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DANH GIA HIEU NANG CUA CHIP DA NHAN

VO CAC CAP CACHE

EVALUATING PERFORMANCE OF CHIP MULTI-CORE WITH CACHE LEVEL

TOM TAT

St phét trién nhanh chong clia cong nghé chip da nhan da lam doi méi
nhiéu inh vue cdng nghé nhu dién i - vién thang, cong nghé thong tin. Vi si
dwa vao cac t0 chirc cache da lop, hiéu nang cda chip da nhan da va dang duoc
nhiéu nha cong nghé va nghién ctu quan tam. Da c6 nhiéu giai phap danh gia
hiéu ndng clia cac chip da nhan. Trong bai bao nay, nhom tac gia xay ding md
hinh rdt gon, cAc biéu thic tinh cac tham s6 hiéu ndng va sau dd tinh toan céc
tham s6 hiéu néng trén co s st dung mang hang doi déng da I6p cong viéc dang
tich (MCPFCQN) v6i 05 tham s: S8 Ivang khach hang, thoi gian ch doi, thoi gian
dap (ing, mic d6 sir dung va thong luong. K&t qua cho thay rang khi 6 cdp cache
tang Ién, cac tham s6: 6 lwgng khach hang, thoi gian cho doi, mikc d6 st dung va
thong lrong du tang 1n, nguagc lai, thoi gian dap tng gidm xudng.

Tir khoa: Chip da nhan, mang hang dgi dong dang tich da 16p cng viéc
(MCPFCQN), hiéu nang.

ABSTRACT

Chip multi-core (CMP) is applied widely in high performance computer systems
and supper computers. The performance of CMP with application of cach multi-level
structure is interested by many researchers. There are many solutions used to
evaluate the performance of MCP. In this paper, the authors build equipvalent
circuuit, closed form and calculating the performance parameters based on
MCPFCQN. The performance evaluation of CMP is characterised by 05 parameters:
number of jobs, waiting time, response time, utilization and capacity. The results
show that when the number of caches increases, number of jobs, waiting time,
utilization and capacity are increased too, but response time is deacreased.

Keywords: Chip multi-core, Multiple Job Class Product Form Closed Queuging
Network (MCPFCQN), performance.
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1. GIOI THIEU CHUNG

Chip da xr ly (CMP) ngay nay dwgc st dung trong nhiéu
hé thng may tinh PC, may tinh hiéu nang cao, siéu may
tinh,... Hé théng nhé da cép, trong d6 cé cac cap nhé Cache
trung gian téc do cao duva trén cong nghé SRAM la giai phap
dem lai cudc cach mang trong thiét k€ CMP. Ngay nay cac

Nguyén Duy Viét', Du Binh Vién*’,
Pham Van Hai?, Vi Ngoc Hwng?, H6 Khanh Lam?

CMP throng mai déu dua vao cac cap cache bén trong chip
(L1 va L2 cache). Tuy nhién, xu hwédng cong nghé CMP la
tang s6 lugng nhan, cling lam tang anh huéng cac thdng s
clia hiéu nang nhu tré truyén thdng cua lién két giita cac
nhan, nang lvong tiéu thu, mirc tang toc dat dugc, mang két
n6i cac nhan (OCIN) [5, 6, 7], cong nghé quang cla két noi
OCIN [8], s0 lubng ma mat nhan co thé xi ly, hiéu nang cua
cache trong CMP [9, 10], céc to chirc cache [11] va céc chinh
sach thay thé cache clia CMP. D€ dat dwgc mot vai thong so
hiéu nang trén can dén cac gidi phap cong nghé phic tap
cho thiét ké va ché tao CMP. Bai bao dwa ra mot giai phap
mo hinh héa CMP voi cac cdp cache str dung MCPFCQN dé
phan tich va danh gia hiéu nang ctia CMP.

