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(54) PHUONG PHAP, HE THONG MAY TINH DE XAC DPINH THONG SO QUAN
TINH CUA CAC CA THE TRONG THUAT TOAN TOI UU BAY DAN (PSO) BE
TANG XAC SUAT TiM PUGC GIAI PHAP TOI UU TOAN CUC TRONG THIET
KE VIMACH TUONG TU

(57) Sang ché dé xuét giai phap xac dinh thong 5O quan tinh cua cac ca thé trong thuét toan

t6i uu bay dan, dé tang xac suat tim duoc giai phap tbi wu toan cuc trong thiét ké vi mach

tuong tu. Giai phap nay tap trung vao hai n¢i dung chinh: (1) két hop mo phong SPICE va
thuat toan toi wu bay dan (PSO) dé lwa chon kich thuéc phu hop cho cac linh kién bén
trong vi mach tuong tu, dam bao hiéu nang hoat dong cua mach, (2): chia qua trinh t6i wu
héa thanh ba giai doan, trong mdi giai doan, thong s6 quén tinh cua thuat toan PSO duoc
xéac dinh bang cac biéu thirc khac nhau. Qua trinh thue hién giai phap nay, vé co ban, gdm

4 budce: (1): V& so dd nguyén ly cua mach can t61 uu, xac dinh bién thiét ké, gi6i han trén,

duoi cua tung bién thiét ké, ham muc tiéu, ham rang budc, (2): Trong 151 t6i wu, khoi tao

quan thé gom N ca thé, véi toa 46 va van tdc ngiu nhién, (3) Thuc hién vong lap dé tim
nghiém tdi uu cho den khi thoa méan diéu kién dung, (4): Tra két qua toi vu. Khi ap dung
vao giai quyét cac van dé tdi uu hoa trong thiét ké vi mach twong tu, giai phap duoc dé

Xuat trong bao cdo nay co ti 1€ tim thdy nghiém tdi wu cao hon so véi cac phuong phap cai

thién hiéu suit cua thuat toan PSO duoc gid1 thiéu trude do.
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Linh vuc ki t’huz_‘lt dwoc dé’c@p , ‘

Sang ché nay d€ cap dén phuong phép 4p dung thudt toan toi uu bay dan (thuit toan PSO)
vao giai quyét bai toan t8i vu hod trong thiét ké vi mach tuong tu, va phuong phap thiét 1ap gia
tri quan tinh cta cac c4 thé trong thuit toan tdi wu biy dan tai ting vong 1dp. So véi phuong
phap thiét ké vi mach dya trén kinh nghiém, phuong phap nay cho két qua t8i wu hon v& thoi
gian, chi phi va cdng strc. So véi cac phurong phép thiét 1ap gia tri quan tinh cho thuét todn PSO
trude d6, phuong phap dwgc dé cap trong sang ché nay cho hiéu qua cao hon vé x4c suit tim
thiy nghiém t6i wu.

Tinh trang ky thuit cia giai phap

Cing v6i sy phét trién cla hé thong mang khéng ddy, dién ti tiéu dung, hé théng ty
dong. .. 12 sw bung nd cia thi trudng vi mach, trong d6 vi mach twong tw chiém mét phan quan
trong. Tuy nhién, khac véi thiét ké vi mach sé, viéc thiét ké vi mach tuong tu, trong d6 ngudi
k§ su diéu chinh cac thong s6 cua transistor cho dén khi dat dugc yéu cau k¥ thuat, van dua
phan 16n vao kién thitc va kinh nghiém cta ngudi k§ sw. Didu nay khién viée thiét ké vi mach
tuong tw thudng mat nhidu thoi gian, mot so sudt nhod 6 thé anh huéng dén toan bd qua trinh
thiét ké, tri hoén thoi gian dua san phdm ra thi trudng, din dén thiét hai 16n cho doanh nghiép
(theo mét nghién ciru, doanh nghiép hoat dong trong linh vuc vi mach c6 thé mit dén 14% thi
phén néu ké hoach gidi thiéu san phim ra thi truong phai doi lai 4 tuan). Nhim khic phuc céc
kho khan gip phai trong qua trinh thiét ké IC tuong ty, ddy nhanh téc do thiét ké, nhiéu td
chirc, doanh nghiép dang ddy manh nghién ctru cac phuong phap st dung cac thuit toan tdi vu
hoa dé tu dong hoa qua trinh thiét ké vi mach.

Bai toan t6i vu hoa trong vi mach tuong tw, nhin chung, c6 thé dugc tong quat hod dusi
dang chinh tic nhu sau:

Tim gié tri nhé nhat ctia ham: £,(x), £(x), ..., fu(x)

phu thudc vao: ¢i(x) <0, Vi € {1, 2, 3..., N¢},

Trong d6, x € R? la nhimg bién thiét ké cAn dugc xac dinh vi du nhu width/length cta
transistor, va ham fi(x) V1 € {1, ..., m} 12 cdc ham mo ta thong sd ngd ra cia vi mach.

