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Tom tat—Trong bai bao nay, chiing t6i trinh bay viéc
thiét ké mot bo diéu khién st dung thuat toan 16-gic mo
¢6 kha nang du doan luu lugng truyen thong cia mot bd
dinh tuyen trong mang trén chlp (NoC: Network-on-Chlp)
Tu do, bo diéu khién nay sé tac dong dén thn sb va dlen
ap hoat dong cta bd dinh tuyen mot cach phu hgp nham
giam thiéu nang lugng tiéu thu cua bd dinh tuyen nay
theo phuong phap diéu khién ty 1€ dién ap - tan sb dong
(DVFS: Dynamic Voltage and Frequency Scaling) trong
khi van dam bao dudc hiéu nang hoat dong theo yeu cau
cua b6 dinh tuyen Bo xit ly lo -gic mo, phan 16i cia thiét
ke, da dugc mo hinh hoa bang ngon ngu’ mo ta phan
cu’ng VHDL. Hoat dong cua bo xtt Iy mo duge md phong
va kiém ching bang phan mem md phong ModelSim cla
hang Mentor Graphlcs Mot s6 két qua thyc thi phan ciing
ban dau ctia bd x& Iy mo trén cong nghé FPGA cua hang
Xilinx cung dmjc trinh bay trong bai bao.

Keywords— Low-power; Network on Chip; DVFS; Fuzzy
logic.

I. MO PAU

K¢ tir khi dugc dé xuét 1in dau tién vao niam 1965
bdi gido su L. A. Zadeh [1], Iy thuyét tip mo da dugc
ting dung trong rat nhiéu linh vuc khac nhau. Nhiing
linh vuc ma ly thuyét 16-gic mo da dugc 4p dung thanh
cong c6 thé dugc ké dén nhu: diéu khién tu dong, tiét
kiém dién, xt ly dit liéu, xt ly tin hiéu...DPac biét la
trong linh vuc thiét ké robot, cic loai robot c6 kha ning
hanh xt nhu con ngudi dua trén ly thuyét 16-gic mo da
va dang dudc nghién cttu phat trién. Véi viéc ap dung 1y
thuyét 16-gic md thi cach hanh xi ciia robot c6 thé dugc
thuc hién thong qua nhiing quyét dinh “néu - thi” tuong
tu nhu suy nghi ciia con ngudi. Do dd, nhitng robot nay
c6 thé c¢6 cac “suy nghi”, hanh dong giéng v6i con ngudi
hon so v6i nhiing thé hé robot trude day [2]). Trong linh
vuc y khoa, ly thuyét 16-gic md ciing da va dang dugc
nghién ctu va dp dung vao nhiéu chuyén nganh khic
nhau, dic biét la trong linh vuc xd ly tin hiéu y sinh.
Trong cong trinh [3]], Y. C. Yeh va cOng su da gii thiéu

mot phuong phdp don gidn va hiéu qua d€ nghién citu
vé tin hiéu ECG st dung 1y thuyét 16-gic md. Cong trinh
[4] ciing da gi6i thiéu mot ky thuat dua trén 1y thuyét
16-gic md dé xi 1y cac anh MRI mot céch hiéu qua.

Trudc diy, cac hé théng 16-gic md thudng dudc thuc
thi bang phan mém. Uu diém cda viéc thuc thi hé théng
16-gic md bang phan mém d6 1a kha ning trién khai hé
théng nhanh, dé dang sira ddi, thoi gian phat trién nhanh
va ton it chi phi. Tuy nhién nhugc di€ém ctia nhiing hé
théng nay d6 1a téc do xi 1y va tinh toan cham. Piéu
nay da 1am anh huéng dén viéc trién khai cac hé 16-gic
md trong nhiing hé théng can xi ly thdi gian thuc.

