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van tai theo yéu cau, muc tiéu dao tao cia Nha truong.
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Nguwoi bién soan
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Chuong 1
GIOI THIEU CHUNG VE KIEN TRUC MAY TiNH
Trang bi cho sinh vién nhitng kién thirc co ban vé kién triic may tinh: Cdc khdi
niém, cdac thanh phan co ban, phan mém ciia mdy tinh va lich sir phdt trién ciia mdy
tinh.

1.1. CAC KHAI NIEM VA NGUYEN LY CO BAN

Kién trtc may tinh la khoa hoc vé viée lua chon va két ndi cac thanh phén phén
climg dé tao ra cac may tinh dat duoc cac yéu cau vé chirc nang (functionality), hiéu
nang (performance) va gia thanh (cost). Yéu cau chirc nang doi hoi may tinh phai c6
thém nhiéu tinh ning phong pha va hiru ich; yéu cau hiéu ning doi hoi may tinh phai
dat toc d6 xir 1y cao hon va yéu cau gia thanh doi hoi may tinh phai cang ngay cang ré
hon. Dé dat dugc ca ba yéu cau Ve chtrc nang, hiéu ning va gia thanh 13 rat khé khan.
Tuy nhién, nho ¢6 su phat trién rat manh mé ctia cong nghé vi xir 1y, cc may tinh ngay
nay c6 tinh nang phong phii, nhanh hon va ré hon so v§i mdy tinh cac thé hé trude.

1.1.1. Khai niém may tinh
May tinh (computer) 1a mot thiét bi dién ttr hoat dong dudi su diéu khién cuia cac
chi thi dugc luu trit trong bo nhd. N6 thuc hién cac cong viéc sau:
- Nhan thong tin dau vao
- Xu ly thong tin theo chuong trinh dugc luu trong b nhd
- Dua thong tin ra
May tinh hoat dong theo chuong trinh.

Cac thiet bi vao

Bo xtr Iy trung tam :> Cac thiét bi ra
(Input Devices)

_I\
V| (Central Processing Unit)

11

B6 nho chinh (Main Memory)

(Output Devices)

Hinh 1-1. M6 hinh may tinh co ban
1.1.2. Kién tric may tinh va ciu triic may tinh

- Kién tric may tinh (architecture) nghién ctru nhitng thudc tinh ctia mot hé thong
ma nguoi 1ap trinh co thé nhin théy dugc, nhirng thudc tinh quyét dinh truc tiép dén viéc
thuc thi mot chuong trinh tinh toan, xtr 1y dir liéu

- Cau trac mdy tinh (structure) nghién ciru vé cac thanh phan chic ning va sy két
ndi giira chung dé tao nén mot may tinh, nham thyc hién chirc nang va tinh toan k¥ thuat
ctia kién tric.

Nhirng thudc tinh lién quan dén kién triic bao gom tap 1énh co ban ma CPU c6 thé
thuc hién, s6 bit duge sir dung dé biéu dién cac loai dir liéu khac nhau, co ché nhap/xuét
dir li¢u va cac ky thuat danh dia chi 6 nhd,.. .CAu trac may tinh lai bao gém cac thudc
tinh k¥ thuat ma nguoi 1ap trinh khong nhan biét duoc nhur cac tin hiéu diéu khién, giao
dién giira may tinh va thiét bi ngoai vi, cong nghé xay dung bd nhd...

17



Vi du vige quyet dinh may tinh c6 can mdt 1énh co ban dé thuc hién phép nhan
hay khong la van dé vé kién triic. Con thé hién 1énh nhan bang cac don vi vat ly cu thé
nao (chang han, mét don vi thudc phan cung ddc biét, hay thyc hién lap nhiéu phép
cong) lai 1a vn dé vé cdu trac. Dé lam vi du minh hoa sy khac biét d6 ta c6 thé xem cac
may tinh 6 Trung tdm nghién ctru nao do. Cac may tinh nay co6 thé c6 kién triic rat glong
nhau theo quan diém cta ngudi lap trinh. Chung ¢ cing sé thanh ghi (tirc 13 thiét bi
luu trir tam thoi), c6 cung mot tap 1€nh co ban va dang cac toan hang dugc nap vao bo
nhé giéng nhau. Tuy nhién cac hé théng nay khac nhau vé mit ciu trac: s6 bo vi xur 1y
khac nhau, kich thudc bo nho cua chung cing khac han nhau, cach thirc dit liéu duoc
truyén tir bo nhd dén bo vi xtr 1y ciing khong giéng nhau. Kién tric may tinh thuong
dugc tng dung trong khoang thoi gian dai, hang chuc nam; trong khi céu trac thuong
thay ddi cting v&i su phat trién ctia cong nghé. Trén ciing mot klen tric, cac hing ché
tao may tinh co thé dua ra nhiéu loai may tinh khac nhau vé clu tric, do d6 cac dic
trung vé hiéu suat, gia thanh ciing khac nhau. Cac san pham ctia IBM 1a mét vi dy dién
hinh. Kién trac may tinh ctia IBM van con dugc tmg dung cho téi ngay nay va 1a ngon
c0 cua thuong hi¢u IBM. Trong linh vuc may PC, nguoi ta thuong khong phén biét ro
rang gitra kién trac va ciu tric vi su khac biét giita hai khai niém nay da rat ngan dang
ké. Su phat trién cua cong nghé khong chi tac dong 1én ciu tric ma con tao diéu kién
phat trién cac kién tric manh hon va nhiéu tinh ning hon; va do d6 tac dong qua lai giira
kién trac va cau tric thudng xuyén hon [3,4].

1.2. CAC THANH PHAN CO BAN CUA MAY TINH

bé dam bao tinh tuong thich, cau tric phan ciing bén trong cidc may vi tinh ca
nhan veé co ban la giong nhau. Vi thé chung ta c¢6 cau trac chung cua may vi tinh nhu
sau:

NGUON CUNG CAP NANG LUQONG

y v v v
{ CAC
o A .
BO XU %OC BO CAC )
LY i NHO BO ) CHUOQT . s
TRUNG NHO GHI/ NHGO | | MODEM BAN MAY MAY MAN
N Cco Y PHIM . IN HINH
TAM PINH POC NGOAI TINH
CPU) p (RAM)
( (ROM)
A A A A A A A A
A, Y y y vy A j
CAC KENH PIA CHI, KENH DU LIEU VA PIEU KHIEN

Hinh 1-2. Céu tric chung ctia may vi tinh
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1.2.1. Bd nguén

1.2.1.1. Nguén cép dién cho mdy lén

Bo nguon c6 chirc nang chuyén dién xoay chiéu AC 110 — 220V thanh dién mot
chiéu DC dé cung cép cho cac mach dién tir bén trong may, ciing nhu cic bo phan ngoai
Vi.

Ngué)n dién la diéu kién co ban cho cac may tinh hoat dong nén mot bo ngudn hoat
dong on dinh va cung cap du cong sut rat quan trong 601 vOoi mot may vi tinh ca nhan.
Tuy theo chung loai cau hinh, moi may vi tinh ca nhan can mot cong suat khac nhau.

Vi du: Laptop cong suit 60 — 80W; dé ban: 200W- 400W.

bé may tinh lam vi¢c tot thi bod nguén can phai on dinh, 1am nguoi tt, hiéu suét
cao va phai c6 kha ning mo rong. B ngudn cung cap cho ban mach chinh va cac thiét
bi ngoai vi nhitng dién thé: + 5V; £ 12V; + 3,3V; 0V. Ngay nay, c6 nhiéu bd nguodn voi
cong nghé méi nhat va chat lugng t6t nhat dién hinh nhu: Corsair, Seasonic,
Superflower....

Bo ngudn duogc chia theo nguyén tic hoat dong thanh 2 loai:

Bé nguon tuyén tinh: Gom mot bién thé dé ha dién 4p, mot mach nan dong (Dung
4 Diode cong sut) va mot hoic nhiéu bo 6n dinh hiéu dién thé ( Co thé dbi 12V — 5V
). Do bd nguén tuyén tinh giai phong rat nhiéu nhiét lwong va hao tén dién ning nén
ngay nay gan nhu khong ton tai trong vi tinh ca nhan.

Bo on ap ngat La bo ngudn rat nhe va hiéu suét cao. Nang luong dién dugc diéu
tiét theo nguyén tic dong — mé.

1.2.1.2. Nguén pin cho mdy tinh xdch tay

Thé hé dau tién bd ngudn danh cho may tinh xach tay 1a pin NiCad (Nickel
Cadmium). Thé hé sau cuia n6 1a pin NiMH (Nickel Metal Hybride).

Niam 1998, trén thi trudong xuat hién thém pin Li — Ion (Lithium Ion). Pin Li — Ion
c6 thoi gian 1am viéc 1au hon pin NiMH (Khoang 3 tiéng lam viéc lién tuc), nhe hon va
khong can xa hét truéc khi nap. Nhuoc diém duy nhat cua loai pin nay 13 s& tu xa hét
dién néu nhu khong duoc st dung trong thoi gian dai.

Chinh vi Iy do trén nén t6i naim 1999, da xuat hién loai pin méi Li — polymer. Pin
nay c6 mat do dién tich cao hon nhiéu Li- Ion. Thay vi dung dién moi loéng, pin dung
dién moi dang gébm hay ran ghép giita cac dién cuc. Pin c6 ciu trac 16p duge sir dung
rong rai tu nam 2000 cho t&1 ngay nay [6].

1.2.2. Ban mach chinh

Béan mach chinh (Main Board) chtta dung nhiing linh ki¢n dién tr va nhiing chi
tiét quan trong nhat ctia may vi tinh ¢4 nhan nhu: Bo vi xtr Iy CPU (Central Processing
Unit), hé thé)ng bus va cac vi mach hd trg. Vi vay, ban mach chinh can phai: nhé gon,
6n dinh v&i nhidu bén ngoai va an toan vé dién.

1.2.2.1. By xwr ly trung tadm (CPU- Central Processing Unit)

Trung tdm dau ndo cta may vi tinh 1a bd xtr Iy trung tAm, né c6 nhiém vu quan 1y
diéu hanh va phan phdi cic tai nguyén cta hé théng t6i cac thiét bi lam viéc khac trong
hé théng may vi tinh. Trong subt qua trinh 1am viéc cia mdy vi tinh, n6 thong qua cac
kénh diéu khién, kénh dja chi va kénh dit liéu, tién hanh tit ca cac phép gia cong va xir
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1y thong tin, céc tin hiéu diéu khién déu duoc thyuc hién va diéu phdi trong bo xtr 1y trung
tam.

Trong qué trinh lam viéc cua b xur 1y trung tdm, nd cdn ctr vao I¢énh nhan dugc,
sau d6 s& phat ra tin hiéu diéu khién dua dén cac thiét bi khac dé yéu cau chung hoat
dong, chi cho chiung biét phai l4y tai nguyen ¢ bo phan nao, dia chi nao va chi ra huong
truyén thong tin cho chung. Kha nang, toc do ciia bo xir Iy trung tim quyét dinh kha
ning va toc do cua may vi tinh.

1.2.2.2. B nhé cé dinh (ROM- Read Only Memory)

ROM chira thong tin ¢ dinh chi dugc phép doc ra tir nd, d6 1a thong tin chuong
trinh kho1 dong may, chuong trinh chay thir may, chuong trinh bién dich ngon ngir. No1
dung ctia ROM s& khong thay doi khi bi mat dién. Thong tin ghi nhé & trong bd nhé
ROM thuong duoc nap san tir khi san XUuat. Ngoai ra dé thuan tién cho nguoi st dung,
thiét ké, xay dung hé thong chuyén dung ngudi ta con sir dung cac loai EPROM, PROM
(cic loai bo nhé kiéu nay c6 thé ghi lai bang thiét bi dic biét).

1.2.2.3. B¢ nho ghi/doc (RAM- Random Access Memory)

Bo nhé ghi/doc (RAM) c6 thé truy xuét dit liéu mot cach ngiu nhién, chung ta c6
thé ghi vao RAM, hoic doc dit liéu ra tir RAM. Bt ky thoi diém nao bo xir Iy trung tim
6 yéu cau trao doi thong tin thi bo nhd ghi/doc (RAM) déu phai dap tmg. Chiing thuong
duogc sir dung dé ghi nhé tam thoi dir liéu trong sudt qué trinh hoat dong gia cong, xir Iy
thong tin cua may tinh.

Céc bo nh¢ ghi/doc thuong co hai loai d6 1a RAM dong (DRAM) va RAM tinh
(SRAM).

RAM tinh duoc cdu tao tir cac vi mach nhd, xay dung trén cac TRIGO (flip-flop).
Néu chiing ta lién tuc duy tri ngudn cung cp thi ndi dung trong RAM tinh dugc bao
toan, thao tac trao doi thong tin vdi RAM tinh don gian hon, toc do truy cp nhanh hon,
nhung dung lugng so voi RAM dong nho hon khi chung cung thé tich.

Nguyén tic luu trit s6 liéu & bo nhd RAM dong gidng nhu nguyén tic luwu trit ning
luong (dién 4p) cua tu dién. Mdi bit nh trong RAM dong tuong tmg véi mot tu dién.
Nhu vay theo thoi gian thi ning lwgng luu trit & trong RAM dong sé bi suy giam, dan
dén hién tuong mét dit liéu trong qua trinh lam viéc, dé dam bao duy tri dir li¢u trong
bo nhé hé théng may tinh phai lién tuc thyc hi¢én thao tac lam tuoi b nhd.

Qua trinh Iam tuoi b nhd RAM dong thuong thuc hién theo chu ky tir 2 dén 3
gidy, tirc 1a ctr 2 hodc 3 gidy tai cac vi tri dit li¢u ctia b nhd DRAM c6 murc 16gic 1 may
tinh phai tién hanh nap s6 liéu lai 1 1an.

1.2.2.4. Cac by nho ngoai

- Ngoai cac hé théng luu trtr dit ligu bén trong nhu ROM, RAM, cac hé may vi
tinh con sir dung cac bd nhd ngoai dé luu trir théng tin véi muc dich ting dung luong
nhé cho hé théng, luu trit thong tin dé bao quan 1au dai, dong thoi dé sir dung cac thong
tin d6 chuyén sang cac hé may vi tinh khéc, cling nhu dé cap nhat cac chuong trinh diéu
hanh, cac chuong trinh ing dung,... Cac b nhd ngoai thuong duge sur dung hién nay
d6 1a cac hé thong dia cung, dia mém, dia quang, USB,.

- V& nguyén tac thi hé mdy vi tinh quan 1y cac hé thong nhd ngoai thong qua céc
cong vao/ra gidong nhu cac thiét bi ngoai vi, chiing ciing duoc dia chi hod va quan 1y
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chit ché. Trong qua trinh lam viéc voi chung hé may vi tinh s& tién hanh kiém tra dé
bao cho nguoi st dung biét ching c6 duoc phdi ghép véi hé théng lam viéc hay khong.
1.2.3. Céc thiét bj ngoai vi

1.2.3.1. Ban phim (Keyboard)

La thiét bi dua thong tin vao don gian va thong dung nhat cua may vi tinh, ching
14 t6 hop clia cac cong tac tirc thoi. Tin hiéu 16i ra cia cic cong tac dua téi bo giai ma
ban phim, tai d6 ching duoc tao ra cdc bd ma tuong rng vdi chlrc nang cua tirng phim,
chung chinh 13 diy cac con s ma nhi phan cta cac ky tu, ky hiéu, cic chit s6 thap phén,
v,..v,.. Cac bd ma nay s€ dugc dua vao h¢ may vi tinh dé yéu cau né thue hién céc chirc
nang theo ¥ mudn ciia nguoi s dung.

1.2.3.2. Man hinh (Monitor)

Man hinh chinh 14 thiét bi dua thong tin ra. Man hinh dung d¢ hién thi cac thong
tin mang ndi dung cua cac s6 liéu, cling nhu cac vin ban dua vao, hay 1 cac thong bao
clia may vi tinh d6i véi nguoi sit dung, trén co sé do nguoi sir dung danh gia n6 co6 hoat
dong dung hay khong va thyc hién céc thao tac tiép tuc theo yéu cau dé may tinh tiép
tuc hoat dong, hoic thuc hién dimg hé théng khi cong viéc thuc hién xong.

Ngay nay thuong st dung hai loai man hinh co ban.

+ Hién thi bang ong tia dién tir CRT,
+ Tinh thé 16ng (hodc ma tran didt mau).

Str dung man hinh tinh thé long thi hé théng gon, nhe, tiét kiém nang luong va an
toan hon d6i voi nguoi str dung.

1.2.3.3. May in (Printer)

Pugc st dung trong hé may tinh dé in ra cic vin ban, cac biéu do, cac so lidu trén
glay dé str dung trong cac muc dich khac nhau. Ching ta c6 the st dung cac may in den
trang, may in mau tuy theo yéu cau va chat lugng hinh anh can in.

C6 nhiéu loai mdy in khac nhau, nhung ngudi ta thudng phan thanh hai loai:

- M4y in tiép xtuc: La loai tao nén cac ky tu, hinh anh bang cach tiép xtc co hoc
cua cac kim in 1€n cac bang muc dat trén mat gidy in. Loai may nay tbc d6 cham, thuong
chi in dugc den tring, 46 phan giai thap, gay ra tiéng 6n trong qua trinh lam viéc. Ngay
nay loai may in nay it dugc st dung.

- May in khong t1ep xuc: Loai nay thuc hién in ra cac ky ty khong can va dap, do
d6 ching khong gay tleng 6n khi 1am viéc, chat luong in tot, d6 phan giai cao, toc do
lam viéc cao va co thé in cac hinh 4nh mau. Thong dung nhét cia loai in khong tiép xuc
la may in laze, may in phun.

1.2.3.4. Modem va cdc thiét bi ngogi vi khdc

Ngoai cac thiét bi da néu trén ngudi ta con su dung thém cac thiét bi khac. Vi du
nhu: chudt may tinh, modem phdi ghép.

Chudt may tinh thudng duoc két ndi théng qua cong COM, USB gitip cho viée
diéu hanh may vi tinh dugc thuan ti€n, nhanh chong hon. Chudt may tinh c6 hai loai:
Chuot khong day va chudt c6 day, ddi véi chudt co day lai c6 chudt co va chudt quang.
Con chuét khong day thi thuong 1a chudt quang. Chudt may tinh la thiét bi chudt c6 thé
ndi tryc tiép hodc ndi khong diy théng qua cong thong tin hong ngoai.
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Modem phdi ghép: D6 1a cac mach dién tir ding dé phdi ghép cac thiét bi ngoai
vi khac nhau nhu: cac thiét bi xir Iy 4m thanh, xir Iy hinh anh, céc thiét bi ghép ni mang
may tinh v41 mang internet, mang thong tin,..

1.3. PHAN MEM MAY TiNH

Phan mém mady tinh (Chuong trinh phan mém): La t6 hop cac 1énh trong kién trac
tap 1énh. Do 1a toan bd cac chuong trinh diéu hanh may tinh va cac chuong trinh tng
dung thuc hién cac thuat toan trong qua trinh gia cong va xu ly thong tin.

Céc chuong trinh didu hanh va cac chuong trinh tng dung c6 thé dugc nhap tir
ban phim, dia ctrng, dia mém hoic céc thiét bi khac. Chuong trinh dugc luu trir & dang
tap hop cac bit nhi phan 0 va 1, chuong trinh duoc ghi nhé duéi dang ma may. Phan
mém nhu 13 linh hdn ctia may tinh.

Phan mém may tinh thi c6 phan mém hé thong va phan mém tng dung.

Phan mém hé thong (thudng duoc goi 1a hé diéu hanh): Bao gom céc hé thong
chuong trinh phan mém, thuc hién chirc nang diéu hanh hé théng, né gitp cho may tinh
quan ly, van hanh hé théng, ké ca viéc khai dong va stra chita cac chuong trinh.

Chuong trinh img dung: Pugc xay dung dap ung cho nguoi st dung khai thac va
van hanh may tinh theo nhitng muc dich khac nhau.

Ngoai viéc tao ra nhitng phan mém cé ich con ngudi con tao ra cac phan mém co
hai cho may tinh. Nhitng phan mém nhu vy chiing ta goi 1a Virus.

1.4. LICH SU PHAT TRIEN MAY TINH

Ngudn gbc so khai cua viée tinh toan duoc st dung bang cong cu 13 ban tinh gay
tay, n6 dugc phat minh khoang 3000 nam trudc Cong nguyén tai thanh phd Babilon,
sau nay hang loat cac cong cu tinh toan khac nhau ra doi. Nhung phai dén thé ky 17 thi
may tinh co hoc dAu tién co thé thuc hién duoc cac phép tinh cong, trr mdi dugc ché
tao thanh cong do phat minh cua nha bac hoc Pascal ngudi Phap [1,4].

Nam 1930 tai My mdy tinh dién tir s6 dugc bac hoc Bush dé cap xay dung, dén
nim 1944 & My hang IBM do gido su Aiken chi dao bit dau san xuit may tinh hoan
thién.

Ké tir 46 mdy tinh phat trién manh mé va dugc chia thanh cac thé hé nhu sau:

+ May tinh thé hé 1 (1950 — 1959): La thé hé dung bong dién tir chan khong. Nam
1946 may tinh dién tir s6 ENIAC duoc xay dung c6 chira khoang 18.000 bong dén dién
tr, 1500 role, cung véi hang tri€u cac linh kién thu dong khac. Mdy tinh nay nang
khoang 30 tan, chiém dién tich 200m2, trén mot toa nha véi khong gian rong 1on véi
cég hé théng lam mat tiéu thu kha nhiéu nang luong, hiéu suét va kha nang lam viéc rat
thap.

+ May tinh thé hé 2 (1959 — 1963): Thé hé ché tao cac linh bién ban din roi (
Diode, Transistor ). May tinh dau tién cua thé hé nay l1a TX — 0 ( Transistorized
Experimental Computer 0 ).

+ May tinh thé hé 3 (1964-1974): May tinh duoc x4y dung trén cac vi mach c&
nho (SSI) va c& vira (MSI), dién hinh 1a thé hé may System360 ctiia IBM. Thé hé may
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tinh nay c¢6 nhiing budc dot phd méi do la: Tinh tuong thich cao, dic tinh da chuong
trinh, khong gian dia chi 16n.

+ May tinh thé hé 4 (1974 — 2000): May tinh duoc xay dyng trén cac vi mach c&
16n ( LSI) va cuc lon ( VLSI).

+ May tinh thé hé 5 (2000 dén nay): Ung dung mdy tinh thong minh cua tri tué
nhan tao véi cong nghé Noron.

Ngay nay vé6i sy phat trién manh mé& ctia cong nghé vi dién tir va cong nghé ban
dan thi cu tric cia may tinh ngay cang duoc thu gon, toc d6 lam viéc va kha ning thao
tac dé giai quyét cac bai toan 16n cang duoc ting 1én. K& tir nira sau cua thé ky 20 may
tinh dién tir da phat trién qua nhiéu thoi ky va nhiéu giai doan khac nhau véi téc d6 cuc
ky nhanh chdng, ciu hinh ngay cang hoan thién va duoc ning cap lién tuc, két cau ngay
cang duoc thu gon va dic biét gia thanh ngay cang giam manh. Pay chinh 13 thé manh
cua may vi tinh lam cho n6 dugc tmg dung rong réi trong nhiéu linh vyc doi séng, kinh
te, xa hoi,...

1.5. KIEN TRUC MAY TiNH VON-NEUMANN

Kién triic may tinh von-Neumann dugc John von-Neumann dua ra vao nim 1945.
Kién trac may tinh von-Neumann nguyén thuy nhu Hinh 1.3.

Memory
4>
) Arithmetic
Control Unit | Logic Unit
Accumulator

N

Input Output

Hinh 1-3. Kién tric may tinh von-Neumann nguyén thiy
Céac may tinh hién dai ngay nay str dung kién tric may tinh von-Neumann cai tién
con duoc goi 1a kién tric may tinh von-Neumann hién dai (Hinh 1.4).
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bon vi xtr ly
trung tdm (CPU)

Don vi diéu khién
(cu)

B nhé chinh Céc thiét bi vao,

Don vi s6 hoc — :
logic (AL (Main memory) ra (I/O)

Cac thanh ghi

Bus hé théng

) Hinh 1-4. Kién tric may tinh von-Neumann hién dai
Kién tric von-Neumann dya trén cadc nguyén ly sau:
- Lénh va dit li€u duogc luu trit trong bd nhd doc ghi chia sé - mot bd nhd duy
nhét duoc st dung dé luu trir ca 1énh va dit liéu,
- B0 nhd dugc danh dia chi theo vung, khong phu thudc vao ndi dung no6 luu
trir va.
- Céc lénh ctia mot chuong trinh dugc thuc hién tuan tu.
Qua trinh thyc hién 1énh dugc chia thanh 3 giai doan (stages) chinh:
- CPU doc (fetch) 1énh tir b nhd.
- CPU giai ma va thuc hién 1énh; néu 1énh yéu cau dir liéu, CPU doc dir liéu tir
bo nho.
- CPU ghi két qua thyc hién 1énh vao bd nhé (néu co).

1.6. KIEN TRUC MAY TiNH HAVARD

Kién tric may tinh Harvard 1a mot kién tric nhu Hinh 1.5. Kién tric may tinh
Harvard ¢6 bd nhd trong gom hai thanh phan: Bo nhd luu chuong trinh (Program
Memory) va Bo nh¢ luwu dit liéu (Data Memory). Hai hé thong bus riéng duoc st dung
dé két ndi CPU véi bd nhé luu chuong trinh va bd nhé luu dit liéu. Mdi hé théng bus
déu c6 day du ba thanh phan dé truyén din cac tin hiéu dia chi, dir liéu va diéu khién.
May tinh dya trén kién trac Harvard c6 kha niang dat dugc téc do xtr 1y cao hon may
tinh dya trén kién trac von-Neumann do kién tric Harvard hd tro hai hé thdng bus doc
1ap voi bang thong 1on hon. Ngoai ra, nho ¢6 hai hé théng bus doc 1ap, hé thong nhé
trong kién triic Harvard hd tro nhiéu 1énh truy nhap bd nhé tai mot thoi dlem giup giam
xung dot truy nhap bd nhd, dic biét khi CPU str dung k§ thuat dudng 6ng (pipeline).

24



Program 14- Data 8-bits
bits
a/ </
7 7 Data
CPU
<« /> <« » Memory
Program Memory Address 12- Address 9-
bits bits

Hinh 1-5. Kién tric may tinh Havard

1.7. PINH LUAT MOORE

Dinh luat Moore dugc xay dung b1 Gordon Moore - mdt trong nhiing sdng 1ap
vién cua tap doan san xuat chip may tinh noi tiéng Intel. Tir nam 1965, G. Moore da dua
ra dy doan: Kha nang cua may tinh sé tang 1én gap doi sau 18 thang vdi gia thanh 1a nhu

nhau.

Moore's Law
Process Technology (jm)
10 1 0.1 i 0.01
10,000,000,000 : : -l |
1,000,000,000 Core i7
: Core 2 Duogy® Core |

o . 100,000,000 - © Intel Microprocessors Pentium-lgoo
o = .
b 5 10,000,000 A Pennug}n Il OQ
% (:; 1,UDU'DUD < Ei}sﬁo Pentium
= % 100,000 - Invention of the 266 ©
E e 10,000 A Transistor 8086 ©
S . 4004 §© Doubles every 2.1 yrs
E 1,000 A
2 S
z & 100 4

10 A

1 E T T T T T T T 1

1940 1950 1960 1970 1980 1990 2000 2010 2020
Year

_ Hinh 1-6. Sy phat trién ciia bd xir 1y Intel theo qui luit Moore
Mot s0 két ludn rat ra tir quy luat Moore:
- Chi phi cho may tinh s& giam.

- Giam kich thudce céc linh kién, may tinh s€ giam kich thudc.

- Hé thdng két ndi bén trong mach ngan: ting do tin cay, ting toc do.
- Tiét kiém ning luong cung cip, toa nhiét thap.
- Céc IC thay thé cho cac linh kién roi.
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CAU HOI ON TAP VA BAI TAP CHUONG 1

Cau 1. Néu cac thanh phan co ban ciia may tinh?

Céu 2. Phan mém ctia may tinh 1a gi?

Cau 3. Cau trac va kién triic may tinh gidng va khac nhau nhu thé nao?

Céu 4. Dya vao tiéu chuan nio nguoi ta phan chia may tinh thanh cac thé hé?

Ciu 5. Dic trung co ban cua cac thé hé may tinh?

Cau 6. Phan ctimg (Hardware) 13 gi? Phan mém (Software) 14 gi? Phan sun (Firmware)
la gi?

Cau 7. Tai sao noi phan cimg va phan mém 1a tuong duong vé mit logic? Liy vi du
minh hoa?

Cau 8. Khuynh huéng phat trién cia cac thé hé may tinh ngay nay 1a gi?
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) ) Chuong 2
BIEU DIEN THONG TIN TRONG MAY TiNH

Trang bi cho sinh vién kién thirc vé cdach bién doi co bdn ciia hé théng so, cdc
bang md thong dung dwoc dung dé biéu dién cdc ky . Cach chuyén déi gitra cdc hé
thong sir dung trong may tinh.

Sinh vién nam viing kién thirc vé cdc khdi niém co ban lién quan dén cac hé
thong SO dwgc dimg trong mdy tinh. Thanh thao cdc thao tac bién doi sé giita cdc hé
théng sé.

Céac may tinh xtr 1y thong tin sé va chir. Cac thong tin duoc biéu dién dudi dang
ma nhat dinh. Ban chét vt I cua viéc biéu dién thong tin 14 dién ap ("0 émg v6i khong
c6 dién ap, 17 ing vo1 dién ap 6 muc quy chuan trong mach dién tir) va viéc ma hoa
cac thong tin s6 va chit duoc tuan theo chuin qudc té. Ma hiéu dé ma hoa cac thong tin
cho mdy tinh xtr 1y 1a cac gid tri ciia bién nhi phan 0,1. Mot bién chi nhan duoc mot
trong hai gia tri duy nhat 1a 0 hoic 1 dugc goi la mot bit. Hai trang thai nay cua bit 1a
cac gia tri tuong ung voi trang thai *tit” hic “dong” cia mot cong tic dién, dugc st
dung dé ma hoa cho tat ca cac ky tu (sd, chit, cac ky tu dic biét).

Céc bit duoc ghép lai thanh cac don vi mang thong tin day du. Vi 8 bit ghép véi
nhau tao thanh don vi du liéu co sé cua may tinh goi 1a 1 Byte. Do dugc luu gitr tuong
duong voi mot ky tu nén Byte 1a don vi co s¢ dé do kha nang luu gitt, xir Iy clia cac
may tinh.

2.1. HE PEM

2.1.1. Hé thap phan

Hé thap phan (hay hé dém co s6 10) 1a mot hé dém co 10 ky tu dung chi sb lugng.

Trong hé thap phan, 10 ky tu (con goi 13 con s6) khac nhau dugc dung dé biéu dat
10 gia trj riéng biét (0, 1, 2,3, 4, 5, 6, 7, 8 va 9), tic 1a 10 con sb. Nhitng con sd nay con
duge dung cung v6idau thip phan- vi du diu "phay" - dé dinh viphan thap
phan sau hang don vi. Con s con c6 thé dugc dan dau bang cac ky hiéu "+" hay "-" dé
biéu dat s6 duong va sd am.

Heé thap phan 1a mot hé dém dung vi tri dinh luong, bao g6m hang don vi, hang
chuc, hang tram v.v. Vi tri cua mét con s6 am chi mot phép nhan (mi 10) véi con s6 &
vi tri 6, va mdi con sb vé bén tay trai, co gia tri gap mudi 1an con s6 ké bén, & bén tay

phai [7].
Cong thure chuyén doi tir h¢ thong s6 dém khéac sang hé thap phan:
— a. = 2. < + 2. ¢! -1 =N
N=a,..ap=a,.8" + a,.s + ..... + a, ,.s" I_zoai.sI 2.1)

n
Trong d6 N 1a mot s6 nguyén c6 n chit s6. Chir s6 a; tai vi tri i (i=0...n-1) dugc goi
1a tri sb (hay con goi la trong sé). Gia tri s 12 co sb cta hé dém. Hé dém duoc dat tén
theo gia tri co sd s. Chang han, véi s=2 ta ¢6 hé dém 2, v6i s=10 ta c6 hé dém 10, véi
s=16 ta c6 hé dém 16. Gia trj s cling xac dinh ) ky tu can dung dé biéu dién trj sd.
Chang han v6i s=2 hé dém nay s& can hai ky tu dé biéu dién, vi thé c6 khai niém hé nhj
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phan. Tuong tu, c6 h¢ dém 10 va hé dém 16 con duoc goi 1a hé thap phan va thap luc
phan.

Vi du 2.1.1: S6 nguyén (1537)10. Gid tri s6 nguyén nay duoc tinh theo cong thirc
(2.1) nhu sau:

N=1537D= 7x10° + 3x10' + 5x10% + 1x10°
2.1.2. H¢ nhi phan (Binary)
2.1.2.1. Khai niém
H¢ nhi phan hay h¢ dém co s6 2 chi ¢6 hai con s6 0 va 1. D6 14 hé dém dua theo
vi tri. Gia tri ctia mot s6 bat ky nao d6 tuy thudc vao vi tri ctia nd. Céc vi tri ¢6 trong sb
bang bac luy thira ctia co s6 2. Cham co s6 duoc goi 1a chdm nhi phan trong hé dém co
s6 2. Mdi mot con sé nhi phan duoc goi 1a mot bit (Binary digit). Bit ngoai cing bén
trai 1a bit c6 trong s6 16n nhat (MSB, Most Significant Bit) va bit ngoai cting bén phai
14 bit c6 trong s6 nho nhat (LSB, Least Significant Bit)
23 22 21 20 21 22
MSB1 0 1 0.1 1LSB
Cham nhij phan

Dung n bit ¢6 thé biéu dién 2" gi4 tri

Cho mdt s nhi phan:

A=apan1..a1a0, a1 ...am

Gia tri cia A duoc tinh nhu sau:

A=an2"+an 2"+ +a 2l +ag2’ a2 ftam 2™

2.1.2.2. Bién déi tiv nhi phén sang thdp phin

Cac s6 nhi phan c6 thé duoc bién doi thanh thap phan bang cach tinh téng cta cac
con sb, nhan véi gia tri vi tri ca no.

_ . S R | 1
N=a, ,...a0= a,.8" + ap.s'+ ... + a, .8" ZI L, a;S (2.2)

n
Vi du 2.1.2: Bién d6i s6 nhi phan (11001), thanh s6 thap phan:
Trong s vi tri: 24 23 22 2! 20
Giatrivitri: 16 8 4 2 1
Sonhiphan: 1 1 0 0 1
S6 thap phan: 1x2% + 1x2° + 0x2? + 0x2' + 1x2° = (25)10

2.1.2.3. Bién déi thdp phdn sang nhi phin
C6 hai phuong phap:

Phurong phdp 1: Chia dan cho 2 1di 1ay phan du.

Phuong phdp 2: Phan tich thanh tong ctia cac s6 2' ( Nhanh hon véi cac sb thap
phan c6 gid tri nho ).

Phuwong phap 1:

Véi phan nguyen, ta thyc hién phuong phap chia lap, tirc 1a chia lién tiép s6 thap
phan cho co's6 cua hé dem (cos62) cho dén khi thuong sO bang 0 va thyc hién lay sb
du theo thur tur sO du cudi cung 1a chit s6 c6 trong s6 16n nhat va sd du dau tién 1a chir
s6 ¢6 trong sd nho nhat.
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Déi véi phan 1é cia cac sb thap phén, s 1¢ duoc nhin véi co sd (co s6 2) va sd
nhé dugc ghi lai 1am mot sb nhi phan. Trong qua trinh bién d6i, s6 nhé dau chinh 1a bit
MSB va s6 nhd cubi 1a bit LSB.

Vi du 2.1.3: Bién dbi s6 thiap phan (29.625)10 thanh nhij phan:
Bién doi s6 (29)10 sang nhi phan:
29/2=14 du 1(LSB)
142=7 du 0
72 =3 du 1
32 =1 du 1
12 =0 du 1(MSB)
= (29)10=(11101)> .
Bién d6i s6 thap phan (0.625)1 thanh nhi phan:
0.625x2 = 1.250. S6 nhé 1a 1, 1a bit MSB.
0.250x2 = 0.500. S6 nhd 14 0
0.500x2 = 1.000. S6 nhé 1a 1, 1a bit LSB.
=> (0.625)10 = (0.101)s.
Vay : (29.625)10= (11101.101),
Vi du 2.1.4 : Bién d6i s6 thap phan (24.25)10 sang hé nhj phan:
Bién ddi (24)10 sang hé nhi phén:
24/2 =12 du0
122 =6  du0
62 =3 du0
32 =1 dul
12 =0 dul
Vay : (24)10 = (11000)2
Bién d6i (0.25)10 sang hé nhi phan:
0.25x2=0.5 sdnh§1a0
0.5x2 =1.0 sénhélal
Vay : (0.25)10 = (0.01),
Vay : (24.25)10 = (11000.01),
Phuong phap 2:
Ta chi viéc phan tich s thap phan thanh tong ciia cac s6 2'.
Vi du 2.1.5 : Chuyén d6i 105(10) sang hé nhi phan :
105=64+32+8+1=20+25+23+20
Két qua : 105(10)= 011010012
Vi du 2.1.6 : Chuyén d6i 170000 sang hé nhi phén :
1700010 = 16384 + 512 + 64 + 32 + 8
=214 429 426 + 25 + 23
Két qua : 1700010 = 0100001001101000-
2.1.3. H¢ thap luc phan (Hexadecima)

2.1.3.1. Khai niém

Céc hé may tinh hién dai thuong dung mét h¢ dém khac 1a hé thap luc phan. H¢
thap luc phan 1a hé dém dya vao vi tri v6i co s6 1a 16. Hé nay dung céac con s6 tir 0 dén
9 va cac ky tu tir A dén F nhu trong bang sau:
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Béang 2-1. H¢ thap luc phan

Thap luc phan Thap phan Nhi phan
0 0 0000
1 1 0001
2 2 0010
3 3 0011
4 4 0100
5 5 0101
6 6 0110
7 7 0111
8 8 1000
9 9 1001
A 10 1010
B 11 1011
C 12 1100
D 13 1101
E 14 1110
F 15 1111

2.1.3.2. Bién doi thip luc phin sang thip phén
Céc s0 thap luc phan c6 thé dugc bién doi thanh thap phan bang cach tinh tong cuia
cac con so, nhan vdi gia tri vi tri cia no.
= a2 =a O+ oa. <l o Ll =N
N=ay ..a9=ap.8" + aps' + ..+ a,, "' =" a5’ (2.3)

n
Vi du 2.1.7: Bién d6i cac sb (2AF)16 thanh thap phan.
Séthéplucphﬁn:Z A F
Trong sb vi tri: 162 16! 16°
Gia tr1 vi tri: 256 16 1
S6 thap phan: 2x256 + Ax16 + Fx1 = (687)10.
2.1.3.3. Bién déi thip phén sang thip luc phéin
Pé bién doi cac sb thap phan thanh thap luc phén, ta st dung phuong phéap chia
]ap,véicosél6.
Vi du 2.1.8 : Bién doi (1776)10 thanh thap luc phan.
1776/16=111 du 0 (LSB).
111/16 =6  du 15hoicF.
6/16 =0  du 6(MSB).
S6 thap luc phan: (6F0);s.
Vidu 2.1.9:
Bién d0i (24A)16 thanh thap phan.
Bién ddi (586)10 thanh thap luc phan.
Bién doi (24A)16 sang hé thap phan:
- Sb thap luc phan: 2 4 A
Trong sb vi tri: 162 16" 16
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Gia tri vi tri: 256 16 1

S6 thap phan: 2x256 + 4x16 + 10x1 = 58610

Vay: (24A)16 = (586)10

- Bién d6i (586)10 sang hé thap luc phan:

586/16 =36 du 10 hay A

36/16 =2 du4

216 =0 du2

Vay: (586)10=(24A)16

2.1.3.4. Bién déi thdp luc phén sang nhj phén

Pé dbi cac s6 thap luc phan thanh nhi phan, chi can thay thé mot cach don gian
tirng con sb thap luc phan bang bén bit nhi phan twong dwong cua né.

Vi du 2.1.10: Poi s6 thip luc (DF6)16 thanh nhi phin:

D F 6

oy oy

1101 1111 0110
(DF6)16=(110111110110)2.
2.1.3.5. Bién d6i nhi phén sang thdp luc phén
Pé bién d6i mot sé nhi phan thanh s thip luc phan twong duwong thi chi can gdp
lai thanh tirng nhom gdm 4 bit nhi phan, bat dau tir ddu cham nhi phan.
Vi du 2.1.11: Bién d6i s6 nhi phan (1111101000010000), thanh thap luc phan.
1111 1010 0001 0000

v v ooy

F A 1 0

S6 thap luc phan: (FA10)1s.
Vi du 2.1.12: Chuyén s6 (ABC)is sang hé nhi phan.
Chuyén (1010 1011 1100)2 sang hé thap luc phan.
Chuyén s6 (ABC)16 sang hé nhi phan:

A B C
v v v
1010 1011 1100

(ABC)is = (1010 1011 1100)2
Chuyén so (1010 1011 1100)2 sang hé thap luc phan:

1010 1011 1100
v \ v
A B C

(1010 1011 1100)2= (ABC)1s
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2.2. BIEU DIEN DU LIEU SO TRONG MAY TiNH

2.2.1. Nguyén tic chung vé ma hoa dir liéu
- Moi dit lidu dua vao may tinh déu phai ma héa thanh sb nhi phan.
- Co hai loai dir liéu: Dir li€u nhan tao va dir liéu tu nhién
- Ma hoa dir li€u nhan tao:
+ Dir liéu s6 nguyén: Ma hoa theo tiéu chuan quy uéc
+ Dir liéu s6 thyc: Ma hoa bang s dau phay dong.
+ D1t li€u ky tu: Ma hoa theo bd ma ky tu.
- Ma hoa va tai tao dir licu vat Iy (Tin hi¢u tu nhién):

Tinhi€uvat 1y | pa cam bidn tin B chuyén dbi tvong tw - s6 | Tinhidu sb
. —> (ADC) —*|
Tin hiéu

dién lién tuc

hiéu (Sensor)

Méy tinh

Tinhi¢uvatly | Bo tdi tao tin Bo chuyén ddi 86 - trong ty | Tinhiéuso
—  ha |e—] (DAC) ——
Tin hiéu

1én lién tuc
Hinh 2-1. So' @6 khdi ma héa va tai tao dir liéu vat ly
Céc dit liéu vat 1y thong dung: Am thanh va hinh anh.
D¢ dai dit lidu: D¢ dai tir dit licu 14 s bit dwoc st dung dé ma hoa loai dit lidu
twong ung. D dai tir dir liéu thuong 1a bdi cuia 8 — bit: 8, 16, 32, 64 bit
2.2.2. Thir ty luu trir cac byte cua dir li€u
- B6 nh¢ chinh thuong duoc t6 chire theo byte.
- Do dai tir dit lidu c6 thé chiém tir 1 dén nhiéu byte. D6i véi dir liéu nhiéu byte ta
can phai biét thr tu luu trit cac byte trong bo nhd chinh.
- Co hai cach luu trir:
+ Dau nho (Little - endian): Byte c6 ¥ nghia thap hon duoc luu trit trong bd
nhd & vi tri ¢6 dia chi nho hon.
+ Daiu to (Big - endian): Byte c6 ¥ nghia thip hon duoc luu trit trong bd nhé
O vi tri ¢o dia chi 1én hon.
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4D 300 1A 410
3C 301 >B 411
2B 302 3C 412
1A 303 4D 413
Dau to Pau nho
Hinh 2-2. Luu trir cac byte cia dir li¢u
- Cac cach luu trir cua cac bo xu ly dién hinh:
- Intel 80x86 va cac loai Pentium luu trir kicu dau qnh(")‘
- Motorola 680x0 va cac bd xtr ly RISC luu trit ki€u dau to
- Power PC va Itanium luu trir ca 2 ki€u
Vidy 2.2.1: Luu trir dir 1i€u 32-bit
0001 1010 0010 1011 0011 1100 0100 1101
1 A 2 B 3 C 4 D

2.2.3. Biéu dién s6 nguyén
2.2.3.1. Bléu dién sé nguyén khéng diu
Tat ca cac sd ctng nhu cac ma trong may vi tinh déu duoc biéu dién bang cac chir
s6 nhi phan. Dé biéu dién cac s6 nguyén khong ddu, ngudi ta dung n bit.
A=apan2...a1a0(a=1;0)
Gia tri caa A duoc tinh nhu sau:
A=an1 2" + a0 2™+ .. +a; 2 + a9 2°
Vi n = 8 bit biéu dién duoc cac gia trj tir 0...255
Gia tri 255 dugc bicu dién 1a 1111 1111,
11111111

(2.4)

+0000 0001

10000 0000
Vay: 255+1 =0
Truc sd hoc may tinh: Biéu dién v&i n = 8 bit
Theo truc s6 hoc thi v&i n = 8 thi biéu dién dugc 256 gia tri tir 0...255. Téi gia
tri 255 thi truc s lai quay lai gié tri 0.
Tuong tng véi do dai cuia s6 bit duge st dung, ta c6 cac khoang gia tri xac dinh
nhu sau:

Sb bit Khoang gia tri
n bit: 0..2"-
8 bit 0.. 255 Byte
16 bit 0.. 65535 Word
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Vi du 2.2.2: Biéu dién cac s6 nguyén khong dau sau bang thanh ghi 8 bit
A =(41)10; B=(150)10
Huéng dan:
A=(41)10=32+8+1=2°+23+2°
4110=0010 1001
B=(150)10=128 + 16 +4 +2=27+2%+2%2+ 2!
15010=1001 0110
Vi du 2.2.3: Cho céc sé nguyén khong ddu M, N duoc biéu dién bang thanh ghi 8 bit
nhu sau:
M= 0001 0010
N=1011 1001
Xac dinh gia tri cua ching.
Huéng dan:
M =00010010=2%+21'=16+2=18)
N =10111001 =27 4+25+2%+23+2°
=128+32+16+8+1=185
2.2.3.2. Biéu dién sé nguyén cé diu
S6 bit mgt va s6 bi hai:
Goi A 1a mot s6 nhi phan.
SO bu 1 cta A nhan duogc bé“tng cach dao gia tri cac bit cia A
Sébu2ciaA=SobulciaA+1
Vidu 2.2.4: Giasut A=00100101
Sobu 1 cia A=11011010

+1

Sobu2cia A=1101 1011
Ta thay: A+ (Sobu2ciaA)=0
Nén s6 bu 2 biéu dién dugc sé 4m. Chinh vi thé ma s6 bu 2 dung dé biéu dién sb
nguyén c6 dau.
Nguoi ta st dung bit cao nhat biéu dlen dau; bit ddu c6 gia trj 0 tuong ung voi s6
nguyén duong, bit dau c6 gia tri 1 biéu dién s6 am. Nhu vay khoang gia tri s6 dugc biéu
dién s& dugc tinh nhu sau:

Sb bit Khoang gi4 tri:

n bit 2ntL2mll

8 bit -128 + 127 Short integer
16 bit -32768 + 32767 Integer

32 bit -2147483648 ~ 2147483647 Long integer

2.2.4. Céc phép toan s6 hoc véi s6 nguyén
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X nbit Y nbit

C out B6 cong n bit Cin

S nbit

Hinh 2 3. So' d6 khoi phép toan sb hoc v6i s6 nguyén
2.2.4.1. Nguyén tic thue hién phép todan voi s6 nguyén
Bit ¢6 trong s6 lon nhat 14 bit dau:
Néu bit dau la:
00: S6 duong
01: Tran duong
10: Tran am
11: 86 &m
2.2.4.2. Phép cjng sé nguyén khong diu
Néu khong c6 nhé ra khoi bit MSB thi két qua nhan duoc ludn ludn dung:
Cout=0
Néu c6 nhé ra khoi bit MSB thi két qua nhan duoc 1a sai:
Cou =1 (Hién tuong tran s6)
Hién tugng tran so xay ra khi tong lon hon 2" — 1
Néu xuat hién, hién tuong tran so thi ta tang s6 luong céc bit 1€n (tang n). Vi du tur
8 1én 16 bit
Vidu 2.2.5: Cho C=1101; D =0001

S=C+D
Huéng dan:
Tinh S:
ol ol ol of 1] 1| o 1
|
ol ol ol of 1] 1| o 1
|
ol of of o 1| 1| 1] o0
I T T 1Tt 111
ool ol oflo0o| 0of of 1
r 1t 1+t 171111
0o/l o0f ol oflo0o| 0| of 1

Hinh 2-4. Thuc hién phép cong nhi phan
35



Két qua trong thanh ghi 1a: 00001110. Ta thiy bit ddu 1a 00 nén két qua thu duoc
s& 12 s6 dwong 001110 ¢o gid tri 1a 3

VayS=+3

Phép cong so nguyén cé dau:

Biéu dién s6 nguyén c6 ddu dudi dang ma bu 2 ciia s6 khong diu trong thanh ghi
n bit

Thuce hién phép cong hai sb c6 dau.

Chung ta phai chu ¥ hién tuong tran sb. Néu xuat hién tran sb thi ta ting sb luong
cac bit 1én (tdng n). Vi du tu 8 1én 16.
Vidu 2.2.6: Cho A=1011; B=-1110. TinhS= A +B
Huréng dan:

Tinh S:

e—]
-
le—]
le—]
[e—
le—]
e—]
le—

‘ L]
Vv v by )
ST |[| 0| 1
r t 1t 1t 1T 1 7 1
Lo 0(0 1| o
N N N N N A O

| |

Hinh 2-5. Thyc hién phép cong nhi phan

Két qua trong thanh ghi la:

11111101. Ta thay bit ddu Ia 11 nén két qua nhan dugc 1a mot sé am.

111101 ¢6 s6 bu 2 1a: 000011.

Vay két qua cta S=-3

2.2.5. Biéu dién s6 thuc

Co hai cach biéu dién sd thuc trong mot hé nhi phan: S6 ¢6 dau cham cb dinh
(fixed point number) va s6 c6 dau cham dong (floating point number). Cach thtr nhat
dugc dung trong nhitng bd vi xir 1y (micro processor) va nhing bé vi diéu khién (micro
controller) cii. Cach thr hai duoc str dung hién nay c6 d6 chinh xac cao hon. Dbi véi
cch biéu dién sb thuc dau chdm dong c6 kha nang hi€u chinh theo gia tri cia s6 thuc.

2.2.5.1. Biéu dién sé thwe diu phdy tinh
Quy tic: ta chuyén ddi timg ph?m nguyén va 1é theo quy tic sau:

Phan nguyén: Chia lién tlep phan nguyén cho 2 giir lai cac s6 du, S6 nhi phan
chuyén d6i s& 1a day sb du lién tlep tinh tir 1an chia cudi vé lan chia dau tién.

Phan 1¢: Nhan lién tiép phan 1& cho 2, giit lai cac phan nguyen tao thanh. Phan 1¢
ctia O Nhi phén s¢ la day lién tiép phan nguyén sinh ra sau mdi phép nhan tinh tir lan
nhan dau dén 1an nhan cudi.

