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Intel 4004 (1971/'74)

Nodo 10 u

2300 transistors

740 - 750 KHz (~1333 ns)
50 Kips

Datapath 4 bits

@ 12 bits (muxed)
Aritmética BCD

~60 € de 2024




8086 (1979)

* 29K transistores (3p)
* 5a10(12) MHz

* Segmentacion muy basica a tres niveles
* BIU-EU
* Microcdédigo
* Accesos a memoria
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* Nodo 3-5 pum (my guess!)

* 68000 transistores ©
* 4 MHz to 16.67 MHz
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* 32 b (datos




RISC|-1982

* Patterson and Sequin, "A VLSI
RISC," in Computer, vol. 15, no. 9,
pp. 8-21, Sept. 1982

* 44.4200 transistors
* 32 instrucciones




APPLICATIONS

Computers

‘Superpower’ computers

The omnipresent microprocessor can hardly supplant the large
high-speed computer in modeling complex systems and phenomena

* R.Sugarman, "Computers: ‘Superpower’ computers:
The omnipresent microprocessor can hardly supplant the
large high-speed computer in modeling complex systems
and phenomena," in IEEE Spectrum, vol. 17, no. 4, pp. 28-

. 1980
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12.5MHz (160
5Tm ,
115 Kw (con-81¥
8 (logi€) + (16 (me

Regs.de 64 b

8 regs. \ect. x64k

8 regs. Escalares k 68b
64 regs backup 64b

8regs@ 24 b
64 regs @ backup 24b

PC22b

3 ALUs Vectoriales
4 ALUs escalares

3 fpALUs (shared)
Mc de instrucciones

So6lo 4 tipos de chips

Richard M. Russell. 1978. The CRAY-1 computer system. Commun.

ACM 21, 1 (Jan. 1978), 63-72

Fig. 5. Block diagram of registers.
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Vector architectures

Main memor

LD FO,a ;1oad scalar a

DADDIU R4,Rx,#512 ;last address to load
Loop: L.D F2,0(Rx) ;load X[i]

MUL.D F2,F2,;F0 ;a x X[1]

L.D F4,0(Ry) sload Y[i]

Vector FP add/subtract ADD.D F4,F4,F2 ;a x X[i] + Y[i]
load/store L; S.D F4,9(Ry) sstore into Y[i]
EP multiol DADDIU Rx,Rx,#8 ;increment index to X
ply ; ;
u DADDIU Ry,Ry,#8 ;increment index to Y
7 DSUBU R20,R4,Rx ;compute bound
j b v "' BNEZ R20, Loop ;check if done
j Integer . N Here is the VMIPS code for DAXPY.
L.D FO,a ;load scalar a
Logical .—‘ LV V1,Rx ;1oad vector X
MULVS.D V2,V1,F0 ;vector-scalar multiply

Vector
registers

LV V3,Ry ;load vector Y
Scalar ADDVV.D v4,Kvez,v3 ;add
registers SV V4,Ry ;store the result

John Henessy & David Patterson,
Computer Architecture A
Quantitative Approach 5 ed Fig. 4.2



Connection Machine

Nexus Front end 0
] |(DECVAX or
L Symbolics)
Bus interface
Connection Machine
Parallel Processor Unit
Connection Machine Connection Machine Front end 1
16,384 processors 16.3849’0“590[‘ (DEC VAX oOr
Symbolics)
Bus interface
—l—a o »>-
0 3
[ - -
- Frontend 2
q (DEC VAX OF |—{
1o o 1 2 .J_ S_ymbolics)
L—{ Bus interface
Connection Machine Connection Machine
16,384 processors 16,384 processors
Frontend 3
1 | — (DEC VAX Or
| "
] Symbolics) |1
Connection Machine VO System L_{ Bus interface
1 [ I [
Data Data Data Graphic
Vault Vault Vault Display Network

Idea: Tesis MIT 1980
Comercial: 1986

D>

Router i

Memo

L. W. Tucker and G. G. Robertson, "Architecture and
applications of the Connection Machine," in Computer, vol. 21,
no. 8, pp. 26-38, Aug. 1988,



Convex (1986 / 1990)

e 50 Hz por CPU vectorial
« 100 MFLOPs

* 128 MB DRAM

* 16 GBHD

* ECL salvo el vector processor(CMOS
gate arrays)




Facts - 1993

Supercomputers

1
1977 1982 1985 1988 1992
Year of introduction
Fig. 3. Improvement in clock rate over time for
Cray supercomputers and high-performance
multiprocessors.

