Question la:

Problem 1a: Assume that we have a

-bit processor (with
addressed (i.e. addresses specify bytes). Suppose yte cache that is two-

a ciative, has 4=word cas] , and * replacement, Split the 32-bit address
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and “cache-line offser” pieces. Which address h:rx comprise each piece?
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* Tag:
¢ Index:

« Block Offset:
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Question 1b:

Froblem 1a: Assume that we have

Question 1b:

Problem 1a: Assume that we have

t processor (with words) and that this processor
e-addressed (ie. addresses specify bytes). Suppose that it has a 512-byte cachie that is nwo-

bat processor (with

words) and tat this processor

is byte-addressed (Le. addresses specify bytes). Suppose that it has a S12-byte cache that is twe-
way set-associative. has 4-word cache lines, and uses LRU replacemsent. Split th it address way set-associative, has 4-word cache lines, and uses LRU replacement. Split th it address
into “tag”, * . and “cache-line offset” pieces. Which address bits comprise each piece? into “tag”, “index". and “cache-line offset” picces. Which address bits comprise each picce?
e Tag: 24 bits total: 31-8 * Tag: 24 bits total: 31-8
* Index: 4 bits total: 7-4

¢ Index: 4 bits total:
¢ Block Offset: 4 bits total: 3-0

¢ Block Offset: 4 bits total: 3-0

Problem 1b: How many sets does this cache have? Explain
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Question 1b:

Problem 1a: Assume that we have a 32-bit processor (with nd that this processor
i addressed (Le. addresses specify bytes). Suppose tha - yte cache that is two-
¥ set=associative. hias 4-word cache lines, and uses LRU |eg|h.cu ent, Split the 32-bit address Problem 1¢: D
into “tag”. “mdex". and “cache-line offser” pieces. Which address bits comprise each piece?

Question 1c:

aw a block diagram for this cache. Show a 32-bit address comung info the

agram and o bit data result and “Hit™ signal coming owt. Inchede. all of the compamators in
. Tag: 24 b|tS total: 31-8 y and ¢ 4 a4 well. Include the data storage memories {indexed by 3
* Index: 4 bits total:

and any muxes. You can indicate RAM with a simple bl
and the widih of any buses.
* Block Offset: 4 bits total: 3-0

1 address widths and data widths. Make sure to label the function of various blocks

Problem 1b: How many sets does this cache have? Explain

4 bits in the index field =
274 possible values =
16 sets

@ 152 Review Jack Kang and Kurt Meinz £S 152 Review

Jack Kang and Kurt Meinz




Question 1c:
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Question 1d:

Problem 1d: Below is a series of memory read references set 1o the cache from par (a). Assume
that the cache is instially empty and classify each memory references as a hit or a muss. Identfy
each miss as either compulsory, conflict, or capacity. One example is shown, Hine: stare by
splining the address into components. Show your work.

Address Hit M ? Miss Type? || Address [ Miss Type?
ox3ion Miss Compulsory 0x3B2 Mizs Compulsony
0x1BC Miss Comgmlson: ox10C Hir —

oxz06 Miss Compnlrory X208 Miss Conflict

0x109 Miss Compulion 0x301 Mits Conflier

0x308 Miss Conflict OXIAE Miss Complsory
0x1Al Miss Compulsory 0X1A8 Miss Conlice

Ox1B1 Hir — OxIAL Hir -

OXZAE Miss Compulsory 0x1BA Hir —
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Question le:

Problem 1d: Below is a series of memory read references set 1o the cache from par (a). Assume
that the cache is initially empty and classify each memory references as a hit or a miss. Identify
eanch miss as either compulsory, conflict, or capacity. One example is shown. Hins: stars by
splining the address into components. Show your work.

Address HtMIs? | Mibs Type? |[ Address HieMbs? Miss Type?
ox3ion Miss Compulsory 0x3B2 Mizs Compulsony
0x1BC Miss Compulsory sx10C Hit —
axz06 Miss Compuliony %205 Miss Conlice
o0x10% Miss Compultory 0x301 Miss Conflict
0X308 Miss Conflict OXIAE Miss Compulsory
0x1AL Miss Compulsory ox1A8 Miss Conflict
OX1B1 Hir — 0x3A1 Hir -
0XZAE Miss Compulzony OX1BA Hir —

Problem le: Calculate the miss rate and hit rate. |

Hir Rate = A 0.25
16

Mtss Rate =1 ~ Htt Rate = t_s =0
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Question 1d:

Problem 1d: Below is a series of memory read references set 1o the cache from par (a). Assume
that the cache is initially empty and classify each memory references as a hit or a miss. Identify
each miss as either compulsory, conflict, or capacity. One example is shown, Hinr: stare by
splining the address into components, Show vour work,
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Question le:

