RZREReview

1 EESH
2 01-03

&) FER R
. BIEFIETEXRSL

1
execution _time(Xx)

performanc e(x) =

- X EgERYRINS" =iE

~ Performanc e(x)

- Performanc e(y)
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af://n2
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CPU MAEANT-CPI

CPU time = CPU clock cycles for a program x Clock cycle time

CPU clock cycles for a program

CPU time =
Clock rate

CPU clock cycles for a program

CPI = -
Instruction count
Instructions  Clock cycles Seconds Seconds )
X }', = = CPU time
Program Instruction  Clock cycle  Program

CPU time = Instruction count x Cycles per instruction x Clock cycle time

« i¥&: Instruction count i8R (Z175) AITHIESHE!

2022-3-4 xhzhou@USTC

FREIRIES EEARAICP

Bik: CPI;= HiFRESHITATRAIRTHERRZL
IC; = FRITRISRISSIE S FREN

CPU cycles = ). ,(CPI; X IC;)

n (CPI; X IC)) Feq; = IC;

2i=11C; 2i=11Ci

CPI =

CPIl= X1 (CPI; X Feq;)

2022-3-4 xhzhouw@USTC



Amdahl's Law

 (REIIRANERIBHF CEFRS) HIT7e0HE (IMELLRIEEE)

ExTime (without E) Performance (with E)
Speedup(E) = ----------mmmmmmmeeeee C LR R PP e
ExTime (with E) Performance (without E)

s

« (BgRHERS EE R R EFR SRILLHI1-f, mEREINELLAS,
(ESHIEMER S AZRNE, T

ExTime (with E) = (f + (1-f)/S) X ExTime (without E)
Speedup (with E) = 1/ (£+(1-£)/S))

« EEGOWEER): MRASHNBMES—ERFHITHL, BBAFRX
SHIMMELLAKXTF1/(1-F)

2022-34 xhzhou@USTC
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Amdahl|EE

- Amdahl EZHEE
- BITEARATENANRIBRAE
. —EEEAR LR, R TIHTARR BB
— QMESSIZEUEIN, PRRARRSE AT
. Speedup = (Ws + (1-)W)/(Ws+ (1-f)W/p)

- Amdahl E2HLAE

i E S

THNR ] § e
[ 1 024=x
ACACRIAC 7]
I A 1 5, ¢! 024/ (1+1 0232
AFATRFALAL g b [C » T \eu
T ]
_ " r 1z .
[
| | . AL T
91 2 3 4 5 6 &.':, 3 F b 3 2 5*.'“; =R s ae 106 EHWES
HEREREEAS SUBEMEITN,  pEETRR ST A CHRAS L e
aThtE4ERE
2022-3-4 xhzhouw@USTC 26

AR FRER

- BAlFAmdahlZEZRIS—0A: T RIELL (HEHEXFER)
- FNEFEAERTTEARRE AR AR
- E&)ltﬁﬁﬁf@ﬁ?ﬂﬁﬁ, st IERR SN B RVIEINET, [EREAVEAEINER (AT B2

- HOAMEIEAR, BFRNRTEHOREAE
- HIENNAMEEEAOEER, S MMERSRITER R
— Gustafson-Barsis’ s Law
* Scaled Speedup = (Ws+(1-f)Wxp) / (Ns + (1-)W) = p-f(p-1)= (1-f)p+f

- EHRTIARIBFAZNERT, MELLSLERMEp BFREEXR
-+ p: bERREE f BTIMTEOMRIEGH

! cnam - 4 nmom S ik

| & | (124x X "

A EA A A LOI4x 1004x 993y gg3;

. eleli ke b 5 a1 024-1 0237
ST e g!n; “wasaw Ghi“ % M O2% % 4% vf:;::gw
HEAREEN, A YIS = = Py e e =
jinmpanstal s (R R ﬁﬁg*ﬂq:‘ BITHIT GRS, INiREL RIS
BB o
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Sun and Ni'sEIE

{Eiig: THAR o
- Ws: B{TEBOHTRGE), W BITHITERIE), phbIEss
A, £ BTHITHRESEE
AmdahlZEEE
— Speedup = (Ws + (1-HW)/(Ws+ (1-)HW/p)
GustafsonTBERH LS NY
—_ = - + -
o Sa]:f(eld;i’s E(E\;/;ﬂl HWxp) / (Ws + (1-f )W) P

