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liHl'UUlil1Hfl1fll: mflfl1~~fl~l~ 1. ,
1'Wilili'leJ'U: 7 ~mfllJ 2555,
~ili'l1"l11: 241-307 ~eJ-3li'leJ'U:

~eJ1"l11: Computer Systems Architectures and Organizations

tJn1~An~J1: 2555

b'Jlil1li'leJ'U: 13.30-16.30 'U.

eh'W11 ~lil~ba~~"lJeJ-3-i1eJaeJ'U Ulil~fl1 bb'W~'I111~ b-i111~fieJ'Wb~1Iv11-i1eJli'leJ'U

bdlil1: 3 il tlJ-:J (180 'U1Vi)

"'a1~lil~ba~~"lJeJ-3-i1eJli'leJ'U: oUeJiifEl'UilVi'-:JVllll?l1 Vl1Jl
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I 'U 'U q

• ~llJih:h'Uvl'd-:JG11'W 11?l"tJeJ-:JoUeJ61eJ'UeJeJfl~l fl~m61eJ'U

• cr't.J~~61-:Jr1~~eJeJfl~lfl~m61eJ'UrieJ'UVllJl?lblm61eJ'U bb~~eJ-31ahjeJ~n11 30 'W1i1i 1~CJflileJ
"
"tJeJeJ'Urul~~lflcrfllJ61eJ'UrieJ'U~~i:1fl~lflVi~-:J

'I v 'U" q

• b~eJVllJl?lbdm61eJ'U crboUl61eJ'U(O)eJ-:JVlCJI?lfl11b~CJ'U11?l61~-:J~'U
" , I
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bb~'UG'l~1 fl~bb'U'U
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1. ':\l\m5'U1CJfld1~bb\?1n~1-:J'lJeJ-:Jrl1i-:J'\.nn1'U CPU1, CPU2 bb~~ CPU3 '\"j~eJ~~-:J~~'U-t'eJ~--t'm~CJ'lJm~'lJbb'U'U. ~

rl1i-:J1'Ubb~~~ CPU (4 fl~bb'U'U)
CPUI: ADD RX,Ry,Rz
CPU2 : ADD Rx,Ry
CPU3: ADD Rx
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i= 0;
do{

a = b[i);
if(a >= 5)

i+=2;

fhuu~U7 1'1(?l111\1"11l'1fl161\1"1Jel\l" ,
CPU-F V11EJ-vm1elU

f1TVl'Ul'1b~ ~ 1 bb'Vlt1\1"1Jel\l'Vlt11EJfld11J"i\'1~ bnUA11?l1 bb'\.h~\I;5
i -> Mem[lOO), a -> Mem[lOl], b[O] -> Mem[102), ... , b[SO)-> Mem[152)
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4. ':iJ.:JelTI'U1CJf'11111Vl1l1CJ"1Jel.:JAddressing Modes 'j111Vi'.:J'Uelnf'11111ll~n~1.:J'j~Vll1.:J Immediate

Addressing Mode, Direct Addressing Mode, Indirect Addressing Mode ll~~ Register

Addressing Mode 'V'l~elll~.:JCJn~1el~1.:J Addressing mode 1'Wll~~~ll'U'U ':iJ1n~~fhi.:J"1Jel.:J CPU-F (5

f'1~ll'W'W)

5. ':iJ.:JelTI'U1CJifin1'j Pipeline ll~~elTI'U1CJ5.:JuqjVl1~ln~;'W1'Wll~"1Jel.:J Structural Hazard, Data Hazard

ll~~ ControL Hazard 'V'l~elll~.:Jifillm"1J (6 f'1~ll'W'W)
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6. :U1n~tJ~ 1 :u~e:J~'lJ1(Jfl11'Vh Register Windows 'lJe:J~RiSe (3 fl~bb'U'U)
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7. "iJ1f11tJ1bbm~

100 INC RB II RB +- RB + 1

101 ADD RA, RB, Rc liRA +- RB + Rc

102 STORE [200], RA II MEM[200] +- RA

103 BR 107

104 LOAD RB, [201] II RB +- MEM[201]

105 LOAD Rc, [202] liRe +- MEM[202]

106 SUB RA, RB, Rc liRA +- RB - Rc

107 MUL RD, RB, Rc II RD +- RB * Rc

"iJ\lb~t1'UTiming diagram bb?l~\If111vl1\11'U1'Ubb~~~fhi\l fhvl'U~1~ CPU bb'U'URISC bbD\lfI11vl1\11'U1'Ubb~
, "o QJ QJ.c:::I

