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« IBSH{FHIT(ILP) : FRIKZRIFEIICPI

— Pipeline CPI = Ideal Pipeline CPI + Struct Stalls + RAW Stalls
+ WAR Stalls + WAW Stalls + Control Stalls +......

EaiESRFITHLE
s A IBSRAEE, BRI, TRk, trace

scheduling

- BETSIA

- ERE: BSHAE-BIAEH
- IBSE, WIRIERERIZITISERAT
- BiresNED
o« BT IRYFEE
. {RIBERVEN
o (RUEFfEESIRIE)TTIHER

2021-4-25 xhzhou@USTC




BESE IRSRFT

5.1 ESHRHTHESFMSRFSESHRAE
ILP R Bk 14 a) R
AT AR IE S BT

5. 284 i ZISIRIE S /RIT
5.2-1 I8SRISREE R EZ—: Scoreboard
5.2-2 i8S RaISAEREZ—: Tomasulo

5.3 3T A

5.4 EFtEHRYENIRIT

5.5 Fi&sSinIhsE B R S 29U AR

5.6 SHIEFRA
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R I8SHhHFIT

» At A E(ERERER 2E?
— ERmIFERTTAEEREX, ATLUBT R FERERIUL

— miFESE R
— NBEBEARBRELRIEE L, EFERLEMENETT
- HARIE: /A1F stallGRYIE S AL RRIREN
DIVD FO,EE,F4
ADDD F10,FO,F8

SUBD F12,F8,F14

— IFELFEHYT (out-of-order execution) => out-of-
order completion

2021-4-25 xhzhou@USTC )



A RES

. 1353#2535251‘5%{}:1% £

Instructions

IF *
Window

E 5

Z— 100

D

—

Note: nermal 1D
stage now splitin 2:

1. Issue
(GFH8, HSNEEIEK)

2. Read operands

2021-4-25

Scoreboard
e .
3 +
Ty Ty
EX ® 8w WB
CPU Pipeline
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15T IR ANER(1/2)

Out-of-order execution JGID EZ937:

—  Issue—iFt8, HMMZEHEHEX

— Read operands—E(FEITCEHEERATS, EERIEEN

#2iFF1964LEControl Data CorporationdEHAICDC6600: iFEEST, ELENTT, ELERE,
RBXRAERRA, SSEMIEERAER

— Ten Functional Unit
*  Floating ADD, Floating Multiply(2), Floating Divide
Fix ADD, Increment (2), Boolean, Shift, Branch

— Ten Peripheral Processors for Input/Output: a fast time-shared 12-bit integer ALU
— Load /storeZ5#4)

EEdRX (3€) & (Scoreboard), BHEHHNFI (interlock) FFRIEX

— an arrangement in which the operation of one part or mechanism automatically brings about or prevents the
operation of another

RAXHHEARMLIERR AV

— MIPS, HP, IBM
—  Sun 22&JAYUItraSparc
— DEC Alpha

2021-4-25 xhzhou@USTC 7



Central
Memory
128K words,
32 banks,

1us cycle

operand

Operand Regs
8 x 60-bit

result

e

operanc{

Address Regs
8 x 18-bit

result

addr |_

T addr

Index Regs
8 x 18-bit

"| 10 Functional

Units

IR

Inst. Stack
8 x 60-bit

2021-4-25
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A 107 EEHIRIMIPS

Registers

FP Mult

FIP Muli

j

P Divide

. ’

P Add
]

Integer Lini

SCOREBOARIL

2021-4-25 xhzhou@USTC

Note: this model could

support both single or
multi-issue

Exception is that one
multiply will be Issued
par cycle

All depends on bus/trunk
structure



15T IR ANER(2/2)

« Out-of-order completion => WAR, WAW hazards?

« WAR: —gfERAE ((EARBASEFREGIHNERT)
—  XJHE{EHEBA
— (NEER B RS Fes

- WAW: &NRIHEXE, ElLe28ia—5KE<S, BElg—

A2 1S A=
ZK H<7G

- IERYENRIR: EEESFIESHANTHER=>¥VNE
SN MITERME ST TER Y =R K AY

o IERBRERFHEKIEEINRS

- JESHITIIRR: IF, ISSUE, RO, EX, WR

2021-4-25 xhzhou@USTC 10



1057 = HRI PR T EZ (1/2)

+ lissue—ESiEMNE, NS EHEX

— WMNRIZFHSSFERINMIGEEMF=R, FHBRxBEMENRYE
SERERNBENSEE (WAW), I R ASH%isSEIThEESR
4, HEFNCOAEREEE, WNRBEMEEXREWAWER, T
ZIESHANEF, FEEARGEHRIES, ERIHEXER.

