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Answer:

In the 1% processor 80% of the time the access will be 3 ns while the rest of the time
(20%) the access time will be 30 ns. The average is
(0.8 x3ns)+(0.2x30ns)=2.4ns+6ns=8.4ns
In the 1% processor 90% of the time the access will be 2 ns while the rest of the time
(10%) the access time will be 50 ns. The average is
(0.9x2ns)+ (0.1 x50ns)=1.8ns+5ns=6.8ns
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Tag Set ID Word within block
(binary values) (binary values)
00 01 10 11
10100001001001 01101101 0016 | 6116 | C216 @ 2316
11100001100100 01101101 1016 | 7116 | D216 | 3316
11001011010110 01101110 2016 | 8l | E216 | 4315
11100101101011 01101110 3016 | 9116 | F216 | 5316
11110110110100 01101111 4016 | Alg | 0216 | 6315
10100111010101 01101111 5016 | Blig | 1216 | 7316
10101010111110 01110000 8416 | E516 | 4616 | AT
10101010010011 01110000 916 | F516 | 5616 | B716
01110001001000 01110001 Adis | ASi5| 6616 | CTys
00001101101101 01110001 Bdis | 1516 | 7616 | D76
01011010010010 01110010 Cdis | 2516 | 8616 | E716
10101111001011 01110010 D41s | 3516 | 9616 | F716
(N-WAY ,FULLY ASSOCIATIVE ,DIRECT) ?5"11 CACHER 20 arRny - .X
Answer: It is a 2-way set associative cache, i.e., there are two lines per set.
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Answer: Since it is a 2-way set associative cache, and since there is an 8-
bit tag, there are 28+1 = 512 lines. Each line has 4 bytes, so the cache has
a total of 2048 bytes.
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Answer:

First, convert 7121C5 to binary. 7121C516 = 11100010010000111000101>

The last two bits, 01, identify the word position within the block. 01 means

that it is in the second column of data.

The next eight bits, 01110001, should identify the set. It identifies the set

consisting of the third and fourth rows from the bottom.

The fourth row from the bottom has the matching tag of 0111000100100.

Therefore, the data is in the second column of the fourth row from the

bottom, i.e., Ab.
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Busy X% on qwx> Register status-nn 02wo°a0 npoin .3

J2TYNAR MR anow 7w WwRd V-1 V) -1 mTw Sw Py 0.7
Issue -2 opna Execute -2 AnInR *107 77IP0 — TIRNM X101 MY '3 Y0

TP ANMRT ATIPOT DWW DY MDNEAT MR DX KPR DINY DWW (mmp1 25) X

v
Lp: LD FO, O0(R1)
LD F2, 0(R2)

MULTD F4, FO, F2
ADDD F6, FO, FO
SUBI R1, R1, 8
SUBI R2. R2, 8
ADDI R3, R3, 1



Reservation stations

Name Busy Op Vi Vk Qi (k Dest
Addl N ADDD Mem[R1] Mem[R1] #1
Add2
Add3
Multl Y MULTD Mem[R1] Mem[R2] #3
Mult2
Intl Y SUBI R1 5 #5 T
[nt2 ¥ SUBI R2 8 # |
Iut3 Y ADDI R3 1 #7 o
Reorder buffer
Entry Busy [nstruction State Destination Value
| N LD FO, O(R1) Connnit 10 Mem[0(R1)]
2 N LD F2, O(R2) Clotnnil 2 Mem [ 0{R2)]
81 Y MULTD F4, FO, F2 Exccute 4
| Y ADDD F6, FO, FO Wrile I Fior + I
5 Y SUBI R1, R1, 8 Exceute Rl
i Y SUBI R2, R2, 8 Frecud R2
7 Y ADDI R3, R3, 1 JETT I
by
FP register status
Field K 2 F4 Fi K8 Kl Fl12 F30
Reorder # 1 2 3 I
Busy N N Y Y

TIP2 ANIART ATIPOT OV MW DY MONXAT NIR?IVT IR XYM 1DINA DWW (Mmmp125) 2
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MULTD FO, F2, F4
ADDD F6, F6, FO
ADDD F2, F2, F8
LD F4, 0(R2)
ADDI R1, R1, 8

