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L.&1 ndi dau

Ciing voi sit tién bo ciia khoa hoc k¥ thut, viée ty dong hod thiét ké'
cde mach didn ut dong mot vai 1o quan frong trong vice thiic ddy su p;’rm
trién k¥ thudt tinf todn. Tix nhitng ndm 50 cuia .'h(* ky 20, qud trink phdt tricu
k¥ thudt dien nr dd qua nhidu giai doan: it nhitng bong den dién nr den
nhitng béng bdn dan, quu nhitug mach ich hop nhd rof i nhitng mach vai
miic do tich hop 1on va siéu ton. Nhuing mach tich hrfp loai nay c6 thé chitu
hang triéu tinh kién ban dan trén mot mach. Vi du dién hinh la cde bo vi xi
IN. Viée thiét ké nhitng mact vor do tich hop lon va siéu fon khong the thue
hién mot cach i cong. ma phdi ¢6 si gitip d ciia may tinkh.

Sait mot 56 ndm gidng day mon hoe “Thiét ké' mach nho may tinht”
tai Khoa Cong nghé Thong tin, Tridng Pai hoc Béch bhoa Ha Noi, tén co
s tham khdo kinh nehiém gidng day ciia cde dong nghiép va cae 1ai licn
thude Tnh vie nay, chiing 100 bién soan gido trinft cho mon hoc ndy, nhan
cring cdp tai lieu tham khdo cho sip vién chiyén nganh Cong nghé Thing
tin, Dien nrVién thong va nhitieg ai quai fan hiéu vé mon hoc rén.

Trong cudn sdach nay cliing o1 irink bav cdc giar dogn quan rong
trong qud trink thiét ké'va san xudt cdc maeh tich hop trong cong nghw;)
Qud trinh nay bao gom cde birde moé hinh hda mach trén cae nure do chi et
kide nhan, xdy u'um; mach va kiem nghiém maech. Chiing 16 ,Uwug tham
vong trinh bay (Gt cd cde van dé lién quan 161 161 cd cde giai doan cita qud
trinh sdn xudt ma chit véu tdp trung vao md s6 cong doan: thiét ké mo hindt
hoa macth va kiem ug’,"mm tinh ding dean ciia thiél ké. Trén giai doun mo
Winh hoa, tromg Hure 16 cd nhidi pedn ngit ¢o thé duce sit dung niue SPICE,
VERILOG. VIIDL. ... song chitng 104 1dp trung vao trink bay ngon ngit VHDL
trong gido wink nay, boi ngon ngu VIIDL I mot ngon ngit ¢6 tinh cdu trite
cao. Mot déc didm quan rong cia ngon ngit VHDI. la né cho phép mo 1a
thiét ké theo nhiéu niic do chi 16t khde whau - 1t putc kicu trite dén cde odn
trite va dong dit lién. Var m’mug i dien nav, ngon nglt VHDL cho phép xay
ding cdc thiét ké mach uy 16ng qudt dén chi 1iéh, cho phép nha thicét ké'¢é thé
nhin mor edch tong thé qud trinh thiét ké'va gitip cho qud rink kidm tra tinh
diing ddn ctia thiél ké duge dé dang. Chinh nhd vdy ma ngén ngit 'V ‘HDL
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dioe sit dung rong rai rong cong nghiép ché tao mach dién ur ¢6 do tich
hop cao.

Nhén dip cudn sdch dicge xudt bdn, cluing t6i xin chan thanh cam on
stf eop v chdn dinh ciia cde ban déng nghiép trong Bo mon K¥ thudt May
tinh, Khoa Cong nghé Thong tin Truomg Dai hoe Béacl khoa Ha Not. Pong
thoi, chiting 160 ciing chdn thanh cam on suw khavén Khich va tao dicu kién
crie Nfict xudt ban Khoa hoc va K¥ thudt dé cuon sdeh nay som dicge ra doi.
Cudi ciurg cliing 160 mong nhan duge sy dong gop quy bdu cia cde ban
dong nghiép va ban doc xa gan dé Idn tdi ban sau cuon sdaoh duwoe hoan
clinh hon.

Tic gia

TS. Nguyen Linh Giang
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CHUONG I. MO PAU VAO THIET KE MACH VI DIEN TU

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

Su ra doi cha cde mach vi dien (¢ di Lum co s phat tricn phin cing v
phin mém cla cdc hé thong tinh todn trong nhitng thap ky gan day. Vice
ting lién tuc mic do tich hgp cta cic mach dico tir trén mot nén don da dua
tdi viec ché tao nhitng hé thong véi do phic tap ngay cang tang. Cong nghe
ché& tao mach tich hop trén co s& cde chit bin dian phat trién vit bio. Téi gitra
nhitng nam 80 cta the ky 20 ngudi ta da ¢o the ché tao duge nhimg mach
tich hop chita 161 hing tri¢u linh kién dién tir trén mét tinh the char bin dan.
Nhiing mach dé duge goi la mach tich hop cao(VLS]) hoac [a mach vi dién
. Viéc ra doi cia nhitng mach vi dién 1w dd lam nay sinh s can thiét phai
c6 mot phong phdp luan vit quy trinh thiét k&, ché tao thich hop.

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

e Gial doan thiét k&
o  Giai doan chc tao.
o Giai doan kiém tra.
¢ Giai doan dong goi.

O gial doan thi€t k&, tir cac chiic nang ma mach s¢ thuc hién. ching ta
xdy dung mo hinh cta mach trén nhiéu mdc do chi tiét khic nhau. Céc muc
do chi tiét ¢6 thé duoe chia thanh mite kién tric, muc 16gic, mic var 1y. Két
qua clia giai doan thiét k& 14 cic mo hinh ciw mach d duge xde nhan khong
chita 161 trén phuong dién thiet ké.

Gial doan thit hai la giai doan ché tao. O giai doan nay. mach tich hop s¢
dugc ché tao theo cdc ¢cong nghé cay ghép cdc phin ur mach 1én cde tinh thé
chat bin din bang phuong phdp mat na che phu va cong nghé xay dung cdc
mach nhi¢u 1dp. Ké qua coa giai doan nay la nhing vi mach thuc hién
nhing chic ning nhu trong thiét ké.

Gial doan ba [3 giai doan Kiém tra. O giai doan ndy, nhting mach da ché
tao s& duoc Kiém nghiém ngau nhién dé khing dinh ring mach khong chia
161 vé mat ché tao. Trong trudng hop ¢6 nhing 161 gap nhic¢u lar ¢6 the rdt ra



k&1 ludn 16i d6 ¢6 the 1a 161 trong qui trinh ¢hé tao. Dua vao viée Kidm tra
quy trinh cong nghé ta ¢é thé rdt ra két luan vé cde khau cé the sinh ra 161

G doan cudl cung la gian doan dong gt Lie do cdc vi mach s€ duoc
phan tach va dugc tao vo boc.

Trong chuong trinh ta s& nghién ciu ky grai doan dau tién 1a giai doan
thict k¢, Quad trinh thi¢t k& cdc mach vi dién to trong cong nghiép duoe chia
lim ba phin doan:

¢ Mo hinh hoa.

o Téng hop va t8i un hoi.

e Kiém nghi¢m vi phé chuin.
Trong dé chiing ta tap trung vao bii todn mo hinh hod mach va téng hop, 16
e hod mach.

Phan dvan dau tién: Mo Iinh hoa

O giai doan nay. nhiv thist k€ xay dung cdic mé hinh ciu tric mich va
cdac chiic nang ma mach s€ thue hicn. Cic mo hinh mach la cong cu bicu
dién cie ¥ wdng thict k€. Mo hinh hoi déng vai ted quan trong trong thict ke
mach vi di¢én (r béi vi cde mo hinh [a nhimg phuong tién mang théng tin vé
cde mach se duge xay dung mét cich co dong va chinh xde. Do dé mo hinh
can phai chinh xdc. chit ché cing nhu ¢é miic do téng qudt, trong sudt v dé
hi¢u d6i voi nguoi thict k¢ viv mdy. VOi sy phdt 1oén cla cic k§ thuat mo
phong, mo hinh mach ¢6 thé duge xdy dung trén co sO cdc ngon ngit mo 1
phan ciing HDIL. (hardware description languages). Trong nhicu truong hap.
cdc mo hinh dé heoa nhu biéu d6 dong thong tin, so d6 mach vi mo ti hinh
dang hinh hoc cta cdc doéi tugng ciing nhu cdch sap x&p chidng (rén bin
mach déu ¢é 1he duge dimg dé hicu dién mach. D61 véi nhiing mach ¢é do
tich hop stéu lén do do phic tap cua mach rat cao nén viée xay dung mo
hinh mach thuong theo cac mdc dé chi tiet khdce nhau. Dicu dé cho phép
naudi thiet k¢ tip trung vao timg phan cta mo hink tai time et doan thiét

NG
Phin doan bai: Téng hop va téi uu hoa

Tong hop mach 1a gial doan sang tao thit hai cta qua trinh thict k&, Giai
doan dau tuan theo cic ¥ wdng cia nha thidt k& hinh thinh dan cic khii



niém vé mach vi xay dung nhitng mo hinh so ho diu tién vé mach. Muyc dich
chinh clia giai doan téng hop mach 1 xay dyng mo hinh chi 11é1 cia mach,
vi du nhu cdc chi tiét vé dang hinh hoc phuc vu cho cong doan 1ap ridp v o
vO boe cho mach. Dicu nay dat duge thong qua qud trinh xay dung va chinh
xdc hod thist k& timg bude trong dé6 mo hinh triu tuong ban dau duge nguoi
thiét ké chi tiét hod timg budc 1ap di lap lai. Khi thuc hién qua trinh tong hop
mach theo ¢dc bude cii tién mo hinh, nguoi thict ke can nhicu thong tin lien
quan t6i cdc cong nghe ¢hé 1ao vi cdc phong cich thiét k& mong muon. Ta
¢6 hé thily cic chie nang cua mach ¢é the doce lap véi cde chi tict thuc hien,
trong khi dé cic dang bicu dién hinh hoc ¢ua mach hoan toan phu thude vao

cic dac tinh cla cong nghé vi du nhu kich thude clia cdc day dan trong mach
phu thuoe vio cong nghe ché tio.

Bai todn t6i vu mach luon két hop chat ch€ vai bai todn tong hop mach.
Qud trinh 131 wu doi hoi phat lua chon nhimg chi 1ict xde dinh cua mach vol
muc dich 1am ting khit nang cda mach vé phuong di¢n thiet k¢ uong ting
v6i nhitng do do xac dinh. Vai rd cla 161 vu la nang cao chat lugng cua
mach dién nhu 6i uu vé chie nang. v& dién tich, v¢ tinh dé kiém nghicm viy
phat hién 161, Chic nang licn quan 161 thol gian dé thue hién mot qui trinh
x(r 1y thong tin ciing nhu 0 luong thong (in ¢ thé duge xur 1y trong mot don
vi thoi gian. Céc (inh nang cta mach 1a anh hudng ida 161 kha nang canh
tranh ctia mach trén thi trudong. Vin d¢ chat luong cua mach cling licn quan
t6i kich thude cing nhu dien tich cua mach. Dién tich ciing 1a doi tuong cua
to1 uu mach. Kich thude nho cua mach cho phep ¢o thé phian bo nhi¢u mach
trén mot 1op, didu dé lam giam giit thanh chd o v dong gor. Trong cong
nehi¢p ché tao ching ta mong mudn ¢d nhing thi¢t k& cho phép phit hién
161 va xdc dinh vi ti 161 cta mach sau khi ¢hé o, Kha nang nay. trong
nhidu trudng hop, anh hudng 16n (61 chat lugng ctia mach. Mot thong x0
quan trong trong van dé phdt hién 161 cua mach la phin tram 16 ¢6 the duoe
phét hitn déi véi mot bo gid i thu nghigm. N (O1 chung, nguoi thict k¢ mong
muon ¢6 nhimg mach dé kiém nghi¢m, dicu do lam giam g1 thanh chung
clia qui trinh sdn Xuat.

Phan doan 3: Kiém nghi¢m va phé chuan

Qud trinh phe chuan mach {a vice dat duge & mot muc o chic chan hap
ty rang mach dién s& lam viée ding véi gia thict khong cd 161 ché tao. Trén
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phan doan nay muc dich dat ra 1a phai loai bo moi 161 thidt k& ¢é the ¢é trude
khi dua vao san xuat. Qud trinh phé chuan macly bao gém vice xay dung mo
hinh mo phong mach dua trén thiét k€ va thre hién kiém tr. Mo phong
mach bao gom phan tich céc dién biéh hanh vi clia mach dién theo thoi gian
d6i v&i mot hodc nhieu bo gid tri ddu vdo. Qua trinh mé phong ¢6 the ap
dung trén nhi¢u muc thi¢t k& khac nhau tuy theo cdc muc trimu tuong cla mo

hinh.

§1.2. Mé hinh hoa mach dién

Mo hinh mach la bi¢u dién triw tuong trong dé chi ra nhiing dic tinh

thich hop ma khéng cé nhiing chi tiét tuong tng.
Qud trinh 16ng hop mach 1a qué tinh tac mo hinh
mach bat dau tir nhimg biéu dién so luge nhat.
Cac mé hinh duoc phin loai theo cdc mic do mo
ta triru tugng vii cdc goc do quan sdt.
e Cic mac do mo ta triru tugng duge chia
lam ba mute nh sau:
*  Miic kién tric
O miic kién trc. mach dién dugc thé
hién qua tdp hop cdc thao tic nhu cic
tinh todn trén dit lidu, cdc phép chuyén
déi v truyén théng tin. Vi du, trén miic
kién triic, mach ¢6 thé duge bidu dién
(ua nhiilng mo hinh trén cdc ngon ngi
md td phin citng, nhimg biéu dé ludng
thong tin.
' Mic logic
O mic logic, mach dién duge thé hién
nhu tap hop cdc chiic nang logic va duge
chuyén thanh cic ham logic. Vi du. trén
muc logic mach ¢ thé duge bidu dién
thong qua cde bicu dé chuyén trang thai,
cac so do mach logic.
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= Miic hinh hoc

& mic hinh hoe, mach cé thé dugc biéu dién nhu tap hop cdc doi
wong hinh hoc. Vidu don gian cua bu,u dién hinh hoc ¢6 thé la
cédc 16p trong mach nhidu 16p, ddng vé bé ngodl va phan b cua
cdc phin tir cdu thanh mach.
o Céc g6c do guan sit cling dugc chia thanh ba goc do:
»  Géc do hanh vi
Goéc do hanh vi mo ta cdc chic nang clia mach ma khong
quan tam téi viée thye hién cic chidc nang do.
»  GAc do ciu tric
Gée do6 cdu trilc mo ta mo hinh mach bang cdc thanh phan co
ban ciia mach va cde lién ket giua céc thanh phan do.
»  Goc do vatly
Gée do vat 1y c6 Jién quan t6i cdc d6i tuong vat 1y xuat hi¢n
trong thiét ke

Cic mo hinh ¢ cdc mic mo ta trine tuong khdc nhau va ¢6 thé duge
quan sdt theo nhing goc do khdc nhau. Vi duy, 0 mic kién tric theo goc do
hanh vi thi mach dién la tap hop cée phép todn vi sy Lién quan g gifia chong
vGi nhau, con theo goe do ciu truc thi mach 13 tap hop cic khoi co sO v cac
lien két, ghép ndi gilta cdc Khéi co s& do. Néu xét trudong hop thiet ke cic
mach déng bo thi véi cac mo hinh trén mic logic, goe do hanh vi c6 thé I
céc luu dé chuyén trang thii. con g6¢ do cdu trie la cac phan tr logic va cde
két ndi gifta cdc phan wr do. M1 quan he gifta cdc mic do 1r U tUeng va cac
gbc do quan st cia mo hinh duoc bicu dién bing so d6 chit Y cta Gujski-
Kuhn.

Goc do him\h vi G/éc do cau trdc
[t kien tric /|
T
\ /
Hinh 1.2 Cic 2dc do quan st va (Ml’l'(‘}_ 16gic
cdc mite mo t4 triru tugng cua bigy .
dién mo hinh mach. NS
NS

| Micc h‘.ﬁh hoc W

Gade do vat ly



Hinh 1.2 cho ta thidy méi lién hé gitta cac mac bidu dién mo hinh vi cic
g6c do quan sat. O mdc kién tric va logic, mé hinh mach thudng duoe bicu
dién theo cde goc do hanh vi viv cdu tric, con & mdce hinh hoc mé hinh
thuong duge bicu dién qua gée do cdu trdc va vat 1y, Trén hinh 1.3 cho ta vi
du v¢ cie miie biéu dién cua mo hinh bé x{r 1y va cdc g6¢ do quan sidt tuong
img. O mdc kién tric, theo 26¢ do hanh vi, moé hinh [a cic dong lénh trén
ngon nglt mé ta phan cing HOL: theo géc dé ciu tric. mo hinh bao aom tip
hop cac khot co so nhu bd tinh todn s6 hoc, bo didu khién. ... va cic lien kot
¢ilta cdc phan ti d6. G muc 1ogic. theo gbe do hanh vi, mo hinh bao ¢ém cic
s dd chuyén trang thdi clia cdc 6tomat bicu dién hoat déng cua mach: theo
2oc do ciu tric, mo hinh duge bigu dién bing cdc so d6 mach 16gic gifia cdc
phan tr logic co ban.

Gée do hanh vi Goc do ciu truc ()gg %’”JM’K

MUL

PC=PC +1
Fetch (PC)

’ ADD Miic kién tric

L_ Contro

Stite 0

Hinh 1.3 Cdc miic bicu dién mo hinh vi cde gée do quan sit Wng tng.

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

Cic cong cy trg gidp thiét k¢ bang mdy tinh cho phép nang cao nang
suat thict ke, Cic k¥ thudt thiét k& cho phép giany thei gian, ning cao chu
teinh thi¢t k& viy gidm cong stic con ngudi. Cic K¥ thudt 161 uu lun tang chit
lwong thict ke. Do d6 cde k¥ thudt tong hop vii t6i uu hod mach voi sy trg
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£I0p cua miy tinh duge su dung trong hiu hét cde qud trinh thict k& mach

dién 1 so.

1. Tong hop mach dién

Vige phan loai cdc mé hinh thanh cie mde tritu twong vi cic goc Jdo
quan sdt choe ching ta phumw phap xay dung cdc thi¢t ke teen giai doan tong
hop mach. Giai doan tong hop mach ¢6 1he dugce phan chia thanl cic phan

doan sau:

Tong hop ¢ mite kicn tric bao g gOm vige two ra gée do cau (ric
cua mo hinh ¢ mic kieén tric. Didu nay tuong duong véi vice xdc
dinh v phan cde chifc nang ctia mach thinh cic phép todn. Cic
phep oin niy duge goi 1ty nguyen cua thict k& Trong mé hinh
cling bao pom e cic Két noi oitia cdc pIu,p lodn vt trinh ty thue
hicn. Phan doan niy thuong duge got latong hop & mife cao hay
tong hop ciu tetic vi & do nguot thi¢t k& phai xde dinh cic cau
trde vimo ( trén onic do cic so dé khéi ) cta mach.

Tong hop & mic logic li phin doan tao ra goc do cau trdae cia mo
hinh & mic logic. Téng hop 1ogic bao £om cdc thao tdc st dung
k¥ thult Iogic d¢ two nén mo hinh 16gic. Mo hinh nay gém ¢d cic
phan 0 1ogic co ban v két nai gilie cac phan wr do. Nhu viy
budic téng hop logic 1 bude xdc dinh ciiu triic vi mo { & miic cic
phan 1 logic co ban ) ela mich. Cong viee chuyén doi mo hinh
lagic thanh c¢ic két noi giia cdc phin W duoc mé 3 trong thu
vign cde phin nr co so thuong goi la dnh xi cong nghé hay [ licn
Ket theo thu vien.

Toog hop & mue hinh hoc bao gom vice wo ra goc do Vit 1y cla
md hinn & mdc hinh hoc. Néi cdch khic, & mie nay mo hinh
duoe mo G thdng qua cde dac tinh ca 141 ¢d cdc mau hmh hoc
lao nén dang cua cde mach, phan bo cic mach trén bian mach.
Phin doun nay thutng duge goi i thict ke vat lv.
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Goe do hanh Vi /Goc do ciu tric
Miic kicn t}t’\c Tong hop kién tric
Miic logic Téng hop logic /
N

‘T\/[L'rc hinh hoc )‘J Thiét k& vat 1§

Ihinh 1.4 Cic goc d6 quan sdt. mire d6 Gaoe do viat 1y
iriry tong v cdc phan doan thigt ke T

a. Tong hop Kién tric

Mo hinh hanh vi & mic kién tric ¢6 thé duge thé hién qua tip hop cdc
phép todn vit moi quan hé¢ phu thuoc gifta ching. Tong hop kién trac yéu cau
phii xdc dinh cdc tai nguyén phin cing can duge sit dung d¢ thuc hi¢n cae
phép todn, dn dinh trinh w thuc hién cdc phép todn va gin k&t chung vai cac
1 nguyén.

Viée thue hien xay dung mach sau nay phu thuoc nhi¢u vao bude nay.
Thuc vay, cdc thiet k¢ vé mat kién tric s& xdc dinh muc do thue hién song
song c¢ita cde phép toin. Thue hién t6i uu hod mach trén mic nay dong val
1ro hélt stic quan trong trong qud trinh thict k&

Ta hity xét vi du sau: ta thict k¢ mach thue hién viée gidl phuong trinh vi
phan y +3xy 4+ 3v=0 ten doan [0, a] bing phuong phip s6 véi bude dich dy
va cic gid try ban dau x(=x. y(0) =y y'((}) =1,

Mach dién c6 thé duoc bidu dién bang ngon ngr mo ta phin cting nhu
Sa:

Dilfeq
Read( x. v.dx,a )
Repeat |
xl=x+dx;
ul = u - 3Fx*Fu*dx - 3¥y¥dx;



vl =y + uFdx;

c=x
x=xl; ‘
u=ul: /—’
y=vyl l

) Bodieu — ™  Bo

Until (¢ ): khicn |g—1 nhg

Write( v )

\ A i A »

Hinh 1.5. Gée do cdu trice & miure kidn trtic.

Trong vi du nay. d¢ don gian, ta ¢d (hé coi cdc dudng dir lidu clia mach xuit
phdt tir hai nguon: 1 b nhan va tr bo tinh todn s& hoc ALU. Bo ALU nay
c6 thé thuc hién cdc phép todn cong. trlr vit so sinh. Mach s& gom ¢6 cic
thanh ghi, bo xdc dinh dia chi vd bo diéu khién. Géc do ciu tric cua mo
hinh mach & midc kién triic cho ta thay cic cau triic vi mé cua thiét ke,

b. Tong hop logic

Mo hinh 6 mite logic cua mach ¢6 thé duge bic¢u dién biing cic so dé
chuyén trang thdi cla cdc otdmat hitu han. bing cic so dé logic hodc bing
cde ngon nglr mo ta phan cing HDLL. Cdc mo hinh nay duge nhd thiét ke dua
ra hodc duoc tong hop tir cdc mé hinh & mic kién tric.

Cic thao tic & muc logic ¢6 the khidc nhau tuy theo tinh chat cia mach
(hu mach 16 hop hodc mach tudn ) va dang bidu dién ban din (bicu dé
chuyén trang thdi hay so do logic). Vian dé 181 uu hod déng vai (rd hét siic
quan trong. N6 gan lién v6i qui tinh t6ng hop trong viée xde dinh cic cau
trde vi moé cua mach. K&t qua cudi cing coa tong hop & mic 16gic 1a bicu
dién ciu tric day du, vi du nhu biang cde phin W 16gic co bin va két noi giita
nhiing phén 1w dé.

Trong vi du trude, cac dong di liéu duge dua vé bo nhd va duge dua tu
bo nhd 161 ALU va bo nhan. Hoat dong cla bo dicu khién duoc biéu dién
biing so d6 chuyén trang thai va so do 1ogic.



c. Thiét ké vat iy

Thiet ke vat 1¥ 1a qud tinh tao ra so dd bo (i clia clip dién w. Cic 16p
bo tri mach wong tng véi cic mat na dimg trong qua trinh che o c¢hip. Do
dé cac b et hinh hoc 1 muc ticu cusi cung cua thict k€ cde mach vi dien .
Cic thao tde chinh trén phin doan niy 13 bo i mach, di diy. dinh wycn,
‘Frong cudn sdch niy ching ta khéng di siu vio phan doan nay.

2. Téi uw hoa mach dién

Bai odn 161 uw hod mach ludn di déi vai bii 10:dn t6ng hop mach. Téi wu
hod moach khong nhitng d¢ dat duge & muce do cao nhat vé chil luong mach
M con two ra nhing mach cé tinh canh tranh cao. Chiing ta chi x3t cic van
dé (61 wu hai d9 do chat luong quan trong: di¢n tich v hoat dong cti mach.
Ngoli ra mot do do chat lugng quan trong nora L Kha nang d¢ kiem ua va
phat hién 16t cua mach,

Di¢n tich ¢t mach duge xdc dinh bing tong dicén tich coa cic phan
mach. Do do di¢o tich ¢é the xdc dinh duce thong qua gée do cau tnic cua
mach néu ta biét dién tich ciia ting thinh phin mach. Thong thuong cic
phin twco bdn cua mach légic 1a cic phan 1 l6gie, cie thanh ghi, cic phin
tnay ¢o dicn tich biét trude tuy thude vao tung loai thict k¢, Dicn tich cic
diy noi dong vai tré guan trong va khong thé bo qua. Cic thanh phian dicn
tich ndy e6 the xde dinh 1t mo hinh mach trén goe do vty hoic ude luong
tir ciac mo hiinh theo géc dé cau tric theo cic phuong phip théug ke.

Hi¢u nang coa mach dugc (81 uu hod dua treén thoi gian ¢, thdi gian
dong bo. canh tranh trén cic phin w. .. D¢ tinh todn do do hoat dong cua
mach cin thict phadi phan tich ¢au trdic va banh vi cda mach. Van d¢ nav
Khic nhau doi vt cdc loai mach khidc nhau.

Hi¢u nang cida cde mach 16 hop duoe xic dinh théng qua thoi gian 1ré
truyén tir diu vio dén diu ra. Thong thudng d& giam do phic tap ctia tinh
toan. ta ludn gid thict rdng cde gid tri ddu vio xud hién trong cung mét thoyi
diem vt hicu ning cta mach duge tinh qua thoi glan ¢ truyén theo dudng
di lidu diu nhat,

o1 véi cde mach twdn tu déng bo. do do hi¢u nang ¢é the duge xdc dinh
théng qua thoi gian quay vong cla mach. Thai glan nay I chu ky déng bo
nhanh nhat ¢é thé dat vio mach. Ta nhi an thay rang thdi gian té truven cua
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thanh phan mach t6 hop ctia mach wan w la can dudn cia thoi glan quay
vong. )

Khi 1a xét m6 Ninh trén mie kién triic nhu tap hop cde phép toin, do1 val
cdc mach tudn tu déng bo, mot trong nhitng do do hicu nang 1a thoi gian can
thiét d¢ thuc hién cdc phép todn. Thoi gian nay ¢d thé dudgc udc lugng thong
qua cdc chu kv thoi gian. Tich cla thoi gian quay vong va thdi gian thuc
hién cho ta thoi gian thue hién téng cong cua mach. Thong thuong 1hol glan
guay vong va thoi gian thuc hi¢n duge toi wu hod ricng ¢ dé dom gian boa
qud tinh 131 uu vitthoa min cdc yéu cau dac ra dot voi thict k¢

Cic mach déng bo ¢o the duge thue hién diy cdc phcp todn theo ché do
day chuyén ( pipeline ). trong dé mach s& thuc hién cic phép todin song song
tren nhing tip hop di licu khide nhau. Nhu viy hicu ning cua mach con ¢o
thé duoc thé hicn qua kla nang xir 19 di Hi¢u, luong dit ficu ma mach ¢6 thé
Xt 1y, Do do dé goi la thong lugng cta mach. D61 véi phing mach Khong
thue hicn qua k¥ thuat day chuyén, thong lugng bi giéi han boi nghich dao
clia tich  giita thai gian quay vong va thoi gian thue hién. K§ thuat day
chuyén cho phép mauch tang théng luong dir ficu duoe XUy vuot qua 210l
han noi trén.

Véi nhiing do do néi trén, 161 uu hod hicu nang cua mach bao adm vige
giam thicu thoi gian 0 truyén déi véi mach (6 hop, 1thoi gian guay vong Vil
thoi gian thue hién d6i véi mach tuan tu dong bo: Lun tang (01 da thong
luong ¢t mach doi véi nhitng mach thue hi¢n theo k¥ thuit day chuyén.

Ngoai nhitng bai 1odn t6i uu hod vé kich thude va thai gian néi trén, hicu
ning coa mach con lien quan 61 kha nang phit hicn 161 va dinh vi vi i 161
trong mach. Bai todn xay dung nhing mach cho phép dé dimg tim 161 dong
mot vai 1o quan trong trong qua trinh thiét ke va o1 uu hod mach. Nhiing
mach dé ki¢m tra cho phép giam thoi gian sinh ¢de bo gid tri tha nghient va
aiam s0 luong cde bo gid ti 1t nghicm. Van d¢ dau tién duge giai quydt
bing cdch tim ra nhimg thuit todn tong hgp mach ¢é hicu qud: con van dé
thit hai lién quan t6i vice Gim ra nhiing thuat toan tim 161 nhanh vai mue ticy
giam thoi gian phdt hién 161 viy vi tf 161 twong ting v6i ting bo pld i thur
nghicm.

Tém lai bai todn 61 vu hoi thict kE duge dua vé ket hop hat bl todan:
giam thidu dien tich thue 1¢ ctia mach va tang hicu nang ctia mach voi Kha
nang cao nhat ¢6 the ¢6. Bai todn toi uu hod cé thé phu thude vio cic rang
buoe vi du nhu gigi han trén vé dién tich va gidi han dudi vé hiéu nang. Bai
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todn o1 uu hod ¢6 the duce bicu dién rong khiong gian veeto nhi sau. Tap
hop cide cu trdic ¢6 the ¢6 cia mach sé duge thict k& tao thanh mol khong
elan. Khong gian nay goi 1a khong gian thict k¢ va eluda mot sé hiu he N cac
diém trong dé mdi dicm tuong tug voi mot thict k¢ cu (he, Mai dicin ( tuung
tng 14 thiCt k¢ ) & 6 cde gid il dign tich va hi¢u nang wrong ang. Ta 8¢ lap
ham gid tri trén co s¢ cic doi tong nhu dién tich, théd gian (8, thoi gran
thue hicn. thoi gian quay vong, théng lugne. Bai todn 16i uu hod mach o
thanh bai toidn tim Kicm diem xdc dinh trong khong gian thict k& sao cho ic
dot tugng dat gid tri 161 uu.

Nhu viy. trong chuong nay chiing t da nghicn citu cic bude co ban
trong qua trinh thict k¢ tong hop mach.



CHUGNG II. G SO TOAN HOC

Trong chuong nay ching 101 nhac Tai mot 0 van dé todn hoc lam o so
cho cic chuong 1ip theo. Cic ki€n thiic todn ¢hu yéu Xoay quanh co so xay
dyng cic mach s dua trén cic dang chuan tic ca cac bidu thic logic.
Nhimg vin dé lién quan 181 qui triinh tim 141 trong cic mach logic lién quan
161 ¢ide phuong phdp mi hod va by thuy¢t d thi. Do dé chuong nay duge chia
lam hai phan chinh, mot phan lien quan t6i vin dé 103 thidu hod cac bicu
thitc logic, phan thit hai lien quan 101 1y thuyét do thi va ma hoa.

§ 2.1 Pai so Bool va 1y thuyét chuyén mach
1. Pai so Bool va Iy thuyét tap hop

Ly thuvét chuyén mach la co so thi¢t k¢ cic he thong 6 hien dai. Ly
thuvét pay dua trén logic ky tr do nha todn hoc Bool sing tao nén. Linh vie
logic kv tu la phat trién cua logic hoe khi ta dua vao cdc ky hicu hinh thic vil
cic thao tic dai $6 hinh thie. Pai 86 Bool ducc dinh nghia 1a mot he dai 50
thoa man he cic tién dé.

Pinh nghia: D61 v6i tap hop B={ a. b, .} vithai todn (0 +" va "L néu
ban tien dé sau thoa man thi he thong dai so goi 1a dai so Bool:

) Vaohe B.a+b=b+a a.b=b.a Tinhchat giao hoan; (2.1)

2y Va.b.c e B

u+(h.c):(a+b).(al+c).a.(b+c)=
(a.b)+(a.cj: Tinhchat phan phoi (2.2
3) J1le B I el

Fae B.a+0=aa. 1 =ua Téntai cac phan wrdon vi. (2.3)
4) 3 ae B VaeBa+ a=1.a. a=0:Phin bl (2.
Cic dinh 1y coa dai s6 Bool:
. a+a=2a; 2.5)
2. a.a=a (2.6)
3. a+l=1: (2.7)
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d. 0. 0= {2.58)
3. o =l (2.9
6, (a.hy.c=a.({(b.c) (2.1
7. (a+bhiy+c=-a+(b+ch (2.11)
& a+a.b=u {(2.12)
Q. a.ia+hy=a (2.13)
10, a+h=db: (2.14)
1. ah=d~h; (2.15)

Vi he tien dé e dai s6 Bool. ta ¢ thé ching minh cic dinh 1y tren.
Ciie dinh 1¥ cia dai s6 Bool ¢6 the duoc the hién dudi dang 1y thuvét tap hop
nhu sau.

Giai thict ¢61ap hop A, xét tap hop S 1a tdp cde tap con cua A, Poi var hai
phan 17 bat k¥ cuia @p S xie dinh pheép hop w va phep giao M. Do S la tip
¢l ¢ic tap con clia A nén néu p con ¢ ¢ S thi phan bu cia a trong A la a
cling thude S, Vai ede Khdi niem 1ap hop A v S, ta ¢6 the minh hoa cdc dinh
Iy caadai 5o Bool.

2. Dai s6 chuyén mach

Mot i du eda dai s0 Bool khi tap hop B = {0, L1, Kb do 1 co he dal so
Bool don gian nhat. Mai 1ien he gitia dai s0 Bool not ren Vo Iy thuyet dong
neat mach dign duge Shannon duas ra vao nhng nam 50 cua the ky 200 11
dai 56 bao gdm hat phin e {0, 1} con duge vol Ja dal s0 chuyén mach. Cac
tien d& v cac dinh 1y et dai s¢ Bool hoan toin duge ap dung cho dai sa
chuven mach.

D thict lap moi tuong quan gitia 1y thuyct dong ngit mach di¢n voi cac
ten dé va dinh 1y coa dan 50 chuyén mach, ta dua ra ¢ic 5o do mach dugc
xav dung tir ahiing so do co so:

I I

a =) a

=a.b

i
a1 4‘ //L’* =a+bh

A
A |

Hinh 2.1 Dai o6 chuvén macl vi cie mach Rlwd.



Trong cdc sa do mach dé, trang thai doéng mach cua khod tuong vng vou
gid 1 11 va trang thii ngit mach twong tng véi gid i 0. Theo cach quy dinh
gii tri nhu trén, phép toan tuyén ¢6 the duge bicu dién nhua doan mach mic
song song cdc khoi. trong khi dé phép todn hot s€ twong ting véi doan mach
mac ndi 1ep cde khod. Vi cide quy ude do. ticn dé hai cta dai 86 Bool co the
duoc bidu dién thanh cdc mach tuong duong nhu sau:

//1\ A
i a d i
Sh N
b ¢ b ¢
ath.c (a+by.(a:c]
Iinh 2.2 S& 66 mach déng ngdt minh hoa cho tinh chidt phin phor,

Su tuong duong gida hai so dé mach khod nay ¢6 the duge kicm ching bing
cac bang chan 1y tuong Ung.

Dua vio su twong thich gita cic bidu thitc logic va cac so do mach kKhod
ta ¢6 thé tao ra cdc mach khod tuong duong cic hi¢u thite logic véi nhitng do
phtic tap khdc nhau dua vao cdc phép bicn doi trong mach dicn. Mic diviy
¢6 Mot s6 loai mach khong thé bicu di¢n duge thanh ket hop gida cic to hop
mach song song va ndi tiép. trong nhing truong hop dé ta phai xdy dung
mach dua theo hing chan 1y hodc st dung phuong phip tao tap bop cdc hicn
ket

Chiing ta xé& truding hop mach theo licn ket mach caw: cac dutng diw
phin phia trii mach sang phan phia phai mach bao adm cic duong {ab, acd.
ceb. cd}.Phuong phip tao tap hop cic lien ket thé hien nhu sau: néu trén bat

k¥ dudng di it phin bén trdi mach ciu sang

J phin bén phai ta dong tal ¢i cdc khoa, khi
dé mach dién s& ¢ trang thdi dong, con

a b trong trudng hop trén moéi dudng ¢d it nhat
mot khod md 1hi mach ¢ ¢ 2 ng thit mo.

e >
J’t ) / Vi du néu trén dudng eed ta dong 1l ca cdce

khod o, ¢,  mach s& o trang thii dong. Nhu

C d . e . o e
vay doi vai mach trén, biéu thiic logic trong
Hinh 2.3 Mach céiu. duong s¢ la:



a.b+a.e.d+c.e.b+c.d
Khi st dung I¥ thuyét chuyén mach trong bicu dién cac hicu thiie 1ogic,
cée dinh 1y cia dai s¢ chuyén mach ¢é the mit ra G céc tién dé. nguyén 1y
doi ngiu cua ly thuvét mach ¢o vai tro kha quan trong.
Nguyén Iy déi ngdu: nguyén 1y doi ngdu dua uén co sG xay dung cdce
bicu thic déi ngau.

- Dol ngdu cua mot bicu thite dai s Bool 1 mot bicu thic
fogic trong do cde bién ¢ cua bicu thic ban diu duoc thay
bang «. */” thay bang 0", *¢" thay bang */’. phép tuyén
ducce thay bang phiép hot, phép hot duge thay bing phép
tuy¢n, Khi thanh lap bicu thic doi ngau ta phii su dunge cic
diu ngoac dé dam bao trat e tinh widn bicu thiic.

- Nguven 1y doi ngdu: eid i cia mot bicu thie dai 56 Bool
bang bl cba gid tri bbiéu thife d6i ngiu twong dng.

Ta ¢6 the ching minh nguyén 1y doi ngdu bing phuong phdp quy nap todn
hoc va sur dung cdc dinh ly de Morgan.

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

Ham logic » bién duge dinh nghia 1a dnh xa khong gian #-chiéu B" vio
B

B"—-> B B={0,1} (2.16)

Néu x, 1a phin tr thuge B, khi dé x=(x,,....x,) [a mdt veeto coa khong gian
veeto # chiéu B, Ham logic trén khang gian B” ¢6 the duoe viét dudi dung
Jiv,ox, ko Khong gian vecto B® chita 2 diém v mot vecto x thuoe khong
gsian B" dugc biéu dién ta mot trong 56 2" diém clia khong gian # chicu B".
Cic diém nay ¢6 thé duge dat wong ting véi cac dinh cta mot hinh khoi ¢é
2" dinh trong khong gian B" . Hiun [6gic fix,,....x, ) s& dat tuong tng méi dinh
cua hinh khoi véi céac gid e O hoac £,



Trong linh vie thiét k& cic mach so Khoog ahat thict phai dat gia i fJ
hoae / cho tat ¢t cde dinh cua khoi - cie vecto x. Mot cich chinh xdc hon,
ham logic fduce dinh nghta 1 dnh xa cua tip con A cla khong gian B" vao
B.

fAcB"'> B B={0.1} (2.17)

Khi ta x¢ét mot tap con A B vacham f ¢ mién xdace dinh 1a A.uhime
didm thuoc B" vi khong thuoe A ( xeB"N A ) [ dinb 1a khong quan iam (61
va ky hiéu [ dinh-d; cic dinh thuge A va tuong dng vér cdc gl tri ¢ hoidc /
s& duoe goi 1an Tuat 1 dindi-0 viv dinh-1. V& cich ky Incu cac dinh cua hinh
khai 2 dinh nhu vay, mot hiun 16gic /'8¢ danh xa cidc dicm trong khong gan
B vivo tap hop (0,1 .d}

Jixy :B"— {0.1.d] (2.18)

Néu mot dinh ctia hinh khoi #-chiéu bicu dictn dudi dang bicu thuc logic.
ta nhan duge mot bicu thiie hoi. Vi du trong khong gian 3-chicu. dinh }/7s¢
wong Gng véi bicu thic 1ogic x v.x;. Ricu thie logic ¢6 the nhan duge ti
cic dinh ctia hinh khoi 2% chicu bang cich ehi xnéu gid tri cia toa d§ thu /
tuong ting 1a /7 hoac x, ncu ghi 0l toa do the 7 1 07, Bigu thice hot chi
nhan gid irt /7 tal mot diem x duy nhat. Nhu vay toi do coa dinb s€ twong
Gng véi mot phan (i trong bicu thiic hoi.

Mot cach téng quit ta dua vo Khai nicm khoi cap s nhu sau:

Mot veeto & chidu @ ¢ = (c0p) ¢ {0Lx}, A< duoe goi 1 Ahof vid
mot kot chita m k¥ W v s8 ol [ kol cdp an

Vidu: {0111 khoi cap O (01x)- khoi cap 1

Khdi nicm Lhoi 11 tong quit héa cta Khdi niém dinh cta khoi #-chicu.
Khoi cap m 1a khoi con mr chiéu ¢6 chira 2" dinh. Viodu khoi (CH vy chia had
dinh (0F0) va (01 1). Noi mot cdch khde Ky (v ¢6 the nhan gid tr *07 hoae
“J*. Mot khoi ¢ip m tyong Gng véi bicu thite hoi chiia s-m bidn. Bicu thic
hoi nay ¢6 thé nhin duge néu ghi x, khi gid 1 tuong ing cua toa do tha 7 la
{0 v v, Khi gid i toa do do 1 77 tong dd vi i cua Ky .o khong duoc
tinh dén. N cach khde Ky e ¢ 6 (¢ nhin gid te *0° 77 viokhon cip mr s¢
tuong duong véi biéu thiic 1ogic gom (1-m) bicn.

Mot khéi cdp 0 s& wong tng véi dinh duy nhat coa khol n-chicu, khoi
cap m € bicu dién 2 dinh, nhu vay mot khoi cip m s¢ buo phi 2" khoi bic
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(). Mot cdch tong qudt, vdi hai tdp hop cde khai C, v C, . néu tap hop dinh

bao phu maéi khéi thuoe nhdém C| 1 tap con cba 1ap hop dinh bao plnl cédc
P : I | ! :

khai eia C,, khi d6 ta néi rang C, bao phu C,.

2. Cic dang chuan tac cua ham logic

Néu ham logic f khong chita dinfi-d. khi d6 d¢ xac dinh ham ta c¢in dua
ra tap hop cde dinh-1 va doh-0. Do khong chida cic dinhi-d nén tap hop cic
dendi- 1V (f)) vctap hop cde dinhi-0 (V(f1) bl nhau. Mot dinh ¢ (khéi cip ()
twong (ng véi mot bicu thic hoi P(e). khi d6 ham fiv) s8 dudac bicu dién
thong qua tap hop cic dinh-1 V (/) nhu sau:

fiv) = v Plo) (2.19)
ce
P(c) goi la bicu thiic hot cue Géu hay ngan gon 1A tich cue ticu.

Nhu trén di dé cap téi, mot khéi cip m dai dién cho 2 dinh, bidu thiic
hoi cue ticu s€ tuong tmg véi s6 luong cue ticu cde dinh tham gia vio hidu
thitc hoi v s€ nhin gid tri 7 tai nhiing dinh niy. Bicu thie (2,193 14 biéu thiic
tuyén cta cite bidu thic hoi cue tidu va duge goi 1a dang chudn tic tyén clia
bi¢u thiic l6gic.

Ta xdc dinh ham bu logic ( goi tit Ja ham b Yeua mot ham f 13 mot ham
nhan gt *07 tan nhing dinh ma f nhan gid o */” v nhan gid i ‘77 tai
nhting dinh ma fnlin gid tr “0”; ham ndy duoc ky hi¢u bing £

Fxy=1®fx) (2.20)
Ti ¢6 the nhan dugc him f néu thay V (P(c)) bang V (P(¢)) trong biéu (hiic
(2.19).
o= v Pl) (2.21)
"L_I'n(_f“)
T d6 ta ¢é the nhan duoc bidu thitc clia flv) bang cich dp dung céng thifk:
r=1.
fix) = i/‘/\f S(c) (2.22)
cel ()

Cidc biéu thiic S(¢) nhan duge tlr P(c) bang thay +; thinh x, | __r, thanh v,

vt thay phép hoi (A) thanh phép tuyeén (v). Ta nhan thiy S(¢) s& tuong (g
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vGi (2" -1) dinh ngoai trit dinh twong Gng véi Pc) viv duoe goi 13 bi¢u thic
tuycn cye dai. Cich bi¢u dién ham logic f thong qua phép hot cha cac biéu
thic tuyén cue dai goi 1 dang chuin tac hoi.

Tigp theo dé ¢6 1thé Khio it mot dang chudn tic nia, ching ta dinh nghia
hium loai trir [6gic XOR nhu sau: XOR la phép toan hai ngoi cho giatry */°
néu chi mot trong hai todn hang nhin gid trj */” viv nhan gid trl ‘O trong
nhimg trudong hop con lal.

XBy= xyaxy (2.23)
Trong biéu thic trén ta thdy néu x hogc y luon nhin oid tri | thi bicu thiie 5¢

nhan gid tri tuong tng theo y hoac theo x, ¢6 nghia la / @ v = x. Them
vaio d6 phép toin XOR @, cling gidng nhu phép cong. thoa min tinh chat
giao hodn, k&t hop vaphan phoi véi phép nhin. Dia vio cdc tinh chat trén ta

¢6 ¢ dua ra dang chuén tac theo phép 1oan XOR nhu sau.

Mot hium 16gic bal k¥ ¢6 thé duge bic¢u dién theo h¢ thic sau:

FX) X X = fla g X O XX, Y O.x: o

XX, :
C( tép tue nhu vay ta s€ nhin duge:

F ¥ e %) = O, 013 %ex, v UL O L0 X, VY
Sl ) s, (2.24
M&i 56 hang trong bicu thic tén 1a mot bieu thiie hoi cuc ticu do do chi
¢6 thé ¢6 mot dinh nhan gid i /" doi véi tmg b gid e cua vpubs o X
Thay phép todn v bing phép toin @ va véi moi x. thay bang bic¢u thac (/@
v,) ta nhin dugc bicu thiic 1ogic tuong duong chi chita phép hoi va phep foal
tru logic.
Jix, Xor o x) = fI0, L, OB N1®N).(18x,) & [ 0. ... 0
(1®x)..(19x) @ ®ff L .. Dy x5, (2.25)
Ma& cdc ddu ngoac vi dp dung cdc 1inh chat két hop. phan phéi véi phep
hot. ta nhan dugc:
Jix, xo ox) =, @
A @, ® LD ax, ®
a X5 @ an® L agvy, ®
XX, D L@, N, D

i

Ay -I'\-:"r." e (2.26 )

]
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Cic hé 80 ay, ¢y otz y, ¢é thé tim duge bang cach tuwong Gng cdce bicu
(hie (2.25) va (2.26). Dé bidu dién cic he SO dy cly ety 1 AU VRO Khdi
niém vi phan cta him logic.

< . s .0, s YOV i
Ta dinh nghia vi phin logic — = F (XXX, ) Gl ham J (X X0 54,)
ox

e

1 bicu thie:

~

i,

o phép todn @ hidu dién déng thoi phép lay téng vi phép 1y hicu nen
bi¢u thic trén con goi 1a sai phan ogic. Vi phan logic c6 cde tinh chat cta
toan 1 tuyén tinh. Thém vio do két qua cta phép todn Ly vi phan theo bién
v et mot tich 1ogic s€ bang néu bién v, khong tham gia vio tich \a §¢
bing chinh tich logic loai trir di el v, tham gia vao bicu thic.

) 0
Viduw XXX, =51y D xx,0, = XXy,
2. . : ;

LY

)

XY, =X60Y, @006 =)

X
Sur dung khdi ni¢m vi phin logic, cdc heé s6 @, . Wong 46w, elfl...nl

cia bicu thide (2.26) s& duge vict dudl dang

o 0 o

T )
7 EEnZ axul 8}({_(1 ax i

i=l.m , o €fl.....n] (2.28)

1

X
S

Tir bicu thic nay suy ra he s6 A, ., DaNg i6ng loai trir Jogic cla cie gid
tri tai cdc dinh bao phi mot Khéi m chidu. Khéi m-chiéu ndy chia i cde
vi tri tuong ing vai ¢, Vi 00 tai Lat cd cde vi tri con Jal.
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§ 2.3. 'U'6i thi¢u hoa cac bi¢u thire logic

NO1 dung cta mue nay ban t6i ede phuong phip (8 thi¢u hod cde bicu
thic logic co ban khi thi€t k& cdc mach s6. Viee 161 thidu hod cic bicu thic
logic liim ¢dc bicu thiée do trd nén don gian hon. Dicu dé Lun glam Kich
thude va tang hicu ning mach ( trén phuong di¢n thoi gian é v thoi gian
thuc hien ) duge tong hop. Neoai ra doi vai vi¢e phat hién 161 v thir nghiém
thiet ke, nhiing mach cang don gian cho phép giam thii gian Gm cdc bo eIl
trr thw nghi¢m va giam thoi gian phit hién 16i. Do d6 bai 1oidn o1 thicu hod
cac bicu thic 1ogic dong vai ted quan trong trong qud trinh 16ng hop va 10i
uu mach.

. Nguyén 1y chung dé toi thicu héa cie bicu thite logic

Cho ham logic a2 bien fx;, v, ... v,) bicu dién dudi dang chudn tic wyén
(t6ng cdc tich logic). 16 thiéu hod s6 hiong cdc tich 16gic cha ham f vii 5o
lugng cdc bien 1ogic trong ting tich 16gic dan t6i vice lam giam aid thanh
the ¢h¢ tao mach: 6 luong cdc phan W co sd, so lwong cac dau vao cia
mach va cde dau vao cha cde phin tr mach, dién tich cta mach. giam thoi
gian ki¢m nghiém mach.

Ham /" duge biéu dién béi 1ap hop cde dinfi-1 V(£ vatap hop cdc dinhi-d
V(). Gifta cide tich cuc Géu cta ham f'va cac khot ¢6 moi tuong quan mol
moL: Khoi cip m s¢ tuong ng v4i mot tich légic (hiéu thic héi) aom
{11 - m ) bién.

Binh nghia tich t6i gidn : khoi ¢ duge goi [a tich toi ¢ian cta hiam / néu:

- Tap hop V(c) cta cdc dinh ( khai bic 0 ).
Vieyn Vi = D
V{c) c V(Y w V()

- I khoi ¢; Vic)y c V(D) V() va Vi) < Vieh.
Vidu: Giast ta 6 ham f{x,,x,,x,) ¢6 1ap hop dinh V(). V () va V, ().

r

d d
0 ! V() = {(0.0,0).(1.0.0)?
—I Vi = {(0.1,0).(0, 1 1(0.0. 1) 1.1.0))
1 1 Vo(t) = {(1,0.D),(1.1.1)]
0 | Iinh 2.5 Cic tich toi gidn (el v (ol
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Ciic dinh duge bicu dién bang khéi (x10) chda trong V, (/) o V(. Mt khae
cdc dinh duge bicu dién bang khéi (r1v) cling chua trong V() w V (/) va
khot (x1.x) bao phit béi khai (v10). Do dé (x10) khong phai 1a tich 16§ gian.
Khoi duy nhat bao phit (x1x) 13 {xav) nhung tap hop bicu dién khoi (vux)
khong nam trong V() v V, (), do dé .\l\) Ia tich don gian cOa ham £, ta
cing ¢o (vxl) cling 12 tich 161 gian.

Ta ky licu P 1a tip hop 1at ca cic tich t6i gian cla hium logic £ khi do 1
¢ c6 dinh 1y v¢ bao phd cuc tidu sau:
DPinh Iy v¢é bao phu cue ticu:

Neéu tap hop Y(C) ciia cde dinh bicu dién tip hop cie khor € duoe cho

Oy = UV

khi d6 tdp hgp day di cdc tich 16 gidn P s& nhan trong 56 nho nhat wong tal
ca cdc kha nang ¢6 thé ¢é cun tap C thoa man hé thuc:
Vith e VICyc Vi u V)

Ham trong s6 duoce gid thict fa duong va don dicu tang véi cdc bidn doc

dudi dang:

lap la s6 lugng cdc bién tham gia vio cic tich logic cua timg khoi va so
luong tat ca cic khoi.

D¢ chimg minh dinh 1y nay chiing ta dung phuong phédp phan ching. Gia
S ton tai tap hop cde khéi C' ¢6 trong s6 cue tigu v khong thod man yéu
¢du dinh 1y, khi d6 trong cdc khéi dé 16n tai it nhat mot khoi khong phai la
tich toi gian. Khai nay duge ky hicu [3 ¢, khi dé ta xé&t tap hop:

C"=(C"- '} yw {em).
trong do ¢ Ia tich 101 gidn bao phi ¢ Ta ¢6 $6 lugne cic khoi trong tip hop
C' v C" biing nhau. Vi ¢” 1a tich toi gian (¢" # ¢’) va bao phu ¢’ nén trong
s6 C" nho hon C'. Diéu d6 13 mau thudn vi ta gia thiet € ¢6 trong s6 nho
nhat.
Qud trinh 16i thi¢u héa cic ham logic dua trén co sor dinh 1¥ v¢ bao phu
16 thicu ¢6 thé duce chia lam hai glar doan sau:
a) Xde dinh taf ca cic tich 161 gian cia ham logic f{ tap hop cic
tich té1 gian ky hiéu la P)
b) Tim trong tap hop cic tap con C cla tap P tap hop céd trong
sO cuc tiéu cde khoi C,,;, thda min hé thiie Vi/h < Ve



2. Tim cice tich toi gian trén co s¢ bicu dién true quan.
Phuong phip bang Karnaugh

Cic tich 161 gidn ¢é (he duoe tim bang nhimg so do true quan khi s& bidn
cta ham / nho. Treng phan trén ching ta di chi ra rang, hiun logic / coa
bi¢n doc Lip <6 the duge cho bing cich gdn cde gid tri 0.1 va of cho cac dinh
cua khai # chicu. Gifta cde khai n chicu va cde tich (o1 gian ¢d mot moi licn
e dom gian. Theo dinh nghia tich 1681 gian ¢é thé bicu dién biing mot khoi.
Mat khic mot khot cap o7 [ khoi con m chiéu nam trong khéi 2 chidu vit tich
191 gidn 1a Khéi 1on nhat nam trong tap hop V (/) w0 V (f). Khai nicm khai
[on nhitt trong trudng hop nay ¢é nghia 12 chia at ca cic dinh cta khéi va
khong (6n tai cic khoi ¢6 chicu 16n hon nam trong V (f} o V ([

Thi tue tiea Kidm a1 ¢ cde tich 161 gian cta ham logic f dua vao tinh chil
161 trén dua téi #ice tim tap hop ¢ic khdl ¢6 cap 16n nhit ¢6 the duoc vai
nt < i bao phu it e cac dinfi- F v dinf-d cda ham f2 NEu < 3 1hodt todn ¢d
thé dugc thuc hién twong minh trén ban v& cic khoi; trong trudng hop # > 4
vice ap dung phuong phap truc Gep trs nén khé khian.

Phuong phap bang Karnaugh.

+ Cide dinh cua ciac khoi 1o cde ¢ cua hang. Cic o cia bang ¢o toa do
nhu cie dinh coa khoi, Gid ti trong 6 1 gid tri cla ham f il cde
dinl tuong tng.

¢« Cde dinh duge két hop theo quy e 3%

S NNy oo o1 1o
Hai dinh Lin cin { hai khoi bic 0) 00 7_'_Iﬁ|
tao thanh mot khé bac 1. Cie dinh
nam trén bicn cua bing cling 1 céc o1 | J

M
. . . = I
dinh lTan ¢in vér nhau. Cac toa do I E ] \I_/

doe Tip duge Ky hicu Ly

. . . . 10
B3on dinh lan can ¢é the két hop tio
thimh mot Khdn bic 2 chda hai toa Hinh 2.6 Phuong phiip
do doc lap. bane Karnaugh.
- Tam dinh iin c¢in 1ao thinh khéi
bic 3.



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

F =V 790112, 13) =

RTR S U SRV P U S R VR SR AV Y5 U S A S S e 0

AR U VIR U SO S S VR S o

= NJX; VN VLX) VX YL

Pe o1 thicu héa cde ham & dang chuin 1ae wyén a ding cic didi-1
vadinh-d.
Vi cide ham chuan tic hoi la ding cac donli-0 v dindi-d.

3. Phuong phap tao bang theo cac bude lap.
Phuong phap Quine - McCluskey

Tim ki¢m cac tich tor gian theo bang Karnaugh trg nén rat phie tap vi
mat tinh trye quan néu so lugng cac bicn doc Lip cua him 1ogic vuot g

nam. Uu di¢m cia phuong phip bang Karnaugh 1a & ché cho phép xic dinh
mot edch true quan tinh lien k& cua cde 6. Mot phuong phip khd quan trong
trong cdc bai todn tai thiéu hod cic biéu thic 1ogic I phuong phip Quine-
McCluskey. Phuong phip Quine - McCluskey cho phép xde dinh su licn ké
cua cac dinh bang cich lap bang.

E

1Tam logic duge cho boi tap hop cde khoi cap 0. Gic khot niy duoic
chia theo nhém. S& lueng don vi trong cic khai licn ke chénh lech
nhau mot. Trong bang cua cac khoi cip O, 1a sap x&p ciac khoh theo s6
luong don vi va nhom cdc khot ¢o cing so luong don vi mot ¢ich
tich et

Vi du: cho ham f bicu dién bang 1ap hap cdce dinh-1 va tap hop cie dindi-d
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Jix, X, x,.x0= V(0.2,7.8.9,13)

Vih=(3,12,10)
Qua trinh kKiem tra tinh lién k& cda cde dinh ducce thue hicn vai at ca
cac 10 hop cic khoi déi véi hai nhém Lan can. Néu hai khoi ke
nhau boi 1 va O chi ¢ mot vi (el vi tr dé duge dat v va nhan duce mot
khot ¢6 bac 1on hon. Khéi nay duoe dua vio bang mdi va danh diu
“vvao vi i cua cde khot ban dau duge bao phi boi khéi ¢é ¢ap 16n
hon. Sau kKhi thuce hién bude nay dor vau tat ca cac kho 1a nhan duge
biang moi ¢6 mot nhom {1 hon so véi bang bun dau. Néu trong bing



maoi nay ¢6 hai hoge nhicu hon cic khéi giong nhau thi ching s& b
loat bo.

o Quatrimh ren ¢ dwoe 1ap L véi ede khéi cap | cho t6i khi chung 1a
nhin duge bing doi voi cic khoi ¢ip 2. Tidp tue qud (rinh véi cdce

CSSTwong © Khaicap 0 | Kidntra

kKIoi cap 2, ¢ap 3. .v.v cho (G khi
ta khong con nhan duge cde bang

don v .
T T oo T N chua dau Kicm tea “yv’.
T - Trong cic hang nhian duve tir
T 1000 i phuong phip lip néi tren. nhimg
I {1}83: : - khoi khong duge danh dau boi kv
070 v higu 7 la nhiing tich 101 gidn cia
_ oo v ham logic ban dau. Trong vi du ¢
S B P I O Ly hinh bén, nhing tich 161 gian 12
Hol Y (001x). (OxT 1), (W0a0). (1a0),
“Rhoicp |l - < Khi trong bicu dicn ham ¢é
0 (050 v nhang duli-d, 1dt ca nhitne dinh do
o ' X000 v s¢ duoc su dung nhu nhimg Jinhi-1
I HO1x — va néu san khi thue hién con lai
! 100x v N . oL
) [On0 v mot khor bao phu 13t ¢id cde dinfi of
T 010 v thi khéi dé ¢ the loai bo.
- | Ix00 v Phuong phip Quine-
2 Ox11 : - McCluskey dua wen cac phép lap
ix(H W P . PR )
— 0 e do do cho phép ta co the xay dung
R cic chuong trinh weén mdv tinh
| Kwaicap2 thue hi¢n 161 thi¢u hod cic ham
v x0x0 fogic dot voi nhitng him 6 sa bicn
L INOs ). {Gn.
[hinh 2.7 Phuong phip Quine-MeCluskey. Ngoai nhimg phuong phip néu

tren con nhimg phuong pldp (01
thicu hod e bicu thife logic duwa trén tich 1éng qudt. phuong phip o1 thicu
hod he cde ham logic, cde phuong phip heuristic. Cic phuong phap nay cho
phép giam thot gian 16i thicu hod cdc hium logic phiic tap véi su tro SIp Clid
may tinh.

4. Phuong phap tim cic tich 16i gian thong qua tich két hop

Phuong phdp trye quan cling nhu phuong phip ding bing d¢ im cdc tich



t1 gidn véu cau pha bidu didn ham logic ban ddu bang nhimg kho cap O
Khi 50 bien doe lap cia ham 1ogic tang len. s& lugng cdc khot cap O s& tng
theo 1y 1¢ ham mi. do da dé¢ tim nhiing tich 61 gian theo cde Khoi ¢o cap y
v, trong k¥ thuat thuong dp dung cie phuong phip dai 56, Sau day chung ta
nehién cuu phumlﬂ phidp 161 thi¢u hod dua trén tinh in cic khoi. Phuong
phdp nay {éng quit hod phuong phip Quine- McCluskey.

Pinh nghia tich ket hop: Tich ket hop ¢; cta hai khoi ¢, 5 1d khéi ¢o
citp cuc dai thoa mén:

Ve, Yo Vie, YU Ve ), Vi )= Ve, Viec )= V()

DE ¢6 thé nhan duge tich ket hop ta thuce hi¢n cic phép tinh theo hinh 2.8
déi véi nhitng hing gid ui cung 1én clia cic khoi. Cie ket gud s duoe the
hién nhar sauw:

- N&u trong két qua cta cie thao tic dé ky hicu y xua hien trong ha

hang hodc nhicu hon thi khong tén tai tich ket hop. Trong trudng hop

nay hai dinh biat k¥ (uong g

| Hing IR Hang “ld“lCUdfa i nim trong VO ¢, ) vie V¢, )
gla trl | ‘ khong cé chung canh trong Kho
e ":_l_ S ] it chiéu.

},_

L —

{I*_Lf_ Y _i. 2

P Q__ '—11— Ti‘{ - Néu v khong xuit hien

dién dé ¢o nghia 12 ¢ mot khot
. < che phu khoi kia va khong phii i

1 X Hang e e .
| ‘ Lo tich ta1 eian. Trone truony hop v
! gl trl L ey
‘ ! | cla ¢, xudt hicn ding el mot v i neu

thay v boi v ta nhan duge mot
kil thoa man cde dicun Kicn cua
dinh nghia tich két hop. Do khol
nhan duge chia y nén khoi dé thoa min didu kien: Vi ey £ Vg ).

1Tinh 2.8 Céc phép todn Gm tich ket hop.

Vic, ) # V{ ¢, % ngoai ra do k&t quat cua phép todn gite v v 1 octing
nhu gidia v va (] bing ! viL 0 tong g, khot nhin duoe thod min dicu
kicn V( ¢,y Vg, ) v V¢, ). Theo ket qua cta cide thao tdc, Ta nhan
duoc khéi ¢d bac cuc dai.

Vice tim cie tich 161 gian trong tap hop bit k¥ ¢de khot € ¢o the dicn ra

theo so do saut
- Loa bd khéi ¢, ra khoi dp hop C ncu V(¢ ) © Vi ¢,
c.ce C.

L
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- Thue hién tim tich k&t hop doi véi ¢, ¢, € € va hgp vao €
trong trudng hop cho phép

Thu tuc nay duge thuc hién cho dén khi ta khong the them vao tap € cic
khéi méi. Do thit tuc nay bao him cd thi tue hop cic Khos lién ke dd dugic
mé ta & phén trén, ket qua ta nhan duge céc tich o1 glan.

Tém tai trong chuong hai, ching ta dd nghicn ciu co so logic dé xay
dung cic mach s6. Co ¢ nay bao eom dai 86 chuyén mach - dai so Bool,
bi¢u dién cdc ham logic biang cac dang chuan tic va cde phuofn phip toi
thidu hod cic bidu thiic 1ogic. Nhiing vin dé nily nam trong nén 1ang ¢o hin
cua k¥ thuat thiét ke cic mach logic.

Lad
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CHUONG Ill. CO SO CUA THIET KE LOGIC

Cic mach tich hop xit Iv cie thong tin duge bicu dien trong hé nhi phan.
Khi xdy dung mach, cic phép todan thudng duge bi¢u dién qua cdc ham
logic, do d& biéu dién cdc ham logic trong ¢de mach tich hop bang nbiing
phuong tién dac thit [a co sd cia thi€t ke 1ogic. Thong thudng, cdc him 1ogic
c6 thé thue hicn dudi dang cdc mach 6 hop, nhung trong phan [én cdc
trudng hop cde macl ¢ do tich hop cao thue hign nhiing chiic nang lap
theo thoi gian. D& luu ti cde ket qua trung gian cha cic phép todn va thue
hién qua trinh lap theo thoi gian cde chic ning t6 hop duge thue hién trén
nhiing mach thao tac tdn ty. Co sé thiét ke cdc mach tic dong tudn fr dua la
mo hinh cdc otdmat hiru han. T'rong chuong nay ching ta s& nghién ciliu vin
dé thi¢t k& cic mach 16 hop v thict k& cic mach tde dong tuan tu.

§3.1. Dac diém cua qué trinh thiét k¢ mach mady tinh

Trong chuong nay ching ta ngién ctiu cic phuong phap thi¢t ke cic hho
chiic ning cta cdc thidt bi tinh toin. Cdc thi¢t bi tinh todn nay thuc hicn cic
vi thao tde dai voi cac tin hiéu tic déng. Cic vi thao tic tuong tng var thang
trit ty thip nhat trong thang phan cap cde phuong phdp bicu dién cic hict bi
tinh todn.

Cilu tric cla cde khoi ¢hiie nang phdc tap hon cdu tric cta cde phan o
lagic. Do d6 viée nghién cdu cdc hoat dong ¢l ¢ic Khéi d6 tren co 86 mach
dién tir néi chung khong thé thye hién duge. Trong K§ thudt thi¢t k&, ngudi ta
nghién ctiu hoat dong cha cie khéi chie niang mot cach gan ddang ma khong
can thi¢t phai tim hicu cde so dé mach dién trong trudng hop khoi 1d nhing
citu trie logic. Cic ciu tric logic ndy duge xay dung tir nhitng phin wr logic
Iy tuong.

1. Dinh gia thoi gian tré trong cic mach logic

Trong qui tiinh thi¢t k& cdc thi€t bi tinh todn, nha thiét ké khong chi
quan tam dén chite nang thue hi¢n céc phép todn logic ctia mach ma con cin

(]
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thict tinh d¢ ¢ca thol gian tré cha tin hicu khi di qua cdc phan tr logic va cic
doan mach. Thai gian 1r¢ ndy anh hudng 16n dén hoat dong cla mach trong
thue t&. Do dé vice mo ta va xu 1y cde gid trl thoi gian tre trong cde thict bi
tinh toan dong vay tro quan trong.

Trong mé hinh don gian nhat va phé bién nhat cha cic phin t logic.
m@t thudc tinh coa thot gian truyén tin higu qua mach 1a théi gian ¢ thudn
tuy ¢, . Trong truong hop nity, thii gisn ¢ cha mach gém cic phin 1 chiic
ning mac noi UEp s¢ hing tong cie thoi gian té ¢ha cdc phin W chiic nang
vil thot glan ¢ cda cdc phin w lien k&t Thong thudng thoi gian wé rong
cic phan tu 1 nbiing dai lugng ngau nhién, do dé vige tinh dén cdc gid (ri
thai gian e phadd st dung cidc phuong phip thong ké.

Thong thutug cac nha san xudt dua ra gid i cuc dai cla thoi gian 1rd.
Doi khi de cung cidp day di thong tin hon vé thoi gian té, ngudi ta ¢6 thé
dua ra gid t cue dal v nhimg gid tri tiéu bicu, Mot cach diy du hon 1a ¢6
the cung ¢ip gid ti cue dai v cue tidu cda thoi gian (eé. Trong nhitng trudng
hop can do chimh xde cao nguoi ta can phal cung cap nhing dac tinh thong
ke cha thon gian (ré nhu k¥ vong todn hoc E, phuong sai 67 vit mo ta su phu
thuoe cla thdi gian tré vio nhig dicu kién mol truéng bén ngoiai nhu nhict
do. do am. do din dicn, ...

Ncu chi bidt gid tr1 cue dai cha thoi gian e, doi véi mot mach truyen 1in
hicu bit kv, ta ¢hi ¢6 thé khang dinh ducce ring tin hicu khi di qua mach s&
bi tré khong lon hon 16ng cdc gid tri cuc dai clia thot gian & T d6 mot he
guit quan trong nay sinh la ching i &hidng oo kid nang so sanfe thot gian fan
truxen tin hicw gua cac doan mach Kide nhan. Trong moi dean mach gia tri
thoi gian ¢ ¢6 the nho wy y.

Ncu chiing 1 biét gid i cue dai v cuc ticu cua thoi gian ¢, khi d6
trong moi doan mach ta ¢6 the xac dinh gid wi cue dai v cuc ticu cia thoi
alan ué. Trong truomg hop ndy, ta ¢é the so sanh duge cdce thoi gian td
nhung K& qua ¢6 the xac dinh hodc khong xde dinh. Di¢u dé phu thuoe vio
cide tham s6 thot gian tré cua cde phan tr va s lugng cdc phin 1 trong doan
mach. .

Trong nhing truong hop gid han di bict, thdi gian ¢ thuong duge xédc
diuh bang cdch tinh dén nhig kha nang xdu nhdl wrong qud 1rinh truyén tin
hiel. Cach tinh nay dua trén gid thict nbhu sau: thai gian t1¢ cua tin hicu khi
di qua cac phan wr ¢6 thé duge xdc dinh théng qua nhiing g ngai khi dam
bio nhiing che do lam vice xic dinh cua phan o, Vaéi ché do lam viée |y
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tuong. thot gian teé ¢6 thé col nhu gin bang khong. Khi khong the dam bao
duoc ché do lam vice ¥ tudng do anh hudng (ir ben ngodi. thoi gian ¢ cua
tin hicu s& tang len. Trong trudng hop don gian nhat khi tin hi¢u khong bi
phin t{ Jam méo. thai gian 1 lan truyén ¢o thé duge cot la do léch pha cua
{in hiéu ra tuong tng véi tin higu vio. N6 chung phuong phap nay chi tinh
dén nhiing trudng hop ¢6 kha ning xdy ra nho nhat trong mach. Cac dicu
kien rang budc ¢é thé duge xice dinh nh sau,

Ta xét hai dudng truyén tin hicu, mot dudng chita N, phan t, duong tha
hai chita N, phan . Gia thiét rang Ny > N D61 vl nhiing much 10¢ do cao.
ta ¢én phii tinh dén théi gian ué cla ca nhimg mach lién ket Tong thoi gian
tré trong nhiing mach lién ket duoe ky hiéu 1a 1, vt s& duge tinh gop viu thoi
sgian tré et phan .

Thoi gian tré 161 thicu trén dudng tin hi¢u chia N) nhém phin wrs¢ bang

tmin™= Nl Limin:

Thoi gian tré 161 da trén dudng tin hiéu chida Ny nhém phan tl s¢ bing:

toma™ N\ td_m;n

Trong qua trinh thiét k€ ta ¢in thod man dicu Kicn 4 = 1 hay fa

N],f{l NS = Ldman / Lymum-

Nhie vay, néu he thic trén thod min thi trong truong hop xau nhat iin
hi¢u truyén theo dutmng ¢é it phan tir s& nhanh hon theo dutng chida nhicu
philn tu.

N¢u tinh dén nhimg dic tinh théng k& cha thai gian tré ching a ¢d the
¢4 nhiing danh gid chinh xdc hon vé thoi gian tré ctia tin hi¢u khi di qua cidce
phin 1t so véi phuong phiap ddnh gid theo kha nang xdu nhat.

Gia thiét rang. cic gid tri thdi gian tre {a cde dal luong ngau nhicn doc
¥ap vi ¢é phan bé xic suat gan voi dang phan bo Gauss. Gia thict nay duge
dua trén co s0 cic nghién ctiu dac tinh cha cdc phin W logic.

Véi nhiing diéu kien do, thoi gian ué trong mot doan mach gom ciic
phan tir mac néi ticp s& duge coi la dui luong ngdu nhién ¢d phin bo xdce sull
dang Gauss véi k¥ vong toin hoc E vi phuong sai o7 1 10ng ciia cdc ky vong
todn hoc E, vi téng cila cde phuong sai ¢ cda phian bé xdc sudl cla cic
phan tu thanh phan. Khi do hi¢u A cta thi gian tré tién dovn me . ¢6 nhiéu
phan tr véi thot gian ¢ trén doan mach <20 i phan 1 hon cang i dat luong
ngdu nhién ¢6 phin bé xdc sudt dang Go -+ vt k¥ vong todn hov E bang:

E{A) - L) -

()
~1



trong d6 E( 1 va E( ) 1a k¥ vong. todn hoc cla thoi gian tré trén doan
mach L. vir St vis phuong sai
DAY = Dt ) — (L)

trong do DL )y v D(1) Ia phuong sai cta thoi gian t¢ trén doan mach Lvias.

D& trdnh xupng dot thi tin hicu trén duong ¢6 nhidu phéan o phai dén
cham hon tin hiéu teén duding co it phin to hon mot khoing than gian lon
hon hoac bang 1.

Xic suat dé dicu kicn nay bi phi vd ¢6 thé duge xdce dinh nhur sau: ta Xdc
dinh day lugng:

E(A)-1,
o= —.
o (A)
trong do. () = D(A)

Xice suat didu kicn tranh xung dot bi phi v 1 xie sudl cua tuong hep dad
luong ( A - 1, ) lech khéi E(AY mot doan bang # do Lech quy chuin. V& oid
tri 1 > 3, xdc sudt ndy duge tinh gan ding theo cong thice:

P {exp[— w 2]}/ 27

Khi xde dijnh gid i thai gian rd, ta cdn phai tinh dén anh hudng cua
phict do. et i, ... 1en hoat dong cua phin .

Céc tinh todn néu trén rong trudng hop thoy gian (¢ 1a dw lugng ngau
nhien duoc st dung cho trudng hop mach duge xay dung t nhing phin
ricng biét. Khi mach duge tao mot cich déng nhat wén mot tinh thé, su 1an
inan wiong déi cda thoi gian 1ré giam di do sy tuong quan g aiffa cidc phan tu
mach. thai gian iré (v nén gan nhu tat dinh.

2. Cac mach to hop va cde mach tuan ty

Su phén chia cidc mach & thanh cde mach té hop viu cdc mach tuan tu
XUAL plit tir cde diémkhic bidt co ban gidia cdc dac tinh cua chuing.

Céc bicn diu ra chia cac mach 18 hop chi phy thude vao cic tdc dong vao
mach tai thai diém hién tai.

Cic mach tuan tu tinh todn cde gid tri ra duya vao cic gid tri ditu vao
khong chi tai tho diém hién tai ma con phu thude ca vao nhimg trang thii
clia mach tinh tir thdi didm dang xét g ve trude. Cic trang thal cta mach



tuin tu duoc Leu trit vio cde phin r nhé trong thinh phin cua wiec Trang
thiii clia mach tai mot thai diém 1a hium s6 clo cde trang it cua much va
cdc gia tii din vio tai cde thoi diem trude ¢o. Nhu vay mach tuan tw bicn
doi mot chudi cac gid i cta cde tin hicu viw thanh chudr cide gid tn cua tn
hieu ra. Cde mach tuin  duge cau o boi hai phin: cde bo phan nhd de luu
trit cde trang thdi coa mach: va mach 10 hop dung de dhdu Khicn cdae phan
nh¢ va hinh thach cde gid tey tin hidu ra.

Trong ky thuit tinh todn. cac mach 16 hop {ia cac mach ma hod, el md,
bo so sdnh tin hi¢u. bo cong. Cic mach twdn o la cde ngo. cde mach nho,
thanh ghi. by dém. ... Cic phuong phap tong hop viv phan tich cac mach 10
hop don gian hon so véi mach tudn .

Trong quii trinh thict k&, cdac mach 56 thudng dugc hicu dicén bing nhicu
phuong phap, vi du nhu bang cic bang, ma ran. do thi hie bane cice otomat.
Tin hicu vio Tin hicu ra Tuy thude vao Kich thude v do

———— Machd ———» phite tap coa mach mi chiting ta

hop lua chon phuong phap thich
- . hop. Mot cich 1ong quit, ca
Vang phian hot '

i mach 10 hap lan mach tuan o

L T\"IE.\C‘h « cé 1he duoe bicu dicn bang cide

nho atontat. Cie otomat ¢6 the duo

bicu dién hing 50 do ket hop

Iinh 3.1 Bicu dien much s0 bing atomat. gifia mach nhid v mach 1o hop.

Mach nhé dung d& luu i trang thdi con mach 16 hop diing dé tinh cdc trang
thdi méi va cde tin hicu ra mai dua vio tin hicu dau
vilo, cde trang thdi cii. Vidu, mot mach td hop bat kv
¢6 thé duge bidu didn bang mdt otomat ¢d hai (rang
thai 17 va ‘077 tin hicu dau ra duge xde dinh theo
trang thdi coa otomat: ham chuyén trang thdi vio

trang thdi ‘17 chinl 1a ham logic hicu dién chic nang
Hinh 3.2 S0 d6 otonut mach: tir trang 1hdi *1” h¢ théng chuycn vé trang this
bicu dien mach (6 hop. ‘0 bing tin hiéu xic dinh bang ham dao cua haum
chdc nang.