+ 2. Read operands—igB&UEEXE, EER(EEN

— WNRFTRIB AFHIIEEIEITRIIE S AN HBIa S HITRR{FEET
FESHITERIE, SE —NIEEIL{ERIThEESMME EL5TR 7 XY
IZE FealIBRE, NIZRFEEM. BFAEET, 1ok
I HIThEERB IR LN, EFAIT.

— ICREEX—EohSHFER T RAWIER, 15SARESELFHILT,

2021-4-25 xhzhou@USTC 11



Q) iEOReEIRITINER (2/2)
+ 3.Execution—HEHEEEIE1T (EX)

- RWEIEEE, DItk aiiT. S8 HERRE,
BB, AILAGRIZSIESHIAIT.
« 4 .Write result—finish execution (WR)
- —HioEEIINeesM NI TR ER G, i RN
WARIEX, WRSBWARTEX, MIEER, WERBWARTE
x, WEEZFKIES.

—  Example:

DIVD FO,F2,F4
ADDD F10,FO,F8
SUBD F8,F8,F14

— CDC 6600 scoreboard F’EF{~ SUBD EZI/ADDD =BV {E
2a, T HAWREZLME,

2021-4-25 xhzhou@USTC 12




1057 R4S

1.Instruction status—BRIEAHITHIZFIESHVRSE
2.Functional unit status—igRINEESG(FU) RIS, BINEIEREN
IHEEEMHRIIN S & :
Busy—ia MG R TR
O p—IZEMAEFr ST R E
F—HENSFSR"S
F, Fk—RESFes RS
QJ, Qk—r=4 R FE4Fj, FKRVTHREER S
RJ, Rk—tmRIER{EELF), FKEEMERIIRE
3.Register result status—iNREFEIRERMINI E—FHFamH T 51RME,
E%ﬁ%%é%%ﬂﬁﬁi‘%EPiEiiZI)JE‘EE‘IWFO MR RBIES AT FZes (T
5i%{E, NWhzig, Blank

Bt
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Not busy (FU) and
not Result(D)

Busy(FU)<« yes; Op(FU)<« op;
Fi(FU)<- "D’; Fj(FU)« "S1’;
Fk(FU)< "S2’; Qj« Result(‘S1");
Qk<« Result("'S2’); Rj« not Qj;
Rk« not Qk; Result(‘D’)« FU;

Rj and Rk Rj<— No; Rk« No
Functional unit
done
Vofr((RFJJ(( ‘ ))f,'f,'é)Fg) viiif Qj(f)=FU then Rj(f)« Yes);
(Fk( f ) #Fi(FU) or vi(if Qk(f)=FU then Rk(f)<- Yes);
Rk( f )=No)) Result(Fi(FU))<- 0; Busy(FU)<«- No

Result(): 178G RIASE, FU: Thaesb4

2021-4-25

xhzhou@USTC
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=~ Scoreboard

iC 97 h#E
RANEL
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Scoreboard Example

Instruction status
Instruction J k
LD F6 34+ R2
LD F2 45+ R3
MULTD FO F2 F4
SUBD FES8 F6  F2
DIVD F10 FO F6
ADDD F6 F8  F2
Functional unit status
Time Name
Integer
Multl
Mult?2
Add
Divide
Register result status
Clock
FU
2021-4-25

EARE:
Read  Executilrite 1. 5/\FU

[ssue operanc complet Result 2. Load - 19Cycle
Multi - 101 Cycle
Add - 21°Cycle
Divide - 401°Cycle

dest S/ S2 FU for FU for FFj? Fk?

