SCORE:________

Name:__________________________________________

ECE 4100 Advanced Computer Architecture

 Midterm Exam

1. (15 points) A hardware enhancement to a computer system runs 9 times faster when it is used.  The speedup that results when using the enhancement was 3.5.  What percentage of the original program code was able to use the new hardware enhancement?

P + S = 1   and S = 1-P before

P/9 + S = 1/3.5 = P/9 + (1-P)   after  

P = 80.3%

Percentage of code that uses new hardware enhancement  _____80.3%________

2. (10 points) What Program characteristic normally makes a 1-bit Branch Predictor a poor choice and why does a 2-bit Predictor typically perform better?

Loops will miss-predict twice at the end with a 1-bit predictor and only once with a 2-bit predictor. Since programs spend most of their time in loops and the typical loop executes around 9 times 2-bit predictors are a better choice.

3. (5 points) What Program characteristic is exploited to increase the branch prediction accuracy of correlating and tournament branch predictors over basic 2-bit branch prediction hardware?

They add global+local branch history. A 2-bit branch predictor has only local information. Many Case and If statements will have better prediction rates with the recent global branch history.

4. (10 points) What advantages does Tomasulo’s algorithm have over a scoreboard?


Fewer data hazard stalls, no WAW hazards


Register Renaming (in reservation stations)


De-centralized control signals make it easier to build

Switch to in-order completion for interrupts and speculation easier to support

5. (10 points) A single-issue processor has a pipeline CPI of 1.7 and a cache miss rate of 3% per instruction and a 2Ghz clock. Another company’s version of the processor has a pipeline CPI of 1.1 and a clock rate of 1.5Ghz, but with a cache miss rate of 4%. The main memory access time is 20ns for a miss. Compute the MIPS performance of the two processors including both pipeline and cache CPI.

Cache Miss CPI = (#Clocks/Miss) x miss rate    #Clocks/Miss = 20ns./Clock Time

Overall CPI = Pipeline CPI + Cache Miss CPI       MIPS = Clock Freq. / Overall CPI

CPI1 = 1.7 + 40*.03 =  2.9

MIPS1 = 2G/2.9 =  690



CPI2 = 1.1 + 30*.04 =  2.3

MIPS2 = 1.5G/2.3 =  652

First Processor execution rate 
= ____690______ MIPS

Second Processor execution rate 
= ____652______ MIPS

6. (5 points) What problem does a re-order buffer solve in a dynamically scheduled processor?

Out-of-order execution commits in-order

Exceptions can be more precise

Makes it easier to add speculation

7. (20 points) Identify all of the dependences in the code segment shown below (1 loop iteration only) and place your answers in the table below:











Inst. Number

LOOP: 
L.D 

F4, 0(R1)


1

L.D 

F3, 0(R2)


2

MULT 
F5, F3, F4


3

SUB.D 
F4, F5, F10


4


ADD.D
F8, F8, F4


5

DIV.D  
F4, F3, F5


6

DADDIU 
R1, R1, #-8


7

BNE  

R1, R3 LOOP

8

	Type of Dependency (RAW, WAW, or WAR)
	Instruction Pair (i,j) (e.g., 1,4) 

	RAW
	1,3

	RAW
	2,3

	RAW
	3,4

	RAW
	4,5

	RAW
	3,6

	RAW
	7,8

	RAW
	2,6

	RAW
	1,5

	WAW
	1,4

	WAW
	4,6

	WAW
	1,6

	WAR
	1,7

	WAR
	3,4

	WAR
	5,6

	WAR
	3,6

	
	

	
	

	
	

	
	


8. (25 points) Consider the program segment below running on a single-issue machine using Tomasulo’s Algorithm. Fill in the clock cycle number in the table below assuming the latencies shown in the table below the program. Last, be sure to answer the question below the table.

L.D 

F4, 0(R1)

L.D 

F3, 0(R2)

MULT 
F5, F3, F4

SUB.D 
F4, F5, F10

ADD.D 
F8, F8, F4

DIV.D  
F4, F3, F5

DADDIU 
R1, R1, #-8

BNE  

R1, R3 LOOP

Details of Functional Units:

	Unit
	Latency (in Execute)
	Reservation Stations

	FP Add/Sub
	4
	2

	FP Mult
	6
	2

	FP Div
	10
	2

	FP Load/Store
	2
	2 each Load/Store buffers

	Integer Unit
	1
	None


Note: The FP arithmetic units are NOT pipelined – i.e. you must wait for the current operation to finish execution before using the unit again. You can do a new FP load/store every clock cycle. The WB stage takes only 1 clock cycle and during that cycle the new data appears on the CDB and at all reservation stations.

	Instruction
	Issue
	Execute
	WB

	L.D F4, 0(R1)
	0
	1-2
	3

	L.D F3, 0(R2)
	1
	2-3
	4

	MULT F5, F3, F4
	2
	5-10
	11

	SUB.D F4, F5, F10
	3
	12-15
	16

	ADD.D F8, F8, F4
	4
	17-20
	21

	DIV.D  F4, F3, F5
	5
	12-21
	22

	DADDIU R1, R1, #-8
	6
	7
	8

	BNE  R1, R3 LOOP
	9
	10
	


If a reservation station was added to the integer unit would any of the numbers above change?

BNE could issue in 7 and execute in 9, if it had a reservation station