Mot cach tdng quat, cac phuong phép da duge nghién ctru nham giai quyét bai toan téi wu

hoa trong thiét ké vi mach tuong tu ¢6 thé phan loai vao ba nhém: phuong phap duva trén
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phuong trinh (equation-based method), phwong phap dya vao mo hinh (surrogate model-based
method) va phuong phap dwa vao mé phdong (simulation-based method):

Phuong phap dua trén phuong trinh (equation-based method): phuong phép nay xay dung
cac phwong trinh mé ta mbi quan hé gitta kich thudc hinh hoc cia transistor (width/length) véi
céc thong s xac dinh hidu nang cta mach. Uu diém cta phuong phép nay 14 c6 thé cho két qua
nhanh chéng véi chi phi tinh toan thdp. Tuy nhién, phwong phap nay c6 ton tai mot sé han ché.
Thtr nhit, phuwong phap nay doi hoi phai xdy dung phuong trinh mé ta mdi quan hé gifta kich
thude hinh hoc cua transistor (width/length) v§i cac thong s6 x4c dinh hiéu nang cuia mach, mot
didu rat kho dé 1am duoge khi sb lugng transistor 16n. Thir hai, dé tim dugc nghiém téi wu,
phuong phap dua trén md hinh yéu ciu bai toan t6i uu phai 13 bai todn dang 16i (convex
optimization problem), trong d6 tit ca cdc ham muc tiéu va ham rang budc phai 1a ham 15i. Dé
khic phuc hai khé khan trén, phwong phap xép xi thuong duoc 4p dung dé don gian hoa qua
trinh 14p phwong trinh va chuyén d6i cac ham khong 16i vé dang ham 18i. Tuy nhién, viéc x4p
xi s& lam giam d6 chinh x4c ctia cac phuong trinh, nhat 13 d6i véi cac mach phirc tap.

Phuong phap dga trén md hinh (surrogate model-based method): phuwong phap nay st
dung céc thudt todn hoc may nhu mang neuron nhén tao (artificial neural network - ANN), may
vector hd trg (support vector machine — SVM), hdi quy quy trinh Gauss (Gaussian process
regression — GPR) ... dé xay dung md hinh du doan, véi ngudn dit liéu thu thap tir s6 lugng 16n
md phong SPICE. So sanh véi phuong phéap dua trén phuong trinh, phuong phap nay c6 mot sb
vu diém. Phuwong phap nay cho két qua chinh xac hon cac k¥ thuat dwa trén phuong trinh
truyén théng va c6 thé duge tai sir dung, gitp ching hidu qua hon va tiét kiém thoi gian hon.
Tuy nhién, cach tiép cin nay khong phai 1a khong ¢6 nhuge diém. Thi nhét, dé xdy dung mot
mo hinh c6 chinh x4c cao, ddc biét la trong khong gian thiét ké 16n, viéc tao ra mot lugng 16n
dit lidu tir mé phong SPICE 14 yéu cau bét buc. Nhiém vu nay doi hoi mot Iugng chi phi tinh
toan 16n. Hon nita, mo hinh d& huan luyén khong thé 4p dung cho céac thiét ké mach st dung
cong nghé vi mach khac.

Phuong phap dua trén md phong (simulation-based method): phuong phap nay coi vi
mach can t6i wu nhu mot hop den (khong can biét cdu triic bén trong va phuong trinh md ta
quan hé ngd vao — ngd ra), str dung trinh mo phong SPICE va cac thuét toan tdi vu hién dai nhu
k¥ thut & mo phong (simulated annealing — SA), thut toan di truyén (genetic algorithm - GA),
thuét todn tién hod vi sai (differential evolution - DE), thu4t toan ti wu by dan (particle swarm
optimization - PSO)... d dwa ra phuong an thiét ké t6i wu. Uu diém ndi trdi ctia phwong phap
nay, so v6i phuong phép t6i vu dua trén phuong trinh va dya trén mé hinh, 13 kha nang tim ra
thiét ké tdi uu toan cuc mot cach nhanh chéng véi d6 chinh x4c cao, chi phi tinh toan thap,