Busy  Op Fi Fj Ik 3 Kk Ry Rk

No

No

No

No

No

0 F2  F4 6 F8  FIO FI2 F30

xhzhou@USTC
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Scoreboard Example: Cycle 1

Instruction status: Read Exec Write
Instruction J k| Issue [Oper Comp Result
LD F6 34+ R2 1
LD F2 45+ R3

MULTD FO F2 F4
SUBD F8 F6 F2
DIVD F10 FO Fo6
ADDD F6 F8 F2

Functional unit status: dest SI1 S22 FU FU Fj? Fk?
Time Name busy Op l '] (J () ¥ X
Integer Yes Load F6 R2 Yes
Multl NO
Mult2 No
Add No
Divide No

Register result status:

Cloc FO F2 F4 | F6 8 FI0 Fl12 ... F30
1 FU Integer

2021-4-25 xhzhou@USTC 17



Scoreboard Example: Cycle 2

Instruction status: Read |Exec Write
Instruction j  k Issu¢ Oper |Comp Result
LD F6 34+ R2 1 2
LD F2 45+ R3

MULTD FO F2 F4
SUBD F8 F6 F2
DIVD F10 FO Fo6
ADDD F6 F8 F2

Functional unit status: dest SI1 S22 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk QOf Ok R Rk
Integer Yes Load F6 R2 Yes

Multl No

Mult2 No

Add No

Divide No

Register result status:
Clock FO F2 F4 F6 F8§8 FI0 FI12 ... F30

2 FU Integer
+ Issue 2nd LD?

2021-4-25 xhzhou@USTC 18




Scoreboard Example: Cycle 3

Instruction status: Read Exec Write

Instruction j  k Issue Operl Comp|Result
LD F6 34+ R2 1 2 3
LD F2 45+ R3
MULTD FO F2 F4
SUBD F8 F6 F2
DIVD F10 FO F6
ADDD F6 F8 F2
Functional unit status: dest SI S22 FU FU Fj?| Fk?
Time Name Busy Op Fi Fj Fk QO QOk Rj | Rk
Integer Yes Load F6 R2 No
Multl No
Mult2 No
Add No
Divide No

Register result status:
Clock FO F2 F4 Fe6 F§8 FI0 FI2 ... F30

3 FU
« Issue MULT?

2021-4-25 xhzhou@USTC 19
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Instruction status: Read Exec. Write
Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3

MULTD FO F2 F4
SUBD F8 F6 F2
DIVD F10 FO Fe6
ADDD F6 F8 F2

Functional unit status: dest S1 S2 FU FU Fj? Fk?

Time Name

Integer

Multl

Mult2 No
Add No

Divide No

Register result status:

Clock FO F2 F4 F6 FS8 FI0O FI12 ... F30
4 FU Integer

2021-4-25 xhzhou@USTC 20



Scoreboard Example: Cycle 5

Instruction status: Read Exec Write
Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5

MULTD FO F2 F4
SUBD F8 F6 F2
DIVD F10 FO Fe6
ADDD F6 F8 F2

Functional unit status: dest SI S22 FU FU Fj? Fk?
Time Name busy Op l ] (J (J \9 <
Integer Yes Load F2 R3 Yes
Multl NO
Mult2 No
Add No
Divide No

Register result status:

Clock FO F2 F4 F6 FS8 FI0O FI12 ... F30
5 FU Integer

2021-4-25 xhzhou@USTC 21



Instruction status:
J
34+ R2
45+ R3

Instruction

LD F6
LD F2
MULTD FO
SUBD F8&
DIVD F10
ADDD F6

Functional unit status:

F2
Fo6
FO
F8

F4
F2
F6
F2

Time Name

Integer
Multl
Mult2
Add

Divide

Register result status:

Clock
6

2021-4-25

FU

Read Exec Write
k Issue Oper Comp Result

| 2 3 4
5 6
6
dest SI S2 FU FU Fj? Fk?
Busy Op  Fi Fj Fk O QOk Rj Rk
Y

FO F2

F4 F6 FS FI0 FI2 ... F30

Multl Integer

xhzhou@USTC 22



Scoreboard Example: Cycle 7

Instruction status: Read Exec Write
Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7
MULTD FO F2 F4 6
SUBD F8 F6 F2 7
DIVD F10 FO Feé6
ADDD F6 F8 F2

Functional unit status: dest SI S22 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk QOf Ok R Rk
Integer Yes Load F2 R3 No
Multl Yes  Mult FO F2 F4 Integer No Yes
Mult2 5
Add Yes Sub F8 Fo6 F2 Integer Yes No
Divide Ao

Register result status:

Clock FO F2 F4 F6 F8 FIO FI12 .. F30
FU | Multl Integer Add

Read multiply operands?

