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Execution Mechanism for the Very Large Data Path
Architecture

Yuichiro Ajima, Hidenori Tsuji, Shuichi Sakai, Hidehiko Tanaka

University of Tokyo, Graduate School of Engineering

We propose the Very Large Data Path (VLDP) Processor Architecture which achieves

actual IPC 8 by using Multi-Path Execution and Massive Speculative Execution. This

paper presents execution mechanism for VLDP; the Multiple Execution Unit and Dis-

tributed Register can issue many instructions in a cycle and continue processing with

partial instruction invalidation when a branch is mispredicted. We also discuss process

of register data transfer, execution unit assignment and instruction invalidation.

1 ZV\X

�ª�5°0;. (Very Large Data Path,

)É VLDP)�°'4(2FÐ¬.°;°.
&J, VLIWÍÌÏ¹�Ï�°'4(2F
Ï/\ÊÐÍ³�¾³�°'4(2FÊ²Þ
[1][7] VLDP ÊÐ¬�ª�Î9°7"#�
«¼á��¿Þ¼ËÊB!(N?N/3+Ï
�ôá�uÎÃ�½Á¬�ô�pË¾É¯Â
IPC 8 Ï��á�¨¾É³Þ
VLDP�°'4(2FÏ±ÍîZÐ¬v�
;.¯ÈÎÛÞ�ª�Ík©c¯È [4]¬ 32

�ßuÏ�ß>N3( (Instruction Block,)
É IB)á¯ÈP*Ë¿ÞÊ.L°?36�×
[5][6]¬��Ï©ôH836ÎÛÞ�ßÏzâ
¯È [7]¬M-.0á�½Í³5°0�(/.
Ï�®c�× [5]Ê²Þ	ÇÊÐ¼ßÜá
¯½¿Þ¯È©Æáa(¿Þ

2 VLDP JUKPLOS

2.1 �o

VLDP�°'4(2FÊÐ+!(LçÄÝ
ÏÊ³�×.L°?36áíÞÄØÎ¬Ñ�
32 �ßáÕËØÞ IB á�×P*Ë¾É�
´�×áÊû3¿ÞÂÏ-�Ê 1 +!(L

Î=#32¿Þ IB ÐÑ� 1 Ë¾¬�´�×
á PÎ¿ÞÂ¾É IB Ï¯ÈáÈÍ´¯
ÈH836 (Execution Unit, )É EU)áv
��,¾¬v�Ï IBázâÎ¯È¿Þ¼Ë
Ê¬ï�Ë¾É��Ï�ßÏzâ�×áÈ´
[7]
�ª�Ík©c¯ÈÊÐ¸wÍ0£«¼�
~ÏÄØÎ�¹ÍM-.0=�!L¸o�Ë
ÍÞ¸¬M-.0=�!LÓÏs:·Yám
»ÞÄØÎ VLDP ÊÐw¡¾ÄM-.0
=�!LÆ� [3]áËÞ� EU Îw¡M-
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� 1: VLDP block diagram

.0=�!L (Distributed Register File, )
É DRF)áV¹¬ EU Ï0£�7ÐÂÏ EU

Ï DRF ÎÏÖ~ý¿ÞÕÄ IB ðtÊ
-cÎ¥àßÞTÐ¬Tá�¢¿Þ�ßá
�®cÎ¨`¿Þ¼ËÊ DRF á�½À�(
/.½ßÞå×M-.0lËËT¸�ó½
ßÉ³Þ DRF Ï*Vá�Òr»Þ Regis-

ter Map Set()É RMS)á��¿Þ¼ËÎÛ
Ý¬� EU Ðw¡M-.0·ÜTáíÞÍ
¶¬�¨ÿ VLDP Ïå×M-.0Ð 64	Ë
`ØÜßÉ³Þ
VLDP Ðv�;.á¯È¿ÞÄØ¬¯ÈY
Ïï�ßÏ�×íÀÎ¶»Þ RMS ÐRMS