* Baskett, Forest, and John L. Hennessy.
“Microprocessors: From Desktops to Supercomputers.”
Science 261, no. 5123 (1993): 864-71.

Supercomputers

RISC microprocessors

Millions of floating point
operations per second

Year of introduction



MFLOPS

10.000

B Cray-1, Cray-C90

1000 O B NEC SX4, SX5
@ Alpha Av4, EV5
® O Intel Pentium
100 CRVRY (7} O IBM P2SC
O HP PA8200
10 | | | | >

I I I I
1974 1979 1984 1989 1994 1999

M. Valero. “Vector Architectures: Past, Present and Future”. Keynote talk. ICS-11. IEEE-ACM.
Melbourne, 1998



| Fandom-Miicro - Spoiler |

MFLOPS
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O Intel

0 Nvidia Tegra
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I I I I I
1990 1995 2000 2005 2010 2015

La Supercomputacion: motor para la ciencia y la ingenieria

Mateo Valero, Director BSC
Ateneo EINA, 20 de marzo 2019



Connection Machine (CM-1) 1980 idea ->'86

Thinking Machines Connection Machine models [hide]
1984 1985 1986 1987 1988 | 1989 1990 1991 1992 1993 1994
Custom architecture RISC-based (SPARC)
Entry — CM-2a —
Mainstream — | CM-1 CM-2 —
CM-5 | CM-5E
Hi-end - CM-200
expansions
Storage — DataVault -

Wikipedia, Connection Machine
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Moore’s Law

Dennard’s Scaling

Diseno




Escalado del transistor = integracion de funciones

1964.
MOSFET, the
1959. foundation for
First ial all future
commercia ;
planar transistor
transistor, technology,
Fairchild General
Semiconductor Microelectronics
1950s 1960s
Silicon
Transistor

1
Transistor Transistors

On 23 December 1947 two employees

working at Bell Labs in the US state of

New Jersey, John Bardeen and Walter

Brattain, assisted by William Shockley,

created the first working ‘point contact
transistor’.

1971.
Silicon gate 1989.
technology, Intel 80486, Deep-UV
Intel 4004 (10 8 kB cach excimer . . L
pum) and 8(()80 and acac € laser The sllllcon engine. A timeline of
(10 um) floating- lithography semiconductors in computers
point math was www.computerhistory.org/siliconengine/
1977-78. coprocessor commerciall
High-density, (1 uym-0,6 y deployed
short-channel um) during the
MOS, Intel 1990s
8086 (3 um)
1970s 1980s 1990s 2000s 2010s
B-bit 32-bit 32-bit 64-bit 3072-Core

Microprocessor Microprocessor Microprocessor Microprocessor GPU

4500 275,000 3,100,000 592,000,000 8,000,000,000
Transistors Transistors Transistors Transistors Transistors
1970s 1980s 1990s 2000s 2010s
DIP QFP sop Lce PGA BGA QFN sip POP WLP 25DIC  3.0DIC
| \ | | | | | | | |
—e —o o ¢ o ® & $ o0
; i | | ] | | : i i i |
| i I | | | | i \ i i i
’ ! | 7~ A~ | i i 5 . d
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\ , 1 N 4 | N\ \ - ! | N / 1 . !
1 st | e I 1 1 i
Dual In-line | SmallOutline | Pin-grid Ball-grid i Chip-scale i Package On \  25-Dintegrated |
Package - Package —~ Array Array g A Package e Package = Cireuits e
® & &g % * (@
Quad flat Leadless Quad flat no System in Wafer-level 3-D Integrated
Package Chip Carrier Leads Packaae Packace _ _. _ _«+_ _ _ Package Circuits

Semiconductor packaging history trends

anysilicon.com/semiconductor-packaging-history-trends/ - Conceptos basicos servidores
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Dos patas del Tc ....hasta 2002!!!