Vidu 2.2.7: Chuyen sang hé Nhi phan s6: 13,625
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Hudng dan:
Phan nguyén:

13:2 =6 dul

6:2 =3 du0

32 =1 dul

1:22 =0 dul

=> Phan nguyén cta s Nhi phan 1a 1101
Phan 1¢:

0,625x2  =1,250 Phéan nguyén 1a 1

0,250x2  =0,500 Phéan nguyén 13 0

0,500 x 2 = 1,000 Phan nguyén la 1 (ding & day vi phan nguyén con lai =0)

=> Phén 1¢ ctia s6 Nhi phan 1a: 0,101

=> Ta viét két qua 1a: (13,625)10=(1101,101),

Chu y: viéc chuyén doi tir hé thap phan sang hé Nhi phan khong phai luon dugc gon
gang chinh xac, trong truong hop phép tinh chuyén d01 kéo dai, thi tily theo yéu cau vé
d6 chinh xac ma ta c6 thé dung phép tinh & muc do can thiét thich hop.

«» Nhan xét :

Céc sd dau phay tinh chi dung trong cac bai toan yéu cau do chinh xac khong
cao va ludng ¢d dinh, vi du diém mén hoc trong truong PH CN tinh chinh x4c dén 1 s6
sau dau phay (VD : 4,5). Nhu vay cac diém s& luon c6 do chinh xac trong khoang do.
Trong thyc té c6 cc bai toan yéu cau d6 chinh xac gan nhu tuyét d6i nhu cac bai toan
trong ngan hang, trong diéu khién may bay, vé tinh, ... Cac bai toan nay khong the quy
dinh tru6ec mot do chinh xac, ngudi ta phai s dung s6 dau cham dong, khi d6 sb cac s6
sau ddu phay 1a khong han ché vé mait biéu dién.

VD : 12e-101=12*101%

Van dé 1a biéu dién cac s6 ddu chdm dong nhu thé trén may tinh vai co s6 2

2.2.5.2. Biéu dién sé thuc diu phdy dong
Nguyén tic chung
Mot sb thuc bat ky duoc biéu dién bang cong thirc sau:

x = ML.RF
Trong do : M - Phan dinh tri.
R - Co sb.
E - Phan mi.

V&i mot hé thong nio d6 thi R 13 ¢d dinh. Trong may tinh ngay nay thong thuong R=2.
Dé biéu dién duoc v6i co s62 ngudi chuyén vé dang twong duong nhu sau:
X=(-1)* 1.M?2E-B
Trong d6:  s: 1a bit dau (s=0 phan dinh trj 1a duong; s=1 phan dinh trj 1a 4m)
M : 14 phan dinh tri.
E: 1a s6 mil dugc dich chuyén di B don vi.
R d3 duoc biét (R=2) may tinh luu s6 ddu chim dong bao gdm hai thanh
phan chinh
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Chuéan IEEE 754-1985 phan dinh 3 dang s6 ddu chim dong co ban (IEEE:
Institute of Electrical and Electronics Engineers )
- S6 ¢ do chinh x4c don dai 32 bit (single)
- S& ¢6 @6 chinh xac kép dai 64 bit (double)
- S6 ¢ d6 chinh xac mé rong dai 128bit (quadruple)
Béang 2-2. H¢ thap luc phan

Loai Single Double Quadruple
Bé rong cua

truong (bit)

S 1 1 1

E 8 11 15

M 23 52 111

Tong cong 32 64 128

E cuc dai 255 2047 32767

E cuc tiéu 0 0 0

Do dich 127 1023 16383

% Chuén 32 bit:
Xet truong hop sw dung 32 bit
2322 15 7 0

S E’ M

8bitmi E’ 23 bit dinh tri
Hinh 2-6. Biéu dién s6 thwe chuin 32 bit
Phan dinh tri (M) chiém 23 bit cho phan sau ddu phdy nhi phan.
Phan mii E’ chiém 8 bit.
X=(-1)® *1,M=*2E-127 (127 =T7F)
Vidu 2.2.8. Gia st c6 mot day 32 bit nhu sau:
10111 11111 100 0000 0000 0000 0000 0000
Huréng dan:
bit ddu =1 ( s6 4m )
X = (_1)1 * 1’1 %* 2127—127 — (_1,1)
Vi du 2.2.: Chuyén mot sb thuc hé 10 sang hé 2 biéu dién bang sb thue diu phay dong:
Chos6 13,2  hé2 (1101,0011 0011 ........ )2
Hudng dan:
Di chuyén dau phay vé sau s6 1 dau tién duoc :
((1,101 0011 0011 ...)*2%) = (+1,101 0011 0011 ...)*23
Phinmi E=FE’-127=F"-7F =3
= E’=E+127=3+127=(130)10 = (1000 0010)>
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S |E M
0 | 10000010 |1010011001T.....

Céc qui uoc:

Néu E” =255 va M <> 0 thi x khong phai 14 s6 hop 1&

Néu E’ =255 va M = 0 thi x = -00/+o0

NéuE =0vaM=0thix=0

< Chuén 64 bit:

Ciing twong ty nhu chuan 32 bit dinh dang chuan 64 bit nhu sau
Bang 2-3. Biéu dién s6 thuce chuin 64 bit
DAu | Phan mii Phan dinh tri
1bit | 11 bit 52 bit
S E=E-1023 |M

% Chuan 80 bit:
Bang 2-4. HE thap luc phan
DAu | Phan mii Phan dinh tri
1bit | 15 bit 111 bit
S E=E’-16383 |M
Vi du 2.2.10: Tinh s thuc

0100 00110111 0110 0000 0000 0000 0000

Phén dinh tri: 1 + 2142242342542
=1+ 0.5+ 0.25+0.125+0.03125+0.015625=1.921875

Phin mii: 27+ 22+ 21 =134

Gia tri thire (bit cao nhét 1a bit ddu): 134 - 128 =6

Déu: 0 = s6 duwong

Gia trj s6 thuc 1a: R = 1,921875.20 = +123
*) Phuong phdp doi s6 thuc sang so ' ddu phay dong 32 bit:

- Doi s6 thap phan thanh s6 nhi phan.

- Biéu dién s6 nhi phan dudi dang +1, xxx.2¥

- Bit cao nhat 31: Lay gia trj 0 v6i s6 duong, 1 véi s am.

- X4c dinh bit tir 30-23: dugc xac dinh bang cach:

y + (7F)16 hay y+(127)10

- Phan xxx 1a phan dinh tri, dugc dua vao tur bit 22....0
Vi du 2.2.11: Biéu dién sb thuc A= (9.75)10 dudi dang ddu phay dong 32 bit theo chuin
IEEE 754.
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Hudng dan:

Poi sang dang nhi phan: (9.75)10= (1001,11),= 1,00111. 23

Bit dau: do 1a 1 s6 4m nén s=1

Xac dinh bit tir 30-23: y + (7F)16= 3+127=(130)10=(10000010):

Xac dinh cac bit tir 22...0: 00111...0

Cubi cung s6 thuc (9.75)10 duge biéu dién duéi dang ddu phay dong 32 bit nhu
sau:

1 10000010 001 1100 0000 0000 0000 0000

bit [31/30 2322 0|

Vi dy 2.2.12: Biéu dién sb thuc A= (123)10 dudi dang dau phay dong 32 bit theo chuan
IEEE 754
Huwdng dan:

Ta doi sang dang nhi phan: (123)10=(0111 1011),=0,1111011 27

Bit dau: do 1a 1 s6 duong nén bit 31 =0.

Xac dinh bit ttr 30-23: 7F + 7 = (86)16 = 86H = (1000 0110)s.

Xéc dinh céac bit tir 22...0: 1111011...0

Cubi cung s6 thuc (123)10 dugc biéu dién dudi dang dau phay dong 32 bit nhu sau:

010000110 111 1011 0000 0000 0000 0000

bit 3130 2322 0]

Vay A= (43760000)16
2.2.6. Biéu dién ky tu

Dé biéu dién thong tin ma con nguoi c6 thé hiéu dugc, may vi tinh cAn mot giao
dién thich hop. Nén con ngudi da xdy dung bd ma dé biéu dién cho céac ky tu cling nhu
céc con sO va cac ky hi¢u ddc bi¢t khac. Cac ma do goi 1a bo ma ky tw va s6. Ta c6 hai
bo ma thong dung 1a bd ma ASCII (American Standard Code For Information
Interchange) va bd ma Unicode. Ngoai ra con c¢6 chuan Latinl dung 8 bit dé biéu dién
cac ky tu, chuan ISO 10646 dung 24 bit dé biéu dién cac ky tu.

2.2.6.1. B ma ASCII

B mad ASCII do ANSI (American National Standar Institude) thiét ké.

Bang ma ASCII 13 ma 7 bit dugc ding phd bién trong cac hé may tinh hién nay.
V&i ma 7 bit nén ¢6 27 = 128 t6 hop ma. Mdi ky tu (chit hoa va chit thudng) ciing nhu
cac con $6 thap phan tir 0...9 va céc ky hi¢u dac biét khac déu duoc biéu dién béng mot
ma so0.
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Bang 2-5. Phian b6 ma trong ASCII co bén

Ky tu Ma thap phan Ma thap luc phan
Null - 0 00
31 ky tw diéu khién 1-31 01-1F
C'f’lc dau 32-47 20-2F
So O-Q 48-57 30-39
Cac dau khac 58-64 3A-40
A-7Z , 65-90 41-5A
Cac dau khac 91-96 5B-60
a-z 97-122 61-7A
Cac dau khac 123-127 7B-7F
Bang 2-6. Bang ma ASCII
Column bits (B7B¢Bs)
= Bits{row) 000 001 010 011 100 101 110 111
R | B:|B;|B:| By 0 1 2 | 3| 4|5 |68 7
0 ! ! IR EEE
w
o |o |o |o |o [T |wuL |DLE |sP |0 |@ |P p
1 |0 |o |o |1 [T|soH |DC1 |! 1 A |Q |2 |q
2 o o |1 |o [T|sx |pc2 |* |2 |B |R |b |r
3 o o |1 |1t [T|EX |DC3 |2 |3 |c |8 |c |s
4 |o [t |o |o [T |EOT |DC4 |8 |4 |D |T |d |t
5 (o |1 o |1 [T|ENQ |NAK |% |5 |E |U |e |u
6 |0 [1 [1 |0 [T|ACK |SYN |& |6 |[F |V |f |+
7 (o |1 |1 |1 [T|BEL |ETB [° 7T le |w |z |w
g |1 o [0 |o [T|Bs |caN | g |H |[X |h |=x
o |1 fo o |1 [T|HT |[EM |) o (1 |Y |i |v
A |1 o |1 |o [T|LF |suUB |* I |z |j z
B |1 |0 |1 |1 [T|vT |EsC |+ |: |K | k|
¢ |1 |1 o |o [T|FF |F8 |- |< |L 1
D |1 |1 o |1 ™|crR |Gs |. = M |1 |[m |3}
E 1 |1 |1 |o [T|s0 |R: |. > N n |~
F |1 |1 [1 |1 [T]s1 Us 7 o |_ |eo |DEL
Vi du 2.2.10: Poi ky tu BILL thanh ma ASC II
Ky tu B I L L
ASCII 1000010 1001001 1001100 1001100
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HEXA 42 49 4C 4C

Mot ddc diém 1y thit [a md ky tw chit cdi triv di 64 sé ra md diéu khién.
Vi du 2.2.11: M3 ky ty chir cai va ma diéu khién

Ky tu D H

ASCII 1000100 1001000

Thyc hién phép tinh nhu huéng dan sau:

Sau khi 14y gi4 tri twong tng tai bang ma ASC II ciia D dem trir di 6410 ta s& duoc
gia tri mai 1a 0000100.

Gi4 tri nay tra ra bang 1a EOT

Tuong ty : Ky ty H ma diéu khién twong ting ctia né 1a BS

Déi voi bang chir cai khong phai 1a tiéng Anh ching han nhu tiéng Viét, ta can
nhiéu ma hon bé ma ASCII co ban. C6 hai cach dé biéu dién nhing ky tu nay:

Dung phan ASCII mé rong gdm ca 8 bit cia mot byte. Ta sé& co ca thay 256 ky tu,
chung du cho chir cai clia cac tha tiéng chau Au, tam du cho tiéng Viét, nhung khong
da cho cac chit cai twong hinh (Han, Han, Nhat).

Dung nhiéu byte dé biéu dién ma mot ky ty. Phuong an nay s& khién vin ban 16n
1én rat nhiéu 1an so v6i van ban dung ma ASCIL Trong phwong 4n nay c6 chuin Unicode
do hang Xerox dé nghi dung 2 byte dé ma hoa mot ky tu.

2.2.6.2. B¢ ma Unicode

Chuan Unicode do hing Xerox dé nghi dung 2 byte dé ma hoa mot ky tu.

Bo mi Unicode do cac hing san xuat may tinh hang dau thiét ké. N6 1a mot bo ma
6 bit va la b ma da ngon ngir.

B6 ma co hd tro ky tu tiéng Viét (bao gém ca chir Nom)

2.2.6.3. Ma BCD (Binary Coded Decimal )

Gitra h¢ thap phan va hé nhi phan con ton tai mot h¢ lai: H¢ BCD cho cac s6 hé
thdp phan ma hoa bang hé nhi phan. O day dung bdn sé hé nhi phan (bdn bit) dé ma
hoa mét s6 hé thap phan c6 gia tri nam trong khoang tir 0+9.

0 -> 0000
1 ->0001
2->0010
3->0011
4 ->0100
5->0101
6->0110
7->0111
8 -=> 1000
9 ->1001

Nhu vy & ddy ta khong dung hét cac to hop c6 thé c6 cia 4 bit. Vi tim quan trong
ctia cac s6 BCD nén cac bd vi xir 1y thudng cé cac 1énh thao tac voi chiing.

6 t6 hop khong sir dung 1a: 1010, 1011, 1100, 1101, 1110, 1111.

Phép cong sé6 BCD
Vi du 2.2.12: Thuc hién phép cong BCD

35+61
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35 - (0011 0101)gcp

+ 61 — (0110 0001)pcp

96 « (1001 0110)pep

Vi du 2.2.13: Thyc hién phép cong s6 BCD
87 — (1000 011 1)gcp

+96 = (1001 0110)5¢p

183 (10001 1101) — Két qua sai

+01100110 <« Hiéu chinh

1 1000 0011 — 183
Thuce hién bude hiéu chinh bing cach cong 0110 (6) vao cac vi tri ¢6 nhd
Cic kiéu luu trir s6 BCD
BCD khong goi (Unpacked BCD): Mbi s6 BCD 4 bit duoc luu trit trong 4 bit thap
ctia moi Byte.
Vi du 2.2.14: S6 26 duoc luu trit nhu sau:

1 byte 1 byte

A A

0010 0100

BCD goi (Packed BCD): Hai s6 BCD dugc luu trit trong mot byte
Vidu 2.2.15: SO 26 dugc luu trit nhu sau:

1 byte

S N

0010 0110

2.3. CAC PHEP TOAN SO HOC TRONG HE NHI PHAN

2.3.1. Khai niém s6 bu

Trong hé thong sb thong thudng, dé biéu dién s6 4m ta chi can thém dau “-” vao
cac chit s6. Tuy nhién, trong hé théng mdy tinh, ta khong thé biéu dién duoc nhu trén.
Phuong phép thong dung 14 bit c6 ¥ nghia 16n nhat MSB 1am bit ddu. Néu MSB = 1 s&
1a s6 4am con MSB = 0 13 s6 duong. Khi d6 cac bit con lai s& biéu dién do 16n ciia no.
Nhu vay, néu ta dung 8 bit dé biéu dién thi s& thu dugc 256 to hgp ung dung véi cac gia
trj 0 + ess (s6 khong dau) hay -127... -0 +0...+127 (s6 c6 dau).

Pé thuan tién hon trong vi¢c tinh toan s6 ¢6 dau, ta dung mot dang biéu dién dic
biét 14 s6 bu hai. SO bu hai ciia mot s6 nhi phan xac dinh bang cach ldy dao cua céc bit
r0i cong thém 1.

Vidu 2.3.1:
S6 7 biéu dién 1a: 0000 01112 c6 MSB = 0 (biéu dién s6 duong).
S6bu2la: 111110002+ 1,=1111 1001,
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S6 dai dién cho s6 -7 1a: 1111 10012 c6 MSB = 1 (biéu dién s6 4m).
Nhu ta da biét dao cia ddo ctia mot so sé€ 1a chinh no:
-7=1111 1001,

Dio bit:

0000 01102+ 12 =0000 0111(2) = 710

Ta théy, dé thuc hién viéc xac dinh s bu 2 ctia mot sé A can phai:
Biéu dién sd A theo ma bu 2 cta no.
Déo cac bit (tim s bu 1 cua A).

Cong thém 1 vao dé nhan duogc sb bu 2.

Khi biéu dién theo sé bu 2, néu sir dung 8 bit ta s& co cac gid tri sd thay doi tir -

128...127.
Bang 2-7. Biéu dién cac s theo hé 2, hé 2 ¢6 ddu va ma bu 2
S6 8 bithé hai  {S6 hé mudi twong | S6 hé mudi theo | SO hé mudi theo
duong ma hé hai c6 ddu | ma bu hai
0000 0000 +0 +0
0000 0001 1 +1 +1
0000 0010 +2 +2
0111 1101 125 +125 +125
01111110 126 +126 +126
01111111 127 +127 +127
1000 0000 128 -0 -128
1000 0001 129 -1 127
1000 0010 130 2 126
1111 1101 D23 -125 -3
11111110 D24 -126 -2
1111 1111 D25 -127 -1

2.3.2. Cac phép toan cong trir
2.3.2.1. Phép toan cong

Phép cong cac s6 hé 2 thuc hién giong nhu doi véi cac sO hé muoi. Quy tac cong

nhusau: Y=A +B

Béang 2-8. Phép cong hé nhi phin

A B Y C
(Carry — Nho)
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1
Vidu 2.3.2:
Nhé 1111 1110
Sbhang1 0110 0011
Séhang2 0101 1111
Téng 1100 0010
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Néu két qua cua phép toan la duong thi chung ta c6 dugc mot s6 duong trong ky
hiéu thap phan binh thuong. Con néu két qua 1a mot s6 am thi chung ta c6 dugc mot s6
am ¢ dang ma bu hai. Chu y rang, trong mot vai vi du c6 mot vai bit nhé vugt qua gidi
han cua tir thi n6 s& bi 10 di. O phép cong bat ky thi két qua c6 thé 1on hon dg 16n cua
tur duoc su dung. Trang thai nay dugc goi la tran trén (overflow). Néu hai s6 duoc cong
c¢6 hién tuong tran trén thi két qua la ngugc dau. Khi c¢6 hién tuong tran trén thi ALU
phai bao su viéc nay ra ngoai dé khong sir dung két qua nay. Chu ¥ ring tran trén co thé
xudt hién c6 nhd hoic 1a khong [1,3,7].

2.3.2.2. Phép toan trie
Phép trir cac s6 hé 2 duoc thuc hién theo quy ticsaw: Y=A-B

Bang 2-9. Phép trir hé nhi phan

A B Y B
(Borrow — Muogn)
0 0 0 0
0 1 1 1
1 0 1 0
1 1 0 0

Vidu 2.3.3:

Muon 0110 0000

S6 trix 0110 1101

Sébitrr 0011 0001

Hiéu 0011 1100

Dbé trir mot sd (sé bi trtr) cho mot sb khac (sé trur) co thé thyc hién béng cach tao

sb bu hai cua sb trir va cong voi s6 bi trir dé duoc két qua. Vi vay, phép trir dugc thuc
hién thuc chat 1a nhd phép cong.

Vidu 2.3.4:
M=2,,=0010, M=-5,0=1011,
S=71 =0111, S=2y =0010;
S° =1001, * =1110;
M+S® =0010; M+S =1011,
+ 10015 + 1110,
1011,=-5 1001,=-7,
M=7=0111; M=-61,=1010,
S=-7=1001, S=4y, =0100,
S° = 01115 S* =1100,
M+S’= 0111, M+S’ =1010;
+ 0111, + 1100,
1110,= Tran trén 0110,= Tran trén
S’=Sébu2

45



Hinh 2-7. dua ra dudng di cta dit liéu va yéu t6 phan cing de thuc hién phép cong
va phép tru. Phan tu chinh la mét b cong nhi phan, n6 nhan hai so vao va duarala tong
va tin hiéu bao néu tran. Bo cong nhi phan cot hai s6 nhur 13 cac s6 nguyén khong dau.

Déi voi phép cong thi hai s6 duoc dua ra dé cong 1a tir hai thanh ghi, nhw trén hinh
vé& 1a thanh ghi A va B. Két qua duoc luu vao mt trong cac thanh ghi nay chir khong
phai 1a thanh ghi thr ba. Tin hi¢u bao tran dugc luu vao trong 1 bit c6 tran (néu khong
tran thi bit nay bang 0, néu tran thi bing 1). Déi véi phép trir, sd bi trir (thanh ghi B)
dugc giri dén mot bo tao ma bu hai va giri tiép dén bo cong [1,3.7].

Thanh ghi B
B0 so sanh
|
Cotran Bo cong
A
Thanh ghi A

Hinh 2-7. So @6 khoi phan ctrng ciia bd cong va trir
2.3.3. Phép nhan so6 nguyén khong diu
Phép nhan trong hé 2 dugc thuc hién theo quy tic sau: Y= A x B
Bang 2-10. Phép nhén s6 nguyén khong dau

A |B |Y
0 |0 0
0 |1 0
1 |0 0
1 |1 1
Vidu 2.3.5:
SO bi nhan 1001 = 9d
S6 nhan 0110 = 6d
0000
1001
1001
0000
0110110 = 54d
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Theo quy téc trén ta thdy, phép nhan hé hai cua cac s6 nguyén nhi phan khong dau
c6 thé thuc hién theo thuét toan cong va dich nhu sau:

- Thanh phan diu tién cta tong tich luy thu duoc 1a tich ctia s LSB trong s bi
nhan voi s6 nhan. Néu LSB = 0 thi thanh phan nay ciing bang 0, con néu LSB =1 thi
thanh phan nay chinh bang s nhan.

- M&i thanh phan thir i tiép theo ctia tong tich luy s€ dugc tinh bang cach tuong tu
nhung phai dich trai 1 bit (co thé bo qua cac thanh phan bang 0)

-Tong cua cac thanh phan 1 tich can tim.

- Két qua phép nhén hai s6 nguyén nhi phan n bit ¢6 d6 dai 2n bit.

Tuy nhién, chung ta c6 thé thyc hién phép nhan mot cach c6 hiéu qua hon. Pau
tién, ta thuc hién cong lién tiép cac tich tirng phan cho dén khi két thiic. Didu nay s& lam
triét tiéu su luu lai cua tit ca cac tich thanh phén, dan dén viéc st dung cac thanh ghi it
hon dé luu giit cac két qua. Mit khac, chung ta c6 thé loai ra cac phan tir phat sinh caa
tich thanh phén Doi véi bit 1 trong s6 bi nhan thi thue hién phép cong va mot phép
dich, nhung d6i voi b1t 0, thi chi co phep dich 1a dugc thyc hién.

2.3.4. Phép nhan so nguyén c6 dau

Chung ta biét rang phép cong va phép trir dugce sé nguyén khong dau duoc tinh

nhu vi du sau:

1001,
11002 = 1210

Néu céc so trén dugc xem nhu 13 cac s6 nguyén bu 2, chung ta thdy phép cong
1001 (-710) v&i 0011 (310) s& dugc 1100 (-410). Tir d6 ta nhan thay rang cac phep tinh
don gian nay s& khong ap dung dugc cho phép nhan. Pé thay ro diéu nay ta lay vi du
nhan 1011 (1110) v61 1101 (1310) va duge 10001111 (14310). Néu xem cac sd nay nhu
céc sO b hai thi ta ¢ 1011 (-510) nhan véi 1101 (- 310) 8¢ duoc két qua 1a 1000 1111 (-
11319). Qua trinh thuc hién phép nhan nay dugc dién giai nhu sau:

S6 nhan va sb bi nhan dugc tai vao hai thanh ghi (Q va M), con thanh ghi thi ba
1a thanh ghi A, ban d4u né duogc thiét 14p ¢ mirc 0. Thanh ghi 1 bit C duoc khéi dau
bﬁng 0 dugc dung dé luu bit nhé cua phép cong. Cac bit cuia sb6 nhan dugc doc 1an luot
mot cach logic. Néu Qo 1a 1 thi s6 bi nhan duogc cong v6i thanh ghi A va két qua duoc
luu trong thanh ghi A. Sau do tat ca cac bit cta cac thanh ghi C, A va Q duogc dich sang
phai mdt bit, cac bit C dich to1 An-1, Ao t1 Qn-1 va Qo thi thoi.

Néu Qo 1a 0 thi phép cong khong duogc thuc hién, chi thyc hién phép dich. Qua
trinh nay duoc thyuc hién ldp lai véi mdi bit ciia sé nhan. Két qua cua tich 2n bit duoc
chtra trong cac thanh ghi A va Q. Ché ¥ rang trong chu ky thr hai, khi mét bit ca sb
nhan 1a 0 thi phép cong khong duoc thuc hién [1,3,7].
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C.Ae0

M <— S6 binhén
Q <— Sonhin
Dém «— n

} I —

DichC. A, Q
Pém «— Pém - 1

Hinh 2-8. So' @6 khdi phép nhén hai s6 nhi phan khong dau
Vi du 2.3.6: Thuc hién phép tinh (11)10 x (13)10
Hudng dan:
Chuyén d6i M= (11)10=1011; Q= (13)10=1101

Cac buwéc thue hién C A Q
Gia tri khoi tao 0 0000 1101
Chuky 1:

Do Qo=1 Thuc hién phép cong A «— A+M | 0 1011 1101
Dich C, A, Q 0 0101 1110
Chu ky 2:

Do Qo=0 Thuc hién dich C, A, Q 0 0010 1111
Chu ky 3:

Do Qo=1 Thuc hién phép cong A «— A+M | 0 1101 1111
Dich C, A, Q 0 0110 1111
Chu ky 4:
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Cac buwée thue hién C A Q

Do Qo=1 Thuc hién phép cong A «— A+M 1 0001 1111
Dich C, A, Q 0 1000 1111
Két qua: 1000 1111

Vi du ndy chtrng minh rd phép nhén s& khéng thuc hién duoc néu ca hai sb nhan
vé sO bi nhén 1a am. Trong thuc té no s& khong thuc hién duoc néu mot trong hai )
nhan hogc s6 bi nhan 1a am.

Ta biét réng, phép nhan mot s6 nhi phan 2n bit dugc thyc hién nho su dich chuyén
cac sb d6 téi n bit bén trai. Vi Iy do do nay ta c6 thé tao ra tich timg phan bang cach
thuc hién phép nhén theo cach khac.

Tich tung phén s& duoc coi nhu sb 2n bit dugc tao ra tir sd bi nhan n bit. Vi vay,
cling nhu s6 nguyén khong dau, s6 bi nhan 4 bit 1011 s& duoc luu & trong 1 tir 8 bit 14
0000 1011. Mdi tich timg phan (khac 2°) c6 dugc tir sé d6 da duoc dich sang trai, cac
bit & vi tri bén phai s& dugc dién bang cac s6 0.

1011
x 1101
00001011 1011 x 1 x2°
00000000 1011 x 0 x 2!
00101100 1011 x 1 x 2
01011000 1011 x 1 x 23
10001111

Gio day ching ta c6 thé 1am sang to dugc rang phép nhan s& khong lam viéc néu
s bi nhan 1a am.

Van dé 12 mdi 1an sé bi nhan 1 4m thi tich ting phan phai 1a sé 4m trén ving 2n
bit. Bit dau ciia tich timg phan phai sap xép lai.

Ta chttng minh diéu nay dua vao vi du bang 3.2, biéu dién phép nhan s6 1001 (910)
v6i 0011 (310). Néu duge coi nhu 13 s6 nguyén khong dau thi phép nhan 9x3=27 duoc
thyc hién don gian.

Tuy nhién néu 1001 thi duoc coi nhu 1 sé bu hai thi gia trj cia no 1a -7. Sau d6
mdi tich tig phan phai dugc nhu 14 sé bu hai 4m cua cac bit 2n (8 bit), dugc biéu dién
nhu bang 2-11.

Chu y rang phép tinh phai duoc thuc hién bang cach kéo dai mdi tich timg phan
sang bén trai v4i s6 bit nhi phan bang 1.
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Bang 2-11. Phép nhén s6 nguyén c6 diu

1011 (9) 1001 -7)
x0011  (3) x 0011 3)
00001001 (1001)x2° 11111001 (-7)x2°=(-7)
00010010 (1001)x2* 11110010 (-7)x2'=(-14)
00011011 27 11101011 (-21)
Céc s6 nguyén khong diu Céc s6 nguyén bu 2

Mot trong s6 nhitng thuét toan duoc st dung dé thie hién phép nhan cac s6 nguyén
bu hai 14 thuat toan Booth. Thut toan ny rat c6 loi dé ting toc do thuc hién cac phép
nhan, né ¢o lién quan dén viéc tinh toan gan ding.

*) Thudt toan Booth dwoc miéu ta trong hinh 2-8 va dwoc mo ta nhw sau:

Gidng nhu phan trén, s6 nhan va s6 bi nhan dugc dit riéng ré trong céac thanh ghi
Q va M. O day thanh ghi 1 bit duoc dit mot cach 16gic vao bén phai cua bit co nghia
nho nhat cua thanh ghi Q va duoc dinh nghia 1a Q-1. Két ciia phép nhan s& xuit hién
trong cac thanh ghi A va Q. A va Q dugc khoi tao bang 0. Giéng nhur trude thi cac bit
ctia phép nhan s& kiém tra mot cach co hé théng theo thoi gian. Bay gid, mdi bit di duoc
kiém tra va bit cia bén phai ctia né ciing duoc kiém tra.

Néu hai bit gidng nhau (11 hay 00) thi tit ca cac bit ciia thanh ghi A va Q va Q1
dugc dich sang bén phai 1 bit. Néu hai bit nay khac nhau thi s6 bi nhan dugc cong hay
trur tr thanh ghi A, tuy theo hai bit 1a 01 hay 10. Khi thyc hién phép cong hay phép tru
thi déu duoc dich sang phai. Két qua cua tich 2n bit duoc chtra trong cac thanh ghi A va
Q. Trong mdi trudng hop, su dich phai 13 ta thuc hién dich bit & phia bén trai nhét cua
A do 1a An-1, khong nhirng duoc dich vao An-2 ma con vao An-1. Day la yéu cau dé
gilt nguyén dau ctia cac s trong A va Q. Pay duoc hiéu nhu 1a phép dich s hoc, tir d6
s& gitt nguyén bit dau.
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)
A+ 0; Q0

M <« Sobinhin
Q< Sbénhin

Dém «—n

DICh phal A: Q: Q-l
Dém <« Pém - 1

Hinh 2-9. Thuit toian Booth cho phép nhén sé bu hai

Dé 16 hon ta md ta phép toan trong cac vi du sau. O cac vi du nay ta co thé thay
n6 thuc hién phép nhan voi bat ky cac sb duong va sé am.

Vi du 2.3.7: Thyuc hién phép nhan cta sé (-7) v6i 5 theo thuat toan Booth.

Hudng dan:

Chuyén d6i M= (-7)10= 1001; Q= (5)10= 0101

Cac budc thuc hién A Q Q.1
Gia tri khdi tao 0000 0101 0
Chu ky 1:

Do QoQ-1=10 Thuc hién phép gdn A «— A-M | 0001 0101

Dich phai A, Q, Q-1 0011 1010 1
Chu ky 2:

Do QoQ-1=01 Thuc hién phép gén A «— A+M | 1100 1010 1
Dich phai A, Q, Q- 1110 0101
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Céac buéc thuc hién A Q Q.
Chu ky 3:

Do QoQ-1=10 Thuc hién phép gan A «— A-M | 0101 0101

Dich phai A, Q, Q-1 0010 1010 1
Chu ky 4:

Do QoQ-1=01 Thuc hién phép gan A «— A+M | 1011 1010 1
Dich phai A, Q, Q- 1101 1101

Két qua: 1101 1101

Vi dy 2.3.8: Thyc hién phep nhan cua s6 (-5) v6i (-6)
Hudéng dan:
Chuyén d6i M= (-5)=1011; Q= (-6)= 1010

Cac budc thuc hién A Q Q.1
Gid tri khoi tao 0000 1010 0
Chu ky 1:

Do QoQ-1=00 Dich phai A, Q, Q-1 0000 0101 0
Chu ky 2:

Do QoQ-1=10 Thuyc hi¢n phép gan A «— A-M 0101 0101

Dich phai A, Q, Q. 0010 1010 1
Chu ky 3:

Do QoQ-1=01 Thuyc hién phép gan A «— A+M | 1101 1010 1
Dich phai A, Q, Q- 1110 1101 0
Chu ky 4:

Do QoQ-1=10 Thuyc hién phép gan A «— A-M 0011 1101

Dich phai A, Q, Q-1 0001 1110 1
Két qua: 0001 | 1110

2.3.5. Phép chia s6 nguyén khong dau

Phép chia 1a mot phép tinh phirc tap hon so v&i cac phép tinh khac nhung vé co
ban thi n6 van dugc dya trén nhitng nguyén tic chung.

Dau tién 1a viéc xay dung thuat toan va cac phép dich céc bit, phép cong hoac trur.
Phép chia c6 thé dugc thue hién bing céc phép trir va phep dich lién tiép cho dén khi
khong con gi dé trir hodc sb bi trir nhd hon sb chia.

Vidu 2.3.9: 215 /22 =9 du 17. Thuc hién phép chia nay trong hé 2.
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S6 bi chia 215 = 11010111

S6 chia 22 = 1011 0
S6bulcuasdchia = 0100 1
S6bu2cuasdbchia = 0101 0

sébichia 11010111 |1 0110
S6 bu 2 0101 0 1 001
Tong nho honséchia 0010 01—1‘

Ha hang 0010011

Ha hang 00100111

S6 bu 2 0010 1010

S6 duw 0001 0001

Vi du trén duoc dién gidi chi tiét nhu sau: Pau tién kiém tra tung bit cua s6 bi chia
tir trai qua phai cho dén khi nao nhom céc bit d6 biéu dién mot s6 16n hon hoic bang sb
chia, c6 nghia la sb bi chia co thé chia dugc cho sb chia. Néu con chua chia duge cho
s6 chi thi ta thém cac s6 0 vao thuong so tir trai sang phai. Khi chia duoc cho s6 chia thi
ta thém 1 vao thuong so va lay sd d6 trir di s6 chia. Két qua ctia phép trir dugc goi la s6
du thanh phan (partial remainder). Ttr ddy, phep chia lap lai cac budce nhu trén. Mdi lan
1ap nhu vay ta bd xung mot bit tur sd bi chia vao so du thanh phan cho dén khi ndo nod
16n hon s6 bi chia. Glong nhu trén, ta lai trir di s6 chia dé duoc mét sd du thanh phan
m&i. Qua trinh ctr 1ap di lap lai nhu trén cho dén khi tat ca cac bit cua sb bi chia da hét.
Tuy nhién, phép chia thuc hién theo cach trén rat kho khan cho cac VXL von chi gom
cac phan tir dé thuc hién phép cong va dich. Pé khic phuc cic kho khin nay nguoi ta
dung thuat toan sau [1,3,7]:

- Poi s6 chia ra s6 b 2 ctia no.

- Léy s6 bi chia cong véi sd bu 2 cua sb chia (trur di 5O chia).

Néu két qua nay co bit dau bang 0 (nghia la phan nay cta s bi chia chia duoc cho
s6 chia) thi bit twong ng cua thuong bang 1.

Néu ket qua nay c6 bit dau bang 1 (nghia 13 phan nay cta sb bi chia khong chia
duogc cho sb chia) thi bit tuong ung cua thuong bang 0 va bugc phai khoi phyc lai gia
tri ban dau ctia s6 bi chia bang cach cong két qua véi sb chia & ma hé 2.

- Dich trai két qua thu duoc ¢ trén va lam lai budc 2 cho dén khi nhan dugc két
qua 13 0 (chia hét) hodc nho hon s6 chia (chia con du).

Bay gio ta thuc hién lai vi du trén theo thuat toan nay.

SO bichia215=011010111
S6chia22=010110
Sébu2ciasdchia=101010
Cac budc thuc hién nhu sau:
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S6 bi chia

S6 chia @ ma bu 2 dé cong
Téng 1

Dich trai téng 1

S6 chia & ma bu 2 dé cong
Téng2

S6 chia @ ma hé 2 dé cong
S6 bi chia

Dich trai s6 bi chia

S6 chia & ma bu 2 dé cong
Téng 3

S6 chia & ma hé 2 dé cong
S6 bi chia

Dich trai sé bi chia

S6 chia & ma bu 2 dé cong
Téng4

/'
_Bit dau 7
Ta cling c6 két qua tuong tu. Hinh 3.6 1a thuat toan twong Gng dé thuc hién phép
chia dai. Sé chia dugc dat trong thanh ghi M, s6 bi chia thi dat trong thanh ghi Q. O mdi
bude, cting mot lac thanh ghi A va Q déu duge dich trai mot bit. M duogc trir A dé xac
dinh 14 c6 chia phan s6 du A hay khong. Néu c6 thi thi Qo nhan dugc mét bit 1, néu
khong thi Qo nhan dugc mét bit 0 va M phai dugc cong nguoce tro lai A dé tro lai gia tri
trudc. B dém s& - giam xubng va tiép tuc thyuc hién cho den bude thir n. Bé két thuc thi

o= = QO o= = O QO o= O oo

1101 0111
0101 O
0010 0111
0100 111
0101 O
1001 111
1011 0O
0100 111
1001 11
0101 O
1110 11
1011 O
1001 11
0011 1
0101 O
1000 1

Bit dau = 0 > thuwong = 1

Bit ddu = 1 = thuwong = 0

Bit dau =1 - thuwong =0

Bit dau = 0 > thuwong = 1

thuong sd phai ndm trong thanh ghi Q va phan du phai nim trong thanh ghi A.
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k.
Gin A -0
M «—sb chia
Q) <—sd bi chia
dém =«—n

:
h

Dich trai A, Q

| N }

Qe=1 Ae—A=M: Qp=0

I—- dém= dém -1 1—'

Hinh 2-10. Luwu d6 thuit toan phép chia so nhi phan khong diu
Vi du 2.3.10: Thuc hi¢n phép tinh 9:3
Hudng dan:
D6i ra ma nhj phan: Q= (9)10= 1001; M= (3)10= 0011

Cac budc thue hi€én A Q M
Gia tri khoi tao 0000 1001 0011
Chu ky 1:

Dich trai A, Q 0001 0010

Gan A< A-M 1110 0010

A< 0, thyc hién phép phuc hoi A< A+M

va gan Qo=0 0001 0010

Chu ky 2:

Dich trdi A, Q 0010 0100
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Cac bwérc thure hién A Q M
Gan A< A-M 1111 0100
A<0, thyc hién phép phuc hdi A<« A+M
va gan Qo=0 0010 0100
Chu ky 3:
Dich trai A, Q 0100 1000
Gan A< A-M 0001 1000
A> 0, thuc hién phép gan Qo=1 0001 1001
Chu ky 4:
Dich trai A, Q 0011 0010
Gan A< A-M 0000 0010
A=0, thyc hién phép gan Qo=1 0000 0011
Két qua: 0000 0011
(S6 du) (Thwong 50)

2.3.6. Phép chia sé nguyén c6 diu

Phép chia nhu trén co thé thuc hién duoc, nhung gap mat s6 kho khan khi mo rong
t6i cac s6 Am. Vi vay, khi s6 bi chia hodc sb chia 1a mot s6 am thi thuat toan ¢ thé duoc
téng quat thanh mat sb6 budc nhu sau [1,3,7]:

- Budc 1. Chuyén dbi s6 bi chia va sb chia vé thanh sé duong twong ng.

- Buédc 2. St dung thuat giai chia sé nguyén khong du dé chia hai sé duong, két
qua nhan duogc 13 thuong Q va phan du A déu la duong.

- Bué6c 3. Hiéu chinh dau cia két qua nhu sau:

(Luu y: phép dao dau thuc chat 1a thuc hién phép 1ay bu hai)

Bing 2-12. Phép chia s6 nguyén c6 diu

S6 bi chia S6 chia Thuong S6 duw
Duong Duong Gilt nguyén Gilr nguyén
Duong Am Dio dau Gilr nguyén
Am Duong Dao dau Dao dau
Am Am Gilt nguyén Dao dau

Vidu 2.3.11: Thyc hién phép chia (-10): 4.

Huréng dan:

Buéc 1: Chuyén doi sb bi chia va sd chia thanh s6 duong twong tng:
Q=(10)10=1010; M=(4)10= 0100

Budc 2: Thuce hién phép chia sé nguyén khong dau

Cac budce thue hién A Q M
Gia tri khoi tao 0000 1010 0100
Chu ky 1:
Dich trai A, Q 0001 0100
Gan A< A-M 1101 0100

0001 0100
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Cac buwée thue hién A Q M
A<0, thyc hién phép phuc hoéi A<« A+M
va gan Qo=0
Chu ky 2:
Dich trai A, Q 0010 1000
Gén A< A-M 1110 1000
A<0, thyc hién phép phuc héi A<« A+M | 0010 1000
va gan Qo=0
Chu ky 3:
Dich trai A, Q 0101 0000
Gan A= A-M 0001 0000
A>0, thyc hién phép gan Qo=1 0001 0001
Chu ky 4:
Dich trai A, Q 0010 0010
Gin A« A-M 1110 0010
A<0, thuc hién phép phuc hdi A<« A+M | 0010 0010
va gan Qo=0
Két qua: 0010 0010
S6 Thwong
dw $0

Budc 3: Hi¢u chinh dau lgét qua ta duoc:
Thuong s6 = Q=1110; S6 du= A=1110

Vi du 2.3.12: Thuc hién phép chia:

a) 10: (-4)

b) (-10): (-4) ‘ o

Dua vao phép chia ¢ vi du trén ta chi can thuc hién hiéu chinh dau két qua va thu
duoc két qua nhu sau:

a) Thuong s6 = Q=1110; S6 du= A= 0010

b) Thuong s6 = Q= 0010; S6 du= A= 1110

2.3.7. Phép toan véi s dau phay dong o
O nodi dung nay trinh bay cac tinh toan co ban trong tinh toan dau phay dong.
Mot dau phay dong dugc biéu dién nhu sau:
A=+M 2

B =+M,2""
Trong d6:

Ma, Mg la phan dinh tri
Ea, EB la cac s6 mii
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V6i cac phép cong, phép tr, chung ta can phai dam bao 1a ching c6 cung sd mu
(thudng dua vé s6 mil 16n hon). Piéu nay cé thé din dén yéu cau phai thay d6i co sb
clia mot trong hai toan hang. Phép chia va phép nhan thi don gian hon nhiéu.

2.3.7.1. Phép cjng va trir

Trong cac phép tinh sb hoc véi sé dau phay dong, phep cong va trir phirc tap hon
nhiéu so véi phép nhan va phép chia vi nd can xap xép. Thuét toan cho phép cong va
phép trtr ¢6 4 bude co ban sau:

Budc 1: Kiém tra s6 mii:
Néu Ea> Es léy Ea lam chuén va nguoc lai
Budc 2: Quy dong phan dinh trj

NéuFEx >Ep dit M', =M, 27" "s)
’ —(E,—FE
NéuEa< Esdat M', =M 27" 50

Budc 3: Cong hoac trir phﬁn dinh tri
Két qua= (M, £M',).2" néuEs> Es

£ ) E £
Két qua=(M"',£M).2"" néuEa< Es
Budc 4: Chuan héa két qua va bao tran néu co.
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Chung ta can phai dua cac sb theo dinh dang dau phay dong. Dé thuc hién duoc
cac phép cong va phép trir can phai dua cic sd vao cac thanh ghi ma ta s& sir dung cho
ALU.

Néu dinh dang du phay dong ma bit phan dinh tri dwgc 4n di thi bit d6 phai an
trong qua trinh tinh toan. Cac phan mil va phan dinh tri dugc lwu trong cac thanh ghi
riéng 1& va s& dugc tong hop lai khi co két qua.

Vén d& cua phép cong va phep tru la dong nhat dau, neu chung ta thue hién phep
trir thi qua trinh duoc bét ddu bang cach thay dbi ddu cia s bi trir. Tiép theo, néu mot
trong hai toan hang bang 0 thi toan hang kia s& dugc luu nhu 1 két qua.

Budc tiép theo 14 thao tac v&i cac sd, trong d6 hai phan mii duoc can bang nhau.
Dé hiéu rd diéu nay, ta coi nhu cong sé thiap phan nhu sau:

123x100 + 456x10~

Chung ta khong chi cong phan dinh tri. Dau tién cac sd phai thiét lap vé vi tri twong
duong nhau, nhu 13, s6 4 6 s0 thtr hai phai thang hang v61s0 3 ¢ sO thir nhat. Véi cac
qui dinh duéi day, cic s6 mii s& bang nhau, cac s6 dugc cong s& duoc biéu dién nhu
sau:

123x100 + 456x102 = =123x100 + 4,56x100

bé lam tron ta di chuyén cac s6 nho hon vé bén phai (tang so mil) hoic di chuyén
s6 16n hon vé phia trai. Viéc nay co thé dan t61 két qua bj mét cac s6 va két qua thu duoc
nho hon sb bi lam tron. Bt ky s6 nao bj mat di déu co6 phan dinh tri tuong ddi nho. Qua
trinh lam tron dugce lap di lap lai cho dén khi ndo bén phai phén dinh tri ctia s bi chia
cocogiatrilal vatang s6 mil trong Ung lén dung bang s6 1an dich chuyen (chu y rang
v6i co s6 16 thi mot 1an di chuyen mdt s6 14 phai di chuyén 4 bit). Néu qua trinh nay
cho két qua phan dinh tri 1a 0 thi s6 khac dugc luu lai nhu la két qua. Vi vay néu hai s6
cO cung phan m, nhung khac nhau phan dinh tri, thi s6 nho hon s& bi mat.

Tiép theo, hai phan dinh tri dugc cong v4i nhau, kém theo ca viée tinh toan phan
dau cua chung. Dau cua chiing c6 thé khac nhau do do két qua c6 thé bang 0. Cling co
cac s co phan dinh tri c6 kha nang bi tran trén mat ) hang. Ciing nhu phan dinh tri cua
két qua da bi di chuyén vé phia bén phai va phan mii di duoc ting. Mot s mii bi tran
c6 thé xut hién nhu 1a mot két qua va vi¢c nay co thé duoc luu lai va két thuc moi hoat
dong.

Budc tiép theo 14 tiéu chuan hod két qua. Tiéu chuan hoa phu hop 12 viéc di chuyén
phén dinh tri sang trai cho dén khi s cao nhét cia phﬁn dinh tri (1 bit hoac 4 bit vdi co
s6 16) 1a khac 0. Mdi 1an di chuyén twong tmg véi mot 1an giam sé mii di 1 va diéu nay
c6 thé dan t&i s6 mil bi tran dudi. Tom lai 1a két qua phai dugc 1am tron va luu lai.
Vidy 2.3.13: Cho A= 0,110. 2''%; B=0,1101. 21!

Thuc hién phép tinh:

a) A+tB

b) A-B
Hudng dan:
a) Thuc hién phép tinh A + B
Buée 1:
Xét: Ea= 0110 => EAa thuan= 0000 0110

-Eg=-101 => -EB thuan= 1111 0101=> -EB nguge= 1111 1010=> -Eppre= 1111 1011
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Ea+ (-Eg)= Ea+ (-Eg )= 0000 0110 + 1111 1011= 0000 0001
=>n=1 > 0 chon Ea lam chuén
Budce 2: dat M 'y, =M, 2" ") =0,111.27' =0,0111
Budc 3: thuc hién phép toan d6i véi phan dinh tri
Ma+M's= 0101 0000+ 0011 1000 = 1000 1000
Két qua= (M , +M',).2" =1,0001.2"°
Budc 4: Chuén héa két qua
Két qua= 0,10001.2"""
b) Thuc hién phép tinh A - B
co Ma= 0101 000; M's= 0011 1000
Ma-M's= 0101 0000 - 0011 1000 = 0001 1000 (c6 tran)
Két qua= (M ,—M',).2"* =0,0011000.2'"° =0,11.2'"
Vidu 2.3.14: Cho A=-0,101. 2°1%1; B=-0,1. 21000
Thuc hién phép tinh:
a) A+B
b) A-B
Huéng dan:
a) Thuc hién phép tinh A + B
Budce 1:
Ea=-101 => Eanguoe= 1111 1010 => Eape= 1111 1011
-Eg= 1000 => -EB thuan=-Ep ba = 0000 1000
Eava+ (-EBba)=1111 1011 + 0000 1000 = 0000 0011
=>n=3 > 0 chon Ea lam chuan

Buge 2: dat M ', = M .27 %" =—0,1.27 =-0,0001

Budc 3: thuc hién phép toan d6i véi phan dinh tri
¢6 Ma= 0101 0000 => M4 nguge= 1010 1111=> Ma ps= 1011 0000
M's= 0000 1000 => M'B nguoe= 1111 0111 => M'pz=1111 1000
Ma+M's= Ma bs+M'B ba =1011 0000 + 1111 1000 = 1010 1000

Két qua= (Ma batM'B ba ). 2° =1,0101000. 2-1°0=0,10101. 2-1%
b) Thuc hién phép tinh A - B

¢6 MA-M's= Ma b - M'pa =1011 0000 - 1111 1000= 1101 1000
Két qua= (M ,—M',).2" =1,1011000.27""' =0,11011.27'%

2.3.7.2. Phép nhan va chia

Phép nhan va chia ddu phiy dong 1a mot viéc don gian hon so véi phép cong va
phép trir. Cac budc tinh todn voi1 phép nhan, dugc minh hoa trong hinh 2-12. Trudc tién
1a thyc hién kiém tra 0, néu mot toan hang bang khong thi két qua bang 0. Budc tiép
theo la cong sé mil. Néu s6 mil dugc luu dudi dang d6 1éch (Bias) thi tf)ng clia s6 mil co
thé gap do6i s6 Bias. Do d6 gia tri ciia d6 1éch phai duoc trir tir tong. Két qua la co thé
tirng s6 mi bi tran trén hodc tran dudi, két qua nay co thé duoc luu lai va két thiic thuat

toan [1,3,7]. Cac budc tinh toan v&i phép chia ddu phay dong duoc minh hoa trong hinh
2-13.
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Hinh 2-13. Phép chia diu phay dong
3.3.7.3. Phép lam tron
Pé hiéu ré hon vé cach lam tron. Két quéa cia bat ky phép tinh nao thi phan dinh
tri ciing dugc lvu ¢ thanh ghi dai hon. Khi két qua duoc dua ra dudi dang déu phay dong
thi c4c bit thém vao phai duoc xap xép.
MObi mét con s6 déu c6 phuong phap cho phép lam tron. Thyc ra trong tiéu chuan
IEEE c¢6 4 phuong phap lam tron.
- Lam tron dén s6 gan nhat: két qua duoc 1am tron toi sé gan nhét duoc biéu dién.
- Lam tron t6i + oo: két qua dugc 1am tron 1én dén duong vo cing.
- Lam tron ti — oo: két qua dugc 1am tron vé 4m vo clng.
- Lam tron t6i 0: két qua dwoc lam tron téi gid tri 0.
MJi phuong phap c6 nhitng dic diém riéng. D6i voi lam tron téi s gan nhat 13 13
cach 1am tron ngam dinh trong tiéu chuan IEEE va dugc dinh nghia nhu sau: 13 gié tri

Baotrin durai
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gan nhit dugc biéu dién s& 1a: Néu hai gia tri duoc biéu dién gan nhit 1a gan bing nhau,
thi bit 0 bit nhé nhét cia phén dinh tri s€ dugc gan b@ing.