§3.2. Cac phén ta logic co ban

Trong qué trinh thiét k& cdc mach tich hop ¢ mét 56 phan o logic cg
ban duoc st dung phé bien. Viée thue hién cic phin tr logic nay phu thuoc
viio cong nghé san xudt linh Ki¢n di¢n 1o nhu cong nghé transistor CMOS,
cong nghé transistor truong, TEL, TTLS, ..v.v. Cic phin tir logic ¢ ban
a6m phan o AND, OR, NOT. XOR. NOR. NAND, negoai ra trong nhiéu
tremg hop phan tr déng ngdt clng duge coi la phén ur co ban. Trén hinh 3.1
duz ra k¥ hiéu cde phin tr co bin véi hai dau vao.

3 | 7— X& Y

. L~ AN Y
y Nand
X - %

Ilinh 3.3 Cic phin
5 Y Ss - e logic ¢o bin.
T G (5% =5
G

X. 0 cde diu tin lnéw vao, z: dau tin hieu ra, G
duromg tin hicu dicu khien, S, 8. cde tin hicu.

Trén quan didm vé khi nang xay dung cdc ham logic bat ky, mot s6 phan
(Ut ¢o bin hop thanh hé ddy di. Diéu dd cé nghia Ja véi cdc ham co ban tham

Hinh 3.4 Xay dung phan nr OR bang cdc phian wr NO'T vi AND.

uia vio he diy du. ta c6 thé xdy dung moi ham logic. Ta ¢6 hé cic phan it
AND, OR, NOT tao thanh mot he day du vi ta ¢6 the xay dung moi ham
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logic theo cic dang chudn tac tuyén hodc hoi véi sy tham gia cua cidc phan
tr noi trén. Dudi day ta xét mot s6 hé day dil cic phan tir logic co ban.
e Hé phiép todn bao gém cdc phan tir NOT va AND.

Ta nhin thay phép todn OR ¢6 thé duge bi¢u dién nhu sau qua NOT-
AND:

I=SXVY=XAY {3.1)

Do d6 hé him gém cdc phin tdr NOT vit AND tao thanh mot he day du.

e Heé phép todn bao gom cic phian tad NOT v OR.
Ta ¢6 phép todn AND ¢6 thé duge xdy dung trén co s cta phép todn
NOT va OR theo h¢ thite dudi diy. Do dd hé ham bao gdm phan tit NOT
vl OR ciing tao thiinh hé day du.

I=XAVY=XVY {(3.2)

DD

Hinh 3.5 Xay dung phan tr NOR/NAND tweén co so phan ur NAND/NOR.

» Hé NAND va NOR:

S

Trong k¥ thudt thiét k& cdc mach 88, cdc phan tir trong hé NOT-AND
{ NOT-OR ) dugc k&t hop lai thanh phan (0 NAND ( NOR ). Teén hinh 3.5

\‘;Km_a._l:‘: X
— X E X

Hinh 3.6 Xav dung phin tr NOT wong hé NAND/NOR,
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la co s¢ xay dung ohan (v NOR (NAND) trong hé phan 1t NAND ( NOR ).
Ta nhan thity, trong hé phan tr NAND, ciing giéng nhu trong hé phan e
NOR, phin to NOT ¢6 thé nhan duge mot cdach don eiin tir phan t NAND
hodac NOR nhu trong hinh 3.6. Cic phan tir AND vii OR ciing dé dang nhan
duge tir cic phan 1 NAND va NOR qua cic hé thic logic don gian sau:

- Trong hé phan 10 NAND.

XAY=XAY (3.3)

XVy=FAD (3.4)
- Trong h¢ phan (0 NOR.

XAY= \\_.f; (3.5

.\'vy:._\"vy (3.6)

Nhu vy hé phép toan chi ¢ mét phan td NAND hoac mot phan tr NOR 1a
mot hé day da.
e Phin tir ddng ngat.

Vé& khia cynh logic phan & nay ta phén (0 truyén tin hicu. Phin wr déng

s, . . ngit thuc hiéq chic _Jna‘mg nhu mét role. Néu
trén dudng dieu khién G tin hiéu nhan gid tri

G ‘I’, khi dé khoda déng va tin hiéu S, dugc

Hinh 3.7 Phin ur déng ngar. truyven tdi dudng S,. NEu gid i tin hicu G

bang ‘0. khod md va tin hiéu khong truyén qua dutmg S,S,. Do phan & nay
c6 chiic ning nhu mot mach déng ngit, nhu da chi ra trong muc 2.1 cua
chuong 2, ta ¢6 the xay dung cde ham 16gic chi tir cic mach déng ngat.
Trong trudng hop ndy ta cin ¢é dudng tin hicu 1 di doi véi dudng tin hiéu
cua bicn X, do dé nhitng mach 16gic duoe xay dung ti nhimg phin tir dong
ngil thudng dugc goi 1a mach logic hai duemg. Trong nhing mach nav cac
duong tin hiéu thuong xuat hién theo cip v va v, Trong cong nghé ¢he tao
nhting mach ¢6 do tich hop siéu 1on VLSI. nhiing mach mot duding thudng
durge st dung. Khi dé gid i X duge 1ao ra bing phan & NOT. Do dé ta ¢6
thé néi ring cdc phin (& dong ngdt va phan td NOT tao thainh mot hé day da
cac phép todn.
e Phan o XOR, .

Phan to XOR thue hién phép todn loai trir 1ogic. Phan tr niy ding ri¢ng
bi¢t khong thé tae thanh hé ddy du cia cic phép tedn logic. Trong muc 2.2
cua chuong 2 ching ta da thdy mot ham [ogic 6 the duoe tao thanh tir cic
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phép toin AND va XOR. Nhu vay hé cdc phép toan AND vit XOR tgo thanh
hé ddy da cua cic phép todn. Phan tir NOT ¢6é thé duoc tao thanh tir phan

N . . ;
xBy XDy
—

Hinh 3.8 Xay dung phin i XOR tir cdc phan tr NAND.
XOR bing cich cho mot dudng tin hi¢u luén nhan gid trl 17, Phan wr XOR
duge xay dung nhu sau trén céc phan tir NAND.

Ngodi cic phin tir logic hai dau vao neu tren, trong cong ngh¢ con su
dung nhitng phan tr ¢6 nhic¢u hon hai diu vao. Cic phin 1 ¢ nhi¢u diu vao
¢é thé dugc bidu dién nhwr ghép ndi nhicu 16p cde phan tr logic ¢6 56 luong
diu vio i1 hon hodc nhu mot phan tir duy nhat. Cic phuong phap xdy dung
cdc mach dé duge lua chon dua vao cde tiéu chudn 161 uu vé dién tich tinh
thé ban din ca mach, nang lugng mi mach tiéu thu vi thoi gian tré truyén
cua tin hi¢u khi di qua mach.

§3.3. Thiét ké cic mach 16 hop
1. Tong hop mach theo bicu thdc logic

Thong thuting cdc ham logic duge bidu dién bing nhimg bicu thic logic
chita nhitng phép toan AND, OR va XOR, NOT. Nhing biéu thiic dé ¢6 the
duoe thuc hién thinh mach thong qua nhimg phan tir logic ¢o 0.

Bieu thic c6 thé duge phan tich dudi dang cic cay tinh todn wwong lng
v6i cic diu ngoac v mifc dg uu tién clia cdc phép Lodn. Diéu nay co the dat

_duge néu ta dp dung phuong phdp phan tich biéu thic todn hoc bang cdch
vict Balan va bo cde ddu ngoac. Sau d6 dua vao cich viél Balan cla bicu
thiic ta xay dung cay bidu dién viéc tinh todn biéu thic. Dua vao cay tinh
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todn ta xay dung so dé mach bing cich thay thé méi bién bang mat dudng
tin hi¢u, thay thd médi phép todn bing mot phan ti 10gic ¢o ban. Sau dé ta
xdy dung mach theo cdc hé diay di duge trinh bay trong phin trude. Mot
phin tr co ban duge thay the bang so dé tuong duong trong he diy du duge
lua chon va gidn udc mach bang nhitng phép bi¢n déi logic, vi du nhur hai
. , 2 . i g phcp £ :
phan tit NOT mac noi ticp ¢6 thé loai bo.

Ta hiy xét mét vi du thiét k¢ mach thuc hien biéu thic
logic: f = (\‘ PZYDw,

Bicu Ierc nay duge viet dudi dang cdch vict Balan nhu  sau:
1 =wxz -+ @ . Céac bude phan tich dugce thue hién lan luot cho dén

khi nhan duge moét ciay hoan chinh, véi cde niit trong lia cdc phép 1odn va cic
nit 1a 1 cice bién .
Trong vi du trén : ta s€ cd cdc bude xay dung cay nhu sau:

v

o — —
— 9
(x+y. 7)

— a

thike j = (x + y.:) D .

Theo cay biéu dién trén ta ¢6 theé xay dung so dd bicu dién mach theo
ciac phép toin co s¢: XOR, AND, OR va NOT.
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ITinh 3.10 Nay dung so dé mach theo cay bigu dién 1y cic phan
w AND. OR., XOR, NOT. ,
bie xay dung so dd trén cde phin (0 co so NAND vi NOT hoic NOR va
NOT thi ta s¢ xay dung cie phan ur AND, OR. XOR tir ¢ic phén ti cha he
day du ten:

Hinh 3.11a Bicu dién tuong duong clia cic phan tir AND. OR.
XOK trong hé diy da NAND.

X
. - —— ARES)
¥ E

Iinh 311D Bicu dién twong duong cia phin it XOR trong he day di NAND.

T

Sau khi dp dung cdc bigu dién tuong duong ciia cdc phan i logic 1rong
cac he day du khde nhau, ta nhan duge so dé sau:

S
[ 4]



=D

W

Minh 3.12 So dé mach thire hign bidu thic f = (X + 1:_} @ w trén hée NAND v NOT.

Néu phin tir XOR tham gia vio trong thi¢t ke, ta ¢o thé st dung cde hé
thic twong ducng teén hinh 3.11. Cdc he thic nidy duge suy ra truc HEp

he

1inh 3.13 Cic so dé ong duong cta phép loai wir idgic XOR,

Piéu do ¢6 nghia i todn tr NOT trong biéu thiic cta tong XOR ¢6 th¢ nim
G moi v i

Tém lai phuong phip xay dung mach fruc ti€p (I ¢ic bicu thic 1ogic nlw
di néu trén 13 phuong phdp don gidan. VGi phuong phip nay ta cé the xin
dung duge moi ham logic voi nhimg do phic tap khac nhau. Phuong phap
nav ¢d mot nhuge diém 16n lién quan 161 thoi gian e cta tin hicu di qua
mach viL 4o di cle tin hiéu. Tir vi dy trén ta thay, dol voi cide diu vio X, y. z,
w. ¢dc tin hiéu tic dong phai ¢é do dai khac nhau. bicu dd la do ciu tric
phan tang cta mach. Tin hicu = dé di ra duge ddu va f phai di qua bay phin
tr, trong khi d6 tin hi¢u w chi cdn di qua ba phin tu. Nhu vay ta phial tinh
todn d6 dai cac tin hicu tde dong va thoi diém tic dong sao cho nhan dugce
gid (ri ditng o daura f.

2. Thuc hi¢n ciac mach hai ting
Ta ¢6 thé mé rong phuong phap trén v dua trén co so cie phan W cé
nhidu dau vio, ta c6 thé xay dung cde so do dudi dang chinh tic: AND-OR.

OR-AND. AND XOR. Trong cdc phuong phip thigt k¢ cide mach hai tang
frén oo 56 cde phan it AND-OR vt OR-AND. bén canh bi¢n x; ta can thém
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cic gid tri cua ;. Khi d6 cau trie mach g thinh ba ting do st dung them
phin tr NOT dé tao nén phin 1 bu.

Phuong phdp xiy dung mach truc UCp 1ir cide dang chudn tic duoe mo 1
trong phin trude tén thye & khong cé hi¢u qua. Trong 1rudmg hop bicu didn
ham logic dudi dang 10ng cic tich [6gic, ruodng hop Xdu nhat ta can (20 - 1)
tich cyc ticu v khi dé cin ¢ 2" — | ) phan tr AND v&i 2 diu vio vi maol
phan t& OR w6t (2" - | ) diu vao. Trong trudng hop tham gia x, va v, khi do
can them nhidu nhit L phan tr NO'T trong truong hop xay dung mach mot
duong. '

Neu tich cue ticu cta # bica thuc hién nhue & phan trude. khi do cdn tong
cong ( n— 1) phin wr AND véi hai dau vao hoic mot phan wr AND vai g
dau vivo. Tuong twe mat phin 10 OR véi m diu vio c6 the thay boi (m - 1)
phian tr OR vé1 hai dau vio. Khi xay dung mach cdce phan w logic ¢6 # dau
vao can ahicu dien tich teén tinly the ban din hon khi Xy dung trén nhimg
phan wr ¢6 hai diu vio. Do dé gid thanh clia mach cing phu thuoe vio s
luong dau vio cia cde phin tir [6gic.

oI val vice thigt k€ cic mach 16 hop st dung s dod hai ting tiong qua
cde phan wr AND va OR. di¢u quan trong 12 giam duge s6 lugng cie phin o
AND v OR. Bén canh vige giam so fugng cdc phan tie, mot dicu quan trong
& gtam s6 lwong dau vio cta cde phan (i do.

Ta o dp hop cie khoi 6 gid thanh nho nhat cho ta s dé hat tng ¢é
g1a tliinh nhd nhit wen co sd AND-OR.

Chiing 1a hily xét mot vi du: ta thiét ké mach thue hicn ham

f=V(0.1.2,57.8.10.15)

Sau Khi (61 thiéu héa, ta co:

J = 1{x0x0, 0x01, 111x. 01x1}

So do thidt k¢ mach thure hién ham S duge dua ra wrén hinh 3.12 theo hai
thict k& thict ke theo dang chuin tic tuyén truc tiép viu thict k¢ sau khi 6i
thi¢u hod. Ta nhan thay (hi¢t ke true £icp phic tap hon thidt k¢ sau khi da 16
thicu hod ¢ v¢ 56 luong cdc kel ndi. ci vé s6 lugng dau vio cha cic phan
logic.

Khi ta 101 thicu hod cdc ham logic, trong 8O cta @p hop cde khoi dudic
xie dinh bang dai luong don dicu tang theo 56 vi i bicn trong Khoi neoai
trur vi Ui chiia x - e 1accide viud cta khot s chidu (1 —m ), vaso lugng cic
khoi tham gia vao tap hop. Tir tap hop khéi nay ta ¢6 thé dua ra truc 1iép bicu
thire Jogic dudi dang chudn tic tuyén, Méi khoi tuong Gng véi mot tich logic
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vi ¢6 thé duge xay dung trén phin tr AND ¢6 7 — m2 ddu vio. Bién v, tuong
(ng v6i gid tri *17 trong khéi € noi trye tiép voi phan 10 AND con bién v,
twong tng véi gid tri ‘07 s€ nai voi phan 1 logic AND qua phan tr NOT. Khi
ta xay dung biéu thic logic dudi dang chudn tic tuyén, mach duoc thiel ke
sé ¢6 dang AND-OR. S6 Jugng diu vao cda phén tr OR s& bing so luong
cdc khoi tham gia vio tap hop khoi n6i trén. T d6 suy ra khi ta thiet ke
mach t6 hop theo ciac mach hai tang AND-OR. tdp hop khoi €6 trong sO nho
nhdt & tuong ttng v6i mach ¢6 gid thanh thue hién nho nhat.

h -\...... -

Hinh 3.14a So sanh hai thiét k€ hiun fwrén mach AND-OR. Trong hinh a,
thigl k¢ theo dang chudn tac.

b

] =

Hinh 3.141 So sdanh hai thigl ke ham fuén mach AND-OR. Trong hinl b, mach
duge thidt ké vai gid thanh nho nhat.
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Khi ta biéu dién bidu thic logic dudi dang chudn tae hoi, s d6 s& duge
thue hién dudi dang cdc phan wr OR-AND. Gitra cac so do dang AND-OR
vt OR-AND ¢6 su chuyén 1i¢p vé cic dang NAND va NOR nhu 11u1 hinh

3.15. Dicu do duge suy ra true tép ti dinh 1y de Morgan: f+f, = [ 1,

Hinh 3.15 a. Su wiong duong gilia mach AND-OR v NAND.
b. Sy twong duong gitra mach OR-AND vt NOR.

Trong phan nay ta khong guan tam 101 viin dé gidi han s0 bhugng diu vio
ctia cic phan wr co ban ( gidi han theo cic nhinh di vio diu vio y va gidi han
theo tai dat vao diu ra { $6 luong r¢ nhanh & ddu ra ) cha ching. Bién phip
thong thuong dé foai bd cde gidi han nay la ting 6 luogng cde phan tr logic
vi ting s6 lugng cic 16p phin .

3. Thue hién mach t hop tren co sé cic PLA/ROM

Ma tean ogic 1ap wrinh la céc Khol phan 1 vi mo duge su dung de thiét
k¢ nhimng mach LSI, VLSI theo cau tric ciic mach hai tang. Cic PLA bao
g6m ma train AND vima ran OR duge méc noi ticp. Ma tran tht nhat la ma
tran AND, ma tran tha hai lh ma tran OR. Tix muc trude ta thly rang ciu trie
hai ting AND - OR tuong duong voi cau tric hai tang cua cic phan
NAND. Theo nguyen 1y ddi ngau, cdu trde do cling fuong, duong va cau trace
hai ting NOR — NOR. Do do trong k¥ thuat thi¢t k€ cdc cau tric hai tang
NAND-NAND va NOR-NOR dugc si dung rong rai.
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Hinh 3.16 PLA theo cau tric AND-OR.

Nhu (a thay cdc PLA thuc hién hé cdc bam logic. Ta ¢é hé théng céc
ham logic ¢6 the ¢6 duge biéu dién duéi dang tap hop cdc khéi duge ddnh
dau. Néu tap hop T cdc khoi duge dénh diu [a cho trude thi vice lap trinh
cho PLA trd nén don gian hon.

Trén hinh 3.15 gi6i thiéu so do thue hieén ma tran AND. Ma train AND
dugc tao bdi nhing tuyén dir liéu sap x&p theo nhiing dudng thang diing va
nhiing dudng ngang. Cic tuyén dif liu vio dat thang ding the hién cde dau
vao. Thong thuong trong thict ké hai dutmg, ta ¢4 n dau vio danh cho v, va i
dau cho r_, . Con trong thict ké mot dudng ta chi ¢é n dudng dit lieu vio cho

X, cdc gid ti dio cla X, x, duge tao
ra bai 16p cice phian wr NOT. Cic diu
ra cta ma trdn AND s€ 1a céc ddu
vao cho ma tran OR va duge sap xép
nam ngang.
PLA dugc lap triinh biing cdch dua ra
cde diém ndi vao giao diém cta cic
.- dudng. Mai ddu ra ¢ctia ma trin AND
_/| _leél thé hi¢n mot tich 16gic, Nhu vay sir
xn

M N

CX, x|2 X, X dung PLA ta ¢6 thé xay dL_m_Jg cic
mach logic tir cac dang chuan tac
tuyén hodc hoi mot cich don gidn.
D¢ giam do phic tap ctia thict k€ trong cong nghé thutng st dung cdc
phuong phap t6i thiéu hod hé cdc ham logic.
Trong vi du ¢ hinh bén, cdc tuyén dir liéu ra s€ tuong dng véi cac bicu
thitc hoi sau:

Hinh 3.17 So dé ma tran AND clia PLA.
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Ma tran OR dugc lap trinh tuong ty nhu ma ran AND.

Dién tich ma PLA chi¢m trong mach VLSI ty 1¢ voi gid tr 2n + m A,
trong dé n: 80 du vio, [ — s cdc tich logic trong dang chudn tac tuyen, # —
s6 luong cdc dau ra. Cdc gid trl # va m dic trung cho h¢ ham logic di cho,
con [ xdc dinh s6 tuong cic phin tlr trong tap hop cdc khoi duge danh diu &
st dung.

Mot phan tir hay duoc st dyng cbia cdu triic VLSI va cing cho phép lap
trinh dugc nhu PLA 13 ROM. ROM khic PLA & chd ROM la cau tric cho
phép lap trinh cdc gid tri 1 va 0 doi véi cde tich cuce tiéu mot cach wy ¥. Co #
diu vio, mach ROM vé co bin khong khdc PLA voi 27 tuyén dif liéu cua cic
tich fogic. Nhuge diém chinh ciia ROM so vdi PLA 1a ROM ¢6 hi¢u Sudt sir
dung dién tich tinh thé thap. Piém dic biét cha ROM i khi nang 1ap tinh
tuong tGng vdi tap hop V() hodc bing chan ly. So véi PLA, ROM c6 do
mém déo cao hon trén quan diém thay doi cdc ham logic trong h¢ ham, do
d6 ROM duoc st dung trong k¥ thudt tinh 104n rong rai hon PLA. Doi khi,
dé thay thé ROM, nguwdi tu ¢6 thé sir dung cic bo nhd truy cap ngau nhién
trong d6 cé ghi sap cic bang chan ly.

§3.4. Nhimg van d¢ khi thiét ké mach t0 hop
1. Nhitng giai doan thiét k¢ mach to hop

Qud trinh thiél k€ mach t6 hop thudng dugc thyce hi¢n theo nhing budc
sau:
~  Khdo st nhiing ddc diém vé chiic nang ciia mach t6 hgp, nhimg lien ket
clia mach véi nhiing mach khdc theo dau vao/dau ra, thiét lap cic quan
hé tuong dng véi cac bién logic.



- Panh gid kich thude clia bai todn va giai quyet vin dé phan chia mach 10
hop thanh cie phan he theo mie do can thiét.
Giai doan nay giai quyét vin dé tiép cin mach td hop céan thict ké theo
t6ng 1thé hoac phan chia thanh cic phan hé. Vice phan chia mach thanh
cic phan hé s& Lun giam do phic tap cda thiel k¢ néu s& luong phan
mach qud 1én. Vi du nhu khi thi¢t k& cdc khoi chire nang XU 1y cde wr
mdy. mot cdch ty nhién nguoi ta phan chia mach thanh nhimg phan
twong ting véi timg hing bit cha tir mdy.

—  Xay dung bing th¢ hién cdc chic nang ctia mach 10 hop.

—  Toi thiéu hoa mach.
Cic bang, bidu dd chiic nang 13 cic ngudn théng tin cho qua trinh toi
thidu hod. O day, ching ta phdi hiéu qud trinh 161 thi¢u hod theo nghia
rong. Diéu do ¢d nghia 14 ching ta 161 uu hod khang ¢hi bigu dién cic
ham 1ogic mi ¢dn i uu hod moi khau trong todn bo qua trinh thyc hién
thict k& haun theo nhitng ti¢u chuén xde dinh.

— Lua chon cdc phan tir logic va bi¢u dién ham logic theo cic hé co sG di

' lua chon. '
Trén giai doan nay. nhimg ham logic di (Gi thidu hoi s& duoe bicu dién
dudi dang chuan 1ac hoi hode chudn vic wyén. Sau dé cic ham logic s¢
dugc bicu dién bing nhiing h¢ diy da NAND va NOR. Cic thict k&
tuong (g s& phu thude vio cdce hé day du duge lua chou.

2. Anh huéng cia thoi gian tré t6i hoat dong coa cic mach to hop

Anh hudng ciiz thui gian ¢ t6i hout dong cua mach ¢6 thé 1am thay doi
hoan toan chifc ning mach. Do véi cac mach 10 hop, thoi gian tré khong chi
tam giam 16¢ do hoat dong cua mach ma con ¢O thé sinh ra nhing gid 1
nhat thoi bi sai & dau ra ctua mach. Dieu d6 s& lam hoat dong cua toan he
thong ¢é thé bi thay doi. Theo thoi gian nhiing gid tri nay s¢ bién mat va ditu
ra cia mach s¢ nhin duge cde gid tr] duoe tinh theo cdc ham logic da thict
ké. Nhung cdc gid tri sal nay rat nguy hiém trong nhimg trudng hop khi
mach 16 hop duge néi véi cic mach nhé ding luu (rlf cic trang thidt cui hé
thong. Khi dé s& xuét hién cdc trang thdi khong dy doin trude va hoat dong
clia todn hé thong ¢6 thé bi sai hoin todn. Nhimg trudng hop nay goi la cdc
rdi ro trong mach.

A
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Trong k¥ thuat thudng phan bi¢t hai lowi rai ro: rui ro tinh va i ro .ong.
~  Rui ro finh xuat hi¢n khi trang thii cua tin hi¢u ra cudi cting Khong thay
dei nhung ¢6 h¢ xudt hién
nhiing thay doi wong khodog
thoi glan ngan. Ching ta xdt
mach thue hién  phép  todan
L z=2xy. Do doi véi limg duding
tin hicu, gid i thoi gian tré ¢d
thé khac nhau. Khi tin hi¢u daiu
vao chuyén trang thai wr 10
sang ‘01" tin hi¢u dau ra cua
““““ ==~ phan w NAND pha khong
thay déi. Trong truong hop trén
hinh 3.18 a), khi tin hiéu o hai
diu v viu v cling bi tré, tin hiéu ddu ra = van khong thay doi gid tri. Trong
khi dé & hinh b) & diu ra cua mach xudt hién gid tri tin hicu z = 07 do
hién tuong tré tin hiéu rén hai dudmg v va y. Gid i nay khong duoe ham
chiic nang ctia mach du dodn va chi xudt hi¢n trong mot khoang than

Ilinh 3.18 Rui ro tinh wong mach NAND.

|
|
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— Mach 1§ hlach

bau hop nhd Dau
. vao ra
1
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Qua trinh qua dd ’

Hinh 3.19 Truéng hgp xuat Hinh 3.20 Loai bo rai ro bing cdc mach nhe.
hién rii ro déng.

A

gian ngan. D6 chinh 1a gid tri rGi ro tinh xudt hién trong phan (0 NAND.

—  Trudng bop thit hai 12 truong hop xudt hi¢n rui « dong. Trong trudng
hop nay qud trinh chuyén tiép dau tién va cudi cung ludn trimg véi qud
trinh chuyén tiép theo thuat todn cda hoat dong mach 16 hop.

DE loai trir kha nang 161 xudt hién do rdi ro. trong cic niwch 16 hop ngudi
ta stt dung déng bo qud trinh nhan thong tin hing céc mach nhé noi vo
dau ra cua mach t8 hop. Thong tin duge nhin vao mach nhd thong qua
tin hiéu déng bo C. Tin hiéu ndy duoc tic dong vao mach nhd suu khi

Tn
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cic qud trinh qua do trong mach 18 hop két thic, Nhu vay céc tin hicu sai
s¢ khong téc dong dén phin tr nhd va do d6 khong xudt hi¢n trén dau ra
cua mach.

§3.5. Thiét k€ cac mach tuén tu

Céc mach tudn tr trong k¥ thuat thuong duge thiét k€ theo cdu trie bao
go6m cac mach té hop lién két voi cac mach nhd. Cic mach 16 hgp s¢ thue
hién céc tinh todn theo cdc ham logic, con cic mach nhé duing dé tuu tril cdc
két qua trung gian. Do dé ta ¢ thé bidu dién hoat dong cia mach theo tho
gian. Trong muc nay ching ta s& khio sat cdc mach nhd v cdc phuong phéap
lien k&t chiing véi cic mach 1o hop thanh cdc mach tudn tu.

1. Nguyén Iy cia cic mach nho

Cac mach 6 hop cho phép thue hién mot 6 mach phic tap, vi du nhu
mach nhan nhanh, nhung doi v61 mot & thao tac xtt 1y dir ligu phic tap hon
yéu cdu ghi nhé cic két qua tinh todn trung gian vi thuc hién nhiing thao tdc
lap tuong Ung véi trinh ty tinh todn. Trong linh vuc xu 1y s0, cde  dur ligu
duoc bieu dién dudi dang nhi phan do dé can thiét nhitng mach cho phép
nhd lai hai trang thai “0° va *1".

Cé hai loai so d6 nhd kinh dién d6 1a cdc mach nhd dong v mach nhd
_tinh. Trong muc niy ta xem xét cic dang mach nhd duge xay dung trén
nhiing phan tir logic don gidn nhat — phan tir NOT. Viéc xdy dung cic phan
(¢ nh¢ déu dua trén cde nguyén Iy chung. Do ia hoac phai xay dung cac
vdng phan héi tin hiéu trong mach aé tu duy b gid ui cua 6 nhd; hoac la
duing thiét bi phu trg dé duy tri gid tri 6 nhd.

Hai nguyén 1y trén dugc minh hoa trén hinh 3.21. Trong hinh a, mach
nhé duge xay dung ti hai phan 1t NOT méc néi tiép vi mot vong phin hoi.
Khi mach & trang thdi 6n dinh dau ra clia hai phan 1 NOT lan lugt 1a 17, °0°
hodc ‘07, €1’ . Nhilng gid tri ddu ra coa cdc phan tit NOT cling véi vong phan

54



hoi ¢é tde dung duy tei trang thii cia phian tir nhd. Nhu vay mach nay ¢6 1dce
dung fuu tiilr cac gia tri dir ligu 17 va *0°. Mach nhé nay goi 1a mach nhé

tinh. Vong phin héi

SW
a) —49—|>w b)

Hinh 3.21 Cic dang mach nhd: a. mach nhd (nh: b, mach nhé dong.,

Trén so 46 b) phan tir khéa SW n6i tiép v6i phian tr NOT. Phan ti nhé
nay luu trit gid tri di liéu clia 6 nhé bang phin tr dién dung ky sinh tai diu
viio clia phan tir 16gic NOT. Khi tin hi¢u diéu khién ¢ = 1, khoa SW dong va
dién dung k¥ sinh tat dau vio phan tir NOT dwgc tich dién. Khi ¢ = 0, khéa
SW ma v dién tich & dau vio phin tir NOT bi ¢6 tap v6i mach ngoai. Do dé
phan ur NOT can phii ¢6 gid tri tré khiang ddu vio cao. O trudng hop niy,
trong san xuat thuong xay dung mach theo cong nghé MOS. Thoi gian luu
trét duge xdc dinh theo thoi gian luu gitr dién tich cda phan tr dién dung diu
vao. Thong thuong thoi gian nay phu thudc vao nhiét do vii ¢6 gid tri trong
khoang tir | giay dén 10™ gidy. Do d6 muén Iwu trir lau dai gid tri cha 6 nhé
c¢dn phai ¢6 nhitng chu ky nap lai dién tich trén phin tir dién cam. Loai phin
tr nhd nay goi la phan tr nhd dong.

Trong ca hai truong hop, dit liéu duge nhé nhu la dién tich trén diu vao
cua phan tir NOT. Nhung dai véi phan tlr nhé tinh dién tich luén dugc nap
lai do dudng tin hi¢u phan hoi. D€ san xuat phdn tir nhé tfinh ngudi ta ¢6 thé
sir dung cong nghé MOS ciing nhu cong nghé mach hai cuc v déi véi phin
it nhd tinh khong ¢6 gidi han vé thoi gian nhd.

2. Cic so do thanh ghi va trigo

So d6 nhé dong cho phép luu i trye tiép mot bit thong tin. DE ¢6.thé
ghi nhé& dong thoi duge # bit thong tin ngudi ta ding song song s phin tir
nhé dong. Thi€t bi dé duge goi 1a thanh ghi dong » bit ( hinh 22 ).

D61 vGi phan tir nhé tinh vi trong dé khong ¢6 mach thu nhan dit liéu,
trong ky thuii thudong ding hai phuong phédp xay dung thanh ghi nhur sau.

- Phuone phap 1 -
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Hinh 3.22 S 9 ciu trie thanh ghi dong.
Trong mach ddu vao vit mgeh phdn hoi ta ding cdc bd khéa SW (hinh
3.23). Cic khod ndy duge diéu khién sao cho ching [uon ¢ hai trang thit

nguoe nhau. DE dat duge dicu dé céc tin hicu diéu khién s¢ la ¢ va ¢ . Khi

tin hicu ¢ = 0. @ = 1 mach vio s€ ngit va F

vong phin hoi dong lai mach ¢ trang thai — D ¢ l> .
nhd. Khi ¢ = 1, ¢ = 0 mach vao doéng va ¢ - &
vong phin héi bi ngit, mach & trang thai ghi.

Mach s& cd hai dau ra: “dz"iu gl trl thudn va *1,—

diu gid tr1 ddo. Dac diem cua mach la thoi 73

gian Twu trir khong bi gidi han. Khi sir dung “_?__D"_{>" Xn
song song n mach nhd ta s& c¢d thanh ghi P e T

finh n bit. Do trong mach su dung cac khoa
nén phuong phdp ndy khong thich ‘hop vai
ciac mach bdn dan hai cuc.

Hinh 3.23 Thunh ghi tinh

Phiiong plap 2.

Thay vi diing cic phidn nr NOT trong so do cha phin to nhd, ta dung cic
phin 1 NAND hoac NOR. £6 la cdc trigo RS, D, T. JK. Trén hinh 3.24 ta
¢6 30 dé cdu trie va hoat dong cia RS triga. Ta ¢é thé xdy dung cac phin o
trigey khic dua trén co o trigo RS. Trong hinh 3.24 dua ra céch xay dung
trigo D tir trigo RS.

Trong sa do6 trigg RS ta thily khi tin hiéu CK = *1” v hai tin hi¢u R v6i S
cing bang ‘1°, ddu ra Q va Q cong hang *1". Khi CK chuyén sang gid i

‘0, trang thii nay trd nén khong 6n dmh va do tinh bat déi xdng coa mach
(thdi gian tr& truyén trén cde phin tir mach khong nhu nhau ) va cde nhicu
dong trong mach ma mot trong hai dudng tin hicu s¢ ¢6 gid tri ‘07, Qud trinh

6
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o Q : 5 Q| Minkh 3.24 Cicmach triga RS

— b | : _ | v triga .
__| ! . =
) L ok
: T (‘K = l
S—— I oo S=1, R=0: ghi
_ e o— : \ .
s a - o= Q §=0, R=1: Xt
——%,- |i CK . N §=0, R=0 : gitt tranyg thi
QY- =1, R=1 @ khong xic
-I-R — Q—tb_ T . L=
. - Q dinh. rang thit cant.
R '. [ (K = 0. wach giff wang
thal.

chuyén 1i&p nay dicn ra trong, khodng thoi gian rat ngin sau khi CK chuyén
trang thai. Nhu vy Q hoac Q s€ nhin gid tr1 ‘07 mot cich ngaw nhién va
khong thé dinb trude duge khoang thoi gian chuyén trang that. dicu ndy dan
161 nhiing tinh todn sal trong mach vi trang thil nay thuong 1 trang théi b
cam. _

Cic phén ti trigd €0 th¢ ding d& luu ti cde bit thong tin vi néu gh¢p ndi
song song n phin (i trigo ta s€ nhin duge thanh ghi # bit. Thanh ghi nay la
thanh ghi tinh va hoat dong wong e nhu thanh ghi Gnh xay dung bing cic
phin tx NOT.

3. Cic ché do dong bo
Tin bicu didu Khicn cdc diu vio cia mach nhé thuong cung cip bot cae

mach dong bo. Diu vio tin hi¢ue dong bo tuong {ng clia mach got 1 che dau
vio dong bo. T hicu déng bo duge xic dinh

oty boi do diai khoing thoi gian ! ma tin hi¢u @
1 trang thdi *1* va chu kv T. Cic mach nhé su

dung tin hi¢u doéng bo trong cic muc tuée
0 ¢ T > thue hién cic thao tac doc vi ghi dir lieu khi

diu vio déng bd nhan gid t L. Cic mach loas
[fnh 3.25 Tin hicu déng bo. pay goi 1 cdc mach lam vige trong che do
déng bo theo muc. Khi thict k¢ cic mach lam vice iheo ché do dong bo, do
di cua tin hicu dong bo dong mot vai 1o quan trong (rong, hoat dong cua

mach. Neu cic 1igo D déng bo thoo mie duge ¢hép noi not Hicp va noi
chung cdc dau tin hicu dong bo ta s& c6 thanh ghi lam vice theo ché do nhu

sau. Néu tin hicu dong bd €6 do dii dit 16n (hi sau mot khoing tho ajan it
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cit cde trigo s¢ ghi cling mot gid tri. Trong trudng hop nguoc lat, khi do dai r
cta tin hicu dong bo thoa min hé thic:

Inl‘cl(dl]ﬂﬂ" ( 3'? }
trong dé T, la gid tri cuc dai trong cde do dai cuc ticu cua cac xung dam

[ RY
biao viée ghi di heéu; d,, 1a

FRRLIIY

thdi gian tré cuc ticu khi tin

- bau vao o F .
- L ’» o —Q’* D Q hicu lan truyén trong mach
— _ nhd 1r diu vio téi dau ra.
L9 9 s , .
Ck - ' Khi dé thanh ghi thue hién

vice dich dir licu sang phai
Hinh 3.26 Thanh ghi dich sit dung déng bé hep. mot 16p sau méi lan nhan

tin hiéu dong bo. Ché do
déng bo thoa man bit dang thie 3.7 goi 1a dong bo hep.

Uu diém cha ché do dong bo hep 1a don gian, dé thuc hién va dé xay
dung mach phdt xung déng bo khong cin nhicu thiét bi. Nhung ndé1 chung
ché do déng bo ndy it duge st dung trong cdc mach VLSI boi vi trén (at ca
cdc phan cla mach ta khé ¢6 thé dat duoc bat dang thiic 3.7. Trong nhiéu
trudng hop dé ¢d thé kiém sodt duoe hinh vi clia cdc mach ngudt ta su dung,
mét bicn thé cia ché do dong bo hep. do 1a ché do lam viée theo suon.

Déng bo theo sudm déc 1a che do fam viée cua cde mach vai tin hicu
déng bo cé do rong cua xung 1dn va tdc dong thue hign theo suon len hoac
Sudn xudng cua xung. O ché¢ do nay cdc tic dong cua tin hi¢u dong bo dai
v6i mach xay ra ciing tuong ty nhu trong ché do déng bo hep. Toc dd hoat
dong ctia mach trong trudmng hgp nay duge xdc dinh boi toc do hoat dong cua
chinh cic phan tir mach do dé diéu kién vé bat diing thic déng bo hep duge
thoa man.

Nhuoe diém ctia phuong phap dong bo theo sudn doe vis dong bo hep Li
mién dich pha cho phép clia xung dong bo. Do dich tuonig doi cia cde xung
[3 hi¢a twong xudt hicn do dich pha ctia cde xung trén ddu vio dong b cua
cdc phén tir phé trong mach VLSL Do dich pha cua cic xung déng b xuat
hién chd ydu do kél qua cla sy phin bo cde thoi gian tié trong cdc mach
phin phai tin hiéu dong bo.
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Hinh 3.27 Minh hoa —Ip Q Mach 16 hop
do dich pha cha tin -~
hiéu dong bo. C DO

7~
—
[

h 4

CK

Tin hicu déng bd -

Trén hinh 3.27 minh hoa vé do dich pha coa cée xung dong bo. Theo
mach nay phdn tir trigo D thd hai nhin tin hi¢u dong bo CK 1€ 50 VGi rigo
thi nhat 13 T, . dif licu duge truyén tir ddu ra Q cua trigo thi nhat dén dau viwo
D ctia trigo thit hai théng qua mot mach 10 hop ¢6 thasi gian tré 1, . Su khic
biét trong thoi gian x{r 1y gén lién v6i thuc hién bt dang thic.

T, <T. (3.8)
_Bdt dang thic ndy xdc dinh tuong quan gida thoi gian ¢ theo mach
truyén dit licu gitte cic mach nhé (7, ) va do dich theo thdi gian cla xung
déng bo ( 1. ). Do dich clia xung dong b tang theo kich thudc cua mach
VLSI, do do trong cong nghiép thuong xdy dung nhimg mach st dung hé
théng déng bo véi ving hoat déng mng

Trong cic mach hout dong theo cic che do déng bo theo mic. dong bo
hep nguoi ta chi dang moét tin higu
thue hién chiic nang déng ho. Dang

&)

. dong bo d6 goi la ché@ do dong bo
] M mot pha. Trong nhiéu trutng hdp de¢

P2 tang do tin cdy cda mach, nguai ta su

dung nhiéu tin hi¢u déng bo J¢ch pha
dé dicu khicn mach. Nhing ché do
lam viéc nhu vay goi la che do dong bé nhiéu pha.

Trén hinh 3.28 minh hoa cic tin hiéu ddng bo clta hé thong dong bo hal
pha. Tai day ta sir dung hai tin hiéu ddng bo khong phu phau tui trang thii
“1” 1a ¢, v @2 Trong thict k€ cha thanh ghi dich, hai tin hi¢cu dong bo nay
duoc tac dong lin lugt. Do rong cia xung va chu ky cua cic tin hicu
@ VA @océ thé duge xdc dinh sao cho trang thdi *1” cta ching kh(‘mg phul
nhau, do dé dit licu s& dich tit mot 16p trigo sang 16p trigo sau chinh xac theo
timg tin hiéu déng by, Nhung trong trudng hop nay trong hai mach nhd ¢6
thé luu git mot bit dir licu vit so voi 1wch dong bd mot pha thi can mot s6
lugng cdc ting nhé nhiéu hon hai lan.

Hinh 3.28 Tin hiéu déng bo hai pha.
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Diu vio bong hol hai pha
— — — . duge 1hi¢t k& sao cho
S - Rt RN Tt I M R B AR

- L b Y | kKhong ¢d sy chong

| I k_ Q‘ '|_Q nl}uu cla  cic  xung
o | B | dong bd. Nhung trong
L o — s . o
' ! nhicu truong hop co the
P2 | cho phép sy chong
nhau cua cac xung theo
thoi gian nho hon thot
gian té o, it diu vao
dén dau ra cua mot
mach nhé. Thong thudng gid 1] thoi gian & d,,, 160 hon thor gian (e rén
mot phan wr logic, do dé ¢ thé nhan duoc 1l ¢ qua mot mach NOT sao cho

1Tinh 3.29 Thanh ghi dich Ham vice theo
ché do dong bd hai pha.

doan gia i phitlen ¢ nho hon d,,, . Néi cich khac, dai véi nhiting phan khong
160 clia mach ta ¢6 the sir dung tin hieu ¢y thay cho ¢
4. Cac trigo stt dung ché€ do dong bo hep va dong ho hai pha

Trong k¥ thuit, nhicu mach nhé sit dung cic trigg hoat dong theo ciac
ché do déng bo theo sudn 1en hoac lam ¥tec theo ché do dong bo hai pha.

= = Cilc ché do Ftiing bo nay cho phép giai
s oaeb T o7 @' T quyét vandé canh tranh gidia cic phan
— b ‘ J | —F _| J 1 1ogic trong hoat dong cua cde trigo.
F'"{R—- 4 LTk Piéu nay lam cho cdc mach nha hoat
T dong tin cay hon va lam giim tinh bat
Ilinh 3.30 So dé ciu trie wrige T, dinh cua mach. D¢ minh hoa vin dé

niy ta hily xétso do T-ngo.

Vé mat ciu trdc v hoyt dong rigd T ¢6 thé duoc xay dung 1 trigo RS
bang cich néi vong dau vio R vél ddu ra Q va diu vdo S voi diu ra Q.
Trigo T ciing ¢6 thé duge xiy dung W urigd D bang cich noi vong dav ra Q
véi dau vao D. Ciu trde dé khong dam bio ché do hoat dong 6n dinh. Trong
mach niy phin (v nhké trong thanh phin ctia trigg 1 dong vai ird hai mat. Vé
hout dong ta nhan thay rang phin tw nhd dong hai vai tro: vira 1 nguon
thong tin va vira 1 bo phin nhin thong tin. Thue hién hai ¢hite ning dé dong
thosi 12 khong 1hé duge vi kbi mach nhin théng tin mdi thi dong (hoi xod bo
thong tin cii. N&u cic phan 1 10gic 6 16e do tac dung 1y tudng thi so d6 rén
khong lam viéc. Su ton tai cua thoi gian iré trong mach cho phép thye hién
ché do dém trong mot 56 didu kién, nlumng do thoi gian tré trong mach 1a dai
luong ngau nhién do tin ¢iy cua mach thap,
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bé tang do tin ciy cia mach ta s dung hai plmn to nhé trong dd mot
phin wr nhin thong tin vao trong khi trang thai ¢l van gil nguyén ¢ tang ra.
Khi cdc gid tri méi duge hinh thanh & 16p vao vi thong tin ¢t khong can
thiét, dir hicu 8¢ duoc truyén tr tang vae tdi ting ra. Cic trigo foal nay fam

S ™\ T J
S + s af ¢ A
: R___Q . - R_ Q| Q K T
- : . L Ck
Hinh 3.31 Mach trigo RS fun Hinh 3.32 Xay dung trigo
vice theo ¢hé dé dong bd hai pha. JK i trigo RS,
D ‘\
.':l: _'\..
| '}. Y
.__\' . | _ /"' r Q
. L
1 : - -\-
™ : N a
¥ _// :Il 1 __/;"

Ck

Hinh 3.33 bach trigo D lam vige
theo che da dong bd hai pha.

5 i - ~ — “-H\
) i o)
Ck Ck__
R Q
I
R .\.:"'
- 0 b
Hinh 3.34 Mach trigg RS lam Hinh 3.35 Mach triga [3 lam
viée theo suon 1én. : viéc theo sudn len.
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viee trong mot chu trinh. Néu quan sdt k¥, ta s& thdy mach trigo loai nay lam
viée theo ché do dong bo hai pha.

Cic wrigo con ¢o thé duge thiet ke dé hoat dong theo sudn cua tin hidu
déng bo. Trén hinh 3.34, 3.35 trinh biy thiel ke cua trigy RS va trigo D lam
vice theo sudn 1én cua tin hicu dong bo. T10ng céde trigo ndy ta cé the thay
doi cde tin hiéu vio theo cde mic bat ky cia tin higu déng bo. Tin hieu dong
bo chi duge kich hoat trong khodng thisi gian nho lan cin suon lén hodc sudn
Xuong.

5. Thiét ké eac mach tuin tu bang cac étomat hitu han

Trong mach 18 hop, cde gid i dau ra duge hoan toan xdce dinh theo cic
tin hiéu ddu viio tai thdi diém hién tai. Nhung cic mach tuin wred cac gia tri
diu ra duge xdc dinh theo diy cde gid tri diu vio 1dc dong vio mach tai
nhiing thoi diém trude thoi diém hién tai. Trong Ky thuat, viéc thict 1ap mot
day cic gid tri ddu vao vo han 1a khong thue hién dugc vo1 mot 50 hiu han

¢cic phan tir logic nén cdc mach tudn tu thuong duge biéu dién thong qua mot
6 hitu han ¢dce trang thai.

Cic mach voi s6 trang thai hifu han ¢o thé duge bicu dién theo nhing
bang hoac so déd chuyén trang thdi. Trong cic mach tuidn w, trang thdl ¢ mot
thasi diém phy thude vao trang thdi & nhing thoi diém trude dé cua much.
hay néi cach khie mach tuin tu 1a mach ¢6 nha. Thong thudng s6 fuong cic
trang thai clia mach twan tr ka hie han. Do d6 mach diy c6 thé dugc biéu
dién bang nhiing otémat ¢d trang thdi hitu han.

Trong cdc mach ¢6 s6 trang thdi bitu han, trang thai bén trong phu thudce
vio diy cdc tin hiéu diu vao tic dong vio h¢ thong. Cu thé 1 gid tri ddw vio
va trang thdi xic dinh gid ti ddu ra va trang 1hil tiép theo. Do sO lugng cidc
trang thdi bén trong 1a hitu han nén cde diy tin hicu dau vio co thé duge
phan chia thanh cdce 19p tong duong. Noi cich khide nhimg day tin hi¢u dau
VAo tao ra su chuyén trang thdl cua mach vé ciing mat trang théi thi nam
trong mét nhém. Nhu vay nhiing mach ¢6 s6 trang thai hiis han vé thue chat
khong phai ta mé hinh ddy di cla mach tuidn wr. Trong nhimg mach tuan (uy
tin hiéu ra duge xdc dinh hoan toan theo ddy cdc tin hicu dau vao. Noi chung
cdc mach ¢6 s trang thal hitu han 6 the dung dé mo hinh hod cic mach
tudn tu vie mo hinh cang chinh xdc néu ta tang s6 lugng cdc trang thai bén
trong. Mé hinh nay duge ing dung rong rdi trong qud trinh thiét ké mach.

Trong Iy thuyél tinh todn hai mé hinh 6témat hiru han hay dugc st dung
nhat 14 6t6mat Moore va dtomat Mealy.
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Otomat Moore 13 mot otomat hitu han bao gdm tap hop cide tin hiéu vao
1A { XXX, |3 tap hop cdc tin hicu ra 13 [ y,.ys.y, i @p hop cdc lrang
thal { &,y §. Trong Gtomat Moore. sy chuyén trang thii phu thude vao
trang thdi trudc dé va tin hiéu vio & thon diém trude dé. Quan hé do ¢o 1he
duoc biéy dién bang hé thite suu.

Zt+1) = & [Z{0), X{0]: {3.9)
Tin hié¢u diu ra ctia 616mat Moore ciii phu thuge trang thit:
Y= WI[ZWI: ( 3.10)

D6i voi otomat Mealy, su chuycn trang thdi phy thude viwo trang thid
trudie dé Vi tin hiéu vao & thai diém trude do.
Z(t+1) = D [Z(1), X(1)): (3.11)
Tin hi¢u ddu ra ctia 6tomat Mealey phu thuoc vao trang thai va tin hi¢u dau
vao:
Y1) = W {Z{1). X)) (3.129)
trong dé: @ (z.X) : ham chuyén wang thdi:
W (7), ¥ (2.x) : ham xdc dinh gid u1 dau ra cua otémat.
Cic otomat ¢o the duge
DEU vEo biéu Flién tryc qatan bing cic
so dd chuyén trang thii hodce
bing cic ma tdn chuycn
trang thdi. Cic so do tuong
ing véi otomat Moore s€ ¢6
cic dinh 1a cdc cap trang
thii / tin hi¢u ra va cic cung
thé hién qud trinh chuyén
trang thdi vi duge dinh dau
bing tin hicu vao tuong Gng.

Tin hieu Cic so d6 chuyén trang thi
déng bo ciia &tomal Mealey ¢6 cac

dinh 12 cic trang thil con
cdc cung the hién qud trinh
chuyén trang thdi vi duoe
ddnh ddu bang cap gid tri tin hi¢u vdo / tin hiéu ra.

Céc mach tudn 1 ¢é the duge xay dung qua cde phin (0 nhd vi cdc mach
(& hop theo cde sa do dong bd hoiic khong déng bo. Trong trudng hop thict
k& mach tudn ty theo che do khong déng bo, cic tin hicu duge hinh thanh

Hinh 3.36 Ciu tric mach tuan 1 déng bo
hinh thanh ddu ra khong dong bo.
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iren ddu ra cta mach to hop o thé thay déi va téc dong vao mych nhé dé
thay doi trang thii cua mach. Nhu vy ¢6 mot kboang thol giun chuyén tiép
cua cdc gid i treén dau ra cua mach wan w khong du dodn duge. Cau tric
khong déng bd clia mach tuan tu duge biéu dicn trén hinh 3.36.

Peé khiic phuc tinh trang bat dinh ¢ di ra cua mach tai nhiing tho diém
chuyén trang than, neudi ta thém viio mach mot he mach nhé noi true Lep
v dau ra ¢t mach
win w. & mach
nhé ndy ¢d tic dung
luu i gid tri diura
. : Tin hicu clia mach tuan tu
dong bo khi mach dang o

¢iai doan hinh thanh
| ] trang thai madi. Khi
mach da & trang thii
on dinh mdi. cde gld
tri diu ra mar duge
Tin hicu tinh toan. Saw K

| déng bo toan bhé qui trinh
fIinh 3.37 Cau tridc mach tuan o dong b chuyén trang thal v

linh thinl: diu ra dong bd. - . S
N hinh thanh gid i ra
mai két thice, dudi
tic dyng cua tin hicu ddéng bo mach nha s& ghi gid 11 mai va dua oid tri do
(G dau ra. Khi tin hicu dong bo tat, mach nhé @ trang thii uu e dd licu va
mach san sang thue hien ¢iic thao tdc mai. '

Pag vin Pau ra

Y R Mach

__._>{ MaCh _ nhdt déu

1id

6. Tdi thicu hoi cac biang chuyen trang thai ctia cac otomat

Trong qui trinh xay dung cdc mach tudn ty, 50 lugng cic trang il cua
cic otomat anh hudng rit 16n 161 do phiic tap ciia mach. Trong nhicu truong
hop cic otomat chia nhiing trang thii du thia, do dé mot trong nhiing bude
quan trong trong khi thict k& cdc otomat la t6i thicu hod s6 luong cac trang
thii cta 6témat.  Qud tinh 10 thicu hod trang thdi thue hién bing cich
nhém hai hode nhiéu trang thar tuong duong cua Otomat. pé thue hién dicu
niy ching ta st dung bing chuyén trang thii — mot cich bi¢u dién twong
duong vai o do chuyén trang thdi coa otomai. Mabi dong coa bang chuyen
trang thii wong (ng vo1 mot trang thdi, mdi cot clia bang s& xdc dinh gid Ari
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dau ra vad trang thdi ti¢p theo cua

otomat tuong Ung voi gid tri dau vio

dang x&t.

Céc rang thédi tuong duong cua

atomat ¢6 theé duge dinh nghia nhu

sau, Hai trang thidi § va S, duge col

li tueng duong néu véi mot chuot tin

hi¢u vio bat k¥ téc dong vao otdmal
khi otomat dang & trang thar S hoac

S, ching ta cung nhin duoe mot

chudi tin hiéu ra nlur nhau.

Trang thdi | Pau vao
0 1

Su 0/S, /S,
S, 0/S, 0/S,
S, 1/5, 2/S,
S, 0/S. 0/S.
S, 0/S, /s,
Ss 0/S, 0/5
Se 1/S, 2/S,
S, 0/S, 1/,
S, £/S, 2/S,

Dinh nghia nay ¢6 mot y nghia

Hinh 3.38 Bing chuyén trang thai.

thuc (¢ xde dinh bai vi néu ta quan
sat olomat 1o bén ngoal ta chi thu

nhan duce cdc tin hidu ra. Piéu kién du cua su tuong duong cdc trang thal
duoc bict dén nhu didu kien ColdWell. Tuong fng véi dieu Kicn nay. hai
dong bal kv “diu ra / trang thdi tiep sau” giong nhau duge cor la tuong
duong. Trong hinh 3.39, cdc trang thdi S,, S, S thou min di¢u ki¢n

ColdWell va do dé duge coi
13 twong dvong. Nhung thiam
chi c¢da khi nhing, trang thai
ticp sau phan biét nhung lai
la tuong duong thi har dong
cing duge col la tuong.
ducng. Nl viy ta phai thyc
hién nhiing budc kiém tra
tinh tuong duong cua cdc
trang thdi trong bing theo
nhitng budc {ap. va si dung
tinh hoi tu cua tht tuc kiém
fra.

Phuone phiap phan nhdm
cdc trang thai.

1Iinh 3.39 So dé chuyvén trang thii cla Stomat twong
ling voi bang chuyén trang thai wén hinh 3.38.

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

—  Pidu kicn tuong thich diu ra. Piéu kig¢n nay li tién quyct.

—  Diéu ki¢n trung hop cla nhing trang thdi 1i€p sall,
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Qué trinh phan nhém cdc cdc dong trong bing chuyén trang thid) duoc

thuc hién nhu sau:

60

Nhom cic dong trong bang chuyén trang thdi theo cic tin hidu ra dé
nhin dugc cdce phan nhém. Vi duy, trong hinh 3.38. cdc phan nhom theo
tin hic¢u ra s& la:

G] = { (S0 81085 55).( Sz- Ser Si ) (S S? )}
Ta thay G, thé hién nhom cic trang théi tao ra nhiing gid tri tin hi¢u ra
nhu nhau véi ddy tin hiéu vao ¢o

do diu mot. Cdc trang thdl S, va Trang thai | Pau vao

S, nam trong cling mot nhém bai 0 1

Vi vdi ddu vio ‘0%, S, chuyén vé  [g 0/S. 0/S,.

Sr‘, czn lS7ICl1E|y'cn vé S, {llllrng ?h S, 0/S,, /S0

2 S, lal ni ‘ong

y 1/ .l nam trong ’(T‘ung Iﬂf)l S, 075, 0/S,,

nhém tuong duong: voi dau vio S /8 275

1", S, vd S, ciing chuyén vé trang L - -
e R O/Sy | 115,

thii S,

Kigm tra sy tring hop cda nhitng
trang thdi ¢ thoi diem tiép dai
VOl cde trang thdi ¢ trong ting
nhém. Cde trang thii tiép theo
phai nam trong cing mot
nhiom. Néu cde diéu kién nay

Hinh 3.40 Bang chuyén trang thdi sau khi
da ton thigu hod cia dtémal trén iiinh 3.39,

khong thoid man thi nhém s¢
duge phan chia nho. Trong vi
duy trude, nhém thi nhit coa G
la (S.. S,, S, Ss) chia cde trang
thdi S, va §,. Cic trang thai nay
chuyén vé nhimg nhom gicng Hinh 3.41 5¢ 46 oromat trén hinh
nhau: khi tin hiéu vao la ‘0’, hé 3.39 sau khi da 0 thiéu ho.

thong s& chuyén vé cic (rang

thdi trong nhém thd ba: S, vd S khi tin hi¢u vio la 17, hé thong €
chuyén vé trang thdi trong nhém thi hai: S, v S, Cice trang thai Khic
chuvén vio nhitng nhom khdce nhaw. Do dé nhém (S, S, S, S ) s€ dugic
phin chia thanh cdc nhém (S, ). ( S;, S5 ). (S; ). Cic nhém con lai cua G,
khong phin tich dugc. Cudi cung chiing ta nhan duge phin nhom tucng
duong nhu sau:




Gy= 1 (S0 (S Se) (8 0 (8580, 8, (505 |-
Phan nhém nay duge kiém tra voi cic chudi dau vao cé do dai hat.
Thit tuc vita trinh bay & trén s& duoce tap lai cho 161 khi dat duge su hdi tu.
Chiing ta khong thé tiép tuc phan nhém G, do d6 két qua nhan duge ¢6 the
duoc coi [2 101 giai bai toan {61 thicu hod.

§3.6. Nhiing vin d¢ khi thict k€ cac mach tuan t
1. Hién tuong canh tranh trong cic mach tuan tiy

Khic vai cdc mach (0 hop, trang thdi clia cie mach udn tu duge xac dinh
khong chi ti cdc tin hi¢u vao ma con
phu thuoc vao cic trang thai trude do
ctia mach. Vige luu trir cée trang thii
trudic dé cita mach duge thue hién trén
cdc phin 1 nhé nhu thanh ghi, trigg, ...
Nhu viy mach tuan ar ¢o thé biéu dién
bang nhing Otomat ¢6 s6 trang thal
hiry han. Viéc phan tich vi tong hop
cic otomat la mot phian gquan trong

S Q
— Q
r
Hinh 3.42 Mach trigo RS. Hinh 3.43 Anh hudng cta canh

tranh trong phan tr trigo RS.
trong 1¥ thuyét otomat. Trong muc nay
chiing ta chi dé cap t6i mot 86 vin dé khi thiét k€ cic otomat. _

Trong céc otomat, do inh huéng ciia thol glan tr& tin hicu trén cdc phan
tr mach, ngudi ta quan sat thay nhiing trang thdi trung gian chuyén ti€p gilla
cdc trang thai trong thiét ke. Nhing trang thai chuyén ti€p niy ¢6 anh hudng
16n dén hoat dong cua mach. Su canly tranh trong qud trinf wruyén tin hi¢u
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gitta cic phdn tir mach co thé dan dén viée thiét [ap nhiing trang 1hii sai cua
cdc phan 1y nhé. do dd ¢o thé dan dén hoat dong sai cta mach. Khi thiét k&
cic otamal. str canh tranh trong ¢dc phan tir mach phai dwgce loat trut.
Chiing ta khio sdt anh hudng cia sy canh tranh giifa cdc phan wr mach
trong vi duy don gidn veé hoat dong cla trige RS. Ta nhin thdy, néu
S= R = I, trigo giff nguyeén trang thii va gid tri trén hai dudng tin hiéu ra
() va Q nguge nhau. Vi du, khi Q=1 thi hai diau vao cta phin 1t NAND,
s& nhan gid ti "1, khi do gid tri dau ra Q s& bang *0". Gid tri *07 niy s¢ duy
tri gid tri 17 tai dau ra Q. Kha nang nhd clia phin tr duge duy tri bl vong
phan héi trén hai phan tr NAND. ‘
Neu cdc diu vio S =07 . R = ‘1°, Gid i cac dau ra s 1a Q =17,
Q = 07, Cic gid trj nay duoc duy ti ngay ci sau khi S="1".
Didu nity cling xdy ra tuong tu Khi R ='0°, S ="‘1". cic dudng tin hi¢u
ra Q=0 (_Q =1
Trang thai khi § -0 . R = ‘0’ la trang thai cam. Trang thdi nay khong
ihé st dung duge vi khi cde gid orf trén hal diu vao S, R chuyén sang nhin
cac gid S =", R="‘l, két qua s& phu thudc vio su canh tranh gilta
hai phan tt NAND, vit NAN,. Ta nhin thay khi S=°0". R =0, hai dau
ra Q vie Q chng nhan gid i Q="1", Q = “1". Trang thii nay [a trang thai
= Quupy. Nhung khi trigo
chuyen ra Khot trang thidi 36 bing cdc gid S="1". R = 1", qud winh
chuyen trang thii s¢ didn ra nhu tren hinh 3.34. Sau Khi cie gid tri 17 xudt

xic dinh mac dit né phd v quan hé Qnnan

hicn trén hai diu vao cta phan ur trigo. trén hai ddu vao cha hai phan
NAND, vi NAND, s& nhin dong thoi hai gid tri ‘1", Nhu vay ha dau ra 8¢
“phai ciing nhan gia tri *0°. Nhung didu d6 khong the xdy ra, boi vi su xudt
hien gid i 0" & mot dau ra s& lam cho dau ra con lai nhan gid ti 17 va
rang thdi ndy s& dugce duy tri. Nhu vidy mot trong hai phin td NAND st
thing trong cudc dua va trang thai s& xdc dinh theo phin tf NAND do. Vi
du, néu thoi gian wé cha phan 1 NAND, 16n hon thoi gian tré cla phin W
NAND,, 1, > 1,5, tin hi¢u 07 s¢ xudt hién & dau ra cta phan tr NAND, trudc
vA trang thai s€ dugc thict lap s& 1a Q = ‘1, Q=0 Trong trudng hop, néu
1, < 1,5, thi cdc gid tri ra s€ bing Q =07, Q = 1", Mat khic gid tr1 thoi gian
tré 1a mot dai luong ngdu phién do do ¢6 thé ket luan rang trong trudng hop
nay gid tri ddu ra khong xdc dinh. Diéu nay lam cho cap g1d tri S =0,
R = 0 I cdc gid tri cam.
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Trong nhiéu trudng hop co ché canh tranh trong cdc mach {uin tur xay ra
abu sau. Cic trang thdi cha otomat, do cic tin hidu thict 1ap thay dai lat phu
thude vao trang thdi cua cic phan t nhd. Do hién tuong tré tin hicu trong
ciée phan W logic, sy thict lap cic sia tri clia & nhé khong xdy ra déng thoi.
Diéu d6 ¢6 thé anh huong t6i tin hi¢u 1hi€t 1ap ciia cde phan (o Khdc va do do
6 1hé din dén nhimg trang thdi khong ludng trude.

Phuong phdp quan trong dé ngin chin hién tugng canh (ranh gifta cdc
phan tu trong mach I s dung cic che do ddng bo. Trong cic ché do nay.
viée nhan cidc gid tri tin higy vio cic 0 nhd vit dua cic gid i 4o 1o dau ra
duge thuc hién vao nhiing thoi diém xde dinh sau khi cdc qua winh qud do
rong mach kei thuc.

Trén quan diém vé (6 chie cic qui trinh thai gian cic mach s0 6 the
chia thanh cac mach dong bo va cic mach khong dong bo.

Trong nhiing thiét bi khong dong bo, qud trinh chuyén mach cua cde
phén w1 xay ra khong theo su diéu khién tir bén ngoii. Toc do thuc hien cua
cdc phép todn trong cic thi€t bi dé phu thuoc vao thoi gian {ré& cua cdc phan
{0 vii 1 nhing dai luong ngdu nhico. Do thoi gian truyén tin hi¢u trong ¢dc
doan mach khong duge biét trude, didu d6 lam cho van dé gidi quyct canh
tranh gidta cic phan ti mach tr& nén khd phic tap. Nhitng phuong phap gial
quyét canh tranh hign ¢6 kha phiic tap va khong duge tng dung rong i
trong k¥ thudt. Trén thyc 1& chi ¢6 moét s6 phan nho cda mach duge thuc hién
theo ché do khong dong bo.

Trong nhiing thict bi déng bo, qud trinh xu ly thong tin duogc sap xép
theo thai gian bdi phimg tin higu déng hé do nhiing thi€t bi phdt xung dong
hé tao ra.Viec nhan dir liu viio cic phin 1 nhd duge thuc hién tai nhung
thoi diém thoi gian xdc dinh, sau khi cdc tin hicu tai diu vio cac phin tr
nhé dat duge gid tri xdc 1ap. Nhiing gid tri xic lap ndy do co ché hoat dong
cita mach xdc dinh. Trong nhitng mach déng bo, tin hi¢u déng hod duge tao
ra sau nhiing khoang thdi gian 6 dinh véi do dii du 1on dé cho cdc qud trinh
qua do trong cdc doan mach k&t thic ngay ca trong trudng hop thoi glan tré
tin hi¢u cuc dai. Tren thuc (¢ cde qua trinh qud do trong phin 1én cdc phan nr
mach két thiic sém hon dy tinh, do d6 trong toan bd do dai cia tin hiéu dong
ho, cic phan (i mach ¢ trang thdi “nghi”. Diéu nay 1a k&t qua cta qud trinh
chdr doi khioang thoi glan déng bo két thic tinh cho trudng hop xau nhat khi
thoi gian tré trong mach cuc dai. Mic do khong sir dung hét 16 do cha phan
t&r mach phu thuoe vao sy phan tan tham s6 thoi gian 1ré trén cac phan 1l va
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duge xdc dinh boi ty s6 gilta gid i thoi gian teé cyc dui va gid tri trung binh
-cua chiing.

2. Thiét ké nhitng mach tvan ty dong bo

Cac gia i | .Ma hoa bé ¢6 thé xay dung cic

nhi phin Stomat 1 cdc so dd chuyén

Cjiei [f‘! 0 0 trang thdi hoac bhidng chuyén
da%‘/\:a? - 1 trang thai, ta can phai mi hod
G}u tn 0 00 nhi phin cho cac gid tri dau
dau ra | 01 N s ox .
----- > 1 VAo, da’u Ia va cdc ll'f,mg lha|:

Cic trang S, D00 Mol so n]].!] p.llfm. nn\hll ‘cé tl}é
thai s, 001 bleu\ dién 2 gla tri ddu .\-'u'o,n dau

r S, 010 h}' va J'l'a_mg' }'hal. D’m vO1 olomal

| S, | _ 0l da t61 thicu hod trong muc

- 1 Sor ‘ 100 trude (hinh 3.40, 3.41) cac gid

tri dau vao, dau ra va trang thii

Hinh 3.44 Ma hod nhi phan céc gid ~ .
s€ duoc ma hoa nhu sau.,

tri vao, gid tri ra va cdc trang (hdi.

O day chiing ta chd y ring,

khi ma hod cdc gid tr1 dau ra, ddu vao va dac biét la cdc trang thdi, ta can

chon nhiing t6 hgp ma sao cho khoang cdch ma giiia hai trang thdi chuyén

tiép 1a it nhat. N6i cdch khdc, ta cin phat ma héa céc trang thdi S, vi S sao

cho khi chuyén tir irang thdi S; vao trang thdi S, theo so dd chuyén trang thii,
6 lurong bit cdn phai chuyén trang thdi 12 it nhit.

Chiing ta coi rang su chuyén trang.thdi xdc dinh véi moi dau vao.
Trén thyc t€, trong cic mach tudn tu, ¢6 the xdy ra cdc uudng hop khi
gid tri cua ddu ra va trang thdi tiép theo khong xdc dinh véi moi gid tri
dau vao. Nhu viy, trong mach s€ xuat hién tinh trang khong xdc dinh.
Trong nhitng trudng hop niy, ciing giéng nhu cic mach t6 hop, ching ta
¢6 thé don gian hod chdc nang hoat dong clia mach, nhung khi dé ta
khong thé sir dung phuong phip 161 thicu hod trang thii theo cdc tiéu
chuan ColdWell nhu trong muc §3.5.6. Nguoi 1a thuong si dung cic
phuong phap dya trén kinh nghi¢m.
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Ddu vao N I bdu rQ Khi ta ma hod cac trang :ai,
5 Meehio véi cac ché do dong b thich
> hop lqo gia | 7 hap, ching ta s& nhin duye mach
ti ddu ra va P & ta ok Tk i
. —3{ trang théi twan t vél sg do duang chinh tac
mdi l nhu trén hinh 3.45.

. | Céic mach nhé ¢d the duge
| . thuc hién dudi dang cdc so do

Sodo —_— -
. dang thanh ghi su dung nhiing
nhé L L . .
thiet k¢ mach khic nhau véi

Tin hicu déng bo. ditu phiing ch& do déng bo thich hop.
Khicn nhd trang tha Trén kinh v& 3.45, cic mach nhd
¢6 chic nang luu el cde trang
thdi cua mach tuan tr. Mach 10
hap thue hién chite ning cdac ham
logic thiét lap gid i trang thii mai vA cde gid tr ddu ra theo gid tri cde dao

Hinh 3.45 Cau tric mach tin wr hinh
thanh dau ra khong dong bo.

_ ' Gid i ta doi véi |
Gia tri ddu vio | Trang thai Gid tri ddu ra trang thii tuep

theo

0 000 o0 00x

| 000 00 0x0

0 010 B 00 0xx

I 010 00 <00

0 001 00 0x0

i 001 00 0xx

0 100 0x 000

I 100 XX 000

0 011 00 x00 B

1 011 0x 000

Hinh 3.46 Ham I6gic nhicu dau ra trong ving vGi bang chuyén wang thl
trén hinh 3.40 va bang mé hod trang this trén hinh 3.45.

vio vi cdc trang thdi hién thoi ghi trong mach nhd cua 6tomat. Mach 16 hop
niy ¢6 thé duge xay dung trén cdc phén tir 1ogic co ban hoac trén nhiing
PLA, ROM vi dé dang dugc xay dung tir nhitng bang chuyén trang thdi va
cdc s d6 ma hod trang thdi va tin hiéu vao / ra. Vi du, bang gid tri trén hinh
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3.46 thé hién ham logic ¢6 nhicu ddu ra tuong ing v6i bang chuyén trang
thii 3.40 va bang mi hoé trén hinh 3.44. Bang nay nhda duge bang cich
chuyén sang hé bicu di¢n nhi phéan cdc trang thdi, dau vao vi diu ra. Trong
bang niy, ky higu v tuong ing vai oid tri don v

Khi thuc hién mach tudn tir dudi dang mach ddng bo theo so do trén hinh
3.45, chang ta cin phai quan tam dic bict dén quan he¢ thoi gian gidia cdc tin
hicu ddng ho vi cde tin hicu diu vio. Quan hé nay dugc mo ta trén hinh
347, Vai rd cta tin hicu déng bo, khong phu thude vao dang dong bo, la
thue hién chiic nang ghi nhd cde gid tr trang thai v dong bo hod vice thict
lap cdc gia tri dit lidu ra dua vio trang thai duoce nhé. Cic dit liéu dua vao bd
nhé can phai duge thict [ip trude thoi diém thue hieén luu trit. Theo so d6

Ghi trang thiai Thiet lap Ghi trang thar Thict idp
ddura dan ra
Tin hiéu ddng bd i l l l
Thigt lap Thidt Lip
diau viso dau vio

Tin hiéu vao l

T

I

' = T >
]

!

Hinh 3.47 Quan hé thoi pian gitra tin higu ddéng bo v tin hugu dau vao.

thiét k¢ dang dau ra khong ddng bo (hinh 3.45), cic gid tri tin hiéu dat vao
hé mach nhé 1a ket qua cua cde phép tinh todn trong mach 10 hop doi v6i cic
gid tri ddu ra cba he mach nhd {chinh la cic trang thai) vt cde gia tri daw vivo
hé thong. Tir d6 suy ra cic gid tri dau vao cin phai dugc thiét lap trude thot
diém ducc dua vao hé mach nhd dé luu trit mot khoang thai gian 1on hon
hodac bing T, — gid tri thdi glan tr& ctia mach 16 hop. Do dé chu k¥ cha tin
hi¢u déng bo phai 16n hon hoic bing t,,. Thém vao do. trong sd do6 mach
tudn t¢ véi dau ra khong déng bo. tén tai thoi gian tré gita thoi dicm thict
lap cdc gid tri ddu vao va cic gid tri ddu ra ctia hé mach 10 hop. Do d6 khi
thiét k& cdc doan mach mac ndi ticp nhu trén hinh 3.45 (dau ra cua mot doan
mach ghép néi ndi ti€p véi dau vao ctia doan mach tiép theo), thoi gian thict
lap gid tri dau vao s€ cang tré khi tin hiéu chuyén 1i€p tir [6p mach nay sang
16p mach tiép theo.



Trong muc trude chiing ta di thily rang gifia cac phan tr trong mach ¢6
hién tuogng chay dua trong qud trinh truyén tin hiéu. Nguyén nhan cla hién
tuong nay la tham so thoi gian tré tin hiéu trén cdc phan tr clia mach 1a
nhiing dai luong ngau nhién. Hién tugng ndy anh hudng rit 16n dén hoat
dong cua mach. Do hién tugng chay dua niy trong mach ¢é thé xuit hién
nhiing trang thar khong duge tinh dén to trude va didu dé co theé din 16i
nhing hanh vi khong lusdng trude duge cia mach.

i vao BPiura be loai tru
: Mach 16 n;:[[;ﬁ}:u nhljmg l]}UGc tinh

- ——= hoptao [T 7] g [™ ngau nhién trong
gidé trj ddu o hanht vi cua mach,

.« “'f:’_ frang I;Pl :: ]lfrl ll ;‘; i:ii nhiing  otémat  hidiu

thai mo| i ra méi ) han  thuong  duoe

thiét k& theo ché do
dong bd viée thiét
lap gid tri dau ra,
Trén dau ra cia

Mach nhd
trang thai

*Tin hig¢u ddng bo thit

\ 5 mach trong hinh
lap trang thin méi :

Hinh 3.48 Cau tric mach tuan e déng bo 3.45, chung ta thém
hinh thinh ddu ra dong bo. viao mt hé mach

nhd. HE mach nhd
nay co-tic dung lua rlr gid tri ctia tin hi¢u ditu ra. Khi trong mach to hop va
h¢ mach nhé trang thii dang dién ra qud trinh thidt [ip trang thdi méi thi qua
trinh chuyén 1iép niy khong anh huong tdi dau ra. Khi qud trinh thict lap
trang thii két thic, h¢ mach 16 hop s& xdc dinh atd tr dau ra mdéi. Khi todn
bo cde qud trinh hinh thanh gid tri nay két thue, tin hiéu dong bo cia hé nhd
gid ti dau ra s& diéu khién viéc nhap gid tri diu ra méi vao hé mach nhd.
Nhu vay vi¢e hinh thinh gid tri dau ra s& chdm hon viée hinh thanh trang
thdi mot chu ky déng bo, nhung khi d6 quan hé théi gian theo nhu hinh 3.47
cd thé duge thoa min khéng phu thude vio so lugng cdc tang trong doan
mach noi 1iép. Ta nhan thdy rang so dé 6témat nive hinh 3.48 ¢6 thé duge coi
la 50 do otomat Moore do thong tin chifa-trong hé mach nhé gid tri dau ra ¢é
thé coi nhu chi phu thuoe hoan toin vio trang thai.
Mot van d¢ quan trong khi thict k€ cdc 6tomat dudi dang nhimg mach
dong bo la quan h¢ pita thoi diém de dong cia tin hieu dau vio cla 6témat
vir thdi diém tde dong cia tin hi¢u déng ba. Dai véi otomat bidu dién bing



su d6 chuyén trang thdi trong hinh 3.39, mét cdch don gian, ching ta cé the
16 chic qui trinh dong bo sao cho mai khi xudt hién tin hi¢u dau vio, ta thuce
hién viéc chuyén trang thdi sang trang thai maéi. Do dé néu thue hién mach
theo ché do khong dong bo dau ra (hinh 3.45), ki xudt hién tin hicu dau vao
tai ddu vao cua 6tomat, ching ta phai phdt ra mat tin hiéu dong bod. Néu
kKhoang thoi gian gifta nhiing lan xuat hién tin hiéu vao khong nhu nhau, khi
d6 chu k¥ dong bo sé khong déu. Trong nhiéu trudng hop diéu nay sé lam
viec thiét k& ché do dong bo phic tap 1én nhiéu. Cic so d6 dong bd theo
dang nay goi 1 cic o do dong bo xung. Trong nhing mach dong bod xung,
nguoi ta su dung nhing xung déng bd ¢é chu k¥ xdc dinh, néu tin hiéu dau
vao xuat hién trong nhiing
khoang thoi gian  bién
thién., khi do chiing ta sé
dua vao nhifng gid tig tin
hi¢u vao moi. Nhitng gia
tri tin hiéu nay got la “gia
1 khong cd tin hidu”™ va
k¥ hié¢u la gid tri “*’. Néu
tinh dén nhilng. trudng
hop nivy, 6tomat trén hinh
341 s& chuyén thinh
Otomat  trén  hinh 3.49. -
Néu dau vao ctia otdmat
nhin gia {ri **°, Khi do i
tit cd cde trane thdl coa Hinh 3.4.9..‘54{(16 otomat én hinh\
LT 3.40 sau Khi di duoe dong bo hod va
thém gid tri vio khong xdc dinh ©*°,

mach thém chu tinh chda.
Chu trinh nay gitt nguyeén
trang thdi cGa mach tai thoi diém hién thoi. Diéu ndy khong lam tang s6 cic
trang thdi cua 616mat, nhung s6 lugng dau vio tang lén mot duong. Nhu vay
cic gid tri tin hiéu vao tuong tng véi vi du hinh 3.41 € ducc ma hod bang
hai bit.