Cung véi viéc ngly cang nhiéu cic tng dung ctia ly
thuyét 16-gic md dugc ap dung vao trong nhiéu linh vuc
khac nhau da thiic ddy cic nha nghién cifu phat trién
nhiing hé thdng 16-gic md c6 toc do xit 1y, tinh todn
nhanh va hiéu qua hon. Mot trong nhitng hudng phat
trién cdc hé théng xi 1y 16-gic md d6 1a thuc thi nhiing
cdc hé thdng nay nay dudi dang cac 16i xi Iy biang phan
cling dé cho phép ting téc do xi ly ctia hé théng [S]-[7].
Véi huéng tiép can nay, cic hé théng xii ly 16-gic mo
c6 thé dat dén hang triéu phép tinh todn/suy luan 16-gic
md trong mot gidy (FLIPS: fuzzy logical inference per
second) [8]]. Trong cong trinh [9], K. Nakamura va céc
cOng su ciing da xdy dung dugc mdt 16i x@ ly 16-gic mg
v6i 12 dau vao c6 do phan giai 16 bit va téc do tinh
toan ciing dat dén 2.10° FLIPS.

Bai bdo nay tip trung vao viéc thiét k& mot khoi
diéu khién tan sb - dién 4p danh cho bo dinh tuyén cta
mang trén chip (NoC: Network-on-Chip [10]) nham diéu
chinh tan s6 hoat dong ciing nhu dién ap ctia bd dinh
tuyén mang mot cach phi hop tuy theo luu lugng truyén
thong qua bd dinh tuyén d6. Do do, ta c6 thé giam bét
ning lugng tiéu thu ciia titng bo dinh tuyén, ciing nhu
ning lugng tiéu thu chung cho toan hé thdng, trong khi
van dim bao hiéu ning hoat dong ctia hé théng dap ting
yéu cau clia ting dung. B diéu khién nay sé dudc ap
dung thuit todn 16-gic md theo mo hinh Sugeno [11]] dé
xt ly va dudc thuc thi dudi dang mdt 16i ciing mo6 hinh



ho4 bing ngon ngit VHDL & mic chuyén dich thanh ghi
(RTL: Register-Transfer Level).

Ngoai phan M& dau, ciu triic clia bai bdo nay dugc
chia thanh cdc phan sau: Phan [T trinh biy mo6 hinh dé
xuét cho khdi diéu khién tin sb - dién ap; Phan dé
cip dén qud trinh md hinh hod bd xd 1y 16-gic mo —
phan 16i quan trong ctia bo diéu khién tan s - dién ap
— bang ngdn ngit md ta phan ciing VHDL; Phéncung
cp cac két qua mo phdng va thuc thi phan cing trén
cong nghé FPGA; va cubi cung, Phan [V| dua ra mot sb
két luan ban dau vé hoat dong ciing nhu kha niing ting
dung bd diéu khién dé xuét.

II. DE XUAT MO HINH BO PIEU KHIEN TAN SO -
PIEN AP

Trong bai bdo nay, ching to6i xem ring luu lugng
truyén thong qua mot bo dinh tuyén ciing chinh 1a dai
lugng phan dnh mic d6 hoat dong ctia bd dinh tuyén dé.
Néu Iuu lugng truyén thong 16n, bd dinh tuyén can phéi
dudc cip tin sb ciing nhu dién 4p hoat dong cao hon dé
dap ting toc do truyén dit lidu cao va ngudc lai. Do do,
dé giam thiéu ning lugng tiéu thu ctia cic bd dinh tuyén
dugc st dung tai cic ndt mang trong mot hé théng cé
kién triic truyén thong dang mang trén chip, ching toi
dé xuit st dung mot khdi diéu khién tan s6 - dién ap dé
thay d6i tin s6 hoat dong ctia bo dinh tuyén theo mic
do hoat dong ctia chinh bo dinh tuyén d6. Khéi diéu
khién nay c6 nhiém vu gidm sat Iuu lugng truyén thong
qua bd dinh tuyén, tir d6 du dodn luu lugng truyén thong
qua bd dinh tuyén trong tuong lai d€ dua ra quyét dinh
ting hoic giam tan s& mot cach phu hdp véi hoat dong
ctia bo dinh tuyén. Bén canh dé, cic mic dién 4p cung
clp cho bd dinh tuyén ciing dugc khbi diéu khién diéu
chinh phu hop véi tan sd hoat dong ctia bd dinh tuyén
nay nhim giam t6i da cong suét tiéu thu ctia bo dinh
tuyén.

