& qua sai. nhie vty thao tdc truvén D& dau ra khong the thue
hién duge, chiing ta quay ve budc 4.

Neu 16n tai duong cho phép thue hien bude 6, ching ta thue hicn v
bude 6 va budce 7.

N&u gia tri D 61 duge dau ra, bo gid tri didu vio nhan duge s¢ )a
vecta gid i thr nghiem d¢ phdt hicn (61 s/v va ching ta quay lai
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bude 1. Trong truong hop thao tic truyén D khong 161 duge dau ra.
chung ta quay lai bude +.

Ching ta minh hoa thuat toin PODEM qua mach trén hinh 8.21. Gia

thict ring trong mach xuit

n PR

koL G4j— hicn (81 hang so s-w-/ tén

duong « —«/l. Tong hop

[ | b ., Loy .
veets eid trr kient nehid¢m

al G2 57 DA s
“ — c dot voi 101 o/ theo thuat

y_I_CLI_E_ d { ) _3;' (j'tﬂ z toin PODEM duoc thuc
: —P — _G_>_ hien nhu sau:
v ’ g |1 {>’)5_l——/—X . 1) Bl. Gdn cho duong
S S B C I a gid tri D, hing doi ranh
1 £ . 2
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Hinh 8.21. Mush hioa thuat 1odn PODENT troag

eidi ) s¢ chita nhiing phan

vice wng hop gid e tdut nghiém phdt hign lot (wsau:| G2..G3 |
hang &8 v-a / teen duong o |, 2) B2, B¢ duong tin

N

9)

hico « nhin gid o 0.
ching ta cin thi¢t duong tin hicu f va ¢ nhin eid tri bang ~1°
B3. Thuc hien phep suy dicn d6i vatr duong £ v e, chdng ta nhan
duoce har duone tin haéu fr vacr cling nhan aid (g *17
B4 Thue bicn thao tac truven D qua phan o G2, ching ta nhin dugc
oid tri duong H = D va dudng 1 phdi nhan eiid ui 1'% T dé suy ra
hiang dot ranh aidi D s& buo gdomedce phan ta | G6, G3 1,
B5. Ap dung phép suv dicn ta nhan duge j =k =1"1="0".m="1
Do J i diau vio cua mach nén cac bude tir buge B6 dén BS cua thui
toitn PODEM  duoc bo qua va clndng ta sang bude BY:
BY. Do duong tin hicu H khong phai 1a daw vao cua mach. ching ta
chuyen sang lai bude B4;
B4. Thuc hicn thao tic truyén 2 qua phan (0 G6. DE thue hicn duoc
dicu ndty chidng ta cin ¢6 dudng ¢ nhin gid i * 7, duong » ctng phii
nhan gid ui 17, Hang doi ranh gidi D <€ chi ¢o phan tr [ G3 ]
B6. Thuc hicn th e dich chuyén nguoc voi gid i duong ¢ bang
170 ching ta nhin duge 2id tri duong p = ¢ = 07 viudico nay suy ra
dudng v nhan gid trp *07;
B7. Thue hicén phép suy dién dor vér gid ut v = "0° 8¢ cho ta gii i
y="1",n="0" ¢ =" 1". Nhu vay chiing ta khong nhan dugce giid tri



dau ra ding ( tde la 1a phat nhin duoe o= 170 c = ). Ching (@
nghich dao 2id tri coa v v = 17 Vai gla tri ndy, dudny tin hicu
¢ = 0. nhu viy chinge ta cing khong nhan duge ¢id ti can thict
e ="1". K& luin rang ching ta khong the thuc hién duode phép truyen
D qua phan wr G661 diw ra. do do phai quay lai budGe B,

10) B4. Thuc hicn phép truyén D qua phin (6 G3, ching ta ¢o gl Wi trén
dudng ¢ = 1 (v gtad i duong v da duge nghich dao [ai bang 17 ).
duane p =17 Hang doi ranh gidi 1 bao gom phan (@ | G6 |:

1) B3, Thuce hicn phép suy dien vdi nhimg gri tr vira nhan duoce, ta ¢o
g=r="1 =0, n="1"

12) B9. Do kirémg nhan duoe gid trr D & diau ra, chang ta quay lai budce
134;

13) B4. Thuc hicn thao tdc truyén D qua phan (¢ G6 ching ta nhin duoc
¢ = D. cic bude tr bude BY dén bude BY duoc loai bo.

14y B9. Do gid (11 D duoc truvén tdi ddu ra, bo gia tri thy nghiém nhin
duge s€lev=v=u=yv="1".

Nhu vay ching ta thiy rang thuat toin PODEM khio sdt tit ci cic 10
hop ¢é thé ¢é cua diu vao cho nén ¢ the dp dung (huat todan nay d¢ tong hop
cdc bo gid tei thi nghi¢m déi véi moi 161 hang s6¢ ¢6 the phit hign duoe.
Bing cdch dp dung cdc luat lua chon khic nhau, ching ta ¢6 the stra doi
thuit toin PODEM dé ¢6 thé nhan duge cde thuat todn hicu qua hon. Cing
giong nhu thudt odn D, thuat toin PODEM ¢6 the dp dung dé tdna hop cic
bo gid i th nghiém phit hién cdc 16i bic cau.

§8.4. Phuong phiap mo hinh hoa loi
1. Bai toin mo hinh hoa loi
Vice tao cdc veeto gid tri thu nghiém d¢ tim 161 bang cic phuong phip

thudt todan cho phép ta thue hién doi vai moi 161 ¢ the phat hicn duge. Nhu
vy ¢6 1he ndi ring phuong phip thuat todn 1a phuong phip tao vecto gid tri
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thit nghicm tm 161 day du. Khi do phic tap cua mach tang, thai gian d¢ o
bo gid trl phat hién 101 s¢ taing nhanh. Theo 1y thuvet, thin gian tao bo gid i
thi nghiém <& tang theo lule ham mo doi vaéi so lugng phan (¢ lagic tham gia
vao mach. Doi vé nhaing mach trong thue ¢, that gian tao bo @id tri thy
aghicm s€ ty 1¢ bac hai - bae ba so vér su1dng Ién cta o luong cdac phan w
logic ¢ ban trong mach.

Dé aiil quydt van dé vé do phiic tap cia thuat todn, trong AV thuat ching
ta con ¢a thé su dung cic phuong phip goi Ly ma hinh hoa 161, Phuong phip
mo hinh hod 161 cho phép trong mot thai gian ngan phat hién duoc 100 Vol
motty f¢ khit cao.