Moore’s Law Dennard’s scaling

40 Years of Microprocessor Trend Data

s 7
_ 10 10 T ' ' ! Transistors
= N (2 g Thousands
2 W 108 F | Paynamic = N* C* V21 A] 4 )

4
% 10 105 b Single-Thread
< Performance
b 1965 o 1 (SpecINT x 10%)
Q107
8 Frequency (MHz)
© 10°% b 7
o Typical Power (W
2107 1S70 102 F " w
O
h ’ Number of
] 10" - =
Zo} B Logical Cores
3 100-‘ : 5 eee ---—4. -
>
£ 1 1 1 [ ] 1
a | - 1 : ! = 1970 1980 1990 2000 " 2010 2020
o | 10 10° 10° i0* 10° v W _ N
©  NUMBER OF COMPONENTS PER INTEGRATED S e S e

U

L. Xiu, "Time Moore: Exploiting Moore's Law From The

Perspective of Time," in IEEE Solid-State Circuits Magazine, vol.
Figure 1. Gordon Moore’s original 1965 diagram illustrating 11, no. 1, pp. 39-55

the phenomenon now known as Moore’s law.




Llegando al f

inal?

16nm Zynq RFSoC
55nm Radeon HD4870 —

rocessor Performance

180nm MIPS

IP Core
.35um Alpha "
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Source: John Hennessy and David Patterson,

80 1985 1990 1995 2000 2005 2010 2015

Computer Architecture: A Quantitative Approach, 6/ 2018



Moore

Transfreq

Actualizacion de:

J. Alastruey, J.L. Briz, P. Ibafez
y V. ViAals. “Software Demand
vs. Hardware Supply: SPEC

CPU and processor resources”.

IEEE Micro, IEEE Computer
Society 2006.
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MIPS base con detencion y anticipacion

EPLl‘

Unidad de ID/EX.MemRead
J\ deteccion de I
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Modelo de ejecucion y rendimiento

a Generacion 1 (> 3 ciclos por instruccion)

Write result

AOC2 - Tema 3

F DAR || EW F DAR || EW F DAR || EW
" Instr. 1 Instr. 2 Instr. 3
tiempo
1 ciclo
Fetch R | Read operands
Decode Execute (n cycles)
Address Y,

31



Evolucion en el modelo de ejecucion

Fetch

[D] Decode
Address

[R] Read operands
Execute

= Generacion 2 (> 1 cpi)
s Segmentacion

11 F DAR| [ EW Write result
12 F DAR| [ EW

13 ; ; F DAR| | EW

14 m F DAR| [ EW

15 F DAR| [ EW

AOC2 - Tema 3

tiemp')'o'

32



3036

Memory port

K

Fetch

>
Queue

Address

>
Calculate

fetch

Storedin :

Queue

Decade

Address

Calculate

Pipeline si... pero poco

X+1

X+2

X+3

X+1

X+1

X+2

Solid state/computers

New options from big chips

Large microprocessor dice mean
circuit designers must design “smarter’

J. McKevitt and J. Bayliss, "New options from big chips," in IEEE
Spectrum, vol. 16, no. 3, pp. 28-34, March 1979

* Intentaron segmentaciones mas agresivas
* Problemas:

“65 percent more die area to extract the next rise of
22 percent in performance”

“The cost is even higher for MOS technology.
Hardware costs do not rise linearly with hardware
area. They are subject to MOS production yield
curves”



Evolucion en el modelo de ejecucion

s Generacion 3 (> 1 cpi)
s Aumenta la frecuencia

F|[D R| [E] W
i [F Al [R1E] W
D| [A] [R] [E
- Fl D] [A] [R
1 ciclo
F| D] [A

AOC2 - Tema 3

Fetch
[D] Decode

Address

Execute
Write result

[R] Read operands

tiempo

34




11
12

13
14

15
16

Evolucion en el modelo de ejecucion

s Generacion 4 (> 0.5 cpi) — en y a finales de los 80 —
s Procesador superescalar

F] 0] [A] [R] [E] W
F| b] [A] [R] [E] W
F] D] [A] R] [E] W
F| b] [A] R] [E] W
F] O] [a] [R] [E] w
- [F] 0] [A] R] [E] W

1 ciclo

AOC2 - Tema 3

Fetch
[O] Decode

Address

Execute
Write result

[R] Read operands

tiempo

35




Evolucion en el modelo de ejecucion

s Generacion 5 (= 0.3 cpi) — en p a principios de los 90 —
= Ejecucion en desorden