DE don gian hod ciu triic clia b giam st luu lugng,
dong thoi dé€ giam thi€u dudc thi nguyén thuc thi hé
théng, ching t6i dé xuét s dung mo hinh 16-gic mo
dé ap dung cho qua trinh du doan luu ludng va dua ra
quyét dinh diéu khién tan sb - dién 4p. Hé thdng dugc
dé xuét sé bao gdm cac khdi sau: khdi tinh toan gia tri
luu luong trung binh cuc dai (MA: Max Average), khoi
tinh toan bién thién luu luong (DER: Derivative), bd
xu ly 16-gic mo (FLP: Fuzzy Logic Processing) va cac
khoi diéu khién tan s6 (FC: Fclk controller), dién ap
(VC: Vdd controller) va dugc mé ta nhu so dd khéi &
Hinh (I} Chiic ning cla tiing khdi trong so do nay dugc
mo ta nhu sau:

Gia tri luu lugng tif cdc cdng truyén thong clia bd
dinh tuyén sé dugc gti dén khdi MA. Khéi nay sé thuc
hién viéc so sanh céc gid tri d€ chon ra gia tri Iuu luong
16n nhét da dugc tuyén qua bd dinh tuyén va chuyén gia
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Hinh 1. So dd khéi ctia md hinh d& xuét.

tri nay dén dau vao thi nhit ctia bo xir ly 16-gic mo
FLP. Muc dich clia qud trinh ndy chinh 1a d€ cho bd
FLP c6 co sé d€ dua ra quyét dinh diéu chinh tan sb,
dién 4p ctia bo dinh tuyén phu hop véi yéu cau truyén
thong cao nhit qua bo dinh tuyén doé.

Kh6i DER dudc thiét ké d€ c6 thé xdc dinh su bién
thién vé luu lugng truyén thong clia mot cng. Cac gia
tri Iuu ludng qua mdi cong sé& dugc glii dén cac bo DER
tuong tng véi cong d6. Cac kh6i DER sé thuc hién viéc
luu hai gi4 tri luu lugng: mot gid tri cla thdi diém hién
tai v mot gid tri ciia thoi diém trude d6 mot khung thoi
gian. Tir d6, khéi DER sé xdc dinh dudc su bién thién
vé mit luu lugng truyén thong qua tiing cdng. Két hop
v6i thong tin vé luu lugng cuc dai tit khéi MA, khoi
DER sé dua ra gia tri bién thién ctia luu lugng dé lam
dau vao cho thong sb bién thién luu luong clia bd xit 1y
16-gic md.

B6 x@ ly 16-gic md FLP dudc xdy dung tU ba
khdi con d6 1a: khéi md hod (FZ: Fuzzification), khi
“dong luc” (FE: Fuzzy Engine) va khéi giai ms (DFZ:
Defuzzification). Nhu da dé cap & trén, hoat dong ctia
FLP dua trén mo hinh Sugeno nhiam don gian qua
trinh md hinh hoa va céc qué trinh tinh todn va nhd do,
giam thiéu tai nguyén phan ciing can st dung.

e Khdi FZ nhan di liéu tir hai dau vao dé 1a
dit liéu vé luu lugng truyén thong 16n nhét di
qua bd dinh tuyén va di liéu vé& su bién thién
cua luu lugng d6 trong mét don vi thoi gian.
Nhiém vu ctia khdi nay 1a 1am md hod dit liéu
dua trén cac ham lién thuéc (MSF: Membership
Function) da dudc dé xuat. Két qua & dau ra ctia
khdi nay Ia ta thu dudc cac gia tri vé mic do
phu thudc cta cac ham lién thudc (goi la gia tri
hay cip do lién thudc (degree of membership
function) — pu(x)).

e Khéi FE sé dua trén bang quy tic hgp thanh
(quy tic IF-THEN) dugc d& xuat dé xdc dinh ra
cic gia tri trong sd ctia cdc quy tic hgp thanh
nay - w;. Ngoai ra, vi dugc xay dyng trén mo
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Hinh 2. M6 hinh cta bd FLP dugc d& xuét.

hinh Sugeno nén khéi FE ciing c¢6 nhiém vu tinh
toan gia tri ra z; cho tiung quy tac hgp thanh da
dudc dé xuat.

e  Khbi DFZ sé dua trén gié tri lién thudc cha cac
ham lién thudc - u(z), gid tri trong s6 w; cla
cdc quy tic hdp thanh va gia tri ra Zi clia mbi
quy tic d€ xac dinh gia tri dau ra cua bo diéu
khién. Gid tri ndy chinh 13 gid tri can thiét dé
diéu chinh tin s6 hoat dong ctia bo dinh tuyén
philt hop vé6i luu luong va su bién thién cta luu
lugng qua bod dinh tuyén do.