Phuong phdp mo hinh héa 161 ¢6 thé duoc trinh bay ngan gon nhu sau:
chunyg ta thue hicn mo hinh hda logic mach chia (61 tuong tng v6i mot vecta
etid tri dau vao nao do. NEu nhan duge cde gid i dau ra coa mach trong
trudng hop xudt hicn 16t v trong truong hop khong bi 161 khac nhau, nhu
Vav vecto pid tri dau vao duge coi 1 vecto gid tei thit ngheém phit hicn 161
dang xé1. N6t cach khide. phuong phdp mo hinh héa 161 Ih phuong phdp xidc
dinh. cic 161 ¢4 the duoe phat hicn siv dung mot vecto gid tri diau vao cho
trudc.

Chiing ta thay. phuong phdp mo hinh hod 161 vé ¢o ban dua trén qud trinh
mo hinh hoa logic mach trong hai trudng hop: chia 101 vie khong chia 164
Tuy nhicn doj voi phiea bin bi 161 cta mach. ching 1a ¢6 the sir dung nhimg
tht phdp khac nhau dé thue hicn qua 1inh mé hinh hod l6gic. Trong muc
nay ching ta ¢ nghién ctu nhang phuong phip chinh d¢ thue hicn mo hinh
hod 161: phuong phdp mé hinh héa 161 song song, phuong phdp mo hinh hoa
101 suy di€n v phuong phdp mo hinh hda 161 canh tranh.

2. Phuong phap mo hinh hoa 161 song song

Cuang tuong w nhu qua
trinh mo hinb héa 16gic, khi
thue hién moé hinh hoa 16i,

FA
gid -t tén cic duong tin
hicu duge mo ta bing mot
twr may. Do dé ncu mot iy
Hinh 8.22. Minh hoa qud rinly midy €6 chia 1 hing chit »0
ma hinh hod 161 song song. nhy phan, thi ching ta ¢6

the thye hien duoe qua trinh
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mo hinh hoa dor vor poveeto gia it dat vio mor cach song sony.

Ta hay xétvi du mach trén hinh 8220 DoO1 vor mach may. «dt mot tor nwly
adm 16-bit, ta ¢ the thue hicn quid tinh mo hinh héa song song dor vai at
ca cic vecto ehi tri dau vao. Trong truong hop niy. cac 101 ¢d the duoc bicu
didn bung cach thiet [ap co dinh cic gid tre 07, 1 ween cde duong tn hicu b
101, hhong phu thuoc vio gid tri dau vao. Bo1 vér mach tren binh 8220 chung
ta thue hicn qua trinh mo hinh héa 161 Vit cdc veeto gid et diu vio duoc bicu
dicn rén cae tWmiy 8-bils cde gia e tuen ¢de duong tin hicu va tren diau ra
duge bicu dicn ten hinh 8.23. Qud trinh mo hinh hda doi V61 161 hang so -
a-1 ten duong il cho ching ta thav: tne hicu dau ra caa mach fa
p = "010101017. Trong khi do dau ra wong teuong hop mach khong o1
p o= 010111017 Nhu vav bit thi te thh (0 bén phai dd bi thay i do 16
fl £ T do suy ra bo gt it Cac b, oo d )y = (0.0, 1,0 ) L bo gia el tha
nghiem phat hicn 161 A/ Mot cich wiong (.t ¢o e thue hien gua trinh
mo hinh hod doi véi moi 16i ¢b the phit hicn duge Khac. NEu wia (ri dau ra
tong truong hop mach chia [61 khide véi dau ra cta mach trong tuong hop
mach khong bi a0 thi chting ta ¢ the KEU luin ring bo eiid i diu vio twong
une (a bo eid try tha nehi¢m phat hicn o

01010101 ¢ LHTTO000 | 11T HO000 ETVEIOOLE LIirrnt
b:00t 100 £ 1THTO000 [TT110000  nuO1OT0001T 01010101
c:00001 11T 2:1TTL0000 | 11110000 n:0000 1100 00000000
d:0000000( h:1C1TO0VT | [LILITTl p:O10TT1I0T 01010101
a) 00t et Y Y b)
J:00001 110 | 00001110 Khong 104 bi 11
k:00001 100 5 00000000

Hinh 8.23. Mo hinh hod song song cde @id try dian vio: ao ¢de can b dan v by g o
nén cac duong tin hicu wong trudng hop nach Khong (o vaced chua (oy

Kht mao hinh héa theo phuong phap (rén, chiing ta thay ¢de gia uri dau
vao tham gia vio qui tinh mé hinh hoi mét cich dong thot tén G ca cic
it cha iy may do do phuong phdp vy gov L ma hisdy hoa 160 vai dan vee
song song. Khic var cich 1am teen. ching ta ¢é (he thue hicn qui trinh mo
hinh héa trén toan bo ciace 161 chi st dung modt bo gid wi diau o, Phuong
phip ndy goi [a mo hinh hoa (61 song song.

Ching ta hday xét vi du mo hinh hod 161 song song vii so do mach trén
hinh 8.22. Tuong tng voi phuong phip mo hinh hod 161 song sone. chiing ta
thuc nén qua trinh mo hioh héa mot cdch dong thoi véi cdc 1oi:
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/0, o/1. WO §/0, if1. K/O. /1. m/1;
twong tng vor bo gid (ri dau vao: (a, boc.d )= (1, 0.1, 0). Trén hinh 8.24,
ching @ thiy bé gid tri dau vao nhu nhau ( clng biang “1010™ ) déi vai tat ca
cie 161 néu trén. Cac gid i duge sap x€p trong (it mdy twong Gng véi cac 1ol
theo tinh i néu rén. Sau khi thue en qua trinh mo hinh hoa 1ogic véi tat
cd cide 10i da cho. ching (a nhan duoc tr may bicu dicn cic gid i dau ra
po= 11010117 Ta nhan thiy ring, trong truong hop néu xuat hicn cdc 101

wlittit ¢:00000000 01000000  m:01000001

H:000000600 {:00000000 IBERIURRE! w1010101 1

c:lirftrt a: 01000000 k10111011 p: 10101

d:00000000 h:01000000 101000000 A

Hinh 8.24. Mo hinfy hoid 161 song song.
hitng s6 /0 hoiie &0 gid ui tin hicu ¢ dau ra p khde véi gid i dau ra cua
mach trong truong hop khéng ¢d 161 ( trong trudng hop khong ¢6 161, diu ra
p nhin gid ti bang 17 twong Ung véi vectd aid tri dau vao “ 10107, con trong
truong hop xuat hién 16t j/0 hoac /0. dau ra p nhan gid i bang <07 ). Tic do
suy ra veeld gid i ddunao (1.0, 1, 0) [ vecto gid ti kicm nghiem dé phit
ticn cac 101 hang s6 /0, &/0).