2021-4-25 xhzhou@USTC 23




Scoreboard Example: Cycle 8a (First half

of clock cycle)

Instruction status: Read Exec Write
Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7
MULTD FO F2 F4 6
SUBD F8 F6 F2 7
DIVD F10 FO Fé6 8
ADDD F6 F8 F2

Functional unit status: dest SI S22 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Oj Ok Rj Rk
Integer Yes Load F2 R3 No
Multl Yes  Mult FO F2 F4 Integer No Yes
Mult2 No
Add Yes  Sub F8 Fé6 F2 Integer Yes No
Divide Yes Div F10 FO F6  Multl No Yes

Register result status:

Clock FO F2 F4 F6 F8 FIO FI2 .. F30
8 FU | Multl Integer Add Divide
Issue DIVD

2021-4-25 xhzhou@USTC 24



Scoreboard Example: Cycle 8b (Second

half of clock cycle)

Instruction status: Read Exec Write
Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD FO F2 F4 6
SUBD F8 F6 F2 7
DIVD F10 FO Feé6 8
ADDD F6 F8 F2

Functional unit status: dest SI S22 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk QOf Ok R Rk

Integer No
Multl Yes  Mult FO F2 F4 Yes Yes
Mult2 No
Add Yes Sub F8 F6 F2 Yes Yes
Divide Yes Div F10 FO F6  Multl No Yes

Register result status:

Clock FO F2 F4 F6 F§8 FI0O Fl12 .. F30
8 FU | Multl Add Divide

2nd LD BER, FHENEXIESERATA, BlUEMY

2021-4-25 xhzhou@USTC 25




Scoreboard Example: Cycle 9

Instruction status: Read Exec Write
Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD FO F2 F4 6 9
SUBD F8 F6 F2 7 9
DIVD F10 FO Fé6 8
ADDD F6 F8 F2

Functional unit status: dest SI S22 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk QO QOk Rj Rk

Note # Integer No
Remaining 10 Multl Yes Mult FO F2 F4 Yes  Yes
Mult2 No
2 Add Yes Sub F8 Fo6 F2 Yes  Yes
Divide Yes Div F10 FO F6  Multl No Yes

Register result status:

Clock FO F2 F4 F6 F8 FIO FI2 ... F30
9 FU |Multl Add_Divide

* Read operands for MULT & SUB? Issue ADDD?

2021-4-25 xhzhou@USTC 26




Instruction status:

Read Exec Write

Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD FO F2 F4 6 9

SUBD F8 F6 F2 7 9

DIVD F10 FO Fé6 8

ADDD F6 F8 F2

Functional unit status: dest SI S22 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk QO QOk Rj Rk
Integer No
9 Multl Yes  Mult FO F2 F4 No No
Mult2 No
1 Add Yes Sub F8 Fo6 F2 No No
Divide Yes Div F10 FO F6  Multl No Yes
Register result status:
Clock FO F2 F4 F6 F8 FIO FI2 F30
10 FU | Multl Add Divide

2021-4-25

xhzhou@USTC
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Instruction status:

Read Exec Write

Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD FO F2 F4 6 9

SUBD F8 F6 F2 7 9 11

DIVD F10 FO Fé6 8

ADDD F6 F8 F2

Functional unit status: dest SI S22 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk QO QOk Rj Rk
Integer No
8 Multl Yes  Mult FO F2 F4 No No
Mult2 No
0 Add Yes Sub F8 Fo6 F2 No No
Divide Yes Div F10 FO F6  Multl No Yes
Register result status:
Clock FO F2 F4 F6 F8 FIO FI2 F30
11 FU | Multl Add Divide

2021-4-25

xhzhou@USTC
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Instruction status:

Read Exec Write

Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD FO F2 F4 6 9

SUBD F8 F6 F2 7 9 11 12
DIVD F10 FO Fé6 8

ADDD F6 F8 F2

Functional unit status: dest SI S22 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk QO QOk Rj Rk
Integer No
7 Multl Yes  Mult FO F2 F4 No No
Mult2 No
Add No
Divide Yes Div F10 FO F6  Multl No Yes
Register result status:
Clock FO F2 F4 F6 F8 FI0O FI2 F30
12 FU | Multl Divide

- Read operands for DIVD?