Vi vi dy, néu céc bit thém vao ma vuot khoi 23 bit thi c¢6 thé dugc luu lai, voi s
13 10010 thi cac bit thém vao 1én dén hon mot nira cua cac bit da dugc biéu din véi sb
duong trude do. Trong truong hop nay cau tra 101 ding 1a cong thém s6 binary 1 vao bit
cudi cung, tiép tuc lam tron 1én t6i so tiép theo dé biéu dién. Bay gi0 thi cac bit thém
vao 1a 01111. Trong trudng hop nay, cac bit duoc thém vao 1én dén hon mét nita cua
cac bit dd duoc biéu dién sé dwong trude d6. Cau tra 101 dung don gian 1a roi vao bit
thém vao, ma c6 két qua ctia phép lam tron xudng t6i s6 tiép theo duoc biéu dién.

Trong tiéu chudn ciing chi ra trudng hop dic biét ctia cac bit thém vao cua dinh
dang 1000. . .. & day két qua 1a chua hoan toan chinh x4c giira hai gi tri c6 thé dugc
biéu dién. mot co thé lam tron theo phuwong phap ludn ludn cat bo. Tuy nhién c6 mot
phuong phap khac don gian la dua ra mot s6 nho nhung do 1&ch tich luy trong budc tiép
theo cua cac phép tinh. Yéu cau & day la phuong phap khong lam tron do 1éch. Mot co
thé 1am tron 1én hodc xudng voi do 1éch cua cac sd ngau nhién, hodc trung binh, thi két
qua co thé 1a khong lam tron do 1éch. Nguoc lai viéc 1am tron véi ddi sb 1a khong thé
du doan theo moét qui dinh trudc nao. Lam tron s6 chin theo tiéu chuan IEEE la bét
budc: Néu két qua co do chinh xac trung binh giita hai s6 ¢ thé dugc biéu dién, gia tri
duoc 1am tron 1én néu cudi cung cua s6 duoc biéu dién 1a 1 va két qua dugc lam tron
xuéng néu bit thép nhét cta sd duoc biéu dién ¢ trang thai hién hanh 1a 0.

Tiép theo 1a sy lya chon thir hai, viéc 1am tron vé duong va 4m vo cung, ta biét
mét phuong phap hoan toan co thé thyc hién duoc nhu vai cac phep tinh s6 hoc. Mot
s6 khai niém vé phép tinh s hoc trudc day: Tai budc cudi cung cua hang loat phép tinh
toan dau phay dong, chung ta khong biét duogc két qua chinh xac boi vi diéu d6 con phy
thudc vao phan ciing, ma tao ra viéc lam tron két qua. Néu chung ta cho phép moi mot
phep tinh dugc thyc hién hai 1an lién tuc: 1an thir nhat 13 1am tron 1én va lan thi hai 1a
lam tron xudng, va két qua ding 1a trung binh cong cua hai két qua do. Néu gi6i han
ctia s6 1am tron 1én va 1am tron xudng duoc thu hep lai mot cach day du, thi két qua thu
dugc that sy chinh x4c. Néu khong, thi it nhat chung ta cling biét didu d6 va co thé cho
phep phan tich duoc phep cong.

Phuong phap co tinh quyét dinh trong tiéu chuédn 1a lam tron vé 0. Day chi don
gian la su cat bo: cac bit thém vao bl bo qua. Day qua that 1a phuong phap don gian
nhat Tuy nhién két qua ma bj cit bo cac bit di thi thuong nho hon hoac bang véi gia tri
goc, qua trinh nay tao ra mgt do léch Xuong (downward). Pay la mgt do I¢ch lién tlep
ma ta da ban t6i trudce kia, tir ¢ 1éch nay anh hudng dén moi tinh toan cho mdi mot bit
thém vao 1a 0.
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CAU HOI ON TAP VA BAI TAP CHUONG 2

Cau 1. Thyc hién phép toan sau bang thanh ghi 8 bit
a) SI=61-79
b) S2=65-9
c) S3=12-25
d) S4=24-12
Cau 2. Thyc hién phép toan sau bang thanh ghi 16 bit
a) S1=329-163
b) S2=365-139
c) S3=134-134
d) S4=120-86
Céau 3. Thuc hién phép toan sau
a) S1=(123)scp + (546)BcD
b) S2 =(789)scp + (456)BcD
c) S3=(123)scp + (115)Bcp
d) S4 = (127)BCD + (240)]3(:])
Cau 4. Biéu dién cac so thuc sau vé dang dau phay dong 32 bit.
(58,25) 105 (-25,75)10 )
Cau 5. Xay dung va ap dung giai thuat nhan cai tién MxQ.
a) (-15x6).
b) (-14x7).
c) (-13x8).
d) (-12x9).
Cau 6. Xay dung va ap dung giai thuat chia cai tién M:Q.
a) (-15:6).
b) (-14:7).
c) (-13:8).
d) (-12:9).
Cau 7. Thyc hién phep tinh: A+ B
Khi biet: A=-0,111x 21" B=-0,101x 2!°!
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_Chuong3
MUC LOGIC SO

Trang bi cho sinh vién kién thirc co ban vé mach logic sé trong hé thong mady
tinh: Ham Boole, cdc phwong phap t6i thiéu héa bang bia cdc né, cong (gate) va dai
s6 logic co ban, mot s6 mach logic.

Giiip sinh vién lam quen va hiéu dwoc cdc mach logic co ban va cdch thire thiét
ké mach qua phan mém mo phong bang Logisim.

3.1. HAM BOOLE

3.1.1. Giéi thiéu chung:

Pai s6 Boole (dai s logic) 1a mot tp hop cac ddi twong c¢6 hai trang théi: co
hoidc khong c6, ménh dé ding hoic sai; cac ddi twong nay duoc biéu dién bang bién
logic. Khi trang thai d6i twong 1a ton tai thi bién logic biéu dién c6 gia tri la 1 va ky
hiéu 13 A; néu khong thi bién logic ctia n6 c6 gia tri 13 0 va ky hiéu 1a A

Giira cac bién logic, nguoi ta dinh nghia 3 phép toan co so:

Phép phu dinh logic d6i véi mot bién A hay con goi 1a phép dao. Khi nhan tac
dong cua phep toan nay, A s& nhén gia tri dao voi gia tri ban dau va ky hiéula 4

Phep cong logic (phép hoac) duoc ky hiu bang dau “+”. Vi du, (A + B), mdi
bién dugc goi 1a mot s6 hang va két qua goi 1a tong

Phép nhan logic (phép va) dugc ky hiéu bang dau “.”. Vi du, (A . B), mdi bién
dugc goi 12 mot thira s6 va két qua goi 13 tich.

C6 thé dung gian d6 Venn trong 1y thuyét tap hop dé biéu dién 3 phép toan logic
trén.

Mot trang thai ctia d6i tuong nao d6 ludn co thi bién logic biéu dién né ludn co
gia tri 1 nguoc 13 thi nhan gia tri 0. Ta nhan duoc trong tp hop nay hai hiang sé 0 va

. @@

Hinh 3-1. P6 thi Venn mé ta ba phép tinh co ban
Dé thé hién cac ham logic bang mach dién nguoi ta sir dung cac cong logic. Cac
cong logic dugc xay dung dua trén cdu hinh mach chuyén biét duoc goi 1a ho mach
logic dién hinh 1a: Mach logic Dién tré - Transistor (RTL), Mach logic Diét —
Transistor (DTL), Mach logic Transistor — Transistor (TTL), CMOS...
Trong chuong nay sé trinh bay cac ky hiéu cong logic chu yéu va dugc dung
phd bién hién nay.
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3.1.2. Pai s6 Boole

Co ba loai quan hé logic co ban nhét 1a: PAO, HOAC, VA. Mach dién thuc
hién ba phép toan co ban 13 cong NOT, OR va AND. Ngoai ba phép toan co ban trén
con ¢o6 cac phép toan logic khac nhu: NAND, NOR, XOR, XNOR...

Céc tin hiéu vao con dugc goi la cac bién logic vao, tin hi¢u ra dugc goi la
ham ra. Trong dai s6 logic, bién s6 va ham sb déu chi Iy hai gia tri 1a “0” va “1”. Mdi
bién s6 biéu thi mot diéu kién dé sy kién c6 thé phat sinh. Diéu kién d6 chi c6 thé ¢
hozc khong. Ham sd biéu thi ban than sy kién d6 c6 phat sinh hay khong phat sinh.

3.1.2.1. Cac dinh Iy co bdn

Vi trong dai sb logic chi ¢ thé c6 hai hang s6 0 va 1 nén cac bién logic ciing chi
14y mot trong hai gia trj do.

Do d6, xuat hién cac dinh Iy co ban sau:
Bang 3-1. Mt s6 dinh Iy co ban trong dai s6 Boole

STT .Tén goi Dang tich Dang tong
1 Pbong nhat Al=A A+0=A
2 | Phantir0,1 |A.0=0 A+1=1
3 Bu AA=0 A+ A=1
4 | Batbién AA=A A+A=A
5 | Hap thu A+AB=A A.(A+B)=A
6 | Hoannguyén | A = A
7 | Pinhly (AB.C.)=A+B+C|(A+ B+ C) = (AB.O
DeMorgan

3.1.2.2. Cac dinh ludt co bdn
+ Hoan vi: A B=B.A, A+tB= B+A
+ Két hop: A.(B.C)=(A.B).C, A+(B+C)=(A+B)+C
+ Phan phdi: A.(B+C)=A.B+A.C; (A+B).(A+C)=A+B.C
+ Nhit quan: néfu A + B=Bthi AB= A
3.1.2.3. Ba quy tic vé ding thirc
a) Quy tac thay thé
Trong bat ky dang thirc logic nao néu mudn thay mot bién nio d6 bang mot
ham sb thi ding thire van duoc thiét 1ap.
Quy tic ndy c6 Ung dung rat 16n trong viéc bién d6i cong thirc da biét dé tao
ra cong
thirc m&i, mé rong pham vi tng dung ctia cong thirc d3 biét.
Vi dy 3.1.1: Ta ¢6 cong thic (A + B) = A. B Dung F= A+C thay vio bién 4, ta
co:
(A+tC)+B=A+C.B=ACBhay A*tB+C=A.B.C
b) Quy tac tim dao ciia ham s6

67



Phép dao cua ham s6 duoc thuc hién béng cach d6i ddu nhan thanh diu cong va
nguoc lai; d6i 0 thanh 1 va nguoc lai; ddi bién nguyén thanh bién dao va nguoc lai.
Ngoai ra, nhitng ddu dao nao ciia ham nhiéu bién van phai giir nguyén, va tuan thu
theo quy tic déi ‘nhan trudce, cong sau ”

¢) Quy tic d6i ngau

Ham F va F’ 1a d6i ngu v6i nhau khi cac ddu cong va dau nhan; sd 0” va sb ‘17
d6i chd

cho nhau mot cach twong Ung.

Vidu 3.1.2: F=A . B+C)thiFP=A+B.C

Do quy tic d6i ngau nén cac dinh Iy co ban c6 thé viét dudi 2 dang ddi ngiu nhau
1a: dang tich va dang tong.

3.1.3. Cac phwong phap biéu dién ham Boole

Nhu da noi ¢ trén, ham logic dugc thé hién béng nhiing biéu thirc dai s6 nhu cac
moén toan hoc khac. Bay la phuong phap tong quat nhat dé biéu dién ham logic. Ngoai
ra, mot s phuong phap khac ciing dugc dung dé bicu dién loai ham nay. Mdi phuong
phap déu c6 uu diém va ung dung riéng cua nd. Dudi ddy 1a ndi dung ctia mot sb
phuong phéap thong dung.

3.1.3.1. Bang trang thai

Bang trang thai liét ké gia tri (trang thai) mdi bién theo timg cot va gid tri ham
theo mot cot rieng (thuong 1a bén phai bang). Bang trang thai con dugc goi la bang sw
that hay bdng chan ly.

Do6i v6i ham n bién s& c6 2" t6 hop ddc 1ap. Céc t6 hop nay dugc ki hidu bang

chit mi, v6ii=0dén 2" -1 (xem bang 1-2) va c6 tén goi 1a cic hang tich hay con
goila minterm.
Bing 3-2. Bing trang thai ham 3 bién

m A B|C |f
mo 0 00 |0
my 0 0o/1 |1
my 0 110 |1
m3 0 1|1 |0
my 1 0j0 |1
ms 1 o1 1|0
me 1 110 |0
my 1 1|1 |1

Pic diém cta bang trang thai:
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+ RO rang, truc quan. Sau khi xac dinh cac gia tri bién vao c6 thé tim duoc gid tri
dau ra nho bang trang thai. Do vay, trong cac s tay tra ctru déu gidi thidu bang trang
thai dé doc gia biét duge chirc nang logic clia mach.

+ Dé giai quyét bai toan ¢ dang logic thi st dung bang trang thai 1a hiru ich
nhat. Do vay, trong qué trinh thiét ké mach s6 viéc dau tién nén lam 1a 14p bang trang
thai.

Nhuoc diém chul yéu ciia bang trang thai 1a s& phirc tap néu sd bién qua nhiéu,
khong thé dung cac cong thirc va dinh ly dé tinh toan.

3.1.3.2. Phwong phap dgi so
C6 2 dang biéu dlen la dang tuyén (tong cdc tich) va dang héi (tich ~ cdc tong).

+ Dang tuyén: Mbi s6 hang cua tong dwoc goi 1a mot hang tich hay minterm (du
bién),

va thuong ki hiéu bang chit "m;" (chi s6 i dugc tinh trong hé thap phan).

+ Dang hoi: Mbi thira s6 1a hang tong hay maxterm (& bién), thuong dugc ki
hiéu bang chit "M;i". Néu trong tat ca mdi hang tich hay hang téng c6 di mit céc bién,
thi dang tong céc tich hay tich cac tong twong tmg dugc goi 1a dang chudn. Dang chuan
13 duy nhét.

Bang 3-3. 12 ciAc minterm va Maxterm ciia ham 2 bién

Bién minterm | Maxterm
(m) (M)

A |B

0 |0 |[AB=my| A+B=M,

0 |1 |[AB=m;| A+ B=M,

1 |0 |[AB=m, | A+ B=M,

1 |1 |AB=my | A+ B =M,
Bing 3-4 12 cAc minterm va Maxterm ciia him 3 bién
Bién minterm Maxterm
A|B|C | (m (M)
0]0|0 ]| ABC=m, A+B+C=M,
0(0 |1 ABC=m, A+B+C=M,
0110 ABC = m, A+B+C=M,
011 ABC = m,4 A+ B+C=M;,
1100 ABC = m, A+ B+C=M,
10 |1 ABC = m¢ A+ B+C= M
1|10 ABC = mg A+ B+C= M,
11 |1 ABC = m, A+ B+C=M,

Téng quat, ham logic » bién co thé biéu dién chi bang mot dang tong cac tich:
Xo) =

fKn—g, oee)

2n—1
i=o a4im;

hoic bang chi mot dang tich cac tong:

fKn1, oee)

Xo) =

2"+ M;
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O day, ai chi ldy hai gia tri 0 hodc 1. P6i voi mot ham thi minterm va maxterm 13
bu cua nhau.
Vi du 3.1.3: Biéu dién ham sau theo dang minterm:
F(A, B, C) = A + BC— Day 1a dang minterm khong day du. Mudn dua vé
dang chuan tic (da bién) ta str dung mot s dinh Iy dd néu dé bién ddi.
F(A,B,C)=A+BC=AB+B)(C+C)+ (A+A)BC
= ABC + ABC + ABC + ABC + ABC + ABC
= ABC + ABC + ABC + ABC + ABC
Diy la dang chuin minterm.
Tuy nhién, biéu dién nay kha dai nén méi mot hang tich dugc thay thé bang ky
hiéu mi twong tmg (xem bang 1.3). Luu ¥, nguyén bién (bién khong dao) dugc thay
bang s6 “12” va dao bién duoc thay bang sé “02”. Nhu vdy, biéu thirc c6 dang:

F(A,B,C) = ABC + ABC + ABC + ABC + ABC
W W W
111> 101, 1102 100, 011>
T1o 510 610 410 310
F(A,B,C)= m7+ms+me+ms+ms = mytmetms+mg+ms =).(3,4,5,6,7)

a) Biéu dién ham sau theo dang Maxterm:

F(A, B, C) = A + BC =(A + B)(A + C) — Pay la dang Maxterm khong day
du Mubn dua vé dang chuan (du bién) ta s dung mot sd dinh ly da néu dé bién
doi.

F(A,B,0) =A+BC=(A+B)(A+C)=(A+B+CC)(A+C+ BB)
=(A+B+C)A+B+C)(A+C+B)(A+C+B)
=(A+B+C)A+B+C)(A+B+C)

Gidng nhu minterm, ngudi ta cling biéu dién ham logic theo ky hiéu Mi. Trong
d6 nguyén bién dugc thay thé bang s6 “02” va dao bién thay bang s6 “12”. Do do, ta
viét biéu thirc thanh dang sau:

F(AB,CO)=(A+B+C)(A+B+C(A+B+0)
N N N A 2 2R

O 0 000 0 12200 1 0)
010 Lio 210

F(A,B,C) = My.M,. M, = 1_[(0,1,2)
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Nhan xét:

béi véi dang minterm: mi dugc goi la ) hang nho nhat. S6 hang nho nhét c6
céc tinh chat sau:

+ Bao gdm tét ca cac bién cia ham trong mot thira sd; mdi bién s6 chi xuét hién
mot 1an dudi dang thira s6 hodc 1 nguyén bién hodc 12 ddo  bién.

+ Tich cta hai s6 hang nho nhat bt ky ludn bang 0

+ Téng cua tit ca cac s6 hang nho nhét luén bang 1

bdi véi dang Maxterm: Mi duogc goi la thtra s6 16n nhat. Thira s 16n nhat
c6 cac tinh chat sau:

+ Bao gdm tit ca cac bién cua ham;

+ MJbi bién s chi xuat hién mot 1an dudi dang tong cua thira sé hodc 1a nguyén
bién hoic l1a ddo bién.

+ Tong cua hai thira s6 16n nhat bat ky luon bang 1

+ Tich cua tat ca cac thira s6 luén bang 0

Uu diém cua phuong phap dai so:

+ Dung cac ky hiéu logic biéu dién mdi quan hé logic gitta cac bién lam cho
cach viét gon, cach viét nay c6 tinh khai quét va triru tuong cao.

+ RAt tién str dung cac cong thirc va dinh 1y cua dai s6 Boole dé bién ddi.

+ Tién cho viéc str dung so dd logic dé thuc hién ham sd. Chi dung cac ky
hiéu logic ciia mach dién cong twong Gmg thay thé phép toan xét trong biéu thirc ham
sO thi ta duoc mot so do logic.

Nhiege diém chinh cua phuong phap nay la kho xac dinh gia tri ham Gng voi t6
hop bién mét cach truc tiép ddi véi cac ham phuc tap (khoéng truc quan nhu bang
trang thai).

3.1.3.3. Phwong phap bang Cdc né.

a) Bang Karnaugh hay phuong phap hinh hoc duoc t6 chirc nhu sau: Mot ham
logic c6 n bién s& c6 2'* 6 (mdi 6 twong Gng v4i mot minterm mi ctia ham). Cac to
hop bién phai xép theo thir ty ma Gray nghia 1a cac hang tich trong hai 6 ké cdn chi
khac nhau mét bién. Céc t6 hop bién duogc viét theo mot dong (thuong 13 phia trén)
va mot c¢Ot (thuong 1a bén trai).

b) Tinh tuan hoan ctia bang Cac nd: Khong nhimng cac 6 ké can khac nhau mot
bién ma cac 6 dau dong va cudi dong, dau cot va cudi cot ciing chi khac nhau mot
bién (ké ca 4 goc vudng ciia bang) nén cic 6 ndy ciing goi 14 6 ké can.

¢) Cach ghi gia tri ham trén bang Cacnd: Mudn thiét 1ap bang Cac nd cua mot
ham d4 cho duéi dang chuan tong céac tich (minterm), ta chi viéc ghi gia tri 1 vao céc
6 tmg v6i hang tich c6 mat trong biéu dién (ng véi aj = 1) cac 6 con lai s& 1dy gia
tri 0 hodc dugc bo trong. Néu ham cho dudi dang tich cac tong (Maxterm), cach lam
cung tuong ty, cac 6 Ung voi hang téng co6 trong biéu dién lai 1y gia tri 0 (Ung voi

=0), va cac 6 khac 14y gid tri 1.
d) Céu tao bang Cac nd cho ham 3 bién, 4 bién va 5 bién
Bang 3-5. Cic nd cho ham 3 bién

BC
A 00 |01 |11 |10
0 m fmu o \ms o mo
ABC | ABC | ABC | ABC
1 mu B ms my Mme

ABC | ABC | ABC | ABC
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Bang 3-6. Céc nd cho ham 4 bién

CD

AB 00 01 11 10

00 mo mj ms3 mp
ABCD | ABCD | ABCD | ABCD

01 mag ms my Me
ABCD | ABCD | ABCD | ABCD

11 m12__ m13_ mis mi4 _
ABCD | ABCD | ABCD | ABCD

10 ms __pme )M mio _
ABCD | ABCD | ABCD | ABCD

Bing 3-7. Biang Céc né cho ham 5 bién

ABCDE 000 001 011 010 110 111 101 100

00 mo mi ms3 mp mse my; ms mq
ABCDE | ABCDE | ABCDE | ABCDE | ABCDE | ABCDE | ABCDE | ABCDE

01 n;18 . 1’{19 _ n_lll_ 11_110_ _ H_114 _ n_llﬁ 1’1_113 . n;ll2
ABCDE | ABCDE | ABCDE | ABCDE | ABCDE | ABCDE | ABCDE | ABCDE

11 1’1’124___ 1’1’125__ 1’I127_ m26_ B m3o _ ms3i ma9 _ mog o
ABCDE | ABCDE | ABCDE | ABCDE | ABCDE | ABCDE | ABCDE | ABCDE

10 m1_6___ m1_7__ m1_9_ ml_g_ B my2 3 m2_3 1’1’12_1 B mz_o
ABCDE | ABCDE | ABCDE | ABCDE | ACDE | ABCDE | ABCDE | ABCDE

Vidu 3.1.4: Xay dung bang Cac n6 cho ham logic sau:
F(A,B,C,D)=2%(0, 1, 5,7, 10, 14, 15)

Gl 0 ; 1 10
00 |1 i 0 0
o1 |0 I 1 0
n o 0 I I
0 o 0 0 1

Uu diém ndi bat nhat caa bang Cac nd 14 tinh ké nhau vé logic ctia cac s6 hang
nho nhit (minterm), n6 biéu thi rd rang thanh sy lién ké hinh hoc cua cac 6 trong
bang. Do vay, rat d& dang t6i thiéu hoa ham.

Nhuoc diém 14 do c6 qué nhiéu 6 nén trong truong hop nhiéu biét viée t6 chirc
bang rat phtic tap. Do d6, chi nén dung bang Céc nd cho truong hop ham logic ¢6 sb
bién nho hon 6.

3.1.4. Cac phwong phap tdi thiéu héa (riut gon ham)

Trong thuc té, khi viét mot ham logic dudi dang nao do, thi dang c6 duogc
khong phai 1a dang duy nhét. Thong thuong néu biéu thirc cang don gian thi mach
dién ciing don gian. Khi thiét ké mach phai dam bao sao cho céac phan tr trong
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mach phai téi thiéu nhat dé tiét kiém chi phi, do vy, ngudi thiét  ké phai sir dung
cac phuong phap dé tbi thiéu hoa ham logic.

C6 ba phuong phap tbi thiéu hoa. Néu sb bién sé twong dbi it (n < 6) khi do
dung phuong phap hinh v&, phuong phap nay dung bang Cacno. Néu s6 bién tuong
d6i nhiéu dung phwong phap dai s6 hoic dung phwong phap Mc. Quine Cluskey.

3.1.4.1. Phwong phdp dai sé

Dua vao céac dinh 1y da hoc dé dua biéu thirc vé dang tdi gian.

Vi du 3.1.5: Hiy dua ham logic vé dang tdi gian:

F(A,B,C) = AB+ AC + BC

Loi giai:

Ap dung dinhly, A+ A=1; A+ A.B = Ataco:

f=AB+ AC + BC(A+ A)

= AB + ABC + AC + ABC
= AB + AC

Nhan xét:

Tu vi du trén ta thay: néu trong tong cac tich, xuat hién mot blen va ddo cua
bién d6 trong hai s6 hang khac nhau, cac thura s6 con lai trong hai s6 hang d6 tao
thanh thira s6 ctia mot sd hang thu ba thi sé hang thir ba d6 1a thira va c6 thé bo di.

3.1.4.2. Phwong phdp bang Cdc no

Phuong phap nay thuong duoc dung dé rut gon cac ham c6 sd bién khong
vuot qua 5. Cac budc t6i thiéu hoa:

a) DPdi v6i minterm:

GOp cac 6 ké can ¢ gia tri ‘1’ (hodc ‘0’) lai thanh tirng nhom 2, 4, ..., 2 6.
S6 6 trong moi nhom cang 16n két qua thu dugce cang to1 gidn tirc 1a néu gop duogc
2" 6 thitatdi gian duoc n bién. Mot 6 co thé duoc gdp nhiéu 1an trong cdc nhém
khac nhau. Neu g0p theo cac 6 ¢6 gia trj ‘0’ ta s& thu dwogc biéu thuc bu cua ham.

Thay mdi nhom bing mot hang tich méi, trong d6 giit lai cac bién gidng

nhau theo dong va cot.
Cong cac hang tich moi lai, ta ¢c6 ham da té1 gian.
b) D61 vo1 Maxterm:

GOp cac 6 ké can co gid tr1 ‘0’ (hodc ‘1’) lai thanh tirng nhom 2, 4, ..., 21 5.
S6 6 trong mdi nhom cang 16n két qua thu dugc cang t6i gian. Mot 6 co thé duge
gdp nhiéu lan trong cac nhoém khac nhau. Néu gop theo cac 6 co gia trj “1” ta s& thu
dugc biéu thirc bu cua ham,

Thay mdi nhém bang mot hang tong méi, trong d6 giit lai cac bién gidng

nhau  theo dong va cot. ,
Nhan cac hang tong mai lai, ta c6 ham da t61 gian.
Vi du 3.1.6: Hiy dung

bang Cac nd dé tdi gian ham: BC 00 01 11 10
f(A,B,C)=%(0, 1,3, 4, 5) A S
Loi giai: 0 (T 0o—1
+ Xay dung bang Cac nd | 1 I 1 1 o 0
f |

twong ung voi ham da cho. e e e
Rut gon theo minterm ‘B
+ Gop cac 6 c6 gia tri 1 ké can lai véi nhau thanh hai nhom (bang 1-6) Loi giai
phai tim: f(4,B,C) = B + AC
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Néu g0p cac 6 ¢ gia tri 0 lai theo hai nhom, ta thu dugc biéu thirc ham bu f:
f(A,B,C) = AB + BC
Rut gon theo Maxterm:

BC
00 01 11 10
A
B+cC
0 1 1 1 0 g
1 1 1 ( L0
/
A+ B

, f(A,B,C) = (A+B)(B+C)=B+AC
Neéu gop céc 0 c6 gia tri 1 lai theo hai nhém, ta thu dugc biéu thirc ham bu f':

CD CD
g |00 o1 |11 |10 500 o1 11 |10
00 00
01 | ™ re 01 i1 1 | ;o
n |1 N 1
10 10

2) B.D b)A.D
CD CD
ABo00 o1 110 ABLO0 (0100
00 \1 1 , 00 [ 1 1 1
01 oo | |
11 1 I B
0 |1 oo T S U R R

O B.D 0B
CD CD
aB~ 00 o1 1o B0 (01U 1o
oo |F 1 D oo 1 [1 b 1T
o1 |1 1 : 01
o | DU ST U U S
0 (L [1 ] 10

e) C HAB+AB
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Mot s6 van d@é can lieu y khi tzén hanh rit gon bang bang Cdc né:

- Vong gop cang to cang t6t vi s bién dugc rut gon cang nhiéu.

- Mbi vong gop bao gop it nhat mot sé hang nho nhat — minterm (hoic mot
thtra s6 lon nhat - Maxterm) khong c6 trong vong khac. Vong nao bao gdm
cac s6 hang di co trong cc vong khac thi vong d6 1a vong thira. Tuy nhién,
mot sb hang co thé c6 mat trong nhiéu vong khéc nhau.

- Phai khoanh vong sao cho toan bg $6 hang nhé nhét - minterm (hodc mdt
thira s6 10n nhat - Maxterm) cta ham sé déu nim trong cac vong, khong
duoc dé sot.

Vi du 3.1.7: Hiy ding bang Cac nd dé t6i gian ham -
f(AB,C) = Z(l, 4,5,6,8,12,13,15)

Loi giai:

Lap bang Cac nd & bang 1-9. Ta thiy vong (m4 +m5 + mi2 + mi3) 1alén

nhat nhung cic

vong khac déu di chira m4, m5 , m12 , m13 nén vong ndy la vong thira.

CD
A |00 o1 11 10
00 0 1\ 0 0
oo L N e
11 9 1 Lo
1
10 \/ 0 0 0

Sau khi rat gon ta c6 biéu thirc ham nhu sau:
f (A B,C,D) = ACD + ABD + ACD + ABD

3.1.4.3. Phwong phap ham tuy chon (don’t care).

Trén thuc té, ton tai mot sO t6 hop bién c6 gia tri khong anh hudng dén két qua
ctia ham. Vi du: s6 BCD 13 s6 ma héa 10 ky hiéu thap phan thanh nhi phan 4 bit. Vi
4 bit nhi phan ta c6 thé biéu dién duoc mi Hexa, nhung cac ky hiéu A16(1010),
B16(1011), C16(1100), D16(1101), E16(1110), E16(1111) lai khong phu hop védi ma
BCD.

Do vay, khi 1ap bang Cac n6 khong quan tam dén cic gid tri ndy. Sau gia tri ndy
duge goi 1a cac trang thai tiy chon (don t care). Céc trang thai nay co thé c6 gia tri 1
hoac 0, tuy thuoc vao muc dich nguoi st dung va thong thuong ching duoc ky hi¢u
bang chit “ x

Khi tién hanh t6i thiéu bang bang Cac no: tily theo yéu cau, c6 thé tiy y khoanh
vong qua diéu kién tiiy chon dé ham tdi gian hon.

Tir d6, c6 thé viét dang tdng quat ciia ham logic nhu sau:

Dang chuan minterm:

f(A»B:C)=Zml+2dmp (13)
>d la ky hi¢u cua diéu kién tuy chon;
Dang chuan Maxterm:
F(A,B,C ...) = [IM;[1a M (1.4)
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[1g l1aky hiéu cia diéu kién tury chon;

Vi du 3.1.8: Téi thiéu hoa ham
F(A,B,C,D) = 2(0,1,2,3,6,8) + Z (10,11,12,13,14,15)
d

Lap bang Céc no:
Tu d6, tim dugc ham té1 gian sau:

F(4,B,C,D)= A B+A.D+C.D

cD
ﬁ} 00 01 11 10
00 Q__1___ i i 1%
— = |
[
o1l o 0 0 r 1
|
™"~ \l .-f"j__'
® \ ® x ;‘.n‘
10 14 o X X
‘----’f Y i

3.2. CONG VA PAI SO LOGIC

3.2.1. Cong (Gate)

Mach dién tir s6 12 mach dién trong do chi biéu dién 2 gia tri logic 0, 1. Thi duy,

tin hi€u di¢én co6 dién ap:
0V-1V: biéu dién mot gia tri, chéng han 0 (thap, mirc thap hoic low)
2V-5V: bleu dién gid tri kia, chang han 1 (cao, muic cao hodc high).

Céc dién 4p nam ‘ngoai mién nay 1a khong duoc pheép.

Cac mach dién sd ¢6 thé duogc xay dung ttr mot so it cac phén ttr rat don gian bé“mg
cach két hop chiing theo nhitng cach khong phai 1a s6. Muc ndy s& mo ta cic phan tir
don gian nhat, cach két hop chiing va cach sir dung toan hoc dé phan tich hoat dong cia
ching.

Khai niém céng (Gate): La nhiing thiét bi dién tir rit nho bé, c6 mot hodc mot sd
16i vao nhung chi c6 mot 16i ra, cac gia tri vao hodc ra chi co thé nhan mot trong hai gia
tri la 1 hoac 0.

Cong con thudng duge goi 1a:

— Mach logic bdi n6 thuc hién cac phép tinh dai sd logic.
— Phan tir ra quyét dinh (decision making element)
Chinh céc cong tao nén co s& phan clng cia tit ca cac loai may tinh.
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Chi tiét vé& sy hoat dong bén trong cuia cac cong khong thudc khudn khé cua bai
giang nay, n6 thudc muc thiét bi - device level (dudi mirc 0). Tuy nhién tai muc nay
chung ta s& nghién ctru so luge dé nam dugc y tuong
CO SO. Collector

Toan bo logic s6 hién dai dua trén thuc té 14 mot
transistor c6 thé dugc ché tao dé hoat dong nhu mot
chuyén mach nhi phan hoat dong rat nhanh.

Transistor nay c6 3 chan ndi véi thé giéi bén  Base \
ngoai: collector (cuc gop), emitter (cuc phat) va base
(cuc goc).
Switch Emitter

Hinh 3-2. Céu tao Transistor
Transistor q(') thé hoat dong theo 2 co ché 1a ’
- Tuyén tinh: dugc stir dung trong céc bd khuyech dai
- Chuyén mach nhij phan: dugc st dung trong cac mach logic sb
Céc hinh dudi day mo ta mot s6 cong co ban

+ Voo

£ Vec vout + VYoo

Collector v1
Yout . =Vout
Yin v v
Vo 1 2
Base .
Emitter

af a transistor inverter b} a NAND gate c/ a NOH gate

Hinh 3-3. Mét s6 cong Logic co ban

Hinh a mo ta cong don gian nhét - cong NOT (Inverter); Vout c¢6 mirc 1a dao cta
Vin.

Hinh b mé ta cong NAND, 2 transitor dugce chong nbi tiép 1én nhau; Vout c6
mirc thap (0) khi va chi khi ca hai gia tri V1 va V2 la cao (1).

Hinh ¢ mo t4 cong NOR, 2 transistor dugc mic song song; Vout ¢4 mirc cao (1)
khi va chi khi ca hai gia tri V1 va V2 1a thap (0).

Céng AND: Néu tin hiéu ra cua céng NAND lai duoc dua téi diu vao cia mot
cong NOT, thi chiing ta c6 mot mach ma dau ra cta n6 bang 1 khi va chi khi cac dau
vao déng thoi béng 1 - Mach dién d6 duoc goi la céng AND.

Cong OR: Tuong tu nhu trén, dau ra ctia cong NOR néu ndi téi dau vao cua mot
cé)ng NOT thi tao thanh mot mach dién ma gia tri dau ra ctia né s& b%lng 0 khi va chi khi
gi4 tri & ca hai ddu vao bang 0, con ngugc lai thi s& bang 1.

NOT, NAND va NOR 12 cac cong don gian nhat:

— Cac céng NAND va NOR mbi cong chi can sir dung 2 transistor, trong khi
d6 cac cong AND va OR lai can dén 3 transistor. Nhu vy cac cong NAND
va NOR don gian hon cac cong AND va OR.

— Chinh vi Iy do ndy ma nhiéu may tinh duoc x4y dung dua trén cac cong
NAND va NOR chir khong phai 13 cac cong AND va OR.
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3.2.2. Pai sb logic
Pé mo ta cac mach dién duoc xay dung tir cac cong.
Ham logic c6 mot hoac mot sO bién vao, n6 s& sinh ra mot gia tri két qua phu thudc
vao cac bién vao nay. .
Mot ham f don gian c6 thé duoc dinh nghia nhu sau: f(A) bang 1 néu A bing 0
va f (A) bang 0 néu A bang 1. Him ndy chinh 1a ham NOT.
* M6 ta ham logic bang Bang chan 1y (Truth table):
Boi vi mot ham logic n bién chi c6 2" tap c6 thé cac gia tri blen vao, cho
nén hoan toan co thé mo ta ham bang mot bang co 2" hang, mdi hang cho
gia tri cia ham tng v6i mdi to hop khac nhau cua cac bién vao. Bang nhu
vay duogc goi la Bang chan ly (Truth table)
— Thi du céc bang trén hinh v& sau (Hinh 3-4).

NHOT NAND NOR AND OR

S%
v
:

AlX A|B|X A|B|X A|B|X A|B|X
o1 o|jof1 o(o|f1 o|(0|(0 o|(0|(0
1(0 oj1|1 o(1(0 o(1(0 oj1|1
1(0|1 1(0(0 1(0|0 1(0|1
1(1|0 1(1(0 1(1]1 1(1]1
a- b c d.” = Vd

Hinh 3-4. M6 ta ham logic bing ban chén ly
* Mo ta ham logic bang s6 nhi phan:

— Liét ké cac hang ctia bang chan 1y theo thi tu s6 hoc (co s 2) ciia to hop
bién vao, nghia 13 cho 2 bién theo tht tw 00, 01, 10 va 11.

— Poc két qua (gia tri ciia ham) tir bang chan Iy theo cot, tir trén xudng dudi.
Nhu vay NAND s€ 1a 1110, NOR 1a 1000, AND 1a 0001 va OR 1a 0111.

— RO& rang rang chi ton tai 16 ham logic c¢6 hai bién, twong tGng véi 16 diy
két qua dai 4 bit c6 thé co.

— Trong dai s6 thong thudng, s6 ham 2 bién 1a v6 han, khong thé mo ta bé“mg
bang cac gia tri cua ham theo cac gia tri co thé c6 ctia 2 bién, bai vi mdi
bién c6 thé nhan mot gia tri trong mot mién vo han cac gia tri c6 thé.

3.2.3. Thuc hién cac ham logic
Céch xay dung mgt mach dién dé thyc hién mot ham logic nhu sau:
1. Viét bang chan 1y cia ham.
2. Sir dung cac cong NOT dé tao ra cac gia trj dao cta ting bién vao.
3. Vi mdi hang ma ham bang 1 ta 1y ra mot cong AND.
4. N6i dau vao cac cong AND t6i cac tin hiéu vao phu hop.
5. Pua cac dau ra ciia cac cong AND vao cac dau vao clia mot cong OR.
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Hinh 3-5. Xay dung mach dién bing ham logic
* Str dung 1 loai céng NAND hodc NOR thuong thuén 1gi hon:
—  C6 thé sir dung cac cong AND, OR va NOT dé xdy dung moi ham logic
bat ky
— Tuy nhién, néu giam duoc s6 cac loai cong khac nhau thi tét hon:
— Chi can str dung mét loai cdng NAND hodc NOR, ciing xay dung dugc
cac cong AND, OR, NOT. Vi cé hai céng nay déu duoc goi la day du
(complete) boi vi moi ham logic deu c¢6 thé duoc xdy dung tir mot trong
hai loai cong nay. Khong c6 mot cong nao khac ¢ duge tinh chat nay.
Bong thoi, mach dién cia NAND, NOR don gian hon mach dién AND,
OR
— Do vay, ngudi ta thudng sir dung hodc 13 cong NAND hoic 14 cong NOR
dé xdy dung cac ham logic.
3.2.4. Sy twong dwong cia cac mach
Pé lam giam do phire tap cia mach dién, nguoi thiét ké phai tim nhirng mach thyc
hién dugc cung chirc nang theo yéu cau nhung lai chira s6 cong it hon hodc c6 cac cong
don gian hon, chang han lay cac cong 62 dau vao thay cho cac cong c6 4 dau vao. PBé
tim kiém duoc cac mach tuong duong, can sir dung dai s6 logic.
Vi du 3.1.9: sir dung mot loai cong NAND hoic NOR.

— A
Ay B aB  ° A+
o E
& & &
] e & AT . A+E
E
a’) Mach NOT B

b Mach &AM ci1hach OF

Hinh 3-6. Sy twong dwong cac mach

ol = O =l
ol = 0=l
@l = O =l

_|._|.==:p.
- -

* Chu y:
v' Cung mét cong logic (cong vat 1y) c6 thé thé hién cac chirc ning logic khac nhau
tuy theo su quy wdc vé cac mure dién ap nao thé hién gia tri logic nao!
- Néuta quy udce rang mirc dién ap Ov thé hién muc logic 0 con mirc dién
ap +5v thé hién murc logic 1 thi ta c6 logic duong (positive logic).
- Néuta quy udce rang muc dién ap Ov thé hién muc logic 1 con mirc dién
ap +5v thé hién muc logic 0 thi ta c6 logic 4m (negative logic).
v Khi nguoi ta khéng néi 16 1a st dung loai logic nao thi ¢é nghia la sir dung logic
duong. Diéu d6 c6 nghia 1a cac thuat ngir sau la twong duong:
- logic 1, true, high
- logic 0, false, low
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3.3. CAC MACH LOGIC SO CO BAN

3.3.1. Mach tich hgp

Céc cong duoc san xuat ra khong phai dudi dang mdi don vi san pham chira mot
cong ma trong mot don vi ¢6 chira dung nhiéu cong, ngudi ta goi nhitng don vi ndy 1a
mach tich hop, hay con goi 1a IC (Integrated Circuits), hay 1a chip.

- Kich thudce chip: rong c& (5-15)mm, dai c& (20-50)mm.

- S chan ctia mot chip: 14, 16, 18, 20 .. 68... Cac chip 16n c6 chan chiara & ca 4
canh.

Bang 3-8. Phan loai chip theo s6 lwong cong

Ky hi¢u Sb cong/chip
SSI (Small Scale Integrated) 1-10
MSI (Medium Scale Integrated) 10-100
LSI (Large Scale Integrated) 100-100.000
VLSI (Very Large Scale Integrated) >100.000

Céc chip hién nay c6 thé chira hang triéu cong. Tinh ra néu chip c6 mot tridu cong
c6 thé can t6i 3,000,002 chan (1 tridu cong x 3 chan/cong + 2 chan cho ngudn nudi),
diéu nay kho co thé chap nhan dugc.

Thuec té, trong cac chip co nhiéu cong:

— GOm nhiéu don vi chirc ning, cac cong thudc mdi don vi chirc nang lién
hé véi nhau thong qua cac duong day dan ngay bén trong chip; dong thoi,
cac don vi chire nang ciing ¢ thé lién hé véi nhau bang cac duong day
dan bén trong chip. Do dé, c6 thé chi can mot s it, tham chi khong can
cac chan dua ra ngoai.

— Mot s6 chan chip co thé duoc ding chung theo kiéu phan chia thoi gian.

Trong cong nghé ché tao chip ngudi ta phai thiét ké cac chip sao cho c6 ti s6
cong/chan ra cao.

3.3.2. Mach t6 hop

Nhiéu tmg dung logic s can dén cac mach c6 nhiéu dau vao va nhiéu dau ra trong
doé cac gia tri ra hoan toan dugc xac dinh boi cac gia tri dau vao & thoi diém dang xét.
Nhitng mach nhu vay duoc goi 1a Mach t6 hop (Combinational Circuit), cic mach nay
thuong dugc thé hién boi bang chan 1y.

Mot s6 mach t6 hop mach t6 hop dién hinh nhu: mach dén kénh, mach phan kénh,
mach ma hod, mach giai ma, mach so sanh, v.v..

3.3.2.1. Mach dén kénh (Multiplexer)

La mot mach dién véi 2n 161 vao sd lidu, mot 16i ra 6 lidu, va n 181 vao diéu khién.
Mot trong s6 2n du vao s lidu s& duge chon dé cho di qua cong.
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Hinh 3-7. Mach don kénh cho 4 dwong dir liéu vao

Nhiéu tmg dung logic s can dén cac mach c6 nhiéu dau vao va nhiéu dau ra trong
do cac gia tri ra hoan toan dugc xac dinh boi cac gia tri dau vao ¢ thoi diém dang xét.
Nhitng mach nhu vay duoc goi la Mach to hop (Combinational Circuit), cac mach nay
thudng dugc thé hién boi bang chan Iy.

Mot s6 mach to hop mach to hop dién hinh nhu: mach dén kénh, mach phan kénh,
mach ma hoa, mach giai ma, mach so sanh, v.v..

3.3.2.2. Mach phdn kénh (Demultiplexe)

Nguoc lai v6i mach don kénh: Cé mot 16i vao s6 liéu, 16i ra 1a 1 trong 2n 14i ra,
tuy thudc tin hiéu trén n dau vao diéu khién

S
C, C, : D o,
0 0|01 I ~ —) o,
0 1|01 L

1 0 [O-1 L ) o
1 1|0 4 4 L ’

Hinh 3-8. Mach phan kénh 1 diu vao 4 dau ra
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3.3.2.3. Mach gidi md (decoder)

D6 1a mach dién nhan con sb n-bit ’déu :)_ oo
vao dé chon (1) cho duy nhat mdt trong s6 2n
dau ra c6 muc 1. :)— Dl
Ung dung ctia mach giai ma:
—  Gidi ma bo nhé: khi bo nhé duge | )-D
t6 chic thanh ma trdn nho, su Q;_ :)_ 03
dung bd giai ma dé chon 1 trong £
cac hang va 1 trong cac cot » :)_ D4
— Chon 1 trong nhiéu chip nh& EL{:}(}E

— V.V.

CLD'CE D_ D
_:)_ D7

Hinh 3-9. Mach giai ma 3 diu

3.3.2.4. Mach so sanh (Comparator)

Thuec hién so sanh 2 tir nhi phan dua vao bang cach so sanh céac cdp bit twong tng.
Thi duy trén hinh 1a mét bo so sanh 2 toan hang nhi phan 4 bit:

-A=A3 Ax Al Ao

-B=B3 B2 B1 By

- Pau ra A=B s& c6 gi tri 1 néu 2 tir dua vao la bang nhau, nguoc lai s& co gia tri

&)

BO

Al A
El

A
B2

&F__) )

B3 Comparator

I
=]

Hinh 3-10. Mach so sanh (Comparator)
3.3.3. Cac mach sd hoc
3.3.3.1. Bj dich (Shifter)
Dich bit 1a mot thao tac co s trong hoat dong ctia may tinh.
Trén hinh 3-8 1a bo dich bit 8 bit:
— 8 dau vao: DO .. D7; 8 dau ra: SO .. S7
— C xéc dinh hudng dich chuyén cua céc bit, néu C=1: dich phai mot vi tri,
néu C=0: dich trai mot vj tri.
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Hinh 3-11. Mach s6 hoc b dich 8bit
C xac dinh hudng dich chuyén cua cac bit:

C=1: S0=0, S1=D0, S2=D1, S3=D2, ... S7=D6: dich phai mét vi tri

C=0: S7=0, S6=D7, S5=D6, S4=D5, ... S0=D1: dich trai mét vi tri.

3.3.3.2. By cong

Bo cong 13 mot phan rat can ban cia moi CPU. Hinh 3.10 a 12 mach tinh tong 2 bit
- Haft_Adder. B6 cong nay khong c6 16i vao cho sb nhé Carry-in cho nén khéng ding
dé cong cac bit bac cao hon 0. Hinh 3.10 b 1a mach tinh téng 2 bit vao va bit nh¢ C-in,
tra lai tong - sum va sé nhd C-out. Bo cong nay c6 16i vao C-in, n6 dugc xdy dung tir 2

bo Haft-Adder.
Sum Cgy j:)D
Sum
0 0 A «

1 0 B
1 0

Cou
0o 1

(a) Half-adder truth table and implementation

r—ar—loo>
-0 = O W

A B C;|Sum C_, C.

O CRCHE eSO o /S
0 01 |1 0 B ,D 7

o1 0 1 0

0 1 1 0 1 I

1 0 0 1 0

1 0 1 0 1 Cou
1 1 0 0 1

1 1 1 1 1

(b) Full-adder truth table and implementation
Hinh 3-12. Mach b cong ban phén va toan phin

bé xay dung céc b cong voi tir dai hon, chéng han tir 16 bit, can sit dung 16 bd
Full Adder:
— Bit nh¢ carry-out cia mgt hang bit dugc stir dung lam bit carry-in cho viéc
cOng 2 bit cia hang cao hon né mét bac.
— Pau vao carry-in cia bit bac thap nhat duoc ni véi 0.
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Mot b cong nhu vay dugc goi 1a Ripple Carry Adder (ripple- lam gon séng...),
viéc lan truyén bit nhé lam cham phép tinh.

Nguoi ta cling xay dung cac bo cong khong co nhuoc diém nay nhung chiing phirc
tap hon. Hinh dudi ddy mo ta mdt 16-bit ripple-carry adder

Ais Bis - .. A1 B, Ay By
A B A B A B
Cu C. Co
Cs = Cout Cin[=— » ¢ « — Cout Cin Cou Cin [=—0
Overflow
signal S S S
R s .. R, Ro

Hinh 3-13. Xay dung mach b cong 16-bit ripple-carry adder
3.3.3.3. B¢ tinh todn s6 hoc va logic — ALU (Arithmetic Logical Unit)
Hau hét cac bo vi xtr Iy déu c6 mach riéng (ALU) dé thyc hién cac phép tinh AND,
OR va tinh téng cua 2 tir may. Hinh 3.12 la mot ALU don gidn, thuc hién 1 trong 4 chirc
nang sau tuy theo tin hiéu diéu khién chon chirc ning FO va F1:
- FOF1=00: A AND B
- FOF1=01: AORB
- FOF1=10: NOT B (d4o B)
- FOFI=11: A+B

Logical Unit[~3y-in - Output

_—DLD— rd Cdng OF

. ’_L/\GEI — 0 18i ra e ¥
+= :’_|>Di331 — 7 0 I
—:)‘ ©z o
—l>i>’°‘:>"m . ) } . ‘%FD_
ADE )|
» :}D':)FC_
—:)'TD—M ot Full- A dder
1 bit - ALU #Cany-out

Hinh 3-14. Céu tao b tinh to4n va logic s6 hoc ALU
3.3.3.4. Clock - B¢ tao tin hiéu thoi gian
Trong rat nhiéu mach dién sd, trat tu xay ra cac sy kién la hét strc quan trong. Can
thiét phai str dung ddng hd dé cung cip tin hiéu ddng bo cac qua trinh:
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- Dé)ng hd 1a mdt mach dién phét ra chudi xung dién c6 chu ky rat 6n dinh va
chinh xac.

- Tén s6 xung nam trong khoang tir 1..100MHz, twong g c¢6 chu ky 1ms..10ns.

- Thuong st dung may phat thach anh (Crystal Oscilator).