Trong nhimg diéu kicn thong thuong. vice tao ra cac veclo gid tri Kicm
nghi¢m dai vai mot 6 luong Jon 101 st dung phuong phap mo hinh héa 16i
song sosg v sau dé dp dung phuong phap mo hinh hod (61 v6i ddu vao song
song cho nhimg 16i chua duge phit hicn ¢dn lai i mot thuat todn o cic
veetd gid tri kicm nghi¢m de phit hicn 16i ¢6 hidu qua cao.

Khi thue hien phuong phdp mo hinh héa 10i
cang nhu khi thae hi¢n qud teinh mo hinh hoa

kl —
! . L_ Iy Vd 0
Q a7 ~ Py > - . a 0
> -—j}‘ ) ¢ = logic ta ¢6 the su dung phuong phip bicn dich.

> Vi dy, trong mach ten hinh 8.25, doi véi phan

Hinh 8.25. Vi dy twr AND chiing ta thily, bicu thic logic P, cho
mach don gian. dudng tin hicu ¢ ¢ dang:

P,=xa, +u:
irong do:
a,= | trong trudng hop gid tr1 dung trén dudng «;
a, = 0 rong trudng hgp nguaoc lag;
a,= 1 kKhi thiét lap gid wi '1" rén duong a:
a, = 0 trong nhiing truong hop khic.
Nhu vay. khi thiét lap gia tr '0" trén duong tin hicu « ta ¢d
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4L,=2,=0>P =0.
Tuong tu phu vay. trén dudng tin hiéu b:
P,=vb, + by
Chung ta thay ring gia tei trén dudng tin hicu ¢ bang £ £,. tr dé suy ra gid
tri trén dudng tin hiéu ¢ ¢6 1he viér dudi dang bicu 1hic logic sau:
P =(PP.)c, +c;:
o1 V61 phin tr OR, bicu thiie 16gic s& ¢6 dang:
P=(P +P)e, +¢;
P,=ud, + 1:

Quad trinh mé hinh hod néu wrén duce thuc hién bing cich xav dung
nhimg bicu thifc logic d6i v6i nhiing trang thai 16i cla cic phin wr logic va
tinh cdc gid tri cta ching. Khi tinh cac biéu 16gic bing nhitng phép toin trén
bit v&i cic tlr ¢6 do dai n cua gid tri cdc bién, ta ¢6 thé thuc hicn mo hinh
hoa song song.

Vi du, déi mach trén hinh 8.25, dé¢ thuc hi¢n mo hinh hod dau vio song
song déi véi 161 hang s6 ¢/0. ching ta can dua ra cdc gid tri cta trang thii
160 VA trén co s& dé xdc dinh bicu thiic 16gic cia mach ( hinh 8.26 ). Trong
trudng hop mo hinh hod 16i song song ta can phai dua ra gid trj cua trang
thii 16i ( hinh 8.27 ). Trong vi du déi vo1 mach trén hinh 8,25, chdng ta thuc
hién qud trinh mo hinh héa 161 song song cho cic 16i: w/0. ull. bi0O, b1, 0.
/1. di0 dI T AS1 V6T veeta gid tri dau vior v =y =17, 1= 0",

Mo hinh héa dau vao song song:

u 01010101 a T11HHTI 00000000
x 00110011 b ITITILITL 00000000
y 0000111 ¢ 00000000 00000000
d 1111t 00000000
c LITLITLI 00000000
Hinh 8.26. Mo hinh hoa 161 vdi cdce dau vio song song cho mach trén Innh 8.25.
u 00000000 a 00111111 01000000
X 11113111 b 11001111 00010000
y 1111111 ¢ 11110011 00000100
d 11111100 00000001
e LI111111] 00000000

Hinh 8.27. Mo hinh hoa 151 song seng cho mach trén hinh 8.25 vdi vects diu
Vao (1, x v )= (0. 1. 1 ychocde 18I w/O. all. biO. bil, ¢/, ¢/l 0. dif.
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Khi st dung phuong phip bicn dich rrong qua (rinh mo hinh hoa loi.
ching ta can phan hang cic phan tr logic va thye hien theo trinh wy cua cic
bicu thic logic.

3. Mo hinh hoa 10 suy dicén

Trong phuong phip mo hinh héa 16i song song dd n¢u trén. dau ticn
chiing ta dua ra cie veeto gia tri dau viw, cde 161 va sau d6 kicm tra khd nang
phat hign cic 160 dua ra biang cic veclo gia tri diu vao dang xét Trong
trudng hop thue hién kiém tra thanh cong, vecto gid tri dau Vo dung Nét
duoc coi 1 vecto @i tri kiem tra phat hién 16i da cho: n¢u thue hicn mo hinh
hoa 161 khong thanh cong. ching ta phii thue luén qud trinh mo hinh hod 104
cho bo gid tei dau vao vi 181 khie. Nhur vay, trong phuong phip mo hinh hod
101 néi trén, motl quan h¢ logic gita cde 101 va cde vecto gid tl dau vio
khong duce thiét 1ap va do d6 hicu qui cua quid trinh tao cac bo gid tri kicm
nghi¢m phat hién 16i khong cao.

PE tang hicu qua cua thudt toin mo hinh héa., ching ta dua ra phuong
phdp, trong dd tuong ang véi mot vecto gid tri dau vio, phai phidt hicn it ca
cic 161 ¢4 the duge phat hién bing bo gid tri nay. D¢ thue hien duoc dicu do.
ching ta phii st dung cic phép toidn suy dicn tip hop d¢ thue hién qud trinh
mo hinh hoa va do dé phuong phap nay duge goi L phuong phip mo hinh
héa 161 suy dicén.

Deé don gian vi ¢6 thé thiy 16 duge co ché suy dién, ching ta xé vi du
phan (0 AND ¢6 ba dau vao. Néu cie daw vao nhan gid tri v = "0 b =17,
e =1 dau ra d S€ nhao gid i o = 07, T dé suy ra cie 161 hing s6 do vecto
aid tri dau vao (a, b, )= (0, 1, 1) phiat hien duge s¢ [a: /1. d/1 ( ching ta
s¢ VIEt gon ky hicu 160 hing 86 s-a-v tren
duong tin hicu s [2 /v thinh v, ). NC¢u cide dau

\_4 violaa="".b="1"c=T . tacdd="1".

p——— /[ L Tl d6 suy ra, tap hop cic 161 hing 56 ¢6 he

N ' phat hien duge biang veeto gid tri ddu vio ( o,

o 161 oy didn vt phn w12 €0 = CL L1 SE R a by dy 1.