2021-4-25
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Instruction status:

Read Exec Write

Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD FO F2 F4 6 9
SUBD F8 F6 F2 7 9 11 12
DIVD F10 FO Fé6 8
ADDD F6 F8 F2 13
Functional unit status: dest SI S22 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk QO QOk Rj Rk
Integer No
6 Multl Yes  Mult FO F2 F4 No No
Mult2 No
Add Yes Add Fo6 F8 F2 Yes  Yes
Divide Yes Div F10 FO F6  Multl No Yes
Register result status:
Clock FO F2 F4 F6 F§8 FIO FI2 F30
13 FU | Multl Add Divide

2021-4-25
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Instruction status:

Read Exec Write

Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD FO F2 F4 6 9

SUBD F8 F6 F2 7 9 11 12
DIVD F10 FO Feé6 8

ADDD F6 F8 F2 13 14

Functional unit status: dest SI S22 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk QOf Ok R Rk
Integer No
5 Multl Yes Mult FO F2 F4 No  No
Mult2 No
2 Add Yes Add Fé6 F8 F2 Yes Yes
Divide Yes Div F10 FO F6  Multl No Yes
Register result status:
Clock FO F2 F4 F6 F8 FI0O Fli2 F30
14 FU | Multl Add Divide

2021-4-25
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Instruction status:

Read Exec Write

Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD FO F2 F4 6 9
SUBD F8 F6 F2 7 9 11 12
DIVD F10 FO F6 8
ADDD F6 F8 F2 13 14
Functional unit status: dest SI S22 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk QO QOk Rj Rk
Integer No
4 Multl Yes  Mult FO F2 F4 No No
Mult2 No
1 Add Yes Add Fo6 F8 F2 No No
Divide Yes Div F10 FO F6  Multl No Yes
Register result status:
Clock FO F2 F4 F6 F§8 FIO FI2 F30
15 FU | Multl Add Divide

2021-4-25
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Instruction status:

Read Exec Write

Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD FO F2 F4 6 9
SUBD F8 F6 F2 7 9 11 12
DIVD F10 FO F6 8
ADDD F6 F8 F2 13 14 16
Functional unit status: dest SI1 S22 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk QOf Ok R Rk
Integer No
3 Multl Yes  Mult FO F2 F4 No No
Mult2 No
0 Add Yes Add Fé6 F8 F2 No No
Divide Yes Div F10 FO F6o  Multl No Yes
Register result status:
Clock FO F2 F4 F6 FS8 FI0 FI2 F30
16 FU | Multl Add Divide

2021-4-25
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Instruction status: Read Exec Write

Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD FO F2 F4 6 9
SUBD F8 F6 F2 7 9 11 12
DIVD F10 FO F6 8 WAR Hazar‘d!
ADDD F6 F8 F2 13 14 16
Functional unit status: dest SI S22 FU FU Fj? Fk?

Time Name Busy Op Fi Fj Fk QOf Ok R Rk
Integer No
2 Multl Yes  Mult
Mult2 No
Add Yes Add
Divide Yes Div

FO

Register result status:

Clock FO F2 F4 F6 F8 FIO FI2 ... F30
17 FU |Multl Add Divide

* Why not write result of ADD???
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Instruction status:

Read Exec Write

Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD FO F2 F4 6 9
SUBD F8 F6 F2 7 9 11 12
DIVD F10 FO Fé6 8
ADDD F6 F8 F2 13 14 16
Functional unit status: dest SI S22 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk QO QOk Rj Rk
Integer No
1 Multl Yes  Mult FO F2 F4 No No
Mult2 No
Add Yes Add Fo6 F8 F2 No No
Divide Yes Div F10 FO F6  Multl No Yes
Register result status:
Clock FO F2 F4 F6 FS8 FI0 FI2 F30
18 FU | Multl Add Divide

2021-4-25
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Instruction status:

