Architektura ﬁo“’ta“ ;

04
Zfetézené vykonavani instrukci; Hazardy;
Vyvazovani stupiu zfetézeni a ¢asovani; Superzretézeni

Ceské vysoké udeni technické, Fakulta elektrotechnicka
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Ukol dnesni prednasky

Modifikujeme jednocyklovy procesor z 2. prednasky na
Zretézeny procesor.

Procesor bude podporovat instrukce:
and, or, slt,

add, sub,

addi |,

| w, sw abeqg

Typ

31...

0

opcode (6), 31:26

rs(5), 25:21

rt(5), 20:16

rd(5), 15:11

shamt (5)

funct (6), 5:0

opcode (6), 31:26

rs(5), 25:21

rt(5), 20:16

immediate (16), 15:0

opcode (6), 31:26

address (26), 25:0
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Jedno-cyklovy procesor spolu s pametmi

-ﬁﬂpcl‘ﬁpc A
FSINS
Instr.
Memory
+
4
PCPlus4

( ™\ _MemToReqg
Control | _MemWrite
Unit | Branch
31:26 ALUControl 2:0 -
Opcode | Al UScr
5:0 | runct RegDest
\_ﬂRegWrite
L |
Instr |25:21 XlWIIE:{SDl SrcAl:LU Zero v WE
A RD 1
20:16) A2 RD2 [0ISreB AUOut Data ——
. Reg. 1 ) Memory
WD3 e || WriteData WD
20:16 Rt107] WriteReg
15:11 RalL
P sign Ext. [~ Signtmm PCBranch

oy
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Jedno-cyklovy procesor — vykon: IPS = IC /T = IPC.f- «

« Jakd muze byt maximalni frekvence procesoru?
o Zpozdéni na kritické cesté — instrukce Iw:

Tc = tpC + tMem + 1:RFread + 1:ALU + 1:Mem + 1:Mux T tRFSGtUp

l |
1 [V WE3 v
Instr  23:21 Al RD1 /= Result
A RD
20:16| A2 RD2 Data ReadData
A3 Req. - Memory
WD3  Fje WriteData WD
20:16 Rt@ WriteReg
15:11 1

Sign Ext
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Jedno-cyklovy procesor — vykon: IPS = IC /T = IPC.f- «

stre

* TC=1pc *+ tyem * trrread T tatu + tvem * vux + tRFsetup
 Predpokladejme:

toc =30 ns
thiem =300 ns
tRFread =150 ns
LINTS =200 ns
thux =20 ns
Rrsewp =20 1NS

Pak Tc =1020 ns --> f k max = 980 kHz,

IPS = 1. 980e3 = 980 000 instrukci za sekundu
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Zretézeneé vykonavani instrukci

Predpokladejme, ze vykonani instrukce muzeme rozdélit do 5 stupnu:

Vv

ID

V

EX > MEM

WB ——

Vv

— Ik

IF — Instruction Fetch, ID — Instruction decode (and Operand Fetch),
EX — Execute, MEM — Memory Access, WB — Write Back

a dale t=max {T1;}*.;, kde 1, ]je €as Sifeni (propagation delay) v i-tém stupni.

IF — poslani PC do paméti a vybrani aktualni instrukce. Aktualizace PC = PC+4

ID — dekodovani instrukce a nacteni registri specifikovanych v instrukci, provedeni
testu na rovnost registrd (kvali moznému vétveni), znameénkové rozSifeni offsetu,
vypocet cilove adresy pro pripad vétveni (zn. rozs. offset + PC)

EX — operace ALU
MEM — v pfipadé instrukce load /store — ¢teni/zapis do paméti

WB — v pfipadé instrukci typu register-register nebo instrukce load — zapis vysledku
do RF (vysledek muze pfichazet z ALU nebo paméti)
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Paralelizmus na urovni instrukci - zretézeni

oy
F o2 [ 13|14 |5 |16 | 17 [[18)] 19 |10
D i1 |12 | 13 (14|15 |16 |[17]) 18| 19
EX 1| 12 | 13|14 |15 |16 17 | 18
MEM L |12 {1314 |15 16| 17
ST 1| 12 [ 13 [\4/| 15 | 16

