Introduction to Computer Engineering (E114)
Harris Spring 1999

Problem Set 8 Due: Friday, March 26

Reading: Chapter 5.5, 5.7-5.10, Appendix C4-C6

1) Cycle Time of Single-Cycle Implementation
Do problem 5.14 from the text.

2) Performance Comparison of Single and Multi-Cycle Processor s

In this problem, we'll compare the performance of single and multi-cycle MIPS
processor implementations. The multi-cycle processor has a shorter cycle time because
each cycle contains less logic; however, multiple cycles are required to complete an
instruction. Overdll, is it worthwhile? Hint: many of the answers to parts of this
guestion are given in the book or are very smple. Don’t confuse yourself by thinking
this problem is harder than it redlly is.

a) Using the function unit timing from page 373, what is the required clock period for
the single-cycle processor? What is the clock frequency (in MHz)?

b) Using the same timing, what is the required clock period of the multi-cycle
processor? What is the clock frequency (in MHz)?

c) Assuming the ingtruction mix given on page 397, what is the average number of
cycles per instruction (CPI) required by the multi-cycle processor?

d) What is the average CPI of the single-cycle processor? Hint: if you understand what
CPl means, you don’t need to look at Chapter 5 to answer this part.

e) What is the average MIPS rating of the single-cycle processor? Of the multi-cycle
processor? Which is better?
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3) A Microprogrammed Controller

Ben Bitdiddle is building a multi-cycle MIPS processor. He's decided to build his cbox
control unit with microprogramming, as described in Section 5.5. Just asin Lab 7, the
cbox receives Reset and Op[5:0] and is responsible for producing all of the control
signalsto the datapath. The overall architecture is shown below:

Microcode
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Microprogram counter
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Adder! Next[3:0] + 4 ,
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The microprogram counter is just a 4-bit register with reset. The microcode storage is a
16 word x 18 bit ROM producing 16 bits of control signals for the datapath and 2 bits of
sequencing control used by the Address Select Logic. The Address Select Logic, shown
below, is responsible for computing the next value of the microprogram counter. This
next value may be Seq, Fetch, Dispatchl, or Dispatch2, as listed in Figure 5.46.
Depending on the sequencing control lines Sel[1:0], the next address is chosen from the
old microprogram counter plus 1, zero (to go back to fetch), or the outputs of two PLAS
containing the dispatch logic.

Op[5:0]

Dispatchl Dispatch2
PLA PLA

Plus1[3:0]

OTOO
0 1 2
Address MUx

Next[3:0]
Help Ben by designing the ROM and two DISPATCH PLAs.
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a) Microcode ROM

Refer to Figures 5.42 and 5.46 to complete the Microcode ROM below. Place an dot on
the entries where the ROM should contain 1's. The dotted rows have been completed for
you. Since the microcode program is fewer than 16 words long, the last six rows will be
empty. A copy of the ROM ison thelast page for your convenience.

Page3 of 5

Addr[3:0] 0 ‘ ‘ ‘
2 - - @
3
4
5
6
7
8
? o @

10
11
12
13
14
15
> >» > » » I U Z2 g 2 Z m»xg @ WU U O Ow
EEEEE&&mammggggggg
O 02 2 @ < g 3 33 5 & 8= g E S
52 288 =208 ZEO® S S gF 3
2e " 535 ° > 2 3 3 8 O
@ = o 2

Fetch

Meml
Lw2

Sw2
Rformatl

BEQ1
JUMP1



b) Dispatchl PLA

The Dispatchl PLA uses the 6 bits of the Op field to jump to the appropriate line in the
microcode program. The dispatch could be constructed as a 64 word by 4 bit ROM. The
six bits of Op could choose one word of the ROM containing the 4-bit destination in the
microcode program for that Op. However, this would be wasteful of space because very
few instructions are actually implemented, so most of the words in the ROM would be
blank. A more efficient approach isto use a PLA. The AND plane of the PLA decodes
the instruction. The OR plane produces the microcode address given the instruction.
Since we handle five types of instructions (LW, SW, R-format, BEQ, and JUMP), the
PLA only requires five minterms. Complete the PLA below. The first minterm for LW
(Op =100011) has been done for you; the Dispatchl table jumps to MEM1 (address
0010) to process LW. A copy of the PLA ison thelast page for your convenience.

AND Plane OR Plane

_________ et

OP5 OP4 OP3 OP2 OP1 OPO A3 A2 ALJAO

c) Dispatch2 PLA

Finally, the Dispatch2 PLA also uses 6 bits of Op to jump to either LW2 or SW2. Again,
it could be constructed as a ROM, but the PLA is more efficient. Sketch a circuit for the
Dispatch2 PLA.

4) Time

Please indicate how many hours you spent on this problem set. This will not affect your
grade, but will be helpful for calibrating the workload for next semester’s class.
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Copies of ROM and PLA for your convenience. Tear off and hand in.
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