Chu ky con (subcycles):
Trong may tinh, nhiéu su kién c6 thé xay ra trong mot chu ky déng ho, néu ching
phai x4y ra theo mot trat tu nhét dinh thi —0

chu ky ddng hd phai dugc chia ra thanh cac
chu ky con. Giai phap dua ra 1a can bo sung
thém mot mach dién, mach nay ndi véi
duong tin hiéu dong hd chinh qua mot bo
phan lam tré (delay) - nhu vay c6 ngay mot
tin hiéu dong ho thir hai dich pha so véi tin
hiéu d6ng ho chinh.

Céac mach cua may tinh duogc diéu khién bdi mot mach tao cac chudi xung tuan
hoan goi 1a xung Clock. Xung Clock xac dinh cac chu ky cua may tinh.

Hinh 3-15. B9 tao tin hi¢u thoi gian

3.3.4. Mach Thanh ghi chét
Thanh ghi chot (Latch) la dang don gian cua flip-flop, duoc xay dyng tur 2 cong
NAND hoic 2 cong NOR. Su thay d6i trang thai cta thanh ghi chét co thé xdy ra trong
thoi gian kéo dai ctia xung dong hd chir khong phai trong thoi gian suon xung dong ho,
nguoi ta goi d6 14 sy chuyén mach theo mirc. Céc thanh ghi chdt 1 bit ¢ thé duoc sir
dung lam cac phan tir nhé co ban xdy dung nén bo nhé ctia may tinh.
3.3.4.1. Thanh ghi chét RS
Thanh ghi chét RS 1a mot dang thanh ghi
don gian nhat va dugc xy dung tir cac cong
NOR. Trong do,
- 216i vao: S (Set) - dé thiét 1ap gia tri
(cho Q=1) va R (Reset) - dé xo04 nod
(cho Q=0)
- 216iraludén bunhaula Q va Q
Khac v6i cac mach logic to hop, gia tri

161 ra cua thanh ghi ’chét RS khéng phai dugc Hinh 3-16. Mach thanh ghi chét RS
quyet dinh duy nhat boi cac gid tri dau vao
hién tho.
- R=S=0: Q s& khong thay doi. (trang thai nay ton tai trong phan 16n thoi gian hoat
dong cua thanh ghi)

- S=1, R=0, Q=1 khong phu thudc vao trang thai trudc do.
- R=1, S=0, Q=0 khong phu thudc vao trang thai trudc do.
- T6 hop R=S=1 bi cam.
Két luan: Mach dién nhé duge S hay R vira c6 gia tri 1, tirc 1a nhd dugce tin hi¢u
vao (néu ta dat S=1, R=0 hoic R=1, S=0. Sau d6 néu chung ta cho R=S=0 thi gia tri nh¢
s& khong thay doi.

3.3.4.2. Mach Flip-Flop . L
Trong nhiéu mach dién thudng can phai lay mau (sample) gié tri tin hi€u trén mot

duong day nao d6 tai mot thoi diém cu thé va ghi nhd gia tri do.
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Flip-flop 1a mot b1en the ctia thanh ghi chdt D, c6 kha ning trong khoang thoi gian
g voi xung déng ho rat ngan trén 16i vao clock, ghi nhan duogc gia tri 6 16i vao D.Nhur
vay thoi gian kéo dai xung khong quan trong, chi can su chuyén trang thai xay ra du
nhanh

D
i B Q CLK] L I_I_
— : )
ok g p— LI
= . . . .
Edge-triggered D-Flip-flop LI L

Hinh 3-17. Mach Flip - Flop

* Ky hiéu chudn ciia mét s6 thanh ghi chot va flip-flop:
— Hinh a) 1a thanh ghi chdt D, chuyén trang thai khi tin hiéu CK=1, binh
thuong CK=0. (chuyén mach theo mirc.)
— Hinh b) 1a thanh ghi chét D, chuyén trang thai khi tin hiéu CK=0, binh
thuong CK=1. (chuyén mach theo mirc.)
— Hinh c¢) va d) 1a cac Flip-flop, & 16i vao clock cua ching duge vé ky hiéu
dau mili tén “>°.
«  Flip-flop trén hinh (c) chuyén trang thai trong thoi gian sudn duong
ctia xung dong ho.
« Flip-flop trén hinh (d) chuyén trang théi trong thoi gian suon am
ctia xung dong hd.
— Hinh (e): Nhiéu thanh ghi chdt va flip-flop ngoai dau ra Q con c6 dau ra
va c6 thém cac dau vao Set hodc Preset (dé thiét 1ap Q=1) va Reset hay
Clear (dé thiét 1ap Q=0).
& PR
—D Q— —p Q— —P Q— —D Q— —D Qf

—CK |9 —cK |t) —pCK |© —-obCK |[d& —CK
& TCLR

3.3.4.3. Thanh ghi
Thanh ghi 1a mdt nhom céc phﬁn tir nhd co ban cung hoat dong nhu mot don vi.
Co cac loai thanh ghi thuc hién cac nhiém vu khéac nhau: nhg, tinh toan sb6 hoc - dich
trai, dich phai hodc cac thao tac khac phurc tap hon nira.
Céc thanh ghi 1am nhiém vu nhé thudng duogc xay dung tir cac flip-flop, chiing can
c¢6 kha ning hoat dong & toc do cao hon cac thanh ghi duoc sir dung trong bd nhd chinh.
Do mach Flip-Flop co thé luu trir 1bit va khi c6 xung kich hoat ( Ck ) thi bit do
moi dugc truyen tGi dau ra (dao hodc khong dao). Khi can nhé nhiéu bit ta chi can mac
ndi tlep nhiéu Flip-Flop lai véi nhau. Néu mach c6 kha nang ghi lai dir liéu va dich
chuyén né thi goi 13 thanh ghi dich.
Co mot s6 dang két ndi thanh ghi dich nhu sau:
SISO ( Serial In Serial Output - vao ndi tiép ra ndi tiép)
SIPO ( Serial In Parallel Output - vao ndi tiép ra song song)
PISO ( Parallel In Serial Output - vao song song ra ndi tiép)
PIPO (Parallel In Parallel Output - vao song song ra song song)
CAu tric cac dang két ndi duge mé ta trong hinh (a), (b), (c), (d) dudi day:
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Data input D—ss'r 0 D—ss'r 0 —D SET 0 _D SET 0 Data output

> > > >
CLK —4 . ‘

(a) Két ndi dang SISO: Dt liéu can dich chuyén dugc dua vao ngd D cia mach FF
dau tién (FFO0). O m01 xung kich Ién cua dong ho ck, s& ¢ 1 bit duoc dich chuyén
tir trai sang phai, ndi tiép tir tAng ndy qua tang khac va dua ra & dau Q cia mach

CLEAR

sau cung (FF3)
@0 Qt Qz Qg
FFO 1 FF1 l FF2 l FF3 J
Input data _TF_D 0 _ _ﬁ'—"D 0 | _W_D 0 ‘ _W_D 0
D> D> D> >
CLK
' CLEAR

(b) Két néj dang SIPO: Dir liéu sé duoc léy ra & 4 dau ra Q cua mach FF, vi chung
nhip dong ho nén dir li€u cling dugc lay ra cung lac

Do D1 D2 03
WRITE/

SHIFT :D

CLK

B al wl wb

hY4
A4

CLEAR

(¢) Két néi dang PISO: dau ra dir liéu 1a ndi tiép (tai ddu ra Q hodc Q ), con dir
liéu dau vao la song song
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Do D, D2 Da
| ] GE"Q_ —DSFQ— —DSFQ— —DSFQ—
—1> —1> —> —1>
CLEAR 1 J{ ) |
CLK - ) i} -
Ll 2y Gl g

(d) Két ndi dang PIPO: dit li¢u dugc dua vao cung mot ltc va léy ra cung mot lic
Hinh 0-18. C6 mdt s6 dang két noi thanh ghi dich

3.3.5. Mot s6 vi du co ban

Vi du 3.3.1. Xay dung bang Cac nd cho ham logic sau:

F(A, B, C,D)=X(0, 1, 5,7, 10, 14, 15):

(@]
o

AB 00 01 11 10
’—\ | _i
00( 1% 11l 0| o
‘s_/l: I
: HI
01 o4 1u|l 11| 0
I I I
[ g 1
1 1] |
L I B H
e |
' !
10l © 0 0 i 1 i

F(A,B,C,D) = ABCD + ACD + BCD + ACD
Vi du 3.3.2. Hay dua ham logic vé dang toi gian:

f=AB +AC + BC

Loi giai: Ap dung dinh Iy, A+A=1,A + AB=A

Ta co:

f=AB +AC+BC(A+A)
= AB + ABC + AC + ABC
= AB + AC

Vi du 3.3.3. Hiy dung bang Céc no dé tbi gian ham:

f(A,B,0)=2(0, 1, 3,4,5)
Loi giai:
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el

Vi du 3.3.4. Hiy dung bang Cac nd dé tbi gian ham:
f(A,B,C)=2(1,4,5,6,8,12,13,15)
Lo giai:

AN 00

oo|] ©

———

01
1
|
01 1) \l/ o [ (1

11 A~
m l\‘lh 1/‘} 0

1 -

100 \1 0 0 0

Sau khi rat gon ta c6 biéu thirc ham nhu sau:
f (A,B,C,D)=ACD + ABD + ACD + ABD
Vi du 3.3.5. Cho ham logic F = AB + AB, hiy xdy mach vé dang toan NAND
Giai:
F=AB+AB=AB+AA+AB+BB=A(A+B)+B(A+B)
q = AAB + BAB = AAB + BAB= AAB.BAB
Tu bi€u thuc bién doi trén v€ duge so do logic

Vi du 3.3.6. Dung ban do Karnaugh rat gon ham f(4,B,C,D) = 2(0,2,6,8,9,10,1 1,13) va
vé& so @6 mach ctia ham f dung cac cong AND va OR.

Tra 10o1:
f(4,B,C,D)=>(0,2,6,89,10,11,13)
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CD
AB 00 01 11 10
00 1

01 1

11 1

10 1 1 1 1

Sau khi nhom:

CD
AB™._00, 01 11 _10____.__
00| 1! 171 %
_______ - T'---_‘:_____.
01
11 1
RN E E T T

Két qua ham rat gon: f(4,B,C,D)= AB +BD + ACD+ ACD
So d6 mach:

U290
u15
O
A >O AND2
INV U3

%
]

u16 )
AND2 )
U371 .

INV j OR4

u17

AND3

Y

INV

AND3

U18

Do

Y

INV
Vi dy 3.3.7. Cho ham s0: F(ABCD) =S (3,5,7,11,13,15)
a) Vit biéu thirc dai s6 day du cho ham
b)Viét biéu thuc dang toi thiéu hoa cho ham
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c) V€ so dé logic cho ham dung céng NAND 2‘d§1u vao
d) V€ so do logic cho ham dung cong NOR 2 dau vao
Tra 1oi:
a)F(ABCD) = ABCD + ABCD + ABCD + ABCD
= ABCD + ABCD

b) F(ABCD) =BD + CD

¢) So do cong NAND De—rt

|
U

B o—9 -
F
d) So d6 cong NOR D "'—>0" :DO—DO—'
¢ o) -
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CAU HOI ON TAP VA BAI TAP CHUONG 3
Cau 1. Xay dung so do va danh gia OUTPUTSs ctia mach logic:

a) AB+ (C.D+E.F)

b) (A+B).(A.B.C).(A+0C)

c) (A+A).(A.B+ AB).(A.B.C)

d) (A.A).(B +B).(A.B.C)

e) (A.C).@.B).(A.B +B.C)

) (A.E).(D+C.B)+ (A.B + B.D)

2) (A+A.B).(E.F+C.D).(A.B.C.D)

h) C.D+(A.B+B.A).(A.B.C.D)

i) (E.EF+AB).(E.F+A.B).(C+D)
j) (A.B.C+A.B.C).(A.C+C.B)

k) (AF+B.C+(C.D).(A.B.C.D)

D) (A+B).(A.B+4.B).(E.F)

m)(A.C+A.B).(E.F +C.D)

n) (A+B).(A.B+4.B).(4.B)

0) (A.B.C+A.B.C +A.B.C)

p) (AF+AF+AF+AF).(B.C+D.E)

q) (A.C+A4.B.C).(B.D +D.B)

r) (A+C).(B+D).(A.B.C+A.B.C)
s) (A’B+A.B.C).(E.F + A.E.F)
t) (A.B.C+B.E).(A.C.F+E.C)

u) AB + AB = AB + AB

v) AB+AC=(A+C)(A+B)

w) AC + BC = AC + BC

Céu 2. Cho ham logic dang tuyén sau:
7 =F(A,B,C) = 2(1,2,3,5,7)

Hay téi gian héa bang phwong phdp dai so.
Cau 3. Cho ham logic dang hdi sau:
Z =F(A,B,C) = H(0,4,6)
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Hay toi gidn héa bang phuwong phdp dai $0.
Cau 4. Cho ham logic dang tuyén sau:
Z=F(A,B,C,D) = 2(1,2,4,5,6,8,9,10,14)
Xay dung so @6 mach ham Z va dénh gia¢ OUTPUTs ciia mach logic trén.
Cau 5. Cho ham logic dang hoi sau:
M = F(A,B,C,D) = H(1,2,4,5,6,8,9,10,14)
Xay dung so @6 mach ham M va danh gid OUTPUTS ciia mach logic trén.

Cau 6. Cho ham s:

Y =F(AB,C,D) = H(O,1,3,7,8,9,11,12,13,15)

Xay dung so @6 mach ham Y va danh gia OUTPUTSs cua mach logic trén.
Cau 7: Cho ham logic dang tuyén sau:

7 =F(A,B,C) = 2(1,2,3,5,7)
Thiét ké mach logic trén
Ciu 8: Chimg minh céc biéu thirc sau:
a) AB + AB = AB + AB
b) AB+AC=(A+C)(A+B)
¢c) AC+BC =AC+BC
Cau 9. Rt gon cac ham sau dung cac dinh 1y ctia Boolean algebra:
a) x = ACD + ABCD
b) y = AB + A(CD + CD)
¢) z=(BC+AD)(AB + (D) ,
Cau 10. Toi thi€éu hoa cac ham sau bang phuong phap dai so:
F(A,B,C,D) = (A+ BC)+ A(B + C)(AD + C).
Cau 11. T6i thiéu hoa cac ham sau bang phuwong phap dai so:
F(A,B,C,D)=(A+B+C)A+B+C)A+B+C)(A+B+0)

Cau 12. Toi thi€u héa cac ham sau bang bia Cac-nd:

F(A,B,C,D) = 2(0,2,5,6,9,11,13,14)

Cau 13. Téi thiéu hoa cac ham sau bing bia Cac-nod:
F(A,B,C,D) = 2(0,1,3,5,8,9,13,14,15)

Cau 14. Téi thiéu hoa cac ham sau bang bia Cac-nod:
F(A,B,C,D) = 2(2,4,5,6,7,9,12,13)

Cau 15. Téi thiéu hoa cac ham sau bing bia Cac-nod:
F(A,B,C,D) = 1_[(1,4,6,7,9,10,12,13)

Cau 16. Téi thiéu hoa cac ham sau bang bia Cac-no*:

F(A,B,C,D,E) = z(0,1,9,11,13,15,16,17,20,2 1,25,26,27,30,31)
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Cau 17. Toi thi€u hoa cac ham sau bang bia Cac-no:

F(A,B,C,D) = (0,2,3,4,6,7,9,12,13)

Cau 18. To1 thi€u hoa cac ham sau bang bia Cac-no:

F(A,B,C,D) = (0,2,89,10,11,13,14)

Cau 19. Téi thiéu hoa cac him sau bing bia Cac-no:
F(A,B,C,D) = 2(0,2,6,8,9,10,11,13)

Cau 20. Téi thiéu hoa cac ham sau bang bia Cac-no:
F(A,B,C,D) = z(0,1,2,3,4,6,7,8,9,10,11,13)

Cau 21. Téi thiéu hoa cac ham sau bang bia Cac-no.
F(A,B,C,D) = 2(1,3,4,5,7,9,11,14) +d(6,12,13)

Céu 22. Cho ham bool dung ban d6 Cac_no dé:
F(A,B,C,D) = 2(0,1,6,8,9,11,14,15) +d(2,3,10)

Xéc dinh dang chuan tong cac tich ctia ham f ( goi 12 ham g)

Xac dinh dang chuan tich cac tong ctia ham f ( goi 1a ham h)

So sanh hai ham g va h

d. Xay dung so dd ham g va danh gia OUTPUTS ctia mach logic trén.

e o.

Céu 23. Cho ham bool dung ban d6 Cac_no dé:
F(4,B,C,D) = 2(3,4,5,7,10,12,13) +d(8,9,11)

Xéc dinh dang chuén tong cac tich ciia ham f ( goi 13 ham g)

Xéc dinh dang chuan tich cac tong ctia ham f ( goi 13 ham h)

So sanh hai ham g va h

X4y dung so d6 ham g va danh gia OUTPUTS ctia mach logic trén.

Céu 24. Cho ham bool f(A, B, C, D) =[](3, 4, 5, 6, 10, 12, 13) + d(8, 11), Dung ban do
Karnaugh dé rat gon theo :

a. Dang tong céc tich cia ham f

b. Dang tich cac tong ciia ham f

c. V& so d6 mach cho cduavab
Cau 25. Cho ham bool f(A, B, C, D) -
(A+B+C+D)A+B+C+D)A+B+C+D)A+B+C+D)A+B+C+D),

a. Pon gian ham f.

b. V& so dd mach ham f ma chi sir dung cong NAND.
Cau 26. Cho ham bool f(A, B, C, D)=[](3, 4, 5, 7,10, 12, 13) + D(8, 9, 11), Dung ban
d6 Karnaugh dé :

c. Xéc dinh dang chuén tong céc tich cuia ham f (goi 1a ham g).
d. Xéc dinh dang chuén tich cac tong ctia ham f (goi 1a ham h).
e. So sanh hai ham g va h.
f. V& so d6 mach ham g ma chi sir dung cong NOR 2 ngb vao.

eae oe
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Cau 27. V& va phan tich hoat dong ctia mach don kénh (Multiplexer)? Ly vi du minh
hoa?

Cau 28. V& va phan tich hoat dong ctia mach phan kénh (Demultiplexer)? Ly vi du
minh hoa?

Cau 29 V& va phan tich hoat déng cua mach giai ma (Decoder)? LAy vi du minh hoa?

Cau 30. V¢ va phan tich hoat dong cua mach mach so sanh (Comparator)? Léy vi du
minh hoa?

Cau 31. Vé va phan tich hoat dong cua mach dich (Shifter)? Léy vi du minh hoa?

Cau 32. V& va phan tich hoat dong ctia mach cong ban phan (Half adder)? Lay vi du
minh hoa?

Cau 33. V& va phan tich hoat dong ctua mach cong toan phan (Full adder)? Liy vi du
minh hoa?
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Chuong 4
BO XU LY TRUNG TAM CPU

Cdu triie, chire ndng cia bé xir Iy trung tam CPU. Giip sinh vién ndm viing kién
thirc vé cdc thanh ghi, don vi sé hoc va logic, don vi diéu khién nam bén trong bé xik Iy.

B¢ diéu khién tao ra sw van chuyén tin hiéu bén trong bo xu ly nham thue hién tap
lénh twong iing véi kién triic phan mém da dé ra. Mo ta dién tién thi hanh mot lénh ma
may, day la co so dé hiéu dwoc cdc hoat dong xut ly lénh trong may tinh.

Cdu triic ciia b xit Iy trung tam va dién tién thi hanh mét lénh ma may, vi day la
co s& dé hiéu dwoc cac hoat ddng xir Iy Iénh trong cdc ky thudt xir Iy théng tin trong
may tinh.

Ngén ngiv ldp trinh Assebly bang phan mém Emu8086

4.1.BQO XU LY TRUNG TAM

Trang bi cho sinh vién kién thitc vé ciu tric, chirc ning cta bo xir Iy trung tam
CPU. Giup sinh vién nam viing kién thirc vé cac thanh ghi, don vi s6 hoc va logic, don
vi diéu khién nam bén trong bd xu 1y.

4.1.1. Cu triic, chirc ning ciia b xir ly

4.1.1.1. Chirc nang cua bg xw ly

Bo xur Iy trung tdm CPU 14 c6t 16i ciia mot may vi tinh. CPU thuc hién moi tinh
toan va xur 1y ctia hé thdng (ngoai trir xtr 1y ting cuong tinh toan dic biét trong nhitng
hé thong c6 mdt chip don vi dong xur 1y toan, ma chip nay ciing di duoc tich hop ngay
trong cac CPU hién nay).

Mot trong nhitng bo xir Iy dién hinh thudc ho 80x86 cua Intel 1a b xir Iy 8088.
Pay 1a bo xtr 1y kha don gian. Vi vay viéc tim hiéu no 1a tuong ddi dé ddi véi nhitng
nguoi bat dau tham nhap vao linh vuc vi xur Iy, mat khac viéc nam viing cac van dé ky
thuat ctia bd vi xtr 1y 8088 s& 1a co s¢ dé nim bét dugc cac ki thuat cia cac bo xir 1y
khac trong ho 80x86 cua Intel, cia cac ho khac va cua cac bo xur ly hién dai ngay nay.

4.1.1.2. Céu tritc ciia b vi xir Iy

CPU ¢6 3 bd phan chinh:

- Khéi diéu khién (CU): Nhan 1énh ctia chuong trinh tir bd nhd trong dua vao CPU.
N6 ¢6 nhiém vu giai mé cac 18énh, tao ra céc tin hiéu diéu khién cong viéc cta cic bd
phan khac ctia may tinh theo yéu cau nguoi sir dung.

- Khéi tinh toan sb hoc va logic (ALU): Bao gdém cac thiét bi thyc hién cac phép
toan s6 hoc, phép tinh logic va cac tinh quan hé. Do dai ctia cac toan hang dugc dua vao
tinh toan tryc tiép & khoi ALU. Do dai pho bién voi cac may tinh hién nay 1 32 hay 64
bit.

- Tap céc thanh ghi: Cac thanh ghi mang chirc nang chuyén dung ting tdc do trao
d6i thong tin trong may tinh.

4.1.2. Cac thanh ghi

4.1.2.1. Cac thanh ghi da ning (general registers)

C6 nhiém vu ghi tham s6 cho mi 1énh, day ciing 1a noi 1énh tra két qua vé sau khi
dugc thye hién. Nhitng thanh ghi da nang cua vi xu ly 16 bit 1a [6,7]:

- AX (accumulator) rong 16 bit, dugc chia 1am hai phan: 1 byte cao AH va 1 byte
thip AL. Pay la thanh ghi quan trong nhit va chuyén dugc ding dé chira két qua cac
thao tac 1énh. Ca ba cach viét AX, AH, AL déu c6 thé str dung nhu niing thanh ghi riéng
biét.
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- BX (base) thanh ghi co s&, rong 16 bit, cling dugc chia ra lam BH va BL. Day la
thanh ghi thuong dung chira dia chi co s¢ ciia mot bang dung trong 1énh XLAT. Ca ba
cach viét BX, BH, BL déu c6 thé sir dung nhu nhiing thanh ghi riéng biét.

- CX (count) bd dém, rong 16 bit. Puoc chia ra lam CH va CL. Thanh ghi CX duoc
dung dé chir sb 1an 1ap trong trudng hop cac 1énh LOOP. Thanh ghi thdp CL duge ding
dé chira (nh6) sd 1an quay hodc dich cta cac 1énh quay (rotate) va dich (shift).

- DX (data) thanh ghi dir li¢u, rong 16 bit. Thanh ghi nay cung thanh ghi AX tham
gia vao cac thao tac cua phep nhan hogc chia cac s6 16 bit. DX con dung. dé chua dia
chi 16 bit ctia cac cong cling (dai hon 8 bit) trong cac 1énh truy nhap cac cong ngoai vi
(I/O port).

4.1.2.2. Cdc thanh ghi doan (segment registers)

Céc thanh ghi doan dung dé ghi dia chi mét doan bd nhd. Vi mach 8088/8086 co
20 duong day trén bus dia chi. Do cac thanh ghi con tro, thanh ghi chi sb chi rong 16 bit
nén khong thé dinh dia chi cho toan bd nhd vat 1y cia mdy tinh 1a (220 = 1.048.576 =
1Mbyte). Vi vay trong ché @6 thuc (real mode) bd nho dugc chia lam nhiéu doan dé mot
thanh ghi con trd 16 bit c6 thé quan Iy duoc. Céc thanh ghi doan 16 bit s& chi ra dia chi
dau cua 4 doan trong bd nhé, dung luong 16n nhat cia mdi doan nhd s& dai 2!° = 64
Kbyte va tai mot thoi diém nhat dinh bo vi xir 1y chi lam viéc duoc v6i 4 doan nho
64Kbyte nay. Viéc thay do6i gia tri ctia cac thanh ghi doan lam cho cac doan c6 thé dich
chuyén linh hoat trong khong gian 1 Mbyte, vi viy cac doan c6 thé nim cach nhau khi
thong tin can luu trong chiung doi hoi dung luong du 64 Kbyte hodc ciing c¢6 thé nam
trim nhau do ¢6 nhitng doan khong dung hét do dai 64 Kbyte va vi thé cac doan khéc
c6 thé bat dau ndi tiép ngay sau d6. Pia chi ciia 6 nhé nim & dau doan duoc ghi trong
mot thanh ghi doan 16 bit, dia chi nay goi 1a dia chi co so. Muo1 sau bit ndy tuong ing
v6i cac dudng day dia chi tir A4 dén A20. Nhu vay gia tri vét Iy cua dia chi doan 1a gia
tri trong thanh ghi doan dich sang trai 4 vi tri. Piéu nay tvong duong véi phép nhan véi
24=16. Dia chi ctia cac 6 nhé khac nam trong doan tinh duoc bang cach cong thém vao
dia chi co s& mdt gia tri goi 1a dia chi 1éch hay d¢ Iéch (offset), goi nhu thé vi no ung
v6i khoang 1éch ctia toa do mot 6 nhd cu thé nao dé so v6i 6 dau doan. Do 1éch nay duoc
xac dinh bdi cac thanh ghi 16 bit khac dong vai tro thanh ghi 1éch (offset register).
Nguyén tic ndy dan dén cong thire tinh dia chi vat 1y (physical address) tir dia chi doan
(segment) trong thanh ghi doan va dia chi 1éch (offset) trong thanh ghi con tr6 nhu sau:

Dia chi vat ly = Thanh ghi doan x 16 + Thanh ghi léch

Vi¢c dung hai thanh ghi dé nho thong tin vé dia chi thuc chit tao ra mot loai dia
chi goi la dia chi logic va dugc ky hiéu nhu sau:

Thanh ghi doan: Thanh ghi léch hay segment:offset.

Dia chi kiéu segment: offset 1a logic vi no t6n tai dudi dang gia tri cta cac thanh
ghi cu thé bén trong CPU va khi can thiét truy nhdp 6 nhd nao do thi no phai d6i ra dia
chi vat ly dé roi dua 1én bus dia chi. Viéc chuyen doi nay do mot bo tao dia chi thuc
hién.

Vixu ly 16 bit c6 4 thanh ghi doan nhu sau:

- CS (code segment) 1 thanh ghi doan ma 16 bit. Thanh ghi nay phéi hop véi con
tré 1énh IP dé ghi dia chi mi 1énh trong b nhé. Dia chi day du 1a CS:IP.

- DS (data segment) 1a thanh ghi doan 16 bit cho mét doan dit liéu. Thanh ghi nay
phdi hop véi hai thanh ghi chi s6 SI va DI dé danh dia chi cho dir liéu. Dia chi day du
cho dir liéu can doc vao 1a DS:SI, cho dit liéu can ghi ra la DS:DI.
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- 8§ (stack segment) la thanh ghi doan 16 bit cho mot ngan xép. Dia chi dinh cua
ngin xép duoc biéu dién clng voi con tro ngin xép SP 1a SS:SP.

- ES (extra segment) 13 thanh ghi dir liéu phu c6 chiéu dai 16 bit. Thudng duoc
dung dé danh dia chi mot chudi. ES:DI 14 dia chi chudi can viét dén (chudi dich) va
DS:SI 1a dia chi chudi doc vao (chudi ngudn).

4.1.2.3. Céc thanh ghi con tré va chi so

Céc thanh ghi con tré va chi sb c6 thé dugc dung nhu mot thanh ghi da ning 16
bit. Vi mach 8088 co tat ca ba thanh ghi con tré 1a (IP, BP, SP) va hai thanh ghi chi sb
(SIL, DI). Nhiém vu cua tung thanh ghi nhu sau:

- IP (instruction pointer) 14 con trd chi t6i 1énh mdy tiép theo. Lénh nay nam trong
b6 nhé ma dia chi doan dugc ghi trong CS. Nhu vay dia chi cia ma k=Iénh nay 1a CS:IP.

- BP (base pointer) 1a con tré co so trd vé dir liéu bd nhd ma dia chi doan duoc ghi
trong SS. Pia chi ddy du sé& 1a SS:BP.

- SP (stack pointer) 14 con tré ngan xép ludn tro vao dinh ngan xép ma dia chi doan
dugc ghi trong SS. DPia chi ddy di cua dir liéu 1a DS:SP.

- SI (source index) 1a chi ) nguén, tré vao dir liéu ma dia chi doan dugc ghi trong
DS. Pia chi day du cua dir liéu 1a DS:SI.

- DI (destination index) 1a chi s6 dich, cling tro vao doan dir liéu ma dia chi doan
ghi trong DS. Pia chi ddy dii cua doan dit liéu 1a DS:SI.

4.1.2.4. Thanh ghi co FR (flag register)

Pay la thanh ghi kha dic biét trong CPU, dung dé ghi trang thai két qua cac phép
xur ly trong don vi s6 hoc va logic ALU hoac mdt trang thai hoat dong cua EU. Dya vao
cac cd ndy nguoi 1ap trinh co thé c¢6 cac 1énh thich hop tiép theo cho bo vi xir 1y (céc
1énh nhay c6 diéu kién). Thanh ghi nay 1a mot thanh ghi 16 bit trong 8088/8086. Nhung
chi ¢6 9 bit trong thanh ghi dugc dinh nghia va str dung [2], d6 la:

x |x |x |x |O |D |I T |S [(Z |x |A |x |P |x |C

x: bit khong duoc dinh nghia.
Hinh 4-1. So' @6 thanh ghi co ciia bd vi xir Iy 8086/8088

- Bit 0: CF (carry flag) co nho, CF=1 khi c6 nhé hoac mugn tir MSB.

- Bit 2: PF (parity flag) co parity, PF phan anh tinh chén (parity) cua tong sb bit 1
co trong két qua. Co PF =1 khi tong s bit 1 trong két qua 1 chin (even parity, parity
chin).

- Bit 4: AF (auxliary carry flag) cd nhé phu dung cho céc phép tinh véi ma BCD.
AF = 1 khi ¢6 nhé hoic muon tir mot s6 BCD thap (4 bit thap) sang mot s6 BCD cao (4
bit cao).

- Bit 6: ZF (zero flag) cd rdng, ZF = 1 khi két qua bang 0.

- Bit 7: SF (sing flag) c& ddu, SF = 1 khi két qua am.

- Bit 8: TF (trap flag) cd biy, TF = 1 khi vi xtr Iy & trong ché do chay timg 1énh
(ché d6 nay dung khi can tim 18i trong mot chuong trinh).

- Bit 9: IF (interrupt enable flag) c& cho phép ngat, IF = 1 cho phép cac yéu cau
ngit che dugc (maskable interrupt) duoc tac dong.

- Bit A: DF (direction flag) c& huéng. DF = 1 khi CPU lam viéc v&i chudi ky tu
theo thir tu tir phai sang tréi (lui).

- Bit B: OF (overflow) co tran, OF =1 khi két qua vuot ra ngoai giéi han, xay ra
d6i voi phép tinh co dau.
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4.1.3. Pon vi s6 hoc va Logic

Pon vi s6 hoc va logic (Arithmetic and Logic Unit - ALU) thuc hién cac phép toan
sb6 hoc va logic trén cac dir liéu cu thé. ALU bao gém cac thiét bi thuc hién cac phép
tinh s6 hoc va cac phép tinh logic. Thong thuong cac phép tinh co ban duoc thuc hién
& day nhu: cong, trir (cac s6 nhi phan) hai toan hang; cac phép toan logic nhu AND, OR,
NOR, NOT hai toan hang; cac phép toan dao, quay, dich cac bit ... Mat khac chirc nang
ciia ALU con bao gdm ca viée quyét dinh céac trinh tu thao tac dbi v6i hé théng, n6 hinh
thanh va quan 1y toan bd cac tin hiéu diéu khién dé Xap xép hop ly cac phep toan va
dong dit liéu bén trong cling nhu bén ngoai ALU, n6 diéu khién dong dir liéu ctia BUS
dia chi, BUS dir li¢u, quan ly va bién dich céc tin hi¢u diéu khién trén BUS diéu khién
ctia hé thong.

4.1.4. Pon vi diéu khién
Churc nang:

- Piéu khién nhan l1énh tir bd nhd dua vao thanh ghi 1énh.

- Tang ndi dung cua PC dé tro sang 1énh ké tiép.

- Gidi ma 1énh da nhan duoc va thao tac vdi 1€nh yéu cau.

- Phét ra céc tin hi¢u diéu khién thuc hi¢n I¢nh.

- Nhan cac tin hiéu tir BUS hé théng va dap g cac yéu cau do.

- Pon vi diéu khién tao ra céac thao tac xay ra trong CPU.

Pon vi diéu khién thuc hién hai thao tac chinh sau:

Su sip xép chudi (Sequencing): Pon vi diéu khién CPU sap xép chudi vi thao tac
vao mot chudi lién tuc thich hop, dua trén chuong trinh dang dugc thuc hién.

Su thi hanh (Execution): Pon vi diéu khién mdi vi thao tac duoc thuc hién. Pon vi
diéu khién thao tac dwa vao viéc st dung céc tin hiéu diéu khién.

4.1.4.1. Tin hiéu diéu khién

Dé6i v6i don vi diéu khién dé thue hién duge chirc ning ctia nd, nd phai cé dit liéu
va cho phép né xac dinh trang thai cua hé théng va muc ra cho phép né diéu khién tac
dong cta hé thong. Noi tai, don vi diéu khién phai c6 logic yéu cau thyc hién chudi vi
thao tac va thi hanh cac churc nang.
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Thanh ghi 1énh
Cac co Cac tin hiéu
—> diéu khién bén
Pon vi | trong CPU
Clock di€u khién
—
Céc tin hi¢u Céc tin hiéu
y€u cau tur bus dicu khién dén
hé thong bus h¢ thong

Bus diéu khién

Hinh 4-2. Mé hinh két ndi don vi diéu khién

Tin hiéu diéu khién duoc thé hién trong hinh trén bao gém tin hiéu vao va tin hiéu
ra.

a) Cac tin hiéu vao

- Clock: Pay 1a cach don vi diéu khién giir thoi gian. Pon vi diéu khién tao ra mot
vi thao tac (hodc mot tap cac thao tac dong thoi) duge thyuc hién voi mdi xung dong ho.

- Thanh ghi chi lénh: Pugc dung dé xéac dinh vi thao tac nao duoc thuc hién trong
chu ky thi hanh.

- Co: Xac dinh trang thai caa CPU va két qua cta thao tac ALU.

- Cac tin hiéu diéu khién tir BUS diéu khién: BUS diéu khién ctia BUS hé thong
cung cép tin hiéu cho don vi diéu khién, nhu 13 tin hiéu ngét va sy cong nhan.

b) Cdc tin hiéu ra

- Tin hiéu diéu khién trong CPU: Khién dir liéu di chuyén tir mot thanh ghi t6i cac
thanh ghi khac va 1am hoat dong cac chirc ning ALU cu thé.

- C4c tin higu diéu khién BUS: C6 tin hi¢u diéu khién by nh¢ va tin higu diéu khién
module vao ra.

4.1.4.2. Pon vi diéu khién vi chwong trinh

Pé thuc hién mot 1énh, don vi logic tudn ty dua ra mot 1énh doc t6i bd nhé diéu
khién.

- Ttr mi dia chi duoc xac dinh trong thanh ghi dia chi diéu khién duoc doc vao
thanh ghi bo dém diéu khién.

- Noi dung cua thanh ghi bd dém diéu khién phat ra tin hiéu diéu khién va thong
tin dia chi tiép theo cho don vi logic tuén ty.

- Pon vi logic tuan tu tai dia chi méi vao trong thanh ghi dia chi diéu khién dua
vao thong tin dia chi tiép theo tir thanh ghi bd dém diéu khién va cac co ALU.

TAt ca xay ra trong mot xung dong ho.
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4.1.5. Cac dac trung co ban cia Iénh may
4.1.5.1. Gidi thiéu chung vé tip lénh

Néu coi phan mach dién tir cia CPU 1a “phan xac” thi tap 1énh (Instruction Set)
chinh 13 “phan hon” ciia bd ndo may tinh. Nho c6 tap 1énh, CPU c¢6 kha ning 1ap trinh
duoc dé thuc hién céc cong viéc hitu ich cho nguoi dung.

C6 thé dinh nghia lénh may tinh mot cach don gian: Lénh mdy tinh (Computer
Instruction) 1a mét tir nhi phan (binary word) dugc gan mot nhi€ém vu cu thé. Céc 1énh
cua chuong trinh dugc luu trong bd nhé va ching lan luot dugc CPU doc, gidi ma va
thuc hién. Tap 1énh may tinh thuong gom nhiéu 1énh c6 thé duge chia thanh mot sb
nhom theo chirc ndng: nhom cac 1énh van chuyén dir li€u (data movement), nhdm cac
1énh tinh toan (computational), nhdm cac 1énh diéu kién va r& nhanh conditonal and
branching) va mot s 1énh khéc.

Viéc thyuc hién 1énh c6 thé dugc chia thanh céc pha (phase) hay giai doan (stage).
M3i 1énh c6 thé dugc thuc hién theo 4 giai doan: (1) Poc 1énh (Instruction fetch - IF):
lénh duoc doc tir bd nhé vé CPU; (2) Giai ma (Instruction decode - ID): CPU giai ma
1€nh; (3) Thuc hién 1énh (Instruction execution — EX): CPU thuc hién 1€nh; va (4) Luu
két qua (Write back - WB): két qua thuc hién 1énh (néu c¢6) dugc luu vao b nhé [2].

MJi bo xtr Iy déu c6 mot tap 1énh xac dinh.

Tép 1énh thuong co hang chyc to1 hang tram Iénh.

MGdi 1énh 12 mot chudi s6 nhi phan ma bo xtr 1y hiéu dugc dé thuc hién mot thao
tac xac dinh.

Céc 1énh dugc miéu ta bang cac ky hiéu goi nhd ( Chinh 1a cac 1énh ctia hop ngir).

4.1.5.2. Cdc thanh phdn cia lénh mdy

Dang tong quat ctia 1énh may tinh gdm c6 2 phan chinh: (1) mi 1énh hay ma thao
tac (opcode — operation code) va (2) dia chi cua cac toan hang (Addresses of Operands).
Mai 1énh c6 mot ma 1énh riéng va dugc biéu bién béng mot sb bit. Chéng han, ma Iénh
ctia CPU Intel 8086 duoc biéu dién boi 6 bit. Mbi 1énh c6 thé c6 mot hodc nhiéu toan
hang va mdi toan hang 13 mot dia chi.

Ma thao tac Dia chi cac toan hang

Ma thao tac (Operation code — opcode ): Ma hoa cho thao tdc ma b xir ly phai
thuc hién.

bia chi toan hang (Operand): Chi ra noi chira cac toan hang ma thao tac sé tac
dong.

Toan hang ngudn: Dit liéu vao cua thao tac.

Toéan hang dich: Dir li€u ra cia thao tac.

Khong phai I1énh nao cling ¢6 Dia chi cac toan hang.

Mot 1énh chi can chi ra:

Chtre nang cua I¢nh

Noi chira dir liéu

Noi luu két qua

4.1.5.3. Mo td lénh

Lénh may la nhi phan.

Dé dé hiéu va d& nhé ddi v6i con nguoi, ngudi ta mo ta 1énh bang cac ky hiéu goi
nhé. VD: ADD, SUB, LOAD...

Toéan hang c6 thé duoc miéu ta nhu sau: ADD A, B

4.1.5.4. Céc kiéu lénh

Xu ly dr licu

Luu trir dir li€u (Store, Load)
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Vén chuyén dit liéu (Vao/ra — IN, OUT, IOR, IOW)

Lénh lam viéc v6i thanh ghi, bd nhd

Lénh nhay (Diéu khién thay ddi trat tu cua chuong trinh): JMP, BR..

Lénh bién déi dit licu

4.1.5.5. Cdc thao tdac khi thuc hién lénh

IF: Instruction Fetch: Nhan 1énh

ID: Instruction Decode: Giai ma 1énh

DF: Data: Nhan dir liéu

EX: Execution: Thuc hién

DS: Data Store: Luu trit két qua

Thong thudng dia chi cia 1énh tiép theo — PC (+1)

4.1.5.6. Cdc vin dé vé thiét ké tgp lénh

- V& thao tac. Chung ta phai quan tdm t&i cac van dé nhu: Bao nhiéu thao tac? Céc
thao tac nhu thé nao? Mirc do phtic tap ciia thao tac.

- Céc kiéu dit liéu.

- Cac khudn dang 1énh. Do dai ctia truong ma thao tac, sb lugng dia chi toan hang.

- C4c thanh ghi: Quan tdm t6i s6 thanh ghi cia CPU duoc st dung, céc thao tac
nao duogc str dung trén céc thanh ghi.

- Cac phuong phap dia chi (Addressing Modes)

- RISC hay CISC (Reduced Instruction Set Computing, Complex Instruction Set
Computing)

4.2. PUONG PI CUA DU LIEU

Phan dudng di dir liéu gom c6 bd phan lam tinh va luan Iy (ALU: Arithmetic
and Logic Unit), cac mach dich, cac thanh ghi va cac dudng ndi két cac bo phan trén.
Phan nay chira hau hét cac trang thai ciia bo xtr 1y. Ngoai cac thanh ghi téng quat,
phan duong di dit liéu con chira thanh ghi dém chuong trinh (PC: Program Counter),
thanh ghi trang thai (SR: Status Register), thanh ghi dém TEMP (Temporary), cac
thanh ghi dia chi bd nhd (MAR: Memory Address Register), thanh ghi s6 liéu bo nhé
(MBR: Memory Buffer Register), bd da hop (MUX: Multiplexor), ddy 1a diém cudi
cua cac kénh dit liéu - CPU va bo nhé, véi nhiém vu 1ap thoi biéu truy cap b nho tur
CPU va cac kénh dit liéu, hé thong bus ngudn (S1, S2) va bus két qua (Dest).

Nhiém vu chinh ctia phan dudng di dir liéu 13 doc cac toan hang tir cac thanh
ghi tong quat, thuc hién cac phép tinh trén toan hang nay trong b lam tinh va luan ly
ALU va luu trix két qua trong cac thanh ghi tong quat. O ngd vao va ngé ra cac thanh
ghi tong quat c6 cac mach chdt A, B, C. Thong thuong, sé lwong cac thanh ghi tong
quat la 32.

Phan duong di ciia dit liéu chiém phan nira dién tich ctia bo xir Iy nhung 1a phan
de thiét ké va cai dat trong bd xur 1y.
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Hinh 4-3. T6 chirc ctia mdt xir 1y dién hinh
(Cac duwong khong lién tuc la cac duong diéu khién)
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B6 diéu khién tao cac tin hiéu diéu khién di chuyén sb liéu (tin hiéu di chuyén s
lidu tir cac thanh ghi dén bus hodc tin higu viét vao cac thanh ghi), diéu khién cac  tac vu
ma cac by phan chirc nang phai lam (diéu khién ALU, diéu khién doc va viét vao bd nho
trong...). B diéu khién ciing tao cac tin hiéu gitip cac 1énh duogc thyc hién mot cach tuan
tu.

Viéc cai dat bd diéu khién co thé dung mdt trong hai cach sau: dung mach dién tir hodc
dung vi chuong trinh (microprogram).

4.2.1. B$ diéu khién mach dién tir

Pé hiéu duogc van hanh cta bo diéu khién mach dién tu, ching ta xét dén mo ta vé
Automate trang thai hitu han: C6 nhiéu hé thong hay nhiéu thanh phan ma ¢ mdi thoi diém
xem xét déu c6 mot trang thai (state). Muc dich cua trang thai 1 ghi nhé nhiing gi ¢6 lién
quan trong qua trinh hoat dong ciia hé théng. Vi chi c6 mot sb trang thai nhat dinh nén noi
chung khong thé ghi nhd hét toan bo lich st ciia hé thong, do vay né phai dugc thiét ké
can than dé ghi nhé nhitng gi quan trong. Uu diém cta hé théng (chi c6 mot s hitu han
cac trang thai) d6 12 c6 thé cai dat hé thong véi mot lwong tai nguyén cb dinh. Chang han,
chiing ta c6 thé cai dat Automate trang thai hitu han trong phan cting mdy tinh & dang mach
dién hay mot dang chuong trinh don gian, trong d6, n6 c6 kha ning quyét dinh khi chi biét
mot lwong gidi han dir liéu hodc bang cach dung vi tri trong doan ma 1énh dé dua ra quyét
dinh.

N . Day diéu khién
/ B didu khién ding mach dién \ v aied

Automate
trang thai hiru han

Ngara —» Duongdi
—> dit liéu

Trang —
Thai —P»

T A A tuong —p

VYVVVY VYVVVVVYVYY
v

lai —>

Xung

Trang thai
Nga vao ? nhip

IR

2 J

Hinh 4-4. Nguyén tic van hanh ciia by diéu khién dung mach dién

Hinh 4-5. cho thiy nguyén tac ciia mot by dicu khién bang mach dién. Cac dudng
diéu khién cua phan duong di s6 liéu 1 cac ngd ra cua mot hoic nhiéu Automate trang
thai hiru han. Cac nga vao cia Automate gdm c6 thanh ghi 1énh, thanh ghi nay chira 1énh
phai thi hanh va nhiing thong tin tr bo duong di s liéu. Ung véi cau hinh cac duong
vao va trang thai hién tai, Automate s€ cho trang thai twong lai va cac dudng ra twong trng
vo1 trang thai hién tai. Automate dugc cai dat dudi dang 1a mot hay nhiéu mach mang
logic 1ap trinh duoc (PLA: Programmable Logic Array) hoic cac mach logic ngau nhién.

K§ thuat diéu khién nay don gian va hiru hiéu khi cac 1énh c6 chiéu dai ¢6 dinh,
c¢6 dang thirc don gian. N6 dugc dung nhiéu trong cac bo xtr Iy RISC.
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4.2.1.1. Bj diéu khién vi chwong trinh:

Day diéu khién
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Hinh 4-5. Nguyén tic van hanh ciia by diéu khién vi chwong trinh

So dd nguyén tic cta bo diéu khién dung vi chuong trinh dwoc trinh bay ¢ hinh 4-
5. Trong k¥ thuat nay, cac duong day diéu khién cua bd dudng di dir liéu tng voi cac ngi
ra cia mot vi 1énh nam trong bd nhé vi chuong trinh. Viée diéu khién cac tac vu ctia mot
Iénh ma may dugc thuc hién bﬁng mdt chudi cac vi 1énh. Mot vi may tinh nam bén trong
bo diéu khién thyc hién ting 1énh ciia vi chuong trinh nay. Chinh vi may tinh nay diéu
khién viéc thuc hién mét cach tudn tu cac vi 1énh dé hoan thanh tac vu ma 1énh ma may
phai thuc hién. Céc tac vy ciia Iénh m3 may ciing tuy thudc vio trang thai ciia phan duong
di dir ligu.

Bo diéu khién bang vi chuwong trinh dwoc dung rong rai trong cac bd xir Iy CISC. Bo
xir Iy ndy c6 tap l1énh phirc tap vdi cac 1énh ¢ chiéu dai khac nhau va c6 dang thire phirc
tap. Trong céc bd xur Iy CISC, nguoi ta cai dat mdt 1énh ma may bﬁng cach viét mot vi
chuong trinh. Nhu vay cong viéc kha don gian va rat hitu hiéu. Céc sai sot trong thiét ké
automat diéu khién ciing d& stra d6i.

105



4.2.2. Dién bién thi hanh 1énh mi may
Viéc thi hanh mdgt 1énh ma may co thé chia thanh 5 giai doan:

a Poc lénh (IF: Instruction Fetch)

(]

Giai ma lénh (ID: Instruction Decode)
Thi hanh lénh (EX: Execute)
Tham nhdp bo nho trong hodc nhay (MEM: Memory access)

(]

(]

a Luwu trit két qud (RS: Result Storing).
MGdi giai doan dugc thi hanh trong mot hoic nhiéu chu ky xung nhip.
4.2.2.1. Doc lénh:
MAR « PC
IR «+ M[MAR]

Bo dém chuong ‘trinh PC dugc dua vao MAR . Lénh dugc doc tr by nhd trong, tai
cac 0 nho co dia chi nam trong MAR va dugc dua vao thanh ghi 1énh IR.

4.2.2.2. Gidi ma I¢nh va doc cdc thanh ghi nguén:
A <«Rsl
B <«Rs2
PC <« PC+4

Lénh duoc gié{i ma. Ké d6 céc thanh ghi Rsl va Rs2 duoc dua Vé}o A va B. Thanh ghi
PC dugc tang 1én dé chi to1 Iénh ké do. B¢ hiéu rd giai doan nay, ta lay dang thurc cua mot
1€nh [am tinh ti€u bicu sau day:

Ma 1énh Thanh ghi Rsl Thanh ghi Rs2 | Thanh ghi Rd | Tac vu
bit 6 5 5 5 11

Céc thanh ghi nguén Rs1 va Rs2 dugc str dung tuy theo tac vu, két qua dugc dat trong
thanh ghi dich Rd.

Ta théy viéc gidi ma dugc thuc hién cung luc véi viée doc cac thanh ghi Rs1 va Rs2
vi cac thanh ghi nay ludén nam tai cung vi tri ¢ trong Iénh.

4.2.2.3. Thi hanh l¢nh:
Tuy theo loai 1énh ma mdt trong ba nhi¢m vu sau day dugc thuc hién:
- Lién hé t6i bd nho
MAR < Dija chi do ALU tinh tuy theo kiéu dinh vi (Rs2). MBR
< Rsl

bia chi hiéu dung do ALU tinh dugc dua vao MAR va thanh ghi nguén Rsl

duoc dua vao MBR dé duoc luu vao bd nhd trong.
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- M6t 1énh cua ALU

Ngi ra ALU « Két qua ctia phép tinh

ALU thuc hién phép tinh x4c dinh trong ma 1énh, dwa két qua rangd ra.
- Mot phép nhay

Ngi ra ALU <« Dia chi Iénh tiép theo do ALU tinh.

ALU cong dia chi cua PC V(’Yi‘ do doi dé 1am thanh dia chi dich va dua dia ghi nay ra
nga ra. Néu la mot phép nhay c6 dicu kién thi thanh ghi trang thai duoc doc quyét dinh cé
cong do doi vao PC hay khong.