Bu�er Î�ó½ß¬=#32¾Ä IB Î²
àÁÉïÖº½ßÞ IB Ë RMS áyÁ
É¯È©ÆÎkñ¿Þ¼ËÎÛÝ¬ VLDP

ÊÐ
+!(L¬v�Ï¯È;.·Üò,Ï
=#32éáìâÊ¯ÈÊ¹ÞÕÄ¬¯È
YÏ��Ï�ß·Üî`Ï;.Ï�ßÅ»á
ÕËØÉÖ�¿ÞÄØ¬ IB ÎÐw¦�á0
) (Branch History Tag, )É BHTag)¸d
r½ßÞÍ¶w¦�Áá PÎ¿ÞÄØ¬
IB á 8 �ßÀÇÏ 4 ÇÏ= °L7Î
w�¾¬�= °L7Ï�nÎÏÖw¦�ß
áû¿ÕÄ¬ IB ÎÐ RMS áÊûÎÅ
�¿ÞÄØÏÅ�T4°>LOutput Reg-

ister Map()É OMap), Output Register

Mask()É OMask)¬ùÒM-.0®K($
.6áÊûÎ��¿ÞÄØÎ�úM-.0®
B3? Input Register Mask()É IMask) ¸
ãcÎr5½ßÉ³Þ
VLDP Ï>N3(�á� 1Î®¿VLDP

�°'4(2FÐ�¹ºw»É Control, Ex-
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� 2: VLDP Execution Section

ecution, Memory Access (�Át, ¯Èt, D

EKt)Ï 3ÇÏ/(,IOÎw·ßÞ�
ÁtÐw¦�úÎÛÞ=#32�Á¬RMS

Ï�×¬ BHTag Ï�×áÈÍ´¯ÈtÐ
v�Ï EU ÎÛÞ IB Ï¯È¬RMS Ï
Å�¬DRF �(/.�ÁáÈÍ´DEK
tÐ¯ÈYÏ�ßÎÛÞDEK�(/.á4
ò3¾¬.6��ßÎÛÞ�¹ÍÖá�ß¸
commit ½ßÞÕÊWÜÁÞ

2.2 t{~���

¼¼ÊÐ¯ÈtÎ�ú½ßÞ©ôá
»ÔÞÕÀ¬�ÁtÐ=#32¾Ä�ßÎ
RMS Ë BHTag ádr¾¬¯ÈtÎg¿
¯ÈtÊÐ¼ßá�°¾¬ IB Ï�÷»º¾
f 1± 49� Î¶»Þ RMS Ï��¬w¦
�ß´{Ïø`áÈÍ³�ÁtÎ^U¿Þ
ìÎ§Îkñ½ßÄ IB ázâÎ¯È¾¬
DEK�(/.Úw¦�7Ï feedback ÙÈ
Í´�ÁtÐw¦�7áµ»Éî`;.
ÏÂ3Ú Correct Path ¸�`¾Ä IB Ï
commit á¨®¿Þ¯ÈtÐ¨®Î¹³¬
0£«¼Ï��®Ð��¬DEK�(/.Ï
Â3®�`¬à�ö�Ï^UáÈÍ´

3 VLDP ^bG`Y�C

	çÊÐ VLDPÏ�úá�Ä¿¯ÈtÏ©
Æáa(¿Þ

3.1 t{~��o

� 2Îa(¿Þ¯È©ÆÏ>N3(�á®
¾¬�H836Ï©ôá»ÔÞ
5*°1Ð�Át·Ü IB, RMS, BHTag

áµ»²Ý¬¯ÈtðÏ�H836Î��á
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� 3: Execution Unit

wõ¿ÞÕÄ¬µ»²ÆÄ IB Ï÷»º¾
fÏ RMS á��¾¬�ÁtÎ}¿ËËÙÎ
RMS Queue ()ÉRMSQ)Î�ó¿Þ5
*°1Ð�ÁtÏ¨®ÎÛÝ¬RMSQ ·Ü
RMS áíÞ�Ì¸²Þ
EU �×H836 (EU Management Unit,