S

1 2 3 4 5 6 7 8 9 10

< 51 el L 1L 1 cas

« Cas vykonani n instrukci k-stupfiové pipeline:
nkr

T .
e Zrychleni: =_1= imS, =k
> T, kr+(n-Ir anK

Predpoklad: idealné vyvaZzend pipeline, obvod muzeme libovolné délit
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Paralelizmus na urovni instrukci - zretézeni

* Neredukuje €as vykonani individualni instrukce, pravé naopak..

e Hazardy:
Strukturalni (feSeny duplikaci),
datoveé (dusledek datovych zavislosti: RAW, WAR, WAW) a
ridici (instrukce ménici PC)...

e Hazardy zpusobuji (mohou zpusobovat) pozastaveni
vykonavani (stall) nebo vyprazdnéni pipeline

e Pozn. : HlubsSi pipeline (vice stupnd) znamena mené hradel v
kazdem stupni a tim padem moznost zvysit pracovni frekvenci
procesoru.., avsak vice stupiu znamena i vysSsi rezii (nutnost
lepe fadit instrukce do pipeline)

AOB36APO Architektura po ¢€itacl




Paralelizmus na urovni instrukci - Naruseni semantiky

Datovy hazard: Add zapiSe novou hodnotu R1
|

ADD RLR2R3 | IF | 1D | EX | MEM ('we

SUB R4,R1R3 F |(ip ) Ex |MEM | wa
| sekveeni T ——SUB precte neplatnou hodnotu R1

instruk¢éni proud

Vyhodnoceni podminky, vypocet PC

Ridici hazard: // s
— PC zménén
BEQZ R3, M1 IF ID ‘( EX !MEM) WB
ADD R6,R1,R2 { IF ) ID EX | MEM| WB
instrukce 3 ID EX | MEM | WB
instrukce 4 |F ID EX | MEM | WB
M1: ADD R4,R6,R7 |F ID EX | MEM| WB

Méli byt pfineseny (a nasledné spracovavany) tyto instrukce?
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Nezretézene vykonavani

| |
1 [V WE3 v
-[b‘TPC’I‘hPC A rp st 22U A1 R SR [ Zerol || WE 07 Resut
FSINE b0:16 A RD 1
Instr. 19 A2 RD2 01SrcB AluOut |~ pata ReadData
Memory A3 Reg 1 Memory
WD3  Fje | WriteData WD
20:16 Rt {07] WriteReg
15:11 Rd;
+
4 130 Sign Ext [~ Signmm <2 .| PCBranch
PCPlus4 B
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Zretézeneé vykonavani

67 R& ¢ ¢ AluOutW
| ]
4V WE3 \
-EPC’&PC A rp W st 22U A1 RD ¢ Zerol WE 07 Result
A RDH 1
Instr. 20:16) A2 RD2 { AluOutM|" pata ReadData
Memory A3 Req Memory
WD3 e | WriteDataE | |WiteDatat] WD
20:16 Rt|0 WiritsReGE | | WriteRegM |WiiteRegiAL,
15:11 Rl 1T [
+
4 15:0@" Signimm PCBranch
PCPlus4F PCPlus4D PCPlus4E
Fetch Decode Execute Memo WriteBack
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Zretézeneé vykonavani

4 —\ MépToReg _.oo---======" [ =777  —
Control | M{ pWrite - |- i
Unit Brlhch [T N
3126 Al |Control 2:0 1 -
—|Opeode | Al scr
: Rq [Dest
20 Funct , AluOut\W
\ a Rq (Write
| | l
. V
-!bjpcmpc A RD instr_[P5:21 XlWIIE:{SDl - Zero WE 0] Result
1 A RDH 1
Instr. 20:16| A2 RD2 AluOutMl” pata ReadData
Memory A3 Req Memory
WD3 e | | WriteDataE | [WiteData] WD
20:16 RUOT| wvriteRegE | | WiteRegh [ WiiteReg,
15:11 R T [
+
4 139" sign Ext_[] [Signimm PCBranch
PCPlus4F PCPlus4D PCPlus4E
Fetch Decode Execute Memo WriteBack
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Totéz, pouze zmenseno a prekresleno...