4.2.2.4. Tham nhép bé nhé trong hodc nhdy lin cuoi

Giai doan nay thuong chi dugc dung cho cac 1énh nap dir liéu, luu gitr dir liéu va
1énh nhay.

a) Tham khao dén bd nhd:
MBR <« M[MAR] hoac M[MAR] < MBR
S6 lidu duoc nap vao MBR hoac luu vao dia chi ma MAR tré dén.
b) Nhay:
If (diéu kién), PC «— ngara ALU
Néu diéu kién dung, ngd ra ALU duoc nap vao PC. P6i véi 1énh nhay khong
diéu kién, nga ra ALU ludn duoc nap vao thanh ghi PC.
4.2.2.5. Luu triv két qud
Rd < Ngi ra ALU hoic Rd <~ MBR Luu trit két qua trong thanh ghi dich.

4.2.3. Ngit quang (INTERRUPT)

Ngat quang 1a mot su kién xdy ra mot cach ngau nhién trong may tinh va lam ngung
tinh tuln ty cta chuong trinh (nghia 13 tao ra mot [énh nhay). Phén 16n c4c nha san xuét may
tinh (vi du nhu IBM, INTEL) dung tur ngat quang dé am chi sy kién nay, tuy nhién mét s6
nha san xuét khac dung tr “ngoai 1¢”, “161”, “bA » dé chi dinh hién tuong nay.

B6 diéu khién cua CPU 1a bd phan kho thyc hién nhét va ngét quang la phﬁn kho thuc
hién nhat trong bd di€u khién. D€ nhan biét dugc mot ngat quang lic dang thi hanh mot
1énh, ta phai biét diéu chinh chu ky xung nhip va diéu nay c6 thé anh hudng dén hi¢u qua
clia may tinh.

Nguoi ta di nghi ra “ngit quing” 1a dé nhan biét cac sai sot trong tinh toan sd hoc, va
deé ing dung cho nhitng hién tuong thoi gian thyc. Bay gio, ngat quang dugc dung cho cac
cong vi¢c sau day:

- Ngoai vi doi hoi nhap hodc xuat s lidu.

- Nguoi 1ap trinh mubn dung dich vu ctia hé diéu hanh.
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- Cho mot chuong trinh chay tirng Iénh.

- Lam diém dimg ciia mot chuong trinh.

- Béo tran sd liéu trong tinh toan s6 hoc.

- Trang bd nhé thuc su khong co trong bo nhé.
- Béo vi pham ving cam ctia bo nhd.

- Bao dung mot 1énh khong c6 trong tap 1énh.
- Béo phan ctrng may tinh bj hu.

- Bao dién bj cit.

Du rang ngat quing khong xay ra thuong xuyén nhung bd xir 1y phai duge thiét ké sao
cho c6 thé luu giir trang thai ctia né trude khi nhay di phuc vu ngit quang. Sau khi thuc hién
xong chuong trinh phuc vy ngat, bo xir 1y phai khoi phuc trang thai ctia né dé co thé tiép tuc
cong viéc.

bé don gian vi¢c thiét ké, mot vai bo xur 1y chi chép nhan ngét sau khi thyc hién xong
lénh dang chay. Khi mot ngit xdy ra, bo xir 1y thi hanh cac budc sau day:

1. Thuc hién xong lénh dang lam.
2. Lwu trit trang thdi hién tqi.
3. Nhay dén chuwong trinh phuc vu ngit
4. Khi chuong trinh phuc vu cham dit, bé xir Iy khéi phuc lai trang thdi cii cua
né va tiép tuc thu’c hién chbmng trinh ma né dang thye hién khi bi ngat.
4.2.4. Ky thuit 6ng din (PIPELINE)
bay la mdt k¥ thuat lam cho cac giai doan khac nhau cua nhiéu 1énh dugc thi hanh
cung mot lac.

Vi du: Ching ta c6 nhitng 1énh déu d3n, mdi 1énh duoc thuc hién trong cung mot khoan
thot gian. Gia su, mdi 1énh duogc thuc hién trong 5 giai doan va mdi giai doan dugc thuc
hién trong 1 chu ky xung nhip. Céc giai doan thuc hi¢én mét 1énh 1a: léy 1énh (IF: Instruction
Fetch), giai ma (ID: Instruction Decode), thi hanh (EX: Execute), thdm nhap bd nhd (MEM:
Memory Access), luu trit két qua (RS: Result Storing). Hinh 4-7. cho thiy chi trong mét chu
ky xung nhip, bo xtr 1y c6 thé thyc hién mot 1énh (binh thuong Iénh nay dugc thuc hién trong
5 chu ky).

Chubdi 1énh Chu ky xung nhip
1 2 3 4 5 6 7 8 9
Lénh tht i IF [D [EX MEM | RS
Lénh thir i+1 [F D EX | MEM | RS
Lénh thir i+2 IF ID EX | MEM | RS
Lénh thu i+3 IF ID EX |MEM| RS RS
Lénh thir i+4 IF ID | EX |MEM

Hinh 4-6. Cac giai doan khac nhau ciia nhiéu 1énh dwoc thi hanh cing mét lic
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So sanh véi kiéu xtr 1y tuan ty thong thuong, 5 1énh duoc thue hién trong 25 chu ky
xung nhip, thi xtr 1y 1énh theo k¥ thuét ong dan thyc hién 5 1anh chi trong 9 chu ky xung nhip.

Nhu vay ky thuat 6ng dan lam ting tdc d6 thuc hién cac 1énh. Tuy nhién k¥ thuat
dng dan c6 mot sd rang budc:

- Can phai c6 mdt mach dién dé thi hanh mdi giai doan cua Iénh vi tat ca cac giai doan
ctia 1énh duoc thi hanh cing lac. Trong mot bo xtr Iy khong dung k¥ thuat dng dan, ta co thé
dung b 1am toan ALU dé cap nhat thanh ghi PC, cap nhat dia chi ctia toan hang by nhg, dia
chi 6 nhé ma chuong trinh can nhay téi, lam cac phép tinh trén cc toan hang vi cac phép
tinh nay c6 thé xay ra & nhiéu giai doan khac nhau.

- Phéi 6 nhiu thanh ghi khac nhau ding cho céc tac vu doc va viét. Trén hinh 4-7, tai
mot chu ky xung nhip, ta thay cung mot lic co6 2 tac vu doc (ID, MEM) va 1 tac vu viét (RS).

- Trong mot may c6 ky thuat ng dan, c6 khi két qua cia mot tac vu trude do, 14 toan
hang nguon cia mot tac vu khac. Nhu vay s€ ¢6 thém nhitng kho khan ma ta s€ dé cap ¢ muc
toi.

- Can phai giai ma cac 1énh mot cach don gian dé c6 thé giai ma va doc cac toan hang
trong mot chu ky duy nhat ciua xung nhip.

- Can phai ¢6 cac bd 1am tinh ALU hitu hiéu dé c6 thé thi hanh 1énh sé hoc dai nhét, c6
sO gitt, trong moOt khodng tho1 gian it hon mot chu ky cia xung nhip.

- Can phai c6 nhiéu thanh ghi 1énh dé lIuu giit 1énh ma ching ta phai xem xét cho mdi
giai doan thi hanh I1énh.

- Cubi cung phai co nhiéu thanh ghi bé dém chuong trinh PC dé c6 thé tai tuc cac 1énh
trong trudong hop c6 ngat quang.
4.2.5. Kh6 khin trong ky thuit ong dan

Khi thi hanh 1énh trong mot may tinh dung k¥ thuat éng dan, c6 nhiéu trudng hop lam
cho viéc thyc hién k¥ thuat ong dan khong thuc hién dugc nhu la: thi€éu cac mach chirc nang,
mot 1énh dung két qua cua 1énh trudc, mot 1énh nhay.

Ta c6 thé phan biét 3 loai kho khan: khé khdan do cdu tric, khé khan do sé liéu va kho
khan do diéu khién.

4.2.5.1. Kh6 khan do céu triic:

Pay 1a khé khan do thiéu bo phan chirc ning, vi du trong mot may tinh dung k¥ thuat
6ng dan phai c6 nhiéu ALU, nhiéu PC, nhiéu thanh ghi 1énh IR ... Cac kho khin nay duoc
giai quyét bang cach thém cac bo phan chirc nang can thiét va hiru hiéu.

4.2.5.2. Kh6 khdn do sé liéu:

Lay vi du truong hop cac 1énh lién tiép sau:
Lénh 1: ADD  RI, R2, R3
Lénh 2: SUB R4, R1, R5

Lénh 3: AND R6, R1, R7
Lénh 4: OR RS, R1, R9

Hinh 4-8. cho thiy R1, két qua ctia 1énh 1 chi c6 thé duoc dung cho 1énh 2 sau giai doan
MEM cfla 1€nh 1, nhung R1 dugc dung cho 1€nh 2 vao giai doan EX cua I¢nh 1. Ching ta
cling thay R1 dugc dung cho cac 1énh 3 va 4.
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1-ADD RI,R2,R3  |IF [ID [EX |MEM|RS |

LN
2-SUB R4,RI,R5 [IF [ID [EX\ MEM RS |
3- AND R6,R1, R4 'IF |ID |EX MEM|RS |
4-OR  R8,RI,R9 [IF |ID |EX MEM |RS |

o Hinh 4-7. Chuéi 1¢nh minh hoa kho khin do s0 ligu. )
bé khac phuc kho khan nay, mot bd phan phan cing duoc dung dé dua két qua tir nga
ra ALU truc tieép vdo mot trong cac thanh ghi nga vao nhu trong hinh 4-9.

" CAC THANH GHI

Thanh ghi

dém chira két
/f s
Re 7/

R1 !
|

Hinh 4-8. ALU v6i bd phan phan cimg dwa két qua tinh toan tré lai ngi vao

Khi bd phan phan cting néu trén phat hién c6 dung két qua cia ALU lam toan hang cho
liét ke, no tac dong vao mach da hop dé dua nga ra cua ALU vao nga vao cia ALU hodc vao
ngd vao cua mot don vi chitc ndng khac néu can.

4.2.5.3. Kho khin do diéu khién:

Céc 1énh lam thay doi tinh thi hanh cac 1énh mot cach tuan tu (nghia 14 PC ting déu dan
sau moi 1€nh), gdy kho khan vé di€u khién. Cé,c 1énh nay la I¢énh nhay dén mdt dia chi t}lyét
do1 chira trong mot thanh ghi, hay 1énh nhay dén mot dia chi xac dinh mdt ce}ch tuong doi so
v6i dia chi hién tai cua bd dém chuong trinh PC. Céac 1€nh nhay trén c6 thé c6 hodc khong
diéu kién.

Trong trudng hop don gian nhat, tic vu nhay khong thé biét trudc giai doan giai ma
(xem hinh 4-7). Nhu vay, néu I¢nh nhay bat dau ¢ chu ky C thi 1énh ma chuong trinh
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nhay toi chi duoc bét dau & chu ky C+2. Ngoai ra, phai biét dia chi can nhay dén ma ta c6 &
cubi giai doan giai ma ID. Trong lénh nhay tuong ddi, ta phai cong d6 doi chira trong thanh ghi
Iénh IR vao thanh ghi PC. Vi¢c tinh dia chi nay chi dugc thuc hién vao giai doan ID véi diéu
kién phai c6 mdt mach cong viéc riéng biét.
Vay trong truedng hop 1énh nhay khong diéu kién, 1énh ma chwong trinh nhay dén bat dau thuc
hién ¢ chu ky C+2 néu 1énh nhay bat dau ¢ chu ky C.

Cho cac 1énh nhay c6 diéu kién thi phai tinh toan diéu kién. Thong thudng céc kién truc
RISC dit két qua viée so sanh vao trong thanh ghi trang thai, hodc vao trong thanh ghi tong quat.
Trong ca 2 truong hop, doc diéu kién twong dwong véi doc thanh ghi. Poc thanh ghi c6 thé
dugc thyuc hién trong phan ntra chu ky cudi giai doanID.

Mot truong hop khé hon c6 thé xay ra trong nhing 1énh nhay c6 diéu kién. D6 1a diéu kién
dugc co khi so sanh 2 thanh ghi va chi thyc hién 1énh nhay khi két qua so sanh 1a dang. Viéc tinh
toan trén cac dai luong logic khong thé thuc hién dugc trong phan nira chu ky va nhu thé phai kéo
dai thoi gian thuc hién 1énh nhay c6 diéu kién. Ngudi ta thuong tranh cac truong hop nay dé khong
lam gidam murc hitu hiéu cia may tinh.

Vay truong hop don gian, ngudi ta c6 thé duoc dia chi can nhay dén va diéu kién nhay cubi
giai doan ID. Vay c6 cham di mot chu ky ma ngudi ta ¢6 thé giai quyét bang nhiéu cach.

Céch thir nhat 13 dong bang k¥ thuat 6ng dan trong mot chu ky, nghia 1a ngung thi hanh
1€nh thir i+1 dang [am néu 1énh thu 1 1a 1énh nhay. Ta mat trang mgt chu ky cho moi 1énh nhay.

Céch thir hai 12 thi hanh 1énh sau 1énh nhay nhung luu ¥ rang hiéu qua ctia mot 1énh nhay
bi chdm méat mot 1énh. Vay 1énh theo sau 1énh nhay duoc thuc hién trude khi 1énh ma chuong
trinh phai nhay t&1 dugce thuc hién. Chuong trinh dich hay nguoi lap trinh c6 nhiém vy xen vao
mot 1€nh hiru ich sau 1énh nhay.

Trong trudng hop nhay c6 diéu kién, viéc nhay c6 thé dugc thuc hién hay khong thuc hién.
Lénh hiru ich dat sau 1énh nhay khong lam sai 1éch chuong trinh du di€u kién nhay ding hay sai.

B6 xu Iy RISC SPARC c¢6 nhing 1énh nhay vo6i huy bo. Cac Iénh nay cho phép thi hanh
1énh sau 1énh nhay néu di€u kién nhay diing va huy bo thuc hién 1énh d6 néu diéu kién nhay sai.

4.2.6. Siéu dng din

May tinh c6 k¥ thudt siéu 6ng din bac n bang cach chia cac giai doan cua k¥ thuat éng dan
don gian, moi giai doan duogc thuc hi¢n trong khoan thoi gian Tc, thanh n giai doan con thyuc
hién trong khoan thoi gian Te/n. B¢ hitu hiéu cua ky thuat nay twong duong véi viée thi hanh n
1énh trong mdi chu ky Tc. Hinh II1.7 trinh bay thi du vé siéu ong dan béc 2, ¢6 so sanh voi siéu
dng dan don gian. Ta thiy trong mot chu ky Tc, may dung ky thuat siéu ong dan lam 2 1énh thay
vi 1am1 1énh trong médy dung ky thuat 6ng dan binh thuong. Trong mdy tinh siéu 6ng dan, toc
dd thyc hién 1€nh twong duong véi viéc thuc hi¢én mot I¢nh trong khoang thoi gian Te/n. Céac bat
loi cua siéu éng dan 1a thoi gian thyc hién mot giai doan con ngrfm Tc/n va viéce tri hoan trong
thi hanh 1énh nhay 16n. Trong vi du & hinh 4-11, néu 1énh thi i 14 mot 1énh nhay tuong dbi thi
1énh nay duoc gidi ma trong giai doan ID, dia chi nhay dén dugc tinh vao giai doan EX, 1énh
phai dugc nhay tdi 1a 1énh thir i+4, vay ¢6 tri tr¢ 3 1€nh thay vi 1 1€nh trong k¥ thuat 6ng dan
binh thuong.
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i iF1 k2 o1 2 [Exi [Ex2 [memMemRs1 [Rs2 |
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i+1 | F | D | Ex | MEM | Rs |

i+2 | IF | » | Ex | MM | Rs |
Hinh 4-9. Si¢u 6ng din béc 2 so vé6i siéu dng din don gian.

Trong khoang thoi gian Tc, may c6 siéu 6ng din lam 2 1énh thay vi 1 1énh nhu trong may
c6 k¥ thuat ong dian don gian.

4.2.7. Situ vd huéng (SUPERSCALAR)

May tinh siéu v6 hudng bac n c6 thé thyc hién dong thdi n 1énh trong mét chu ky xung
nhip Tc. Hinh 4-10. trinh bay mét vi du v€ sy van hanh cia mt may tinh si€u vé hudng bac 2
so vo1 mOt may tinh dung k¥ thuat ong dan.

"'\.\'
i IF D EX |MEM |RS
1 [IF D EX |MEM |RS
(@
2 IF D EX |MEM |RS
3 IF D EX |MEM |RS )
.
i IF D EX |MEM |RS
")
i1 F [m [ex |MEmM [Rs |

Hinh 4-10. Siéu vd hwéng (a) so v6i ky thuit ng din (b).

Trong mdt may tinh siéu v6 hudng phan ctng phai quan 1y viée doc va thi hanh dong thoi
nhiéu 1énh. Vay no phai c6 kha ning quan 1y cac quan hé giira s6 liéu v6i nhau. Ciing can phai
chon cac 1énh c6 kha ning dugc thi hanh cung mét lac. Nhirng bo xtr 1y ddu tién dua ra thi truong
dung k¥ thuat nay la cac b xur ly Intel 1860 va IBM RS/6000. Cac bd xtr Iy nay c6 kha nang
thuc hién song song nhiéu tac vu trén sd nguyén va trén so 1é.
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Nam 1992, nguoi ta théy xuét hién cac bd xtr 1y co nhiéu bd thue hién tac vu doc 1ap véi nhau
(nhiéu ALU, b0 tinh toan s 1, nap dit liéu, luu dit liéu, nhay), co thé thuc hién song song nhiéu 1énh
(Iénh tinh sd nguyén, s 1¢, 1énh bd nhd, 1énh nhay...). S6 1énh c6 thé dugc thi hanh song song cang
nhiéu thi phan cimg thyc hién viéc nay cang phirc tap.

4.2.8. Lénh VLIW (VERY LONG INSTRUCTION WORD)

May tinh siéu vo hudng c6 thé thyc hién 2 hodc 3 1énh trong mdi chu ky xung nhip. Do
ky thuat dng din doi hoi cc 1énh phai phy thudc vao nhau nén rat khé thyc hién nhiéu 1énh
trong mot chu ky. Nhu vay, thay vi ¢ thuc hién nhiéu 1énh trong mét chu ky, ngudi ta tim
cach dua vao nhiéu 1énh trong mot tir I€énh dai. Mgt Iénh VLIW c6 thé chira hai tac vu tinh toan
sO nguyén, hai tic vy tinh toan sd 1¢, hai tic vu thim nhap bo nhé va mot 1énh nhay. Mot 1énh
nhu vy duoc chia thanh nhiéu trudng, mdi trudng ¢ thé co tir 16 dén 24 bit va chiéu dai cua
1énh VLIW 14 tir 112 dén 168 bit. C6 nhiéu k¥ thuat tao ra mot 1énh VLIW trong do tat ca cac
truong deu duoc dung. Gia thanh va d6 phtre tap cua mot may tinh c6 Iénh thét dai tang lén rat
nhiéu néu nguoi ta ting sé truong trong mot 1énh VLIW.

4.2.9. May tinh Vecto

Mot may tinh vecto bao gdm maot bo tinh toan vo hudng binh thuong dung ky thuat 6 ong
dan va mot bo lam tinh vecto. Bo tinh toan vo hudng, giong nhu bo xir Iy dung k¥ thuat 6ng
dan, thuc hién cac phép tinh v hudng, con bd 1am tinh vecto thuc hién cac phép tinh vecto.
Pa sb cac mdy tinh vecto cho phép 1am cac phép tinh trén vecto s nguyén, vecto sb 1é va vecto
s6 logic (s6 Boolean).

C6 2 kiéu kién trac may tinh vecto: kiéu vecto 6 nhé - 6 nhé va kiéu thanh ghi vecto.
Trong may tinh loai vecto b nhé - by nhd, cac phép tinh vecto dugc thuc hién trong bd nhd.
Kién tric kiéu thanh ghi vecto dugc thuc hién trong cac siéu may tinh CRAY - 1, CRAY - 2,
X -MP, Y - MP, trong céc si€éu may tinh cua Nhat NEC SX/2, Fujitsu VP200 va Hitachi S820.
Céac may nay c6 mot bo nhiéu thanh ghi vecto va nhirng tac vu vecto dugc thuc hién trén cac
thanh ghi nay ngoai trir cac tac vu nap dir liéu va luu dit liéu. May CRAY-2 (1995) c6 8 thanh
ghi vecto, mdi thanh ghi c6 thé chira 64 vecto, mdi vecto ¢ chiéu dai 64 bit.

4.2.10. May tinh song song

Trong cac may tinh siéu 6ng din, siéu vo hudng, may tinh vecto, may tinh VLIW, nguoi
ta da dung tinh thuc hién song song cac 1énh & cac murc d6 khac nhau dé 1am ting hiéu qua cia
chung. Gidi han vé kha ning tinh toan ciia loai may trén cing v6i sy phét trién cua cong nghé

may tinh khién ngudi ta nghi t61 giai phap song song theo d6 ngudi ta tang cuong hiéu qua cua
may tinh bang cach ting sb luong bo xir 1y,

Céac may tinh ¢6 thé sip xép vao 4 loai sau:

1- SISD (Single Instructions Stream, Single Data Stream): May tinh mdt dong 1énh,
mot dong so ligu.

2- SIMD (Single Instructions Stream, Multiple Data Stream): My tinh mot dong
1énh, nhiéu dong s6 liéu.

3- MISD (Multiple Instructions Stream, Single Data Stream):May tinh nhiéu dong
Iénh, mot dong s6 ligu.

4- MIMD (Multiple Instruction Stream, Multiple Data Stream): M4y tinh nhiéu
dong I¢nh, nhi€u dong so li¢u.
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Kiéu phan loai nay don gian, d& hiéu, van con hiéu luc dén hom nay, mic du c6 nhirng
may tinh dung kién trac hon tap.

Céc may tinh SISD tuong ing vdi cdc may mdt b xir Iy ma ching ta d3 nghién ctru.

Céac may MISD kiéu may tinh nay khong san xuat thuong mai.

Cac may SIMD c6 mot s6 16n cac bo xir ly giéng nhau, cung thuc hién mot 1énh giéng
nhau dé xur Iy nhiéu dong dir liéu khac nhau. M1 bd xtr Iy ¢6 bo nho dit  1i€u riéng, nhung chi
c6 mot b nhd 1énh va mdt bo xur 1y diéu khién, bd nay doc va thi hanh cac 1énh. May
CONNECTION MACHINE 2 (65536 by xur 1y 1 bit) cua cong ty Thinking Machine Inc, 1a
mot vi du dién hinh cua SIMD. Tinh song song dung trong cac may SIMD la tinh song song

ctia cac dit liéu. N6 chi c6 hiéu qua néu cau trac cac dir liéu dé dang thich tng v6i ciu trac vat
1y cta cac bd xur Iy thanh vién. Cac bd xtr 1y véc-to va mang thudc loai may tinh nay

Cac may MIMD co kién tric song song, nhitng nim gan day, cac may MIMD ndi 1én va
dugc xem nhu mét kién trac duong nhién phai chon cho cac may nhiéu b xu ly dung trong
cac ung dung thong thuong, mdt tap hop cac bo xur ly thuc hién m(f)t?chuéi céf: 1énh khac nhau
tré,n cac tap hop dir liéu khac nhau. Qéc méy MIMD hién tai c6 thé dugc x€ép vao ba loai hé
thong s€ dugc gidi thi€u trong phan ti€ép theo cua chuong trinh la: SMP (Symmetric
Multiprocesors), Cluster va NUMA (Nonunifrom Memory Access)

a) Mot hé thong SMP bao gém nhiéu bo xtr Iy gidng nhau duoc lip dit bén trong mot
may tinh, cc bo xir Iy nay két ndi véi nhau boi mot hé thong bus bén trong hay mot vai su sap
xép chuyén mach thich hop. Van dé 16n nhét trong hé thong SMP 13 su két hop cac hé thong
cache riéng 1¢. Vi mdi bd xur 1y trong SMP c6 mot cache riéng ctia nd, do do, mot khoi dix lidu
trong bd nhd trong ¢ thé ton tai trong mot hay nhiéu cache khac nhau. Néu mot khéi dit liéu
trong mot cache ctia mot b xtr Iy nao  do bi thay doi s& dan dén dir lidu trong cache cua cac
b xir 1y con lai va trong bo nhé trong khong dong nhét. Cac giao thirc cache két hop duoc thiét
ké dé giai quyét van dé nay.

b) Trong hé théng cluster, cac may tinh doc lap dugc két ndi voi nhau thong qua mot h¢
théng két ndi toc do cao (mang téc do cao Fast Ethernet hay Gigabit) va hoat dong nhu mot
may tinh thong nhat. M3i may trong hé thong duoc xem nhu 1a mot phan cua cluster, duoc
goi 1a mot nut (node). HE théng cluster ¢6 cac vu  diém:

- Téc dd cao: C6 thé tao ra mot hé thong cluster cé kha nang xir Iy manh  hon bét
clr mot may tinh don 16 nao. Mdi cluster c6 thé bao gdm hang ta may tinh,  madi
may c6 nhiéu bo xir 1y.

- Kha niang mé rong cao: c6 thé nang cap, mé rong mot cluster dd duge cau hinh va
hoat dong on dinh.

- b0 tin cdy cao: H¢ théng van hoat dong 6n dinh khi c6 mot nat (node) trong h¢
thong bi hu hong. Trong nhiéu hé théng, kha nang chiu 15i (fault tolerance) dugc
xtr 1y tw dong bang phan mém.

- Chi phi dau tu thap: hé théng cluster c6 kha ning manh hon mot may tinh don 1¢
manh nhét voi chi phi thip hon.

¢) Mot hé thong NUMA (Nonunifrom Memory Access) 1a hé thong da xir Iy duogc gidi
thiéu trong thoi gian gan day, ddy 1a hé thong véi bo nhd chia sé, thoi gian truy cap cic ving
nhé danh riéng cho cac bo xur 1y thi khac nhau. Diéu nay khac véi kiéu quan 1y b nhé trong
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hé thong SMP (bd nhé dung chung, thoi gian truy cdp cac ving nhé khac nhau trong hé thong
cho cac bo xir 1y 1a nhu nhau). Hé thdng nay cé nhitng thuan loi va bét loi nhu sau:

Thudn loi:

- Thyc hién hiéu qua hon so voi hé thong SMP trong cac xtr 1y song song.

- Khong thay d6i phan mém chinh.

- B6 nhé c6 kha ning bi nghén néu c6 nhiéu truy cip dong thoi, nhung diéu nay cé thé
dugc khic phuc bang cach:

+ Cache L1&L2 dugc thiét ké dé giam toi thiéu tat cd cac thim nhap b nhg.

+ Cén cac phan mém cuc bd dugc quan 1y t6t dé viée cac ung dung hoat dong hiéu qua.

+ Quan tri b nh¢ 4o s& chuyén céc trang t&i cac nat can  dung.

Bt loi:

- Hé thong hoat dong khong trong sudt nhu SMP: viée cAp phat cac trang, cac qué trinh ¢
thé duoc thay d6i boi cac phan mém hé thong néu can.

- Hé thong phtre tap.

Lién quan dén bd nhé trong cac mdy tinh song song, chung ta c6 thé chia thanh hai
nhoém may:

Nhém may thir nhat, ma ta goi 1a may c6 kién trac bo nhd chia s¢, c6 mot bo nhé trung
tam duy nhat duoc phan chia cho cac bo xtr Iy va mot hé thong bus chia sé¢  dé ndi cac bo xur
Iy va bd nhé. Vi chi c6 mot bd nhd trong nén hé théng bo nhé khong da kha niang dap tng nhu
cu thAm nhap bo nhé ctia mot s6 16n cac bo xu ly. Kiéu kién trac bd nhé chia sé duoc dung
trong hé thong SMP.

Nhom may thir hai bao gdm cac may c6 bd nhé phan tan vat Iy. M&i mdy ciia nhom nay
g@)m c6 cac nut, moi nut chira mot bo xir 1y, bd nhd, mot vai nga vao ra va mot giao dién voi hé
thong két ndi giira cac nut (hinh 4-14).

Bo xit ly B xir ly Bo xir ly
IH =H =
L1 Cache L1 Cache L1 Cache
l 7 sl 7 l
1z ] R 1z ]
us I

Bus vao ra
B0 nh¢ trong né’i
dung chung n goai

. —— Diéll hQ’p
Vi vao ra

vao ra

Hinh 4-11. M4y tinh song song v6i b$ nhé dung chung, hé thong bus dung chung
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Hinh 4-12. Ciu triic nén ciia mdt bd nhé phan tan

Viéc phan tan bo nhé cho céac nut co hai diém loi. Trude hét, day la mot cach phan tan viéc
tham nhép bd nhé. Thir hai, cach nay lam giam thoi gian cho doi luc tham nhap bo nhé cuc bo.
Céc loi diém trén 1am cho kién tric c6 bo nhé phén tan duoc dung cho cic may da xt Iy ¢ mot
s6 it bo xir ly. Diém bt loi chinh cua kién tric may tinh nay 1a viéc trao doi dir liéu gitra cac bg
xtr 1y trd nén phtic tap hon va mat nhiéu thoi gian hon vi cac bo xtr 1y khong cung chia sé mot
bd nh¢d trong chung. Cach thyc hi¢n viéc trao doi thong tin gitta by xur 1y va bd nh¢ trong, va
kién truc logic ctia bd nhé phan tan 13 mot tinh chit dic thu cta cac may tinh voi bo nhd phan
tan.

C6 2 phuong phap duoc dung dé truyén dir liéu gitra cac bo xtr 1y.

Phuong phdp thir nhdt 13 cac bd nhd duge phan chia mot cach vat ly co thé duoc tham
nhép voi mot dinh vi chia s¢ mot cach logic, nghia la néu mot bo xir Iy bat ky co6 quyén truy
xuat, thi né c6 thé truy xuat bat ky 6 nhd nao. Trong phwong phap nay cac may duoc goi c6 kién
tric bo nhd chia sé phan tan (DSM: Distributed Sharing Memory). Tir bd nhé chia sé cho biét
khong gian dinh vi bi chia sé. Nghia la cing mdt dia chi vat Iy cho 2 bd xtr y tudng ing vdi cung
mot 0 nho.

Phwong phdp thir hai, khong gian dinh vi bao gdm nhiéu khong gian dinh vi nhé khong
giao nhau va co thé duge mot bo xir Iy tham nhap. Trong phuong phap niy, mot dia chi vat 1y
gin véi 2 may khac nhau thi twong tng véi 2 6 nhé khac nhau trong 2 bd nhé khac nhau. Moi
mo-dun b xi Iy-bg nho thi co ban 1a mt may tinh riéng biét va cac may nay dugc goi la da

may tinh. Cac may nay c6 thé gdm nhidu may tinh hoan toan riéng biét va duoc ndi vao nhau
thanh mot mang cuc bo.
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Hinh 4-13. To6 chirc két ndi ciia may tinh song song ¢6 b nhé phén tan
Kién triac song song phat trién manh trong thdi gian gan day do céc 1y do:

Viéc dung xur Iy song song dac biét trong lanh vuc tinh toan khoa hoc va cong nghé. Trong
cac lanh vie nay nguoi ta ludn can dén may tinh c6 tinh ning cao hon.

Nguoi ta dd chip nhan rang mot trong nhiing cach hiéu qua nhat dé ché tao may tinh co
tinh ning cao hon cac may don xur 1y 1a ché tao cac may tinh da xuly.

May tinh da xtr 1y rt hiéu qua khi dung cho da chuong trinh. Pa chuong trinh dugc ding
cht yéu cho cac may tinh 16n va cho cac may phuc vu 16n. Cac vi du vé cac siéu mdy tinh ding
ky thuat xtr Iy song song:

May di¢n toan Blue Gene/L cia IBM dang dugc dat tai Phong thi nghiém Lawrence
Livermore, va dting dau trong s 500 siéu may tinh manh nhét thé giéi. Siéu mdy tinh Blue
Gene/L s& dugc str dung cho céc cong viéc "phi truyén théng", chu yéu la gia 1ap va mo phong
cac qua trinh sinh hoc va nguyén tir. May dién toan Blue Gene/L da dat tbc do hon 70 teraflop
(nghin ty phép tinh/gidy). Két qua nay co thé s& dua cd may 1én vi tri ddn dau trong danh sach
cac siéu may tinh nhanh nhat thé gidi, dugc cong bd ngay 8/11/2004. Theo dé, siéu may tinh do
IBM lap rap da dat toc d6 70,72 teraflop trong cic cudc thir nghiém hoi thang 10/2004. IBM
nghién ctru va phat trién Blue Gene voi muyc dich thir nghiém nhiam tao ra cac hé thong cuc manh
nhung chlem it khong gian va ti€u thy it nang luong. IBM du kién, sé& lip dat cho phong thi
nghiém quéc gia Lawrence Livermore mot siéu mdy tinh ¢ téc do nhanh gap 4 lan so véi ky
luc vira dat duoc. Khi d6, thiét bi s& duoc ung dung vao nhiéu nghién ctru khoa hoc. H¢ thong
méi bao gém 16,384 giao diém dién toan két ndi 32.768 bé xir Iy.

Thong tin méi nhét (02/2005) cho biét: siéu may tinh IBM Blue Gene/L vira thiét lap ky
luc mai do 1a c6 kha nang xir Iy 135,5 nghin ty phép tinh/giay (135,3 teraflop), vuot xa ky luc
70,72 teraflop do chinh siéu may tinh nay lap nén. S6 bo xtr Iy (BXL) cia Blue Gene/L vira duoc
cac nha khoa hoc ting 1én gap doi (64.000 BXL) nham ting cuong kha ning tinh toan cho siéu
may tinh nay. Ciing cAn phai nhic lai rang thiét ké hoan thién cua siéu may tinh Blue Gene/L,
du kién s& hoan tit vao khoang thang 6 t4i, s& bao gdm 130.000 BXL véi téc do tinh toan duoc
ky vong vao khoang 360 teraflop.

Blue Gene la tén goi chung cho du an nghién ctru si€u may tinh dugc IBM khéi dong tir
nam 2000, véi muyc dich ban dau 1a thiét ké mot "cd may" c¢6 kha nang xir 1y 1 teraflop. Trong
khi d6, siéu may tinh Blue Gene/L 1a mét trong nhiéu san pham chu lyc cia IBM nham canh
tranh voi cac hang d6i tha Silicon Graphics va NEC.
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Hang dién tu khéng 16 NEC phat hanh mot supercomputer dang vector, may SX-8 moi ra
doi c6 toe do xtr Iy cuc dai Ién t6i 65 teraflop (65 nghin ty phep tinh dau phay dong/gidy) va kha
nang hoat dong 6n dinh ¢ mirc xap xi 90% cua toc d6 58,5% teraflop. May SX-8 co kién triic
khéc han Blue Gene/L ctua IBM. N6 dung kién tric vector nén dem dén d6 6n dinh khi hoat dong
cao hon nhiéu so v6i dang may tinh v6 hudng (scalar) nhu ctia IBM

Mot hé thong tai trung tim nghién ctiru cia Co quan hang khéng vii try My (NASA) tai
California cling dat dugc tde do 42,7 teraflop. V&i tén goi Columbia, si€éu may tinh nay sé dugc
st dung dé nghién ctru khi tuong va thiét ké may bay. Hé thong tri gia 50 triéu USD (thoi diém
thang 10/2004) nay sir dung phan mém Linux va d3 dugc SGI ky hop dong ban cho Co quan
hang khong vii try My NASA. N6 ¢6 thé thyc hién 42,7 nghin ty phép tinh/gidy (42,7 teratlop).
Tuy nhién, tbc d6 d6 chua phai la tat ca nhitng gi nbi bat ciia siéu may tinh nay: hé théng méi
chi khai thac c6 4/5 cong sut cua 10.240 bé xir Iy Intel Itanium 2 trong toan bo cd may dat o
trung tAm nghién ctru cia NASA ¢ California (M¥). Siéu may tinh nay khong giéng véi hau het
cac siéu may tinh hién nay thuong dugc tao nén theo kleu cluster, voi su tham gia cua nhleu )
may gia ré. Columbia duoc thiét 1ap tir 20 may tinh ma mdi chiéc ¢6 512 bo xu 1y, két ndi bang
cong nghé mang cao toc va déu chay mot he diéu hanh doc lap. Cach xdy dung nay rét hitu ich
cho nhiing cong viéc nhu gia l1ap cac yéu t khi dong luc cho tau khong gian. Mot tng dung
khac cta siéu may tinh Columbia 13 viéc du bao bdo. Phan mém cho tac vu nay dang dugc thiét
ké va hira hen kha nang du bao chinh x4c dudng di ciia bio sdm 5 ngay. Toan bd may Columbia
chiém dung mot dién tich bang khoang 3 san bong ré.

4.2.11. Kién tric TA-64

Kién trac IA-64 13 mot kién trac méi dugc gidi thiéu trong nhitng nim gan day. Kién trac
nay 1a san pham cua su két hop nghién ctru giita hai cong ty may tinh hang dau thé gisi 1a Intel,
HP (Hewlett Packard) va mot so trudng dai hoc. Kién trac méi dua trén sy phat trién cia cong
nghé mach tich hop va k§ thuat xir Iy song song. Kién trac IA-64 giéi thiéu mot sy khoi dau
maoi quan trong cua k¥ thudt siéu vé hudng - ky thuat xir ly 1énh song song (EPIC: Expicitly
Parallel Intruction Computing) - k¥ thuat anh hudng nhiéu dén sy phat trién ctia bo xir 1y hién
nay. San pham dau tién thudc kién tric nay 1a bo xir 1y Itanium.

4.2.11.1. Bic trung ciia kién triic I4-64:

- Co ché xir 1y song song 1a song song cac 1énh ma may (EPIC) thay vi cac bd xir 1y song
song nhu hé thong da bo xirly.

- C4c 1énh dai hay rat dai (LIW hay VLIW).

- Cac 1énh r€ nhanh x4c dinh (thay vi doan céac Iénh ré nhanh nhu cac kién trac trude).

- Nap trude cac 1€nh (theo sy suy doan).

- Céc dic trung ciia to chirc cia bo xir 1y theo kién trac IA-64:

- C6 nhiéu thanh ghi: sé luong thanh ghi cac bd xir 1y kién trac IA-64 14 256 thanh ghi.
Trong d6, 128 thanh ghi tong quat (GR) 64 bit cho céc tinh toan sd nguyén, luan 1y; 128 thanh
ghi 82 bit (FR) cho cic phép tinh diu cham dong va dir liéu do hoa; ngoai ra, con ¢ 64 thanh
ghi thudc tinh (PR)1 bit dé chi ra cac thudc tinh 1énh dang thi hanh.

- Nhiéu b thi hanh Iénh: hién nay, mot may tinh c6 thé c6 tdm hay nhiéu hon cac bo thi
hanh 1énh song song. Cac bo thi hanh 1énh nay duoc chia thanh bén kiéu:

+ Kiéu I (I-Unit): dung xur 1y cac 1énh tinh toan sb nguyén, dich, luan 1y, so sanh, da
phuong tién.

+ Kiéu M (M-Unit): Nap va luu trit giita thanh ghi va bd nhd thém vao mot vai tac vu
ALU.
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+ Kiéu B (B-Unit): Thuc hién cac 1énh r&nhanh.
+ Kiéu F (F-Unit): Céc I¢nh tinh toan s6 dau cham dong
Pinh dang Iénh trong kién triic IA-64

128-bit bundle

A
L

Ti =
instruction slot 2 instruction slot 1 instruction slot 0 e
plate’
41 41 41 5
(a) IA-6d bundle
- dl-hit instruction r
M ajor
opcode L
d 31 [
(h) General [A-6d instruction format
Major . )
opcode other modifying hits GR3 GR2 GR1 PR
d 10 7 7 T [

{c) Typical LA-6d instruction format

PR: Predicate register
GR: General hay Floating-point ]
Hinh 4-14. Dinh dang lénh trong kién tric 1A-64
Kién triic IA-64 dinh nghia mot géi (buldle) 128 bit chira ba 1énh (mdi 1énh dai 41 bit) va

mot trudng miu (template field) 5 bit. Bo xur 1y ¢6 thé 1ay mot hay nhiéu géi Iénh thi hanh cing
lac. Truong mau (template field) ndy chira cac thong tin chi ra cac 1énh c6 thé thuc hién song
song (Bang 4-1.). Cac 1énh trong mdt bo ¢6 thé 1a cac 1énh doc 1ap nhau. Bo bién dich sé& sap xép
lai cac 1énh trong céac goi 1énh ké nhau theo méot tht tuy dé cac 1énh c6 thé duge thuc hién song
song. Hinh 4-14a chi ra dinh dang 1énh trong kién triic IA-64. Hinh 4-14b mé ta dang tong quat
cua mot 1€nh trong gbi 1€nh. Trong magt 1énh, ma I¢nh chi ¢6 4 bit chi ra 16 kha nang c6 thé dé
thi thi hanh mot 1€nh va 6 bit chi ra thanh ghi thudc tinh dugc dung véi 1€nh. Tuy nhién, cac ma
tac vu nay con tuy thudc vao vi tri cua 1énh bén trong goi Iénh, vi vay kha nang thi hanh cua Iénh
nhiéu hon s6 mé tac vu duoc chi ra. Hinh 4-14¢ mo ta chi tiét cac trudng trong mot 1¢énh (41 bit).
Trong bang Bang 4-1 , cac kiéu L-Unit, X-Unit 1 cac kiéu m& rong, coO thé thuc hién 1énh boi I-
Unit hay B-Unit.

Bing 4-1. Bing ma hoa tip hgp cic danh xa trong trueong mau.
Template Slot 0 Slot 1 Slot 2
00 M-Unit [-Unit [-Unit
01 M-Unit [-Unit [-Unit
02 M-Unit [-Unit [-Unit
03 M-Unit [-Unit [-Unit
04 M-Unit L-Unit X-Unit
05 M-Unit L-Unit X-Unit
08 M-Unit M-Unit [-Unit
09 M-Unit M-Unit [-Unit
0A M-Unit M-Unit [-Unit
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0B M-Unit M-Unit I-Unit
0C M-Unit F-Unit I-Unit
0D M-Unit F-Unit I-Unit
OE M-Unit M-Unit F-Unit
OF M-Unit M-Unit F-Unit
10 M-Unit I-Unit B-Unit
11 M-Unit I-Unit B-Unit
12 M-Unit B-Unit B-Unit
13 M-Unit B-Unit B-Unit
16 B-Unit B-Unit B-Unit
17 B-Unit B-Unit B-Unit
18 M-Unit M-Unit B-Unit
19 M-Unit M-Unit B-Unit
1C M-Unit F-Unit B-Unit
1D M-Unit F-Unit B-Unit

4.3. KIEN TRUC TAP LENH

4.3.1. Cac Kiéu toan hang

Kiéu cta toan hang thuong dugc dua vao trong mi tac vu cua 1énh. C6 bén kiéu
toan hang dugc ding trong cac hé théng:

- Ki€u dia chi.

- Kiéu dang sb: s6 nguyén, diu chim dong,...

- Kiéu dang chudi ky tu: ASCII, EBIDEC,...

- Kiéu dix liéu logic: cac bit, co,...

Tuy nhién mét sb it may tinh dung cac nhan dé xac dinh kiéu toan hang. Thong
thuong loai ciia toan hang xac dinh ludn chiéu dai ciia nd. Toan hang thudng c6 chiéu
dai la byte (8 bit), nira tir may tinh (16 bit), tir may tinh (32 bit), ttir 61 may tinh (64 bit).
Dic biét, kién tric PA cua hang HP (Hewlet Packard) co kha nang tinh toan voi cac o
thap phan BCD. M6t vai bo xir 1y ¢6 thé xtr 1y cac chudi ky tu.

4.3.1.1. S6 lwong dia chi todn hang trong lénh

- 0 dia chi toan hang:

Céc toan hang déu duoc ngam dinh.

Str dung toan hang Stack.

Vidu 4.3.1: pusha

push b
add
pocc

Co nghia la: c=a+b

Nhung kiéu nay khong théng dung.

- 1 dia chi toan hang

Mot toan hang dugc chi ra trong 1énh.

Mot toan hang ngam dinh, thudng 13 thanh ghi (thanh chira - accumulator)

Puoc su dung trén cac may cua thé hé trude.
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- 2 dia chi toan hang
Mot toan hang vura 1a toan hang nguén vua la toan hang dich, todn hang con lai la
toan hang nguon.
a=a+tb
Gia trj cii cia mot toan hang ngudn bi mat do phai chtra két qua.
Uu diém: Rat gon do dai tir 1énh va pho bién.
-3 dia chi toan hang
Hai toan hang ngudn va mdt toan hang dich.
c=atb
Tu 1énh dai vi phai ma hoa dia chi cho cé ba toan hang.
Bang 4-2. S6 lwong dia chi toan hang trong 1énh

S6 toan hang | Dang lénh | Chirc niing Ghi chu

3 PTAB,C | A<—BPTC

2 PT A,B A—APTB

1 PT A AC—ACPTA

0 PT S-1 «—(S-2) PT (S-1) | Lam viéc voi ngan xép

Puoc st dung trén cac bo vi xtr 1y tién tién.

Mot s6 1énh vi du
Bing 4-3. S6 lwong dia chi toan hang trong Iénh

Khong dia chi | Mot dia chi Hai dia chi Ba dia chi
PUSH M LOAD M MOV A,B ADD A,B,C
POP M STOR M ADD A,B SUB A,B,C
ADD ADD M SUB A,B MPY A,B,C
SUB SUB M MPY A,B DIV A,B,C
MPY MPY M DIV A,B
DIV DIVM

Chu ¥: Trong mdt 1énh téi thiéu phai c6 mot toan hang 13 thanh ghi
Vi du 4.3.2: Thuc hién phép todn sau.

f= (A + B/D) (C - D/E) + E/F

Dung céc Iénh 3, 2, 1, 0 dia chi

Véi lénh 3 dia chi
DIV R1,B,D : | Rl <« B/D

ADD R1,R1,A ; | Rl<—A+B/D

121



DIV R2,D.E R2 < D/E

SUB R2,C,R2 R2 « C-D/E

MPY R1,R1,R2 R1 « (A+B/D)(C-D/E)
DIV R2,E.F R2 « E/F

ADD R1,R2,R1 R1 « (A+B/D)(C-D/E)+E/F

Véi lénh 2 dia chi

MOV R1,B Rl B
DIV R1,D Rl < B/D

ADD RI,A R1 < A+B/D

MOV R2,D R2 <D

DIV R2,E R2 < D/E

SUB C,R2 C « C-DJE (6 nhé chira C)
MPY R1,C R1 « (A+B/D)(C-D/E)
MOV R2,E R2—E

DIV R2,F R2 « EfF

ADD RI,R1 R1 « (A+B/D)(C-D/E)+E/F

Véi lénh 1 dia chi

LOAD B AC —B

DIV D AC < B/D

ADD A AC «— A+B/D

STOR M1 M1 « A+B/D

LOAD D AC <D

DIV E AC «D/E

STOR M2 M2 « D/E

LOAD C AC «C

SUB M2 AC « C-D/E

MPY Ml AC < (A+B/D)(C-D/E)
STOR M1 M1 <« (A+B/D)(C-D/E)

LOADE

AC —E
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DIV F AC < E/F

ADD M1 AC < (A+B/D)(C-D/E)+E/F
Vi 1énh 0 dia chi

PUSH D ; | S—-1<D

PUSH B ; | S-2<B

DIV ; | S-1<B/D

PUSH A ; | S-2—A

ADD ; | S-1<A+B/D

PUSHE ; | S-2«E

PUSH D ; | S-3«<D

DIV ; | S-2«D/E

PUSH C ; | S-3«C

SUB ; | S—2«(C-D/E)

MPY ; | S—1+« (A+B/D)(C-D/E)

PUSHF ; | S-2«F

PUSHE ; | S-3«F

DIV ; | S-2«E/F

ADD ; | S—1« (A+B/D)(C-D/E)+E/F

4.3.1.2. Ddanh gid vé s6 dia chi todn hang
a) Nhiéu dia chi toan hang: Cdc lénh phirc tap hon
- Can nhiéu thanh ghi hon.
- Chuong trinh c6 it 1énh hon.
- Nhan Iénh va thuc hié€n 1énh cham hon.
b) It dia chi todn hang: Cdc lénh don gian hon

- Can it thanh ghi hon

- Chuong trinh ¢6 nhiéu 1énh hon
- Nhan 1énh va thuc hién 1énh nhanh hon.

4.3.2. Tp Iénh

4.3.2.1. Céc lénh chuyén dir ligu
MOVE: Copy dif liéu tir nguon téi dich.
LOAD: Nap dir li¢u ttr by nho to1 bo xur 1y.
STORE: Cit dit liéu tir bo xir Iy dén bo nhd.
EXTRANGE: Trao d6i ndi dung ctia ngudn va dich.
CLEAR: Chuyén cac bit 0 vao toan hang dich.
SET: Chuyén céc bit 1 vao toan hang dich.
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PUSH: Cét ni dung toan hang nguon vao ngan sep
POP: Liy noi dung dinh ngan sép dua dén toan hang dich
4.3.2.2. Cac lénh so hoc
ADD: Cong hai toan hang.
SUBTRACT: Tru hai toan hang.
MULTIPLY: Nhan hai toan hang.
DIVIDE: Chia hai toan hang.
ABSOLUTE: Ly tri tuyét ddi hai toan hang
NEGATE: D6i dau toan hang (Liy bu 2 )
INCREMENT: Tang toan hang thém 1
DECREMENT: Giam toan hang di 1
COMPARE: Trir hai toan hang dé 1ap co
4.3.2.3. Cac lénh logic
AND: Thyc hién phép AND hai toan hang
OR: Thyc hi¢n phép OR hai toan hang
XOR: Thuc hién phép XOR hai toan hang
NOT: Pio bit hai toan hang (lay bu 1)
TEST: Thyc hién phép AND hai toan hang dé lap co
SHIFT: Dich trai (phai) toan hang
ROTATE: Quay trai (phai) toan hang
Minh hoa cac Iénh AND, OR, XOR
Gia su c6 hai thanh ghi chura dir 1iéu nhu sau:
(R1)=1010 1010
(R2)=0000 1111
R1<+— (R1) AND (R2)=0000 1010
Phép toan AND ding dé x6a mot s bit va giit nguyén mot sé bit con lai ctia toan
hang.
R1*=(R1)OR (R2) =10101111
Phép toan OR ding dé thiét 1ap mot s6 bit va gilt nguyén mot s6 bit ciia toan hang.
R1<+—(R1) XOR (R2) =10100101
Phép toan XOR dung dé dao mot sb bit va giir nguyén mot sd bit con lai cua toan
hang.
Céc thao tdc SHIFT va ROTATE:
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Dich trai logic D B 4{——‘H——<|—— 0
Dich phai logic 0 -—*——I*—|F > > e
Dich tréi s6 hoc O \‘ 4 41__4H_<1__ 0
Dichphai s6 hoc Qf-—}b—b—b-—k —{»_HF;

Quay trai logic

Quay phai logic f‘\*"—H’——F—* P>

Hinh 4-15. Céc thao tac SHIFT va ROTATE

4.3.2.4. Cac Iénh vao ra chuyén dung

INPUT: Copy dif liéu tir mot cong xac dinh dua toi dich.

