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Worksheet 1 ————

Assembly Memory Confents
Language Location
LDA || 0 A5 |
1 ,
ADD C7
2 86
SUB
3 6A
JMP 4 7B
JPZ 5 OE
STA 6 03
7 02
STP
8 4E
CMP 3 =
JPE A 04
DIV B AD
MPY C 28
D 0A
E 00
F 00
l’f\/:f s &
Acc DR AR PC
O
= 9
C
4




icroprocessor Operation

In order to better understand how a microprocessor-based system functions, let’s look at a simplified
computer system which we will call the $1.98 Computer. This system is based on a mythical 8-bit
microprocessor which has a 4-bit address bus and is capable of performing 16 different operations. The 4-
bit address bus means that this processor is only capable of addressing 16 different memory locations,
but, for our applications, this should be plenty. Figure 5-7 depicts our mythical microprocessor, its internal
block diagram, and a 16x8 (16 address locations and each location stores 8 bits) RAM memory block. The
computer’s input and output units do not actually come into play during our discussions of the system’s
operation. We will simply assume that our programs have been entered into the RAM memory through the

input unit and may be displayed through the output unit.
P 4 pay g P MICROFPROGCESSOR

RAM ACCUM,
LOC MEMORY N <%
D /./
A8 S —||\ l FLAGS
1 s L
BA ¢
2 c9 z > a
e = W /7
3 ——— - A l ALU
ADDRESS 3D ; p
DECODER 4 —— 4
§ s DATA BUS BE
Fa, 7D D0-D7 ) [
I'.‘J' 6 CA \ x
l:.:‘; 7 | // v
¢ ’ 2D IR ID
:'u..“—_l o 0A
e L~ 03 I [ - V:J
| el T A 05 ADDRESS BUS R ¥
a B AD-A3 i
09 &=
£ 00 AR PC*
D 4F I I v:\/—, | .
E INSTRUCTION
50 /‘,.-- -r-..,,_\'
F | 5,
o ’ CONTROL
|
| EXECUTION
CONTROL BUS
RESET SIGNALS
CLOCK |

The microprocessor consists of a grouP of Internal Registers, an Arithmetic Logic Unit (ALU), and a ;
Control Unit. Different microprocessors will have different numbers and types of internal registers. The
ones depicted here are the same as, or similar to, the registers found in nearly any microprocessor.

The Accumulator (ACCUM): This type of register is generally used by the P to store the results of the
ALU operations. It is also a source of one operand for the most ALU operations. Many pP's contain more
than one accumulator register. N D
The Program Counter (PC): This register/counter keeps track of Instruction addresses and is always
pointing at the address of the next instruction to be fetched from memory. Each time an instruction is
fetched from memory, the PC is incremented by the control unit may cause the PC to jump to an address

‘out of its normal sequential order. When the control unit received a branch instruction, such as a JUMP —
(JMP) or a JUMP-ON-ZERO (JPZ) command the control unit will cause the PC to be loaded with an e




on-01 the mstructlon word Upon execution of thej
NOrm: 7—ﬁﬁ§!‘co*nt beginning at the new address.
In our example, the PC is automatically reset to a value of 0. This correspon cerpéspvnds to the beginning of our
program. Inreal computers, the program counter is reset to some predetermined value, such as a
memory location in ROM memory containing the monitor program. This location is referred to as the pP's
vector address and is determined by the manufacturer of the microprocessor.

The Address Register (AR): This register is used to hold the address currently being accessed by the
HP. The AR can be loaded from two different places, depending upon which part of the computer cycle is
in progress. During an instruction cycle, the contents of the PC is loaded into the AR. Throughout the
execution cycle, the AR is used to hold the address specified by the operand address portion of the
instruction word.

Data Register (DR): This register is used by the pP's accumulator as a temporary storage place of the
data. Its contents can be applied to the ALU by the accumulator. The number of temporary data registers
varies form one UP to the next. Different microprocessors may have several of the register, or none at all.
The Instruction Register (IR): This register is loaded with the opcode portion of the instruction word
during the instruction cycle, and holds it until the completion of the execution cycle.

The Instruction Decoder (ID): This device receives the opcode form the IR and decodes it for the control
unit.

The Arithmetic Logic Unit (ALU): The ALU performs math and logic operation under the direction of the
control unit.

The Control Unit (CU): The control unit is responsible for generation all of the timing and control signals
required for the system to execute the instruction contained in the program.

The Flag Register: The flag register is not exactly a register in the classical sense. Instead, it is a
collection of unrelated bits used to indicate the status of different uP conditions. In our example, the Z-bit
of the flag register is set if the last ALU operation produced a result of zero. Like wise, the C-flag is set if
the previous operation produced a carry bit beyond the MSB of the accumulator register. Different
microprocessors will have different numbers of flags in their flag register. The pP uses these flag bits to
allow conditional branching to occur during the execution of the program, with the decision to branch
depending on some condition within the pP.

Miscellaneous Registers: Real microprocessors contain a number of specialized registers not covered
here. Among these are: (1) Index Registers, used by the programmer to establish and maintain tables and
arrays, and (2) Stack Pointer Registers, which are special AR registers. These registers are used to
create a special area in RAM memory called the Stack. The stack is normally dedicated to storing the
contents of the other uP registers during operation such as interrupt routines.