khong yéu ciu ham mé ta toan hoc hay yéu cau bai toan t6i uu phai c6 dang 16i. Mot trong cac
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thuat toan tiéu biéu thudc loai nay 13 thuit toan tdi wu bay dan (PSO). Thuat toan nay dugc Gmg
dung rit rong rii trong viéc giai quyét cac bai toan ti vu trong linh vyc k¥ thuét, nho vao
nhitng vu diém vuot troéi nhu cach thic van hanh don gian, d& 14p trinh, kha ning thuc hién sb
lwong 16n tinh toan song song, tbc d6 hoi tu nhanh, sb lugng thong sd can thiét 1ap nho... Tuy
nhién, thuat toan PSO khong phai khong cé nhuoc diém. Nhuoc diém chinh ciia thuat toan nay
1a khi gdp phai nhitng bai toan tdi wu phirc tap véi nhidu cuc tri, thuét toan cé thé bi mic ket tai
ving tdi wu dia phuong, khong tim thy nghiém ti vu toan cuc. P& khic phuc nhuge didm do,
nhiéu phuong phap da duoc gidi thidu dé ting cudng hiéu ning cua thuat toan PSO, nhu 13 két
hop PSO v6i thudt toan di truyén hodc thuit toan tim kiém hép dan (gravitational search
algorithm). Tuy nhién, viéc két hop hai thudt toan s& 1am ting sé lwong tham s phai diéu
chinh, phirc tap hoa qué trinh tinh toan. Do d6, thay vi két hop hai thuét toan, mét sb nghién
ctru dé xudt cac chién luge méi didu chinh cc théng sé c6 sin bén trong thudt toan, vira giap
tang hiéu suét tim kiém cta thuit toan va vira khong lam tang d¢ phtc tap. Trong thuat toan
PSO, thong sé quéan tinh w giit vai trd quan trong nhit. Theo mot s6 nghién ctru, thong sb w
quy dinh hanh vi tim kiém toan cuc hay cuc bd cua thuét toan PSO: thuit todn cé xu hudng cha
trong vao tim kiém toan cuc khi w ¢ gia tri 16n, va thuat toan c6 xu hudng chu trong vao tim
kiém cuc bo khi w c6 gia tri nhé, va viéc giam dan thong sé quéan tinh qua timg vong lap gitp
tang cudng hidu suit tim kiém cta thuat toan. Khi 4p dung thuat toan PSO vao giai quyét cac
bai toan k¥ thudt, mot s0 nghién ctru dé xudt phuong phap giam thong sé quén tinh qua timg
vong lap mot cach tuyén tinh. Tuy nhién, khi 4p dung phuong phap giam tuyén tinh nay vao bai
toan t6i wu vi mach twong tu, phuong phap nay cho hiéu qua khong cao. Nhan thiy su quén
trong cua thong s6 quan tinh @ v nhitng han ché cta cac cong trinh trude d6, trong cong trinh
nay, bén canh viéc gidi thidu quy trinh str dung thuat toan PSO vao thiét ké vi mach twong tu,
sang ché gi6i thiéu moét phwong phap méi nhdm xé4c dinh gié tri ca théng sb ® qua tirng vong
lap, gitip ning cao hi¢u qua tinh toan.

Quy trinh thiét ké vi mach tuong tu c6 thé dugc tdng quat hoa thanh ba bude nhu sau:

(1) Chon so dd ciu tric (topology) cho mach.

(2) Ti uu cac thong sd thiét k& nhu: thong s kich thude cho nhitng linh kién c6 trong
mach bao gém: width/length cua transistor, gia tri dién dung cua tu dién, gia tri dién tré
c6 trong mach.

(3) Thiét ké Layout cho mach.

Rét nhiéu dé tai nghién ctru da dugc thue hién nhdm vao quy trinh t8i wu héa thong sb cua

nhitng thanh phan trong mach béi vi nhitng thong s6 nay anh huéng 16n dén hoat dong va cong
sudt tiéu thu ctia mach. Bai toan ti uu hoa trong vi mach trong tw, nhin chung, c6 thé duge

tong quat hod nhu sau:



41847

Tim gi4 tri nh6 nhét cua ham: fi(x), £5(X), ..., fu(X)

phu thudc vao: ¢i(x) <0, Vi€ {1, 2, 3..., N¢},

Trong d6, x € R 12 nhiing bién thiét ké can dugc xac dinh vi du nhu width/length cua
transistor, va ham fi(x) V 1 € {1, ..., m} 12 cic ham mo ta thong sé ngd ra ctia vi mach.

Nhin chung, cac phwong phap tdi wu hoa di dugc nghién céu c6 thé phan loai vao ba
nhom: phuong phap dua trén phuong trinh, phuong phép dwa vao mo hinh, va phuong phap
dwa vao mé phong. Phuong phap dwa vao mé phong dugce wa chudng hon ca do nhitng wu diém
vuot trdi nhu chi phi tinh toan thp va kha ning giai quyét nhimg bai toan phirc tap.

Phuong phap dira vao md phong dé giai quyét bai toan ti wru hoa trong thiét ké vi mach
twong tu ¢6 thé duoc tdng quat hoa nhu Hinh 1. Hinh 1 gdm 2 khéi chinh: khéi “so dd nguyén
ly” va khéi “I5i 61 wu”. Khéi “so dd nguyén ly” bao gdm ban v& nguyén 1y ctia mach vé6i cac
thong s hinh hoc W/L cia cac linh kién duwoc dit dudi dang bién va trinh mé phong SPICE
(dwoc str dung dé mé phong hiéu niang cua mach). Khéi “15i t6i wu” 14 loat tic vu thuc hién céc
thuét toan t6i wu (vi dy: thuét toan di truyén, thuét toan tdi wu by dan, thuat toan tién ho4 vi
phan...). Péng vai trd ciu ndi giita hai khdi nay 12 mot phan mém script viét bang ngén ngit
1ap trinh Ocean (phin mém Ocean). Phan mém nay nhan gi tri ciia cac bién ti wu tir 18 t6i wu,
gén céc gia tri nay vao cac bién thiét ké trong trinh mé phéng, kich hoat trinh mé phong thuc
hién mé phong. Sau khi trinh mé phéng chay xong, phin mém Ocean thu thap két qua mo
phong tir trinh mé phong va tra két qua nay vé khéi 15 t6i wu. Qua trinh nay lap di lap lai cho
dén khi diéu kién dirng thoa man.