2. GIAI PHAP BE XUAT

Mang hang doi déng da I6p céng viéc [1, 2] dang tich la
mang hang dgi ma trong dé khdéng cé cac clra vao va cac clra
ra, thay vao do la céc lién két hoi ti€ép tlr mot sO clra ra cla
mot s6 hang doi nao dé dén mot so clra vao clia mot sé hang
doi khac. Céc I6p cdng viéc khac nhau vé xac suat dinh tuyén
va thoi gian dwgc phuc vu. Mang ¢6 dang tich (PFQN) dugc
Jackson [3] dinh nghia la mang hang dgi mé va dong véi cac
thoi gian dén va cac thoi gian phuc vu cé phan bd m, trong
do6 phan bd can bang la vi du don gian duoc xem nhu 1a
mang c6 dang tich va thda mén céc diéu kién sau day:

a) NEu mang mé, thi qua trinh dén clia cac khach hang
tlr ngoai t¢i nut hang doi la ti€n trinh Poisson;

b) Tat ca thoi gian phuc vu khach hang dwgc phan bd
mil va nguyén tac phuc vu & tat ca cac hang doi la FCFS
(dén trudc phuc vu treée, dén sau phuc vu sau);

c) Mot khach hang hoan thanh phuc vu & hang doi i
hodc la chuyén t6i mot s6 hang méi j véi xac suét P; hodc

m
d6i véi mang mé sé roi khoi hé thdng véi xac suat 1 ZPU- :
j=1

d) Hiéu suat st dung cla tat c cac hang doi < 1;

e) Cac PFQN c6 nhiéu lép cong viéc (khach hang, ban
tin) va cd thé la hang doi md doi voi mot s6 16p cong viéc
va hay hang doi déng dbi voi cac 16p cong viéc khac. Néu la
hang doi ma, tuan thi theo tiéu chuén a.

Hiéu nang cua cac mang dang tich PFQN dugc phan
tich va danh gia theo hai thuat toan: thuét toan cudn va
phan tich gia tri trung binh MVA. Chiing t6i st dung céng
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cu JMT 0.9.3 dwa vao MVA dé tinh céc thong so hiéu nang
cho CMP Iya chon [12].
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Hinh 1. Md hinh MCPFCQN cho CMP da ludng n nhéan

Duva vao mo hinh MCPFCQN, nhém tac ga dé xuat mo
hinh mang hang dgi & hinh 1a cho kién trdc CMP da ludng
n nhan, moi nhan c6 L1 va L2 cache chia sé chung. Hinh 1b
la mang hang dgi cho CMP v&i m nhan ¢6 L1 va L2 riéng, L3
chia sé chung. M&i nhan 1a mét hang doi loai M/G/m-PS, véi
m ludng x& ly song song nén duoc coi la mot nhan logic
hay server co thoi gian phuc vy trung binh la 1/, i =1, 2,..,
m. PS (processor sharing) la mdi 16i CPU duwa ra nguyén tic
phuc vu ctia minh cho mdt cdng viéc bang viéc chia sé
nguoén tai nguyén cda né. Mang lién két (Interconnect) va
L2 cache chia sé (trong hinh 1a) hodc L3 chia sé (trong hinh
1b) la cac nat quan trong anh huéng dén hiéu nang clia hé
thong. Vi vay, & day thi€t 1ap md hinh cho mang lién két va
L2 cache la mét nat Interconnect+L2 cache & hinh 1a (hay
Interconnect+L3 cache & hinh 1b) véi thoi gian phuc vu
trung binh 1/u,, (bao gbm thoi gian truy cap L2 cache va
do tré chuyén ddi két ndi) (hay 1/y,5). Bus bd nhé va bd nhé
chinh dwgc dat vao mot nat MemBus+Mem véi thoi gian
phuc vu trung binh ctia méi mé-dun 1a 1y, i=1,2, ..., k
(bao gdbm do tré bus bd nhé va thoi gian truy cap bd nhd).
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T4t ca cac cache va MemBus+Mem dugc md hinh héa béng
nut hang degi loai M/M/1-FCFS.

Xét cac thong s6 ctia CMP v&i ba cap cache: Vi cac 16i co
cdu truc va tai nguyén nhé gidng nhau nén trong mo hinh
rat gon chi xét cho mot nhan duy nhat va mai I6i chi thuc
hién cac cong viéc cila mot lop.

M6 hinh rat gon:

2.1. MCPFCQN rut gon ctia hinh 1a
o MemoryBus+Mem
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Hinh 2. MCPFCQN riit gon cho CMP da ludng c6 2 cdp cache véi L2 cache chung

Trong mé hinh nay mang gém 4 nGt hang doi:i=1,2, 3,
4. Trong do6: i =1 la nat hang dgi CPUZL; i = 2 la nat hang doi
L11 cache; i = 3 la ndt hang doi Interconnect+Mem; i =4 Ia
nut hang dgi MemoryBus+Mem (hinh 2).

bat thoi gian phuc vu trung binh tai cac nut;

i = 0,5ns;i =1ns;i = 2,5ns;i =40ns

M H M3 Hy
Dat xac suat dinh tuyén tai cac nat:

0,8
P11=01Lp1p =0,9;p1=0,8,pp3 =0,2;pg3 =——;

. (n-s6 nhan trén chip).