Problem 1d: Below is a series of memory read references set 1o the cache from par (a). Assume
that the cache is intially empty and classify each memory references as a hit or a muss. Identfy
each miss as either compulbsory, conflict, or capacity. One example is shown, Hinr: stare by
splining the address into components, Show vour work,

Address Hit M ? Miss Type? |[ Address HIUMiss? Miss Type?
ox3ion Miss Compulsory 0x3B2 Mizs Compulsony
0x1BC Miss Comgmlson: ox10C Hir —
oxz06 Miss Compnlrory X208 Miss Conflict
0x109 Miss Compulion 0x301 Mits Conflier
0x308 Miss Conflict OXIAE Miss Complsory
0x1Al Miss Compulsory 0X1A8 Miss Conlice
Ox1B1 Hir — OxIAL Hir -
OXZAE Miss Compulsory 0x1BA Hir —

Problem le: Caleulate the miss rate and hit rate. |
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Question 1f:

Problem 1f: You have a 500 MHz processor with 2-levels of cache. 1 level of DRAM. and a
DISK for virual memory. Assume that it has 2 Harvard architecture (separate instruction and
data cache at level 1). Assume that the memory system has the following parameters:

CM Hit Tune Maes Rate Block Saze
First-Level 4% Data
Cache 1 cyele 1%L oot 4 bytes
Second-Level 20 evcles + - 128 byt
Cache 1 cyele 64bits e =5 bytes
1000+ -
*
DRAM e ytet 1 16K bytes
DISK e byte L 16K bytes

Finally, assume that there is a TLE thar misses 0.1% of the time on daa (doesn’t miss on
mstmctions) and which has a fill pennlty of 40 cycles. What is the avernge memory access time
(AMAT) for Instructions? For Data (assume all reads)?

AMATDisk = ?
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Question 1f:

Problem Lf: You have a 200 MHz processor with 2-levels of cache, 1 level of DRAM. and a
DISK for viraal memory. Assume that it has a Harvard architecture (separate instruction and
data cache at bevel 1), Assume that the memory system has the following parameters

Hir Tume i Fate Block Sae
e Yepds 1% s Sy
W?:\.ll:m e i e 120 bytes
DRAM e 1% 16K bytes
DIsK _,ii'\“;.\‘" o 16K bytes

Finally, assume that there is a TLB thar misses 0.1% of the time on data (dossn’t miss on
imstctions) and which has a fill penalty of 40 cycles. What is the avernge memory access time
(AMAT) for Instructions? For Data {assumse all reads)?

AMATDisk = AccessTime + AMATMissPenalty + TransferRate*TransferSize
= 50E6ns + 0 + (20ns/byte * 16Kbytes)
~~5E7ns

= 5E7ns/ (2ns/clock) = 2.5E7 clocks
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Question 1f:

Problem Lf: You have a 200 MHz processor with 2-levels of cache, 1 level of DRAM. and a
DISK for virtual memory. Assume that it has a Harvard architecture (separate instruction and
data cache at bevel 1), Assume that the memory system has the following parameters

Hir Tume i Fate Block Sae
o e i e 120 bytes
DRAM e 1% 16K bytes
DIsK _,ii'\“;.\‘" o 16K bytes

Finally, assume that there is a TLB thar misses 0.1% of the time on data (dossn’t miss on
imstctions) and which has a fill penalty of 40 cycles. What is the avernge memory access time
(AMAT) for Instructions? For Data {assume all reads)?

AMATL2 = AccessTime + AMATMiss + TransferRate*TransferSize
= (20c*2ns/c) +5E5ns*0.02 + (2ns/8bytes * 64bytes) =
= ~~1E4ns
= 1E4ns/ (2ns/clock) = 5E3 clocks

Question 1f:

Problem If: You have a 200 MHz processor with 2-levels of cache, | level of DRAM, and a
DISK for virual memory. Assume that it has 2 Harvard architecture (separate instruction and
data cache at Jevel 1), Assume that the memory system has the following parameters:

Hir Tune i Fate Block Sae
e 1o 1% s Sy
W?:\.ll:m i e 120 bytes
DRAM e 1% 16K bytes
DIsK _,ii'\“;.\‘" o 16K bytes

Finally, assume that there is a TLE thar misses 0.1% of the time on daa (doesn’t miss on
mstmctions) and which has a fill pennlty of 40 cycles. What is the avernge memory access time
(AMAT) for Instructions? For Data (assume all reads)?