AND ¢6 ba diu vio. Chitng ta ¢d the nhin duge tap hop nay theo
nhing luat sau:
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Luat suy dién C: cic phép toin tip hop doi vér phian 1o A v cide gid ten diu
vao coa phan (r do:

Pudng tin hicu vio « cta phan (o 1a dudng vao (i ben ngoai. Néu ¢ia
tri duong tin hi¢u ndy bing 1" ta ¢o L, = { ¢, }: n¢u gid tn duong tin
hicu bang ‘0’ thi L., = { «, }:

Ham ra cta phiin e A duge bicu dién dudi dang (6ng hoac tich. Néu
gid ir ddng cua dudng tin hicu « biang *0°, thi Ky hicu « trong bicu
thiic ¢ dugce thay bing L. ky hicu a duce thay bang Lx. NEu gid i
ding cila duong tin hi¢u « bang *17 thi thi ky hicu « trong bidu thiic
s& dugc thav bang L, vt @ duge thay bang Ll :

Tich fogic () va 10ng logic (+) trong bicu thiic duge thay bang cic
phép todn tap hop M viv w. Néu gii i ding cua dau ra bing 0 (hi
bicu Ihtic duge thay bang L., néu la ‘1’ - 1.

Trong truong hop khi gid tri diing cia dudng tin hiéu ra f biang “0" thi
tahop tap hop { f; 1 vao L; néu gid tri dau ra bang 17, ta s¢ hop tap
hop { f, } vao L. Két qua ta nhan duoce tip hop L.

Ciic phin wr trong tap hop L, 1a cdc 161 hang s6 ¢6 thé duve phit hién

bing veeto gid tri dau vdo dang xét. Vi du, doi véi phan tr AND trién
hinh 828 ta cod=abe v a="0".b="1",¢="1"1rdé suy rua:

Ly =L, Alenl o)

rong d6 L, = { a; V. Ly =16, ). L. =1 ¢, 11 sau mot s6 phép bicn doi,
nhian dwoc:

lJ‘I: { U’, ([/ }.

N¢u cédce dau vao nhan gid tri: a="I')b="T.c="1"1asC ca:

L=(L.ALiAL) =L, =(L,AliALoyuld, =L UL ul)uld,)

trong do b, =1 «a,}. Ly=10,).L.={¢,}. Nhviy ta nhaa duge

L,=1{dpb,.cnd,}.
Trong nhitng truong hop khi dau vao « cua phan nr khong phai la diau
vao tr bén ngoai. L, 12 1ap hop cac 161 duge phit hién truée mide dang
xét. Do d6. khi di tir céc dau vao tinh tir hén ngoay tuin ty thco mic
coa s0 do Jogic va dp dung nhiéu lan luat da néu trén. ta cé thé xac
dinlt duoc tap hop 161 duge phit hién bing bo gid tri dau vao da cho.

Thudt todn néu rén dugce goi la thuit todn mo hinh hod 161 suy dién.
Ching ta hiy xét vi du dp dung phuong phip mo hinh hod 16i suy dién doi

[\~
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vai mach trén hinh 8.29. Bai todn dit ra la xdc dinh cic 161 ¢6 the duge phit
hic¢n vai vectd gid tri dau vao:

N=y=1=pn=yv=w=|
Ap dung mot cach
twan tu cac luat bit
dau W dau  vdo,

.

chidng ta nhan dugc
cac tp hop sau:
I,=(u}:

ITinh 8.29. VI du ninh hoa phuong L.=1{h}:

Midp mo hinh hod 61 suy dién.

plig y L,={d,):
Li=1{/1:

Lo={i L Li={ik
Le=(L,nLyulicel=1qg)
L=, nLo)uie,}=1{d,.c,}:
L=Lulg t=1{deng )
sz L.otn)={dneninh:
L=(L,uL)ulk }={i.h.k )
Li=L,o{l}={d.epjp !}
L,=(L,.AL)Yutlm ={m}
L,=(L,OL)Yu{n,="{d.engtonl:
L,= (1L, "La)Uip,) = dy ey g fon oy )
Nhu viy vecto gia tri dau viox =y =/=u=v = =1’ cho phép phat hi¢cn
moi toi nam trong tap hop L, = { d,. ¢y g0 fo 152 P }-

Néu gid tri diu vio v thay doi thanh ‘0", thi s¢ ¢6 nhing thay doi sau
trong day suy dién noi tén:

y=0=>h=0,k=1:

h=0= L,={h1;

k=1= L, =(L,nL)yulk,) ={h. k,):

Vim=1l=L,=(LinLyv{mY="{c.d,e,h.j. 1, k,m,}:

Vip=1=L, =L ~"L)Up, =1l k. dnm.p, b

*Tir vi du trén ching ta thiy rang khi s dung phuong phdp mo hinh hoa

161 suy dién. ching ta luon sir dung cic phép toin tap hop. Picu do dan dén
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vice can thict xay dung phuong phip thue hicn ¢6 hicu gua cie phép todn tip
hop tren miav tinh, Chung ta thay rang cic phép todan 1ap hop phu thude vao
ciac gid tr1 daon vio nén vice dp dung cie phép xar 1v song song Khong the
thue hien duge trong trudng hop nay.

4. M6 hinh hoa 10i canh tranh

Trong phuong phap moé hinh hod suy dién da trinh bay & teen. danh sich
ciac 161 co the phat hien hing mot vecto gia tri dau vio cho trude duoe thn
thay bang cach lan truyén tan e 101 theo cic mdce phan hang. Trong phuong
phdp nay ta can phai thue hién cdae phép toin tap hop khé thue hien trén may
tinh.

Tuong v tu tudng truyén danh sdch (i, chiing ta4 diing phuong phiip
aay dung danh sich hing cich mo hinh héa thay cho cdc phép todn tap hop.
Phuong phip nay got 1a phuong phip mo hinh héa 16i canh tranh.

Ching ta xét vidu tren inh 8.30 1 di cite dau vao cua mach la

a=hb=0.c=1./=1.2=0.
Vaia=0="0" tacd gia tri ding tai ¢ = 1. Nhiing 16i ¢4 the duoc
phat hien nho nhting @id tei diu vao vivdau ra dé nhijn cdc gia i dio:
all, b1, ¢f0 |t co the viel gon fa cic 161 a,. by, ¢, Cic 161 «,. b,
trong trudng hop nay khidng thé phat hién duge boi vi ching lam cho
dau ra ¢d gid tri trung voi gid

kl -
n ‘ “TJ , tri thuc.
y _‘@7 - J w Dot vor phan tr G2, neu
L R N

D‘ gid tri tren dudng o bang *1°
voE ) C e . . .

