FLE>#{T>cmd

e CAWINDOWSAsystem

AX, BX, CX, DX = registers Z{Fzs
D:\>deb ! ! !
AX=AH+AL, ..., DX=DH+DL

-r
AX=0000 BX=0000 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000
DS=0B42 ES=0B42 SS=0B42 CS=0B42 IP=0100 NV UP EI PLNZ NAPO NC

—y Instruction
0B42:0100|| B401 MOV AH, 01 Pointer
0B42:0102]| cp21 INT 21 ¥ TH
0B42:0104|| CD20 INT 20
0B42:0106(| CC INT 3
0B42:0107|| F6c702 TEST  BH, 02 /] gftciig)
0B42:010A|| 7548 JNZ 0154 A N

{352 Low Level Languages _mf\éfhrOl
270 f=2 = < AN L In
sUlERSHE  PRESEE VEdmEE = :

_ int 20
address machine code Assembly Language
2

AX, BX, CX, DX = registers &{Fzs

D:\>DEBUG
-u -a | AX=AH+AL

0C8A:0100 mov ax,0200 / g;(geX)
0C8A:0103 mov dx,0041 (dec)

0C8A:0106 int 21  DX='A
OC8A:0108 int 20

INT 21, AH=02
0C8A:010A T G putc(DX); it
“h 010A 0100 return(0):
020A 000A =
- _— | B 010A+0100 = 020A

n test.com 010A-0100 = A(10)
-r -rcx — | HEHX
CX 0000 CX=10
:000A
_— Pt
-W
Writing 0000A bytes 2:\>test.com
_q .
quit
3




D:\>debug gy S R

-a puts(dx)

0B38:0100 mov ah,09

0B38:0102 mov dx,0109

0B38:0105 int 21 fin

0B38:0107 int 20 _— g{% £ byte

0B38:0109 db 'How are you?$'

0B38:0116

-9

How are you? EE09%
-a 41(hex)=65(dec)
0B38:0100 MOV CX,09 DL='A'
0B38:0103 MOV DL,41
0B38:0105 MOV AH,02 —1— | INT 21, AH=02
0B38:0107 INT 21 | DL++ putc(DX); Bt
0B38:0109 INC DL
0B38:010B LOOP 0105
0B38:010D INT 20 -g
0B38:010F ABCDEFGHI

-e 100 #m AER enter hex or char data

-e ¢s:100 "This is a string."

? (Help)
A (Assemble)
C (Compare)

o e 0 Gur)
translates memory into mnemonics. F (Fill)
-d 100 2~ dump memory S (Go) :
P (Hex arith)
-g H{T go/execute I (Input)
L (Load)
Status Register REEZF{FEs
Set (1) Clear (0) M (Move)
OV = Overflow NV = No Overflow N (Name)
DN = Direction Down UP = Direction Up P (Ptrace)
El = Interrupts Enabled DI = Interrupts Disabled Q (Quit)
NG = Sign Flag negative(-) || PL = Sign Flag positive(+) R (Register)
ZR = Zero NZ = Not Zero S (Search)
AC = Auxiliary Carry NA = No Auxiliary Carry T (Trace)
PO = Odd Parity PE = Even Parity U (Unassemble)
CY = Carry NC = No Carry W (Write)

5



FAZA > T>cmd
D:\>debug

LT

0100 MOV AH,09
0102 MOV DX,0113

; puts (message)

0105 INT 21 $}%)\?f§
ﬁ0107 MOV AH,O7 ; AL:getch()
0109 INT 21

AL-1B

010B CMP AL, 1B
010D JZ

0111
010F JgMP 0107 >
0111 INT 20

; AL==ESC (1B=27)"?
; fH[E jump zero 0111

; KE jump 0107
; stop

JNZ 0107

0113 DB "press a key, esc to quit $"

printf ("press a key, esc to quit ");

do{

c = getch();

}while (c!=ESC) ;

C:\>debug int 10

0100 MOV AH,02--] set cursor position

0103 MOV |DH,O06--] row(y) 6,

0105 MOV |DL,40-| col(x) 40 (=64)

0107 MOV BH,00--| page no. j;;iﬁ;l

0109 INT 10 mov ax, 600
mov cx,0

0100 MOV AH,09--| print char mov dx,184f

0102 MOV AL,41--| letter A(41) |7 %07

0104 MOV BH,00--|] page no. int 20

0106 MOV |BL,FC—--| attribute color

0108 MOV |CX,05-]| display 5 times

010B INT 10

010D INT 20

http://www.ablmcc.edu.hk/~scy/home/javascript/text-color.htm




-a 100

xxxx:0100 mp 126 ;

char s[50]="\nThis is my ... \n";

Jump to 0126

xxxx:0102|db Od,Oa,this is my first DEBUG program"

xxxx:0123|db 0d,0a,"s$"

xxxx:0126 | mov ah,9 ;
xxxx:0128 | mov dx,102 ;
xxxx:012B|int 21 ;
xxxx:012D mov ah,0
xxxx:012F int 21 ;
xxxx:0131

-g=100

puts Byl F

address of data(string)

execute T

Terminate 453 Program.

