3.1

3.2

3.3

Loop:

Loap:

LD F2,0(Rx)
DIVD F8,F2,F0
MULTD F2,F6,F2
LD F4,0(Ry)
ADDD F4,F0,F4
ADDD F10,F8,F2
ADDI RX,Rx, #8
ADDI Ry,Ry, #8
SD F4,0(Ry)
SUB R20,R4,Rx
BNZ R20, Loop

cycles per loop iter

LD (Rx)
<stall>
<stall>
<stall>
<stall>
DIvD

MULTD

LD

<stall due

<stall due
ADDD

<stall due
=stall due

<stall due

<stall due

ADDD

ADDI

ADDI Ry Ry, #8

sD F4,0(Ry)

SUB R20,R4,Rx
BNZ R20,Loop

<stall branch delay slot>

cycles per loop iter

HW3 Solution

1+4
1+12
1+5
1+4
1+1
1+1

1+1

1+1

® |

1+4

1+ 12

P e =1 b
*
-

sssssm
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Execution pipe 0

Execution pipe 1

Loop: Lo F2,0(Rx) i <nop=
<stall for LD latency> y <nop>
<stall for LD latency= 5 <nop=
<stall for LD latency= 3 <nop=
<stall for LD latency= 3 <nap>
DIVD F8,F2.F0 3 MULTD F2,F6,F2
LD F4,0(Ry) y <nop=
<stall for LD latency> 3 <nop=
<stall for LD latency> 3 <nop=
<stall for LD latency= 3 <nop=
<stall for LD latency= ;o <nop
ADD F4,F0,F4 3 <nop>
<stall due to DIVD latency> 3 <nop=
<stall due to DIVD latency= ; <nop=
<stall due to DIVD latencys> ; <nops
<stall due to DIVD latency> 3 <nop=
<stall due to DIVD latency= i <nop=
<stall due to DIVD latency> 3 <nop=
ADDD F10,F8,F2 3 ADDI Rx,Rx,#8
ADDI Ry.Ry,#8 ; SD F4,0(Ry)
SUB R20,R4,Rx i BNZ R20, Loop
<nop> ; <stall due to BNZ>
cycles per loop iter 22
3.8
10: fsub.d [ 1 2,3 ]
Renamed in cycla N
I1: fadd.d | 4,f1,72
12: fmul.d | f6,f4,f1 ] _
Renamed in cycla N+ 1
I3: Tdiv.d | f0,f2,f6
I
l'l Clock cycle
N-1 N MN+1
1] ] \l] o a 12
1 1 9 1 1
2 2 /2/ 2 2 2
3 3 3 3 K| 3
4 1 4 10 4 4
5 5 5 5 ] 5
2 6 B B B B 1
=
E T T T 7 7 7
= & B a 8 a8 8
= a ] 9 9 2] 2
62 62 62 &2 a2 B2
%] 63 (%] 63 63 63
wes|12[11] 10 ---|'-1]11|12'11| 'F.11F.|14[13]
Mext avail
Trag

Figure 5.4 Cycle-by-cycle state of the rename table for every instruction of the code

in Figure 3.50.
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addi TO, x1, x1
addi T1, TO, TO
addix1, T1, T1

Value in X1 should be 40

Figure 5.5 Value of X1 when the sequence has been executed.

3.13

Processor A:
Cycle Slot 1 Slot 2 Notes
1 fld x 1(thread 0) fld x1(thread 1) threads 1.2 stalled until cycle 5

2 fld x1 (thread 2) fld x1 (thread 3) threads 3.4 stalled until cycle 6
3 stall stall

4 stall stall

5 fld x2(thread 0) fld x2(thread 1) threads 1.2 stalled until eycle 9
4] fld x2 (thread 2) fld x2 (thread 3) threads 3.4 stalled until cycle 10
7 stall stall

8 stall stall

33 beq (thread 0) beq (thread 1) threads 1,2 stalled until cycle 37
34 beq (thread 2) beq (thread 3) threads 3.4 stalled until cycle 38
35 stall stall

36 stall stall

63 addi (thread 0) addi (thread 1)

66 addi (thread 2) addi (thread 3)

67 bit (thread 0) blt {thread 1)

08 blt (thread 2) blt {thread 3)

