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A New Basis for Shifters in General-Purpose 
Processors for Existing and Advanced Bit 

Manipulations 
Yedidya Hilewitz, Member, IEEE, and Ruby B. Lee, Fellow, IEEE 

Abstract—This paper describes a new basis for the implementation of the shifter functional unit in microprocessors that can 
implement new advanced bit manipulations as well as standard shifter operations. Our design is based on the inverse butterfly 
and butterfly datapath circuits, rather than the barrel shifter or log-shifter designs currently used. We show how this new shifter 
can implement the standard shift and rotate operations, as well as more advanced extract, deposit and mix operations found in 
some processors. Furthermore, it can perform important new classes of even more advanced bit manipulation instructions like 
arbitrary bit permutations, bit gather (or parallel extract) and bit scatter (or parallel deposit) instructions. Thus, our new functional 
unit performs the functionality of three functional units – the basic shifter, the multimedia-mix unit and the advanced bit 
manipulation functional unit, while having a latency only slightly longer than that of the log-shifter.  For performing only the 
existing functions of a shifter, it has significantly smaller area. 

Index Terms—Shifter, rotation, shift, permutation, butterfly, inverse butterfly, bit manipulation, microprocessor, instruction set 
architecture, processor architecture, circuit design, extract, deposit, mix, multimedia, arithmetic, parallel operations. 
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2 BASIC AND ADVANCED BIT MANIPULATION 
OPERATIONS 

2.1 Basic Shifter Instructions 

Fig. 1. (a) extr.u r1 = r2, pos, len; (b) dep.z r1 = r2, pos, len 

Fig. 2. (a) mix.left r1 = r2, r3; (b) mix.right r1 = r2, r3; 

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication.

Authorized licensed use limited to: Princeton University. Downloaded on January 4, 2009 at 22:23 from IEEE Xplore.  Restrictions apply.



HILEWITZ AND LEE:  A NEW BASIS FOR SHIFTERS IN GENERAL-PURPOSE PROCESSORS FOR EXISTING AND ADVANCED BIT MANIPULATIONS 3 

 

2.2 Advanced Bit Manipulation Instructions 

Fig. 3. 8-bit Butterfly (left) and Inverse Butterfly (right) Circuits 

TABLE 1 
INSTRUCTIONS SUPPORTED BY NEW SHIFT-PERMUTE FUNCTIONAL UNIT 
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3 NEW SHIFT-PERMUTE FUNCTIONAL UNIT 

3.1 Basic Shifter Operations on the Inverse 
Butterfly Datapath 

Fig. 4. grp r1 = r2, r3 

Fig. 5. (a) pex r1 = r2, r3; (b) pdep r1 = r2, r3 
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3.1.1 Determining the Control Bits for Rotations 

Fig. 7. (a) rotation by s<n/2 and (b) by s n/2 

Fig. 6. Left rotate by three on inverse butterfly is equivalent to right
rotate by three on butterfly 
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Fig. 8. Right rotate by 5 on 8-bit, 3-stage inverse butterfly network 
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Fig. 9. Control bit generator circuit for rotations on inverse butterfly (first 5 stages) 
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3.1.2 Determining the Control Bits for Other Shift 
Operations 

3.2 Parallel Extract on the Inverse Butterfly 
Datapath 

Fig. 10. Even or Right (dotted or R) and odd or Left (solid or L) sub-
circuits of the inverse butterfly circuit 
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3.2.1 Determining the Control Bits for Parallel Extract 
and Parallel Deposit 

Fig. 11. Final stage of pex operation 
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3.2.2 Static, Dynamic and Loop-Invariant Instructions 

3.3 New Shift-Permute Functional Unit 
Implementation 

Fig. 13. Pex (and pdep and grp) bitmask decoder 

�

Fig. 12. Algorithm for bitmask decoder 
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4  EVOLUTION OF SHIFTERS 

Fig. 16. Masked merge block 

Fig. 15. Control bit generator circuit block 

Fig. 14. New shift-permute functional unit 
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Fig. 18. 8-bit log shifter 

TABLE 2 
COMPARISON OF SHIFTER DESIGNS 

 
 

 
 
 

 
 
 

 

Fig. 17. 8-bit barrel shifter 
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5  CONCLUSION 

TABLE 3 
LATENCY AND AREA OF UNITS                                

PERFORMING SHIFT AND ROTATE 

 

 
 
 
 
 
 
 

TABLE 5 
LATENCY AND AREA OF UNITS                                

PERFORMING ADVANCED BIT OPERATIONS 

 

 
 
 
 
 
 
 
 
 
 
 

TABLE 4 
LATENCY AND AREA OF UNITS                                

PERFORMING SHIFT, ROTATE, EXTRACT, DEPOSIT AND MIX 
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