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Chapter 12

Microprocessor without Interlocked Pipeline Stages

(MIPS)

Not to be confused with millions of instructions per second
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Complex Instruction Set Computer (CISC)
Reduced Instruction Set Computer (RISC)

The CISC Approach The RISC Approach

ADD addrl, addr2 LOAD regl, addrl
LOAD reg2, addr2
ADD regl, reg2
STORE addr], regl

https://cs.stanford.edu/people/eroberts/courses/soco/projects/risc/risccisc/



CISC

Emphasis on hardware

Includes multi-clock complex instructions

* Memory-to-memory: "LOAD" and "STORE" incorporated in instructions
Small code sizes, high cycles per secoend instruction

Transistors used for storing complex instructions

RISC

Emphasis on software

Single-clock, reduced instruction only

Register to register: "LOAD" and "STORE" are independent instructions
* Low cycles per secend instruction, large code size

* Spends more transistors on memory registers

gAusNdsU CISC Iws1:lUeu assembly code vig (uliidnouiwians) 1 assembly code Aljg1dUN
1978 \inn1en C, 1979 Intel uan CPU 8088

Intel 4004, 8008, 8080, 8085, 8086, 8088, 80286, 80386, 80486, Pentium, Atom, Celeron, Xeon

Core, Core 2, Core i3, Core i5, Core i7, Core 19

Backward Compatibility HU1gfiv CPU SUlHLgVSU executable code LOUTA .
Intel TWudNIIMETU processor DOALUUTISAUISEVTY UDALA instruction set J1idAdva:IsU0
x86 HU1ediv anUagnssuygamadv 32 0a x64 Hugdiv andagnssuyaAdo 64 0a



Apple M

* Designed by Apple Inc., manufactured by TSMC (Taiwan Semiconductor Manufacturing Company Limited)
« Manufacturing technology 5 nm (HSD process node)
deuovd:uancvaulutuncazIsvviunan WU YulQuoy transistor KSD S=¥=N1VS:HIWLFUadQ 2 LduU

CL 4085 1999 2002 2000 2030 032

+ Intel vogin 10 nm Tau TSMC usvlUudd, Intel WaaDY UGUSENAU @ 16U Apple, Samsung 919 TSMC Waa
* Apple has a perpetual license on the ARM instruction set, but Apple pays a royalty per chip.

RISC Roadblocks

* A lack of software support. Windows OS does not support RISC
* Although improving the performance of CISC is more difficult, Intel has plenty of resources

RISC Supporting Factors

* The price of RAM has dramatically increased (IWa exe UuunatHedlauad) .
* Compiler technology has become more sophisticated (lanmU‘\S:C'\'UEJ\)lfluﬁ‘léfouao RISC 1Q)
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FEATURE SEMICONDUCTORS

THE NANOSHEET TRBANSISTOR IS

THE NEXT (AND MAYBE LAST) STEP
IN MOORE’'S LAW

Nanosheet devices are scheduled for the 3-nanometer node as soon as 2021

A16 Technology

TSMC A16™ technology is the next nanosheet-

2nm Technology

TSMC 2nm (N2) technology development is on
based technology featuring Super Power Rail, or track and made good progress. N2 technology

SPR. SPR is an innovative, best-in-class backside features the company'’s first generation of

power delivery solution. It improves logic density nanosheet transistor technology with full-node

and performance... strides in performance...

angstrom / angstrom / angstrém / A = 1.0 x 10-1° meters

https://spectrum.ieee.org/the-nanosheet-transistor-is-the-next-and-maybe-last-step-in-moores-law



MIPS (Microprocessor without Interlocked Pipelined Stages)

A family of reduced instruction set computer (RISC)
Computer architecture courses in universities

often study the MIPS architecture

MIPS architecture was pioneered at Stanford University
MIPS Computer Systems, Inc. was founded in 1984

RISC-V (pronounced risk-five)