AMATDRAM = AccessTime + AMATMiss  + TransferRate*TransferSize

100ns + 5E7ns*0.01 + (25ns/8bytes * 128bytes) =
~~ 5E5ns

= 5E5ns/ (2ns/clock) & 2.5E5 clocks
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Question 1f:

Problem Lf: You have a 200 MHz processor with 2-levels of cache, 1 level of DRAM. and a
DISK for viraal memory. Assume that it has a Harvard architecture (separate instruction and

data cache at level 1). Assume that the memory system has the following parameters
Compoesnt Hit Tune Miss Rate Block Sue
W?:\.ll:m e i Gl 128 bytes
DRAM _,"'I?‘;“;h 1% 16K bytes
DIsK _,ii'\“;.\‘" o 16K bytes

Finally, assume that there is a TLB thar misses 0.1% of the time on data (dossn’t miss on
mstmctions) and which has a fill penalty of 40 cycles. What is the avernge memory access time
(AMAT) for Instructions? For Data {assumse all reads)?

AMATL1Data = AccessTime + AMATMiss + TransferRate*TransferSize
(1c*2ns/c) + (5E3ns * 0.04) + 0

~~4E2 ns
= 4E2ns/ (2ns/clock) & 200 clocks (!!)

Question 1f:

Problem If: You have a 200 MHz processor with 2-levels of cache, | level of DRAM, and a
DISK for virtual memory. Assume that it has a Harvard architecture (separate instraction and
data cache at Jevel 1), Assume that the memory system has the following parameters:

Hir Tune i Fate Block Sae
o i e 120 bytes
DRAM e 1% 16K bytes
DIsK _,ii'\“;.\‘" o 16K bytes

Finally, assume that there is a TLE thar misses 0.1% of the time on daa (doesn’t miss on
mstmctions) and which has a fill pennlty of 40 cycles. What is the avernge memory access time
(AMAT) for Instructions? For Data (assume all reads)?

AMATL1Inst = AccessTime + AMATMiss  + TransferRate*TransferSize
(1c*2ns/c) + (5E3ns * 0.01) + 0

= ~~1E2ns

= 1E2ns/ (2ns/clock) & 50 clocks (!!)

Review Jack Kang and Kurt Meinz

£S 152 Review Jack Kang and Kurt Meinz

Question 1g:

Problem 1g: Suppose that we measure the following instnaction mix for benchmark -
Loads: 20%, Stor 5%, Integer: 30%s, Floating-Polnt: 15% Branches: 200

Assume that we have a smgle-issue processor with a munmmum CPLof 1.0, Assume that we have

a branch predictor that is comrect 95% of the time. and that an incorrect prediction costs 3 cycles.

Finally. assume that dara hazards cause an average penalty of 0.7 eyeles for floating point

operations. Integer of mn at i What is the avernge CPI of

Benchmark X. including memory misses (from pan gi?
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Question 1g:

Problem 1g: Suppose that we measure the following instruction mix for benchmark -3

Loads: 20%s, Stores: 15%s, Integer: 30%s, Floating-Polnt: 15% Branches
Assume that we have a smgle-issue processor with a mnimum CPLof 1.0, Assume that we have
a branch predictor that is correct 95% of the time. and that an incormect prediction costs 3 cycles.
Finally. assume that dara hazards cause an average penalty of 0.7 cycles for floating point
operations. Integer of nun at What is the average CPI of
Benchmark X. including memory misses (from pan g)?

CPI = MIinCPI + Z [ CPI of exceptional events ]

= MinCPI + CPIHazardStalls + CPIMemoryStalls
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Question 1g:

Problem 1g: Suppose that we measure the following instrection mix for benchmark =X

Loads: 20%, Stores: 15%s, Integer: 30%s, Floating-Polnt: 15% Branches: 20%
Assume that we have a smgle-issue processor with a mnimum CPLof 1.0, Assume that we have
a branch predictor that is comect 959, of the time, and that an incormeet prediction costs 3 cycles.
Finally. assume that dara hazards cause an average penalty of 0.7 cycles for floating point
operations. Integer of mn at i h What is the avernge CPI of
Benchmark X. including memory misses (from pan g)?

CPI = MinCPI + Z[CPI of exceptional events ]
= MinCPI + CPIHazardStalls + CPIMemoryStalls
=1 + Z(InstTypeFreq*CPI) + Z(MemAccessFreq*AccessAMAT)
= 1+[ (FPFreq*FPCPI)
+ (BBranchFreq*BBCPI) ]
+ [ (MeminstFreq * AMATL1Inst/(2ns/clock))
+ (DatalnstFreq *AMATL1Data/(2ns/clock)) ]

=1+ 0.150.7 +0.2*0.05*0.3 + 1*100/2 + 0.35*400/2 =» 124CPI (!!)
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Question 2a

Zab Explain whey we would be unable 1o pick o single eptimim number of branch delay slots for
the above processor
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Question 1g:

Problem 1g: Suppose that we measure the following instnaction mix for benchmark -

Loads: 20%s, Stores: 15%, Integer: 30%, Floating-Folnt: 15% Branches: 2
Assume that we have a smgle-issue processor with a munmmum CPLof 1.0, Assume that we have
a branch predictor that is comrect 95% of the time. and that an incorrect prediction coss 3 s,
Finally. assume that dara hazards cause an average penalty of 0.7 eyeles for floating point
operations. Integer of s at What is the average CPI of
Benchmark X. including memory misses (from pan gi?