1
P34 =0,2;pyg =7

ke a 4 s ks s
T6c do dén cac nit: v, :ijlv ip; VOiilasonitciamang.

Tinh toan cac théng s6 hiéu nang ctia CMP 2 nhan/8
lubng va L2 cache chia sé chung:

Ap dung thuat toan MVA dé tinh toan cac théng s6 hiéu
nang, thie hién nhu sau [12]:

+Budc1l:Khoitao,i=1,2,3,4

E[Ny(0)] = E[N,(0)] = E[N3(0)] = E[N4 (0)] =O;

p1(0/0)=1p(1/0)=0.

+Buéc 2: Lap theo s6 lwugng cong viecn=1,2,3,...,N

Batdautrn=1

Budc 2.1. Thoi gian dép tng trung binh tai cac nat (ns):

NGt 1 (CPUL):

m; -1
E[Ry(D] = m; AL EN+ D (= j-Dpy(0/0)];
j=1

NGt 2 (L11 cache): E[Ry()] = ——[1+E[N, (1]
Ho

Nut 3 (Interconnect+L2cache). E[R3(1)] = i[1+ E[N;(D];
M3

Nut 4 (Memory Bus+Mem): E[R, (D] = i[1+ E[N4(D];
My
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Buwdc 2.2: Thong lvong toan mang: 2(]):4;

> VER ()
Théng lvgng cta tirng nat: 4 (1) = A(Yv; ;
Buéc 2.3: S6 lvgng trung binh cac cdng viéc tai cac nat
mang: E[N; ()] =viE[R (1]
Budc 2.4: Thoi gian cho dgi trung binh cac cbng viéc tai
cac nuat (ns): E[W; (n)] =E[R; (1)]—i ;

|
Buwéc 2.5: Mirc dd st dung tai cac nit: U =i )
Him;
Thyc hiénlgp laivein=2;n=3;...,n=N
2.2. MCPFCON rut gon ctia hinh 1b
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Hinh 3. MCPFCQN riit gon cho CMP da ludng c6 3 cdp cache véi L3 cache chung

Trong mé hinh nay mang gém 5 nat hang doi: i=1, 2, 3,
4,5. Trong dé: i = 1 la nat hang doi CPUL; i = 2 la nat hang
doi L11 cache; i = 3 la nat hang dgi L12 cache; i = 4 la nat
hang dogi Interconnect+Mem; i = 5 la nat hang doi
MemoryBus+Mem (hinh 3).

bat thoi gian phuc vu trung binh tai cac nut;

i = 0,5ns;i =1ns;i = 2,5ns;i =40ns.

H H H3 Hy
Dat xac suat dinh tuyén tai cac nat:
P11 =01 P12 =0,9:pp =0,8,pp3 =0,2;p3; =0,8;

0,8
P34 =0,2;pg1 =——Ps5 =0,2;p51 =—.
n n
T6c dd dén cac nut: v, = E j:lvj Py voiilasd ndt ciamang.

Tinh toan cac thoéng s6 hiéu nang ctia CMP 2 nhan/8
lubng v&i L3 cache chia sé chung:

Ap dung thuat toan MVA dé tinh toan céc thong s hiéu
nang, thie hién nhw sau [12]:

+Budcl:Khditaoi=1,23,4,5

E[Ny(0)] = E[N2 (0)] = E[N3(0)] = E[N4 (0)] =E[N5(0)] = 0;

p(0/0)=1p(1/ 0)=0.