Trong nhém cac thuit toan t81 wu, thuat toan toi vu b?ty dan (PSO) dugc danh gia cao hon
ca, nho vao nhitng vu diém vuot troéi nhu cach thitc van hanh don gian, dé lap trinh, kha nang
thuc hién sb lugng 16n tinh toan song song, tdc d6 hoi tu nhanh, sb lugng thong s6 can thiét lap
nho. Trong thuét toan PSO, mdi gia tri cua bién thiét ké duoc mo hinh ho4 thanh toa do cua cua
c4 thé, va cach thic thay ddi gid tri cia bién thiét ké sau mdi vong lap duwoc mé hinh hoa bang
khai niém “van téc clia c4 thé”.

Vén tdc va toa do cua ca thé thir i, tai vong 1ap thir t + 1 dugc xac dinh bang cong thirc:

t+1 _ t t t t t
\/i - (DVl + Clrl (Pbestl - Pi ) + Czrz (Gbest - P ) (1)
quan tinh kinh nghiém tap thé

1
Pit+1 — Pit + Vit+1 (2)

Ta théy, trong thudt toan PSO, van tdc cua m(f)tihat phu thudc vao ba yéu yéu td: quan tinh

(hat ¢6 xu hudng giit nguyén van téc), kinh nghiém (hat ¢6 xu hudng di chuyén téi vi tri t6i wu
ma né da tim thay trude d6), va tap thé (hat c¢6 xu hudng di chuyén téi vi tri tdi vu nhét ca dan
da tim thdy trude d6). Anh huong cia ba yéu t§ nay 1an lugt duge quy dinh bdi ba thong sb

w, C; Va c,. Trong ba thong sb nay, thong sd quén tinh w gifr vai trd quan trong nhit. Theo mot
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) nghién ctru, thong sb w quy dinh hanh vi tim kiém toan cuc hay cuc b cua thuét toan PSO:
thuét toan c6 xu hudng chi trong vao tim kiém toan cuc khi w c6 gia tri 16n, va thuat toan c6
xu huéng chi trong vao tim kiém cuc bd khi w c6 gia tri nho, va viéc giam dan théng sb quan
tinh qua timg vong l3p gitp ting cudong hidu sudt tim kiém cta thuat toan. Khi 4p dung thuét
toan PSO vao giai quyét cac bai toan tdi wu hoa trong thiét k& vi mach tuong tu, nghién ctru
“Area Optimisation of Two Stage Miller Compensated Op-Amp in 65 nm Using Hybrid PSO”
dé xuit phuong phap giam thong sb quan tinh qua timg vong lip mot cach tuyén tinh. Tuy
nhién, phuong phap nay cho hiéu qua khong cao.
Ban chit k§ thuit cia sang ché

Muc dich cua sang ché 1a dé xudt giai phap xé4c dinh théng s6 quan tinh cua céc ca thé
trong thuat toan t6i wru by dan dé ting x4c sudt tim dwogc gidi phap tdi wu toan cuc trong thiét
ké vi mach twong tu, va khic phuc dwoc nhuoc diém cua cac giai phap da biét.

Pé khic phuc nhuoc diém d6, sang ché dé xudt phuong phap xac dinh gia tri théng s6

quén tinh ciia céc ca thé trong thuat toan t6i uu bay dan (PSO) theo giai doan nhu sau:

( 3
Wmax OStSET
1w 3 3 4
m(t)zmmax—-z- rT“a"(t—gT), ETStSET (3)
09 X w — Wy 4
| 0.90max — T MR (5t — 4T), gTstsT

T

Trong d6: Wyay VA Wi, 140 luot 13 gia tri cuc dai va cuc tiéu cua thong sé quan tinh, t 12
vong lap dang xét, T 1a téng s6 vong lip (0 < t < T).

Theo mdt phwong an wu tién, sang ché dé xuét phwong phap xac dinh théng sb quan tinh
clia cac ca thé trong thuét toan tdi wu bay dan, dé ting xac sudt im dugc giai phap t6i wu toan
cuc trong thiét ké vi mach twong tw, phwong phap nay dugc thuc hién bang phin mém chay
trén méy tinh, phin mém nay bao gém cac khéi co ban sau:

(a) khdi so dd nguyén ly: gdbm so dd nguyén 1y, netlist ctia mach can tdi wu véi céc thong sb
hinh hoc W/L cua céc linh kién duoc dit du6i dang bién va chuong trinh mé phong hi€u nang
cta mach SPICE (trinh md phong),

(b) khéi 16 t6i wu: duge xdy dung duwa trén thuat toan t6i wu biy dan, v6i phuong phép xéc
dinh thong s6 quan tinh theo timg giai doan duge mé ta trong bude 3,

(c) phan mém script viét bing ngdn ngit 1ap trinh Ocean (phin mém Ocean) déng vai trd cau
ndi giita hai khéi trén, phin mém nay nhén gia trj cia céc bién ti wu tir 15i tdi wu, gan cac gia
tri ndy vao céc bién thiét ké trong trinh mé phong, kich hoat trinh mé phéng thuc hién md