Gomro )| _RegWriteD % RegWriteE %7 RegWriteM 6RegWriteW
unit MemToRegD MemToRegE MemToRegM
MemWriteD MemWriteE MemWriteM MemTo
31:26 ALUControlD ALUControlE RegW
= 0p ALUSrcD ALUSrcE
5:0 RegDstD RegDstE
Funct BranchD BranchE BranchD PCSTeM
| Zero I
InstrDJ25:21 VWE3 rcA v WE
AR o ——=ia Rop e
Instruction 20187  RD2 LU MData
1 emory
Memory CV3D3 R§|g r NriteData WriteDataM 1
e J ALUOUW)
fg:? E;% E;E 0] WriteRegE 4:0 | | WriteRegM 4:0 WriteRegW 4:0
. - y
15:0 ﬁ SignimmD SignimmE
PCPlus4F PCPlus4D a
PCBranchD —
ResultW
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Vznik datovych hazardu

1 2 3 4 5 6 7 8

-

Time (cycles)

add &s0, &s2, ss3 [mPBEY H eFlsa:

— RF
: | Bl aF

3 1 o skl ,_‘1,_2

sub sEd, 980, 9 e T o P

* Pracovni registry (Register File) — pristup v dvou fazich (Decode,
WriteBack) — zapis v prvni poloviné cyklu, Cteni ve druhe..

« RAW hazard...
« Jak je mozné reSit tento hazard a nedegradovat vykon pipeline?

I
and &t0, &s0, &sl M |—

or Stl, $s4, 5s0
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Reseni datovych hazardd preposilanim (forwarding)

1 2 3 4 5 6 7 8
s

Time (cycles)

add $s0, $s2, $s3 [ I AR]s=s [PB—

and $t0, $s0, $sl M 224 Ul RE

Ssd | ] y

or $tl1, $=4, $=0 IM — ]—[HF 5E|3TFB|— TDM_ — RF
'I 5s0 = i

sub $t2, $s0, $s5 o B mﬂ,:f 5551:8 _&[qtﬁ m

Pokud vysledek vznika dfiv nez jej nasledujici instrukce skutecné potrebuiji je
mozné tento hazard reSit preposilanim (forwarding)

nastava kdyz se pouzité zdrojove registry instrukce ve stupni E shoduji s
cilovym registrem ve stupni M nebo WB

proto museji byt €isla téchto registru z téchto stupriu posilana do Hazard Unit
taktéz zda cilovy registr bude skute¢né pouzit k zapisu (jinymi slovy, zda se

e

skutec¢né jedna o cilovy reqistr — lw vs. sw) — RegWrite z M a WB

m|m

L |4
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Stavajici procesor

A RD

Instruction
Memory

PCPlus4F

oo\ _RegWriteD %7 RegWriteE %7 RegWriteM 6RegWriteW
unit MemToRegD MemToRegE MemToRegM
MemWriteD MemWriteE MemWriteM MemTo
31:26 ALUControlD ALUControlE RegW
—0p ALUSrcD ALUSrcE
50 RegDstD RegDstE
Funct ™™g ranchD BranchE BranchD ;s rem
——
l Zero I
InstrDJ25:21 VWE3 rcA v WE
Al RD1 ALUOutM ReadDataW
20:16 I --ﬁ A_RDMH
A2 RD2 ALU |VIData
A3 Reg. r 1l emory
. /VriteData WriteDataM
WD3 File J AL UOut (1)
20:16 RtD RtE 0\| WriteRegE 4.0 WriteRegM 4:0 WriteRegW 4:0
15:11 RdD RdE y ——
15:0 ﬁ SignimmD SignlmmE
PCPlus4D a
PCBranchD —
ResultW
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Reseni datovych hazardt preposilanim (forwarding)

