LRBMAKEL 4 99 5 2B L g 2k 4 2E 4 £t H g2 5

# 8 :§+ﬁﬁ%%(%+ﬁﬁsﬁﬁk)(5om) RAFE: TAXBERT B L (57 4)

RBAEETHEH (i)
igk&@&lﬂmﬁﬁ(ﬁﬂ)

HAEXAPEHIREL (Ha)

—. [7%] Assume three 32-bit variables x, y, and z, are stored in memory with addresses A, B, and C,
respectively.

(1} [2%] For the “load-store™ instruction set architecture processer, write down the assembly codes
to compute x+y—z and then stores the result back to C,

(2) [5%)] Suppose that all instruction operation codes are 6 bits, memory addresses are 24 bits
(byte-addressable), and register addresses are $ bits, What are the code sizes (in terms of bits)

accesses must be aligned.

—=. [8%] Consider the following binary data shown in the table.

casea. {1010 1101 0001 0000 0000 0000 0000 0010uus
caseb. | 1111 1111 1111 1111 1111 1211 1111 111140

(1) [4%] Write the MIPS code that creates the 32-bit constants listed above and stores that value to
register $t1. Please use Separate codes for the two cases.

(2) [4%) If the current vaiue of the PC is 0x00000600, can vou use a single branch instruction to
get to the PC address as shown in the table above? If the current value of the PC iy
0x00400600, can You use a single branch instruction to get to the PC address as shown in the
table above? Please give your answers for the two cases in the table,

Z. [10%}] Given a finite word-length size, overflow occurs when a A B ]
result is too large to be reprt?sented accurately; however, case a 200 103
underflow fnculfrs when a number. is too sTnall to be represented case b, 247 237
correctly, The right table shows pairs of decimal numbers,

(1) [5%)] Assume A and B are signed 8-bit decimal integers stored in two’s-complement format.

arithmetic for the two cases, The result should be written in decimal. Show your work. Is there
overflow, underflow, or neither?

©. [8%] An instruction set is composed of 1 different instruction classes, denoted by C(k), k=1,2..... L.
For every instruction in class C(k), the execution time is given by 2+k ns, Consider a multiple-cycle
implementation with a clock cyele 1 ns and assume class C(k) instructions can then be executed in
2+k clock cycles, ignoring any overhead associated with control,

(1) [4%] Assume that al) instruction classes are used with the same frequency. What is the
performance advantage of multiple-cycle contro] relative lo single-cycle control? Show the
speedup factor, ' _

(2) [4%] If the memory access latency is varied from | ns to 2 ns, this variation surely affects the

multiple-cycle implementation. Should you increase the clock cycle or should you change the
actions performed within each cyele? J ustify your solution.
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&. [17%)] Consider the following multiple-
with control lines shown. The signais ALUOp and ALUSrcB
are 2-bit control signals, while all the other control lines are
1-bit signals. Consider the following section of MISP code
executing on the multiple-cycle processor. Instructions take
from three to five execution Steps. Note that 516 denotes the
register with index 16. The code starts with clock ¢
end of the clock cycle. Because we increment PC b

cycle implementation
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Ll:

1000 addi $8,s$16,4
1004 bne 5$8,%16,11
1008 add $9,%17,516
1012 sw $16,4(319)
1016 1w $16,100(518)
1020 sw $17,104(518)

yele 1. Assume that all register writes oceur at the
y 4 in clock cycle 1, PC is set to the value 1004 at

the end of clock cyele 1.

Il MemRead MemWkite IRWrite

RegDst RegWrite ALUSrcaA
PG| [+] A
M instruction Read [:A
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Instruction [ M Write Rea fasull [
115-011) trstrucion| ¥ regisler  daia 2 [—-] B o
Yo Instruetion 15-11) g % Wille duplt M
r register 1 dala 2!
tnstruction 0 . 3
(150} M \_
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x
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(1) [4%] What are the values of RegDst, MemtoReg, ALUSrcA and ALUSreB at the third step of
addi $8,516,4?For ALUSreB, you can show its value with a decimal number.

{2} [4%) What are the values of PC at the end of clock cycles 4, 5, 6 and 7, respectively?
(3) [3%)] Determine the average clock cycles per instruction (CPI) of the above MISP code.
4) [3%] An engineer proposes to remove the memory data register (MDR) from the above

multiple-cycle implementation, Her

idea is to connect MemData {output port of the memory)
directly to the multiplexor controlled

by MemtoReg. With this modification, she claims that the

p. Does her modification effectively reduce the execution
time? Justify your answer.

(5) (3%] Can the above multiple-cycle p
(RTL) in a step? Justify your answer
if (A == B)

rocessor support the following register transfer language

PC <= PC+(sign—extend(IR[15—0])<<2}
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. [15%] Given a MIPS instruction sequence shown right. Assume this s11 St1.ss1.2
code is executed on a five-stage (IF, ID, EXE, MEM, WB) pipelined add st 1: $s2,5t1
MIPS CPU with the capability to finish the register write in the first | lw $83,100 ($t1)

half cycle and the register reads in the second half cycle, :;1:1 SSZSeSr,OS’s;; 41; 653
(1) [6%) If this MIPS CPU has no forwarding capability, please | g1+t $t2,5s3, $zero

indicate all possible hazards and add NOP (no operation) | bne $t2,$zero, L2
instructions to eliminate them,

forwarding?

(3) [3%] If we want to further reduce the hazards (if any) in (2), what can we do besides forwarding?
Please make a brief discussion, )

+. [10%)] Given a MIPS instruction sequence shown right. Assume
. . i L3: add $s6, 5356, 55
this code is executed on a pipelined MIPS CPU with a five-stage addi $s5,$s5,2
(IF, ID, EXE, MEM, WB) pipeline, full forwarding, and a |  siti $t0,$s5,10
dict-tak b h dict In additi this CPU bne $to0, $zero, L3
predict-taken branch predictor, In addj 1on, assume this can Sw 556,100 (Sqp)
finish the register write in the first half cycle and the register reads
in the second half cycle.

(1) [5%] Assuming the branch is taken, please draw the simple (traditional) multiple-clock-cycle
pipeline execution diagram of the first 5 executed instructions, including ail necessary stalls,

(2) [5%] If the branch is not taken, please redraw the simple (traditional) multiple-clock-cycle
pipeline execution diagram of the first § executed instructions, including all necessary stalls.

. [7%] A computer system has 32 bits virtyal addresses and 32 bits physical addresses. Assume the

. [18%] Consider a memory system with the following parameters:
* A 2-way set associative TLB has 512 entries in total,

® 64Kbyte L1 data cache has 128 byte lines and is also 2-way set associative, Assume it is 3
write-back cache.

* Virtual addresses are 64 bits and physical addresses are 32 bits,
* 8KB page size.
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Above are diagrams of the cache and the TLB. Copy the following table to your answer book and fili
in with the appropriate information,
L1 Cache TLB
A= bits F= bits
B= bits G= bits
C= bits H= bits
D= bits I= bits
| E= bits ]
—




