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Abstract

This document describes the functionality and control flow models for each component of
the Impulse main memory controller.

�



� �������	��

�������

����� ��������� ��!�"

��#$#&%'�)(��+*-,.%0/1#�243056�+(870%0*15:9

���1; �)<>=?�?!A@&"6BC� DFE?GIH�"JD4H��K�L"

Buffer

Registers

AddrCalc

e

DRAM DRAM

j

d
f

SCtlr

a

sy
st

em
 In

te
rf

ac
e

g

M
T

L
B

c
MCache

C
on

tr
ol

 L
og

ic

SR
A

M
 b

uf
fe

r
b

i

DRAM Scheduler

h h

Impulse Memory Controller

MONQPFRTSVU �XW�Y�Z U�N\[L]^U_S`[Ja�b
aXS`c Z Nd]^Uecf]VRTSVUhg�ij] Z Uhkml�noRpbdq^U�l�Uel�g�SVrscfgF[L]^SVgFb\bQU_Set YuZ U�aXSVS`g)v�quN\[pwpNdc_aX]^U
Z g$v�wpaX]Va�xpg$v�quvyNQ] Z Nd[za�[{k|l�nJRpb\q^U�qVr4q^]^Uel}t

~ *1��70�8#����8�0���	��(8�0#�*13p(8#&��3
24/�24�8�_�C*1(f#$�$(870�8#��4��(8�0#��^,.%070/1�8#',�#$,����`���&�43p(8�8��/1/-#$�&�y�	�C*-�_�
*-3C�&/-7C50#&��(8�0#�����/-/1�F�	*130�z�$��,�%j��30#$3T(f�&�

�



� 2��8,�24/-/K3p70,��j#&� �4�������
	���
����������������������! "�#�$�%�&�('�)$�j#X2 �_�6�4���	�0*-�_���&��3T(_2 *-30� �8#�*4#&�824/
���,+�-.�/�0�����{(f�>��(8���8#'�8#$,�24%C%0*-30� �&�4321
��70�82 (f*1��3�*-3C������,�2L(f*-�43:��2 ��,�24/1/3�54�637 8�9�:;���
(f�����X2 (�(f#$��< �T2L(f�0#$��5
2 (f2C�j2���*-,.%0/-#=6?>3@A9B��-��3 C6D	
	����E�F��GH'�(8��(f�82430��/ 2 (8# ���
2450��� 245BI
50�8#$�8�8#$� (8�.%C�8#&7C50��I"*J*1��(f7024/K245050��#&���8#&�$�+2 305�����,.#JG������C�K���L����+�-%G�(f�.�&��3T(8�8��/+(8�0#NM
���PO

� 2=7Q��RS���UTJ�������������������WVX>#YZ�N 07[VX>#Y$'F� �	�0*1�_�}24�8#��024��\4#$5.7C%]�p�s,�2 *-3s,.#&,.���`�s2 305
,�24%'%0��#&7050�^I"*J*-�`(f7
24/K2 5050�8#$�8��#&� (8��%C�p�J��*-�X2 /`_NaDb3c 24505C�8#&���8#$�&� 24/-��3C�}�	*\(f�'2}�8,�24/-/
3J7C,�� #$�	�4�d�C72e+#$�8�	(f�}�0��/15 %
24��#�(_2��0/-#�#$3T(f�8*1#&�	��#$(8�_�0#&5'���8��,f_Nagb?chO