OUTPUT: Copy dit liéu tir nguon téi mot cong xac dinh.

4.3.2.5. Céc lénh chuyén diéu kién

JUMP (BRANCH): Lénh nhay khong diéu kién. Nap vao PC mét dia chi xac dinh.

JUMP CONDITIONAL: Lénh nhay c6 diéu kién. biéu kién dang -> nap vao PC
mot dia chi xac dinh. Diéu kién sai -> Khong lam gi ca.

CALL: Lénh goi chuong trinh con. Cit ndi dung ctia PC (dja chi tré v&) ra mot vi
tri xac dinh (thuong & Stack). Nap vao PC dia chi ctua 1énh dau tién cua chuong trinh
con.

RETURN: Lénh tré vé tir chuong trinh con. Khéi phuc dia chi tré vé tra lai cho
PC dé tro vé chuong trinh chinh

4.3.2.6. Lénh ré nhanh

- Lénh r& nhanh khong diéu kién.

Chuyén t6i thuc hién 1énh & vi tri ¢6 dia chi
XXX. PC khong tro sang 1énh ké tiép ma nhay
xubng 1énh c6 dia chi XXX Lénh ke tiep

PC «— XXX Lénh

- Lénh 1& nhanh c6 diéu kién.

Trong lénh c6 kém theo diéu kién

Kiém tra diéu kién trong lénh:

Néu 1énh dtng -> thuc hién 1énh & vi tri c6
dia chi XXX

Néu diéu kién sai -> thuc hién 1énh_ké_tiép.

Piéu kién thuong duoc kiém tra thong qua
cac co.

C6 nhiéu 1énh & nhanh c6 diéu kién.

A
A
A
A
A

Lénh
Lénh ré& nhanh XX

XXX |Lénh —
Lénh

Hinh 4-16. Lénh ré nhanh khong
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Lénh
Lénh r& nhanh diéu kién XXX Didu kien sai
Lénh ké tiép :l‘
Lénh
XXX |Lénh —
biéu ki¢n dung
Lénh

Hinh 4-17. Lénh ré nhanh cé diéu kién

4.3.2.7. Lénh CALL va RETURN

- Lénh goi chuong trinh con CALL.

CAt noi dung PC (chtra dia chi ctua Iénh ké tiép) ra Stack.

Nap vao PC dia chi ciaa Iénh dau tién cua chuong trinh con duoc goi -> Bo xu ly
dugc chuyén sang thyc hién chuong trinh con twong tng.

Lénh tr¢ vé chuong trinh con RETURN.

Léy dia chi cua 1énh ké tiép cat & Stack nap tra lai cho PC -> B¢ xtr Iy duoc diéu
khién quay tr& vé thuc hién 1énh nam sau 1énh CALL.

LAy dia chi d4u
Lénh tién clia
CALL CTCon —I chuong trinh
Lénh ké tiép - con
Cétvao |Lénh
Stack
CTCon |[ enh dAu tién ctia CT con

Goi cac
thu tuc
16ng nhau

Lénh

Liy dia chi cit
o Stack tra vé

RETURN

cho PC

Hinh 4-18a. Lénh CALL va RETURN
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Main memory

Addresses
4000
—— v <
4100 CALL Proc 1 Main
4101 e Program l
4500
=
-
4600 & Procedure h
4601 CALL Proc 2 Proec 1
4650 —— -+
4651
RETURN l
4800
>
Procedure
Proc 2
RETURN —

CALLS and RETURNS .
Execution Sequence

Str dung Stack
4o01 I
4101 4101 4101 4101 4101
Initial Stack After CALL  Initial CALL After RETURN After CALL After RETURN After RETURN
Contents Proc1 Proc 2 Proc 2

Hinh 4-18b. Lénh CALL va RETURN

4.3.2.8. Cdc lénh diéu khién hé thong

HALT: Dung thuc hién chuong trinh

WAIT: Tam dung thuc hi¢n chuong trinh, 1ap kiém tra diéu kién cho dén khi thoa
man thi tiép tuc thuc hién.

NO OPERATION: Khong thuc hi¢n gi ca.

LOCK: Cim khéng cho xin chuyén nhuong BUS

UNLOCK: Cho phép xin chuyén nhuwong BUS.

4.4.NGON NGU LAP TRINH VA CHUONG TRINH DICH

4.4.1. Khai niém ngon ngir 1ap trinh
Ngon ngir 1ap trinh (Programming language) 1a mot tap con cua ngdn ngir mdy tinh.
bay la mot dang ngdn ngit duoc chuan hoa (d6i 1ap véi ngdn ngi ty nhién). N6 dugc dung
dé miéu ta nhitng qua trinh, nhitng ngir canh mot cach rat chi tiét. Noi cach khac, ngon
ngir 1ap trinh 1a mot hé théng dugce ky hidu hoa dé miéu ta nhiing tinh toan (qua may
tinh) trong mot dang ma ca con ngudi va may déu c6 thé doc va hiéu duoc.
4.4.2. Cac loai ngon ngir 1ap trinh thong dung
Co hang tram loai ngon ngir 1ap trinh khac nhau, mdi loai ngdn ngir déu c6 ct phap
riéng cua nod. Mot sd ngdn ngir thi dugc phat trién dé dung trén cac loai may tinh chuyén
biét, mot sb ngdn ngit khac thi - do sy thanh cong cia no - da trd thanh chuin va duoc
ap dung trén da s6 cac may tinh. Ngon ngit lap trinh c6 thé dugc phan chia thanh 3 loai
chinh: Ngon ngit may, hop ngit va ngdn ngit cip cao.
4.4.2.1. Ngon ngit mdy
Ngon nglr may (mé may) la ngdn ngir nén tang cua bd vi xur ly. Céc chuong trinh
duogc viét trong tat ca cac loai ngdn ngit khac cudi cing déu dugce chuyén thanh ngon
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nglt may trudc khi chuong trinh d6 dugc thi hanh. Vi tdp 1énh cia ngdn nglr may phu
thudc vao loai vi xu ly nén ngén ngir may s€ khac nhau trén nhiing may tinh c6 str dung
b vi xur Iy khac nhau. Loi diém cua Vlet chuong trinh bang ngén ngir may la 1ap trinh
vién co6 thé diéu khién may tinh tryc tiép va dat dugc chinh xac diéu minh muon lam.
Do d6, cac chuong trinh ngdn ngit may duoc viét tt 1a nhitng chwong trinh rat hiéu qua
(tdc d6 thi hanh nhanh, kich thudc nho). Bat loi ctia chuong trinh ngon ngit may 1a thong
thuong s€ mét rat nhiéu thoi gian dé viét, rat kho doc, theo do1 dé tim 16i. Thém vao do,
béi vi chuong trinh duoc viét bang tap 1énh phu thudc vao bo vi xtr Iy nén chuong trinh
chi chay dugc trén nhitng may tinh c6 cung bd vi xur Iy ma théi. Ngon nglt may cling
dugc goi 12 ngdn ngit cip thap (low-level language)
4.4.2.2. Hop ngir
Hop ngit duge phat trién nham gitp cac 14p trinh vién d& nhé céc chi thi cua chuong
trinh hon. Hop ngit trong tu nhu ngoén ngtr may nhung lai sir dung céac ky hiéu goi nhd
(mnemonics hay ma 1énh hinh thtic - symbolic operation code) dé biéu dién cho cac ma
1énh ciia may. Mot dic diém khac nira 1a hop ngit thong thudng cho phép dinh dia chi
hinh thtrc (symbolic addressing), nghia 1a mot vi tri bd nhé trong may tinh c6 thé duoc
tham chiéu t6i théng qua mot cai tén hodc ky hiéu, chang han nhu TOTAL thay vi phai
sir dung dia chi thyc su ctia né (bang con s6 nhi phan) trong ngén ngi may. Cac chuong
trinh hop ngit con bao gdm céc chi thi vi mo (macro instruction) co thé tao ra nhiéu 1énh
mi may. Cac chuong trinh hop ngit duoc chuyén sang mi may thong qua mot chuong
trinh déc biét got la trinh hop dich (assembler). Mac du hop ngir tuong d01 dé dung hon
ma may nhung hop nglr van dugc xem la ngdn ngir cap thap bai vi né van con rat gan
v6i timg thiét ké cua may tinh.
Noi chung mot trinh hop ngt dugc chia lam 4 doan:
- DPoan ma
- Doan dir liéu
- Doan dir li€u moé rong
- Doan ngan xép
Trong chwong trinh doi hoi phai ¢6 it nhat mot doan ngan xép. Poan ngan xép gitip
luu trir cac két qua trung gian khi thyc hién chwong trinh.
4.4.2.3. Ngén ngir cdp cao
Cudc cach mang cua ngdn nglr may tinh bat dau vOi su phat trién cta ngdn ngir
cap cao vao cudi thap ky 1950 va 1960. Ngon ngir cap cao gan giii hon véi ¥ niém ngdn
nglr ma hau hét moi nguoi déu biét, n6 bao gom céc danh tur, dong tur, ky hi¢u toan hoc,
lién hé va céc thao tac luan ly. Cac yéu tb nay co thé duge phdi hop, lién két véi nhau
tao thanh mot hinh thirc cua cau. Cac "cu" nay dugc goi 13 cdc ménh dé cta chuong
trinh (program statement). Chinh vi nhimng dac diém nay, cac 1ap trinh vién dé dang doc
va dé hoc ngdn ngit cap cao hon so voi ngdn ngit may hoac hop ngir. Mot loi diém quan
trong 1a ngdn ngir cap cao thong thuong khong phu thudc vao may tinh, nghia la cac
chuong trinh viét bang ngén ngir cap cao c6 thé chay trén cac loai may tinh khac nhau
(str dung cac bd vi xur Iy khac nhau).
Ngo6n ngir cép cao nhu: C, C++, PASCAL, BASIC, COBOL, FORTRAN,...
4.4.3. Chwong trinh dich
Moi chuong trinh duge viét bang cac ngdn ngit khong phai 1a ngdn ngir may cudi
cung déu phai duoc chuyén ddi sang ngdn ngit may trude khi duoc thi hanh. Chuong
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trinh ngdn ngit cip cao dugc dich sang ngdn ngir may bang mét trong hai cach: Trinh
bién dich (compiler) hodc trinh thong dich (interpreter).

4.4.3.1. Trinh bién dich

S& chuyén dbi toan bo chuong trinh sang ma may, roi chira két qua vao dia dé co
thé thi hanh vé sau. Chuong trinh ngdn ngit cAp cao duoc chuyén doi dugc goi 1a chuong
trinh ngudn (source program) va chuong trinh ngén nglr may dugc tao ra duoc goi la
chuong trinh dbi twong (object program) hodc mé ddi twong (object code). Khi ngudi
diung mudn chay chuong trinh, chuong trinh ddi twong sé& duoc nap 1én bd nhd chinh
cua CPU va céc chi thi cua chuong trinh s€ dugc thi hanh. Khi dugc hudng dan bai cac
chi thi cia chuong trinh, CPU s€ truy xuét dit liéu va tao ra cac két qua. Trinh bién dich
s& kiém tra ct phap chuong trinh, thue hién cac phép kiém tra logic va dam bao cac di
lidu sdp duogc sir dung trong cac phép so sanh, tinh toan dd dugce dinh nghia mot cach
hop 1y & mot no1 nao do6 trong chuong trinh. Mot chltc nang quan trong cua trinh bién
dich 1a n6 sé& tao ra mot danh sach 18i cua tat ca ménh dé trong chuong trinh vi pham cu
phap ciia ngdn ngir. Danh sach nay giup 1ap trinh vién dé dang stra d6i chuong trinh.

Do ngdn ngit may phu thudc vao bo vi xir Iy nén cac may tinh khac nhau sé& can ¢
cac trinh bién dich khac nhau ddi v6i cing mot ngdn ngir cip cao. Vi du, mot may
mainframe, may mini va may tinh ca nhan can c6 cac trinh bién dich khac nhau dé bién
dich ciing mot chuong trinh ngudn sang ma may cua ting loai may nay.

4.4.3.2. Trinh thong dich

Thay vi chuyén doi toan bo chuong trinh nguén nhu trinh bién dich, trinh thong
dich chi chuyén d6i mot ménh dé cua chuong trinh va thuc hién doan ma két qua ngay,
sau d6 noé tiép tuc chuyén doi ménh dé th 2 rdi thi hanh doan ma két qua tha 2 va ct
thé. Khi sir dung trinh thong dich, mdi 1an chay chuong trinh 1a mdi lan chuong trinh
ngudn duoc thong dich sang ngdn ngit may. Khong c6 chuong trinh ddi tuong nao duoc
tao ra.

Céc trinh thong dich thuong dugc dung trén cac may tinh c4 nhan khong c6 du bo
nhd hoidc stic manh tinh toan can thiét dé dung trinh bién dich. Loi diém cia trinh thong
dich 1a 1ap trinh vién van c6 thé chay mot chuong trinh van con 15i ¢t phap. Chi dén lac
thong dich dén cau 1énh ¢6 13i cu phap, qua trinh thi hanh chuong trinh méi bi ngung lai
va trinh thong dich s& thong bao 16i. Piém bat loi 1a cac chwong trinh thong dich chay
khong nhanh bang cic chuong trinh dugc bién dich vi qua trinh chuyén doi sang ngén
nglr may duoc thyc hién cung voi qua trinh thi hanh chuong trinh. Vi Iy do nay, ngay
nay, da sb cac ngdn ngit cap cao déu dung trinh bién dich.
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CAU HOI ON TAP VA BAI TAP CHUONG 4
Cau 1. Trinh bay chirc ndng va cau trac cua mot bo vi xu ly?
Céau 2. Trinh bay phuong phap t6 churc cua CPU:
a) Nhi¢m vu cua CPU?
b) So dd ciu trac co ban ciia CPU?
¢) Céac thanh phan co ban ciia CPU?
d) Pon vi diéu khién c6 chirc ning gi?
Céau 3. Trinh bay chtrc ndng va nhiém vuy:
a) Cac thanh ghi doan?
b) Cac thanh ghi da nang?
¢) Cac thanh ghi con tro va chi s6?
d) Pon vi s6 hoc va logic (ALU)?
e) Cac thanh ghi co FR?
f) Pon vi diéu khién?
Céu 4. Tim hiéu trong hé :théng CPU:
a) Cac thanh phan chinh trong CPU la gi?
b) Khai niém Data path khi dé cap dén t6 chuc cta bo xur 1?2
¢) Chirc ning va dic diém cua bd dém chuong trinh PC?
d) Viétso dd thuat toan dé mo ta cach thirc doc mot dia chi tir bd nhé vao CPU
dé xur 1y?
Cau 5. Ngon ngir 1ap trinh:
a) Néu cac loai ngon ngit 1ap trinh thong dung
b) Néu cac chuong trinh dich va wu nhugc diém ctia mdi loai.
¢) Trinh bay ciu tric co ban vé Ngon ngit Assembler
Cau 6. Thuc hién phép toan sau.
f=E-(A+B/C)/ (D + B) Dung céac I¢nh 3, 2, 1, 0 dia chi
Cau 7: Viét chuong trinh bang ngdn ngir lap trinh Assembly
a) Hién ra hai cau “Chao mung ban den voi Assembly” “Assembly that de!”. Mdi
cau trén mot dong.
b) Yéu cau “nhdp mot ky tu va xuat ra man hinh ky tu vira nhap”.
¢) Yéu cau “nhép vao mot ky tu. Chuyén ky tu d6 sang ky tu hoa”.
d) Yéu cau “Chuyén doi ky tu hoa thanh ky tu thuong”.
e) Yéu cau “nhap vao mot chudi. In ra man hinh chudi thuong, chudi in. Dung
chuong trinh con”.
f) Yéu cau “nhap vao mot chudi. Pém chiéu dai ctia chudi nhap vao™.
g) Yéu cau “nhap vao 2 sb kiéu word,in ra man hinh tong 2 s vira nhap”.
h) Yéu cau “cho mot mang M gdém 20 phan tir kiéu Word gia tri tuy y (khong phai

nhap gia tri cac phan tir). Tinh tong gia tri cdc phan tir ¢ gi tri chia hét cho
7.
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1) Yé&u cau “nhdp vao 1 s6 kiéu word in ra man hinh ma nhi phan tuong irng cua
s0 do”.

Cau 8. Gia sir may tinh c6 céac thanh ghi RO = 1800, R1 = 1600, R2 = 1400 va gia tri
tai 6 nhd M(1900) = 100, M(100) = 130 (céac sb trong hé thap phan). May tinh
st dung 1€nh hai toan hang c6 dang:

LENH Toan_hang dich, Toan hang ngudn

Hay cho biét dia chi thuc ctia bo nhé can truy cap dén va gia tri cac thanh ghi khi thuc
hién cac Iénh sau:

a) ADDRI, RO
b) MOVE 500(R0), R1
c¢) SUB RI1, (R2)
STORE 1000, #1200
Céu 9. Trinh bay duong di cua dir li¢u:
a) B0 diéu khién mach dién t?
b) Dién bién thi hanh 1énh ma may?
¢) Ngit quing INTERRUPT)?

Cau 10. Trinh bay vé cac k¥ thuat va nhimg kho khan:

a) Ky thuat ong dan (PIPELINE)?

b) Kho khin trong k¥ thuat dng dan?
¢) Siéu 6ng dan?

d) Siéu v6 huéng (SUPERSCALAR)?
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Chuong 5
HE THONG NHO
Trang bi cho sinh vién kién thirc vé chirc ndng va nguyén 1y hoat déng cia cdc
cdp b6 nhé mady tinh: bé nhé cache: nguyén Iy van hanh, phdn loai cdc mirc, danh
gid hiéu qua hoat dong; va nguyén ly van hanh cia bg nho ao.
Sinh vién can hiéu dwoc cdc cdp bé nhé va cdch thire vian hanh cia céc loai bo
nho duoc gioi thiéu dé cé thé danh gia dwoc hiéu nang hoat dong cua cac loai bo nho.

5.1. TONG QUAN VE HE THONG NHO

5.1.1. Phin loai hé thong nhé
5.1.1.1. Vi tri:

a) Bén trong CPU
- Tap céc thanh ghi.
- B0 nhé vi chuong trinh trong don vi diéu khién.
b) BO nho trong
- B0 nh¢ chinh.
- B0 nhd cache.
¢) B nhé ngoai
- Céc thiét bi nhd ngoai nhu 6 ctng, dia tir, dia quang, USB...

5.1.1.2. Dung lugng

Do dai tir nhé: Tinh béng bit, thuong 1a 8, 16, 32, 64 bit.

S6 lugng tir nhd.

5.1.1.3. Pon vi trao doi:

Trao d6i theo tir nhd: Pon vi tu nhién & t6 chitc bo nhd. Kich thuée tir nhé thuong
1a s6 bit dung dé biéu dién s6 hodc do dai lénh.

Trao d6i theo khdi nhg: La don vi truyén dir li¢u 16n hon tir nhé, thuong dugc dung
truyén dir liéu v6i bo nhé ngoai.

5.1.1.4. Phwong phap truy nhap:

Truy nhap tuan tu: Bang tur.

Truy nhép tryc tiép: Giéng nhu truy nhép tuan tu, truy nhap truc tiép bao ham viéc
chia sé doc viét co khi.Nhitng tir nhé cta ban ghi co dia chi co s¢ duy nhat trén vi tri vat
ly. Viéc truy nhép duge hoan thanh boi truy nhap truc tiép la di dén vung lan can chung
cong voi tim kiém tuan tu, dém hoic doi dé di dén vi tri cudi cing. Thoi gian truy
nhap c6 thé thay d01 dugc. Cac loai dia su dung phuong phap truy nhap truc tiép.

Truy nhap ngau nhién: Mi vi tri dia chi trong bd nhé 1a doc nhat. Thoi gian truy
nhap cac vi tri da cho 1a ddc 1ap voi day truy nhdp uu tién va la hﬁng s6.Nhu vay, vi tri
nao cling cé thé duoc chon ngﬁu nhién, va dia chi truc tiép.Bé nhé chinh 1a truy nhap
ngau nhién.

Truy nhép lién két: Pay 1a kiéu truy nhap ngiu nhién co thé 1am sy so sanh vi tri
bit trong tir cho mot phép toan cu thé va lam viéc nay cho tit ca cac tir dong thoi. Vi vay
mot tir duoc tim lai dugc dua vao chinh ndi1 dung cia n6 thay vi dia chi cia n6.Véi truy
nhép ngau nhién thong thudng, mdi vi tri c6 dia chi co khi ctia minh, va thoi gian tim 1a
hang s6 doc 1ap vai vi tri hay mau hinh truy nhap uu tién.Bo nhd cache dung cach truy
nhép nay.
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5.1.1.5. Hi¢u nang:

Thoi gian truy nhap: P6i véi truy nhip ngau nhién d6 13 thoi gian dé thuc hién
hoat dong doc ghi. D6 14 thoi gian tir khi dia chi da sin sang trong bo nhé dén khi dir
liéu duoc cat trir hodc duge lam c6 thé st dung duogc. bPéi v6 truy nhap khong phai la
ngau nhién thoi gian truy nhép 13 thoi gian dwa vi tri doc viét co khi dén vi tri mong
mudn.

Chu ky nhé: Khoang céach giita hai 1an truy nhap.

Téc d6 truyén: Bao nhiéu byte trong mot don vi thoi gian.

5.1.1.6. Kiéu vit ly:

- B0 nh¢ ban dan
- Bonhd tu
- B0 nhé quang

5.1.1.7. Cac ddc tinh vat ly:

- Kha bién / khong kha bién
- Xoa duogc / khong x6a dugc
5.1.2. Phén cap h¢ théng nhé

Bo Vi xir Iy
"
CPU T —
1
EEE
I o
Bo R "
Tap e Bo nhé Bo Bo EERRRE I
thanh [€> . . [¥ Cache nh¢ (@ nho (€111 i
ghi 1 L2 chinh ngoai SERRRR
CHI R
SRRy
a b
T
L

, Hinh 5-1. Phén cép h¢ théng nhé ‘
Két luan: Dung luong tang dan, toc d0 giam dan, gia tha.nh/ 1 bit gidm dan.

5.2. BO NHO BAN DAN
Hoat dong ctia mét 6 nho
Diéu khién Diéu khién
Lua ch l ~en l . 1A
wachon [ | Dir liéu vao Lyachon [ s\ o Dt ligu ra
Ghi boc

Hinh 5-2. Hoat dgng ciia 6 nh&
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5.2.1. Phan loai bd nhé ban dan
Thyc t¢ ROM va RAM déu 1a loai bo nhd truy xuat ngau nhién, nhung RAM
duogc giit tén goi nay. Pé phan biét chinh xac ROM va RAM ta c6 thé goi ROM 14 bd
nhé chét (nonvolatile, vinh citu) va RAM 1a bd nhé sdng (volatile, khéng vinh ciru) hodc
néu coi ROM 1a bd nhé chi doc thi RAM 1a bd nhé doc duoc - viét duge (Read-Write
Memory). Co6 3 loai b nhé ban dan:
- B06 nhd ban dan chi doc: (Read Only Memory, ROM)

- B0 nhé truy xuit ngdu nhién: (Random Access Memory, RAM)

- Thiét bi logic kha trinh: (Programmable Logic Devices, PLD) c6 thé néi diém
khac biét gitta PLD v61 ROM va RAM la qui mo6 tich hop cua PLD thuong khong 16n
nhu ROM va RAM va cac tac vu cua PLD thi co phﬁn han ché.
Bing 5-1. Phan loai bé nhé ban din

Kiéu bd nhé Tiéu chudn |Kha ning x6a | Co ché ghi | Tinh kha bién
Read Only | B0 nhd chi [Khong x0a | Mat na Khong  kha
Memory(ROM) doc duoc bién
Programmable Bang dién
ROM(PROM)
ERASABLE BOo nhé hau Bﬁng tia cuc
prom(eprom) nhu chi doc  [tim, ¢4 chip.
Electrically Bing dién mirc
Erasable tung byte
PROM(EEPROM)
Flash memory B6 nhd ghi- Béng dién,

doc timg khoi
Random  Access Bang dién muc | Bang dién Kha bién
Memory(RAM) tung byte

5.2.1.1. ROM (Read Only Memory)
Mac du co tén goi nhu thé nhung ching ta phai hiéu 13 khi st dung ROM, tac vu
doc dugc thuc hién rat nhiéu 1an so véi tac vu ghi. Tham chi c6 loai ROM chi ghi mot

1an khi xuat xudng.

a) ROM lvwu trir cdc thong tin:
- Thu vién cac chuong trinh con
- Cac chuong trinh diéu khién hé thdng (BIOS)

- Céc bang chtrc nang

- Vichuong trinh

- ROM la B9 nhé khong kha bién
b) ROM mat na (Mask Programmed ROM, MROM) 7
bay 1a loai ROM dugc ché tao dé thuc hién m(:)t cong viéc cuy thé nhu cé}c bflng
ngay sau khi xuat xuong va cé gia thanh rat dat.

tinh, bang lugng gidc, bang logarit,...
¢) ROM kha trinh (Programmable ROM, PROM)

C6 céu tao gibng MROM nhung & mdi vi tri nhé déu co linh kién ndi véi cau chi.
Mot khi cau chi da bi phé v thi khong thé ndi lai duge do d6 loai ROM nay cho
phép 1ap trinh mot 1an duy nhat dé st dung, néu bi 161 khong thé siwra chira dugc.
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+ Ec

bit Cau chi

Hinh 5-3. S0 46 PROM

LT

Hinh 5-4. So d6 ROM Diode
ROM kha trinh, x6a dwoc bang tia U.V. (Ultra Violet Erasable Programmable
ROM, U.V. EPROM)

Pay 1 loai ROM rét tién cho ngudi st dung vi co thé ding duoc nhiéu lan bang
cach x6a va nap lai. Trudce khi ghi lai phai x6a bang tia cyc tim. Dlem bat tién cua U.V
EPROM la can thiét bi x6a dic biét phat tia U.V. va mdi lan xoa tat ca té bao nhé trong
mot IC nhé déu bi x6a. Nhu vay ngudi sir dung phai nap lai toan bd chuong trinh (UV

chinh 1a tia cyc tim).

o
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D G T § O Floating Gate

___/

pn(Rr

Kénh thodt (-20V)
— P(20....50%)

510,

Hinh 5-5. So d EPROM

d) ROM kha trinh va xéa dwoc bang xung dién (Electrically Erasable PROM,

EEPROM hay Electrically Alterable PROM, EAPROM)
bay la loai ROM kha trinh va x6a dugc nhd xung dién va dac biét 1a co thé x6a

dé stra trén ting byte.

e) FLASH ROM

EPROM la loai nonvolatile, c6 toc do truy xuat nhanh (khoang 120ns), mat do

tich hop cao, gia thanh ré tuy nhién dé xoa va nap lai phai dung thiét bi dic biét va 1y
ra khoi mach.

5.2.1.2. RAM (Random Acess Memory)
B6 nhé doc ghi, kha bién, luu trir thong tin tam thoi. Cé hai loai RAM: RAM tinh va
RAM dong.

a) RAM tinh.

Céc bit duoc luu trit bang FF nén thong tin 6n dinh. C6 cau tric phuc tap. Dung
lugng chip nhé. Toc d6 nhanh. it tién. Ding 1am bo nhé cache

b) RAM dong (Dynamic RAM, DRAM)

Céc bit duoc luu trit trén tu dién nén can phai c6 mach lam tuoi, né cAu trac don
gian, dung luong 16n, nhung toc d6 cham hon,ré tién hon,dung 1am b nhé chinh.

5.2.1.3. Ciac DRAM tién tién

- EDRAM (Enhanced DRAM)

- CDRAM (Cache DRAM)

- SDRAM (Synchronous DRAM): Pugc 1am viéc dong bo boi xung clock
- DDR - SDRAM (Double Data Rate SDRAM)

- RDRAM (Rambus DRAM)

5.2.1.4. Lam twoi by nhé DRAM

Bo6 nhd DRAM c6 cac hang can phai duge lam twoi trong mdi chu ky 2mS. Mach
lam tuoi trong chip nhé phai kiém tra dién ap cac 6 nhd, néu nd 16n hon V/2 thi nap
nd t&i Vee , néu bé hon Vee/2 thi xa hét vé OV,

DPé doc mot tir tir BANK nhé DRAM, truée hét DRAM Controller hodc mot mach
khac cap tin hiéu WE# = 1. Sau d6 giri nira thap cta dia chi, img véi dia chi hang, r6i
tin hi¢u RAS# = 0. Sau 1 thoi gian, controller cép nua dia chi cao, ing véi dia chi cot,
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roi tin hiéu CAS# = 0. Sau thoi gian nhét dinh, tir can c6 s& xuét hién trén Output Data
cua nho.

Pé viét vao DRAM, céc tin hiéu cling tuong tu, ngoai trir sau tin hi¢u CAS# = 0,
controller cAp WE# = 0 dé quy dinh viét vio RAM.

Controller lam twoi DRAM bang cach guri ra mdi dia chi trong 512 dja chi hang va
cAp RAS# = 0 theo chu ky, khoang 4mS. Viéc 1am twoi duogc tién hanh hodc theo burst
mode hodc theo distributed mode. Trong burst mode toan bo 512 hang dugc dinh dia chi
va danh nhip lan luot cach nhau 4mS. Con & distributed mode hang duoc dinh dia chi
va danh nhip sau 4/512 mS. La mach lam tuoi DRAM vé1 controller lam tuoi 8208.

Nhitng nhiém vu chinh cua viéc diéu khién nhé DRAM cua may tinh la:

- Lam tuoi mdi 6 nhé sau mot khoang thoi gian vai mS.
- Cép hai ntra dia chi cing céc tin hiéu RAS#, CAS# thich hop.
- Bao dam thao tac doc/viét va 1am twoi khong xay ra dong thoi.
- Cap tin hiéu doc/viét dé diéu khién chiéu sd liéu.

5.2.2. T6 chirc by nhé

Bo nhé thuong duge to chic tir nhidu vi mach (chip) nhé ghép lai dé c6 do rong
bus dia chi va dit liéu can thiét. Cac chip nhd c6 diy du chire nang ctia mot bo nhd bao
gom:

Ma tran nhé: gdm céac 6 nhd, mdi 6 nhd twong ing véi mot bit nhé.
- Mach gidi ma dia chi cho bg nhé.

Mach logic cho phép doc.

Mach logic cho phép ghi.

Cac mach dém vao, ra.

Cach t6 chirc don gian nhat 13 t6 chirc theo word. Mot ma tran nh¢ c6 do dai cua
¢t bang s luong word (W Jva do dai hang bang sb lugng bit ( B) cua mot word. Phuong
phap nay c6 thoi gian truy xuat ngan nhung doi hoi bo giai ma 16n khi tong sé word 16n.

Read Wit D E

ity

o s

J'q —O | Select Y
i) !
it

ity

40—
40—
40—

One Stored Bit
Two bats wide;

75
oo o o

y — One b_it for data and
A: g: Columa Decoder (MUXDEMUX) one bit for select.
4;,0—

T‘@ Data

Hmh 5 6 To chlrc bo nho’
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a. To chirc chip nhé
Trong mdt chip bao gom:
- Céc duong dia chi: A0 + An — 1, nhu vay chip nhéd ¢ 2" ngan nho.
a. Cac dwong dir licu: DO +~Dm — 1, nho vdy do dai ngan nho la m bit.
b. Dung lwgng chip nhd: 2n x m bit
c. Cac dwong diéu khién:
o Tin hi€u chon chip: CS (Chip Select)
o Tin hi¢u diéu khién doc: RD / OE
o Tin hiéu diéu khién ghi: WR / WE
d. Thiét ké Module nhé bdn dan
- Pit van dé: Cho chip nhé 2" x m bit. Yéu ciu sir dung chip nhd trén thiét ké
module nhé dung lugng 1a bdi kich thude chip nhé trén.
- Giai quyét van dé: Co hai cach
o Thiét ké dé tang do dai ngan nho, sd ngan nhd khong thay doi.
o Thiét ké dé tang s6 lwong ngin nho, do dai ngan nho khong thay doi.
o Thiét ké dé tang ca do dai tir nhd va sd ngan nhé.
e. Thiét ké tang dé dai ngan nhé
o Gia thiét: Cho cac chip nhé c¢6 dung luong 2" x m bit. (n 13 s6 dudng dia
chi, m 13 s6 bit trong mot 6 nho)
o Yéu cau: Thiét ké module nhé ¢6 kich thudc: 2" x (k.m) bit
[ Gidi quyét: Dé thiét ké dugc yéu cau ta xac dinh hai thong s6 n (s6 dudng dia
chi)va k(sb chip nhd can dé ghép vao module thiét ké.
Vi du 5.2.1: Cho céc chip nhd SDRAM dung luong 4K x 4 bit. Hay thiét ké module nhé
c6 kich thuoc 4K x 8 bit
Giai:
Dung luwong chip nhd 4K x 4 bit = 2'2K x 4 bit, => s6 duong dia chi n = 12, s6
duong dir liéu m=4.
Nhén thay voi yéu cu cta dé bai thi sé dudng dia chi 1 12 dudong khong ddi (sd
ngin nhd khong thay d6i), sé duong dit liéu 1a 8 (tirc kihes thude mot 6 nhé dang tir 4
bit ting 1én thanh 8bit), vay sb chip sir dung dé thiét ké 1a 2(k=2).

Mach thiét ké:
AgA,

Chip nhé Chip nhé&

2'2x 4 bit 2'x 4 bit
—_— D,...D,
B B D,..D,

—(JCs —Jcs
OE WE _OE

z T i

OE

_ Hinh 5-7. Thiét ké module nhé ¢6 kich thude 4K x 8 bit
- Thiét ké tang so lwgng ngan nhé
o Gia thiét: Cho cac chip nhéd cé dung lugng 2" x m bit.
o Yéu cau: Thiét ké module nhé c6 kich thude: 2%.2" x m bit
- Giai quyét:
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Dé thiét ké duoc ta xac dinh hai théng sé n+k (s6 dudng dia chi méi dé ma hoa

da s6 6 nhd can thiét ké) va 2% (s6 chip nhd can dé ghép vao module thiét ké).
Vi du 5.2.2: Cho céc chip nhd SDRAM dung luong 4K x 8 bit. Hay thiét ké module nhé
¢ kich thudc 8K x 8 bit.

Giai:

Nhén thiy rang dé yéu cau ting sé luong 6 nhé 1én 2 lan tire tir 4K 1én 8K, con
kich thudc mot 6 nhé van l1a 8 bit.

Dung luong 4K x 8bit = 2'2k x 8 bit, => sb duong dia chi 1a n =12 va sb duong dir
liéu m=8.

Yéu cau méi 1a 8K x 8bit = 2'°K x 8bit =2 x 2'2K x 8bit = 2 chip nhd 4Kx8bit.

Mach thiét ké:
Ay A, Chip nh¢
»[ 22x 8 bit
A - g
— A 0D | WE OF
D,...D,
Bo giai ma N,
— l'}2 T—
cs - -
S 0 ,
G yp Chip nhé
»| 21x 8 bit
G |l4a| 5|5
0 0 0 1 X CE
0 1 1 0 ﬁ ﬁ
1 X \ \
WE OE

- Tang ca s6 hrong va do dai ngin nhé

- Gia thiét: Cho chip nhé 2n x m bit

- Yéu cau: Thiét ké module nhé c6 kich thude: 2p+n x (q.m) bit

- Giai quyét: Can ghép nbi q.2p chip thanh 2p bd, mdi bo q chip va phai
5.2.2.1. Té chikc ciia chip nhé

Ay D,
A <« 21,
Chip nhé
2" x mbit
A n-1
> D
CS m-1
OE WE

Hinh 5-8. So' d6 co ban cia chip nhé
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* Cdc tin hi¢u ciia chip nho
Cdc duong dia chi:
A1+ Ao cOntunhd
Cac dvong dir liéu:
Din.1 + Do ¢6 d6 dai tir nhé bang m bit
Dung luong chip nhg =2" x m bit
Cdc dwong diéu khién:
Tin hi¢u chon chip CS (Chip select)
Tin hiéu diéu khién doc OE (Output Enable)
Tin hiéu diéu khién ghi WE (Write Enable)
* Té chirc clia DRAM
Dung n dudng dia chi don kénh nén cho phép truyén 2n bit dia chi
Tin hi¢u chon dia chi hang RAS (Row Address Select)
Tin hi¢u chon dia chi cot CAS (Column Address Select)
Dung lugng cia DRAM = 2" x m bit

P
! Giai —=1
ma Ma tran nhé
hang
> »
Xn—l A A
yO e e yn_l
CAS—— »
Logic .
RAS——» 4idu | |Khuéch dai doc/ghi| D in/out
< A ~ A -
R/W——» khién Giai ma cot
CcS Ao A

Hinh 5-9. Ciu triic RAM

Vi du 5.2.3: V& chu tric RAM (16K x 1 bit)
Ta co: 16k x 1bit =24 x 210 =214

R
M| Gidi Sl
ma Ma tran nhé
hang
. >
As X127 Y \
Yo ceee Y127
CAS o
Logic .
RAS——> ity | |Khuéch dai doc/ghi| D infout
< R e ~ A -—p
R/W-——»{ khién Giai ma cot
CS A Az
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5.2.2.2. Thiét ké mé-dun nhé bén déin
Dung luong chip nhé 2" x m bit
Chinh vi thé can thiét ké dé tang dung luong:
- Thiét ké ting do dai tir nhé
- Thiét ké ting sb luong tir nhé
- Két hop ca 2 cach trén
CAu tric ciia mot bd nhé

Data bus

< >
MRDC

MWRC

>

V
X Address bus ) Cac IS nhé
L .

< ' >

141 ma hang

VSt

Giai ma
Modul

Hinh 5-10. Cau triic ciia bd nhé
Xdc dinh ma trdgn IC
- S6 IC trén mot hang (S6 cot) = SO bit dir liéu bd nhd/ S6 bit dit liéu IC
- S6 IC trén mot cot (S6 hang) = S6 tir nhé cua bd nhd/ S6 tir nhé cua IC
Céc IC trén cing mot hang néi chung CE
Céc IC trén cung mot cot duogc ndi chung véi cac bit dir liéu tuong rng
Tat ca cac IC ctia ma tran duoc ndi chung bit dia chi
Giai ma chon hang:
Pau ra ndi véi céac tin hiéu CE cua ting hang
DPau vao 1a cac bit duoc con lai
Giai ma chon module:
Pau ra dua vao CE cua IC giai ma
Vi du 5.2.4: Xay dung bd nhd 64KB cho mot may tinh sit dung CPU 8085 (16 bit dia
chi, 8 bit dir li¢u) tr caic RAM duoc cAu tao tr cAc ma tran 128x128 bit véi 4 bit dit liéu:
Dia chi by nhé bat dau: CO00H

an = logoN = logz 128 =7 A %
ac = loga(N/m)= loga (128/4)=5 T T Ma tran nhé
a=actap=7+5=12 hang ’
Vay dung luong 1 IC 1a 2a x m = 4Kx4 An X x y
(128x128)= 2% = 4Kx4 Yol o eeee | Y
Ma trén IC: CE — » D in/out
S0 IC trén mot hang: 8/4 =2 OB —» . Dom =
So IC trén mot cot : 16K/4K =4 WE —»| '
S bit dung cho giai ma: 16 — 12 = 4 bit H T

Ay Ay

S bit dung cho giai ma chon hang : 2
S bit dung cho giai ma chon module : 2
CS0: COO00H —CFFFFH:1 1 0 0
CS1: DOOOOH — DFFFFH: 1 1 0 1
CS2: EOOOOH — EFFFFH: 1 1 1 0
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0 11 D47D7
D,-D, DD,
CSO '—O CE '—O CE
Csl [ [
CSZ I_O CE ’—O CE
CS3 I_O CE ’—O CE

Giai md chon hang

. 1 CSO
N =t
: >
i D;; CS2
! Dc: CS3

Giai ma chon module
A14 ); E
A 15

Vidu 5.2.5. (Tang d¢ dai tir nho)

Cho chip nhé SRAM 4K x 4 bit

Thiét ké module nhé 4K x 8 bit

Huéng dan:

Dung lugng chip nhé 4K x 4 bit = 2!2 x 4 bit. Chip nh¢ c6: 12 chan dia chi va 4
chan dir liéu.
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Module nhéd 4K x 8 bit =2'? x 8 bit . Module nhé c6: 12 chan dia chi va 8 chan dix
liéu.
S6 IC trén mot hang: 8/4 =2
S6 IC trén mot cot : 4K/4K = 1

LY

Ag+ Ay
A, = Al M Ag+ Ay D, + D-
e
Do+ D; D, = D,
»q o ¥ Ly
—" DU D _H.}

[ 1
|

Vi du 5.2.6. (Tang s6 lugng tir nhd )

Cho chip nhé SRAM 4K x 8 bit

Thiét ké module nhé 8K x 8bit

Huréng dan:

Dung lugng chip nhé 4K x 8 bit = 2!? x 8 bit. Chip nhé ¢6: 12 chén dia chi, 8 chan
dix liéu

Dung luvong module nhé 8K x 8 bit = 213 x 8 bit. Module nh§ ¢6: 13 chén dia chi,
8 chan dir liéu

S6 IC trén mot hang: 8/8 = 1

S IC trén mot cot : 8K/4K =2

G A YO Y1
0 0 0 1
0 1 1 0
1 X 1 1
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0 11 > A0+A”
e—o
> D =D
A12 0 7
AT PR
i > A0+A11
P D0+D7

5.3. BO NHO CACHE, BO NHO TRUY CAP NHANH

Khi téc d6 cua bo vi xir Iy ngay cang vuot xa toc do truy nhap bd nhé chinh
(DRAM lam viéc nhanh nhat chi 60ns), c6 nghia 13 bo vi xtr 1y phai mat thém vai chu
ky doi bd nhé hoan thanh qua trinh doc/ghi. Piéu nay lam giam hiéu suat 1am viéc caa
bo vi xur ly. Mdt giai phéap hiru hi€u la st dung bo nhé dém cache voi tbc do truy nhap
chi vai ns. Cache tiét kiém thoi gian truy xuat b nhé cia CPU bang cach dy doan trudc
1énh ma CPU sé& can va nap no vao trong cache trudc khi CPU thyc sy can dén né. Néu
1énh can thiét d4 c6 sin trong cache thi CPU s& truy xuat dit liéu tir cache, néu khong,
CPU méi truy xuat 1én bo nhd chinh.

5.3.1. Nguyén tic chung ciia cache

B6 nh¢ cache dya theo nguyén ly cuc bd hoa tham chiéu bo nhé. Tic 14, trong mot
khoang théi gian dit nho CPU thudng chi tham chiéu cac thong tin trong mot khdi nhé
cuc bo.

Cache c6 toc dd nhanh hon bo nhé chinh. Cache duoc dat gitta CPU va bd nhd
chinh nhim tang tdc do CPU truy cap bd nhé. Cache c6 thé duoc dit trén chip CPU.

Cache »| BO nhé

] I chinh

Truyén theo tir nhé Truyén theo Block nhé

A

CPU |«

4

Hinh 5-11. Vi tri dit by nhé cache
5.3.1.1. Cac ddc diém ciia by nho Cache
- Cache c6 toc d0 nhanh hon bd nhé chinh

- B0 nhd ban dan tdc d6 cao

- Dung luong rat nho so voi 6 cing (256 — 512 KB)

- Cache HIT: Xéc dinh tir nhé nam trong Cache

- Cache Miss: Xac dinh tir nhd khong nam trong cache
- Ty 1& Hit = (S6 lan tim thiy tir nh¢/Tdng sd 1an tim)
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- H=(85-90%)
- TyléMiss=1-H
5.3.1.2. Thao tic cia b nhé Cache:
- CPU yéu cau nfi dung ctua ngan nhd.
- CPU kiém tra trén cache véi dit liéu nay.
- Néu c6, CPU nhan dit liéu tir cache.
- Néu khong c6, doc Block nhéd chira dir liéu tir bd nhé chinh vao cache.
- Tiép @6 chuyén dir liéu tir cache vao CPU.
5.3.1.3. Céu trisc chung ciia cache/ bp nhé chinh

B6 nhé chinh
Tag  Cache

oy B,
CPU | — E g;

—] L3 B3

[—

— L; B;

| L(21’n—W_ l)

B(Q2™™-1)

Hinh 5-12. Ciu triic chung ciia cache

Str dung n bit dia chi véi d0 dai tr nh¢ xac dinh. So luong tir nh¢ xac dinh 1a 2",

B6 nhé chinh duoc chia thanh cac Block, mdi Block c6 chtra 2¥ 6 nhd. S6 Block
=20 =25

Trong n bit dia chi dung w bit LSB dé xac dinh vi tri ctia tir nhé trong Block.

Kich thudc cua Block =8, 16, 32, 64, 128 byte.

Mot sb Block ctia bd nhd chinh dugc nap véo cac Line cta cache.

S6 Line ctia ctia Cache = 2™V = 2r

Noi dung Tag (thé nhd) cho biét Block nao ctia bd nhé chinh hién dang duoc chira
o Line do.

Khi CPU truy nhép (doc/ghi) mot tir nhd, c6 hai kha nang say ra:

Tu nhé d6 c6 trong cache (cache hit)

Tt nhé d6 khong c6 trong cache (cache miss)

B6 nho cache:

Co6 m bit dia chi (m <n)

Cache cling dugc chi thanh cac Block, dugc goi la Line. Kich thudc cia 1 Line
bang véi cac kich thude cia mot Block
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S6 Line cua ctia Cache = 2™V = 2r

Trong thuc té thi s6 Line << s6 Block

Trong trudng hop Cache miss can ¢6 mot thuat toan thay thé thich hop

bé CPU phan bi¢t dugc cac Block khi dua vao trong Cache ta stt dung dia chi
TAG. Dbia chi TAG cho biét Block nao dang nim trong Cache. Mdi Block déu c6 mot
dia chi TAG duy nht.

Khi x4c dinh 1 tir nhd nao d6 cé trong nam trong cache hay khong ta chi viéc so
sanh phan dia chi TAG ciia tir nhd can tim voi phan dia chi TAG cua tit ca cac Line ¢o
trong Cache.

5.3.2. Cac phwong phap anh xa

Cac phuong phap anh xa, chinh la cac phuong phap t6 chirc bd nhé cache. Co ba
phuong phap anh xa: Anh xa tryc tiép , anh xa lién két toan phan va loai thir ba la phuong
phap tong quét ctia 2 phuong phap trén d6 13 4nh xa lién két tap hop. (Trong khudn khod
chuong trinh chi nghién ctou énh xa tryc tiép va anh xa lién két toan phan).

5.3.2.1. Anh xa truc tiép (Direct mapping)

M&i Block ctia bd nhé chinh chi ¢6 thé duoc nap vao mot Line cua cache:

5+w

Tag Cache B& nhd chinh

N bit dja chi bd nh& [

Ta Line |W::| rdl } L B

s-r bit rbit | wbit L, B,
5-r
¥
S0 sanh
1 ;
* bl [ I‘I ® = B'
Cache hit W 3
1
Cache miss (7" -1}

Hinh 5-13. Minh hoa 4nh xa truec tiép

Bm -> LO

Bm+1 > Ly

Téng quat

B; chi ¢6 thé dugc nap vao Ljmod m
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M 1a sb Line ctia cache.

S6 lugng Block: 25; (s=n - w)

Truong Word : Kich thude Block hay Line : 2% (w 1a d6 dai tir nho)
Truong Line : SO Line cua cache 27 ( ¢6 r bit)

Truong TAG: S bit=s -1

B0 nhé chinh duogc to6 chirc nhu sau:

TAG LINE WORD
S-T r 4
N bit dia chi

Vi du 5.3.1: Cho bd nhé chinh c6 16 tir nhé chia thanh cac Block, mdi Block 2 tir nhé.
Cache c6 dung lugng 8 tir nhé. Xac dinh tir dia chi dé quan Iy bd nhé cache theo phuong
phap anh xa truc tiép.

Hudng dan:

B0 nhé chinh ¢6 16 tir nh¢ =2%, viyn =4

Moi Block ¢6 2 tirnhd =2!, vay w = 1

s=n—-w=4-1=3

Cache c¢6 dung luong 8 tir nhé = 23, viy m = 3

r=m-w=3-1=2

s—-r=1
T6 chtrc cia mot Block:
TAG LINE WORD
1 2 1
N bit dia chi
T6 chire ciia cache:
TAG W Cache Line
0 DL1
00 1 DLD LO
0 DL3
01 1 DL4 Ll
0 DL5
10 1 DL6 L2
0 DL7
11 1 DLS L3
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T6 chirc bo nhé chinh

TAG|LINE | Word | BNC Block
PR
0 01 z gg BI
10 : oo B2
T
o DLl B
s B
10 I pLI4 | B0
nR bLic |7

5.3.2.2. Anh xa lién két toan phan (Fully associative mappmg)

Moi Block c¢6 thé nap vao bat ky Line nao cta cache, mién 1a Line d6 con rong.

M bit dja chi Tag Cache B¢ nhér chinh
bd nhdr I
Tag Word }Ln By
Sbit W bit [
I L BJ
3 3 i li
So sanh
Cache hit ! I__"'1
"® L Q— }Bi
—
Cache miss L(2r-1) B(2*-1)

Hinh 5-14. Minh hoa 4nh xa lién két toan phan

148



Dia chi ctia b nhd chinh bao gém hai trudng:

TAG WORD
S W
n bit dia chi

Truong Word giéng nhu truedng hop anh xa truc tiép.

Truong Tag dung dé xac dinh Block cta bd nhé chinh.

Tag xac dinh Block dang nam & Line d6.