Open standard instruction set architecture
Royalty-free open-source licenses
MIPS architecture had ended

ARM (Advanced RISC Machines)

Arm Ltd. Is a British company in Cambridge, England
Arm develops the architectures and licenses them to

other companies

Low costs, low power consumption, and low heat generation
In 2013, ARM-based chips are found in nearly 60 percent of

the world's mobile devices

Market share tu PC (wgnnsaillo 2013)

100%
11% B 13% 15% 18%
21% Bl 23% 25%
80% (]I'r'1
AMDZ
60%
40%
intel
20%
0%

2021 2022 2023 2024 2025 2026 2027



Relative performance

CPU performance vs. power

& M1 Pro / €M1 Max

70% less power
....................................................................... S
laptop chip
4-core PC
laptop chip
D19D: tJutws: manufacturing technology
WALIAU CISC Kéo RISC 16U awaan
tnATUTagLaYIAUAD 5 nm CISC AU RISC
21vv:lUuancIvAULIN
10 20 30 40 50 =] 70

Power consumption (watts)



MIPS Architecture

* General-purpose registers (GPRs)
yula 64 0a 91udu 32 D
6Agp RO - R31 1AUIUDULAY
Floating-point registers (FPRs)
yula 64 0a 91udu 32 D
8o FO - F31 thusudunAGey
Single-precision value (32-bit)
Double-precision value (64-bit)
i instruction d1HSU single precision ua: double precision ugnnau
U instruction &HSUENEAIS:HIIO GPR ua: FPR
RO WuAAVYN RO = O Ldud IWSEAAUSUND:AD0IEUDE



Addressing modes Uov MIPS

Addressing mode  Example instruction Meaning When used
Register Add R4,R3 Regs[R4] <« Regs[R4] When a value is in a register.
+ Regs[R3]
Immediate Add R4,#3 Regs[R4] « Regs[R4] + 3 For constants.
Displacement Add R4,100(R1) Regs[R4] <« Regs|[R4] Accessing local variables
+ Mem[100 + Regs[R1]] (+ simulates register indirect,
direct addressing modes).
Register indirect Add R4, (R1) Regs[R4] « Regs[R4] Accessing using a pointer or a
+ Mem[Regs[R1]] computed address.
Indexed Add R3,(R1 + R2) Regs[R3] <« Regs[R3] Sometimes useful in array

+ Mem[Regs[R1] + Regs[R2]] addressing: R1 = base of array:
RZ2 = index amount.

Direct or Add R1,(1001) Regs[R1] <« Regs[R1] Sometimes useful for accessing

absolute + Mem[1001] static data; address constant may
need to be large.

Memory indirect Add R1,@8(R3) Regs[R1] <« Regs[R1] If R3 is the address of a pointer p.

+ Mem[Mem[Regs[R3]]] then mode yields #p.




Autoincrement Add R1,(R2)+ Regs[R1] « Regs[R1] Useful for stepping through arrays

+ Mem[Regs[RZ2]] within a loop. R2 points to start of
Regs[R2] « Regs[R2] + d array; each reference increments
R2 by size of an element, d.
Autodecrement Add R1, —(R2) Regs[R2] « Regs[R2] - d Same use as autoincrement.
Regs[R1] « Regs[R1] Autodecrement/-increment can
+ Mem[Regs[R2]] also act as push/pop to implement
a stack.
Scaled Add R1,100(R2)[R3] Regs[R1] « Regs[R1] Used to index arrays. May be
+ Mem[100 + Regs[RZ] applied to any indexed addressing

+ Regs[R3] = d] mode in some computers.