Gomro )| _RegWriteD % RegWriteE %7 RegWriteM 6RegWriteW
unit MemToRegD MemToRegE MemToRegM
MemWriteD MemWriteE MemWriteM MemTo
31:26 ALUControlD ALUControlE RegW
~—Op ALUSrcD ALUSrcE
5:0 RegDstD RegDstE
Funct BranchD BranchE BranchD PCSTeM
| Zero I
: A RDH peiisti2s21lyq =00, 01 SLcAt ALUOutM| | | Reacbatan
Instruction 2016872  RD2 001 =0 JSrcBE/ALU Data
Memory A3 Reg. 1 1 _ Memory
WD3 File WriteDataM i
25:21 RsD RsE J ALUOutW]
20:16 RtD RtE 0\| WriteRegE 4.0 WriteRegM 4:0 WriteRegW 4:0
15:11 RdD RdE y —
+ 15:0 <~ 1SignimmD SignimmE
4 Ext
<<2
PCPlus4F PCPlus4D +
PCBranchD —
|
ResultW
Forwexg E%rward RegWriteNI ‘Il?vegWrite
[ Hazard unit ]
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Reseni datovych hazardd pozastavenim (stall)
1 2 % 4 5 6 7 8

.
Time (cycles)

s0 = -
1w $s0, 40(&0) M iﬂ{m: = :B—]T pm| | [ss0fec
~ Trouble! -]
ann:".IU R ¥ l st0
and $t0, $s0, $sl M (| AEfs=1] [ o8 LD,M__[ i

- ) S5s4d | ] v“-l
or §tl, ss4, $s0 M = ]—[F‘IF 5=0 L TDM_ selfge

sub &t2, &s0, &s5 B Sub |-{|Fa= -

e Pokud nasleduijici instrukce potfebuji vysledek dfiv nez skute¢né vznika je
mozneé tento hazard reSit pozastavenim (stall)

e Pozastaveni pipeline je prostfedkem feSeni hazardu; nezvySuje vSak
propustnost systemu

 stupné pipeline pfedchazejici stupni kde hazard vznika jsou pozastaveny do

doby, nez jsou k dispozici vysledky pozadované nasledujicimi instrukcemi —
ty jsou pak preposilany (forwarding

©
4

L
m juw
LT

4
=
Ba

M RF
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Reseni datovych hazardd pozastavenim (stall)

1 2 3 4 5 6 7 8

9

-

Time (cycles)

a 50 =
1w $s0, 40($0) iuﬁ[l{HF 20 | [—

and

and $t0, $s0, $sl IM 1| RE

=]

L
m fm
=

oxr

or Stl, $s4, $s0 M

St 5@7 se1 [l
Stall

= =0
& sub o~ DM St2
sub $t2, $s0, $s5 i |==f Wl e Q_E]:B—[—l— ~|IJ

HF

e pozastaveni se dosahne podrzenim hodnoty mezistupnovych registru
 vysledky z kolizniho stupné se museji ,ztratit* — Fidici signaly umoznuijici
meénit stav (kontext) procesoru (zapis pracovnich registri nebo do paméti,
fizeni povoleni vétveni) se nuluji
» 0boji se dosahne pfidanim fidicich vodic¢u k mezistupnovym registram
umoznujicich ménit/uchovat nebo nulovat jejich obsah
| w. typ I, rs — bazova adresa, imm — offset, rt — kde ulozit
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Stavajici procesor

G RegWriteD %7 RegWriteE RegWriteM 6RegWriteW
unit MemToRegD MemToRegE MemToRegM
MemWriteD MemWriteE MemWriteM MemTo
31:26 ALUControlD ALUControlE RegW
—0p ALUSrcD ALUSrcE
5:0 RegDstD RegDstE
Funct ™™g ranchD BranchE BranchD ;s rem
——
l Zero I
o1l YWE3 — vV WE
A RDH memstiE2s21l) =20 - SLcAt ALuouth) | | Readbta
. l‘ {__|
Instruction 204872  RD2 00 I LU MData
1 emory
Memory . CV3D3 R§|g r NriteD WriteDataM WD i
25:21 e RsD RsE J ALUOutW]
fg:? E;% E;i g_) WriteRegE 4:0 | | WriteRegM 4:0 WriteRegW 4:0
15:0 ﬁ SignimmD | SignimmE
PCPlus4F PCPlus4D ‘ a
PCBranchD | —
Forward| |F d . RegWrit
AE B%rwar ReanteNI Weg rite
Hazard unit ]
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Reseni datovych hazardd pozastavenim (stall)