Cic so d6 ma hod trang thai clia Gtomat bing cic bidu dién nhi phéan ¢6
th¢ anh hudng 161 gid thinh thye hién phan mach 16 hgp. Viée lua chon
nhimg bd mi 61 uu cho ta gid thanh t6i thiéu, nhung cdc thuit todn ma hod
(81 uu phu thudc vio ting trudng hop cu thé va hién nay chua ¢é nhing thuat
todn tim ma tdi wu mot cach tr déng. Tuy vdy, néu chd ¥ 61 qud trinh toi
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thidu hod cdc ham logic, ta s¢ nhan thdy rang, nhiing trang thdl gan nhau
trong ¢ d6 chuyén trang thii (cdc trang théi lién k&t vO1 mot trong nhing
trang thai trude va mot trong nhitng trang thdi tiép sau) nén duge ma hoi
bang nhimg 6 hop mé nhi phan gén nhau. Ticu chudn gin nhau & day c6 the
dura trén khdi ni¢m khoéng cich Hamming.

Nhu vay trong chuong nay ching ta di nghién ctiu cic phuong phdp thi¢t
k¢ mach s& bao gom cac vin dé lién quan 6t thiét k& cdc mach 16 hop v
thi¢t k& céic mach tuan ty. Do su khde biét dic tho v¢ chiie nang va hoat
dong nén cdc mach 16 hop va cic mach diy duge xiy dung vgi nhimg dac
diém khic biet. Nhiing vin dé quan trong khi thict ké cdc mach o Ja lya
chon cdc ché do ddng bo viu xir by céde canh tranh trong mach.



Bai tap cho chuong 3

I. Hay thiét k& thiét b diéu khién cho mach cong hai s0 nhi phan diu phay
tinh 8 bit.

2. Hay thiét k& thiét bi xir 1y dit liéu cho mach cong hai ¢ nhi phin dau
phiy tinh & bit.

3. Hay thiét k& mach thyc hién phép cong hai s0 nhi phan dau phéy tinh 8
bit.

4. Hay thi€t k& thi¢t bi didu khi¢n cho mach cong hat 56 trong mi BCD vdi
4 hang chir s6 thap phin.

5. Hay thiét k& thigt bi xir Ly dir licu cho mach cong hai 0 trong mi BCD
vai 4 hang ¢hir s6 thap phéan.

6. Hiy thiét k& mach thuc hién phép cong hai 0 trong ma BCD véi 4 hang
chit s6 thap phan.
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CHUONG IV. NHUNG KHAI NIEM CHUNG VE MO HiNH HOA
PHAN CUNG

§4.1. Mo hinh hod phan cing

Mo hinh phan cing 1a nhig biéu dién phdn ciing trén céc mic do triu
twgng khac nhau. Mo hinh cho ta thidy nhimg phan tr lién quan ma khong
chi rd nhitng chi tiét cta chiing. Trong qud trinh thiét k&€, moé hinh duge su
dung dé dac trung cho mach, thé hién cdc tinh chat cha mach va [a phuong
tién d¢ trao doi thong tin vé thiét k€ gidia nhiing ngudi thidt k¢ hoic gita
ngudi thigl k& v mdy tinh. Cic dic ta mach 13 ciéc mo hinh md ta chi ticl
mach s& duge xay dung. Cdc dac 1a nay luon di doi véi cde ring bude v& mit
thiét k&€ nhu hiéu nang, di¢n tich.

Cic mo hinh mach bao git ciing duge dinh nghia bang cdc gui tac ca
phdp, ngit nghia va duge mo ta trong nhimg ngl canh st dung khac nhau.
Ciing nhu cde biéu thic todn hoc, ¢ phdp cila mach bao gom cic mé td
nhitng thanh phin co so cia mach vii mo ta méi licn két gita cic thianh phan
do6 trong mach. Nglt nghia cua mach fa cde mo ta vé hoat dong cua mach.
hanh vi, chifc nang cla mach. Ngit canh cua mach la mé ta vé hoat dong cua
mach khi duge ghép néi v6i nhimg mach khde, nhing nguon tin hicu tic
dong tlr bén ngodi khic nhau. Cic o 2 dd cung cdp mot cich toan dién
théng tin vé mach d¢ loai trir moi trudging hop mo hé trong 1hié k&,

Mach ¢é thé duge mé hinh héa theo nhimg cich khic nhauw twong ting
vai cidc mic do trtiu tugng (mdce kién trie, muce logic, mitc hinh hoc), theo
cac gée do quan sat {goc dd hanh vi, gdc do cau tric va pde do vt ly) va
twong g véi cdc phuong phdp mé hinh héa duge su dung trong qud trinh
thict k& {cidc ngon nglr mo 1a thiét k&, cdc so doé mach hoac cde mo hinh
1o0in hoc).

Hién nay trong qud trinh thiét k€ mach, dé biéu dién cic mo hinh mach,
ngudi ta thuong su dung rong ral cic ngén ngit moé hinh hod phan cing
( HDL). Viéc mé ti mach bang cdc ngdn nglr mo hinh hod phan clng cling
giong nhu viée viél chuong trinh bing cic ngon ngi lap rinh phan meém.
Tinh stc iich vi dé hicu cha ciac ngdén nglt HDL gidp cho viée mé td mach
bing cic ngoén nglr d6 duge va chudng hon viéc bieu dién bing cic bizu do,
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o dd teang thii, so d6 logic, mac du trong nhidu trutmg hop mot s6 so do
cho phép ta thily mot cdch trye quan cic chite nang clia mach dién.

Trong chuong niy ching toi s& dé cap 61 cic mo hinh truu uong clia
mach. Cac mo hinh nay s¢ duogc nghién ciu ¢ miic kién tric va muc loglc.
Cic mo hinh tritu tuong 1 cdc mo hinh todn hoc dita trén ca so do hinh va
dai s0 Beol.

$3 mde kién trde, hanh vi cia mach dien s& dugc triu tuong hoa thong
qua tap hop cdc phép todn vi moi quan he phu thugc gilta ching. Cic phép
Lodn 6 thé i cde phép todn s6 hoc, dai s6, {ogic. Hanh vi ctia cidc mach tuiln
w ¢6 the duge md i thong qua cdc 6tomal ¢6 trang thdi hitu han, hodc cac
ham logic trong truong hop cic mach té hgp. Géc do cau e cua moé hinh
s& duoc bidu dién thong qua céc lien két giffa cic khoi 1ogic. cde mach dong
ngdt (néu xét én mic 16gic) hodc ¢dc tai nguyén (niu xét Iren mic kicn
trac).

Cic mé hinh triru tuong di manh dé ¢é thé nim duoce cic dac diém cta
mach thong qua cdc ngdn ngit mo hinh hod HDL va so do. Pong thai cie mo
hinh dé cling khd don gian dé 6 thé kiém chimg cdc hoat dong cua mach.

§4.2. Cdc ngon ngit md hinh hoa phan ciing

Trong linh vuc thiet k& mach,

, i R . . M& hinh ngdn Md hinh trau
cdc ngén nglt mod hinh hoad phan nglt B tuong
cimg (HDL) xuat hién do nhu cau [}.
phai ¢6 cong cy mo ia chinh xdc j Géc phep toan. phu 3
mach vé ¢au tric ciing nhu hinh vi. |§ e | 1
Mot s6 neon ngilt mo @ phan cung = 2
duce thist k€ vl nhitng dac diem o Téng hup kuen b ‘%‘
3 B Ne) v 16 kay E
vd nhimg muyc dich khdc nhau, O —
lh“l‘lﬂ chi mot s6 ngdn ngu o a o M| o o-m-m\athurl
phdn cting duge phdt trien 1w cdc ‘——\ sent|  nan. sa 05 Hg e
ngon ngl 1ap trinh, nhung gifta cic {3 I_]___J
N R N N N P et ; o a e |
ngon ngii 1ap trinh va ngdn ngt mo 1.2 Torgngb e gy,
. . . - 2 ! Ne)
hinh hod phin ciing ¢é nhing di¢m a : g
. ‘. ~ - ke .
khdc biét quan trong. Nhing khaic 3 Lign ket gilra cic =
nhau nay la do su khdc biét gita LDJ khoi 1ogic

nhitng doi wong ma cdc ngdn nglf
HDL va ngon ngi lap trinh mo ta. Hinh 4.1 Céc mo hinh mach. qud
trinh téng hap vi i vu mach.
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Sau day chiing ta s& xem xét nhimg dac diém do.

- Cac mach phin cing ¢é the thuc hién nhing phép todn ¢d miic do
song song (dong thoi) 16n con cdc phan mém thi neuoe lai. tren
nhimg mdy don xir I¥ chi thue hién duoe nhing phép todn tuin tu. VE
mat niy, cic ngon ngl mo 1a phin cing s& gian giong véi cdc neéin
ngit lip trinh cho cde mdy tinh x\v 1Y song song.

- Cdc ma hinh phan cdng luén phai chia nhing théng tin vé cau tric.
Vi du, sy tiep xiic cua mach vai cde mach khic lam nay sinh yéu cau
phii mo ta cdc cong vio ra cla mach va khuon darg dit liéu duoc
trao dol qua nhiing céng d6. Do d6 cic ngon ngt mo hinh hod phin
cting can phiti ho trg viée ma ta thist k€ ca trén gdc do hanh vi va cau
triic d¢ ¢d thé bidu dién cdc dic trung cua mach mot cich ¢é hicu
qua.

- Vige xdc dinh thoi gian vAhai diém thue hién cua cde phép roan het
stc quan trong trong phén ciing do cic tuong tac giita cdc thanh phin
phin cling vdi nhau. Trong khi dé vin dé tuong tdc theo (hdi gian it
anh huong (6i vige thue hién cdc phép todn trong cic chuong trinh
phan mém, trlr mot o truéng hop trong nhiing tng dung (thoi gian
thue.

Mach di¢n ¢6 the dugc md ta dudi nhiing gée do quan sat khic nhau, do
d6 cde ngon nglt HDL véi nhimg dac trung tuong tng cling ducce phit -tricn.
Tren thue &, khi nghién cu cde mo hinh & mic kién tric va 16gic cua qua
trinh mo hinh héa, nguoi ta sir dung cdc mo ta mach theo cac géc do hanh vi
vir goe do cdu triic duge sir dung. Mot s6 ngon ngit con gi1ip ta ¢d mot cich
nhin tong hop. dicu nay cho pheép nha thiét k& ¢6 the dae td cde chi sl cha

cdc phan mach cling nhu timg bude xay dung cde mo hinh ciu trde (i cic
mo hinh harh vi. Cic ngon nglt mo hinh hod phan cting con phuc vu cho
muc diclt truyca 1di va trao déi cdc khuon dang cua thict k& gitia nhiv thict k¢
va cong cu.

Cic ngon ngit HDL khong chi duoc phat trién do véu cau cua bai todn
mo hinh hod phan cing. e ¢6 thé phé¢ chuin duoc thiét k¢, cic mo hinh
phin cting phai duge kiém nghi¢m (ua mo phong hodc bang cic phuong
phdp ki¢m tra. Cdc phuong phdp tong hop mach sir dung cic mo6 hinh trén
cdc ngon ngit HDL lam didm xudt phit. Cic mo hinh nay phii didp itng duoc
ting muc dich cu thé cha qui trinh thicl k¢ mach. Vi du nhu ngon ngik mo
hinh hod phan cing VHDL duge phat tién v6i muc dich dé mo nhiing

79



mach ¢é do tich hop sicu lén, ngon ngit Verilog dugc 1hiél k& d¢ nang cao
hi¢u qua ctta qui trinb mo phong mach,

Viéc dip ing nhieu myc ticu nhur vay cla cdc ngon ngd HDL khong the
dat duoc néu ta chi slia doi cdc ngon nglr lap trinh phan mém dé thoa min
cdc nhu cdu cla qué trinh mo 14 phan cing. Céic ngon ngi 1ap trinh ¢6 the
dung d¢ mo phong hoat dong cua mot 6 thi€l by tinh toan, nhung khong the
dung trong qud trinh xdy dung thiét ke.

1. Nhiing dac di¢m khac biéf cuia cic ngon nglt mo ta phan cung

Cic ngon ngd duge die trung nhd cde quy tac cd phdp. ngit nghia vit thue
t& st dung. Ca phdp lien quan {61 cdc cau trde cia ngon = oft v ¢d thé duac
the hién qua cdc quy tic ngil phap. Ngli nghia chi ra ¥ ughia cta cdc thanh
phin ngon ngll. Cdc quy tic ngi nghia tic dong tuong ting téi nhiing thanh
phan ngon ngd thoa miin cdc quy tac cu phap. Thuc 1€ st dung ngon ngd ben
quan (Gt nhang Khia canh khic chia ngén ngil, bao gdm ca van dé sy dung va
thue hién ngon ngl.

V& dai thé ¢6 thé chia ngon nglt lam hai loai: ngon nglt thit we

(procedural) v ngon nglrmo ta khai bido (declarative).

- “Frong cic ngon ngl thu tuc, cic chuong trinh thé hi¢n cde tic dong
mong mudn bing cich mo ta day cic budc cin thicl d¢ thue hién cdv
tac dong do.

- Doi voi ngon ngi khai bio, cac mo hinh (hé hi¢n cic vin dé s¢ duge
gidi quy€t bing tip hop cdc dac ta. khai bdo mi khong dua ra chi ticl
cic phuong phip gial quyét . Do do uinh iy mo ti cdc khoi co so
khong quan trong trong nhiing ngon notr khai bao.

Cic ngon nglt mo hinh hod phan cing dugc phay loai dua trén cd sa goc

do quan sdt cdc dot tuong duogc 6 ti. Vi du, nhilng ngon nglt mo ta et ke

& miuc vat 1y s¢ duge 1é tro nho cic dic 1d nhimg Jdot tuong hinh hoe nguyen
thuy. cic thao tdc trén cdc dei twong d6. Ching ta chi tip rung vito nghidn
ciru bidu didn mo hinh mach tuong tng vai cic gde 3o quan sat hank vi va
ciu trte. Theo khia canb d6 ta ciing nghien ciu nhitng ngon ngi thich hop
tuong tng. Phin l6n cic ngon ngl HDL déu hé trg ca hai dang mo td mo
hinh theo cdc gde do hanh vi viv cau tric.

Cic ngon ngr HDL thutng duoc phdt tricn keém theo cidc bo o phong.
Téc do thuc hién 1a mot wong nhiing yeu ciu doi véi bo mo phong. Cic
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thuat todn mo phong theo su kién duge st dung rong rii bai vi ching cho
phép bo mo phong giam thicu s6 lugng céde tinh todn va do dé tam giam thoi
gian thuc hién mo phong.

Qud trinh mo phéng bao gom viée tinh cde gid il cua tin hiéu trong mal
khodng thdi gian xidc dinh. Khoang thoi gian niy duoc chia thanh cac khung
thoi gian. Trong moi khung thoi gian, chu trinh mo phong buo géom cic bude
sau.

- Tin hicu duge lan truyén trong mach vi duge cip nhat,

- Tit ci cac qua trinh nhay cam véi cde sy kién duge tinh loin cho tdi
ki ching duge dimg lai.

- Khi td ca cic qui tinh tinh todn déu dumg lai, thoi gian trong bo mo
) = N o = 7
phong duge chuyén sang kKhung tiép theo va hinh thinh chu trinh ma
phong mot.

Phuong phip mo hinh hod mach néi trén du téng qudt dé cho phép mo @
cic mach dong bo viu khong ddng bo. Trong cic mach ddng bo 141 ca cic
qud trinh ¢6 thé duoce kich hoat tai méi chu ky déng o, Néu thoi gian
ctia cde thanh phan mach di bigl, ching ¢6 thé dwoc dac ta nhu mot thuge
tinh cta tin hi¢u vi bé md phong ¢6 thé mo ta chinh xdc hinh vi theo thai
gian clia mach. Trong truong hop cdc thoi gian tré [ chua bidt, ngudi thict
ke hodic phai tim nhiing thong tin vé thol gian tré tif cdc mo nhinh hinh vi,
hoic dua ra cie gia thiél vit rang budce vé thiv gian tré dé thuc hién cic phép
todn trong khung théi gian xac dinb. '

2. Cic ngon ngi mo ta cau trie phan cing

Mo hinh duge mo td bing cde ngdn ngll cau truc thé hién cde két noi
oiia cdc phin ur. Do dd cic ngon ngd nity ¢ sitc manh bifu cam twong w
nhu cic so d6 mach mic du nhimg dac diém cva ngon ngir cho phép cung
cip nhimg mé ta khii qudr hon, Cac hé thong thit bic trong ngdn ngd cho
phiép tao cdc mo hinh ¢d tinh modun hod va ngan g(_m'. Cic thinh phin co 50
clia ngon gl ¢y trde cho phép x€p cic ngon ngit ndy vao nhom cac ngon
ngil khai bdo ( declarative ), mic du mot 56 ngon nglt mo ta cau wrdc ¢o chda
nhiing thinh phan thi tuc. Cic bien trong ngon ngl wong tng véi cdc cong
clia cic phan .
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Tachity X3t vi du mé i mach ntta tong biing ngon ngit VHDI .

carry
-G 0r - ..
b y o
G2 0

Hinh 4.2 C3u tride cda bo mira ong.

Architechture STRUCTURE of Half_Adder is

Component AND2

Port ( x, v: in bit; O: out )

End component
Component EXOR2
Port ( x.v:in b
End component
Begin
Gl AND2

Port map ( a. b,

G2 EXOR?
Port map ( u. b
Ind STRUCTURE:

Trong mo hinh nay chi hat kbai
bdo cua mé hinh khidc it AND2 va
EXOR?2 va hai khot tao mo hinh L
Gl va G2, Thong tin cu theé vé cic
1o hinh AND2 va EXOR2 duogc
khai bdo & mot vi ti khic, vi du
nhu trong cdc thu vién chuén.
Dang khic cua hién la ¢dc sicu bién,
Cdc bién ndy duge ding dé 1Aim md
linh mach gon hon, Vidu v¢ cic

82

it: 0:out )

carey ).

.sum ).

i e
i BUS - INV
nputf1) = e e
PULZ]Y ¢ e
mputing . e
— — -
NAONS e
@ T o
output 1] - e
outpati 2} —_ .
autput{n}

Hinb 4.3 Bicu dién ¢iu tride cta

nuing cide bo dao tn hico.




bién loai nay ¢ (he i cde ey & cta mang. Cdc loai bi¢n ndy Khong hicu
dién trye UEp cic thanh phan cta phin cung va duge loal irit khoi mo hinh
sat bude dich diu ticn.
Vi dy vé cde sicu bidn: Ta xay dung mé hinh cta mang 32 bo dao i
hiéu néi giita hai tuyéo tin hicu bing ngon netr VHDL. Tu Khow generaie
cho ta nhidu phicn ban cha bien vong lip 7

Architecture STRUCTURE of BU S_INV
Component INVERTER
Port (il : in bit; 01 : out hit ):
End component
Begin
G: for iin | to 32 generate
INV: INVERTER port map ( inputs( 1), output{ 1))
End gencerate:
End STRUCTURE.
3. Ngon ngii mé ta chue nang phéin ciing
Cic mach 16 hop ¢o thé duge me 14 bang tap hop cic phin 1 logic via @p
hop cde phuong trinh. Cic cdu tric nay lien két cde bien thanh cac bicu thic
logic. Phuong thiic Khai bio ng dung 6t nhat cho trudng hop mo ta cac
mach t0 hop - nhiing mach dugc mo a khong cin bo nhd. That vay. cac
mach o hop ¢d hé coi 1a cic ghép noi (v& mat cdu triic) chua cac toin i,
trong dé méi toin W xde dinh mot haun logic. Cac mo hinh nay khic v §1 cac
mo hinh ciu tric & ché khong ¢6 trong quan “mot - ot gilfa cée biew thic
Vil cde cong logic, boi vi doi vGi mot 6 bidu thic, s€ khong tén tal phan i
Ioaic thue hién bicu thic do.

Cdc ngon ngi tha tue cd the s dung d¢ mé 14 cde mach 10 hop. Phan i6n
ede ngon ngl ¢iu trée cho phép thyc hien phép gin nhicu lan voi mot bicn.
Pé (rinh surmip ma ve gid bicn, trong cdc ngon ngd mo t chiic nang o
cic co ¢hé gidi quyet map ma. vi dy nhu phiing phép toin sau s& xoi bo tac
dong cta phép todn trude.



Ta xét vi du nhu sau: mo ta bo nira tdng trén VHDL ding meé hinh hinh

Ay

Architecture BEHAVIOR of HALEF ADDER is

Process
Begin

Carty < (aand b );
Sum < (axorb);

End process:
End BEITAVIOR:

Trong vi du nay, bén trong khéi gidi han béi cip tir khod Process va End
Process cdc bicu thiic duge thye hién mét cich tuan ty. Hai phép gin
tuong tmg voi hai cau tric trong mo hinh bo nira tong.

Trong trudng hop md hinh hda cac
mach dong bo, phong cich mé hinh
hoa chiu dnh hudng nang né boi co
ché di¢u hoa thdi gian cta ngon ngi.
Nhiing phuong phdp mo Iinh héa céc
mich 16 hap ¢6 the duge md rong cho
cac mach tudn ty. Cic mach tudn
¢6 thé duge mod ta dua vdo tap hop
cdc phép gén cua cac biéu thie. Cic
déi s6 trong cdc bi¢u thue 1 cic bicn
cung vé thoi gian ué dong bo. Mo

hinh nay thudng duge st dung cho cic bo xir 1§ tin hién s6 hoac cac duding

truyén dir liéu dong bo.

T
. a, ] . 2 P
S DU N 5

BT
b, b,

i —<}:~+—— » :’:bz—b«':i_-)

Hinh 4.4 Mach loc so ruy hoi.

&

Ta xét vi du vé mach loc s6 truy héi. Cdc bién chita gid tri thoi gian tré
duoc ky hiéu boi @ va di theo sau 1a gid tri thai gian tré. Khi d6 mach

loc €6 the bicu dién nhu sau:

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

MG td lal ¥/ yinum =

Begin

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

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

end.
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Mach tuin tu ciing thudng duge mé hinh héa bing cdc ngdn ngd thu tuc.
Cic 6tomat ¢6 trang thai hitu han bicu dién hoat dong cia mach ¢ thé dugc
md ta bing nhiing mo hinh tha tuc trong dd cdc bién luu gill cdc thong tin
trang thdi. Khi do cdc thao tdc cla 6tdomat hife han duge mo ta bing nhting
bude lap déng bo theo xung nhip déng hé, véi nhimg phin nhinh chuyen
trang thdi tuong tng véi trang thadi hién thoi.

Pay 1a vi du mo @ o6tdémat hitu han thuc hién viéc nhian bict cic bit * 1

lién tiép & dong dit lieu vio. Mo ta duge vict rén ngon nga VHDL..

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

begin
C - 11 wait until clock 'event’ and clock ='1"
T e e if (in ='1") then
0 el .f';?ﬁ_“‘.. ’ “case STATE is
N ’_{i 10 I,\,f'“ff_’jl when = STATE_ZERO
T STATE < STATE_ONE:
Hinh 4.5 D4 hinh chuyén trang thdi cta out <= 0
otomat hitu han nhin biét day cde bit ' 17 when = STATE_ONE
lien ticp. | STATE < STATE_ONE;
cut ="'l
end casc
else

STATE <= STATE_ZERO;
_oout <=0
end if
end process
end BEHAVIOR.

Ta xét truong hop mo hinh héa hanh vi ¢ mirc kién trdc bing nhimng
ngon ngit thi tuc. Phuong thitc chung ta biéu dién cdc phép gdn tudn tw cho

cdc bién bing nhiing cau tric diéu khién ludng thong tin nhu 1€ nhdnh, vong
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liip. 2oi cidc mé hinh ( trong ngd canh cta cde ngon ngd HDL, ¢dc mo hinh
twong duong véi nhiing chuong trinh con trong cdc ngon ngit p trinh phin
mém ). Didu ndy cho ta thiay cdce hiinh vi cia mach co thé dugc mé hinh héa
ahu 14 tap hop cic phép todn va quan hé. Cic phép todn s&€ tuoug ng voi
phép gin, nhdm cic gidn hodc cice phép goi mo hinh. Su phu thude cua cic
dong dit licu va dong diéu khién € xdc dinh nhing rang budc vé trinh ty cua
cdc phép toan va mic do dong thoi thue hién ching trong bicu dién mo hinh.
Vi du nhu khi ta mé 1@ tap hop cde léenh mdy bing ngon ngik VHDL, ta ¢6
¢ nhin duge dean chuong trinh sau.

Ir <= [etch (pe i
“ase ir s
when = AND
ace <= regu and reghs:
when = OR
ace < rega and regh;
when = XOR
acc <= rega and regb:
when = ADD
acc < rega and regh:
end case;
pc <= pe +1:

Poun chuong trinh nay mo i ba bude thuc hién.

- Goi ham ferch, ham nay tra lai gid tei cua thanh ghi 7.

- Cdc lua chon gid 1ri cho «ce tuong Gng voi cac phép toan dugc
chi trong thanh ghi [¢nh /- véi cdc todn hang nim trong thanh ghi
regd va regh.

- Tang bé d€m chuong trinh pe 1én 1.

Phan tich céc qud trinh thuc hién 1énh ta thiy dong lénh phép todn cudi
cung cd the thvye hi¢n song song véi hai phép trén.

Cic mo hinh hanh cho phép biéu dién cdc khung thoi gian thuc hic¢n
phép todn v6i mot mic do tw do nhdt dinh. Vige kiém sodt trinh w thyc hi¢n

va hanh vi cha mach theo thoi gian ¢iing ¢6 the dugc mo hinh hanh vi cung
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¢ap. Ta xét mo hinh otomat hitu han da néu ¢ vi du trude (rude. Vice Kiem
sodl vé thot gian duoe thue hién dua vio cie todn dong bo dudt dang bhidu
thie cua cau lenh wail. Do mo minh chi ¢6 Mot 1odn 1 weit nen 1t ca ciw
phép todn s¢ thuc hi€n trong mot vong lap thoi gian. Viee dicu khien vé thot
aian cho phép Kiém soat trinh tu thue hién cde phép fodn cua mo hoh.
Trong vi du trudic, hai phép todn dau phdi thuc hién wan ., con phidp todn
thit ba ¢6 (hé song song vai mot wrong hat phép todn tren. Do do ta van them
ciac cau lénh wait d¢ kidm soét trinh we thye hién chang:

wait until clock’ event and clock =1
ir < fetch (peh
wait until clock’ event and clock =1’
case 1r is
when = ADD
acc <= rega + reghs
when = AND
ace < rega & regb:
end case
pe <= pe +1:
Trong trudng hop nay, mo hinh tdc dong viio bo mo phong va bo mo
phong s& lam tré qua trinh thit hai va thit ba.

§4.3. Céc mo hinh truu tugng
Trong muc niy, ching ta mo ta cic mo hinh trisu tuong diing dé bicu
dién mach trén cde mic do phan tich vi theo cdc gée do quan sat khic nhau
{rén mie 1ogic va mic kién trdc. Cac mo hinh nay thudng dua tién cich biéu
dién bang cdc do hinh. '

1. Cac cau trac

Ciiu triie cta mach ¢6 thé mo hinh hoa dua vao cic cau tric hen ket Cac
ciu trde lien két bao gém tap hop cic modun, @p hop cdc mang ket noi va
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quan hé lién k&t gifia cdc modun va myng két néi. Mo hinh cau tric ¢ the
duoce biéu dién bing nhiéu cich.

—  Cé thé biéu dién mo hinh cdu tric mét cich don gidn bang ciic
siéu dé thi. trong dé mdi dinh cta do thi twong dng véi cic
modun va cung tuong dng v6i mang lien k&t. Quan heé lien ket
gita cac modun v mang duge mo ta bing cdc ma tran lién két.
Ta ¢6 siéu dd thi twong duong véi mot do thi hai phan cd tap hop
dinh chia 1am hai phin, trong d6 mdt phin tuong duong véi cic
maédun, phan con lai twong duong vdi cdc mang.

~ Mot cdch bidu dién khic cla ciu tric la bicu dién mdi modun
bing cic diém diu cudi hay 1a cong va mo 1a sy K¢t ndi gida cdc
mang véi cac cong cta modun.

Thong thudng cic ma tran lien két rat tan man, khi d6 st dung danh sach
mang ¢6 hiéu qua hon dé mo t cau wic. Trong danh sich mang ta dinh $O
tit cd cdc mang ndi véi timg modun ( danh sdch loai nay goi la danh sich
mang hudng modun ) hode ddnh s6 1at ¢a cic modun k& noi véi mot mang
( danh sdch mang hudng mang ). Vi du, trén hinh 4.0 @ biéu di¢n cdu tric
clia mot doi twong gém ba khoi co so. Cde cdu tric két no1 duoe bi¢u dién
bang ma tran lién két va dé thi:

Ma tran lien két & N .
" ] danh sdch lién keét: L m )\\—\-7@1 )

S R | 2 ! - _—

p D

| P2 g, , m, | 11 = DN
_| \ . | T l'ﬂz l l 0 :\ m2 :(/ —\——/E)', nz :I
A NI N A
‘ 1 Pe— — Pr Ps 1y 0y Ny f m3.\‘:|/ . \Ii/ n3
D: |\ rn3 : S e

ml: nl, n2,n3
m2: nl.n2
. m3: n2, n3

‘mz

Hinh 4.6 Bicu dign mo hinh cdu truic.

[ Cdc cau tric lien k&t ¢6 thé tao thanh trat
! Dy Ty P t nhu sau:“nhfmg modun ndm tai cic nit
: — ﬁﬂ | [4 1a cdc dbi tugng ¢o s¢ cung tap hop cac
‘- _ | ] cong. Cac modun kbong nam tai nit 14 la

' p3| _ tap hop cic modun con. Tap hop cdc mang
Hinh 4.7 Chi 1i& cia khéi m.. vh cdc cau tric lien két s& gan két cidc




mang vdi cic cong clta ¢cde modun hodc véi cdc cong clia cde modun
con. Trong vi du trudc. cidc moédun ¢é theé ¢é chia cic modun con nhu
khoi m,. Khoi m, chia cdc khai m,, va m,, vi cde cong p,,. Pass Pras P

Pase

2. Mang logic

Mang logic 10ng qudt 1a mot cdu triic trong dé nhitng moédun tai 14 twong
ing véi cic him l6gic tuan t hodc (6 hgp. Khii niém nay 12 khd tong qudt
va manh. Ta gi6i han hai truong hop dot vé6i mang cdu tric: mang logic 16
hop va mang logic dong bo.

—  Mang 1ogic t6 hop hay cdn goi 1a mang Bool la mot cdu triic phan cap,
trong do:

Méi modun tai 18 tuong dng v&i mot him 16gic ¢é nhidu diu vio
va mot dau ra. Ham nay goi la him cuc bo.
Cdc c¢bng vao ra duge chia lam hai nhém: cic céng vao vii cic
cong ra. Cic cdng khong thuoc cic modun con ciing duge chia
Jam hai nhém: cie dau vao va cdc diu ra so cap.
Mai mang ¢6 mot cong tich biét goi 1a cdng ngudn vi ¢é dinh
hudng tir cong ngudn 161 cdc céng khic. Cic cdng ngudn cla
mang ¢6 the hoiic 12 diu vio so cap hoac 1a diu ra so cap cia
médun thude mue thap hon. Trén thuc €, cdng nguén con cé hé
I cde dau ra ciia nhitg hiim cuc bo.
Quan h¢ gita cdc mang trong moédun 14 quan hé duge sip mot
phdn.
Mot mang logic ¢é thé duge bicu
dién bing cdc do thi. ¢ don gidn, ta

a_i i
b .| p=ab I_T ' poX xem XEt trucng hgp mang khong phin

q=p+c ——y  cdp. Do thi mang logic G (V,E) la do
— thi ¢& hudng trong &6 tap hop cic dinh

Hinh 4.8 So dé mang logic. V chita cdc phan 10 la tuong dng “mot-

mot™ véi cdc dau vao so cip, cdc him

cuc bo (la cac modun ) va cde dau ra so cap. Tip hop cic cung ¢d hudng E
bicu dién sy phan tdich mang nhi¢u cuc thanh cic mang hai cuc. Theo dinh
nghia, do thi nhin duge s& khong chita mach vong boi vi mang 1a duge sap
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mot phian doi véi cic modun. Hinh 4.9
R thé hi¢n dé thi mang logic cua cau true

T ~~ ¢ hinh 4.8, trong do:
=V, Vo . . .
Aoy v Tacba dimh vaor
VR R hai dinh ra:
Pon ) . ' - -
S R Vind .- hai dinh trung gran wong ung

vdi cac hium jogic.

Mang logic 1 bicu dién hon hop

theo cau trdc va hanh vi, vi cdc co ché lign ket cung ¢dp cde cdu trdc. ¢on

cic ham 1ogic dua ra hanh vi tai cdc cong cua cdc modun nam tai it la.
Trong mot s6 trutng hep, cdc ham logic khong th¢ thue hién duge nhu vy
vi cde gidi han k¥ thuat. Vi du ham AND 64 dau vao ¢6 1he bicu dién bang
cic ham cuc bo cia mang 16gic. Nhung trong k¥ thuit ham AND dé 6 thé
duge phan tach thinh tap hop cdc phan i AND hai cong vi do do co cilu
tric khéac voi ban dau.

Tmnb nhing teudng hop ma mang légic dung d¢ mo ta cie lién két gifia
cde cong logic, ta cé bicu dién cau tric thudn tuy. Phin Jén, mang logic su
dung dé bicu dién cic hium logic ¢4 nhiéu dau vao- -dau ra bang phuong phip
ciu tride. That vy, cic mang logic ¢o tuong quan “mot — mot” v6i hiam
vao / ra logic 6 hop. Ching ta ¢é thé nhan duge him nly bang cich ket hop
cdc ham cuc bo véi nhau dé xde dinh cdc dau ra so cilp theo cde dau vao sd
¢itp. Thong thuding cdec ham vao/ra kKhong thé dé dang bicu dién dudi dang
chuén tic, vi du nhu dang chudn tac tuyén hoac hoi, hodc dudi dang cac so
d6 quyét dinh nhi phan do kich thude va do phic tap cua hany, PO la mot
trong cdc nauyén nhan s¢ dung mé hinh mang logic. Mo hioh nay clng
khong phai la bidu dién duy nhat cla cic mach 10 hop.

Cic mang logic ¢6 dong bo la trudng hop tong quit héa coa cde mang
logic 16 hop. Mang logic loai ndy dung d¢ mo ta cac mach an w lim viée
theo ché do déng bo. Trong md hinh nay cdc modun tul 1d ¢o th¢ dung dé

Ilinh 4.9 So dé mang logic.

mo (4 cde hiun logic 16 hgp ¢6 nhicu diu vio v6i mot dau ra hoac cdc phan
wr ¢ déng bo. Mung khong nhat thi€t phai duge sdp tmg phan uong ing
véi cic modun. Tuy nhién, mél mang con cila mang dang x¢t, trong d6 cic
plidn tir ngudn khong phii [ phan (e dong bo, ¢ th¢ duge sap timg phan
dé mo hinh hod nhitng trudng hop dac biét. Nhing rudng hop dac bt nay
yéu c¢du trong nhitng mach déng bo khong chia nhing vong phin hoi qua’
¢ic mach 16 hop.
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3. Cac otomat va so do trang thii

Trén phuong dién hanh vi, & mic logic, cde mach ddy ¢6 the duge bicu
dién bang cic 6tomat hiu han. Cac otomat hiiu han duge dinh nghia la mot
bonam A =< X, Y, 8.8, A >, trong do:

— X latip hop cic ky tu vao cua otomat.

— Y Iatap hop céc Ky tu ra cua 6tomal.

— 8§ latap hop cic trang thdi cua dtémat.

— "Tap hop cic ham chuyén trang thdi : 8 : X x § —» 8

— Taphopcichamra: A: X x 8§ — Y otomat Mealy

A:8 > Y : otomat Moore.

—~ Vi s, 1a trang thdi khoi dong cha 61omat.

Bang chuyén trang thdi cta otomat chda cdc trang thai chuyén 1i€p v
nhitng ham ra. Tuong tng vé cdc bang chuyén trang thai, khi bi¢u dién
otomat bing do thi ta c6 so do chuyén trang thdi.

So dé chuyén trang thai 1a mot d6 thi ¢6 hudng G,(V,E), wong dé:

—  Tap hop cic dinh cla d6 thi V twong Gng “mot - mor” voi (ap hop cic

trang thai § cua d1omat.

—  Tap hop cdc cung ¢6 hudng E tuong iing "mot — mot”™ voi su chuyén
tiép trang thdi. Nhimg su chuyén tiép trang thidi nay duge dic trung
bt ham chuun 1ép 6. Bie bict, cung (v, v)) 16n tai néu 16n tai kv
1w vio xe X sao cho

dx.s)=s,, Vij=12 .. ]8]

Trong md hinh 6tomat Mealy mdi cung duge gan nhin boi cip ky tu

VA{x, s,). Con trong mo hink 616mat Moore mdi cung dugc gin nhin boi .
vir mbi dinh v, & 8§ dugc din nhin tuong tng v6i ham ra A(s)).

Ta hity xét vi du 6tomat Mealy thuc hi¢n viéc dong b¢ gitra hai tin hi¢u.
Cic diu vio so ¢dp la a vi b, tin hiéu khoi 1ao 7. Otomat ¢6 mot diu ra so
cdp 0. Pau ra o nhan gid tri “[7 ndu hai tin hi¢u a va b cung dong thar nhan
eid tri friee hode trong trudng hop mdt tin hicu nhin gid tr1 e ¢on tin hiéu
kia nhan gid tri rree trong thai diém trude dé. Otomat ¢6 bon trang thdi sau:

- Trang thdi khoi dong s,,.

—  Trang thii nhd s, khi a la rrue v b 1A false.
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— Trang thdi nhé s, khi b 1 trie va la feldse.

— Trang thii nhé s, khiava b cung true.

Trong mot s¢ trudng hop, dé tien loi khi biu dién cdc so dé otomat hifu
han ngudt ta phan tich
otémat thanh cic sg do ab+ /0
con. Moi so dé con,
ngoar trir so do goc, ¢
cac trang thai vao vi
rang thai ra. Cde trang
thdi nay tuong dng véi
mot hoac nhiéu dinh caa
sd do ¢ nhiing mtc cao
hon. Cic dinh & miuc
cao hon nay goi li dinh
tham chigu. Mbi su
chuyén wang thii i
dinh tham chiéu tuong

N Hinh 4.10 So dé chuyén trang thai cla otdémal

ting vai su chuyén trang Mealey thyc hién viee déng be gitia hai tin hiéu,

thar 161 trang thai vao

cla s0 do otomat hiiu han tuong tng tai mic thip hon. Sy chuyén trang thai
L6i cde trang thii ra twong Ung vai viée quay v¢é trang thai tham chicu.

Cic 50 d6 phan cip thudng dugc dung trong qud trinh éng hop thict k&
d¢ ghép néi cdc otomat hiu han theo con dudng modun hod. Cic phuong
phip nay thudmg ding dé mo 1a nhing mach ¢6 kich thude 6.

Trong k¥ thuat mé hinh hod, ngudt ta thudng sur dung cic phuong phap
' Xay dung cdc otomat phiic
tap ftir nhimg otomat don
gian. Cdc phuong phip nay
dua trén viéc ghép noi cdc
otomat theo phuong phip
Y, ghép noi néi tiép, ghép noi
song song hoac hon hop cla
cd hai cdch ghép noi uen.

Hinh 4.11 Ghép ngi song sonyg hai o16mal.
- Ghép néi song song cdc 6témat,
Hai otomat A, va A, duoe gol la ghép néi song song thank mot dtomat
A néu hai dau vao cla hai 6tomat A, va A; duge noi chung véi ddu vao



cla otomat A. Didu kién dat ra ¢ day 1a hai tap hop tin hi¢u dau vao cua
hai 610mat A, va A, phii hoiin 10an giong nhau. Cic diu ra cua A va A,
dugc néi vio bo 1ong hop tin hieu. Bo tdng hop nay thuc hién ham ¢ lén
hai diu vao cta hai 6témat ban diu v hinh thanh dau ra cua otomat A,
So dé ghép noi seng song duge dua ra trén hinh 4.11. Cdc thong 8O cua
atomat A duge xdc dinh theo cdc thong s6 clia cic otdmat A, va A, nhu
sau:
1A1:<X,Y1,SI.,6} ,?\;]>

A=<X, Y,S.6,% >
trong dé
S=8,x8,={ (5.5, €8,.%€8, 1
X = {Xy, Xay o X )0
Y=Y xY,)
S(x,8)=(8,(%,8 )8 X8
X, 8) = @A (X8 ) A X, 80 )

- Ghép noi noi 1iep har otomat.
Hai 6tomat A, vi A, duge goi la

X ‘ Y Y, vhép ndl ndi tiecp néu cic tin hiéu
1 A, L A, 2, ghep P .

2 diu ra coa otdomat A 1d cic tin

hicu dau vao cua Otomat A, O
Hinh 4.12 Ghép néi néi 1&p hai Stomat. day cliing 1a phi’li gifl thict l‘fmg
khi ghép néi néi 1i€p hai otomat, cic tinh chat ban dau cla cdc 6tomat khong
bi thay déi. Hai otomat duge ghép néi noi tiép s& tuong duong véi mot
stomat A=< X, Y, S, S, A >, trong do,
S=§,xS,={s=(s,8)s €8, .5 € S, |
X=X.
Y=Y,
o(x,s )= { 51( X 5 by 63( l1( X, 8 ), 5, 1l
A X, 8) = A, (A (X8 ) 8,)
Tém lai. trong chuong niy ching ta nghién cdu mot $6 khii ni¢m co ban
trong bai todn mo hinh hod mach. Trong cong nghiép thict k& cac vi mach,
mach dién dugc thiét k¢ trén cdc mo hinh phin ctng va sau do duge cu the
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hod bing nhiing ngon ngl mo ta phén citng. Ciic ngon ngil ndy ¢6 dac di¢m
khic vdi cdc ngon ngi lap trinh truyén thdng ¢ cde kivia canh mo ta cau tric
v hawh vi mach theo thai gian. Trong chuong tiép sau, ching ta s& nghicn
ciu cde van dé lién quan téi bai 10dn mo hinh hoi lbgic.
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CHUGNG V. CAC PHUONG PHAP MO HINH HOA LOGIC

Mo hinh hod logic 1a hinh thie ki€m tra thiét k& st dung cdc mo hinh
clia mach di duge thiet ké. Qui trinh mo hinh hod iogic va ¢ phong thict
k¢ ¢6 thé duoe bidu dién theo so dd trén hinh 5.1. Chuong trinh mé phong s¢

-
___I\ A

o = ; i
Cie w1 diu Chuemg trinh

LT T E— / md phong
vae Vit dicu I =

Lhicn

M il mach

Hinh 5.1 So dé bidu dién qud tinh moé hinh hod logic vimo phong,
bidu dién cic tin hiéu vio vi tin hiéu diéu khién, phat trién qud trinh tinh
todn trén cae tin hiéu theo théd gian va hinh thanh cde gid tri dau ra dua trén
116 hinh cua mach.

Vice kidm chimg thiét k& logic t qud tinh ki€ tra thicl k¢ mach uen
phuong di¢n hoat dong vé chic nang va theo thoi gian. Qud trinh nay duge
thue hién dua ten su so sanh cic két qua nhan duge qua qud trinh mo phong
vGi nhimg gid i duge tinh todn tir rude dua vio chic ndng. Them vao do,
mo hinh hoi 1ogic con ¢d the sic dung d¢ kicm chiing cdc tinh chit sau cta
hoat dome ciia mach duge thiét ké:

—  Suwdoc lap cha cde trang thdi ban déu;

— Sy nhay cam cta cdc bién (tin hicu) vio tham s6 thoi gian tr¢ cua cie

phan 1u:

— Trong hoat dong ctia mach khong 16n tai su chay dua gilta cdc phén

nr, su dao dong, cde dicu kién dau vio khong thich hop hode cac
trang thit treo.



Thong thuong nha thiél k€ xay dung nhing phién ban mau cua mach
theo 1hiét k& vi kiém tra hoat dong ctia miu. Vige kiém tra nay s& cho phép
tim ra nhimg 161 tiém an trong thiét ké. Uu diém cta viée 1ao mau la ching
cho phép nhi thi€t ke kicm nghiém thiét k¢ theo tée do tinh todn thue (€.
Nhung viéc tao miu c6 mot nhuge diém la gid thinh xay dung phién ban
mau thir nghi¢m t&n thdi gian va ¢6 gid thanh cao. Mo hinh hod logic va mo
phong thay thé viée xay dung méu thir bing cdc phan mém. Dicu nay cho
phép nha thiét k¢ phan tich, kiém nghiém va hiéu chinh mo hinh mot céich
d& dang. So véi qua trinh kiém nghi¢m trén méu, viée kiém nghiém thiél ké
bang mo hinh ¢6 nhiing uu diém sau:

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

trén duong tin hiéu);

—  Cho phép thay doi tham s6 thoi gian € cta cdc phan t¢ trong mo
hinh dé kiém tra nhitg trudng hgp xdu nhat v¢& di¢u phoi thdi gian
trong mach;

—  Kiém tra nhitng gid tri do nha thiet k& xic dinh trong qua trinh mo
phong; ' ’

~  Cho phép mach duge mo6 phong bidt-ddu hoat dong tai bat k¥ trang
mot thai nao;

~  Cho phép kiém sodt mot cdch chinh Xdc viée di¢u phoi thoi gian doi
v6i nhimg su kién khong déng bo;

—~ €6 khd nang tu dong kiém tra hoat donp cla mach duge thict k¢
trong moi trudng lién két vdi nhiing mach khic.

Miic dit cic mé hinh mo phong chay cham hon cde mau phan citng nhung
vi¢e kiém nghiém ding mo phong cho phép nha thict k& dimg qud trinh mo
phong tai nhiimg thdi diém xdc dinh vA hién thi cdc gid tri tin hicu ke ¢d tai
nhiing duong 1in hiéu khong the quan sdt trye tiép trong phin cdng. Do dé
vige st dung ¢dc mo hinh mo phong trong qud trinh thiét k& mach duoc thue
hién rong rii. Trong chuong nity chiing ta s€ nghién ctiu mot 56 phuong phip
mo hinh hod logic vi xay dung mé hinh mo phong trong cong nghe thict k¢
mach véi do tich hop cao. Cic phuong phdp niy tao co so cho viée xdy dung
v hoat dong cla cic ngon nglt moé hinh hod phan cdng HDL.
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§5.1. Co s6 mo hinh hoa logie
l. Cae phuong phap mo hinh héa va cac hé mo phong

Trong k§ thuit thict ké cdc mach logic. ngudl ta phan ra hai phuong
phép chinh d¢ mo hinh hod mach. Cic phuong phip nay dugc xay dung dua
1rén cd s& cic mo kinh noi tai ma he mé phong s xit 1y. Cic he chuong trinh
mé phong thuc hién céc mo hinh logic duge dich tir cic ngdn ngi mo hinb
hod phan citng v duoc goi 11 he mo phong bang bicn dich. Cac mi bien dich
duoc tao ra tir nhitng mo hinh trén mic thanh ghi, tir cdc mo hinh chtre nang
hoic mo hinh ciu fric. Céc hé mo phong bicu dién cac mo hinh dua trén cac
ciu tric dif ligu duge goi 1d cic heé mo phong bang cdch 1ap bang. Cdc ciu
(e dit licu duge xay dung tir cie mo hinh trén mic thanh ghi truyén dat
hoac tir cdc mo hinh ciu trde. Viéc thé hién hoat dong cia m6 hinh duge
kiém sost bang céch dat nhimg tdc dong vao mach va goi nhiing chuong
trinh con thue hién nhimg chie nang clia cac todn tir cg s& ( doi voi mo hinh
trén mifc thanh ghi truyen dat ) hodc chifc nang cua cac phan t co s ( doi
véi mo hinh cau tric ).

Gia sif chiing ta khao sit mach dién khi mach hoat dong vl quan sat
nhitng tin hi¢u thay déi gid tri tai nhitng thot diém thoi gian bit ky. Cic tin
hieu niy duge goi 1a nhimg tin hi¢u kich hoat. Ty le gifa s6 luong cac tin
hiéu kich hoat va 1dng s6 cdc tin hidu trong mach goi 1a hoat tinh clia mach.
Trung binh hoat tinh ctia mach thudng nam trong khoang tir 1% dén 5%.
Diéu niy 1A ca 56 cua phuong phdp mo phéng theo hoat tinh cia mach. Theo
phuong phip nay, hé théng chi mo phong nhifng phdn hoat dong cua mach.

Trong mach dién, su thay ddi gid tri cla tin hieu trén mot dudng truyén
tin hi¢u duge goi 1a mot su kién. Nhu vay méi khi c6 mot sut kién xudt hién
trén dudng tin hiéu £, ching ta néi ring phan tit mach nhan duong tin hiéu i
Iam dau vao dugc kich hoat. Qua trinh tinh todn cdc gid tri dau ra cua phan
tir duge goi & qud trinh xdc dinh gid tri tin hi¢u. Phuong phip mo phong
theo hoat tinh clia mach chi xac dinh gid tri tin hiéu d6i véi nhiing phan
duoc kich hoat. Nhimg phin tir dugc kich hoat s thay déi cde gid tri tin hiéu
trén déu ra cha ching v 1ao ra cic sy kien mdi. Nhu vay, hoat tinh cua mach

4

dugc xic dinh boi cic s¥ kién trén cdc dudng tin hieu, do dé phuang phap
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mo phong theo hoat tinh con duge goi Ia phuong phap mé phong hudng su
kién. D¢ ¢é the truyén céc su kién theo cdc dudng lién k€t trong mach gifia
cic phan ti, hé thong mo phong hudng su kién can phdi bi€t mo hinh cau
tric ciia mach. Do d6 mo hinh hod [ogic va mo phong hudag sy kién thuong
dua trén cdch lap bang.

Phuong phap mé hinh hoa 16gic vd mé phong bang bién dich phan 16n
chi quan tam téi viec kiém chang chitc nang hoat dong cua mach ma khong
quan tam tdi viée diéu khieén va diéu phéi céc qua trinh tinh todn theo thai
gian ctia mach. Do d6, phuong phdp moé hinh hod logic va md phong thich
hop véi nhitng mach déng bo, trong d6, vige diéu phdi cdc tién trinh tinh
todn theo thoi gian c6 thé duge kiém tra tach i voi viéc kiém tra chie nang
ctia mach. Nguoce lai, phuong phdp mo hinh hod logic va mé phong hudng su
kién tap trung ¢hl y€u vho cdc moé hinh diéu khién tién trinh tinh todn theo
thoi gian va cé thé lam viée véi nhitng mé hinh thoi gian chinh xdc. Nhu
viy. phuong phdp mé hinh hod 16gic va mo phong hudng su Kién cd tinh
téng quit cao hon va ¢6 thé dp dung cho ca nhiing mach khong dong bo.

Trude day, phuong phip bién dich dugc st dung khd pho bién trong ky
thuat nhung véi nhiing nhuge diém trong viéc xir 1y thoi gian tré nén phuong
phdp nay to ra khong thich hop véi viée phan tich hinh vi ca mach theo thon
gian. Do d6 tai thdi diém hién tai. phuong phdp mé hinh hod logic va mo
phéng bing bién dich trd nén it duge sir dung mot cdch doc lap ma thuong
duoe st dung k€t hop v6i nhilmg phuong phdp khéc. Noi chung, phuong phép
bien dich ciing t6 ra khd thuan lgi trong vige moé hinh hod cde mach t6 hop
va trong mot s6 truong hop trong cd viée xay dung mo hinh cho cdc mach
tudn-ty dong bo.

Phuong phéap mo hinh hod logic va mo phong huéng su kién co thé thao
tdc voi nhimg dau vao thoi gian thuc. Diéu dé ¢6 nghia 1a nhing dau vao ¢6
0 lan thay déi trang thai doc lap véi hoat tinh cia mach dugc moé phong.
Vin dé nay déng vai trd quan trong trong viéc kiém chiing thi€t k& boi vi
phuong phdp hudng su kién cho phép mé phong mdt cich chinh xdc nhiing
su kien khong dong bod nhu cdc su kién ngat hodc cic canh tranh trong yéu
cdu si dung tuyén dir liéu. Phuong phdp mo hinh hod l6gic vi mo phong
bing bién dich chi cho phép cdc din vao thay ddi gid ui khi trang thdi mach
én dinh. Diéu nay thich hop khi cdc tic dong ddu vao la cdc vecto duge dat
vio mach theo nhiing t6¢ d6 c6 dinh. Ta chii ¥ rang, nhiing diu vao thoi gian
thuc bao gém ca nhilmg vecto ddu vio voi toc do cd dinh.
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Trong k¥ thuat hai phuong phdp mo hinh hod vi mo phong néi trén
thudng duge sit dung mot cich két hop, twong dé nhimg thu tuc hudng su
kicn s& truyén cdc su kién trén cde duong tin hiéu qua cdc phan tor mach con
nhing phin t duge kich hoat s thue hién cdc thao tic lén tin méu bang cic
mé hinh xay dyng tif phiing md bién dich..

Cic muc mo hinh hoa 1ogic vd mo phong twong ting véi cac mtic biéu

dién he thong. Ching ta ¢6 thé ¢ cde mic mod phong sau:

— Mo hinh hod trén mitc thanh ghi: hé thong s& duge mo ta hoan toan
trén mic thanh ghi truyén dat hoiic nhu lién ket gita nhiing thanh
phin ca mo hinh ti¢n thanh ghis

— M5 hinh hoi trén mdc chic nang: hé thong duge mod ta bang cic
thanh phin co bén vi lién két gitia cdc thanb phin do:

— M0 hinh hod trén miic cdc phan 1 logic;

— Mo hinh hod trén mdc cac transistor;

— M5 hinh hod hén hop.
2. Cic gia tri Jogic khong xdc dinh

Trong qud trinh mo hinh héa logic. & c6 the mo ta chic nang va hoat
déng cua mach theo thoi gian, ta phii mo ta duge mot cich chinh xdc cac
qui trinh dién ra trong mach. D¢ dat duoce diéu d6, chdng ta phii mo ta duge
swe bién thién gid tri tin hi¢u trén cde duong tin hiéu trong mach. Mot trong
nhimg van dé phic tap 1a mo ta duge cic qua trinh qud do dién ra trong
mach méi khi xudt hién cdc sy ki¢n trén nhiing dudng truyén tin hi¢u. Do
hoat dong clia cic mach s6 dua trén ¢ sO clia logic chuyén mach, nhung vai
hai gia wi { 0, 1 } ta khong thé mo ta duge su chuyén tiép gid tri tin hicu (v
mot miic sang mot mic khdc. Dicu d6 din 1di viéc ta phai mo rong mién xic
dinh cta céc phép todn logic truyén thong vi ma rong cic phép toan nay trén
mién xdc dinh moi.

Trong qud trinh mo hinh hod, dé mo ta cdc gid tri tin higu trén cic dudng
tin hi¢u trong cdc qud uinh tinh todn, ngudi ta thuong sir dung hai dang gia
tri tin hi¢u sau: '

- Chc gid tri tin hiéu thye - céc déi twong duge mo hinh héa true tép

va wong ng véi cdc gid tri Lin hiéu trong so dé thuc.
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- Cic gid tri do - ciac gid tri chi tén tai trong mo6 hinh mach khi thuc

hién qua trinh mo phong.

Trong logic nhi phan, cdc gid tr1 tin higu thue khong chi la *0” va ‘1.
Trong nhi¢u trudng hop nha thiét
ké can thi¢t phai chi ra cdc trang
thai bién doéi gid i tir ‘0" — ‘I’
- ky hieu 1 ‘T vatir ‘1'— ‘0’ —ky
hiéu 11 3 clia tin hicu. Céc trang |
thai nay thé hién cdc qud trinh qua 0-»1 10
do trong mach trén cdc dudng
truyén tin hicu. Ngodi ra doi véi
nhiing phin tr ¢o ba trang thdi ta con phai sir dung thém gid tri *Z° dé chi
trang thai trd khing cao. Nhur vy micn xdc dinh ctia cic phép todn logic
dugc md rong tirtap hop { 0, 1 } sang tap hop {0, 1, T, 4. Z1.

Cac gia tri ao duoe sur dung trong nhitng trudmng hop trong qua trinh moé
hinh héa khi ta khong thé thiét 1ap gid tri tin hi¢u nhu 13 ket qua clia cdc
phep toan trén nhiing pid tri thuc hodc khi ta phai mo hinh hda c¢dc phan 1
cuia mach trong diéu kién gid tri thdi gian tré cha cdc phin tr khong xdc
dinh. Vi du, khi mo phong hoat dong coa phan te NAND ¢6 hai diu vao

Hinh 5.2 Ciceid witinhiew 0, 1. T, L.

bing cdc gid trj tin hieu thue { 0, 1, T, 4, Z |, chang ta khéng thé thiét lap
gid tri dau ra bing cdc gia tri tin hiéu thuc néu trén khi gid tri ddu vao 13 T
Vit Trong nhiing treong hop nhu vay ching ta phai sir dung thém gid tri
tin hiéu khong xac dinh — kv hi¢o 1a *U”,

Noi chung, ddp tng cla cdc mach tudn tu doi véi cdc tic dong phu thude
vao cdc gid tri khoi tao ban dau, do d6 & giai doan dau cha qui trinh mé
phong, ching ta cin xdc dinh nhilng gid tri tin hi¢u twong tng véi trang thai
ban ddu cua mach. Tuy nhién khi mach bat dau duge cung cip nang luong.
do pid tri thoi gian tré clia cdc phan tir mach 1 cdc dai lugng ngdu nhién nén
trang thdi cua cdc phan tir trigo, thanh ghi, 6 nhd khong xidc dinh. D6 1a
nguyén nhin vi sao trwde Khi mach bit ddu thue hién cdc chiéc nang tinh
todn théng thuong, ching ta thuong dua mach vé (rang thdi ban ddu bang
mot chudi cie thao tdc khéi tao ‘reset’. Nhu vay, trong qué trinh mé phong,
khi cung cap nang luong cho mach, ¢ thdi diém ban diu tin hiéu thudng
duge gan gid try ‘X7, Néu gid tri cta mot tin higu 1a ‘X’ tai mot thdi diém
xdc dinh, diéu d6 ¢6 nghia 1a tin hiéu ¢4 thé nhan gid tri hoac ‘0 hoac *1” tai
thoi diém da.
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Thue chdt cdc gid tri ‘U’ vd *X’ ¢é y nghia khdc nhau mac du ching
cung 1 nhiing gid tei khéng xdc dinh. Gid ui ‘X’ chi sy bat dinh v trang
thai ctia mach tai thai diém ban ddu. Do ¢6 su chay dua gildia nhiing phan ur
logic 1thanh phan va su bién thién ngau nhién cta tham s6 1hdi gian e cla
chiing nén ¢ thoi diém ban dau, cic phin tir nhd 6 the nhan cdc gid tri 0’
hoac “1° mot cdch ngau nhién. Khi dé ta biéu thi trang thal cua mach 1a “X7.
Gig tri ‘U’ xudt hién khi chdng ta lam cdc phép todn trén cdc tin hieu. Vi du.
tai thoi diém t, gid tri tin hi¢u s, la day “T1”, gid tri tin hiéu s, 1a “d0". Cde
day tin hicu niy bi€u thi cdc qud trinh qud do xdy ra trén dudng tin hi¢u s,
vit s, tat thoi diém t kli gid tri tin hi¢u chuyén tr ‘0" sang ‘17 va tr 1" vé *0".
Néu cic dudag tin hiéu s, V2 s, 12 cde ddu vio cua phan tr AND, khi d6 phan
t AND sé& thuc hién phép todn ard( P <d’ ). Két qua cia phép todn ndy 1a
khong xdc dinh. Trén déu ra cha phin tir AND tin hiéu s€ khong nhan gii tn
‘0’ cling nhu ‘1°. Trong trudng hgp nay ching ta biéu thi gid i tin hiéu
bang ky hi¢u ‘U’.

AND | 0”17 | X7 OR 0l X NOT

‘0 ‘0 0 o 0’ 0 | X ‘or
N 0l X ‘1 0 S S S 1T
‘X 0 X | X X’ Xy X XX

ITinh 5.3 Md& rong cac phép todn logic sang he bicu dién 3-gid tri.

Néu s6 lugng cac gia tri thue va do cta tin hi¢u trong qud trinh mo hinh
hod 1ogic vii mo phong bing # thi ta nhan duge mo hinh mo phong n-gid tri
vi hé cdc phép todn logic tuong tng phdi duge md rong thanh he 16gic n-gid
tri. Vidu,

_ Néun=3, tap hop cdc gid tri ma tin hi¢u ¢é thé nhan duge trong mo
hinh m6 phong ciamachséfa { 0,1, X };
Né&u n = 3, tap hop cdc gid tri ma tin hiéu ¢é thé nhan dwoc trong mo
hinh mo phong cia mach s&la { O, 1, T LU

_ Néun =7, tap hop cdc gid tri ma tin hiéu c6 thé nhan duoc trong mo
hinh mé phong cla mach s&€ 1a { 0, 1, T LU X7

Cic phép todn trong trudng hop logic 3-gid i { 0, 1, X | duoc mo rong
nhu trén hinh 3.3,
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ITinh 5.4 Céc phép rodn NAND va NOR trong hé logic S-gid i

Néu ta st dung logic 5-gid i { 0.1, T, 4. U }, cic phép toan NAND va
NOR sé& dwge mé rong nhu trén hinh 5.4,

Trong k¥ thudt thiét k& mach v6i do tich hop I&n, rat it khi qud trinh mo
hinh hod logic vi mo phong duoc thue hi¢én chi voi hai gia tin hiéu thuc la
{ 07, “1” }. Thong thudng ching ta phai su dung it nhat ba gid tri tin hiéu.
Chang ta xét mot trudng hop don gian khi st dung logic 3-gid 1ri dong thoi
khio sat nhitng van dé nay sinh khi m& rong h¢ logic vd anh huong cua
chiing lén qué trinh mo hinh hod 16gic va mo phong.

Nhu ta d dé cip 161 & wen, khi bit ddu cung edp ngudn cho mach, trong
mach xuit hién sy chay dua gilta cic phan ti mach. Diéu d6 din 161 vice
trang thai clia mach khong xdc dinh i thoi diém ban dau. Trang thdi coa
mach s& nhan mot cdch ngau nhién mot trong hai gid 1ri ‘0° hoac ‘1’ tuy
thudc vao gid tri tham s8 tsé trong mach. Trang thédi cla mach tai tho dicm
nay khong thé du dodn trude va duge ky hicu 1a ‘X7, Gid tri ‘X’ ndy tuong
Gng vai ‘0” hoac ‘1’ vii ¢6 thé duge tham gia vio qud tr inh thuc hién cdc
phép 1odn logic cling voi cdc gid tr 16gic nhi phan khdc trong qud trinh mo
hinh hod 16gic vi md phong. Sau Khi thém gid tr] X', h¢ cac phép toan
1ogic 2-gid tri duge md rong thanh hé cic phép todn logic 3-gid 1.

Gid tri ‘X’ biéu thi mot trong hai gid tri cta tap hop {0.11. Tuong tu ta
¢é thé coi gid tri ‘0" tuong ung voi tap hop {O}; gid ui °1” tuong tng vé1 tap
hop {11. Phép todn logic B gitia hai gid tr1 p va ¢ trong do

pget0 LX)
duge xac dinh thong qua phép todn gidta cac 1ap hop bidu dién gid tri cua p
va ¢. Két qua clia phép toan B duge xdc dinh biang hep clia tip hop két qua
cla moi kha nang thue hién phép todn B ydi cdc thanh phan cta hai tip hop
tuong vdng véi hai todn hang.
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Vidu,
And( 0, X)=And({0},10, 1 1=
= { And(0,0), And(0,1)}={0.0} =0
Or(0,X)=0r({ 0}, 10,1})=
—{01(0,0),01(0,1)}=1{0.1}=X
NOT(X)=NOT({ 0. 1})=
= | NOT(0),NOT(1)}={10}=101 =X
Tat ¢i cdc ket qua clia ba phép todn AND, OR, NOT trong hé logic
3-gid tri duge dua ra trén hinh 5.3, Viéc xdc dinh gid tri ctia mot ham 16 hop
bat k¥ fl X, Xy oo X, ) dOL VG MOt tap hop céc dau vio { v, vy, ... v, ) nhan
gid tri trong tap hop { 0. 1, X } dugc thyc hién nhu sau:
Xay dung khoi FX (v, vy, . v, /XN

_ S dung phép todn giao m& ~ 0 1 v X
rong tim giao cta khoi Fx 0 0 & 0 >
véi khéi co s& ctia ham f. 1 > I 1 >
Néu tim thay tap hop giao, ¥ 0 I . X
oid tri clia hdm f's& bang gid X o > X X

tri ndm tai vi tri bén phai
nhat; trong truong hop
ngugc lai, gid tri ham f s&
biang “X’.

Pé hidu so do tinh todn ndy, v&i ky hiéu x trong mof khoi ¢o sO chung ta
hidu ring ta khong quarn tam 61 gid tri cua bién. Gid tri ‘X’ s€ tuong ung Vi
dinh x trong mot khoi co s6. Tuy nhién, gi4 tri dlu vio nhi phin xdc dinh
trong khéi co s& 13 cdn thiét, do do gid tri ‘X’ & dau vao khong thé sinh ra
gid tri ddu ra wong tng. Vidu, d6i véi phan t& AND c6 hai dau vao, khoi
i co s@, trong Khi d6 khéi ( X1lx) khong

Hinh 5.5 Bién thé cia phép todn g1ao irong
trudng hop logic 3-gid 1.

( XOlv ) tuong thich véi mét kho
tuong thich.

Khi sir dung logic 3-gid tri ching ta s bi mat thong tin trong biéu dién
chic ning v hash vi cua mach.
Didu dé c6 thé thay khi ta khio sit
trong bang chan 1y clia phép todn
NOT. Khi gid tri tai ddu vao cua
phdn tr NOT 1a ‘X", ta bi mat quan
hé nghich ddo giita gid tn tin hi¢u

vio vi tin hiéu ra cua phin tir - Hinh5.6 Két qua ciia qud rinh mo
' phong trong he logic 3-gid #1.
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NOT( X ) = X. Didu d6 ciing x4y ra khi ta xét gid tri dau ddo Q cla phin tr
trigo ¢6 trang thai [a *X°. Van dé nay dan t6i nhiing kel qua sai trong qua
trinht mo hinh hod va mo phong. Vi du, trong mach trén hinh 5.6, néu tinh
loan theo 1ogic 3-gid rri. gid tri tin hi¢u 1rén ddu ra clia phin tr NAND phai

1 X7 Tren thuc € tht dudng tin hiéu ndy nhan gid tri °1” do tin hi¢u trén hai
duonn @ va b tuon nguoe nhau. Gid tri “17 trong trudng hop nay la tat dinh
khong phu thude vao gid tri trén dudng tin hi¢u vao X, Pé gidi quyét van
dé dé chiing ta dua vao di kem vé6i gid i X’ [a gid ul X thod man céc h¢
thic:

X. X=0
X+ X=1

Viéc dua thém gid tn X vao logic 3-gid i cling chi giai quyét duge mot
phin vian dé néu trén khi trong mach ta chi ¢é mdt bién trang thdi nhan gia
tri *X’. Trong nhiing trudng hop khic di¢u niy <o thé dua dén 161 trong qua
trinh mo hinh hod 16gic vi mé phong nhu trong vi du mach trén hinh 5 .
Trong vi du nay, hai phan 0 trigo 13 déc Lip. DI véi hai ddu ra Q vi Q clia
ciing mot trigo, gid tri tin hi¢u {a ddo nhau nén néu ddu ra Q ¢6 gid 1 ‘X’ thi
diu ra Q s& nhan gid tri ¢ X’. Nhung d6i véi hai phéan i trigo doc 1ap thi
piffa ddu ra Q clia mot phan tr va diu ra Q clia phdn tir thit hai khong c6
quan hé nghich dao d6. Do do, néu tinh theo Vogic 3-gid tri va gla tri X' thi
diu ra ciia phan tr AND ¢6 gid tri ‘07 ( X and X = 0). nhung trén thye (&
gid tri tai dau ra ca phin tor AND
la ‘X’. Nhu vay chi sir dung hai

pid tr1 X vi X khong giai quyét

X
| Q x k] x x
o triét dé vin dé vé tinh toan ven
} thong tin.
g x P¢ gidi quyét vdn dé neéu
3 trén,chiing ta ¢é thé sir dung nhicu
' tin hiéu khong xdc dinh khic nhau
Hinh 5.7 Trutng hop sir dung logic 3- Xis \XEB"'! X, tuong tng voi cic
gid tri ciing gid i X cho két qua sai. nguén tin hiéu doc lap  ( cdc tin
hi¢u doc 1ap nay cé thé 1a céc bién
trang thdi cta cdc phin ti mach ) va cdc quy tac tinh todn doc lap:
X, X =0;X + X =1

|
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Dsi v6i nhing mach ¢é do tich hop 16n thi phuong phdp nay khong dung
dugc bdi vi cde gid tri trén mot dudng tin hiéu o thé phai dugc biéu dién
bing mot biéu thic logic 16n véi nhicu bign doc 13p .

Thong thudng phép todn do mot phan tir chiic ning thuc hién duogc xdc
dinh bang cdch md héa cdc gid trj trén nhom céc dudng tin hicu diéu Khién.
Vin dé ndy sinh trong qué trinh mo hinh hod logic va mo phong khi phan i
chic nang cin thuc hién va mot s6 dudng tin hiéu diéu khién nhan gid tri
“X’. Mot cich tong quat, néu k dudng tin hi¢u diéu khién nhan gid i ‘X,
phin i chic nang c6 thé¢ thuc hién mot trong 2" phép todn. Loi giadi chinh
xdc & nhan duoc khi ta thuc hién toan bd 2" phép todn va kél qud cia phép
todn 13 hop cua 1at ci cdc két qua riéng phén cha timg phép todn trong 2°
phép todn ndi trén. Nhu vay, néu mot bign s6 nhan gid tr1 ‘07 trong mot $0
phép todn, va nhan gid tri °1° trong mot s3 phép toan khdc, ket qua sau khi
téng hop lai s&€ 14 { 0, 1 } = ‘X’. Phuong phdp nay chi kha thi khi 2° 1a mot
56 nguyén nho. Vi du, ta gid thict rang hai bit trong dia chi chia by nhd ROM
nhan gid tri *X’. Diéu nay s& din 16i bon gid t dia chi, trong d6 moi gid tr
cho phép truy cap i nhiing tir mdy khdc nhau trong bo nhd. Két qua tai dau
ra s& nhan gid tri nhi phan b tai nhiing vi tri bit trong dé méi tir duge truy cap
nhan gid tri b, v nhan gid tri ‘X’ tai nhitng vi tri m tir duge truy cap khong
twong thich véi dia chi.

Trong nhitng mach khoéng 1 X
déng bo, sy xudt hién cia gid | % X
i X® 6 thé dan 161 dao ! 1

dong trong mach. Dicu nay co
thé thay trong hinh 5.8. Cic
tin hieu tham gia vio duao Hinh 5.8 Hi¢n twong dao dong trong mach
’ khi sir dung 16gic 3-gid 1.

dong tin so cao ¢6 the duge
coi 1 hiéu dién thé gilta ¢ic
miic tuong Gng véi gid tri logic ‘0” va *1". Nhu vay, bd sung thém vio cic
gid tri khong xdc dinh tinh gid ui ‘X’ con c6 thé biéu dién gid (i khong xac

dinh dong hoac gid tri logic trung gian. '



§5.2. Phuong phap mé hinh hoa bién dich

Phuong phip mé hinh hod logic va mé phong bang bién dich 1a phuong
phidp mo hinh héa trong d6 céc tin hiéu duge xidc dinh gid tri bang cdch tao
cho mdi phin tif cia mach mét ma Iénh twong Gng v6i cac phép todn ma
phin tor d6 can thuc hién. Cdc ma lénh nhan duoc s& duge biéu dién theo
mot trit ty (uong ung.

Trong phuong phidp moé hinh hod va mo phong bing bién dich, m6 hinh
bang cdc mé lénh 12 mot thanh phdn clia hé théng mo6 phéng. Trong nhiing
trwong dic biét. hé mo6 phong chinh 1 cdc mo hinh trén cic mi lénh. Néj
chung. moé hinh trén mi Enh duge két nodi véi hé mo phong, trong d6 mdi
ticn trinh bao gom viée doc cde vecto dau vao, thuc hién mo hinh véi timg
veeto ddu vao va hién thi két qua.

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

- Buéc mot: phan hang cidc phin tir ¢lia mach cidn mo hinh hod theo

trit ur thue hién cdc phép todn sao cho khong ¢é mau thuin ndy sinh.

— Budc hai: tao cic mi lénh tuong tng véi cdc phép todn do cdc phan

tur thuc hién.

bé phan hang cdc
phan o cta mach, diu
tién chiing ta ngdt cic
vong phan hoi  trong
mach néu ¢é. Cic diém
ngat  duwoc xdc dinh

C et

g twong ang véi cdc chic
f nang cta mach. Trong
L - : trudng hop mé hinh hod
hang0  hang 1 hang 2 ha;)g__a harig 4 & hop ¢

, cic mach tuan ty dong
ITinh 5.9 Phan hang vk ma hod mach logic. bé viée ngit mach phan
hoi thue hi¢a trén nhitng phin tr trye ti€p nhan cde tin hiéu déng bo.
Gia st I{k) Ja hang cla phdn tir £, khi d6 qud trinh phan hang duge thyc
hi¢n nhu sau:
- Cdc dau viro cua mach ¢4 hang ‘0,
Néu &;, k. ..., £, 1a cde phén tir duge noi v6i cic dau vao cia phdn
1 &, hang cha phan (r £ s& béng:
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J(k) =1+ max( k), ... I( k,)) -
Vi du, xét mach trén hinh 5.9, theo phuong phap phan hang néu trén ta sé
nhan duge hang cua cdc phan ur trong mach.
Tao md cdc énh 12 vice thay th¢ cdc phép todn ma phéan i thuc hién
dugc bing nhiing lénh ma mdy hieu dugec. Vi dy, trong sg do rén hinh 5.9,
cdc phan tr s& duge ma hoa bing nhitng lénh sau:

1. g =And (a.b) 4.1 = Nand (g.h)
2. h = And (c.d) 5.1 = Nand (LD
3. m = Nand (e.8) 6. p = Or (m.n)

Trinh ty ma héa duge thuc hién theo thu tu ting dan hang cua cdc phin tu
mach. Day lénh nay s& dude bién dich va thuc hi¢n véi nhitng gid trl vao cho
trudce.
Ching ta x€t trudng hop mach tudn ty dong b shu trén hinh 5.10. Mach
tuin 1 ndy duge diéu Khien
A bing tin hi¢u dong ho CLK.
B Gia thiét ring sau Khi veclo
diu viio méi duge tic dong vao
c F mach, ta ¢6 dit thoi gian de gid
E n lm! tri trén dudng dir lieu VIO Cui
phan tit trigs duge on dinh it

C nhit 12 mot thai gian £, trude
Cltfr(— ™ khi phén 1l trog duge kich hoat
bing ti hi¢u dong hé. Dicu do
c6 nghia 12 thoi gian 7, la thot
gian thi¢t {p cha phin W tngo.
Néu diéu kién pay duge thoa
man, ta c6 thé bo qua nhing gia tri thoi gian tré cua ting phdn tir 16gic trong
qué trinh mo hinh hod v mo phong, boi vi thoi diém chinh xdc khi tin hiéu
thay doi gid trl trong mach t& hop khong quan trong. Do dd dai vdi moi
vecto gid tri ddu vao, qud tiinh mo phong chi can tinh gid t {inh ctu dudng
tin hicu F v truyén gia tri d6 161 ddu ra Q. Theo phuong phap phan hang thi
cac dau vio A, B s€ ndm trén hang ‘07, nhung tin higu rang thii cua trigo
ciing nim trén hang ‘0’ néu ta gia thi€t gid trl khoi tao cua trang thai dugc
bict trude. Trong trudng hop nay hé théng mo phong s& thuc hién mo hinh
mach nhu trong trudng. hop mé hinh hod mach té hop bang cich tinh cdc gid
tri tin hiéu trén dau ra cua {31 ca cac phdn t d8i véi moi vecto gid tri tin hi¢u

i

Hinh 5.10 Phan hang va ma hod
mach tudn wr dong bo.
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diu vao. Trong trudng hop gid tri cuia phan 1 trige khong duge biét trude, heé
théng moé phong phai thuc hign tinh toin irén cdce gid i *0°, 17 va X7, Cac
gid tri ndy dugc ma hod hai bit nhu sau: ‘00 — 00" 1T =117 X = 01T
Céc phép todn logic hai ngdi AND ( OR ) gifta cac chudl hai bit duge thue
hién trén co s& cde phép todn mot bit tuong ding, nhung phép toin NOT
khong thé thyc hién trén bit duge vi gia tri NOT( X y ¢cho ta k&t qua chudi
“10” - 1a gid tri khong c6 trong bang ma. Van dé nay dugc giai quyct bang
cich doi ¢hd hai bit sau khi dao bat.

Tir phimg diéu dua ra & trén, ta thiy, phuong phdp bién dich khong tinh
téi anh hudng cia thoi gian tré khi tin hi¢u duge tr uyén qua mach. Di¢u nay
12 do qué trinh xay dung mo hinh mach dugc thuc hién theo hang.

—  Néu chiing ta chi gi¢i han trudng hop thoi gmn fré [ cdc thoi gian ted
fan truyén thi viéc moé hinh hod hoat dong clia mach c6 the thue hién
duge theo cich phan hang. Cic thoi gian tré lan truyén € dugc tinh
dén mot cach tudng minh trong gud trinh phan hang va tr uyén tin
hiéu qua timg 16p phan hang.

— D6 véi cic dang thoi gian tré khac nhu thoi gian té ngiu nhién hoic
thovi gian tré quén tinh thi viéc md hinh hod mach theo phuong phip
bien dich khong 1hé thue hién dugc.

— Do ta phai ngit cdc vong phan hoi trong mach, phuong phdp bién
dich chi ¢6 thé sir dung trong nhiing trudng hop khi y nghia cla viée
ngat vong phan héi 18 ring. Vi du nhw trong trudng hop cdc mach
dong bo.

