UNIT NO:  D75P 34     UNIT TITLE: Computer Architecture

Progress Exercise – Program Analysis.
Study the attached Assembly code program and RAM contents.  (The instruction set used is the training set in the pink Outcome 3 workbook.)  The program calculates the factorial of any number , i.e. n!  To calculate the value of 4!,  for example, we would work out 4*3*2*1, giving a final value of 24. 
0100 LDA 127
8
# gets content and stores it in accumulator
0101 STA 11F
10
# stores accumulator contents
0102 LDA 120
8
# load accumulator with RAM content
0103 STA 11A
10
# store accumulator contents
0104 BREQ 10B
4 or 16 # Compares contents to zero and maybe jump
0105 MPY 11F
30
# multiply accumulator contents
0106 STA 11F
10
# store new value
0107 LDA 11A
8
# reload accumulator
0108 SUB 127
2
# and subtract this value

0109 STA 11A
10
# store the new result

010A BRA 104
15
# unconditional jump

010B LDA 11F
8
# re-load the accumulator

010C OUT

10
# and send it to the output device

010D HLT

2
# and finish
RAM contents.
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Everything that happens in the red box is within the context of one complete loop.

The stopping condition is on the line BREQ 10B.  

We can start to fill in the t-cycles now –

Start 36 + End 20 + (Whole Loop 79 x number of loops ? ) + Last loop where stopping condition is met 16.

Part 1.  Assume that the program has been written using a CISC instruction set and that the following timings and storage requirements apply.

	Instruction
	T-cycles
	Size in bytes

	BRA
	15
	4

	BREQ
	4 if not jumping - otherwise 16
	4

	HLT
	2
	2

	LDA
	8
	2

	MPY
	30
	4

	OUT
	10
	4

	STA
	10
	2

	SUB
	2
	2


Based on the information given, work out how long this program would take to execute on an 833 MHz processor, and how many bytes of memory it would consume.

To work out how many loops, you need to keep an eye on the ACCUMULATOR - the stopping condition is met when the value in the ACC hits zero (i.e. the BREQ).

0100 LDA 127 loads the ACC with 1

0101 STA 11F stores the 1 in 11F

0102 LDA 120 loads the ACC with value 8 (from 120)

Then we enter the loop – 0104 BREQ won’t jump, because the value’s not zero, it’s 8.

Now you can follow the steps through, but as you do you will notice that 1 gets subtracted from the Accumulator every time – on the line 0108 SUB 127, to be exact.  So at the start of the next loop, the BREQ is looking at 7, next time it’s comparing 6, and so on.

This gives us 8 complete loops, plus the last one where the stopping condition is met.

So the total is 36 + 20 + (79 x 8) + 16 = 704.

The program occupies a total of 36 bytes – 4 instructions using 4 bytes, the rest take 2.  Add them all together to get the 36.

To work out speed in real time – (1/833)* 10-6gives 1 t-cycle.

Multiply this by 704 – (704/833) * 10-6 gives us 0.845 * 10-6 seconds.
Part 2.  Now assume that the instruction set is that of a RISC architecture.  Each instruction takes 2 t-cycles and consumes 32 bits.  Work out how long the program would take to run on a 333 MHz RISC platform, and how much memory space it will occupy.

Start 8 + End 6 + (Whole Loop 14 * number of loops 8) + last loop 2 = 128.

(128/333) * 10-6 gives us 0.384 * 10-6 seconds.

14 instructions at 4 bytes each = 56 bytes.

Part 3.  Work out at what speed the CISC chip would have to run, to take the same time to execute as the RISC version.

Normally for assessment purposes, you would do this on a graph.  However you can also do it algebraically –

	704
	=
	0.384 
	Which is the same thing as 
	704
	X 10-6
	=
	1833.33 MHz, or 

1.83 GHz.
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