Read Exec Write

Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD FO F2 F4 6 9 19
SUBD F8 F6 F2 7 9 11 12
DIVD F10 FO Fé6 8
ADDD F6 F8 F2 13 14 16
Functional unit status: dest SI S22 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk QO QOk Rj Rk
Integer No
0 Multl Yes  Mult FO F2 F4 No No
Mult2 No
Add Yes Add Fo6 F8 F2 No No
Divide Yes Div F10 FO F6  Multl No Yes
Register result status:
Clock FO F2 F4 F6 F§8 FIO FI2 F30
19 FU | Multl Add Divide

2021-4-25
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Instruction status:
j  k Issue Oper Comp Result

Instruction
LD

LD
MULTD
SUBD
DIVD
ADDD

Functional unit status:

Fo6
F2
FO
F8
F10
Fo6

34+ R2
45+ R3
F2 F4
F6 F2
FO Feo
F8 F2

Time Name

Integer
Multl
Mult2
Add
Divide

Register result status:

Clock
20

2021-4-25

FU

Read Exec Write

1 2 3 4
5 6 7 8
6 9 19 20
7 9 11 12
8
13 14 16
dest S1 S2 FU FU Fj? Fk?
Busy Op  Fi Fj Fk O QOk Rj Rk
No
No
No
Yes Add F6 F8 F2 No No
Yes Div F10 FO Fo6 Yes Yes
FO F2 F4 F6 F8 FI0 FI2 F30
Add Divide

xhzhou@USTC
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Instruction status:

Read Exec Write

Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD FO F2 F4 6 9 19 20
SUBD F8 F6 F2 7 9 11 12
DIVD F10 FO F6 8 21
ADDD F6 F8 F2 13 14 16
Functional unit status: dest SI S22 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk O Ok Rj Rk
Integer No
Multl No
Mult2 No
Add Yes Add Fé6 F8 F2 No No
Divide Yes Div F10 FO F6 Yes  Yes
Register result status:
Clock FO F2 F4 F6 FS8 FI0 FI2 F30
21 FU Add Divide

* WAR Hazard is now gone...

2021-4-25
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Scoreboard Example: Cycle 22

Instruction status: Read Exec Write

Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD FO F2 F4 6 9 19 20
SUBD F8 F6 F2 7 9 11 12
DIVD F10 FO Feé6 8 21

ADDD F6 F8 F2 13 14 16 22

Functional unit status: dest SI S22 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk O Ok Rj Rk

Integer No
Multl No
Mult2 No
Add No
39 Divide Yes Div F10 FO F6 No No

Register result status:

Clock FO F2 F4 F6 F§8 FI0O Fl12 .. F30
22 FU Divide
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Continue.......

2021-4-25 xhzhou@USTC 40



Scoreboard Example: Cycle 61

Instruction status: Read Exec Write

Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD FO F2 F4 6 9 19 20
SUBD F8 F6 F2 7 9 11 12
DIVD F10 FO Feé6 8 21 61

ADDD F6 F8 F2 13 14 16 22

Functional unit status: dest SI S22 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk O Ok Rj Rk

Integer No
Multl No
Mult2 No
Add No
0 Divide Yes Div F10 FO F6 No No

Register result status:

Clock FO F2 F4 F6 F8 FIO FI2 ... F30
61 FU Divide
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Scoreboard Example: Cycle 62

Instruction status: Read Exec Write
Instruction j  k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD FO F2 F4 6 9 19 20
SUBD F8 F6 F2 7 9 11 12
DIVD F10 FO Fé6 8 21 61 62
ADDD F6 F8 F2 13 14 16 22

Functional unit status: dest SI S22 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk QO QOk Rj Rk
Integer No

Multl No
Mult2 No
Add No

Divide No

Register result status:

Clock FO F2 F4 F6 FS§ FI0 FI2 ... F30
62 FU
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LD

LD
MULTD
SUBD
DIVD
ADDD

Clock
62

Instruction status:
Instruction

Fo6
F2
FO
F8
F10
Fo6

J
34+
45+
F2
Fo6
FO
F8

Functional unit status:

Time Name

Integer
Multl
Mult2
Add
Divide

Register result status:

FU

- In-order issue; out-of-order execute & commit

2021-4-25

Fk?
Rk

FU FU Fj?
QO Ok Rj

dest
Busy Op Fi Fj

S1 S2
' Fk

No
No
No
No
No

FO0

F2 F4 F6 F8 FI0 FI2 F30
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Summary
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CDC 6600 Scoreboard

CDC 6600 scoreboardfyE=HRpE:
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