Mo hinh hod mach biang phuong phdp bien dich <6 thé duge thue hién

khid nhanh. Nhung phuong phdp nay co

X ) L, nhuoc EIiém quan trong 12 khong tinh thoi
C gian ré trong mach. Néu ta col thot glan

y % tré trén tit ca cdc phan ti mach duge coi 1a

bing nhau thi viéc phan hang s¢ thé hién
duoc st tré cha tin hiéu khi di qua mach.
, thisi gian Trong trudng hop thoi gian tré ¢6 nhimng

! dang phic tap thi phuong phdp bién dich

\ N o khong thé thuc hi¢n duge chinh xdc. Khi
trén dudng phan héi. céc vong phan héi cling lam cho nglt

nghia ciia mach bi thay doi. Trong trudng
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hop d6i véi nhig mach khong dong bo viée khong tinh dén thoi gian e cod
thé din tSi nhiing ket qua sai.

Pé giai quyét mot phan nhitng khé khan trén, doi véi nhitng mach khong
dong bo. ta phai gia thiét gid tri thoi glan ué chi 1ap trung trén duong phan
héi ( hinh 5.11 ). Dé ddp
ing v6i vecte diu vao x,
mach phai trai qua mot
chudi cac ldn chuyén trang

) Dax gid i vectar din
thas. Qud trinh chuyén trang viio X 1igp theo

thdi ndy dwgc biéu dién
hing su thay doi gid i cla
bien trang thdi y. Ta gia y=Y
thiél riilng vecto tin hi¢u diu
vao chi tic dong khi trang
thii cua mach on  dinh
y = Y. Dudng tin hiéu phan
héi ¢d hang ‘0 phai duge

xic dinh trude khi cic mi Ilinh 5.12 Mo phong mach khong dong
' b biang mo hinh ma 1énh bién dich.

Thue Tuén cic mi kKenh temg
1 véi nach 10 hop U

lénh tuong Gng v&i mach (6
hop € duge tao ra. Trén
hinh 5.12 ching ta ¢6 thuat todn mo hinh hod logic va mé phong mach
khong déng bo. Khi thue hién md phdng mo hinh, qud trinh mo hinh hoa &
thue hién tinh gid tei tin hiéu z va Y dua trén gia tri X va y.

Phuong phdp mo hinh hod va mod phong ndi trén khong chinh xdce khi
thuc hién déi vdi cic mach khong dong bo
trong d6 cdc thao tic tinh todn déu dua trén
tham s6 thoi gian o€ ciia cde phan ta mach.
Vi du, ta xé1 mach tao xung biéu dién trén
hinh 5.13, khi tin hi¢u trén dudong A ¢o su
thay déi gid tri tir ‘0° sang *1°. néu mach dio
B khong tam tré tin hieu thi tin hiéu trén dudng C s& ludn nhan gid tri *0” do
tin hi¢u tén hai dudng A va B luén nguge nhau. Néu phan t B lam e tin
hicu, wrong khoang thoi gian c6 dg dai bang gid tri thoi gian tré 1in hiéu qua
phén tir B, hai ddu viio ctia phin tir AND $€ c6 cling gid tri *1” vit trén duong

Hinh 5.13 Mach rao ,\:ung.

tin hicu C $& xudt hién xung *0’ — "1’ — ‘07 ¢6 do r0ng bang gid tri tham s6
tré cla phdn tir dio B. Néu ching ta khong xdy dyng mo hinh bing phuong
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phiap bien dich mot cdch cin than, xung ‘1’ nay s& khong xuat hién trén
dudmg tin hiéu C boi vi phuong phip bién dich chi quan tam tSi hanh vi 1inh
clia mach ( néu khong quan tam dén sy tré tin hiéu, gid tri trén duong C ludn
bing ‘0" ). Néu chiing 1a thém vao phin tl¥
ré D vio dudng tin hiéu tai dau ra cua
phin tir B, mach s& dugc mod phong mot
cich dung dan. Trong trudng hop nay
ik 5.14 Mo hinh mach tao xung ~ phén ta e D déng vai tro phén tU tre tap
kem tham 56 tré. trung trén dudng phan hoi. Noi chung ta
khong thé tao ra nhimg mo hinh ding dan
d6i voi mach khong dong bo mot cich tu dong ma can phai ¢ cdc kinh
nghi¢m ciia cdc nha thigt ke
‘Trong nhiing trudng hop. ki ciu tric ctia mach cho phép xac dinh mot

A

o
ol

S
a)

S.R 00 » 1.1

Iinh 5.15 Mach trigg RS va plurong phap mo hinh hod bién dich.
cach tudng minh cic vong phin hdi, ta van ¢6 thé tao ra cic moé hinh bien
dich khdc nhau dé mo ta cing mot mach. Trong mdi mo hinh khide nhau cua
mach, ta cé nhimg gia thi¢t khic nhau vé vi trf cha phan W uc @p trung nén
nhitng mo hinh nay ¢ th¢ phan tng khidc nhau d6i véi cung mét tac dong.
Ta hiy xét trudng hop mé hinh hod logic via mo phong mach trigo RS khi 214
tri veeto tin hi¢u dau vao RS chuyén tép (007 sang “117 Néu ta st dung
mo hinh véi duding tin hieu Q 1a dudag tin hi¢u phin hoi { hinh 5.15 b. ), ta
thay dudng tin hiéu Q chuyén tir *1” sang ‘0 trong khi gid ti trén duong Q
luon bang ‘17 déi vél ca hai vecto dau vao. Tuy nhicn néu ta st dung mo
hinh véi dutng tin éu Q I dudng tin hiéu phan hoi, ta s& ¢6 dudng tin
hiéu Q s& chuyén trang thdi tr °1° sang ()", trong khi duong tin hi¢u Q vin
gilf nguyén gid tei ‘17, Hi¢n tuong nity phat sinh t& nguyén nhan sau: hat
vectd nay tao ra su chay dua giifa cic phin tir NAND, trong dé két qua phu
thudc vio thoi gian tré thue (€ trén cac phan tir d6. Nhu vy, vi du nay cho ta
thay phuong phip mé hinh hod logic va mo phong bing phuong phdp bién
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dich theo so dé trén hinh 5.12 khong thich hop v6i phitng mach lam viéc
trong nhimng ¢h& dd cé su chay dua giita cic phan t& hodc rui ro (hazard).
Cic hién tuong nay thudng thay trong cdc mach khong dong bo.

§5.3. Phuong phap mo hinh hoa hiréng sur Kién

Phuong phip mé hinh hod hudng su kién cho phép xay dung nhiing o
hinh mé phéng trén mdy tinh véi do chinh xdc cao, trong do ta ¢ thé mo ta
toan bo cac lién két trong mach va dira vio d6 xay dyng nhimg mo hinh hoat

dong cla mach theo tién

Néu khéng ¢o su trinh thei glan.
kién trong danh Trong qua trinh mo
i sdch su kien hinli hod l16gic vi mo

Thai diém mo phong

{i€p theo phong hudng sy kién,

ching ta gquan sat qua
trinh truyén cic su kién
xudt hién trén cac duong
tin hiéu cia mach tir dau
- viao dén dau ra. Trong
Thay mdi cic gid tri truong hop niy, ta gid
thi€t rang ving anh

Lan truyén‘céc su kién l]p’{ing gay 1}&11 b s}t_r
qua céc phin L bién thi¢én cua mot tin
hiéu khong lon. Trong

Tinh 102311{1 trén cic nhing mach thong
phén tir dugc kich hoat thuong, sy thay doi ;im
tin hiéu dau vao s& anh
Diéu phéi cdc sy kién huong 61 khoang 10%
mdi duoe xuit hién cac duong tin hi¢u trong
‘ ' mach. Nhu vay, ching ta
thue hién md hinh hod
logic va mé phong chi
khi xuat hién cdc s thay

Xiac dinh su kigén
hién tai

k.

Hinh 5.16 50 d& thue hign mé hinh hod logic
theo s kién.
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déi gid tri tin hiéu trong mach, hay néi cdeh khdc 1a khi xudlt hién cdc su
kién trong mach. Diéu nay lam tang hi¢u sufit clia qua trinh mo hinh hod va
mé phong.

He théng mo hinh hod logic vA mé phong hudng sy kién su dung mé hinh
cau tric clia mach dé lan truyén cic su kién. Su thay déi pid 1 tai cdc dau
vio chinh ctia mach duge xic dinh bang cdc vecto tin higu kich hoat. Mot su
kien trén cic dudng 1in hiéu khdc cua mach duge tinh toan theo cdce phin i
bi kich hoat.

Cac su kién xudt hién tai nhifng thoi diém thi gian mo phong xdc dinh.
Co ché didu phoi thdi gian cua qua trinh mo phong dicu khién su xudt hicn
clia cde sy kién theo mot trat ty xdc dinh. Cdc tdc dong viio mach s dudgc
bidu dién bing diy céc su kién xuat hién trén cdc dudrg tin hiéu tai cic thoi
diém thoi gian xéc dinhi. Cic su kién s€ xudt hién trong tucng lai s€ phai chd
v duge luu trong danh sich cde sy kién. Nhimg su kién trong danh sach su
kién s& duoc diéu phéi va xa Iy tai nhing thoi diém mé phong.

So dé cba qui trinh mo hinh hod 16gic va mo phong hudng su ki¢n duge
thé hién trén hinh 5.16. Thai didm mo phong hien thai duoc chuyin tep
thanh thoi diém ti€p theo déi véi nhitng sy kién dang & trang thii chd va thdi
diém ti€p theo ndy chuyén thanh thdi diém mo phong hién tai. Sau do, h¢
thong mo phong s& duyct danh sich sy kien va chon nhiing sy ki¢n duoe
diéu phoi dé xuat hién trong thoi diém hién tai déng thai cap nhit l gid tr
cuia nhiing 1in hiéu kich hoat. H¢ mo phong s¢ duyét danh sich cic dudng 1€
nhanh cta tin hiéu kich hoat dé xdc dinh cdc phan wr s¢ duge kich hoat.
Trong mach thue, qud trinh truyén su kién tai cdc diém 1 nhinh duge thyc
hi¢n song song. Qud trinh tinh todn trén cdc phan 1l bi kich hoat ¢ thé sinh
ra cac su kién mdi va nhiing su kién mdi nay s€ duge didu phéi dé xuat hién

tal nhiing thoi diém tiép theo tuong ting v6i tham s6 thoi gian tr¢ cua cide
phép todn lién quan 16i phan ti d6. e théng mo phong s& dua nhiing su ki¢n
mdi duoc sinh ra nay vao danh sdch su kién va qud trinh mé hinh hod logic
v mo phong s& 1i€p tue cho dén khi con ¢6 trang thdi kich hoat logic (rong
mach, hay néi cach khdc 1a cho dén khi mi danh sach su kién rong.

Qud trinh tinh todn trong phin (& M ¢ thé sinh ra cdc su kién thay doi
trang thdi ctia phan ti. Khi nhiing sy ki¢n thay d6i trang thdi xuat hién, su
kicn nay chi kich hoat phan tr M vik phan tir ndy sé thuc hién cic tinh todn.
Dé don gian ching ta gia thiét ring a1 ca cic sy kign dugc xdc dinh cic tac
dong kich hoat mach duge dua vao danh sich su kién truge khi mo hinh hoi
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logic va mo phong. Trén thuce t€, hé mo phong dinh k¥ doc ciic 1¢p chia tic
dong kich hoat mach va két hop cice su kicn tai ddu vao véi cdc sy kien duoc
sinh ra trong qua trinh hoat dong cua mach. Thém vio do, ngoai cdc sur kicn
sinh ra sy tinh 10dn cdc gid tri t hi¢u trong mach, trong k¥ thuit mo hinh
hod logic hé¢ thdng mé phong con ¢6 the thém cde sy Kién dicu khicn qua
trimh. Cac su kién {oai ndy khai tao cde hoat -1ong kKhdc nhau cla mach tai
cite thoi diem thoi gian xdc dinh. Dudi day 1a mat 6 tic ddng cua cac su
ki¢n didu khicn;

— Hién thi gid tri cta nhiing tin hi¢u xdc dinh:

—  Kiém tra gid tri ctia cde tin hi¢u cy the vi ¢6 thé dimg qui trinh mo

phong néu ¢d sai s6t trong qud trinh 1inh todn.

B¢ mo i 1o qud trinh mo hinh hod logic vi mo phong hudng sur Kicn.
chiing ta cu the hod thudt toin mo phong hudng su kién nhu sau.

Néu ky hicu tap hop cde cap “gid tri tin hico - dudng truvén tin hiéu thay
doi ¢ thoi di¢m thol gian hién @i™ bing V, va 1ap hop cdc cip “gid i tin
hi¢u - dudng truyen tin hicu thay déi dudi tde dung ciia V" bang V. Khi dé
thudt todan mo hinh hoa 1ogic hudng su kien thue hién theo tAnly tw nhu sau:

I. Thict lap hai tiphop V,va V viigina « 0, b« ]
Thict Lap gid tei cva trang thidi ban diu cda mach.
Poc cic gia tri dau vio. Xét cde dudng tin hieu mid trén d6 xuit
hi¢n cidc su Kicn ( su thay dai gid ti tin hi¢u ). Cdc gid trj cla su
ki¢n xay ra niy duge ghi vio tip hop V.

Rl

4 Kiem tra tap hop V.. ncu V, rdng t quay vé bude 3: néu V, khong
rong. the hién bude 3.

5. Thue hign mo hinh héa [ogic dot véi cde gid tri trong tap hop V.
cac duong dt hieu tren dé xuat hicn su kién v gid tri ciu chiing
duge ght vio V.

6. Gina <« 1., b« 0, vai ud cioa V, vii ¥ thay déi. Kiém tra su
- xudt hi¢n dao dong wong mach. Néu

a——— X1 khong c6 dao dong, quay vé budc 4.

Nhu vay. chiing ta thay phuong phip
mo hinh hod logic hudng su kién khic

d vGi phuong phdp moé hinh hod bang bién

b Xzl X=a dich & cho: ta khong cin thuc hién viée

phan hang cdc phan nr, Thém vio dé vii

S cO mal cua vong lip. ta ¢o the thuc

Hinh 5.17 Hout dong cia trigo BS,
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hién viéc mo hinh héa voL do phiic tap tuy y.

Vi du, ta mé linh hoid qua trinh hoat dong cla trigd RS:

[ o]

6.

9.

10.

11.

12

Bl: Thictlap Vo va V(A< 0, Be 1)

B2: Do trang thdi ban ddu ctia mach khong xidc dinh, gid trl uén
1al ca cde dudng tin higu duge gdn bang ‘X’;

B3: Dat cic gid tri ddu vao @ a = 0, b= 1. O day ta ¢o
V,=1{(a,0) (b 1)}

B4 Ta thiy tap hgp V, khong rong, ta chuyén sang budc 3.

B5: Gia tii trén dudng tin hiéu ra ¢ thay doi tr ‘X sang "17, 1ap
hop Vi=1{(c, 1)}

B6: Gan V, vio V,. Tap hop V, nhan gia tri Vyo=1{(c. D} va
quay lai budc 4.

B4 Ta thiy tip hop V, khong rong ta chuyén t6i budce 5.

BS: Gid tri tin hiéu ten dudng d chuyén tr ‘X’ sang ‘0.
V=1 {(d.0)}

B6: Gdn V, vio V. Tap hop ¥, nhin gid ti V,=1(d.0) } v
quay V& bude 4.

B4: Ta thay tap hop V, khong réng. ta sang budc 5

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

B6; Ta gdn V, vio V,. khi do V= va chuyén sang budc 4.

2. B4: Ta thay tap hop V, réug nén quay vé budc 3
13.

B3: Doc cic gid tri 1i€p theo & diu vao.

Nhu vy véi gid til ddu vioa = 0", b="1". ta nhin duogc cic gii tri dau

rac="1l",

1 d = s()!

Nhu vay chdng ta da thiy nguvcn lv cia phuong phiap mo hinh hoid
hudng su kicn. Trong truong hop cin phai tinh 61 anh huong cua tham 50
1hoi gian tré cta cde cdc phan i, ta khong thé chi sir dung hai trang thdi V,,

V, . Trong trudng hop niy ta €6 thé dua thém vio qui trinh mé phong cde
lmnu thdi V, tuong tng voi cdc gid tri thai gian 1€ va sap x&p theo wink ty
cac trang lhdl V..
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§5.4. Mo hinh hod qua trinh tré tin hi¢u trong cac phan tir mach

Khi chiing ta thuc hién mo hinh héa logic v md phong hoat dong cua
mach trén miic cde phan ¥ 1ogic, mot nhan t6 quyét dinh mic do chinh xdc
ctia mo hinh so véi mach thue 1€ 1a tham 56 thoi gian té cua cic phan
jogic. Ncéu chdng ta bidu dién hoat dong clia mach khong tuong ung VOl
nhiing tinh hudng thue t& s& dién ra trong cic phan t& l6gic, khi d6 & xuat
hién st Khong chinh xdc trong cac mo hinh hoat dong cla mach chu y<u
theo nhiing quan he vé thoi gian. Khi thue hién qui tinh mo hinh hoa hudng
sir kién theo so do trong muc 5.3 ( hinh 5.16 ) ching ta co th¢ nhan duge
nhimg bién thé cia thuat todn. Sy khdc nhau cin ban trong nhing bicn thé
d6 phu thude chil yéu vaoe cic mo hinh (€ tin hicu twong dng vai hoat dong
cta nhiing phan i 16gic tham gia vao mach. Viéc mo hinh héa qua trinh tré
tin hiéu 14 nhan 13 co ban trong viec xdc dinh tinh chinh xdc cha mo lninh
mach va nitc do phiic tap cua thudt todn mo hinh hoa.

1. Mé hinh hoa qué trinh tré tin hi¢u qua cac phan ti logic

Méi phin tir logic déu tic dong [En cic tin higu vao v lam u€ cde tin
hicu dé. Trong k§ thuat, ta thutng st dung hai mo hinh tré gua cic phin t
[ogic: mé hinh & lan truyén vi mo hinh tré quén tinh. Ngoi hai loai tré noi
trén, trong mot 4 trudng hop dé mo ta duoc hoat dong clia mach, nguoi ta
con stt dung cdc mo hinh tré ngdu nhién. o

Teé lan wroyén: L sy (€ tin hicu phat sinh khi ta cho tin hiéu di qua
phan tu mach.
Tr& qudan tinh: Ly su e tin hicu ain lién véi nang luong dé kich hoat
phin to much.

a. Tré lan truyén
Thoi gian tré lan wruycn La 1hoi gian mi 1in hicu ra cha mach cham pha
s0 v@i tin hiéu vao mach. Mo hinh tré lan truvén 1a mo hinh ¢o ban. treng do

xdc dinh khodng thoi gian Ar ciach biét giita cie sy kign xudi hi¢n tai dau ra
v@i cde su Kién xudt hién tai ddu vao sinh ra ching. D¢ don gian, trong cdc
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thuit todn mo hinh hoa vi mé phong, gid tri thong so thoi glan tré s dung
trong mo phong 1a cdc 56 nguyen.

Trong mot s& truong hop. khi mé hinh hod mach ta khong tinh dén thoi
gian (1€ tin hieu khi di qua cdc phin . Lic do, ching ta coi thei gian 11é
cua phan tir bang khong. Nhu vay trong truong hop nay, chiing ta sit dung
mé hinh voi thoi gian tré tin hieu bing khong. Phuong phap mo hinh hod
logic vd mo phong bang bién dich sir dung moé hinh thuoe tinh tré nay. Mo
hinh cidc phan e véi 1thasi gian tré bing khong chi duge si dung dé mé hinh
héa cde gid ui ogic trong nhing mach t6 hop vi mach tuan tw dong bo.

Mo hinh clia mach tong dé thoi glan (¢ cla tal ca cdc phin ur lagic
bing nhau goi 1 mo hLinh
voi thudce tinh té  thudn
nhit. Do cic phin ur logic
¢6 thoi  gian té  khic
khong, nhu vy ching ta ¢6
kha ning mo hinh héa va
xu 1y cde mach khong déng
bod ¢d phin héi. Mo hinh
nay [a mo hinh chia thong

Hink 5.18 Vi du so dé mych cho fruemg hop wré 5 ¢ don eian nhit. Trona
thwin nhat vi iré phan tan. S0 e don glan nhat. Trong

truong hop niy, ta ¢é theé

chon gid tri thong so 1ré 1am don Vi VO Ty 1¢ mot. Nhu va, ching ta cé6 mo
hinh tré goi 1a mo hinh é don VI

Trong trudng hop téng quat, cide phin 1 cila mach ¢6 (hé nhan nhing

thong 56 thai gian tré khde nhan, Hé thue hién qué trinh mo hinh hoi hoat

LA SO L

—— — : L
L 1L h | N

Hinh 5.19 Hoat dong chia mach rén hinlk  Hinh 5.20 Hoat dong clia mach ren hinh
5.18 vai mo hinh ré thuan nhat, 5.18 v&i mé hinh ué plian tédn. A= AL =2,
twén nhitng phin wr khdc A = [
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dong ¢l mach, ta st dung don vi thot gian dé do gia tri thong so thoi glan
1ré 1a ude so chung 16n nhat A cia céc thong s6 thoi gian ré trén cac phan
(0 v phan phoi cac gid tri thong 6 thoi gian tré theo ty 1€ tuong dng vo1 Ay
Mo hinh dé goi 1a mé hinh hoat dong vai thong s6 thot gian ¢ phin tdn.
M6 liinh 13 mo hinh phé bién dé biéu dién cic thude tinh tx€ lan truyen.

Vi du, doi véi mach trén hinh 5.18, n€u ta thye hien mo hunh hoa mach
v6i mo hinh qud trinh (& tin hi¢u v6i thong 6 1hoi gian tré thuan nhat, ta s¢
nhin duoc so dd hoat dong theo thai gian nhu wén hinh 5. 19. Khi thong 50
thai gian ¢ cOa cac phan wr Bvi E biang 2. nhitng phin tir con lai nlin ¢d
thong 56 thol gian tré bang 1, ta ¢o so dd hoat dong cta mach theo thot gian
thé hién trén hinh 5.20.

Khi mo hinh hod binh vi cOa céc cdc phan tr logic, chung ta thuong
phan tach chic ning tinh todn 1ogic va co ch¢ diéu phai thoi gian cia ching.

Nhu viay, mot phin 1w

1 ﬂ»m val thong so thoi gian

rea tré 1la A, 8¢ tuong Gng

Hinh 5.21 Mé hinh phan tach chite nang logic vol phan to logic val

v thuoe tinh trs. thong s6 thoi gian tré

bang khong v phin 1 tr& c6 thong s6 thai gian tre 1a A, Trong qud trinh

mo hinh hod hinh vi ctia phin t& logic, ddu tién phan 1 bi Kich hout s¢ duge

tinh toin theo chifc nang logic, sau dé cde thude tinh W€ s&€ duge tinh toin va
thé hien qua qud trinh dicu phoi thai gian.

Vice chi ra gid tri duy nhat cta thong s thdi gian tre ctia phan tu rat

phifc tap ca tren khia

t:D—c a e canh ciu tric mach vit
— - trén khia canh san xudt.

Ta ¢é thé thue hien do
dac truc 1iép trén cac
mach thuc, nhung doi

c

AI\1:2 ’ Am:1 % T

Ilinh 5.22 Sy xudt hién gid tri khong xic dmh u’ trong 5 nhi hod )
hoat dong ctia phan tir AND v mo hinh qui 1rinh tré tin \«(51‘ nhtng  mach dugc
hi¢u v6i thoi gian 1ré cuc dai - cuc ticu. thiét ké dudi dang cic

mach tich hgp VLSI thi
kha niing do truc tigp 1a khong thé ¢ duge. Trong trudng hop nay d¢ nang
cao tinh chinh xdc cha qué trinh mé hinh héa vh mo phong, ta chi ra khoing
bicn thién ctia thong 6 thoi gian tré. Mo hinh qud trinh tré tin hi¢u nay dugc
goi 12 mo hinh véi thdi gian 1€ khong xdc dinh. Néu trong md hinh véi thol
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eiun tré khong xdc dinh, ching ta chi 16 gid tri cyc dai Ay va gid tr] cuc tiéu
A clia thong s6 thoi gian tr€, mo hinh s& duoc goi la mo hinh véi thai gian
ué cue dai - cuc tiéu. Vi dy, thong s¢ thoi gian tré cia mot loai phin i
NAND ¢é thé bién thién trong khoang tir 5 ns dén 10 ns, nhu viy doi voi loal
phan 1 NAND niy, A, =5 ns va Ay = 10 ns. Dé khio sat mo hinh ndy, ta cd
thé xem xét hoat dong cda phan tr AND ¢6 hai dau vao (hinh 5.22 ). Trong
vi du ndy, phan tr AND c6 gid tri thasi gian tré cye dai - cuc tieu: Ay =2, A,
= 1. Ta thiy tin hiéu trén dudng ¢ chuyén tir trang thdi ‘0” sang trang thdi * 1’
khi tin hiéu trén didu vao @ chuyén tir *0” sang ‘1°. Ta thay ring trong khoang
thoi gian trude A tinh (r thai diém xuit hién su kién trén dudng o, trén
dudng ¢ khong co su thay doi gia tri tin hi¢u. Cling tuong ty, sau khoing thoi
gian A, tinh tir thoi diém xudt hién s kién trén dudng «, trén dudng ¢ thiét
lap gid tri “1°. Nhu vy, trong Khodng thoi gian tit A d¢n Ay sau khi xudt
hién sy Kién trén dudng «, tin hiéu trén duong ¢ la khong xic dinh, ta s
ding gid tri ‘U’ dé biéu thi gid tri tin hiéu. Tém lai, khi ta sir dung mo hinb
tré khong xdc dinh hodc mé hinh tré cuc dai — cuc tiéu. trong hoat dong clia
mach s& xudt hién nhitng hanh vi khong xdc dinh va biéu thi qua nhitng gid
il U,

ITinh 5.23 Anh hudng cia
mo hinh 1ré cue dai - cue
tidu lén qui trinh mo phéng
hoat dong cla mach.

a _
o S
° = ; < Yo
c % a7 U
g . ' 7

©) g -

V&i mo hinh tré cuc dai — cuc tiéu, ta ¢d thé mo hinh hod phin 16n céc
trudng hop phitc tap xuit hién trong hoat déng ciia mach trén thuc t¢. Nhung
trong o hinh nay néu ching ta gia thiét khoang bi¢n thicn cua thdn gian tré
16n, trong qua trinh mé hinh hod ta ¢6 thé truyén toan cdc gid tri *U’” hoac
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trong mach cé thé xudt hién nhitg dang tin hi¢u khong cé trong s¢ do thue.
Pé minh hoa van dé nay, ching ta xét s do trén hinh 5.23. Gid thict rang
cic phdn tir mach ¢6 thong s6 thoi gian wé A, = 3va A, = 2 Theo so do
logic ta phdi c6 gid tri trén dudng tin hicu ¢ fudn bang ‘(.
_ Néu bt ddu qud trinh md phong tir duding tin higu a. 1a nhin duoge
gia tri trén dudng tin hiéu g s€ bang ‘U’ ( theo hinh 5.23.¢ ). Vi gid
tri tin hiéu trén dudng g luon bang ‘0’. do d6 sy xudt hi¢n gia tri U
¢6 nghia [ pid tri d6 co thé 1 *1° hodc 0. Su xuat hi¢n gid tri *1
trén dudng g ¢ nghia 12 trong mach ¢6 (hé xay ra sy <0, Diéu nay
duge qud trinh mo hinh hod dy dodn, nhung trong, thuc 1€ khong bao
pidf Xay ra.
Néu bt dau gud tiinh mo phong tir dudmg tin higu ¢, ta 8¢ nhan dugc
g = 0 ( theo hinh 5.23.b ), béi vi do 1ré cuc tieu trén dudng tin hi¢u
¢ —d — ¢ co gia tri bang 4, trong Khi do do tré cuc dai trén duong
¢ — f bing 3. Nhu viy, trén hai duong tin hicu ¢ va f khong bao gid cd
cung gid tri ‘17 dong thoi va diéu do c6 nghia [a dudng g ludn nhin
gid ti1 ‘0.
Khi ta mé hinh hoa mach véi mé hinh té khong xdc dinh tuong tng vl
1 W
Ilinh 5.24 Hién tuong
mé& rong mién gid wi ‘U
khi str dung mo hinh tré
khong xdc dinh.

Av=2 A =1
trudng hop xdu nhat, moi khi tin hiéu di qua mach, mién gid tri "U” ¢6 thé
s& bi mé rong. Ta hay x¢t hoat dong ctia mach trigo RS v6i hai phan ur
NAND c6 ciing thong s6 thoi gian tré  hinh 5.24 ). Ta st dung mo hinh tré
cuc dai —cuc héu voi Ay =2 va A, =L Gia thiét, trang thdi ban dau Q = ‘0
. Q="‘1"vh a=>b="1".Trong trudng hop khi gid tri trén dutng o thay doi
it *1°—> ‘0", Khi « thay déi, & ddu ra Q xudt hién gid i ‘U’ Gid tri ‘U’ pay
s& sinh ra gid tri ‘U’ tai dau ra Q. Viéc 1i€p tuc qud trinh tirh toin voi cic
gid tri ‘U’ dan tdi tinh trang sau: biit dau tir mot thoi diém nao d6. gid tri cva
Qi Q tré thanh ‘U’ Nhu vay mo hinh tré khong xde dinh khong thé dp
dung duge trong trudng hop nay.

Trong cic mach s6, viéc tinh gid tri thong s& thaoi gian tré s€ phu thude
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vao hat van dé:

- Su phu thuée cha thai gian tré vio hudng truyén tin hicu;

- b chinh xidc clia vi¢e xde dinh thoi aian ré,

Trong mor 6 thict hi. thei glan ¢ phu thuoe vio hudng truyén cia tin
hicu ra. Bai vai nhiing thic¢t bi nlur vay, thoi gian d€ tin hicu ra lang tov *0" —»
U vacgidam tr I = 07 Khie nhaw khi xa. Vi du trong nhing mach MOS,
thor gian de thict lap suém Xudng cua tin hiéu ( thoi gian ¢ cha suon Xudng
A ) 160 hon thoi gian thict lap suon 1én ( thai glan tré ¢l suon [en A
khodng ba lin. B¢ mo nhiing trang thai nay, ta dua ra g1d 1} thot gian 0é
cua sudn 1én (rise) va thei glan té¢ cla suon xuong (fally A, va Ay doi Vi
timg phan 1. Trong nhiing trudng hop nhue vay khi mé hinh hoi hoat dong
cia mach, do dai e Xung s¢ tang. Thém vio d6, di v nhang pid tri thei
gian té suon lén va xudng khic nhau, ¢é thé xuat hién nhing trudng hop
khong ¢6 trén thue € khi mo hinh hod mach. Trudng hop nay ¢é thé thity
trén hinh 5.25. Trong hinh 5.25, tudng hop a), tin hicu ra ¢6 (hoi gian e

Tin hi¢u vio L L
A I S L
o . —_— . |
I'in hicu ra__Lﬁ___ __+____ _._._J‘:}_____ __.__LL .
ard, =1, A =3 by A, =2, A =1 OA=30 A =] rrdng

_ . . . L . hop khong the iy ra
Minh 525 Vi due vé maé hinh e SUON 16N v sidn xudng,

SUON Xuong A bang ba con thoi gian tré sudm lén bang mot, trong truong
hop nay do dai cla tin hicu ra ting. Truong hop by, tin hicu ta ¢6 thdi gian
e sudn xudng A,. bing mot con thin gian (¢ sudn Ien A, bing hai, trong
trudng hop nity do dai coa tin hicu ra giam. Trong truong hap ¢). tin hicu ra
€6 hoi gian 1ré sudn xusng Ay bang mot con thai glan 18 sudm len A, bing
ba. tin hidu ra ¢é suon Xudng vuot trude suwdn len - di¢u khong thé Xy ra
frong thyc &, Nhiing truong hop nhu vay phai dugc loai bo trong qud trinh
mo hinh hod vi mo phéng.

b. Tré quan tinh

Moi mach dien dé cin nang luong dé chuyén trang i, Nang luong cla
lin hiéu la ham s6 cda bien do va 4o dai tin hicu. Ny do dad cha tin hicu qui
ngan, tin hi¢u khong thé kich hoat dé phdn i chuyén trang thdi. Do dai 16

thicu cua tin hieu dau vao d de kich hoat mach chi: g thir duoe goi
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[a thoi gian tré quan tinh ddu vio cua phin r va ky hicu la A, Nhiing tin
hi¢u ¢6 do dii nhd hon A, s¢ duge goi la xung nhon va s¢ khong duge phin
i cho di qua. Neu do dii cia tin higu vao 16n hon hoiic bing A, tin hicu s€
duoc di qua mach vdi do tré bang thdn gian teé lan truydn cOa phan . Viée
dua tré quén tinh déu vio cho phép mo hinh hoa nhiing trudng hop dic biét
rong cic sa dé thue Khi phin trngung lam viéce véi nhiing Xung rat hep.
— — . Hinh 5.26 dua ra
——Df minh hoa trudng hop
A=20 Ap= ) % T tré quén tinh dau vao
vl xung <6 do rong

Hinh 5.26 Minh hoa cho hign wong ré gudn tinh dau vio. bimg ba viL xung co
do rong bang mot. Phian wr ¢o do tré quin tinh diu vao A = 2 va ue lan
truyén A = 1. Khi do rong cua xung bing mét thi tin hi¢u Khong 161 duge
diu ra.

Trong nhidu trutmg hop. két qua cua vice mo hinh hod tré qudn tink phu
thude vio vice tré quan tinh xudt hign ¢ dau vio heac diu ra cua phan t. Tre
quin tinh xudt hién ¢ dau ra dic trung cho v ice dau ra cta phan ur khong thé
dia ra tin hicu ¢6 do dii nho hon A Xung tin hi¢u tai diu ra c6 the duoce
xung tin hiéu daun vao sinh ra, nhung cing co the bi loai bo néu ¢d do dai

:[)EF d

\I:"J [\| '))
1inh 5.27 Su khic biet kht

aomow
il
)
=Y

oL mf: quin tinh xudt hién L I I
) M ddu vio vial dau ra. ) M

‘ L] P

a 1 d

qud nho. Ta hay xét phan tr OR ba dau vao véi théng 5o thoi gian u¢ lan
teuyén Ay = 2 v A= 2. Cdc tin hiéu diu vio déu ¢é do dai bang 1 va 1ac
dong lan lugt voi do tré bang 1. Trong trudng hop ts¢ qudn tinh duge dat L
diu ra. ba tin hiéu dau vio kan lugt sinh ra cde xung gia ut °l c6 do dal
bing 1 lién tiep. Cdc xung nay hop thanh tin hiéu gid tri *1” ¢ do dai bing 3
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tai ddu ra. Tin higu nay ¢ xuit hién trén déu ra vi 6 do dai 16n hon thong 6
tré quin tinh dau ra ( 3 > 2 = A, ). Trong trudng hop thit hai khi +¢& qudn tinh
duge dat tai ddu vao, ba tin hiéu ddu vio déu cd do dai nho hon thong s6 e
quan tinh do do khong ihé kich hoat phdn tir. Dicu ndy din 101 vige tin higu
diu ra khong duge hinh thanh. Nhu vay viec mo hinfh hod qud trinkh tré qudn
tinh gin lién véi cdc dac tinh vat 1y clia phdn i va can than trong khi nghién
ctiw. Hinh 5.28 cho ta thiy nhing anh hudng khic nhau cta cdc mo hinh tré
161 viec hinh thinh tin higu ddu ra dGi vi phan tir AND hui dau vao.

Pé qud trinh mo hinh hoid mach duge chinh xdc ta can phai nghién ctu 1o
hop nhing dang Khac nhau ctia thoi gian ¢, Nhung diéu nay lam tang thot

aA=2

b Ar= 1. A =3

Hinh 5.28 So sinh civ md hink qui rink -
s . : . . 1 R1 Rz { = =
1 tin higw. a) Teé lay tuyén ihadn uhar € ; , 1 : c.Am=1.44=2
1) Teé suin [0 vis suin xudng; o Tid [T A PR 3 >
Khome xde diteh; &) Tré quin Linh (g c :
o . 4 ' d. A= 2

tmg thu hep xung & ) Trd guin tink.

C. ,’_\122.&:2

pian thuc hién mo hinh hoa va mo phong, diéu nay khong thé chip nhan
duoc trong k¥ thuidt. Nhu vay. dé thuc hién mo hinh hoid qud trinh & tin
hicu vi khong lam anh hudng 61 thoi gian mod phong ta co thé st dung trinh
1 sl '

_ Kiém nghiém logic ctia mach str dung md hinh chi gom cic tré thuan
nhat:

_ Thue hién mo hinh hod va md phong tinh 161 sy khic biét cta thoi
gian tré sudn léa va suon xudng;

_ Sit dung mé hinh ¢ khong xé4c dinh trong qud trinh mo hinh hod va
mo phong;

_ Thye hién qud trinh m6 hinh hod sir dung cic phuong phdp thong ke
d6i voi nhitg 16 hop khdc nhau clia qua trinh tré tuong Ung.
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2. Mé hinh hoa qua trinh tré tin hiéu qua cdc phan tir chire ning va
thanh ghi

Cic chifc nang 16gic va cic dac tinh thai gian cla cdc phén 1r chiic nang
phc tap hon so vi céc phin tit 1ogic co bin. Ta hdy x¢t vi du mo td hanh v

q S R C D Q | ON Tglre
§] 0 1 X X | 0 Ago =4 Agpne =3
1 | 0 X X G 1 Ao =3 A =4
I P L i T ool 1] a,=8Au,=0
0 1 l T 1 1 0 A=A =8
| | x | 001 x X u u

ITinh 5.29 Minh hoa d6 tré viofra doi véi phan wr chite nang tr izo D,

hoat dong cha phin tr trigg D lam viéc theo sudn 1én voi hai dudng tin hiéu
khong dong bo thiét lap S ( set } va khai tao R ( reset ) ( hinh 5.29 ). Trong
bang trén hinh 5.29, ky hiéu “A;," chi do 1€ cta dap ting tai diu ra O’ doi
véi tic dong tdi diu vao ‘T’; cdc ky hiéu A" va A chi do tré sudn lén va suon
xudng ciia phin tir. Ta xét mot dong cia bang. vi dy dong thd ba. Dong nay
chi ra ring: néu trang thdi ban diu cha phan urg = *l’ vil tal ¢dc dudng tin
hiéu S. R khong ¢6 tic dong (S =1, R ="1" ). sy chuyén trang thdi cua
xung déng hé C tir ‘0 sang ‘1’ s& lam cho dau ra Q nhan gid tri cia dudng D
véi thoi gian tré sudn xudng A'cyy = 8 cling tuong tu nhu vay. dau ra QN
chuyén tir ‘0 sang ‘17 véi do ué Ay = 6. Dong cudi cung clla bang chi ra
rng. néu cdc ddu vao R va S nhin gid tri cam “007, ci hai dau ra s€ cung
nhan gid tri “U”.

Ciing tuong tu nhu doi voi phan i 16gic, khdi ni¢ém do tré qudn tinh dau
vio ¢6 thé md rong cho phin tr trigo néu ta dua vao cdc thong s6 chi do
rong cuc li€u cua xung tic dong doi voi cac diu vao C, S, R. Nhitng duong
tin hi¢u nay ¢6 tac dung kich hoat qua trinh chuyén trang thidi cua trigad.

boi véi phan tr trigg D ndi trén, trong nhiéu trudng hop, ta can dua ra
nhitng yéu cav vé do dai cua tin hi¢u dé tranh hién tugng chay dua gilta cac
duong tin hiéu C va D. Hai thong s6 thoi gian khdi tao (setup time) va tha
gian 16n tai (hold time) 14 nhitng thong s& chi khoang 1hdi gian nho nhat
trudc va sau thdi diém chuyén trang théi trén dudng C uong do gia trl trén
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dudng tin hicu D phai on dinh ( khong thay doi ) d¢ trigo howt dong chinh
xde. Cic qui rinh mé hinh hod logic va mo phong phai phan dnh duge cic
yeUu cau niy,

Pai voi nhiing phin tl phiic tap hon nhu céde thanh ghi, qud triinh te¢ 1in
hi¢u duoc mé td it chi tét hon. Trong nhiéu trusng hop. cic mo hinh trén
miutc thanh ghi s dung cidc chu trinh thoi gian 1ap vi néu trong doé co xac
dinh cdc thong s6 tré, cdc thong s6 nay s& dugce coi L dd tré lan truyen.

§5.5. Mo hinh héa trén mice cic phan i logic

Cic phwong phdp diéu khién qud trinh thé hi¢n tinh ty thue hién mo
hinh hod vA nhiing phuong phiap xu Iy gan lién v6i qui trinh mo phong
mach. Trong phuong phéap bién dich, trinh tu thuc hién mo hinh hod duge
xdc dinh bing viée phin hang cdc phin to. Nhu vy, viée ngit cidc vong phin
hdi trong nhilng mach tudn tu va phan hang phan (o chinh la phuong phip
dicu khién quit trinh mo hinh hod. Dd chinh la nguyén nhan dan 161 viéc
khong thé st dung cdec mo hinh tré trlr mé hinh véi 4o € bang khong. ‘Trong
muc niy ching ta nghién citu ¢dc phuong phédp dicu khién trong qud trinh
mo hinh hod hudng su kién nhu mot phucng tién mé hinh hod mach vé do
tré khic khong.

Khi sir dung phuong phip mé hinh hod hudng su ki¢n néu gid try tin hicu
vij) tal thot diém thoi

2 Janh

sivh gian 7, khde gid tey vfy)
bl L [ Sukien] ¥ tai thdr diém  trude,
\ dicu dé ¢é nghia la

f

Swkien [ eF—={Sukien [« xudt hién su Kién, ta s&

coi rang tin hiéu thay
v L[ Svkien ] A[Sukien ][ A=  doi gid tri vao thoi
\ diém 1, + A, . trong do
A, 12 do ué lan 1ruyén
cua phan ta dang x¢ét
D¢ mé ta su xuat hién su kién trén cdc duong tin hiéu trong mach theo thoi

Hinh 5.30 AMinh hoa danh sdch su kién.
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glan ta chiia cde su kicn vao danh sdch tuyén tinh c6 dang bicu dién trén
hinh 5.30 va goi [ danh sdch sy kién. Tuone ing vai moi mot thad didm thai
gian | 1a s¢ cd mot danh sdch cde sy kién xudt hién vao that diém dé.

Khi ¢6 mot su kién méi xual hién, su ki¢n nay duge dua vao danh sich
su kién gan lién vai mot thai diém thoi eian xdc dinh. ‘fa luu ¥ mot didu nhu
sau, st xudl hien cia mot thot diém thoi gian duoe ddnh dau trong qua trinh
mo hinh hod khong phu thuge vio chuéi thisi gian. Do d6, dé xic dinh vi e
cua cdc thot diém 43 duoc 1inh trudc trong danh sdach su kién, ching ta can
phai ¢6 chudi théi gian tong Gng véi danh séch duce xir 1¥. Di¢u ndy co thé
dugce thye hicn dua vao ede dnh xa thoi gian.

Khi ta sir dung phép danh xa thii gian, didy cdc thoi diem thoi gian duoce
xdc dinh véi khodang thdi gian cich déu A, moi su kién trong Ii¢ thong s¢
dugce xice dinh dua vao cdc thoi didm thai gian ndy. Khoang thisi gian A duoe
xic dinh bang udc s¢ chung 16n nhat ¢Oa cla tho aian truyén tin hicu va do
tr¢ cha cie phan 1 trong mach. Do gidi han vé bo nha dimg d¢ thue hicn qud

N\ ) |
\ 2 Y »3——»[—%& kicn | ff—‘[ S ki¢n l ﬂ
3

Sk [ A [Su k] 4 Sukien] 4~

Hinh 5.31 Vong cdc thai diém théd gian mo phong.
trinh mo hinh hod mach, 1a xdc dinh gid ti giéi han cOa thi diéom hai gian
cye dai bang M. Nhur vay, cdc thoi diém thisi gian sau thai diém cue dai s¢
quay lai bat didu 1ir thdi dicm ban dau va two thanh vong quay thoi gian
(banh xe thot gian).

Thong thuong. khoang thoi gian A tuong thich véi do e et cde phin 1
trong mach. Trong nhitng trudng hop khi trong mach ¢é nhiing phan i véi
do ¢ 16n, kKhoang théi gian A ¢6 the vugt qud thdi gian gidi han M, di¢u niy
dan 16i vice thoi diém moé phéng vuol ra ngoal vong thoi gian v gay nén
hi¢n tuong tran. B¢ gidi quyet van dé nay. ta X&y dung danh sich bo o dé
luu 0@t cde thoi diém trin va goi 14 danh sdch tran. Trong trudng hop sir
dung dauh sdch tran, méi khi bdnh xe thoi gian thue hicn duge mot vong
quay, ta can thue hién thao tic (ra cde thai diém trong dunh sich teiw vé chu
trinh xu 1y theo vong thii gian.



Khi thyc hi¢n qud trinh mé hinh hod theo vong thai gian, cdc bude cla
qud trinh mo phong ¢6 thé duge bidu dién duéi dang sau:

- BI: Thi¢t lap cdc gid tri ban ddu clia tin hiéu tai thoi diém 1 < f, va

dat cdc gid tr1 d6 thanh gid tri hién thai.

B2: Poc cic gid tri dau vao. Néu gid tri ndy khdc cdc gid tri hien
thot, ta dua ching vio tap hop L. trong d6 1= 1 + A,

B3: Néu L, = &, ta chuyén 61 bude B3, trong truong hop nguce lai,
ta chuyén 161 budc B4.

- B4: Ncéu gid i trong L. llung Vi gid tri hién thoi. ta il nguyén gid

tri hi¢n thoi; néu cic gid tii ndy khdc nhau, ta lim cap nhat gid
hign thoi va dua vao L, t=1+ A,

- Gan 1<« r+/ viquay vé budce B2..

Ta hiy xét mot vi du minh hoa thut todn mé hinh hod huéng su kién doi
vGi mach biéu dién trén hinh 5.32. Céc gid tri *1° vi ‘0’ trén mot dudng tin
hi¢u bat k¥, vi du la rén dudng «, s& duoe ky hicu 1a (a: 1) va (a: 0). Gia
thi€t rang cdc tin hiéu didu vao thay déi theo gian dé thoi gian trén hinh 5.32,
phan wr OR ¢6 do ué lan truyén A; = 2. Trong truong hop niy qua trinh mé
hinh hod hudng su kién & duoc thuc hién theo trinh tr dudi day.

a
gy S ) N S
° ¢ . 1
Ar=2 c=alRb 1T 2 3 &4 5 B

Y-

Minh 5.32 Minh hoa thuat todn mo hinh hod hudng sir kien.
1. BI: Tai thti diém ban dau t = ¢, ( l” = 1); Cdc gid tri ban ddu: {a;0),
(b:0), (c:0);
B2: Doc gidridauvao: (a; 1 ) L,y,=L.={ (c: 1) };
B3: KiémtraL,, L, = @, chuvén 16i budc B5:
Bt t+ 1 (t=2) Quay lai bude B2;
B2: Poc gid tridauvao (b; 1 )i L,y =L,={(c; [ ) }:
B3: Kiém tra L,, L,= &, chuyén t6i bude BS;
B5:t «t+ 1 (t=3) Quay lai budc B2:
32: Doc gid tri diu vao (a3 0 );
B3: KiémitraL, L,={ (c; 1)}, L,= &; Thue hién budc B4:
0. B4: Gid tri hién thdi duge thiél lap bing (c: 1 );

BN

=0 %N W
o
| o]
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11.B5: t <t + 1 (t =4 Quay lai bude B2Z;

12.B2: Giatridauvao (b; 0 ); Lo ={ (0} |

13.B3: KiémuraL, L,={ (c: 1)}, L, # &: Thue hicn bude B

14. B4: Do L, tring v6i gid tii hicn thoi (¢; 1 ). thuc hién bude B5;

15.B5:t « t+ 1 (I =3); Quay lai bude B2,

16. B2: Cic tin hi¢u vio khong thay doi gid tei; Thuc hicn B3;

17. B3: Kiém tra L., L.= @, chuyén 16i budc B5:

18. B 1< t+1({t=61)

19. B2: Céc 1in hi¢u vao khong thay doi gid tri; Thue hicn B3;

20.B3: KiémtraL,. L, = { { c; 0} |, Ly =& . Thyc hién bude B4

21, B4: Gid tri hién thai dugc thiét 1ap bang (¢: 0 );
Cudi ciing, ta nhin duge gian dé thoi gian nhu weén hinh 5

Trong truong hop khi qud teinh phan tich va mo hmh hoa mach ¢é sit
dung cdc mo hinh tré khong xic dinh. dé thye hién cide tinh todn cho vige
xay dung danh sach sy Kién, ta cin phii hinh thanh dugc cde su Kién xuilt
hién trong khoang thoi glan gida cde eid ui A, va Ay Nhu trong vi du doi
vl mach trén hmh 5.32. néu phan (o OR c6 do t1 khontr xdc dinly vé1 gid tri

cuc tiéu A = 2 vi gid tri cyc dai Ay=3, khi d6 budc thir hai trong trdt tie tinh
toan néu Iu,n 5E dum, ghi nhu sau:
Li={(aU)LL={(a D)k

Sau d6 qua trinh mo hinh héa va mé phoug hudng su kién s¢ ducc thue hién
nhu binh thudng chi cin tinh dén gid tri ‘U, Thém viao do, do trong qua
trinh mo hinh hda 1a phai lién tuc tao thém nhiing danh sdch su kién mai,
thdi gian thue hién mo finh hda s¢ tang Ién khi phii xur ly c¢dc danh sach su
Kién.

N¢u trong qui trinh phan tich vad mo hinh héa mach can phai st dung mo
hinh véi tré qudn tinh, ta cin phai bieh doi thudt todn va them vao do nhiimg
thao tac tinh todn tuong vng. Hon nifa, do viée can thi€t phai su dung lai
nhitng, su kién di duge xi 1y, ta cdn phii tang chi phi vé mat bd nhd v thot
gian tinh todn.

D¢ nang cao dé chinh xdc cuia qué trinh phan tich mach theo thot gian vit
mo hinh héa hudng su kién, ching ta phiti thu nho do 16n cua lugng tir thoi
gian A, Diéu niy sé dan dén viéc tang dung lugng bé nhd d¢ luu it cic su
ki¢n trong trudng hop ta gilt ¢in trén vé thoi gian mo phong M khong doi.
Dé giai quyét van dé nay ta phai dua ra nhing bien the thich hop cta phuong
phdp dnh xa thdi gian va phuong phap danh sich su kién.
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Trén thuc t&. mot trong nhiing phuang phdp dé tang t6¢ do cho qui trinh
mo hinh hoi va mo phéng logic 1a phuong phap mo hinh hod hudng su kien.
Vice tinh todn di véi cie phiin tir 1ogic chi duge thye hicn khi gid try tin
hicu khic voi nhimg gid tri di dugc tinh. Uu diém cta phuong phap mé hinh
hoi hudng su kién I qud trinh tinh todn ¢hi thue hi¢n khi ¢6 cac su kién xuat
hién trong mach, trong Khi do khi cdc gid tri diu vio thay doi. trung binh chi
¢é 2.5% cie tin hicu trong mach thay doi gid try. Dicu do lam tang mot cich
ddng k¢ 16¢ do qua trinh md hinh hoa ndi chung.

Khi thuc hién mé hinh hod trén mic cic phin ti logic. ta ¢6 thé xdc dinh
mot ciich dé dang su thay doi gid tri trén cic dudng tin hicu ra cua cde phan
W dya vio cdc gid ti ddu vao cha phan (¢ dé. Vi du. ncu tren mot trong
nhiing diu vao cta phin (v AND gid tri tin hicu khong doi va bing 07, khi
d6 gid tri tin hicu én dau ra s& khong thay doi khong phu thude vio suthay
d6i coa gid i tin hicu ten cde diu vio khie cou phan wr. Doi véi phan
OR. gid i khong déi bing *1" trén mot trong nhing ditu vdo s¢ dam bao
khong ¢6 su thay doi gid tri tin hi¢u trén déu ra. NE&u chd ¥ 161 nhing tinh
chat cta phin ti 1ogic, ta ¢d the don gian hod vice tinh todn trong qui trinh
mé hinh hod méi khi ¢é cic suw kién xudt hién trong mach.

Nhu viy. trong chuong nay ching ta dd nghién ctu nhiting viln dd lien
quan 161 qui trinh mo hinh hod vi mé phong mach. Nhing van d¢ quan
trong 13 thé hién duge hoat dong ciia mach theo thoi gian vichinh vi lam e
tin hi¢u cha cic phan ta logic trong mach.



Bai tap cho chuong 5

[ ]

Hiy s{r dung phuong phdp mo phong biing bién dich 3 gia tri mo ta hoat
dong ¢t mach trén hinh B5.1. Mach hoat dong véi trang thai ban dau Q
= u d6i vl vecto gid tri dau vio: “017 va “ 117,

A
B

a -

Hinh B5.1

C
CKP( L

13y sir dung phuong phdp mé hinh hod bang bién dich mo ta hoat dong
mach trén hinh 5.15a déi v6i cde vecto dau vao “007 va “117. Gia thiét
rang trong mo hinh, hai dudng Q va NQ déu dugc coi 1a cac dudng tin
hiéu phan héi véi do té bang nhau.

Hiy lap chuong trinh trén ngon ngi 1ap trinh truyén thong ( Pascal, C,
C++, ...) md 1A cdu tric va chiic ndng ctia phdn ti trigo RS master-slave
theo phuong phip hudng su kién.

Hiy lap chuong trinh trén ngon ngit 1ap trinh truyén théng ( Pascal, C,
C++, ...) mo 1 cdu tric va chde nang cta thanh ghi dich 4 bit theo
phuong phdp hudng sy kién.

Hay lap chuong trinh trén ngon nglt 1ap trinh truyén théng ( Pascal, C,

C++, ...) mO ta ciu tric va chdc nang cla bd cong 4 bit theo phuong
phdp hudng su kién.

129



CHUGNG V1. NGON NGU MO HINH HOA VHDL

§6.1. Mo dau ngon ngit VHDL
1. Nhimg khai niém chung v¢ ngon ngit VHDL

Céc phuong phdp thiét k¢ dua trén co s cua cac ngon nglt HDL ngay
cing 1ré nén pho bién. Cdc ngon nglr mo 14 phin cing HDL duoc céc nha
thiét k€ mach sir dung chit yéu dé mo 1a ¢du tiic hoac hanh vi cua cde he¢
théng s6 cho qua trinh mo phong hoic thiét ke.

Phuong phép thiét k¢ trén ca s¢ cde ngdn ngl HDL so véi cic phuong
phip thiét k& truyén thong trén co s3 ctia cdc céng logic ¢6 cdc wu diém sau:

- Cic phuong phip nay cho phép ting nang suét thiét k&, nd cho phép
nhat thiét k€ ton it thoi gian hon va cho phép nhitng ngudi khong cdn
kién thic sau vé phin cling cd thé thi€t k& phan cing.

- Phuong phap thiét k& dua trén cdc ngén ngit HDL khd co dong vl
nhiing cong nghé khdc nhau. Cdc mo ti trén cdc ngodn ngd HDL cung
cdp cdc tai lieu doc lap vdi phdn cimg ciia mach dién. Sir dung cdc
chuong trinh tién ich hé trg thi€t k& ta ¢6 thé chuyén d6i cdc biéu
dién trén cde ngon ngit HDL thanh nhi¢u muc dng dung cho nhung
cong nghé khdc nhau.

Ngon ngit VHDL ( VHSIC Hardware Description Language ) la ngén
ngit dugc st dung pho bién trong cong nghé ché tao cdc mach VLSL. VHDL
dugc cong nhan 1a ngdn ngi tiew chuén trong mé ta phin cling cla IEEE va '
cua B Quoc phong My.

V& mat ci phip, ngon ngir VHDL Ta mét ngon ngit duge dinh ki¢u chat
ché vii ¢6 mot tap hop ldn céc cau 1énh. Ngon ngit VHDL hé trg cdc phuong
phdp mo ta nhiéu kép trong d6 cic thanh phin ciu irdc hoac mang ludi cic
phin tir c6 thé di doi véi cdec mo t4 hanh vi hoac cdc thudt toan.

VHDL cung cdp kha nang mo ta cua mach so tren nhimg muc do triu
tuong khdc nhau; mifc thudt todn; muc cdc thanh ghi, ham truyén dat; muc
céc cong 1ogic. Nha thiét ke ¢6 the st dung chi€n luge thiét k& tir trén xudng,
dau tien mo 1A thict k& trén mic kién trdc, sau d6 chi tiet hod timg budc thiet
ké&. Vi du ta ¢6 thé mo (a4 mach so sanh mot bit bing ngon ngr VHDL theo
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nhitng mic do chi tiét khdc nhau. Mach nay bao gom hai diu vao va mot

ddu ra véi cdc tin hiéu tai cdc dau ndy 1A céc tin hiéu s6. Nhu vay mach s€ .
tuong ing véi mot thuc thé cé hai déu vao va mot dau ra. Kién tric cia

mach dic ta quan h¢ gitta ddu vao v dau ra cha mach va ¢o thé mo ta theo

hanh vi , dong truyén dif liéu qua mach, hodc theo ciu tric cua mach.

- Mo ta trén mife thue thé
Trén mitc thue thé, ta mo 14 vé s lugng cdc cong vio ra cla mach vi
cdc dang tin hiéu tai cdc c6ng d6. Trong vi du vé mach so sdnh mot
bit, mach duge mo t4 bing mot thuc thé bao pdm hai cdng vio va
mot céng ra. Cdc dit lidu tai cdc cong ndy 1a cdc bit.

entity COMPARE is
port ( A, B:in BIT; C: out BIT ),
end COMPARE;

- Mo ta mach bang hanh vi .
Pé mo ti mach bing hanh vi, trong ngon nglt VHDL nguoi ta dung
ciu triic process. Khi mo td bang hanh vi, ta khong cin thiél phai
cung cdp chi tiét v& viee thuc hién thi€t k€. Trong vi dy nay ta thay
mach so sdnh dugc mé 4 bing mot qud trinh process. Qud trinh nay
chiu tic dong cha hai tin hiéu 1a A va B.

architechture BEHAVIOR of COMPARE is
begin
process (A, B)
begin
if (A=B)then C<="1"
else C <="0";
end if
end process;
end BEHAVIOR;

- Mo ta bang dong dir li¢u
Theo biéu dién bang dong dix licu, h¢ théng duge bi¢u dién nhw cic
luéng chuyén déng cua cac tin hiéu diéu khién va cic dit liéu. Theo
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phuang, phdp nay, hoat dong clia mach duge biéu dién nhu céc 1 ich
[6gic 16 hop, nhu mach cong, mach so sinh, mach gidi mi. Doi véi vi
du v¢ mach so sdnh, ta thay tin hiéu C duge gan gid tri cla bi¢u thic
logic cia A va B sau mot thoi gian 10 ns sau khi ¢ sy thay déi gid
tri tin hi¢u trén cic cong A, B.

architechture DATAFLOW of COMPARE is
begin

C <=not { A xor B) after 10 ns:
end DATAFLOW:;

Mo ta mach bing cau tric

oI véi cdch mé ta mach qua cdu triic, ta phai mo td cdc thanh phan
cdu triic vi méi lién két gilta céc thanh phan dé. Trong vi du vé mach -
s0 sanh cau triic cta mach gém mot phan t XOR ¢é hai diu vio 10,
11, két noi véi mot phdn tr NOT. Péu ra cia phin tir XOR n6i véi
diu vio cha phin tir NOT. Cau trdc ket ndi trén duge moé ta bang
doan chuong trinh VHDL.

architechture STRUCTURE of COMPARE is
component XOR_Galte
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
UO: XOR_Gate port map ( 10 => A, 1] => B,O=>NET )
Ul: NOT_Gate port map ( [0 => NET_1.O=>C);
end STRUCTURE;
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2. Qua trinh m6 phong

Nhu da dé cap tSi trong
chwong 4. cdc ngon ngd  signala
HDL luén di kem véi cac
bo mo phong. Cac thiét k&
trén ngén nglt VHDL <@
thuc hién trén bd moé phong
VHDL dé kiém tra hanh vi
cta hé thong duge md hinh
hod. ¢ tdi tao hoat dong
ciia m6 hinh, nha thiét ké a
can cung cap 1ap hop cic ' b
tic dong vao mo6 hinh.
Chuong trinh mo phong sé
gan cdc tdc dong d6 t6i dau
vao C‘F‘i‘ mo hinh tai nhing Hinh 6.1 M6 hinh b6 so sénh mot bit va
th&i diem thot gian xac dinh cdc tin hiéu qua mé phong.
va dua vao mé hinh dua ra
céc dap tng cta mach. Cac két qua do duge nha thiét k& sit dung dé kiém ta
muc do thich hop cla thiét ké.

Ta c¢6 thé thyc hién mo phong trén bat ky giai doan ndo clia qud trinh
thi¢t ké&. Tai cdc mic bao quat nhat ctia thift k& mé phong cung cap cho 1a
thong tin vé hoat dong ciia mach dang thiét k&€ Thong thuong mo phong &
miic nay thuc hién rat nhanh va khong cung c¢ip cho ta nhimg thong tin chi
tiét vé hoat dong cha mach va ché do dinh thdi gian. Khi qud trinh thiét k& di
xudng cdc mic thap hon, mé phong sé chiém thoi gian dai hon. Mo phong ¢
cdc mdc thap chiém nhiéu thoi gian hon nhung cung céip cho ta nhiéu thong
tin chi tiét vé hoat dong cla mach, ché do thoi gian dong hd. Ngon ngit
VHDL cho phép st dung co ché mé phong hon hop, trong d6 mot s6 thanh
phan cé thé dugc mo ta & miic cao con mot s6 thanh phan khdc ¢6 thé duoc
mo ta chi tiét. Uu diém clia phuong phap mo phong hén hop 1a cho phép nha
thiét ké tap trung vao xay dung nhitng phan mach quan trong. D€ giam gia
thanh thyc hi¢n m6 phong ¢ cdc muc thip, cic bé mod phong cin duge dung
d¢ phat hién cédc 161 thiét k&€ cang sém cang t6t. Trong qud trinh mo phong

¢ <= not
{a xor b}
after 10 ns

signal ¢

. —
signhal b
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chuong trinh VHDL, cdc nha thiét k& can cung cap tap hop cic gid tny tha
nghiém tai nhitng thdi diém mo phong xdc dinh.

3. Téng hup mach

Téng hop mach 13 qua trinh xay dung cdc mo ta thiet ke tr mot mde triu
tuong nao dé sang mot mic trini tuong thap hon. Qua trinh niy ¢é thé la sy
bi¢n déi tir hanh vi nay sang hanh vi khdc hodc tit hanh vi sang céu tric. Qud
trinh bi¢n ddi nay tuong tu nhu qué trinh bién dich chuong trinh phan mém
viét (rén cdc ngon ngit bac cao sang cdc mi assembly. Cic dau vao cia cdc
cong cu hé trg thiét k€ thudng 1a cdc mo ta trén cdc ngon ngit HDL, cédc co
ch& diéu khién thdi gian, cdc muc tiéu 61 wu, cc thu vién ky thuat. Dau ra
cla hé thong hé tro thist k€ [a cdc danh sdch mang ludi da o1 vu, cic hi¢u
nang clia mach, dién tich cha thiét k& duge xay dung. Sau diy ching ta mé
ti ngan gon vé qud trinh tdng hop hanh vi, téng hop & muc thanh ghi truyén
dat va tong hop logic.

— Téng hop hanh vi 13 qud trinh bién ddi cic moé ta bang nhiing
ngon ngit thi tyc sang cdc mé ta & mic thanh ghi truyén dat.
Thiét k&€ & miic thanh ghi truyén dat thudng bao gdm cdc dudng
truyén di lieu, cdc mach nhd va cdc bo diéu khién. Qué trinh
téng hop hanh vi thudng ‘duge goi 1a qud trinh téng hgp ¢ miic
cao hay ¢on goi la tong hop kién tric. Budc ndy thuong bao gbm
tng hop cdc dudng dit liéu, téng hop cc mach nhd va tdng hop
céc mach didu khién.

— Téng hop & mitc thanh ghi truyén dat 14 qua trinh tao ra cdu tric
mang cho cdc mach twdn ny tif tip hgp cdc him truyén dat thanh
ghi. Cic trang thdi tuong tng v6i ch€ do dong ho ciing duoc xdc
dinh & muc nay. Cic thao tic & mifc thanh ghi truyén dat cd the
mo ti bang cac otdmat hiru han hodc tip hop cdc phuong trinh
truyén dat & mic thanh ghi. Cic tharh phan clia qud trinh bao
gdm: t6i uu hod trang thdi, mi hod trang 1hdi, 10i vu hod logic,
inh xa cong nghe. |

—  Téng hgp logic 12 qud trinh chuyén cic biéu dién inach bing céc
bidu thic 16gic sang cac mach 16gic. Qud trinh t61 wu hod mach
{ogic thiét k& duge chia lam hai giai doan: cdc qua trinh 16i uu
mach khong phu thudc vio cong nghé; vi cdc dnh xa cdc so 4o
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v cdc phan tir vio cdc lién két clu cdc phan tir mo ta trong ho
thur vién.

Nhu vay chiing ta di thay nhiing khdi niém chung vé ngén ngit VHDL va
cde piai doan trong qud trinh thiét k& sit dung cdc ngon nglt mo td phin

cung.

§6.2. Cic ciu tric co so trong VHDL

M&i mot hé théng mach s6 dwuge thiét k&€ nhu mot hé phan cip cic
modun. Méi modun tuong ing véi mot thuc thé cta thist k€ trén ngon ngit
VHDL. Thuc thé thiét k& thé hién mot d6i tugng cha 1hiét k€ phan citng. Dol
twong nay cé cdc ddu vio va ddu ra duge xdc dinh rd rang, dong thdi thuc
thé thiét k¢ cling phat chi ra duge chite nang cna doi tugng thong qua cic
phép todn duge dinh nghia trudc. Mai thuc thé thiét k& gém c6 hai phan:
phén khai béo thuc thé vA kién trde thyc the.

Phin khai bdo thuc thé mo ti dang bén ngoai clia thyc the, cde gino
dién cia thuc thé véi cdc thuc thé khdc. Giao dién nay duge the hién
qua cic cdng vao va cfng ra cha thuc thé.

Kién trisc thyc thé mé ta nhiing thinh phin bén trong ctia thuc thé.
Ngodi ra ching ta con cé thé ding céc géi tién ich dé hd tro thict ke.
Cic géi tién ich xdc dinh cdc thong tin chung cia mot s thuc the.
Cic thuc thé con ¢6 cdc cdu hinh. Cau hinh la cdc dang twong duong
cla thiét k€. Vi du nhu mach nira t6ng 6 thé coi 1a mot thuc the thiét
ké. Thue thé nay ¢ thé duge xay dung trén cdc phan tir NAND hoac
trén cdc phan tir NOR. Khi dé ta néi thuc thé ndy ¢6 hai cau hinh.
Céc cdu hinh cho phép ta khao st cdc bi¢n thé khdc nhau ctia thiét
k¢ va lua chon nhitng bo thi€t bi o1 wu.

Céc thu vién 12 tap hop nhimg thuc thé dugc mo ta sdn. Cic thuyc thé
nay duge bién dich va luu trit thuong tryc. Cac thuc thé trong thu
vién sé duogc st dung tuy theo midc do quan trong trong thi€t ke,

Céc cau triic cd s& clia ngon ngit VHDL bao gém:
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Céc kién tric (architecture)
Cic goi (package)



— Cic cau hinh (configuration)
— Cdc thu vién (library)

1. Mo ta cic thue thé

Cic khai bdo thuc thé cho ta ¢di nhin d6i véi phan tit mach ¢in duge mo
1ir mat bén ngodi. Biang cdc khai bdo thuc thé, phdn to mach s& duge mo 1a
bing s& Juong va chitc nang cla cdc cong giao tiép va cdc tinh chit cha di
lieu tai cic cdng niy theo phuong dién tif ngodi vao. Cic khai bdo thuc thé
khong cho chiing ta thdy cdch thite xay dung phin tr mach.

Ngon ngit VHDL duge mo ta theo nhitng quy tac ci phdp. DGl véi cic
mo ta thuc the, cd phdp ¢6 dang nhu sau.

entity tén_thic thé'is

[ {éuh _khai bdo_generic |

[ cde ludt tai cong

| cdc_thanh_phdn_khai _bdo_thie_thé'
[ begin

cde_thanh_phdn_biéu_thiic_thie_thé']
end [ 1én_thiic_thé'l;

Lénh khai bio generic diing dé khai bdo cdc tham s6 dugce sir dung dé kiem
soft cdu tric hodc hanh vi cia thue thé. Cic hing 6 nay goi [ cic tham s6
chung. Céc tham s3 chung c6 pham vi st dung trong t0an bo thuc thé. Cau
lénh generic c6 cii phip nhu sau.
generic (
1én_héng: kiéu_con | = gid_tri_khdi_tuo ]
{1 1én_hdng: kfé’n__(‘on [ :=gid i khot tao 1}
):
tén_hdng: la tén cua tham s chung.
kiéte: kiéu dir licu cuia tham so.
gid tri_khéi tao: gid tii khoi tao clia tham s6.
Cic luat cong dac ta cho cac kér  giao ti€p cha thuc thé va ¢6 quy tic
cu phap nhur sau.
port (tén_cong: | mode | kiéu_con | = gid i khdi_tao ]
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{;én_cong: [mode ] kiéw_con [ = gid_tri_khdi_tgo 1}
5
tén_cong: 1en clia cong dugc mo .
mode: chi huéng ciia tin higu tai cong.
kidu_comn: kidu dit ligu tai c¢éng hodc cdc tham s0 chung.
gid_tri_khdi_tao: gid tri khoi tao cho cong.

Trong phéan khai bdo, thuc thé va cdc céng ctia thuc the luon duge dat tén
hoac danh dinh danh. Tén, dinh danh trong ngon ngt VHDL khong phin
biét chiy hoa va thuimg. Mot s6 dinh danh 1a céc tr khéa clia ngdn ngit nhur:
entity. port, is, end, ... Nhimg tif ndy cé ¥ nghia ¢d dinh va khong thé thay
481 trong toan bd ngdn ngir. :

Cic céng 1a cdc tin hiéu két noi thuc {hé véi cic thuc thé khac Nhimg tin
hiéu tai cong dugc dat tuong {ng véi cic dang: in, out. puffer, inout vi cic’
kidu dit licu. Y nghia clia cdc dang cong nhu sau.

_ Céng co dang in la cong chi ding dé doc. Trong cdc mach 0 cdc
céng dang in chi duge s dung lam ¢6ng tin higu vao.

Céng dang out 1a cong chi A& gdn cac gia tri. Trong thiét ké
mach, cdng dang out chi sir dung lam cong tin hiu ra.

_ Céng dang buffer 12 cdng ¢6 thé cho phép ca hai thao téc doc va

gan dif lieu. Nhung trong timg nglt canh céng chi ¢6 thé nhan
mot trong hat chitc niang doc hoac gin dir fidu. Vi du vé cong
dang buffer 14 hai dudng tin hiéu ra Q va Qcta RS trigo. D&t
véi thic thé trigo, hai dudng tin licu niy 1a hai tin hi¢u ra.
Nhung déi vdi hai phan 1t NAND hop thinh trigo, cdc duong lin
hicu nay 14 cic tin hi¢u vio. Trong cdc chuong trinh trén ngon
nglt VHDL, cdc tin hi¢u dang buffer thuong dugc s dung trong
céc trudng hop khi ta mudn doc vh ghi dir li¢u ¢ bén trong
chuong trinh nhung tir bén ngoai chuong trinh thi chi 6 1hé doc
dit liéu ma khong thé ghi vio dudng tin hiéu nay.
Céng dang inout 13 cong ¢6 thé vita doc va vira gan gid tri. Cdc
cdng loai nay cho phép ¢b ahiéu diéu khién dir licu dong thoi
trong moi ngit canh. Céc vidu vé cdng dang inout c6 the [a cic
tuyén dif li¢u vio/ra clia bd xuly.
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Trong phin cdc_thanh _phcfn_kha."_b.:'io_fh{r(‘_rhcfCL’ia thue thé chita khal
bido cic hiing s06, cac ki€u hoac tin hiéu c6 thé st dung trong gud trinh xay -
dung thuc thé. Phin cdc_thanh _phcfn_bicﬁt_rh:?f_rh:‘rc-rfhé’ chita cdc bicu
thite thuc hién déng thoi. Céc bi¢u thiic nay duge A A
sit dung d¢ kiém tra cdc diéu Kki¢n rang buoc cdc L

. , . . a . ey e L
phép todn trong hanh vi cua thuc thé cén thict kE. !

- 1

Ta hay xét vi du mo ti mach cong mot bit. ¢ | c.
Mach cong cd 1én 1a FULL_ADDER va c6 ba | I* -
céng vao 1a A, B va Cin. Hai cong ra cla mach | ‘
cong 14 Sum va Cout. Céc cdng vio va ra déu ¢ -
kidu tin hieu 12 BIT, trong d6 kiéu BIT 1a mot kicu ¥Sum
dugc dinh nghia trude cua ngon ngit VHDL. Doan  Hinh 6.2 Bigu dién ciia bo
chuong trinh mo ta thuc thé mach cong mdot bit cong mot bit
dugc viét nhu sau.

entity FULL_ADDER is
port (A, B, Cin:in BIT;
Sum, Cout : out BIT),
end FULL_ADDER

Chiing ta co thé kiém sodt cau A3y BI3YALZ) B{2)ALTYB(1) A(0)BIO)
e e o aA A e o I | -.
tric va che do d}nh tl?m glan Cl.fd. ‘_ | _||_ _|_ 1
thuc thé bang cdch sir dung cac Cou l C
ol

tham s6 chung. Vi du, néu ching  <——

ta muén xay dung mach cong N \

bit, ta s& ding tham s& chung N dé T 1 _"_‘P__I—
chi 6 bit cha mach cong va tham
s& chung M dé dac trung cho hanh
vi theo di&n bién thoi gian cla thuc Hinh 6.3 Biéu’dié_n cua bo
thé. Trong truting hop mo ta bo cong bén bit.

cong bon bit, ban dau N duge khoi tao gid tri 4. Trong qua trinh md phong
hoic téng hgp mach gid tn thuc ctia ¢f~ tham s6 chung ¢6 thé thay doi tuy
theo nhu cAu. Doan chuong trinh VHDL sau cho ta vi du mé ta mach cong
bén bit.

139



entity ADDER is
ocneric ( N : INTEGER :=4;
M: TIME := 10 ns )

port (A, B:in BIT VECTOR (N - 1 downto 0);
Cin : in BIT;
SUM : out BIT_VECTOR(N - 1 downto 0 ).
Cout : out BIT ) ;

end ADDER;

2. Cac Kién trac

Sau khi cdc phan tir mach duge mo ta o mat ngoai bang cdc khai bdo thuc
thé, mot hoac nhiéu cdach thuc hi¢n phin tif s& dugc mo td bing cdc Kién tric.
Trong ngén ngdr VHDL. cic ki¢n tric cung cdp cai nhin bén trong cua thuc
thé. Kién trtic cha thue thé xdc dinh moi quan hé gitra cic dau vao va cic
diu ra cita thue thé va ¢d thé biéu dién theo hanh vi, theo dong van chuyén
dit licu hoiic theo cau tric.

Kién tric xac dinh cde chic nang cia thue the. Kicn tric chia phan khai
bdo, irong d6 bao gdm cic khai bao cua tin hi¢u, khai bdo kiéu, khai bdo
hing. khai bdo cdc thianh phan va cic chuong trinh con. Theo sau phan khai
bdo li phin than cla Kién tric. Trong phén than cua kién trie chira cdc cau
ké't cau thue hien déng thoi. Cic kél cau thye hién dong thoi ¢d thé la: cdc
khoi gdn tin hi¢u song song, cdc khoi cau tric va cdc thanh phdn khai tao.
Cic két cdu thue hicn dong thoi thé hién tinh chat thuc hién déng 1hdi ¢ua
cic thanh phan phan cing trong thiet k¢ khi ¢6 su thay doi trang thii tin higu
tdc dong vio mach. Cic két cdu thyc hién dong thoi twong tdc véi nhau
thong qua cdc tin hiéu. Moi két cdu thuc hién déng thoi xdc dinh mét phin
W1 tinh todn. Phin tir nay doc tin hiéu, thuc hién cdc phép todn trén cdc tin
hicu vi gdn nhitag gid i tinh duge cho tin hicu. Cde két cdu ndy biéu dién
cic khéi phdn ciing v cdch thic lien ket giita ¢hting theo dang cau tric hodc
theo dang hinh vi. Bing cich do cic két cau thue hién dong thoi s& mo ta
téng thé cdu trdc v hanh vi cta thyc thé duge (hict ké. Cic ket cdu dong
thoi dugc thuc hién song song khong phu thuoe vio trinh tu xuat hién cia
chiing trong mé ti kién tric. ' '

Kién tric duoc mo ta theo quy tic cd phip sau.
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architecture 7én_kich _tritc of tén_thire_thé'is
{ plhan khai bdo_ctia_kién_tric
begin
{ cdc két cau _thie hién dang_thoi '}

Trong d6. tén_the thé 1a tén clia doi tuong s& xay dung. Tén nay pha
tring v6i tén cla thuc té tuong (ng véi kién tric da khai bdo trong phén
khai bdo thuc thé.

Phin khai bdo phdan khai bdo ciia_kién _tric chia nhitng khal bao trong
mo ta kicu triic. Hai ditu {} cd nghia li cé thé khong chia mot khai bio ndo
hoac cd chia nhicu khai bao.

Phin  ndm  gifta  hai  wr khod  begin  vi  end,
cdc_kél cdu thie hien dong_thoi xde dinh cde khoi phin cimg theo dang
¢iu tric hoac hinh vi. Cic thanh phin signals ding dé két noi nhiing khoi
riéng biét ctia kién tric. Méi tin hiéu tuong tng véi mot kicu da licu. Cic
kiéu dé xdc dinh dang ca dit liéu duge truyén trén cdc dudng tin hicu.