Dic diém cta dnh xa toan phan:

- Kich thuéc bd so sanh 16m nén tde do giam

- X4c suit cache hit cao

- B0 so sanh phtrc tap

- Can mot thuat toan thay thé khi cache day

- Céac Block ¢6 thé nim ¢ moi vi tri trong cache
Vidu 5.3.2:

Chon=4,w=1,s=3,r=2

T6 chtic ctia Block:

TAG WORD
3 1
n bit dia chi
T6 chirc ciia cache:
r=2 TAG WORD Line
DL7
00 111 LO
DLS
DL3
01 011 L1
DL4
DL1
10 001 L2
DL2
DL5
11 101 L3
DL6

149



T6 chirc bo nhé chinh

TAG \%\% BNC Block
w9 DL T,
o |0 DL T
L DLS T,
011 (1) gi; B3
R a—
R —r
T i
R

Vidu 5.3.3: Anh xa dia chi
Khong gian dia chi b nhé chinh = 64 MB.
Dung luong bo nhé cache 1a 64 KB.
Kich thudc Line (Block) = 64 byte.
Xac dinh s6 bit cta cac truong dia chi cho hai truong hop :
- Anh xa tryuc tiép
- Anh xa lién két toan phan
Voi anh xa truc tié})
B0 nh¢ chinh = 64 MB = 2%6 byte -> n = 26 bit
Dung lugng b nhd Cache = 64 KB = 2!6 byte -> m= 16 bit
Kich thude Block = 64 byte = 26 byte -> w = 6 bit
r=m-w= 16-6=10 bit
s=n—w=26—-6=20 bit
>s—r=20-10=10 bit

Tag Line Word
S-1 r w
10 10 6

Anh xa lién két toan phan

B0 nh¢d chinh = 64Mb = 22¢ byte -> n = 26 bit

Line = 64 byte = 2° byte -> w = 6 bit

S bit cua truong tag s& 1a: s =n — w = 26-6= 20 bit

Tag Word
S w
20 5
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5.3.2.3. Anh xa lién két tap hop
- Pay 1a phuong phép t6 hop tir 2 phuong phap trén
Bo > So
B -> S

- Cache chia thanh céc tap (set), mdi set chua 1 s line
2_r =24
Sé set= K (k 1a s6 line trong set)
Néu k=1 -> r=d: phuong phap anh xa truc tiép
Néu k=2" -> d=0: phuong phap anh xa lién két toan phan (k=2,4.6.8...)
T6 chirc ciia Block:

TAG SET WORD
s-d d W

Vidu 5.3.4:
Cho khong gian dia chi bd nhd 4GB, dung luong bo nhé Cache 1a 256KB, kich
thudc line 1a 32 byte.
Xéc dinh s bit cta truong dia chi theo phuong phap:
a) Anh xa tryc tiép
b) Anh xa lién két toan phan
¢) Anh xa lién két tap hop.
Hudng dan:
Bo nhé chinh= 4GB= 2% byte => n=32 bit
Cache = 256 KB= 2!® byte => m= 18 bit
Line = 32 byte= 2° byte => w= 5 bit
Co: r= m-w= 18-5=13 bit
s=n-w= 32-5=27 bit
a) Anh xa truc tiép

TAG LINE WORD
S-T r w
14 13 5

b) Anh xa lién két toan phan

TAG WORD
S w
27 5

¢) Anh xa lién két tap hop
2_r - 2_13 =2l

S set= k 4 =>d=11
Cos-d=27-11=16 bit
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TAG SET WORD
s-d d W
16 11 5

Vidu 5.3.5:

Gia thiét ring mdy tinh c6 128KB Cache t6 chtrc theo kiéu 4nh xa lién két tap hop
4 line, Cache c6 tit ca 1024 set tinh tir s0-s1023. Dia chi bd nh¢ chinh 1a 32 bit va duge
danh dia chi cho ting byte

a) Tinh s bit cho timg trudng dia chi cho timg bo nhé Cache

b) Hay xac dinh byte nh¢ dia chi 003D024AF (H) duoc xéac dinh vao set nao trong
bo nhd Cache?

Huéng dan:

a) Bo nho chinh= 32 bit => n=32 bit

Cache = 128 KB= 2!7 byte => m= 17 bit

Theo gia thiét bai cho c6 k=4

2 =1024

=> 4 =>r=12

= m-w => w= 17-12=5 bit

s=n-w= 32-5=27 bit
*) Anh xa truc tiép:

TAG LINE WORD
s-r r w
15 12 5
*) Anh xa lién két toan phan
TAG WORD
S w
27 5
*) Anh xa lién két tap hop:

SO set= 24 =2" =>d=10
s-d=27-10=17 bit

TAG SET WORD
s-d d W
17 10 5

b) bia chi 003D02AF= 0000 0000 0011 1101 0000 0010 1010 1111
Céc bit lan lugt dugc sap xEp:

TAG SET WORD
17 bit 10 bit 5 bit
0000 0000 0011 11010 000 0010 101 01111
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S6 set =000 0010 101=1.2% + 1.22 + 1.20= 21,

Vay dia chi 003D02AF dugc x4c dinh vao Sa1.
5.3.3. Thuit giai thay thé

Khong phai Iya chon

MOi Block chi anh xa vao mot Line xac dinh

Thay thé Block ¢ Line do.

DPuoc thyc hién bang phan ctng.

Random: Thay thé ngau nhién

FIFO (First In First Out): Thay thé Block ndo nam lau nhét trong Set do.

LFU (Least Frequently Used): Thay thé Block ndo trong Set c6 s6 1an truy nhép it

nhit trong cung mdt khoang thoi gian.
LRU (Least Recently Used): Thay thé Block & trong Set twong tng c6 thoi gian
lau nhat khong duoc tham chiéu téi.

Tbi wu nhat trong thuat giai thay thé 1a LRU
5.3.4. Phwong phap ghi dir li€u cache hit

Ghi xuyén qua (Write - throught): Ghi ca cache va ca bd nhd chinh

Tbc d6 cham
Ghi tra sau (Write - back): Chi ghi ra cache
Tdc dd nhanh

Khi Block trong cache bi thay thé can phai ghi tra ca Block vé bo nhé chinh
5.3.5. Cache trén cac bg xir ly Intel

- 80486: 8KB cache L1 trén chip

- Pentium: Co6 2 cache L1 trén chip.

Cache 1énh = 8Kb va Cache dir liéu = 8Kb

- Pentium 4 (2000): C6 hai mirc cache L1 va L2 trén chip

Cache L1: Mbi cache 8 Kb

Kich thudc Line = 64 byte

Anh xa lién két tap hop 4 dudng

Cache L2: Mbi cache 256 Kb

Kich thudc Line = 128 byte

Anh xa lién két tap hop 8 dudng.
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System Bus

Out- of- order L1 Instruction P Instruction <
Execution Logic Cache (12k uops) | Fetch/ Decode Unit
64 bits
: v
Integer register file >  FBregister file
7y A y 7y A
L2 Cache
v 4 y v A y v (256KB)
Load Store Simple Simple Complex FB/ FB
Address| | Address Integer Integer Integer MMS Move ‘
Unit Unit ALU | | ALU ALU Unit Unit
256 bits
v 4 v
L1 data Cache (8KB) <

Hinh 5-15. So' d6 Pentium 4

5.4. BO NHO NGOAI

5.4.1. Dia tir

Du rang cong nghé méi khong ngimg phat minh nhiéu loai bo phan Iuu trir mot
luong thong tin 16n thi dia tr van giir vi tri quan trong tir nim 1965. Dia tir ¢6 hai
nhi¢m vy trong may tinh.

- Luu trit dai han cac tap tin.

- Thiét 1ap mot cp bd nhé bén dudi bd nhé trong dé 1am bo nhd 4o lic chay
chuong trinh.

Do dia mém dan duoc cac thiét bj luu trit khac c6 céac tinh nang uu viét hon nén
chung ta khong xét dén thiét bi nay trong chuong trinh ma chi néi dén dia cimg. Trong
tai liéu ndy mé ta mot cach khai quat ciu tao, cach van hanh ciing nhu dé cip dén cac
tinh chét quan trong ciia dia cing.

Mot dia cig chira nhiéu 16p dia (tir 1 dén 4) quay quanh mét truc khoang 3.600 -
15.000 vong mdi phit. Cac 16p dia ndy dugc 1am bang kim loai voi hai mit duoc phu
mot chét tir tinh. Duong kinh cua dia thay ddi tr 1,3 inch dén 8 inch. Mdi mit ciia mot
16p dia duoc chia thanh nhiéu dudng tron ddng truc goi 1a rdank. Thong thudng mdi
mit ctia mot 16p dia co tir 10.000 dén gan 30.000 rdnh. Mdi rdnh dugc chia thanh
nhiéu cung (sector) dung chira thong tin. Mot ranh co thé chira tir 64 dén 800 cung. Cung
1a don vi nho nhat ma may tinh c6 the doc hodc viét (thong thuong khoang 512 bytes).
Chudi thong tin ghi trén mdi cung goém cé: sd thr tu cla cung, mot khoang tréng, 80
lidu ciia cung d6 bao gom ca cac ma stra 16i, mot khoang tréng, s6 thir ty cia cung tiép
theo [4].

Vé6i k¥ thuat ghi mat do khong déu, tit ca cac ranh déu c6 cung mot sb cung,
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diéu nay 1am cho cac cung dai hon & cac ranh xa truc quay c6 mat do ghi thong tin
thap hon mat dg ghi trén cac cung nam gan truc quay.

Gia do dau doc

Tam dia

Cylinder

4

Vi tri oc git et
Hinh 5-16. CAu tao ciia mjt dia cirng
Véi cong nghé ghi véi mat do déu, ngudi ta cho ghi nhiéu thong tin hon ¢ cac
ranh xa truc quay. Cong ngh¢ ghi nay ngay cang duoc dung nhiéu véi sy ra doi cia
cac chuan giao dién thong minh nhu chuan SCSL

(a) Constant angular velocity (b) Multiple zoned recording

Mit d9 ghi khong déu Mait do ghi déu
Hinh 5-17. Mat d¢ ghi dia

Dé doc hodc ghi thong tin vao mot cung, ta ding mét dau doc ghi di dong ap vao
mdi mit cua mdi 16p dia. Cac dau doc/ghi ndy duoc gin chit vao mot thanh lam cho
chung cung di chuyén trén mot duong ban kinh ciia mdi 16p dia va nhu thé tat ca cac
dau nay déu & trén ‘nhimg rénh c6 cung ban kinh cua cac 16p dia. Tur “zru™ (cylinder)
dugc dung dé goi tat ca cac ranh cua cac 16p dia c6 cung ban kinh va nam trén mot hinh
try. Nguoi ta lubn mudn doc nhanh dia tir nén thong thuong 6 dia doc nhiéu hon s
dir liéu can doc; nguoi ta ndi day la cach doc trude. bé quan ly cac phirc tap khi két
ndi (hoac ngung két ndi) lac doc (hodc ghi) thong tin, va viéc doc trude, 6 dia can co
bo diéu khién dia. Cong nghiép ché tao dia tir tap trung vao viéc nang cao dung lugng
cua dia ma don vi do luong la mat do trén mot don vi bé mat.
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Bing 5-2. Bang thong s ky thuit dia cirng

Dung luong tdi da c6 thé dat 500GB

S6 lugng dau doc 1-8

S6 tam ghi ( dia) 1-4

Cache (b dém) 2-16 MB

Sb cung (Sector- 512 bytes/ sector) XXX, XXX, XXX

Téc d6 quay dia (RPM) 3600-15000

Mat d6 c6 thé dat 95 Gb/in?
Mat @6 ranh (TP1- Max Tracks/ Inch) c6 thé dat 120,000
Mat do ghi BP1 (Max Bits/Inch) c6 thé dat 702,000
Tbc do dir lidu t6i da (Internal) c6 thé dat 900 Mb/s
Tbe 36 truyén dir liéu véi ngoai vi c6 thé dat 320 Mb/s
Thoi gian chuyén track R/W c6 thé dat 15ms
Thot gian quay ntra vung c6 thé dat 6 ms

5.4.2. Dia quang

Céc thiét bi luu trir quang rat thich hop cho viéc phat hanh cac san phim vin
hoa, sao luu dit liéu trén cic hé thong may tinh hién nay. Ra doi vao nim 1978, day
1a san pham cua su hop tac nghién ctru gitra hai cong ty Sony va Philips trong cong
nghiép giai tri. Ttr nim 1980 dén nay, cong nghiép dia quang phat trién manh trong
cd hai linh vyc giai tri va luu trit dir liéu may tinh. Qua trinh doc thong tin dya trén
su phan chiéu ciia céac tia laser nang lugng thap tir 16p luu trir dir lidu. B phan tiép
nhan anh sang s¢ nhan biét duoc nhimg diém ma tai do tia laser bi phan xa manh hay
bién mat do cac vét khac (pit) trén bé mit dia. Cac tia phan xa manh chi ra rang tai
diém do khong co 16 khic va diém nay duoc goi 13 diém nén (land). B6 nhan anh sang
trong 6 dia thu nhan cic tia phan xa va khuéch tan dugc khuc xa tur bé mit dia. Khi cac
nguon sang dugc thu nhan, bo vi xir Iy s& dich cdc mau sang thanh cac bit dir licu hay
am thanh. Cac 15 trén CD siu 0,12micron va rong 0,6 micron (1 micron bang mot phan
ngan mm). Cac 16 nay dugc khic theo mot track hinh xodn 6¢ véi khoang cach 1,6
micron giita cic vong, khoang 16.000 track/inch. Cac 15 (pit) va nén (land) kéo dai
khoang 0,9 dén 3,3 micron. Track bit dau tir phia trong va két thuc ¢ phia ngoai theo
mot dudng khép kin cac ria dia Smm. Dit liéu luu trén CD thanh ting khéi, mdi khoi
chira 2.352 byte. Trong do, 304 byte chira cac thong tin vé bit dong bo, bit nhan dang
(ID), mi stra 16i (ECC), ma phat hién 16i (EDC) [4].

Con lai 2.048 byte chira dit liéu. Téc d6 doc chuan cia CD-ROM 1a 75 khéi/s hay
153.600 byte/s hay 150KB/s (1X).

Duéi day 1a mot s6 loai dia quang thong dung:

+ CD (Compact Disk): Pia quang khong thé xo4 dugc, dung trong cong nghiép
giai tri (cac dia &m thanh dugc s hod). Chuén dia c6 dudng kinh 12 cm, 4m thanh phat
tur dia khoang 60 phut (khong ding).

+ CD-ROM (Compact Disk Read Only Memory): Pia khong xo4 dung dé chira
cac dit liéu may tinh. Chuan dia c6 duong kinh 12 cm, luu trit dit liéu hon 650 MB.

+ CD-R (CD-Recordable): Gibng nhu dia CD, dia méi chua c6 thong tin, ngudi
dung co thé ghi dir 1i€u Ién dia mot 14n va doc duoc nhiéu lan, khong xo04 duogc.

+ CD-RW (CD-Rewritable): c¢6 thé ghi va doc dit liéu nhiéu lan.

+ DVD (Digital Video Disk — Digital Versatile Disk): Pia chtra cac hinh anh video
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duoc s6 hoa. Kich thude dia c6 hai loai: 8cm va 12cm. DPia DVD ¢6 thé chira dit liéu
trén ca hai mat dia, dung lugng tdi da 1én dén 17GB.
Téc d6 doc chuan cia DVD — ROM (1X) 1 1.3 MB/S (1X ctia DVD tuong duong
khoang 9X cia CD ROM).
Bang 5-3. So sainh mot s6 thong s ciia hai loai dia CDROM va DVDROM

Dac trung CDROM DVDROM
Kich thuogc Pit 0.834 micron 0.4 micron
Khoang cach ranh 1.6 micron 0.74 micron
Sb 16p dix liéu trén dia | 1 16p 2 16p

S6 mit dia 1 mit 1-2mat
Dung luong 640-700MB 1.36 - 17 GB
D0 phan giai phim VCD= 320x200 720x640

Véi cac dac tinh cua dia quang, gia thanh ngay cang thap, dugc xem nhu mot
phuong tién thich hop dé phan phdi cdc phan mém cho may vi tinh. Ngoai ra, dia
quang con dugc dung dé luu trir 1au dai cac dir liéu thay thé cho bang tir.

5.4.3. Cac loai thé nh¢

Hién nay, thé nhd 1a mot trong nhimg cong nghé mai nhat duoc dung 1am thiét
bi Iuu trit. Thé nhé flash 1a mot dang bo nhé ban din EEPROM(cong nghé dung dé
ché tao cac chip BIOS trén cac vi mach chinh), dugc cAu tao boi céc hang va cac cat.
MG&i vi tri giao nhau 12 mot 6 nhd gdm c6 hai transistor, hai transistor nay cach nhau boi
mot 16p 6-xit mong. Mot transistor duoc goi 1a floating gate va transistor con lai dugc
got la control gate. Floating gate chi c6 thé ndi két voi hang (word line) thong qua
control gate. Khi dudng két ndi dugc thiét 1ap, bit co gia tri 1. Dé chuyen sang gia tri
0 theo mot qui trinh ¢6 tén Fowler-Nordheim tunneling. Toc do, yéu cau vé dong dién
cung cap thap va dic biét voi kich thudc nho gon cua céac loai thé nhd 1am cho kiéu bd
nhé nay dugce dung rong rai trong cong nghé luu trir va giai tri hién nay [4,7].

DF000 HOW STUFF WORKS
200 HOW STUFF WORKS
Word line
‘Word line

Control Gate
Control Gate Thin Oxide Layer —
Floating Gate Floating Gate

Drain Source 1

e  Current flow I = Current flow

{-)(-){-)-) Negatively charged electrons {-}-){-}{-) Negatively charged electrons =

Drain Source

Hinh 5-18. Minh hoa hai trang thai ciia mot bit nhé trong thé nhé
5.4.4. Bang tir

Bing tir ¢6 ciing cong nghé véi cac dia tir nhung khac dia tir hai diém:

- Viéc thAm nhéap vao dia tir 1a ngau nhién con viéc thAm nhap vao bang tir la
tuan ty. Nhu vdy viéc tim thong tin trén bang tir mat nhiéu thoi gian hon viée tim
thong tin trén dia tur.

- Pia tir ¢6 dung lwong han ché con biang tir gdm ¢ nhiéu cudn bing co thé 1y
ra khoi may doc bang nén dung luwong cua bang tir 13 rat 16n (hang traim GB). Véi chi
phi thap, bang tir van con dugc ding rong rai trong viéc luu trir dir liéu du phong.

Céc bang tir ¢6 chiéu rong thay dbi tir 0,38cm dén 1,27 cm dugc dong thanh cudn
va dugc chira trong mot hop bao vé. Dir lidu ghi trén bang tir co ciu trac gdm mot sb
cac ranh song song theo chiéu doc ctia bang.
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Co hai cach ghi dir li€u 1én bang tur:

Ghi nbi tiép: voi ky thuat ghi xoan bc, dir liéu ghi ndi tiép trén mot ranh cua
bang tir, khi két thuc mot rinh, bang tir s& quay nguoc lai, dau tir s& ghi dir liéu trén
ranh méi tiép theo nhung voi huéng nguoc lai. Qua trinh ghi ¢t tiép dién cho dén
khi day bang ti.

Ghi song song: dé tang tdc do doc-ghi dir li¢u trén bang tur, dau doc - ghi c6 thé
doc-ghi mdt s6 ranh ké nhau déng thoi. Dit liéu van duoc ghi theo chiéu doc bang tu
nhung cac khéi dir liéu duoc xem nhu ghi trén cac rinh ké nhau. S6 ranh ghi dong
thoi trén bang tur thong thuong 1a 9 ranh (8 ranh dur liéu - 1byte va mét ranh kiém tra
161).

5.4.5. Bién phap an toan dir liéu khi luwu trir thong tin trong dia tir

Nguoi ta thuong chi trong dén sy an toan trong luwu giit thong tin ¢ dia tir hon 13
sy an toan cua thong tin trong b xir 1y. B xir 1y ¢6 thé hu ma khong 1am ton hai dén
thong tin. O dia ctia may tinh bi hu c6 thé gy ra cac thiét hai rat to 16n.

Mot phuong phép gitip tang cuong dd an toan cua thong tin trén dia tur 1a dung
mot mang dia tir. Mang dia tir nay dwoc goi 1a Hé thong dia dw phong (RAID -
Redundant Array of Independent Disks). Cach luu trit du thong tin 1am ting gia tién va
su an toan (ngoai trir RAID 0). Co ché RAID c6 céac dac tinh sau:

- RAID la mot tap hop cac 6 dia ctiing (vat 1y) dugc thiét 1ap theo mot k¥ thuat
ma hé diéu hanh chi “nhin thiy” chi 1a mét 6 dia (logic) duy nhét.

- V6i co ché doc/ghi thong tin dién ra trén nhiéu dia (ghi dan chéo hay soi
guong). 7 N

- Trong mang dia c6 luu cac thong tin ki€ém tra 161 dit liéu; do do, dir licu co
thé dugc phuc hdi néu co6 mot dia trong mang dia bi hu hong.

Tuy theo k¥ thuat thiét 1ap, RAID c6 thé ¢ cac muc sau:
5.4.5.1. RAID 0. (Strip — Tao ldt)

Thuc ra, ky thuat nay khong ———— — —

s L, - R | 7 Strip 0 Strip 1 Strip 2 Strip 3
nam trong so cac ky thuatco coché (| N N —
N d~ 1 A Kh Y d Strip 4 Strip 5 Strip 6 Strip 7
an ,toan u lieu. 1 mang dugc | I | I | )
thiét 1ap theo RAID 0, 6 dia logic Strip 8 Stip Stip 10 suip 11
, B . A Y 2 . R MeeMe— 1 MeeMe— 1 MeeMe— 1 MeeMe—
c6 duoc (ma hé diéu hanh nhan Strip 12 Strip 13 Strip 14 Strip 15

biét) c¢6 dung duong bang tong : . : . . . |
dung lugng cua cac 6 dia thanh “-------"  “=-----o7
vién. Diéu nay giap cho ngudi
ding c6 thé c6 mot 6 dia logic co
dung luong 16n hon rat nhiéru so
v6i dung luong that cua 6 dia vat Iy cung thoi diém. Dit liéu dugc ghi phan tan trén tat
ca cac dia trong mang. Pay chinh 1a sy khac biét so vo1 viéc ghi dit li€u trén céac dia
riéng 1€ binh thuong boi vi thoi gian doc-ghi dir liu trén dia ti 1€ nghich voi s6 dia co
trong tap hop (s6 dia trong tap hop cang nhiéu, thoi gian doc — ghi dir liéu cang nhanh).
Tinh chét nay ctia RAID 0 that sy hitu ich trong cac ung dung yéu cau nhiéu thim nhap
dia v6i dung luong 16n, toe d cao (da phuong tién, do hoa,...). Tuy nhién, nhu da noi
& trén, ky thuat nay khong c6 co ché an toan dir lidu, nén khi c6 bat ky mot hu hong
nao trén mot dia thanh vién trong méang ciing s& dan dén viéc mat dir liéu toan bo trong
mang dia. X4c suit hu hong dia ti 16 thuan véi s6 luong dia dugc thiét 1ap trong RAID
0. RIAD 0 c6 thé duoc thiét 1ap bang phan cimg (RAID controller) hay phan mém

______________

Hinh 5-19. RAID 0
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(Stripped Applications)
5.4.5.2. RAID 1 (Mirror - Dia guwong)

Phuong cach thong thudng tranh mat théng tin khi 6 dia bi hu 13 dung dia guong,
turc 1a dung 2 dia. Khi thong tin dugc viét vao mot dia, thi n6 cling dugc viét vao dia
guong va nhu vay luén ¢6 mot ban sao ciia thong tin. Trong co ché ndy, néu mot trong
hai dia bi hu thi dia con lai dwgc dung binh thudng. Viée thay thé mot dia méi (cung
thong s6 ky thuat voi dia hu hong) va phuc hoi dir liéu trén dia don gian. Can ctr vao
dir liéu trén dia con lai, sau mot khoang thoi gian, dit li¢u s€ dugce tai tao trén dia moi
(rebuild). RAID 1 ciing c6 thé duogc thiét 1ap bang phan cting (RAID controller) hay
phan mém (Mirror Applications) v&i chi phi kha 16n, hiéu suit sir dung dia khong cao
(50%).

Strip 1 Strip 2

Strip 5 Strip 6

Strip 9 Strip 10

Strip 13 Strip 14

Hinh 5-20. RAID 1
5.4.5.3. RAID 2

Dung ky thuat truy cap dia song song, tat ca cac dia thanh vién trong RAID déu
duoc doc khi c6 mot yéu cau tir ngoai vi. Mot ma stra 16i (ECC) duoc tinh toan dua
vao cac dir liéu duogc ghi trén dia luu dir 1i€u, cac bit duwgc ma hod dugc luu trong cac
dia dung lam dia kiém tra. Khi c6 mét yéu cau dir liéu, tit ca cac dia duogc truy cip
d6ng thoi. Khi phat hién c6 151, bd diéu khién nhan dang va stra 16i ngay ma khong lam
giam thoi gian truy cap dia. Vi mot thao tac ghi dit lidu 1én mot dia, tat ca cac dia dir
lidu va dia stra 18i déu duoc truy cap dé tién hanh thao tac ghi. Thong thuong, RAID 2
dung m3 Hamming dé thiét 1ap co ché ma hoa, theo d6, d¢ ma hoa dit liéu duoc ghi,
ngudi ta diung mot bit sira 18i va hai bit phat hién 16i. RAID 2 thich hop cho hé thong
yéu cau giam thiéu dugc kha nang xay ra nhiéu dia hu hong cung luc.

e EEE

_______

Hinh 5-21. RAID 2

5.4.5.4. RAID 3

'Dung ky thuat ghi song song, trong k¥ thuat nay, mang duoc thiét 1ap véi yéu
cau t6i thiéu 1a 3 dia ¢ cac thong so ky thudt gidng nhau, chi mot dia trong mang duoc
dung dé luu cac thong tin kiém tra 15 (parity bit). Nhu vay, khi thiét 1ap RAID 3, hé
diéu hanh nhan biét duoc mot dia logic c¢6 dung lwgng n-1/n (n: sé dia trong mang). Dit
lidu dugc chia nho va ghi dong thoi trén n-1 dia va bit kiém tra chin 1¢ duoc ghi trén
dia dung lam dia chira bit parity — chén 1é dan chéo & mirc d6 bit. Bit chan 1¢ 1a mot bit
ma ngudi ta thém vao mot tp hop cac bit lam cho sb bit ¢ tri s6 1 (hodc 0) 1a chin
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(hay l¢). Thay vi c6 mét ban sao hoan chinh cua thong tin gbc trén moi dia, nguoi ta
chi can co6 du thong tin dé phuc hoi thong tin da mat trong truong hop c6 hong 6 dia.
Khi mot dia bat ky trong mang bi hu, hé thong van hoat dong binh thuong. Khi thay
thé mot dia méi vao mang, can cir vao dir li¢u trén cac dia con lai, hé théng tai tao
thong tin. Hiéu sut str dung dia cho cach thiét 1ap nay 1a n-1/n. RAID 3 chi c6 thé duoc
thiét 1ap bang phan cing (RAID controller).

EIE|S|E|=

Hinh 5-22. RAID 3

5.4.5.5. RAID 4

T RAID 4 dén RAID 6 dung k¥ thuat truy cap cac dia trong mang doc lap. Trong
mot mang truy cap doc 1ap, moi dia thanh vién dugc truy xuat doc lap, do d6 mang co
thé dap ung dugc cac yéu cAu song song ctia ngoai vi. Ky thuat nay thich hop vai cac
mg dung yéu cau nhiéu ngoai vi 13 cic ung dung yéu cau tdc do truyén dit liéu cao.
Trong RAID 4, mot dia dung dé chira cac bit kiém tra dugc tinh toan tir dir liéu duogc
lvu trén cac dia dur liéu. Khuyet diém lén nhat cia RAID 4 1a bi nghén ¢d chai tai dia
kiém tra khi c¢6 nhiéu yéu cdu dong thoi tir cc ngoai vi.

Block 0

< < =
! 1 ! 1 ! 1
1 ! 1 ! 1

Hinh 5-23. RAID 4

P(0-3)

P(4-7)

P(3-11)

P(12-15)

5.4.5.6. RAID 5

Yéu cau thiét 1ap gidng nhu RAID 4, dit liéu duoc ghi tirng khoi trén cac dia thanh
vién, cac bit chan 1¢ dugce tinh toan mirc d6 khdi duoc ghi trai déu 1én trén tat ca cac 6
dia trong mang. Tuong ty RAID 4, khi mot dia bat ky trong mang bi hu hong, hé thong
van hoat dong binh thuong. Khi thay thé mot dia moi vao mang, can cir vao dur liéu
trén céc dia con lai, hé thong tai tao thong tin. Hi¢u suét str dung dia cho cach thiét 1ap
nay 1a n-1/n. RAID 5 chi c6 thé duoc thiét 1ap bang phan cimg (RAID controller). Co
ché nay khic phuc duoc khuyét diém di néu trong co ché RAID 4.
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— S— e c— ——
Block 0 Blockl Block2 Block3 P(0-3)
Me—
B4 B5 B6 P(4-7) B7
Me—
B8 B9 P@8-11) B10 Bll
M —— ] Me—
B12 B(a= B13 Bl4 BI5
P(16-19) BI6 BL7 BIS BI9
~~— ~~—

Hinh 5-24. RAID §

5.4.5.7. RAID 6

Trong k¥ thuat ndy, cin c6 n+2 dia trong mang. Trong d6, n dia dit liéu va 2 dia
riéng biét dé luu cac khéi kiém tra. Mot trong hai dia kiém tra dung co ché kiém tra
nhu trong RAID 4&S5, dia con lai kiém tra doc 1ap theo mdt giai thuat kiém tra. Qua
d6, n6 co thé phuc hdi duoc dit liéu ngay ca khi c6 hai dia dit liéu trong mang bi hu
hong.

Hién nay, RAID 0,1,5 duoc dung nhiéu trong cac hé thong. Cac giai phap
RAID trén day (trir RAID 6) chi ddm bao an toan dir li¢u khi c6 mot dia trong
mang bi hu hong. Ngoai ra, cac hu hong dit liéu do phan mém hay chil quan cua
con nguoi khong duge dé cap trong chuong trinh. Ngudi ding can phai co kién
thie day du vé hé thong dé cac hé thong thong tin hoat dong hiéu qua va an toan.

S — S—— R —— N ~e— —

Block 0 Blockl Block2 Block3 P(0-3) Q(0-3)
Meeem— 1 M~ MNe— e— o M~
B4 BS B6 P(4-7) Q@-7) B7
M M~ N~ 4 M e~ A ~———
B3 B9 P(8-11) Q(8-11) BI10 Bl
M~ — M R Ne—— ~——
BI2 P(12-15) Q(12-15) BI3 Bl4 BI5
[~—— — R Ne—— Ne—— ~————

P(16-19) Q(16-19) Bl6 B17 BIS BI9
~—
N—

Hinh 5-25. RAID 6
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CAU HOI ON TAP VA BAI TAP CHUONG 5
Cau 1. Hiy trinh bay h¢ thong phan cép trong bo nho:
a) V& so d6 va giai thich h¢ thong phéan cap b nhé?
b) Thanh phan nao trong ciu trac phén cap b6 nhé giup lam tang hiéu nang hé
thng va lam giam gia thanh san xuat cia may tinh?
¢) Giai thich vi sao bd nhé RAM duoc coi 14 kha bién con 6 cing 1a bat bién?
Céu 2. Hé théng nh¢
a) Y nghia cac k¥ thuét té chirc Cache 1a gi?
b) So sanh 3 phuong phap anh xa cache: anh xa truc tiép, anh xa két hop day du
va anh xa tap két hop?
¢) Phuong phéap anh xa nao trong cac phuong phép trén dugc sir dung nhiéu nhit
trong thuc t&? Tai sa0?
Cau 3. Hé thong nhé
a) Trinh bay ba phuong phap thay thé dong cache: Ngau nhién, FIFO va LRU.
b) So sanh ba phuong phap trén.
¢) Phuong phap nao cho hé sd trang (hit) cao nhat? Giai thich?
Céu 4. Trinh bay qua trinh ghép nhiéu 6 dia cimg vat 1y thanh mot hé théng 6 dia ctng:
a) RAID la gi?
b) Tai sao RAID c6 thé nang cao dugc tinh tin cdy va toc do truy nhap hé thong
luu trir?
¢) So sanh ba loai RAID 0, RAID 1 va RAID 5
Cau 5. Trinh bay cac phuong phap anh xa bo nhé cache.
a) Phuong phap anh xa truc tiép
b) Phuong phap anh xa lién két toan phan
¢) Phuong phap anh xa lién két tap hop
Cau 6. Xay dung K¥ thuat phat hién 156i va sira 16i Hamming code
a) Trinh bay cac k¥ phat hién va hiéu chinh 16i trong bd nh¢
b) V& va giai thich so @b phat hién 13i va hiéu chinh 16
¢) Cho vi du minh hoa ma stra 16i Hamming (m=4, k=3)?
Cau 7. Cho chip nh¢ SRAM 4K x 8 bit

Thiét ké mo-dun nhé 16K x 8 bit
Cau 8. Cho chip nhd SRAM 4K x 8 bit
Thiét ké mo-dun nhé 32K x 8 bit
Cau 9. Cho chip nh¢ SRAM 4K x 4 bit
Thiét ké mo-dun nhé 8K x 8 bit
Cau 10. Cho chip nhd SRAM 8K x 8 bit
Thiét ké mo-dun nhé 16K x 16

Cau 11. Chi dung céc chip nhd SRAM c6 dung lugng 16K x 8 bit va cac bo gidi ma 2—
4, hiy thiét ké module nhé c¢6 dung luong 256KB.

Cau 12. Cho bd nhé chinh c6 16 tir nhé chia thanh cac Block, mdi Block 2 tir nhé. Cache
¢6 dung luong 8 tir nhé. Xac dinh tir dia chi dé quan 1y bd nhé cache theo phurong
phap anh xa truc tiép.
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Cau 13. Mot may tinh c6 dung luong b nhd chinh 13 64MByte duoc td chirc theo cac
block nh¢. B nh¢ cache c6 dung luong la 64Kbyte, kich thudc duong 1a 64 byte.
Tinh dang dia chi truy cap cache trong truong hop anh xa lién két hoan toan.
Cau 14. Gia thiét ring may tinh c6 128KB cache t6 chirc theo kiéu anh xa lién két tap
hop 4 line. Cache c6 tat ca 1a 1024 Set tir SO->S1023. Dja chi bo nhé chinh 1a 32
bit va danh dia chi cho tung byte.
Xdc dinh byte nho co dia chi 115B14CF (H) dwoc anh xa vao Set nao cua Cache?
Cau 15. Cho khong gian dia chi bd nhé 32GB, dung lugng bo nhé Cache 1a 6MB, kich
thudce line 13 32 byte. Xac dinh s bit ciia truong dia chi theo phuong phép:
a) Anh xa truc tiép
b) Anh xa lién két toan phan
¢) Anh xa lién két tap hop.
Cau 16. Cho khong gian dia chi bo nh¢ 64GB, dung lugng bo nhé Cache 1a SMB, kich
thudc line 1a 32 byte. Xac dinh s6 bit ciia truong dia chi theo phuong phép:
a) Anh xa truc tiép
b) Anh xa lién két toan phan
¢) Anh xa lién két tap hop.
Cau 17. Cho khong gian dia chi b nhé 128GB, dung lugng bd nhd Cache 1a 20MB,
kich thudc line 13 32 byte. Xac dinh sd bit clia truong dia chi theo phwong phép:
a) Anh xa truc tiép
b) Anh xa lién két toan phan
¢) Anh xa lién két tap hop.
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Chuong 6
HE THONG VAO RA

Trang bi cho sinh vién kién thirc vé hé thong chuyén dir liéu gitta may tinh va thiét
bi ngoai vi, cdc phwong phap trao doi dir liéu va cdc cach ghep noi voi thiét bi ngoai vi.

Sinh vién can nam virng cac kién thirc vé hé théng két ndi co ban cac bd phdén bén
trong mdy tinh, cdch giao tiép giita cdc ngoai vi va bé xir Iy. Théng qua hé thong BUS
truyén dir liéu.

Trang bi cho sinh vién kién thirc vé cdu triic ciia hé thong truyén dir lidu, cdc
phwong phap trao déi dit liéu song song, noi tié}), gitta may tinh va thiét bi ngoai vi.

Sinh vién can ndm viing cdc kién thire vé hé thong két noz co ban cac bo phédn bén
trong mdy tinh, cac phwong phdp trao doi dir liéu song song, néi tiép, giao dién da ndng,
giao dién cao toc.

6.1. CAU TRUC CHUNG CUA HE THONG VAO RA

6.1.1. Cau tric co ban ciia h¢ thong vao ra

Cong R Thiét bi
vao-ra ngoai vi
Bus hé
thong Mo-dun
< : > Viao-ra
fe . (:‘6“ e .
Noi ghép i 1'g'1 % Thlet. b!.
véi CPU ab-Le — ngoai vi
vibd i

chinh

Thiet bi
ngoai vi

: r‘: Mo-dun

Vao-ra

"
Cong
viao-ra

-3

Hinh 6-1. (;éu trac co ban cua hé thong vao ra )

v" Chtrc nang cta hé thong vao ra: Trao doi thong tin gitta may tinh vdi thé giGi
bén ngoai.

v Céc thao tac co ban: Vao dir liéu (Input), ra dir liéu (Ouput)

v" Céc thanh phﬁn chinh: Céc thiét bi ngoai vi, cdc mo-dun vao-ra

v Dic diém cua vao-ra:

+ Ton tai da dang cac thiét bi ngoai vi khac nhau vé: Nguyén tac hoat dong, tbe
do, khuon dang dir licu
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+ Tét ca cac thiét bi ngoai vi déu cham hon CPU va RAM, nén can cd cidc mo-
dun vao-ra dé ndi ghép cac thiét bi ngoai vi véi CPU va b nhé chinh
6.1.2. Cac thiét bj ngoai vi

- Chirc ning: Chuyén dbi dir liéu giita bén trong va bén ngoai may tinh

- Phén loai:

Thiét bi ngoai vi giao tlep nguoi voi may. Vi du: Ban phim, man hinh, may in..
Thiét bi ngoai vi giao_ tiép may voi may. Gom cac thiét bi theo ddi va kiém tra
Thiét bi ngoai vi truyén théng. Modem, Network Interface Card (NIC).

Dir liéu tu/
dén mo- dun vao- B6 B Dir liéu tur/
A [ én bén ngoai
ra dém chuyeén doi den bén ngo
« P ~ l > , .a l >
dir tin hiéu
liéu (Transducer)
. .
Tin hiéu
dicu khién
»
Khoi logic diéu khién
o
Tin hiéu
trang thai

Hinh 6-2. Ciu triic chung ciia thiét bi ngoai vi
- Cac thanh phﬁn cta thiét bi ngoai vi:
Bo chuyén ddi tin hiéu: Chuyén d6i dir liéu gitta bén ngoai voi bén trong may tinh
Bo dém dir liéu: Pém dit liéu khi truyén gitta mo-dun vao-ra voi thiét bi ngoai vi.
Khdi logic diéu khién: Diéu khién hoat dong cua thiét bi ngoai vi dap tng theo yéu
cau tir md-dun vao-ra.
6.1.3. Mo-dun vao-ra
Diéu khién va dinh thoi
Trao dbi thong tin véi CPU hodc bd nhd chinh
Trao d6i thong tin véi thiét bi ngoai vi
DPém giita bén trong may tinh véi thiét bi ngoai vi
Phat hién 15i cta thiét bi ngoai vi
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Bus dir liéu bén trong Dir liéu

Thanh N
Céc duong dir lidu ghld i}rém Céng nbi >
< lidu ghép bicu khién
: vao- ra
Trang thai
Thanh ghi
trang thai/ diéu khién

A

Céac duong dia chi v Du 11511
N Khéi logic Cong ndi ey
Céc duong diéu khién didu khién N ghép bicu khién
< > vdo-ra  |a )
Trang thai

Hinh 6-3. Ciu triic chung ciia mo-dun vao-ra

- Céc thanh phan ciia mo-dun vao-ra:

Thanh ghi dém dir liéu: Dém dir liéu trong qua trinh trao doi

Céc cong vao ra (I/0 port): Két ndi véi thiét bi ngoai vi, mdi cong c6 mot dia chi
xac dinh
Thanh ghi trang thai/ diéu khién: Luu giir thong tin trang thai/diéu khién cho cac
cong vao ra

Khéi logic diéu khién: Piéu khién mo-dun vao-ra

6.1.4. Dia chi héa cong vio ra
6.1.4.1. Khong gian dia chi cua by xw ly

Khoéng gian dia chi Khong gian
bo nho N bit dia chi vao-ra N, bit

000...000 By 00...00
000...001 B, 00...01
000...010 B, 00...10
000...011 Bs

11...11

111...111

Hinh 6-4. Khong gian dia chi ctia bg xir ly
- Mot s6 bo xur Iy chi quan 1y duy nhat mot khong gian dia chi. Khong gian dia
chi ctia bd nhé 1a 2N dja chi.
Vi du: Cac bd xir 1y 680x0 (Motorola): Mot s6 bo xtr Iy quan 1y hai khong gian
dia chi tach biét:
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Khong gian dia chi bd nhd: 2N dia chi
Khong gian dia chi vao ra: 2N! dia chi
C6 tin hi¢u diéu khién phan biét truy nhap khong gian dia chi
Tap 1énh co6 cac 1énh vao-ra chuyén dung
Vi du: pentium (Intel)
Khong gian dia chi bd nho= 232 byte = 4 GB
Khong gian dia chi vao-ra= 2'byte = 64 KB
Tin higu diéu khién M/1q
Lénh vao-ra chuyén dung: In , Out
6.1.4.2. Cdic phwong phdp dia chi héa cong vao-ra
a) Vao ra riéng biét:
Cong vao-ra dugc danh dia chi theo khong gian dia chi vao-ra
CPU trao d6i dir liéu véi cong vao ra thong qua cac 1énh vao-ra chuyén dung (In,

ouT)

Chi c6 thé thuc hién trén cac hé théng co quan 1y khong gian dia chi vao-ra riéng
biét

b) Vo ra theo bén do bé nhé:

Cong V.':,lO-’I‘a dugc danh dia chi theo khong gian dia chi by nhé

Vao-ra giong nhu doc/ghi bo nhé

CPU trao doi dit liéu véi cong vao-ra thong qua cac 1énh truy nhép dir liéu bod
nhé

C6 thé thyc hién trén moi hé théng

6.2. CAC PHUONG PHAP TRAO POI DU LIEU
6.2.1. Vao-ra bang chuong trinh

6.2.1.1. Nguyén tic chung ‘ .
CPU diéu khién truc tiép vao-ra bang chuong trinh nén can phai l1ap trinh vao-ra
6.2.1.2. Cdc tin higu diéu khién vao-ra ,
- Tin hiéu di€u khién (control): Kich hoat thiét bi ngoai vi
- Tin hiéu kiém tra (test): Kiém tra trang thai ciia mo-dun vao-ra va thiét bi
ngoai vi
- Tin hiéu diéu khién (read): Yéu cau mo-dun vao-ra nhan dir liéu bang thiét
bi ngoai vi va dua vao thanh ghi dém dir li€u, r6i CPU nhéan dit liéu do
- Tin hiéu diéu khién ghi (Write): Yéu cau mo-dun vao-ra liy di liéu trén bus
dir liéu dua dén thanh ghi dém dir liéu va chuyén ra thiét bi ngoai vi
6.2.1.3. Cac lénh vao ra
- Vao- rariéng bi¢t: Str dung 1€nh vao-ra chuyén dung (In, Out)
- Vao-ra theo ban dd bd nhd: Str dung cac 1énh trao dbi dit liéu v6i bo nhé dé
trao d6i dir liéu v6i cong vao ra
6.2.1.4. Luu do doan chwong trinh vao-ra
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Trang thai cua
mo-dun vao-ra

Maé-dun vao-
ra san sang?

Trao doi dir liéu voi
mo-dun vao-ra

i

Hinh 6-5. Luu df? doan chwong trinh vao-ra
6.2.1.5. Hoat dpng ciia vao-ra bang chwong trinh
- CPU yéu cau thao tac vao-ra
- Mo-dun vao-ra thuc hién thao tac
- Mo-dun vao-ra thiét lap cac bit trang thai
- CPU kiém tra céc bit trang thai: Néu chua sin sang thi quay lai kiém tra.
Néu sin san thi chuyén sang trao d6i dir liéu véi mo-dun vao-ra
6.2.1.6. Pdc diém ciia phwong phdp vao-ra bang chwong trinh
- Vao-ra do y mudn cua nguoi lap trinh
- CPU truc tiép diéu khién vao-ra
- CPU doi mo-dun vao-ra, nén tiéu tén thoi gian cia CPU
6.2.2. Vao-ra c‘!iéu khién bing ngit N
a) Nguyén tac chung: CPU khong phai doi trang thai san sang ciia mdé-dun vao-ra,
CPU thuc hién mot chuwong trinh 51510 do )
- Khi md-dun vao-ra san sang thi n6 phat tin hi¢u ngat CPU
- CPU thuyc hién chuong trinh con vao-ra twong tng dé trao d6i dir liéu
- CPU tré lai tiép tuc thuc hién chuwong trinh dang bi ngit
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Chuong trinh Chuong trinh

dang thyc hién con ngit phuc vu
vao- ra
Lénh
. Lénh
Ngat ¢ day Lénh i L?nh
Lénh i+1 P Lénh
RETUR
Lénh 4
Lénh

Hinh 6-6. Vao-ra diéu khién bang ngit

b) Hoat dong vao dir liéu:
* Nhin ttr mo-dun vao-ra:

Mb-dun vao-ra nhan tin higu diéu khién doc tir CPU

Mb-dun vao-ra nhan tin hiéu tir thiét bi ngoai vi, trong khi d6 CPU lam viéc
khac

Khi d3 c6 dit liéu -> md-dun vao-ra phat tin hiéu ngit CPU

CPU yéu cau di lidu

Mo-dun vao-ra chuyén dir liéu dén CPU

* Nhin tu CPU:

Phat tin hiéu diéu khién doc
Lam viéc khac

Cubi mdi chu ky 1énh, kiém tra tin hiéu ngat. Néu bi ngat thi cit ngit canh (noi
dung cac thanh ghi), thuc hién chuwong trinh con ngat dé vao dit liéu, khoi phuc ngit canh
cua chuong trinh dang thuc hién.

¢) Cac phuwong phap ‘no”'i ghép ngdt: ‘

+ o+ 4+ +

Str dung nhiéu dudng yéu cau ngat

Mobi mé-dun vao-ra duoc ndi voi dudng yéu cau ngat
CPU phai c6 nhiéu dudng tin hiéu yéu cau ngat

Han ché s6 luong mo-dun vao-ra

Céc duong ngat duge quy dinh murc vu tién
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INTR3

Thanh
Ghi
Yéu

Cau
ngat

CPU

INTR2
INTR1
INTRO
Mo- dun M6- dun M6- dun Mo- dun
vao ra vao ra vaora vaora

Hinh 6-7. Phwong phap péi ghép ngit sir dung nhiéu dwong yéu cau ngit
- Hoi vong bang phan mém:

+ CPU su dung phﬁn mém thyc hién hoi lan luot tirng mo-dun vao-ra

+ Hoi vong bang phan mém cham

+ Th ty cac moé-dun dugce héi vong chinh la thir ty vu tién

Co
Yéu
Cau

ngét

CPU

INTR
al
|
Mo- dun Mo- dun Mo- dun Mob- dun
Vao ra vao ra vao ra vaora

Hinh 6-8. Phwong phap ndi ghép ngit héi vong biang phan mém
- Héi vong bang phan cung:
+ CPU phat tin hiéu chdp nhan ngit (INTA) dén mé-dun vao-ra dau tién
+ Néu mo-dun vao ra d6 khong gy ra ngit thi n6 gui tin hiéu dén mo-dun
ké tiép cho dén khi xac dinh duoc mo-dun gay ngit

+ Thu ty cdc mo-dun vao-ra trong chudi xac dinh theo tht tu wu tién
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Bus dir liéu
Co
Yeu INTR
Cau <
ngat
INTA
CPU ’ ’ ’ ‘
Mo- dun Mo- dun Mo- dun Mo- dun
Vao ra Vao ra vao ra Vao ra

Hinh 6-9. Phuong phap ndi ghép ngit héi vong bing phin citng
- St dung bg diéu khién ngat (PIC)

+ PIC: Programmable Interrupt Controller
+ PIC c6 nhiéu dudng vio yéu cau ngit co6 quy dinh mirc vu tién
+ PIC chon mét yéu ciu ngat khong bi cAm c6 mirc uu tién cao nhat giri dén
CPU
INTR
Bus dir liéu INTR
INTR
CPU _INTA  'PICT
<« INTR
INTR
> Mo6- dun Mo6- dun M6- dun Mo6- dun
vao ra vao ra vao ra vao ra

Hinh 6-10. Phwong phap néi ghép ngit sir dung b diéu khién ngit PIC
- Pdc diém cua vao ra diéu khién bang ngat:
+ C6 su két hop giita phan cimg va phan mém. Phan cing giy ngit CPU,
phan mém trao doi dir lidu
+ CPU tryc tiép diéu khién vao-ra
+ CPU khéng phai dgi mo-dun vao-ra nén hiéu qua str dung CPU t6t hon
6.2.3. Truy nhap bg nh¢ truc tlep DMA (Direct memory access)

Vao ra bang chuong trinh va ngat CPU tryc tiép diéu khién nén chiém thoi gian
ciia CPU, tdc d6 truyén bi han ché vi phai chuyén qua CPU. Dé khic phuc dung DMA,
thém mo-dun phan cting trén bus (DMAC). DMAC diéu khién trao d6i dir liéu giira mo-
dun vao-ra véi bo nhé chinh [6].
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> B0 dém dir liéu

Cac duong dir ligu

< > Thanh ghi dit liéu
Cac duc‘mg dia chi > Thanh ghi dia chi
«—»
Yéu ciu bus Diéu khién doc
Chuyén nhII\IIQ’ng bus R Pidu khiép ghi
at 5 . o
PR Logic diéu khién Yéu ciu DMA
Poc <
Ghi Chap nhan DMA

_ Hinh 6-11. So db cAu triic ciia DMAC
- Cac thanh phan cua DMAC:
+ Thanh ghi dit li¢u: Chtra dir li¢u trao doi
+ Thanh ghi dia chi: Chtra dia chi ngan nh¢ dir li¢u
+ B dém dit ligu: Chira s6 tir dit lidu cén trao doi
+ Logic diéu khién: Diéu khién hoat dong cia DMAC
- Hoat dong cua DMA:
+ CPU “n61” cho DMAC: Vao hay ra dit li¢u
+ Dia chi thiét bi vao-ra (Cong Vao-Ra tuong tng)
+ PDia chi diu cua mang nhd chura dir li€u, sau d6 nap vao thanh ghi dia chi
+ SO tir dit liéu can truyén, sau do nap vao bo dém dit licu
+ CPU lam Yiéc kl}éc q
+ DMAC diéu‘khién trao doi dir liéu
+ Sau khi truyén dugc mot tur dir li¢u thi:
+ NOo1 dung thanh ghi dia chi tang
+ Noi dung bo dém dir ligu giam
+ Khi by dém dit ligu = 0, DMAC g tin hiéu ngit CPU dé bao két thac DMA
- Cac kiéu thuc hien DMA
+ DMA truyén theo khéi: DMAC sir dung bus dé truyén xong ca khéi dir liéu
+ DMA lay chu ky: DMAC cudng btc CPU treo tam thoi timg chu ky bus,
DMAC chiém bus thuc hién truyén mot tir dit liéu
+ DMA trong sudt: DMAC nhan biét nhitng chu ky nao CPU khong st dung
bus thi chiém bus dé trao d6i mét tir dit liéu
- Pic diém cia DMA: CPU khong tham gia trong qua trinh trao doi dir lidu.
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+ DMAC diéu khién trao d6i dit liéu gitta bo nhé chinh va mo-dun vao-ra
(hoan toan bang phan cing) nén tdc do nhanh, phi hop voi nhitng yéu cau
trao d6i mang dir liéu 1on

6.2.4. Kénh vao-ra hay b{ xir ly vao-ra

- Viéc diéu khién vao-ra dugc thuc hién bdi mot bo xir Iy vao-ra chuyén dung

- BO xur Iy vao-ra hoat dong theo chuong trinh riéng ctia n6

- Chuong trinh cta bd xir Iy vao-ra c6 thé nim trong bd nhd chinh hodc nim
trong by nhd riéng

- Hoat dong theo kién tric da xu Iy

6.3. GHEP NOI VOI THIET BI NGOAI VI

6.3.1. Cac kiéu ndi ghép vao ra , , o
C6 hai ki€u n6i1 ghép vao ra do 1a: N61 ghép song song va no1 ghép noi tiép [7].
6.3.1.1. Noi ghép song song

Pén Modul t?lfent
BUS vao-ra bi
hé song song .
z —_— ngoai
thong vi
. _Hinh 6-12. Noi ghép vao- ra song song
- Truyén nhiéu bit song song.
- Tbc d6 nhanh.
- Can nhiéu duodng truyén dit liéu.
6.3.1.2. Noi ghép néi tiép
Pén Modul tf})ueent
BUS vao-ra bi
hé noi tiep "
B —_— ngoai
thong vi

‘ __Hinh 6-13. Néi ghép vao- ra néi tiép
- Can truyén lan luot tung bit.
- Can c6 bd truyén dbi dit liéu tir song song sang ndi tiép va nguoc lai.
- Tbc do cham hon.
- Can it duong truyén dir lidu.
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6.3.2. Cac cau hinh ghép néi
- Diém tdi diém (Point to point). Thong qua mot cong vao — ra ndi ghép véi

mot thiét bi ngoai vi.
- Piém téi da diém (Point to Multipoint). Thong qua mot cong vio — ra cho
phép ndi ghép duoc voi nhiéu thiét bi ngoai vi.
Vidu 6.3.1: )
- SCSI (Small Computer System Interface): 7 hoac 15 thiét bi.
- USB (Universal Serial Bus): 127 thiét b.
- IEEE 1394 (Firewire): 63 thiét bi.
6.3.3. Cac cf)pg vao ra thong dung
6.3.3.1. Cong song song LPT
Cac may tinh PC dugc trang bi it nhat1a 1 cong song song va 1 cong ndi tiép. Khac

v6i ghép ndi ndi tiép [y nhiéu Gmg dung, ghép ndi song song thudng chi phuc vu cho
may in. So d6 ghép ndi song song nhu hinh sau:

INT
ALF
IRQ
IRQ Logic 15
D3SL o 14
[m!
1l control o
Register [m
o, 2
oL
=10
021 ¢
@ DO-D7 g l &
0
0 L SN 7 N 4 —
4 Data S 715
[T L 4 Register N o2
1] D0-D7 2 o
) o 21
[= S
A o2
[8] 010 L
o FEH 23
Status REE = ;‘14 &
]/ Fl - 0
Reglster B3Y ;: | &
o
=¥ =] o
/P ONOF SUB-D 25
AO-B9 =0
Lddress
A1 -
I0R Decoder
Control
IOW

Hinh 6-14. Ghép ndi song song ra cong LPT
C6 ba thanh ghi co thé truyén sb liéu va diéu khién may in cling nhu khdi ghép
nbi. Pia chi co s¢ clia cac thanh ghi cho tat ca cong LPT (line printer) tir LPT1 dén LPT4
duogc luu trir trong vung s6 liéu BIOS. Thanh ghi s6 liéu dugc dinh vi & offset 00h, thanh
ghi trang thai & 01h, va thanh ghi diéu khién & 02h. Thong thudng, dia chi co sé ciia
LPT1 1a 378h, LPT2 1a 278h, do do6 dia chi cua thanh ghi trang thai 1a 379h hodc 27%h
va dia chi thanh ghi diéu khién 1a 37Ah hodc 27Ah. Pinh dang cac thanh ghi nhu sau:
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Bang 6-1. Bang dinh dang cho cic thanh ghi dir liéu, trang thai va diéu khién
(a) Thanh ghi dit liéu (hai chiéu)
7 6 5 4 3 2 | 0
Tin hitcumayin | D7 | D6 | DS | D4 | D3| D2 |DI1 | DO

Chén s 9 (8 |7 |6 5 14 |3 |2
(b) Thanh ghi diéu khién may in
7 6 5 4 3 210
Tin hiéu may in | BSY | /ACK | PAP | OFON | /FEH | x | x | x
Séchan cam 11 |10 12 |13 15 |-1]-]-

(c) Thanh ghi trang thai may in (chi doc)
7 6 5 4 3 2 1 0

Tin hifumdyin | x | x | x | [IRQ | /DSL | /INI | /ALF | STR
Séchan cdm - -0- 17 16 |14 |1

x: khong su dung

IRQ: yéu cau ngat cimg; 1 = cho phép; 0 = khong cho phép

B,én mach ghép ndi chi ¢6 bus d&‘liéu’S bit do dir liéu lgén di qua may in thanh

tung khoi 8 bit. Cac chén tin hi€u cua dau cam 25 chan cua cong song song LPT nhu
sau:

Bang 6-2. Tin hiéu chin cia cong LPT

Chéan Tin hi¢u Mo ta

1 STR Mutc tin hiéu thap, truyén ditliéu téi may in

2 DO Bit dix licu 0

3 Dl Bit dir li¢u 1

4 D2 Bit dir li¢u 2

5 D3 Bit dir li¢u 3

6 D4 Bit dir li¢u 4

7 D5 Bit dir li¢u 5

8 D6 Bit dix licu 6

9 D7 Bit dix licu 7

10 ACK Mirc thap: may in da nhan 1 ky ty va c¢6 kha ning
nhan nira

11 BSY Muc cao: ky tu da dugce nhan; b dém may in
day; khoi dong may in; may in & trang thai off-
line.

12 PAP Mirc cao: hét gidy

13 OFON Mirc cao: may in & trang thai online

14 ALF Tu dong xudng dong; mirc thap: may in xubng
dong tu dong

15 FEH Mirc thap: hét gidy; may in & offline; 16i may in

16 INI Mirc thap: khoi dong may in

175



17 DSL Mirc thdp: chon may in
18-25 GROUND ov

Thudng téc do xir Iy dit liéu cia cac thiét bi ngoai vi nhu may in cham hon PC
nhiéu nén cac duong ACK, BSY va STR duoc sir dung cho k¥ thuét bit tay. Khéi dau,
PC dit dir liéu 1én bus sau do6 kich hoat duong STR xuéng muc thip dé thong tin cho
may in biét rang so liéu di 6n dinh trén bus. Khi may in xir Iy xong di liéu, n6 s& tra lai
tin hiéu ACK xudng mirc thip dé ghi nhan. PC doi cho dén khi duong BSY tir mdy in
xuong thap (méy in khong ban) thi s& dua tiép di liu lén bus.