~~f11?l\l ~\I'U

I'hi\lv(11tJ bbD\I\l1'Ub-U'U2 ~'U 1~bbri I : Instruction Fetch, E : Execute

l'11i\l~~~~Bn'U Memory (Load bb~~ Store) bbD\I\l1'UbU'U 3 ~'U 1~bbri I : Instruction Fetch, E :

Execute, 0: Memory

l'11~\1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
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7.2 mru6/iYl~ijn1'j'Vhnubb'U'U pipeline (2 fI~bb'U'U)

,
l"l1~~ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

7.3 mru6/iYl~vll~l'Ubb'U'U 1'lJ,jmtJ'l1bbG'1~ijn1'jbbtltl11JVll branch penalty 1~tJ1offb'Vlflijfl Delayed
branch bbG'1~ij"1.l'U1W1JB~Branch delay slot o;Jl'U1'U 1 l"llGt~ (2 fI~bb'U'U)

o •.•

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18fll?l~



Pase 8 of 11
Name: Student ID: _

1bf1'j1~v1'VftJl1 80 b'I.Jtl{b61l'W~"tJtl,N1'W~llhbbm~ A v\'1?l1~1'jm~tJ'W 1~mj1 'Wbb'tJ'tJ"tJ'W1'W1~ Vl1f1~tl':1n1'j1 ~
'U

1'I.J'jbbm~~'lf1;;i1'dv\'1'l1'W'tJ'Wbf1~tl'liJ(;I&il 'V'I'jb61l?lb61ltl{[~tJ1-tlb'dm'IJtltJ f111 22 'W1Vi "il~?l1~1'jt:lv\'11~Vl~tl hi ~1

?l1~1'jt:lv\'11~bb~'d ':il1'W'd'W1v'm61l?lb61ltlTI'W'j~'tJ'tJ"il~~tl'lijtl~1'l'IJmJ~~'d (4 f1~bb'W'W)
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10. ?I~~mVlbfl~B\lflB~~1b\We:l~ B bth.l'j~'IJ'IJ~~&il'W'jb61l?lb61lB~'\.h~nB'IJ~1CJ CPU-F "ilTuTu 4 ~1 bbl1i~~~1ii,
bbfl"llinCJ1'U 8KB 'j~'IJ'IJ~\ln~111oun1'j'Vh Cache coherency bb'IJ'IJMESI ~\l~'I.J~ 2

RH
n\IS
Rl\IE
\HI
\\\1
slUt
SflW

Rt':HI hit
RNHllIIlss. "hun'"
ltt'ad IIIis...•ext'lllsiw
Wrilt· hit
Wrilt· miss
SIlOII» hit 011n'ad
Snoop hit 011 write or
1'I'lId·\\llh· hll ('Ill- lo-mod 11)
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liJ,:jb~~'U6'fm'U~6(JB,:jcache line 'V'l~B:lJ~,:jn1'jv11,:jl'U6(JB,:jCache controLLer 1'U CPul1'Ubb~~~~'UI~lB'U

B~l,:j~~ba~~ (6 fl~bb'U'U)

11.01am Read miss, shared

11.02am Write Hit

11.03am SHR, dirty line copy back

11.04am

11.05am

11.06am

11. b'V'l'jl~b'\ll\9J1~6/i~~80x86 1ii,:j1~bbnut1J'\Illbranch penaLty ~'WbV1fl'UfldeLayed branch (3 fl~bb'U'U)
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1ii'1'Ud'Urlli~ ~~'Vl:W~16 rlli~bb~m~rlli~ii"1J'Ul~ 2lu\9l

~~?lb~e:J~i,'rr~l'U~dhJ RO-R7 "1J'Ul~16 bit

o OJ
RTNfI1?l~

ADD Rz, Rx, Ry Rz <- Rx+Ry

SUB Rz, Rx, Ry Rz <- Rx-Ry

MUL Rz, Rx, Ry Rz <- Rx*Ry

DIV Rz, Rx, Ry Rz <- Rx/Ry

AND Rz, Rx, Ry Rz <- Rx&Ry

NOR Rz, Rx, Ry Rz <- ~ (Rx I Ry)

BRZ address If zero then PC <- address

BRC address If carry then PC <- address

BR address PC <- address

LOAD Rx, [mem] Rx <- [mem]

STORE [mem],Rx [mem] <- Rx

LOAD Rx, data Rx <- data

STORE [Rz+Ry], Rx [Rz+Ry] <- Rx

LOAD Rx, [Ry+Rz] Rx <- [Ry+Rz]

SHL Rz, Ry, num Shift Left: Rz <- Ry« num

SHR Rz, Ry, num Shift right: Ry <- Ry» num