Mot thuc thé ¢ thé ¢6 nhiéu kién tric. Nha thict ké 6 thé xay dung mo
hinh thét k& sir dung cac phuong phap thuc hién khdc nhau theo cdc goc do
guan sat khic nhau hoac & cdc muc do triru tuong khic nhau. Thong thudng,
ta c6 thé bidu dién kién tric cha mot thuc 1hé & ba phuong dién: phuong dién
hanh vi, phuong dién dong dit licu vi phuong dién ciu tric. Mot kién tric
ciing ¢6 thé ¢é hdn hop ci ba phuong dicn bicu dién thict ké. Ta hity x¢tvi
du biéu dién kién tric thiét k&€ cha mach coéng mot bit. Theo hanh vi, mach
cong c6 thé duge bicu dién nhu mét hé hiim logic tdc dong lén ba bicn doc
lap 12 A. B va Cin dé hinh thanh céc tin hi¢u ra la Sum va Cout. Theo cich
bi¢u dién bing dong di lieu, mach cong thue hién cic tic dong.

A e e . Sum
. p =t

¥

G, — —
Hanhvi D°|T‘.9 da . T CAu tric
e igu L S ‘ Tk _
I{Process(A,B,Cm) ‘ S<=Axor8 ‘ | :TD _
Begin . Sum=<=8xor(G, | | o
[ e . after 5ns ]
‘ End ‘ ’ G, <=A&BIV(SEC, )

Hinh 6.4 Mo ta thue thé mach cong va cde kién tradc.
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a. Biéu dién kién tric theo hanh vi

Bicu dién kicn tric ctia thuc thé theo hinh vi 1a mé 14 chic ning cua hé
théng twong ty nhur cde chuong trinh phdn mém bing cdc qua trinh tinh todn.
Trong biéu dién nay ta khong cung cap chi ti¢t viéc thuce hién thiét k& Trong
ngon ngit VHDL., dé bicu dién ki¢n tric theo hanh vi, ciu tric chinh cha
hanh vi s€ la qua trinh. Mot qua trinh ¢6 thé coi nhu 13 mot chuong trinh va
duge xdy dung tir nhiing cdu tric thi tuc vii c6 thé cho phép goi cdc chuong
trinh con gidng nhir trong cdc ngon ngit lap trinh truyén théng.

Ta hily xét vi du mo A kién trdc ctia mach cong mot bit bing hanh vi.
Trong mo ta chita mot qua trinh véi ba tham $6 13 cic tin hién A, B, Cin. Cic
tin hi¢u nay duoc chida trong danh sdch cic tin hi¢u tic dong vio qud trinh.
Viée thuc hién qud trinh s& dimg lai néu khéng 6 cdc si kién xay tra trén
cic dudng tin hiéu xuvat hién trong danh sdch hay nét mot cdch khic [a cic
tin hi¢u trong danh séch cic tin hieu tdc dong khong thay doi gid tri. Méi
khi ¢6 mgt su kién xdy ra wén cdc dudng tin hi¢w, qué trinh s@ duoc kich
hoat va cdc cau 1énh bén trong cdu tric s& duge thuc hién wan tu.

architecture BEHAVIOR of FULL_ADDER is

begin
process ( A, B, Cin )
begin
if(A=0andB=0andC="0 ) then
Sum <="0'";
Cout <="0'"; .
elsif (A='0'and B="0'and Cin="1" yor
(A="'0"and B="1"and Cin ='0') or

(A="I"and B="0"and Cin = 0 ) then

Sum<="]":
Cout <=0 ;
elsif(A="I"and B="t"and Cin = '|"' ) then
Sum <="I";
Cout <="1":

end if
end process;
end BEHAVIOR;



o dea % 5=4080C,
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Mot qud trinh mé ta hanh vi clia mot phan hodc toan bo thiét ké. Qua
trinh xdc dinh cdc khéi mi tenh tuan tu doc 1ap. Cac khoi nay ¢6 thé dugc
kich hoat dng vdi cdc bi¢n doi trang thai cha tin higu. Khi c6 nhicu hon mot
qud trinh trong kién triic thi nhitng qud trinh d6 duge thuc hién dong thoi.

i. Mo hinh hanh vi
Thi¢t k€ s6 dugc mo hinh héa nhi mot nhém cac phép todn 1ac dong lén
cdc gid ti dit liéu truyén qua hé thong. Trong mo hinh hanh vi cuia VHDL

Qua trinh i Qua trinh k

—— | . JR—

tinhigu _ | i hig
% [ e — in higu
‘—J\f o tnhiew L 7 Y '
tin higu \:;:I /L\\H; o \_r X mh_._;__,.--- / ‘

Qua trinh |
tin hiéu ’ _ o J M@ hinh ¢lia qua trinh

e tin hiéu

tin higu

[finh 6.6 Me hinh hoat dong clla mot qua trinh process.
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mdi phép toan duoc goi la mot qué frinh va cdc gid ui dit lieu di qua h¢
thong ducc goi la tin hi¢u. Mot he thong 6 thé coi 12 tap hop cdc qud trinh
v cdc qud trinh twong tic v6i nhau thong qua céc tin hieu. Tat ca cdc qua
trinh trong mo hinh thuc hién déng thoi va cae tin hieu duoe dung dé dinh vi
cic qua trinh song song.

Ching ta cd thé coi viéc thue hién mot qud trinh nhu mot vong lap vo
han. Vong 1ap nay bit dau tir vice thuc hién dong lénh dau tién. lan luot dén
dong lénh thi hai, thi ba, ...cho dén dong il cudi cling va lai quay ts0 lai
dong lenh dau tién. Viéc thuc hign cac cau {¢nh trong qud trinh duge thuc
hién cho dén khi gap cau lenh wait. Khi bi dimg lai. qud trinh ¢6 the duge
tiép tuc thuc hién 116 Jai. Diéu kién dé qud trinh thyc hicn o lai phy thude
vio thoi gian thdn gian ngimg cuc dai trong cau lenh wait wot qua. Trong
nhiéu trudng hop qud trinh ¢6 thé duge kich hoat tedy fal tuy thude vao sy
thay déi trang thai clia cde tin hiéu tdc dong hodc khi cdc diéu kien dit ra
duge thoa man. Ngon nglf VHDL cung cdp kha ning mo {4 nhiing tin hiéu
tdc dong vio cic quéa trinh bang danh sdch cac tfn hiéu téc dong. Khi ol 1yl
cva cde tin hi¢u trong danh sich tac dong bi thay déi. qua trinh duge kich
hoat va bit ddu thye hién.

Trén hinh 6.6 ta ¢6 mo hinh kién trde clia hé thong gom ba qud trinh 4, /.
k. Moi qua trinh i va cé hai tin hiéu tic dong con qua triinh & chi ¢6 mot.
Piu ra cta qué trinh § nol voi diu vio ctia qud trinh k va diu ra clia qua irinh
i néi véi dau vao clia qué trinh i. Ca ba qud trinh cing thyc hién dong thoi va
ciie tin hicu tic dong dung dé kidm sodl tién tinh thic hién cdc qud trinh.

ii. Mo hinh diéu khién thoi gian

Sy thay doi gid tri tin hiéu tai vhitng 1hoi dicm thii gian xac dinh dugce
hé hien qua “thoi diém mo phong” clia hé thong. Thoi diém mo phong trong
ngon ngt VADL 1a thoi diém tai 46 ¢c6 cdc sy kién xuat hién trén dudng tin
hiéu. Khdi ni¢m thdi diém mo phong teén thuc (¢ 12 khac véi khdi ni¢m thot
gian dong hé noi tai. Céc qud triinh trong VHDL duoc kich hoat lai mobi khi
c6 su thay doi gid tri ciia tin hicu trong danh sédch tin hiéu tic dong. Khi qua
trhnh tao nén gid i cho tin hicu déu ra, he thong mo phong s€ chit dinh lugng
{r thoi gian trude Khi gid vl ducc giii ra ddu ra. Lic do ta néi ring hé mo
phong thuc hieén viéc dinh ¢ wong trinh cho giao téc sau thd diém mo phong
xdc dinh. He thong mo phoag clia VHDL cling cho phép dinh chuang trinh
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cho mét 56 bit ky cde gino tde do1 gzt gau mo phong

vii dudne tin hiéu ra. Tap hop tal i .
C < e e P . ,P‘ ( Chu trinh mé phong
ca cic giao tde doi voi tin hcu

trong maot qua winh get la

| . Giai doan mét
VHDL cung ciip md hinh bat gian Cap nhat tin hiéu

doan: chu trinh mo phong.

Trong giai doan 1: gid tni \ \

cla cic tin hicu s¢ thuc =
Giai doan hai
Thue hién tinh toan

hien giao dich trong tho

gian hién tai duge un mot Diéu khién lich trinh
~ Trong giai doan Z: nhiing cac giao dich
process nhin thong tin fai
phime tin hiéu tac dong s Két thic md phong l d

thue hién tinh todn cho 61 1hinh 6.7 Chu winh mo phong coa gua tinh.

khi bi (reo. Két thic gia

doun 2, thoi diém mo phong s& nhin gid 1y mai va chu trinh thue

hién lai.

Nha thiet k¢ ¢6 thé chi dinh thoi gian tinh tir thoi dicm hién thoi ma gid

11 s& duoc g 131 tin hicu ra trong cice ¢l {énh gin tin hi¢u. Néu trong ciu
lénh gdn iin hiéu Khong chi 1o gid tri thoi gian tre hoac gid tr1 nay bang ()’
thi thoi gian tré miac dinh delta cia by mo phong s& duge st dung d¢ dinh
lich trinh cho thao tde. Thot gian 1eé nay khong thay doi thai dicm xuat hicn
tin hicu dong hé mo phong nhung duoc su dung d¢ ket thic mot chu trinh
mo phong vit bit dau mot chu trinh méi. Néu gid trl méi duge gan cho tin
hicu khac vai gid tri ¢t. tren dudmg tin higu xudt hién su kign.

b. Bi¢u dién Kién tric theo dong dir licu

Phong cdch maé 1a kicn trae theo dong dif licu diac (2 h¢ thong nhu cac
bicu didn song song cta cac dong di licu v dong cac tin hicu di¢u khién.
Theo phuong phip ndy chiing ta mo L cic dong thong tin, hanh vi luan
chuvén cic dong dir Li¢u theo thdi gian coa cde ham 16gic 16 hop nhu mach
cong. mach so sinh, mach giii md v cde phin 1 [ogic co s¢. Vi du, ta o
hé bidu dién kien trdc cta mach cong FULL_ADDER theo phong cich
dong dir lic¢u nhu sau.



architecture DATAFLOW of FU LL_ADDER is
signal S: BIT .
begin
S<=AxorB:
Sum <= S xor Cin affer 10 ns:
Cout <= { A and B )or ( Sand Cin ) affer 5 ns :
end DATAFLOW:

Trong vi du nay ta ¢é ba biéu thic gin tin higu song song. Maéi bicu thic
wdn nay ¢o thé higu nhu mot qud trinh Vol 1fn hicu v¢ bén phai cta phép gdn
(A cdc tin hicu ndm trong danh sdch cic ifn hiéu tic dong cua qua inb. Vi
du, trong phép gén thi nhat, duong tin hi¢u S s& nhan gid tri A xor B sau khi
¢6 su kicn xudt hién trén duong A, hodac trén dudng B hodc irén ca hai dudng
A va B. O diy chiing ta khong dit gid tri twong minh clia thoi glan tré. Do do
d¢ mo phong tién trinh thyc hién qud tinh theo thi gian, hé thong su dung
thoi gian ¢ mic dinh delta. Trong phép gin thi hai, dubng tin hi¢u Sum
nhin gid tri bicu thic S xor Cin sau 10ns so vai thai diém ¢d cde sy Kign e
cic dau vio S v Cin cta phan wr Xor. Cling (uong U nlnr vay. duding 1in
hi¢u Cout s& nhan gid (n

((Aand B)or (Sand Cinh

sau 5 ns so voi that diém cé su Kicn trén cdce duding tin hieu A, B. S hoic
Cin.

Cic hang s0 co ¢ cd thé duge ding nhu cic tham s6 tré. Trong vi du
niy, chiing ta thay cdc khai bdo cha tham s6 tré coa phin khai bdo thyc the
v viee st dung chung trong kién tric.

Vidu,

entity FULL_ADDER is
generie ( N: TIME =3 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<=Axorb;

Sum <= 8 xor Cin affer 2*N .

Cout <= (A and B) or ( Sand Cin ) affer N ;
end DATAFILLOW;

c. Biéu dién Kién tric bang ciu tric

Phong cich mé ta ki¢n tric thong qua c¢du trde xie dinh cdu trie cua
thue thé st dung cic khai bdo cita cde phéan wr thiainh phan va ¢de phicn bin
clia cde phan tir thinh phin. Cic mo @& cdu trde chdu danh sdch cdc phan
hoat dong dong thoi va hién ket gifia cde phin tir d6. Viduy, khi ta mo ta ciu
trdc cta mach cong mot bit FULL_ADDER. Mach FULL_ADDER dugc
thict k& tren o 3G cide thanh phan 13 HALT_ADDER via OR_GATE. Ciu
trdc duoe thiét k€ cita mach ¢ong mot bit chiu hai mach nira 16ng v mot
phin tir 16gic ¢o ban 14 OR_Gate. Cic philn w0 ndy lién két v6i nhau bang cic
tin hicu.

....__ . Cnut
OR1 ] %
b
A T "—W;J'“
5 HA1 HA2 '  sum
------ s | — s :

ITinh 6.8 Ciau wiic 5 mude kign trdc cua
mach cong mot bt cos hai tin higu.

architecture STRUCTURE of FULL_ADDER is
component HALF_ADDER
port ( L1.L2 :in BIT:
Carry,Sum : out BIT );
cnd compunent:
compenent OR_GATE
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port ( L1. L2:in BIT:
O: out BIT ¥
c¢nd component:
signal N1 N2,N3: BIT;
begin
HA! : HALF_ADDER port map ( A, B.NI. N2 );
HA2 - HALP_ADDER port ntap { N2, Cin, N3, Sum ):
ORI : OR_GATE port map ( N1, N3, Cout ).
end STRUCTURE;

Khi d¢ phic tap ctia thiét k& tang ién, nha thiét k& thudng phin tich hé¢
thong thanh nhiing hé thong con. Cic hé thong con niy lien kér chit che
theo chite nang trong thanh phan cua h¢ théng 16ng the. Mdi h¢ thong con
lai ¢6 thé duge phin téch thanh nhing phan hé¢ & mic thap hon ntta. Trong
ngon ngd VHDL, & mitic cao nhat cha thiét ke ngudi ta sir dung moé hinh Kién
trifc theo phong cich ciu tric ciia thue thé. Cau tric nay s& pom tap hop
phien bin cta cic phan hé két ndi véi nhau bang cdc dudng tin hicu.

M&i phién ban cia thinh phan mach duge mo i bang cdc hop den trong
hicu dién cilu tric véi cdc Hén ké dau vao vi lien ket dau ra duge mo 1 1o
rang. Cic phién ban thanh phin phai tuong thich véi cic thuce the. Cde thue
thé nay ¢ mo ti cde chic nang cla thanh phin mach bang cdc mo hinh kién
triie theo bicu didn cau trde hodc hinh vi. Vi du, déi vor mach cdng mot bit
cua hat tin hicw, ta ¢é mach cong s& duoe xay dung tir hai mach nia 16ng va
mot phdn 1 OR. Khi dé theo cdc mo ta kién tric cla cde thye the bing cic
mo i ciau tede. thue (hé FULL_ADDER duge tao boi hai thue 1he
HALLF_ADDER va mot thue thé OR_GATE. Trong do thye the
HALF_ADDER ¢6 thé duoc xay dung 1l cie phan tr XOR vit AND.

Mo td thue thé HALF_ADDER theo cu tric tir cdc phan it AND va
XOR,

entity HALT'_ ADDER is
port (10,11 :in BIT: 8. CO : out BIT );
end HALEF 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 (10.11 :in BIT; O: out BIT );
end component:
begin
Ut: XOR_GATE port map (10, 1.8,
U2 AND2_GATE port map (10,11, CO ),
end STRUCTURE:

Méi thanh phin cla thuc thé néw trén c6 the xay dung tlr cde thuc thé
khac mé ta cdc chic nang cia ching. Vi du phan (r XOR_GATE c6 the
duoc mo ta theo hanh vi nhu sau.

entity XOR-GATE:

port (10,11 in BIT: S, CO : out BIT )
end XOR_GATE: )
architecture BE] IAVIOR of XOR_GATE is
begin

O <= 10 xor 11 affer 10 ns:
end BEHAVIOR:

Bicu dién cau tric cla cdc phan cap thiét k& anh huong téi qua trinh
phan tich thiet k&, Didu niy xudt phit tir cde dic diém cla hé thong dugc
it k€. O mot mife phan cip bat
ky, he thong duge ciiu tao bai cic

lien ket cua nhing thanh phan © //
mic dang x¢ét Bicu dién cau ruc |__‘7 |F “I
ciia kién tric chia danh sdch cdc '7\J R
hop den, O mic thap nhit cha qua /& JAN
. . . L s I "; i T - M6 hinh hoa
trinh phan tich. ta phar mo ta hanh B2 B e : ; :
P P 7 B §

vi cla cde phin tir nam trong thiét
k& ¢ moe nay. Qud uinh phan cap Hinh 6.9 Cay phan ellp Lnaat dicn
e mxas n . ki&n triic ctia mo hinh gt KE.
¢6 the bidu dién dudi dang cay phan
cip ( inh 3.9 ). Tai miic thip nhat clia phan cap, 1a phai mo 1a hanh vi cla

cdc thue thé theo trinh U i mé hinh mach s€ duge mo phong.
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3. Cac géi thiét ké

Muc dich chinh cta cic goi [a tip hop cic phin 10 ¢ ih¢ ding chung
gifta hai hogc nhicu don vi thict k&, Mot g6i bao gdm hai thanh phin: phan
khai bido goi va phin thin goi.

Phin khai bdo g6i chia it ¢i cic khat bao cla moli tén. Nhing
ten niy s& duge cic don vi thiét k& dung dén khi s dung goi.
Thong thuong phin khal bio chita mot s6 kiéu dif Jicu chung,. cic
hing va mo ta cua cde chuong trinh con.
Phin than gdi bao gom cdc phan thin cua cie chuong trinh con
mé ta trong phan khai bio goi. Phin than nay 12 an doi véi bén
ngodi. Phan than cua goi khong bt buoc phai ¢é néu khong ¢o
chuang trinh con duge mo ta trong 2ol

Vi dy. ta cd khai bdo goéi nhu sau. Gé6i nity khai bao mot s0 kicu,

bicn, hing va chuong trinh con.

package EX_PKG is
subtvpe INT8 is INTEGER range 0 to 255
constant ZERO : INT8 :=0 .
constant MAX ; INT8 =100 .
procedure Increcment ( variable count : inout INT8)
end EX-PKG.

Do trong khai bio ¢é thu tuc Increcment nén ta can phdi cé than cla 2ot
wong tng voi khai bdo oot ten.

package body EX-PKG is
procedure Increcment ( variable Data: inout INTSR yis

begin
if ( Count >= MAX) then
Count = ZERO:
clse
Count := Count + 1
end if

end Increcment;
end EX-PKRG;
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4. Cac cau hinh

Mat thuc thé ¢6 thé ¢d mot v Kién trie. Trong qud trinh thict k&, ta ¢o
thé cdn phai tha nghi¢m mot i bien thé ca thiet k€ bang cach str dyng cic
Kien triie khic nhau. Cau hinh 1a thanh phan co bin cua don vi hict ke, Cau
hinh cho phép gan cic phién ban cua thie thé vio nhimg kicn tric khdc
nhaw. Ciu hinh ciing ¢ th¢ duge su dung dé thay the mot cdch nhanh chéng
cie phin tu ctia thue thé trong bicu dién cau tric cua thiét ké&.

Cii phip clta mo 1 ciu hinh:

Configuration ten_can hink of f(jft_fhl_f'('_fhéq is
{ p;’:cfu__khai_b(io_('t'ia‘_c‘cﬁr__hh:h }

for u'{}('_ff'f_('."ia_khfff
| ménl_dé_use |
{ c‘cic“_phti}t_ui"_(.'ria_(_'fi'u_hfm'a }

end for;

Vi tir phankhm'_bcio_rria__c'di.*_h:‘nh cho phép ciu hinh s dung cic
phdn td trong cic g6i vir ciée thu vien.

Vit dée_td_cua_khor xic dinh cdu hinh cho kién tric cla thuc 1he.
Vidu '

Configuration FADD_CONFIG of FULL_ADDER is
for STRUCTURE
for 1IA1, HA2: HALF_ADDER
use entity WORK.H ALF_ADDER(STRUCTU RE)
for OR1: OR_GATE use entity WORK.OR_GATE;
end for
end FADD_CONFIG;

trong cau hinh nay, ching ta thay:

STRUCTURE chi t6i Kién trdc ctia thyc iné FULL_ADDER dugc dit cau
hinh.

HA1 vi HA2: 1 cée thye the gin v6i thuc the HALF_ADER cua kicn
triic STRUCTURE trong thu vién WORK.
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Phicn bian OR1 gan véi thue the OR_GATE trong thu vién WORK.
5. Cac thy vién thi¢t ké

Phan tich VHDL 1a qud uinh kiém tra thict k€ VHDL cho dung <t phip
vit ngll nghfa. Sau khi phan tich VHDL, cdc don vi thi¢t ke s& duge luu giu
trong cie thu vien d¢ sit dung sau ndty. Thu vién thiét k€ ¢6 the chita nhiing
phan (e thu vién sau:

Gl ; 1nhitng mo ta, khat bito duge dung chung.

Thuc the : 1a nhitng mo ta thict k¢ duge dung chung.

Kicn trac « nhiing thiét k& chi 1ié1 duge dung chung.

Ciu hinh : 14 nhiing phién bin cta thue thé duge ding chung.

Cic don vi thu vién i cic cau tric VHDL ¢6 thé duge phin tich riéng 18
theo tinh 1w nhit dinh. Vi du, thue thé phii duge phin tich trude kién tric
cua chiing: cdc géi phai duge phan tich trude khi duge don vi thiét ke su
dung.

Trong ngon ngit VHDL ¢6 thu vién thiét k¢ dic bict co tén la “WORK™.
Khi ¢hing ta bién dich mot chuong trinh viét (rén ngon ngd VHDL nhung
khong cht ro thu vién dich, chuong trinh nay s€ duge bicn dich va chua vao
thu vién “WORK™. Vi du. [¢nh

ve My-Design.vhd
s€ Kiém tra cd phap chuong trinh nam trong tép “My-Design.vhd™, dich

B& md phong
. _— (ECE VHDL
ép , o phan
VHDL tich > | 8TD >
WORK L [ Botdng hop
VHDL

Hinh 6.10 Sa dé bidu dién qud tinh bién dich v mé phong tir chuong trinh thanh

cdc e vién cta ngon nglrt VHDL, sau dé ciac thu vien <& dugic dua vio hid mao phong.
chuong trmh dé roi chia vio thu vien “WORK™. Hinh 6.10 chi ra cic
phuong thic sir dung cdc thu vién thiét k¢ trong ngdn ngit VHDL.

A
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§6.3. Céc kicu dir licu

Neon ngt VHDL c6 ba dang dai tugng: bien, tin hu,u vt hing. Phan khai
bilo trong cic ciiu trie ngon ngl 8¢ lict ké cdc doi tugng s¢ st dung. cac Kicu
cit cde dol tuong dé va gid trn ban diu mi ching s¢ nhdn trong qua trinh mo
phong.

1. Cac doi tugng dis licu

Trong ngon ngdit VHDI ngudi 1a phin bict ba loai déi tuong dir licu: hing.
bicn v tin hi¢u. Cdc doi tuong dugc dic ta dua vio cic tir khod. Nhiing
khod nity phai xuit hién & phan dau cla phan khai bio déi tugng.

a. Hang

Hing 12 doi tugng duge khoi tao hing nhimg gid tri nhat dinh khi dwoc
tao nén trong qud trinh thue hién va sau d6 gid tri cua hang khong thay doi.
Hang ¢6 thé duge khai bdo trong cdc géi, thuc thé, kien tric, chuong 1rinh
con. khoi va qua trinh.

Cii phdp khai bio hang:

constant sén hdng |, 6n_hing }: kicu [:= gid_ti ),

Vidu,
constant CHAR7 : BIT_VECTOR ( 4 downto 0 ) := OOV
constant MSB ; INTEGER := 5;

b. Bién

Bi¢n 12 dai tugng dit li¢u dung dé chida nhimg k&t qua trung gian. Bicn
chi ¢é thé duoc khai bdo bén trong cie qud trinh hodc chuong trinh con. Bitn
tuon di doi véi kicu. do dé bicn phai duge khai bdo kiéu. xdc dinh khoang
gidgi han hoic gid tri khoi 1o ban diu. Mot cach mic dinh, gid i khoi o



ctia bicn 13 gid tri thap nhit trong cde gid tei thude mién xde dinh cua Kicw.
Bicn ¢6 cd phdp khat bdo nhu sau.

variable rén_bién |, 1én_bién}: 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 d6i tuong di li¢u ding dé két ndi gitta cdc qud trinh hodc
déng bo cic qua trinh. Khai bdo tin hi¢u s€ tao tin hi¢u mai co cac gid tl
clia Kicu xic dinh. Tin hi¢u ¢é thé duge khai bio trong phan khai bio gdi
( khi d6 tin hi¢u s¢ 1a tin hiéu todn cuc ). khai bdo thue theé ( khi d6 tin hi¢u
J tin hiéu todn cue cha thue the ), Khai bdo kién tric (tin hicu s€ la tin hi¢u
todn cuc cu Xién titic ) va trong khoi. Cde tin hieu ¢6 the duge su dung
nhung khong thé duge khai bdo trong cic qua trinh vil cde chuong trinh con.
C6 the giai thich dicu nay nhu sau, cac qua trinh va chuong trinh con la cac
thanh phin co & cua mé hinh v duge coi 1a cic hop den. Cic tin higu s¢ tac
dong vio cic hop den dé tu bén ngoai. Cie ddp dng cua hop den s¢ anh
hudng dén dudng tin hi¢u ra. Cac tin hi¢u ¢d ci phip khai bio nhu sau.

signal fén_tin hicu (L ién tin_hidu }: kiéu [:= gid i _khdi_tao ]
Vidu,
signal Beep: BIT :=70"
signal Res « INTEGER range 0 to 1023:
2. Cic kicuo dit liéu
Moi doi tugng dir li¢u trong ngon ngt VHDL déu phai duge dinh nghia

boi cic kifu di ttéu. Ngon ngit VHDL choe phép st dung cic kidu ca 5o d¢
tao nén cdc doi tugng phic tap hon.



Ki€u phai duoe khai bio trude khi st dung. Khai bdo kiéu xdc dinh n
Kidu v mién xac dinh clia kiéu. Cédc khai bio kicu co thé nam trong phan
Khai bio cia goi, khai bao thuc thé, khai bdo kién tridc, khai bio chuong
winh con va khai bio ¢dce qua tnnh.

Céc kicu dit lieu chinh trong ngon ngt VHDL:

- Kidu kigt ké.

- Kigu so nguytn

_ Ki¢u duge dinh nghia trude cua VHDL
Kicu mang
Kicu bian ghi

- Ki¢u STD_LOGIC.

_ SIGNED va UNSIGNED.
Cic kicu con.

a. Kiéu ticet ké

Kiéu liet ke duoce dinh nghia bing cich lict ke tat ca cde gid 1t c6 thé ¢6
cia kidu. Chc gid trl nay do ngudi sir dung xie dinb v ¢6 (¢ 12 cdc 1én hoac
nhing ky .

Cui phdp cha kicu ligt ke

{ype 1én kit is { g _tri _ligr ke {. gid i lict_ké }):

Trong ngon nelr VHDL Kieu lict ke ¢6 die diém khic vai kieu lict k¢ cua
cibc ngon ngir lap trinh khic. Mo1 gid i trong thinh phin cia kidu ¢é thé
xuit hién trong hai hodc nhicu hon kicu liet ke.

Viduy,

type Color is (Red, Orange, Yellow, Green, Blue, Purple):
type Light is ( Red, Yellow, Green )

type STD_LOGIC s (U X0 12 WLULLHL )
variable X: Color;

signal Y: STD_LOGIC:

Trong céc ngon ngil 1ap trinh truyen ihéng, céc liet ké khong duge phép
chifa nhimg phin wr giong nhau. Trong vi du trén, trong cic ngon ngd lap



trinh truvén thong cdc khai bdo hai ki¢u “Color™ va “Light” 1i sai vé mat ca
phip. Pidu dé 1a do néu mot hién X ¢o kidu 1a “Color™, thi khi thye hicn
phép gin

X :=Red;
chueng trinh dich & khong xdc dinh duoe gid tri ‘Red” thude mién xde dinh
cua kicu ndo! Néu gid ti ‘Red’” d6 thude kicu “Color™ thi phép gin L dang.
Trong trudng hop gid tri *Red’ thuoe Kicu “Light™ thi phép gin dé 1 sai.

D¢ giii quyct tinh trang mip mo dé. trong ngon ngir VHDL ton i co
ché dinh ki¢u. Co ché ndy cho phép xdc dinh mot céch wdng minh gid tri
dang xé1 thuoe kicu no.

Méi déi tuong xuit hién trong kicu ¢é mot vi trf nhit dinh va duoc xde
dinh béi trit tr xual hién. Mot cach mac dinh, déi twong dau ticn co vitri 0,
do1 twong 1iép theo ¢6 vitrf 1, vov, Trong qui trinh tong hop phan ciing,
kich thude cba tin hicu hoac bién Kicu li¢t k¢ duoc xde dinh bai s6 luong bil
nho nhit dé mi hda sa luong cic gid tri Liél ke,

b. Kicu s6 nguyén

Ki¢u nguyén 1a midn xde dinh ¢l cde s& nguyén. Tal ca cie phép todn
toiin hoce thong thuong déu.dp dung duge cho s6 nguyen. Cic phép todn thue
hién tén ki¢u nguyén la @ +, -, *, /. Quy tic cii phip khai bdo kidu nguyén
¢6 dang nhu sau;

type ién_ Kidi is range piicn 8o nguyén
mién_ 86 nguyén 1 mién con cua 1ap hop s6 nguyén.

Vi du,
type Integer is range -2147483647 to 2147483647,
type Twos_complement_Integer is range -32768 to 32767,

¢. Cic Ki¢u duoce dinh nghia trude trong VHDL
Theo ticu chuan IEEE 1076 — 1987 ngudi ta xdc dinh hai géi chuin: g6

Standurd va goi Textio trong the vién STD. M6i g6i chia tap hop cic kicu va
todn 1. Trong géi Standard chita tit ca cdc ©€p ngudn cla ngon nglr VIHIDL
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v6i cac meénh dé dn. Sau day la mot 6 kicu chuin duoe mo ta trong

g

)

Standard.

d.

Boolean: kiéu liet ke ¢6 hai gid i false v true vai quan he false <
frue, Cic phép téc dong ién dsi tugng kicu Boolean ja phép toan
logic viuquan he. Cic phép todn nay tra lui gid tri kicu Buolean.

Bit: kicu tiet ke vai hai gid i 07 va 'l Cic phép todn logic ¢6 the
thue hién trén cac doi wong Kicu Bit v (e lai eid i kicu Bit,
Character: kicu liet k& véi micn xde dinh 1 tap hop cic ky
ASCII. Cdc ky e khong hicn duge bidu dién bing tén chita ba Ky tu.
Cic ky tu hién hinh duge bidu dién gitra hai ddu moc don.

Integer: Kigu s6 nguycn vGi nhimg gid ti duong hodc am. Micn xac
dinh cua kicu Integer trong 6 Standard 1 W 22.147.483.647 den
2 147.483.647. Cdc phép toin trén cdc doi tuong Kicu Integer Lo cic
phép toin 56 hoc: +, - ]

Natural: 1a mot kidu con cia Kigu s6 nguyen vit dimg d¢ chi cde s0
neuyen khang am - sO W nhién.

Positive: 1 kicu con cta kicu s6 nguyén su dung d¢ bidu didn cie 50
duone.

Bit_vector: L kicu bicu dién mang cic Bit.

String: kicu dit licu bao eom ming cde Charater. Mot gid it kicu
String dugc chita trong mot ¢ap moe kép.

Real: mo 1 cdc 56 thue trong 2idi ha tiy -1.0F + 38 dén 1.0k + 35,
Dhysical type Time: kicu Time duge stt dung dé bidu dien cic g trt
thoi gian ding trong qud irinh mo phong.

Kicu mang

Tueng tw nhu trong cite ngon neir Jap trinh truyén thong, trong ngon N

VHDL. phin it kKi¢u méang 1a nhém cic phan w ciing Ki¢u va duoge truy ¢ap
(G nhu mot doi wigng. Phin kidu ming trong ngon ngl VHDL ¢6 nhimg
dac dicm nhy sau.

Cic phin 17 cia mang ¢ (he L moi kicu trong ngdn nglt V HDL.
6 luong cic chi s6 cia mang { 16 cdch khac 1a s6 chidu cia mang )
¢6 1h¢ nhan moi gid tri duong.

Mang chi ¢ mot va chi mot chi 56 dimg d¢ truy nhap 16i phan L.
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Mién bidn thién cha chi 56 xde dinh s¢ phan (0 cia mang vi huéng
sdp xép chi 56 trong mang: tr cac chi s6 cao xudng cic chi 56 thap
hode nzuoe La.

Kicu ca chi s6 ¢6 thé 1a kic¢u nguyén hodc kicu ligt ke.

Khiic vai cdc ngon ngl lap trinb truyén théng, trong ngon ngit VHDE, mang
duoc chia lun hat loai: mang ¢6 rang bude va ming khong riing buoe,

Ming ¢6 ring budc 12 mang trong dé kiéu cta chi s6 ¢é mién xic
dinh duge quy dinh mét cdch tudng minh. Dicu d6 ¢o nghia i sau
Kiu duge Khat bido, mang ¢6 kich thude ¢o dinh. Nhu viy mang ¢
rang buoc wong 1 véi doi tugng kicu mang trong cic ngon ngit lap
trinh truyén thong.

Cii phip cua mang ¢6 ring budc:

type rén_mdng is array ( Mhodng_ciia_chi_sé'y of kicu_cria_phdan i

Trong do.
khodng_cita_clu_so’la mién con cta Kicu nguyen hoac Kicu lict ke,
Kicu_ctu_phan_nrla Kicu cua phin t mang.

Vidu, Khai bdo ming cua 64 phin tr nguyén.
type Arliis array ( 0 to 63 ) of Integer:

Ming khong ring bude [a kicu miang trong dé micn xie dinh cha
Kicu chi s6 va hudng sap x¢p cia cde chehi s khong e dinh mic
di 50 lugng chicu cta mang duve ¢hi 16, Nhu vy déi teong miang
khong rang buoce ¢d thé ¢ 50 luong phin (1 khione xic dinh. noi
cich khde marg khong rang bude ¢4 so Kich thde bicn thicn. Nhu
vty dung luong bo nhé str dung cho mot miang khong rang buoc ¢é
the thay doi tuy theo nhu ciu s dung. Diéu nay khde véi cic ngon
ngi 1ap tinh truyén thong nhu C, Pascal, ...

Cu phdp cua mang khong rang buoc:

type fén_prdug 08 array ( ron kien ol x50 range < > ) of
kicu phdn i,
tén_kien ol s’ 12 kicu con xie dinh chi s6.



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 V5 : BIT VECTOR (4 downto O )

Ming thuong dang d¢ biu dién ciu trde tuyén tinh nhu thanh ght.
RAM. ROM. Cic phan tt mang duge ddnh dia ¢hi bang cidc chi so. do d6
chi s6 coa mang phii ¢d Kidu rdi rac nhu Kicu 6 nguyén, kicu lict k.

Vidu: mé i bo nhé ¢é kich thude 16 x 10:

subtvpe Int is Integer range O to 15:
subtype Intl10 is Integer range 0 to 1023:
type Memory is array ¢ [ntd )y of Int10;

T ¢d IDE truy ¢ap 161 cide phiin tr cta ming theo chi s6.
Vi du. d¢ truy cap t6i cée phin tir cha mang X theo chiso L

varjable X: Mcemory:
variable I; Tntd;
variable Y: Int10;

Yi=X(1+3):

Neon nglt VHDL cho phép khii bdo cdc mang nhidu chi¢u. Vidy ve truy
cap mang nhicu chicu duge dua ra dudr day.
Vidu,

type Twoarray is array (010 7.0 to 3 ) of BIT:
constant TwoROM @ Twoarray:=
(000 Ty L0 T ),
COLVE O Y 0T T,
0,0 L), 00 ),
A0 R S O S S VR (R D B A B ) §

v
"
'

X = TwoROM (2.3);
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¢. Kiéu ban ghi

RBin ghi [ nhém cua mot hoac nhiéu phin nr thude nhimg Ki¢u khic
nhau va duge truy cip (6 nhu mot d6i twong. Ban ghi o nhing dic diem
silll. )

- MG6i phin th cha bian ght duoce truy nhap téi theo (&n truong.

~ Cidc phan 1 clia bin ghi ¢6 thé nhan moi kicu clia ngon ngit VHDILL

k¢ ca mang v ban ghi.

Vi du ki¢u ban ghi:

type Date_Type is ( Sun, Mon. Tue, Wed, Thr, Fri, Sat )
type Holvday is
record
Year : Integer range 1900 to 1999;
Month : Integer range | to 12:
Day :Integer range [ to 31;
Date : Date_Type:
end record;

Cic phin wr eba bin ghi duge truy nhip theo tén ban ghi vt ién truong.
Hai thanh phin nay ngan cdich nhau boi diu "
Vidu, -
signal S: Toliday:
variable T1: Integer range ( 1900 to 2099
variable T2: Dute_Type:

TL:= 8. Y ear;
T2 .= S.Data;

f.  Cic Ki¢u trong géi Standard Logic

D¢ mo hinh hed cac tin hién ¢6 (h¢ nhan shi¢u hon hai gia trl, trong
ngon ngt VHDL xic dinh géi Standard Logic ( tuong dng v6i chuan IEEE
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Std 1164 — 1993 ). Hai kieu dif hiéu co & trong gl ndy la STD ULOGIC va
STD_LOGIC.

STD_ULOGIC xic dinh kiéu dir licu gdm chin gid wi. Cdc gid i 1in hicu
kicu STD_ULOGIC khéng thé tham gia vao _
cic phép todn logic va s¢ hoc co han. Trong M
truong hop nay ta phal md rong cdc phép toian S
56 hoc va logic co bin bang cach cung ¢ap cdc
ham quyét dinh. Trong nhiing trudng hap khi 2
tin hicu trén mot dutng c6 thé nhin duge W
phiéu ngudn tin hiéu khic nhau, ching ta
cling phai cung cap cic ham quySt dinli. VI pigim datham quydt
du, trong truong hgp trén hinh 5.11. dudng tin  dinh gid i tin eu
hi¢u s L két noi cba hat duong tin hicu doc lap
inh 6,11 Trutng hop s

5, ViUs, . Khi d6 tai diém kel nol cua hai dudong . &b
dung ham quyct dinb.

tin hi¢u ta can phai xdc dinh gid tin hicu tren
duong s s& nhan duge gid tri tin hi¢u ts¢n dutng s, vit s, nhu thé nao.
Thong thudng gid ui trén duong s dugc xic dinh bang cdc phép todn OR,
AND hoic XOR. Trong trudng hop gid i cta 1in hi¢u duge mo (@ hing Mot
rong chin gid i cua kidu STD_ULOGIC. ta cin phii md rong cic phép todn
logic cho cde gid tri Khong thuoc tp hop { 07, *17} hay { “false’, ‘rue’ .
Nhitng phép todn maé rong do duge biéu dién bang cic hium quyet dinh.
Ciic gid trj cta Kicu STD _ULOGIC:
type STD_ULOGIC s ( 'U. N0V Z WL H Y

STD_LOGIC Ix ki¢u duge xdc dinh. Cic hiun quyét dinh cua kicu ndy
duge cung cdp boi g6 Stundand Logic.

Tuong tu nhu BIT va BIT_VECTOR. ngon ngit VHDL cung cip ha Kivu
STD_ULOGIC_VECTOR va STD_LOGIC_VECTOR.

Vidu.

entity ADDER is
port ( A B:in STD _LOGIC_VECTOR ( 3 downto 0 X
Cin - in STD_LOGIC:
S out STD_LOGIC_VECTOR ( 3 downto 0
Cout: out STD_LOGIC: ).
end ADDER;
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g. Kiéu signed va unsigned

Kiéu ¢é ddu signed vi khong ddu unsigned duge st dung do1 véi nhiing
doi tuong sC duge truy cap 16 nhu cde bit va nhu cde s0 nguyén. Hai kiéu
nay dugce 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";
Cic phép todn s8 hoe duge md rong cho nhiing kieu dir liéu nay va duoc
mo a trong cac géi NUMERIC_BIT vi NUMERIC_STD. Cic doi tuong
ki¢u unsigned duge bicu dién nhu cdc s¢ nguyén nhi phin khang dau.

h. Kiéu con

Cic ki€u con L mot tap hop con ca cdc kiéu di duoe dinh nghia Khic.
Phép khai béo kiéu con ¢6 thé nam o moi vi tii cho phép khai bdo kicu. Sy
khdc biét gidia kiéu con vi kiéu 13 & ché kiéu con chi 12 tap con clu mdt Kicu
hoac mot kicu con di duge dinh nghia trude,

Kic¢u con thudng dung d¢é gidi han cic dang dir lieu trong cdc phép gin va
trén cde dudng dit lieu. Véi viée khai bio cdce ki¢u con, cdc dang dif lieu ¢o
thé duoc nhan cic gid tri cé nghia, Cic kiéu con k& thira moi todn ti va
chuong teinh con tic dong lén cdc kicu cha. Vi du, cic Ki¢u naturai vi
positive 1i cdc kiéu con cha kidu nguyén integer. Cic khai bio ki¢u con ¢6
dang sau:

subtype Intd is Integer range O to 15:

subtype BIT_VECTORS6 is BIT_VECTOR ( 5 downto U );

§6.4 Toan tir va bi¢u thiic

Trong ngon ngit VHDL, cdc biéu thic 1a cdc cong thac. Cic cong thic
ndy xdc dinh cde tic dong tinh todn 1én cdc doi tuong dir licu. Cdc bicu thic
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thuc hién cic tinh todan s6 hoc vt logic s dung cic cac todn 0 vai mot s6
céc todan hang. Cic todn 10 dac trung cho phép todn s& dugc thuc hien con
cdc toan hyng 13 cdc ngudn dir licu cho cac phép todn.

1. Cic toan tiy

Cic todn tit duge phan chia theo cdc mtfc do uu 1ién vit trat e tinh 1oan.
Trong bang 5.1 dua ra cdc nhém phép todn v6i miic do uu ticn tang dan. Cic
quy udc vé trat 1w tige hign cde phep 1oan trong bidu thie duge the hicn nhu
i

Trong biéu thiic cic phép todn ¢6 mitc do uu 1iEn 16n hon s& duece
thue hién trude. Cac diu ngoac don cling €iap xdc dinh dang trat
tinh tedn bicu thic.

Cic phép todn trong nhém véi cing ol miic do uu Gén s& duge thue
hicn tir tridl qua phai trong cdc bi¢u thiic.

Bang 6.1, Cic toan tir vl mic do uu tién.

Cic phép todn logic

and. or, nand, nor, xor

Céc phép 1oin quan he

=, [:‘ i =T e

Cic phép toin cdng

+.-. &

Toan 1 dau

+, -

Cic phép todn nhan

* /. mod. rem

Cic phép todn khice

=34 abs, not

a. Cac phép todn logic

Trong ngon nglt VHDL. cic phép todn 16gic gom co and, or. nand. nor.
xor vii not. Cic phép todn nay tic dong 1én cdc dir licu kicu BIT, Boolcan
vit mang mét chidu cac BIT. Doi véi cde phép todn hai ngoi and, or. nand,
nor, Xor. cic 1odn hang phaii cung kiéu. Trong trudng hop cdc odn hang lia
cic mang mat chidu cdc BIT thi ede mang phai ¢6 clng do dai. Cac phép
toan nhi phan xdc dinb cde ham tren cdc bit cua nhimg phan L& mang <o
cling chi s6. ket qua s&'1a mot ming ¢6 ciing do dai va gio1 han cac chi so.
Phép todn mot ngdi not xdc dinh phép dao bit d6i véi todn huang cua L
Trong trudng hop todn hang 1a mot mang thi phép todn not tic dong lén tar
ci cie phan tir cta mang.



Vidu.
signal A. B. C: BIT_VECTOR (6 downto 01
A<=DBand C
b. Cac phép toan quan h¢

Céc todn tl quan he gém ¢6 cde phép todn so sinh R R
et w2 Cde phép todn so sdnh 1a cdc phép toan hat ngdi vi cie todn
hang phai ¢6 cling ki¢u. K&t qua so sdnh nhan kicu Boolean.

Phép todn “=" kiém tra quan h¢ “bang™: /=" - kiém tra quan hé “khac™ .
<™ — quan he “nho hon™ “<=" — nho hon hojc bang , “>" — “1on hon™ .
ss,= - 160 hon hoac bing™. K&t qua nhan gid u1 true néu quan hé duge
nghiém ding va nhan gid tri false rong trudng hop nguac bt

Cdc quan h¢ =" va “/=" xac dinh véi mot kicu dit liéu. Con cdc quan hé
con lai =< =", 07 “>=" chi xide dinh vdi cic kieu liét ké, s0 nguyén,
mang mot chiéu céc it ke hoac s6 nguyen.

Su siip xép cdc gid tri trong micn xdc dinh clia kidu xdc dinh kél qua coa
cic phép todn so sinh. Cic s nguyén duge sip xép theo thit tu y nhicn U
che 88 am dén cde 6 duong. Cic mang s& duge so sanh bang cdch so sinh
timg phdn tr clia mang bat ddu tir can trdi cua mién xdc dinh chi 0 mang.

Vi du,

signal A, B: unsigned { 6 downto 0
signal C, D, E: Boolean;

C<=(A=DB}x
¢, Céc phép toan cong

Céc phép todn cong buo gom “+7, “- “&. Cdc phép todn “+7, **-* thuc
hien trén cdc d6i tugng kiéu integer. Phép todn ndi “&" dp dung véi cic doi
tugng 13 mang thanh ghi. Phép todn nay xay dung mang mai bing cich ghép
néi hai mang nam trong todn hang véi nhau. Mol todn hang ctia phép todn
“&" ¢é thé la mot mang hodc phan I ctia mang. Cdc phép todn nay cling
thuc hién véi cic todn hang c6 kiéu signed v unsigned.
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Vidu.

signal W: BIT_VECTOR ( 3 downto 0 ),
signal X: integer range 0 fo 15;
signal Y. Z: unsigned ( 3 downto 0 );

Z<=X+Y+7Z:
Ye=27(2downto0) & W( 1)

d. Cdic phép toin dinh dau

Cic phép todin mot ngét "+, . “abs™ thuc hién véi cdc toin hang
dang $6 v tra lai gid tri cling Kifu.

e. Cac phép toan nhan

Cic phép todn nhan “#*™  “*” “/" ‘mod , rem thuc hién trén cic kicu
integer. Phép Lodn “#*™ thé hien phép ning len luy thir; " — phép nhing
“/* — phép chia: mod — &y modun; rem - lay phin du.

Vidu,

signal A, B, C: integer range 0 to 31;

A<=13*%B;
D <= E mod 4;

2. Cac toan hang
A

Trong mét biéu thic, cdc todn 1l dung cdc todn han; Aétiwh cic aid
ctia chdng. Thong thudng trong ngon ngt VHDL ¢ nhicu dang todn hang.
Cdc toan hang ciing ¢6 theé [ chinh cdc biéu thic.

Céc dang todn hang trong ngdn ngr VHDL bao gom:

— Ci4c hang, ky hi¢u nhu 'x", "1001" , 345; -

—  Cic tén, dinh danh;

—  Ciéc chi s0:



Céc tén ngan v biét danh:

Cic tén thudce tinh;

Cic nhom;

Cic bi¢u thite dinh kidu:

Cac phép got ham;

Cic biéu thiic chuvén d6i kiéu.

Cic hang va gid tri ky hicuo

Cic hing ky va gid tri ky higu holc I gid tri 86, pia trl Ky tu, cde pid ui

liét ké | cdc gid i xau.
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Cic gid tr] $0 12 cde hing gid t nguyén. Cac gid tr 0 duge hiéu
didn wy thude theo hé cd 56 i eid tri dé bicu dicn.
o Trong h¢ co sG mudi cdc gia tri s6 duge viét nhu binh thuomg.
o Trong hé cosd khde tir 2 — 16, ta vict dudi dang
co_sO ¥ gid_tri_hang
Vidy, 2#1101
Céc hing kv e 1a cée ky tu rieng ¢ duoc vt trong hai ngodc don.
Vidu. 2.
Cic hing ligt ke la cic hang dugc xdc dinh trong dinh nghia Kicu ligt
ke, Trong ngon neli VDL, cde gid trn Lict ke cua cic kigu liet ke
khdc nhau ¢ thé trung nhau.
Vidu,
tvpe Color is { Red, Green, Blue )
tvpe Light is ( Red, Yellow, Green ),
Cic gid | tri xau kv tu 12 bicu dién cia mang Ky tw mot chicu cic ky
tu. C&' hat duang hing xau: cdc xau ky o va xiu cdc bit.
e Cidc xau ky tu 1a chudi cic ky wr nam gifta hai dau méc kép. Vi
du, “Demo”, “1001001".
e Xaiu cic bit duoe bicu dién tuong ty nhu xau ky t, nhung phin
biét cdc cdc dang xau nhi phan, octal vi hexa bang cdc ky 1 chi
hé coso. Vidu, B710011",0"277". X "4C".



. Cie tén va dinh danh

Cic dinh danh doi khi con goi mot cich don gian L 1én. Dinh dank [a
cdc 1én doi véi hing, bien, tin hicu, thuc the, cua cde cong, chuong irinh con
vii ctia cdce khai bdo tham s6. Cac tr khod trong ngon ngit VHDL cling 1a cdc
dinh danh. Cdc tén phai bat dau i chir cdi va chi chia chif ¢, chii 50 viu ditu
gach noi '_' . Dau gach noi '_" khong thé 1a ky tu sau cung trong mot dinh
danh. Trong ngén ngit VHDL c¢dc tén va dinh danh khong phan bigt theo chit
hoa v chil thuting. Mot s6 dinh danh nhu entity, port, is viv end [ cic w
khod trong ngon nglt VHDL. Mai tir khod ¢6 ¥ nghia xdc dinh trong ngon
ngir vt khong 1hé sir dung trong cdc myc dich khic.

¢. Tén duoe chi so hoa

Nhing tén ndy xdc dinh mot phén ti cva déi tugng mang. Cd phip mo i
cha tén chi $6 nhu sau:

1én_mdng ( bicu thic)

Trong &6, bién_thite phii trd lai gid tei 1a chi $0 cua phin wr mang
trong mién xdc dinh ctia chi so.
Vi du,

type Memory is array (0 to 7 ) of infeger 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 hiét danh
Teén ngin xdc dinh chudi cic phin tir cha déi trong mang. Hudng cua
cic chi s6 phin 1 mang 13 to hodc downto. Tuy nhién chiéu chi s6 clia tén

ngin phai tuong thich véi chidu chi s6 cta ki€u mang tuong tng. Tén ngan
¢6 thé sir dung cing véi cdc biét danh ( alias ).
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Bict danh tao ra mot tén méi cho maét phin hoic toan b mang. Bi¢t danh
cung cip mot co ché truy cdp khdc (61 phan nr coa mang.
Vidu,

variable Org : BIT_VECTOR ( 7 downto O );

alias A} : BIT VECTOR (0t 3)is ORG (7 downto 4 );
alias A2 : BIT_VECTOR ( 107 downto 100 }is ORG:
alias A3 :BITis ORG (7)),

¢. Thubc tinh

Thude tinh 1a dir licu gan lién véi doi tuong trong ngon ngdt VHDL.
Thuéc tinh trong ngon ngdr VHDL cita cde bién hodc tin hiéu tuong dng voi
nhimg gid tri cu thé vit duge xdc dinh theo quy tac cu phdp sau:

tien 10" thude tind

Cic thuoce tinh ducge dinh nghia trude trong ngdon ng VHDL 1 left,
right, low, high, range, reverse-range, length.

—  Cac thuoc tinh left hoic right trd lai chi $6 coa phan te bén trdi nhat
hodac bén phii nhit coa kicu dit licu,

- Cic thuéc tinh high, Tow tra lai chi $& ciia phin te cae nhat hodc thip
nhat cla kiéu dii licu.

—  Ciic thuoc tinh range va reverse_range xdc dinh khoang clia chi s6.

— Thuéc tinh length dua ra s0 lugng cdc phan 11 cua mot
BIT_VECTOR.

Vidu,

subtype Index_range is integer range 10 downto O:
variable Vectl : BIT_VECTOR ( Indx_range );

khi do ta sé ¢co:

Vectl left > Indx_range' left == [{;
Vecil' right <> Indx_range’ right == 0:
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Vectl' high < Indx_range' high == 10;

Veetl' low «» Indx_range’ low == (;

Vect]' range <> Indx_range == 10 downto (;
Vectl' reverse_range < Indx_range == 0 to 10;
Vectl' length <> 11,

—  Cic thuoe tinh event vi stable chi ¢é déi véi cde tin higu. Cic thuoe
tinh ndy chi rang trén dudng tin hiéu dang xét ¢6 xuat hién sy kién
hay gid tri teén duong tin hiéu on dinh tai thoi diém hién tai. Trong
qué trinh 16ng hop mach, cdc thude tinh nay thudng ding véi cic
lenh wait va lénh if,

Trong ngon nglt VHDL con ¢6 mét 6 thude tinh duge dinh nghbia trudce
khic. Phan 16a cic thudc tinh nidy duge dung ¢ho gua trinh mo phong. Vi du
nhu cdc thudc tinh delayed, active, behavior, structure. last_cven,
last_active.

f. Cac nhom

Cdc nhém két hop mot hoie nhidu gid tri viio mot gid tri két hop clia kicu
mang hoac Kkicu ban ghi. Nhém duge ding dé gén gid i cho dai tugng kicu
mang hoac bin ghi khi khéi tao hoac trong cic biéu thic gin. Viee dinh chi
s0 cac phan tr duoc dac ta theo tén hode theo vi tri.

—  Daic td theo tén: su tuong tng gilta cdc phan t¢ ¢oa nhém vi phan tr
cua doi tuong duge gan duge chi rd theo tén cua timg phan ta va gid
tri ctia chiing.

Vidu,

type Color_list is { Red. Orange, Blue, White );
type Color_array is array (Color_list)
of BIT_VECTOR ( 1 downto Q );

variable X : Color_array;

X :=(Red =>"00", Blue => "10", Orange => "01", White =>"[1" %
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— Pac ti theo vi trf : mdi phan tr nhan gid tr1 cia chdng trong biéu thire
theo (ran tu.
Vidu. nhu trén trlr phép pin cudi

type 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 :: ( IFUOH . H](‘]ll’ IIOIH 1 ll’l ];
Khi gin gid tri cho nhém, ta cé thé khong cin thiél dat gid tri cho tat ca
cac phan 1 cOa nhém.

Vi du,

subtype BV7 is BIT_VECTOR ( 7 downto 0 );
variable X : BV7;

X = '0','l','l','l'.'l'.'l');
X = .0, others => "1 ):
X :BV ( '0°,°0",'0", others =>'1");

g. Cac bic¢u thie dinh kidu

Cic biéu thic dinh kiéu 1a nhiing bi¢u thic hoic nhém dung dé xdic dinh
ro nhiing tinh trang map mo. Vi du. nhu trong trudng hop hai Kiéu liet ké ¢6
nhiing gid tri li¢t ké giong nhau. Cd phip cta biéu thie dinh Ki¢u nhu sau:

1én_kiéu' (bidu_thiic )

biéu_tluc phdi ¢é kiéu tring véi 1én_kicu.

Vidu, trong trudmg hop hai liét ké ¢6 nhiing gid trf giéng 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 i ‘Yellow’ duge xdc dinh tuong minh 13 thude kicu Colorl.
Nhu vy phép gan trén Ja ding véi ci phap.

h. Phép chuyén doi kicu

Phép chuyén déi ki¢u cung cip phuong tién bicn ddi gid tri cta nhimg
doi twong thuge nhitng Kieu €6 quan hé chat ch& véi nhau vi du nhu kiéu real
vi kiéu integer. Cii phdp cita phép bien doi ki€u nhu sau:

1on_kiéu ( biéu_thic )
Vidu,

signal X: STD_LOGIC_VECTOR ( 3 downto 0 ).
signal Y: STD _ULOGIC_VECTOR ( 3 downto 0 )

Y <= ST _ULOGIC_VECTOR { X ):

§6.5. Céc cau tric tuin tu

Trong ngoén ngit VIIDL, kien trdc xdc dinh chic nang cua thyue the.
Trong kién trée chda phan khai bio cic kidu, cic tin hiéu, cdc hing, cdc
thinh phin vé cdc chuong trinh con. Theo sau phan khai bio la cdc ciu tric
thuc hién déng thoi. Cic cau tric thye hién dong thoi 6 thé 1i cdc bicu thic
giin 1in hiéu song song, cdc khai vi cdc lénh khdi tao phién ban cua thanh
phin. Cic lenh thyc hién dong thoi dugc két néi véi nhau bang nhitng tin
hieu. Mbi khoi lenh thue hién déng thai trong mét kien tride xde dinh mot
don vi tinh todn bao gém cdc thao tic tinh todn nhu: doc tin hi¢u vao, thue
hién céc tinh todn trén cdc tin hiéu dé vi gin nhitng gid tri tinh dugc cho cic
tin hiéu ra.

Trong ngon ngldt VHDL, mot cdu trae thuc hién déng thdi 12 qud trinh
( process ). Qui trinh 1a mot cdu tric quan trong ducc sl dung dé mo 1
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hanh vi hoat dong cta mach. Trong mot Kién tric, 1a1 ¢ cdc qud trinh s¢
duge thic hi¢n déng thoi khi mo phong. '

Mot qua trinh duge xay dung (ir nhiig cau tric tuan e — hay con got la
cde 1énh tuan tu. Trong thoi gian mé phong, cde 1énh wain tu trong mot qud
trinh sé duge thuc hién lan lugt trong mot chu trinh vo han bit dau wr lenh
thi nhat dén 1¢énh (hit 2 va sau d6 viée thue hién qui trinh lai quay 06 lai
Iénh dau. Viée thue hién mét qud trinh trong qua trinh mé phong 1rén ngon
ngit VHDL bi dung lai khi gip cau 1énh wait va duge kich hoat lai khi ¢é su
thay doi trang thdi cha it nhat mot trong cdc tin hiéu nim trong danh sich
cac 1in hi¢u tic dong.

Céc lénh tuan tu trong ngon nglt VHDL gom co:

—  Ciu lenh gdn cho bién;

—  Ciu [¢nh gan cho tin hiéu;

—  Cau lénhif,

" Cau I¢nh case:
Cau lénh réng null:

|

I

Ciic 1¢nh vong lap.
Yhép ean bic
1. Phép gan bién

Trong ngon ngt VHDL, phép gin bién cé tdc dung tuong wr phép gin &
cidc ngon ngil lip trinh truyén thong. Phép gdn bién thiél 1ap gid tri mdéi cho
bicn. Cii phip caa phép gin bién nhu sau:

bién = bidu_thic,

V& trii cua phép gdn phai 1a bién di duge khai bio tir ruée. V& phii cia
phép gin 1a biéu thic. Dé phép gan c6 thé thue hién duoc, bidu thdc & v& trii
vi bién ¢ v& phii clia phép gdn phai ciing kicu.

Khi mét bién duoc gdn gid tri, phép gin duge thuc hién v6i thai gian mé
phong bang khong. Piéu dé ¢ nghia 1a su thay d6i gid tri cua bién ducce xay
ra tdc thoi ngay tai thoi diem mo phong hién tai.

Cic bién chi duge khai bdo trong cdc qud trinh hoac chuong trinh con vi
duge st dung d¢ luu 0 cde k&1 qua trung gian. Mot bién duge khai bio bén
trong mét qud trinh hodc chuong trinh con s& ton tai cuc bd rong qud trinh
hoac chuong trinh con dé va khong thé dugc truy cip 16i tir cde cdu tric song
song khic.
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Vi du phép gan bien,

subtype Int16 is integer range 0 to 63635,
signal S1. 82 : Intl6:
signal GT: boolcan:
process (S1, 52)
variable A, 3 : [ntl16:
constant C: Int16 = 100;

begin
A=SL+ 1
B:=82%2-C.
GT <= A>DB;

end process;
Yhén oan tin hié
2. Phép gan tin hi¢u

Trong ngon nglt VHDL, tin hicu 1a mot dang doi twong dic biet. Phép
géu tin hiéu ding dé thay ddi gid tri cha tin hicu. Cdc tin hi¢u luon duoc bicu
dién k&t hop véi dién bién thoi gian. Phép gén tin hi¢u thay doi gid ti ciatin
hiéu twong g theo thoi gian va phu thuge vao cic mo hinh qui trinh e
trong cic phin w mach. Khi tin hiéu duoe gdn gid tri. gid tn mdt do khong
duoe gan vai 1in higu mot cich wic thdi ma phai sau mot that gian duoe dinh
lich (rinh trudc trong thoi diém mo phong tiép theo tuong ng vai mo hinh
tré. Phép géan 1in hiéu c6 cd phap nhu sau:

rin_hicu_dich <= [ transport ] hidu_thiic [ after thoi_gian ]

hicu thiic xdc dinh cdc gid tri gdn. Kiéu cla bicu_thiic phal trang vol
kidu cha tin_fuéu_dich.
thei_gian La bieu thiic ¢6 ki¢u TIME.

Trong mot qud trinh, viéc gan gid i cua biéu thitc cho tin hiéu s¢ duoc
[am tré khi chu tiinh mo6 phong dang thuc hién vi duge kiém sodt boi todn
wait. Clning ta hay x¢t vi du vé phép gdn tin hiéu trong doan chuang trinh
SauL:
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process

begin
S1 <= not CLK after 30 ns .
52 <= Din after O ns ;
S3 <= 5] and 52 ;
wait on CLK ;
cnd;

Trong doan chuong trinh nay. thao tic gdn ket qua caa phép toan “not CLK”
cho bicn St s& duge thuc hién sau 30 ns tinh (i thoi di¢m mo phong hién tai.
Trong cau iénh thit hai, thoi gian tré ctia phép gdn duge cho bing 0. Khi do
viee gan gid tri cha tin hieu DIn cho tin hi¢u S2 s¢ dugc thuc hicu sau
thoang thisi gian delta tinh i thoi diém mo phong hién tai. Tuong 1w nhu
vay. trong phép gdn tin hieu thi ba. k&t qua ctia phép todn logic and thuc
hicn trén cde gid tri hicn thoi coa tin hicu SI va S2 s duoce gan cho tin hicu
S3 sau khodng thdi gian delta tinh tur thoi diém mo phong hién thai. Khi
xuat hicn sy kién trén dudng tin hicu CLK ( gid tri trén dudng tin hicu CLK
chuyén tr 0” sang "17 ), {at ca cic giao dich da dwge dinh lich trinhy trude
thovi diém xudt hién su kién s¢ duge thye hi¢n boi by mo phong.

Khi tin hi¢u duoge gdn gid tri trong qud trinh. phép pan s& xdc dinh mot
bo diéu khién 1in hi¢u. Trong mot qud trinh, mot tin hicu chi ¢é the ¢ mot
dicu khién, didu dé cé nghia 1a bén trong mot qua trinh tin hiéu chi ¢6 thé
xudt phat tir mot nguon. Néu tin hiéu dugc gdn gia tri trong nhi¢u qua trinh
khic nhau, chdng ta ndi ring tin hiéu co nhiéu diéu khién, Trong ngdn ngtt
VIIDL. trong trudng hop mot tin hicu ¢6 nhidu didu khicn, cdc ham quyct
dinh duge xay dung ad xde dinh gid ti cdc tin hiéu cd nhidu dicu khicn.

Nhu di dé cap t6i rong chuong ba, trong thidt k¢ mach, chdng ta phin
biet hai hai dang thoi gian & khi ta diéu khién cic thao tac trén tin hicu theo
thot gian: thol gian (ré quidn tinh va thoi gian tré lan truyén.

— Thoi gian wé qudn tinh duge th¢ hién mac dinh trong ngon ngd
VHDL. Gid tri thoi gian tré qudn tinb Ia do dai gidi han can thict cua
tfn hicu téc dong dé thict ¢ thé phin ting véi sy xuat hien tin hicu
dau vao. Néu thoi gian 16n 1ai cua tin hi¢u dau vao khong vuot qui
gid tri thdl gian tré quin tinh thi mach s& khong phan dng voi su thay
d6i cta tin hicu. Thong s6 thai gian ré quin tinh duge su dung trong
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qué trinh mo hinh héa cic thiét bi s6 dé loal trir sy xuat hién ahiing
xung nhon tai dau vao.

~  Thoi gian 1€ lan truyén 13 thoi gian iré xuat hién khi tin hi¢u di gua

mach.

Tu khéa transport duge dung trong trudng hop thi gian 1 trong phép
gan 1a ot gian 1 lan truyén. Néu khong st dung tir khéa transport trong
phép gan tin hiéu. thoi gian wé s& duge coi ta thtn gian vé qudn tinh mot
cich mic dinh. Viée s dung tré quin tinb vi 1ré lan truyCn tao nén nhiing
hi¢u dng khiic nhau lén qua trinh mo phong. Chiing ta hiy xét qua trinh sau:

sienal S: BIT :="0"
process
hegin
S<="l"after Sns:
S «<="0" after 10 ns ;
cnd process:

Trong ciu 1énh tha nhat. hé thong mé phong s€ dinh lich trinh cho phép gin
tin hiéu S gid tri 1" sau 5 ns tinh t thai didm mo phong hién thoi. Dai véi
cau lénh thi hai, hé mo phong sé dinh lich tiinh cho phép gan gid tri *0° cho
tin hiéu S sau 10 ns tinh t thdi diem moé phong hién thoi. Nhu vy, cau lenh
thit hai s& xod bo két qua ciua phép gan thir nhat boi vi gid tri thoi gian ¢ 1a
thai gian é quén tinh. Cau I¢nh thit nhit chi ra rang thoi gian tré qudn tinh
cta phép gan L 5 ns, trong khi dé cau teénh thir hai khang dinh thoi gian 1€
quarn tinh cua phép gan fa 10 ns.

Néu doi ¢hd hai phép gian trong doan chuong trinh trén, ching ta nhan
dugic qud rinh dudi day,

signal S: BIT :="'0"

])l'(lCL‘SS

begin
S «="0" after 10 ns ;
S«<="I"after 5ns;
wait on CLK ;

end process:



Trong trudng hop nay, cau 1enh pdn thit nhit s& xdc dinh mot phép gin gid
tri ‘0 cho tin hi¢u S sau 10 ns tinh 1ir thii diém mé phong hién thon con
phép adn thit hai s& xic dinh thao tdc gén gid tri 17 cho S sau 5 ns so vl
ot dicm hien thoi. Nha vay, khi bo mo phong bt diu thuc hién, cic 210
tdc cua phép gdn thi hai duge thuce hién thay cho ciic giao tic cua phép 2dn
thit nhat, Bicu d6 co nghia ta, chi cé phép gan gi4 tri 1" cho tin hi¢u S w
thisi dicm S ns tinh tir thoi diém mo phong hién thoi s duge thyce hién.

Né&u trong doan chuong tiinh twén. ching ta thay thoi gian tre quan tinh
bing this gian e lan truyén nhu trong doan chuong trinh dudi day, két qua
thye hién cha qud trinh s& thay dét,

signal S: BIT :="0%

process

begin
S <= transport 'l after 5 ns :
S <= transport ‘0" after 10 ns :
wait on CLK :

end process:

Trong doan chuong trinh nay, viee gan gid tri "1’ cho tin hicu S s¢ duge lam
5 ms tinh tir thasi diém mo phong. Con phép gan tin hicu thir hai sé€ thém
mot thao tic moi cho diéu khién coa tin hieu S. Diéu ny ¢6 nghia [ 8¢ ¢6
hai thao tic duge thue hién: mot thao tic gdn gid tr xay ra sau 3 ns tinh W
thii diém mo phong v thao tac gin thit hat sé duge thue hién sau 10 ns tinh
i thoi diem mo phong. Ket qua 1a tren dudmg tin hi¢u S s& xudt hién mot
xung bang ‘17 ¢6 do dai 5 ns tai thoi diem 5 ns tinh 1t thoi diém hién tho.
Trong vi du dang xét 6 trén, ching ta d6i ¢hd hai phép gan nhu sau:

signal S: BIT :='0"

process

begin
S <= transport ‘0" after 1 ns:
$ <= transport ‘1" after S ns .
wait on CLK :

cnd process,
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Trong qud trinh mo phong. phép gén tha nhat xdc dinh thao tdc gdn gia tri "0’
cho tin hicu S sau 10 ns tinh tir thoi diém mo phong hién thai. Trong khi do,
phép gan tha hai s& dat cho tin higu S gid tri 'I" sau 5 ns tinh tr thoi diém mo
phong hién thoi. Nhu vay, trong qud trinh mo phong, cde thao tic thyc hién
phép gin thit hai s& dé 1én cic thao tic cuia phép gin thit nhdt va qud trinh
trén s& twong tng véi viée gin cho tin hieu S gid tri *17 sau 5 ns tinh 1 thoi
diém mo phong hién thoi. '

Dé chi rd sy khdc biét gitta phép gin tin higu v phép gan bién, chiing ta
hiy x¢ét vi du doan chuong trinh sau,

signal S1, CLK: BIT ;
Main: process
begin
S1<="1%
S1<="0"
wait until CLK'event and CLK ="1";
end process Main;

Trong doan chuong trinh ndy, cdc ciu Iénh gdn gid tr ‘1° va ‘0’ cho tin hieu
S1 duoc dat trude cau lénh wait. Phép gdn thir hai s loai bo tic dong cla
phép gan thd nhat va do do tin hi¢u S1 s& dugc gdn gid tri ‘07 sau khi qud
trinh mé phong thyc hién lénh wait. Trong doan chuong trinh tiép theo dudi
diy, '

signal 81, S2: infeger ;
Main: process
begin
Sl <=35;
wait until CLK'event and CLK ='1";
Sl <= 10
S2 <= Sl
wait until CLK'event and CLK ="1":
end process Main;
thao tic gin gid tri 10" cho tin hi¢u Si duge dinh trudc véi thon gian e
delta tinh 1ir thoi diém mo phong hién tai. Trong khi d6 phép gin gia tri hién
thoi cia SI ( bang 5’ ) cho tin hi¢u S2 duoc dinh trude véi thoi gian e
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delta tinh tir thoi diém mé phéng hién tai. Nhu vay, sau ciu lénh wait thi
hat. cdc tin hi¢u S1 va 82 s& dugce gdn gid tri 1a *10” va ‘S’ mot cdch tuong
ing. Diéu dé ¢6 nghia 1a tin hiéu S2 s& nhan dugc gid tri bang *5° - gid tri
cua S1 trude khi phép gan “S1 <= 10;” duge thue hién. Ching ta xét them
mot vi dy nira v6i doan chuong trinh sau,

signal S2: integer ;
Main: process
variable V1 : interger;
begin
Vi =10
S2<=VI; .
wait until CLK'event and CLK ='[";
end process Main;

Trong vi du ndy, khi phép gdn “V1 := 10;” dugc thuc hién, gid ti 10 s& duoc
gén cho bién VI mot cich tic thoi tai thoi diém mo phéng hién tai. Sau d6é
thao téc gan gid tr{ ciia VI cho tin hi¢u S2 s& duoc dinh lich trinh va sau khi
cau lenh wait duoc thuc hién, tin hi¢u S2 s& duge gdn gid tri bing *10°.

3. Caulkénh if

Cau lénh if tao nén phan nhdnh trong khi thyc hién chuong trinh. Toy
theo két qua cta biu thite diéu kién ma ¢6 thé hoac mot sé 1énh hodc khong
¢ lénh nao s& duge thuc hién. Cau lénh if ¢6 ciu triic cd phdp nhu sau:

if <diéu kién > then
{<cdu_lénh_tudn_tir>)
{elsif < diéu_kién >then}
{<cdu_lénh tuan_tw>)
lelse {< cdn Iénh tudn >}
end if;

Trong 46, < diéu_ki¢n > 1a biéu thifc kiéu boolean.
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Trong méi nhanh clia todn ti if ¢6 thé chita mot hoac nhiéu ciu ¢nh tuan
tu. Pau tién biéu thic didu kién duge tinh toin, néu két qua cho gia tri true,
cdc cau lénh tudn tr ndm sau tir khéa then s¢ duge thyc hién tikc thoi. Trong
trudmg hop nguoc lai, néu bicu thite diéu kién sau tir khoa elsif cho gid tri
true, cdc cau lénh tudn tu sau tir khoéa then ti€p theo s duoe thuc hién, ...vv.
Doan chuong trinh dudi day sir dung céu 1énh if dé mé ta phin 1t AND véi
hai diu vao:

signal Inputi, Input2, Qutput: STD_LOGIC:
And_process: process ( Inputl, Input2 );

begin
if Inputy ='0" or Input2 ='0" then
Output <=0
elsif Inputl ="X" or Inpu12 ="'X’ then
Output <= "X
else  Output<="1"

end if

cnd process;
4, Cau lénh Case

Cau lénh case duge sit dung trong treong hop ¢6 mot bidu thic dé ki€m
sodt nhiéu & nhdnh trong chuong trinh VHDL. Cic lénh tuong dng vé1 mot
trong céc lya chon s& dugce thue hién néu bicu thic Kiém sodt cé gid tri bang
gid tri tuong Gng cta lya chon. Cau lénh case c6 cau triic ¢ phap nhu saue

case < hicu_thitc > is
when < fhia_chon > =>
(< edn lénh tudn_te>}
{ when <lua_chon>=>
{< cdu_lénh tudn >} )
end case;
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Trong do,

< biéu_thic > sau khi tinh phai c6 kicu: nguyén, kiéu liét ké hodc mang mot
chiéu cdc kv tu nhu BIT_VECTOR;

< lwwa_chon > hoic la nhitng bi¢u thic co dmh ( vi du nhu hang s6 ) hodc
mot khoang ¢6 dinh;

mdi gia tri trong mién xdc dinh clia < biéu_thitc > phai duge phu bdi mot va
chi mot < fiva_chon >,

< ltta_chon > cudi clng ¢6 thé 12 others. Tir khoa others tuong (ng véi tat
¢a cac trudng hop cdn lai cua < la_chon > trong mién xdc dinh cta bieu
thite kiém soat. D6i v6i cic < lra_chon >, ngon nglt VHDL dua ra cac gidi
han sau:

— < hia_chon > phii co cung kidu v6i < bidu_thic >.

— mdi gid tri cla < bicu_tlntc > phai dudc bidu dién bing mat va
chi mot < lwa_chon >.

_  néu khong cé lua chon others thi moi gid tri ¢d the ¢ duge cua
< biéu_thirc > phai duge phu boi tat ca cdc kba nang ¢6 the ¢d
cla < lita _chon >.

Vi du sit dung cau I¢nh case,

signal S1: integer range 0 to 7 ;
signal 11,12, 13 : BIT;
select_process: process (S, 11, 12,13 )
begin
case Sl is
when 0l 2 =>
OU <=0
when 1 =>
OU <=11;
when 3 to 5 =>
OU «=12;
when others =>
OU<=13;
cnd case;
end process select_process;
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5. Cau lénh rong null

Cau ténh réng ¢6 ci phdp nhue saw:

null;

Trong ngon ngir VHDL, khi chuong trinh mo phong gap cau lénh null,
né s& bd qua lénh nay va thuc hi¢n \énh ti€p sau. Thong thudng, cau lénh
null ding dé chi trudng hop khong thyc hién lénh mot céch (uong minh ki
c6 cdc diéu kién tra lai gid tri true. Do dé, cau lénh null thudng duoc ding
trong cdc cau lenh case doi vai nhitng lua chon khong can thao tac.

Vidu,

variable Sel : integer range 0 to 31;
variable V : integer range C to 31;
case Scl is
when Oto 15 =>
V.=8el:
when others =>
null;
end case;

6. Cac lénh vong lap

Lénh lap loop chia than vong lap bao gbém ddy cdc ciu lénh s¢ dugce
thuc hién khong hoac nhi¢u lan. Cau iénh loop ¢6 quy 1a. . phip nhu sau:

[< nhdn >:] [< su_dé_ldp >]loop
{ < lénh tdn ti>} |
{next [< nhan >] [when < diéu_ki¢n >}, i
{exit [< nhdn >] [when < diéu_kié¢n >1;)

end loop [ nhdn |;

< nhan >+ nhin cha vong lip va thudng dugc dung dé xay dung
nhitng vong lap 16ng nhau, trong do6 mdi vong lap duge két thuc
bai tir khéa end loop;
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— < sq dé_Idp > trong ngon nglt VHDL ¢6 mot s¢ dang vong lap
véi cdc so d6 1ap khdc nhau nhu: vong lap v6i so do lap for, vong
lap while, vi vong lap khong chita so do lap.

Vi nhiing vong lap khong chita < so_d6_Idp >, cdc léenh trong ddy lénh
tudn tu s¢ duge thuc hién cho t6i khi duge ngat boi cau 1énh exit. Trong
neon ngit VHDL, cau lénh next ciing ¢6 thé duge dung dé thay déi trinh ty
thuc hién than clia vong 1ap ( gidng cdu I¢nh continue trong ngon nglt C ).

