5 wm

EECS 314 Test 3 Thusday April 7, 2005
Name: Email:
Problem 1. Assume a simple 6 stage pipeline with the following execution times
1 1 IF Instruction fetch | 2 ns
2 ID Register Read 3 ns; Read register $rs; Branch decision made here
3 IT Register Read 1 ns; Read register $rt;
4 EX ALU 9 ns;
5 MEM | Data Access 7 ns,
6 WB Register Write 8 ns
This computer has the following instructions:
Instruction Operation
clear $rd $rd=0
bz $rs, disp16 pc = pc+2+($rs=0?disp16:0)
Iw $rt, addr16($rs) | $rt = Mem[addri6+$rs]
; _ sll i, $rs,drt rt=$rs rt
Mterate 2 | $rt, $rs,$ 5 $ Mv <«<$ =
1a (12%) Fill in the following tables _
Instruction | IF ID IT EX MEM WB Total Multi- Instruction
Time Cycles | Mix
clear ) 25%
2 A & 19 | 3
bz 25%
2 | 3 © 5 2
sll — | 25%
2 13 \ q ¢ | 2% | 5
Iw . . se— | 25%
2 13 q F+ | € 29| 5
1b (9%) Fill the following table and show work.
Instruction Clock frequency CPI (no hazards) MIPS (no hazards)
Single-cycle CPU \an 36-GEHN = i 264§ - 364§
- \
Multi-cycle CPU | /) = -1 HHz Q) @+2F0+5 )25 = 3+ ﬁnw.um.?\b 29-626 @
_ i ® Q+2+454D.0c: 3.5 31343
Pipeline CPU v\&.\ - iHHz ‘ E = -\

1¢ (5%) Given two CPU designs, (a) CPU A has clock of 3.6Ghz and 1000 MIPS, (b) CPU B has clock
of 2.5 Ghz and 1500 MIPS: Which is better and why?

O B ohas bekiev MiIps  Number



Problem 2: The RISCEES8 computer is a multi-cycle architecture for the following machine instructions.
Use X for Don’t Care. Assume parts a, b, ¢, and d are independent of each other. Assume the 8 bit
memory system is smart and loads the proper 16 bits in the IR register in one memory read cycle.
There is only a single 8 bit register (i.e. accumulator, called A). The PC and alu are also eight bits

wide.

This computer has the following instructions:

Instruction Operation
clear A A =0; pc=pc+2
Load A,offset8(A) A = Mem[A+Offset8]; pc=pc+2

There is only one instruction format shown as follows:
Opcode Offset8 field

8 bits 8 bits

15-8 7-0

2a (10%) Fill in the settings of the control lines needed for the “clear” instruction.
(5% extra credit for using X=Don't Cares correctly)

Clock | MemW | MemR | lorD | IRW | BP | BZ | ALUsrcA | ALUsrcB | ALUop | RegW | RegDs
t
T O I ! | f 0 C O | 0 X
T, 0 X X 1o lp A 3 ___ X 0 X
Ts O X x | O Ll P X X Iy _ ®)
Ts
Ts
2b (5%) Write the datapath expression for T;: Trwd TR
pc —> dorDCV —> Henory — —
.TQ*M; , POV

~\.v ALy sve Alo) fiw ALV Q) —> A

\ CRYY)

2¢ (5%) Write the datapath expression for Ta:
AlvouT _ BPZP . pe

2 —> MUsSB ()

LoV
O— ALUSvcA 2) ALV —> ALvo
, x4y, X7 |

2d (5%) Write the datapath expression for Ta:

_ W,m‘ w1 . wdaroy
Aruov i _— Wm&vmh\mcv I\%lulv Arctuso




?

3a (10%) Fill in the settings of the control lines needed for the “Load” instruction from Problem 2.
(5% extra credit for using X=Don't Cares correctly)

Clock | MemW | MemR | lorD | IRW | BP | BZ | ALUsrcA | ALUsrcB | ALUop | RegW | RegDs
, t

T4 D _ I { | | O D 0o [ O A

T 0 X X 1o 1Dl A 2 3 i D X

Ts 0 . 0 0 | O A X X © X

Ta 0 X X | o ) X X X ! i

Ts

Te

T7

3b (5%) Write the datapath expression for T::
] AlvooT BP=% pc _
ALV CD) —> ALUOU]

Mfeoke ALV STCAC2) w
@;Tam@rm — Cx+y)

Recd A —> PEmﬁﬁmmwb ( P,mmwgm@r\%v

3¢ (5%) Write the datapath expression for Ts:

p—— f@ﬁ)mvﬂ <
AlvouT —> Lq«.voovf.lv Iﬁj@& _ dv%gi\w HMD R

Ls voxa.

( Hem( A% mw@ww

3d (5%) Write the datapath expression for Tu:

MDR —> mmuvmmm D) wmmi&w A€ umulator
( A & e A¢ m@«ww&



4. Draw lines showing all the data dependencies in “Time” column. and show the 5-stage pipeline
sequence (IF, ID, EX, M, WB) for the following code (Note: Can access instruction and data memory at

the same time.)

4a (6%) Using no forwarding and cannot write and read the same register within a single clock cycle.

Time 1 2 3 14 |5 6 |7 8 9 10 |11 |12 |13 |14 |15 |16
sub %A._ %N, m.u ull\‘_wrl iLMv mx I ZN ’
Iw $2, 3($1) WJS,M\ ID mx. K Wiz

4b (6%) Using no forwarding and cannot write and read the registers within a single clock cycle.

Time 1 2 3 4 5 6 |7 8 9 10 |11 |12 |13 |14 |15 |16
s RS e Tp gx | M WR|,

tw 4, 8($4) Hﬂ T ID HVLHDV EX| M gm.

sub 85,34, 52 Te J¢| ZF |9 [ID[ID |ID [Ip |6X | K | wi

4c (6%) Using no forwarding and can write and read the registers within a single clock cycle.

Time 1 |2 [3 |4 |5 [6 |7 [8 |9 [10[11 [12 [13 [14 15|16
a0 REA T go| £X(M Wi

SR IF Id Tn | Ip| €x| K | RE

sub 95, $4, $2 TE| TE| TF| IO 1D u,__,\u ER M WB

4d (6%) Using forwarding and can write and read the registers within a single clock cycle.

Time 1 2 3 4 5 6 7 8 9 10 {11 |12 {13 |14 |15 | 16
sub $4,. %2, $1 Mm_N .\H_uv M\X,/ M|
W $4, 8($4) —
5 b
sub m.mﬁf $2 AFID £X va_«cw
¥ e | oI R | w (Wi

Extra Credit (5%): In the MIPS paper, what aspect about RISC allows the use of programmed logic

arrays? —_
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RISCEE 8 Architecture
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