+Buéc 2: Lap theo s6 lwugng cong viecn=1,2,3,...,N

Batdautrn=1

Budc 2.1. Thoi gian dap (ng trung binh tai cac nat (ns):

NGt 1 (CPUL):

m; -2
ERy(D)] = mllﬂ L EN @)+ > (- j-py(0/0)];
j=1

NGt 2 (L11 cache): E[Ry()] = ——[1+E[N, (1]
Ho

NGt 3 (L21 cache): E[Rg(1)] =——[1+E[Na(D]
H3

Nut 4 (Interconnect+L2cache): E[R4 (1] = i[1+ E[N4(D];

Hy
Nut 5 (Memory Bus+Mem): E[R5(1)] =yi[1+ E[N5(D];
Buéc 2.2: Thong lvgng toan mang: i
,1(1)=5;,

D VER@)]

Théng lvgng cta tirng nat: 4 (1) = A(Yv; ;

Buéc 2.3: S6 lwgng trung binh cac cong viéc tai cac nat:
E[N; (D] =ViE[R; (D] ;

Budc 2.4: Thoi gian cho dgi trung binh cac cdng viéc tai
cac nut (ns):

EW; ()] = LR, (0]

Hi
Buwéc 2.5: Mirc dd sir dung tai cac nut: U; =i )
Him

Thyc hiénlgp laivein=2;n=3;...,n=N
3. KET QUA TiNH TOAN VA BANH GIA HIEU NANG CUA
KIEN TRUC CHIP DA NHAN DA LUONG

Str dung cong cu JMT v.0.9.3 (hodc 0.8.0) [12] dé thuc
hién mo6 phéng cho ca&c m6 hinh MCPFCQN & hinh 1 theo
cac kich ban:

3.1. CMP 2 nhan/10 luéng v6i L2 cache chung va L3
cache chia sé chung

Két qua tinh toan cac tham s6 hiéu nang: s6 lwgng
khach hang, thoi gian dgi, thoi gian dap ng, muic do sk
dung, théng lvgng (bang 1) & cac nhan ctia CPU va cac cap
L1 cache, L2 cache, L3 cache clia cac nhan. Céac két qua &
cac nhan cda CPU va céac cép cache L1, L2, L3 la tvong
dwong nhau. Do d6, & day chi trinh bay két qua cla cac
thong s6 hiéu nang tai cac nuat Corel, L11 cache,
Interconnect+L2cache; L21 cache, Interconnect+L3cache,
Memory+Bus va cla hé théng trong bang 1.

Nhan xét: S6 lwgng khach hang (s6 cong viéc) tai cac
nut chia sé la rat Ién, véi CMP cé 3 cip cache thi s6 lugng
khach hang tai nat Int+L3cache tdng 42% va tai nut
MemBus+Mem gidm 53% so voi s6 lwgng khach hang tai
nut Int+L2cache va MemBus+Mem clla CMP c6 2 cap cache.
Thoi gian cho doi tai cc nat chia sé la rat 16n, véi CMP ¢6 3
cdp cache thi thoi gian dap (ng tai nat Int+L3cache giam
59% va tai nit MemBus+Mem giam 99% so voi thoi gian
cho doi tai nat Int+L2cache va MemBus+Mem ctia CMP ¢c6 2
cdp cache. Thoi gian dap (ng tai cac nut chia sé la rat Ion,
vGi CMP c6 3 cdp cache thi sO thoi gian dap (ng tai nit
Int+L3cache tang 72% va tai nat MemBus+Mem gidm 52%
so vOi thoi gian dap Gng tai nat Int+L2cache va
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MemBus+Mem ctia CMP ¢6 2 cap cache. Mirc do st dung tai
cac n(t chia sé la rat Ién, véi CMP c6é 3 cdp cache thi mic do
st dung tai nat Int+L3cache tang 20% va tai nuat
MemBus+Mem gidam 59% so v6i mic do st dung tai nit
Int+L2cache va MemBus+Mem clia CMP c6 2 cdp cache.
Thoéng lwgng tai cac nat chia sé la rat 16n, véi CMP ¢6 3 cap
cache thi thdng luvgng tai nat Int+L3cache giam 38% va tai
nat MemBus+Mem gidm 36% so vGi thdng lugng tai nat
Int+L2cache va MemBus+Mem clia CMP ¢é 2 cap cache.
3.2. CMP 4 nhan/10 ludng v6i L2 cache chung va L3
cache chung

Két qua mo6 phéng cho & bang 2, hinh 4a, b, ¢, d. e.