Viduy,

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
Sec 1= 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 khic cua vong lap.
Vong lap for 12 cau lénh tuan nam (rong qud trinh process, va cho phép
than ctia vong lap thuc hién theo s6 lugng xdc dinh cdc 1an fap. Vi du,

for Iin 1 to 10 loop
I_square (I):=1*1,
end loop:
Bicn diéu khién vong lap | khong cin thiét phai khai bdo trude va khong thé
duge gdn gid tei trong than vong lap. Trong nhing trudng hop dé chi ra rang
bien 1ap nhan khoang 10i, chdng ta c6 the st dung tir khéa downto. Vi du,
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for Lin X downto Y loop
[_square (1):=1*L;
end loop;

So do lap while la so d6 1ap trong do qud trinh 1ap duoc thuc hién néu
biéu thic diéu kién lap nhan gia tri true. Vong lap st dimg lai kKhi gid tri cua
bidu thitc diéu kién trd thanh false hoac qué trinh thuc hién than vong lap
giip lénh exit. Cling tuong tu nhu vong 1ap for, cau lénh next ciing ¢6 thé
dugc dimg d€ thay 61 wat ty lap. Vidu,

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:

DGi v6i cic vong lap, trong cdc nhdnh chira phép gdn tin hi¢u phai ¢o it
phat mot cau lénh wait. Néu khong thoa man dicu kién ndy, qui trinh mo
phong ¢ thé khic di. Ching ta hily x¢ét vi du doan chuong trinh sau,

signal S: integer rangc 0to 10;
process
variable I integer range O to 10;
begin
wait until ( CLK event and CLK="0")
=0 '
while ( 1 < 10 ) loop
S<=1
1=1+1;
end loop;
end process;
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Trong vi du nay, tin hiéu S duoc cap nhat 10 ldn trong vong lap. Hanh
vi niy s€ khong duge bo mo phong thé hién. Tuy nhién, cic két qua tie thoi
¢ the duge hién thi trong qud trinh mo phong ket qué téng hop mach.

7. Cau lénh next

Lénh next chi ding trong cdc vong lap. Lénh nay ¢6 tic dung loai
bo vigc thyc hién cic cau 1énh nim gitta cau lénh next va cudi vong
1ap khi diéu kién trong cau lénh duge nghiém diung ( twong tu Iénh
continue trong ngon nglt C ). Lénh next ¢6 ciu tric cii phap nhu sau,

next [< nhan_vong_ldp >|[ when < diéu_kién >);

Trong trudng hop ¢6 cdc vong Kip 16ng nhau thi viéc thuc hién lénh
next s¢ dugc xdc dinh mot cich tudng minh bing < nhan_vong ldp >.
Neéu khong ¢6 nhin vong lap trong cau lénh, Iénh next s& tic dung 1én
vong lap trong cling chita Ienh next. Vi du,

L1: while [ < 10 loop _
L2: while ] < 10 loop

next L1 whenl=1J;
end loop L2;
end loop LI;

8. Cau lénh exit

Cau lénh exit c6 the dugc ding bén trong cdc vong lap. Cau lénh ndy c6
tdc dung bo qua cdc lénh con lai cua vong lap va thuc hién ngay 1énh tiép
sau vong 14p vira ket thiic. Lénh exit ¢6 cdu tric ct phéap nhu sau,

exit [< nhdn_vong Idp >)[ when < diéu_kién >);

9. Cau lénh wait

Lénh wait dieu khién bo mo phong ngimg viéee thuc hién cdc qua inh
hoac cdc chuong trinh con cho t6i khi diéu kign bén trong cau lénh ducc
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nghiém ding. Ta ¢6 1hé néi ring diéu kién trong céu Jénh wait chi c6 the
duogc nghiém ding khi xuat hién cic sy kién trén dudng tin hiéu. Nhuw vay.
cdc doi tugng dif liéu tham gla trong trong diéu kién phdi 14 cdc tin hicu. Cic
diéu kién d€ tiép tuc qud trinh bi ding ¢ the duge biéu thi dudi ba dang sau
day trong ngon nglt VHDL:

wait
[on < én tin hicu>{. < tén_tin_hiéu>1]
[ until < biéu_rhire_logic >]
[ for < bicu_thitc _thoi_gian >

— Cau lénh wait on: chi cho chiing ta danh sdch cac dudng tin higu
ma bo mo phong s& chd su kién ( sy thay d6i trang 1hdi cdc 1in
hiéu ). Vi du, déi véi cau 1¢nh

wait on A,B;
qud trinh mo phong sé dimg lai cho dén khi c6 xudt hién su Kién
trén dudng tin hieu A, hoac B. Sau do b mo phong s& tiép tuc
thuc hién cau 1¢énh ding sau 1énh wait.

—  Cau lénh wait until s€ dimg viéc thyc hién qui trinh cho t6i khi
bicu thitc togic nhan gia wi true. Cau lenb wait loal nay € 1o ra
mot danh sdch ngdm dinh cic tin hicu tic dong trong bicu thiic
logic. M&i khi ¢6 bdt ky mot su kién xudt hién trén dudng tin
hi¢u trong danh sdch nay, bidu thic logic s& duge tinh. Trong
trudng hop lénh wait untit khong chita biéu thdc 1ogic, ching ta
hiéu ring cau 1énh s& Ii wait until true. Vi du st dung 1énh wait
until,

wait until x < 10
qud trinh thuc hién s& dimg lai cho t61 khi x < 10,

~  Cau lenh wait for s& dimg viéc mo phong qud trinh mot thoi gian
biang gia tri thoi gian duge chi dinh bén trong diéu kién. Sau
khoang thoi gian duge chi dinh, bo mo phong thuc hién 1¢nh tiép
theo sau lénh wait. Néu bidu thic thai gian khong ¢6, ching ta
hidu rang lénh wait ¢é ¥ nghia nhu sau:

wait for time high;



diéu nay ¢o nghia la chiing ta khong c6 chi dinh tudng minh vé
thii gian chd. Vi du vé si dung cau lenh wait for,

wait for 10 ns;

—  Céc lua chon trén ¢6 the duge sit dung déng thoi, nhu trong vi du
dudi day:

wait on A, Buntil { x < 10) for 10 ns;

diéu ndly c6 nghia I3 bd mo6 phong & chd khi ¢6 thay doi tin hiéu
A hoac B va s& 1iép tuc chi khi ( x < 10 ) tai thdi diém xuat hién
su kién, hoac cho téi khi 10 ns dd troi qua.

Trong qui trinh mo hinh hda mach, 1énh wait ¢é thé dugc dung dé thigt
lip dong hé cho ché do dong bo. Trong cdc mo hinh thiét k&€ bing ngon ngit
VHDL, 1énh wait ngimg qud trinh thuc hién cho 16i xuat hién suon duong
hoac sudn am trén dudng tin hiéu. Vi dy, khi méd hinh héa phan tir trigo D
lam viéc trong ché dé déng bo theo sudn duong, ching ta ¢é thé 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<=Dj
cnd process:
cnd Behavior;

10. Phép goi chuong trinh con va Iénh return

Trong ngon nglr VHDL c6 hai dang chuong trinh con:
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— Thi tuc: procedure c6 thé trd lai nhiéu gid tri;
— Ham: function chi tra lai mét gid tri v cé thé tham gia vio cdc
biéu thiic.

Cau lénh return ding dé két thiic hoat dong cua cac chuong trinh con va
chi duge str dung trong ham hogc thi tuc. Poi vai ham, sy ¢é mat cha 1énh
return 1 bat buoc con trong th tue thi khéng bat buac. Lenh return ¢é cdu
tric cd phdp nhu sau:

return [< biéu_thitc >);

§6.6. Céc cdu tric song song

Trong ngdn ngd VHDL, mot kién tric ¢6 thé chia mot hoac nhiéu céc
céu trac song song. Mai cdu tric song song xic dinh mot don vi tinh todn
bao gém cic thao tic doc tin hiéu, thuc hién cdc tinh todn trén cdc gid tri tin
hi¢u va gan nhing gia trj tinh duge cho tin hiéu ra. Cdc cdu trdc song song
xdc dinh céc thinh phan va cdc qud trinh lién két nhimng thanh phin dé bing
nhitng cdu tric va hanh vi cia cdc thue thé. Cdc cau tric song song s& duoc
thyc hién dong thoi trong qué trinh mo phong khong phu thuoe vio trat tu
xudt hién cla ching trong kién tric.

Trong ngon nglr VHDL ¢6 cdc cdu trde song song sau:

— Qua trinh process;

— Céc phép gdn tin hiéu song song;

— Phép gén tin hiéu c6 diéu kién;

— Phép gin tin hiéu ¢6 lya chon;

- Khei;

— Phép goi chuong trinh con song song.
1. Cac qua trinh process

Quad trinh tinh t0dn process dugc tao thanh tr mot tap hop cic cau lénh

tuan ty. Tat ca cic qua trinh process trong mot thiét ké dugce thuc hién mot
cdch song song. Tuy viy, tai mot thoi diém xic dinh chi c6 mot cau lénh
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tuan tu dugc thuc hién trong mbi qud trinh process. Mot qud tiinh process
lién k&t véi phan cdn lai clia thiet ké thong gua cac thao tic doc cic gid tri
cic tin hiéu dau van, céc cdng duoge khai bio ngoai qui trinh hoje ghi ol trl
viio cdc tin hiéu, cong d6. Mot qua trinh tinh toan process duoc mo ta theo
quy tac cti phdp saw:

(< nhdn >:] process [(< d(u1h_scich__(‘dc-_n’n__hiéu_fcir_dqﬁng >)]
| < phan_khai_bdo >}

begin
| < lénh mudan_tir>}

end process [< nhdn >].

< phdn_khai_bdo > dinh nghia cdc doi tugng 16n tai cuc bo trong

process bao gom:

_ Cic khai béo bién, khai béo hiing, khai bdo ki€u, kiu con:
—  Than chuong trinh con, Khai bio cac biét danh, luit use.

Néu qud trinh chifa < danh_sdch_cdc_tin_hiéu_tdc_dong > thi dc do

qua trinh nay s€ tuong nhur qud trinh khong chia danh sich tin hi¢u

tic dong nhung lai chifa lénh wait & vi tri cau 1énh cudi cing trong qua
trinh:
wait on < da.i'Ih_.\'(f'(‘h_c‘c‘fr{.‘__ffn_h!'(?H__I(f('__(f(hfg >:

Nhiing qué trinh d6é khong cin ¢6 su xuat hién tudng minh cua lénh

wait.

Vice thue hién mot qud trinh process bao gdém vi¢c thuc hign lap lul cic
ciu trdc tudn ty chita bén trong than qud trinh. Sau khi cau lénh tudn ty cudi
ciing dugc thuc hién, viec mo phong qud trinh s& dugc bit dau lai tir ciu I¢nh
tudn tu ddu tién clia qud trinh. Diéu nay 1am cho viéc mo phong hoat dong
clia qué trinh giong nhu mot vong iap vo han bao gom tit ca cdc cau lénh
tudn tu bén trong qui trinh. Viée thuc hien mo phong qua trinh process co
thé bi dung lai bang cau lénh wait vaco thé dugce kich hoat lait khi xuat hién
su ki¢n trén cic dudng tin hiu trong danh sdch tin hiéu tac dong. Ching ta
hiy xét vi du mo kinh hod bo ma hod 8—»3. Qud trinh bicu dién bo md hod
nay s& cé danh sich tin higu tac dong gom cac tin hiéu yl, y2, ¥3, y4. ¥5.
y6, y7. Di¢u nay cling tuong duong v6i mot qud trinh khong ¢ danh sach
tin hiéu tic dong nhung chia cau 1¢nh: '
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wait on yl. v2, ¥3, y4, y5. y6. y 7.

tai vi tri ciu lénh cudi cling trong qud trinh. Bo ma hod 8 -> 3 dugc mo 1a
bang doan chuong trinh VHDL. duéi day:

entity Encoder is
port (y1.v2,y3.y4,y5,y6,y7: in BIT;
Vec: out BIT VECTOR ( 2 downto 0) )
end Encoeder;
architecture Behavior of Encoder is
hegin
process( y1.v2, y3, y4, ¥5. y6.v¥7)
begin
if (y7="1")then Vcc <= "Il
elsif (y6 ="1") then Vec <="110"
elsif ( v3="1") then Vec <="101";
elsif ( v4 ='1") then Vec <= "100";
elsif ( y3 ="1") then Vec <= "0l [
elsif (y2 ='1") then Vec <= "O10",
elsif (y1 ="1") then Vee <= "ooL:
else  Vec <="000"
end if;
end process;

cnd Behavior;

Chiing ta xét mot vi du vé sy tuong tic giita hai qua trinh. O day ching ta ¢6
mot qud trinh gl thong tin va qud trinh thi hai nhan thong tin. Qua trinh gt
thong tin cé danh sach tin hi¢u tdc dong 06m hai tin hiéu CLK va Ack. Qui
trinh nhan ¢6 hai tin hiéu trong danh sich tin hi¢u tic dong CLK va Ready.
Hai qud trinh nay déng bo hod hoat dong cua ching bang lénh Ack va
Ready. Doan chuong trinh VHDL dudi day mo td hoat dong clia hai qud
1rinh néi trén.
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entity HandShake is
port( CLK :in BIT:
DIn :ininteger;
DOut: out integer );
end HandShake;

Hinh 6.12. Mo hinh tuong tdc gitta hai qud tinh process.

architectuyre Protocol of HandShake is
signal Ready, Ack: BIT;
signal Data: integer:
begin
Send: process
begin
Ready <="1%
Data <= DIn;
wait until CLK'event and CLK ="V and Ack ="1"
Ready <="0"
wait until CLK'event and CLK = "1 and Ack ='0"
end process Send;
Receive: process
begin
Ack <="0"
wait until CLK 'event and CLK ='}" and Ready = 1
DOut <= Data;
Ack <="1"
wait until CLK'event and CLK = "' and Ready =0
end process Receive:
end Protocol:
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2. Cac phép gan tin hi¢u song song

Mol dang khic cia phép gdn tin hiéu trong ngon ngu VHDL Ja phép gdn tin
hicu song song. Phép gan nay duuc sir dung bén ngoai cdc process vi bén
trong céc kién tric. Dang don gian nhat clia phép gdn tin hiéu song song co
cdu tric cd phap nhu saw:

< tin _hién dich><=< hidu_thite > [after < bicu_thite_thoi_gian >];

trong d6, < tin_hiéu_dich >1a tin méu nhan gid tri cta < biéu_thife >. Cling
gidng nhu trudng hop phép gén tin hicu tuan tu, luat after s& dugc bo 16ng
hop mach bo qua.

Phép gin tin hi¢u song song tuong duong vdi mot qui trinh process chia
phép gdn tin hiéu. Ching ta hay x¢t vi du véi hai phép gin tin hi¢u song

song trong mot Kién tric.
Vidu,

architecture Descriptionl of Example is

signal 11, 12, I3, 14, And_QOut, Or_Qut: BIT;
begin

And_Out <=11 and 12 and 13 and [4;

Or Out<=1lor12orI3orl4;
end Descriptionl:

Poan chuong trinh nay tuong duong v6i chuong triinh VHDL v6i cic
process chiia cie phép gén tin higu tudn t sau,

architecture Description2 of Example is
signal 11, 12, 13, 14, And_()‘ut, Qr_Out: BIT;
begin
process( 11,12, 13,14 )
begii
And_Out <=11 and 12 and 13 and 14;
end process;
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process( E1, 12, 13, [4)
begin
Or_Out<=TIlorI2 orI3or I4:
end process;
end Description2;

Boan chuong tiinh trén cing twong duong véi doan chuong trinh dudi day,
trong dé cde qud trinh process khong c¢é danh sich cde tin hi¢u tic dong
nhung chita cdc lénh wait,

architecture Description3 of Example is
signal I1, 12, I3, 14, And_Out, Or_Qut: BIT;
begin
process
begin
And_Out <=11 and I2 and I3 and 14:
aiton 11,12, 13, 14;
end process;
process
begin
Or_Out<=1I]lor 2 or3or [4;
wait on I1. 12, 13, 14;
end process;
end Description3;

3. Phép gan tin hiéu ¢6 diéu kién

Phép gin tin hiéu ¢é diéu kién la cau I¢nh song song thuc hicn phép gdn
g1d 1rt cua cde biéu thic cho mot tin hi¢u dich tiy theo cic didu kien dat ra.
Trong cdc bicu thiz cla lénh gin, ngoai trir bicu thic cudi cung, nhiing biéu
thae khac duge di kem vai didu kién gan. Khi mot diéu kién nao dé nhan gia
tri bang true, bicu thic tuong (g véi diéu kien s& duge lua chon va két qua
cua viée tinh todn biéu thic s& duge gin cho tin higu dich, Tai mot thoi diém
thoi gian, chi ¢6 mot biéu thic duoe sir dung cho phép gin. Phép gin tin
hi¢u c6 dicu kién duge mé ta theo quy tac ci phdp sau:
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(< bidu_thic >{after < biéu_thite_thoi_giun >]

when < diéu_kién > clse}
< biéu_thirc >|after < bidu_thitc_thoi_gian >}

< tin_hi¢u_dich><=

ny, duong voi mot qua trinh chira

éu kién tuo
duong do.

Moi phép gén tin hié¢u c6 di
day cho ta vi dy v& sy tuong

1¢nh if. Doan chuong trinh dudt
Viduy,

architecture Description] of Example is
signal A, B, X.Z: BIT:
7 <= A when (X > 10 ) else
Bwhen (X>3) else
C:
end Descriptionl:

Poan chuong trinh nay s& twong duong v6i qud trinh process sau:

architecture Description2 of Example is
signal A, B, X,Z: BIT;
constant C: BIT := ‘07
process { A, B, X)
begin
if ( X > 10) then
Z<=A"
elsif { X > 5 ) then
Z<=B:
else Z<=C;
end if
end process;
end Description2:
4. Phép gan tin hié¢u theo lua chon
éu dich

Phép gdn tin hiéu theo lua chon thuc hién phép gén cho mot tin hi
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vii bicu thie with. Gid tri cla biéu thic Iua chon nim sau tir khéa with
duce sur dyng giong nhu I¢nh case. Phép gdn duoc thuc hién mdi khi ¢6 xuat
hien su kién lam thay déi gid tri cba biéu thitc Tua chon. Ci phdp ctia céu
[énh duge bicu dién nhu sau:

with < bfé’n_.'hr'rc___h_ra_(‘hon > select

< tin_hiéu_dich > <= {< bidu_thitc >[after < bicu_thiic_thoi gian >)
when < gid_tri_hra_chon >}
< hidu_thiie >lafter < bidu_thuic_thot_gian >]
when < gid tri lta chon >

Phép gin tin hiéu theo lua chon twong duong véi mot qua trinh process
chiva cau Ieph case. Vidu, phép gdn tin hi¢u theo lua chon sau day s& tuong
duong vdt mot gud trinh process chita 1énh case,

with Sel select
7Z.<=AwhenO|1]2,
B when 3 to 100,
C when others;

cau tric cua process tuong duong:

process( Sel, A, B, C)
begin
case Sel is
when 0112 =>
L<=A:
when 3 to 100 =>
Z.<=B:
when others
Z<=C;
end case;

end process;
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5. Khai

Khéi bao gdm mot tap lwp cde cau lénh song song. Mot kién tric ¢6 the
dugc phan tach thanh mét s6 cdc cau triic logic. M&éi khoi biéu dién mot
thanh phin clia mo6 hinh va thudng duge st du.-2 d¢ 16 chitc mot tap hop cic
cdu triic song song phin cap. Khoi duge bicu dién theo quy tac ci phdp sau,

< nhan >: block

< phdn_khai _bdo >}
hegin

{< cau lénl_song song >}
end block [< nhdan >]:

< phan_khai_bdo > xdc dinh cdc d6i tuong ton tai cuc bd trong khoi va ¢o
thé ¢é cdc dang sau:

— Khai bdo hiing, ki€u, kiéu con vi tin hi¢u;

— Than chueng trinh con;

— Khai bio céc biét danh;

—  Khai bédo cdc thanh phan;

— Ludt use.

Trinh tu cta mdi < cdu_lénh _song_song > trong khoi khong quan trong
boi vi cic cau 1énh ludn duge kich hoat. Cdc < cdu_lénh_song_song > ludn
truyén thong tin thong qua cic tin hi¢u. Cac doi wigng duoe khai bio trong
mot khoi block thi xdc dinh trong toian bo khoi, bao gom ca cdc khoi con.
Néu trong mot khai con c6 khai bio mot ddi tugng trung €n véi mot dei
tuong & khoi bao nd, khi d6 khai bdo cla doi tugng ¢ khoi con s¢ che lap doi
twong & khéi bén ngoai. Chiing ta hiy xét mot vidu,

architecture Behavior of Example is
signal Oul: integer;
signal Ou2: BIT:
begin
B1: block
signal S: integer;
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begin

Oul <= §;
end block Bl;
B2 : block
begin

Ou2 <=§:
end block B2;

end Bchavior;

6. Goi churong trinh con song song

Phép goi chuong trinh con song song tuong duong véi cdc qud trinh
process bao gém cic phép goi chuong trinh con tudn w tuong Gng. Moi
phép goi chuong trinh con song song tuong duong véi mot qua trinh process
khong chia diy danh sdch céc tin hiéu tic dong, phan khai bdo réng va phén
than chia mot phép goi chuong trinh con, ti¢p theo 1a mot cau lénh wait,

§6.7. Cic chuong trinh con va cde £0i chuong trinh
1. Cac chuong trinh con

Trong ngon ngit VHDL ¢6 hai dang chuong trink con 13 procedure vi
function. Cac chuong trinh con ¢6 thé dugc sir dung tai moi vi tri trong mé
ta VHDL. Cic géi chuong trinh xdc dinh tén cita moi doi tweng ¢6 the duoc
chia sé gilta cdc thuc thé,

— Cac thil tue procedure sé duoc goi dén nhu mét cau lénh va ¢é
thé tra lai nhidu gid tri. Mat tha tuc procedure dugc phép thay
d6i gid tri cdc doi ugng twong tng véi cdc tham sé hinh thice ciia
procedure. Nhu vy, cic tham s& ctia mot thi tuc procedure cé
thé c6 cde dang in, out, vi inout.

— Cédc ham function s& dugc st dung nhu mot biéu thic va chi
duoc phép tra lai duy nhat mot gia tri. Ham function thudng
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duoe st dung dé thuc hién tinh todn trén céc gid trl cua than 50
va khong c6 myc dich thay ddi gid tri ctia cdc d6i tuong duac gan
Kkét véi tham s6. Do dé cdc tham so cua ham phai ¢6 dang in va
thude nhoém cie tin hi¢u signal hoiic hiang constant. Poi vol ham
function, chting ta phii mo ta kiéu cha gid tri tri lai.

Mot mé i chuong trinh con duge phan chia thanh hai phédn: phan khai
biao chuong trinh con vi thin cua chuong trinh con. Phan khai bido dua ra cic
théng tin vé giao dién cua chuong 1rinh con { ¢é nghia 1a cdc dan vao va dau
ra cha chuong trinh con ) va phan than chuong trinh con md ta cdc chice
nang cha chuong trinh con.

Phan khai bdo chuong trinh con duge mé ta theo quy tac cu phap sau:

< khai_bdo_cluong_trinh_con > =

procedure < tén_!ht’i_t:}c >< danh_sdch_tham_s6 > |

funtion < 1én_ham >< danh_sdch_tham_sé>

return < kiéu_gid_tri_trd_lar>
< danh_sdch_tham_sé > = lclass] < danh_sach_tén >
(mode] < kiéu >[:= < biéu_thitc >

trong dé,
nhém class : constant, variable, signal;
dang mode: in, out, inout.

Néu khong duge chi 10, tham s6 s& dugc coi rang ¢6 mode la in mot
cich mac dinh. Ciing twong ty nhu vy, tham s6 cé dang in s& cé class la
hing constant mot cich mac dinh vA tuong Ung cua dang out va inout la
bicn variable. Vi du dudi day cho ching ta thiy khai hido clia chuong trinh

con,
Vi du,

funtion Incrementer ( Count: integer ) return infeger:
Phan than cta chuong trinh con duge mo ta theo quy tic cit phap sau:

< khai_bdo_chuong_trinh_con > is
(< phdn_khai_bdo_ctia_chwong_trink_con >1
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begin
{< lénh tudn_tie>)
end [< rén_cluong trinh_con >,

Vi du sau day cho ta thay mo ta cua than chuong trinh con. Cha y riang, khi
goi ham function, phép gol ham sé bi ngat khi thyc 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
if { Count >= 255 ) then
Temp :=0;
else
Temp := Count + 1 ;
end if;
return ( Temp );
end Incrementer;

Khi goi chuong trinh con, cdc déi tugng thuc t€ tuong ing véi tham s6
hinh thitc 16p variable phéi 14 cdc bi€n; tuong ling vi I6p constant phai la
hing s0 hodc biéu thic va tuong vng véi 16p signal phai 1a tin higu. Cdc
hiing s6 va bién duyc truyén theo gid tri, con tin higu duge truyén theo dia
chi. Do dé déi véi 1Gp ddi tuong tin higu thi moi tdc dong 1én tham sé truyén
vao than chuong trinh con ciing chinh 13 tic déng truc tiép Ién tin higu dugce
truyén vao. Ching 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 ='" and Ack ='1");
wire <= Data;
Ready <= "1"
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wait until ( CLK'event and CLK ="' and Ack = Ty
Ready <= "0",
end Send;

2. Cac ham gquyét dinh

Chiing 1a bi¢t ring, mdi tin hi¢u déu xuat phdt tir mot ngudn. Néi cach
khdc 1a moi tin hidu ¢6 mot diéu khién. Trong nhiéu trudng hop. vi du abu
khi céc duong tin hi¢u bi chép lai, tin hi¢u di ra khoi nit chap s¢ duge tong
hop tir céc tin hi¢u di vao nit theo mot luat xéc dinh. Trong trudng hop nay,
chiing ta néi ring tin hi¢u di ra khoi nit chap co nhiéu diéu khi¢n. Ngon ngit
VHDL cho phép chung ta ¢6 thé xdc dinh cdc tin hiéu xuai phat tu nhiéu
ngudn néu st dung nhimg ham quyet dinh. Nhimg ham quy¢t dinh nay dung
dé xac dinh gid tri cha dudng tin hiéu wr nhiing gid tri nhan duge W nhiéu
ngudn didu khién. Viduy, '

Qua trinh i

Tin hiéu Ham quyét dinh

Tin hiéu

Tin hiéu Qua trinh k

Tin hiéu
CQua trinh j >

Tin higu

Tin higu L A, e

Tin hidu dugc
Tin hiéu  tinh do ham
guyét dinh

Hinh 6.13. S¢ dé hanh vi cla céc qud trinh sinh ra tin hiéu ¢6 nhiéu diéu khién.

Trong vi du ndy, ¢ hai qud trinh process i vi proces.  cing diéu khién
mot tin hiéu, do do chiing ta cdn ¢ ham quyét dinh d¢ xdc dinh gid tri cho
tin hiéu nhan dugc.

D6i v6i qué trinh mé phong, cdc ham quyét dinh co thé . moi him bao
gbém cdc chuong trinh vi€t uén ngon ngit VHDL. Trong nhimg mach thuc.
k&t qua cta cic ham quy€t dinh 12 lién k¢t cdc tin higu va cung cho qua mot
phén tlr 1ogic dac bigt cé mot ddu ra. Trong K¥ thuat, chi c6 mot s& gidi han

199



cic Trong cdc phén ciing chi ¢6 mot vai kiu thuc hién cdc ham quyet dinh
ahu lien két dang O, lien két dang And hoac lien k&t dang ba trang thil
{ hinh 6.14).

Lién két dang Or Lién két dang And ~ Ba trang thai

E)ND e

INioh 6.14. Céc biéu dién phén cing clia cic ham quyét dinh: ham quyet dinh dang Or.
dang And vi ba trang théi.

Céc tin hiéu duge cdc ham quyét dinh tao ra néu khai bdo cta tin hiéu
chita ca cdc ham quyét dinh hoac khai bao kiéu con cua tin hiéu chifa ham
quyét dinh. Vidu,

signal NODE: WIRE_AND BIT;
subtype RESOLVED_STD is WIRE_OR STD_ULOGIC;

Trong vi du nay, khai bdo thi nhit cho ching ta thay tin hiéu NODE la tin
hiéu dugc xac dinh v6i ham quyét dinh 1a WIRE_AND. Mai khi xuat hién
s kién trén dudng tin hiéu NODE, ham WIRE_AND dugc goi vi tra lai gia
trj kiéu BIT - 1a gid tri ctia tin hieu NODE. Khai bdo thd hai xdc dinh kiéu
con duce quyét dinh RESOLVED_STD. Cic tin hi¢u duoc khai bdo thude
kidu RESOLVED_STD la nhiing tin hiéu duge quyét dinh. Dudi day ching
ta thay cdch dé xdc dinh va sicdung cic tin hiéu duge quyét dinh:

—  Xac dinh kiéu tin hiéu ( néu can thict );

—  Xic dinh him quyét dinh. Ham nay s& nhan céc tin hi¢u vao Vit

tra lai tin higu thuoc kidu da duoc xdc dinby;
_ Khai bdo kiéu con ciia kiéu tin hiéu kém v6i ham quyét dinhy
 _ Khai bdo va sit dung céc tin hiéu dugc quyct dinh.

Trong vi du dudi day, chiing ta thay tin hiéu 7 dugc khai bdo la thude kiéu
duge quyét dinh WIREOR_STD, trong d6 ham quyét dinh cia ki¢u tin hiéu
la WIRE_OR. Trong kién triic, ching ta ¢6 hai phép gén tin hiéu dong thoi.
Ci hai phép gén déu gdn gid tri cho tin higu 7. Nhu vay tin hi¢u Z s&€ nhan
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gia tri dugc Xac dinh qua phép toan or giita hai dau vao ctia ham quyét dinh:
(11 and 12) va( I3 xor 14 ).
Vidu,

architecture Resolved_Arch of WOR is
function WIRE_OR( Din: in STD_UL()GIC_VECFOR )
return STD_ULOGIC is

return( Din( 0 ) or Din( 1 Y
end WIRE_OR;
subtype WIREOR _STD is WIRE_OR STD _ULOGIC,
signat 11, 12, 13, 14 STD_ULOGIC,
signal Z: WIREOR_STD),
begin )
7 <=11 and 12;
7. <= 13 xor 14;
end WOR;

Cic gbi chuong winh STD._LOGIC_1164 cua thu vien IEEE chia cac
kiéu dit lieu duge quyét dinh la STD_L.OGIC va STD_LOGIC_VECTOR.
Dang quyét dinh cua kiéu STD_LOGIC 1a dang quyét dinh theo ba trang
thai. Cic tin hiéu c6 nhiéu ngudn dicu khién s& duoc gan cho tin hi¢u kicu
STD_LOGIC va gid tri dugce quy¢t dinh boi cac ham ba trang thai.

3. Cac goi chuong trinh

Cic Kidu dit liu, hing so va chuang trinh con c6 thé duge khai bdo beén
trong cédc khai béo thuc thé hoiic bén trong than cua cac kién tric. Cde Khay
bao niy 1a cuc bo trong nhing kién tric tuong ung va thuc th¢ khac khong
thé truy cép 161 nhimg dsi tugng d6. Tuy nhién trong nhiéu trudng hop
nhitng kién trie khac nhau ciing c¢6 thé phdi chia se nhing dsi tuong chung
ado dé. Cac gbi chuong trinh ( Packages ) trong ngodn ngl VHDL cho phép
chiing ta thuc hién cic khai bao chung -ho nhi¢u thuc thé khdc nhau. Mot
géi chuong triinh clia ngon ngy VHDL duge bidu dién thanh hai phan: phéan
khai bdo g6i vi than cua gol.
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Phén khai bdo goéi mo ta cac giao dién cha gdi va ¢6 cdu tric cd phip
nhu sau,

package < rén_cita_goi > is
{<cac_khai bdo _thuoc goi >
end [<tén_pgdi >,

Ciéc khat bdo thudc géi ¢6 thé la cic :
— Khai bdo ki€u, kiéu con, tin hi¢u, hing, biét danh:
— Khai bao thanh phan, chueng trinh con;
— Luit use;
— Vi cd the chita ca cdc package khic.

Céc khai bio 1in hi¢u trong géi tao nén mot 86 vian dé trong qud trinh
tong hop mach boi vi mét tin hiéu khong thé phan phoi gitta hai thue thé.
Céch gidi quyét thong dung van d¢ ndy 1a tin hicu s& dugce khai bdo nhy mot
tin hi¢u cuc bo. N6i cich khic, néu hai thuc thé sir dung cang mot tin hiéu
trong goi, moi thue thé s¢ nhan duge mot phién ban sao chép cta tin hiéu
nay.

Vi du v¢ khai bdo g6i:

library IEEE

use JEEE.NUMERIC_BIT.all;

package Watch_Pkg is
subiype Mouth_type is interger range 0 to 12;
subtype Datc_type is interger range 0 to 31;
subtype BCD4_type is unsigned ( 3 downto 0 );
subtype BCD5_type is unsigned ( 4 downto 0 );
constant BCD5_1: BCD5_type := B"0_0001";
constant BCD5_7: BCD5_type := B"0_0001";
function BCD_Inc (L : in BCD4_type ) return BCDS_type:

end Watch_Pkg:

Thén clia mét géi xdc dinh cdc hanh vi cda géi. Than ciia mot géi luon

phdi cling (én véi khai bdo géi. Phin than géi dugce bt ddu bdi tir khéa
package body. Cic thong tin trong trong than cla géi khong thé nhin thay
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duge tir cic thigt ké hoac thuc the sir dung go6i d6. Nhu vy tir cdc thiét k€ va
cdc thuc thé chiing ta chi ¢6 thé truy cép t6i cic d6i tuong trong géi thong
qua cic giao dién duge xdc dinh trong phan khai bdo géi ma khong thé can
thi¢p truc ti€p vao bén trong gdi. Noi mat cach khidc goi 1a mot hop den vl
¢dc giao dién duge dua ra trong phan khai bfo. Than cia géi duge mo ta
theo quy tic cu phap nhu sau:

package body < (én_ciia_gdi > is
{<edc khai bdo trong than goi >|
end [< tén_ciia_géi >];
Trong phin khai bdo trong than géi ¢é thé chia cic:
— Khai bdo kiéu, kiéu con, hing;
— Than chuong trinh con;
— Ludt use.
Vi du dudi day cho ching ta thay viéc md td than cla gdéi trong ngdn ngir
VHDL:

package body WATCH_PKG is
function BCD_INC ( L: in BCD4_TYPE )
return BCD5_TYPE is
variable V1, V2, V: BCD5 TYPE;
begin
VI:=L+BCD5-1;
V2:=L+BCD5-7;
casec V2(4)is
when'0'=>V =V
when 'l'=>V :=V2;
end case;
return (V )
end BCD_INC;
end WATCH_PKG;

Cic phan ur duge mé td trong phan khai biao géi khong thé nhin thay
duoc mot cach ty dong tu cic thu vién khac. Luat use diang truge mot don vi
chuong trinh s& 1am cho tat ¢a cdc pi.dn o trong phian khai bdo géi ¢6 thé
dugc truy cdp tir don vi chuong trinh dé. Vi du, gia thi¢t rang, géi chuong
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trinh WATCH_PKG néu trén duoc bién dich vd dua vao thu vieén
MY_LIBRARY. D€ ¢6 thé sit dung cdc khai bdo trong géi WATCH_PKG,
chang ta can dua ching vao thu vién chuong trinh hién thoi st dung doan
lénh sau:

library MY_LIBRARY ;
use MY_LIBRARY. WATCH PKG.all;

Hoi dong chuin hod IEEE xéc dinh hai thu vién cho ngoén ngdt VHDL 1a
STD va IEEE. Méi thu vién chita mot s6 géi nhur:

— STANDARD va TEXTIO d6i vét thu vien STD. Goi
STANDARD xdc dinh cic kiéu dif liéu quan trong nhu integer,
boolean, BIT, ...

— STD_LOGIC_1164, NUMERIC_BIT, NUMERIC STD dai véi
thu vi¢n [EEE. Cic géi ndy chifa cdc kiéu va nhitng ham quan
trong cho qud trinh téng hop vd mo phong bang ngén ngir
VHDL.

Trong chuong nay ching ta dd khdo sit nhiing dac diém co ban cda ngon
nglt VHDL - m¢t ngon ngit mé ta phén cing dién hinh. Ngon ngit nay duoc
diing dé mo hinh hod mach trong cong nghé thiét k&, ché tao mach véi 4o
tich hgp cao va siéu cao. Nhiing thanh phan chinh cla ngon ngit nhu cdc
[¢nh tudn ty, cdc lénh song song, cdc chuong trinh con, cdc phuoag phip mo
ta thuc thé va phuong phdp luan biéu dién mach theo ciu chic, hanh vi hoac
theo dong dir licu dd duge dé cap t6i. Trong chuong ti€p theo ching ta sir
dung ngén ngt VHDL dé xay dung cdc mo hinh nhimg mach l6gic co ban.
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Bai tap cho chuong 6

l.

N

Hay mo ta hanh vi cla bo chuyén mach 2 - 1.
Hdy m6 1a hinh vi clia bo gidi ma 2 — 4 bang cau lénh case.
Hiy mo ta hanh vi cua bo gidi ma 2 — 4 bing cau lénh if.
B6 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 “01™;
phép todn and khi diu di¢u khién nhan gia ri “10”;
phép todn or khi diu diéu khién nhan gid tri “117.
Hay viét chuong trinh trén ngén ngit VHDL mo6 ta hanh vi cia bé tinh

todn so hoc — logic noi trén.

Vi€t chuong trinh trén ngon nglt VHDL mo ta cau tric vi chidc nang cilia
bo chuyén doi md BCD thanh hién thi 7 — manh.

Hiay viét chwong trinh con thuc hién phép cong hai s6 theo ma BCD.
Hiy 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
tir 0 dén 255 thanh vecto 8 bit va nguoc lai.
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CHUGNG VII. MO HINH HOA MACH BANG NGON NGU VHDL

§7.1. Mo hinh hoa trén mic cdu tric

Cic mach s6 thuong duce bicu dien theo mot cau tric phdn cip cac
thanh phan. Mai thanh phan ¢ tap hop cdc cong dé lien két véi cdc thanh
phin khdc. Mot thi¢t k¢ bao gom mot 1ap hop nhiing phién ban cita much x¢t
trén nhiing mdc do chi ti¢t khdc nhau. Mot phicn ban mach trén mot muic chi
tié1 cu thé cha thiél k& duoe tao thanb tr cic mo ta nhitng phén ur trén muc
chi tiét d6 va nhimg phan & ndy duoc lién kel thong qua cdc tin hiéu i cdc
¢Ong chia chiing xét trén mifc chi tiét nay. Khi mo & mach bang ngon ngi
VHDL, viec phan cap thi€t k€ duge thye hi¢n thong qua cde khat bio thinh
phéin mach va cdc bidu thiic mo ta phién ban clia thanh phén.

Khi mo ta& hinh vi ciia mach, thinh phin co s& ¢l hanh vi 1d cde cau
lenh mo ta qud trinh { process ), con khi mo ta cau trac, don vi cd so s& 1a
cdc cau lenh mo td phién ban cua thanh phdn. Nhiing cau lénh mo ta qua
(rinl va cdc cau lénh mo6 ti phién ban thanh phian can phai duge goi vao
trong than clia mo ta kién tride. Cdc mo ta ki€n tric s& ¢d chie nang phan
tdch cdc don vi thidt k€, Mot trong nhimg déc tinh quan trong cia VHDL la
ngon nglt nay cho phép mo hinh hod thiét k& trén nhitng muc do trivw uagng
Vi chi 1ict khic nhau. Néi mot cach khde, mot bicu dién kién trdc ¢6 the bao
gém cde cau lenh mo ta qud trinh. cic cau [¢nh mé td thanh phan.

1. Khai bao thanh phan

Mot Kign tric c6 thé s dung nhitng thuc thé da dugc mo ta mot cach doc
lip. Nhimg thuc thé nay duge chita trong thu vicn thi¢t k& va ¢ 1he duge sir
dung trong cic khai bdo thanh phdn va nhilng cau lénh mo tid cdc phicn bin
¢ctia thanh phan. Trong phin mo td cua thiét k&, mdi cau 1énh khai bao thanh
phan twong tmg véi mot thyc the. Pé ¢6 thé mo phong hoace tong hop mot
thict k€ nao dé, thue thé va cac md td Kin trae cla tat cd cdc thinh phian
mach phai duge bién dich trude trong thu vién thiét ke

Trong trinl ty mo phong hodc téng hop thiét k&, thue the va mo a ki¢n
triic doi v6i moi thanh phéa phai duge bien dich trong thu vién thiét ke,
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Cich thic mo th cdu tric cha thanh phan cing tuong 1y nhu cich thiic
mo ta thuc thé. Trude hél dé mo ta cau tric ctia thanh phdn, ching ta phai
xdc dinh & cdc giao dién cua thanh phin. Cdc giao di¢n nay chinh 1a céic
dudng tin hiéu vio va ra khoi thanh phin. Trude khi dugc sit dung, cdc thanh
phin phii duge khai bdo mét cach tudng minh theo quy tac cd phdp nhu sau:

component < tén_thanh_phan >
[port (< khai_bdo_cdng_cuc_bo >)]
end component;

Vi du, ching ta mé ta thinh phin clia bo cong diy da FullAdder. Bo
cong day du mot bit ¢6 ba dudng tin hi¢u vao:

- Duong vio A, B la dudng tin hi¢u wong dng voi hang chii 56 thi £

cua hai so hang:
Pudng vio Cin 14 dudng tin higu tuong \ing véi hang gid tri nhd w
hang chit s6 thif k-/ vao hang chir s thi &;

v hai dudng tin éu ra:
Pudng tin hiéu Sum 1a 18ng ciia cdc duding tin hieu A, B, Cin:
Puoug tin hiéu Cout 1a hang gid tri nho 1w hang chir ¢ thr & vao
hang chit s0 thi A+/.

Vé mat ciu tric, néu xét trén mic 10gic, bo cong diy du | bit duge tao
thanh tir céc phan tir AND, OR va XOR. Trén so do cdu tric, bd cong nay
duoc mo ta trén hinh 7.1b. Nhu vay, bo cong gdém ¢6 hal phin tir XOR, hai
phin tr AND v mét phén ta OR. Cic phin tir nay déu la nhiing phén tr ¢o
hai ddu vio va mdi phin W 16gic s& duge mod ta bang cic khai bdo thinh
phin nhu dudi day.

Cin )
A A Sum
| N Sum B
5 BO T r
- ] 2, ol .
Cin CONG ou \ Cennt
al b

Hinh 7.4, Gizo dién va ciu tiic bo cong day di mot bit.
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component Or2__gate
port (10, 11; in STD_LOGIC ; (O : out STD_LOGIC),
end component:

component Xor_gate
port (J0_11:in STD LOGIC: O out SID_LOGIC),
cnd component;

component And2_gale
port (10, 11 in STD_LOGIC: O : out STR_LOGIC):
cnd component;

2. Mo ta cic phien ban cua thanh phin

Cic thanh phin mo i trong kidn tric ¢6 the duoc Khai 1o bang ¢ic ¢iw
lenh tao phicn bin thanh phin. Tai cie vi tri duoe 1ao ra. phicn ban cua thanh
phin duve bicu dién thong qua cic thuoe tinh bén ngoai nhu @, Kicw hoae
hudng tn hicu tal cac cang vio/ra, nhung cdc tn hicu hén trong thimh phan
khong duoc bicu dicn tuong mnh. Cic cau [enh kha wo sinh ra cde phien
e cta thanh phin va ket noi chung dé o nen mot dunh sich lien ket ClliL
tict ke

Cau tenh tao phien bin thanh phin ¢6 ciu true cu phap nhu sau:

< phian_khoi_tao >:< wn_thinh_phan >
port map (| < en_cong_cuc bo>=>1]< bicu thie >
] < ten_cong_cuc_bo > =2 | < bieu thic > } )

Trong do. < nhin_khoi_tao > I3 tén cua phién bian via duge tao ra cud
thimh phin. Méi ciu [enh tao phicn ban thanh phin luon phai duge kem vai
mot nhian _Khai_tae. Cic nhin nay s¢ duoe tham chicu 101 trong cie cau hinh
cua thanh phan.

Citu triic port map dnh xg cac cong ¢t phin tvao cie 1in hiew. Anh xa
niy ¢6 thé hidu nhu viée ket noi cong tuong ng cua phan tr vio dudng tin
hicu. Cie cong duge mo ta trong khai hio thanh phan [ nhime cong cuc bo,
Trong khi dé, nhimg cong cia cdc phien ban thinh phan duge goi fa cong
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thue. Trong cic cau 1énh tao phién bin thanh phin. ¢iu tiic port map dat
tuong ting moi cong thue cua phién ban var mot ¢éng cuc bo cla thanh phan.
Maéi cong thue phai 13 doi tugng dang fin Jiién. Trong ngon ngl VHDL dua
ra hai phuong phdp dnh xa cdc cong cuc bo vio cdc cong thie: dnh xa theo
vi trf va anh xa theo ten.

A ’ Sum

A > 2

B | |
Cn (—-}_ o Sum
A — :INI:I'il tong
B INim tong Cout
1 s
Cin

&ﬂj LQDC) sum

BAT - Cout
Ly LDT_:D_

Hinh 7.2. Ciu tric phin cap clia bo cong mot bit: a) citu e b nirt tong mot bit:
b xity dimg bd cong day di mot bit tir cie bo nura tong: ¢ chi et bo cong day du
mot it tir ede phan urlogic AND, OR. NOR.

Khi st dung énh xa theo vi tri, ching ta dua ra danh sach ¢ie tin hicu
tuan theo ding trat 1w ma céng dugce khai bio.

- Poi vai truong hop dnh xa theo €n, ching ta str dung cau trae dnh xa
tudng minh dit tuong dng modi cong voi cac tin hicu thye:

< 1en_cong_cuc_bo > = < tén_tin_hicu_thue >.
Ching ta hily xé1 vi du mo td ¢ trde cta bo nia téng Mol bit. trong do
bo cong ducc tao thanh i cde phan wr logic AND. XOR theo so do wen hinh
7.2a.
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architecture Inst of HaltAdder is

component Xor2

port { 10, 11: in STD_LOGIC: O: out STD_LOGIC ).
end component:
component And2

port (10, 11: in STD_LOGIC; O: out STD_1.OGIC )
end component;
hegin

G1: Xor2 port map ( A, B, Sum &

G2: And2 port map ([0 => A 1l = B.O= Cout ¥
end Inst:

Trong vi du niy, phicn ban Gl cua phan i Xor2 co cac cong duoce anh
s theo vi trf vio cic dudng tin hicu A. B vi Sum: con phicn ban G2 cua
phdu 1t And2 duoc dnh xa wdng mioh theo «€n ctia eong cuc ho v duong
tin hicu.
Thong thudng, moi thanh phan s& th¢ hicn mot thue the doc 1ap cia thict
k&, nhw vity. cide phicn han cua thauh phidn s& tao nén cdc 16p phan cap cua
hict ke Dicu nay duge minh hoa wen hinh 7.2. Trong vi du ndy chung ta
thilv cdu troe cua bo cong day du mot bit duge xdy dung trea co SO cua Bo
i 1ong maot bitva phin te OR hinh 7.2b ). Trong kln do, bo N 16ne 1ot
bit cling ¢ 1h¢ duge coi la mot thye thé doc lap va ¢é cidu tue duge 1o
thanh r cic phan wr AND vit XOR ( hinh 7.2a ). Nhu viy thict k¢ bo cong
¢é (he duge bicu dién theo hal IGp: 16p cde bo nua ong voi phan wr OR va
top chi tict véi cie phan trlogic AND. OR. XOR.

3. Cau lénh Generate

Cau 1enh khot tao Generate | ciu lenh song song duve dinh nghia bén
rrong cie kicn triie v duoe dang A8 mé 14 ciic phien ban thanh phin. Ciu
1enh Generate e6 ciu triic et phap nhu sau:

< nhan_kh&i_tao > @ < so_dd_khoi_tao > generate
< cdc_cdu_lenh_song_song >}
end generate (< nhin_khoi_tao =1



Trong ngon ngtt VHDL. ¢6 hat low s¢ d6 khai tao: so do khoi tao for va so
dé khoti tao if.
Sa ddd for ding dé mo i cde cau tric ¢6 tinh quy luat. So do nay dua
ra cic tham s6 khoi tao va cde bude lap. Cde tham so Khoi tao khong
can phai khai bio trude. Gid tri cua chiing kKhong th¢ gin hode truyen
ra ngoli ciu (rdc khoi o mac div VUDL cho phép sur dung ching
bén trong ciu tric.

INGY Yy N2 Y@y XD P-’m F(m P’(m

Cout Ty
<— FA(3) [<—| FAQ2) FA(1) FA(0) 1<
| | | |
Z13) Z(2) Zi1) Zi

Hinh 7.3. Xay dung bo cong han bit tir ciic ho cong diy dumdt bit.
Vi du. bd cong bon bit ¢6 thé duge xiy dung tr bon by cong day du mot
bit theo so do wen hinh 7.3. NEu st dung cau lénit khai o véi so do for
ciu triic cta bod cong ban bit sé duge mo ta nhu sau;

architecture Gen_lFor of FullAdderd is
signal X, Y, 7 : STD_LOGIC_VECTOR ¢ 3 downto 0 ).
sional Cout  : STD LOGIC:
signal Tmp « STD_LOGIC_VECTOR (4 downto O };
component FullAdder
port( A, BB, C: in STD_LOGIC:
S. CO; out STD_LOGICY:
end component;
begin
Tmp () <=0
G; for 1in 0 to 3 generate
FA: FullAdder port map ( X( 1) Y(T),
Tmp( 1. Z D) Tmpt[+1 ) %
end generate:
Cout < Tmp( < );
end Gen_For ;
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Thong thuong trong nhicu thidt k& sy xuat hicn v licn ket Qi cdc
phin tir khong tuan theo quy luat lap aiong trong vi du tren. Haoi véi
nhimg trudng hop niy. ngon ngt VHDL cung cip khi nang mo 1a
mach st dung so do if. Khic véi cau 1enh if tdn tw, ciu [enh i khoi
tao Khong chita cde nhdnh else va elsif. Didu niy ¢6 thé hidu duoe vi

trong mot mach phan ciing xdc dinh khong (hé nio 6o tat lra chon
cu trde dia vao di licu bén ngoii.

],\'{RJ Y3

N2 ‘\'{2} ‘X{li Ili\'{l,'l

Il Ny i Y

Cout

1 FA

A

FA

FA

'y

HA

7i3)

nira 1Eng mat bit,

282}

Hinh 7.4. Xay dung bo cing bon bit tir ba b cong diy do MG bit vi ot ho

|
741y

I
710}

Vi du, chiing ta xay dung ho ¢ong bon bit tr ba bo ¢Ong day di mot bit
vi mot bo nua tong. Cau tric nity tong tw cdu tric trén hinh 7.3, chi
KL% tai mot dicm la khong ¢é dau vio 0" cho phan tr diu tén. NEu su
dung ciu triic if, cdu triic clia bo cong bén hit sé duge mo ta nhu sau:

architecture Gen_for of FullAdderd is
signal X, Y, Z: STD _LOGIC_VECTOR ( 3 downto O %

sienal Cout

signal Tmp
component HalfAdder

port( A. B: in STD_LOGIC; S, C0: out STD_1LOGIC »:

end componcent:

begin

- STD_LOGIC;
:STD_LOGIC_VECTOR (4 downto 1)

GO for Tin O to 3 generate
Gl:if =0 generate

HA: HalfAdder port map ( X(1), Y(1)
ZCEY Tmpt I+ 1));

[
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cnd generate:
2:if 1> 1 and | <= 3 generate
FA: HalfAdder port map ( X¢ 1) Y(I).
Tmp{ 1). Z( 1), Tmp( E+ 1) )
end generate:
end gencrate;
Cout < Tmp(4) :
end Gen_for:

Bit ky mot ciu trie song song clia VI IDL nhur ¢ic qua trinh. cac I¢nh
odn tin hi¢u song song cic khoi hoac cde lenh goi chuong trinke con song
song va cic lenh khai tao khie ¢o the nam bén trong cde cau [¢nh khai Lao.
Khi st dung cdc cau (¢nh Khéi o 1ong nhaw, ching @ co thé xiy dung
phime ciu tric cé tnh quy Tudt nhu siu:

Nested_Gen: block
L1: for Iin 0 to 3 gencrate
L2: for J in O to 3 generate
FA: CELL port map ( ACT). B Ce2# 1+ 1) DX [+2%F))
end generate
cend generate
end block Nested_Gen

4. Cac cau hinh

Cic khai bdo thinh phéin va cdc phién ban cua thinh phin chi chita mo td
bén neoii coa mot phin o mach trén mot mue ¢hy tidt nhit dinh. Cic thue
(h¢ nay kKhong thé sir dung dugc trong qud trinh mo phong bai vi ching
khong chida nhimg thong tin mo ta vé chiiic nang cta phéin i Nhu vay, de ¢é
thé thuce hicn mo phéng hoat dong cua phin t, ching ta can mot o che licn
kST cdic mo L ben ngodi va cic cdu trie beén trong cua phan w. Trong ngon
nait VHDL, co ché lien ket nay duge thé hién trong cdc cdu hinh cha phan
wr. Chiing ta hay xét vi du mo tid cdu tric ¢ bo cong day du mot bit
FullAdder trén hinh 7.2. Bo cong nay duge mé td bang doan chuong rinh
sl



fibraly 1ELE:
use IEEE.STD_LOGIC_116-all;
entity FullAdder is
port { A. B. Cin: in STD_LOGIC: Sum, Cout: out STD_LOGIC):
end FullAdder:
architecture IMP1 of FullAdder is
component Xorgate:
port ( 10, 11 in STD_LOGIC: O: out STD_LOGIC )
end component:
component And2gate:
port( 10. [1: in STD _LOGIC: O: out STD _LOGIC ).
end component;
component OrZgate:
port ( 10. T1: in STD_L.OGIC; O: out STD 1.OGIC ):
end component:
signal S1. S2. 53 : STD_LOGIC,
begin
Ul ; Xorgate port map ( A. B, Sy
U2 : And2gate port map (AL B.S2 )
U3 - And2gate port map ( Cin, Si.583 ).
U4 : Xorgate port map ( Cin, S1. Sum );
U5 : Or2gate port map { S2 S3, Cout );
end IMPL;

Trong doan chuong trinh mo ta & trén, ching ta ¢hi khai bdo vé Ki¢u cua
thanh phin vd phiing phuong thiic két noi gifta ching ma khong chi o cic
chite nang cua timg thanh phan. Nhu vay. dé thuc hien vd mo phong doun
chuong triinh noi wen, chung ta cin phai mo ta hanh vi cuia ting thanh phin.
Trong doan chueng trinh dudi day, ching ta mo 1a nhimg thuc the tham pia
Vo cau trde clia bo cong day du mot bit. Cic mo 1 thuc the ndy bao adm
phan khai bio thuc thé v mo td hanh vi.

library IEEE:
use [EEE.STD_LOGIC_1164.ail;
entity And2gatc is



port ( 10.11: in STD_LOGIC: O: out STD_LOGIC )
end And2gate;
architecture BHY of And2gate is
begin
O« 10and 11
end BHV:

library ILEE:
use IEEESTD_LOGIC_1164.all;
entity Or2gate is
port { 10, I1: in STD_LOGIC: O: out STD_LOGIC ¥
end Or2gate;
architecture BHV of Or2gate is
begin
O«<=1I0orll:
end BHV:

libraly [EEL:
usce IEEE.STD_LOGIC {164.all;
entity Xorpate is
port { 10, I1; in STD_LOGIC; O: out STD_LOGIC )
end Xorgale:
architecture BIIV of Xorgate is
begin _
O <10 xor Il;
end BHV:

Sau khi tat ca cde thue theé vau kidn trde cOa ting phin w0 duge bicn dich
va chira trong cic thu vien, ching ta ¢6 thé ticn hinh bicn dich mo hinh cta
ho cong day du mot bit FullAdder néu treén. Trong khi bién dich thi¢t k& coa
bo cong dav du, chuong winh dich s& doi sinh timg dinh danh cua cde thanh
phitin trong moé 1 thidl k& voi cic thue the trong thu vién dang st dung. Néu
tng véi méi thinh phin trong thict k& ¢ 1hé tim thay thye (b ¢6 cling 1en
trong ¢ic thu vién, chuong tinh bién dich s¢ xiy dung thue thé mo phong
cho mo hinh thict k& cva bo cong FullAdder. Vidre 0 Kicn trie véi (€n
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IMP1 ciia bo cong FullAdder ¢é ba thash phan [d Xorgate, Or2gate vii
And2gate. Néu trong thu vien WORK chia cie thue e ¢6 cung (&n. chuong
trinh mo phong sé gan ket kicn trike duge bicn dich sau cing ( trong truomg
hop thue the ¢ nhidu hon mot Kién trtic ) voi nhing thanh phan tuong dng.
Nhu vy nha thi¢t k& khong nhat thict phii dac 1o mot cich twong mintt sy
win k&t nhig phicn ban cita thanh phan va ede cap thuce (hé - Kicén wic chia
trong thu vien thict ke, Ching ta goi su edn K&t nay 12 gan két mie dinh.

Trong truong hop mot thue the ¢6 nhidu Kién trie thi vice chon miac dinh
kieh trie ducce dich sau cimg ¢6 thé kKhang lua chon duoe kich triic can thict.
do dé cin phai bicu dién cau hinh mot cich wiong minh.

5. Bi¢u dién ¢au hinh

Mot thye thé ¢é thé 6 nhi¢u Kich trdie. MO Kieh trde ¢6 the 1 mo hinh
thuat Guin, kicn tric khie ¢6 thé 1a muc thanh ghi truyén dat hode ¢é the T
mé hinh cdu trie. Tren khia canh thit k&, ching ta ¢in lua chon cic kicn
trtic cua phan 16 mét cach thich hop viv phai chi vd ciae khai bio thue the vi
cie Ricn trie s& duoe lua chon. Nhw viy. mot ciu hinh ¢ cung cap cho
chiing ta cich lua chon nhimg khai bio the thé va kicn trde don véi g
phicn bin cta thanh phin duge mo td trong than Kicn tric cua thict k&

Citu hinh cta mot dae ta thanh phan duge bicu dién theo quy 1ac ¢ii phip
sau:
for < danh_sdch_phicn_ban >; < tén_thanh_phin > use < dac_ta_ aan_ket =
Trong do:

< danh_sdch_phicn_bin > chi ra danh siach phicn han cua thanh phan

duce dat cdu linb( ¢6 &n duge chi ra bing < ten_thanh_phan = ).

Phicn ban ¢6 the duge dac i bing < nhin_phién_ban > hoic dung

cic tr khoa others hoac all.

» T khoa others chi (6i ¢de phién ban cta thanh phin c6 wn la
< ten_thanh_phén > vit chua dugc die cau hinh,

« Ti khéa all chi t6i moi phién bin cua thanh phin ¢é wn la
< 1¢n_thanh_phan >.

< dac_ta_gan_k& > dua ra cie danh xa oita cdc kien tric duoe lua

chon. dua theo dé phien ban s& duge xiy dung. Thong un nay s¢

duoe mo G theo quy tic i phap sau:

cntity < 1(:n_thu‘_\'i¢n.l¢n_llwc_lhé > [ (< ién_kicn_tric > ) |



Néu thue thé chi eé mot kién tric thi tén ctia kién trde trong phin
< dac_ta_gin_kél > ¢d thé duac ho qua.
Vi du, ta ¢6 thé dic ta bo cong day du bang cich s dung cdc cdu hinh
nhur sau:
libraty IEEE: _
use IEEE.STD_LOGIC_1164.all:
entity Full Adder is
port( A, B, Cin: in STD_LOGIC:
Sum, Cout: out STD_LOGIO):
end FullAdder :
architecture IMPL of FullAdder is
component Xorgate:
port ( 10, I1: in STD_LOGIC: O: eut STD_LOGIC ):
cnd component;
component Andgate:
port (10, [1: in STD_LOGIC: O: eut STD_LOGIC ):
end component;
component Orgate2;
port (10, [1: in STD_LOGIC: O: out STD_LOGIC );
end component;
signal S1. 82, 83 : STD_LOGIC;
for Ul: Xorgate? use entity work Xorgate( BHV )
for others: Xorgate2 use entity work Xorgate(BHV) :
for all: Andgate2 use entity work. And2gate;
for U5: Orgale2 use entity work.Or2gaic;
begin
Ul: Xorgate? port map ( A, B.NI1);
U2: Andgate2 port map ( A, B.N2 )
U3: Andpale port map ( Cin, N1, N3 )
U4: Xorgate2 port map ( Cin, N1, Sum )
U5S: Orgate2 port map ( N3, N2, Cout )
cnd IMPL;
Trong vi du niy, phi¢n ban ¢é nhin Ul coa phin td Xor s& cé mo ta
tuong Gng v6i thuc thé Xor2gate chia trong thu vien WORK. Vice thict lap
lien két gifta phicn bin va mo ta thue the duge thé hién tudng minh bang ciu
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lenh gdn kéi for. Cic phan w Xor cé nhin khdc Ul s& dugc gin két theo

dong lén for others ticp theo. Tat ca cic phin ta Andgate? s¢ su dung ciu

hinh twong tng vé thuce the And2gate. D6t véi phan e Or vice thue hién gin
K& cau trdc ciing xay ra luong (.

§7.2. Mo hinh héa trén muce thanh ghi truyén dat

Mot thiét k¢ ten mice thanh ghi truvén dat bao gém mot tap hop cac
thanh ghi lien k&t véi cac mach t6 hep. Trong muc nay. ching (61 s iinh

bay méi quan h¢ gilta cde

cau trie trén muce thanh l‘hl trong ngon nt'u

VIIDL vit mach logic s€ duge 1ong hop.

1. Mo hinh héa mach to hop

Mot qua trinh khong
chifa cau lenh if vai tin
hicu di¢u khién theo
suon  lén  hoac  suon
xudng hoac khong chia
cau enh wait vt ciac sy
kién coa tin hicu goi la
qui trinh 1o hop. Mot

I)m out

Mdch 1

lmp Thanh
\ aht 4—“
Clock B

inh 7.5, Bicu dién thigt k& tren mide thanh ghi frayen dat.

qui teinh 16 hop & duoc tong hop bang ciac mach (& hop. Vi du sau day s
mo6 & mach 16 hop tinh gid tri nhd cua bo cong day dil vai cde dau vio A, B,

Cin.

signal A. B. Cin, Cout: BIT:

process( A, B, Cin)
hegin

Cout <= (A and B)or ((Aor B)and Cin )

end;
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Trong i du nay, 1@t ca cdce tin hiéu vao phat duge ghi trong danh sich tin
hi¢u tic dong. Danh sach tin hi¢u tdc dong chi ra rang. qud trinh tinh todn
dang xét s¢ duge thue hién khi ¢6 sy thay doi cua cide tin hicu nam trong
danh sach.

B¢ mo td mach ogic 10 hop. cic bin v tin hicu trong mot qud twinh
process khong duge nhan gid i gdn khéi wo trude boi vi mach 16 hop
khong chua cic phan 1t nhé. Khi trong mo hinh mach ¢6 cic bién hoie tin
hicu duge khoi 1ao gid i trude. dicu ndy s& wong duong vai vice trong
mach phiai ¢é nhitng phian tr luu teit cde gid it khot tao. Nhu vy ki mo
hinh hoa cau tric. chuong trinh mo phong s& sinh ra cde phin o ahd de luu
(ri cac gid tri Khéi tao. Mach tré thanh mach ¢é nhé. Them vio do, trong cic
mo hinh mach 16 hop, cide tin hicu v bién cdn phai duge gdn gia (i trude khi
duoc st dung.

Moi cau lenh tudn ty trix ciice Jénh wait, loop vitif voi nhiing tin hicu dicu
khi¢n theo sudn déu ¢6 the dung d& mo ta cic mach logic to hop. Cac phép
10dn 86 hoc nhu +, -, %, ...: cde phép toidn quan hé v cic phép odn logic déu
¢6 the duge sir dung trong bicu thiic.

Sel

Tlinh 7.6. 1L ket qua ng hop mach kleic nhau.

Cong cu 1ong hop ¢ the thic hien chia s¢ Gu nguyén néu ¢é cic thao 1ic
foal el trong bicu dién thiét k€. Vi du, hai phép win cong trong trong doan
chuong trinh dudi day 12 hai phép cong loai trir vi chiing khong the thuc hi¢n
déng thoi. Ching ta ¢6 (he gdn cde phép toidn dé cho hai klidi chide ning
Khic nhau hode gan cho cung mdt khor chite nang thy thude vio cic rang
buoe vE i nguyén. Néu dicu kién rang bude vE (ai nguyén yéu ciu stir dung
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mot bo cong. mach tong hop duge s¢ ¢d dang (rén hinh 7.6a. Tuy nhici, néu
didu kien rimg buge veu cau hat bo cong., miach nhin duge s¢ ¢o dang ten
hinh 7.6b.

Vi du,

process ( AL B, Sel)
begin
if(Sel="1")
then 7. <= B+ €.
clse 7<= A+ D
end if;
cend proceess;

Cice phép gin tin hicu song song ¢o the duge- st dung ngan gon doi vo
mat 56 loai mach 1ogic 16 hop. Vi du. trong qui trinh sinh ra gia i nhd cua
bo cong diy di mot bil ¢é the duge vict dudl dang mot phép gdn tin hicu
song song nhue trong doan chuong irinh duat day.

Vidu.

architecture DataFlow of FullAdder is

signal A, B, Cin. Cout: BIT:

Coute=({ Aand Byor { ( AorBjand Cin )
end DataFlow,

2. Cie mach trigo dicu kKhién theo mie ¢ mach Lat)

Cic mach 1at [ cic trigo Lam viée véi ché do dong bo theo miic. Cac
g 1am vice theo suon vit rigo Jam  ply O
viee theo mic thuomg duge s dung -
trong cic phin 1 nhé mot bit, Taxétvi 8
du mo ta mach trigo D lam vige theo
mic. 1inh 7.7. Mach tri-gor I Fun vice

Vi du. mé 2 hanh vi mach trige D véi ché do dong bo thee mic,

=t

lam viée theo mic bang ngén ng

VHDL:



signal S, DIn, DOut: BIT;
process { S, DIn )
begin
if (S="1") then
DOt <= Ding
end if;
end process:

Chung 1a thayv, danh sdch cic tin hicu nhay cam chia cac tin hicu S va Dio.
Cic tin hi¢u ndy can thict d¢ phan wr trigo I boat dong ding. Nhu vav. khi
tin hi¢u trén duong tin hicu S viv DIn thay déi 2id (1, qud trinh & duoe
chuong trink mo phong thue hi¢n. Ching ta thay vice gin gid uri cho tin hicu
DOut duge an trong cau lénh didu kién if, gid tri tin licu rén dudmne tin hicu
DOt s& kKhong thay doi néu gid ti trén dudng S bing 07, NEu gid tri trén
dudmg tin hicu S bing *17, gid tri trén dudng tin hicu DOut s& thay doi va
bing DIn mdi khi tin hicu trong danh sdceh tin hi¢u nhay cam thay déi gid
o 1a hanh vi hoat doog cia phan i tnge Fan vice theo mace. Nhuo vy, doi
VAt cde mach trigo lam vice theo mide, ching ta phat ¢hi 16 danh sich cde tin
hicu tic dong. Khi cdc tin hiéu tdc dong thay doi thi qua timh mo ta hanh vi
cua mach s& duoc thue hicén.

Noi chung. hanh vi cua cic mach tigo am vige theo mice s¢ duoe xay
dung trén nhimg cau Ienh dicu ki¢n if khong day do. Cé the hicu cau lenh
dicu kien if khong day da Ly cau Ienh if ¢hi 6 mot nhdnh then v Khong
chita nhdnh else. Nhu vay, mot tin hicu hoae bicn khaong duve dicu Khicn boi
tat ca cic kha nang ¢6 the ¢6 cha dicu Kien déu duoe mo phong thanl nhiing
phan W trigo T vice theo mue. Cac phin o trigs Lun vice theo mde thuong
Xt hicn trong qua trinh mé phong Khi gap cic [Cnh if va case ¢d cau trte
khong dav du. Boan chuong trinh trong vi du vira néu trén tuemg (ng Vi
phan wr trigo lam viée theo midc vi duge bicu dién bing cau Iénh if ¢6 ciu
trie kKhong day do.

D¢ trdnh sy xuat hicn cha cde phin wr trigo fam vice theo mic khong
mong muon. ching ta phai gdn tin hicu véi wdt ca cde kha ning ¢6 the ¢6 cua
di¢u kién trong cdc cdu Ienh & nhanit. Vi du, néu ta ba sung cdc nhdanh vio
cau I¢nh diéu Kién trong doan chuong trinh néu trén, cau ¢nh if s¢ duoc bicu
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dién diy du. Khi do doan chuong trinh s¢ duoe chuong trinh mo phong tone
hop nhu mot phin wr AND.
Vidu,

signal S, DIn, DOuwt: BIT:
process { 5. DIn)
begin
it (S="1")then
DOut <= Dln;
¢lse
DOut <=0
end if
cnd process:

Chting ta ¢6 thé mo td nhimg phés tu trigo fam vice theo mide vai hai diw
tin hicu thict [p eid ti *07 hode *17 khong dong bo. Poan chuong trinh Jduai
diy s& bicu dicn phan wr trigo lam vige theo muce ¢6 gid i 88 l]ml Lip ve 0
khi tin bicu diu vdo khong dong bo RST nin gid tri bang * ' Nl vay
trong vi du ndy. tin hi¢u RST la tin hicu kich hoat v6i v61 mdc gi. tri tin hicu

Calr.

Viduy, néu RST =1 = thict lap trang thii cla rigo ve 07

signal S. RST. Din. DOut: BIT;
process (S, RST, DIn)
begin
i RST ="1") then
DOUI ="'l
clsif (S="1")then
D(_)ul <= Dln:
end if;
end process:

N¢u ching ta muén doi tin hieu RST thanh tin hi¢u kich h at vai muc

i tri thap, dicu Ki¢n trong cau ienh if s& chuyén tir ( RST = 1" ) the anh
{ RST="0").



3. Xay dung mach ddng ho hai pha

Cice mach dong ho hai pha o 1hé duge mo ti bang cdeh st dung cdc
triey Fun viee theo mtc. Mach dong hé hai pha duoe hicu dién bang hai qui
trinh. Trong do. mot qui trinh mo ta mach 16 hop va maeh Lt ting mot. qui
tinhy khae mo tmach 16 bap viv mach [t tang thy hai.

Vi dy. thiét k¢ coa mach dong hé hai pha s& duge mo @ bing doun

chuong trinh tren ngdn ngd VHDL nhu sau:

Linh 7.8, Thist k& e mach dong ho o pha.

entity Twoblhasc is
port( A, B: in BIT: Phl. Ph2: in BIT; 7Z: bufler BIT )
cnd Twolhase;
architecture Implement of TwoPhase is
signal D: BIT:
begin
process( AL 7. Phi_l)
begin
if (Phi_! ="1") then
D<=Aor7:
end if:
end process:
process( B. D, Phi_2)
begin
if (Phi_2="1") then
7 <= B and ( not D )
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end if
end process;
end Implement;

4, Cac mach trigo 1am viéc theo suon { flip-tlop )

Cic qud trinh chita cdc tin hi¢u if hoac wait dicu khién theo sudn IEn
( hodc sudn xuong ) 12 cic qud trinh duge dinh gio. Cic mach trigo dicu
khién theo sudn 1én hodc sudn xudng cla tin hicu s€ duge tao ra 1w mo la
trén ngon ngit VHDL néu phép gdn tin hi¢u ( hodc phép gin bién ) duge thue
hién theo suon 1en hodc sudn xuong ctia cde tin hiéu diéu khién. Khi tim ra
sudm cua tin hiéu déng ho, chuong tritnh mo6 phong ¢6 thé xdc dinh dugce vi
tri d¢ dua phan tr irigg vao mo hinh. Nhu viay mo hinh nhan duge s€ hoat
dong theo du dodn trong giai doan thiet kE.

Thuoc tinh event cua tin hiéu duge dung Din | DOut
dé bidu din sy bién thién cta tin hicu. Khi
ching ta can xdce dinh sy bi€n thién cua lin F/F
hi¢u. thuge tinh event s cho ra gid tr logic CLK

tuy theo trén dudng tin hi¢u co xuat hicn su —C

kién hay khong. Thude tinh stable ciing cho ———J

gid tri 1ogic va ¢6 ¥ nghia nguoc lai véi thude Hinh 7.9, Trigo D diéu khicn
1inh event. theo sudn fin hicu déng hio.

Trong vi du dudi diy, ching ta mo ta
trigo D dicdu khién theo suon len biang ngon ngdt VHDL. Bicu dién cha mach
hao gém mot qud trinh process ¢ danh sich tin hiéu tic dong chira tin hicu
dong hd CLK. Qud trinh nay chira mot cau lenh if c6 bicu thic dicu kic:
Kidm tra sudn len coa tin hieu déng hé CLK. Treng thai gian tin hi¢u thict
lap suon lén, gid tri trén duding tin hicu DIn duge gin cho dudmg tin hicu
DOut.

Vi dy mé i hoat doug cla trige D Jam vice theo suon lén ¢ua tin hiéu
déng ho CLK.

signal CLK. DIn, DOut: BIT;

process{ CLK )
begin
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if (CLK'event and CLK ='1" ) then
DOut <= DIn:
end if;
end process:

Trong cdc chuong trinh trén ngon ngir VHDL, cic bieh ciing ¢6 the sinh
ra cic trigo diéu khién theo suon tin hicu. Chung ta bi¢t rang, khi mét bien
duge khai bdo trong mot qui trinh process, gid tri cla bich s¢ khong roi
khoi qud trinh (¢6 nghia la gid tri cha bién duoc khai bio ben trong mot qua
trinh s& khong duoc sir dung & bén ngoai qud trinh). Nhu vay. thoi diém mi
mot bi¢n 5& sinh ra mot trigo diéu khién theo sudn trong qui trinh mo phong
13 thot diem khi bién duoc si dung trude lic duge gdn g1d tri bén trong qud
trinh duge dicu khién theo tin htéu dong ho. Trong vi du dudi diy, doan ma
chuong trinh VHDL ¢ sinh ra hai phin & trigo lam viée theo suim khi duoc
mo phong,

Vi duy: doan chuong trinh tao ra hai phan tir trigo didu khién theo suon
trong qui trinh mé phong.

signal CLK. DIn. DOut: BIT:
process(CLK)
variable TMP: BIT:
begin
if (CLK'event and CLK = Iy then
DOut <= TMP:
TMP := DIn;
end if;
end process:

Trong vi dy nay, bien TMP duge sir dung trude khi duge gan gid i, Nhy
vay, gid tri chia trong bién TMP |3 i tri ¢6 duge sau lan lap trude cda trinh
w thue hién qud trinh va ching ta cin phii cé mot trigo dé lun oedt @id tri
nay. Néu cliing ta déi chd hai phép gan trong doan chuong trinh néi tren,
bicn TMP ¢ twong dng don thudn véi mot ddy dan. Khi d6 chi ¢6 mot phan
W trigo sé duoc tuo ra trong qua trinh mé hinh héa mach.
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5. Thiét lap va x6a gia tri dong bo va khong dong bd trong cac mach
trigo diéu khién theo sudn tin hi¢u( flip-flop )

Gid tri cta cic phan ti flip-flop ¢6 the duge thiét lap hoac xod mot cich
déng bo dua vao sy xudl hién tin hiéu trén cde diu vao tuong tng cua phan
tir. Phép gan gid tri chi duge thue hién khi xudt hi¢n sudn ca tin hieu dong

ho. Con trong cic thot diém khong

Din | 4———l Dout ¢ tin hicu dong bo, su thay doi gid

U Lo . . . = co oy

i tri tin hicu trén cic diu thiet la
- MUX D Q 3 Ilm_,u | ILdL LJ ‘1‘Lt lap
0 : hoac x&u khong anh hudng 101 trang

FiF thdi cua phin to nhé.
SRST y

~C i Tit ca cdc phép gan bén trong
CLK \ cau lenh if phin tng vai suon( I1én

_ hodc xudng ) cta tin hico s€ ¢6 tac
Hinh 7.10. hMach D tlip-flop v61 dau xoa

T UL g dung thiét lap trang thdi cha phin w
lrung thii dong ho. : ) T

nhd trong todn bo thdi giun hinh
thanh suon tin hiéu dong hé. Phin tr flip-flop véi cie dau thiet lap hodce x6a
trang thii ¢é the duge mo hinh héa biang cich xdc dinh thoi dicm diau vio
dong bo sé duge thict lap theo sy xudt hién suon tin hi¢u dong ho. Douan
chuong trinh dudi day s& tuong duong véi mach flip-flop ¢6 cau trie duge
mo (d trén hinh 7.10. ‘
Vidu:

signal CLK, DIn. DOut. SRST: BI'T:
process( CLK )
if ( CLK'event and CLK ='1" ) then
il ( SRST ="1") then
DOut « '0;
clse
DOut « Din;
end if
end if;
end process;

Trong doan chuong trinh trén, ching ta thdy cdc tin higu DIn va SRST
khong cén thidt phai nam trong danh sdch cdc 1in hi¢u tic dong. Cie phép
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gan chi xay ra khi xuat hién su thay déi gid tri cua tin hiéu déng hé CLK
(dugc kiem tra bing diéu ki¢n CLK ’event) tir ‘0’ sang ‘1’ (duce kiém tra
hang dicu kién CLK = 1.

Trong nhiéu trudng hop, viéc thigt lap hoac xod gid trj cla phan t nhé
khong phy thudc vao thoi gian dong ho. Vi dy, trong cdc phin 1r trige D
di¢u khicn theo suon tin hi¢u (D flip-flop) d&i véi nhiéu trudng hop, cin
thi¢t thiet 1ap gid tri hoac xo0d gid tri khong phu thuoc vio thoi gian dong ha.
Poan chuong trinh VHDL dudi diay mé td phan 1 D flip-flop ¢6 cde diu vio
Xod gid tri khong déng bo.