)É EUMU)Ð EU, DRF Ï¥��ýá�×
¾¬ EU, DRF Ï�ÝçÉ¬Â3Ï�Áá
È´ðtÎÐ EU ��4°>L (EU Sta-

tus Table,)É EUST), BHTag4°>L ()
É BHTT), OMask4°>L ()É OMT)ù

Òw¡M-.0=�!L®N3(®:3=�
(DRF Lock Bu�er, )É DRFLB)á¬Ç
M-.0®K($.6��¤ (Register Re-

quest Generator, )É RRG)Ð¬� EU

¸ÿÏ EU ÓöÞM-.0ÏB3? (Regis-

ter Request Map, )É RRM)á��¿Þ
RRM Ð EU {Î��½ß¬ÂßÃßÏ EU

ÎöÜßÞ
EU Ð�ß>N3(¸�ÝçÉÜßÞË0
£á�¦¾¬�7áðtÏDRF Î�¹Íâ
Ê�©��Î�ÞM-.0®K($.6Î
¥ÈºM-.0TÏö�Ð�ÎÈÍ´
bu�er Ð�ß5*°7®<36âÚ RMS

Ï-tÍÌ¬<36uÏÄ³5°0á� EU

Óö�¿ÞÄØÏY�¤Ê²Þ
Í¶¬� 2ÊÐ:.Ï[_Ú EUÓ IBá�
ÝçÉÞÄØÍÌÏ�ÁëÐ�Ú¾É²Þ

3.2 t{����z�

� 3Î EU Ï>N3(�á®¾¬)2Î�
H836Ï©ôËëÕá»ÔÞ
instruction issue logic Ð5*°7½ß
Ä IB áµ»²Ý¬%AJO7á:3=�¿

Þ��ßÏö8��á[Ô¬ö86ôÍÙ
Ï·Ü functional units ÎöÞÕÄ¬ is-

sue logic Ð EU ÊÏ¯È�� (BUSY, Ex-

ception)á EUMU Î^U¿Þ functional

units Ð��ßÎ�1¾Ä©ôH836Ï·
Ì�Ê¬0£�7Ð global result bus ÕÄÐ
local result busÎºÞ¿Þ0£ð�ÎÛÆ
ÉÐ branch result bus ÓÏºÞÚ memory

access bus ÓÏ�(/.áÈÍ´ DRF Ð
global result bu�er ÎºÞ½ßÄ0£�7á
~ý¾¬ issue logic Ð local result bu�er Î
ºÞ½ßÄ0£�7á²ÝÍ×DRF Ð:
O(Æ�Ê¬ 1:O(Ï$O6K�Ð IB Ï
Ñ��ß� 32 ËÍÆÉ³Þ
register request bu�er()É RRB) Ð5
*°1·ÜRRM Ë RMS Ï-táµ»
²Ý¬öÝé EU {ÎM-.0®K($.
6ÏK.6á~ý¿Þ network interface

unit()É NIU) Ð RRB á �¾É DRF

áïÖº¾¬ Data Network ÎöÞÕÄ¬
�t·ÜM-.0Táµ»²ÆÄ�Ì¬¼ß
á local result bu�er ��Ê issue logic Îg
¿
Í¶¬�¨ÿ VLDP ÊÐ EU 16 H83

6¬DRF � 8 :O(Ë½ßÉ¶Ý¬ DRF

õ:O(�Ð 128 Ê²ÞDRF Ïõ:O
(�Ð EU Ïõ�Ëå×M-.0�Ïæá
.µÉ³ßÑÜ³ÏÊ 47 :O(¸��Ê²
Þ¼Ï��Ð¬¥�ÒÖ:O(Ï|ÝÎÛ
Þ EU Ï�æá¡æ¿ÞÄØÎæ»ÜßÉ³
Þ