phéng, sau khi trinh mé phéng chay xong, phan mém Ocean thu thap két qua mo phong tir trinh
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md phong va trd két qua nay vé khdi 16i t8i wu, qua trinh nay 1ap di 13p lai cho dén khi didu
kién dung thod man;
qué trinh thyc hién phuong phap x4c dinh thong sé bao gdm céc budce co ban sau:
buéc 1: v& so dd nguyén 1y ciia mach cin tdi wu, xac dinh bién thiét ké, gi6i han trén, duédi cua
tung bién thiét ké, ham muc tiéu, ham rang budc;
budc 2: trong 13i t6i wu, khéi tao quﬁn thé g6m n ¢4 thé, vdi toa d6 va van tde ngau nhién;
budc 3: thuc hién vong lip gdm cac bude sau, cho dén khi thoa man didu kién dung:
bude 3.1: gan gia tri toa do cla timg hat v&i cac bién thiét ké twong tng trong trinh mo
phong qua mot phan mém viét bing ngdn ngit Ocean script (phin mém Ocean),
budc 3.2: thuc hién, boi trinh mé phong chay md phong hiéu ning cia mach va tra két
qua mé phong vé phan mém Ocean,
bude 3.3 tra két qua, bdi phan mém Ocean, vé 13i tdi wu, 151 t61 vu thyuc hién tinh toan gia
tri fitness twong ting,
buéc 3.4: cAp nhat, boi 161 tdi wu, cac gia tri Pbest (13 toa d6 ma tai d6 c4 thé ghi nhan gia
tri fitness tdt nhat) va Gbest (la toa d0 ma tai d6 quﬁn thé ghi nhan gia tri fitness tot nhét),
gi tri Pbest cua hat tht i va gia tri Gbest tai vong ldp ¢ duoc xac dinh nhu sau:
- Pbest! = (fitness! < Pbest;) * fitness! + (fitness! > Pbest;) * Pbest;
Ghest = min (PbestY)
v6i fitnesst 1 gia tri fitness cia hat tai vong ldp hién tai, Pbest; 1a gia tri Pbest da dugc
ghi nhén trong cac vong lap trude do,
budc 3.5: danh gid diéu kién dung, boi 16i t6i wu, néu didu kién dimg dugc thod man,
chuyén dén budc 4,

budc 3.6: tinh toén gié tri ctia thong sd quan tinh theo cong thirc:

( 3
Omax 0<t<cT
lw 3 3 4
() = —= “‘"’"‘(t——T) —T<t<-=T
(O = Omnax =57 5 ) 5 = 75
09 X w — Wi 4
| 0.90may — m{j" — (5t — 4T), sT<t<T

buwde 3.7 cap nhat, boi 161 t6i wu, van tdc va vi tri cia tirg hat theo cac cong thic:
p nhg C 1 g g
t+1 _ t t t t t
\/i = (DVi + ciIp (Pbesti - Pi ) + CyIy (Gbest - Pi )
quéan tinh kinh nghiém tap thé
t+1 _ pt t+1,

budc 4: tré két qua, boi 161 61 wu, gia tri t6i wu cia bién thiét ké twong mg véi toa do Pbest, gid

tri hiéu ning t6i vu tuong (g v&i gia tri fitness gén véi toa do Pbest.
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Theo mot khia canh cta phwong an wu tién néu trén, sang ché con dé xuit mot hé thong
may tinh dé thiét ké vi mach tuong tu, trong do, h¢ théng may tinh nay dugc cai dat phﬁn mém
chtra c4c cdu 1énh va duoc tao ciu hinh dé thuc hién phuong phép néu trén.

Sang ché dé xudt cach xac dinh thong sé quan tinh o theo giai doanvi li do sau: gia tri cua
o dic dinh cuc ky quan trong d6i v6i kha ning cua thuat toan PSO trong viée tim kiém cuc bd
hodc toan cuc. Theo nghién ctru “Particle swarm optimization algorithm: an overview” cua
Dongshu Wang, Dapei Tan va Lei Liu, khi o 16n, thut todn c¢6 xu hudng tim kiém toan cuc, va
khi ® nhd, thuét toan chi trong vio tim kiém cuc bd. Trong nhitng vong lip dau (0 <t< ET),
dé tang kha nang phat hién ving c6 tiém ning cuc tri, sang ché dé xuét gitt ® & muc cao.
Nguoc lai, khi thuat toan di sdu hon vao qua trinh tim kiém nghiém tb1 wu, sang ché d& xuét
giam dan gia tri clia ®. Tuy nhién, vi ching ta khéng biét rd vé do rong ciia ving cé nghiém tdi
wu so v6i toan bd khong gian thiét ké, viée giam o dot ngdt 1a khong phi hop, ¢ thé 1am thuat
toan kho tim dugc nghiém t6i wu. Do d6, sang ché da thiét ké mot ham dé diéu chinh gié tri o,
dwoc mé ta cu thé boi cong thire (3) va minh hoa béi Hinh 2, bit diu v6i mirc cao & cac vong

lap du (0 <t< %T), giam nhe & nhitng vong lip tiép theo (ST <t< ET), va giam manh &

nhitng vong lap cudi clng (ET st< T). Hiéu qua cua vuot troi phuong phap dé xuét, so véi
cac phwong phép da c6 trude do, dugc thé hién trong phan “Vi du vé thuc hién phuong phap”.

Tém lai, ban chét k¥ thuat cta giai phap nay c6 thé tom tit & hai diém chinh sau:
(1): Két hop mo phong SPICE va thuat toan t6i wu bdy dan (PSO) dé chon kich thudc phi hop
cho cac linh kién bén trong vi mach tuong tu, dam bao hi€u nang hoat dong ctia mach.
(2): Qua trinh tim nghiém t6i wu dugc chia thanh 3 giai doan, mdi giai doan c6 mét cach xéac
dinh thong s quan tinh khac nhau.
MBS ta vén tit cac hinh vé

Hinh 1: Luu d téng quat hoa phwong phap t6i wu ho4 trong thiét ké vi mach tuong tu dua
trén mo phong.