Khbi Vee controller va Felk controller 1a cic khoi
diéu khién dién 4p va tin s6 hoat dong ctia bo dinh
tuyén. Trong md hinh dudc dé xuat, bd dinh tuyén sé
st dung ba ciip gid tri clia tin sb - dién 4p. Su thay ddi
clia tan sd hoat dong dong thdi ciing sé diéu chinh dién
4p hoat dong vé miic tuong Ung véi tan s6 méi. Su thay
ddi tan sb6 hoat dong sé& dudc xic dinh thong qua gia tri
diéu khién & dau ra ctia bd xi ly 16-gic md.

III. MO HINH HOA BO XU LY LO-GIC MO BANG
NGON NGU MO TA PHAN CUNG VHDL

M0 hinh by FLP dudc dé xuét 12 mot xi ly 16-gic mo
v6i hai dau vao, mot dau ra, st dung md hinh Sugeno
bac 0 [11] (Hinh [2). M6 hinh nay dudc thuc thi véi ting
khoi con nhu sau:

e  Khdi mo hod FZ dugc thuc thi véi hai khéi con
input_MSF. M&i khi con 12 mot qu4 trinh tinh
toan gid tri lién thudc ciia cac dau vao input_I
va input_2 dua trén cac ham lién thudc duge dé
xuat.

e  Khdi “dong luc” FE bao gom hai khdi con, khoi
AND-rule xac dinh gla tri trong sd cho tung
quy luét hdp thanh va khéi Zi dugc dung dé
tinh toan gid tri dau ra cia mdi quy luat hop
thanh tuong wng.

e Khéi gidi mé DZ dugc thyc thi nhu mot qua
trinh tinh toan gia tri dau ra cudi cung cda bd

Xt 1y 16-gic mS dua trén cdc gia tri trong sb w;
va gia tri dau ra cda ting quy luit hgp thanh
Zi.

Toan bo cdc khdi nay sau dé dudc mo hinh hod
bing ngdn ngit md ta phan ciing VHDL dudi dang céc
Process. Cac thanh ghi dugc chén vao sau mbi Process
dé dam bao ludng dif liéu dugc thuc hién ding. Viéc
mo hinh hod bd FLP bing ngon ngit VHDL & miic
RTL dugc mo ta nhu trong Hinh

A. Qud trinh mo hod

Qua trinh md ho4 12 qua trinh chuyén déi tit mot gia
tri 1o clia dAu vao, thanh mot gid tri lién thuoc ddi véi
ting ham lién thudc. Gia tri lién thudc nay s€ phu thudc
vao hinh dang ctia ham lién thudc va tip xac dinh cua
n6. Thong thudng, cac ham lién thudc thuong cé dang
hinh tam gidc, hinh thang, hodc hinh chuéng (phan bd
Gauss). .. Tuy nhién, d€ viéc mo hinh hod hé thong dugc
don gian thi trong bai bdo nay ching téi da lya chon
dang hinh cla ham lién thudc la hinh tam giac.

Dé md hinh hod qua trinh m& hod, mot ham lién
thuoc dang hinh thang s€ dugc mo ta v6i mot bo cac
tham so nhu & Hinh E} Ham lién thudc dang tam gidc sé
la sy don gian hoa cta ham dang hinh thang véi tham
s6 point_2 tring v6i diém b. BO tham s6 can md ta khi
xay dung mot ham lién thudc dang tam gidc sé bao gom:
point_1, slope_2, point_2, slope_2. Gia tri lién thudc
w(x) clia dau vao theo ham lién thudc sé dugc tinh todn
dua trén ba phan doan chinh:

e Néu input_I € [0,a] hodc input_1 > d thi
p(z) = 0.
e Néuinput_I € [b,c] thi pu(z) =1
o Néu input_1 € [a,b] hodc input_I € [c,d] thi
w(x) s& dugc tinh theo cong thuc:
(input_1 - point_1) * slope_1,
if input_1 < point_2