- L Suy ra gia tn dung tal duong
a=h=0d=1/f=1.¢=0 e bang ‘0. Nhu vay cic 161

1Timh 8.20. Vi du o hinh hod 180

co the duge phat hién 1 ¢,
str dung phuong phip mo hinh hoi

d e, Vicéce loi nay thict lap
lon canh tranh . . T
glid tre duong ¢ bang ‘17, cho
nén hha nang phit hién cdc 161 do biang bo gid ri dau vio dang xét duoce
ddam bio. Tl do suy ra. vai ciac gid i dau vao a = b= 0" = " I* thi cic
16i L, = { ¢y dy. ¢; } €6 thé duge phat hicn.
- Neéu gid tri tren duong tin hicu f= 1%, ¢ = ‘0°, ta s€ ¢d gia tn ding
trén diaw ra i coa phan tr G3 a0, do d6 cidc 161 { f,. g, 1, | €6 thé duoe



phat hien. Mat Khie, Khi trong mach ¢é 161 . dau ra i = *0° nhu vy,
danh sédch 161 cuoi cang s€ duge phat hién la: Ly, = { g, 1, )

Doi vai phan W G4, gid (i ddng 1ren cde duong e, hbang “0° do dd
aid (11 duing teen dudng 7 cing bang 0. Nhu vay cie 161 ¢6 the phit hicn
duoc s& [a fi,, ¢, Mat Khidce st xudt hien cua 161 ¢, duge sinh ra tiv danl
sach L, con 161 A, nam trong tip hop L. K&t ludn, tap hop cdce 161 858
duoe phat én tien dau ra - L

Li ={cndnen g hl~ .

Trén hinh 8.3 [3 s dé trinh (o truyén va nhan cie 187 ¢6 thé duoe phiit
hi¢n qua cdac phan wr ldgic trong mach trén hinh 8.30.

Dua vao cac suy luan néu trén, chdng ta ¢6 1he dua ra cdc quy tie sau:
Lu:it D:
. Boi véi phin 1 logic G ¢6 tit ¢d cde dau vio [ tir bén ngoii: ching 1a

ky hicu cic dau vao [a a.b, ddu ra la ¢; gid tei tai cde dau vio Ky hicu i

c fvacdiu ra tuong ting 1 x Trong danh sach cdce 101 s¢ phit hicn.

{a b e b, cie 161 duge cot la duge phit hicn ncu ching 1hict [ap tren
diu ra gid tei y. Nhiing 161 niy goi 1a 16§ Jan truyén,
Gl T b o Gl d o
a | 1 | 0
1

T f ol

( | M}

AN
L.=1{c¢.} l.={c.d.e]
Hinh 8.31. Qud tinh ‘}‘_4_%#
lin  cuyén 16i cho [7| 0o “]
mmach wén binh 8.30. —. T
Dau * chu gnd e duony b, T 'j__
o hie rong  wudng ST
hop mach khane b 16, Ly, = ¢, h, |

2. Doi véi phan t logic Gy ¢é diau vao i bén ngodi va diu vao tir bén trong
tuong tng Lica va b, ddu ra Ja ¢ Gid tri tén duong vao « 12 « . uén
duong truyén b 1a S gid 1y ddng tén dau ca ¢ 1a 32 Tie danh sdch cac 161

¢ the phit hién { o . L,(A).c_ | nhitng (6i chinh thic duoc tim (hay ¢ Ja
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nhime 161 (hict lap trén dae ra ¢ gid tri . Nhitng 161 nay o thanh dunh

sach 160 lan truven L)),

)

Doi var phan i logic Gy ehi cé cide dau vao bén trong Ly ¢, b vis dau ra
¢, cde duong tin hicw ¢, b duoe dat gid ter ding o va . duong ¢ »¢ nhin

el uri ding Ly . T danh sach { L(e). Ly(f). ¢} cac 161 s¢ phat hico

)

L)

Thinh 8,32, Vi du (e ben phaong phap ma binh hod 1o canh (ranh.

duge 1a cde 161 dat gid i trén duong ¢ bing y. Nhitng 161 nav tao thinh

danh sich 161 Tan truyén qua phian (o Gy, L),

4. Ciic 101 lan ruyen L () tim thay een dan ra hén ngoal cua mach ¢ tao
thanh Gip hop cic 161 phit hicn duge nhd bo giid tri diw vio da cho.
Chung ta xét vt du dor vér maeh teén hinh 8.32, sau kht dp dung luat D,

tap hop cac 1o nhin duoe sc i

L=V d.cotmfpwipo)

Cung tuony tu nhu phuong phip mo hinh hoi 1oi suy dicn, viée thue hién
vur Iy song song dé e the mo hinh hod dong (thoi 1én cde vecto dau vao
twong doi phac tap.

Nhu vav., ching ta di nghicn cdu nhimg phuong phap mo hinh hod [oi.
bPaoi twong ap duna cua nhang phuong phip nay La phdt hien cac 161 hang <6
cho cide mach 10 hop. Ching ta di iy trong chuong 5, Khi thue hitn mo
hinh hod logic cho mach. chiing ta ¢é the tinh dén do ud cua cic phan e
cang nhu hinh dang cua tin hicu. Do dé ching ta ciing ¢ the xEt dén nhimg
mo hinh 161 rong dng. Néi chung, qud teinh mo hinh hod 161 néu duoce tinh
(01 cile thong so ve thot aian xa ly s¢ phide tap hon rit nhicu.
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§8.5. Mot so phuong phip lam don gian hoa
qua trinh Kiém tra phat hién 16i

Vi su phit tricn ¢l cong ngh¢ VLSIL kich thude va do phic tap cla cic
mach & tiang nhanh. Khi s& lugng cde phaa tr mach ting. thai gian cin 1hicl
de 120 cdc bo gid 1ri tha nghiém phdt hién 161 taing. Péi vdi nhitng mach phiic
tap nhu cic bo vi xut Iy, b todn Kicm tra 101 tro' nén hét stic phic tap. HE
gidi quyel van dé nay. ching ta khong the chi gidi han & vice tim ra nhitng
phuong phip Kiem tra ¢6 hicu qua ma con phai tim cich thict k¢ nhing
mach cho phép lam don gian hod bad 1odn phat hién 101 ngay 16 o

DE tam don gian héa qué trinh kicm tra va phit hien los, chung tacin
phili gidi quyét hai bai todn:

Bai todan tha nhat 14 giam thoi gian go cdce veelo gia tri tha nghic .
Bai todn nay duge giai quyct bang cich xdy dung nhiing (huit 1¢on
tao vecto gid tri th nghiém hicu qua hon.