Example instruction Instruction name Meaning

LD R1,30(R2) Load double word Regs [R1] <4 Mem[30+Regs [R2]]

LD R1,1000(R0) Load double word Regs [R1] ¢4, Mem[1000+0]

LW R1,60(R2) Load word Regs[R1] <, (Mem[60+Regs[R2]],)*% ## Mem[60+Regs [R2]]

LB R1,40(R3) Load byte Regs[R1]«¢s (Mem[40+Regs[R3]],)° ##
Mem[40+Regs [R3] ]

LBU R1,40(R3) Load byte unsigned Regs[R1]«—¢, 0°° ## Mem[40+Regs[R3]]

LH R1,40(R3) Load half word Regs[R1]<—, (Mem[40+Regs[R3]],)* ##
Mem[40+Regs[R3]] ## Mem[41+Regs[R3]]

L.S F0,50(R3) Load FP single Regs [FO] <4, Mem[50+Regs[R3]] ## 07’

L.D F0,50(R2) Load FP double Regs [FO] <4, Mem[50+Regs [R2] ]

SD R3,500(R4) Store double word Mem[500+Regs [R4]] <44 Regs[R3]

SW R3,500(R4) Store word Mem[500+Regs [R4]]¢—5, Regs[R3] 3, 43

5.5 F0,40(R3) Store FP single Mem[40+Regs [R3] ] <1, Regs[FO]; 14

S.D F0,40(R3) Store FP double Mem[40+Regs [R3] ] <44 Regs [FO]

SH R3,502(R2) Store half Mem[502+Regs[R2]] < s Regs[R3] 45 &3

SB R2,41(R3) Store byte Mem[41+Regs [R3] ] <5 Regs[R2] s¢ g3

Figure A.23 The load and store instructions in MIPS. All use a single addressing mode and require that the mem-
ory value be aligned. Of course, both loads and stores are available for all the data types shown.




Example instruction  Instruction name Meaning

DADDU R1,R2,R3 Add unsigned Regs[R1] <« Regs[R2]+Regs[R3]
DADDIU R1,R2,#3 Add immediate unsigcned Regs[R1]<« Regs[R2]+3

LUI  RI,#42 Load upper immediate ~ Regs [R1]« 072 ##42##0'°

DSLL  R1,R2,#5 Shift left logical Regs[R1] < Regs[R2]<<5

SLT R1,R2,R3 Set less than if (Regs[RZ2]<Regs[R3])

Regs[R1] « 1 else Regs[R1]<0




Example

instruction Instruction name Meaning

J name Jump PCi5 gzé—name

JAL name Jump and link Regs [R31] «PC+8; PCyz gze—name;
((PC +4)-2%") < name < ((PC+4)+2°")

JALR RZ Jump and link register Regs[R31]«PC+8; PC+Regs[R2]

JR R3 Jump register PC«Regs[R3]

BEQZ R4,name Branch equal zero if (Regs[R4]==0) PC<—name;

| N D e |

IBAU register WBANLGYU register ASvgametkbpu LC3|[ {pc+.r_].]_;_5”} < name < .[ g_’p[:H],] +21?'_]

BNE R3,R4,name Branch not equal zere- iT (Regs[R3]!= Regs[R4]) PCe—name;
((PC+4)-2Y) < name < ((PC+4)+2'7)

MOVZ R1,R2.R3 Conditional move if (Regs[R3]==0) Regs[R1]«<Regs[RZ]
if zero
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Ford Assembly Line

https://www.youtube.com/watch?v=cTZ3rJHHSik



https://www.youtube.com/watch?v=cTZ3rJHHSik
https://www.youtube.com/watch?v=cTZ3rJHHSik
https://www.youtube.com/watch?v=cTZ3rJHHSik
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| Mivider

A

Multiplier

.ﬁ.ih]El' ‘ Ai'lilf‘l'
A H O 1) B
Al Bl Cl D1 E1l
A2 B2 C2 D2 E2
A3 B3 C3 D3 E3

51U# 13.5 adawrsdmsumsannuina ((A + B) x (C+ D)) / E



| Mivider

Multiplier

A

Al D1 |El
.ﬁ.ih]El' Ai'lilf‘l'