69 stall stall

70 stall stall first iteration ends

71 second iteration begins

140 second iteration ends




Processor B:

Cycle Slot 1 Slot 2 Slot 3 Slot 4 Notes
1 fldx1(th0) fldx2(th0) LDx3(th0) LDx4 (th0)
2 fldxl(thl) fldx2(¢h1) fAdx3(th1) fldx4(th 1)

3 fldxl(th2) fdx2(th2) fdx3(th2) fd x4 (th 2)
4 fidxl(th3) fldx2(th3) fldx3(th3)  fld x4 (th 3)
5 fdx5(th0) fidx6 (h0) Mdx7(h0)  fld x& (th 0)
6 fldx5(th1) fdx6(thl) fdx7(th1)  fld x8 (th 1)
7
8

fldx5(th2) fld x6 (th 2) fld x7 (th 2) fld x8 (th 2)
fld x5 (th 3)  fld x6 (th 3) fd x7 (th 3) fld x8 (th 3)

9 beq (th 0) first beq of
each thread
10 beq (th 1)

11 beq (th 2)

12 beq (th 3)

13 beq (th 0) second beq if
each thread

14 beq (th 1)

15 beq (th 2)

16 beq (th 3)

41 addi (th )

42 addi (th 1)

43 addi (th 2)

44 addi (th 3)

45 blt (th 0)

46 blt (th 1)

47 blt (th 2)

48 blt (th 3) end of first
iteration

96 second

iteration ends

Processor C:

Cycle Slot 1 Slot2 Slot3 Slot4 Slot5 Sloté Slot7 Slot 8 Notes

| fld (th 0) fid (th0) fAdh 0) fd (th 0) Ad (th 0y fd (th 0) Ad (th 0) e (th Oy

stall

stall

o |l | b2

stall

beg
x1 (th{)

stall

stall

stall

=R EN =

beq x2
(th)

10 stall

11 stall

12 stall

37 addi (th 0)




38 bt (th0)

39 stall
40 stall
41 stall

42 fld (th 0) fld(th ) fld (th Q) fld (th Oy fld (th 0) fid (th 0y fd (th 0y fld (th 0)

start of second
iteration (th ()

43 stall
44 stall
45 stall

83 fld (th 1) fld(th2) fid(th3) fid(th4) fld(th5) fid(th6) fid(th 7y fid (th 8)

start of first
iteration (th 1)

328

end of second
iteration (th 3)

3.15(a) comment -1y cycle a5 - DAIEAME Y f 3



Iteration Instruction Issues at Executes' memory Write CDB at Comment

1 fid F2,0(x1) 1 2 3 First issue
Wait for F2

1 fmul d FAF2F0 2 4 19 Mult s [3-4]
Mult use [5-18]

1 fld F5,0(x2) 3 4 5 Ldbuf [4]
Wait for F4

1 fadd.d F6,F4,Fo 4 20 30 Add s [5-20]
Add use [21-29]

1 fsd F6,0(x2) 5 3l ?;:I.'l“[ig“

1 addi x1.x1.#8 6 i b

1 addi x2 x2#8 7 8 9

1 sltu x3.x1,x4 8 9 10

1 bnez x3,foo 9 11 Wait for x3

2 fid F2,0(x1) 10 12 13 E‘L“u;‘[’rl ?_“HF
Wait for F2

2 foul.d FAF2F0 11 19 34 R:::E:,uﬁz—w;
Mult use [20-33]

2 fld F6,0(x2) 12 13 14 Ldbuf [13]
Wait for F4

2 fadd.d F6,F4,F6 13 35 45 Add s [14-35]
Add use [36—44]

2 fsd F6.0(x2) 14 46 ;,"'rﬂ;‘ltl."[”lg'fi‘ﬁ[

2 addi x1.x1.#8 15 16 17

2 addi x2,x2 #8 16 17 18

2 sl x3,x1,x4 17 18 19

2 bnez x3,foo 18 20 Wail for x3

3 fid F2,0(x1) 19 21 22 LWH‘L'LHI"[}EF}:’;[
Wait for F2

3 fmuld 4,20 20 34 49 R:::t i”?gl_m
Mult use [35-48]

3 fld F6,0{x2) 21 22 23 Ldbuf [22]
Wait for F4

3 fadd.d F6,F4,F6 x 50 60 Add s [23-49]
Add use [51-59]

