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Homework 3



FLlip-flop

5.93

*3.53 The master/slave flip-flop we introduced in the chapter is shown below.
Note that the input value is visible at the output after the clock transitions
fromOto 1.
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Shown below is a circuit constructed with three of these flip-flops.
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MS flip—tlop MS flip—flop MS flip—tlop

CLK WE WE WE

DO D1 D2

Fill in the entries for D2, D1, DO for each of clock cycles shown

cycleO | cycle1 | cycle2 | cycle3 | cycle4 | cycle5 | cycle6| cycle7

D2 0
D1 0
pol 0O

In ten words or less, what is this circuit doing?
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The logic diagram shown below is a finite state machine. _E_ /fE i 'ﬁﬂ _F
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FSM (Cont.)

SLhrt, FSM g A misieR

e Moore #&&: #WHXERESA X,
e Mealy &R #MHBRNERS. WAL X,

BB FSM state diagram BNE.:

o AERTRS (RSEEEBNR)

o ARIMFTRSHML (AASERS)

o AN\ EARRASMRMAMRH (mRA), EEAWE SRR S EPRS
Ak (RA),

Xt Moore A, MHBNZEEBN, XT Mealy A, #HNiX
SEAMM L, X Input/0utput BIFR.



FSM (Cont.)

E3.61 %, ARMRREEETNUN, BEFEITERA S1S2 AN FHE
B ARREFRS, FHbESZREARENRES,

Moore &R . Mealy &
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Homework 4

5.2 NENFHREAE 64 L, 4 MAR 2 MDR 2% /W3r?

it B9 AL ER A0 N E A BRI ALEOR A < R ! RIX B &AM E MAR B9
;&

5.16 UTER, WiFIFathNEIF?

e You want to load an array of sequentlial addresses.
SR EMBEMER—RF|HIE L EIE, AERERZMEHUE (LEA
is wrong.) &%, M al0], alll, al2] &&kigmE,

&% . Base+offset mode. ®A Indirect/PCoffset EXMIFH
TR, fE PCoffset AEER%|, XF Base+offset XKijt, &
IR EES RS, REZEEAFERI—BETTHRE NG E

K NF.



Chapter 7: Aseembly Language



Aseembly Language: Review

e high-Tlevel
High-level languages tend to be ISA-independent.
e.g. C, C+, Java, Python
3 high-level 289 ISA (HLEBRL), EE compiler HiF,

e Low-level
Assembly languages are lLow-level languages, and
they are very much ISA-dependent. It 1s usually the
case that each ISA has only one assembly language.
3 Low-Tlevel B4R ISA, EE assembler Lo

PR ECmB R ERESEIFAX 01 & (RAFFEIENEE), &iF
XM



An Assembly Language Program -
Instructions

LC-3 CREERFESFHESHBRANT:
Label Opcode Operands ; Comment

He ;, FEATE, TSN TEHAZR,



An Assembly Language Program -
Instructions

LC-3 LHREFESFHELSNBRANT:
Label Opcode Operands ; Comment
He;, GEAER, FHEARENTHRINAR,

e opcode
XEB K opcode #H A2 0101 WS, M= symbolic name (FH%K
¥ opcode, {EFHi%k) e.g. ADD, AND, or LDR rather
than 0001, 0101 or 0110.

e comments
ARRELAEN, T LHmEENZF, e.g. LD RO, ASCII ;
Load the ASCII template The message "Load the ASCII
template" 1s a comment.



Instructions (Cont.)

e operands
BB EHIESRE e.g. NOT 4 EER/ N EESK, ADD 4
TE=ANBRIER
BIEHTUR T FR, A, E
S ENSE EARAME] # for decimal, x for hexadecimal,
and b for binary. EEFENEZETM LXEN *x#b 2T
By, (E25CPrE LC-3 mBIBRIRIANT3H, UBM N,

e Labels
label #r& 2 R IRANFRRALE, Y Ptk —ANRlE,
ELC-3 9, HETUE 1~20 NFEEFE, ALATE2EFTF (RY
REF, b RgEfos S R%)
% FAT load/store %34 #fuBR/jmp BkiEH4S, e.g. BRnzp
LOOP, LD R1, TEMP



Pseudo-0ps (Assembler
Directives)

Pseudo-0ps A4 FRHA Assembler Directives LIS
FARAZEPTHEIT, MEBEELENMBEMELWITT -
ISR FCRmIES—HE: Label Pseudo-op Operand ;
Comment, E e UERTESRE,
e .0ORIG
.ORIG £EiFCEmBETRATESNELLHAMI, e.9. BITEESREFF
35 .ORIG x3000, XHFHNMEFNE —KIELSHIWKE
Xx3000

e .FILL
.FILL < operand HWM{EEAZ| Hai3tat (LFILL #93tat),



Pseudo-0ps (Cont.)

1 .ORIG x3000 EANARSF, FILL B93tbht N

g hiéz’ LABEL x3002, @E¥ .FILL $584FH1X
4 LABEL .FILL x1000 E 7T MEM[x3002]=x1000, Xf&*
 EE— KAV TLUEN LD $54RER H X

AN x1000 XAME,

e BLKW (a BLocK of Words)
M operand NEHZEE, e.g. RIFYATHAER x3000 A2
.BLKW 10 MM x3000 FHENE NI 2IRE HEK (M x3000
F| x3009), T—%IELSHHHER X300A,
A EHERA RN TE BT AWt o8IE, BE%RE LC-3 &
PR SR X e 2F ja] @R A 0,



Pseudo-0ps (Cont.)

e .STRINGZ
STRINGZ FaEMBIEREII S RENERE, ST BN LA
F n+l ™MLE (n BERFENKE), HAEERFENENER/FKR
ERI| AR L (— A Nuibik—/N ASCII Z28), RE—MILEK
x0000 (RRFHFELI),

e.g. BRiZYartaty x3000 A2 .STRINGZ "Hello" MEIEM
x3000 FFHAE 6 Nt eIEEH K (M x3000 3| x3005), T—%3E
ARHht i x3006, He

x3000: x0048
x3001: x0065
x3002: x006C
x3003: x006C
x3004: xO06F
x3005: x0000



Pseudo-0ps (Cont.)

e .END
END ARE IR RBUNEFARIRXRET, FENELAREEZEHR
x, BEIENE:

» END HASERERFHEPT, RE—N2RF
» IR E—NEFRARTUAELA END, &—% .0RIG .END %R
BRFHNE—E,

vl




The Assembly Process

assemble soutional.asm outfile wBAIE asm XK obj
X, XANRRHA assembly process, XHEPEE 2 complete
passes FREEMITH,

e The First Pass: Creating the Symbol Table
symbol table FE5XRE—EAT, ¥ label BRETR|X R A3AL,
B RBP/BAVRIRBFTA B Label, AR EX R E#L,

e The Second Pass: Generating the Machine Language

Program

% LC-3, wR3BF label BLERINFS R P H#IER Label
AT E . R bhbEss 7 aEiA ] eIseEE (bbin LD T —/NBEE x300
pydbik), ARLCHwmBWREE.




Beyond the Assembly of a Single
Assembly Language Program

HEIPUTIEFR, XNTERATITIRE, THTREEEHZA
ARNRERF M2 rERE 2 (WEARRN BRI,

MERNERFEFER T REERN Llabel (XA label LR ENZE
EFRE ) |AITULA .EXTERNAL label XEBR, XAEAESE

BENKR, FTANRREEE—E, BMIRERIXMrENAE,

BT, WU EH#E Chapter 7 Linking of the book
Computer Systems: A Programmer’s Perspective.
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Question?