A H ( |J B

A2 B2 C2 D2 E2

A3 B3 C3 D3 E3

5U# 13.5 adawrsdmsumsannuinal ((A + B) x (C+ D)) / E



| Mivider

A

Al -1
Multiplier
A2 *2
Adder ‘ Adder
1T 11
A B - 1) B
A3 B3 C3 D3 E3

5U# 13.5 adawrsdmsumsannuinal ((A + B) x (C+ D)) / E



(A1 +B1) * (C1+D1) / E1

nvider

— Pipeline stage 3

(A1 +B1) * (C1+D1) I E1

é: Buffer (LATCH)

(A2 + B2) * (C2+D2)T

J\

Mu lTil"'Iit."I' E2 — Pl]"‘t"ll"’f‘ stage 7

(A2 + BZ)T (C2 + D2)
é - Bu ﬁ;' (LATEH) ;
== —_ A

L1

Adder Adder

1T 11

A B C D & -
A3 B3 C3 D3 E3

J\

~ Pipeline stage 1

U7 13.6 ;dawndidmiumsdnnmiinad ((A + B) x (C + D)) / E wuuaeia



Hardware iJ IM, Reg, ALU, DM, Reg IM = instruction memory, DM = data memory
Pipeline U IF, ID, EX, MEM, WB

1.

Latch Latch Latch Latch

DM Reg

|
|

IM Reg

RtuAgvaILsH

MtuAgvaIKaY
(TKWgunou)

Instruction fetch cycle (1F):

Send the program counter (PC) to memory and fetch the current instruction

from memory. Update the PC to the next sequential PC by adding 4 (since
each instruction is 4 bytes) to the PC.



2. Instruction decode/register fetch cyvcle (1D):

Decode the instruction and read the registers corresponding to register
source specifiers from the register file. Do the equality test on the registers
as they are read, for a possible branch. Sign-extend the offset field of the
instruction in case it is needed. Compute the possible branch target address
by adding the sign-extended offset to the incremented PC. In an aggressive
implementation, which we explore later, the branch can be completed at the
end of this stage by storing the branch-target address into the PC, if the con-
dition test yielded true.

Decoding is done in parallel with reading registers, which 1s possible
because the register specifiers are at a fixed location in a RISC architecture.

This technique 1s known as fixed-field decoding. Note that we may read a
register we don’t use, which doesn’t help but also doesn’t hurt performance.
(It does waste energy to read an unneeded register, and power-sensitive
designs might avoid this.) Because the immediate portion of an instruction
1s also located in an identical place, the sign-extended immediate is also cal-
culated during this cycle in case it is needed.



3. Execution/effective address cycle (EX):

The ALU operates on the operands prepared in the prior cycle, performing
one of three functions depending on the instruction type.

m  Memory reference—The ALU adds the base register and the offset to form
the effective address.

m Register-Register ALU instruction—The ALU performs the operation
specified by the ALU opcode on the values read from the register file.

m  Register-Immediate ALU instruction—The ALU performs the operation
specified by the ALU opcode on the first value read from the register file
and the sign-extended immediate.

In a load-store architecture the effective address and execution cycles
can be combined into a single clock cycle, since no Instruction needs to

simultaneously calculate a data address and perform an operation on the
data.



4. Memory access (MEM):

If the instruction is a load. the memory does a read using the effective

address computed in the previous cycle. If it i1s a store, then the memory

writes the data from the second register read from the register file using the
effective address.



5. Write-back cycle (WB):
m Register-Register ALU instruction or load instruction:

Write the result into the register file, whether it comes from the memory
system (for a load) or from the ALU (for an ALU instruction).



