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vMulti-Threading (ILP) à slide 3
qSuperscalarà slide 25
qHyperthreading à slide 37
qPerf/Benchmarks à slide 46
qx86:  AMD vs Intel à slide 69
qMT in Java à slide 78

vData Parallelism (DLP) à slide 99
qFlynn, SIMD, MMX/AVX Vectors à slide 104
qAMX à slide 134
qVLIW/IMC à slide 148

vMicro arch. à slide 156
vGPU (Graphics) à slide 157
vDSP à slide 158

(see separate slide set)

(see separate slide set)

(see separate slide set)
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1. Temporal (TMT)
a.Coarse-grained
b.Fine-grained (Interleaved)

2. Simultaneous (SMT)
a.SMT
b.HTT

Ø 1 at a time

Ø >1 at a time
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1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Superscalar

MT

Multi-core

MT

RISC

No. Transistors (x2)

1M 10M 100M 1B
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v Temporal
q Sequential
q Coarse grained

§ Run until stall, then switch
§ Need to use algorithms (fairness)

q Fine grained
§ Interleaved (per cycle)
§ Round-robin
§ Barrel processor

v SMT (AMD)
q Parallel
q Superscalar

v Hyper (Intel)
q SMT
q Virtual pipelines with scheduler

v ARM?
v MIPS?
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vRegisters
q Shared (w/renaming)
q Partitioned
q Replicated

vCaches (L1 I+D, TLB)
q Shared (w/thrashing)
q Virtual Partitioned:  Set Associative
q Physical Partitioned (Replicated)

vEU’s
q Int ALU/FPU
q Ld/St
q Br
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Wiki

1. Temporal
a. Coarse-grained
b. Interleaved

Ø Run until blocked

Ø Interleaved = Time sliced (time-sharing)

Ø 1 at a time
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Wiki

Superscalar = multi-issue à multi-EU (pipeline + ALU)

MT
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“Hyper-threading (officially called Hyper-Threading Technology or HT 
Technology and abbreviated as HTTor HT) is Intel's proprietary simultaneous 
multithreading (SMT) implementation used to improve parallelization of 
computations (doing multiple tasks at once) performed on x86 microprocessors. It 
was introduced on Xeonserver processors in February 2002 and on Pentium 
4 desktop processors in November 2002.
Since then, Intel has included this technology in Itanium, Atom, and Core 'i' 
SeriesCPUs, among others.
For each processor core that is physically present, the operating system addresses 
two virtual (logical) cores and shares the workload between them when possible. 
The main function of hyper-threading is to increase the number of independent 
instructions in the pipeline; it takes advantage of superscalar architecture, in which 
multiple instructions operate on separate data in parallel.”
yes, AMD has their own version of “SMT” which is essentially “superscalar” with 
hardware MT. but Wikipedia says Intel’s version shares the Execution Unit, while 
true superscalar has duplicate EU’s.

Hyper

https://en.wikipedia.org/wiki/Intel
https://en.wikipedia.org/wiki/Proprietary_hardware
https://en.wikipedia.org/wiki/Simultaneous_multithreading
https://en.wikipedia.org/wiki/Parallel_computation
https://en.wikipedia.org/wiki/X86
https://en.wikipedia.org/wiki/Xeon
https://en.wikipedia.org/wiki/Central_processing_unit
https://en.wikipedia.org/wiki/Pentium_4
https://en.wikipedia.org/wiki/Itanium
https://en.wikipedia.org/wiki/Intel_Atom
https://en.wikipedia.org/wiki/Intel_Core
https://en.wikipedia.org/wiki/Processor_core
https://en.wikipedia.org/wiki/Operating_system
https://en.wikipedia.org/wiki/Superscalar_processor
https://en.wikipedia.org/wiki/Parallel_computing
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Wiki

TLS

Thread Scheduler
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Instructions vs. ThreadsWiki

Superscalar = multi-issue à multi-EU (upper pipeline)
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vTemporal MT
q Coarse

§ +Can assign priorities
§ +Less cache thrashing
§ -Slower context switch

q Fine
§ +Deterministic timing (for real-time)
§ -More cache thrashing (need Set Assoc)
§ +Faster context switch
§ -Wants GR partition

vSMT/HT
§ +Deterministic timing (for real-time)
§ -Same as Fine cache thrashing (need Set Assoc)
§ +NO context switch
§ +Highest performance
§ -Needs Superscalar
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vSuper- Pipelining
q Split some pipeline stages (4-5 à 8-11)
q Faster clock cycle à higher throughput (mips)
q Affect CPI?

vSuper- Scalar
q Multiple Execution Units (multi-issue pipelines)

§ each EU = ICU+ALU, with shared GR’s
q Hardware + compiler schedules instruction streams

vMulti- Threading
q Multiple control threads (usually 2, same/dif program)
q Programs can allocate code to threads
q Automatic scheduling of control threads
q 2 types:  SMT/superscalar or temporal (interleaved:  coarse/fine)

vMulti- Core
q Classic Parallelism:  multiple copies of the CPU
q Multiple L1/L2 caches (one set per core)