� 2i7Q��RS���UTj�������������������k�E��G��B�k 07l�E��G��B�H'F� �	�0*-�_�m�07Be+#$�8��5
2 (f2 %0�8#)��#$(f�_�C#&5 ���8��,
_Nagb?c 9

b�3 245050��#&�8��24%0%j#X24��*-30� ��3�(f�0#����J��(8#&, ,�#$,����`�n�070��,�2X�n�j#�2 �8#X2 /�%C�p�J��*-�X2 /�24505C�8#&���
����2 �8�02450��� 245050��#&�8�po Brqf9sb ��#X24/ %0�T�J�8*1�X24/s245050��#&��� *-��%
24�8��#&5 703T(8�f2430��/ 2 (8#&5 (8� (f�C#
cut�24�_�C#FoCv�q_9�b �8�
2 50��� 245C50�8#$�8� ,z70�`( ��� (f�C�8��70�4� (f�0#6,�2 (f�_�C*-30� ���
2450��� �&��3T(8�8��/1/-#&�
o0w$q_9yxh�0#zb�5050��t�24/-� 703C*1(�*-3 (f�C# ���
2450��� �$��3T(f�8�4/-/-#$��(f�82430�8/-2 (f#$�h(f�0# �8�
2 50��� 245050��#&����*-3T(8�
2���#$( �4�h%0��#&705C��I"*J*-�`(f7
2 /y2 5050�8#$�8��#&�z70��*-30�'(f�0#.�&�4321
��70�82 (f*1��3 5
2 (_2'��(8���8#$5 *-3�(f�C#��&�43p(8�8��/
�8#$��*-�`(f#$�8�{oA"5q_9|xh�0#$�8# %0��#&705C��I"*J*-�`(f7
2 /�245C50�8#$�8�8#$� 24��#'(8�f2430��/ 2 (8#&5 *-3T(f�>�8#X2 /�%C�p�J��*-�X2 /�245BI
50��#&�8��#&���T�{(8�0#?c}xD~#�io%�Hqf9$xh�0#��8#&24/�%0�T�o��*-�&24/j245050��#&�8��#&��(f�0#$3 24��# %
2 �8�8#$5�(8� (8�0#?c{t�24�_�0#
o%�Xqf9 �|�	243 24�&�$#&�8�s,�*1�8�8#$� *13 (8�0#Scut�24�_�0# ��*1( *-� %
24���8#$5 (f�'(f�0#S_Nagb?c ���_�0#&507C/-#&�$9�xh�0#
_NaDb3c �8�_�0#$5070/1#&�	���85C#&�8�	2 305 *-�8��70#&�h(8�0#z_Nagb?c 24�&�$#&�8��#&�Wo EEqy24305 �8#$3050�h(f�0#�502 (_2]�
24��\
(f�}(f�C# ,�2 (8�_�0*-30�}���
2450��� �$��3T(f����/-/1#&�Po G"q?oA���4�h�8�
245C�F� 245050��#&�8��#&�Uqh���	���J�`(f#&, *13T(f#&�`�A24�&#Jo DBq
oA���4��3C��3BI^���
2450��� 245C50�8#$�8�8#$�/qf9 ~ *-3
24/1/1�4�4(f�0# 24%0%C�8��%0��* 2 (8#	�8�
245C�F� �$��3T(f����/-/1#&�u24���8#&,W�0/-#$�y(f�C#
5
2 (f2{*-3T(f�.2{�X24�_�C# /1*-30#�2 305���#&305C� *\(h(f�{(f�0# �`�o�`(f#$, *13T(f#&�`�A24�&#�o���q_9

����� � @X@&��<>=�H�G���� @.B5�`w � "J@$H&� GAD4H�G����?@

� #�24���870,.# (f�0#'�^,.%070/-��# ,�#$,����`� �$��3T(f�8�4/-/-#$�{*-�}70��#&5 *13 2����J�`(f#&, �	*\(f��(f�0# ����/-/1���	*-30�
��#X2L(f70��#&�&�

�h�
� I,�T�p(f#P�
24��# %024��#4��oA,�2X���j#.��� � �p�p(8# /-2 (f#$�/q�O

�h�F� I,�C*1(�*J*-�`(f7
2 /O245050��#&����O

�h�
� I,�C*1(h%0�T�J�8*1�X24/�245C50�8#$�8��O

� �����^I"�p�p(8#=~#�z�X2 �_�0# /1*-30# 9

�^,.%070/-��# 24%0%0/1*-#$��(f�0#�����/1/-���	*-30�s�8#&�`(f��*-�$(8*-��3C�&9
�C�U���H���,�J�"�K���� ��K¡¢¡¢£0 r¤¢¥������¦���5£L§�¥�£,�¨���d�,�H¡¢¡�©�¥����H���,�ª�/£"¥��0 �¤¢«����¦ �¬�­