- Bl todn (it hai I (am gidm s6 lugng cic phép kicm tra viv nham

muc dich 13 1am giam thdi gian Kiém tra mach.

Them vao do, ki thict k& nhitng mach dé kiém tra theo cic muc dich
néu trén Jai nay sinh ra cde van dé wdi:

Tang so luomeg thiét bi dé lam don gidn héa qui trinh Kiém tra myach.
Giam 16¢ dé lam viee do hé qua cua vice Yam don gian hida gud trinh
kiem tra.

Nhu vay. thi¢t k& nhimg mach dé Kiém tra ¢6 the coi [a thi¢t k¢ mach
10gic vGi khit nang thém mot 56 luong 161 thicu thict bi bé sung vao mach mi
khong 1am thay dot chiic nang va cic tham 86 coa mach ban div k¢t hop voi
kha nang thuc hién kicm tra mach bing mot 6 luong nhd ciac veetd o i
kicm nghiém nhian duge W nhiimg phuong phip don gidn. Trong thuc (&, dé
nhan duge mot phuong phip thod mian 1al cd ¢ide yéu cdu néu wen 1a khong
don gian, do do. wrong qua trinh thict k¢ nhimg mach dé ki¢m tra. nha thict
k& phai dua ra duoc cich giai quyét nhitng van dé néi ueén,
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1. Cic giot han vé cau triic cua so do
Truée tién, ching ta nghién

:igtx-y'l ciu nhimg phuong phéip
2| oy thiét k€ nhiing mach dé kiém
) i_iy tra bang dua trén viéc xay
5| xy dung nhimg mach logic co
fix.y) ey mdt dang nhat dinh. Nhiing

Mo ta chie Cic ham chie mach d6 thudng FO Cau lrﬂ?
nang phan (r  nang cua phan o Ky hi¢u phan wr dang ma tran hai chiéu. Vi
1linh 8.33. Mo td cu triic va cdu tric clia mach c6 tinh
chirc nang clia phin wr co ban. quy luat cao cho nén ching
ta c6 thé téng hop cic vecto

gia tri kiém nghiém cho nhitng mach loai ndy mot cich tuong déi dé dang.

Chiing ta xét vi du mot mach kinh dién: ma tran cic phan tir co ban véi
nhing gid tri duge gidn luge. Phin tir co ban cta mach 12 phin 1 ¢6 hai diu
vao va mot dau ra. Phan tr nay thue hién mot trong bay ham 16gic ¢ ban
nhy trong md ta trén hinh 8.33. Mach téng thé s¢ ¢6 cau tric dugc mo ta
dudi dang ma tran nhu trén hinh 8.34. Cédc chic niang logic duge thuc hién
trén co so k&t hop ma tran thuin va ma tran nghich dao. Néu chon ham chitc
nang ctia phdn tir trong ma tran thuan la xy hosic xy, thi hiam chic nang cla
phan t&r 16gic trong ma trin nghich dao s& ¢6 dang ( x + y ) va dugc thé hién
dusi dang chuan tic tuyén. Tir dé suy ra,
trong trudng hop tdng quat, chiing ta cé thé
bi€u dién va xay dung dugc moi ham
logic.

Trong muc ndy ching ta chi xét cdc 161
hang s0 trén cdc dudng vao va dudng ra
cta cdc phan . Qud trinh phat hién 161 s&
dugc thyc hién theo trinh tu sau:

I. Xdc dinh gid tri X' cia tap hop cdc
bién ddu vao ( x,, x,, ..., &, ) sao cho

trong moi cot, gid ri dau ra z, tring fu w :I
véi y, q

i 1 "

Hinh 8.34. Ma tran cdc phan
véi cic chire nang gian luge.
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2.

Néu khi thay doi gid tri y, doi véi bo gia tri dau vao X/ chiing ta nhan
dugc su thay ddi gid tri cita z, nhu vay ¢6 thé két luan ring khong cé
161 trén cdc ddu vao va dau ra cha mach. Diéu nay duoc thuc hién véi
moi ¢ot trong so d6 cau trdc cia mach,

D61 véi phan tlr trén giao diém ctlia cot tha j va dong thi i, chiing ta
lua chon cdc gid i X,y X,y X, gy - v 4, VA Y, (X', ¥ ) sao cho dudng
truyén tir ddu vao x;tdi dau ra z, duge kich hoat.

Neéu khi thay ddi gid tri x, doi v6i (X', ¥ ) gid tri chia z, cling thay déi
theo, nhu vay chiing ta ¢6 thé két luan rang phan ur thi / va thit j hoat
dong ding. Diéu nay sé duge nghiém diing véi moi phan tr trong
mach ma tran.

Theo cic budc thirc hién néu trén, ching ta c¢6 thé dé dang kiém tra hoat
déng ctia toan bo mach ma tran thuan. Dé c6 thé kiém tra hoat dong clia ma

tran nghich dao, ching ta ciing c6 the dé dang xay dung cic vectd gia tri thir
nghiém béing cdch Khdi tao cdc dudng truyén kich hoat nhay cam véi 161 mot

cich tuan ty.
Chiing ta nhin thdy, cdu tric clia mach cling giir nguyén khi xay dung

Yo

< X . cac ham khdc nhau, chi cé
n 2 !

—1

cic chic nang cua cic
— f, phan tr la thay déi. Do d4,

e

viéc xay dung cidc bo gid

tri thr nghiém trong trudng

hop nay khong phitc tap.
Nhu vay, mach c6 thé duge
cot 1a dé kiém (ra. Tuy
nhién, khi xay dung mach,