Gomro )| _RegWriteD % RegWriteE %7 RegWriteM 6RegWriteW
unit MemToRegD MemToRegE MemToRegM
MemWriteD MemWriteE MemWriteM MemTo
31:26 ALUControlD ALUControlE RegW
—0p ALUSrcD ALUSrcE
5:0 RegDstD RegDstE
Funct ™™g ranchD BranchE BranchD ;s rem
——
l Zero I
21| YWE3 — VW
A RDMN pemliR25:21]) 1" =301 7 Sicat ALvoutt| - || freadnara
Instruction 204872  RD2 U I LU MData
1 emory
Memory . CV3D3 R§|g r NriteData WriteDataM WD 1
25:21 L RsD RsE ALUOutW 0
20:16 RtD RtE . . . .
15:11 RdD RAE erteRegE 4:0 WriteRegM 4:0 WriteRegW 4:0
15:0 ﬁ SignimmD | SignimmE
PCPlus4F PCPIus4D L ‘ a
il I -
= F d| |F d 2 RegWrit
orwar orwar < . egWrite
fstall F Stall D 3 AE| |BE I'%_EI RegWriteM W g
: £
[ Hazard unit = ]
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Ridici hazardy

1 2 3 4 5 6 f 8 9

20  beq $tl, $t2, 40 '_m’i[l{np =| [33 Dm_]_ AF

24 and $t0, $s0, $=1 ™ a“d]{ RF

28 or $tl, $s4, $s0 .iﬁ"i[{ﬂw

2C  sub $t2, $s0, &s5 ™

I \

64 slt $t3, s$s2, 5s3

L

Time (cycles)

L
T

o

q

Ay A
L] ]
ol =]
[ L4
. — |
\+
e
A
[}
l =

Tr B
[ET I
=

4 Flush
these
instructions

[Fi]
e
I
M
Ty |45
L] 1]

30

5t
DM $t3 HF

s

=
m
ek
=

o]

m
S B
m jin
L e

[ 4

 vysledek porovnani je znam az v 4. cyklu.. Proc?
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Ridici hazardy — rad&ji znat vysledek dfive..
1

3 4 5 6

F
20

8 9
-
Time (cycles)
y Stl
beg $tl, $t2, 40 [IM iﬂ{ RF 3Fg]:B_[TDM ]_HF
| |
24

|
I|_ Szl
and $t0, $s0, $sl IM amf]—[ RF [5s1 B_M_ RF
I L
|
III
28 or $tl, %s4, 3=0 \
|
|
III
2C sub $t2, $s0, $s5 'll
|
II
II
30 R '|
|
64 slt St3,

|
$s2, $s3

Esltﬂ{ RE 'g I DM _D$c3 aF
» pokud dokadzeme stanovit vysledek porovnani uz v 2. cyklu mizeme
redukovat tzv. ,misprediction penalty*

L L

Lad B2

=
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Resen

I,

fidicich hazardu vyprazdnénim (flush)

0
1

Gomro )| _RegWriteD % RegWriteE %7 RegWriteM 6RegWriteW
unit MemToRegD MemToRegE MemToRegM
MemWriteD MemWriteE MemWriteM MemTo
31:26 ALUControlD ALUControlE RegW
—0p ALUSrcD ALUSrcE
5:0 Funct RegDstD RegDstE
BranchD _._
~———
| EquaD| =pcsrcp |
A4 — N
A RD nstDY25:21 01 - RD1 01 Sicat ALUOut | | | {Readata
Instruction 20:16 A2 RD2 81 O JSrcBEJALU Data
Memory A3 Reg. 1 1 _ Memory
WD3 File WriteDataM WD i
25:21 RsD RsE J ALUOutW 0
fg:? E;% E;E g_) WriteRegE 4:0 | | WriteRegM 4:0 WriteRegW 4:0
+ 15:0 _~—|SignimmD
4 SEIXP SignimmE
PCPlus4F § |cts PCPlus4D -
EN [
PCBranchD — —
ResultW
w wl
5 Forward| |Forward & ReaWritel RegWrite
Stall F StallD =2 AE| |BE ) egvvrite W
=
Hazard unit = ]
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Reseni vzniklych RAW hazardd pfeposilanim nebo pozastavenim

