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Intel 4004 (1971/’74)

• Nodo 10 µ

• 2300 transistors

• 740 - 750 KHz (~1333 ns)

• 50 Kips

• Datapath 4 bits

• @ 12 bits (muxed)

• Aritmética BCD

• ~60 € de 2024?



8086 (1979)

• 29K transistores (3µ)

• 5 a 10 (12) MHz

• Segmentación muy básica a tres niveles
• BIU – EU
• Microcódigo
• Accesos a memoria



8086 (1979)



Motorola 68000
• Nodo 3- 5 µm (my guess!)

• 68000 transistores 

• 4 MHz to 16.67 MHz

• 32 b (datos, @)



RISC I - 1982

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

• 44.4200 transistors
• 32 instrucciones



• 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-

34, April 1980



Cray-1
12.5 MHz (160 Mflops!!!!)
5 Tm

115 Kw (con 8 MB)
8 (logic) + 16 (mem) frames
Max. mem. 8 MB
Regs. de 64 b
8 regs. Vect. x64b
8 regs. Escalares x 64b
64 regs backup 64b

8 regs @ 24 b
64 regs @ backup 24b

PC 22b

3 ALUs Vectoriales
4 ALUs escalares
3 fpALUs (shared)
Mc de instrucciones Sólo 4 tipos de chips
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Vector architectures
Main memory

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



Connection Machine (CM-1)

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,

Idea: Tesis MIT 1980
Comercial: 1986



Convex (1986 / 1990)
• 50 Hz por CPU vectorial
• 100 MFLOPs
• 128 MB DRAM
• 16 GB HD
• ECL salvo el vector processor(CMOS 
gate arrays)



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



Cray-1, Cray-C90
NEC SX4, SX5

Alpha AV4, EV5
Intel Pentium
IBM P2SC
HP PA8200
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M. Valero. “Vector Architectures: Past, Present and Future”. Keynote talk. ICS-11. IEEE-ACM. 
Melbourne, 1998



[  Fandom-Micro - Spoiler  ]

Alpha

Intel

AMD

Nvidia Tegra

Samsung Exynos

4-core ARMv8 1.5 GHz
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La Supercomputación: motor para la ciencia y la ingeniería
Mateo Valero, Director BSC
Ateneo EINA, 20 de marzo 2019



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

Wikipedia, Connection Machine





Tex = I x CPI x TcTex = I x CPI x Tc
[ pizarreo 1 ]



Tc

Moore’s Law

Dennard’s Scaling

Diseño



Conceptos básicos  servidores

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 
technology,
Intel 4004 (10 
m) and 8080 
(10 m)

1977-78.
High-density, 
short-channel 
MOS, Intel 
8086 (3 m)

1959.
First 
commercial 
planar 
transistor, 
Fairchild 
Semiconductor

1964.
MOSFET, the 
foundation for 
all future 
transistor 
technology, 
General 
Microelectronics

1989.
Intel 80486, 
8 kB cache 
and a 
floating-
point math 
coprocessor 
(1 µm - 0,6 
µm)

Deep–UV 
excimer 
laser 
lithography 
was 
commerciall
y deployed 
during the 
1990s

Escalado del transistor = integración de funciones

The silicon engine. A timeline of 
semiconductors in computers

www.computerhistory.org/siliconengine/

21Semiconductor packaging history trends
anysilicon.com/semiconductor-packaging-history-trends/ -



Dos patas del Tc ….hasta 2002!!!

Moore’s Law Dennard’s scaling

L. Xiu, "Time Moore: Exploiting Moore's Law From The 
Perspective of Time," in IEEE Solid-State Circuits Magazine, vol. 
11, no. 1, pp. 39-55



Llegando al final?



Moore

Transfreq
Actualización de:
J. Alastruey, J.L. Briz, P. Ibáñez 
y V. Viñals. “Software Demand
vs. Hardware Supply: SPEC 
CPU and processor resources”. 
IEEE Micro, IEEE Computer
Society 2006.

3.7x cada 2



La tercera pata del Tc….
CPI – IPC-1

La tercera pata del Tc….
CPI – IPC-1



MIPS base con detención y anticipación
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Modelo de ejecución y rendimiento

■ Generación 1 (> 3 ciclos por instrucción)

F DAR EW
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Read operands
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Write result
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Evolución en el modelo de ejecución

■ Generación 2 (> 1 cpi)
■ Segmentación
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8086

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

• Intentaron segmentaciones más 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”

Pipeline sí… pero poco
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Evolución en el modelo de ejecución

■ Generación 3 (> 1 cpi)
■ Aumenta la frecuencia
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Evolución en el modelo de ejecución

■ Generación 4 (> 0.5 cpi) – en µ a finales de los 80 –
■ Procesador superescalar
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Evolución en el modelo de ejecución

■ Generación 5 (≈ 0.3 cpi) – en µ a principios de los 90 –
■ Ejecución en desorden

Terminación
en orden
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Evolución en el modelo de ejecución