Instruction number

Clock number

|

Instruction

IF

Instruction ¢ + 1

Instruction § + 2

Instruction { + 3

[nstruction i + 4

2 3 - 5 6 7 8
[D EX MEM WB
[F D EX MEM WB
IF 1D EX MEM WB
[F 1D EX MEM WB
IF D EX MEM

WB




Program execution order (in instructions)

Time (in clock cycles)

cci i cc2 | cca i cc4 | CC5 | CC6

o =
NIATILLIN

IM = instruction memory

CC7

Reg = register (read)

ALU = arithmetic logic unit
DM = data memory

Reg = register (write)

cCC8

CC9



The Major Hurdle of Pipelining—Pipeline Hazards

There are situations, called hazards. that prevent the next instruction in the
instruction stream from executing during its designated clock cycle. Hazards
reduce the performance from the ideal speedup gained by pipelining. There are
three classes of hazards:

1. Structural hazards arise from resource conflicts when the hardware cannot

support all possible combinations of instructions simultaneously in over-
lapped execution.

2. Data hazards arise when an instruction depends on the results of a previous
instruction in a way that 1s exposed by the overlapping of instructions in the
pipeline.

3. Control hazards arise from the pipelining of branches and other instructions
that change the PC.



Time (in clock cycles)

cci | cc2  cc3 | cc4 | ccs ; cce ;] CC7 i CC8

IM fiu DM AD Mem | i ] i = j :

suLqgdNU '
Load Mem

Mem % Reg

| A30UIIAW Mem SolijlAa structutal hazard AU instruction 4

Instruction 1 Mem

Mem 7— Reg

..

Instruction 2

Instruction 3

Mem ( Reg

Instruction 4

/ Mem —



Clock cycle number

Instruction 1 2 3 4 5 6 7 8 g 10
Load instruction [F ID EX MEM . WB

Instruction i + | IF ID EX )MEM  WB

Instruction i + 2 IF 1D/ EX MEM WB

[nstruction i + 3 : Stall: IF 1D EX MEM WB
Instruction i + 4 T IF ID EX MEM  WB
[nstruction { + 5 IF D EX MEM
[nstruction i + 6 IF D EX

MU stall AdoounsnA1dv NOP (no operation)
- uAUtUH102891SQUDS processor LU ASJOWU hazard uad stall axacddov Complex hardware, backward compatibility
. o (16 exe 1QU WADY compile THL)
- uAUTUHIADgBDWALDS compiler 15U LOGUANGY NOP AiouAdvndov stall  Simple hardware, T backward compatibility
(18 exe 1QUILUTA DY compile THL)



Data Hazards

A major effect of pipelining 1s to change the relative timing of instructions by
overlapping their execution. This overlap introduces data and control hazards.
Data hazards occur when the pipeline changes the order of read/write accesses to
operands so that the order differs from the order seen by sequentially executing
instructions on an unpipelined processor. Consider the pipelined execution of

these instructions:

DADD R1,R2,R3 R1 - R2 + R3
DSUB R4 ;R1,R5 R4 = R1 - R
AND 264%13? 27 R6 = R1 & R7
OR R8R1;R9 R8 = R1| R9
XOR R10,R1,R11 1o =1 @ RN

-



Program execution order (in instructions)

Time (in clock cycles)

DADD R1, R2, R3

DSUE R4, R1, RS

AND R6, R1, RY

OR R8, R1, RY

XOR R10, R1, RI11

cct  cc2  ccCa3
IM " Reg 2
S Ve <T

\

N,

Data Dependency




Program execution order (in instructions)

Time (in clock cycles)

T

cci  ©cc2  CC3 cC 4 ccs cce
DADD R1, RZ2, R3 IM I_F Reg
DSUB R4, R1, RS M=
AND R6, R1, RY
EID

IM [ >3

OR R8, R1, RO . . Reg =
Forwarding 4
XOR RIO, RL RIL - Forward 1n EX WU EX K2 MEM WU EX fild S
Iwoo:laldDY stall pipeline IM " Reg




Program execution order (in instructions)

Time (in clock cycles)

CC 1 CC 2 CC3 CC 4 CC5 CCeo

DADD R1, R2, R3 IM L Reg

R1 = R2 + R3 _ —/_

— -

DM Reg ! Forwarding

%
!

