CDA 3101: Introduction to Computer Hardware Organization
Fall Term, 2005

Suggested exercises. Complete before the final exam

1. Convert the following floating point numbers to their decimal equivalents (IEEE 32 bit format):
0 10110011 00111000000000000000000
0 01011101 11010000000000000000000

. Add the two numbers given in 1 and expressin the IEEE format.
. Multiply the two numbers given in 1 and expressin the IEEE format.

. Divide the two numbers given in 1 and express in the same format.

. Convert 3412.341 to | EEE 32 hit format.

Convert -3412.341 to | EEE 64 bit format.

. Create an RTL program (using the syntax of the manual in the lecture supplement) to manipulate a
24-bit register as a stack of 3 8-bit values. From INBUS, "push" an 8-bit value onto the stack. "pop"
the stack onto OUTBUS (removing the stacktop). Note "push” will require an 8-bit shift in one
direction and "pop" an 8-bit shift in the other. Utilize a 6-bit status register as follows:

Bits 0 and 1 are user control bits and the remaining bits are for internal control of the stack

User bit O flags whether the operation to performis " push” or "pop"

User bit 1 flags whether or not the user is maintaining a stack extension beyond the 3 bytesin the
register.

Bits 2 and 3 monitor register stack size (0, 1, 2, or 3 bytes)

On overflow (a"push” with register stack size of 3 bytes), if user bit 1 is"off", don't "push” the
new data; if user bit 1 is"on", move the bottom of the stack onto OUTBUS before "push” of
the new data

On "pop", if the stack is full and bit 1 is"on", move INBUS onto the bottom of the stack after
"pop" of the stack.

Y ou may assume in your RTL code that the registers are already loaded (so you don't have to weave
inany 1/O).

8. Consider the following control sequence and associated circuit:
0. A- B,B- C,C- A
® 2- SEQ+3- SEQ

1. B~ A+C
® 2. SEQ+0- SEQ o
2. A= 0 SEQ | Sequential Circuit (A) Decoder gz
® 0- SEQ+3- SEQ - C,

3. A-1B-0
® 0- SEQ+1- SEQ
Construct the sequential circuit (A) to process the control sequence.

Note that the control sequence description tells you how to determine the next state
(CO, C1, C2, or C3) given the current state and the input sequencing signal SEQ.
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Recall the following CPU architecture.
Single Bus CPU Organization Example
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Construct a microcode sequence for

10.

BGT* A
to load the IC indirect from the address stored at the memory location given by A (i.e., the address
of the item to load is not given by A directly, but is given by the value stored at the memory location
A references) if the most recent "compare” set the status register (SR) for GT.

Referencing the same architecture as in problem 9, devise a microcode sequence for executing
each of:

LDXR; A
and
MOVEO1

Instruction specifications:

For LDXR;
The address of the item to load into R; is obtained from the memory location given by A

modified by Ry as anindex (i.e., you must add R, to the addressto get the address of the item
to load).

For MOV EO1

The action is Smply to copy the contents of the memory location addressed by register R, to
the memory location addressed by register R;.



CDA 3101: Introduction to Computer Hardware Organization
Answers to suggested exercises:

1. Convert the following floating point numbers to their decimal equivalents
|EEE 32 bit format):

0(10110011{/00111000000000000000000O0

exponent = 179-127 = 52, mantissa = 1.21875

1.21875H2 %2 » 5.489H10 *°

00101110111 010000000000000000000O0

exponent = 93-127 = -34, mantissa = 1.8125
1.8125H2* » 1.0550138540566H10 *°
2. Add the two numbers given in 1 and express in the |EEE format.

Exponent of the 1% number exceeds that of the 2™ by 86, so adding the 2™ to the 1% does not
affect the 1% within the precision of the |EEE format..

w

Multiply the two numbers given in 1 and express in the | EEE format.

exponent = 52-34 = 18 (biased = 145), mantissa mult. = 10.0011010011, ® normalizeto
(1.0001101011), H (2*%)10 ® IEEE asfollows:

0ijpoo010010|j]00011010110000000000000

»

Divide the two numbers given in 1 and express in the same format.

exponent = 52+ 34 = 86 (biased = 213), mantissa div. is non-terminating yielding |EEE

0(11010100{|010110000100011201001111

5. Convert 3412.341 to | EEE 32 hit format.

0ojpooo0o101010101010100010101110100

6. Convert -3412.341 to |EEE 64 bit format.

11112 0000001010101 0101010001010111010010
— ~— ~“11711000110101001121211211101111
11 bits
. -
N



7. Create an RTL program (using the syntax of the manual in the lecture supplement you acquired from
the bookstore) to manipulate a 24-bit register as a stack of 3 8-bit values. From INBUS, "push" an
8-bit value onto the stack. "pop" the stack onto OUTBUS (removing the stacktop). Note "push"
will require an 8-hit shift in one direction and "pop" an 8-bit shift in the other. Utilize a 6-hit status
register asfollows:

Bits 0 and 1 are user control bits and the remaining bits are for internal control of the stack

User bit O flags whether the operation to performis " push” or "pop"

User bit 1 flags whether or not the user is maintaining a stack extension beyond the 3 bytesin the
register.