4 ^b�Y�d

	çÊÐ¬íçÊa(¾Ä¯È©ÆÏ�t
ÏëÕË�Óá¬¯ÈtÏ©ôëÕÎù¾É
è�¿Þ

4.1 RMS��

5*°1ÊÐ IBéêÊÏRMS·Ü�÷»
º¾fÎ¶»ÞRMS á��¾¬�ÁtÎ}
¿RMS ��ÊÐ¬ IB Î£ÕßÞ OMap,

OMask á�³Ééê RMS Ï�çÏ$O
6Ká-�V�¿Þ¼Ï��Ï¤ðÖá�
4Î®¿
5*°1ÐÕÀ EUMU ÛÝ¬ IB á�Ý
çÉÞ EU lË (EUID) Ëw¡M-.0l
Ë (Bank Number, )É BN)áíÞ¼ß
ÐRMS Ï EUID, BN = °L7ÏV�Î
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� 4: RMS generation
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� 5: register request generation

¥�½ßÞ�ßlË (Instruction Number,

)É IN)ÏV�ÎÐ OMap á¥´V�¿
Þ$O6KÐ OMap Ê®½ßÉ¶Ý¬�Ê
ÐM-.0 2, 3 ¸V�½ßÞ

4.2 RRM��

RRG ÊÐ� EU ÎöÞ RRM á��¿
Þ RRM Ð¬ÂÏ+!(LÊ�¾º IB á
�ÝçÉÜßÞ EU Î�¾ÉÌÏå×M-
.0ÏTáöÞ·á®¿RRM Ï�<36
Ð¬ RMS Ê�ç EU ÎT¸²ÞË½ß¬·
Ç IMask ÎÛÝö�é IB ¸�ú¾É³Þ
M-.0ÏÖ¸ 1 ¬Âß)�Ð 0 ËÍÞ
RRM ����á� 5Î®¿
ÕÀ RMS Ï EUID = °L7ï$O6
Ká5*°7¾� EU Î�1¿Þ<36á²
Ýº¿¼ËÎÛÝ¬�ç EU ÎT¸²ÞM-
.0ÏB3?á��¿Þ�ÊÐ EU(2) Ï
B3?á²Ýº¾É³Þ¼ßË IMaskËÏ
å×åá²Þ¼ËÎÛÝ¬�ç EU Ï RRM
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� 6: Register Request Bu�er

4.3 �	
�ei�

�¾³ IB ¸³Àß·Ï EU Î�ÝçÉÜ
ßÞ
Î¬ïÉÏ EU ÎÂßÃßÏ RRM Ë
ü^Ï RMS (BN, IN = °L7ÏÖ)¸ö
ÜßÞ¼ßÜÏ��Ð EU ðÏ RRB ÎX
å½ß¬ EU ðÏ NIU ÎÛÆÉïÖº½ß
ÞRRB ÏÆ�á� 6Î®¿
RRB Ï$O6KÐöÝé EUID Î¢ãr
»ÜßÉ¶Ý¬MSR = °L7ÎÐ RMS

Ï BN, IN = °L7¬ RRM = °L7Î
Ð RRM ¸�ó½ßÞNIU Ð RRM Î
1 ¸ÙÆÉ³Þ<36áQ¾¬MSR á �
¾É DRF Î�(/.¿ÞÙ¾ºÐ global

result bus á�ª¾ÉTáíÞ
NIU ÐíÜßÄTá Data Network á^
¾ÉöÝé EU Îeö¿Þµ�øÏ EU Ê
ÐNIU ¸Tá-R:3=�¾¬ local result

bus á^¾É issue logic ÎTág¿
)�Ï³�ÛÝ Data Network ÎÐ¬�
¾³ IB ¸ EU Î�ÝçÉÜßÞjÎÿÏ
EU ·Ü-äÎ5°0¸öÜßÞË³´6J
= 3(ÏîZ¸²Þ Data Network Æ