OxFF - (input_1 - point_2 )*slope_2,
if input_I > point_2

w(x) = (1)

Gia tri lién thudc p(z) € [0, 1]. Tuy nhién, d€ thuén tién
trong viéc tinh todn thi khoang xac dinh nay sé dudgc roi

Process()

Input_1 Cal degree of
traff msf

Process()

Input_2 T Ea-l a;g-r;e-t;f-
dev_traff msf

Center
Gravity

R [Caiouputor | [ 7|

rule(i)

Hinh 3. M6 hinh hoa ¢ mic RTL cta bo FLP.
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Hinh 4. M6 ta ham lién thudc dang hinh thang.

rac hod thanh 2% khoang nhé c6 gia tri roi rac, bat dau
tir 0x00 (tuong dng vdi gid tri 0) dén OxFF (tuong ung
Vi gia tri 1). Véi viéc mo ta mot ham lién thudc bang
bd bbn thong sd nhu trén thi trong ngdn ngit VHDL,
cac ham lién thudc s€ duge mo ta dudi dang mot tap di
liéu dang Record nhu sau.

type traffic_type is (term_of_mfs);
type traffic_membership is

record

term: traffic_type;
point_1:std_logic_vector (7 downto 0);
slope_1:std_logic vector(7 downto 0);
point_2:std_logic_vector (7 downto 0);
slope_2:std_logic_vector (7 downto 0);
end record;

Qua trinh md hoa gia tri luu lugng & dau vao input_I
s€ dugc thyc hién thong qua nam ham lién thudc, tucng
ing v6i cic bién ngdn ngli tu nhién 1a: “viow, low,
medium, high, vhigh”. Cac ham lién thudc dugc st dung
trong md hinh nay la cac ham dang tam giac v6i cac gia
tri cua tap dit liéu dugc md ta nhu trong Hinh [5| Gid tri
cuc dai cia ham lién thudc vhigh la 0xCO0, tuong ung véi
gia tri luu lugng cuc dai 1a 192Gflits/s. Gia tri nay dugc
lya chon phu hop véi toc do truyén thong cuc dai cia
bd dinh tuyén da dugc ching toi thiét ké (vao khoing
180GHlits/s). Hé sb slope_I va slope_2 dugc chon la
0x08 cho ca hai suon cua ham lién thudc, muc dich la
dam bao viéc tinh todn sé dudc thuc hién vdi sai sb it
nhét c6 thé. Qu4 trinh md hoa gid tri luu lugng sé tuong
ting v6i mot khéi Input_MSF trong md hinh dugc dé
xuat va dugc thuc thi nhu mot Process trong ngén ngit
VHDL.

Pau vao input_2 1a gia tri clia bién thién luu luong
cuc dai qua bd dinh tuyén. Gid tri ctia bién thién luu
luong dudc xdc dinh la lugng thay d6i vé luu lugng, ma
khong phu thudc vao gia tri d6 1a ting hay giam. Véi dau
vao input_2, qua trinh md hod sé dudc thyc hién thong
qua ba ham lién thudc véi cac bién ngdn ngit tuong ing
1a: “slow, normal, fast”. Cac ham lién thudc nay ciing
la cac ham tam gidc va gia tri cua tdp xac dinh dugc

OxFF | MowW ___ X v __medium _ high | vhigh

0x00 0x20 0x40 0x60  0x80 O0xAO 0xCOo

Hinh 5. Céc ham lién thudc cua dau vao input_1.
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Hinh 6. Céc ham lién thudc cua dau vao input_2.

mo ta nhu trong Hinh [6] Gid tri cyc dai cia ham lién
thudc high 1a 0x3C tuong dng v6i luu lugng bién thién
60Gflits/s. Gia tri slope_I va slope_2 ctia cac ham lién
thugc déu bang nhau va dudc chon bing Ox11.

Dau ra Z,,; ciia FLP la mot gia tri hang sd, tuong
ting v6i tan sd hoat dong ctia bo dinh tuyén. Vi vay ham
lién thudc ctia dau ra sé 1a cac ham don tri (singleton).
Dau ra sé dudc md ta bing ba ham lién thudc véi cac
bién ngon ngit 1a: low, normal va high (Hinh . Cac
ham lién thudc & dau ra sé dugc mo ta trong VHDL nhu
la cc hing s 8-bit.