®



� � �
2450��� 2 5050�8#$�8�	�����8,�2 (&�

11

38 3739 0

 shaodw controller index

3132

� c 2��o*-,z7C, �8*��&#��4� #X24�_�'�8#$,�24%C% #$5 *J*-�`(f7
2 /:�8#$��*-��3+��� ���P�T�p(f#$�Wo0���
	�qf9

� c 2��o*-,z7C, �8�
2 50��� �8#$��*-�43 ���4�h#X24�_�'�8�
2 50��� �&��3T(8�8��/1/-#&�$� � �P�T�p(f#$�=o0� ��� q_9

� b�3T� �F��
�#$�$(	(f���j# ���X2 (�(f#$�8#&5�< �T2 (8�0#&��#&5�,s70��(�,.#&#$(	(8�0#�����/-/1�F�	*130�s��#��p70*1�8#&,.#&3T(8�&�

� �|( ,s70��(g�j#�30���4�8#X2L(f#&��(8�
243�2{�X24�_�0# /-*130# � 243C5�30�}/1#&�8�h(8�
243 � �T�p(f#$��O
� �|(f�	�8*��&# ,z70�`(;�j# 2{% ���y#&�	�4����O
� �|( �&243'30�4(	�&�����8���X2 �_�0#/I|/-*-3C#N� ��7C305
24�`��9

� xh�0# �`(f��*-50#���*��&# ,z7C��(g� # 2{,z70/\(f*1%0/-# �4� 2{�&24�_�0# /-*-3C#��8*��&#49

� xh�0#��`(_24�`(f*-3C�P*J*1��(f7024/j245050��#&�8�y�4�O2 �8#$,�2 %0% #$5S*J*-�`(f7
2 /
�8#&�4*-��3},z70�`(Z�j#�%
24��#UIV24/1*-��30#$5:9

� b ���
2450��� ��#&��*1��3 ,z70�`(���(_2 ��(	���8��, %
24��#N�j��703C5
24���49

� xh�0# ,.#&,.���`���$��3T(f�8�4/-/-#$�h%
24��#�(f2��0/1#�,z70��(g�j# %
24��#UIV24/1*-��30#$5�(f�J�09

�����;����¤�¥��/���"§��E£0�U�����¨�,�H�C��£$¡¢¤¢��£��E£"�H��¥X�Z¡¢¤���£$���2����£$¡¢�,�5£"¥.�#�,�¦�%��£$¡¢£
��£"¡����H #¥��
�?����¡¢���! "�  ��#�p����£$¥$�/¥.��£
�
��§�¥
% ¥ « �H¤¢�U���&�'�U¤�£%�L­

(



� ����������� � �y���0

�
	�	
��
��

;:��� �/�+H�"T�^�?B0!�@$HX�L� D4HX���L"

� 24�_�6�8�02450��� �&��3T(f����/-/1#&���
24� #��p70*�* 24/1#&3T(���7C30�$(8*-��3
2 /-*1(^�'2 305 �87C%0% �4��(f��24/-/O(f�C#s�8#$,�2 %0%0*-3C�
24/1�����8*\(f�0,.��5C#�*�#$/-��%j#&5 �8� �A24�$9 � 2 �_� �8�02450��� �&�43p(8�8��/1/-#$���&��3T(f24*-30��(8�0#{����/-/1���	*-30� �$��,.% ��I
30#$3p(8�&�

� 2.��,�24/1/+3p70,��j#&�	�4�?�&�43p(8�8��/O��#&��*1��(8#&�8�h(8�.�`(f����# �&��3210��70�f2L(f*-�43'502 (_22O

