


Granularity of Concurrency 

* Intra-Instruction (Pipelining) 

* Parallel Instructions (SIMD, VLIW) 

* Tightly-coupled MP 

* Loosely-coupled MP 



Pipelining 

Pipelined : I F1 D1 E1 S1 

F2 ~ E2 S2 

F3 ~ E3 S3 1 
F4 04 

F5 

Superscalar : F1 D1 E1 S1 

F2 ~ E2 S2 

F3 ~ E3 53 

F4 D4 E4 S4 

F5 D5 E5 S5 

F5 D5 E6 S5 

F7 0, E7 S7 

Fa Da Ea Se 

F9 

Superpipelined: 
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SIMD/MIMD 

SISD- The Typical Pentium-Pro, for example 
MISD 
SIMD Array Processor, Vee.tor Processor 
MIIVID Multiprocessor 

1 i . i 
PipeHned 
· SISD 
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SIMD 

Ve-~tor Processors, Array Pro·cessors 

LD1 LD1 LD2 LD3 LD4 

LO * 1 2 time 
• 1 • 2 * 3 * 4 

LD3 * 2 @1 

LD4 * 3 @2 ST1 l @1 @i ®3 @4 I 
___J 

ST1 ST2 ST3 ST4 

* 4 @a ST2 

@4 ST3 
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An example: Vector processing 

~ 
• The scalar code: 

tori=@ 
A(i) = (B(i)+C(i))/2· 

• The vector code: 
/vs 1 

Iv/ 50 

vld VO,B 

vld V1,C 
vadd V2, VO, V1 

vshf V3, V2,1 
vst V3,A 
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Vector processing example (continued) 

Scalar code (loads take 11 clock cycles): z,eoo 

Vector code (no vector chaining): ?.. f{ 

Vector code (with chaining): I f L 

Vector code (with 2 load, 1 store port to memory): 71 



VLIW 

* ·Static Scheduling 

- Everything in lock step 
- Trace Scheduling 

* Generi.c Model 

Memory 

PC 
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.. ,, 
' .. 

PE PE PE G 
I 
\ 

\ 



Early Form of 
Decoupled -Access/Execute 

Memory 

Access 
Unit 

Execute 

Unit 

* Andrew Plezskun, Univ. of Illinois 

SMA 

* James E. Smith, Univ of Wisconsin 

DAE 



HPS As Evolution 

PE 
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a a a • • • a 

PE PE PE ••• PE 

a y ••• /J 

PE PE PE ··· PE 

a y • • • 



The HPS Paradigm 

Incorporated the following : 
- Aggressive branch prediction 

- Speculative execution 

- Wide issue / A l.,.c.f( , 
- ~ rder exe_2ution ~ - --f ~ ~-
- /~ retirement 

First published in Micro-18 ~ 
- Patt, Hwu, Shebanow: Introduction to HPS 

- Patt, Melvin, Hwu, Shebanow: Critical issues 
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Data Flow 

Data Driven execution of inst-level Graphical code 
- Nodes are operators 
- Arcs are 1/0 

Only REAL dependencies constrain processing 
- Anti-dependencies don't (write-after-read) 

- Output dependencies don't (write-after-write) 

- NO sequential I-stream (No program counter) 

Operations execute ASYNCHRONOUSLY 

Instructions do not reference memory 
- (at least memory as we understand it) 

Execution is triggered by presence of data 



Characteristics of Data Flow 

* Data Driven Execution of 
Instruction-level Graphical Code 

--Nodes are Operators 
--Arcs are 110 

* Only REAL Dependencies 
Constrain Processing 

--Anti-Dependencies Don't 
(write-.afte,.read) 

-Output Dependencies Don't 
(write-a~erwrite) 

-NO Sequential I-stream (No PC) 

* Operations Execute Asynchronously 

* Instructions Do Not Reference Memory 

(at least, memory as we understand It) 

* Execution Triggered By Presence of Data 
--Safe vs. Queues 



A Unit of Computation: 

The Data Flow Node 

OR, 

ARG1 I R : ARG2 

The Operation 
(In Larger Granularity Systems, 

"The Compound Function") 

Dest. Of Result 

Fires 
When 
Ready 



The Firing Rule: 

When all Inputs Have Tokens 

(Note: Safe vs. Queues) 

* Conditiona./ 
⇒ 

7 

· *Relational 
⇒ 

*Barrier Synch 
⇒ 
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An Example Data Flow Program: 

_ Fa-ctorial (Done, ltera·tively) 

N 

Boal. 
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