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1. (9%) Can the following performance factors be affected by the implementation (e.g., single-cycle, multi-cycle, etc.)? Why?

(a) (3%) Instruction count

(b) (3%) Cycles per instruction (CPI)

(c) (3%) Clock period

ANS(a) No. All implementations of the same ISA must reproduce the same program behavior generally yielding the same number of executed instructions.
(b) Yes. The multi-cycle one seen in class had a CPI of 5 and the single-cycle one has a CPI of 1.
(c) Yes. The multi-cycle one seen in class had a clock period roughly 1/5 the length of the single cycle one

2. (6%) (a) (3%) How does a cache take advantage of spatial locality?

(b) (3%) What is the advantage of using a virtually-indexed physically-tagged cache?

ANS(a) When a word is loaded from main memory, adjacent words are loaded into the cache block. Spatial locality says that these adjacent bytes are likely to be used. 
(b) It allows the cache block to be looked up in parallel with the TLB access.   This helps keep the cache hit time low in the common case where a TLB hit occurs.

3. (10%) Consider a 2-way set-associative write-back cache with 8-byte blocks in a processor that uses 16-bit addresses for a byte-addressable memory. Suppose the cache uses 5-bit indices. 

(a) (3%) Explain how the write-back strategy is implemented.
(b) (3%) How many bits are there in each cache tag?

(c) (4%) How many bits of storage are required to implement the cache (which include all data, tag, and control items)?
ANS (a) Use Dirty bits to track which cache blocks contain values that are potentially inconsistent with the values stored in memory for those addresses. They are set when blocks are written (e.g., by a store) and are read when blocks are replaced to determine whether write-back’s are required.
(b) 16-5-3=8 

(c) With 5-bit indices, the cache has 2^5=32 sets. (1%)

Since the cache is two-way set associative, so there are a total of 32X2=64    blocks. (1%)

Each block holds 8 bytes (=64 bits) of data, a valid bit, a dirty bit and 8 tag bits. (1%)

The full cache size is 64X(64+1+1+8)=4736 (bits) (1%)

4. (10%) Suppose that you have a computer that, on average, exhibits the following characteristics (X denotes the corresponding stage is not needed) on the programs you run:   
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(a) (4%) If your computer is implemented as a single-cycle processor, what is its throughput (measured by “instructions per second”)?
(b) (4%) If your computer is implemented as a multi-cycle processor, what is its throughput?
(c) (2%) If your computer is implemented as a 5-stage pipelined processor, what is its idealized throughput, assuming that the there are no hazards between instructions? 

ANS. (a) Worst-case total latency for an instruction is 2+1+2+2+1 = 8 ns

Therefore, the cycle time is 8 ns (per instruction).

Throughput = 1s / 8ns = 10^9 / 8 = 125 million instructions / sec
  (b) Choose the worst-case latency of a stage as the cycle time, i.e., 2ns
     Load = 10ns; Store = 8ns; Arithmetic = 8ns; Branch = 6ns

     Average total latency is 10*25% + 8*10% + 8 * 45% + 6 * 20% = 8.1ns

Throughput = 1s / 8.1 ns = 123.45679 millions instructions / sec
  (c) Since the cycle time is 2ns, the throughout of this machine = 1s/2ns = 500 millions instructions / sec
5. (15%) Consider the following code segment:  

lw $4, 100($5)

sub $7, $4, $8

lw $9, 0($7)

add $11, $10, $4

add $12, $11, $1

and $2, $0, $3

beq $8, $9, L1

...

(a) (9%) For the first four instructions of the code segment given above, indicate in which cycle each of the following conditions is true for the 5-stage pipelined processor:

(i) Forward from MEM/WB to ALU input

(ii) Forward from EX/MEM to ALU input

(iii) Insert pipeline bubble
(b) (6%) For the 5-stage MIPS pipelined processor with one branch delay slot, arrange the above code segment to maximize the performance. 
ANS. (a)  (i) Data hazard in cycle 5 will forward the first loaded value from MEM/WB to the ALU input of sub.
(ii) Data hazard in cycle 6 will forward the computed value of sub to the ALU input of the second load from the EX/MEM stage
 (iii) A bubble is inserted in cycle 4.

  (b) lw $4,100($5)
and $2,$0,$3
sub $7,$4,$8
lw $9,0($7)
add $11,$10,$4
beq $8,$9, L1
add $12,$11,$1

6. (15%) True or False. You need to justify your answer to receive full points:

(a) Cache miss is handled by hardware.  
(b) The advantage of using micro-programming to implement control logic is because of the fast access-speed to the ROM.
(c) Least Recently Used is a strategy used for page replacement. Since the penalty for page fault is so high that the LRU should be implemented exactly using software.

(d) NOP insertion is the easiest way to solve data/control hazard. We should use this technique as much as possible.
(e) In our pipelined implementation, forwarding can resolve all types of data hazard.

ANS a. T
b. F, it is because the flexibility
c. F, since the software is running, it is not possible to keep a record to indicate which data is the least recently used. We use pseudo-LRU algorithm implemented by hardware to do this.
d. F, too many NOPs suffer the performance, however, some hazard can be solved by forwarding methodology without extra cycle.
e. F, forwarding methodology cannot resolve the data hazard caused by a load instruction followed by an R-type instruction, because the data is loaded in stage 4 in a load instruction, and an R-type instruction need the data in stage 3, you can not forward a data that is not generated.
7. (10%) [MULTIPLE CYCLE PROCESSOR] We wish to add the bne instruction to the multiple cycle data-path shown in Figure 1. Show the necessary modifications to the data-path in Figure 1 and finite state machine in Figure 2. Return the sheet together with your answer book. Suppose the “PCWrite Control” takes a control value, ALUOut-cond-not, which indicates to write the PC with the content of ALUOut if the Zero output of the ALU is inactive.
8. (10%) [PIPELINED DESIGN] In multiple cycle execution, R-type instruction is completed in four steps and load-store in five steps. In pipelined design, if the same execution steps are used, what kind of hazard will occur? (a) Explain the details of the hazard. (b) Show how to resolve it.
Ans:

Structural Hazards :

     Attempt to use the same resource in different ways at the same time. For example, if a R-type instruction is following a load-store instruction, they will write to the register file at the same time.

Solution : 

1. Delay the R-type’s WB stage by one cycle. It means add a virtual MEM stage into R-type execution. Let all instructions execute in 5 stages.

2. Use two separate memories, including instruction memory and data memory.

9. (15%) [MEMORY DESIGN] 

(a) (6%) Virtual memory system is mostly handled by software. Explain how hardware can be used to help the speed-up of page translation in virtual memory system.

(b) (9%) Name three program constructs that exhibit temporal and spatial localities. 

Ans:

Add a translation-lookaside buffer(TLB). Because the page tables are stored in the main memory, every memory access by a program can take at least twice as long. We add a TLB to save the translations of virtual page number to physical page number recently used because the references to the words on that page have both temporal and spatial locality. TLB saves the tag(which is the virtual page number for that TLB entry), the corresponding physical page number, a valid bit, a dirty bit and other bookkeeping bits. The time of access the TLB is shorter than access the memory. If the TLB miss rate is low, we can speed up the page translation by TLB.

Ans : 

Temporal : loop.

Spatial : array, sequential program.


(Please return this sheet with your answer book.)
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