SISD

SISD

Execution
Unit

SISD

MISD

Execution
Unit

MUX

Th1 Th2

Th1

Th2 Th3Th1

CORE 1 CORE 2 CORE 3

temporal

superscalar
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CORE

I1 I2

2 Issue
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Instr2Instr1 Instr3One Thread

Multi-Thread

SMT
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COMP122
© Jeff Drobman

2016-2020Superscalar

EU1
EU2

pipeline1
pipeline2

I1/Th1
I2/Th2
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8 Stages4 Threads
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Stack
Frame 2

Stack
Frame 1

Ø Or separate Stack Frames
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Superscalar = multi-issue à multi-pipeline + multiple ALU

With MT

Without MT

P&H zyBook
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realworldtech.com
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Virtual Thread Machine

Sits on top of Superscalar Multi-cores

Intel’s proprietary HTT
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Re-Order Buffer
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IPC = N* (1/CPI)

CPI = 1.3 à 1/1.3 = 0.77

Examples for N at 1 GHz

TYP

N = 1 à IPC = 0.77 à MIPS = 770
N = 2 à IPC = 1.54 à MIPS = 1540

N = 4 à IPC = 3.08 à MIPS = 3080
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1/fCPI

MIPS
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P&H zyBook
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https://www.anandtech.com/show/16261/investigating-
performance-of-multithreading-on-zen-3-and-amd-ryzen-5000/2

SMT ON vs OFF

https://ece757.ece.wisc.edu/lect03-cores-multithread.pdf
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SMT ON vs OFF
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SMT ON vs OFF
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March 2021
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Oct 2022
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Oct 2022
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Power Mgt

Power Down LLC
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CCX = Compute Chip Complex 
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Java.lang.ThreadMedium
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Java.lang.ThreadMedium

implements

extends

.start
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Java.lang.ThreadMedium
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Java.lang.ThreadMedium
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Java.lang.ThreadMedium
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Java.lang.ThreadMedium
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Java.lang.ThreadMedium
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Java.lang.ThreadMedium



COMP222

© Jeff Drobman
2020-23Multi-Threading in Java

Java.lang.ThreadMedium
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Java.lang.ThreadMedium
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Java.lang.ThreadMedium
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Java.lang.ThreadMedium
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Java.lang.ThreadMedium
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Java.lang.ThreadMedium
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Java.lang.ThreadMedium
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Java.lang.Thread

Methods

Medium
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Java.lang.ThreadMedium
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Medium
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Java.lang.ThreadMedium
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P&H Ch 6
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P&H Ch 6
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P&H Ch 6
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Flynn Partition
Michael J. Flynn paper (U Illinois (UIUC), Ca 1969)

In
st

ru
ct

io
ns

Data

Single (S)

Multiple (M)

SIMD
Vector Processor

MIMI

SI

SD MD
Superscalar

Supercomputer
GPU

Multi-core

Single-core

SMT
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P&H Ch 6
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P&H Ch 6

SSE à AVX

DLP
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P&H Ch 6

MADD

Øaddv.d
Øaddvs.d
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vSIMD
§ MIPS
§ ARM

vMMX = Multi-Media Extensions
vSSE = Streaming SIMD Extensions

vAVX = Advanced Vector Extensions
§ Intel
§ AMD
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128/256/512 Bits WideInteger or FP all subword sizes
B/H/W/D

Wide ALU

Wide Register 0

Wide Register 1

Wide Register 2

Wide Register 3

N x 8/16/32/64

ØAVX-128/256/512



COMP222

© Jeff Drobman
2020-23SIMD

P&H Ch 6MIPS
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P&H Ch 6
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P&H Ch 6
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P&H Ch 6
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P&H Ch 6

Y = aX + b

Y = aX
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P&H Ch 6
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AVX

vAVX = Advanced Vector Extensions
§ AVX (128-bit)
§ AVX2 (256-bit)
§ AVX-512
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v8/16/32/64 bit basic registers
v128/256/512 bit MMX extended registers
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AVX



COMP222

© Jeff Drobman
2020-23Parallel Data:  AVX

AVX

Intel
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AVX

AMD

Zen
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2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Bulldozer

Piledriver

Steamroller

Excavator

Zen 2Zen Zen 4Zen 3
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AVX2
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AVX2



COMP222

© Jeff Drobman
2020-23Parallel Data:  AVX

AVX512
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AVX512
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AVX
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Linus Torvalds rants …
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Src2 = register
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Src2 = memory
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P&H
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P&H
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It's amazing to me that there are four separate pieces of 
hardware in M1 devices that can do matrix multiplies.  In 
addition to running on the CPU, M1 Max devices have three 
separate kinds of hardware-accelerated `gemm`: the GPU, 
the ANE (Apple Neural Engine), and this special matrix 
coprocessor.
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v8 P (3.0 GHz)
v2 E (2.1 GHz)

Ø vs AMD Ryzen 5600X
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Ø Using AMX in C
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In-Memory Computation

ALU
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RISC à Load-Store



COMP222

© Jeff Drobman
2020-23Loop Unrolling



COMP222

© Jeff Drobman
2020-23Loop Unrolling



COMP222

© Jeff Drobman
2020-23Section

Ø See separate slide set
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(See separate slide set “GPU”)
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DSP (VLIW) ISA
Multi-issue
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DSP (VLIW)
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DSP (VLIW)
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DSP (VLIW)

v 13-issue
v 64-bit VLIW
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