� 2.��,�24/1/ � aDb3c �072e #&�h(8�.���X2 (�(f#$��< �T2L(f�0#$��502 (_22O

� 2��&24�_�0#UI^/-*130#/I|�8*��&#&5 � agb?c (8����(f�4�8#6#&/1#&,.#&3T(f� � � (8�0#6*-305C*-�8#$�$(8*-��3 *4#&�)(f��� *-3 ��G��F���
�"�����2+F�F���B���zRJ������-��B+J�C�
�K��9F+������u-�� 	�-��K��G��C-%��������G��0���/O

� 243pb3~�� 7C30*1( (f��(8�f243C�8/ 2L(f#����
2450��� 24505C�8#&���8#$�}(8��%0��#&705C��I"*J*-�`(f7
2 /�24505C�8#&���8#$�{70�8*130�
(f�0# �&�4321
��70�82 (f*1��3 5
2 (f2}�`(f����#&5'*-3 (f�C# �$��3T(f����/O�8#$��*-�`(f#&����O

� �&��3T(f����/O/-�4��*-� 9

��� �!�"� #�$!%'&�(�$')�(+*-,!."/0&1*-(�/

xh�0#}�&�43p(8�8��/ �8#&�4*-��(8#&��� ,s70��(P�j#{�8#)( �	*\(f� 24%0%C�8��%0��* 2 (8#W* 24/-7C#&�N�j#$������#}243T�6�&�����8#$�8%j��3050*130�
�8�02450��� 245C50�8#$�8�8#$����#X24�_��(8�0# �8�
2 50��� �&�43p(8�8��/1/-#$�&9 xh�0#$��2 �8# ,.#&,.�����
I|,�24%C% #$5�24305��8#)(
�T��(8�0#�%0�8�J�&#$�8�����h(f�0����70���{9��rG���G��B��	��/�0���K�	��%j#&�82 (f*1��30�$9$xh�0# 3p70,��j#&�h�4���&�43p(8�8��/+�8#&�4*-��(8#&���
(f�02 ( 50*�e #&��#&3T( �8#$,�24%C%0*-30�'24/1������*1(f�C, ��#��p70*1�8#&� *-��5C*�e #&�8#$3T(X9�xh�0#}����/-/1�F�	*130� ��#&�$(8*-��3C� �	*1/-/
50#$�8�&��* �j#�(f�0# ,.*-30*1,z70, �&��3B1
��70�82 (f*1��3 5
2 (_2{30#$#&50#$5{�T� #X2 �_���8#$,�2 %0%0*-3C�}24/-���4�8*1(8�0,'9

��� �!�2� 354�6879%9.:&

xh�0#Nb?~;� 7030*1(��X24/1�&70/-2 (f#$��%0��#&7050�^I"*J*-�`(f7
24/+245050��#&���8#&�$9y�|(��X243 %j#&�����4�8, ��30/1�}(8�0#�����/-/1���	*-30�
�8*1,�%C/-#���%j#&�82 (f*1��30�$�

� 245050*\(f*-�43:�=<
��I"�0*1(?>@<
��I"�0*1(?A <
� I,�0*\(X�o�	*\(f�0�47C(	� *�#&�¦M
��� 50#$(8#&�)(f*-�43XO

� �875�C(8�f24�)(f*1��3:�B<
��I"�0*1(DCE<
��I,�C*1(FA <
��I"�0*1(&�o�	*1(8� ��*4#&�¦M
��� 50#$(8#&�$(8*-��3 O

� ,z70/1(8*-%0/1*-�&2 (f*1��3:�;<
��I"�0*1(HGI<F��I,�0*\(FA <
��I,�C*1(X�J�	*1(8�0��7C(	� *�#$�HM
��� 5C#$(f#$�$(8*-��3XO
J



� �8�0*\�I(X� <
��I"�0*1( ��� � I,�C*1(X�J�	*1(8�0��7C(�� *�#$�HM
��� 50#)(f#$�$(f*1��3XO

� ,�24�H\p*-30�0� <F��I,�0*\(�� <F��I,�0*\(FA <
��I,�C*1(X9

��� �!��� #�$!%'&�(�$')�4 $ ,'.��

unset busy bit, etc.
Free controller:

Data to return buffer *

Waiting for the data B

Fetch iv request

waiting

Fetch iv returns

DRAM returns data

Data to return buffer *

After all data
returns.