This is my first DEBUG program!

int 21 (debug)

http://www.ctyme.com/intr/int.htm

AH=01 AH=02
AL=getche() i A | | DL=char fisitH putc (DL)
AH=07 AH=09
AL=getch() ##i A DX=addr fig puts (DX)
db "abc" define byte
http://www.youtube.com/watch?v=ijno5kDk1Xc getche()
-u 100
OBA5:0100/([B401 | MOV AH,01 putc()
0BA5:0102(|CD21 INT 21
0BA5:0104(|[B402 MOV AH, 02 DL=="'0'?
0BA5:0106(|88C2 MOV DL, AL i
0BA5:0108(/CD21 INT 21 IMP=jump
OBA5:010A|[80FA30 CMP DL, 30
0BA5:010D||7402 Jz 0111
0BA5:010F|[EBEF JMED\OFN\\
OBA5:0111|[B44C MOV AH, 4C 17 =
OBA5:0113||CD21 INT 21 ]ump Zero
SUIEREMEE  BRESTE MR = 9
address machine code Assembly Language




?‘ﬁ—ﬁiﬁ[iﬁ!ﬂ Instruction cycle £$3575#] Machine cycle:

O 1 n 1 n

o — D
Instruclian Register | Progrom Counter | | o
1
L1 ;
C ~a ]
4
Demder Multiplesor =
ﬂp BE0 5
C ~—
]
I :
: N / T
Arithmetic [ Logic,
| Unit il ___
l: - ]
13
14
! Accumslater I 15
B Data Bus B Address Bus B Control Bes

u uuud

SlEES
for (n=0;n<=5;n++)
KIEES : EBRES
memory|[]
0001 |LOAD #5
0002 | STORE 0020
0003  |[LOAD #0
0004 | STORE 0030
0005 /|SUB 0020
0006 [ |JPZ 0010
0007 | |LOAD 0030 \
0008 \ |[ADD #1 |
0009 ‘[JMP 0004 /
0010  |STOP v
0020 |5
0030 |0
LOAD §:»  STORE ##

e r
I

i

// ACC=5

// memory[20]=ACC

// ACC=0

// memory[30]=ACC

CPU

8 ACC 0

// ACC=ACC-memory[20]

// if(ACC==0) jump to 0010
// ACC=memory[30]

// ACC=ACC+1

// MAX

//' N

SUB &

JPZ(jump zero)

// N

// MAX=5

// N=ACC

JUMP g i1



—r

fri1E®] Instruction cycle: Registers 47

fiﬁ* FE&E (PC)IP PF T - fﬁ;ﬁzﬁ_ﬁtﬁ 7 ey £ e b o program counter

f¥uE (R) PGB G RFE AL & 447 edy £ o instruction register
*Fl £ #m ® decoder PORfERET G et b F B IRPIMFH L BIET R -
FarEFEE (MAR) P73 dp 4 2 Bicdp ink ok o memory address register
¥ 3% (MDR) F7igdp 4 B dicdy o memory data register
R4 ® (ACC) AX PR a8 B iy &t % accumulator
BEREF TS PF3IE {5 ACC &%/ ik program status register
(PSR/SR) (overflow &%, sign & § #, zero %, parity, carry &)
NV UP EI PL NZ NA PO NC (01110000)
PC 4,—;( ; ) S
Instruction 01
Pointer 03 c MAR 02
| O3 L .03 LOADA
ACC = i 04 STOREB
0 LOADA |3 S 05 |
PSR , 06
01001100 <
MDR

CuU ﬁﬂfﬁi ?Flbj”ﬁﬂlé"g IR ~ FHH-Fgey PC/IP ~ ﬁ{l ﬁ?é’é MAR - MDR -

ALU ﬁpfﬁ D RN ACC -~ AHA L[Jipﬁ}ld a8 PSR

http://content.edu.tw/senior/computer/ks ks/et/cpu/index.htm

http://www.c-jump.com/CIS77/CPU/InstrCycle/lecture.html

decoder LA

MAR address instruction/data

000 LOAD 11111 10000 LOAD 11111
=1 ADD 11110 10001 ADD 11110
10010 STORE 11101
I
imatnaction W
decoder
ALU | PC 11101
11910 3 11110 3
11411 | |=| || 11111 2
SR ACC
| || | IR MDR