÷¬ IB �ÝçÉêÚÐ¬¼ÏîZáéÕµ
Éæ�¿Þo�¸²Þ

4.4 t{����p��q�p

EUMU ÊÐ EU, DRF Ï¥��ýá
�×¾¬�ÝçÉ¬��Ï�×áÈÍ´Õ
À¬ EU Ê¯ÈYÏ IB ÎÇ³É¬�= °
L7�nÊÏ OMask, BHTag áÂßÃ
ß OMT(� 7), BHTT(� 8)á~ý¿Þ
Í¶¬�n¸÷»º¾fÊÍ³= °L7Ï
OMask Ð~ý¾ÍºÉÛ³ OMask Ð�
ÛÎÛÞ DRF Ï��Î¥�¾¬ BHTag Ð
Â3ÎÛÞDRF ÍÌÏ0£«¼Ï��Î
¥�¿Þ
ÕÄ¬ EU Ï��Ð EUST(� 9) Î~¬¿
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� 7: OMask Table
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� 8: BHTag Table

Þ active <36Ð EUMU ¸§Î IB á
�ÝçÉÄ EU Ê 1 Î/36½ßÞ bank

valid<36Ð EUðÏ�DRFÏ¥��ýá
q¿ BN Ð active Í EU ¸ÌÏ DRF :

O(Î�¹Í×·á:O(lËÊ�ó¿Þ
¼ßÐ�çÎ bank validá �¾É�`½
ßÞ commit <36Ð¬�Át·Ü Cor-

rect Path Ê²Þ¼Ë¸^U½ßÄ IB á�
×¾É³Þ EU Ï$O6K¸/36½ßÞ
�Át·ÜÐ BHTag Ê Correct Path ¸^
U½ßÞÄØ¬ IB ÏiYÕÊ¸�¾³;.
Ê¬iY·ÜÂÍ;.Ê²Þ�Ì¸²Þ
EUMU Ð BHTTá �¾¬ÌÏ= °L7
ÕÊ¸�¾³;.Ê²Þ·áø`¾É EUST

Ï lelvel = °L7Î�¹Í×
EU ¸ IB Ï�×á�Û¿ÞË¬ BUSY �

Ë¸ 1 ·Ü 0 Î�½ßÞ EUMU Ð¼ßá
�º¾¬ active Í EU Ê²Þ�ÌÐ IB ¯È

¸¶Û¾ÄËÖÍ¿¼Ï Exception �Ë

¸ÙÆÉÍ»ßÑ¬ EUMU Ð IB Ï�Û�
×áÈÍ´
ÕÀ¬ EUMUÐ EUSTÏ commit<36

áïÖº¾¬�ç IB ¸�¾³;.Î£Õß
É³Þ·�Î¿Þ commit <36¸ÙÆÉ
³Í³Ð¬ commit ½ßÞ· IB ¸Â3
½ßÞÕÊ�Ç IB ¯È¶Û·Ç commit

½ßÉ³Þ�Ì¬ EUMU Ð EUST Ï ac-

tive <36áK/36¾¬ EU á��¿Þ
ÕÄ¬ï EU Ï RRB ·Ü��¿Þ EU Ó
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� 9: EU Status Table

Ï RRM á(K�¿ÞìÎ¬ active Î
ÍÆÉ³Ä DRF :O(áDRFLB Îhä
¾¬N3(¿Þ¼ßÐ¬0£¸¶Û¾ÉÙ
ÀüÏ�ß¸0£�7Ï�ó½ßÄ DRF Î
�(/.¿ÞÄØÊ²ÞDRFLB ÎÐN3
(¿Þ DRFÏ EUID, BNËËÙÎ�¾³;
.Ï÷»º¾fÎ¶»Þ OMask ¸~ý½ß
Þ¼¼Ê~ý¿Ô¹ OMaskÐ¬ EUSTÏ
level = °L7á¥�¾É OMT á �¿
Þ¼ËÊíÜßÞ�¾³ DRF ¸ DRFLB

