(Rl = RS

T1

IREVESBERBFALC-3, FNSEIESERNT NI, FERNNBNAES. REEFHH
SR, SUBHEESEA32KFTS, EOREMRR166, RERNUEHEERERHP— TR
f===]

Do

1. PCUBELFEZ A BB TREFFIEIIVE?
2. EXEHMEELE, ADDIESHAILIRTAIRAMAEESD?
3. EXEHHL, LDIELREBESIIISEERMTA?

BERSRER:

1. 157, 32K = 2%,
2. 7, AEHRERGIE31AS, BESNERR, SEesH8), FEINERR, EIWBAIBEIEHIREE 4.
3. [PC — 128, PC + 127 BRLA(mFEEHINIEE 98I,

T2

BEERMRAMARFE M, TESBERXE!

LC-315SEMIEIE S NER . BUES, 0, IHEbt, BURIER, T, BTHER. EBAEMEE
SEREEMBIIAN MR,

1. ERESEBPINE IR, URSHROBITITHAERME.
BUE<: MNATHIRENT—RIES, BNESHFR.
FY: RIEESCABREMEBINEHETELF
&b TEIESHITITRI AT
BURFEL: SRBUE TR AYIRIZ(EEY
AT HTIE<RIIT

6. FHEER: BHITERS BRI

2. EETER, ARMESHITRREERNER, NWEMNZETTZ,

v wp =


af://n0
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EVALUATE FETCH STORE

FETCH DECODE ADDRESS OPERANDS EXECUTE RESULT
ADD v v v v
AND v v v v
ST v v v v v
STR v v v v v
LDI v v v v v
LEA v v v v
BR v v v v
JMP v v v v

MRt &%, FTEiE<HEERYSIES.

o ADD:
1.

2.

3.

o AND:

AZEHevaluate address: 14 P131, the ADD and AND instructions in the
LC-3 ...... For those instructions, the EVALUATE ADDRESS phase is not
needed.
FEEfetch operands: #74P132, In the ADD example, this phase consisted of
obtaining the source operands from R2 and R6.
FEHexecute: 1RAP132, In the ADD example, this phase consisted of the
step of performing the addition in the ALU.

*® FFEstore result : i ®AP132, the LC-3 ADD instruction does not
require a separate EVALUATE ADDRESS phase or a separate STORE RESULT
phase.

FOADD#ER

o ST: FILD#EE

o STR:

SSTHEE

o LDI: ELD#EE

1.

o LEA:
%)

Mwpp =

FEHHevaluate address: #E74AP131, This calculation was performed during the
EVALUATE ADDRESS phase.

FEZEfetch operands: i®7AP131, In the LD example, this phase took two
steps: loading MAR with the address calculated in the EVALUATE ADDRESS
phase and reading memory that resulted in the source operand being placed
in MDR.

® AFEEHexecute : EAP132, The LC-3 LD instruction does not require an
EXECUTE phase.

FE&Hstore result

(XFIECHHUTIRE, BAFHEAKNEE, HEAKHE S UTEHRECHIE

ZFevaluate address: FPCHIPC offsetiBfil, i+EIERN\S1FE0MHE
AFEEfetch operands
AEEHexecute

EEstore result ? : IBHEHNERENSTZSE



1. FZevaluate address: B4AP163, then the PC is loaded with the address
obtained in the EVALUATE ADDRESS phase.

2. KFEfetch operands: [RERIFHFEEI. KHBEE execute MHERIGER.

3. W FEEHexecute: IRAP162, the conditional branch's execute phase either
does nothing or it loads the PC with the address of the instruction it wishes
to execute next.

4. FEEstore results: REEREEFE

o JMP: ZELIBR, BRTexecutefRRABEMERIE, HiERPCER BIRitbitRIA],

3. RIREUESHFRINEY, FEFEINEH, TEEINEN. NRFEREERE, NEREUE
TREEFERE1001NEH; BN, EEE5FRABEINE. XTREMIE, PCGEIHEI
Eitblih + RISEVEETNER, MEESUEUFEZ100ME.  (REESRITELTLC-3
EFEITATRRIERREL.

Address 15 14 13 12 11 10 9 8 76 5 4 3 2 1 0
x30F6 |1 1 1 0|0 O I|j1 1T 11 1T1T1O01
x30F7 {0 O O 1,0 1 0|00 T1|1|OT 110
x30F8 1O O I 10 1 Oj1 11111011
x30F9 O 1 O 1,0 1 0|01 0{1|]OOO0O0O
x30FA{0 0 O 10 1 0|01 0{1|0OO0T1O01
x30b B0 1 1 1|0 1 0{0O01{0O0T1 1120
x30FC |1 O I 00 1 1|1 1T 11 101171

ERSMWIT: 44170 FH.

