Department of Electrical Engineering
Introduction to Computer Engineering 1
Assignment 6: Computer Architecture

This assignment is not to be handed in, but is intended as a tutorial to help you
understand the key elements of Chapter 5. All figure and page numbers are from
Patterson and Hennessy, 3rd edition (with numbers from the 2nd edition given in
parentheses afterwards).

Question 1:

Consider the following datapath:

Divisor
32 bits
F L -—
NV / ) Quotient
32-bit ALU / Shift left |«
32 hits
3 -
R ind Shift left Control
emainder Write tes_t//
64 bits +

Like the more complex control unit of the MIPS cpu, e.g. Figure 5.40, p 345 (Fig 5.50, p.
416, 2nd ed.), the control can be implemented as a finite state machine. To make the
problem more interesting, assume that a non-restoring algorithm is used for division.
What changes are required in the datapath? Next, draw the finite state machine diagram
for the modified datapath (assume numbers are positive).



Question 2

(5.8) Suppose there were a MIPS instruction, called bcp, that copied a block of words
from one address to another. Assume that this instruction requires that the starting
address of the source block is in register $1 and the destination address is in $2, and the
number of words to copy is in $3 (which is > 0). Furthermore, assume that the values of
these registers as well as register $4 can be destroyed in executing this instruction (so that
the registers can be used as temporaries to execute the instruction).

Write the MIPS assembly language program to implement block copy. How many
instructions will be executed to perform a 100-word block copy? Using the CPI of the
instructions in the multicycle implementation, how many cycles are needed for the 100-
word block copy?

Question 3

(5.9) Microcode has been used to add more powerful instructions to an instruction set;
let's explore the potential benefits of this approach. Give a microprogram to implement
the bcp instruction. To implement this instruction, we will need to extend the
microinstruction format. In the extended format we allow the SRCI and SRC2 fields to
contain either an explicit register designator, and the SRC2 field to contain a small
constant (five bits in length). We also allow the ALU destination field to contain an
explicit register specifier. Finally, we will need to have microinstructions that can
conditionally branch, since implementing bcp will require a loop. Assume the
sequencing field is extended to allow a branch based on the 0 bit out of the ALU. The
label specifies another microinstruction.

How many microinstructions will be executed to copy a block of 100 words? How does
this compare to the number of MIPS instructions required? Assuming each
microinstruction takes one cycle, how does the cycle count of the microcode
implementation compare to the implementation using MIPS instructions in the previous
question? How do you explain the difference?

Question 4

(5.10) To implement the bcp instruction in Question 3, we needed to expand the
microinstruction. Assume that each field of the microinstruction is encoded separately
and that there will be at most 1024 microinstructions. Find the width of each field in the
original and extended microinstruction and the total widths. Remember to include bits
that describe fields that can have different types of values (e.g., SRC1 in the extended
microinstruction).



Question 5:

(5.11) We wish to add the instruction addiu (Add Immediate Unsigned) to the singlecycle
datapath described in Chapter 5. This instruction is described in Chapter 3. Add any
necessary datapaths and control signals to the single clock datapath of Figure 5.17 on
page 307 (Fig. 5.19, p 360, 2nd ed.). You can photocopy the existing datapath to make it
faster to show the additions.

Question 6:

(5.12) Show the additions to the table in Figure 5.18 on page 308 (Fig 5.20, p. 361, 2nd
ed.) needed to set the control lines that were added in Question 2 for the instruction
addiu.

Question 7:

(5.13) We wish to add the datapath parts and control needed to implement the addiu
instruction in the multiclock datapath and control. Show the additions to the datapath and

control lines of Figure 5.28 on page 323 (Fig. 5.33, p. 383, 2nd ed.) needed to implement
this instruction in the multicycle datapath.

Question 8

(5.14) Show the steps in executing the addiu instruction in the multiclock datapath, using
the same breakdown of steps as used in pages 325 through 329 (385 through 388, 2nd.
ed.).