F| [D| |[A] [R _ W
F| [D| |[A] [R El - W
F| D] [A] [RI|[E : W \
Fl O] [A] R El o | W
F| ID| [A]l IRIIIE e W| —— Terminacion
F D A R e\eo\)d\b“ : E W en orden
F| [D] [A] [R : E W / Fotch
F| |ID| [A] |R El W [D] Decode
F| |ID| [A] |R E W Address

[R] Read operands

Execute
Write result 4

AOC2 - Tema 3




1,
12,
13,

1,
13,

14,
15,
16,

Evolucion en el modelo de ejecucion

s Generacion 6 (= 0.25 cpi) — en u en los ainos 2000 —

= Multithreading

F
F
F

m|m|m OO0

W
W
W

E

m|m|m| (O|O|0| |>|>(>

ololo] B TRk
S xmm/m

Z[x[7 / m

AOC2 - Tema 3

=[z]=

Terminacion
en orden

/ Fetch

[O] Decode
Address
[R] Read operands

Execute
Write result 5,




Paralelismo por replicacion

Tipos de inte i [ icacid
p rconexion Tipos de comunicacion

Wire

Inter- ~ Bisec- . DSM
connec- Dimen- MM ton count

i - system per . SMP

on Sions “pand- Pand- - qara _
network width WAt Paso mensajes
Bus 0 C C 1
2D mesh 2 P VP 4P
3D mesh 3 P 2% 6P
Vp




Método de comunicacion

DSM
SMP
Paso mensajes



SMP

21032 CPUFPUs 1 10 6 Memory Modules

80386 CPU/ 80386 CPU/ Main memory 5 Main memory
1167 FPU Tl NMeTFPU (8MB-40MB)ll" * “|(8 MB - 40 MB
Memory

- Yo

E““

w

64-KB
write- write- Memory
back back controller © | controller
cache cache

< t P o 1 > Sequent Symmetry multiprocessor

3 t ¢ Hasta 30 micros sobre bus de sistema
Bus ‘ Disk I Bus
controller adapter

U

.- * Cache privada off-chip
y ! * Jerarquia de buses para 10
m l Mutiibus .

Bus
adapter
l SCStbus '

1)(.2’5) network




GPGPUs — TLP masivo

= SIMD / SIMP (CUDA/OpenCL)
? Ejemplo:C=A+B

__global  void matAdd(float A[N] [N], float B[N] [N],6float C[N] [N])
{

int i = threadIdx.x;

int 7 threadIdx.y;

C[i][J] = A[i1([3] + BI[1i1[31;

}

int main ()

{

// Allocate structures in device
// Transfer data to device

// Set grid parameters and number of threads
dim3 dimBlock (N, N);
// Kernel invocation
matAdd<<<l, dimBlock>>>(A, B, C);
// Transfer results from device

Nvidia device

AOC2 - Tema 3



Processor Processor
' .-O L]
Cache Cache
Snooping bus ]
l Directory |
Memory
[ ]
L]
[ ]
Processor Processor
L X N ]
Cache Cache
Snooping bus

I

Memory

Directory }

Interconnection network

D. Lenoski et al., "The Stanford Dash
multiprocessor," in Computer, vol. 25,
no. 3, pp. 63-79, March 1992



2196 book-level cache hierarchy (24 cores)

& PU Chip
4 Cores

PU Chip
4 Cores

PU Chip PU Chip
4 Cores 4 Cores

PU Chip
4 Cores

PU Chip
4 Cores

24MB eDRAM 24MB eDRAM 24MB eDRAM 24MB eDRAM 24MB eDRAM 24MB eDRAM
Inclusive L3 Inclusive L3 Inclusive L3 Inclusive L3 Inclusive L3 Inclusive L3
Sa X v Pt
Cache Comparison
2196 z10
—_ »LRU Cast-Out 192MB eDRAM L1 - 64K/128K | L1 - 64K/128K
—»CP Stores Inclusive L4 L2-15M L15-3M
——Data Fetch Return 2 SC Chips L3—24 M N/A
L4—-192 M L2-48M