3 fsd F6,0(x2) px 61 g‘m‘l'{*;ﬁgjl

3 addi x1,x1,#8 24 25 26

3 addi x2,x2 #8 25 26 27

3 sltu %3, x1,x4 26 27 28

3 bnez x3.foo x7 29 Wait for x3

3.15(b) comment fi# 1y cycle BrAwR » UMM T HY &+



Iteration  Instruction Issues at Executes/memory Write CDB at  Comment

| fld F2.0{x1) 1 2 3
Wait for F2
| fmul.d F4,F2,F0 1 4 19 Mult rs [2-4]
Mult use [5]
| fld F5.0{x2) 2 3 4 Ldbuf [3]
Wait for F4
| fadd.d F6,F4.Fa 2 20 30 Add s [3-20]
Add use [21]
. Wait for Fo
| fsd F6,0(x2) 3 3l Stbuf [4-31]
| addi x1,x1.#8 3 5
1 addi x2.x2.#8 4 5 [
_ INT busy
1 shtu x3.x1 x4 4 6 7 INT 15 [5-6]
= ” INT busy
1 bnez x3.foo 5 8 INT s [6=7]
2 fld F2.0({x1) 6 9 10 Wait for BEQZ
Wait for F2
2 fould F4F2F0 6 11 26 Mult rs [7-10]
Mult use [11]
. INT bus
10 11 ¥
2 fld Fo.x2) ) INT 15 [8-9]
Wait for F4
2 fadd.d F6,F4,Fo 7 27 17 Add x5 [8-20]
Add use [27]
2 fsd Fo.Wx2) 8 38 Wait for Fé
; INT busy
2 addi x1.x1.#8 8 11 12 INT 15 [8-10]
. INT busy
2 addi x2,x2.#8 9 12 13 INT rs [10-11]
INT busy
y) ; 13 14
2 sltu x3.x1 x4 9 INT rs [10-12]
2 bnez x3.foo 10 13 Wait for x3
3 fid F2.0(x1) 11 16 17 Wait for bnez
Wait for F2
3 frmul.d F4.F2,H) 11 1% 33 Mult rs [12-17]
Mult use [17]
INT busy
3 fld F6.0(x2) 12 17 18 INT rs [13-16]
Wait for F4
3 fadd.d F6.F4.F6 12 34 A4 Add rs [13-33]
Add use [33]
- Wait for F6
3 fod F6,0(x2) 13 43 INT rs full in 15
Er INT rs full and busy
3 addi x1,x1.48 13 18 19 INT rs [17]
o INT rs full and busy
3 addi x2,x2.#8 14 19 20 INT rs [18]
3 sltn x3,x1.x4 14 20 21 INT rs full

bnez x3.foo 15 22 INT rs full




3.17
(a)

Branch PC Entry Prediction Outcome Miss Update
mod 4
2 4 T T NO X
3 6 MNT NT NO NT
1 3 T NT YES T with one
miss
3 7 NT MNT MO X
1 3 MNT YES NT
2 5 T NO X
1 2 NT NT NO X
2 5 T NO X
3 6 NT YES NT with
one miss
Miss rate = 3/9=1/3
(b}
Branch PC Entry Prediction Outcome Miss Update
mod 4
0 T NO T
4 NT ¥ES T with one
miss
1 5 T NT ¥ES NT
1 Fi NT NT MO x
1 7 NT NT NO X
0 0 T T NO X
1 7 NT NT NO X
0 0 T NO X
1 7 NT ¥ES NT with
One miss

Miss rate = 3/9
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CPlyme TPl + Stalls .
Speedup = — ==
CPlgre CPlyae + Stallsgry
Stallsgpre = 153% x 2 =030

To compute Stallsgtg, consider the following table:

BTB BTH Frequency (per Penalty
result prediction instruction) (cycles)
Miss 15% = 10% = 1.5% 3

Hit Correct 15% = 90% = ¥ = 12.1% 0

Hit Incormect 15% = 0% » 10Fe = 1.3% 4
Therefore:

Stallsgra = (1.5% % 3) + (12.1% x 0) + (1.3% x 4) = 0.097

1.0+10.30

Speed up=1

040007 2