Nhan xét: S6 lvgng khach hang tai cac nit chia sé la rat
Ién, véi CMP cé 3 cap cache thi s6 lwvgng khach hang tai nat
Int+L3cache tang 72% va tai nat MemBus+Mem giam 25%
so voi sd lwgng khach hang tai nat Int+L2cache va

Bang 1. Gid tri trung binh céc thong sd hiéu nang ctia CMP 2 nhan 8 ludng/nhan

MemBus+Mem clla CMP ¢6 2 cdp cache. Thoi gian tai cac
nut chia sé la rat Ién, véi CMP c6 3 cap cache thi thoi gian
cho doi tai nat Int+L3cache gidm 26% va tai nuat
MemBus+Mem gidm 84% so voi thoi gian chd doi tai nat
Int+L2cache va MemBus+Mem clla CMP ¢6 2 cap cache.
Thoi gian dap (ng tai cac nat chia sé la rat Ién, véi CMP ¢c6 3
cdp cache thi thoi gian dap (ng tai nt Int+L3cache tang
80% va tai nit MemBus+Mem gidm 23% so vGi thoi gian
dap tng tai nat Int+L2cache va MemBus+Mem ctia CMP ¢6
2 cép cache. Mtrc dd str dung tai cac nut chia sé la rat 16n,
voi CMP c6 3 cdp cache thi mic d6 s dung tai nat
Int+L3cache tang 52% va tai nit MemBus+Mem giam 1%
so vOoi mic dd st dung tai nat Int+L2cache va
MemBus+Mem clia CMP ¢6 2 cdp cache. Thong lvgng tai
cac nut chia sé la rat Ién, véi CMP cé 3 cdp cache thi théng
lrgng clia ca hé théng tang 80% so voi thdng lvong clia ca
hé thdng ctia CMP c6 2 cdp cache.

56 lvgng khach hang Thai gian cho doi Thoi gian dap tng Mkc d6 st dung Thong lugng
L2cache | L3cache | L2cache | L3cache | L2cache | L3cache | L2cache | L3cache | L2cache | L3cache
chung chung chung chung chung chung chung chung chung chung
Core 1 0,157 1,08 0,499 1,09 0,5 11 0,09 0,55 0,34 1,09
L11 cache 0,41 374 13 34,3 1,45 38,12 0,31 0,98 0,31 0,98
L12 cache 0,86 0,88 49 0,49 0,19
Int+L2 cache 0,409 13 3,63 0,31 0,13
Int+L3 cache 0,58 0,59 8,2 0,39 0,08
MemBus+Bus 67,952 15 236,57 153 3288,6 106,81 1 0,63 0,025 0,016
System 268,46 85,48 0,31 0,98
Bang 2. Gid tri trung binh céc thong sd hiéu nang ctia CMP 4 nhan 10 ludng/nhan
56 lvgng khach hang Thai gian cho dgi Thai gian dap tng Miic d6 st dung Thdng lugng
L2cache | L3cache | L2cache | L3cache | L2cache | L3cache | L2cache | L3cache | L2cache | L3cache
chung chung chung chung chung chung chung chung chung chung
Core 1 0,085 0,64 0,54 0,82 0,55 0,85 0,08 0,42 0,17 0,83
L11 cache 0,167 2,63 1,06 341 1,18 3,92 1,57 0,75 0,16 0,75
L21 cache 0,53 0,68 3,97 0,37 0,15
Int+L2 cache 041 2,61 2,6 0,31 0,125
Int+L3 cache 147 1,89 131 0,62 0,124
MemBus+Bus 68,08 51,3 474,54 73,36 3294,6 25477 1 0,99 0,025 0,024
System 537,35 107,67 0,16 0,77
Bang 3. Gid tri trung binh cc thong sd hiéu nang ctia CMP 8 nhan/10 ludng
56 lwgng khach hang Thai gian cho doi Thai gian dap tng Miic d6 st dung Thdng lugng
L2cache | L3cache | L2cache | L3cache | L2cache | L3cache | L2cache | L3cache | L2cache | L3cache
chung chung chung chung chung chung chung chung chung chung
Core 1 0,04 0,25 0,52 0,63 0,52 0,64 0,04 0,22 0,087 0,43
L11 cache 0,07 0,58 0,97 147 1,08 1,64 0,08 0,39 0,078 0,39
L21 cache 0,22 0,55 3,09 0,19 0,078
Int+L2 cache 04 5,22 3,63 0,31 0,12
Int+L3 cache 1,49 3,83 13,35 0,62 0,125
MemBus-+Bus 66,26 60,48 924,08 169,7 3206,9 2952,9 1 0,99 0,025 0,025
System 10748 214,66 0,078 0,39
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80