P
1 2 3 4 5 ® RN

FBEREINCToIEN
—  Amdahlf1Gustafson ERAVHES : FEBIGEXEEAER, &7 "
e pRFH SR ET. s A a
- BINT GO FRNFHESEEINZpER, FHITLIFREE i

IG()E. INEEEATNAERTA:

* Speedup = (Ws+(1-H)G(p)W)/(Ws + (1-)G(p)W/p)
- G(p)=1: Amdahl FEfE, T{EREIEM
— G(p)=p: GustafsoniE{E

1
‘i
i

P
123158*".‘

QhFRERIEAN, BT
AYEMERE SR

2022-3-4 xhzhou@USTC 28
ERERVERE TN

» EAEIEINRBEARFL

— SUM(Ti) /n B SUM (WiXTi) /n

- HfEIATRIE, KA

# H Execution _time _ratio,

i=l

— SPECSRAIXFiT53%(SPECRatio)

2022-3-4 xhzhou(@USTC 36



- EERES
— MERZATE] (response time)
— &M= (Throughput)
- CPUHTHIE = IC x CPI x T
— CPI ( Cycles per Instruction)
- MIPS = Millions of Instructions Per Second

« Latency versus Bandwidth
— Latency}8BMESHINITASE, Bandwidth IERMNATEISSARANES R (rate)
— Latency BUIRFHmE T seheF (R ERI305F)
« AmdahlEERERRESIMELL (speedup)
— MR SZIRTES e IMESS BT SRIEL I
- Benchmarks: E—HBFUXAIERE
- AT EINR GRS
— SPEC benchmark : $1X—2BMN G EHEEERAISPEC ratios B/ L{A1¥21S

2022-3-4 xhzhou@UST( 41

)RS BEFEAN LG

- FIICMOSER, aiSHEEEREEHTFREERonHloffIkER
ISRy

- Dynamic Energy « Capacitive Load x Voltage?
— the energy of pulse of the logic transition of 0-1-0 or 1-0-1
— Capacitive Load = Capacitance of output transistors & wires
— Voltage has dropped from 5V to below 1V in 20 years

« Dynamic Power «

Capacitive Load x Voltage2x Frequency Switched
« PR(RSRSERILABE{EINFE
 PEESRRSENITHIEIEM - > FEEfZ(XEERE

- BB ERIERPEEIIFEEER

2022-3-4 xhzhou@UST( 45



ENEIFE= 05 x IS, AERES T IR < il

TIPS: 1. FfEFiH0SEEEL ﬁuﬁnﬁﬂﬂ\ﬁiﬂi
2. DRAMiARRIRMGREE, MHEEERES
3. SRAMif[E)5SDRAMIAA)#EEL, RER, BEFRM2NMNHER
4, FEEZES5ESEEAL, fiES, SHANERK

2022-3-4 xhzhou(@USTC 49

52 SIh*#E (Static Power)

- SR ELTFof IASH, RHRIAF ERTIFEM ARSI
- FEERIE RT AR IREIRAIAINMEREN

- Static Power = Static Current x Voltage
— Static power increases with the number of transistors

- FSUFEBHS SR 2ERFER50%

— Large SRAM caches need static power to maintain their values
- Power/Ground Gating: @it iA (& BiERAER Rkt
iR

— To inactive modules to control the loss of leakage current

2022-3-4 xhzhou@UST(
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TR SR FRIEERR

- I ZHEARNEREZMISARLZT
- BHREESE, BUEEGSCIRRISAIRTTHNERES
- BEEFXSHIZHARNEARE -CISC
- CPUREEF#EREENZER—Cache~TiHUES
- IZMEZEESHCPUTIMRIR - ZHEMMAER-hF—HEZzEELES
- BRSNS
- ISAKRSEAHRREN—EPD, RASHENEEREMISARNZLT
- flan: SIMD — IESEN R (AVX) , SZEIEEETREISARgT
- RpmERER
- ZHEEMEIEITE: FESTHEAIEEEERA R R ENSFRTES
- BERGAERNREIREREISARES
- BERREREERESHAFRES, SERITEIINRESIES
- EBEAR, ZISELMLEIESENE. W: Intel, AMD, ARM,
- wWEEA
— RISCER#MENX EREMEANHINGSR. RISCEEEF16/MNL LBRSESE,
AT miRes Bt TS Fs n BECAEIES
RFBiZERE
- ESENSHEZPHSHNAHRE T, BSERRITREZENNARS.