Hinh 2: Minh hoa gié trj ctia théng s§ quéan tinh, trong trudng hop Wmay = 0.9, Wi, =
0.4, T = 100.

Hinh 3: Luu d6 mé ta qué trinh t5i wu hoa trong thiét ké vi mach tuwong tu dya trén thuit
toan tdi vu bay dan.
Mo ta chi tiét sing ché

Sau day, sang ché s& dugc mo ta chi tiét theo cac phurong 4n wu tién thyc hién sang ché va
dwa vao cic hinh v& minh hoa kém theo. Cac hinh v& va ndi dung giai thich nhim lam hiéu o

hon gidi phdp theo séang ché, ching khong nhim gidi han pham vi boc 16 cia sang ché.
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Tir phwong phap tdng quat img dung thuét toan t6i uu vao thiét ké vi mach twong tu mo ta
trong hinh 1, két hop véi thuat toan t&i wu bay dan va phuong phap xac dinh gia tri thong sb
quén tinh dd dugc gidi thidu trong cong thirc (2), sang ché dé xuit mot phuong phap tng dung
thuat toan PSO va phurong phap xéac dinh gia tri thong sé quan tinh theo giai doan, bao gdm céc
budc co ban sau:
bude 1: v& so dd nguyén 1y ciia mach cin tdi wu, xac dinh bién thiét ké, gidi han trén, dudi cua
tung bién thiét ké, ham muc tiéu, ham rang budc;
budce 2: trong 161 t81 wu, khoi tao quﬁn thé gém n ¢4 thé, véi toa d6 va van tde ngau nhién;
budce 3: thuc hién vong lap g?)m céc bude sau, cho dén khi thoa man diéu kién dung:

bude 3.1: gan gia tri toa d6 cua timg hat v6i cac bién thiét ké twong tng trong trinh mo

phong qua mdt phan mém viét bing ngdn ngit Ocean script (phan mém Ocean),

budc 3.2: thuc hién, boi trinh mé phong chay md phong hiéu ning ciia mach va tra két

qua md phong vé phan mém Ocean,

buée 3.3: tra két qua, boi phﬁn mém Ocean, vé 15i t8i wu, 151 t6i wu thyc hién tinh todn gia

tri fitness twong g,

bude 3.4: cap nhat, boi 161 tdi wu, cac gia tri Pbest (12 toa d6 ma tai d6 c4 thé ghi nhan gia

tri fitness tot nhat) va Gbest (13 toa d6 ma tai d6 quan thé ghi nhan gia tri fitness t&t nhét),

gié tri Pbest cua hat thir 7 va gia tri Gbest tai vong lap ¢ dugc xac dinh nhu sau:
Pbest! = (fitness| < Pbest;) = fitness} + (fitness{ > Pbest;) * Pbest;

t — ; t
Gbest - f?ilsrll\I(PbeSti)

vai fitnessit la gia tri fitness cua hat tai vong lap hién tai, Pbest; 1a gia tri Pbest d3 dugc
ghi nhan trong cac vong lap trude do,

bude 3.5: danh gia diéu kién ding, boi 18i tdi wu, néu didu kién dimg dugc thoa man,
chuyén dén budc 4,

bude 3.6: tinh toan gié tri cta thong sd quén tinh theo cong thirc:

( 3
Wmax OStSET
1w 3 3 4
w(t) =3 ———ln—'?‘ﬁ<t——T) ST<t<=T
(=19 Omax =5 5°) 5 =35
09X w — Wi 4
| 0.90may — m,;" — (5t — 4T), sT<t<T

budc 3.7 cap nhat, boi 161 t81 wu, van toc va vi tri cua ting hat theo cac cong thirc:

Vit“ u)Vit +cyry (Pbestit — Pit) +c,ry (Gf,est — Pit)
——
tap thé

quan tinh kinh nghiém

Pit+1 — Pit + Vit+1;
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budc 4: tra két qua, boi 16 toi vu, gia tri t6i vu cia bién thiét ké twong Ung vdi toa do
Pbest, gi4 tri hidu ning t6i wu twong Wng véi gia tri fitness gin véi toa do Pbest.Quy trinh vira
dwgc mo ta duge tém tét trong Hinh 3.
Vi du thwc higén sing ché

Sau day 13 vi du vé& viéc str dung thuat toan PSO va phuong phép x4c dinh gia tri théng sé
quén tinh theo giai doan theo sang ché dé t&i wu hoa thong s PSRR cua mach Bandgap
Reference. PSRR (power supply rejection ratio) 1a ti 1€ giita gon song (ripple) ciia dién 4p tai
nguén so voi gon song cua dién 4p tai ngd ra cia mach. Tin hiéu gon séng gdy nén nhiéu tac
hai khong mong mudn trong cac mach dién tir, lam giam hiéu qua hoat dong cia mach. Vi thé,
PSRR 1a mot thong s§ dic biét quan trong cn phai xét dén khi thiét ké vi mach tuong tu.
PSRR cang cao thi kha ning khir gon song cang tdt.