S6 luwong khach hang

60

40

20

0

Core 1 L11 cache

L21 cache

Int+L2 cache Int+L3 cache MemBus+Mem

m L2 cache chung 0.085 0.167

0.41 68.08

®L3 cache chung 0.64 2.63

0.53 1.47 51.3

Hinh 4a. Gid tri trung binh cta s6 lwgng khach hang & cac niit cia CMP 4 nhan/10 ludng voi L2 cache va L3 cache chung

Théi gian ché dgi
500
4040
300
200
1040
- Coral L1l cachsa L21 cachs Int+L.2 cacha Int+L 3 cache | WMamBus+iI=m
=12 cacha chung 0.54 1.06 Z.61 474.54
_'L3m0hm5 .82 341 Q.68 1.89 73.36
Hinh 4b. Gid trj trung binh clia thoi gian chd dgi & c&c nit ciia CMP 4 nhan/10 lubng véi L2 va L3 cache chung
2000 Théi eian dip. i
3000
2000
1000
a |
Corzl | Lllewhe | L2lewhe |In+l2cache|Int+13 cache| MEMEU™M | goprn,
mLZcache cluns 0.55 118 26 32546 53735
mL3cachs chuns 0.85 3@ 347 131 2547.7 107.67
Hinh 4c. Gid tri trung binh clia thdi gian dap (ing & c4c ndt ciia CMP 4 nhan/10 ludng véi L2 va L3 cache chung
Mirc d6 siedung
2
13
* = -
. — —— |
Core 1 L11 cache L21 cache Intl2cache | Intl3cache | MEMBuME
B L2 cache chunz 0.08 1.57 031 1
m L3 cache chunz 0.42 0.75 0.37 0.62 0.99
Hinh 4d. Gid trj trung binh cllamikc 6 si dung & cac ndt clia CMP 4 nhan/10 ludng véi L2 va L3 cache chung
Théng lwgng
1
0.8
0.6
0.4
0.2
o —
Int+L2 Int+L3 MemBus+
Core 1 L11 cache | L21 cache cache cache Mem System
m .2 cache chung 0.17 0.16 0.125 0.025 0.16
m L3 cache chung 0.83 0.75 0.15 0.124 0.024 0.77

Hinh 4e. Gid tri trung binh ctia thng legng & cc ndt clia CMP 4 nhan/10 ludng véi L2 va L3 cache chung

3.3. CMP 8 nhan/10 ludng v6i L2 cache chung va L3
cache chung

K&t qua mo phéng nhw bang 3.

Nhan xét: S6 khach hang tai cac nat chia sé la rét Ion,
voi CMP c6 3 cdp cache thi S6 khach hang tai nuat
Int+L3cache tdng 73% va tai nit MemBus+Mem gidm 9%
so v6i s6 khach hang tai nat Int+L2cache va MemBus+Mem
clia CMP ¢6 2 cép cache. Thoi gian cho doi tai cac nit chia
sé larat 1én, véi CMP ¢6 3 cdp cache thi thoi gian cho doi tai

nut Int+L3cache gidm 28% va tai nut MemBus+Mem giam
82% so voi thoi gian cho doi tai nat Int+L2cache va
MemBus+Mem clia CMP c6 2 cdp cache. Thoi gian dap tng
tai cac nat chia sé la rat Ion, véi CMP c¢6 3 cdp cache thi thoi
gian dap ¢*ng tai ndat Int+L3cache tang 72% va tai nut
MemBus+Mem gidm 8%, ca hé thdng gidm 80% so véi thoi
gian dap ¢*ng tai nat Int+L2cache va MemBus+Mem, hé
thong ctia CMP c6 2 cdp cache. Mirc dd sir dung tai cac nat
chia sé la rat Ién, véi CMP cé 3 cap cache thi mic do st
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dung tai nat Int+L3cache tang 50% va tai nut
MemBus+Mem gidm 1% so v6i mirc do si dung tai nit
Int+L2cache va MemBus+Mem clla CMP c6 2 cép cache.
Thoéng lwgng tai cac nit chia sé la rat I6n, véi CMP c6 3 cap
cache thi théng lvgng cla ca hé théng tang 400% so voi
thong lvgng clia ca hé thdng ctia CMP ¢ 2 cap cache.