1
s

e H f, ching ta cin sir dung s6

vay t6c

A ‘ } luong phan tr co ban nhiéu
hon so véi qud trinh thiét

(x.¥)=x+y (K =1 o A R
i f(x,y) flxyiz xey K2 ke logic théng thudng.
b =xey =< N s Py A
Y Phin 1&r co ban Ngoai ra, do1 véi ma trin

kich thudc n x m, 6 lugng
Hinh 8.35. Ma tran NOR-NAND. cdc tang bing 2m + n, nhu

d6 lam viéc cha mach ¢é thé bi giam. Vi nhiing 1y do trén, viéc thue

hién xay dung cdc mach logic theo phuong phdp néu trén gap nhiéu khd
khan trong thuc t€. S lugng céc vecta gia tri thir nghiém c6 thé dat t6i 2m( n
+ 2 ) d6i vai mot ham logic.
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Trong ma tran néi trén, ching ta su dung bay ham ldgic co ban. tuy

nhién, mdt ham

—

bat ky c¢6 the

duge biéu dicn

g —— T
i)
)

| bing hai him cg
t ban: NAND hoac

NOR. Nhiing ma
tran do duoc got

D_L-iD\f [a cic ma trdn
dang NAND-

Hinh 8.36. Xay dung mach logic 1 hi
tir nhimg phan tr AND va XOR. NOR. Khi

Xy
dung & ham »n

bién bing cic ma tran dang NAND-NOR. 56 luong cdc vecto gid tij thu
nghiém bing &( n + 2 ), va s6 lugng cac tang cuc dai biang n + k. Nhu vay
cdng ta thay ring vin dé vé so lugng kiém tra chua duge giai quyét triét dé.
Moi ham logic c6 the bicu dién dudi dang 16 hop cdc phép todn XOR cula
céc tich logic ( xem chuong 2 ). Bi¢u dién him dusi dang nhu vay cho phép
thuc hién dudi dang mach hai tang cua cic phép todn Jogic AND va XOR -
dang mach AND-XOR. Vi du ham lagic:
JUX 20, ) =00, @ any, @ X0, @y

| Xu Xy [‘X: X3
0 0 0 0 |
I
o 0 0—# 0
L 1 1 1 1
d | o [ 0 %
T.| d i 0 i J
d 1 1 1
d - trong nhiing diéu kién thc‘mg‘{
thuong, nhan gid try ‘0 hoac ‘1,
T, - kiém tra phan t&r AND; Ty -

| kiém tra phan I XOR.

Hinh 8.37. Cic bo gia i tar nghiém
T d6i véi mach AND-XOR.

s& duogc biéu dién dudt dang mach
hai tang nhir trén hinh 8.36. Cic
vecto gid tri thir nghiém cho nhitng
mach loai nay ¢é cau tric kha don
gian. Cau tric nay bao gom gid tri
‘ doi vor mot bicn vi gid tr1 *1° dol
V61 cac bién con lai.

Néu s6 lugng cac tich coa i bicn
logic bing p, ching ta cd thé thay
rang sO lugng cde vecta gid tri tha
nghi¢m s& bang ( 21 + 4 ) vi s6
lugng cuc dai cdc 1ing mach sé bing
p- Néu so sinh v6i ciac phuang phip
xdy dung cic vectg gid 1 thu
nghiém thong thuong, so lugng cic
vecto gia tri thu nghiém khong [6n.
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Mot diém khdc biet 13 s6 luong céc tang vuot xa s6 luong tang néu so sinh
vdin xay dung mach bang phuong phidp thong thuong.

2. Bién thé cua so doé mach va cac phan ti thém méi

N6i chung. dé don gian hda bai toan phit hién 161 trong cdac mach logic,
chiing ta can don gian héa qud trinh quan sit cic phan bén trong ctia mach
va giam nhe vice thiét [ap cde gid tri tuy ¥ tai cic diém bén trong caa mach.
Néi theo cich khic, chiing ta can tang tinh dé quan sat va kha nang kiém
sodt cua mach. Vi muc dich @6, ching ta dua vio trong mach nhiing phan
tr bo sung va thuc hién viée bign ddi so d6 cua mach sao cho mach khong
thay doi vé chiic nang. O day, mot vin dé quan trong 13 ching ta phai xéc
dinh dugc muc dich chinh khi nghién citu xay dung nhiig mach dé kiém tra.

N¢&u xuat phit diém 1a s6 lugng cuc tiéu cdc bo gid tri thir nghiém, nhu
vay chdng ta ¢6 thé bién déi mach dién sao cho ¢6 thé phat hién duogce 18i chi
can it nhat la ba bd gid tri thar nghiém. S8 luong nay duge dua ra dua vao
nhin xét nhu sau: dé cé thé phat hién 18i cia nhiing phin tir AND va OR ¢6
hai diu vio, ching ta cin it nhat ba bo gia tri kiém nghiém, vi viy c¢6 thé ndi
ba b gia tr thuo nghiém la can dudi theo ly thuyét.

Dé phat hién 16t cho mach AND ¢6 hai dau vao, chiing ta can phai ki¢m
tra phdn tu véi ba bo gid tri ddu vao: (0. 1), ( {,0). (1, 1 ). Do d6, phan tu
AND c6 thé duoc kiém tra bdi bat ky hai trong s6 cdc diy gid tri dau vio
sau:

S.= {0l 101,110 |

Trong truong hop phan tir OR. viéc kiém tra ¢ thé duge bao dam bdi bat k¥
hai trong $6 cic day gid tri dau vao sau
S, = { 001,910, 100 |
Dé ¢6 thé phdt hién duge 161 dung cic diy gid ti diu vao néu trén thi
mach can phai duge bi¢n déi nhu sau:
1. Mach phai dugc chuyén dai thanh mach chi chida cic phdn tr AND,
OR, NOT.
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2. Phin td AND ( hoiac OR ) cd s6 luong diu viao la ba hoac hon s¢

2 —

a) b)

Hinh 8.38. Qud (rinh phan rid
mach cho phép phit hién 161 chi
véi ba bo gid tr1 dau vio.

014
t xi] 001
— — t

dugc khai tricn thinh 16 hop
lien k&t wan tu cua cde phan wr
AND ( hodac OR ) ¢6 hai dau
va0. Vi du, phan (0 AND ¢6 ba
diu vao trén hinh 8.38a sé
duoc khai trién thanh mach
gdm ¢o cic k€t noi cua cice
phan tr AND hai diu vio mé
ta teén hinh 8.38b.

3. Bit dau tir cic diu vio,
ching ta chon cdc bo gia tr
thir nghiém tir trong cdc chuoi

S, va S, tuong ting v6i dang cla phan tir. Truyén cic gid tri nay téi

diu ra cua mach.

4. Ne¢u trong qui trinh truyén gia tri, khong nhin duge cic day tin higu
tr S, hoac S, ching ta can phai thém vao dudng tin hiéu phan ti

AND hoiic OR ¢6 hai dau vao.

Vidu. néu day cdc gid tri duge lua chon nhu trén hinh 8.38b, khi dé
tai dau vio cua phan tv AND B s€ xuat hién ddy tin hiéu “001”. Néu
thém phin td OR nhu trén hinh 8.38¢ vi lua chon bo gid tri twong
dng, qud trinh phét hién 161 tai tat ca cdc phin wr trong mach cé thé
dugce thuce hién chi biang ba bo gid tri tha nghi¢m.

