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Figure 1.: Basic scheme of instruction fetching in sequential processors
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Figure 2.: Basic scheme of instruction fetching using branch prediction
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Figure 3.: Straightforward processing of an unconditional branch on a short pipeline
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Figure 4.: Straightforward processing of a conditional branch on a short pipeline
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Figure 5.: Straightforward processing of a conditional branch on a long  pipeline
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Figure 6.: Pipeline stages in Intel’s and AMD’s processors
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Figure 7.: Performance (P) and dissipation vs. number of pipeline stages
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Figure 8.: Overview of basic prediction mechanims for predicting the branch direction
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Figure 9.: Local prediction
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Figure 10.: Global prediction

(Prediction depends on the actual path)
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Figure 11.: Hardware prediction
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Figure 12.: Principle of the local, dynamic prediction with 1-bit branch history
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Figure 13.: Alternatives to implement 2-level local branch prediction
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Figure 14.: The principle of Pentium Pro’s 128x4 way set associative BHT
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Figure 15.: The actual layout of Pentium Pro’s 128x4 way set associative BHT
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Figure 16.: Straightforward global prediction
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Figure 17.: Principle of the Gshare prediction
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Figure 18.: Principle of the Gselect prediction
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Figure 19.: Dynamic branch prediction of Athlon (K7) using the Gselect (Gshare) mechanism
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Figure  20.: Dynamic branch prediction in the Athlon-64 (K8) using the Gselect (Gshare) mechanism
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Figure 21.: Principle of the combined prediction using local and global prediction at the same time 
(used in the Alpha 21264, or the POWER 4)


[image: image22.wmf]BHT

IFA:

Global history

Global 

BHT

Local

IFA:

Best choice

BHT

Resulting prediction

x

Local prediction

Global prediction

Local

prediction

Global

prediction

Actual

prediction


Figure 21.: Principle of the combined prediction using local and global prediction at the same time 
(used in the Alpha 21264, or the POWER 4)
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Figure 22.: Implementation alternatives of choice prediction
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Figure 23.: The principle of the combined branch prediction of the POWER 4
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Figure 24.: Advanced branch prediction features of the Pentium family
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Figure 25.: Advanced branch prediction features of AMD’s K6/K7/K8 family
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Figure 26.: Advanced branch prediction features of IBM’s POWER family
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Figure 27.: Overview of the implemented schemes for predicting the branch direction
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Figure 28.: Assumed Simplified branch prediction scheme of the K7, without showing the global prediction
(A: address bit, C: Conditional branch, W: Way)
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Figure 29.: Assumed simplified branch prediction scheme of the K8, without showing the global prediction

 (C: Conditional branch, R: Return, W: Way 0/1, SA: Start address)
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Figure 30.: The physical implementation of branch prediction in Intel’s Northwood and Prescott processors
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Figure 31.: Instruction Cache: More then instructions alone
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Figure 32.: Chapter 4, Opteron’s Instruction Cache and Decoding


[image: image35.wmf]BTA

Accessed from BTAC

 From the I$

Ultra SPARC III

Calculated on the fly

K6

PPro/PII/PIII/P4

K7/K8

Power 4, 5

Power 3

21264

Examples


Figure 33.: Alternatives to generate the BTA
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Figure 34.: The principle of branch prediction using a BHT and a BTAC
(C: counter)
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Figure 35.: Alternative ways to access BHTs/BTACs
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