Question 9

(5.15) Show the additions to the finite state machine of Figure 5.38 on page 339 (5.42, p.
396, 2nd ed.) needed to implement the addiu instruction.
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Non-Restoring Divider: 8-bit Datapath

D15 DO
DIv7 DIVo
A N/ B/ -
[A7..A0] /
[A7]
Dé6..DO
R-M1_V Y + \17 [ ]
[D14..D8]|[A7..A0]|[A6..A0,57] 0 g
R-Mo é %7
S-M1— V
= R7 RO[ o mo—dS7 so [&—
Register Shift Register
last <
i) DR 0
Q <t 1
|
S1 80
Datapath Operations

R-M1 R-MO Function

0 0
0 1
1 0
1 1
S1 SO

—_— OO
—_—o—=O

[R7..R0O] <-- [R7..RO]
[R7..RO] <-- [A6..A0Q],[S7]

[R7..R0O] <-- [A7..A0Q]
[R7..R0] <-- [D14..D7]

Function

D<-0

D <-- A7

N/A
D<-1

S-M1 S-MO Function

0
0
|
1

—o T

0 [S7..S0] <-- [S7..S0]

1 [S7..S0] <-- [S6..S0],[ A7 ]

0 [S7..S0] <-- [0],[S7..S1]

1 [S7..S0] <-- [DIV6..DIVO],[0]
Function

[A7..A0] <--A +B
[A7.A0] <--A-B



State Diagram for Non-Restoring Divider

Load Reg
Load SR
Last <- 0
[0000]

SR«1, sign
Reg <- ALU«1
Last <- sign
[0001]

SR <- hold
Reg <- hold
[1011]

{001111}

{010000} {010101}

SR <- hold
Reg <- ALU
Last <- sign
[1010]

SR«1, sign
Reg <- ALU
Last <- sign
[1000]

SR«1, sign
Reg <- ALU«1
Last <- sign
[0010]

{010010}

Current value
of last

Current value

{010110} /) of last = 1 {010101}

SR <- hold
Reg <- hold
Last <- 1
[1001]

SR«1, ‘sign
Reg <- ALU«1
Last <- sign
[0111]

SR«1, sign
Reg <- ALU«1
Last <- sign
[0011]

(010101} R {110000} {010101)

SR«1, sign
Reg <- ALU«1
Last <- sign
[0100]

SR«1, sign
Reg <- ALU«1
Last <- sign
[0110]

{010101}

SR«1, sign
Reg <- ALU«1 }£5
Last <- sign
[0101]

{010101}

{010101}

Legend: {S1 SO S-M1 S-MO R-M1 R-MO0}
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. Instruction decode/
ADDIU y_Instruction fetch Register fetch

MemRead
ALUSelA=0
lorD=0

10

RegWrite

ALUSelA=0

RegDst=0 IRWrite ALUSelB=11
MemtoReg=0 Start ALUSeiB=01 ALUOp=00
ALUselA=1 ALUOp=00 TargetWrite
ALUselB=10 PCWrite
PCSource=00

ALIOp=00

(Op="ADDIU")

(Op="JMP')

Jump
¢ completion

ALUSelA=1

ALUSelA=1 ALUSelA=1 ALUSeiB=00 PCWrite
ALUSelB=10 Memory address ALUSelB=00 ALUOp=01 PCSource=10
ALUOp=00 computation ALUOp=10 PCWriteCond

PCSource=01

Memory
access ¥y R-type completion

ALUSelA=1

y_access

MemRead MemWrite

ALUSelA=1 ALUSelA=1 RegDst=1

lorD=1 lorD=1 RegWrite
ALUSelB=10 ALUSelB=10 MemtoReg=0
ALUOp=OO ALUOD=00 ALUSelB=00

ALUOp=10

4 Write-back step

MemRead
ALUSelA=1
lorD=1
RegWrite
MemtoReg=1
RegDst=0
ALUSelB=10
ALUOp=00

FIGURE 8.47 The complete finite state machine control for the datapath shown In Figure 5.39. The labels on the
arcs are conditions that are tested to determine which state is the next state; when the next state is unconditional, no label is
given. The labels inside the nodes indicate the output signals asserted during that state; we always specify the setting of a
multiplexor control signal if the correct operation requires it. Hence, in some states a multiplexor control will be set to 0. In

Appendix C, we will examine how to turn this finite state machine into logic equations and look at how to implement
those logic equations.





