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COMPUTER ARCHITECTURE

DESIGN PROCESS

Architecture

Architecture
(The concept itself of

Conceptual Desigr

Basic Design

Detailed Design

Production Design

Level conceptural design of computers)] For Architecture
0s Behavioral/Structural Decision of OS Logical Structure(Software)
Level concept of OS call instructions level architecture |-, | system of O9Relations between | Details in
and machine instructions OS call instructiond programming
and OS
Processor | Behavioral/Structural Decision of Physical Structure(Hardware)
Level concept of processors processor Computer system CPUs, memories, | To basic design of

level architecture

design

I/O devices,
Interconnection
Networks

instruction set
level

Instruction Set|
Level

Including Micro
program Level

Behavioral/Structural concept
for Instruction set level

(Also for microinstruction)

Decision of

Logical/Physical Structure(Software-Firmware/Hardware

instruction set
level architecture

Processor design
(Instruction sets
etc.)

Microprogrammed
(Hardwired)

To basic design of
register transfer
level/gate level

Register Behavioral/Structural concept | Decision of IPhysicaI Structure(Hardware)
Transfer of register transfer register transfer |Word gates, Registers, | To pasic design of
Level level architecture [Multiplexers, Decoders{ gate level
Encoders, Arithmetic
elements etc.
Gate Behavioral/Structural concept | Decision of gate Physical Structure(Hardware)
Level of gate level architecture |~y pinationay | Semiconductor devices)y/| g design
sequential circuits Tran_S|st0rs
Registers
Diodes




Basic
Design

; “Processor Level
_ (with the OS)
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Al Us struction Set Level
Regist

Detailed
Design

Instructions

Logic
Ga(tge ‘ r Transfer Level

ith microprogram for CISC)

Design at

Each Step Bl Production
Evaluation for el‘ DeSIQn
Production
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IF | ID [ALU|MEM| WB
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| Load Buses

| Registers (64x32)

F Load Buses

A
Yy yy
ALUO ALU1
IMUL IMUL

Phys Addr PC

| Board

1
_____ ]

f F Registers (32x64)

J

FMUL
ALUM

A

Y

FADD
ALUA

Y

Y

| store Registers (32x32

_______ &-i__l__l______E_B_O:'ﬂ_di

Store Buses

02-60 TRACEL U 0O OO Board/F Board O 0 0 0 [T



Word 0: 10 ALUO early beat

31 25 24 19 18 16 15 13 12 11 7 6 1 0
| opcode| dest |dest bank|branch test| | srcl | Src2 |Imm|

Word 1: Immediate constant O (early)

31 0
| immediate constant (early) |

Word 2: 10 ALU1 early beat

31 25 24 19 18 1615 13 12 11 7 6 1
| opcode | dest |[dest bank [branch testf | src1 [ src2  |imm]

Word 3: FO FA/ALUA control fields

31 25 24 23 22 17 16 15 11 10 6 54 3 10
| opcode | 64 | | dest | | sc1 | sc2 | | |dest bank| |

Word 4: 10 ALUO late beat

31 25 24 19 18 16 15 13 12 11 7 6 1
| opcode | dest |[dest bank [branch testf | src1 | sc2  |imm]

Word 5: Immediate constant O (late)

31 0
| immediate constant (late) |

Word 6: 10 ALU1 late beat

31 25 24 19 18 1615 13 12 11 7 6 1
opcode| dest |dest bank|branch test| | srcl | src2 |Imm|

Word 7: FO FM/ALUM control fields

31 25 24 23 22 17 16 15 11 1 5 4 10
| opcode |64| | dest | | srcl | Src2 | | |dest bank| |

02-70TRACEL D DD O00DDDOOOODD U (for one I-F pair)



o ooooodoogno

IF [ ID [ALUMEM[ WB
IF | ID [ALUMEM| WB
IF [ ID |ALU MEM| WB
IF [ ID [ALUMEM| WB
IF |1 ID |ALUMEM| WB

o oo

IF | ID JALUMEM| WB
IF | ID |ALUMEM| WB
IF | ID |ALUMEM| WB
MEM| WB
MEM| WB

U
IF [ ID JALU
IF [ ID [AL
D
I
F

U |MEM| WB

ALU [MEM| WB
D |ALU|MEM| WB
ID | ALU [MEM| WB

IF {1

Juggbodoobogod
-goooododoooogo

2800000000000 nooonon
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000000000000000000000000000000000000
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00000000000 000000O00O0 [Imori 93][Watanabe 94]
000000000000000000000000000000000000
0000000000000 000000000000000000000000
0000000000000 000000000000000000000000
0000000000000 000000000000000000000000
0000000000000 000000000000000000000000
0000000000000 000000000000000000000000
00 0002-100 O O [Hayes 88
000000000000000000000000000000000000
0000000000000 000000000000000000000000
0000000000000 000000000000000000000000
0000000000000 000000000000000000000000

- 21-



L IF | D | EX [MEM WB |
IF: Instruction Fetch
ID: Instruction Decode
EX: Execution
MEM: Memory Access
WB: Write Back

(a)R30000 000000

LIFE | 1s |[RF| Ex| DE[Ds|TC |wB]
IF: Instruction Fetch, First Half
IS: Instruction Fetch, Second Half
RF: Register Fetch
EX: Execution
DF: Data Fetch, First Half
DS: Data Fetch, Second Half
TC: Tag Check
WB: Write Back

(b)R40000 000 OO0

Hz-o00uubuobdoboouoot r4ooon oo
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o Jooogonn

00 |S| O O O (Exponent) E 00 0O (Mantissa) M

000000 N=(-1)° x 2527 x (1.M)
(IEEE 754 standard 32bit format[] [ [J [ E:8bit, M:23bit)

o bbb dodboogodon
EC | ALI |ADD [NRM

EC: 00000 (Exponent Comparison)
ALl 0000000 (Mantissa alignment)
ADD: 000 0O 0O (Mantissa addition)
NRM: O O O (Normalization)

EC [ ALl [ADD [NRM
EC | ALI [ADD [NRM
EC | ALI |ADD [INRM
EC [ ALl [ADD [NRM

Joooooogogd

dz-1o00udguodgodgougoood
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230 0uongououoougougn

oon Cray Research oooQd 0d oono
oon Cray Y-MP8E/8256] SX-3 model44 S-820/80 \VVP2600/20
goooooooon 6ns 2.9ns 4ns 3.2ns
ooooo ECL CML ECL ECL
U oooo|ooo@oon) 2500 20000 2000/5000 15000
E ooopoooog 300C1 350ps 70ps 200/250ps 70ps
O pooojooo 40kbit+70000 O O] 7kbit+25000 O O | 64kbit+35000 00 [
qooioooogoog 1.6ns 2.5ns 1.6ns
oo0oon 64kbitDRAM 256kbitSRAM  [64kbitBICMOS SRAM  1MbitSRAM
ooOo |[oocoooo 15ns 20ns 20ns 35ns
ooog 1GB 2GB 0.5GB 2GB
ooood DRAM 1IMbitDRAM 1MbitDRAM AMbitDRAM
gunon)|o0oo 16GB 16GB 12GB 32GB
ooooon 5GB/s 2.75GB/s 2GB/s 2GB/s
o000 0ooo@Eoooo) oooo@a) ooon 0ooo(@o)