Server Systems

43



z10 in-order processor pipeline

Surprise branch
3 A Flush
Branch redirect

Branch resolution

Simple fixed point

Issue

Instruction decode grouping

Simple load

—— Earliest FX result bypass

Fmt
—— Earliest load forwards
. » F4 E5—F6 F7+— F8 F10 —HF11
— Earliest float result bypass

ECC

Instruction fetch

pipeline BFU pipeline Checkpoint recovery pipeline
[ Cache access stage [ Instruction decode stage [ Writeback stage [ ] Delayed/

[ Instruction access stage [ Instruction grouping stage [ ] Completion stage R R

[ ] Branch prediction stage [ ] Operand access/execution stage [ Checkpoint stage

The z10 microprocessor pipeline. (AGen: address generation; BFU: binary floating-point unit; ECC: error-correcting code; EX: execution;
Fmt: format; RF: general-purpose register [GPR] file/floating-point register [FPR] file access.)

C.-L. K. Shum, F. Busaba, S. Dao-Trong, G. Gerwig, C. Jacobi, T. Koehler, E. Pfeffer, B. R. Prasky, J. G. Rell, and A. Tsai. 2009.
Design and microarchitecture of the IBM system z10 microprocessor. IBM J. Res. Dev. 53, 1 (January 2009), 1-12. Server Systems 44






Paralelismo por replicacion

Tipos de inte i [ icacid
p rconexion Tipos de comunicacion

Wire

Inter- ~ Bisec- . DSM
connec- Dimen- MM ton count

i - system per . SMP

on Sions “pand- Pand- - qara _
network width WAt Paso mensajes
Bus 0 C C 1
2D mesh 2 P VP 4P
3D mesh 3 P 2% 6P
Vp




Topologias
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Simple 42 (1982)

1. Introduction

This document describes the Simple 42. This is the machine
currently being implemented.

1. Simple 42 Documentation

The following documents are the current state of our efforts
to document the Simple 42 implementation. They are not
complete. They describe:

The microinstruction ROM

The data path

The minor cycle timing

The memory interface control
The microcode assembly language
The microcode

Guy Harriman
David May

17.35.82



SUNDAY TIMES Sunday 23 July 1978

Debut of the mighty micro men

By James Poole

Meet the micro men Iann Barron, Dr. Dick Petritz, and Dr, Paul
Schroeder, founders of Inmos, at the door of the NEB.
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1300

* Registros 32b

*5/10/ 20 [MHz | MIPS]

2.5 Mflops Livermoore loop 7
* 4KB SRAM on-chip

* DRAM en placa hasta 4 GB

* |O mapeada + 4 links

* Koma
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=P host

Proceso demultiplexor




Estructura de un worker

in-werk . WIL




BO14

BO12

BO12
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ConfigUp L1

IC2
IMS C004

ConfigLink
LO

_—-—b

e

IC1
IMS T212

e

L2  ConfigDown
e

L3
ConfigLink

IC3
IMS C004




Configuracion malla de una BO12 en HL1 (MMS)

SOFTWIRE SLOT 0,0 TOEDGE2 SLOT 0,3TOSLOT 4,0 SLOT 4,3TOSLOT 8,0 SLOT 83T
OSLOT 12,0 SLOT 12,3TOEDGE6 SLOT 1,0 TOEDGE3 SLOT 1,3TOSLOT 5,0 SLOT 53T
OSLOT 9,0 SLOT 9,3TOSLOT 13,0 SLOT 13,3TOEDGE7 SLOT 2,0TOEDGE4 SLOT 23T
OSLOT 6,0 SLOT 6,3TOSLOT 10,0 SLOT 10,3 TOSLOT 14,0 SLOT 14,3 TO EDGE 8 SLOT 3,
0OTOEDGES5 SLOT 3,3TOSLOT 7,0 SLOT 7,3TOSLOT11,0 SLOT 11,3 TOSLOT 15,0 SLOT

