SCORE:________

Name:__________________________________________

ECE 4100 Advanced Computer Architecture

Test I

1. (10 points) A hardware designer is considering putting a full array hardware multiply option in an existing computer system that will multiply 32 times faster when it is used.  If a program spends 15% of it’s time doing multiply (without this new hardware), what speedup would result with the new hardware?

P + S = 1  and P is 15% (S is .85%) without multiply hardware, so

.15/32 + .85 =  .854 with multiply hardware

1/.854 = 1.17

Speedup with new hardware multiply is ____1.17________

2. (5 points) Why do many computer products sell for almost twice the component parts cost? Include several of the factors that determine price.

Price must include Direct cost ( add 25- to 40% recurring costs such as: labor, purchasing, scrap, warranty

And Gross Margin (add 82 to 186% non recurring costs such as: R&D, marketing, sales, equipment maintenance, rental, financing cost, pretax profits, taxes

Then add 33% to 66% for volume discounts and/or retailer markup

3. (5 points) What are the main factors described in the text that determine the VLSI production cost (not development costs) of a traditional silicon wafer-based processor chip?

Cost to process a wafer, size of die determines number of die/wafers and yield, and then testing costs.

4. (5 points) What common mathematical characteristics of typical DSP applications vs. a general purpose computer program has enabled the development of commercially successful fast DSP processors and their associated instruction set (instead of using a general purpose processor and it’s instruction set). 

More multiply operations than general purpose computer programs – multiply-accumlate hardware.

Continuous processing of streams of data – typically in simple loops using arrays – special addressing modes and loop branch controls can be built into the ISA and hardware.

5. (10 points) What feature of a scoreboard causes it not to provide any register renaming like Tomasulo’s approach? Provide exact hardware details

A scoreboard stores the register number and not the register’s value like the reservation stations in Tomasulo’s Alg.

6. (10 points) What is the main modification/addition that most modern processors make to Tomasulo’s algorithm and why do they do it?

Add a re-order buffer to force in-order completion. This supports interrupts and makes it easier to add speculative execution.

7. (10 points) Identify all of the dependences in the code segment shown below and place your answers in the table below. List all RAW hazards first, followed by WAR, and last WAW.











Inst. Number

LOOP: 
L.D 

F2, 0(R1)

1

L.D 

F4, 0(R2)

2

ADD.D 
F4, F12, F10

3

MUL.D 
F12, F2, F4

4

SUB.D 
F8, F8, F4

5

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

Involved

	RAW
	1,4
	F2

	RAW
	2,4
	F4

	RAW
	2,5
	F4

	RAW
	3,4
	F4

	RAW
	3,5
	F4

	WAR
	3,4
	F12

	WAW
	2,3
	F4

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


8. (20 points) Consider the program segment below running on a single-issue machine using a Scoreboard as described in Appendix A of the textbook. Fill in the clock cycle numbers in the table below assuming the latencies shown in the table below the program. 

L.D 

F2, 0(R1)

L.D 

F4, 0(R2)

ADD.D 
F4, F12, F10

MUL.D 
F12, F2, F4

SUB.D 
F8, F8, F4

DIV.D  
F4, F2, F12

Details of Functional Units:

	Unit
	Latency (in Execute)

	FP Add/Sub
	5

	FP Mult
	10

	FP Div
	20

	FP Load/Store
	2

	Integer Unit
	1


Note: The FP arithmetic units are NOT fully pipelined – i.e. you must wait for the current operation to finish execution before using the unit again. Assume Loads work as in the text’s Scoreboard example (they are not fully pipelined).

	Instruction
	Issue
	Read Operands
	Exec. Complete
	Write Result

	L.D F2, 0(R1)
	1
	2
	3-4
	5

	L.D F4, 0(R2)
	6
	7
	8-9
	10

	ADD.D F4, F12, F10
	11
	12
	13-17
	18

	MUL.D F12, F2, F4
	12
	19
	20-29
	30

	SUB.D F8, F8, F4
	19
	20
	21-25
	26

	DIV.D  F4, F2, F12
	20
	31
	32-51
	52


Note load/add WAW hazard stalls ADD until clock cycle 11 – see issue step in slides.

9. (25 points) Consider the program segment below running on a single-issue machine using Tomasulo’s Algorithm. Fill in the clock cycle numbers 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 

F2, 0(R1)

L.D 

F4, 0(R2)

ADD.D 
F4, F12, F10

MUL.D 
F12, F2, F4

SUB.D 

F8, F8, F4

DIV.D  
F4, F2, F12

DADDIU 
R1, R1, #-8

BNE  

R3, R1 LOOP

Details of Functional Units:

	Unit
	Latency (in Execute)
	Reservation Stations

	FP Add/Sub
	5
	3

	FP Mult
	10
	2

	FP Div
	20
	1

	FP Load/Store
	2
	2 each Load/Store buffers

	Integer Unit
	1
	2


Note: The FP arithmetic units are NOT fully 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 or integer operation every clock cycle. The WB stage takes only 1 clock cycle and during that cycle the new data appears on the (one) CDB and at all reservation stations. In case of a CDB conflict, assume the earlier sequential instruction goes first. Note that the integer instructions and registers in this problem are also scheduled by the Tomasulo control unit and that they have reservation stations - unlike the text and slide examples from class. New integer register values have to use the same CDB as floating point registers.

	Instruction
	Issue
	Execute
	WB

	L.D F2, 0(R1)
	1
	2-3
	4

	L.D F4, 0(R2)
	2
	3-4
	5

	ADD.D F4, F12, F10
	3
	4-8
	9

	MUL.D F12, F2, F4
	4
	10-19
	20

	SUB.D F8, F8, F4
	5
	10-14
	15

	DIV.D  F4, F2, F12
	6
	21-40
	41

	DADDIU R1, R1, #-8
	7
	8
	10 (9 but CDB conflict)

	BNE  R3, R1 LOOP
	8
	11
	


If there was only 1 ADD/SUB reservation station describe what if anything would change in the table above?

SUB would have to stall (along with the instructions that follow) until an ADD/SUB reservation station was available in clock cycle 10. The instructions after SUB would all be delayed.