CPI = MinCPI + Z [ CPI of exceptional events ]

= MinCPI + CPIHazardStalls + CPIMemoryStalls

1 + Z(InstTypeFreq*CPIl) + Z(MemAccessFreq*AccessAMAT)
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Question 2a:

2ab Explain why we would be usable 1o pick o single optiminm namber of branch delay slots fog

the above processor
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Question 2b

Zab Explain whey we would be unable 1o pick o single eptimim number of branch delay slots for

the above processor
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Question 2b Question 2c

Jar Explain why we wonld be

bove processor

A
L™ for bomd resulis).
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Question 2c Question 2c

: LA miputation, First stage of A, M, D
;
EX: | EX,
Ex | | || Ex.
MEM, | MEM.|
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Question 2d Question 2d
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Question 2e

Ze) What can you change about the pipeline to reduce your answer to (2417 Assune that you are
ot allowed to change the latencies of any instructions
£5 152 Review Jack Kang and Kurt Meinz

Question 2¢g

JzHlExtra Credit: 3 v deseribe ol sic that would be required in the decode s
this pipeline. In five (5) senences o less fand powsibly 3 small figure), describe a

mechanism that woabd permir the decode s to decide which of two instructions presented
to it could be dispatehed
£8 152 Roview Jack Kang and Kurt Meing

Question 3:

Extra Credit {Problem 3X)
Assumse that you have a Ton
latene:

asulo architecture with functional units of the same execution
(nmber of eyeles) as our deeply pipelined processor (be cavefi ’

ro get number of execution cveles’). Assume that it issues one instruction per cycle and has an
unpipelmed divider with a small number of reservation stations. Suppose the other functional
units are duplicated with many reservation stations and that there are many CDBs. . What is the
minimum mumber of divide reservation stations to achieve one muction per cycle with the
optimized code of (3b)7  Show your work. [fune: assme the maximum issue vate i3
med and loak af the schednling of @

ation]

Load:

cyeles, Add: 2 cycles, M

i here!)

i 4 cyeles, Divide: 9 cycles foa

loop: ldr §F20, o($rio)
1df  $F10, 8(5r10)
mulcf $F6, §F20, 5F1
addf Fe
addi
dive
addi
subl
bne  §ri, $2ero, 100Lg

sCf -8($r20), $F13
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Question 2e

Ze} Wihat can you cler
allowed ta ch

abaoul the prpeling 1o reduics your answer o |

e Latcncies of any mstructsons

fiy shifting the
thi 1 iy
Hhe

1 atafls
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Question 2g

2 [Extra Credin: Sps] Bl deseribe the logic that would be required in the decode stag
this pipeline. o five (5} sentences of less fand poscibly a small figure), describe
mechanism that woubd permit the decode stage to decide which of two instructions presented
1o it eoubd be drspatched

-We have to check to see if the 2" instruction depends on the first one.

-We have to check the operands of the two instructions against any
instructions still in the pipeline, and see if it can issue. This step is
slightly complex because different instructions in the pipeline finish at
different times.

Review Jack Kang and Kurt Meinz

Question 3:

i here')
§F20,
$F10, . —
$§F6, $F20, $F1

$F12, §FE, P2 W
grio, §ric, #1e

$F13,
grao, $r

$r1, sri, #1

$ri, szero, 1 coig

-8($r20), $F13

Keys to Problem:
1) # of station entries needed = # of div instructions in flight at same time

2)
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Question 3:

Keys to Problem:
1) # of station entries needed = # of div instructions in flight at same time

2) We can trace through a few iterations of the loop to see how many divs
are active at any given time

Jack Kang and Kurt Meinz
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Question 3:

Tomasulo Trace: CC 1: First Few instructions
N rd s t | E1 |EF |[WB [N rd rs It | E1 |EF | WB
Idf | F20 | R10 1

Question 3:

Keys to Problem:
1) # of station entries needed = # of div instructions in flight at same time

2) We can trace through a few iterations of the loop to see how many divs
are active at any given time

3) We need a table to trace the tomasulo!

