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3.1.1 Heterogeneous Processors



3.1.2 Composable Processors



P P P P

P P P P

P P P P

P P P P

P P P P

P P P P

P P P P

P P P P

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

P P
P P

P P

P

P

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

L2 L2 L2 L2

P

(a) 32 2-wide CLP config. (b) 8-processor CLP config. (c) One 64-wide CLP config.



3.1.3 Chapter Overview
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3.2.1 TRIPS Blocks



read write

3.2.2 Direct Instruction Communication



OPCODE PR T1 T0XOP

OPCODE PR IMM T0XOP

General Instruction Formats
08917182223242531

OPCODE PR IMM  0LSID

OPCODE PR IMM T0LSID

Load and Store Instruction Formats
08917182223242531

OPCODE PR OFFSETEXIT

Branch Instruction Format
019202223242531

OPCODE CONST T0

Constant Instruction Format
089242531

V GR RT1 RT0

Read Instruction Format
08151620 712

V GR

Write Instruction Format
045
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INSTRUCTION FIELDS
OPCODE = Primary Opcode
XOP = Extended Opcode
PR = Predicate Field
IMM = Signed Immediate
T0 = Target 0 Specifier
T1 = Target 1 Specifier
LSID = Load/Store ID
EXIT = Exit Number
OFFSET = Branch Offset
CONST = 16-bit Constant
V = Valid Bit
GR = General Register Index
RT0 = Read Target 0 Specifier
RT1 = Read Target 1 Specifier

3.2.3 Composable Architectures



3.3.1 TRIPS Tiled Microarchitecture
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Global dispatch network (GDN)
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Global status network (GSN)
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Global control network (GCN)
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Issues block fetch command and 
dispatches instructions

Handles transport of all data operands Issues block commit and block flush commands

Signals completion of block execution, I-cache 
miss refill, and block commit completion
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3.3.2 TRIPS Tiles



a) Global Control Tile (GT) 

b) Instruction Tile (IT)

OCN
GDN GRN GSN

GDN GRN GSN

GDN

Control
Logic

Refill buffer
128-bit x 32, 1 read

port, 1 write port

I-cache array
128-bit x 1024 SRAM

1 R/W port

OCN control

c) Register Tile (RT)

GSN

GCN,
GDN

GCN, GDN

OPN
Commit

D
ecode

Write Queue Architecture
Register File

Read Queue

d) Execution Tile (ET)

Dispatch/Decode

Status Bits
Select Logic

GDN GCN

OPN

OPN

ALU

Instruction
Buffer

Operand
Buffer
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3.3.3 Distributed Microarchitectural Protocols
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3.3.4 Discussion
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Hash1 (# Inst ID) =   (# Inst ID) % (# of participating cores)

Hash2 (# Block address) =    ((# Block address) >> 12 ) % (# of participating cores)

sserddaData#(3hsaH ) =
     ((High-order bits from # data address)         XOR         (Low-order bits from # data address)   ) %

 (# of participating cores)
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3.4.1 Overview of TFlex Operation



(g) Execution1 (h) Commit1(e) Fetch1 (f) Next-Block Prediction1

thread0 thread1 thread0 thread1 thread0 thread1

thread0 thread1 thread0 thread1thread0 thread1thread0 thread1

thread0 thread1

Lifetime of block A0
in thread0 and
block B0 in thread1

Lifetime of block A1
in thread0 and
block B1 in thread1

The owner of block A0, B0 The owner of block A1, B1

(c) Execution0 (d) Commit0(a) Fetch0 (b) Next-Block Prediction0

3.4.2 Composable Instruction Fetch



3.4.3 Composable Control-Flow Prediction
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3.4.4 Composable Instruction Execution



One core Four cores

Example:  Instruction #5 (ADD) with target 0 field = 0x17F
(left operand of instruction 127 of the block).
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10 1111111

High-order two bits of target selects left operand,
low-order seven bits index into entry 127 of the 
instruction window. Only one block at a time can
execute on one core so block ID bits are needed.

5

127

Inst. 5, target 0 field:

10

High-order two bits of target (10) selects left operand;
low-order two bits (11) select X, Y location of target core;
block ID (01) forms high-order two bits of operand index.

Inst. 5 in block 1, target 0 field:

11111 1101

General (arithmetic)
TRIPS instruction format

0tegraTedocpO Target 1XOPPR

97 952 2

Target type
00 = no target
01 = predicate
10 = left operand
11 = right operand

Target ID
0 <= X <= 127

7



3.4.5 Composable Memory System

3.4.6 Composable Instruction Commit



3.4.7 Coherence Management



3.5.1 Serial Programs



3.5.2 Multitasking Workloads





3.5.3 Composability Overheads and Benefits