XFFee ey = == -

x0Q

x20 x40 x60

Hinh 7. Cac ham lién thudc cta dau ra output.



B. Qud trinh xdc dinh quy ludt hop thanh

Bing viéc ap dung md hinh Sugeno, mot quy luat
hop thanh trong md hinh c6 thé dugc phat bidu duéi
dang quy ludt IF-THEN nhu sau:

“IF input_1 = x AND input_2 = y THEN
Output = ax + by + ¢’

Trong truong hop @ = b = 0 va diu ra 1a mot hing
s6 thi ta goi mo hinh nay 1a moé hinh Sugeno bac 0.
Trong md hinh nay, v6i mdi gid tri dau ra z; cla tiing
quy luit hgp thanh s€ dugc dic trung bdi mot gia tri
trong s6 w;. Gid tri trong sd nay sé phu thudc vao quy
luat hop thanh ma ta dit ra khi t6 hop cic bién ngon
ngi tu nhién. Gia si, néu ta 4p dung quy tic AND véi
dau vao input_I=x va input_2=y thi gia tri nay s& la:

w; = MIN (u(z), 1(y)) 2)

Qua trinh tinh todn gi4 tri trong sb w; sé tuong tng
v6i kh6i AND-rule trong mo hinh dugc dé xuét. Khi
thuc thi trong ngdn ngit VHDL, qua trinh 1a mot Process
va dugc thuc hién thong qua doan ma tim kiém gid tri
cuc ti€u nhu sau:

rule_weight: process (u_x, u.y) is

variable i, j: integer;
begin
for i in 1 to n loop

for j in 1 to m loop
if (u_x(i) < u_y(j)) then
rule_w(i,j) <= u_x(i);
else
rule_w(i.j) <= u_y(j):
end if;
end loop;
end loop;
end process rule_weight;

Bang L. CAC QUY LUAT HQP THANH CUA KHOI LO-GIC MO

Luu lugng | Biéen thién luu lugng | Tan so
viow slow low
low slow low

medium slow low
high slow normal
vhigh slow normal
vliow normal low
low normal low

medium normal normal
high normal high
vhigh normal high
vlow fast normal
low fast normal

medium fast high
high fast high
vhigh fast high

dugc tinh theo cong thic sau:

Z w;.2;
Zout =1 (3)

E wj
=1

Trong d6, n la tong sd cdc quy tic hgp thanh da dugc
thiét 1ap. Poan ma VHDL sau dugc ding dé€ mo ta qud
trinh tinh toan nay:

for i in 1 to n loop

for j in 1 to m loop
w_t:= unsigned(w(i,j));
z_t:= unsigned(z(i,j));
upper:= upper + (wW_txz_t);
lower:= lower + w_t;

end loop;

end loop;

z_out:= divide (upper,lower);

Trong d6, u_x va u_y chinh la cac gia tri lién thudc cua
cdc dau vao input_I va input_2. V6i cac ham lién thudc
dugc mo ta nhu trong Phan ta s& c6 tit ca 5 x 3
quy luat hop thanh. Thong thudng, trong tong sb cic
quy luat hop thanh duge dé xuit, ching ta c6 thé bod
qua nhitng quy luat it phS bién hoic it xuit hién. Tuy
nhién, trong bai bdo nay vi sé luong quy luat hop thanh
khong 16n nén ching tdi van tién hanh thuc thi toan bd
15 quy luét nay. Cac quy ludt hgp thanh dugc mo ta nhu
trong Bang [I}

C. Qud trinh gidi mo

Qua trinh gidi md 1a qua trinh tinh toan lai gia tri
chinh xdc & dau ra ciia FLP. Vi cic gia tri dau ra cda
tiing quy luat hop thanh z; va gid tri trong sb w; cla
nd, qua trinh giai mJ sé st dung phuong phap gia tri
trong tAm dé tinh ra gid tri dau ra Z,,,. Gid tri nay sé

Trong d6, n va m 1a s6 ham lién thudc cla cac dau vao
input_I va input 2. w(i,j) va z(i,j) chinh la cdac gid tri
trong sb va gid tri dAu ra cia cic quy tic hop thanh
dugc tinh ra trong nhiing khi trudc do.