% Revie Jack Kang and Kurt Mein

Question 3:

Tomasulo Trace: CC 3: First Few instructions

N rd s n | |E1|EF |WB |IN rd s I 1 El |EF |WB
Idf R10 1|2 |4

Ldf |F10 | R10 2 |3 5*

multf | F6 F1 |3

@ £S 152 Review
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Question 3:

Tomasulo Trace: CC 2: FirstFew instructions

N rd rs It | E1 |EF |WB |IN rd s [ | El | EF |WB
Idf F20 | R10 1|2 4*

Ldf |F10 | R10 2

Jack Kang and Kurt Meing]

Question 3:

Tomasulo Trace: CC 4: First Few instructions

N rd s It | E1 |EF |WB || N rd s n | El |EF |WB
Idf R10 1|2 4

Ldf |F10 | R10 2 |3 |5*

multf | F6 F1 |3

addf |[F12 |[F6 |F2 |4

Jack Kang and Kurt Meinz|
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Question 3:
Tomasulo Trace: CC 5: First Few instructions
N rd s t | E1l |EF |WB [|N rd s t | El |EF |WB
Idf F20 | R10 112 |4 5
Ldf |F10 | R10 2 |3 5
multf | F6 | F20 |F1 |3
addf |F12 |F6 |F2 |4
addi | R10 | R10 5
Question 3:
Tomasulo Trace: CC 7: First->Second Divf
N rd s It | E1 |EF |[WB [N rd rs It | E1 |EF | WB
Idf F20 | R10 112 4 5
Ldf |F10 | R10 2 |3 6
multf |F6 | F20 [F1 |3 |6 o*
addf |F12 |F6 |F2 |4
addi | R10 | R10 5 |6 6 |7
divf |F13 | F12 |F10 |6
addi | R20 | R20 7
@a& Revie Jack Kang and Kurt Meir;
Question 3:
Tomasulo Trace: CC 9: First->Second Divf
N rd s I 1 E1 |EF (WB [|N rd 1S I 1 El |EF |WB
Idf F20 | R10 112 |4 5
Ldf |F10 | R10 2 |3 5 6
multf |F6 |F20 |[F1 |3 |6 9
addf |F12 |F6 |F2 |4
addi | R10 | R10 5 |6 6 7
divf |F13 | F12 |F10 |6
addi | R20 | R20 7 |8 8 9
Subi R1 8 |9 9
bne |- 9

@ £S 152 Review
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Tomasulo Trace:

Question 3:

CC 6: First Few instructions

N rd s t | E1 |EF |WB [|N rd s L1 | El |EF |WB
Idf F20 | R10 112 4 5
Ldf |F10 | R10 2 |3 5 6
multf [F6 |F20 |[F1 |3 |6 9*
addf |F12 |F6 |F2 |4
addi | R10 | R10 5 |6 6
divf |F13 |F12 |F10 |6
Question 3:
Tomasulo Trace: CC 8: First->Second Divf
N rd rs [ | E1 |EF |WB [N rd s [ | El | EF |WB
Idf F20 | R10 1 ]2 4 5
Ldf |F10 | R10 2 |3 5 6
multf [F6 |F20 |[F1 |3 |6 9*
addf |F12 |F6 |F2 |4
addi | R10 | R10 5 |6 |6 7
divf |F13 | F12 |F10 |6
addi | R20 | R20 7 |8 8
Subi |[R1 |R1 8
@nﬂ Revie Jack Kang and Kurt Meinz|
Question 3:
Tomasulo Trace: CC 10: First->Second Divf
N rd s n | E1 |EF |WB ||N rd s [ | El |EF |WB
Idf f20 | r10 1 2 4 5
Idf f10 | r10 2 3 5 6
multf | f6 f20 |f1 |3 [3 9 10
addf | f12 |6 f2 |4
addi | r10 |r10 5 |6 6 7
divf |f13 |f12 [f10 |6
addi | r20 |r20 7 |8 |8 9
subi | r1 rl 8 |9 9 10
bne | -- r 9 |- |- |-
stf - 13 |[r20 |10

CS 152 Review,
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Question 3:

Tomasulo Trace: CC 11: First->Second Divf
N rd s it | E1 |EF |WB ||IN rd s t | El |EF |WB
Idf f20 |r10 1 2 4 5
Idf f10 |r10 2 3 5 6
multf | f6 f20 |f1 |3 6 9 10
addf |f12 |f6 f2 |4 11 | 12*
addi | r10 |r10 5 6 6 7
divf | f13 |f12 |f10 |6
addi | r20 |r20 7 8 8 9
subi | rl rl 8 9 9 10
bne | -- rl 9 - |- |-
stf - f13 |r20 | 10
Idf | f20 |r10 1"

Question 3:

Tomasulo Trace: CC 13: First->Second Divf
N rd s t | E1 |EF [WB ||N rd rs It | E1 |EF | WB
Idf f20 |r10 1 2 4 5
Idf f10 |r10 2 3 5 6
multf | f6 f20 |f1 |3 6 9 10
addf | f12 |6 f2 |4 11 |12 |13
addi | r10 |r10 5 |6 6 7
divf |13 |f12 |f10 |6
addi | r20 |r20 7 8 8 9
subi | rl rL 8 |9 9 10
bne | -- rL 9 |- |- |-
stf - f13 | r20 | 10
Idf f20 |r10 11 |12 | 14*