2022-3-5 xhzhou@ustc 10

SHUEHFTVNG

— mieSHUtE, SZEPES A, SFFesEtbA
— SPECTiZZ=BA, {ERSIEIRE 75%--99%

+ (REEFERAIKDRGZTE 12 - 16 bits
— Bl 75%-99%HIFE:

+ MBPEIFERRIADRGZTE 8 -16 bits
— BHE50%-80%H955>

2022-3-5 xhzhou@ustc 25



FEIBTULERES

- NERBIEREE, PAFERAEKRESER > ﬁ%‘éé@@
- NRHUREXEE, FHEEKERS
- B AN CPUMINMANLEIRETN, AES—REBCEEEEEE
=hPE
- FESIFE/VRERE. FEAHANZRIEEFER. B/0RIEFRELA
RXOHEE,, MARIERAIRISCITEARI=HEAHE
— f5lzn: RISC-V By RV32IC, CERE4RFET
— ARM Thumb , microMIPS
« BB ERBIITIBEENS I
— {50 1BM f9CodePack PowerPC

2022-3-5 xhzhou®@ustc 34
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ISARITIREIRLT

- Eesit
— 1155 e SRR
- Bi&: witiAEE
— FFARENSIHES: CISCHIRISC IC-
« CISC (Complex Instruction Set Computer)
- Bfx: @biaSuee, G g, IRERSRERE

- 73k OHRABFMERNIIL, ®Eﬁﬁ&1§§$ﬂﬁ1¥%§ﬂﬂ{x{t
* RISC (Reduced Instruction Set Computer) ~071 .

- Bix: BUEHIESHERA, ARG EEMRFEANES

- FiE: RORERKEGIE, BE (i) CPI

CPM Timne= LCx CP._LX T.

2022-3-11 xhzhou®uste 5

CISCIHEWISARITHREIRIT
CPUtime = ICxCPIxT

- BRRSBF:
- BUIESTIRE, RESEE, LIRBRGMERE
- BFRE
1. B EIFEEN RIS SRR
- LitER
- YEIEFERFAVIKE (Instruction Counts)
« EREIERRAYTATE]
- A
ﬁggh&rm«ﬂ*ﬁ sl wimRadEss
O o Mt comp - oAz
{jﬁ{%ﬁﬁﬁﬁﬁﬁﬂgi‘ ‘
FﬁmﬁE@?‘ﬂA{JcéﬁﬁﬁEﬁElﬁE@%

WAX 3 éﬁ
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U BIREFRNERER

SHITIEE
fMsin(x), cos(x), SQRT(X), EEZWMAITE Zé%ﬁﬁ : é,é\i’a‘ jc @%
AF—&=MIHES5T o ‘
P(X) = C(0)+C(1)X+C(2)X2+C(3)X3+..... H>&—/§-qéé\
2) IGEEREERIESHITNGE
TREIRSERGES S
R-R, R-M, M-MZ 8IS0k ﬁﬁﬁgﬁ%@@*ﬂ@ﬁ?iﬁﬁ, o1

IBM370 2 3%,

R-StackZ [ER BHUEHEIXISS, sEBEEFER
IERZIREIEFINA, W0 VAX-11

3) IgsEEFIE IS SROTEE

7ECISCHh, —I9IRE T SMEFEFIES.

2022-3-11 shzhou@uste

RISCHIRE N A%<

+  RISCE—MtBENFREENRITEE, eFfE2—Mr=a.
+ RISCRERITBNGREBRLRERH— ) 2EE
. EBHARIRISCHS bk

- KMLoad/Storef51d: FiERHNSIEHAE

- KEHiESERARNRER < 207 25

ESEBIEE <— 40/552
MRS TS S AoRR

- EEfiEss
_ BB
- MNEBREZREE, RISCHEELENEBINTIESA:
=Y 20D o
MO - RIBRET 395 D%
- EEERA
« ROBESFEISRITRBEERISCERARSE

2022-3-11 @ xhzhou®uste
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RISCHHHALHDCPI