BUS .
cpuoperation.swf

http://courses.cs.vt.edu/csonline/MachineArchitecture/Lessons/CPU/




MNumber bit

Do 1 1] 1]
| | |

Op-code Operand

ARTI 77 Y
Op-code j%/'% Mnemonic f’//ﬁ?;ﬁﬁ Function Example

001 LOAD | Load #V* (ACC=memory[1000]) LOAD 1000
010 STORE Store [F¥ = (memory[0008]=ACC) STORE 0008
011 ADD Add J[I (ACC+=5) ADD #5

100 SUB Subtract & (ACC—=1) SUB #1

101 EQUAL If operand = Acc, skip next instruction EQUAL #20
110 JUMP Jump to %"= (PC=6) JUMP 0006
111 HALT Stop execution fHt [FER = HALT

Instruction-cycle-sum.swf: x =2, y=5,z=Xx+y

# Machine code Assembly code |Description

0 001 1 000010 |LOAD #2 Load #Y * ACC=2

1 010 0001101 ||STORE 0013 Store ¥ = memory[13]=ACC (x=ACC)

2 001 1000101 |LOAD #5 Load ¥ * ACC=5

3 0100001110 |STORE 0014 Store fi# ¥ = memory[14]=ACC (y=ACC)

4 0010001101 |[LOAD 0013 Load ¥ * ACC=memory[13]) (ACC=x)

5 011 0001110 |ADD 0014 Add "JD ACC+=memory[14])(ACC+=y)

6 0100001111 ||STORE 0015 Store [ = memory[15]=ACC  (z=ACC)

7 111 0 000000 |HALT Stop execution fHt [FER
Instruction-cycle-count.swf

# Machine code Assembly code ||Description

0 0011000101 |[LOAD #5 ACC=5

1 0100001111 ||STORE 0015 memory[0015]=ACC (z=5)

2 001 1 000000 |LOAD #0 ACC=0

3 101 0001111 |EQUAL 0015 if (ACC==memory[0015]) PC++; // skip instruction 4

4 110 1 000110 (JUMP 0006 PC=6

5 111 0 000000 |HALT Stop execution

6 011 1 000001 ||ADD #1 ACC+=1

7 110 1 000011 (JUMP 0003 PC=3




http://www.emu8086.com/assembler tutorial/tutorials.html

C code: %E?“‘ﬁg
n = 10;
n = n+23;

6502 assembler: - F",;ﬁ?% (8 bit)
0500 | Ida #23 Load &} * value into the accumulator §d"[iE§ (ACC=23)
0502 | add $2043 |Add I data found at memory 2043h (ACC=ACC+n)
0505 | sta $2043 |Store [Fix4 " at memory 2043h (n=ACC)

2043 | 10 (int n=10) PC » MAR » MEMORY

As 6502 machine code in memory: f&}«%;‘p‘% MDR;Ida
9a 23 8a 43 20,84 43 20 ..

%4 v
' IR

Ida #23| (2 cycles)

Fetch: PC=0500 // address of next instruction 0500 \da #23
MAR=PC // memory address register 0502 add $2043
MDR=memory[MAR] // memory data register 0505 sta $2043
IR=MDR // instruction(lda)

PC++ 2043 10

Decode: operand (#23) needed PC » MAR » MEMORY
MAR=PC // PC=0501
MDR=memory[MAR] // operand #23 N
PC+ MDR=23

\ 4

Execute: ACC
ACC=MDR // #23
PSR updated

PC » MAR » MEMORY

(4 cycles) v 0500 | Ida #23

Fetch: PC=0502 MDR=add | 0502 |add $2043
MAR=PC 0505 | sta $2043
MDR=memory[MAR] v
IR=MDR // instruction(add) IR 5043 10
PC++




Decode: next 2 bytes are addresses (T=%$2043)

MAR=PC

PC

A 4

MAR

A 4

MEMORY

MDR=memory[MAR] // address 43

T[1]=MDR
PC++

MAR=PC

MDR=memory[MAR] // address 20

T[0]=MDR
PC++

MDR=43

A 4

T[1]

PC

A 4

MAR

A 4

MEMORY

Execute: T=2043 » MAR

A 4

MEMORY

MAR=T // address 2043

MDR=memory[MAR] // data(10)

ACC=ACC+MDR  // 23+10
PSR updated

(4 cycles)

Fetch: PC=0505
MAR=PC
MDR=memory[MAR]
IR=MDR // instruction(sta)
PC++

MDR=20

A 4

T[O]

PC

A 4

MAR

A 4

MEMORY

Decode: next 2 bytes are addresses (T=%$2043)

