E85: Digital Design and Computer Architecture

Problem Set 10

1) Modify the multicycle-cycle ARM processor to implement the BL instruction. Mark up
copies of the controller, main decoder, ALU decoder, and datapath (attached) to handle
the new instruction as simply as possible. Name any control signals you need to add.

2) Goliath Corp claims to have a patent on a three-ported register file. Rather than fighting
Goliath in Court, you offer to design a new register file with only two ports. Port 1 can
be read or written, and port 2 is read-only. Redesign the multicycle datapath and
controller (attached) to use your new register file.

3) How long would your processor from the previous question take to execute the 10-billion
instruction program from Example 7.6? Assume your new register file has 30% lower
clk-to-Q and setup time because it has fewer ports but ordinary registers and other blocks
have delay unchanged.

4) Do Exercise 7.28 from the textbook.

5) Do Exercise 7.30 from the textbook.

6) Impact on Society: Write a thoughtful paragraph describing a concrete example of how the
skills you have developed in E85 may be applicable to another field of engineering in

which you are interested in practicing.

How long did you spend on this problem set? This will not count toward your grade but will
help calibrate the workload.






Problem 1: Mark up datapath and controller to implement BL
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Figure 7.30 Complete multicycle processor
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Figure 7.31 Multicycle control unit
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Problem 2: Mark up datapath and controller to eliminate a register file port.
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Figure 7.30 Complete multicycle processor
CLK
Cond,,,
ALUFlags,., §)
( \FlagW,,| &
o
PCS 3 PCWrite
NextPC g
0 —
Pro RegW % RegWrite
Functs, —— MemW MemWrite
Decoder |RWrite
i
Rdso AdrSrc
ResultSrc,.,
ALUSrcA
ALUSrcB,
ImmSrc,.,
RegSrc,.,
ALUControl,
(a) Control Unit \_ J
l.__________________——l ,.___________________|
[ Rdg, PC Logic PCS | NextPC |
0 [ PCS Di} pcwrite |
| Branch | | Re 1
gw RegWi
I - | Di egWrite |
| CLK_ RegW —7 | MemW — MemWrite |
[ L Memw ~ | Register | : FlagW,, |
I L IRWrite Enables | E}E |
| Main [—— NextPC — | o |
| FSM L AdrSrc | | % |
| Op, —— ResultSrc,| Multiplexer /| ¥ |
| 50 —— ALUSrcA Selects | Cond |
- onds,
I — ALUSIoB, | ) % CLk |
—
I ([ I
| Funct,, ALUOp | | o g |
A o > 3
| —Y (] 8| 85 |
x5
( 40 D:::I:)Lcjier — ALUControl,., || ALUFlagsao § 3 |
( L Flagw,, I g I
| — | | Flags:.o |
| Instr ImmSrc, | |
| Op1o Decoder RegSre, | | 0] — |
L e e e l———————————————————.l
(b) Decoder (c) Conditional Logic

Figure 7.31 Multicycle control unit




S0: Fetc|
AdrSrc =0
AluSrcA =1
ALUSrcB =10
ALUOp =0
ResultSrc = 10
IRWrite
NextPC

Reset

Memory
Op =01

S2: MemAdr
ALUSrcA=0

ALUSIcB = 01
ALUOp =0

STR
Functy =0

LDR
Functy, = 1

S3: MemRead
ResultSrc = 00

AdrSrc =1

S4: MemWB
ResultSrc = 01

S6: ExecuteR
ALUSrcA=0
ALUSrcB =00
ALUOp =1

S5: MemWrite
ResultSrc = 00
AdrSrc =1

MemW

S1: Decode
ALUSrcA =1
ALUSrcB =10
ALUOp =0
ResultSrc = 10

Data Imm
Op=00
Functs = 1

S7: Executel
ALUSrcA=0
ALUSrcB = 01
ALUOp =1

S8: ALUWB
ResultSrc = 00
RegW

Branch
Op=10

S9: Branch
ALUSrcA=0
ALUSrcB = 01

ALUOp =0
ResultSrc = 10

Branch

RegW