1. LEA, 61NEHA
ADD, 61NEH
ST, 106/EHA
AND, 61\EHA
ADD, 61 EHA
STR, 1061™EHA
7. LDI, 205/NFEHA
4. E[SADD, STRNIBR=FHE<S, Fepi Nk, ARXINAVBAHEEMNAIMERATRERIES, WIRA

S VA WD

" RII ﬁ/*u IIWII .
EVALUATE FETCH STORE
FETCH DECODE EXECUTE
ADDRESS OPERANDS RESULT
PC R, W R BR W BR
IR W R R STR BR
MAR R, W W STR R STR
MDR R W STR R STR
MEM R W STR
registers R STR R ADD STR W ADD
R BR, W
NZP

ADD

5. EHEIRRIRIRIKECPU,


af://n254

T3

BRiR FERILC-3FEFHIIEE] T Mx3000FH4aaIREFH

x3000: 0101 000 001 1 00000
x3001: 0001 000 000 1 00001
x3002: 0001 010 001 0 00 000
x3003: 0001 010 001 0 00 010
x3004: 1001 010 010 111111
x3005: 0000 010 000000001
x3006: 1111 0000 00100101

1. {RAIx30074bRIFESHEHITTY , MRIASEIERSD?

2. BAWTBEESETRINGEEE, FERNENERFE1101%ExR. HigZ\L SADDHANDIE
SR, FESEETIEFR, EVFEEARSTIES.

3. ATNFEERE, BAIFENIAREHITIRLNE?

EREMr:  ESEEA RSN T

; ZAROMRAI(E AL
AND RO, RO, #0
ADD RO, RO, #1

. IFERIHR1+1, fEAR2
ADD R2, R1, RO
ADD R2, R1, R2

o AR2IME MO EEEE I Bk A%
NOT R2, R2

BRz #1

HALT

o PURIFA 90x3007 &b (RAR G, &

1. Oxffff (-1)BOXTHf (32767), XERAABAIRNERIRERT SR+ 1MEB 0K, BFSHIT
0x30074bH91KES.

2. $§ADD R2, R1, R2 B9 XOR R2, R1, R2 BPa],

3. ALUBSSRISEIEEIE; controlSRgHIALUESIS SRS RISRIER,

T4
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R/W MAR MDR
Operation 1 W x4000 111160
Operation 2 R x4003 10110
Operation 3 W x4001 10110
Operation 4 R x4002 01101
Operation S W x4003 01101
Memory before Access 1 Memory after Access 3 Memory after Access 5
x4000 | 0 | 1 | 1 | 0 | 1 x4000 | | | I | { | / | 0 %4000 | | I I | | o
X4001 1 { 1 | 0 | 1 | 0 X4001 [ | 0 | / | / | 0 x4001 ’ | 0 I [ _ | _ 0
x4002 u‘l‘\‘Q‘l x4002 | |‘|‘D‘| x4002 0‘|.I o |
x4003 | 1 | 0 : 1 : 1 : 0 x4003 | | : 0 : | : | | 7] Xx4003 | 0 : 1 : 1 0 1
x4004 | 1 | 1 | 1 | 1 | 0 x4004 | 1 | 1 | 1 | 1 | 0 x4004 | 1 | 1 I 1 1 0

IRARBIUELS R4 7[R,
fiEth: BEEOH, REREFERKZEMDRIYE, WEMEASKZEMDRIE,

Operation 1#1O0peration 3FMDREYEARRE, HUtiERTOperation 2REEERIE(E, ELEE 7MDR
AIARZ, HOperation 2ZZMDREINFFI3FHEE, FFLMUERZE 10 . MEAEBRE x1003 ABFF
BizEM, EWEZSERIENNSRE <1003 , SSHIEBIRIEEMDREZRK T 10110,

MzZZMemory before Access 1#after Access 3FIKFRI AN, x4000 I x4001 PAUEESRETH
T, BATRI=REBEREESFRWERE, STLENRXSEERINRIERXAE MBI, HOperation
3HITENBIMDRAYE 10110 BHHEREBAT 4001 , EltkOperation TREEEBENT x4000 .

HTRIENSERIEYARNT K 1003 , EOperation 3ERGEEIALERF 10110, {BEfEAccess 52/5
x4003 PRYERE Y, BN, AEEREPF—EEE 003 NEERE, BNRISEANEFIIFHESE

E=£55RATMDRAYEARE, HILHENIH Operation 42REME, LUIEMDRAYEIEHA 01101 , ZfRRY
Operation 5MEXTF 1003 BIEIRIE. WMEMemory after Access 3FRIEAI A, RE x1002 4AYE
FFasM, HltHEHOperation AZEMERIRIRE <4002 , FEBTLHER «4002 bBYER 01101,

T5

BE:

X Does the program halt? Value stored in RO
000000010 Yes 2
000000001 Yes 3
000000000 Yes 6
111111111 No --

111111110 Yes x8004 (—215 + 4)


af://n279

Bt RBNERTCRIENT:

x3000: AND RO, RO, #0
x3001: ADD RO, RO, #2
x3002: BRzp X

x3003: ADD RO, RO, #3
x3004: ADD RO, RO, #I
x3005: HALT

XBIA9IRYPC offset,

X =2, 1 x3002 [EEEHEHHER 1ALT

X =1, 7 x3002 JFHEZE x3004 ,

X =0, HSTAEZFHIIT.

X = -1, WEF—ETE «3002 JLIER,

X = -2, MROSAFUT+2, BEIBEHTAZEASHHER.

v A wn =
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