MULTD F8, F10, F12
ADDD F4, F4, F10

ADDI  R2, R2,

Reservation stations

Name Busy Op Vi Vk Q] Qk Dest
Addl Y ADDD F6 F2xF4 blank: #2
Add2 N ADDD F2 s #3
Add3 Yy ADDD F F10 £7
Multl N MULTD F2 F4 #1
Mult2 Y MULTD F10 F12 #0
Intl N LD R2 0 #4
Int2 Y ADDI R1 8 #5
Int3 Y ADDI R2 1 #8
Reorder buffer
Entry Busy Instruction State Destination Value
1 N MULTD FO, F2, F4 Clommil Fo F2xF4
2 Y ADDD F6, F6, FO Frecute FG
3 Y ADDD F2, F2, F8 Write F2 F2+F8
1 Y LD F4, 0(R2) Write F4 Mem[O(R2)]
5 Y ADDI R1, R1, 8 Execute R1
6 Y MULTD F8, F10, F12  Euzecule PS8
7 Y ADDD F4 Mem[R2] F10 Issue FJ
8 Y ADDI R2, R2, 1 Issue R2
FP register status
Field FO F2 F4 FG F8 F10 K12 30
Reorder # 1 3 7 2 6
Busy N Y Y Y Y
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loop:
LW R4, 0(R3)
ADDT R3, R3, 4
SUBI R1, R1, 1
bl:
BEQZ R4, b2
ADDI RZ2, RZ, 1
b2:
BNEZ R1, loop
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System Branch Predictor Branch Behavior
State
PC R3/R4 b1 bits b2 bits Predicted Actual
b1 4/1 00 00 N N
b2 4/1 00 00 N T
b1 8/0 00 01 N T
b2 8/0 01 01 N T
b1 12/1 o1 11
b2 12/1
b1
b2
b1
b2
b1
b2
b1
b2
b1
b2
b1
b2




System state

Predictor

Branch behavior

PC R3/R4 B1 bits B2 bits | Predicted Actual
B1 4/1 00 00 N N
B2 4/1 00 00 N T
Bl 8/0 00 01 N T
B2 8/0 01 01 N T
B1 12/1 01 11 N N
B2 12/1 00 11 T T
B1 16/0 00 11 N T
B2 16/0 01 11 T T
B1 20/1 01 11 N N
B2 20/1 00 11 T T
B1 24/0 00 11 N T
B2 24/0 01 11 T T
B1 28/1 01 11 N N
B2 28/1 00 11 T T
Bl 32/0 00 11 N T
B2 32/0 01 11 T N
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System Branch Predictor Behavior
State
PC | R3/R4 | history b1 bits b2 bits
bit set0 | set1 | set0 | set1 | Predicted | Actual

b1 | 4/1 0 00 | 00 | 00 00 N N

b2 | 4/1 1 00 | 00| 00 | 00 N T

b1 | 80 0 00 | 00| 00 01

b2 | 8/0

b1 | 121

b2 | 12/1

b1

b2

b1

b2

b1

b2

b1

b2

b1

b2

b1

b2
System state | History Predictor Branch behavior

bit

PC R3/R4 B1 bits B2 bits | Predicted Actual
B1 4/1 0 00 00 00 00 N N
B2 4/1 1 00 00 00 00 N T
B1 8/0 0 00 00 00 01 N T
B2 8/0 1 01 00 00 01 N T
B1 12/1 1 01 00 00 11 N N
B2 12/1 1 01 00 00 11 T T
B1 16/0 0 01 00 00 11 N T
B2 16/0 1 11 00 00 11 T T
B1 20/1 1 11 00 00 11 N N
B2 20/1 1 11 00 00 11 T T
B1 24/0 0 11 00 00 11 T T
B2 24/0 1 11 00 00 11 T T
B1 28/1 1 11 00 00 11 N N
B2 28/1 1 11 00 00 11 T T
B1 32/0 0 11 00 00 11 T T
B2 32/0 1 11 00 00 11 T N