K&t qua md phoéng cho thay rang: Béi véi chip da nhan co
3 cép cache, tai cac nat Int+L3cache va MemBus+Mem c6 s6
lvgng khach hang, thdi gian cho doi, thdi gian dap ¢ng va
murc do st dung tang Ién, nhwng thoi gian cho dgi lai giam
nhiéu so véi chip da nhan cé 2 cap cache. Thong lvgng cla
chip da nhan cé 3 cdp cache cling I&n hon thdng lvgng clia
chip da nhan c6 2 cép cache. Biéu nay ching té rang, voi
chip da nhan c6 3 cép cache lam giam dang ké do tré va thoi
gian truy nhap bé nhd, do dé giam nghén co chai tai cac cap
cache chia sé va tang hiéu nang ctia bo xtr ly.

Vé&i cac di¥ liéu mac dinh: L1 hit time = 1ns, L2 hit time =
2,5ns, L3 hit time = 5ns, MAT = 40ns, L1 miss rate = 0,2, L2
miss rate = 0,2, L3 miss rate = 0,2, xac dinh dwoc thai gian
truy nhap trung binh bd nhé (AMAT), mirc tang toc (SP) clia
tlrng kién tric, tlr dé danh gia duoc hiéu nang clia chip da
nhéan cé 3 cap cache so voéi chip da nhan c6 2 cap cache;

Dai véi chip danhan c6 3 cdp cache (L1, L2, L3):

+ Thoi gian truy nhép trung binh bdé nhé chinh:
MAT = 40ns

+ Thoi gian truy nhap trung binh bd nhé duwoc tinh
bang (ns):

AMAT = L1 hit time + (L1 miss rate) x (L2 hit time +
(L2 miss rate) x (L3 hit time) + (L3 miss rate) x (MAT)))

AMAT =1ns + (0,2)(2,5ns + (0,2)(5ns + (0,2)(40ns))) = 2,02ns

+ Mkc tdng toc clia hé thdng: SP = MAT__ 40 =19,8

AMAT 2,02

Dai voi chip danhan c6 2 cap cache (L1, L2):

+ Thoi gian truy nhap trung binh bd nh¢ chinh;
MAT = 40ns

+ Thoi gian truy nhap trung binh bé nhé (ns):

AMAT =L1hit time + (L1miss rate) x (L2 hit time +
(L2 miss rate) x (MAT))

AMAT =1ns + (0,2)(2,5ns + (0,2)(40ns)) = 3,1ns

+ MUrc tdng toc clia hé thdng: sp __MAT _ 40 =12,8

AMAT 31

CMP c6 3 cép cache thi thoi gian truy nhap trung binh
b6 nhé gidm di: 3,1 — 2,02 = 1,08ns, mirc tang t6c cla hé
thoéng tang 1,5 lan so véi chip da nhan c6 2 cip cache. Co
thé thay rang, véi kién trdc chip da nhan co 3 cdp cache voi
L3 cache chia sé cho két qua kha quan, giam duoc thoi gian
trung binh truy nhap b6 nhé, giam nghén co chai tai cac
nut chia sé, do d6 nang cao dwgc hiéu nang ctia CMP.

4. KET LUAN

Nghién ctru vé kién tric CMP va anh huwang t6 chic
cache trong kién tric chip da nhan da dwoc thuc hién
trong thoi gian dai, nhitng van dugc quan tam do tam
guan trong va sy anh hwdng ctia né déi voi hiéu nang cla
hé théng may tinh. M6 hinh héa CMP bang MCPFCQN la
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giai phap hiéu quéa cho phép thuc hién md phdng va danh
gia hiéu nang clia bat ctr loai CMP nao mong mudn va né
la cong cu t6t dé tham khao cho tw van thiét ké hoac st
dung CMP. Giai phap trinh bay ctia nhém tac gia da xay
dung mo hinh rat gon, cac bi€u thic tinh cac tham sé
hiéu nang va sau do6 tinh toan cac tham sd hiéu nang. Két
qua tinh toan cho thay rang khi s6 cap cache ting Ién, cac
tham s0: sO lvgng khach hang, thoi gian cho doi, mic do
str dung va thong lvong déu tang I1én, nguoc lai, thoi gian
dap tng giam xuéng. Luu y rdng giai phap chua can nhac
cac tham cdng nghé khéac ctia CMP nhu cdu hinh lién két
cac nat (OCIN), dung lvgng cac cép cache, cac thuat toan
thay thé cache, sd lwvong nhiéu nhan, cong suét tiéu thu
hay lvgng tan nhiét. D6 la nhitng théng s6 can phai tinh
dén trong phan tich anh hwdng dén hiéu nang cta CMP
vi hang tram, hang nghin nhan cho twong lai phat trién
cliacdng nghé CMP.
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