CSE 378 Win ter 1998

Mac hine Organization and Assem bly Language Programming

Problem Set #4

Due: F rida y, F ebruary 6

This assignmen t is on the material co v ered in Chapter 2 and Chapter 5 Sections 1-3 of y our b o ok.

Problem Set #5 will b e the con tin uati on of the JVM sim ulation. A hand-out will b e giv en shortly .

Problem Set #5 will b e due W ednesda y , F ebruary 11

1. Problems 2.2 (Note the t yp o, \106" is in fact 10

6

in the \n um b er of instructions executed b y

M2"); 2.3; 2.4.

2. Problems 2.10 and 2.11

3. After graduating, y ou are ask ed to b ecome the lead computer designer at Sup er Dup er Computer

Compan y Inc. (SDCC). After taking n umerous courses in high-lev el languages, compilers, and

mac hine organizati on, y ou kno w that pro cedure calls are exp ensiv e op erations. Y ou ha v e in v en ted

a sc heme that reduces the loads and stores normally asso ciated with pro cedure calls and returns.

Y ou run exp erimen ts with the same compiler on the original mac hine Mbase and the mac hine that

y ou prop ose Mpro. Y ou �nd out that:

� The cycle time of Mpro is 8% higher than that of Mbase (b ecause y our clev er sc heme is on

the critical path of timing)

� 36% of the instructions when running on Mbase are loads and stores.

� Mpro executes 1/3 few er loads and stores than Mbase (b ecause of y our clev e r sc heme)

� All instructions (including load and stores) tak e one cycle.

Is the tec hnical departmen t (the one that lo oks at execution time) happ y? In other w ords, whic h

of Mbase or Mpro is faster. Justify quan titati v el y .

Is the mark eting departmen t (the one that sells mac hines dep ending on their MIPS rate) happ y?

Justify quan titativ ely .

What do y ou think y our future is with SDCC (just kidding...)

4. W ell undaun ted b y y our previous attempts in computer design and not in timidated b y the

mark eting h yp e, y ou no w atta c k the problem through compiler optimizati ons. Because of y our

in uence at the compan y , SDCC is no w man ufacturing a more realistic RISC (load-sto re) mac hine

Mfo o. Mfo o runs as fast as all w ell-kno wn curren t micropro cessors with a 500 MHZ clo c k rate (i.e.,

the clo c k cycle time is 2ns). Measuremen ts of v arious b enc hmarks running on Mfo o ha v e yielded

the results in the table next page.

Instruction t yp e F requency Clo c k cycle coun t

ALU ops 40% 1

Loads 23% 2

Stores 13% 2

Branc hes 24% 2

What is the CPI of Mfo o? What is the MIPS rating of Mfo o?

No w y our compiler optimizatio ns are suc h that y ou can disp ense with half of the loads and stores.

What is the new CPI? Ho w m uc h b etter is the p erforman c e of Mfo o with optimized co de. Do the

MIPS ratings for Mfo o with and without optimizati ons giv e an adequate measure of the impro v ed

p erformance?

Is y our future with SDCC brigh ter (still kidding...)?

5. Read the b o ok page 101 explaining Amdahl’s la w. Then answ er the follo wing question:

Implemen tations of oating-p oin t square ro ot (FPSQR) v ary widely . A t SDCC (agai n!) in a

b enc hmark v ery imp ortan t for a large customer FPSQR is taking 15% of the execution time on

Mfo o. A friend of y ours, Jo e Nerd, prop oses to mak e FPSQR hardw are that will sp eed up its

op eration b y a factor of 10. Y ou, with y our v ast exp erience, kno w that oating-p oin t instructions,

including FPSQR, are resp onsible for 50% of the execution time of this b enc hmark. Y ou prop ose a

sc heme that will mak e all oating-p oin t instructions run 1.8 times faster with no more e�ort than

Jo e Nerd’s design.

What is the sp eed-up that will result from Jo e Nerd’s enhancemen ts?

What is the sp eed-up that will result from y our enhancemen ts?

Will y ou b ecome Jo e Nerd’s manager or will y ou b e �red?

6. Problems 5.5 and 5.12