Î]5½ßÞ¬ï$O6KÏOMask ¸¬
�¾³ DRF Ï OMask ËÏå×åÎÅ�½
ßÞ¼ßÐ¬�¾º]5¾Ä DRF Î£Õ
ßÞM-.0TÎÛÆÉ¬¿³ DRF ¸ �
½ßÞ6ô�¸ÍºÍÞÏá2#3(¿ÞÄ
ØÊ²Þ¼ÏÅ�ÎÛÆÉ OMask Ï<3
6¸ïÉ 0 ÎÍÞË¬ÂÏ$O6KÐ DR-

FLB ·Ü²Ý�·ß¬�1¿Þ EUST Ï
bank valid<36¸K/36½ßÞ¼ßÎ
ÛÝ¬DRF ÏÐ��¸6ôÎÍÞ

4.5 mrlx@u�

�ÁtÛÝ�ßÏÂ3¸¨`½ßÄ�
Ì¬ EUMU Ð¨` BHTag ËÂÏ§þÎ�
1¿Þ¯ÈYÏ IB áïÉÂ3¾¬ EU ·
Ü²Ý�ºÂ3ÏóÕÐ EUMU ·Ü�
EU á¾{Î�Á¾¬Â3½ßÞ EU Ê
Ð0£Ï_©ËDEK�(/.ÏÂ3áÈ
Í³¬Â3½ßÍ³ EU ÊÐÂ3½ßÞ
EU ÓÏ RRM á(K�¿ÞÂÏÀ� EU

ÏÂ3óÕÏ¶ÛfÊ¬Â3¾Ä EU

Î�1¿Þ EUST Ï active <36¸K/3
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� 10: DRF Lock Bu�er

6½ß¬ EU ¸Ð��6ôÎÍÞ
ÕÄ¬ IB ÏiYÕÊ¸ commit ½ßÄ�
Ì¬ÂÏ IB Ï commit ½ßÍ·ÆÄtw
áÂ3¿Þ¼Ï�Ì¬Â3twÏ0£
_©ËDEK�(/.ÏÂ3ÏÖ¸ÈÍà
ß¬ÀÐ commit óÕÎÛÆÉ�×½ßÞ

4.6 ���B feedback

EU ÊÏw¦�ß�×Ï�7ÎÛÝ¬¯È
;.Ïì�¸ÈÍàßÞ¼Ï�7á�Át
Îg¿¼ËÎÛÝ¬�¾³;.Ï¯È¸�ü
½ßÞw¦�ßÏ�7¸ºÞË EU ÊÐ�
7M.á¬ EUMU ÊÐ BHTT á �¾É
�çÏ BHTag áºÞ¿Þ¼ßá²àÁÉ
�ÁtÎeö¿ÞP�ÎÐ 1+!(L 1 IB

Ï.L°?36ÛÝ¬ 1 +!(LÎ 4 bjÏ
w¦�7á}¿¼Ë¸Ê¹ßÑÛ³Ë�ò½
ßÞ
ÕÄ¬VLDPÊÐw¦�úùÒw¦��j
�ú [4]ÎÛÝk©cÎ¯Èá�ØÞÄØ¬
w¦�ßÏýÔ¬´{áô³S�Ê�ÁtÎ
^U¿Þ¼ËÎÛÆÉÂØcÍ�ß=#32
áÈÍµÞ¼ÏÄØ¬5*°1Ð IB 5

*°7Îw¦�ßÏýÔË´{áùÏÎ�
ÁtÎ}¿

5 [W\

	åxÊÐ�¾³?N/3+®�°'4(
2F VLDP Ï¯È©Æáa(¾¬�H83
6Ï�ÓËëÕÎÇ³Éè�¾Ä

6 c_YDF

½Ô VLDP ?N-#(6ÊÐ(N3(M
@LÏ,CGM°0áÕ�YÊ²Ý¬¼ßá
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