15,3 ToEDGE9 END PipeHead from Slot 3 from Slot 7 from Slot 11
Edge 2 a Edge 6
4—p{  Shto < Slot4 [ Slot8 @i  Slot12 a3
0
2 4
A A A A
Edge 3 Edge 7
-] Slot 1 e Slot 5 i Slot 9 e Slot 13 R
4 l [
L L L r
Edge 4 Edge 8
- Slot2 e Sot6  [@——=8 Slot10 &= Sot14 |$—p
1 3 [
Y 4 4 3
Edge 5 Edge @
4 Sotd  le—p Slot7  |t—p Slot 11 |o#—p Slot 15 |—be

' i ! }

1o Slot 4 to Slot 8 to Slot 12 PipeTail



-{{{ DEF B014
DEF B014
~{{{ SIZES
SIZES
T2.'1
C4 2
SLOT 8
EDGE 27
END
-}1)
-{{{ T2CHAIN
T2CHAIN
T2 0, LINK 0 C4 0
T2 0, LINK 3 C4 1
END

--}11}

--{{{ HARDWIRE

HARDWIRE
—{{{ TRAMS TO C004S
- TRAMO
Ct{l{l{, LINK 1 TO SLOT 0, LINK 2
C4 0, LINK 1 TO SLOT 0, LINK 3

" TRAM 1

Ec{l{é LINK 2 TO SLOT 1, LINK 0
» INK 270 SLOT 1, LINK |

C4 T TINK 3 TO SLOT 1, LINK 2

gi (1)' TINK 370 SLOT 1, LINK 3

M B

C40, LM 6

, L

c41, L:II:;JKK 3 TO SLOT 6, LNk 0

C4 1, LINK 13 10 STon & LINK 1
T

C4 0, LINK 13 1¢ SLOT g, LINK 2

--} }} . LINK 3

-{{{ TRAM 7

-1}}

~{{{ EDGES 0..7 (P2) TO C004 A (0)

C40, LINK 16 TO EDGE 0

C40, LINK 17 TO EDGE 1

C40, LINK 18 TO EDGE 2

C40, LINK 19 TO EDGE 3

C40, LINK 20 TO EDGE 4

C40, LINK 21 TO EDGE 5

C40, LINK 22 TO EDGE 6

C;‘}(;' LINK 23 TO EDGE 7

CAE ({ EDGES 8..15 (P4) TO C004 B ()
LLLINK 14 T FDGE 8

~

DEF Bl

SIZES
T 1
C4 2
SLOT 16
EDGE 32
END

T2CHAIN
% 0, LINK 0 C4 0
0, LINK 3 C4 1
END

HARDWIRE
SLOT 0, LINK 2 TO SLOT 1, LINK 1
SLOT 1, LINK 2 TO SLOT 2, LINK 1
SLOT 2, LINK 2 TO SLOT 3, LINK 1
SLOT 3, LINK 2 TO SLOT 8, LINK I
SLOT 11 | TO SLOT 10, LINK 2
SLOT 10, II:IIII\\IIIE | TO SLOT 9, LINK 2



Asignacion procesos - procesadores en Occam

CHAN OF ANY pipe
e PLACED PAR VAL link.2.out IS 2:

VAL link.1.in IS 5:
* PROCESSOR number type

) PLACED PAR
e PLACE channel AT link.number
PROCESSOR 1 T8
PLACE pipe[@] AT link.2.out:

link.2.in
farmer(pipe[0])

link.2.out

pipe[O] PLACED PAR i=1 FOR 9
link.2.in PROCESSOR i T8
link.2.0ut  RAUSLES VAL siguiente IS i:

VAL anterior IS i-1:
pipe[1] PLACE pipe[siguiente] AT link.2.out :
PLACE pipe[anterior] AT link.1.in :

worker(i, pipe[siguiente),pipe[anterior]

pipe[9]

link.2.in
link.2.out  PAWela =18




Rutina de trabajo con el TDS

Todo en un transputer

icc foo -t@

ilink foo.-tco -t& -f starup-lnk
icollect foo-lku -t

iserver -sb foo.btl

En red de transputers

icc foo -t8

ilink foo.-tco -t& -f starup-lnk
icconf foo.cfs

icollect foo-lku -t

iserver -sb foo.btl



H1—T9000 (1993)

— “Best host for a T9000?”
—"An overhead projector!”

« 2 M transistors

» Pipelined superscalar (5 stages)
« Communications processor

« 16 KB fully associative cache

« 36 MIPS @50 MHz