Bits 2 and 3 monitor register stack size (0, 1, 2, or 3 bytes)

On overflow (a"push” with register stack size of 3 bytes), if user bit 1 is"off", don't "push” the
new data; if user bit 1 is"on", move the bottom of the stack onto OUTBUS before "push" of
the new data

On "pop", if the stack is full and bit 1 is"on", move INBUS onto the bottom of the stack after
"pop" of the stack.

Y ou may assume in your RTL code that the registers are already loaded (so you don't have to weave
inany 1/O).

[0] RtlSTACK

[ 1] DEFREG

[ 2] STACK(24)

[3] STATUS(6)

[ 4] DEFBUS:

[5] BEG N:
** STATUS[0] =1 for POP, O for PUSH

[6] (STATUS[O0]) MERGEAT POP
** Stack is full if STATUS[2 3] =11

[7] (STATUS[1 2 3] LEQ O 1 1) MERGEAT QUIT
** STATUS[ 1] = 1 for user stack extension, 0O for none

[8] (STATUS[1 2 3] LEQ 1 1 1) OUTBUS SETBUS STACK[ 16 TO 23]
** The actual PUSH is done by lines 9, 10

[9] STACK SETREG 8 RLSHI FT STACK

[10] STACK[O TO 7] SETREG 8 INBUS 'Enter 8 bit value to PUSH
[11] (STATUS[2 3]NLEQ 1 1) STATUS[2 3] SETREG 0 1 ADD STATUS[ 2 3]
[12] MERGEAT QUIT
** |f stack is not enpty, the POP to QUTBUS is done by lines 14, 15
[ 13] POP: (STATUS[2 3] LEQ O 0) MERGEAT QUIT

[ 14] OQOUTBUS SETBUS STACK[ O TO 7]

[15] STACK SETREG 8 LLSHI FT STACK

[16] (STATUS[1 2 3]LEQ 1 1 1)STACK[ 16 TO 23] SETREG

8 INBUS '8 fromusr stack’
[17] (STATUS[1 2 3] NLEQ 1 1 1) STATUS[2 3] SETREG
STATUS[2 3] SUB 0 1
[18] QUIT:
[19] END:



Consider the following control sequence and associated circuit:
0. A- B,B- CC- A
®2- SEQ+3- SEQ

1. B- A+C Co
® 2. SEQ+0- SEQ SEQ —| Sequential Circuit (A) Decoder G
2.A- 0 %
® 0- SEQ+3- SEQ Cs

3. A- 1,B- 0
® 0- SEQ+1- SEQ

Construct the sequentia circuit (A) to process the control sequence.
Note that the control sequence description tells you how to determine the next state (CO, C1, C2, or
C3) given the current state and the input sequencing signal SEQ.

SEQ Q, Q, an =D, QOn = Do <Sate diagram exhibiting control flow
among states 0, 1, 2, 3>
0O 0 O 1 1 <K-map analysis to obtain equations for Dy and D; >
0O 0 1 0 0
0 10 1 1 0 =red 1 = blue
0O 1 1 0 1
1 00 1 0
1 0 1 1 0 @ <
1 10 0 0
1 11 0 0 l T T
D: = SEQ- Q_o + SEQ- Q_l
Do= SEQ - Q@+ FEQ - »@
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Recall the following CPU architecture.
Single Bus CPU Organization Example
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Construct a microcode sequence for
BGT* A
to load the I C indirect from the address stored at the memory location given by A (i.e., the address
of the item to load is not given by A directly, but is given by the value stored at the memory location
A references) if the most recent "compare” set the status register (SR) for GT.
<standard instruction fetch here>

for ADD, SUB, etc.

Addr,. , MAR,, , Read , WaitM [ go to memory to get the branch address)

MDRoyt , Yin [branch addressin Y for case SRis 1 1]

1Cout , GT, Zin [if SRis 1 1,GT picksY, otherwise IC from bus]|
Zowt , 1Cin [send result of GT backto IC]

Referencing the same architecture as in problem 9, devise a microcode sequence for executing
each of: LDXR; A

and MOVEO1

Instruction specifications:
For LDXR;: The address of the item to load into R; is obtained from the memory location given

by A modified by Ry as anindex (i.e., you must add R, to the addressto get the address of the
item to load).

For MOVEQ1: The action is simply to copy the contents of the memory location addressed by
register Ry to the memory location addressed by register R;.

LDXR1 <addr>: <standard instruction fetch here>

Addroy , Yin [ move the address part of the instruction (A) to Y]
ROot , Add |, Zin [add on the value of the index register RO]

Zout » MAR;, , Read , WaitM [read from memory using the modified address]
MDR.: , R1in [store the retrieved value in R1]

MOVEQ1: <standard instruction fetch here>

ROot , MAR,, , Read , WaitM [read from memory using the address in RO]
Rl , MAR;,, Write , WaitM [once dataisin MDR, write to memory using the

addressin R1]



