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Juestion 1 (10 points)
1. Which of the following choice(s) is/are correct?

(a) (2 pts) When a main program subroutine is called, return address is saved

in @ memory address, when the subroutine is called by a
in Address Register (AR) when the subroutine is called by a

Address chlster (CAR) when the subroutine is
a mpmgram in the control unit
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4. (2 pts) Using the l.aelow table. translate the following machine codes which are stored in the
memory of the 16-bit Basic Computer that was presented in the textbook (see Table 6 of the

Annex and Figure 2) to their equivalent assembly language instructions.

Machine Code (in Hex) Assembly Code

381D

8456
CBAC




University of Ottawa, School of Electrical Engineering and Computer Science
Question 2 (10 points)

The 4-bit register (R) employed in the following logic circuit has two control inputs (Si, So)-

This regist.'gr can perform three functions depending on the values of S and S, as described in
the following table.
R, R, Ry Ry

| 1 | |

S1 So Function
S, Out, Out, Out, Out, 0 0 | Load Parallel Inputs
IngIn, In, In, A 01 Decrement
I l I x | Circular shift left

L LLL gm ' :
external signals A, B through the gates shown in the logic
jister inputs and R = (RsRaRiRo) is the output (content) of the

----------------

A L D

r e aa s
-
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Question 3 (15 points)

Consider a computer similar to the one of Lab 4. and whose architecture is described in Figure

1 and Tables 1, 2, 3, 4, and 5. The instruction type is determined by the two most significant
bits of the 8-bit register IR, as follows:

Xo=IR(7) IR(6)" denotes a memory-reference instruction (MRI) in
X, = IR(7Y IR(6) denotes a register-reference instruction (RR1): and
X, = IR(7) IR(6) denotes a memory-reference instruction (MRI) ini

direct addressing mode:

ndirect addressing mode.

Assume that all registers are equipped wi

th 3 control bits for loading the register (LD). increment
by 1 (INC), and reset to zero (CLR).

1. Find the list of all RTL micro-operations in whic
address.

h the bus reads the contents of a memory
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Derive the logic equation of the read memory control input, the control inputs of the
affected registers and the bus select inputs required by the micro-operations found above:
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. Question 4 (15 points)

Four memory-reference instructions in the Basic Computer of the textbook’s Chapter 5 are to be

changed to the instructions specified in the following table, where “EA*
effective address. g table, where “EA” denotes the operand’s

[ Symbol | Opcode | Symbolic designation Description in words
[T NND 000 | M[EA] € (AC A M[EA])’ ic NAND of AC to memo
LSR | 001 | MIEA] € shM[EA Logical shift right memory content __
|_LSL 010 | M[EA] € shi(M[EA Logical shift left memory content |
[ SKT | o1l |If(M[EA]mod2 = I)thenPC € PC+1 | Skip next2 instructions if M[EA] is odd

e following table, write down the necessary micro-operations (in RTL) to perform the
> O *each instruction. Note that the execution phase of such type of instructions
ee figures 2 and 3 from Annex.

d not be changed by the execution of any instruction, unless the
content. To this extent, you can use TR to store the
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of the table (in ht;xadecimal)-

Mem
e (hex) Ory content | AC content after

B :;fore execution ﬁrs‘t execution of | AC content after final
"ORGO10 Drogram (hex) | instruction  (cX€Cution of instruction
STA TMP

ATMP [
E—

= Hemory soutent afer
g execution of the program

Ton 2016 Page 9 of 17
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t of the accumulator AC after the first and final execution of each instruction

. down your answers in t'he third and fourth columns of the table. Note that
Y NE TOWS With instructions that affect the accumulator.

gram, what is the content of the part of the memory where the
own your answers in the fourth column of the table. Note that you
s corresponding to the memory locations where the operands are stored.

e

-
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-subroutine (called ONE) which counts the number of 1's contained

n. For example, if the memory location contains the binary number
jalue found by the subroutine will be 0000 0000 0000 0100, as the
'b@ 1100 is 4. This result (the number of 1’s) is passed by the

: through the accumulator, and the address of the memory

: mugh the accumulator AC, as well.

‘memory of your Basic Computer beginning with

I_,,;ffle-wbmutine, but



he 8-bit Compute, of Lab 4
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ANNEX

' s i
256x 8 MEMORY { ii i Conirol Unit !
1 CP I| Sequence counter |
A Data[7..0] J , (SC') State Register : i
.;d.d_..';.'_'.'_‘_'.';’.;'.‘_'.'_:. ,‘_‘,-_-_:,:',:_l,);_t;b_a .t.l..._..l : ‘ ,:
Sgister_(AR) : ] State Decoder (1) ::
R . l al
Program counter rey f—— Stop register : i 7 :';
, IR(7.01} L it
4 Instruction register (IR) ey 01'-; Instruction Decoder l:
; I Y 1
> Data register (DR) i [ Control commands to | i!
e i ! feounters, registers, bug] ||
- = i | |multiplexer and ALU | !
- Accumulator (AC) o f
- | Control Register | |}
= ik _(Bulfer Register) -
m et Eee ——
7o B )] | =
- 111 DIP switches i
T-sogment display | ! E ! 7-segment IIO:
| j | controllers E displays :
'xl\-'f"'—".'--"—_":"' .............. 4
- - 1)
r of Lab 4
2 A S )
11]5-‘;071:, ¢c o d e]
CIAl
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Yo=IR(6)' IR(1) IR(0)

ion - i i
of a memory-reference Instructions (MR1) in the 8-bit min;

Notation (RTL)

TeYo :
T7Yo :

DR < M [AR]
AC <~ AC+DR,SC ~ 0

computer

]

Y1=1R(6) IR(2)

TeYs :
T Y1

DR « M [AR]

:AC < DR ,SC «~0

Yz=1R(6) IR(3)

Ts : (cycle not used to allow for the

address
TrYz2 :

bus to stabilize)
M[AR] «~ AC ,SC « 0

| Ya=1R(6)' IR(%)

TsYs

¢ PC —~ AR,SC ~0

| Ya= 1R RS

TeYa :

TrYa :
TeYa :

ToYa :
TioYa ©

:SC «~0

TioYs

DR — M [AR]

DR +~ DR+ 1

HHOR =08 then (PC
DR =08 then (PC —

PC + 1)
PC +1)

TeYs :
TrYs :

DR «~ M [AR]
AC «~ ACA DR, SC «0

TeYs :

T7Ye :

DR +~ M [AR]
AC ~ AC- DR, SC -0

ons (RR1) of the 8-bit mini computer
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The 16-bit Basic Computer of the textbook

Table 6: Instructions list Fig. 2. Basic Computer registers connected to a
ol Hex common bus

1 N Sode Description

AND Oor8 AND Mto AC
ADD 1 or9 Add Mo AC, carry to E e
«.-. \ 20rA Load AC from M i _
‘A 3orB Store AC in M {
4orC Branch unconditionally to m

‘D Save return address in m and
ranch to m + |

M and skip if zero
il

-
5.l
S A
3 )
nR e
il — Y
 —
R I — Clock
-

R 47 | rae



SC =1

AR v PC

IR~ M{AR], PC+=PCU+ |

i

Decade operation code in IR (12 - 14)
AR IR (O~ 11). [ —IR(15)

=0 (Memory-reference)

(indirect) =1 A =0 (direcn
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