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AL a9 o] RE HH bedefgd Wl #35
HA3 T oA H Ak olsretth WA Ajols W
AL WY ad) 253 co g BY B Had
3 Aolsrale Uex gutE 9YEL A2aA
21 A% APEo
a. 1w r3,4(r2) 5 r3 = #lr2+4}
b. 811 r5,r4,1 IS5 =r4 <1
c. and 16,13, 15 ;r6=r38&r5
d. 1w r7,8(r2) ;7 = M(r2+8]
e. apdi 18,r7.8 ;r8=r78&8
f. addiu  ri0,r8,16 i ri0=r8 + 16
g. beq r6, 10, next ; if(r6==0)goto next
(a)
&, OO
G o,
o, D
(b)
3 g
| a b c a e £ g
& 1| IF+ 1IFr IF IF*
3 21 I I ID IF IF IF
3 X EX EX$ EX I I Id
Al 4| EX  WB* WBS EX X8
of 5| WBs WB* WB EX$
® 6| M (o4 EX$ WBS
(c)
29 1. g d& 2E o (a) TP FE=
(b) vlol8l F4 BA 2L (¢) Folxd 9
3. &AA g AF A F7 719
g d4z3 A9 Aoy AUe s P
254 RUUS| dEeel FAH BEs} F71
A5 19 2% @& &% edFoln AgHY A
oj4& sl RUU dEg T28 HeFE
Yol A3 A FEAlE HEol gt oFFH g3y
EFE 98 F#7t9 Boolth 39 2004 2 22
oAl A ready BIEE A2 oAz 7H&
q5g EAsY ojd HHs Fyo2 2x 93
des) ojn £HUYAY £E & A58 AS
TRUEZ A9t} spec(speculation) H|EE &%
eHUte Z% 924 A& 2E AT TRUE
z MEdz, d2evold eWA= A
AT GO 22 LAAT T el spec
#lE7} TRUE®|W TRUER AESo Bael A4
8 A3t A= ge olgd By ddos 4
Ae 279 A data Y=ol 4 23
source operand 1 source operand 2 destination

1

1 1 1 1
ready‘ uql data ] spec ﬂreadyl tag\ data :pec“ WT data ll‘pecw
1 1 1 3
rissued u completed —“ reissued “

ad 2§38 RUU A&

squash counter I

=9 goz FHF oAU A4F EE 2y
Agozn HAE A gho] Ml issued HIE

v "9y ol RE HAEI completed M EE
gyl 3o} HSBHISS HAEE BlEor)
reissued BlEx ZEH o= g AHE3e 37
of Al oy EHAULZE veE BlEo
squash countert #E¥ BWHoz A £3 F
A BHE FAE7] 98 AlEsE 3 HE 91EH
ojt}, 8 F¢l BHo] HAE WPoE BYPHH
71 Z718tal WB 2HolAjodlA HAHUL
W A%t 2¥ 3¢ WB 2Ho] oo B
TS Vel 9ol 09 4% NS ZgojA e
Aol gt dE BT 3L HoFE adolt

// assume the execution of instruction i is completed
-// and its execution result is result;

// iquash the incorrect issued instruction
rul; squ P

qu .
sqgash the execuuon of inmstruction i.
return

0 ruui.dest,data = result::
1 ruu; completed = TRUE:
% if (ruus. srcéil s(;ec i1 ruyy. srcs. spec)
es'
4 1£(mstructmn i ips the l1spred1r:ted branch instruction
8& 'ruu;.dest, spec) {
{2 recover aispredicted branch prediction:

1

18 // assusé instruction j in ruu
instruction i

9 // and its source n(n-l 2) uses the result value of i
0 // roadcast the result to. the HBJ)C).BQ instruction j

return:
is data dependent on the

fruuy, issued &% 'ruu; re1ssue
.2 ruu, §rC,, ready = TRUE
3 \11 . Src,. data = resul
24 flruu; dest.spec) // 1f i was executed speculatively
25 ruB;. Srca. spec=TRUE: //Fropaga e the speculative
2} ag of i into j
27 /7 if g is already issued and i was executed non-speculatively
28 else i ('ruui dest. spec) {
29 opagate n-speculative flag of i into j
30 §r'Cy, SpPeC = FALSE
31 (/Jf J referenced the i ugre?lcted or incorrect value of i
32 if (ruws, srcy. data !'= res
33 Tuy;. 1sgued = FALSE;
3¢ ruuJ reissued = TRUE: // for reissue
35 |(\1 srcn.data = result;: //result broadcast
35 ruuy, comleted)//n" j is_executing and not completed
37 ruu;. squash++; // increment squash counter for
" ) squashing
39 // if j referenced correct value of i
40 else {
:é if (fruu;. srg, spec 88 !ruu, src; spec) {
ruyj, dest. s
43 /" ;on—s culatmn flag will propagate through data
€] ncy
44 // chain in non-speculation queue
45 insert instruction j into NS que
46 if(instruction j is a mis] redxcted branch)
257; ) recover mispredicted branch prediction:
49 }
S0 3

a2y 3. WB ZeojAe A9 g oF &1 T3

get instruction j from the NS queue:

// assume instruction K in ruu is data dependent on the
instruction j

// and its source n(n=1 or 2) uses the result value of j

if X referenced the mispredicted or incorrect value of j
lf (ruux, srco, data '= run;. dest.data) {
TE(!ruue, issued
ruux, srcn. ready = TRUE:
else {
ruu. issued = FALSE;
ruue, reissued = TRUE:

VU O

// result broadcast

TUUx, SICy. data = ruu;. dest. A

// propagate the non- speculatlve flag of i into j
YUl STCy, Spec = FALSE:

3
/7 if (k referenced correct value of j

// propagate the non-speculative flag of i into j
ruu‘ SrCy. spec = FALSE:
'ruug, SIC;. spec &8 !ruw, srcz.spec)
ruus, dest. spec = FALSE:
// non-speculation flag u111 propagate through
data dependency chaln
// NOD_Spec_proj stagemsert instruction k into
non-speculation gueue:
insert mstructmn k into NS
if{instruction K is a uggredlcted hranch)
recover mispredicted branch prediction:
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