Instruction Sets

All microprocessors have a specific set of operations that they can perform. These operations are referred
to as the microprocessor’s Instruction Set. The instruction set defines the operation of the computer very
specifically. The instruction set for the $1.98 computer is presented in Table 5-2. Since the $1.98
microprocessor requires only a 4-bit op-code and a 4-bit address code, the instruction-word format is
somewhat different than the more realistic formats described in the previous section. Instead, these
instruction words use the 4 MSBs for the op-code and the 4 LSB’s for the operand address.




i8] =

' ESCRIPTION

LDA A 1010 : Transfer the corterts of the memory locstion
specified hythe operar')gg?sqtg'(essto the accumulstar

ADD B 1011 Add the contents ofthe memory locstion spedified
by the operand addressto the conterts of the
accumulstor, and store the results inthe
accumulator register.

specified by the operand address from the contents
of the accumulator, and store the results inthe
accumulator register.

SuB C 1100 Subtract the contents of the memory location

JMP 2 0010 - |Jump unconditionally to the address spedified bythe
cperand address. Ater the jump has been
executed, the instructions are taken in order from
the newaddress.

JPZ 3 0om Jump to the address called for by the operand
address, hut only ifthe ZERO flag is set.

STA _' 4 0100 Store the cortents of the accumulator in the memory
: location specified bythe operand address.

STP 5 .- 0101 STOP; hait all operstions.

CMP g 010 Compare the contents of the memary location
4 ecified by the operand addressto the conterts of
e accumulstor. 1fthe ts'\gt.o are equal, the E-flag is

JPE 7 011 1 Jump to the address specified by the operand
sddress, ifthe E-ﬂos;og '-g.jlalg r?et bythe previous
e )

Program Execution

Referring once again to Figure 5-7, examine the hexadecimal program that has been entered into the
memory. By referring to the instruction set above, we can interpret the program as described in Table 5-3.




- LOCATION

LOCATION

0

CONTENTS
a3

ADD contents of location Ato value in ACCUM and

1 B'ﬂf Store result in the accumulstor register

5 ca SUB corterts ofloqatim 9 from value in ﬁ.sCCUM
5 and Store result in the accumulstor register

3 P JUMP ta location D if ACCUM=0

4 , BB CMP the contents of location B'to the value inthe
e ACCUM, set E -flagif equal

5 e JUMP to location D ifthe E-flag is sst

6 CACL aom%%?at%enatﬁadggg%ﬁé%na%&ngn ul‘é’?olﬁeigi ster

7 L JUMP to location D unconditionally

8 DA DATA

9 m DATA

A B DATA

B o DATA

¢ 0 DATA

D ; 4F ‘ - STAthe contents ofthe ACCUM in location F

E e STP all opertion

F Sggn DATA




4bit MPU

Worksheet 2
Note: if division does not give an integer, truncate the remainder.

Machine Assembly - Memc?ry Contanis
Language | Language Location
A LDA 0 A8
1 9A
B ADD
2 8D
C SUB
3 67
2 JMP 4 7B
3 JPZ 5 AF
4 STA 6 21
7 02
5 STP
8 03
6 CMP 9 50
7 JPE A 03
8 DIV B 4E
9 MPY C 29
D 06
E 28 3
F 04
Step Acc DR IR AR PC Flag
7 A O %)
10 7
A i |
2 0 A
D ¥ 3
£ ) D
( 3
0 ]
/ 4
A S
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3 pts each answer — g/ —

1. Buses defined by their connection are called '/Zog,g_.,e,,/ buseg.
2. Buses defined by their function are called p»émy;u«‘///) buses.

1 U
3. What is the speed of the AGP bus? 66 ", S

S
4. What is the bandwidth of AGPx2? obO M{ys

5. How many bits wide is the EISA bus? 6 Lail 5

Match the number on the diagram to the answers below

(@)
iy
1

10.

11.

12.

13.

14.

I zoreim s

15.

Labels for the above Figure--/ﬁf Floppy Connector /B/.IDE Connector C..Cache Mem. ,D/ Power
/E. Com Port F. ISA Slots G.PCI Slots H. Simms mem. I. Chip Set Controller J. BIOS K. Socket 7
L. 1/0 Controller M. PCI-ISA Bridge N.Memory Buffers - . pralef pord

16. What is the multiplier for a 200MHz CPU on a 66MHz bus? ___ x

17. What contains the basic instructions to boot up a computer? BI 05

18. Fast access memory on the motherboard (used by the CPU) is called? La(je

19. Which chip of the chipset is wired directly to the CPU? Pngriy el /

4
20. Name the bus that connects the processor to the north bridge?(logical) CPO /@M‘r
L




~ 21.Whatis the default clock rate for the PClbus? D0 'H, / i ———

o — I3 /’
22, What is the default clock rate for the ISAbus? 2D MH.,

23.Name the four “physical bus groTJps”
a. X/ bwn

e b. Je«;\jﬂ.&xpf&// \(//‘v‘-/j—— ——

C. W‘Z’J /Q'-w /(

d. covie, Qo // /)
24. What is the max. bandwidth for 16 bit SA? b6 710 /<

25. For what does AGP stand? _ace.(oa ki) grojhin st

26. A bus which transfers more than on bit at a time is said to be a “ 'pzumﬁgﬁ " bus

27.  USB transfers how many bits at a time? / ﬂ/

28. Setting the motherboard to operate with various processors is done by using 41 Adry2e 10

29. What 2 things must you set for all processors?

a. /\/B’\/‘LL(: if.ff’/,_)
b Jo— %\ fk{yzfﬁ/
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