Bai to4n t6i wu hoa thong s§ PSRR ciia mach Bandgap Reference ¢ thé dugc mé ta dudi

dang chinh tic nhu Bai toan 1 sau:

Bai to4n 1: Bai toan tdi uu hoa thong s6 PSRR cta mach Bandgap Reference
Tim gi4 tri 16n nhat ciia: PSRR(x)
phu thudc vao: hé sb nhiét do < 8 ppm/°C,

798 mV < dién ap ngd ra < 802 mV,

cong suét tiéu thu <1 mW,

phase margin > 60°.

Trong d6, x 13 bién thiét ké, tap hop céc gia trj width/length cta céc transistor c6 trong
mach.

Dé thuan loi cho qua trinh 4p dung thudt toan PSO vao giai quyét bai toan tdi wu ho4, ham
muc tiéu (PSRR) va cac didu kién rang budc (hé sb nhiét dg, dién 4p ngd ra, cong suit tiéu thy,
phase margin) duogc két hop vao mdt ham muc tiéu duy nhit: ham fitness. Ham fitness duoc
xac dinh boi cong thirc (4) nhu sau:

Fitness = —PSRR + 1000 X penalty @)

v6i penalty s& ting 1 don vi khi mdi khi diéu kién rang budc cua mach Bandgap
Reference bi vi pham, va bang 0 khi tit ca cac rang budc thiét ké duoc thoa man. Thong
thuong, thong s6 PSRR c6 gi4 tri trong khoang tir 20 dén 150 dB. Theo cong thtrc (4), ham
fitness s& mang gia tri dwong khi bat ¢t rang budc thiét ké nao bi vi pham, va c6 gia tri &m khi
tAt ca cac rang budc thiét ké duoc thoa man.

Theo cong thic (4), ham fitness s& dat gia tri nho nhat khi PSRR dat gia tri 16n nhat va tit
ca cac diéu kién rang budc dugc thod man. Bai todn 1 dwoc rat gon thanh bai todn tim gia tri
nho nhét cho ham fitness.

-10-
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Bai to4n 1, sau khi d4 dugc bién d6i thanh bai toan tim gid tri nhé nhit cho ham fitness,
dugc str dung dé so sanh giita phwong phap dé xuét véi cac phuong phap truyén théng nhu
phuong phép gilt nguyén gia tri , phuong phap giam dan o theo ham tuyén tinh (goi tit 1a
phuong phip PSO-LD), va phuong phap két hop giita thuat toan PSO véi thuét toan tim kiém
hap din (goi tit 1a phuong phap GPSOA). Két qua cho thiy phwong phap dugc dé xuét trong
sang ché nay coé ti I¢ thanh cong vuot tréi (mot lan thyc thi duogc xé4c dinh Ia thanh cong khi
ham fitness c6 gia tri Am, twong duong véi viée tat ca cac rang bude thiét ké duge thoa man).

Béng 1. So sanh cac gia tri fitness dat dugc sau 10 1an thye thi gitta phuong phap dé xut véi

cac phurong phap truyén théng, trong bai toan t6i wu mach Bandgap Reference

A . Phwong phap Phwong phap Phwong phap Phwong phap
Lan thye thi | 4 vdn théng PSO-LD GPSOA a8 xuit
1 299.8006 -98,3181 901,7207 299,009
2 903.6636 905,8816 79,4015 299.9896
3 904,2904 -98,8251 901,0472 899.6047
4 905.,5045 906,551 901,1983 904,9483
5 902,9503 298,4502 299,0421 299,868
6 900,6525 299.7719 900,0975 299.9098
7 9042006 901,0167 906,2871 900,7729
8 -98,7331 900,0905 298,7723 297.5106
9 906,2794 904,5398 900,5086 299.8476
10 299,677 906,3641 910,0853 299.1143
Ti 18 thanh cong 3/10 4/10 3/10 7/10
(Gid trj fitness 0t 2998006 -99.7719 -99,0421 29,9896
nhat dat dugc
Gia tri fitness
trung binh (cho -99.4036 -98,8413 -92,4053 -99,3382
cac lan thuc thi
thanh cong)
D6 1éch chuin
(cho céc 1an thuc 0,5839 0,6565 9,1957 0,9064
thi thanh cong)

Ngoai ra, phuong phap dugc dé xuat ¢6 tiém nang rat l6n dé giai quyét cac bai toan tdi wu khéac
gap phai trong thiét ké vi mach twong tu, chéng han nhu bai toan t6i vu ho4 dién tich va dd loi
ctia vi mach khuéch dai hai téng, hay bai toan giam thiéu dong dién tinh ctiia mach tich hgp

ngudn tuyén tinh (low dropout regulator).

-11-
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Hiéu qua dat dwgc ctia sang che

Phuong phép dugc dé cdp dén trong sang ché nay c6 nhitng loi ich nhu:

Tiét kiém hon vé thoi gian, chi phi va cong strc so véi viée thiét ké vi mach tuong tu dua
trén kinh nghiém. |

Xét v& mit hiéu ning tinh toan, phuong phap nay hira hen kha ning tim thdy nghiém t6i
uu toan cuc cho cac bai toan phirc tap cao hon so v6i cac phuwong phép xac dinh gia tri
thong sd quan tinh truyén théng (nhu giit nguyén gia tri théng sé quan tinh, hodc giam
tuyén tinh gia tri théng s6 nay qua sudt qua trinh thuc thi thuét toan).