D

Controller is busy
Y

N

Enter waiting queue * A

N

Y
Hit SRAM buffer *

Y

reserve a block, etc.
Initiate controller: busy bit, *

C

N

All pv addresses generated

Next pv address*

First pv (pseudo-virtual) address*

Y

N

New access

Waiting queue not empty

N

Idle

Y

* The stage takes a configurable number of cycles.

Being prefetched

Send to MTLB

Only for scatter/gather through an indirection vector.
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pseudo-virtual address

31

0 0 0 0 0 0 0

6

saddr_startsaddr 

0 0 0 0 0 0 0 0 0 0 0 0

11310 0

32-bit - 32-bit => 32-bit
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L2 Cache: 

Shadow

Space

color offset

Logical Layout of A:

color

size

Address

cache way size 
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� �%��8���� � ��� ��� ��(f24��(8*-30�}%0�T�J�8*1�X24/O%024��# �4��(f�0#zcut %
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(f�82430��/ 2 (8*-��3.�X243S� # 50��30# *-3��
24�85o��24��#49 � �4(f#�(f�
2 (y�j�4(f� 
¨��T �U-�� ��243C5QG�������� �U-�� �y,z70�`(��j#
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24�f2 /-/-#$/�% �4�8*1(8*-��3C�&9 �|(s*-� 70%>(8���
24��5C��24�8#�50#&��*-��3 (8#X24, (8�
50#$�&*-5C# �	�C#$(f�C#&�	(f�.24�$(87
24/1/1��% #$��������, (f�0#$, *-3 %
2 �f24/1/-#&/ 9

(saddr - saddr_start)
031 way_size

log2(way_size / color_size) * color_offset

32-bit >> 4-bit => 32-bit

32-bit + 32-bit => 32-bit

pseudo-virtual address

31 6

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11310 0

saddr_start

32-bit -- 32-bit => 32-bit

32-bit -- 32-bit => 32-bit

saddr 

*log2(way_size / color_size) is set during initialization and is less than 16.
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31 0
0 0 append two 0s.

(saddr - saddr_start)
031 object_size

stride_size/4

30-bit * 16-bit => 32-bit

32-bit + 12-bit => 32-bit

31 6
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11310 0
saddr saddr_start

32-bit -- 32-bit => 32-bit

object_offset/4

pseudo-virtual address (34 bits)
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~ *1�8��(	%C�8#&7C50��I"*J*1��(f7024/O24505C�8#&���&�;o ~ *1��70��# � q
��� ������� o ��������� C ��������� ���
��� � q
�$����� � � � ������� O
o ���
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� ��� ��q
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	 > > ��� ������� C & � � �
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� ��� ��q
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(saddr - saddr_start) 031

32-bit >> 4-bit => 32-bit

031

  Page Offset

11

iv_paddr

28-bit + 20-bit => 28-bit

  Page Offset  Physical page number physical address

Access SRAM buffer or DRAM for the relevant element of indirection vector

Get index fortran_sub

0 .. 0

pseudo-virtual address (34 bits)

Append log2(object_size) 0s.

31 6
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1131 00
saddr saddr_start

32-bit -- 32-bit => 32-bit

32-bit -- 1-bit => 32-bit

log2(object_size / iv_elemsize) 
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(saddr - saddr_start)
31 elem_size

row_numcolumn number row_size/elem_size

0 ... 0Append log2(elem_size) 0s

pseudo-virtual address

32-bit + 32-bit => 32-bit

32-bit * 32-bit => 32-bit

31

0 0 0 0 0 0 0

6
0 0 0 0 0 0 0 0 0 0 0 0

11310 0
saddr saddr_start

32-bit -- 32-bit => 32-bit
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