Idf f10 |r10 12 |13 | 15*
multf | f6 f20 |1 |13
% Revie Jack Kang and Kurt Meir;
Question 3:

Tomasulo Trace: CC 15: First->Second Divf
N rd s || E1 |EF |WB ||IN rd rs It 1 El |EF |WB
Idf f20 |r10 1 2 4 5 addf | f12 f2 14
Idf f10 |r10 2 3 5 6 addi | r10 | r10 15
multf | 6 f20 |f1 |3 6 9 10
addf |f12 | f6 f2 |4 11 (12 |13
addi | r10 |r10 5 6 6 7
divf | f13 |f12 |f10 |6 14 | 22*
addi | r20 |r20 7 8 8 9
subi | rl rl 8 |9 9 10
bne | -- rl 9 |- |- |-
stf - f13 | r20 | 10
Idf f20 |r10 11 (12 |14 |15
Idf f10 |r10 12 |13 |15
multf f20 [f1 |13

@ £S 152 Review
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Tomasulo Trace:

Question 3:

CC 12: First->Second Divf

N rd s t | E1 |EF |WB ||N rd s n | El |EF |WB

Idf f20 | r10 1 2 4 5

Idf f10 | r10 2 3 5 6

multf | 6 f20 [f1 |3 6 9 10

addf | f12 |f6 f2 |4 11 |12

addi | r10 |r10 5 |6 6 7

divf |f13 |f12 [f10 |6

addi | r20 |r20 7 |8 |8 9

subi | rl rl 8 9 9 10

bne | -- rl 9 e

stf - f13 |r20 | 10

Idf f20 | r10 11 (12 | 14*

Idf | f10 |r10 12
Question 3:

Tomasulo Trace: CC 14: First->Second Divf

N rd s t | E1l |EF |WB ||N rd s [ | El1 | EF |WB

Idf f20 | r10 1 2 4 addf | f12 f2 14

Idf f10 | r10 2 3 5 6

multf | 6 f20 [f1 |3 6 9 10

addf | f12 |f6 f2 |4 11 (12 |13

addi | r10 |r10 5 |6 6 7

divf | f13 |f12 [f10 |6 14 | 22*

addi | r20 |r20 7 8 8 9

subi | rl rl 8 |9 9 10

bne | -- rl 9 |- [~ [-

stf - f13 |r20 |10

Idf f20 | r10 11 (12 |14

Idf f10 | r10 12 |13 | 15*

multf f20 |[f1 |13

@nﬂm ey Jack Kang and Kurt Meinz

Question 3:

Tomasulo Trace: CC 16: First->Second Divf

N rd s n | E1 |EF |WB ||N rd s [ | El |EF |WB

Idf f20 | r10 1 2 4 5 addf | f12 f2 14

Idf f10 | r10 2 3 5 6 addi | r10 |rl10 15|16 |16

multf | 6 f20 |f1 |3 [3 9 10 divf |13 |12 |10 |16

addf | f12 |f6 f2 |4 11 |12 |13

addi | r10 |r10 5 |6 6 7

divf |f13 |f12 [f10 |6 14 | 22

addi | r20 |r20 7 |8 |8 9

subi |rl rl 8 |9 9 10

bne | -- rl 9 |- |- |-

stf -- f13 |r20 | 10

Idf f20 | r10 11 |12 |14 |15

Idf f10 |r10 12 (13 |15 [16

multf f20 |f1 |13 |16 | 19*
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Question 3: Question 3:
Tomasulo Trace: CC 17: First->Second->Third Divf Tomasulo Trace: CC 18: First->Second- >Third Divf
N rd s it | E1 |EF |WB ||IN rd s t | |El1 |EF |WB N rd s t | E1 |EF |WB ||N rd s n | |E1 |EF |WB
Idf f20 |r10 1 2 4 5 addf | f12 f2 14 Idf f20 | r10 1 2 4 5 addf | f12 f2 14
Idf f10 |r10 2 3 5 6 addi | r10 |r10 15|16 |16 |17 Idf f10 | r10 2 3 5 6 addi | r10 |r10 15(16 |16 |17
multf | f6 f20 |f1 |3 6 9 10 divf |f13 |fi2 |f10 |16 multf | 6 f20 [f1 |3 6 9 10 divf |f13 |fi2 |f10 |16
addf |f12 | f6 f2 |4 11 |12 |13 addi | r20 |r20 17 addf | f12 |f6 f2 |4 11 (12 |13 addi | r20 |r20 17|18 |18
addi |r10 |r10 5 |6 6 7 addi | r10 |r10 5 |6 6 7 subi | r1 1 18
divf | f13 |f12 |f10 |6 14 | 22 divf | f13 |f12 [f10 |6 14 |22
addi | r20 |r20 7 8 8 9 addi | r20 |r20 7 8 8 9
subi | rl rl 8 9 9 10 subi | rl rl 8 9 9 10
bne | -- rl 9 - |- |- bne | -- rl 9 e
stf - f13 |r20 | 10 stf - f13 |r20 | 10
Idf f20 |r10 11 |12 |14 |15 Idf f20 | r10 11 |12 |14 |15
Idf f10 |r10 12 |13 |15 |16 Idf f10 | r10 12 |13 |15 |16
multf f20 |f1 |13 |16 | 19* multf f20 |f1 |13 |16 | 19*