5. Lap budc B3 va B4 cho t6i khi trén tat ¢4 cdic phan tir trong mach

thiét [ap duoc cac gid tri thir nghiém.

Vi du vé phuong phip nay duge dua ra trén hinh 3.39. Viéc dp dung

bude 1 va 2 doi voi mach trén hinh 8.39a € dan t&i mach trén hinh 8.39b.
Sau d6 bing cich d4p dung (uan tu céc budc 3 va 4 doi vai mach trén hinh
8.39b. ching ta nhan dugc mach trén hinh 8.39c¢.

Phuong phdp ndi trén ¢6 y nghia ly thuyét trén quan diém xay dung

mach vdi so lugng cha bo gia tri kiém nghiém t6i thiéu. Trong thuc t& khéng
tng dung duge vi phai ting s6 lugng cidc phan tir 1én nhiéu.
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Trén quan diém thuc hanh thi ta cin phai tang tinh hiéu qui cia qui trinh
tong hop cdc gia tri kiém nghiém véi su tang toi thiéu s6 luong cdc phan
mach.

N < X

001
Hinh 8.39. Phan ra cdc phan ut nhiéu dau vio thanh cdc phdn ar hai dau vao: a) vi

du mach 6 hop: b) x&y dung mach theo cau tric dang cay: ¢) phan ri thanh cic
phan tr hai dau vio.
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Bai tap cho chuong 8
1. Tim mach s ¢6 thé chita mot 161 ngat mach khong phat hién dugc.

2. C6 t6n tai mot mach 16 hop C v6i mot dudng tin hiéu S nao d6 va bo gid
tri thir nghiém ¢ sao cho bo gid i 7 cé thé phat hign ¢4 hai 161 s-a-0 va
s-a-1 trén duding tin hiéu S ? Hay cho vi du hodc ching minh rang diéu
a6 1a khong the xay ra.

3. Cho mach s6 trén hinh B8.]. Hay xac dinh ham ra cua mach doi véi
nhtng 161 sau:
a) L&i bac cau AND gifia cac ddu vao cha phan to Gl
b) L&i kép {x.s-a-1, X, s-a-0 }.

X

DO G1

Hinh B8.1

3 a
X8

4. Véi mach dién trén hinh B3.1. nhitng bd gid iri nao trong cic bd gid tri
sau s& phit hién 151 x, 5-a2-0:
a. (0, 1,1, 1)
b, (111, 1)
c. (1,1,0,1Mx
d. (1,0,1.0).

n

Dai v6i mach dién trén hinh BS. 1, hily xdc dinh biéu thic logiccho tat ca
cic bo gid tri thy nghiém phat hicn 16i:

a. Xy s-a-0;

b. x,s-a-0;

c. X;s-a-l.

6. Hay thuc hién nhing thao tac sau doi véi mach dién trén hinh BS8.2:
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- Tim tdp hop tat ca cic bo gid tri tha nghiém phat hién 16i a: s-a-0:
- Tim tip hop tit ca cdc bd gid tri thu nghi¢m phit hién 16i b: s-a-0;
- Tim tap hop tat ca cdc bo gid tri tha nghiém phat hién 161 kép
{a s-a-0, b s-a-0)
A a

o
b : 3 : y4

C ‘ Hinh BS§.2
=

T

296



Tai liéu tham khao

i.

[(]

Savcliev. A. Ya. Prikladnaya Theorya Tsiphrovykh Aviomatov.
Utsebrik dlya VUZOV po spets EVM. M Vysshaya Shkola 1987.
272 pp.

Savetiev. A Ya, Ovtsinnikov. V. A, Konstruirovanic EVM 1 system.
Utsebnik dlya VUZOV. M Vysshaya Shkola 1984. 248 pp.
Norenkov. [. P, Manitsev. V. B. Systemy avtomatizirovannogo
Proektirovaniya clektronnoi i vytsislitelnoi apparatury. M
Vysshaya Shkola 1994, 272 pp.

Ugryumov E. P. Proektirovanie elementov i uziov EVB. M Vysshaya
Skola 1987. 315pp.

K. Kinosita. Logitsheckoe proektirovanhie SBIS. M Mir §989. 310
pp

R. S. Sandige. Modern Digital Design. McGraw-Hill, Inc. 1990. 741
Pp-

Y. Hsu, K. F. Tsai. I. T. Liu, E. S. Lin. VHDL modeling for Digital
design synthesis. Kluwer Academic Publishers 1995. 356pp.

Ding Van Chuyét, Ky thuat dién tir so. NXBGD, 2000.
Nguyén Thdy Vian. K§ thuat s6. NXBKHKT. 1999,

. G. De Micheli. Synthesis and Optimization of Digital Civcuits.

Mc Graw-Hil}, Inc. 1994, 580pp.

. /.. Navabi. VHDL. Analysis and Modecling of Digital Systems. Mc

Graw-Hill, Inc. 1998. 632pp.

. M. Abramovici, Mclvin A. Breuer, Arthur D. Friedman. Digital

Systems Testing and Testable Design. Wiley-IEEE Press 1993,
653 pp.

297



THIET KE MACH BANG MAY TiNH
Tdc gid: TS. NGUYEN LINH GIANG

Chiu trach nhiém xudt bdn : PGS. TS TO DANG HAI

Bién tdp : ThS. NGUYEN HUY TIEN
Stra bai © NGOC LINH
Trinh bay bia : HUONG LAN

NHA XUAT BAN KHOA HOC VA KY THUAT
70 TRAN HUNG BAO - HA NOI



In 1000 cudn khé 16 x 24 cm, tai: Xudng in NXB Van hoa Dan téc
Giay phép xudt ban s6: 113-244-24/4/2003
In xong va nép luu chiéu thang 7 nam 2003



435048 1 Q20984




	THIẾT KẾ MẠCH BẰNG MÁY TÍNH
	MỤC LỤC
	I. MỞ ĐẦU VÀO THIẾT KẾ MẠCH VI ĐIỆN TỬ
	II. CƠ SỞ TOÁN HỌC
	III. CƠ SỞ CỦA THIẾT KẾ LOGIC
	IV. NHỮNG KHÁI NIỆM CHUNG VỀ MÔ HÌNH HÓA PHẦN CỨNG
	V. CÁC PHƯƠNG PHÁP MÔ HÌNH HÓA LOGIC
	VI. NGÔN NGỮ MÔ HÌNH HÓA VHDL
	VII. MÔ HÌNH HÓA MẠCH BẰNG NGÔN NGỮ VHDL
	VIII. CÁC PHƯƠNG PHÁP KIỂM TRA LỖI MẠCH LOGIC
	TÀI LIỆU THAM KHẢO



