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Problem 1

In the following i1 and 12 are instructions immediately after the branch.

a)
instruction Clock cycle no. :
112 |3 |14 |5 16 |7 8 S 11011 |12 |13 |14 15|16 | 17| 18
Id x1, O{x2} FIDL X | MW
addixl, x1, 1 slolplol x| M w
sd x1, 0{x2) FIlFIF DDl D XMW
addixz, x2, 4 F | F Flo] x| m | w
sub x4, x3, x2 Fl oD o] %M w
bnez x4, Loop FLE R DO D M| W
i1 F 2 F &
i2 £
ld x1, O{x2) Foror
There are 16 cycles between loop instances, the last loop takes 18 cycles:
X3 is x2+40 so the loop takes 10 iterations. 9 loops with 16 cycles, and 1 with 18. T=9%16+18
b) : .
Instruction Clock cycie no.
112 (3|4 |5 6 |7 |8 9 [10(11 (12|13 {214 !15| 16|17 | 18
I x1, O(x2) ErDl ¥ MW '
addixl, x1, 1 LD DK [ MW
sd x1, 0(x2) elelolxlwm|w
addix2, x2, 4 S R 8| W
sub x4, x3, x2 IR EREN
bnez x4, Loop ‘ Floio|lx | s w
il & F
id x1, 0{x2) ol X[ M w
There are 9 cycles between loop instances, the last loop takes 12 cycles:
X3 is x2+40 so the loop takes 10 iterations. 9 loops with 9 cycles, and 1 with 12, T=9*9+12
<)
Instruction Clock cycle no.
21314 (5|6 |7 8 9 (1011|1213 ;14| 15|16 17 | 18
Id x1, 0{x2) Floy X w
addixi, x1, 1 FLOL G| X MW
sd x1, 0(x2) EE | D X s | oW
addi x2, x2, 4 slol x| miw
sub x4, x3, x2 Floo ow M w
bnez x4, Loop FoloD LXMW
i1 D
Id x1, O{xZ) Lol MW

There are 8 cycles between loop instances, the last loop takes 12 cycles:
X3 is x2+40 so the loop takes 10 iterations. 9 loops with 8 cycles, and 1 with 12. T=9%8+11



Problem 2

a) States: F = Fetch, D = Decode, E = Execute, M = Memory, W = Writeback

Instruction Clock cycle no.
213145 /617 |8 |9 (10|11 12|13 |14 |15 |16 |17 |18 19
LW R5, (R3) DR R W
LW RG, 8(R3) FLOOLE R W
MUL RS, RS, R6 ESN T T I S O I R Y B R
ADD R3, R3, R2 Ol EL| R OM | W
SW R5, (R3} FoLOR £ Dolom oD LB | MW
b} States:| = lssue, E = Execute, M = Memory, W = Writeback
Instruction Clock cycle no. .
2|13 |4 |5 |6 |7 8 9 {1011 132114 1516 17|18} 19
LW R5, {R3) MW
LW R6, 8{(R3) i BA | WY
MUL R5, R5, R6 B EA G ES | WT
ADD R3, R3, R2 Ul E1 | £ | W
SW R5, (R3) ; Y
*No M stage needed for Mul and Add
**SW can start E in cycle 8 since it’s only address calculation and by that cycle R3 is already read from CDB
¢} States:!=lIssue, R=ReadOp, E = Execute/Memory, W = Writeback
Instruction Clock cycle no.
21314 |5 16 7 8 9 110111 {12413 (1415|1617 18|19
Lw R5, (R3) HOE | W
LW R6, 8(R3) R E W
MUL R5, R5, R6 LR el £5 O] W
ADD R3, R3, R2 ! b
SW RS, (R3) i 4 b Y

*[ssue has to wait for WAW hazard on RS




‘ M Midey /! IHruetee.
iy hate = - e - - e
ne Vi e mmj Ww”““/ Mask roctin
3.82 /140
g
LAy, ~adt ¢ _ = ___‘/n_#g__ S = » 5@4
/6k8 f’"fl - —7
. 49.9
I Aa " 2 ey
1) ﬁ/ék/j duws ® ” / - M

0.3¢

‘ 43 Y
firs hmle??kl} pmipd B} - ) 5//5047"_ . L0035 - 3.1/8

I

/: Infrde pet fon N‘/_:V(ﬂ(‘c) = _,_/___ 74‘/

(3¢
s i ‘ '
/ 0{4/4 Lo ,\—Q-"{;V e - u__‘.___.__.gélj = 2 g /,
(.26

in Rty /;4/ L 04 ) . (2] x 1) - 0526 { 3.28/

3./82 < 3.26)

",4’\_ 4 " b é [
;:> Lﬂl’?/“-".’“; _u;f’{ ng f:w Corey Gt T4 "/" ¥

V} * V(\ A""-@“?/
WLM s il Q‘Q-é(«‘f.wk; wii hedte B /) er Anaihce C



|/
/Drcf,u m 3

i o : e P

ANV\Q?LJ_ Mt.way Aceed P (AM"T)

T ) J
' - . - s ket :
/ InJFrue tiow M—C remed) % ( é[## Pva.  + Ructie M) € X My /).gir\ﬂ/—(i/./ )

\ . i | | "
‘{— / OZJ-'J" ?\t?{zmmh} ﬁ( éf;,,z +,.,;,\,L,, + 9&_14,( by hate KX g /flﬂhm_ -%j! )

‘“ 5

/ Ammp s /% 526/ y 200 = F524

-‘___,./ — N

S

QKktra A.QL cY¢L¢

, J
AMATW,QJ; 74/ (/—f 03[8 x200) + 8/, [le] 4 +03/5 x200 )

. i."'
!
2 |
2@ \» 4 ,""'-!vi"f\a"h'mt. {‘/ .
' i /"“Yﬂ"m,_N = i S \"n.f- T N 7_--1\".1"_“7_"‘ -

/oa/( 0318 x200) 4 26/ (1) - 72_(25

J\. 2 N ”(/, . . N //.‘\

R o

7.52 ¢ 1.2,
S/M; Pioh /;M . LH”, AT



Problem 4
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Problem 5
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