Dit liéu c6 thé trao ddi truc tiép giita 2 PC qua cac cong song song véi nhau.

Mubn vy, cac dudng diéu khién bén nay phai duoc két ndi véi cac dudng trang thai
bén kia.

VB2 - ; VBT
ONOE ONOF
7 F
O psy By | ol o
O—7 o O— o
o T Sz o
oo oo
7 1o
O—r=0 O—Q—EI -
015 o5 o
D__DB 0—_':'3 -
T - Sl 0 ”D .
°o ~ 2o D5
pCl o——0 o—0
ST o3 D
D; ﬁ? O o nclL 1 :II:I 03
ol B
OC 4 TNT INT "S 4 g::
Ot O—)
0 15 PR Dl
o o oo
O— 11 STR | o—r—C
O——I £} L
l\\/ L‘“‘\)'
SUB-D 25 SUBD 25

Hinh 6-15. Trao ddi dir liéu qua cong song song giira 2 PC

6.3.3.2. Noi tiép (Serial)

Céac ghép ndi ctua PC cho trao doi ndi tiép déu theo tiéu chuan RS-232 cua EIA
(Electronic Industries Association) hodc ctia CCITT & Chau Au. Chuan nay quy dinh
ghép ndi vé co khi, dién, va logic giita mot thiét bi dau cudi s6 liéu DTE (Data Terminal
Equipment) va thiét bi thong tin s6 liéu DCE (Data Communication Equipment). Thi
du, DTE 1a PC va DCE 1a MODEM. C6 25 duong v6i dau cam 25 chan D25 giita DTE
va DCE. Hau hét viéc truyén s6 liéu 1a bat dong bo. C6 11 tin hiéu trong chuan RS232C
ding cho PC, IBM con quy dinh thém dau cim 9 chan D9. Céac chan tin hiéu va mbi
quan hé giira cac dau cdm 25 chan va 9 chan:
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Bang 6-3. Tin hi¢u chin cia cong noi tiep

D25 | D9 | Tin hiéu | Hwéng truyén | M ta

1 - |- - Protected ground: ndi dét bao vé

2 3 |TxD DTEDCE Transmitted data: ditli¢u phat

3 2 | RxD DCEDTE Received data: dirliéu thu

4 7 |RTS DTEDCE Request to send: DTE yéu cau truyén dirliéu
5 8 | CTS DCEDTE Clear to send: DCE san sang nhan ditliéu

6 6 | DSR DCEDTE Data set ready: DCE san sang lam viéc

7 5 |GND - Ground: nbi dat (0V)

8 1 |DCD DCEDTE Data carier detect: DCE phat hién song mang
20 |4 |DTR DTEDCE Data terminal ready: DTE sdn sang lam viéc
22 |9 |RI DCEDTE Ring indicator: bao chudng

23 |- |DSRD |DCEDTE Data signal rate detector: do toc dotruyén

Chuan RS-232C cho phép truyén tin hiéu véi toc d6 dén 20.000 bps nhung néu
cap truyén du ngan co thé 1én dén 115.200 bps. Chiéu dai cap cuc dai 1a 17-20m.
Cac phuong thirc ndi gitta DTE va DCE:
- Pon cong (simplex connection): dir liéu chi duoc truyén theo 1 hudng.
- Ban song cong ( half-duplex): dit liéu truyén theo 2 huéng, nhung mdi thoi
diém chi duoc truyén theo 1 hudng.
- Song cong (full-duplex): s6 lidu duoc truyén dong thoi theo 2 hudng.
6.3.3.3. Cong PC-Game
Céu triic va chirc ning ctia board ghép ndi tro choi (PC game) nhu hinh bén dudi.

Mach
ghep noi
bus

| [
|

Bo dem

s}

i

JOYTICK A

T

L

Mach
da hai

=
8] (=] ] [{e]

mlmm]
|

-

G)TDJ

JOYTICK B

]

|
YBJ)ooétLégoooJ)oJ)b]

|

Hinh 6-16. Ciu triic ciia board ghép ndi cong PC-game
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Biang 6-4. Tin hi¢u chin ciia cong PC-game

Chan ciia diu ndi 15 chan | Strdung cho

2 Phim 1 cua Joystick A (BAT1)
3 Bién tro X ciia Joystick A

6 Bién tr& Y ciia Joystick A

7 Phim 2 cua Joystick A (BA2)
10 Phim 1 cua Joystick A (BB1)
11 Bién tré X cta Joystick B

13 Bién tr& Y cua Joystick B

14 Phim 2 cua Joystick A (BB2)
1,8,9,15 Vee (+5V)

4,5,12 GND (0V)

Board mach duoc ndi voi bus hé théng cua PC chi qua 8 bits thap cua bus dur
liéu, 10 bits thép cua bus dia chi va cac du(‘n}g diéu khién IOR va IOW. Mot dau noi 15
chan dugc ndi voi board mach cho phép noi cuc dai hai thiét bi cho PC game goi la

joystick.

MGdi joystick c6 2 bién trd c6 gia tri bién ddi tir 0 dén 100kQ duoc dit vudng goc
v6i nhau dai dién cho vi tri x va y ctia joystick. Thém nita chung c6 2 phim bam, thudng
1a cac cong tic thuong hé phi hop véi cac mire logic cao cua cac ddy trén mach.

C6 thé xac dinh dugc trang thai nhan hodc nha phim mot cach dé dang bang lénh
IN to1 dia chi 201h. Nibble cao chi thi trang thai cia phim. Vi board khong dung duong
IRQ do d6 khong c6 kha ning phat ra 1 ngit, do vdy board chi hoat dong trong ché do

hoi vong (polling). Byte trang thai ciia board game nhu sau:
Bang 6-5. Byte trang thai cia board game

D7 D6 D5 D4

D3 D2 D1 DO

BB2 | BBl | BA2 | BAI

BY |BX |AY | AX

BB2, BB1, BA2, BA1: Trang thai cua cac phim B2, B1, A2, Al; 1 =nh4a; 0 = nhén
BY, BX, AY, AX: Trang thai ctia mach da hai tuy thudc vao bién tré twong tng.
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6.3.3.4. Cong ban phim

Keyboard
Keyboard Interface J |7
IRQL Y- Decoder
IR Logic
D0 ] . —
Serial 11 bits SDU
Dl Interface —
D2 (PC/XT) M o -
=] i
D3 er 1 © [JLN = Star
Keyboard o § MatHix
= contrecller L _;?’U v A
D5 8042/8741/8742 Eeyboard cable = [
(AT ect) e »
D6 5can
Enable
D7 —

Hinh 6-17. So d6 két ndi cong ban phim

Chip xtr 1y ban phim lién tuc kiém tra trang thai cia ma tran quét (scan matrix)
dé xac dinh cong tic tai cac toa do X,Y dang dugc dong hay mo va ghi mot mé tuong
Ung vao by dém bén trong ban phim. Sau d6 ma nay s¢ duoc truyen nbi tiép t6i mach
ghép nbi ban phim trong PC. Céu tric ciia SDU cho viéce truyén so liéu nay va cac chan
cam ciia dau nbi ban phim.
SDU

0 10

STR |[DB |DB |DB |DB |DB |DB |DB |DB |PA |STO
T 0 1 2 3 4 5 6 7 R P

STRT: bit start (ludn bang 0)
DBO - DB7: bit s6 liéu tir 0 dén 7.
PAR: bit parity (luon 1¢)

STOP: bit stop (luén bang 1)

Tin hiéu xung nhip dung cho vi¢c trao d6i dit liéu thong tin ndi tlep dong bod vo1 mach
ghép ndi ban ph1m (keyboard 1nterface) trén main board dugc truyén qua chan s 1.
Mdt bo diéu khién ban phim da dugc lap dat trén co s cac chip 8042, hodc 8742,8741.
N6 c6 thé dugc churong trinh héa (thi dy khoa ban phim) hon nira s6 liéu cé thé truyén
theo 2 huéng tir ban phim va mach ghép ndi, do vay vi ma cila chip ban phim c6 thé
gitip cho viéc nhan 1énh diéu khién tir PC, thi du nhu dat tbc d6 1ap lai ciia nhan ban
phim,....

Chan 1: dit lisu 2 1

Chan 2: khong dung
Chin 3: GND

Chan 4: Vee

Chan 5: clock

Chan 6: khong ding

Hinh 6-18. Pau cim ban phim PS/2
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Data Transfer

Hinh 6-19. Piu cim cong ban phim bing USB

6.4. GIAO DIEN TRUYEN DU LIEU

6.4.1. Giao dién song song

Hé thong ghép ndi vao/ra dap Gmg viée truyén dir liéu gitta hé mdy tinh co s¢ voi
thiét bi ngoaj vi dugc ndi ghép véi chung.

Ciu trac ghép
nbi cta hé thdng duoc
chi ra trén hinh 7.1. BO XU LY

Hé thong vao /ra TRUNGTAMI< —————— >IKénh
trao d6i sb lidu véi cac (Fpmr
thiét bi ngoai vi thong oty K"
qua mach tuong thich
goi 1a cong (PORT). HE THONG thong
Thiét bi ngoai vi ndi VAORA
truc tlep VO'I cong,
cong duge ndi true

T
ti ach ki L l
ep G mach kiém | 1T 1T

May tinh co s&

abi

tin

. - X . MAN HINH BAN PHIM THIET BI MAY IN
Khi ) thiét . bl _ bonsd CHUOT ]
ngoai vi ndi véi cong Monitor) (Reyboard) (Mouse) (Print)
thi 1‘16 yéu Cﬁu phél Cé Thiét bi ngoai vi

mot phuong phap
tham nhdp vao b xu
Iy trung tdm, phuong
phap nay goi 1a thao tic ngat (INTERRUPT). Thao tac ngit s& tam thoi dimg chuong
trinh ma bd xur 1y trung tdm dang thuc hién, CPU s& dap tng cho thao tac ngit bang mot
chuong trinh con phuc vu ngat (Interrupt Service Routine). Cé hai loai thao tac ngat co
ban 1a: Ngat co che mat na (Maskable) va ngat khong che miat na (Nonmaskable).

Thao tac ngat khong che mat na doi hoi CPU phai dap ung ngay va dugc dung
trong nhing trudng hop khan cap. Vi du nhu mat dién nguon cung cap.

Ngit che mat na la thao tic ngat ma CPU co thé bo qua, tuy thudc vao trang thai
cua thanh ghi co trang thai.

Hinh 6-18. CAu triic ghép ndi may tinh co sé véi thiét bi ngoai vi

180



Ngit co thé 1a €06 cac muc uu tién khac nhau, tuy thugc vao tung yéu cau va do cip
bach. Vi du nhu ngat do yéu cau phuc vu nhén dit liéu vao cta thiét bj thu thong tin wu
tién cao hon ngat khi ¢ yeu cau dua thong tin ra tir bo vi xir 1y.

Céc 1énh ngit c6 thé phat ra tir ca hai phan cimg va phin mém.

6.4.1.1. Mach thu/phat dém dir ligu SN74LS245

Mach thu/phat dém kénh dir licu SN74L.S245 1a vi mach thu/phat kénh hai chiéu
8 bit. Vi mach ba trang thai nay duoc dung dé dém va diéu khién chiéu chuyén dong cua
s6 liéu trén kénh dir liéu. So dd ciu trac va bang chan 1y ciia vi mach SN74LS245 duoc
chi ra trén hinh 7.2 [3].

Khi chan Enable G ¢6 mirc 16gic cao thi vi mach & trang thai trd khang cao. Khi
G xudng muc 16gic thap thi sb liéu sé di chuyén theo chiéu do chan DIR (Direction)
quyét dinh.

Néu chan DIR & mirc 16gic thap, thi s liéu di tir 16i vao B dén 16i ra A. Nguoc lai,
néu chan DIR & mirc 16gic cao, thi s6 lidu di tir 161 vao A dén 16i ra B.

Trong hé vi xtr 1y, vi mach SN74LS245 thudong dung dé kiém soat chiéu di chuyén
ctia s6 lidu trén kénh dir liéu. Khi chan DIR duoc ndi véi dudong day tin hiéu DT/R thi
n6 dung dé quy dinh dit liéu sé dugc CPU thyc hién phat di hay thu vé. Lbi vao G ndi
v6i duong tin hiéu DEN dé kiém soat viéc ndi ghép thong tin 16i ra v6i kénh dit lidu.

G— Ay ' By
DIR i — | A—2 I B2
EMN1 As B;
(B -=A)
EN; A — B4
(A-=B) e —— Bs
Asg ] -
‘ | A.T B~
Ag ] | B

a. So dd cAu tnic vi mach SN74L.S245

G DIR ouT
L L B->A
L H A->B
b. Bang chéan 1y cia vi mach
H X Tré khéng cao

Hinh 6-19. So' dd ciu tric va bang chan Iy cia vi mach SN74L.S245
6.4.1.2. Mach twong thich voi ngoai vi kha trinh 82554
Mach tuong thich véi ngoai vi kha trinh 8255A 1a vi mach tuong thich véi cac
ngoai vi ctia hé vi xir Iy (PPI- Programmable Peripheral Interface) dung dé ni cac hé
ngoai vi v6i may vi tinh. Vi mach 8255A thyc hién chiic nang twong hop song song rat
linh hoat va duoc diéu khién bang phan mém.

181



Pieu -
»|  khién Cong 4 PA- PA;
hérm . @bit) K—>
Di-D - nhém A —
0= Pém
T
L— —_| -
liéu ~— — | » Céng C
niwra cao
I >PCy=PC
| @b T
RD ™ L gic
— N Cong C
WR dieu - n&:ﬁghép
o bieu >
_,| Khien Khi (4 bit) <:>PC e
A N ién — 0 3
nhom B
— glll
An ﬂl}(‘ > Cf‘;ng B
—» -
@bit) K—>
Reset ﬁ)
CS

Hinh 6-20. So 0 khoi ciia mach twong thich véi ngoai vi kha trinh 8255A

Vé hudng CPU, vi mach 8255A c6 cac mach dém kénh dit liéu hai chiéu (Do<D~),
cac tin hiéu kiém soat ghi / doc ( RD, WR, Ao, A1, RESET, CS ).

V& phia d4u ra cua vi mach 8255A c6 cac cong:

- Cong A ¢6 cac tin hiéu I/0: PAg + PA;7 .

- Cong B ¢6 cac tin hiéu 1/0: PBo + PB7 .

- Cong C c6 cac tin hiéu 1/0: PCo + PC; .

Céc cong A, B 14 cac cong 8 bit 2 chiéu .

Cong C dugce chia thanh 2 cong, mbi cong 4 bit. Cac bit cao tir PC7 + PCy4 céc bit
thap tir PCs + PCo. Cac dudng tin hiéu nay dung dé di chuyén s liéu, cac 1énh va thong
tin trang thai gitra CPU, vi mach 8255A voi cac thiét bi ngoai vi.

Sy 4n dinh thoi gian cho vi mach 8255A trong viée di chuyén dit lidu duoc diéu
khién bang tin hiéu kiém soat doc (R D) va ghi (WR). Céc tin hiéu nay cho phép CPU
doc thong tin ra tir vi mach 8255A hay ghi thong tin vao vi mach 8255A. Khi tin hi¢u
doc c6 mirc hiéu lyc thap thi CPU doc dit liéu hodc thong tin trang thai tir vi mach 8255A
ra qua kénh dir li¢u.

Khi tin hiéu ghi c6 mirc hiéu luc thap thi CPU ghi dif liéu hodc 1i didu khién vao
vi mach 8255A ciing thong qua kénh dir liu.

Viéc lya chon cac cong duge thuc hién bang cac duong tin hiéu A0 va A1 nhu chi
ra trong bang 6-6.

Bang 6-6. Bang xac dinh viéc lwra chon cdc cong ciia vi mach 8255A

Al Ao Cong

0 0 A

0 1 B

1 0 C

1 1 Kiém soat

Vi mach 8255A ¢6 3 ché d6 hoat dong cobanla 0, 1 va 2.
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- Ché d6 0: Ché d6 vao/ra co s6.
- Ché d6 1: Ché 06 vao/ra chét (Strobe).
- Ché d6 2: Ché d6 hoat dong 2 chiéu.

Trong ché d6 0: Vi mach 8255A 1am chtc nang chdt, tire 1a dir liéu duge CPU dua
ra s& duoc giit lai trong vi mach 8255A cho dén khi n6 chuyén trang thai.

Ché do 1: Dit liéu chi duoc gifr lai trong vi mach 8255A mot khoang thoi gian
ngén, sau d6 phai duoc chdt vao mot mach chét ngoai néu can phai luu lai s6 liéu.

Ché d6 2: La ché do dung cho hoat dong 2 chiéu dé trao ddi thong tin ctia hé vi xur
ly .

Céc tin hiéu dbi thoai va trang thai ciia PPI 8255A & cac ché d6 1, 2, 3 dugc chi ra
trén hinh 6. 17 va 6.18.

Chu y rang: Cong B va cong C céc bit thap tir PC3 +PCo chico thé hoat dong trong
ché do 0 hoac ché do 1, bai vi chi ¢6 1 bit dit liéu dé xac dinh ché do hoat dong. Bit dicu
khién cudi cung D7 1a co thiét lap ché do. N6 phai dugc dat 1én murc 16gic 1 khi ché do
hoat dong thay doi.

PAy+PA,
— PC3 INTR4
<::>PC4 +PC,
8235A PAy+PA- —
<::>PCO +PCa PAy+PA~
PC,
{:::}PBQ +PB, OBF4
PCj
o ACK,
Ch'e dD {} PCS
«— IBF.
L______[INTE PC,
Ch€do 2
PAg+PA; — PB+PB; [—
PCr |, OBF. . » OBFg
PC,
INTE PCs |, ACK, [D‘TE PC: +— AcKks
—
PC; |, INTR, PCy INTRg

Phia ddura
Hinh 6-21. Cic mach logic bén trong va cac tin hi¢u & cic ché 9 0 va 2 ciia PPI 8255A
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PAg+PA; K PBy +PB; (—
PCs |, OBF, pc, OBFg
T o INTE PC
} PC
PC: | INTR, } 0 » INTR;
Phia dau vao

Hinh 6-22. Cac mach logic bén trong va cac tin hiéu & cic ché @9 1 cia PPI 8255A

So d6 ghép n6i cong vao/ra theo chuong trinh v6i bo vi xir 1y va thiét bi ngoai vi
dugc chi ra trén hinh 7.5.

PPI 8255A duoc dat gitta bo vi xur 1y va thi€t bi ngoai vi, né déng vai tro trung
chuyén thong tin giita bo vi xtt Iy véi thiét bi ngoai vi qua céc kénh thong tin cia mdy vi
tinh v6i thi€t bi ngoai vi.

Thong thuong khi ghép vé6i ngoai vi thi cac cong A va B ding dé ghép néi trao doi
dit liéu, con céng C dung cho céc thong tin d6i thoai vé trang thai va chét s6 lieu cho
thiét bi.

INTR DDy f~———] Dy=D, INTR, J

S INTRg |

RD RD "
D ——— Thiet

DC > PPI 82
Reset RST <>

bi

n
n

Vixur ly PCy +PC; ngoai
A, Ag
A Gidi ma A vi
! :> dia chi _1
-
A2+A15 cao

Hinh 6-23. Ghép ndi giira PPI 8255A véi may vi tinh va thiét bi ngoai vi
6.4.2. Giao dién tuin tw
Mach kiém soat ngat kha trinh 8259A (PIC - Programmable Interrupt Controller )
Trong hau hét cac hé théng may vi tinh déu c6 ding mot phuong phap cho phep
mach vao/ra tang cuong sy cht y cua CPU. Khi CPU nhan dugc mot yéu cau ngat (INTR
hozc NMI) thi n6 tién hanh tuan tu mdt loat cac budce dé dap tng yéu cau do. Dau tién
no6 hoan thanh 1énh dang thuc hién, roi quyét dinh c6 bao nhan cho yéu cau ngat hay
khong. Truong hop yéu ciu ngit khong c6 mit na che (NMI) thi n6 bt budc phai bao
nhan va phuc vu cho yéu cau dé. Trong trudong hop yéu cdu ngit binh thuong (INTR)
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thi trude hét CPU tién hanh kiém tra thanh ghi co dé biét 1énh ngét c6 bi che méit na hay
khong. Sau d6 né s& phuc vu ngat néu can thiét, néu chua can thiét thi n6 c6 thé bo qua
thuc hién tiép chuong trinh né duong lam, sau khi hoan thanh chuong trinh méi chuyén
sang phuc vu ngit [5].

Khi CPU phuc vu ngit, dau tién n6 giri cat ndi dung cua con tré 1énh va cac thanh
ghi dang duogc st dung 6 hiéu luc vao ngin xép (STACK). Tiép theo 1 né phuc vu ngat
bang cach tim dja chi cu tra ciia chwong trinh con phuc vu ngét tuong tng duoc luu trit
trong ROM. Chuong trinh con phuc vu ngét 1a chuong trinh quy dinh cac bude phai theo
dé phuc vu cho timg loai ngat riéng biét.

Cdu tric cia PIC 82594 duoc chi ra trén hinh 6.19.

Céu triic bén trong ciia mach kiém soat ngét kha trinh 8259A gdém 8 khéi chirc
nang:

- Mach dém kénh dit liéu dé tuong thich kénh dir 1iéu véi kénh bén trong cua PIC
8259A. Mach dém 3 trang thai 8 bit nay 1a mach trao doi thong tin 2 chiéu, n6 dugc mo
bang khéi logic ghi/doc.

- Khéi logic ghi/doc s& cung cap chiéu, thoi gian, ngudn hodc noi dén cho dit lidu
di chuyén qua khéi mach dém cua kénh dit lidu.

Céc tin hiéu diéu khién 16i vao RD, WR, Ao va CS s& kiém soat khdi 16gic
ghi/doc.

- Thanh ghi yéu cau ngat (IRR) luu trir trang thai ctia nhitng tin hidu vao yéu cau

ngét.
- Thanh ghi phuc vu ngat (ISR) dung dé luu trtr mtrc ngat sé dugc phuc vu ngay.
INTA INT
Bodeém |+ [ l T
Dy=+Dy A 1en — N LR
so lieu Logic dieu khien
Iy F'y
A
RD -y Logic ‘ | ‘
— ghi‘doc y v IR,
PR _, =l Thanh Giai Thanh [3—
A ghi quyet ghi yéu |e—
0 phuc | | yutién chu  |e—
_ vungat (PR) ngat [3I_
cs 49 (ISR) (IRR) — -
IR,
CASg 5o
e A L [ |
SaIdL va
CAS; noi tﬁmg < ' '
(CB) i _:" ) Thanh ghi che ngat (IMR)

A
sp —— Buong day noi bo
_ Hinh 6-24. So' d6 khoi ciia PIC 8259A ,
- Mach giai quyét uu tién (PR) dung dé quyét dinh tin hiéu ngédt nao c6 mic vu
tién cao nhat.
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- Khéi so sanh va ndi ting (Cascade Buffer) dung dé twong thich giira PIC 8259A
chinh va phu trong cac thao tac nbi tiép.

- Thanh ghi mét na ngét (IMR) dung dé che hoic khong che mat na ddi véi cac tin
hiéu yéu cu ngit khac nhau.

Khéi 16gic kiém soat (diéu khién) dung dé sir dung cac thong tin do IRR, ISR va
PR dua vao dé kiém soat tin hiéu ngat INT ¢ 16i ra. Tin hiéu ngit INT nay s& yéu cau
ngat dbi vai CPU. Khdi logic kiém soat nay dong thoi cling quan 1y tin hiéu INTA tir
CPU dua sang.

Cac tin hiéu cua PIC 82594 thuc hzen cac chire nang sau:

1. Vee (Chén 28) - Nguon cung cap dién ap +5".

2. GND (Chan14) - Pit ctia ngudn nuoi.

3. CS (Chanl) - Tin hiéu chon chip, 1a tin hi€u vao hi¢u luc thép dé mo PIC
8259A.

4. WR (Chan 2) - Tin hiéu ghi 1 tin hiéu vao hiéu luc thap. Tin hiéu nay lién két
véi CS s& mo PIC 8259A dé nhan céc 101 Iénh to CPU dua sang.

5.RD (Chan 3) - Tin hi€u doc, la tin hiéu vao hi¢u luc thép tin hi€u ndy cung véi

tin hiéu CS s& md mach PIC 8259A dé dua thong tin trang thai 1én kénh dit lidu cua
CPU.

6. CASo + CASz (Cac chan 12, 13, 15), 1a cac duong day mac ndi tiép (Cascade)
nay s¢€ hinh thanh sy kiém so4t kénh, ding vOi hé str dung nhiéu mach PIC 8259A ghép
v6i nhau dé tang s6 lugng cac ngoai vi yéu cau ngat.

7. SP/ EN (Chéan 16). Pay 1a chan 2 chtc ning: Chwong trinh phu (Slave
Program) va m¢ mach dém (Enable Buffer). Chan nay duoc dung lam dau ra dé kiém
soat cac mach thu/phat dém trong ché d6 mach dém (EN) n6 duoc lam dau vao dé mic
nbi tiép cac mach PIC 8259A trong ché do SP.

8. ITR (Chan17) - Tin higu ngit, Ia tin hi¢u ra higu luc cao, dung dé ngat CPU.

9. IRo + IR7 (Chénl8 + 25) - Cac tin hi¢u yéu cau ngat (Interrupt Request), 1a cac
tin hiéu vao hiéu luc cao, khong dong bo, dung dé thong bao yéu cau ngit tir mot ngoai
Vi.

10. INTA (chan 26) - Tin hi¢u bao nhan ngit (Interrupt Acknowledge), 1a tin hi¢u
vao hiéu luc thap tir CPU, dung dé bao rang CPU sip tién hanh phuc vu ngit.

11. Ao (Chan 27) - Puong dia chi Ao cung véi cac tin hi¢u chon chip, ghi va doc,
dung dé chon cac 161 1énh khéac nhau cho vi mach 8259A.

12. D7 + Do (Céc chan 4 + 11) - Cac tin hiéu kénh dit liéu hai chiéu nay ding cho
viéc di chuyén kiém soat, trang thai va thong tin vector ngat.

Céu trac ghép nbi cac vi mach 8259A vai nhau theo co ché chinh-phuy (chu - t6)

khi ding nhiéu vi mach ndi ghép voi nhau dé dung cho nhiéu ngoai vi dugc chi ra trén
hinh 7.6 b va c.
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8259A  CAS;
CHINH CAS, » CAS, 8259A
CAS, » CAS; PHUI1
R;...... IR, " CAS:
A F 3 T ﬁNTR
| cAs, 82594
,| CAS; PHY2
o CAS,
INTR
| cas, 82594
| CAS; PHUS
| cas,
g INTR
|

Hinh 6-25. So dd ghép ndi cic vi mach 8259A véi nhau trong may vi tinh dé ting sb
lwgng thiét bi ngoai vi (Phwong phap noi cac chan diéu khién)

Kénh dia chi
| Kénh didu khién T
--_i'- X
™ Ut—T%
Kénh s6 kigu
=1 r.-—
-_’:_:___ —
A il
1
17
7
LA 4 [ vvV V | Yy
CS A ¢ CS & < CS &
INT Cs4a, |[4— INT C8A, |« INT
22504 csA, | 82504 csa; |« sy
- (1) CSAy CSA, 8230A
(18) CSA; ammn @ CSA;  (chd)
IRIR.....IR fp—
SP mR._.R SP rRr__R
Vee |

Hinh 6-26. So ('I,(“) ghép néi cic vi mach 8259A véi nhau trong may vi tinh dé ting sb
luwgng thiét bi ngoai vi (Phwong phap noi tin hi¢u va cac kénh thong tin)
Vimach 8259A chu chiu trach nhiém kiém soét cac vi mach 8259A t¢ khac thong
qua tin hiéu INT ctia vi mach té dua vé cac chan IR; twong tng. Chan S P cua vi mach
cha duge ndi véi Ve, con chan S P cta cac vi mach t¢ duge ndi véi dat (GND). Cac
chan CASo + CAS; ciing duoc ndi song song véi nhau.
Céc yéu cau ngat cua cac thiét bi ngoai vi khac nhau, c6 cdc muc wu tién khéc
nhau duogc chira
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Bang 6-7. Cac gia tri doc ciia cic mirc wu tién
D7 D6 D5 D4 D3 D2 DI DO

Yéuciuwu |RST| 1 1 | A | A A | 1] 1 |1

tién

Thapnhat | 0| 7 |1 |1 |1 |1 |1 |1 |1 |1

Caonhdt |7 o |1 |1 o |o (o |1 |1 |1

6.4.3. Giao dién da ning USB

Cong nghé USB (Universal Serial Bus) trong may vi tinh ca nhan dap img nhu cau
mot giao dién don gian, linh hoat, dé sir dung va ré tién. USB 1a mot giao thuc truyén
dir liéu tudn tu gitra may vi tinh (hay cha USB) véi cac thiét bi ngoai vi. USB 1a mét
tiéu chuan va duoc xac dinh dua vao " tin hiéu tdc do" dé giao tiép. Theo li thuyét, tde
d6 chuan ciia USB 2.0 t6i da 12 480 Mbps, tirc 60MB/s. Trong khi chuan USB 3.0 (méi
nhat hién nay) duoc xac dinh vai toc do ti da 1a 4.8 - 5 Gbps, tirc 600 - 625MB/s. Nhu
vy, vé mit Ii thuyét USB 3.0 nhanh hon USB 2.0 hon 10 lan. M6t uu diém cta USB la
tinh nang cam 1a chay (nguoi st dung co thé cam thém hodc thao ra mot thiét bi ngoai
vi ma khong can tit may cha hay cai dat lai h¢ thong)

Giao thire USB: Mot lan truyén tin USB can dén 3 goi: G6i khung (token packet),
g6i dit liéu (data packet), goi bt tay (handshack packet).
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8 bit 7 bt 4 bit 5 bit

PID | ADDR | ENDP | CRCS Khung (tocken)

8 bit 0-1023 byte 16 bt

PID DATA CRCI16 Dit licu
8 bit

PID Bit tay

8 bit 11 bit 5 bit

PID S0 khung CRCS Khéi dau khung

Hinh 6-27. Céu tric giao thirc USB
- PID: logi goi (packet identification);
- ADDR: dia chi (address),
- ENP: diém cudi (endpoint);
- CRC: md kiém tra quay vong dw (cyclic redudancy code);
- DATA: dit liéu

Mach dinh thoi gian kha trinh 8253 (Programmable Interral Time / Counter)

Mach dinh thoi gian kha trinh 8253 ¢6 cong dung chinh la thyc hién chuce nang
dinh thoi gian, dém, ciing nhu la phat cac tri so bién, phat tin hiéu dong bo, kiém soat
one-shot, dém sy kién, phat tan sé va diéu khlen mo to.

Mach dinh thoi gian kha trinh 8253 gom c6 3 bo dém 16 bit, c6 kha nang dinh
trude chuong trinh hoat dong.

Céc bo dém 16 bit déu c6 kha ning dat trudc ché d6 dém nguoc (giam). Ching c6
thé hoat dong trong ché d6 dém nhi phan hoac BCD.

So d6 khdi ciia mach dinh thoi gian kha trinh 8253 duoc chi ra trén hinh 7.8.

Mach dinh thoi gian 1ap trinh hod 8253 ¢6 thé chia ra 1am 3 phan:

- Phan 15i vao chira cac mach dém ra sd liéu, mach kiém soat 16gic doc/ghi va thanh
ghi 10i diéu khién.

- Phan kénh noi bo dung dé di chuyén dit liéu va cac tin hiéu diéu khién giira 16i
vao va 16i ra.

- Phan 16i ra c6 3 bo dém nguoc 16 bit riéng biét nhau.

- Céc chan s6 liéu: Do + D7 1a cac tin hiéu hai chiéu, ba trang thai ndi véi cac mach
dém kénh dit liéu. Cac mach dém c6 thé phat, hodc thu dit li¢u bang 1énh OUT, hoic IN
ciia CPU. Cac duodng tin hiéu nay dung dé dit ché do hoat dong cho mach dinh thoi gian
kha trinh 8253, dit gia tri dau tién cho cac bo dém va doc dit liéu ¢ bo dém dau ra (cac
chan 1 + 8).

- Chan RD (Chén 22)- Chan doc, la tin hiéu vao hiéu luc thép dung dé bao cho
mach dinh thoi gian kha trinh 8253 biét rang CPU dang dua dir liéu ra.

- Céac chan Ao/A1 (Céc chan 19 va 20) - C4c tin hi€u cta cac chan dia chi nay dung
dé chon mot trong ba bd dém hodc thanh ghi 16i diéu khién.
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S O 1ié P < CL
Kénh so ligu Mach dém B6 dém -~ Ky

{— > RemhséLicu K—) K— o [ CATE

Do~ D5 ———— OUT,

RD ——» )

WR——» Loglc . 4k ——— CLK,
GhiPoc BoO dem GATE,

A0 — 5 (W/R) 1 1

Ay UOoT,

CSs f

Thanh ghi T . 2f
- - Bo déem [ CLK;
Piéu Khién ;

PR : : > <+———— GATE:

— OUT,

Hinh 6-28. So' d0 cAu triic ciia mach dinh thoi gian kha trinh 8253

Viéc chon cac bo dém va thanh ghi 101 diéu khién duoc chi ra trén bang 7.3.

Thanh ghi tir diéu khién dung dé dinh chuong trinh va khoi dau cho mach dinh
thoi gian kha trinh 8253. Khi ca hai chdn Ao va A; déu c6 mirc 16gic 1 thi thanh ghi nay
duoc chon. Sau d6 c6 kha nang nhan thong tin tir cac mach dém kénh dit liéu. Thong tin
nay duoc luu trit trong thanh ghi diéu khién va dugc dung dé chon Iya ché do hoat dong
cua tung bo dém. Mdi bd dém cua vi mach dinh thoi gian kha trinh 8253 dugc dinh
chuong trinh riéng bang cach ghi mot tir diu khién vao thanh ghi nay.

Bing 6-8. Chon cac bd dém hodc thanh ghi 16i diéu khién
A Ao Chtrc ndng
0 |0 Chon bo dém 0
0 1 Chon bd dém 1
1 0 Chon bd dém 2
1 1 Chon thanh ghi 15i diéu khién
Dang ciia 10i diéu khién (kiém soat) nhu sau:
D7 Dg Ds Dy D3 D> D Do
1SCi [SCo |RL:i |RLo [M> [M; [Mo [BCD |

Céc bit 101 diéu khién nay c6 cac chic ning duoc miéu ta trén bang 7.4, 7.5, 7.6.
Céc bit SC (Select Counter) 13 cac bit chon b dém. Céc bit RL (Read/Load) 1a cac bit
doc/nap s6 liéu. Cac bit M (Mode) 1a cac bit xac dinh ché do.

Bang 6-9. Chirc niing ciia cac bit chon by dém

D7(SC1) | Ds(SCo) Chtic nang

0 0 Chon bo dém 0
0 1 Chon bo dém 1
1 0 Chon bo dém 2
1 1 Trai luat
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Bang 6-10. Chirc ning ciia cac bit doc/nap sb liéu

Ds(RL1) D4(RLo) Chirc nang

0 0 Thao tac chot bd dém

0 1 Doc/nap byte thip

1 0 Doc/nap byte cao

1 1 Doc/nap byte thap trudc, roi dén byte cao

Bang 6-11. Chirc ning ciia cac bit xac dinh ché d¢
D3 (M) D>(My) D1(Mo) Churc nang
0 0 0 Ché do 0
0 0 1 Ché do 1
X 1 0 Ché do 2
X 1 1 Ché do 3
1 0 0 Ché do 4
1 0 1 Ché do 5
Ghi chu
v Gia tri x 1a trang thai khong x4c dinh (bit d6 khong can quan tim).

Ché d6 0: Nging ¢ s6 dém cudi; Lbi ra c6 mirc cao khi két thuc dém.
Ché d6 1: Bém ting bit theo cac chuong trinh.

Ché d6 2: Mach phat cac tri $0.

Ché do 3: Mach phat tri sé xung vudng.

Ché d6 4: Trigo chdt (Strobe trigger) phan mém.

v' Ché @6 5: Trigo chdt (Strobe trigger) phan cimg.

ANENENENEN

- Chén CS (Chén 21) - Tin hiéu chon chip, 14 tin hiéu vao hiéu luc thip, dung dé
mo mach 16gic diéu khién. Do vay tin hiéu ndy s& hiéu luc hoa cho cac tin hiéu RD,
WR,Aova Al

- CLK,, CLK;, CLK; (Céc chan 9, 14, 18). Pay la cac tin hiéu dong bo 15i vao,
g v6i dau vao thoi gian ciia cac mach dém.

- OUTy, OUT, OUT? (Céc chan 10, 13, 17). Bay la céac tin hi¢u ra riéng bi¢t tng
voi cac mach dém.

- GATEo, GATE1, GATE: (Cac chan 11, 14, 16). Pay la cac tin hiéu cong 16i vao,
hiéu luc cao, dung dé mé cac mach dém.

6.4.4. Giao dién cao toc IEEE 1394

IEEE 1394 1a mot chuan giao tiép voi bing thong cao do IEEE (Institute of
Electrical and Electronic Engineers) cong bd vao cudi nim 1995 (theo tht tir cong bd
chuan thir 1394 nhu mot sy tinh ¢& hodc 1a 1y do dé chudn nay dugc dat tén nhu Vay).

IEEE 1394 ciing con duoc biét dén véi tén khac nhu: FireWire (hang Apple)
L.LINK (hédng Sony) boi ban than IEEE 1394 khong phai 1a mot loai cong, chung chi la
mot chuan giao tlep dé cac héng phan cung khac phat trién ra cac cong giao tiép dwa
trén chuan nay néu duoc chap nhan rong rai [6].

Tiéu chudn chung nhit cta IEEE 1394 13 IEEE 1394a hoic IEEE 1394a-2000 véi
con s6 2000 13 nim ma chuan duoc gidi thiéu. Chuan IEEE 1394b dugc gidi thiéu vao
dau ndm 2003, chuan nay hd tro bang thong 1én dén 800 Mbps va con c6 kha ning mo
rong 1én 3.200 Mbps trong twong lai. IEEE 1394b c6 toc do cao hon cac chuin IEEE
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1394/IEEE 1394a béi vi ching hd trg cac cong nghé mang bang cap quang va cic cap
theo Category 5 UTP. IEEE 1394b hoan toan twong thich ngugc véi cac thiét bi theo
chuan IEEE 1394a.

IEEE 1394a hién tai ho tro cac murc bang thong 100 Mbps, 200 Mbps, va 400 Mbps
(twong Gmg 12,5 MBps, 25 MBps, va 50 MBps). IEEE 1394 cho phep két ndi dong thoi
dén 63 thiét b1 bang cac hinh thuc phan nhanh IEEE 1394a dung cap 6 soi, trong do 4
soi cho truyén tin hiéu, 2 soi cho cung cap ngudn dién. Tuy nhién mot loai diu cim nho
hon dung cho cac thiét bi tw cung cap ning luong chi c6 4 soi, trong do khong bb trf 2
soi cung cap dién ning. Cac DV camcorder thuong st dung loai giao tiép IEEE 1394 ¢6
4 s01 boi chung tu cung cip nang luong qua pin hodc c6 nguon dién riéng.

IEEE 1394b 14 thé hé thtr 2 cua chuan IEEE 1394 véi nhirng tng dung dau tién
vao nim 2003. IEEE 1394b c6 9 chan, hd tro tc do truyén 800/3200 Mbps nén cao hon,
n6 ¢ cac cai tién sau so véi thé hé trude né (IEEE 1394a):

- Tu sira chita 156i (Self-healing loops)
- HOb trg céac cap dai hon.
- HO tro cap CATS cung nhu cap quang.

IEEE 1394b c6 thé giao tiép véi nhiéu loai thlet bi co sur dung cac chuén giao tiép
theo chuan nay thong qua céc loai cap chuyén d01 s6 chan cam 9 chan -> 6 chan hodc
4 chan dé phu hop véi cac thiét bi s dung cac cong giao tiép theo chuan IEEE 1394a.

Céc loai céap st dung véi IEEE 1394b bao gom:

Beta: Chi dung riéng v6i IEEE 1394b (khong tuong thich voi IEEE 1394a)

Bilingual: Cap loai nay dung dong thoi cho céc thiét bi IEEE 1394a/b, gilip cac
cong theo IEEE 1394b st dung twong thich nguoc voi cac thiét bi theo chuan thé hé
trude nd. Co hai loai: 9 chan sang 6 chan va 9 chan ra 4 chan giup viéc tuong thich gitra
hai chuén a/b.

O cac may tinh c4 nhan pho thong c6 gia thanh thap, chuan nay chua duoc dua vao
st dung boi ching lam ting gia thanh san phdm. O cac hé mdy tinh tim trung va cao
cap chung da dugc tich hop san vao bo mach chu.

Nhleu bo mach chu ban roi cho cac nguoi dung tu lap rap may tinh cling duogc tich
hop céc cong IEEE 1394 O dong san pham trung va cao cip (da s6 chang c6 gia 16n hon
100 USD ¢ thoi diém cubi nam 2007).

Mot s6 bo mach am thanh thudc dong cao cap ciing dugc tich hop san cac cong
IEEE 1394, vi du cac bo mach 4m thanh cua Creative cao cap thuong tich hop san IEEE
1394.

Ciing gibng nhu cac giao tiép khac c6 nhu céu sir dung trén cac may tinh ca nhan
nhung khong dugc tich hop san, mét s6 nha san xuat phan cing da san xuat cac bo mach
cung cap cac cong I/O nhu IEEE 1394. Chiing thudng duge gan vao cac khe PCI trong
may tinh. Khéng nhitng phuc vu cho cic may tinh c4 nhan dé ban, néu cic may tinh
xach tay chua duoc tich hop sin cac cong giao tiép theo chuan IEEE 1394 thi c6 thé sir
dung cac PCMCIA card dé mé rong ra cac cong theo chuan IEEE 1394.

Do su céc thiét bi can bang théng cao chua pho bién L trong nguo1 ti€u dung nén cac
cong IEEE 1394 chua duogc thdi thiic tich hop san trén tat ca cac may tinh ca nhén. Da
s6 cac thiét bi ngoai vi hién nay chi khai théc dén bus USB nhu: 6 usb flash, ban
phim, chuét..., giao tiép vO1 cac may anh s6 do toe do truy cdp dir li€u con chdm nén
cling chi sir dung USB. Mat khac USB 2.0 v&i bang thong 480 Mbps ciing dap g kha
tot cho céc thiét bi ké trén.
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IEEE 1394 méi chi dugc khai thac & cac Gmg dung can bing thong 16n, dic biét 1a
(mot sb trong chung vin chua phd bién v6i chuan nay):

DV cameras: Hau hét cac DV camera (digital camera) ngay nay dugc tich hop san
mot cong IEEE 1394 (nén IEEE 1394 con quen dugc goi 1a cong DV hay DV port). Su
Iira chon giao tiép v6i chudn IEEE 1394 bai ching dap tmg v6i bang thong cho video.
Nhiéu phan mém, tién ich kém theo cac DV camera nay dugc phat trién trén nén chuan
IEEE 1394 nhu: chuyén video tir DV cam sang PC, convert cac dinh dang video truc
tiép theo thoi gian thyc khi chuyén...

- Céac 6 dia cling gin ngoai va cac thiét bi lu'u trit khac gan ngoai khac yéu cau
bang thong cao, nhu: 0 dia quang (6 CD, 6 DVD).

- Cac may quét cao cap voi do phan gii cao.

- Két ndi cac may tinh véi nhau véi bang thong cao.

- Trong tuong lai, khi ma nhleu thiét bi st dung cac chuan IEEE 1394 thi ching
c6 thé thay thé cac giao tiép USB dang pho bién hién nay ciing nhu USB di thay
thé cic cong tuan tur va song song thé hé trudce no.
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, CAU HOI ON TAP VA BAI TAP CHUONG 6

Céau 1. H¢ thong vao ra: ‘ ?

a) Neéu cac churc ndng cia module diéu khién vao ra?

b) Céac thanh phan ctia module I/O?

¢) Vi sao hé thong PC phai can dén module 1/0?

d) V& so d6 trinh bay trén cho module 1/0.
Cau 2. H¢ théng vao ra: ,

a) Neéu cau truc co ban cua hé thong vao-ra ?

b) Néu cac phuwong phép dia chi héa cong vao-ra ?

¢) Néu cac phuong phap trao doi dir liéu va dic diém ctua mdi phuong phap ?
Cau 3. Trinh bay phuong phap t6 chirc 1/0 dugc lap:

a) Vao ra bang chuong trinh

b) Vaio ra diéu khién bang ngat

¢) Vao ra diéu khién bang DMA.

d) V& so d6 module 1/0.
Cau 4. H¢ th(f)ng truyén dix lidu

a) Cac cau hinh ghép noi ?

b) Cac dac diém ctia mach thu/phat dém dir 1iéu SN74L.S245 ?

c) VEso dd, néu churc nang va nhiém vy cua mach kiém soat ngét st dung chuong

trinh hod 8259A ?
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