A4

Prenoclat /

- VI\I\JU'MH T EVZ
Pozastavit .. Netreba
Pozastavit
G RegWriteD %7 RegWriteE %7 RegWriteM RegWriteW
Er;izo MemToRegD MemToRegE MemToRegM
MemWriteD MemWriteE MemWriteM MemTo
31:26 ALUControlD ALUControlE RegW
—0p ALUSrcD ALUSrcE
5:0 RegDstD RegDstE
Funct ™™g ranchD
———
l EquaDLPCSrcD |
. vV WE
A rol Humstobsat TWES rﬂ ALUouth | | | [Readoatan
20:16 ™
Instruction A2 RD2 Data
Memory AE Reg WriteDataM Memory
25:21 WD3__ File RsD ALUOUtW (1)
: RtE . . ) )
fg:? EL% R WriteRegE 4:0 | | writeRegM 4:0 WriteRegW 4:0
15:0 SignimmD
ﬂ all SignimmE
PCPIus4F PCPIlus4D h o
- ou] | PCBranchD | ] T || L
|
ResultW
3 = Forward| [Forward | 2| RegWrit
° orwar 2 . egWrite
Stall F Stall D IBranchD ol B (|2 AE| |BE .ﬂé‘ g\ RegWriteM W
J . q’
[ * Hazard unit 3 ]
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Hotovo — navrzeny zfetézeny procesor

Gomro )| _RegWriteD % RegWriteE %7 RegWriteM 6RegWriteW
unit MemToRegD MemToRegE MemToRegM
MemWriteD MemWriteE MemWriteM MemTo
31:26 ALUControlD ALUControlE RegW
—=—0p ALUSrcD ALUSrcE
5:0 RegDstD RegDstE
Funct ™™ BranchD
~———
| EquabD| =pcsred l
Y= FiA  RDR RS2 T ERp; 0 07 2rcAt ALUouth | | | [Readoatan
20:1 ™
Instruction 01672  RD2 001 4=10 JSrcBEIALU Data
Memory A3 Reg. g-) 1 1l NrteDatatt Memory
g riteData
25:21 WD3_File RsD RsE J W ALUOUtW (1)
fg:? EL% RR(tiEE (i) WriteRegE 4:0 | [ writeRegh 4:0 WriteRegW 4:0
+ 15:0 S SignimmD .
4 Ext 5 SignimmE
<<
pcPlusaF ] [ PCPIus4D |l L.
EN
PCBranchD T — —
ResultW
2 w 5| w
k) = o .
S| Forward || 3 Forward| (Forward gl e : RegWrite
Stall F Stall D BranchD | |ap e AE| |BE HE RegWriteM W
L . D
[ Hazard unit e ]
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Zretézeny procesor — vykon: IPS = IC / T = IPCg.f- «

str
« Jaka muze byt maximalni frekvence procesoru?
« Ktery stupen je nejpomalejSi?
* Dobu cyklu uréuje nejpomalejSi stupen
e V naSem pripadé:
Tc=300ns --> 3333 kHz

Zanedbejme plnéni pipeline, vSechna pozastaveni pipeline a
vSechna vyprazdnéni. Pak bude IPC = 1.
IPS = 1. 3333e3 = 3 333 000 instrukci za sekundu

o Zavedenim 5-stupnového zretézeni jsme zlepsili propustnost
3 333 000/ 980 000 = 3,4 krat! (i za predpokladu IPC=1)
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Co jsme navrhli?

Navrat k nezfetézenému procesoru

—

~—\_MemToReg N
Control L.MemWrite AN
Unit LBranch AN
31:26 | opcode ALUControl 2:0
ALUScr
5:0
\ Funct Eeg\?veit AluOutW
\ JRegWritg
\l/ |__, A \I/\ \
25:21 WE3 rc
-@}Qﬁ A RD [l AL RDL LU e A \gg 0 Result
Instr. 2% A2 RD2 0 AOUN “Data | Readbats
Memory A3 Reg Memory
——WD3 Fie] _ | |WriteData WD
: RUOTIWriteReg
T5:11 Rdl’
‘ m@ Signlm PCBranch
PCPlus4F PCPlus4D
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Co jsme navrhli?