C6 kha niang ap dung rong rii trong thiét ké vi mach twong tu, ty dong hoa qua trinh

thiét ké cac mach phirc tap, c6 sb lwong bién thiét ké 16n.

-12-
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YEU CAU BAO HO

1. Phuwong phap xac dinh théng sd quéan tinh cta cic ca thé trong thuit toan tdi wu by dan, dé
tang x4c suat tim dwoc giai phap t6i wu toan cuc trong thiét ké vi mach twong tu, phuong phap
nay duoc thuc hién bang phdn mém chay trén may tinh, phdn mém nay bao gdm cac khdi co
ban sau:
(a) khéi so dd nguyén 1y: gdm so 6 nguyén ly, netlist cia mach cin t6i wu véi céc thong sd
hinh hoc W/L ciia cac linh kién dugc dit dudi dang bién va chuong trinh mé phéng hiéu nang
cua mach SPICE (trinh mé phong),
(b) khbi 151 t6i wu: duoc xdy dung dua trén thudt toan t6i wu by dan, véi phuwong phap xéc
dinh thong sb quan tinh theo tirng giai doan dugc mo ta trong budc 3,
(c) phan mém script viét bang ngén ngit 1ap trinh Ocean (phin mém Ocean) dong vai trd cu
ndi gitta hai khdi trén, phin mém nay nhan gi tri ctia cac bién t6i wu tir 161 t6i wu, gan cac gia
tri ndy vao cac bién thiét ké trong trinh mé phong, kich hoat trinh mé phéng thuc hién mé
phong, sau khi trinh mé phong chay xong, phin mém Ocean thu thap két qua mo phong tir trinh
md phong va tra két qua nay vé khdi 181 tdi wu, qua trinh nay 1ip di lap lai cho dén khi didu
kién ding thod man,;
qué trinh thyc hién phwong phap bao gém céc bude co ban sau:
bude 1: v& so dd nguyén Iy cia mach cin t6i wu, x4c dinh bién thiét ké, gi6i han trén, dudi cua
ting bién thiét ké, ham muyc tiéu, ham rang budc;
budc 2: trong 161 t6i wu, khoi tao qua‘in thé gém n ¢4 thé, v6i toa d6 va van toc ngau nhién;
buéc 3: thuc hién vong lap gdm cac bude sau, cho dén khi thoa mén diéu kién ding:
buéc 3.1: gan gi tri toa dd clia ting hat v&i cac bién thiét ké twong tng trong trinh mé
phong qua moét phan mém viét bang ngdn ngit Ocean script (phan mém Ocean),
buée 3.2: thuc hién, boi trinh md phéng chay mé phong higu ning cuia mach va tra két
qua md phong vé phin mém Ocean,
buée 3.3: tra két qua, boi phan mém Ocean, vé 18i t6i wu, 161 ti wu thuc hién tinh toan gia
tri fitness twong ing,
budc 3.4: cap nhat, boi 161 t8i wu, cac gia tri Pbest (12 toa d6 ma tai d6 ca thé ghi nhan gia
tri fitness t6t nhit) va Gbest (14 toa d6 ma tai d6 quan thé ghi nhén gi4 tri fitness 8t nhat),
gié tri Pbest cta hat thr i va gia tri Gbest tai vong ldp ¢ dugce xac dinh nhu sau:
Pbest! = (fitness{ < Pbest;) * fitness! + (fitness} > Pbest;) * Pbest;

t — : t
Gpest = min (Pbest;)

v6i fitness! 1a gia tri fitness ctia hat tai vong 1ap hién tai, Pbest; 1a gia tri Pbest da duoc

ghi nhan trong cac vong lap trude do,

-13-
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buéc 3.5: danh gid dicu kién ding, bdi 161 toi wu, néu di€u kién dirng duge thod man,

chuyén dén buéc 4,
buwée 3.6: tinh toan gia tri ciia théng sb quan tinh theo cong thirc:

( 3
Wmax OS'CSET
1w 3 3 4
w(t) =< ——ﬂ<t——T), —T<t<=T
(© =1 Omac =5 5 5 =75
0.9 X Wyax — O 4
| 0.9Wpmax — m;" — (5t — 4T), ST<t<T

budc 3.7 cap nhat, boi 16i t6i wu, van tde va vi tri cua tung hat theo cac cong thirc:
t+1 _ t t t t t
V'i = (L)Vi + CqI'g (Pbesti - Pi ) + CyIy (Gbest — Pi )
quan tinh kinh nghiém tap thé
t+1 _ pt t+1.
P =P+ Vi
budce 4: trd két qua, bai 161 toi vu, gia tri toi uvu cua bien thiet ke twong Gng vai toa do Pbest, gia

tri hiéu nang toi wu twong Gng véi gid tri fitness gin véi toa d6 Pbest.

2. Hé thong may tinh dé thiét ké vi mach tuong tu, trong d6, hé théng may tinh nay dwoc cai
dat phan mém chira cac cau lénh va dugc tao ciu hinh dé thuc hién phuong phap theo diém 1.

-14-
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