Question 3: Question 3:
Tomasulo Trace: CC 19: First->Second- >Third Divf Tomasulo Trace: CC 20: First->Second- >Third Divf
N rd s t | E1 |EF [WB ||N rd rs it | |E1 |EF |WB N rd s t | E1 |EF |WB ||N rd s [ | |E1 |EF |WB
Idf f20 |r10 1 2 4 5 addf | f12 f2 14 Idf f20 | r10 1 2 4 5 addf |f12 | f6 f2 14
Idf f10 |r10 2 3 5 6 addi |r10 |r10 15|16 |16 |17 Idf f10 | r10 2 3 5 6 addi | r10 |r10 15|16 |16 |17
multf | f6 f20 |f1 |3 6 9 10 divf |f13 |f12 |f10 |16 multf | 6 f20 [f1 |3 6 9 10 divf fi2 |10 |16
addf | f12 |6 f2 |4 11 |12 |13 addi | r20 |r20 17|18 |18 |19 addf | f12 |f6 f2 |4 11 (12 |13 addi | r20 |r20 17|18 |18 |19
addi | r10 |r10 5 |6 6 7 subi rl 1819 |19 addi | r10 |r10 5 |6 6 7 subi | r1 rl 18|19 |19 |20
divf | f13 |f12 |f10 |6 14 |22 bne | -- 19 |- |- |- divf | f13 |f12 [f10 |6 14 | 22 bne |-- r 19| |- |-
addi | r20 |r20 7 8 8 9 addi | r20 |r20 7 8 8 9 stf - r20 |20
subi | rl rL 8 |9 9 10 subi | rl rl 8 |9 9 10
bne | -- rL 9 |- |- |- bne | -- rl 9 |- [~ [-
stf - f13 | r20 | 10 stf - f13 |r20 |10
Idf f20 |r10 11 (12 |14 |15 Idf f20 | r10 11 |12 |14 |15
Idf f10 |r10 12 |13 |15 |16 Idf f10 | r10 12 |13 |15 |16
multf f20 |f1 |13 |16 |19 multf | 16 f20 [f1 |13 |16 |19 |20
% Revie Jack Kang and Kurt Meir; @nﬂ Reviey Jack Kang and Kurt Meinz

Question 3: Question 3:
Tomasulo Trace: CC 21: First->Second- >Third Divf Tomasulo Trace: CC 22: First->Second- >Third Divf
N rd s |l E1 |EF |WB ||IN rd s I | |E1 |EF |WB N rd s n | E1 |EF |WB ||N rd s t I |E1 |EF |WB
Idf f20 |r10 1 2 4 5 addf | f12 |6 f2 14 (21 |22 Idf f20 | r10 1 2 4 5 addf | f12 |6 f2 14|21 |22
Idf f10 |r10 2 3 5 6 addi | r10 |rl10 15|16 |16 |17 Idf f10 | r10 2 3 5 6 addi | r10 |rl10 15|16 |16 |17
multf | 6 f20 |f1 |3 6 9 10 divf f12 |10 |16 multf | 6 f20 |f1 |3 [3 9 10 divf fi2 |10 |16
addf |f12 | f6 f2 |4 11 (12 |13 addi | r20 |r20 17|18 |18 |19 addf | f12 |f6 f2 |4 11 |12 |13 addi | r20 |r20 17 (18 |18 |19
addi |r10 |r10 5 |6 6 7 subi | rl rl 1819 (19 |20 addi | r10 |r10 5 |6 6 7 subi | rl rL 1819 |19 |20
divf | f13 |f12 |f10 |6 14 |22 bne |-- rl 19 | - - - divf |f13 |f12 [f10 |6 14 | 22 bne |-- rl 19 | -- - -
addi | r20 |r20 7 |8 8 |9 stf - r20 |20 addi | r20 |r20 7 |8 |8 9 stf - r20 |20
subi | rl rl 8 9 9 10 Idf | f20 | r10 21 subi | rl rl 8 9 9 10 Idf f20 |r10 21|22 |24
bne | -- rl 9 |- |- |- bne | -- rl 9 |- |- |- Idf |10 | r10 22
stf - f13 | r20 | 10 stf -- f13 |r20 | 10
Idf f20 |r10 11 |12 |14 |15 Idf f20 | r10 11 |12 |14 |15
Idf f10 |r10 12 |13 |15 |16 Idf f10 | r10 12 |13 |15 |16
multf | 6 f20 |f1 |13 |16 |19 |20 multf | 6 f20 |f1 |13 |16 |19 |20