IV. KET QUA MO PHONG VA THUC THI

Sau khi tién hanh thuc thi toan bo cdc khéi ctia bd xi
ly 16-gic m FLP bing ngoén ngit VHDL & miic RTL,
chiing t6i da tién hanh md phdéng hoat dong ciia cic
khéi nay bang phin mém md phong ModelSim d€ kiém
chiing cdc hoat dong ciia tiing khdi con ciing nhu hoat
dong ctia toan bd FLP. Qu4 trinh md phdéng kiém tra
¢6 thé dugc md ta bing so dd khéi nhu & Hinh [§] Cac
dit liéu dau vao sé dugc tu dong sinh ra va dua vao cic
dau vao input_1I va input_2 (tuong ung véi cac dau vao
traffic_val_in va dev_traffic_in trong chuong trinh). Gia
tri cia dt liéu vao sé dugc giéi han {trong khoang gia
tri cuc dai cda cac ham lién thudc. Bang cich quan sat
dang séng clia céc tin hiéu ra va gid tri ctia dau ra cudi




fest_thjuut/fdk
fest_thjuutfrst_n
fest_tbjuutfiraffic_val_in
fest_thjuut/dev_traffic_in

ftest_thjuutfz_out
frest_tbjuutjdgr_msf_traf
ftest_thjuutdgr_msf_dev_traf
frest_thjuutfrule_w
ftest_thjuutfz_rule_out
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Hinh 9. Gian dd dang séng ctia bo FLP.

Bang 1L KET QUA TONG HOP PHAN CUNG TREN SPARTAN
3E-XC3$500E-5VQ100.

Loai cong logic So lugng st dung | SO lugng san c¢6 | Ty Ié

Slices 711 4656 15%

Flip flop Slices 197 9312 2%

LUTs 4 du vao 1325 9312 14%

B0 nhan 19 20 95%

cling Z,, (tuong ting véi dau ra z_out trong chuong
trinh), ta sé khang dinh dudc hoat dong ctia bo FLP
la ding hay khéng. Két qua dang séng cta qué trinh
mo phéng dugc trinh bay nhu & Hinh (9] Tir két qua mo
phéng, ta c6 thé thiy FLP da thuc hién ding chiic ning
ctia minh nhu da dudc dé xuit trong mo hinh trudc do.

Ching t6i ciing da tién hanh thuc thi phan cting bd
xu ly 16- gic m0 FLP trén FPGA (Spartan 3E-xc3s500e-
5vq100) st dung phan mém Xilinx ISE d€ uéc lugng tai
nguyén phan ciing. Két qua téng hop dudc mo ta nhu &

Bang [[I}

V. KET LUAN

Trong bai bao nay, chiing t6i da gidi thiéu mo6 hinh
mot khéi diéu khién tan sé-dién dp st dung thuit todn
16-gic m& c6 thé ap dung d€ t6i uu cong suit tiéu thu
cho mang trén chip. B6 diéu khién phan tich luu lugng
va bién thién luu lugng qua bo dinh tuyén mang dé tir d6
phan tich va dua ra quyét dinh ting/giam tan s va dién
ap. Khéi diéu khién dugc ting dung ly thuyét diéu khién
16-gic md d€ giam thiéu do phiic tap ctia hé thong, tiét
kiém dugc tai nguyén phan cing khi thuc thi nhung vin
dam bao viéc theo doi luu lugng chuyén qua bo dinh
tuyén va dua ra dudc cic 1énh diéu khién phu hgp. Mo
hinh ctia b x ly 16-gic md — phan 16i quan trong cda
bd diéu khién tan s6 - dién dp — sau d6 da dudc mo hinh

MO HINH [ oane
CAN KIEM | SONG CUA
TiN HIEU |

CHU'ONG TRINH MO PHONG

.DCFLIE_U CH BA
(S8 =

Hinh 8. So db khéi ctia qua trinh md phéng kiém tra FLP.

hoa bing ngdn ngt VHDL ¢ miic RTL. Cac két qua mo
phong cho thay bd xit ly 16-gic mo da hoat dong dung
theo yéu ciu ctia md hinh dé ra ban dau.
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