Vidu D flip-flop v6i ddu xod gid tri khong déng bo:

signal CLLK, ARST, DIn, DOut: BIT:

Din DOut
.................. —J4 D Qb
process( CLK, ARST) F/F
begin CLK C
if (ARST ="1") then
DOut « '0";
elsif ( CLK'event and CLK ='(") then ARST

DOut « Din: Hinh 7.11. Mach D flip-flop véi
end if; daw xéa trang thii khong dong bo.

end process;

Trong vi du nay, chiing ta thay thyc thé duge mé ti ¢é mot ¢dng vio bo
sung — cong xod gid iri khong dong bo ARST so véi trudng hop xod gid tri
déng bo. Céc tin hiéu CLK va ARST phai nim trong danh sach tin hicu diéu
khién. Méi khi ¢6 mot su kién xuit hién trén cac duong tin hicu CLK hoic
ARST, doan chuong trinh trong than cta process s& duge thue hién. Trong
vi du nay, tin hiéu ARST ¢6 muc do vu tién cao hon tin hiéu CLK. KHi tin
higu trén duong ARST nhan gid tri ‘1°, ddu ra cha D flip-flop nhan gid tri
"0°. Trong nhimg truong hop khéc, D flip-flop s& gidn gid tri tin hiéu dau vio
DIn cho dau ra DOut twong img v6i sudn 1én cda tin hiéu déng hé CLK.

6. S0 do chung mo ta mach ¢é nhé



N&u xét (rén quan diém cau tric va chiic nang, mach c¢od nhd luon duoe
chia thanh hai phan; ¢dc thanh phdn 16 hop va cdc mach nhé dong bo. Tuong
ling vé1 cach phin chia chite nang va c&u tric nhu vay, mo hinh cua mach cé
nhd bao gom hai phan: mot phan mo ta cdc ciu tric va chie ning (6 hop.
mot phan mé ta cdc cau trdce va chic nang mach nhd déng bo.

Trong phan mé td cdc thanh phin t6 hop, chiing ta biéu dién nhing
thanh phan mach ¢6 hinh vi phu thude vio su thay déi gid tri tin hi¢u
nam trong danh sdch tin hiéu tic dong. Tat ci cdc tin hicu duge tham
chi¢u t6i trong phin moé ti cdc thanh phan 16 hop phii duge liet ké
trong danh sich cdc tin hiéu tac dong. Cdc thao tic déi véi tin hiéu
trong phan nay khong di kém véi cdc phép kiém tra s xual hién
sudn tin hi¢u ( tde la kKhong chita cde thuoc tinh ‘event ).

Trong phén mo ta cdc mach nhd déng bo. chung ta bicu dién cic
thanh phan mach ¢6 hanh vi phu thuge vao su xuat hién cic sudn ciia
tin hiéu dong bo. Cdc thao tdc d6i véi tin hiu trong phin nay chia
cdc phép Kiém tra su kién trén dudng tin hicu va kiém tra sudn tin
hiéu { nhi CLK’event and CLK = “1").

Vi du, doan chuong trinh sau moé ta mach tao xung ¢é so do thiét ké &
muc ldégic nhu trén hinh 7.12.

entity Pulscr is
port ( CLK, PB: in BIT; Pulse: out BIT ):
end Pulscr;

Q Q

I

PR —

FF FF

cLk [ © [C

Pulse

e

Hinh 7.E2. 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 nity, phin chic nang 10 hop duge bicu dién bang phép gin:
Pulse <= ( not Q1) nor Q2;
Con phan chic nang nhd dong bo theo suon lén duogce biéu dién bang ciu
1¢nl if kiém tra sy kién:
it (CLK'event and CLK ='1") then
Ql <=PB:
Q2 <=Q};

cnd if;
7. Cac thanh ghi

Cic dang thanh ghi khdc nhau cing thuong duge su dung trong cdc
mach cé nhd. Trén hinh 7.13 ching ta bicu dién su dé cta thanh ghi bon bit
lam viée trong ché do ddng bo bing tin hi¢u déng ho CLK. Thanh ghi duoc
thi¢t [ap gid tri ban ddu bing “11117 khi xudt hi¢n tin hi¢u thiét lap khong
déng bo ASYNC. Khi xuat hi¢n suon 1én eua tin hicu dong bo CLK, cie bit

\I)nul[?) Dinstg2) ~1).‘u1[]] \I_)nlll[[!]
Q L Q 0
— 5 5 S g
B D ] L
£ £ o o
ck ! | |
ASYNC ]
Dl 31 Din(2} Dt 1 ity

Ilinh 7.13. S¢ do ciu nic thanh ghi -t
diu vio cla thanh ghi duge truyén t6i dau ra dong théi. VAi thanh ght nhu
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ren hinh 7.13. chiing ta ¢6 doan chuong trinh trén ngon ngtt VHDL tuong
Gng mo ta hanh vi cta mach.
Vi dy mo ta hiinh vi cta thanh ghi bon bit theo s do trén hinh 7.13.

signal CLK, ASYNC: BIT:
signal DIn, DOut: BIT_VECTOR ( 3 downto O )
process ( CLK, ASYNC)

begin

if ( ASYNC ="1") then
DOut<="11¥41";

elsif ( CLK'cvent and CLK ="1") then

end if;

end process.

DOut <= DIn;

V6i so d6 chung dé mé ta cic mach cé nhd, ching ta ¢6 the bi¢u di¢n
cdc dang thanh ghi khdc trén ngon ngd VHDL mot cich tuang tu.

§7.3. Mo hinh héa cdc 6tomat hiru han

Mot thi€t k& mach 6 ¢6 thé duge chia 1am hai thanh phan: b xir 1y dit

Thong tin trang thil

Mach
diéu
khién

—

[.énh

Mach

bo trg

Y

Pau vao tir
bén ngoal

Tin hiéu ra

Y

Mach
xiely
dir Ligu

N

Dit liéu vio

Hinh 7.14. Mo hinh témat hitu han véi cdc thianh
phén diéu khién va thanh phan xit 1y dir liéu.

H

D licu ra
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liéu va bo diéu khién. Mai quan hé giita bo diéu khién va bo xUr 1y dir li¢u
trong mach duge bicu dién trén hinh 7.14. Bo xir 1y dit licu thue hién cic
thao tdc dél vai dit tiéu chita trong cic phén tf nhé theo cdc 1énh do bo didu
khién dua ra. Bo diéu khién dua ra cdc lénh diéu khién thich hgp cho bo xi
Iy dir [iéu tai méi thai diém thai gian. V6i nhiing 1énh diéu khién tir bo didu
khién bod xUr 1y dir liéu ¢ thé thuc hién nhimg chde nang va thao tic thich
hop dé xdc dinh dugc cic tin hiéu ddu ra cin thiét. Bo diéu khién nhan
nhing thong tin phan héi ti b x& 19 dit liéu - cic thong tin trang thai xu 1y
dit licu. Cic thong tin phan héi ndy duge st dung 1am cdc bién quyét dinh dé
xdc dinh diy chuyén trang thdi cta mach.

Bo diéu khién [h nhiing mach tudn ty ¢6 cdc trang thai duge dung d¢ xdc
dinh cdc lénh diéu khién cho hé théng. Tai mot trang thdi hién thoi, dua vio
nhiing thong tin trang thdi va thong tin dau vao (thong tin dau vao do bé xa
Iy dif lieu cung cap hodc 1a cic tin hiéu thiet 1ap tir bén ngoai) bd dicu khién
chuyén sang trang thdi mai va khoi tac cic 1énh diéu khién méi vir tao ra cde
gid tri ra wong tng. Bo diéu khién thudng duge xay dung tir cic mach tuin
tu - céc thanh ghi trang thdi va cic mach 16 hop. Céc thanh ghi trang thdi luu
gift cic trang thdi hién thai, con mach 16 hop 1o ra cdc lénh dicu Khicn va
trang thdl méi dua trén co so trang thdi hién thoi vit cde tin hiéo dau vio. Cic
mach tuin tu ¢é mot so6 hiru han cdc trang thai goi 12 cde 6tomat hitu han.
Cic 6tomat hiru han 1d nhiing cong cu hitu hiéu dé thue hién cic co ché diéu
khién va quyét dinh trong cdc mach s6.

Miy otdomat hitu han {a mot bo sdu < X, Y, S, s, 0, A >, trong do:
» X - tap hgp cdc tin hiéu vao cia 6tomat:
X = { %(0hrs %,(0) |
+ Y - tap hop cdc tin hiéu ra cha dtomat:
Y={y 0. ...y, 0}
. §-tap hop cdc trang thdi cua otomat:
S=1 5D 5.0 |
» 8, - trang thdi ban dau cua 6tdémat:
s, (1) €S
. Ham 8 (s, x ) - him chuyén trang thai cia 6tomat;
« Ham A (s. x)-ham ddu ra cha 6tomat.
Tuong Ung vdi cic phuong phdp tinh todn hiim chuyén trang thadi vi ham
ra, ching ta ¢ cdc loai otdémat khdc nhau. Hai dang 6tomat hitu han thong
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dung 13 6témat Moore va otomat Mcaly. Ching ta sif dung ngodn ngit VHDL
dé mo ta hai mo hinh 6témat nay.

1. Maé hinh hoa otomat Moore

Trong  chuong 3,

. oA a1 Mach t3 hop 1 Mach nhd Mach t8 hop 2

ching ta di@ mo ta hinh oo . il ' ' P
au vao

thiic 6tomat Moore. do do — > ' >

) - . — 1 -
tal chuong nay, ching ta —] —
s& chi nhic las mot cich Pau ra
ngan gom. I T

Otomat Moore la mot Clock

otdomat hitu han c¢6 ham
chuyén trang that vi ham
ra ¢ dang nhu sau:

s(t) = 8(s(t-1), X(1))

yi =460) t=12, .

Nhur vay trong 6tomat Moore, tin hiéu dau ra 0 thoi diém hién thoi chi phu
thuée vio trang thdi hién thai cda 6tdmat; con trang thii & thoi diém hién
thoi & dugc tinh thong qua tin hiéu dau vio tai tho diém hi¢n 1hdi va trang
thdi trude dé cha otomat. Theo so dd khéi trén hinh 7.15. 6tomat Moore ¢6
thd duge bidu dién bac gom mot mach td hop dung d¢ xde dinh trang thai
mdi cila 616mat thong qua tin hiéu vao va trang thii truée dé: mot he mach
nhé dé luu gil trang thdi. D61 véi otdomat Moore, tin higu ddu ra chi phu
thuoe vao trang théi hién thai, do do, ching ta cin mot mach & hop nia dé
xiic dinh tin hiéu ra. Mach 6 hop xdc dinh tin hi¢u ra s€ dugc néi true ticp
véi hé mach nhd trang thidi boi vi tin hiéu ra chi phu thudc vio trang thii cua
otomat & thoi diém hién thoi. Cic phan tr nhé coa dtomat Moore thuong
duoc diéu khién bing tin hiéu déng ho, do do cic tin hi¢u ra ciing duge dong
bo hoéa theo dong ho. Nhu vay otomat Moore 1a mot otomat vOl dau ra dong
bo. Vi 18 d6 ching ta khong can quan tam tSi nhing Kho khin ¢6 thé xuat
hien do cdc qui trinh qud do hodc canh tranh gilia cdc phan 1 trong mach
clia 6tomat gay ra (nhiing van d¢ nay di dugc dé cap 16i trong chuong 3).
Cic tin higu ra duge tinh qua mach té hop nhd cédc tin hiéu tir h¢ nhé cic
trang thai.

ITinh 7.15. 8o do khéi clha otémat Moore.



Chiing ta ¢6 thé bicu dién otdomat Moore trén ngén ngtt VHDL tuong iy
nhu khi bidu dién cic mach ¢é nhé trén mac thanh ghi. Qua trinh bicu dién
atomat hitu han s& duoc chia thanh hai phan hé: phan he 16 hop va phan he
mach tuan te. Tio hiéu xda trang thii khong dong bo khai tao gid tri cho cile
thanh ghi va dua 616mat vé trang thdi bun dau. Clung véi sy xudt hién suon
cila tin hicu déng bo CLK, gid tri cta trang thii md duge gdn cho trang tha
hi¢n thoi. Phan hé mach té hgp mo @A mach 6 hgp tinh todn trang thii mai
va mach 16 hop tinh todn gid tri ddu ra. BGi véi otomat Moore, tin hiéu dau
ra chi phu thude vao trang thdi hién thai nén mach 6 hop xde dinh diu ra
khong kEt néi véi cice tin hiéu vao. Dudi diy ching ta xét vi du xay dung
chuong trinh trén ngén ngld VHDL mo 14 6tomat Moore di¢u khicn mach
cong hai $6 nguyén didu phay tinh.

Vi dy, xdy dung mach diéu khién phép todn cong hai s6 nguyeén. So do
thuat 1odn duge dua ra trén hinh 7.17. Cic s6 duong duge luu trir dudt dang
mi (ruc ti¢p con cic $6 am duge luu i theo dang ma bu hai. Theo so do
thudt todn. chiing ta xay dung duge so d6 chuyén trang thii cia o6tomat
Moore tuong dng (hinh 7.16). Trén hinh 7.17. cdc trang thdi cua Gtomat
Moore nium tuong dng véi cdc khoi thuc hién phép todan va kKhong ghi trong
dau ngoac don.

Otomat Moore nay ¢é cde tin hiéu vao la: X

cictinhiéduraly: Y = f
ciac trang thatla: - S=18,.5,.5,.5;

P —

Hinh 7.16. So dd chuyén trang (hdi cha stamat hMoore twong
g vai thudn 1odn trén hink 717,



X
5 Sh ¢ 5, bu 2
0]
0 X A
SR L
>: L
8, ¢~ SptReg S 5, +Reg bu 2
L ¥a
{5}
S Carry « 1 Yi
(5.} |

Hinh 7.17. S do thuat wodn thue hien phép cong hai 86 ¢é diu phay tinh.

Boan chrong trinh dudi day mé ta mot phan cia d1omat Moore néi trén.

entity MooreSum is
port { CLK.RST: in BIT;
X:in BIT-VECTOR { 3 downto 1 ):
Y: out BIT-VECTOR ( 4 downto 1) ):
cnd MooreSum;
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architecture Implement of MooreSum is
begin
process ( CLK, RST, X}
type StateType is ( SO, S1. S2, S3, 84, 85)
variable State, NextState: StateType:
begin
if (RST="1") then
for Lin | to 4 loop
Y{(I) <="0"
end loop:
S <=8
clsif ( CLK'event and CLK ="1") then
State := NexiState:
end if
case State is

when S0 =>
for lin 1 to 4 loop
Y(1)<="0%
" end loop:

if (X(1)="1")then
NextState := Sl;

etsif (X(2)="1")then
NextState 1= S3:

clse NextState = S2;

end if;

when S =>

Y(1)y<="1"

if (X(2)="1") then
Next(State ;= S3;

else NextState := S2;

end if;



2. Mo hinh hoa otomat Mealy

Otomat Mealy ¢6 cdc ham chuyén trang thdi va ham ra duoc biéu dién
theo hé thuc sau:
s(t)=3d(s(t=1),x(1))
y(©) = A(s(1), x(t)) t=1,2, ...

Dai véi otomat Mealy, cdc tin hi¢u diu ra Ja phy thugc vao trang thai va
tin hiéu dau vao & thoi diém hién thoi. Nhu vay, tin hiéu dau ra c6 thé thay
di néu tin hiéu dau vao bi thay déi trong thoi gian xuat hién xung nhip
dong hé. Piéu d6 lam cho tin hi¢u du ra cla otomat Mealy ¢6 the tic thoi
nhan gid tri khong du dodn trude do ¢o su tré tin hiéu xét tir thoi diém tin
hiéu vao thay ddi dén thoi diém ma gid tri ddu ra cla phan wi flip-flop thay
déi. Dé ngan chan sy thay doi gid tri dau ra trong thoi gian ton tai clia xung
déng bo, ching ta phai déng bo hoa hoat dong cua Otomat Mealy khong
déng bo. D dat duge diéu nay, tin higu di vao hé mach nhd trang thdi phai
duoc déng bo bang xung déng ho va khi do tin
hiéu ddu ra phai dugc xdc dinh chi trong thoi
gian thiét lap suon ctia xung dong ho.

Cing giong nhu otomat Moore, Otomat
Mealy ciing dugc mo ta trén ngon ngt VHDL
bang hai phan hé: phan hé mach t6 hop xdc dinh
ham ra v6i ham chuyén trang thdi va phén h¢
mach nhd dong bo. Otomat Mealy c6 thé duoc
xay dung theo hai dang: dang mach khong dong
bo dau ra va dang mach dong bo dau ra. Ching
ta hdy xét vi du xay dung mach di¢u khién thuc
hién phép cong hai s6 dau phdy tinh da néu o
muc trudc. Otomat Mealy tuong Gng v6i thuat

Hinh 7.18. So do chuyén
trang thdi cia otomat

_ . i Mealy tuong tmg voi

toan trén hinh 7.17 ¢6 gian d6 chuyén trang thai thuat todn trén hinh 7.17.

mo ta trén hinh 7.18. Otomat Mealy nhan dugc

s€ ¢6 cdc thong so sau:

Cic tin hieu vao la: X = { X, , X, , X3 |3
Cic tin hiéu ra la: Y=1{Yy,Y»Ys Yals
Céc trang théi 1a: S=1{8.5.8,S}
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Nhu vay ching ta thity ring. v6i cing mot thuat todn, thict k& theo mo hinh
Mealy s& tict Kigm trang thai hon so voi thiét ke theo mo hinh Moore.

Néu  xay dung  otomat Output
Mealy theo thict ke khong dong }
ho. so dd cia otomat s ¢6 dang 5

ahu tren hinh 7.19. Trong phan
e mach nhd déng bd. vice kich
hoat trang thii khong dong bo
{asynchoronous reset) dit gid
tri diu Lh() cic thanh ghi vis dua
mdy veé trang thdi ban dau. Mot
lin xuat hicn sudn cua tin hiéu
CLK gid tri cua trang thii mo

Hinh 7.19. S0 6 nguyén 1§ cia
atomat Mealy hoat dong theo che do
(o thanh trang thdi hién thoi. Khong déng bo diu ra.

Phan hé t6 hop cua 6tomat mo

(4 logic cha vice tao rang thai méi va tin hieu dau ra cta he thong. Poun
chuong 1inf dudi day bidu dién otomat Mealy theo {hi¢t k& khong dong bo
clia thuil todn cong hai 80 ¢6 dau phay tinh dd néu & muc trude.

cntity AsyncMealy is
port ( CLK, RST:in BIT:
X: in BIT-VECTOR ( 3 downto 1Y
Y- out BIT-VECTOR ( 4 downto Ly
end AsvncMealy:
architecture Implement of Async Mecaly is
hegin
process ( CLK, RST, X)
type StateType is ( SO 5L, 52,83 ).
yariable State, NextState: StateType ¢
hegin
if ( RST="1") then
State := S0
elsit ( CLK'event and CLK = ‘1') then
State ;= NextState:

(]
pd
jo's]



end if:
case Slate is

when SO =>

ir(X(1)="1

"Ythen
Y{l)="{
NexiState = Sl

clsifF ( X{ 2)="1")then

when S| =>

Ching ta thay rang. trong
otomat Mealy khong dong bo, sir
xuat hien tin hicu ddu ra khong
dong bé vai tin higu diu vio. Diéu
niy ¢6 the s¢ din (6 nhimg két qua
thue hi¢n phép tinh sai. BE Khic
phuc nhuoe di¢im cua dtomat Mealy
Khong dong bo. chiing ta s& thém
vao rong mach mot hé¢ nhé dong
bo. TI¢ nhd nay ndm gitta mach 16
hop tinh todn ham ra véi dau ra cha
otomalt. Thong thuong cdc phan i
cua mach nhd déng bo nay 1a cdc
phin w flip-flop. Céc flip-flop nay

Y(3)="1"
NextState := S2;
else  Y(2)y="l"
NexiState ;= S2;
end it
(X(2)="1")then
Y(3

NextState ;= §2:

else  Y(23y="I"

NextState ;= §2:

end if:
Clock¢
Out
w
Input > >
— —
I | I
Mach
>4 hop
5 - thaqh ---—
> ghi

L‘?LT .

Iinh 7.20. So do nguyén ¥
cia dtomat Mealy hoat déng
theo ch¢ do dong bo diu ra




duge déng bo theo sudn giong nhu cdc thanh ghi trang thai. Khi xudl hicn
xung déng hé, trong thot gian thiet 1ap sudn cda tin hi¢u déng ho, he mach
ahé diu ra phan gid i do mach 16 hop xdc dinh ham ra tinh todn dugc.
Trong todn bd khoang thii gian sau khi xung dong hé thiét lap suon, he
mach nhd khong thay d6i trang thdi. Diéu ndy lam cho trong kKhoing thol
gian 16n tai cla Xung ddng hd, gid tri cha cdc tin higw diu ra khong thay doi
cho dit tin hicu ddu vao ¢d thé b thay d6i do nhiing 1y do khich qua. Ching
{a 6 1hé mo tid cdc ham chuyén trang thii rong phan dong bo cua chuong
tfinh VHDL. Dol v6i otomat Mealy theo thudt todn trén hinh 7.17, thiét k&
véi mach dong bo dau ra s& dugc bidu dién bing ngon ngt VHDL nhu dudi
day.

entity SyncMealy is
port { CLK.RST: in BIT:
X: in BIT-VECTOR ( 3 downto 1 ).
Y- out BIT-VECTOR ( 4 downto 1 ) )
end SyncMeal;
architecture Implement of SyncMeal is
hegin
process ( CLK, RST, X')
type StateType is ( SO, S1, 82, 83, Sy
variable State : StateType;
begin
if (RST="1") then
State = St
elsif ( CLK 'event and CLK ="1") then
case State 18
when S0 =>
if (¢ X(1)y="1")then
Y(1)y<="1%
State := Sk
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elsit ¢ X¢ 2 ="1") then
Y{3)y<="1%
State ;= S3:

else  Yi2)y<='I:
Stte = S2:

end if;

Nhu vay. trong chuong nay ching ta di dua ra rhimg phuong phip me
hinh hoa cdu trae v chifc nang cta nhung n wh logic co ban - cac mach W

hop vay cic mach fudn (o st dung nhimg ciu ric ¢ ban trong ngon ngt
VHDL.
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tap cho chuong 7
Hay mo ta hanh vi cta bo ma hod 16 — 4 bing ngén ngit VHDL.

Mo ta ciu tric va chife ning cia bo dém thuin — nghich. dong bo, ma
NBCD bang ngén ngitr VHDL.,

Mo ta cdu tric vi chic nang cla bo dém khong déng bo. modul 10 bang
ngon ngt VIIDI..

M6 1a cau triic va chiic nang ciia bo dém dat lat trang thdi bang ngon ngit

VHDL.

Mo 1d cau trdc va chitc nang coa bo dem nhi phan khong dong bo bing
ngon nglt VHDIL.

Mo ta ciu trac va chic nang cua mach cong. trir ma bt 2 bang ngon ngl
VHDIL.

Mo 1a cau tric vi chiie ning cla mach cong, trlr ma bu 1 bang ngon ngir

VHDL.

M0 td cau trie va chiic nang cia mach cong, tre mi BCD bing ngon ngir
VHDL.
Mo 1a

fa cdu tric va chic nang cua mach coéng 2 s6 nhi phan 8 bi bing
ngdn n

¢
0o VIDI.,

Mé ta cdu triic va chiic nang cua mach cong nhanh 2 s¢ nhi phan 8 bit
biang ngén ng&r VHDL.

Mo ta cdu tric vi chiic nang cta cdc mach (8 hop, thuc hién cic bicu
thite tedn hoc, logic biang ngon ngtr VHDL.



CHUGNG Vill. CAC PHUONG PHAP KIEM TRA LO!
MACH LOGIC

Trong chuong nay chang to1 trinh bay mo! 8¢ phuong phdp phat hién cdc
167 cua cde mach logic. Viec phat hién 16i duc. thue hicn dua vao cdc bo giit
trj ther nghi¢m phat hién 16i. O day vi¢c phdt hien cic 151 1hiet k€ cé the thuc
hién trén cic mo hinh bicu dién biing cdc ngdn nglt mo hinh hda phan cing.
Diéu nay déng mot val ro quan trong trong qud trinh san xuat vi lam giam
duoc chi phi kiem tra. Trong chuong nay chung (oL 1dp trung chit véu vao
cde phuong phip phit hi¢n 161 vt Lo bo gid i thir nghi¢m cho cdc mach 10
hop. D61 vo1 nhing mach tuan w, do ¢d ¢h¢ hoat dong phic tap cua ching
nén viée phit hi¢n 161 dugce thuc hi¢n dua trén nhimg phiong phdp phitc tap
hon déi vdi cic mach 10 hop va vuol 1 ngoai khuodn kho cuon sdch ndy.

§8.1. Ciic mé hinh 10i logic

Bai todn phat hién 16 trong cac mach 16gic }a bai todn xdc dinh so do
1ogic duge thi€t ke thyc hién duge cde chifc ning da dé ra. Pé giai quyct bil
todn nay ching ta can phai xay dung mo hinh cua mach togic nhu mot doi
fuong kiém tra, sau d6 xay dung phuong phap phit hién 161 va cudi cung la
xay dung mo hinh 161 ( €6 nghia la chi ra duge cdc dic trung cua 10l ). Tada
thay rang theo quan diém phin loai mach dya vao hogt dong cua ching, cic
mach logic duge chia thanh thanh cdc mach 16 hop va cée mach tuan tu.

N ta da thay trong cdc muc trude, trén quan diém vé hoat dong, cac
mach 16 hop duge thé hién & chd trang thdi cla cic diu ra ¢ moi thot diém
thar gian duge xdc dinh hoan toln bing cdc trang thdi cta cic diu vio tal
cting mot thai diém, Néu xét trén quan diém cau triic, trong cdc mach 16 hop
hoan toan khong chida cdc vong tin hiéu phan hoi. Néu xét trén khia canh
phit hi¢n 161, cac mach t8 hop 1A nhiing do1 tugng nghién ciu kha don gian.

Néu xét trén quan diem hanh vi, trong hoat dong clia cdc mach tuan
xuat hién cdc trang thdi bén trong: con xé trén quan diém cau tric, cic
mach nay con chifa cdc vong phan hoi. Diéu dé 1am cho viec phat hién 16i
trong cic mach tuan ty a mot bai todn vo cing phuc tap.

Cic bo nhd vi cde bd vi xa 1y vé 1y thuyel cling thudc nhém cac mach
tudn tu, nhung vi 6 lugng cac trang thdi trong cta ching rét 16n, do do, not
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chung. cde mach niy khong (hé x¢p vao nhém cic mach tuan w. Véi nhiing
dac diem khdc bicet nhu viy vé cau trie v hanh vi, vice phal hicn 161 doi véi
cac bo nhd vi bo vi xur ly can phai tinh dén cde dic trung cla chiting vé mit
cau trae va himh vi,

Nhu vay ching ta thay rang khong thé ¢6 phuong phip chung d¢ phil
hign 161 trong cic mach logic. D¢ ¢é thé thue hien duoe conyg vice dé ta can
phai lua chon cie phuong phap phdt hicn 161 tinh 161 cic dic trung clia mach.

Mot bit todn quan trong xuat hicn khi xay dung cdc phuong phdp phit
hicn 16 13 lya chon digm dat cho cdce tin hiéu tho nghiém va cie diém quan
sdl thich hop. Trude day, khi ki¢m tra c¢iic mach logic phiic tap, ching ta
quan sdt cde tin hicu thong qua cde diém ndt ben trong cta mach. Khi mie
do tich hop cua mach tang [en (6 mie nhu trong cde mach LS, vice dat (hid¢t
bi Ki¢m tra c¢dc it ben trong mach trd nen phiie tap hon nhicu. Dicu do lun
cho vice dat va quan sidt cde tin hicu the nghiém t nhimg diém bat kv cla
mach 1o nén vo cting khid khan vé nhiéu khi khéng the thue hién noi. Nhu
viy. phuong phap phit hién 16i doi véi nhimg mach LSI chi duoc si dung
cac chan vao va chin ra cda mach.

Khi do tich hop coa mach tang tr LST dén VLSIL ty 1 gita s6 luong chan
ben ngoid cua mach vieso luong phan o trén tinh (hé ban din giam. di¢u dé
[am cho bit todn phat hién 1éi déi véi nhitmg mach VLSI g nén phic tap
hon nhicu so véi viee phat hign 16i cho ciac mach LSE Vice tang muc do tich
hop e mach cho phip xdy dung nhimg mach ¢é chic nang phic tap. vi du
nhuecde bo vi xar Iy, dicu ndy lam tang do phiic tp clia bai toin phdt hicn 16i.
Vige tim ra cdc phuong phidp giai quyet bii todn phdt hicn 161 1 chia khod
cho vide thue hicn cdc mach VLSI v déng vai trd vé cling quan trong tong
that dai cua cdc mach VLSL

Vi mach cin duge kicm tra la mach logic, nén ta gid thict rang khi trong
mach ¢6 161, mach van thuc hi¢n cic chice ning nhu mot mach ogic. Cic 61
thoa min dicu kien ndy déu duge goi la cic 161 logic.

Ciic loi logic bicu hién anh hudng cua cic 16i vat 1y lén hinh vi cia cic
he¢ thong duge mo hinh héa. Vi trong qud trinh mo hinh héa cdc phan e
mach ching ta tich bigt cic chie nang logic vi hinh vi thoi gian. cho nén (a
s¢ phéan chia cic 161 thinh cdc nhém 161 sau:
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. Nhom cic 10i anh hudng 61 chiic nang logic cla phan n

_ Nhém cic 161 anh hudng téi do tré tin hicu di yua phan . Cae 101
loai nay s¢ anh hudng 167 thai eian tinh toan cua phin wr vis do do
cling anh hudng (Gt oan mach.

Khi ta mo i cde 161 vt 1y nhu cde 161 1ogic, ta s& duoc nhing [ diem
nhu saw:

Thit nhit 1. b toin phan tich 161 tro thanh bai todn 1oeic hon fa bau
todn vat 19, Piéu ndy lam do phie tap ¢l bt dn el vi nhiéu 16
vat 1y khic nhau ¢6 1h¢ duoe md hinh hoa hing cing mot 101 logic.
Thi hai 12 mot so 160 logic trg nén khong phu thuoe vio cong nght
theo nghta: cing mot Mo minh 161 ¢6 thé su dung trong nhidu cong
ngh¢ khic nhau. Do dé cac phuong phip kidm tra viv chuan dodn
duoge xiy dum. cho mét mo hinh 16i & khong thay doi ngay cia khi co
sy thay dor vé cong nghe.

Thit ba 13 cdc bo gid tri thu nghiém d¢ phit hign cie 161 logic ¢6 th¢
duoe st dung doi vai ciae 161 vat 1¥ ¢é hinh vi trong mach chua hoan
toan duoc hicu 6 hode qua phuc tap d¢ ¢ thé phin tich.

Mot mo hinh 16t ¢d the 13 mo hinh dn hode mo hinh wong minh.

M6 hinh 16i tuong minh xdc dink mot khong gian 101, trong do wng
161 duoc xdc dinh doc lap. va do do 161 s& phan tich ¢d ¢ dugce xac
dinh mét cdch tudng minh. Tren thue € mo hinh 100 wwong minh ¢o
the duge ma rong tuy ahica phal dam bio duce kich thude cta khong
gian 161 khong qui Lon.

~ M6 hinh 16i an xay dung Khéng gtan 161 bang cich xie dinh ¢6 lya

chon cdc 161 tuy theo mie do quan tam chit yéu thong qua cie tinh
chit cua ching.

Né&u cho trude 161 logic v mé hinh mach, vé nguyen 1y, ching ta s¢ xac
dinh duge chic nang 1oeic cha mach voy su tén tai cha 160 nly wong wch.
Nhu vay, qud trinh mo hinh hoa 161 lien quan mat it i loai mod hinh
mach dang su dung. Tuy theo mo hinh mach cac 11 logic ¢o thé duoc chia
<0 bo thanh cic loal sau:

Cic 16t duoe xdc dinh gan tién voi mo hinh civ triac duge go la cic
161 cau trdc. Anh hudng cua cie 161 cdu trae 1 Lum thay doi sy licn
k&L vitta cde thanh phan mach.

Cic 1ot duge xdc dinh aan hién vél mo hinh ¢hue nang cta mach
duoc goi fa cic 161 chite nang. Vi du. anh hudng cta cic (&1 chtie
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nang ¢6 thé lam thay d6i bang chan 1v cla thanh phan mach hoic
dan tdi viéc cam cic phép todn trén thanh ghi.

Mac dir cdc 161 ngau nhién hoac 16i dot bién ¢é mat thudng xuyén trong
mach, viéc mo hinh héa nhiing 16i d6 yeu cau cac dix licu thong ké vé su
xudt hién theo xdc sudt clia ching. Nhing dif lieu nay can thict dé xdc dinh
%0 1an ki¢m tra mét cich doc 1ap cén lap lai dé cuc dai héa xdc suatl phdt
hien nhing 16i chi xudt hién vai lin trong mach véi nhimg gid (i thw
nghi¢ém. Thong thudng ching ta khong ¢6 diy du nhiing théng tin vé mat
thong ké. do dé doi vé6i nhimg dot bicn hoac xuat hién khong thudng xuyén.
16t nhat 1a sir dung cdc phuong phip kiém nghi¢m true tuyén. Trong sido
trinh nay ching ta chi nghién ciiu t6i cac 16 thuong truc.

Neéu khong duge nhitc (6i mot cach wong minh, chiing ta gia thict ing
tai mot thoi di€m thoi gian, trong mach chi ¢é nhiéu nhat L maot 16i. Viec
lam don gian hod bii todn phdt hién 16i bing gia thiét vé 16i don [é duoc
bién minh bét chién foe kiém tra thirong xuyén. Chién luce kiém tra thuong
Xuyén ¢6 thé duge phdt bidu nhur sau: ching ta cin kiém tra hé théng mot
cach thuong xuyén sao cho xdc suat xuat hién nhidu hon mot 16i giita hai Ian
kiém tra lién tiép [ dd nhd. Do dé néu khoang thai gian hoat dong clia mach
cang I6n, ta € ¢6 nhiéu kha nang gip trudng hop xuat hién nhiéu 16i trong
mach mot lic. Trén thuce (€ vin xuat hién nhiing trudong hgp ma chién luge
ki€m tra (huong xuyén khong di dé ngan chan trvong hop trong mach ¢é the
xudt hien nhiéu 161 mot lic. Nhiing trudng hop c6 thé xudt hién nhiéu hon
mot 16 trong mach ¢é thé 1

- Cdc 161 vt 1Y ¢6 thé xudt hién trong mach gitta hat lan kiém tra 1.
Trong nhimg 16i vat Iy d6, mot s6 16i ¢6 the twong ttng v&i nhicu 16
logic. Dicu ndy ¢6 kha nang xay ra 16n doi véi nhitng mach <6 do
tich hgp cao trong dé nhiéu 16i vat Iy ¢6 thé anh huong it bé mat
tinh thé trén dé c6 moét s6 cdc thanh phan mach.

- Trong nhiing mach méi duge san xuat, thi trong nhing lan thir diau
nhing 16i kép ¢ thé xuat hién.

- Trong rudng hop nhitng phép thir khéng phdt hién duoc hét nhiing
16i don 1€, tai bat ky lic ndo, mach c6 thé chita nhitng 161 chua duoce
phdt hi¢n (16i an). Nhiing 18i 4n nay, khi xudt hién nhimg 161 don 1é
thit hai gitia hai lan ki€m tra. s¢ tao ra nhiéu 161 kép trong mach.

Tuy vay, mac din rong mach ¢6 thé xuit hién nhiéu 16i déng thoi, nhung

nhitng bo gid tri thi nghiém ding dé phét hién cdc 16i don 1¢ ¢6 thé dung dé
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tfim nhiing 18t kép. S& di ¢6 thé thyc hién duge nhu vay la do trong phan (ém
cac truomg hop. nhitng 161 kép <& thé dirge phat hién khi kiént nghiém béiny
nhitng bo gid tri thit nghiém thiét k¢ cho viée phdt hién nhitng 160 dan le hop

thanh 161 kép ndi mrén.

Noi chung, ede mo hinh 10f cdu trite gid thiét rdng: cde thanh phdn
khong c6 161 va chi ¢é nhitng dudng két noi chimg 1a ¢6 thé ¢ 16, Cic 16
dic trung do cdc dudng két néi tao nén thudng li: ngdn mach hodc ha mach.

- Cdc I61 ngan mach ( chap mach ) 1a nhitng 16i xuét hién khi nhimg

duong truyén khéng duoc phép lién két bi chap. Vi du, trong nhiéu
c6ng nghé, su ngan mach gitra day dit hoac ngudn véi cac dudng tin
hiéu ¢6 thé lam cho dudng tin hiéu bi chap ¢6 mic dién thé ¢d dinh.
Khi d6 16i logic tuong dng véi su chiap mach s& bao gém nhiing tin
hiéu nhan nhimg gid tri ¢d dinh ve{0,1}. Nhitng 161 ndy dugc goi 1a
nhiing t6i hing s va dugc ky hiéu la s-a-v. Su chap mach giva hai
dudng tin hiéu thuong sinh ra nhimg ham 16gic mdéi va duge poi la
cdc 10i bac cau. Tuong ung v6i nhimg ham logic duge sinh ra do
chap mach, ching ta phan biét 16i bac cau AND va 161 bac cau OR.

- Cdc loi mach ho la k&t qui cta su dit cdc két ndi. Trong nhiéu cong

hd mach
- durdng tin
hiéu bi
a} nghén
nhanh
]
hd mach l
b}
4

cac dudng tin Ly
higu bi nghén ¢, |

L |

Hinh 8.1, L3i h& mach:
a) 161 hd mach don; b 161

hé&r mach kép.

nghé, su hé mach trén nhimg dudng tin hiéu
mot chiéu véi mot nhinh phan k¥ sé 1am cho
duong tin hiéu vao dé trg thanh bi ngat vi
nhan mot gid tri 1ogic ¢o dinh ( nhu trén hinh
8.1a ) va do do6 trén dudng tin hiéu nay xuat
hi¢n mot 161 hang s§ s-¢-v. Nhitng 1561 nay
cling ¢6 thé 13 két qua cla nhiing 16i vat 1y
bén trong phan ti di¢u khién dudmg tin hieu.
Néu chiing ta khong kiém tra gid tri trén hai
ddu cta dudng tin hi¢u thi khong thé phan
bi¢t duge hai trudng hop noi trén.

Nhu vay ching ta thiy ring, mot 161
logic don le, vi du nhu 181 hang s& nhan gid
tri ¢ € {0, 1} twen dudng tin hiéu i ¢é thé
biéu dién cac 15i vat 1y hoan toan khdc nhau:

16i do dudng tin hiéu / bi ngat: 16i do dudng tin hiéu / bi chap v41 nguén
hoac ddt; bat ky mot 161 vt 1y bén trong phan tlr ¢6 dudng tin hiéu / 13 ddu ra
va 161 nay lam cho dudng tin hiéu / ludn giilf gid tri bang «.



S ho mach uén mot duong tin hicu ¢6 1 nhanh ¢6 the sinly 1 nhicu (61
hang s6 ten cde nhdnh thianh phan (v du nhu trén inh 8.1b). Nu chi aid
han nghién ciu mo hinh 16i hing & don 16, ching @ pliat xem xét moi 1ai
hang so don 1¢ trén cde nhinh 1 oy dudng tin hidu tich bict v6i 161 1rén
nliinh chinh.

Kht ta thue hicn mo hinh hoa mich theo tng bude phan ¢dp, moéi thanh
phan mach ¢ duge bidu dién theo cic mo hinh cau tric bhon trong cua
ching. Tuy nhién. néu cie thanh rhin mach duoc kidm tra doc Lap trude Khi
ching duge lap rdp, khi dé ching ta chi can thict kicm tra cdc 16 anly huong
1ot cie duong két noi gitta cdc phan 14 dé. Niu vay chiing ta 8¢ khong xem
XEede 160 xudt hién bén trong cic thanh phan mach ma chi 2151 han vice
Ko sdt cie 161 gdn véi cie chan vao/ra cua thimh phan. Gig thict v LI
han cie 10 tai chan vao/a LOUL& i hind 165 1ai chan vaolra, Sau diy clhung
e xem XEtmot ¢ vi du ve anh huong cta cic dang 161 n6i 1en don chiic
nang logic cta cdc mach.

Trong cde mipeh logic. 16i hang 56 13 16i hay gap. Khi trén mét duome tin

h z = {x EV (v )=y By e

ITinle 8.2 Vi du o di mach lomie,
hicu « xudt hién 161 hing s6 v im cho gid i rin hicwe ¢6 dinh hing £ thi 160
nay s€ duoe got 1216 hing o gid tri & va duge bicu dién trén so do nmach Lo
w/k.Tahdy xétvidu much rén hinh 8.2.
NCu trong mach €8 16i hing 56 /1 thi diu 1a - s¢ bi thay déi va ham ra
cuamich ¢ hang:

=L =44 AS

y 2 . ) Trong trudmg hop ¢6 16i hing
C ] ) B R -

y E_;D g h 3—' 7z S0 /0 thi hium ra ¢ bang:

Iy =0+ v gy

w i NCu cic 161 ang s xuad

Hinh 8.2 Vi du mach iogic. hien wren duemg tin hicu o

r¢ nhanh. ta ¢in chu ¢ x&t

anh hudng lan nhau cda cic 161 ten cie phan nhinh cda dudmg 1in hi¢u. Nhu
trong vidu tién. trén duding tin hicu g xuat hién 161 g/0, van dd dat ra ta 16
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niy ¢6 anh hudng 161 dudng 1 hicu & khong. Trong mot so truong haop. ncu
chi XEL 16 cde lien k& itia cde dudmg tin hicu thit mot cach tu nhicn. 161 ¢/0
s vay ra (6 A/ nhung néu xét trén quan diém vat 1y thi didu d6 khong chic
chin. Néi chung, d¢ dam bao tinh tong qudt, ching ta citn phai gia thict ring
161 ¢/ vi ki) 1 nhimg 161 Khic nhau. Nhu vay. trong truting hop trong mach
st hien 161 &40, hivn ra s¢ cho 2id 1ri = bang:
=l vy = ow vy E [

Trong truong hop nay. ham ra khdc vai truisng hop 1ot ¢/o.

Trong trdng hop trong mach xuit hien 161 e/} . mot cach w nhien.
ching ta ¢6 the coi 161 nay 1 tap hop ctia hai 161 /0 va &0, Nhu vy ching
ta thaly ¢6 sy phan nhanh va Tun truyén 161 theo cic duong tin hicu licn kel

Tam lai. khi ¢o sy phin nhdnh dudmg tin hicu, chung can cho v 1
phimg kha nang phdt sinh 16 ten cde nhanh va kha nang x{&t cde dudng tin
hicu phim nhinh: cac duong tin hicu nam sau diem & nhanh ¢6 the duce o
I nhimy dudng tin hicu khic nhau, hodc fat ca nhimg dudng tin hicu hén ket
voi nhau ¢6 thé duve coi 1a clng mot duong.

Bay gid chiing ta xét cae 101 chap mach. Nhu trén da dé cilp 161, trong
phicu trudmg hop cite 101 chap
mach o nén nhimg 161 bac

X
y " —'—? cau va duve dac trung bo
vice thue hien cic ham loeie
W AND hoac OR. Khi trong
Thinh 8.3 1a0 bac ciu ANDCc-d ] sl mach ¢o sy chap hat duong
hicn trong mach ren bhmh 8.2, tin hi¢u o va /s va sih ra cac

161 bac cau, tuong g Vol
cde hun logic ma ching thé lien [d AND hoae OR. cice [ nay s¢ duoe ky
hicu twong ng 1 AND(a-b). OR(a-b). Ta hiy xét vi du mach tren hinh 8.2,
néu duong tin higu ¢ vivd bi chip va sinh ra 163 chap mach bic ciu AND( ¢-d
y. ham ra s¢ ¢o dang nhur sau:

S WY =X Ay v
Mot trong nhiimg bii todn co ban giin tién v mo hinh 16 Jogic la tra 10i
ciu hoi: mo hinh 161 togic ¢d thé phan dnh cde 161 vat Iy xudt hicn trong ciic
mach vé do trung thue nao. bPé ¢6 ¢ nhan duge su twong ung mot cach
khich quan véi cic 161 vt Iy, ching cén phai nghién ciu mot s6 lugag Ton
cie mo hinh 161 togic. Nhung khi dé. mot kho Khin gap phai 1 dicu nay Jan
cho cde thuat todn tae cie b gid i thu nghicm dung d¢ phit hien o1 rd
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nén phic tap hon nhiéu. DSi véi mot 6 mo hinh 161 1ogic nhy mo hinh 161
hiing 50, viéc tao cdc bo gid tr1 thit nghiém dé phat hién 16i twong doi don
gian. Thém vao d6 mot diém yéu ctia mo hinh 161 hing so la mo hinh 16i
nay khong phan danh mot cdch day du céc dac tinh cua cde 161 vat ly.

§8.2. Bai todn phat hién loi

Trong muc nay ching ta dua ra mot 6 khdi niém v¢ bai tean mo hinh
hod 161 vi phat hién 16i trong cdc mach logic. Vi chiing ta chia cdc mach
lagic 1am hai nhém: cdc mach té hop va cac mach tudn tu dua theo hanh vi
hoat dong ctia mach. Céc loai mach nay ¢ diém khac biét ¢ sy tdn tai cua
bo nhd vi vong phan héi. Do dé cic phuong phip tao cac bo gid tri tha
nghiém d6i véi hai loai mach néi trén cling ¢6 nhing diém khdc biét. Lhung
ta s€ xét riéng timg loai mach; mot s6 phuong phéap sit dung cho cdc mach 6
hop ciing c6 thé phil trién sang trudng hop cdc mach tudn wr voi nhing sk
doi thich hop.

1. Phat hién 16i trong cic mach t6 hop
a. Bai toan phat hi¢n 10

Cho Z(x) 1a him 16gic clia mach 6 hop N véi x la vecto gid tri dau vao
bit ky va Z(x) biéu dién dnh xa thye hién béi mach N. V& mot vectd gid i
diu vio cu thé £ = (x,X,,...X, ), ta s& c6 () la dap ng clia mach N déi véi
veeto £. D6i v6i nhitng mach ¢6 nhiéu dau ra, Z(#) cling la vectd.

Néu trong mach xudt hién 161/, mach N s€ chuyén thanh mach N,. Ta gia
thiél réing mach N, cling 1a mach t& hop v6i hiun chie nang Z(x). Mach dugc
ki¢m nghiém bang cich dit day T cua cdc vectd gid tri thu nghiem £,.2,,...L,,
lén cdc dau vilo clia mach va so sanh nhimg gid i thu duge rén déu ra theo
Iy thuyét cia mach N tuong tng vdi nhing vecto diu vao dé: Z(¢), Z(ty).....
Z(t,) v6i nhimg gid tri thu duoc ueén thuc 1€.

Chung ta dua ra dinh nghia nhu sau: vecto gid tri kiém nghiém ¢ dugc goi

Ia phat hién 16i f néw: Z(#) # Z(). Khi dp dyng dinh nghia trén, ching ta phai
chi v nhilng diém dudi day:
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—  Cdc vecto gid tri kiém nghi¢m trong diy T c6 thé dugce sir dung khong
phu thudc vao trinh tu dp dung, déi véi mach 16 hop N, diy T duoc
goi la 1ap hgp cdc vecto gid tri Kiém nghiém.

— Dinh nghia nay khong dp dung duge n¢u mach chita 161 N, tré thanh
mach tuan ty.

— Trong dinh nghia niy ching ta gia thiét rang viéc kiém tra 161 bing
cach dat cdc gia tr1 thér nghiém va thu nhéin cde két qua thong qua céc
chan cua phan ti v so sdnh hoan toan cla cdc k&t qua nhan dugc.

Chiing ta xac dinh ham:
FAO = Flx,x,..x,) = Z(x,,5,,..,5,) @ Z{x,x,,..x,)

Nhu viy, néu Z(¢) = Z (t) ta s& ¢ F(¢) nhin gid tri “17; con néu Z(8) = Z,(1)
bang nhau, tdc [d F () nhan gid tri ‘0’, ta ndi rang vecto gid tri thit nghiém ¢
khong phat hién duge 16i £ Ham (1) con duec goi ta hdm khoang cich 15i.
Vecto gid tri dau vio £ = (x,,x,,..,x,) [am cho F(¢) =1 d¢ phat hien duge 16i
vil 20i 12 veeto gid tri kiém nghiém phdt hién 18 £

Néu trong mach ¢6 p 16i vanéu F,(#), Fy(8) . ..., F () 1a cdc ham khodng
cdch tuong ting véi tmg 163, khi dé cdc vecto gid tri Kiém nghiém dé phit
hi¢n nhiing 161 d6 duge 1o thanh tap hop:

p
r=Ukrl)-1]
i-1
Tap hop nay goi 1a tap cdc gid tri kiém nghi¢m dé phat hién [5i.

Ta hdy xét mot vi dy, trén mach hinh 8.4 xudt hién 161 /12 161 bac ciu OR

gitta hai duong tin hiéu v,vi x,. Loi bac cau nay

% z dua ciac ham ra tai Z, va Z, trd thanh:
or Z,=x;+x, (thaycho Z, = x,x, )
x, Zy=(x; +x,)x, (thay cho Z, = x,x, )
Vecto gid tri diu vao ¢ = “0117 cho.phép phat
x 1 % hién 16i ndy vi vecto gid tri dau ra khi mach
— khong 161 bing

Hinh 8.4 Vi du nemg hop Z(011) =01,

181 bic cdu togic OR. trong khi dé khi xudt hién 161 f:

Z(011)=11.

Nhuvay, tacd Z(t )= Z{t)va F, (1) = 1.
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Ta xét them vi du ve cac

1.4
: —_“DM 16i hang s6 doi vt mach
X, — o G3 B - - Yooa ~

x i tren hinh 8.5, Mach nay
: 1 - .. N W
‘ G2 2 hue hien ham logic:
'\‘ _-\-'". - . p—
x T e — 2=+

L Gia  hict  rang  trong

Hink 8.5 Vi du vé 161 hing 50 3,40 mach xuat hien 10 hang

s f oid e T07 yea-0 tren

dudng vio 4, (1ot /0 ). Voi su xudt hicn cha 161 v/ ta luon ¢ ;,..\'4. = | vii

ham ra i dudng - 0o thanhe Z; = (6 + 4 0, Picu kicn phit hien 16
Fity=11tro thanh

FALy=200)@Z(t)= xp, =1

4

Nhu vity moi veeto gid tri diu viio €6 X, Vi X, thoa min dicu kien tén - (e
la v, = 0 vy, = £, [ veeto gid tr ki¢m nghicm phit hi¢n 16i x /0. Suy ra
vecto gid tri kiemnghicm phit hién 16i /0 ¢é the 1a mot trong nhimg veclo
saw( 0001, 0011, 0101, 0111 ).

b. PO man cam voi 1oi

Ta xét vl du mach wén hinh 8.5 Ta dit vivo mach vecto gid (i vao 10017
v quan sat hianh vi cua

% mach trong truong hop
X kKhone <6 161 viv ¢6 1o
B ,  ¢O dinh s-a-/ uen diu

01 ra cta phan e G, Tren
x, G4 o Ninh v& dua ra gid tr tin

hicu trén cie dudng tin
ink 8.6 Khido sit 4o mdn cam voi 161 cua mach. hicu trong hai truong
hop kKhong 161 v c6 101 dudi dang v/v, . trong dd v 1 nhiing gid tri tuong (ng
vaGi truong hop khong 161 vy, - co 101 61 duroe phit hicn rén diu ra gid
v=0 v, = 1.

Vi du tren minh how hai khdi ném o s trong lnu odan phidt hicn 16t cua
cic mach logie:

]
A
| ]



—  Veeto gid i kidm nghiem ¢ dung d¢ phit hicn 160 f did kich hoat 1oi f
trong quid trinh mo phong, { con ¢6 thé néi [ khdi tae 161 hoac o
hicu dng 151 ) bang cich tao ra nhimg gid (11 Khie nhaw vy, o cac
duong tin hicu tinh tevi tei loi.

— Voot gid tr Kiem nghiem £ truyén 161 £161 diu raow, vivlam cho i ca
nhiing dudng tin hicu teén it nhat mot dudng dan gita vi trf bi lor va
dauw raow phan ¢o nhiing ¢

H
i

i tr1 v vivy, Khde nhau. Trong vi du tren hinh
8.6, 161 duoe truyvén theo dudmg qua cde phan wr ( G, Gy, Go).

Puong truvén bi veeto aid it kicm nghicm ¢ thay dét gid i khi suat hién
161 f trong mach goi 1 mdn cam vai 101 f qua vecto kicm nghigm £, Budng
dan duoe tao bai nhiing dudng man cam s duoc goi 1 dudng dian man cam.

Phan tr [ogic ¢ dau ra man cam vai 101 f's¢ ¢d {1 nhat mot daw viw cang
duoe Bun cho man cim véi 161 /. Cie ghid trf dio v, v gid i dicu Khicn v, cua
phin 10 1ogic AND, OR. NAND, NOR ¢4 the duge the hien nhu sau:

—  Gid tri dan vio duge goi 1 gid i dicu khién v néu gid t do e
dinh dau ra cua phan W khong phu thuoce vio cic dau vao khac.
—  Gia tri dao v Cac phan tir logic And, Or, Nand, Nor nhan cic

-

gif tri dao v, va gia tri diéu Khién v, nhu trong bang sau:

VoV RY Y Y

L I v I - I

And 0 0 Or 1 0 Nand O 1 Nor P

—  Bai vii ciac phan (i logic co ban ¥ And, Or, Nand, Nor, gia iri
diawu ra duoe tinh theo cie gid tri dao va gid tri dicu Khicn v
bang v. @ v,

NI vity, moi phin wr 1ogic véi 3 dau vao s¢ co cic khoi co so nhu sau:

VXX V. By
X VX v. @y
XXV v. Dy

Véi cich bicu dicn thong qua cde ghid triov, vicy, menh d¢ ve tinh man
can vai 16 ctia cae phin tr logic 6 the duge phit bicu nhu sau:

1.2
A
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Ménh dé vé tinh man cam 16i

Cho

G 1a phin 1 logic v6i gid tri nghich dao v, va gid tri dieu khién v, ¢

dau ra nhay cam vdéi 161 f (luong ung véi veelo gid tri kiém nghiém ¢ ]"Jhd[

hién

161), ta ¢6;
Tat ca cdc dau vao cua G man cim véi 16i f 5@ nhin cing mot gid (i
(vidu la a).
Tat ca nhiing ddu vio cia G khonb man cam véi 161 f (néu it nhat mot

déu vao nao do) s& nhén gid trj v.
Dau ra cla G $& nhan gid trj « ® v

Chang minh ménh dé vé tinh man cam 16i.

254

thoa man ménh dé v& tinh
man cam 1a v, = 0, v, = |,

Ching ta ching minh ménh dé nay bang
phuong phép phan chimg nhu sau:

W

- Gia thiél rang ¢6 hai diu vao nhay cim
Hinh 8.7 Phan tir NAND voi 161 trong phin tr G 13 £, /. Cic diu vao
nay nhan cdc gid tri khdc nhau va gid sir diu
vao & nhan gid tri di¢u khién cla phan to v,
Khi trén phan i xuat hién 161 £, hai dudng tin hicu & v / thay doi eid
tri va dutng / nhan gia tri diéu khién. Nhung di¢u nay ¢é nghia a
phin tr G vin nhan gid tri i, doc 1ap v6i su xuat hicn cia 161 £ Didu
nay mau thuan véi gia thiét dau ra clia G phai man cam véi 161 - tic
La phai thay déi gid tri khi trong mach xudt hién 16 £ . Nhu viv. tit ca
nhiing diau vao min cdm cta G cin phai nhan cung mot gid tri ( vi du
laa ).

Dau ra cia G khong thé thay déi khi xuat hicn 18i J néu mot rong cac
dau vio khong nhay cam vaéi 181 f nhan aid tet w5 do d6 tat ca cde dau
vao cua G khong nhay cdm véi 161 £ ( néu ¢6 ) cén phii nhan gid
i 1_
Ncu u = v, dau ra cia phan o [6gic nhan gid tri bang v @ v, Ncu
@= v it cd cdc ddu vio cua G s¢ nhan gid tri v, va do dé dau ra
cua,phin tr s¢ nhan gid trj bing 1' @ v,. Nhu viy, trong ¢a hai truong
hop dau ra ciia phin tir togic G déu nhin gid i bing « @ ..



Gid tri v, got la gid tri kich hoat vi n6 cho phép céc 16i tan truyén qua phan
ti t6t dau ra. Trén hinh 8.7, dua ra vi du v& phan tr NAND thod man meénh
dé trén. Phian tr NAND nity $€ ¢4 tdt ¢i cdc diu vio nhin gid tri ‘1" hoac tit
ca nhiing ddu vao min cam nhan gid i ‘0> vi nhiing ddu con lai duoc dat
giatg ‘1.

Néu ta dp dung phin 3 cita ménh d¢ trén 1ap lai nhidu ldn, chiing ta s
nhan duge hé qua sau vé cic dudng din min cam véi 16i:
Hé¢ qua

Gia thict duong tin hi¢u j man cim véi 161 hing s6 gid tri v s-a-v f (tuong
ing voi vecto gid tii kiem nghiém ¢ phat hién 18 ) v p 1A gia trt nghich dio
cua dudng man cam 11 gifta £ va j.

— Khi dé gid tri cha j trong vecta fla v @ p.

~ Neéu ¢6 mot s6 dudng tin hiéu nhay cam gila £ Vi j thi 1at cd cic

dudng do déu ciing nhan gid tri nghich dao p.

c. Kha nang phat hién 16i

Do cdc diem quan st chi gidi han tai cdc ddu vao vii dau ra ( 6 nghia 1a
viée kiém tra chi duge thue hién theo gid tri cia ham ra ) nén ¢6 thé xay ra
trudng hop ¢6 nhitag 16i khong phit hién duge hoac ¢é nhiing 161 khong
phan biet duge. Mot 161 f duge goi la ¢6 the phdt hicn duge néu t6n tai vecto
gid tri kiém nghiém ¢ phdt hién duoc f. Trong trudng hop nguge lai, 16 f
duoc coi la khong thé phit hién duge.

Nhing 161 f khong the phat hién duge 1a nhiing [6i 1am cho gid tri him ra
khéng thay doi so sdnh véi trudmg hop trong mach khong ¢6 16i. Nhu viy ta
cO ZA 1) =Z(t). hay ¢ thé ndi cich khic 4 t)=10. Khi dé khong thé ¢6
veete gid i kiém nghi¢m ndo ¢ thé kich hoat qud trinh truyén [6i f va dong
thot 120 ra dudng dan man cim véi 161 / dén dau ra chinh cia mach. Nhiing
16i khong thé phdt hién duge goi L3 nhitng 16i dur thira va nhiing mach to hop
chia nhing 16i hang $6 du thira duge duge goi 1a mach du thira.



Viodu, vai mach t1én
hinh 8.8, 160 hane s&
tren duding tin higu o s-
-1 alf T Lol khong the
phat hicn duoc.

Nhing 161 khong
phdt hién duoe ndi tren

Iink 8.8, Minh hoa twGng hop kKhong ¢6 the bo qua vi Ch”“?

plitdt lien duce 16 wé ! trong mach. Khong 1am thay  doi

chic ning  16gic cua

mach nhung sit¢6 mat cla cie 190 niy ¢6 the pha v* via hidt vé didu kien

trong mach chi ¢d mét16i va ¢é the dan dén nhimg ket qua sai. Néuw dua treén

chicn luge Kiem tra thuding xuyen, ¢6 hé gia thiél rang ching ta »e phit hien

dugc 161 trude Khi 160 thid bai xuat hién. Nhung dicu niy <6 (hé khong thuc
hi¢n duce nCu 1o1 thir nhiidlt khong duge phit hicn.

Khi chiing 1a tao ra cde veetd gid tri thie nghicm cho mot mach, muc dich

chinh Ta tao duge mo1ap hop day du cde veetor gid wi kicm nghicim d¢ plit

hicn 1oi. Tap hop niy <G

N cho phép phit hien maoi

)J ; 161 ¢6 the phat hién duoe.

L ~ e Luy nhicn, tip hop nay

i —_ s N

— ciing khong du do phi

™ o hien moi 161 ¢é the phat

J . hicn  duoe  néu  trong

mach 16n tai nhiing 1o

SN chia duoc phat hien. Vi
' 10 . .

o }}—---L du, trong mach trén hinh
! — 3.0 o hitng 80 o

Vo B9 o hi‘n: SO N

' / ducng tin hicu & s-a-0)

o lam cho gid i duong a
o h) 0" b0 ¢S the duoe phi

Mcén néu su dung vecto

Hinh 8.9, Anl hudmg i 165 o/ gut g kicm nghiem ¢ =
khong phat e duee trong mach 11017, Lot nay tro thanh

e vice phat hicn 6t i b, . P o
¢ phithien kKhong phit hicén duoe néu
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trong mach ¢6 161 hing s0 a/1 s-a-1( hinh 8.9b ).

Trudng hop 10n tai mot 161 k

hong phit hién duge ngin chin vide im cac

16i khde trong mach khong chi gidi han trong viee 1im nhimg 16i ciing loul
{ nhu truding hop cde 161 hiing 86 anh huong (61 cde 161 hang s6) ma con co

the diing d6i v6i nhiing 16i khic loai, vi du nhu: mot 160 bic cat khong phit
hi¢n dudc ¢é the lam cho viee phat hien 161 ¢6 dinh Khdc khong the thye hién
duoc. Ta hity xét vi du mach trén hinh 8.10.

Mach trén hinb 8.10 thue hién ham logic:

W= AV + AT

&1 bic ciu OR gifta dudng tin hicu y va x I3 khong phat hién duge vi:

w,= Xy 3T AT =y AT

Trén hinh 8.10a, ta thy vectd
gid i kiém nghiém ¢ = “1117
cho phép phdt hién 161 hang s6
v-a-0 1rén duong tin hicu ¢ ¢/0.
Khi trong mach xudt hién 16i
bic ciu OR ndi trén thi vecto
gid tri kiem nghig¢m nay khong
th¢ phat hién duge 161 ¢/0 (hinh
£.10b). Ta nhan thay tip hop
cic vecto gid tri kidm nghiém
T =111, 010,001,101} latdp
hop diy du dé phdt hicn 161
hang s6 don vi vecto £ = 1117
12 veels gida tri Kiém nghiém
duy nhat phit hién 61 /0. Nhu

vy q
r-——i_ T
= A 10

Ko o)
_21_ﬁ = a)

P
| aPZ
2

Minh 8.10. Trudmg hop 181 bac ciu OR
kheng phit hign duge anh hudng (i vige
phat hign 161 hang so ¢/

viy tap hop T tro thinh khong day do khi trong mach xudt hién l51 bac cau

khong phit hién duge not ren.

Nhiing sach 16 hop du thita ¢6 the dugc don sian héa bang cdch Joai ho
it nhat mot phan tr logic hodc mot ddu vao cla phin . Vi du, gid thiét rang
161 f s-a-1 xuat hidn tai dau vao cua phiin tr AND la khong thé phat hién
duoc. Do chiic ning cua mach khong thay doi khi xudt hién 16i f nén ta cé

the dat gid tri

‘I’ thudng truc tat dau vio i ndy. Do phin tr AND véi it dau
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viio trong dé ¢6 mot ditu vio § nhan gid tri ‘17 s& wong duong Vol phan wr
AND v6i (1 - 1) diu vao. Trong dé phin tir AND v6i (n - 1) ddu vio nhan
duoc tir phan tr 1 ddu vio ban ddu bang cich loai bo dau vao 7 do. Tuong
nhu vay, néu phin (0 AND ¢6 181 s-¢-0 tal diu vio 1a khong thé tim duge i
phin tir AND d6 c6 thé loai bo vi thay the bang tin hi¢u 0.

N B Néu hai 161 f va ¢ khi

—fo|—i D— xuat hién trong mach lam

cho cic ham ra cua mach
LDO ( j Zix yvaZ{x) thoa min
h¢ thic Z{ x )=Z{ x ) Vx,
khi d6 nhing 16i niy duoc
goi lit tuong duong v& mi

?
Hinh 8.11. Vi du v& 151 due thira va 161 tuong dueng.
chuc nang.

Veelo gid tri diu vio ¢ 1am hai 161 f va ¢ phin biét duge néu Z( 1)#Z,( 1)
vit hai 181 £ va g s€ duge goi 1 phan biét duoe. Ching ta Khong the tim duoc
vecta gid tri kiém nghiém £ cho phép phan bict hai 161 tuong ducng vé mit
chific nang. Quan h¢ wong duong vé mat chic nang gida cic 1ot cho phép
phan hoach tap hop cde 16§ thinh cdc 1dp tuong duong. D¢ phin tich 1o
ching ta chi can khao sdt mot 161 dai dién cho timg 10p tuong duong. Ta hiy
%6t vi du mach 1o hop trén hinh 8.11. Ham ra cta mach ¢é dang:

=Zlx, v W)=+ y+ oy oW
N¢u trong mach xudl hicn 161 hang s6 fi0 14 s€co
Zy(x, yon)=2Z(x, v, w}

Vay 16i f/0 11 161 du thita. Néu trong mach xuat hién 161 hiing s6 /7 hoac
J71 thi:

Zyfxyow)=Zylx.y,w)=x+y

Vay cic 161 hiing $6 d/f vi f/1 1a nhiing 161 tuong duong. Tuong 1w nhu
vy, cic 16 hing 86 j/0 va [0 cling la nhiing 16§ tuong duong.

Ciic 16i du thita va tuong duong la hé qua cba viée xét mach la mét hop
den va chi quan sit hanh vi cta mach qua cdc dau vao va dau ra co mach.
NE&u 1a ¢6 thé quan sat gid tri tin hi¢u tai nhiing duong truyén bén trong
mach thi nhiing 16i nay s& phdt hi¢n duge. Néu ching ta dua ra phuong phap
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xic dinh duge khong nhing sy 16n tai cta 161 ma con vivehi ra duge vi o 1ot
thi phuong phip dé goi 1a phuong phip chuin doin {61

Poi v6i hai 161 bat k¥ /v ¢, ching ta xdc dinh ham kKhoang cdich gita ha
161 d6 nbu sau:

FAlax)=F{xY@IF(x) =Zix)DLx)

NEU veeto gid ti thar nghicm 7 1am cho /7,4 £) = 1. ta ndi rang veels gl i
thie nghi¢m ¢ phin bict hai {61 £, ¢ va duge ky hicu La "

G thicdt rang P 1aciap hop cie 181 ¢6 the ¢6 vaimach duoe thict ke Khong
chita 16i. Neu ching ta xdc dinh 1ap hop @t ci nhing vecto gid tri Kicm
nghi¢n phan bi¢t hai 161 bat k¥ T = { £} doi véi moi phin wr thude Gip hap
P thi tap hop T = { £} g thanh @p hop cice vecto gid tri tha nghicm cho
phép thue hien viee chudn dodn I8 viv duoe goi li tiap hop cde veeto chuan
doan 161, Noi chung. khi xudt hién cde 161 tuong duong, ching ta can xic
dinh 1ap hop cdc veeto chuan dodn déi véi nhimg 161 dai di¢n cho cdc 1op Lo
tuong duong v& mat chde nang.

Vidu. ching ta x& mach bicu dien trén hinh 8.12:

Néu xde dinh cic 181 hing s8 s-a-0, s-a-1 trén cde dudng truyen tin hicu
cua mach, 1a cé ciac phan nhom [61 nhu sau:

L=l =7u= L=/ = Ly =Ly =Ly =1

L= Wi

N
B
-
+
e
+
= |



trong dé 161 ¢/0 1a 1di
X a du thira vi

e
y_b c Zalx)= Zi x ). Nhu
vay ching ta thay rang
d ching ta ¢d bay loi
W

dai dién. Cic vecto
Ilinh 8.12. Vi du minh hoa cho viée chuin giid tri kiem nghif.‘l‘n dé
dodn 16t bang cdc vecto gia i thi nghiém. e me g

e it giie chuan doan cic 1&1 da
dién duge dua ra trong bang sau:

Pau vao Loi ‘
x |y | w [&/1]a0]b/l]dl]|e0]|Kk0]|10
ololr oo 1ol 1]1]1
0ol 1]lo]lolololr]olo]1]
o | L] I ololojololo
il 1 Jolololololol 1|1
1|1 1ot joJofr Tyl

Tir bang ndy ta thiy, doi véi moi ¢ap 161 £, ¢ ta déu cd the tim duge vecto gia
tri ddu vao ¢ phin biét ching ( ¢6 nghia la F,( £} =1 ). Do dé. @p hop cic
Cveeld gid tri Kicm nghiém trong bang 12 1ap hop chudn dodn cdc 161 hang so
trén ciic dudng tin hiéu trong mach 16 hop. Bing chifa cic gid i cua ham
khodng khoang cich 16i /( x ) ddi v6i cde vecto gid tel thlr nghi¢m ¢ vi 161 f
01 L& bang chuén doin 161

2. Phat hién 16i trong mach tuan tu

Kicm tra cdc mach tuan tu phic tap hon so véi truomg hop mach 16 hop.
Dé c6 thé phat hién duge 161, chiing ta can phdi sir dung chudi cde vecto gid
trj kiém nghiém va ddp dng cua mach tudn tu s€ 1a bam doi v cde trung
thai ban dau ctia mach. Chiing ta s& dua ra moi s6 minh hoa qui trinh phit
hién 181 cho mach tudn .

Gia thiét T 1a chudi vecto gid tri thir nghiém va R( ¢, T') la didp dng cti
mach tuin 1w N d6i véi chudi T bat dau tir trang thdi ¢. Gia thiét rang khi
trong mach N xuat hién 161 £ mach N tro thanh mach N, va R( ¢,.T } la dap
tmg ciia mach chita 161 N, doi v6i chudi 1" bat dau tir trang thdi ¢, Ching ta
dua ra dinh nghia sau:

260



Chudi 7' cdc vecto gid tri kiém nghiém chie chdn phat hién 16 f trong
mach wan ty néu v chi néu cde dap dng dau ra R{ ¢, T )y va R( ¢, . T ) khiic
nhau véi mai cap trang thii ban dau ¢ va ¢,

Trén hinh 8.13 dua ra mach tudn w véi bang chuyén trang thdi, diy gid
i tin éu dau ra la didp dng cia mach doi véi day tin hi¢u diu vao
T = [0/1] wrong trudng hop mach khong ¢é 16i. Chiing ta xé&t mich trong
nhiing trudng hop mach chia 161 hang 6 f s-¢-1 trén dudng « aff |, trudng
hop vir 161 hang 86 g s-a-0 wen dudmg b b/0. Ta nhan thy 14t ¢ cde chudi
dap tng cua mach khi chifa 161 g déu khidc voi cdc ddp tng cia mach khéng
chia 161 d6i véi cung mot tic dong, nhu vay chudi T ndi vén chic chin phit
hién duge 16i g. Mit khdc, moi ddp ting coa mach khong chua 161 dsi véi
chudi T xéttir trang thdi khoi 1a0 B déu tring véi dip ting clia mach chia 16
f xét tai cung trang thai bat dau B, nhu vy chuéi T khong chic chan phat

x ¢
Y2

)
),

Y1L

X Y,
¥s

X a

¥y —
D Q—
¥Ys
| b .

o

Hinh 8.13. Minh hoa truémg hop phat hién 16 cho mach wian wr,

=l

CLK
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hicn duge 101 /.

Vi dy néi ten cho thay rang. mic di chuéi veeto gt tri thir nghigm T
chic chan phil hi¢o duge 161 g nhung ching ta xae dinh dugc cac dau hicu
cua 181 mot cich khong don gidn. That viy. chiing ta khong the khang dinh
rang tai mot vi b nio dé trong day ddp tng. mach khong bi 101 & cho ru gid
i 17 v mach chia 167 8¢ ¢ho ra gid t "0 hode nguoe lai. Thay vioe do,
chidng ta phai 1ot ke ra mot dip dng ¢ ¢ ¢6 cha mach binh thuong va
mach chia 161, Nhung diéu nay [d khong thye (8 vi doi vai mach an e voi
i phin 1 nhé s¢ ¢6 2 Kha nang cba trang thii khot dong. Thém nda. ching
ta cin phdi xde dinh quy trinh Kidm tra cho nbia thict k¢ Nha thict ke phai
thue hien cde phép thi qua cde ¢hin vio ra cua mach viv so sanh cdc dip ing
do ditc dugc vai nhifng dip dng mong muon trén 1Y thuyet dot vai timg vecto
gii Uri kicm nghicn. Nhu vy cie ddp tng mong muon phdi duoe xéc dinh
frude vasuy ra ca nhimg dip Gng cta mach chda 161 cling phat duge xdc
dinh hoac du doin duge. BE thue hién didu ndy, ching ta dua ra dinh nghia
dii duoc [m veéu di cta khdi nicm phat hicn 161 d61 véi mach tudn tr nh
SR

Chudi T cdc vecta id tri Kidm nghi¢m phit hien duoe 161 f néu viv el
neéu doi voi méi cip trang thai khoi dong ca the ¢6 ¢ Vit ¢, cic chuol ddp tng
R( ¢, T yvit R( ¢, T) khdc bi¢t nhau doi Vo mdt vecto f, cu (hé nio do trong
chudi T

P¢ xie dinh duoc veeto £, khi 161 1 ¢6 the quan sdt duge tai dau ra cua
mach. mot cich doc 13p voi cic trang thidi kKhoi dong ¢ viv ¢, citc phép kicm
nehicm thudng duge thue hidn qua hai giai doan khace nhau:

—  Trong eiai doan thi nhat. ching ta dt chudi vecto gid tri khoi dong

T, vio mach sao cho sau khi thue hi¢n dén cuoi chudi 7', mach N va
N, duge dua vé hai tryng thii da biet ¢, va ¢, Cic dip dng coa hal
mach N v N, trong khi dp dung chudi veeto T, duoe bo qua vi chiing
khong du dodin duoc.

—  Trong piai doun lhu lai, chunﬂ ta dit chudl vecto T, va cac Liap ung
I I i

AN ¥ v, Ildl]“ Chudi tin IIILII diu ra
A [AO0DOl 0o o b'.llli]h::;‘iu Kkllsing 16 fuil 1 161 g
B C1|C1] o0 |1 | ] bio_
| A | 01011 | 01010 | 01101
C B LA T T PETI00 | 11100 | 11101
D AL B L]0 C [ 00011 | 00010 | 01010

D oot 10010, 11010

inh 8,14, Bing chuvén trang thil va bang xadc dmh chudi iin Imu ric trong rudmg hep
262 khong Léi v cd 161 f hoae ¢ el mach twen hinh .13



ROg. T,y va R g, T,) 1a cdc chudi du doidn duge. Thong thutng

vecto gid tri kiém nghiem t; la vecto dau ticn trong chudi T, mi khi

dat viio mach s& phat hién duoc 16i.

Phuong, phip néi trén dé kiém nghi¢m va phat hi¢n 161 cho mach wan w
dua trén o s¢ gl thiét rang 16n tai chudi khéi 1ao T,. DI vén hau het cice
mach su dung trong thuc € déu ¢6 thé tim duoc chudi vecta gid tri khoi tao,
chuéi nay cho phép mach bat diu hoat dong tr mot trang thii da biet. Thong
thudng cic mach sé duoc thiét ké sao cho ching ¢6 thé d¢ dang duge khoi
tuo. Phuong phdp thong thuong nhat [a sir dung cic dudng tin hiéu kKl tao
vi dat gid tri dau cho ting phan t trigg. Tuy ninén, chudi vecio gii tri khoi
tao cho mach kheng chita 168 N ¢6 thé khong ddp tmg véi viée khai tao mach
N, chida 16i fnao do. 1\hung 161 f nhu vay duge goi 1a 161 ngan chan khoi tgo.
Ta hiy xé1 mot vi du vé nhimg 16i ngan chan khoi tao da dé cap téi. Trén

hinh 8.15 dua ra s¢ dé cua trigo D duge két noi
dé tao thanh bo dém 1 bit. Trén dudng tin hi¢u
R xuat hién 16i hiang s6 s-¢-/. Chiing ta thiy
ring mach khong chida 161 N hodn toin duoc
D Q khdi tao bai tin higu £ = *0” . nhung v6i mach
chira 161 hing s6 R// thi khong th¢ khéi tao
mach vé trang thai do.

— ¢ R NQ}— Ching ta cé thé sinh ra diy cdc vecto thu
7 nghiém T d¢ phit hi¢n 16i ngan chin khai tao

T‘___ s-a-1 trang thdi bang cdch phin tich mot cach rieng

biét mdi trang thii khoi tao khi xudt hién 161,

IEinh 8.15. Mink hox nhung ndi chung, phuc: »hiap nay kh(’:\{'mg lhé
(51 ngan chin Khai 120, ip dung dugc trén thue 1. Do d6 cdc loi ngan

chan khdéi tao trang thdi phai duge coi la khong
phét hién duge néu chi ding cdc phép kiém tra qua cic chan vao/ra cla
mach véi cdc phép so sdnh trén toan b céc diu ra. Tuy nhi¢én khong giong
nhur trong trudng hop doi véi mach té hop, dicu ndy khong 6 nghia la mach
dien ¢6 tinh du thia. Ching ta cling nén bict rang cic 16i ngan chan khot tao
trang thdi c¢é thé duge phdt hién bang nhiing phuong phdp kiém nghiém
Khic.

(]
o
]



§8.3. Cic phuong phiap thuat toin tong hop cac gia tri tho nghiém

Nhu chiing ta di dé cap 161 rong muc trude, hanh vi cua mach kbi xud
hic¢n 161 phu thude nhiéu vio chiic nang cta cdc mach logic khi khong bi 161,
bo phiic tap cta viéc 1im nhiing bo gid tri thir nghiém phit hién 161 phu
thuoc nhiéu vio foai mach: mach 18 hop hoac mach tuan . Nhiing mach
tudn tu 1t nhitng mach chida cdc vong phan hoi nén viéc moé hinh hod chiic
nang cta mach ciing nhu viée xiy dyng cac bo gid trl thu nghiém phic tap
hon rat nhidu so véi truang hop cdic mach 10 hop. Do phiic tap cia cic
phuong phdp tao cic bo gid i phdt hién 16i cling phy thude rat nhi¢u vao
loai 16i dung nghi¢n ctu. Trong khudn kho gido trinh niy. chdng t6i chi gidi
han trong viéc nghién cdu cac phuong phdp tao cde bo gia tri thu nghiém
phdt hién 161 d6i v6i cde mach 16 hgp va cling gidi han trong vigc x&t cde 16
hiing s0.