Question 3:

Tomasulo Trace:

CC 23: First->Second- >Third Divf

N rd s it | E1 |EF |WB ||IN rd s t | |E1 |EF |WB
Idf f20 |r10 1 2 4 5 addf | f12 |6 f2 14|21 |22 |23
Idf f10 |r10 2 3 5 6 addi |r10 |r10 15|16 |16 |17
multf | f6 f20 |f1 |3 6 9 10 divf f12 |f10 |16

addf |f12 | f6 f2 |4 11 (12 |13 addi |r20 |r20 17|18 |18 |19
addi |r10 |r10 5 |6 6 |7 subi | rl rl 1819 (19 |20
divf |13 |f12 |f10 |6 14 |22 |23 bne |-- rl 19— |- |-
addi | r20 |r20 7 8 8 9 stf - r20 |20

subi | rl rl 8 9 9 10 Idf f20 | r10 21|22 |24*
bne | -- rl 9 - |- |- Idf f10 | r10 22|23 | 25*
stf - 13 |r20 |10 multf | f6 f20 |1 23

Idf f20 |r10 11 |12 |14 |15

Idf f10 |r10 12 |13 |15 |16

multf | 6 f20 |f1 |13 |16 |19 |20

@ £S 152 Review.

Jack Kang and Kurt Meinz

Question 3:
Tomasulo Trace: CC 23: First->Second- >Third Divf
Divf1: Issued 6 Finished 23
Divf2: Issued 16 Finished 33
Divf3: Issued ?? Finished ??
We’re Done!
Question 4
TLB Page Cache
table
A. miss miss miss
B. miss miss hit
C.miss hit miss

D.miss hit  hit

E. hit miss miss
F. hit miss  hit
G. hit hit  miss

H. hit hit  hit

@ £S 152 Review

Jack Kang and Kurt Meinz

Question 3:
Tomasulo Trace: CC 24: First->Second- >Third Divf
N rd s t | E1 |EF |WB ||N rd s n | |E1 |EF |WB
Idf f20 | r10 1 2 4 5 addf | f12 |6 f2 14|21 |22 |23
Idf f10 | r10 2 3 5 6 addi | r10 |r10 15(16 |16 |17
multf | 6 f20 [f1 |3 6 9 10 divf fi2 |10 |16 |24 |32*
addf | f12 |f6 f2 |4 11 |12 |13 addi | r20 |r20 1718 |18 |19
addi | r10 |r10 5 |6 6 7 subi | rl rl 18|19 |19 |20
divf |f13 |f12 [f10 |6 14 |22 |23 bne |-- r1 19| |- |-
addi | r20 |r20 7 |8 |8 9 stf - r20 |20
subi | rl rl 8 9 9 10 Idf f20 | r10 21|22 |24
bne | -- rl 9 e Idf f10 |r10 22
stf - f13 |r20 |10 |24 |26* multf | f6 f20 | f1 23
Idf f20 | r10 11 |12 |14 |15
Idf f10 | r10 12 |13 |15 |16
multf | 6 f20 |f1 |13 |16 |19 |20

Question 3:
Tomasulo Trace: CC 23: First->Second- >Third Divf
Divf1: Issued 6 Finished 23
Divf2: Issued 16 Finished 33
Divf3: Issued 26 Finished 43
We’re Done!

The second divf issues before the first finished, so we
will need at least 2 entries.

The first finishes before the third issues, so we will
need at most 2 entries.

CS 152 Review,

sTherefore, we need 2 entries.
Reviey Jack Kang and Kurt Meinz]
Question 4
TLB Page Cache Possible? If so, under what circumstance
table

1. miss miss miss TLB misses and is followed by a page fault; after retry,
data must miss in cache.

2. miss miss hit Impossible: data cannot be allowed in cache if the page
is not in memory.

3. miss hit miss TLB misses, but entry found in page table; after retry,
data misses in cache.

4. miss hit  hit TLB misses, but entry found in page table; after retry,
data is found in cache.

5. hit miss miss Impossible: cannot have a translation in TLB if page is
not present in memory.

6. hit miss hit Impossible: cannot have a translation in TLB if page is
not present in memory.

7. hit hit miss Possible, although the page table is never really checked
if TLB hits.

8. hit hit  hit Possible, although the page table is never really checked
if TLB hits.

Jack Kang and Kurt Meinz|
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