LD R4, O(R1) IM
R4 = M[R1 + O]

S0 R4,12(R1)
R4 = M[R1 + 12]

DM

Forward 9101 EX TU EX KS9 MEM TJ EX KSa MEM TU MEM fAla




Data Hazards Requiring Stalls

Unfortunately, not all potential data hazards can be handled by bypassing.
Consider the following sequence of instructions:

LD R1,0(R2)
DSUB R4,R1,R5
AND R6,R1,R7
OR RE,R1,R9




Program execution order (in instructions)

Time (in clock cycles)

LD R1, O(R2)

DSUE R4, R1, RS

AND Ré6, R1, R7

OR R8, RI1, RO

CCA1

IM

CcCz2

CC 4

IM




MU stall nNaawsd:=NQ

LD RI,0(R2) IF ID EX MEM  WB
DSUB R4,R1,R5 IF ID EX MEM  WB
AND R6,R1,R7 IF ID EX MEM  WB
OR  R8,R1,R9 IF ID EX MEM  WB
stall & forward
LD RI,0(R2) IF ID EX MEMe_ WB
DSUB R4,R1,R5 IF ID  (stall) ™MEX MEM  WB
AND R6,R1,R7 IF  ‘'sal! 1D EX MEM  WB
OR  R8,R1,R9 ! stall | IF ID EX MEM  WB

a1Uid forwarding

LD R1,0(R2) IF ID EX MEM WB ;\Q\w

DSUB R4,R1,R5 IF stall stall ID EX MEM WB




Branch Hazards

Control hazards can cause a greater performance loss for our MIPS pipeline than
do data hazards. When a branch is executed, it may or may not change the PC to BEQZ R4 , Ndme
something other than its current value plus 4. Recall that if a branch changes the .
PC to its target address, it is a faken branch; if it falls through, it is not taken, or Branch equl S
.r-mﬁ:’lkf?ﬂ. If instruction 7 is a taken bran.ch, then the PC is ﬂﬂrmallj{" not changed if (REQS [Rq] ==0) pc‘(_name;
until the end of ID, after the completion of the address calculation and com-
parison. /
Figure C.11 shows that the simplest method of dealing with branches is to #i5 subroutine
redo the fetch of the instruction following a branch, once we detect the branch K¢ mem. addr.
during ID (when instructions are decoded). The first IF cycle is essentially a stall,
because it never performs useful work. You may have noticed that if the branch is
untaken, then the repetition of the IF stage is unnecessary since the correct instruc-
tion was indeed fetched. We will develop several schemes to take advantage of
this fact shortly.
One stall cycle for every branch will yield a performance loss of 10% to 30%
depending on the branch frequency, so we will examine some techniques to deal

with this loss. . ~ L o
QovHav ID avv:=$O1 branch taken HSolU

Branch instruction IF ID EX MEM WB .
Branch successor IF 1I1F' D EX MEM WB < ~allhso

: 1 td NOP (delay slot)
Branch successor + 1 stall tws1:1go IF 1D EX MEM

Branch successor + 2 v: taken K32l IF ID EX




move

DADD R1, RZ, R3

1T B2 = 0 then

~  Delay slot

]

becomes

if R2 = 0 then ——

DADD R1, R2, R3

(a) From before

, DSUE R4, RE, FEE7

DADD R1, RZ, R3

if R1 = 0 then

Delay slot

becomes

DSUB R4, RS, RE

————————————————

DACD R1, R2, R3

if Rl = 0 then ———

DSUB R4, RL, RE

(D) From target

DADD R1, R2, R3

if R1 = 0 then

v Delay slot

K OR R7, RB, R9
move

DSUB R4, RS, RE ——kro

becomes

DADD R1, R2, R3

if R1 = 0 then

OR R7, RB, R9

D5UB R4, RS, RO -—

(c) From fall-through

A1duaad1n branch Bgnin
“Delay Slot”