1. Phuong phap dua trén su kich hoat duong truyén

Cic phuong phdp tao dily gid tri thir nghidm ¢6 thé chia lim hai nhom:
Cic phuong phdp tim cic vecto gid i ddu vao ¢ the phdt hien mot
[6i cho trudc.
- Cic phuong phap tim cic 101 ¢é thé duoc phit hi¢n sic dung mt
vecto gid tri kiem nghiém cho trude. Cac phuogn phdp thuge nhom
nity con dugce goi [ cdc phuong phidp mo hinh hod 161
Trong muc nay ching ta nghién ciu cdc phuong phdp loai thuée nhém
thi nhit. DSi tueng ducce kiém nghicm trong phin ndy 1a cic mach 16 hop va
ching ta chi xét cdc mo hinh 16i hing $6. Cic phuong phip tao vecto gid i
tht nghiém cho cic 16i ¢d thé ¢é loal trir cdc 161 du thira duge poi la cic
phuong phap thuat todn. Nhu vay, mo hinh hod 16i kbong thé goi li phuong
phip thuit todn vi néu qud trinh mé hinh hod khong duge thue hién vér moi
khi nang ¢ thé ¢é ctia cdc veclo gid tri diu vao, chang ta khong the dim
bao duoc viée tim ra cic vecto gid tri kigm nghiém cho 11 ci cac 161 ¢ 1hé
duoe phit hién.
Ciic phuong phip thudt todn tao cdc veeto gid tri tha nghi¢m dé phat hien
i41 duoe st dung hién nay déu dua teén khai niém kich hoat dudmg truyén.
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Kich hoat dudng truyén la phuong phip xic dinh cac vecto gid i thu
nghi¢m dua en
vice tim dudng ma
thee dé su khic

biét gifta cdc gid
it hicu Kht
mach chia o1 va
khi mach Khong
¢6 161 duge truyén
ra ben ngoai. Néi cdch khie lia ching ta phai xac dinh duogce cac duong dan
min cam véi 16i. Vi dy, xét mach (8 hop trén hinh 8.16. gia thi¢t ring trong
mach xuat hign 161 hing s6 s-¢-0 wén dudng ¢ la /). P¢ phdt hi¢n duge 101

Hinh 8.16. Minh hoa khidi niém Kich hogt dudmg iruyén.

miy ta can xic dinh vecto gid tri dau vao swo cho trén duding ¢ nhin gia trt L
J( wic 1 gid tri nghich dio véi gid tii 161 ). Dicu nay s¢ din 131 @id tri ten
dudng b phai biing *07 suy ra gid 1ri rén dudng vao y clng phiti biang 0"

= =2h=0C=y="0"
Pai luong c6 gid tri bang *1* khi mach khong 161 v bang ‘0" trong trudng
hop mach ¢6 161 duoge ky hieu 1i D ( defect - 161 ). Tve lai vi du trén hinh
8.16, cluing ta thiy khi tin hicu trén dudng y ¢6 gid tri bing (. duting tin
hieu ¢ s& nhin gid tri bing ‘17, Trong trudng hop xuat hién 16i hang s s-a-0),
dudmg ¢ s¢ phan gid i co dinh bing ‘0°, ndi cdch khdc trén dudng tin hicu ¢
xudt hién gid tri O, Nhu vy, ching 1a ¢6 mot $0 nhan xét nhu saw:
Né&u dudng tin hiéu x = ‘07 thi dudng f nban gid ui D. suy ra dudng
tin hidu ¢ v i cimg nhin gid i D:
NEu duong tin hicu v = 1" thi dudng i nhan gid ey D
- bé gid tri D xuft hién & diu ra = cua mach ( trén dudng tin hicu £ )
thi duting tin hicu j phdi nhin gid i 07 suy ra dudng tin higu ¢ phai
nhin gid tri *1° va duong tin hicu v nhin gid i *1°.
Ching ta thdy, v6i cic gid tri tin hi¢u dau vdo v =07, v = 0 ="l
v =10, gid i D xudt hién tren dudng tin hicu ¢ s€ tan truyén 161 duge diu
ra. Nhu vay dudng tin hi¢u & s& phin dnh diy du moi bien dong trén dudng
¢, n6i cich khac dudng din ¢-f-g-i-& ta dudng dan min cam véi loi. Nhu vy,
cdc gid tri tin hieu v = 07, y =0’ e ="1". v = *1" tao thanh vecto gld tri thur

nghiém phit hién 161 hing s6 /0 vi duong tin hicu ra nhin gid tri *17 trong

trudng hop mach khong bi 161 va nhan gid w1 *0” khi xudt hién 161 ¢/
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Trong truding hap trong mach xuat hién Joi hang s& y-«-/ 1am cho dudmg
tin hicu nhin gid tri ¢o dinh *1°, trong dinh nghia cta dai luong D cic gia tii
‘07 va *17 déi chd cho nhau vi thay cho khdi nicm D ta dua vio khdi
niem D. Cic gid tri D v D nhan duoe tren nhitng dudng bi 16i goi 1a cic
khai-D. Quit trinh truyén céc khoi-1 161 dau ra cha mach goi 1 phép truyén
D va thi tuc thue hién phép truyén D goi [a thi tuc chuyén D.

Dol véi ting phiin tir 16gic co s, qud trinh thi¢t 1ap va truyén D 13 qui

rinh xdac dinh viy dit

o[ o ] O .
pa— L. ol _\_\ Lo DD cae g1t tuong ung
— ) o— ;) e e
tal cac daw vio con
0 5 0 5 E: 5 lai cda phin ig khi
11— 0 mot trong cic dau vao

Hinh 817, "Tha we chuyén D qua cic phan tr [6gic co ban. cuu phan i by 161 vi
nhin  gia  wi D

hoiic D, sao cho gid tri D (hodc D) dugc truvén nguyén ven 16i dau ra cua
phan tir. Trén hinh 8.17, ta thay doi véi cdc phan it AND va NAND, phép
truyén D i thiet 1ap trén nhimg dau vio khong bi 16i nhiing gid tri bang ‘17
doi v6i cde phan thr OR v NOR - thiéi 1ap gid tri ‘0’; trong khi d6 d6i voi
phin tr XOR, phép truyén D tuong ting véi viee thiet lap trén diu vio con
Fal gid i bt ky trong tap hop { 0, 1 }.Ching ta nhan thiy doi véi cde phan
o NAND, NOR, XOR, gid tri trén diu ra bi ddo lai:
D> D DD

Dua tén khdi niém khai-D, cic phuong phip tao veclo gid i kiém
nghiém phit hién cdc 16i hing s6 dua trén sy kich hoat dudng truyén tin hicu
va thiet [ap duong dan man cam vai 16i duge thue hién qua ba giai doan:

[. Dol véi nhiing 161 hang s tren mot dudng tin hidu xic dinh. ching ta
thi€t lap khai-D trén phdn to nhan duong tin hiéu I ddu vio v xdc
dinh cic gia i thoa min &4di-D d6 ( thi tue thiet lap D). Két qua
cua budc ndy la xdc dinh duge cde gid tri diu vao trén phdn 10 true
ti¢p chiu anh huong cta 161
Gid i cua £161-D duoe dua ra ddu ra cha todn mach bing tho e
truyen D. Két qua ¢ba bude nay 1 xic dinh duge dudmg din man
cam vdi 161 d€ truyén gid tri D (6i diu ra. Trong mot s6 mach ¢6 thé
xudt hién nhieu dudng din man cam vdi 16i { mot trudng hop dé thay
khi cac phan tir 16gic ¢6 thé ¢6 nhiéu hon hai ddu vio ).

| R]
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3. Xic dinh cic gid tri ddu vawo tuong thich véi cic gid tn 0" va 1
nhan duoc trong qud irinh thi¢t lap D va truvén D.

Cic bude 2 vi bude 3 duoe thue hién dua vio nhitng thao tic chinh nhu
sau:

- Thao tic truvén-7).

- Phép suy dién.

Phép quay lul.

Phép suy dién cin thiet d¢ xide dinb gid i tr¢n nhiing dudng truyén tin
hi¢u mot cich duy nhal theo gid i trén nhitng dudng tin hi¢u khic. Picu
nay ¢6 the duoe minh hoa bing vi du (rén hinh 8,16, néu gid tri tai duong tin
hicu £ duoe thiét lap bang "0 thi suy ra gia try teén duong fi viv g cling duoe
thi¢t laph bing ‘0. Thee chie nang cua phan tr AND. neu duting ¢ duoe
thict Jap bing *0°. suy ra dudng 7 ¢ duge thist 1ap bang 0. Mat khic d¢
thict lip ducge dudmg f gid tii 0", gid (i ién dudng ¢ va ¢ chic chin phii
bang ‘07, Gid ) trén duong ¢ bing ‘0" s& suy ra dudng b phai nhin gid
“1°. Ta ¢6 1hé 1ong két qud triinh suy dién trén nhu saue

f=0=>h=0,g=02=0=1=0;
f=0=a=0,c=hc=0=b=1}

Phép quay lui Ja phép todn thict 1ap eia o trén cde dau vao clit mach sao
cho khong ¢é mau thudn véi cde gid ti tal cde dudng truyén trong mach.
Phép todn nay khic véi phép suy dicn ndi trén [ ket qua ¢o the khong duy
nhat. Vi du nhu teén hinh 8,16, n¢u dudng j nhin aid i bing 0" i theo
phép quay lui ta thiét lap ren duding /it v e cic 1o hop ¢6 thé ¢6 [a ( 1.0 )
(0. 1). (1. 1) Viee lua chon cde gid tri phi hgp phu thuge vao timg ruong
hop cu thé v dua vae cic ludt lua chon. Cic luat lua chon ¢6 the ¢6 nhiimg
dac diém nhu sau:

_ Cic tuat lua chon ¢6 thé 1a nhimg luat nhu saw:

s Chon dudng tin hi¢u gin vér diu vio nhat,

»  Trong trudmg hop giit ti tin hiéu bang * 1, lya chon dudng ruyveén
chua phin ur OR;

= Trong trudng hop gid tri tin higu bing ‘0", ua chon dudng truyén
chta phan i AND.

Vidc dua cdc luat lua chon cdn thiét ngay cd doi vél qud trink tr uyen

D. Trong trudng hop néu ¢ diu ra cua phin tr ¢ ré nhanh thi s¢

khong duy nhit trong viée chon dutng. Trong nhicu trudng hop kinh

nghiém cho thay nén chon duong tin hi¢u gin diu ra nhat.
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Trong qud trinh truyén D thong thuong s¢ khong day du néu chi xét mot
duding truyén. DE gidi quyét cdc vin dé nay sinh khi ¢hi xét mot duong

N o I
Ul T K G4 -
T o { N

IIinh 8.18. Thict lap vi ruyén D theo
hai ducne dan mdn can (01 Khac nhau
cho phép phat hién 161 &/l

truyén D duy nhit, trong nhicu
trudng hop chidng ta can phal su
dung nhiéu dudng wruyen 0 khac
nhau mot cich dong thdi. Trong vi
du dudi day, trong mach ¢ the
xufl hién 161, nhung 16t ndy khong
thé phit hién duge néu chi xét mot
dudng truyén D. Do do. néu cic
dudmg tin hiéu c6 phan nhdnh. ndi
chung chiing ta phdi xem Xét viec
truyén gid tri D theo nhicu dudng
din khac nbhau. Ta xét vi du tren
hinh 8.18, trong mach xudt hién o1
hang s8 s-«-/ trén dudng tin hi¢u

o - 161 1. Trong vi du ndty chiny ta thay, dé thict lap khoi-D wong tng vol

161 o [ gid tri wén duong @ phat Fuge thi¢t lap bang *0” trong trudng hop
khong ¢6 161, diéu nay s€ wong duong v6i viee dat gia wi v =y = "1 Bay
aid ta s& xét cde duong truyén gia ui D khdc nhau 1¢i didu ra = cua mach:

_ Néu lua chon dudng truyén D qua cdc dudng tin hicu «-h-c 1hi treén
, d = = Y
phdn tir G6 theo thil tue truyen D, ching ta nhin duoc:

. Cic dudng tin higu ¢, m. » phii nhan gid t “1° ( khi dé gid e

truyén tol diu ra z s€ la D)

. Puting ¢ phai nhan gid 1
"0 s dan (6i dudng p phai
nhan giid tri 07 vi du‘ijng d da
phan gid i D va ching ta
khong truyén D qua dudng d-
e-c. Piéu ndy dan tdt duong v
phai nhan gid tri *0".

. Pubtmg » phai nhan gid tri
‘17 s& dan 161 duomg s phai

Hinh 8.19. Vecto gid tri kiém
nghiem 180 o/l s& 100 tal néu
gid 11 D duge truyén qua dong
thart ca hal dudng a-b-c vivd-e-.

nhan gid tri ‘0 vi dudng y da nhan gia tri ‘17 vi suy ra dudng ¢ cing



nhan ¢id i 1. Pudng s phai nhan gid tri "7 s& suy ra dudng v phai
nhian gia te; 17, Dicu nay din 161 mau thudan voi ket luan via nhin
duoce val duong e,

Ching ta s& nhan dugc k&t qua tuong twr néu chon dudng truyén 1 la
duting din di qua cdc dudng truyén tin hi¢u d-¢-¢ do tinh doi xing
cli mach.

NEu 1a chon ddng thai vide ruyeén D qua ci hai dudng a-b-c vivd-c-¢
thi nhu da cht ra wrén hinh 8. 19, hai dudng tin hicu ¢on lai cua phian
tr 36 s¢ cling nhan gid trl *17. Dicu nay s& dan téi hai dudng 1 vi v
¢ dong thai nhan gid i 17, Nhu vay véi bo gid tr dau vio

x=y=u=v="{"

ching ta s€ truyén duge gt tri D tdi didu ra coa mach, hay not cach
khidc ching 1a s& phdt hién duge 161 af! véi vecto gid tri dau vao
(voyov)=c1, 1,10 1)

2. Thuiat toan D

Thuit todan D 14 phuong phip thuit todn dau tién ding dé tim cdc veelo
aid tri kicm nghiém dé phat hién cdc 16i hang s& dua trén phuong phip kich
hoat dudng truyén. Trén khia canh vé khi nang xde dinh cdc vecto gid iy
kiém nghi¢m tim ra moi 161 €6 thé phat hién duge. vin dé guan trong nhilt 12
nguyén ly truyén D theo nhi¢u dudng dan khic nhau. Néu xét theo khia canh
vé phuong phdp tong hop cic vecto gid tri kiém nghiém thi van de quan
trong 12 can phai k&t hop qud trinh truvén D viv quay lui nhu the nao. Chiing
ta s¢ xem xEt mot 88 diem quan trong.

Néu mot so dudng tin hiéu trong mach bi 1€ nhanh, khi dé trong qua
trinh truyén D ching ta s& phai fya chon dudng tin hi¢u dé truyén gid
tri D161 ditu ra cuia mach.

Tap hop cdc phin tir qua dé ¢6 khi nang truyén gid tri 0 (e la
nhifng phin 1 véi diu vio ¢6 the nhan cdc gid tri D hoac D con gid
tri dau ra chua xdc dinh) got 1a ranh gioi D. Ranh gior D thuong duge
bi¢u dién bing hang doi. Nhimg phin i ¢6 kha ning truyén D s&
ducce dua vao diau hang doi. Khi phin 1ir d6 khéng con khi ning thuc
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hi¢n qui uinh tuyeén D i s€ Tua chon phan tr 1i€p theo trong hang
doi.

Phép toin quay lui trong thudt todn D goi 1A phép toin xie dinh diau
vao. D¢ xde dinb gid tri cde diau vao caa nhitng phan 1 chua duge xu
Iy, trong phip toin xde dinh dau vao, ching 1a su dung phuong phip
lra chon mot cdch tuan w nhiing & hop ¢d the ¢é cha diu vao. Néu
trong khi lua chon ta thidt [ap mot mdce do vu tien, khi do ta sa dung
nhilg neuvén tic wong ing vai luidt chion, nhimg kha nang lua chon
chua st dung dén duoe luu trong mot hang do1 got Ia hang dgr xde
dinh dau vio.

Trén ¢o s cua nhitng nhan xét wén. thudt in D ¢d the bicu didn qua

cac bude nhu sau;
Thuat toan 1)

270

l.

I~

Trong tip hop cic 161, ching ta lua chon mot 161 hing 86 s-a-v chua
khio sdt. Lot ndy thidt Lap gid ten v trén dudng tin hicu s v ky hicu 1
s/, Khoi D tuong dng vai 161 teén dudng s ky hicu 1D ( wie [a D
twong ing véi aiid tri D cdn D' tuong Gng vai D). Phin (I ¢6 diu vao
ndi var duong tin hicu s duge dua vio hang dot ranh gid 12

boi vai kKhor D, ching ta xdc dinht gia i cde dau vao su dung thao
tic thiet 1ap D. Néu trong trudng hop nay can phar lua chon duong
truyen £, thi ching ta lua chon dudng truyén theo ludt A:

Luat A: rrong qud winh truvén D, cde diong tin éu gdn vl cae
dar v 3¢ diioe lia chon e,

Cic duong tin hicu khong duge lua chon con lai s& duoe dua vao

hang dgi thiet lap. Trong trudng hop khong nhin duoe nhing gia tr

diu vio xae dinh, 161 duoe coi [a du thit v quay v¢ budc 1.

Thue hicn phép suy dien déi véi duding tin hicu trong mach ¢o the
tham gia vao qua tinh thict [ap v truyen £, Neu xuat hicn miu
thudn gitra ¢dc gid i nhan duge coa cde dudng tin hicu trong qua
trinh (ruyén 1, thi chiing 1o ngimg qud winh tuyén D, lea chon gid
tri diu ticn trong hing dot xie dinh trude va quay vé bude 2.

Thue hicn phép truyen D doi voi ghid ol diu tién cta hang dor yanh
2161 . DOi vai philn ta ticp theo lai nhdn gid b1 D acén diu vao v
chung t lai thue hicn phép L ravén D qua phian @ niay. Cac dau
vito ctia phin 1 s¢ duge lua chon gid tei. Nu can thich phai lua chon
phin t dg duge truyén D, ching st dung Tuat B:



Luat B: Cdc phdan nr gan voi nliting déut ra nhdt sé dioe hua chon
(e on trong gid mink lan trivyén gid i D i den ra.

Nhiing phin ti khong duge chon con lai duoc dua vio hang doi. N¢u
khong thé thue hién phép truyén D, ching ta jua chon gid tri ban dau
iép theo. N&u hang doi ranh gidi D réng. chiing ta cho rang 16i dang
xét duge coi 1 161 du thira vi quay vé bude 1.

Thue hién phép suy dién doi vai 1at ci nhimg dudng truyén ¢6 the ¢o.

rA

Néu xudt hien mau thudn trong qud trinh truyén D va quay lui, chiing
ta quay lai budc 4.

6. Néu theo két qua cua qud trinh trayén £, gid tri D hodc D dat duoe
161 ddu ra, (hi ching ta lya chon Gép phdn ti sau cda hing doi ranh
gidi D. N&u khong lua chon dugic phan i nao, ching ta st quay Ve
budc 4.

7. Ap dung phép todn xac dinh din vio doi vai (3t ca cdc phin t ¢ ddu
ra di xdc dinh vi c6 cic dau vao chua duge xdc dinh va lua chon
nhitng gid tri dau vao dung ludt A v hing dgi phép todn xde dinh
dau vio. Phép todn ndy duoc thye hien lap lai lién ticp kKhi kKhong gap
mau thuin trong gia i cde dau vao clia mach. NEu nhan duge 1ap
hop khong rong cdc gid i dilu viio. thi chdng ta coi cdc veclo gid trl
diu vio d6 d6 1a vectd gid tri kiém nghiém d¢ phat hién 161 o/ VA sau
dé quay vé bude 1. Trong trudmg hop phép todn xide dinh dau vao
khong th¢ thue hi¢n duge. thi chiing ta quay v¢ budc <.

Trong thudt todn D duge mo ta & tren, cic lwat A vi B chi xdce dinl trinh
tu lya chon dudng tin hi¢u vl cic phian wr fién quan va khong déng vai uo
quan trong.

Ta hiy xét vi du mach trén hinb 8.20:

u a

G5 P Hinh £.20. Vi du mimh hog
thudl todn I dot vén mach ¢6
chita 161 liang ~o khi xudt hign

z 1o hio.

G6

Chiing ta xic dinh vectd gid tn kiém nghiém dé phdt hién 161 hang 0
s-q-0 trén dudng fi hi0) st dung thuit todn .



| ]

B1. Lua chon 16i /i) trong danh sich 16i; gdn cho duong hogid ui D.
Cic phin W ndi voi dudmg fr 1 G4 va GS dugc dua vio hang doi
ranh gisi 1. Do phén tir G5 gin dau ra hon phin w G4 nén s& dugc
lga chon trude wong quit trinh truyén D theo ludt B nén hing doi
ranh gioi D 1a ] G5.G4 1.
B2. D¢ dudng h co gid ul “1°. chiing ta can phii ¢o hoiic dudng b
nhan gid try *17 hodc dudng g nhan gid wi ‘17, Theo lult A, duding b
gan voi dau vao hon nén trude 1ién chung @ chon gid tri duong b
hang ‘17

h=1=b=1vg=1b gan ddu vao hon. chonb= 1.
Do dudng b 1a dudng tin hicu vio nén ching ta khong cén thue hien
bude B3 chia thuat todn D mi chuyén sang thuc hién budc B
B+, Thue hi¢n thao tic ruyen D qua phan ur G35, Gid tri D ¢ xult
hién trén duong tin hiéu ar va trén duong « tin hicw phai nhin gid tr
‘1. Do phan tr G7 gin vol diu ra hon so véi phén wr G4 nco phan
G7 & duoe dua vio dau hing doi ranh gidi D. Hang dai ranh gict D
& bang | G7. G4 :
BS. Thuc bien phép suy dién ching ta nhan dugc oid tri D e
dudng tin hi¢u &
B6. Vi dutmg tin hiéu n Khong phat 1a diu ra ciia mach nén quay lai
bude B4
34, Thue hién thao 1éc truyén D qua phin wr G7. duding tin hicu p s¢
nhan gid i D va dudng tin hi¢u » phdi nhin gid ri ‘(. bubng tin
hicu p 1 diu ra cia mach:
136. Vi gid tii D duoc (ruyén ra dau ra cua mach ta chuyén i thao
the xic dinh tEp saw
B7. Tren dudng truyén 7 L 461 tuong coa phép todn xite dinh dau vawo
cho phin tr G7. 1 6 dudng # phai nhan gid tri 0. Dicu nly s suy
ra trén phin tir G6, duong tin hicu j phdi nhan gid iri *07 vi dudng tin
hicu & dd nhin gid trl D do phép suy dién qua phan (1 G4. Thue hién
hao tic xde dinh diu vao d6i voi phin W G6 va gid tl dudng tin
hi¢u j bang 07, ching ta nhan duge nhitng 16 hop gid i cua cac
dudng tin hicu d, f BCL0R (L TR0 1)
Néu fyachon d =17 f = ‘0 suyrae =17 va phép todn xdc dinh dau
vio trén phan tr Gl chota ¢ = 0.



Nhu vay bo gid tri thie nghiém phat hi¢n joi h/0 1a
x=ly=0u=1I,v=1

Ching ta x&t 1iép vi du tim vecto gid tr thi nghiém phat hién 161 hing so
5-a-0 teén duong f /0 doi véi mach teen hinh 8.20.

(. Bl. buong tin hiéu f duge gan gia ti £, hang doi ruh gigi 1) bao
gom | G3 ]

2. B2. V& gid ui dudng f bang 17, phép roin xic dinh diu vito cho ta
gid trl wen duong ¢ bang 17 vivsuy ra dudng ¢ nhin gid tri bing 0"

3. B3. Ap dung phép suy dién ta nhan duge gid i trén cac duding g. I f
{, k. 1 abu sau:

g=1h=1/=1Li=Lk=0n=0

4. B4 Thue hicn truyén D qua phan twr G3, ching ta nhan duge trén

dudng j eid tri D va wen J gia tri ‘07 hang doi ranh gidi 2 ¢hia

| G6 ];
5. B6. Do dudng tin hicu j khong phai [a dau ra nén ching 1a quay Lt
budc B4:

6. B4. Do aid ui trén duding tin hi¢u k bing (. cho nén chimng ta Kbong
th thue hien viee truyén D qua phin 1o G6. Mit khdc hang dot rinh
0i6i D rdng., di¢u niy ddn téi ket luan 161 470 1 161 du thira.

Ta ¢6 thé thay rang st dung thudt Lodn 2 chiing ta cé thé xac dinh dugc

moi bo gid i thir nghi¢m d& tim moi 16 hing s6 ¢é thé phdt hien duoc.

Them vio dé. thuat todn D ¢6 the ma rong dé dp dung sang cdc mo hinh 101
khac.

3. Thuat toan PODEM ( Path-Oriented Decision Making )

Trong thuat todn D, diu tién gid tri 2 duge dua 161 daw ra cha mach bang
phép truyén D sau do ding phép todn xdc dinh dau vio dé 1im gid tri tén
ciic diu vio. Néu khi xidc dinh gid tri ddu vao gdp mau thuan thi thue hicn
quay lui va lua chon dudng truy én D khie tde la i bude B7 cua thudt todn
quay lui budc B4 Trong truang hop gap nhicu mau thudn trong phép xac
dinh dau vio, thor gian t6ng hop vecto gia i kicm nghicm tang. Vi du. nhu
Khi xudl hién nhiéu phian w XOR trong mach, cac thao tidc truyén £ khi don
giin nhung viée dp dung phép todn xace dinh dau vao thudmg ket thic khong

| ]
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thanly cong vi qui rinh truvén 7 phat quay lui. Dicu nav lam cho VICC tong
leip bo gid 1 thi oghicm bang thuit wdn 1D phai 1w won them nhicu thai
elan.

Be ting hicu qua cla qua trinh truyén 12 v xic dinh dau vio, néu il
t61 uhig tinh huong da néu ten. trong k¥ thudt thuong st dung phuenge
phip PODIEM. Trong phuong phdp n: ay. Khi thue Bicn guay Tui tw ding tha
tue dich chuven nguoe. Ching ta cé thé 1rinl biy ngan gon (ha we dich
chuyén nguoe nhu sau.

Giathict ring tén dutng tin hicu s thict lap ¢ gt ol vi o duce ddnh
nhiin dau ten khi dudng tn hicy duge gdn gid tri v, chiing ta lua chon Mol
duimg dan theo hudng (61 dau vao. Gii tr1 cua nhidn duoe dao khi di (Ui
nhtng phin tr loai NAND, NOR, NOT. Trong qui tinh dich chuyveén nguoe
theo mot dudmg, gid tr nhin duoe truyén theo hudng (i diu ra cta mach (d
cic dau vio. Do dd dot véi nhang phan tr ¢o nhidu dau vao. chiing ta can
thiet phat lua chon cédc duong vio twong e vai cie ludt lua chon. Nhing
duong tin hice khong duoe lua chon duge dua vao hing doi quay lur va S8
duoe sirdung tong qud (rink quay ur.

Cie Ludt Lua chon duomg tin hicu vivo ¢6 dang nhu sauw;

Ludt Ly chon @:

Iy L chon dutng din eian daw vio nhit:
23 NCU gid trn cha nhidn hing () - chimg e lua chon dutmg truvén
(1 Wi cua ph i e AND hoac NOR. Neu gid 11 cda nhin hing
ching ta lua chon duomy ruven L dau ra coa OR hoac
:\.:—\,:\I)_

Tren co e cua thi e dich chuyen nguce nér ren vi tuat A lua chon
duomg truyén. thudl tan PODEM ¢o the duoe trinh by nh sau:

Thuat toin PODEM

L Trong tap hop cic 160, lua chon 15i hiae & chira st dung v-¢-1 tren

duong tin hicu v lam ¢ho duong tin hicu nhan gid i v - 160 s/v. Tron
duong v thict lap nhan O vt dua vio hang dot ranh gidi 1) nhimg
phian (wr nhin dudne s [am dau vio. Neu hhong con 16 trong tap hop
cic low chdng ta dime qud trinh 16ng hop bo aid trr tha nghicm.

Tren dudng tin hicu v, thue hico thao e thict Kip D' vic xiic dinh cic
gh ey ddu vao. Néu xudt hicn kha nang lua chon dudng din. siy dung
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luat A, ahiing phin tr con lai se duoe dua vao hang doi thict Lip phue
vu qua tinh quay la.

Daoi v6i nhimg gid tri dau vio nhin duoe (ir k&t qua thue hien thao tac
thict Jap £, ching ta thue hien phép suy dien.

Poi vdi gia ti ditu tién trong hang doi ranh gici D, ching ta thye
hien phép truyén 0. Phin trnhin (iép theo trong phép U uycn £ nhin
gid tri D tai dau vio duge dua vio dau hing doi ranh gidi 1. Trong
qui trinh truyén D, ncu can thiét phai tya chon phan r nen duong

dan man cam. ching ta dp dung fuat B, Thong thudng ching L o

the st dung [wat B trong thudt todn D jant luat B cua thudt toan
PODEM. Sau khi dit lua chon phan wr tren dudng truyén 116t dau
ra. cde phan W con lai duge dua vio hang doi ranly gidn D, Trong
trudng hop thao tic ruvén 12 16i diu ra khong th¢ ket thic dudc,
chiing ta st dung phian (0 Gep theo trong hang doi ranh gidi D. Néu
hing doi ranh gici D rong, 161 duge coi 1 1ot du thia va vice thue
hicn thuit toan duge quay la bude 1.

Thue hién phep suy dien.

Thue hicn thu tue dich chuyén nguge dai voi nhimg duong un hicu
trén 6 eid tri dau ra cua cac phan 1 duge xdc dinh con cic g1 i
diu vio chua xic dinh. Trong truong hop cin thict phai lua chon

dutng tin hicu, ching ta thuc hica Iua chon duong sa dung luit a.
Nhiing dudng tin hiéu chua duge lya chon duge dua vao hang doi
guay lut.

Thue hicn phép suy didn, sau khi da odn cho ciie dau vao nhiing gid
tri nhin nhan duoe tr phép quay lui. Kidm tra tinh ddng dan clia gid
tri i cia nban. Néu khong nhin duge eid i ding, ching ta Kicn
tra tinh ding dan ctia gid tri nghich dao. Ncu viee Kicm tra gia in ¢ho
kel qua ding. ching ta chuydn sang bude 6 v su dung duony tin
hicu diu tién trong hing doi quay lui. Trong trudng hop vice Kicm tra
cho K& qua sai. nfur vay thao tic truvén D 16 ddu ra khong the thue
hién duge, chiing taquay vE budie 4.

Néu 16n tad dudng cho phép thuc hign budce 6, ching ta thue hicn i
budc 6 va budc 7.

N&u gid i D 61 duoe diw ra, bo gia tri dilu vio nhan duge s¢ i
veeto gid tri thir nghi¢m dé phdt hicn lo1 s/v vix ching ta quay L
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budce 1. Trong ruong hop thao tie truyén 1 khong 161 duoe déw ra,
chung ta quay lai budc 4.

Ching ta minh hoa thuit todin PODEM gua mach trén limh 8.21. Gia

thict ring trong mach xuit

n T\

u‘i" ik s ] G4j‘o— hi¢n 161 hang s0 s-u-/ tién

276

9)

_ dudng @ —«/l. Tong hop

ol 62} b veetd eid tri kiem nghi¢m

G1 W T — s ¥ doi vor 101 «f ! theo thuat

__/d { G3>>€j pp— z toan PODEM duoc thuc
p__ -

hien nhu sau:

g It s - 1 Bl. Gan cho duong
S B B /““_ ¢ gid tri 2, hing doi ranh
_ o . oidi /) s& chita nhting phan
inh 8.21. Muth hoa thea wodn PODEN vong = 1l L‘ﬁ] h1 e
vige Wng hop gid it nghiém phdt hien loi (wrsau] G2, G3 |
hane && x- £ een duong e o - 2) B2, B¢ dudng tin

hicu o« nhin gid trn 07,
ching ta cin thidt duong tin hicu f v g nhan gid i biang 1
B3. Thuce hicn phép suy dien d8l vai dudmg v g, chdog ta nhan
duoe hai duone tin hicu rvivr eling nhan grd (717
B4 Thue Bien thao tac truyén £ qua phin 0 G2, chiing ta nhin duge
eid i duong » = D vd dudng { phai nhin gid i 1Th d6 suy
hang dot ranh idi £ 88 bao gomede phin tu | G6, G3 L
B3. Ap dung phép suy didn ta nhan duoe f =4 =171 = Oom =10
Do j la diu vio cua mach nén cic bude 1 bude BO deén B8 cua thuat
toin PODEM duoe bo qua vie clhidng ta sang bude 89
BY. Do duding tin icu » khong phii 12 diu vio cua mach. ching ta
chuven sang lai bude B
R4, Thue hicn thao tic truyén £ qua phan w G6. bé thue hien duoc
di¢u nay ching ta cin ¢6 duong ¢ nhin gia g "7 dudng # cung pPhit
nhan gid i 17 Hing doi ranh gici £ € chi ¢o phin | G3 |
B36. Thuc hién thu tue dich chuyén nguge vai gid iy duong ¢ bing
17, chiing ta nhan duge pid tr dudng p = ¢ = 07 va dicu nay suy Ta
dudng v nhan gia tn *07;
B7. Thyc hien phép suy dién d6i véu gid ui v = *07 ¢ cho ta gid
=1, n="0.¢="1". N viv ching ta khong nhan dugc gid tr



dau ra ddng ( tde 1A ta phdi nhan duge # = 17, ¢ = £y Chung
nghich dio gid ti ¢ha vy = 17 Vi pid tri ndy. dudng iin hicu
o = D, ubu vay ching ta ctng khong nhin duge eid i can thict
e =1, K& luan rang ching ta khong thé thye hien duoe phep ruyen
D qua phin 16 G6 161 diu ra. do do phai quay lat budc B,

10y B4. Thue hién phép truyén D qua phin w G3, ching ta ¢ gl U trén
dudng ¢ = 1 (Vi gid ti dudng v da duoe nghich dao lai bang *17 )
dutmig p =17, Hang doi tanh gié1 D bao gom phan | G6 |

11) B3, Thue hien phép suy dién véi nhimg gii try vira nhan duge. ta co
g=r="1",y="0,n="1"

12) BY. Do khéng nhan duge gia tri D & diu ra, ching ta quay lai budic
134;

133 B4. Thuc hién thao tde truyen D qua phin (¢ G6 ching ta nhan duoc
¢ = D). ciie bude tir bude B3 dén bude B8 duge Toai bo:

14) BY. Do gid tri £ dugc truyén 161 dau ra, b giid tri thu nghigin nhin
duge sElcv=y=u=yv=" 1.

Nhu vay chiing ta thdy rang thudt toin PODEM khio sdt tat ci cde 10
hop 6 the ¢6 cua dau vao cho nén ¢é thé dp dung (hudt todn nay de tong hop
cde bo gid tei tur nghicm doi véi moi 161 hing 6 ¢6 thé phit hién duoe.
Bing cich dp dung cic luat lua chon Khic nhau, ching ta ¢6 1he stra doi
thuat toin PODEM d¢ ¢6 thé nhan duge cdc thuil todn hicu qud hon. Cing
giéng nbu thuat todn D, thudt 10in PODEM ¢6 thé &p dung dé tong hop cic
bo gia tri the nghiém phit hi¢n céc 161 bic cau.

§8.4. Phuung phap moé hinh héa 1oi
1. Bai toan mo hinh hod 16i
Vide tao cde veetd gid tri thu nghiém dé tim 161 bang cic phuong phip

thudt todn cho p}u,p ta thue hién doi vai moi 161 ¢6 the phat hicn duge. Nt
vily ¢6 the ndi rang phuong phip thudt wdn 1a phuong phdp tuo vecta gia tr
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thit nghi¢m tim o1 day du. Khi do phiic tap cua mach tang, thisi glan d¢ o
bo gid (i phit cn 161 s¢ tang nhanh. Theo Iy thuyet. thi alan tao bo gid trl
thir nghi¢m s¢ tang theo ludt hiun md doi v6i 86 luong phin 1 logic tham aja
vio mach. Dai vl nhing mach trong thie t&, thoi glan o ho aid tri thu
aghi¢m sé ty 1¢ bac hai - bic ba so v sy tang lén clia s6 luong cde phan wr
1ogic ¢ ban trong mach.

Pé gidi quyél van dé vé do phific tap cua thudt todn. trong k¥ thudt chang
(4 con ¢o (hé st dung cac phuong phip goi la mo hinh héa 161, Phuong phap
mo hinh hod 161 cho phép trong mot thos gran ngan phat hién duoc 101 vOl
mot ty ¢ kha cao.

Phuong phap mo hinh hoa 161 ¢6 the duot (rinh bay ngan gon nhu sau:
ching ta thue hién mo hinh hoa logic mach chia 161 tuony dng VoL moL veet
eid tr} dau vao nio dé. Néu nhan duge céc gid i dau ra cua mach trong
trudng hop xuat hién 161 viu trong truong hop khong bi 161 khac nhau, nhu
Vay vecly 2id tri diu vao dugc coi 1 vecto gid td thi nghem phit hicen 161
dang xét. Noi cach khite. phuong phap mo hinh hoa 16i 1 phuong phdp xdc
dinh. ciie 10§ €6 thé duge phit hicn st dung mot veelo gid i didu vao cho
truoc.

Chdng ta thay, phuong phip o hinh hod 161 v& co ban dira wén qud trinh
o hinh hoa logic mach trong Bai trudmg hop: chia 16 vi khong chia 105
Tuy nhién do) v61 phien bin bi 161 clia mach. ching ta €0 the su dung nhing
tht phip khac nhau dé thue hién qud tinh mo fhinh hod 1ogic. Trong muc
nay ching ta s¢ nghien ¢iu nhimg phuong phip chinh dé thue hi¢y mo hinh
hod 161: phuong phap mo hinh hoa 161 song song, phuong phdp mo hinh hoa
161 suy dién vi phuang phip mao hinh l6a 161 canh tranh.

3. Phuong phap mo hinh hoa o1 song sung

Cing tuong ¢ nhu quit
trinh mo hinb héa 10gic, khi
thuc hién mo hinh hoa 16i,
giid i trén cic dudng tin
hicu duge mo bing mot
tir mdy. Do dé néu mot [

Tinh 8.22. Minh hoa qud trinh mily ¢6 chua # hing chil 50
mo hinh hod 101 song song. nhj phan, (hi ching ta c6

th¢ thue hien duge qud tinh



Mo hinh hoa doi vol o veeto gid tl dau vio mot cach song song.

Ta hiy ¢ v du mach trea hinh 822 boi val mach nity, v niot e may
adm 16-bit, ta ¢ the thue hicn qui (rinh mo Tinh héa song song dot v 1
ca cie vecto ki tri daw vio. Trong truong hop niy. cic 101 ¢o the duoe bicu
dién bang cich thidt 1ap co dinh cie gid ti {07, 1 ren cde dutng tn hicu b
161, khong phu thude vio giid tri diu viw. Bor vor mach teen hinh 8.22. ¢huing
1 thue hién qua trinh mo hinh héa 161 vét cac veeto gid il diu viw duoc bicu
didn trén ede tr may 8-bity cac gid i trén cie duong tin hicu s va tren dau ra
duoe bicu dién ten hinh 8.23. Qud trinh md Tunh hida d0i VOl 161 hang so -
a-1 tren dudny e B cho chdng ta thiy: tn hicw dau ra cua mach {a
p = "010101017. Trong khi do diu ra trong truong hop mach Khong 1o b
p o= "0101T1017 Nhu vay bit thir e tinh tw hCn phiai dd bi thay doi do 161
Bid. T do suy ra bo gk i Cal b« dy= (0,001, 0 1a bo gia i tho
nghiem phdt hien 161 //f. Mot cach tuong (. ¢6 ic thue hien qua trinh
mo hinh hoa doéi voi mot 161 ¢6 the phitt hign duge Khac. N¢u gid i dau ra
trong trudng hop mach chia 161 khic vai dau ra et mach trong truong hop
mach khong bi 360 thy chiing ta ¢ the ket luan ring bo gid tin ddu vie lwong
Gne [ b eid e thu nghicm phat hicn lo1

01010101 ¢ 1110000 | 111000 OLPLoert tiiinnit
h:00T1O0TT £ 11110000 11110000 nu01OT000T 01010101
00001111 @ 111HID000 | 11110000 00001100 00000000
d:00000000 h:1L11001 | LTTEILT p:01011101 01010101
a) FELLI00TL L EIETEL L o P o )
J:00001 110 | 00001110 Khong 16 bi o1
k:00001 100 1 00000000

Hinh 8.23. Mo Linh hod song song cde gid i daa vior s cae gia diwn viw: by giim
tren cac dudng tin hicu rong trudng hop mach koo [ wit e chita Lot

Khi mo hinh héa theo phuong phip trén, chiing ta thiy cde pid i dau
vio tham gia vio qud trinh mo hinh hoid mét cich dong thoi tén tat ca cic
bit cua 1ir miay do dé phuong phdp nity gor la #6 Brind hoce 160 vad dan vao
sonyg song. Khide véi cich lam teen. ching ted th¢ thue hicn qua trinh mo
hinh héa tren todn bo cdc 16i chi st dyng modt bo @id wi daw oo, Phuong
phip niy goi 1d mo hinh hoa 161 song song.

Chdng ta hiy xétvi du mo hinh hoit 161 song song vot so dd mach tren
hinh 8.22. Tuong tng véi phuong phap mo hinh hoead 161 song song. ching ta
thue hien qud trinh mé hinh héa mot cdch dong thoi véi cac Lo
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a/0, /1. h/0. /0, 311, K/0. k1. m/ 1L
tuong g v6i ho gl (1l ddu vio: (@, b.oc. dy=( 101, 0 ). Trén hinh 8.24,
ching ta thy bo oid i dau vao ahu nhau ( cling bang “10107 ) Aot voi 1L ca
cic 161 néu ten. Cac wid (i duge sap x€p trong (i mdy long ting Vi cdc 1ot
{heo tinh Wy néu tren. Sau khi thue hign qud trinh mo hinh hod logic voi tat
ca cic 161 di cho. ching nhan ducc o may bicu dién cde giid ddu ra
p="1110 10117, Ta nhan thay ring, trong ruong hop néu xuat hicn céc 101

atitinil 00000000 1:01000000 m:01000001
100000000 {:00000000 ot 1 n: 10101011
ittt g:(_}l[l()(l(l(){) k10111011 p:lll()lﬁl\
d-00000000 ;01000000 1:01000000 A

Hinh 8.24. Mo hinh hod 16} song song.

hing s jf0 hode L0 @i i tin hicu ¢ ddu ra p khic vl eid ti diu ra cli
mach trong treong hop khong ¢ 161 ( trong truimg hop khong ¢o 164, dau ra
p nhin gia tri bing "7 wwong ing voi veclo oid tri dau vio ©10107, con trong
(rudmg hop xudt hién 161 /0 hoac k0. diu ra p nhan gid bing 07 ). Tirdd
Suy ra veclo oid tri dau vao (1.0.1,0) laveelo oid 111 ki¢m nghi¢m de phat
hicn cde 101 hang sG fith kIO,

Trong nhung didu kien thong thudng. vice 1o 1 cac veclo gid i Ki¢m
nghicm doi v6i mol o Tuong 16n 101 sw dung phuong phap mo hinh hoa 161
SONY SONg Vi sau do6 dp dung phuong phip mo hinh hoa 161 voi dan vao song
song ¢ho nhing 161 chua duge pha hicn ¢on lal 1a mot thuil toan tao ¢ic
vecto gid i kidm nghiem d¢ phit hien 161 ¢6 hicu qua cao.

Khi thuc hien phuong phip mo hinh héa 10i

y ciing nhu khi thyc hicn qud trinh mo hinh hoa
. o7 . . o . . .
s 1‘ UD’— 1ogic ta ¢O the su dung phuong phdp bicn dich.
il . R - e - -
} Vi dy, trong mach ten hinh 8.25. doi voi phan
Hinh 8.25. Vidu «r AND chiing ta thity. bicu thic logic P, cho
mach don gian. dudng tin hieu ¢ ¢o dang:

P = xa, + 4.
irong do:
a, = | wong rruding hop gid {ri ding trén dudng «;
a, = O wrong frudng hop nguac tat;
a,= L khi {hiét lap gid i "1 ren dudng d:
a, = 0 trong nhiing yudng hop khac.
Nhu viy. kbi {hiet 1ap gid ti 'O tren dutng tin hi¢u « ta ¢
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g=a,=0=>P=0.
Tuong tu phu vay, trén dudng tin hiéu b
Po=vb +b:
Ching ta thay ring gia tri trén dudng tin hicu ¢ bang P P,. th do6 suy ra giad
tri trén duong tin higu ¢ ¢6 the viel dudi dang biéu thdc logic sau:
P=(PP)c, +c;
P61 vai phan tr OR, bicu thiic 10gic s& ¢6 dang:
P=(P +Pe, +e¢;
P,=ud, + l:

Qud trinh mo hinh hod néu trén duge thuc hién bing cach xay dung
nhig bicu thifc logic d6i véi nhitng trang tha 161 cla cde phan i logic va
tinh cdc gid tri cta chang. Khi tinh cdc biéu 1dgic bing nhitng phép todn tren
hit v&i cdc tir ¢6 do dai 7 cha gid i cie bign, ta ¢6 thé thue hi¢n mé hinh
hod song song.

Vi duy, déi mach trén hinh 8.235, dé thue hién mo hinh hod dau vio seng
song ddi v6i 161 hing s0 /0, ching ta can dua ra cdc gid tri cua trang thii
161 vi trén co s& d6 xdc dinh biéu thiic 1ogic cta mach ( hinh 8.26 ). Trong
trudng hop mo hinh hod 100 song song ta can phai dua ra gid trj cla trang
thai 161 ( hinh 8.27 ). Trong vi du déi v6i mach trén hinh 8,25, ching 1a thyc
hien qud trinh mo hinh héa 161 song song cho cde 16i: a/0. «l1. DIO. bl 10
ol 1. di0. di 4ol véi vecto gid tri dau vio:r v =y =17 1= 0"

Mo hinh héa dau vao song song:

u 01010101 a 11111111 00000000
x 00110011 b ILITLLIL - 0000000
y 00001111 ¢ 00000000 0000000
d 11111111 00000000
c LITLITEHI (0000000
1linh 8.26. Mo hinh hod 161 vdi cde diu vio song song cho mach trén Innh 8.23.
u 00000000 a 00111111 01000000
x 11113111 b 11001111 00010000
y 1111111 ¢ 11110011 00000100
d 11111100 00000001
e 11111111 00000000

Hinh 8.27. M6 liinh hod 16 song song cho mach trén hinh 8.25 v vecto diu
vio (. vy Y =00, 1. 1 Ycho cde 181 a0, ald, b0 B it ol di0. dif.
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Khi su dung phuone phip bicn dich trong qua trinh mé hinh hod 1ol
ching ta can phan hang cic phan nr laégic va thue hi¢én theo trinh e cla cic
bicu thic logic.

3. Mo hinh héa 16§ suy dien

Trong phudng phip mo hinh hoa 161 seng senge di ncu trén, dau ticn
chiing 1a dua ra cde veeto gid il diu vao, cic 161 viv sau d6 Kicm tra kha nang
phat hién cic 161 dua ra bing cde veclo gia i diu vio dang xét Trong
trudng hop thue hién kiém tra thinh cong, vecto gid tri diau vio dung xét
duoe coi 1 vecto gid tri kiem tra phat hién 16i da cho: o¢u thue hicn mo hinh
hed 161 khong thanh cong. ching ta phai thue luén qua trinh mo hinh hoi 161
cho bo gid tri dau vao vi 161 khie. Nhu vay, trong phuong phap mo hinh hod
101 néi trén, moil quan h¢ ogic gida cde 160 v cde veeto gid ol ddu vio
khong duce thigt 1ap va do dé hicu qua cua qud trinh tao cde bo gid trl Kiém
nghiém phat hi¢n 161 khong cao.

B¢ tang hicu qua et thudt todn mo hinh héa, ching ta dua ra phuong
phip, trong do tuong dng voi mot vecto gia b dau vao, phal phat hicn it ca
cilc 181 ¢4 the duge phit hién bang bé eid i nay. D¢ thue hien duoe didu da.
ching ta phai st dung cidc phép todn suy dicn tip hop d¢ thue hién qud trfinh
mo hinh hda va do dé phuong phip nay duge goi [ phuong phip mo hinh
héa 161 suy dicn.

be don gian vi ¢6 thé thdy 16 duge co ché suy didn. ching ta xét vi du
phian 10 AND ¢é ba dau vio. Néu cde dae vao nhan gid tri ¢ = 0" b = * 17,
e =1’ daura d s€ nhin gid trf o = 0. TU d6 suy ra cde 161 hing s¢ do vecto
gid i dav vao (o, b )= (0, 1, 1) phit hién duge s& 1 o/ L df 1 { ching ta

s¢ VIEt gon ky hicu 160 hing so s-a-v trén

v duong (in hicu s [ &/ thanh », ). NC¢u cidc diu

\_d vaiolba="1".h="1"c="P tacdd="1".
1
L={a/L. d/1} L . LS
‘ phat hign duoe bang vecto gid tri dau vao ( «,
e Nt )= (L L) e i e |
AND ¢6 ba diu vio. Ching ta ¢ the nhin duge tap hop nay theo
nhiing luat sau:

Tl d6 suy ra, tap hop cde 161 hing 56 ¢d 1he

282



Luat suy dién C: cdc phép toin 1dp hop doi vor phan 1o A vit cic gid wi diu
viio cua phan tu do:

Dudng tin hicu vio « cha phan (i Ja dudng vao tirben ngoai. Néu gia
(ri dudng tin hi¢u ndy bing *1.taco L, = { ¢, }: ncu gid 1 duong tin
hicu bang ‘0", thi L, = { v, }:

Ham ra cta phan we A duge bicu dién dudi dang t6ng hoic tich. Néu
gid iri ding cta dudng tin hiéu « bang ‘0", thi ky higu « trong bicu
thiic s¢ duoc thay bing L,. ky hicu a duge thay bang L,. Néu gid ui
ding cita dutng tin hic¢u «¢ bang *1’ thi thi ky hi¢u « trong biéu thiic
s& duge thay bang L, vi a duoc thay bing L, .

Tich logic (.} va 1ong légic (+) trong bid¢u thic duge thay bang cic
phép todn tap hop M vivw. Néu gid trn ding cta ddu ra bang ‘¢ (hi
bidu thiic duge thay bing L, néu la "1 - 1.

Trong trudng hop khi gid tri ding cta dudng tin hieu ra f bang *0° thi
ta hop tap hop { /f; } vao L: néu gid trl dau ra bang “17. ta s hop tap
hop { /; | vao L. K& qua ta nhin duge tip hop L.

Cic phan 1 trong tap hop L 1a cic 161 hang s& ¢6 the duge phit hicn

bing vecto gid tri dau vao dang x¢ét. Vi du, doi véi phan 1r AND tren
minh 828 1 céd d = abe v a="0",b="1",¢="1"1do suy ra:

L, =L, Al uld,):

trong d6 L, = { a; 1. Ly = L by} Lo = { ¢y 12 sau mot s6 phép bicn doi,
nhan duac:

L,=1{a.d}.

N¢u cdc diu vao nhan gid tii: @ =D b="1",c="1",tast o

=(l.nLinLy=L, = (L. M Lv I_) uldd=(Lulul)u {d“}
wong dd L, =1 a, ). Ly =1 b 1. L= ¢ ). Nhu viy ta nhin duge

L,=1{ dy b o d ]
Trong nhiing truong hop khi diu vio « cta phan ti khong phai L dau
vio tir bén ngoii. L, 12 tap hop cic 161 duge phit hién trude muc dang
xét. Do d6. khi di tit cée ddu vivo tinh tr hén ngoai tuidn w theo mic
clia o dd 1ogic va dp dung nhiéu lan luat dd néu trén. La ¢d the xdc
dinh duoc tip hop 161 duge phdt hién bing bo gid tri dau vao dd cho.

Thuat todn néu trén duoe goi la thudt toan mo hinh hoi 161 suy dién.
Ching ta hiy xét vi du dp dung phuong phap mo hinh hod 16 suy dién do

L
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v6i mach trén hinh 8.29. Bai todn dat ra la xde dinh cic 161 ¢6 thé dwoc phiit

hi¢n vai vecto gid i dau vao:

Ap dung mot cich
tudn tu cdc fuat bit
dau o ddu Vo,
chimg ta nhan ducc
cde tap hap sau:

I‘n ={ u,t:

Iinhk 8.29. Vi du minh hoa phuong L,=1{h,}:

hidp mo hinh hod 161 suy dién. .

P Y L,={d,)
Lr =1 fr: b

L,=1/4,1. Li={i}

Le=(L,nL,)u{c =1k

L= (L, NnL)uUle,) ={d,.c,):
L=L.utlg t={dnens

sz Leotnt =ldyen b

Ly=(L, oL ) u k=i .k}
Li=L,w il =t{d.e, .t
Ly=(L.~Lyutm={ml:
Ly=(L,oL)wlu, i =1d.engnfnn, )
L,

Nhu vay vecto gid i dduvio x = y =7 =y =v = w = "1’ cho phép phit hi¢n

(L, ML) U ped = dy o o fin 1o pa ).

moi 16i nam trong tap hop L, = { dy. ¢4 g fon Hae Po }-

Neéu gid tri ddu vao v thay d6i thanh 0", thi s¢ ¢é nhimg thay déi sau
trong day suy dién ndi trén:

y=0>2>h=04=1;

h=0= L,={11

A=1= L, =(L,nL)yulk,}={h.k,}:

Vim=1l=L,=(LinL)o{mt={c.d.e, li, j. 1. k,ml:

Vip=1=L,= (L, nLOwip,=t{h.j. k. 1. m.p,

Tir vi du trén ching ta thay rang khi sir dung phuong phap mo hinh hod
161 suy dién, ciiing ta luon sir dung cic phép toin tap hop. Picu dé dan den
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vi¢e can thict xay dung phuong plmp thue hien ¢6 hicu qua cde phép oin tap
hop trén widy tinh. Chung ta thay rang cic phép todn 1ap hop phu thudc vio
cde gid tri dau vio nén vice dp dung cdc phép xit 1v song song khong the
thuc hicn duge trong trudng hop nay.

4. Mo hinh héa 10i canh tranh

Trong phuong phiap mé hinh hoi suy Jdién di trinh by & teén. danh sich

cide 161 co thé phit hién bing mot vecto gia (i dau vaoe cho trude duge tim

thay bang cdch lan truyén tan uy 161 theo cac mic phan hang. Trong phuong

phip nay ta can phai thye hién céc phép todn 1ap hop kho thue hien trén may
tinh.

Tuong tr véi tu twdng truyén danh sdch 161, chiing td dung phuong phip
iy dung danh sich bing cich mo hinh héa thay cho cde phép todn ap hop.
Phuong phip nay goi 1a phuong phdp mo hinh hda 161 canh tranh,

Chiing ta xévi du trén inh 8.30 vai cidc dau vio cua mach la

a=b=0.c=1.f= l.\:;:().
VGi g = b =0 ta cd gid i ddng tai ¢ = *1". Nhimg 161 ¢6 ihe duoe
phit hicn nhd nhting gid tei diu vao via ddu ra dd nhan cdce gia tri dao:
all. b1, o0, o thé vidt gon fa cde 161 «,. by, ¢ Cac 101 «,. b,
trong trudmg hop nty khong th¢ phat hi¢n duge boi vi chidng lam cho
diu ra cd gid tri ring vol gid

ll -
_n ! "_'j\_f . trithye.
. D. N J - BaE vai phin tr G20 ndéu
o

— o3 gid ti tren dudng  bang *17
e suy ra gid tr ding tan duong
a=h=0d=1f=1y4=0 e bang 0. Nhu vy cic 16
Minh 8.30. Vi du o hinh hoa 16
S1f dune phuong phip no hinh hoi

cé the duge phdt hien 1 ¢,
d.,. e, Vicée 101 ndy thict lap
1641 canh tranh. C s 2 .
eid tri dudng ¢ bang "17. ¢ho
nén kha nang phdt hi¢n cde 161 d6 bang bo pid tn dau vio danﬂ xél duoc
dam bao. Tir d6 suy ra. vai cic gid ti dau vao g = b ="0". d ="1" thi cic
16i L, = { ¢y dy. ¢y } 6 the duge phat hien.

- N¢u gid tri trén dudng tin hi¢u f =17, ¢ = ‘0, ta 8¢ ¢O gid tnn ding
trén dau ra i coa phin (0 G3 107, do d6 cde 161 { fi. gy f, | €O the¢ duoc

[E)
o}
N



phdt hien. Mat khie, khi trong mach ¢6 101 £, dau ra fr = *07 nhu vay,
danh sich 16 cudi ciing & duge phat hien L Ly =1 g, 4 1
Dol vai phin W G4, gid ti ddng ren cde duong e, I biang 0" do do
aid tri diing weén dudng i cing bang 107 Nhu vay cic 161 ¢o thé phit hicn
duce s 1 f,. e, Mat Khide suxudt hien cua 161 ¢, duge sinh ra t danh
sdch L., con 161 i, nam tong tdp hop L, K& luan, tap hop cdce 160 58
duoe phdt hién tren déau ra = L
Li={ cndyengnling
Tren hinh .31 (3 so dé trinh (@ tuyén v nhan cie 16i ¢6 the duge phiit
hicn qua ciie phén i logic trong mach trén finh 8.30.
Dua viw cie suy ludn néu tren, chidng ta ¢6 the dua ra cic quy 1ac sau:
Luat D:
| Bdi véi phin tr logic G1 ¢6 it ¢i cde dau vio 1a tir ben ngodi: ching 1a
ky hicu cic ddu vao Ly ab, diu ra Taen gid tri tal cae dau vao k¥ hicu la
. v diu ra tuong Gog 1a o Trong danh sach cdc 1ot s¢ phat hicu.

Lo b b cic 161 duoe coi 1 duge phat hién néu ching thict lap tren

diu ra gid tri y. Nhiing 16i nity goi 1 16§ Tan truyén.

e K=

| {1 1] 1 i 1 | i

i iy i {l | ‘ [ ol

! bl -i} | [ 10

T L g_lg
L= {c.t l.={c.d.e

Hinh 831 Qud tinh 4L
L tuyén  16i che "I.

mach wen nly 8300 .|
Da % chu gt duong b, SNNT!
10 hicu tong wuing T T
hop mach Khang bi 161, Ly =g, Al

[

Doi véi phin t 1ogic Gy ¢d diu vio tir bén ngodi va ditu viio 1 beén trong
tuong tng T« v b, ddu ra a e, Gid i ien duomng vao « la a . uen
dudng truyén b 14 f gid t ding wén daw ra ¢ la x. Tir danh sich cic 1oi

¢ thé phit hien {o . L,(/3).c | nhing 161 chinb thde duge 1im thay ¢ fa
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nhitng Fo1 hict lap wén dide ra ¢ gid tri . Nhitng 161 ndy o thanh duish

sach 161 lan truven L)

4

Doi var phan i logic Gy ehi ¢ cde dau vao bén trong Lt «, # viv dau ra
¢, cde duang tin hicw ¢, b duoe dat g tr ding o va A duong ¢ s¢ nhan

eid il dung 1y . T danh sdch | L(a). L), o=} cde 161 s¢ phat hicn

1

g

Hinh 8,32, V1 du e hien phuong phdp mo binh hod 1 canh tranh.

duge 1 cide 161 din gid tri urén dudng ¢ biang y. Nhitng 161 niwy tao thinh

danh sdch 161 lan wuyén qua phan o Gy LAy,

4. Cic 101 lan ruyen L) tim thay een dan ra hén ngoal cua mach ¢ tao
thanh tip hop cic 101 phit hién duoc nhd bd giid i diw vio di cho.
Chidng ta xét v du dor vé maeh teén hinh 8.32, sau khi dp dung luat 1,

ap hop cic lon nhin duge s¢ L

ll,. = di e G foo W Do )

Ciing twong tu nhu phuong phap md hinh hod 101 suy dicu, vice thue hien
v v song song dé eo the mo hinh hod dong thi tén cie veeto dau vao
trong doi phie tap.

Nhu viy, ching ta dit nghicn cdu nhimg phuang phdp mo hinh hod joi.
Pai tiong dp dung cua nhimg phuong phip nay Lo plidt hien cdc [01 hing so
cho cde mach 10 hop. Ching ta di thaly trong chueng 5, khi thue hicn mo
hinh hod logic cho mach, ching @ ¢é the tinh dén do o cda cde phan w
ciing nhu hinh dang cua tin hicu. Do do ching ta cling ¢é the xét dén nhimg
mo hinh 161 twong dng. Néi chung. qud teinh mé hinh hod 161 néu duoe tinh
161 cde thong so ve thot elan @y s¢ phide tap hon riit nhicu.
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§8.5. Mot s0 phuong phap lam don oian hoa
qua trinh kiém tra phat hién 16

Vi su philt tricn cua cong nghe VLSI. kich thude vitdo phie tap cha cdc
mach s& tang nhanh. Khi s6 lugng cac phan tr mach ting, thoi gian cdn 1hict
d& 120 cic bo gid i thit nghiém phit hién 1461 tang. D61 voi nhiing mach phic
tap nhu cic b vi xit 1y, bili toan Licm ta 161 ro nén hét siie phac tap. e
oidi quyel van dé nay, ching ta khong the chi gidi han & viée tum ra nhiing
phuong phip Kidm tra ¢ hiéu qua mi con phai tim ¢deh thict k¢ nhiomg

mach cho phép lam don gian hod bl toan phat hién 11 neay 1 dau,

D¢ 1lam don gian hoa qud trinh kidm tra vio phat hien 10i, ching L cin
phii giai quyct hai bl Loidn:
Bai todn thi nhat 12 giam thoi giun tao cde veclo gid tri thit aghicn.

Bai todn niy dude gial quy ¢t bing cich xay dung nhilng thudl e
tno vecid gia tri tha nghiém hicu qua hon.

C Bii toan (hi hai 1 lam giam ¢ lugng cdc phcp Lidm tra va nham
muc dich 1 un giam thoi gian kiém tra mach.

‘Them vio do. khi thict K& nhing mach dé kiém tra theo cic mue dich
ncu tren lui nay sinh ra cdc van dé mndi:

Ting s6 luong i€t bi d¢ lam don gidn héa qud tinh Kiém tra muach.
Giam 16¢ do 1am vice do hé qui cla vice Jam don gian hoa qud tinh
kiem tra,

Nhu vy, thiét ke nhiing mach dé kiém ta ¢6 the coi 1 thidt k&€ mach
logic vail Khit nang them mot 56 lugng toi (hicu thit bi bo sung vao mach ma
kKhong lam thay déi chiie nang va cic tham S0 ctia mach ban diu két hop vo
kha nang thyc hign kidm tra mach bing mot s6 luong nho cie veelo eid i
kiém nghi¢m nhan dugc tiy nhimg phuong phip don opin. Trong thie (&, de
nhan duge mot phuong phdp thoi midn 11 ci cde yeéu cdu ncu e la khong
don gian, do do. wrong qua irinh thict k< nhing mach d¢ kidm tra. nha thict
k& phai dua ra duoc cach giai quyét nhing van d¢ ndi tren,
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1. Cac gioi han vé cau triic cia so db
Truge tién, ching ta nghién

‘]\'E(x-."i ciu nhitng phuong phép
2| oy thiét k¢ nhitng mach dé kiém
; oy tra bang duya trén vicf:c. Xay
5| xy dung nh@ing mach l6gic cé
fix.y) fa®y mot dang nhat dinh. Nhiing
ach dé thudng c6 cau tric
Mo ta chie Cic ham chic ma thudng c6 c4u

nang phan tr  nang ciia phan tir Ky hicuphdnwr  dang ma trdn hai chiéu. Vi
Hinh 8.33. Mo 1a cdu tric va ciu tric clia mach ¢4 tinh
chite nang ¢la phan wr co bin. quy ludt cao cho nén ching

ta ¢S thé 16ng hop cic vecto

gid tri kiém nghiém cho nhitng mach loai nay mot cich tuong doi dé dang.
Ching ta xét vi du mot mach kinh dién: ma tran céc phan tir co ban véi
nhitng gid tri dugc gidn luge. Phan tir co ban cda mach 12 phén ti ¢é hai diu
vao va mot dau ra. Phan t ndy thue hién mot trong bay ham 16gtc co ban
nhw trong mo ta trén hinh 8.33. Mach tong thé s& ¢é ciu triic duge mo ta
dudi dang ma tran nhu trén hinh 8.34. Céc chic ning logic dugc thuc hi¢n
trén co s¢ ket hop ma tran thuan va ma tran nghich dao. Néu chon ham chitc
niang ctia phdn tit trong ma tran thuan la xy hoic xy, thi ham chéc nang cua
phén tr 16gic trong ma tran nghich dao s& cé dang ( x + y ) va dugc thé hién

dudi dang chuan tac tuyén. Tu d6 suy ra, =N T

trong trudng hop téng quat, ching ta cé thé > e S
biéu dién va xay dung duoc moi ham

logic. . ’ITI ;T

Trong muc nay ching ta chi xét cdc 161

Tep

hang 0 trén cdc dudng vao vi dudng ra s N

X “I_;j -
cha cdc phan . Qud trinh phat hién 15i s&
duge thue hién theo trinh tu sau: ;
I. Xdc dinh gid tri X/ cta tap hop cic
z

bi¢n dau vio ( x,, x,, ..., x, ) sao cho

trong mo1 ¢Ot, gia tri dau ra z; trung
vai y;.
2‘l Z] 1

Hinh 8.34. Ma tran cdc phén tir
vdi cic chire nang gian luoc.
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2. Néu khi thay déi gid tri y; doi véi bo gid tri ddu vao X/ chiing ta nhan
dugc su thay doi gid tri cita z, nhu vay c6 thé ket luan ring khong cé
161 trén cdc déu vao va ddu ra clia mach. Diéu ndy duge thue hién véi
mei ¢ot trong so d6 ciu tric cia mach.

Dai vé6i phan tir rén giao di€ém clta cot tha j v ddng thit 7, chiing ta
Iva chon cdc gid tri x,,..., X,y Xipe oo X, VA, (X, ) sao cho dudng
truyén tir ddu vao x;tdi ddu ra z; duoc kich hoat.

Néu khi thay ddi gid tri x, d6i v6i (X, ¥ ) gid tri clia z; cling thay déi
theo, nhir vy ching ta ¢6 thé két luan ring phan tr thit / va thit j hoat
dong ding. Dicu nay s€ duoc nghiém ding v6i moi phin tfr trong

mach ma tran.

Theo cic budc thuc hién néu trén, chiing ta ¢6 thé dé dang kiém tra hoat
dong clia toan bo mach ma tran thuan. D¢ ¢6 thé kiém tra hoat dong ciia ma
trdn nghich ddo, ching ta cing c6 the dé dang xay dung cic veclo gid trj thir
nghiém bing cdch khoi tao cdc dudng truyén kich hoat nhay cam véi 161 mot

cich tuan ty.

Chiing ta nhan thdy, cfu tric clia mach ciing giit nguyen khi xay dung

Yo Xn X3

Xy

,_,L Lo

i

—Lf1

11
)

F
14

e

—i—’ )
Y Phin tif c¢ ban

Hﬁ o

flxyi=x+7% (K =1
=xey (K =2)

Hinh 8.35. Ma tran NOR-NAND.
vay t6c do lam viéc clia mach ¢6 thé bi gidm. Vi nhiing 1¥ do trén, viéc thuc
hi¢n xdy dung cac mach légic theo phuong phdp néu trén gap nhi¢u khé
khan trong thyc t€. S lugng cic vectd gid tri thir nghiém cé thé dat t6i 2m( n
+ 2 ) d6i véi mét ham 16gic.
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cdc ham khdc nhau, chi cé
cic chic niang cua céc
phan tr 1a thay déi. Do dé,
viéc xdy dung cdc bo gid
tri thir nghiém trong trudng
hop ndy khéng phitc tap.
Nhu vay, mach ¢é thé dugce
cot 1a dé kiém tra. Tuy
nhién, khi xay dung mach,
ching ta cdn st dung s&
lwong phén tr co ban nhiéu
hon so voi qud trinh thiét
ké logic thong thudng.
Ngoal ra, do1 voi ma trin
kich thudc n x m, 6 lugng
cdc tang bang 2s1 + », nhu



Trong ma tran not tién, ching ta st dung bay ham logic co ban. tuy
nhién, mot ham

X - ) B
. | bat k¥ c6 the
2 1 duge biéu dién
x3 o . ~
biang hai ham co

ban: NAND hodic
NOR. Nhiing ma
tran d6 dugc goi

y Dﬁf la cdc ma trdn
0 : NAND-

dang
Hinh 8.36. Xay duyng mach logic NOR. Khi

e i . Xily
tir nhimg phén tir AND va XOR. Y

dung & ham »
bién bing cic ma trin dang NAND-NOR. s6 luong cdc vecto gid tri thu
nghiém bing k( 7+ 2 ). va s& luong céc tang cuc dai biang » + k. Nhu vay
cdng ta thiy ring van dé vé s6 lugng kiém tra chua duoc gidi quyét wiét de.
Moi ham logic c6 thé bicu di¢n dudi dang t8 hop cdc phép todn XOR cua
cée tich lagic ( xem chuong 2 ). Bidu dién ham dudi dang nhur vay cho phép
thuc hién dudi dang mach hai ting cla cdc phép todn Jogic AND vd XOR -
dang mach AND-XOR. Vi dy ham logic:
(X X0 X ) =00, DX @ XN, B X,
s& duoc biéu dién dudi dang mach
(— : hai tang nhu trén hinh 8.36. Céc

X X X2 X .

0 0 0 0 vecto gid tri thir nghiém cho nhiing

0 1 1 1 mach loai nay ¢ cau tric khd don
T, i 0 0 0 gin. Cau triic ny bao gom gia i

1 1 1 [ “F doi vai mot bicn v gid try 117 doi

J 0 [ 0 v Cﬁ{:‘« bi¢n con lal.
T, m " 0 0 Nél{ s6 luong céc tich cua " bién

‘ d 1 i l l(?gic b?mg p, ching ta c6 thé lha“i}'!

d - trong nhiing diéu kién thong 1‘angu50 "Lf‘-m? cuc veclo g “‘!\ thﬁ
thudng, nhidn gid trl “07 hoidc ‘17 nghi¢m ¢ b,aﬂﬁ% (_\2” 4 H\!u: 30
T. - ki¢m tra phan tir AND: T - lwong cuc dai cdc tang mach s bang

p. Néu so sinh voi cac phudng phip
xay dung cdc vectg gid thir
Hinh 8.37. Gic bo gia iri thitnghigm  nghiém thong thuong, s0 lugng cac
T dgi v6i mach AND-XOR. vecto gid tri thi nghiem khong 6.

ki€m tra phan tir XOR.
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Mot diém khdc biét 1a s6 luong cdc tdng vugt xa s6 lugng 1ang néu so sdnh
v xdy dung mach bang phuong phip théng thuong.

2. Bién thé cia so do mach va cac phan tu thém moi

N6i chung. dé don gidn hoa bai todn phdt hién 16i trong cdc mach logic,
chiing ta cin don gidan héa qud trinh quan sit cic phian bén trong cua mach
va giam nhe viée thiét 1ap cde gid tri tuy ¥ i cic di€m bén trong ¢ia mach.
N6i theo cich khdc, ching ta cdn tang tinh dé quan sat va kha nang kiém
s0dt cta mach. V& muc dich d6, ching ta dua vio trong mach nhitng phén
tr bo sung va thye hién viée bién déi so d6 clia mach sao cho mach khong
thay déi vé chiic ning. O ddy, mot vin dé quan trong 13 ching ta phai xdc
dinh dugc muc dich chinh khi nghién ctu xay dung nhiing mach dé kiém tra.

N&u xudt phit diém 14 6 lugng cuc tiéu cdc bo gid tri thu nghiém, nhu
vy ching ta ¢6 thé bién d6i mach dién sao cho ¢6 thé phat hién duge 161 chi
cin it nhat 1a ba bd gid tri tha nghiém. S6 lugng nay duge dua ra dua vao
nhin xét nhu sau: dé cé thé phdt hién 161 cua nhiing phin to AND va OR 6
hai ddu vio, chiing ta cdn it nhit ba bo gid tri ki€m nghiém, vi viy ¢6 thé néi
ba b gid tr1 thir nghiém 1a can dudi theo by thuyet

Dé phit hién 16t cho mach AND ¢6 hai dau vo, chiing ta cén phai kiém
tra phin (0 véi ba bo gid tri ddu vao: (0, 1), ( 1, 0). (1, 1 ). Do dd, phan wr
AND ¢6 thé duoce kiém tra bdi bat k¥ hai trong & cdc day gid tri dau vio
Sau:

S,={ 011,101,110 |

Trong trudmg hop phan tir OR, viéc kiém tra ¢ the duge bao dam bai bat k¥
hai trong $6 cac ddy gid tri dau vao sau:
8, ={ 001, 210, 100 |
DPé ¢6 thé phdt hién duge 16i dung cic ddy gid ui ddu vio néu teén thi
mach c¢édn phai duge bi¢n doi nhu sau:
1. Mach phai dugc chuyén dai thanh mach chi chia cic phin tir AND,
OR, NOT.
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2. Phan td AND ( hoac OR ) cd s6 luong diu vao 1a ba hoac hon s€

14
t o 001
— y — i
2 —]

a) b}

Hinh 8.38. Qud rinh phan r&
mach cho phép phit hién 161 chi
v ba bd gid try dau vio.

duge khai trien thanh 10 hop
lién k&t tuan tu cua cde phan to
AND ( hodac OR ) ¢d hai dau
vi0. Vi duy, phan 1t AND ¢6 ba
diu vao trén hinh 8.38a s
ducc khai trién thanh mach
gom ¢6 cic k€t néi cua cic
phan tr AND hai didu vio mo
ta trén hinh 8.38b.

3. Bit ddu tir cic dau vio,
ching ta chon cic bo gia tri
thir nghiém tir trong cdc chudi

S, va S, twong ting véi dang cla phan tir. Truyén cic gid tri nay téi

diu ra cua mach.

4. Neéu trong qui trinh truyén gid tri, khong nhian duge céc day tin higu
tir S, hoac S, ching ta cin phai thém vao dudng tin hiéu phan ti

AND hoiic OR ¢6 hai ddu vao.

Vi du, néu ddy cic gia tri duge lya chon nbu trén hinh 8.38b, khi dé
tai dau vio cua phin tv AND B s&€ xuat hién day tin hiéu “001. Néu
thém phan tir OR nhu trén hinh 8.38¢ vi lya chon bd gid tri tuong
Ung, qud trinh phdt hién 161 tai tdt ca cdc phin tr trong mach cé thé
dugce thue hién chi bing ba bo gid tri thi nghi¢m.

5. Lap budc B3 va B4 cho t6i khi trén tat ca cdc phan tir trong mach

thict 1ap duge cac gia tri thir nghiém.

Vi du vé phuong phip nay duge dua ra rén hinh 3.39. Viéc dp dung
bude 1 va 2 d6i voi mach teén hinh 8.39a € din 6t mach trén hinh 8.39b,
Sau dd bing cach ap dling (uan tu cic budc 3 va 4 dai vai mach trén hinh
8.39b, chiing ta nhan duoc mach trén hinh 8.39c¢.

Phuong phdp ndi trén ¢6 ¥ nghia 1y thuyét trén quan diém xiay dung
mach vdi 6 lugng cha bo gid tri ki€ém nghiém t6i thiéu. Trong thuc t&€ khéng
ting dung dugc vi phai tang & lugng cdc phan tir 1én nhicu.
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Trén quan diém thyc hanh thi ta can phai tang tinh hi¢u qua clia qud trinh
t6ng hop cac gid tri kiém nghi¢m véi sy tang t6i thiéu s6 luong cdc phan

mach.

d

i
;

X‘HO

Y 101

010

. o,

Hinh 8.39. Phan ri cdc phan ur nhiéu ddu vio thanh cdc phdn €r hai ddu vao: a) vi
du mach & hop: b) xay dung mach theo cau triic dang cay: ¢) phin ra thanh cic
phan tir hai dau vio.
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Bai tap cho chuung 8

l.

2,

Tim mach s6 c6 thé chita mét 161 ngdt mach khong phat hicn duoc.

C6 tén tai mot mach 16 hop C voi mot dudng tin higu S nao d6 va bo gid
tri thir nghigém ¢ sao cho bé gid tri 7 ¢ thé phat hién ¢4 hai 161 s-a-0 va
s-a-1 trén duting tin hiéu S 7 Hay cho vi du hodc chung minh rang dicu
A6 i khong the xay ra.

Cho mach s6 1rén hinh BS.1. Hay xdc dinh ham ra cGa mach doi vo
nhiing 161 sau:

a) Ldi bic cdu AND giita cdc ddu vao caa phan o G1.

by L&i kép {x,s-a-1, x; s-a-0 }.

X,

DJ G1
T

) _ Hinh B3.1
a

V6i mach dién trén hinh B8.1. nhitng bo gid tri nao trong cdc bo gid It
sau s& phit hién 161 x| s-a-0:

a. (O, 1.1, 1M
b. (1L1.1, 1)
c. (1.1.0,1%
d. (1,0,1.0).

D6i v6i mach dién trén hinh B8.1, hdty xdc dinh biéu thic logiccho tat ca
cdc bo gid tri thir nghiém phat hién 16i:

a. xys-a-0;

b. x,s-a-0;

c. X,s-a-l;

Hay thuc hién nhimg thao tdc sau d6i véi mach dién trén hinh B8.2:
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- Tim tap hop tat ¢a cac bé gid tri thir nghiém phit hién 18i a: s-a-0;
- Tim tip hop tit ca cdc bé gid tri thir nghiém phit hién 16 b: s-a-0;
- Tim tdp hop tat ca cdc bo gid tri thi nghiém phat hién 161 kép
la s-u-0, b s-a-0}
A a |

B D_

b : % : Z
c Hinh BS.2
o |
]
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THIET KE MACH BANG MAY TiNH
Tde gid: TS. NGUYEN LINH GIANG
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Bién tdp : ThS. NGUYEN HUY TIEN
Stra bai : NGOC LINH
Trinh bay bia : HUONG LAN
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