- EHpm: |
e (105
MRS TSR AR
B
—KFiLoad/Store
SRR BRI

- XHRE: TaiaRERmERIER

2022-3-11 xhzhou@uste 1é
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- ISARYIDREERT:
— e SR LR
— RITHERFITRIGIE
+ FECISCHIRISCHfhEE
— CISC (Complex Instruction Set Computer)
- Bin: BUIESIIEE, BMESHNESTRE, LURSHRSIEE
- % HAEBREFRTN, BESHRESHRESELL
— RISC (Reduced Instruction Set Computer)
- Bix: BURHESERSE, AREBUENSIELMEEBIES
* FR: ROKREFUKERIRE, FE (L) CPI

2022-3-11 xhzhou®uste 17

= Temp_oui

kad, add, store, brz

comiolsignals

t-1

commoluni cicul

Figure 1. Simple data path for a four-instruction computer (the small circles represent control points)

(opcode 00) load address : ACC <- memory| address |

Data path, Control Unit (opcode 01) add address : ACC <- ACC + memory]| address |

Register Transfer (opcode 10) store address : memory| address | <-ACC
. . . code 11) brz address : if(ACC==0)PC <- address
Control Signal , Control Point (logic gate) (opeode 11) brz address = if( ) acdress
Macroinstruction, Microinstruction, Microoperation
BEPEEIRMNEFE R
2022-3-11

xhzhou@ustc 28



A Simple Example

(opcode 00) load address : ACC <- memory| address |
(opcode 01) add address : ACC <- ACC + memory| address |
(opcode 10) store address : memory| address | <- ACC
(opcode 11) brz address : if( ACC==0) PC <- address

Figure 2: Instruction definitions for the simple computer

ACC in  :ACC <- CPU internal bus

ACC_out :CPU internal bus <- ACC

aluadd  :addition is selected as the ALU operation
IR_in IR <- CPU internal bus

IR_out  :CPU internal bus <- address portion of IR
MAR_in :MAR <- CPU internal bus

MDR_in : MDR <- CPU internal bus

MDR_out : CPU internal bus <- MDR

PC_in : PC <- CPU internal bus

PC_out :CPU internal bus <- PC

pcincr tPC<-PC+1

read : MDR <- memory[ MAR ]

TEMP_out : CPU internal bus <- TEMP
write : memory[ MAR ] <- MDR

Figure 3: Control signal definitions for the simple datapath
AR - . rnewmpy  oddvess -
PR - m.emo\/g dlmﬁq )’\ejkﬂr

2022-3-11

gre g Ak A

N
time ste#TO—TE!u/or each instruction fetch:
TO: PC_out, MAR_in 4 AR =pe
T1: read, pcincr i# peti.
T2: MDR out, IR in /4 T2< MDR

7500
T3: time step (if needed) for decoding the opcoderl%the IR

time steps T4-T6 for the load instruction:
T4: IR_out(addr part), MAR_in
T5: read
T6: MDR_out, ACC_in, reset to TO

time steps T4-T7 for the add instruction:
T4: IR_out(addr part), MAR_in
T5: read
T6: ACC_out, aluadd
T7: TEMP_out, ACC_in, reset to TO

time steps T4-T6 for the store instruction:
T4: IR_out(addr part), MAR_in
T5: ACC_out, MDR_in
T6: write, reset to TO

time steps T4-T5 for the brz (branch on zero) instruction:
T4: if (acceq0) then { IR_out(addr part), PC_in }
T5: reset to TO

Figure 4. Control sequences for the four instructions

xhzhou@uste 29

Microprogramming is far from extinct

S0FRMIEFi=HlEE] 7 XFEEM

« DEC uVAX, Motorola 68K series, Intel 286/386

AR RSP R P R AR A &

— e.g., AMD Bulldozer, Intel lvy Bridge, Intel Atom, IBM

PowerPC,
KZEEE

SRR BT
- TERNESHESRE

LKA

S AHbughIEE (#14#+T) HlallintelfbiBEE{Ebootup

M ERRI =& GBS R patches
- B RAEAEFBREMHMABIR, HSHKERIGTIEL

FEIMRIENESR/ R EZ

2022 -3-11

£iEiR

xhzhou@uste 38




.

L ]

.