Navrat k nezfetézenému procesoru

I Ridici &ast

~——\ MemToReg N r
Pam éti Control |_MemWrite N ‘conjfrol path)
Unit | Branch N
31:26 | opcode ALUControl 2:0 \
ALUScr
| 50 | cunct RegDest
N R L B L L I B :
F=——gT—r=== p5:21 [V WE3 rcA
A RD| 1 0 A rp B-0sid— A1 RD1 3
instr. | | 270 A2 RD2 0
Memory : A3 Reg . v s
l WD3  File WrteData @wpDatova €asf
I 20:16 TS| e
I 1O JWriteReg (datapath)
X/HW : 50T Rdl’ \ N
A RD| ! 4 mg.
Data | | Sign Ext [~ Signim PCBranch
Memory | | PCPlus4F PCPlus4D
WD : o
|
I
I
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PC

A RD

Adresa odkud ¢ist
/ kam zapsat

Co jsme navrhli?

Instrukce

Instr.
Memory

Povoleni zapisu

Data k zapsani

V'WE

Nadtena data

A RD
Data
Memory

WD

Procesor
Ridici jednotka

v
RD A PC

Datapath

Adresa
RD A
WD Vysledky
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Co jsme navrhli? — zretézena verze

o) RegWriteD ; |RegWriteE % RegWriteM %ngWrite
| IMemToRegD E
olunit _Mgmc\:l\lriteD MemWriteE ' MemTo
) Al UContralD A
312800 [TALUSrD RegW
“JFunct E?‘gDStD
I Equa_ CSrcl}
cMpC 21 YVE3 V WE
0=t F=A RD AL RD1[ 9 aLvouth| - Ll geaapata
Instruction A2 RD2 Data
Memory A3 Reg. 0 Memory
5ot D3_Ei RsD_ N L
g: ? S:i% R(thIEE WriteRegE 4:0] [vriteRegM 4: iteRegW 4:
+ ignimm
Sign .
4 < SignimmE
+
LR}
orward |Forward = . RegWrit
Stall F Stall D LranchD E%rward :—ﬁ AE| |BE :33 5| | RegWrite . g
o ) E g M
[ “  Hazard unit 2 W]
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Zretézeny procesor — casovani

« Specifikace Casovani pro synchronni sekvencni obvod:

CLK ,{f—-'—-—\— —
output(s) \m tsewp — PFedstih
OO0

i thog — Presah
:

input(s) XXX
I‘ ’.‘ >
rsetu;;:u: thold !

|

g

P

A

tpog

 Omezujici podminka na pfedstih signalu pfed hodinami:

CLK CLK P Te b
e g M. e\ -
R1 R2 TR o |

S L —
Tc>= 1:pcq + tpd + tsetup ﬂi* 2 P‘Eisempl‘
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Zretézeny procesor — casovani

e Omezujici podminka na pfedstih signalu pfed hodinami
(zohlednéni nedokonalosti rozvodu hodin):

T K:

L
CLxrgggx"-\ AN g
CLK1 CLK2

CLK2/77 T \im\ g
Q1 (E D2 "'II |
el i QT R

R1 R2

Te >€tpeo)* bha MQ

Predstavuje omezeni pokud se zacina blizit
nebo dokonce dominovat nad t4

(pFilis hluboka pipeline / pfiliS mnoho stupnda...)

pcq rpﬂf | rseti.tp fskew
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Vyvazovani stupnu zretézeni

Linearni zretézeni:

O HOCCIOC00-

(téz: stromovy sumator, stromova nasobicka, iteracni délicka..)

* Vyvazovani : cilem je rozdélit jednotlivé bloky do N stupniu
tak, aby ve zpozdéni ve vSech stupnich bylo pokud mozno
stejne...

* Volba poctu stupnu zavisi od preference:
propustnost vs. latence
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Superzretézeni

* nevyvazeneé 5-stupnove zretézeni:

IM ~|} RF ﬂ@—ﬂ~ DM ~|i|~ RF
IF ID EX MEM WB
* hlubsi zfetézeni vznikla dalSi dekompozici

IM %RFW DM ~[|~RF
F IS RF EX DE DS  TC WB

e pfinasi moznost dalSiho zvyseni pracovni frekvence,
avSak také radu dalSich problémua..

« dalSi forwarding, narust pozastaveni pipeline, hazardy
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