■ Generación 6 (≈ 0.25 cpi) – en µ en los años 2000 –
■ Multithreading

Terminación
en orden
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Paralelismo por replicación
Tipos de interconexión Tipos de comunicación

• DSM
• SMP
• Paso mensajes



Método de comunicación

DSM
SMP
Paso mensajes



SMP

Sequent Symmetry multiprocessor
• Hasta 30 micros sobre bus de sistema
• Cache privada off-chip
• Jerarquía de buses para IO



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

int i = threadIdx.x;
int j = threadIdx.y;
C[i][j] = A[i][j] + B[i][j];

}

int main()
{
// Allocate structures in device
// Transfer data to device

…
// Set grid parameters and number of threads

dim3 dimBlock(N, N);
// Kernel invocation

matAdd<<<1, dimBlock>>>(A, B, C);
// Transfer results from device
…
}

GPGPUs – TLP masivo

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

AOC2 - Tema 3 41

Nvidia device



DSM

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



Server Systems

z196 book-level cache hierarchy (24 cores)

43



Server Systems

z10 in-order processor pipeline

44
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. 



Transputers
Conexión punto a punto

Topologías en pipeline, malla, toro



Paralelismo por replicación
Tipos de interconexión Tipos de comunicación

• DSM
• SMP
• Paso mensajes



Topologías



Simple 42 (1982)





Historia sucinta: CSP y robot controllers…

• 1978: Communicating Sequential Processes (Hoare); EPL (May)
• 1983: First occam 1 programming manual
• 1984: Drafts of occam 2 language defintion
• February 1984: ACM Sigplan occam article
• September 1984: Demo of Simple 42, Occam User Group, Bristol
• November 1984: occam programming system (VAX) and portakit
• Hoare and Roscoe, Programs are Predicates, Tokyo, 1984



Historia sucinta: Inmos & Transputer

• 1978: Inmos founded with £50 million backing from UK government
• 1979: Operations start in Colorado Springs and Bristol
• 1979: Bristol team grows to about 50; average age about 25
• 1979-83: occam, transputer architecture, CAD system, prototype chip
• 1982-83: first articles about occam and transputer published
• 1982: Inmos Newport factory (Richard Rogers partnership)
• Japanese MITI starts $1billion fifth generation project; founds ICOT



T800

• Registros 32b
• 5 / 10 / 20 [MHz | MIPS]
• 2.5 Mflops Livermoore loop 7
• 4KB SRAM on-chip
• DRAM en placa hasta 4 GB
• IO mapeada + 4 links
• KDMA



• 1 Proceso de alta prioridad (hasta fin o bloqueo)
• Resto baja prioridad, RR (quantum)
• Context switch and IRQ lat < 1 us (T800)

Transputer Reference Manual p. 68













Estructura de un worker













Configuración malla de una B012 en HL1 (MMS)
SOFTWIRE SLOT 0,0 TO EDGE 2 SLOT 0,3 TO SLOT 4,0 SLOT 4,3 TO SLOT 8,0 SLOT 8,3 T
O SLOT 12,0 SLOT 12,3 TO EDGE 6 SLOT 1,0 TO EDGE 3 SLOT 1,3 TO SLOT 5,0 SLOT 5,3 T
O SLOT 9,0 SLOT 9,3 TO SLOT 13,0 SLOT 13,3 TO EDGE 7 SLOT 2,0 TO EDGE 4 SLOT 2,3 T
O SLOT 6,0 SLOT 6,3 TO SLOT 10,0 SLOT 10,3 TO SLOT 14,0 SLOT 14,3 TO EDGE 8 SLOT 3,
0 TO EDGE 5 SLOT 3,3 TO SLOT 7,0 SLOT 7,3 TO SLOT 11,0 SLOT 11,3 TO SLOT 15,0 SLOT
15,3 To EDGE 9 END 





Asignación procesos - procesadores en Occam

• PLACED PAR

• PROCESSOR number type

• PLACE channel AT link.number

CHAN OF ANY pipe
VAL link.2.out IS 2:
VAL link.1.in IS 5:

PLACED PAR

PROCESSOR 1 T8
PLACE pipe[0] AT link.2.out:
farmer(pipe[0])

PLACED PAR i=1 FOR 9

PROCESSOR i T8
VAL siguiente IS i:
VAL anterior IS i‐1:
PLACE pipe[siguiente] AT link.2.out :
PLACE pipe[anterior] AT link.1.in :

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

Farmer

worker

worker

…

link.2.in
link.2.out

pipe[0]

pipe[1]

pipe[9]

link.2.in
link.2.out

link.2.in
link.2.out



Rutina de trabajo con el TDS

Todo en un transputer
icc foo –t8

ilink foo.tco –t8 –f starup.lnk

icollect foo.lku –t

iserver –sb foo.btl

En red de transputers
icc foo –t8

ilink foo.tco –t8 –f starup.lnk

icconf foo.cfs

icollect foo.lku –t

iserver –sb foo.btl



H1 – T9000 (1993)

• 2 M transistors
• Pipelined superscalar (5 stages)
• Communications processor
• 16 KB fully associative cache
• 36 MIPS @50 MHz

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