MAR=PC

MDR=memory[MAR] // address 43

T[1]=MDR
PC++

MAR=PC

MDR=sta

PC

A 4

MAR

A 4

MEMORY

MDR=memory[MAR] // address 20

T[0]=MDR
PC++

Execute:
MAR=T // address 2043
MDR=ACC

MDR=43/20

A 4

memory[MAR]=MDR

ACC=33

MDR

\4

MEMORY




1. Which of the following registers is NOT in the Control Unit? ™ 5P % 8[T ]
P (CUYP 2

(L IR A. (3) only

(2) PC B. (4) only

(3) MDR C. (1) and (2) only

(4) PSR D. (2) and (3) only
E. (3) and (4) only

2. What is the minimum number of bits required to represent 1024 different

operation codes? 'J)%T'%l % ik (R 1024 Fmﬁé (4

A.8

B.9 C.10

D.11 E. 12

3. In an instruction fetch cycle, instruction is read from P to Q. Which of the

following combinations is correct? fi?ﬁ—ﬁi&j[ﬁﬂ : pl P Q -

moowp»

P=
main memory
PC

IR

main memory
MAR

Q=

ALU

main memory ]?TE“I‘EUF‘E}
ALU

IR

MDR

4. In an instruction fetch cycle, there is address flow from P to Q directly. Which

of the following combinations is correct? ?F“[.&J{pjfﬁﬂ ) H PRzl Q-

moowp»

P=
MDR

main memory
PC

PC

MAR

Q=
ALU
MDR
main memory ]?TE“I‘EUF‘E}
MAR
MDR

5. In an instruction fetch cycle, there is data flow from P to Q directly. Which of

the following combinations is correct? fF’[?J{Fj[EFJ ) H P @l}%ﬂ&?ﬂ Q-

moowp»

P =
MDR
main memory

PC
PC

MAR

Q=
ALU
MAR
main memory ]?TE“I‘EUF‘E}
MAR
MDR




1. (a) Name the following registers: Byl ™ fﬁ:&%g'p@ R
PC, IR, MAR, MDR, PSR, AX(ACC)
(b) What do they store during the instruction cycle? éﬂﬁa{fﬁ;’f:f'%gﬁiﬁ'ﬂfﬁ’ﬁ@

2. (a) What are the 3 stages of an instruction cycle? |/ r?ﬁ—ﬁi’ﬁ[ﬂh 92 R
Describe how instructions are being fetched, decoded and executed and how
registers are involved in the instruction fetch and execution cycles.

BRI R T 5 U B SRR N B 0

(b) Label the following diagram which depicts the instruction cycle fﬁﬁ{ﬁiﬁfj (a Q%ﬁ')

A P
B Q
C R
D X
E Y
= z
G %ﬁgﬁﬁﬂ,’i{r various parts of computer
M N
I A
l P
B
| Q
M C
l R
D L» F
l Y
- i’ g:;)udc:rinﬁiz control signals G
L Al I8




suggested solution

Section A:

Section B:

Instruction cycle $57/&1:

1 Fetch an instruction from the main memory into IR [li= ,?,El‘lj‘éiﬁg'?vtl’.fg—ﬁ
2 | Decode the instruction to control signals; Eﬁ%@g;ﬁﬁjﬁ'%ﬁﬁmﬁ)ﬁ TR
3 | Execute the instruction F#ﬁ»ﬁ by sending the control signals to various

parts of the computer system

By automatically increasing the content in the PC, the instruction cycle is
repeated. [ g1 PC fifi

An instruction cycle ?ﬁﬁ{_ﬁ_{ﬁfj can also be divided into
(a) instruction fetch cycle V{1

1 | the PC sends the address of the instruction to MAR
ARET B PC BRI 4 4 i PSR MAR Balid o i

2 | the MAR sends address signals to the main meméry through address bus
MAR I FBE (R 32 2]2 SR

3 | the instruction is read from address specified to MDR through data bus
) MDR B B GERrESIGsY

4 | the MDR sends the instruction to the IR
#1471 MDR ;IVJ%Z%T;%'S;E?U IR ?‘F’,ﬁﬁﬁﬁg

5 | PCis increased by one (or updated so that it points to the next instruction

to be executed) PC ffi[ IF[— > d5[f ™ — WREERE 4

(b) decode 4[5

6 IR sends the instruction to the instruction decoder
IR 52l 5 e
7 | the instruction decoder decodes the instruction to control signals

R Lok B e Ll s B T Lk Ik

(c) instruction execution cycle #h/~ J&]

8 | control signals are sent to various parts of the computer system through
control bus ELEFI[J?'*E'F (?}%ﬁﬁﬂ{?ﬁ&) ¥ @%@U%ﬁg}ﬁﬁﬂﬁ
9

R

perform arithmetic and/or logical operations &~ FTf% ~ HEE ET
update PSR if necessary FI#r PSR [

load data into ACC or store value to RAM #§ * ﬁ& PR e






