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1. For the p1pe11ne processor shown below the foflowxng sequence of msbrucnons
causes the plpelme hazard due to load-use dependency
lw$4,10082)

~ add $8, 84,54,
Assummg thie 1w instruction will take 2 data memory cycles to get the data from the
memory and & forwarding circuit is employed ‘detail the des1gn of the he.zard
detection unit for this processor assuming MIPS-like ISA is used; Sketch your de51gn
in the processor pipeline diagram and explain the signals you use (10%). Write down
the behavioral cade for the logic of the hazard detection unit (20%).

2. For the above pipelined processor, come up with the behavxoral code for the logic
of the forwarding unit assummg MIPS-hke ISA is used State you assumptlons if any.
(20%) . |
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3. [40 points] Assume you are asked to design the architecture of the memory
hlerarchyforaoomputerwhlchhasaﬂ-bxtMPSpmcessormﬂl;tclock:;qteon
GHz.TheprocessorhasaBZKB(Kﬂo—Byte) I‘Ievelcaphemda;ssKBz“‘_
level cache on chip. Thcl“levelcachzlsit-wayassocmuveandﬂ:eZ level
cache is fully associative. Assumeﬂlewordsmtsnbltsandtheblgg:sweior
V_bothcachesm32bytes Themofithhysxcqlmmnqu;sZ@P(Qm—Bm), N

ing Basedontheg;venjnformauon.please

(a) W12 porms] Howmanyms mmdedﬁzmhofwmmmefonuwmg
structure to‘index:1% levebcache and thé 2™ level caihe, respectively? Note'
show the answers for 1® level cache and 2™ level cache separately.

Tag Index Block
Offset

v o FoTTR T s
R P

(b): [10 points] Suppose the access time to main memory with 2" level cache
disabled is 250ns. 'Ihatls,‘the access time includes l"levelmsshandhng
SupptysethcbaseCPIofthc‘processoi'ls.Z assiming all references hit in
‘the 1* Jevel cache:’ Furﬂmﬁsumethﬂestpmgmhyou,métowthe
memoryhxemchyhasaS%mlssi'atepermsunctmnfbrl"ievelcache
Nowwxﬂaz"ievelcacheennbled.mmmhasammeomz%
Sn:pposetheaooessumeon“LWdcaghemmforeﬂherahltoramss
How much performance improvement you will get with the 2* level cache
enabled?

“(¢) [10 points) Suppose this computer has a 32-bit virtual address si)ace and 4
KB page size. '

| 1 [3 mts] How many wrtual pages :qc ﬂwre? -
o 414 'Boints] How many physical pages are there?
iii. [4pomts] Assmneeachenu'ymapagetable consume 1 word, what is
the size of the page table in bytes?
(d) [8 points] Following the specification in (c), given the page table in the

following, please derive the physical address of the virtual address 0x0000
1004, and then locate the address in the 1* level cache. That is, show which
set the address will be if it’s in 1% level cache.
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Page Valid | Dirty (Ref | Physical page address
Entry no

0 1 1 1 1-0x0001 1000

1 1 0 0 0x0004 1000

2 1 0 0 0x0001 2000

3 ' 1 1 1 0x0003 3000

4 1 0 1 0x000F E000

- 4. [10 points]} Suppose you run photoshop to load a 4 MB (Mega-Byte) image file
from the hard disk to the memory for editing. Unfortunately, your disk is so
ﬁagmemwﬂ)MaHdamblmksassmiated“dmﬂﬁsﬁleisscaimdmundthedisk

‘randomly. The parameters of the disk are listed below.

Average seek time: 12 milli-second
Rotational speed: 5000 RPM (rotation per minute)

Block size: 512 bytes
Transfer rate: 0.4 MB/sec
Ignore all other overheads

Howlongdoesthephotoshopprogramneédtowaitfortheﬂletmnsfertoﬁnish
from the hard disk to the memory?