RABR

1EISAS R ETLISATIR AN RERS

- ISARIEMSS BBEER. B8, JLURTHESARLEE, &
EERIINESEAIEHIERET, BEBTE, LIS TSk,

- 'RADESITRNMNEE, OB HGT

— HE32(AN6ARIEHEZS A

FEIRIENBERITEISA (ESETR)

- GREEESIIEETTAINE St IEES

RIFERIBESHETE

- BEATERSAEZE, AT EITAENEEXISAT BIIZE

REXIMAATER B S5

BAPRERISAHISBURISARIEZ A (HHEMSZ, EAKIR)

- ERISFHFR AR HEIEO(AB)REMUNEN, RiFceRiL,
FAUFERFAU SAF I TEIE M

2022-3-11 xhzhou®uste 41

RISC-VRYIESIRES

[ xoxxoooxxxxxaa | 16-bit (aa # 11)

[ xxooooooooosx | xoosxoooabbb11 | 32-bit (bbb # 111)

x| xoooooooooomxx | xooooooeed 11111 | 48-bit

- -xoox | osooxooooooo | xoooooooex0111111 | 64-bit

0 XANX ] AOCX 00000 XX ] xmnnxxxxx1111111 ] (804 16*nmn )-bit, nonz£111

-y | xooooooooooooeex | x11 boooee1111111 | Reserved for >192-bits

Byte Address: base+4 base+2 base

Figure 1.1: RISC-V instruction length encoding.

« BFRS2URBINISAIRESKES2(U, HERSHUEHRFIF

- FRRISAZRERIESHEN, SRESKEYURZFHIEE, 89
libhit &2 5 35F

2022-3-11 xhzhou®uste 4.4



Opcode Q Condition? Busy?
_ Rl 2 . %
© [ (oT1] o — )
2 | v Y '®) < S
2 | E RegSe I - D > J
Tlr £ Address D I 2
<l — ) \i\
ab = b a
ell|lel | gl A o
-+ + © H
| S--% 5 |8 EL > >:_,J -3 Main
o9 2 D (< [ Memory
© £ "B aF =
2| €l |@ L - < o
Bl éﬁ\ >
=N I Data Out In A > 4},
| 1 — 1
<
ImmEn RegEn i; T ALUEN MemEni

MIESHEFFEERR(RTL RS

+  MA:=PC means RegSel=PC; RegW=0; RegEn=1; MALd=1

«  B:=Reg|rs2] means RegSel=rs2; RegW=0; RegEn=1; BLd=1

+ Reg[rd]:=A+B means ALUop=Add; ALUEn=1; RegSel=rd; RegW=1

2022-3-11 xhzhou®uste 52

Microcode ROM |
(holds fixed pucode
instructions)

Decoder

Condition J
=
<0
A

] Z

(]

x

S

w

-+

Q)

ﬂ

(]

Busy?
Opcode

l Control Lines

Datapath

Address Data

Main Memory
(holds user program written in macroinstructions, e.g., x86, RISC-V)
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KF ROIVI LI ﬁzﬁ' FE )

L
D owec | D | DD
b Lo

Address

ROM
Data

Next uPC | lControI Signals

wnte back

+ How many address bits? /
|uaddress| = |uPC|+|opcode|+ 1 + 1<
+ How many data bits?
|data| —M(MW| = |uPC| + 18
« Total ROM size = 2lvaddress|x|datal
. g
2022-3-11 {j xhzhou@u%.cj ' 56

mém -

BB R S R B IR S R RE bl i as A/

- BUEMERB3MIEE
- RISC-VIES 12 4H

- TR—FRIESEESFEMIES (B#Edispatch)

« it 3+12*5 = 63FMIES. Bt yPCEE6(i

- IESIR(ERS (Opcode)s i, BFAIES ~ 18 MEFHIES

o fEElsRagk) = 2(6+5+2)x(6+18)=213x24 = ~25KiB!

2022-3-11 xhzhou®ustc 58



BARALL RISC-V fHFERFFHIS |12

Opcode fetch0
Opcode  Cond? Busy?

—|>Pc|—|>i‘l’{%:| l¢_
" — T 7 ’

N

> uPC +1
Address Cond?—> uPCJump Address
Busy?-> Logic ROM
ROM
Data

Data X ’_‘I’_\]
+ KPC jump Control
Next pPC | Signals

lControl Signals

WPC jump = next | spin | fetch | dispatch | ftrue | ffalse
|paddress| = [uPCl+|opcode|+ 1 + 1
|data| = [uPCl|+|control signals|

Total ROM size = 2kaddressix|datal Reduce ROM height (#address bits) ;>
R Ab SRR R A input 3
Reducing Control Store Size BT S H IR D #state
Reduce R%M width (#data bits) < é

FEHIE S 4R (vertical pcoding, nanocoding)
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