Advtu delay slot :9n executed
laualuin branch d: taken HSDIU



Example code

Situation sequence Action
No dependence LD R1,45(R2) No hazard possible because no dependence
DADD R5,R6,R7 exists on R1 in the immediately following
DSUB R8,R6,R7 three instructions.
OR R9,R6,R7
Dependence LD R1,45(R2) Comparators detect the use of R1 in the DADD
requiring stall DADD R5,R1,R7 and stall the DADD (and DSUB and OR) before
DSUB R8,R6,R7 the DADD begins EX.
OR  R9,R6,R7
Dependence LD R1,45(R2) Comparators detect use of R1 in DSUB and
overcome by DADD R5,R6,R7 forward result of load to ALU in time for DSUB
forwarding DSUB R8,R1,R7 to begin EX.
OR  R9,R6,R7
Dependence with LD  R1,45(R2) No action required because the read of R1 by
accesses in order DADD R5,R6,R7 OR occurs in the second half of the ID phase,
DSUB R8,R6,R7 while the write of the loaded data occurred in
OR  R9,R1,R7 the first half. wB ra3vousn ID MA3SVKAY




Execution Out of Order

01MHa1g a instruction AvUNUTUWSDU @ AUTA 158N Superscalar Processor
Govidoisaudsassum IF, ID, EX, MEM, WB Hagya

Pipeline
maoa~Iu301wonu maonmnHao
V- lEISDHa\)FnEI\)nU"lﬂE)U

Superscalar

FT'IEI\)D\)[[U\)ﬂUIO FT'IEI\)HUTHHa\)
919d:MLasofou
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Moore's Law: The number of transistors on microchips doubles every two vears [SRESUEHE

in Data

Transistor count
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° 3 !
o 3¥.e o )
°® : D=2V S1 USAU 110 pm HSD® O.11 nm
""" 00®® * | LNATUTAgUDUUAD 5 nm HSD 22.7 M
$e i UDVD:aDU Si Huludalddn uddiav
$0° KUJutKUAD Angstrom (A)
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2010 Billion Transistors on a Chip



Multi-Core (B) vs. Hyper-Threading (C)

Tradtional Single
Processor System
(A)

w— TiIMeE (proc. cycles)

Traditonal Dual Processor System

(B)

P entium® 4 Processor-
based System Supporting
Hyper-Threading
Technology

1 physical processor (core)

Registers 1 «n

PC

PC

KSo thread tu 1 clock

1 logical 1 logical
processor  processor

HW Ay switch s:K310TUSUASY
cycle

Hyper-threading Undio:ruA 2 ga

2 cores (no hyper-threading) lqaussau:=anin

1SOTU 2 N1 LIAYUAU 1 core

1 core (hyper-threading, 2 threads)
150U 30% LAgUAU 1 thread




 «

"% Windows Task Manager

File Options View Help

oo e |

CPU Usage

Memory

Physical Memory (MB)

Total 16367
Cached 614
Available 14456
Free 13925
Kernel Memory (MB)

Paged 205
Nonpaged 72

Processes: 58 CPU Usage: 5%

} Applications ! Processes } Services | Performance Networking l Users

CPU Usaqge History

Physical Memory Usage History

System

Handles 16920
Threads 1058
Processes 58
Up Time 0:00:01:53
Commit (GB) 2131

| “y Resource Monitor... |

Physical Memory: 11%

OS KU 16 logical processors
(8 cores + hyper-threading)

0S v execute WUsunsuld 16 TUsUASY
wsSounu ucinmwsouaulauana: 8 WUsunsuy

tu BIOS tshaiwuasa disable hyper-threading
& OS d:1RULA 8 processors



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46

